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K& ti nhitng nam 1970, sy tham nhap 14n nhau cfia hai linh vic khoa hot may tinh va truyén théng da
lam thay ddi sau sic cac linh vyc cong nghé va san suit, va két qua tat yéu 14 mot nganh cang nghiép
may tinh-truyén thong {Computer-Communication) ra d&i. Chinh nhd sy hoa tron mang tinh cach
mang nay, rat nhidu link vyc khoa hoc, cong nghg da o6 nhitng co s6 dé phat trién manh mé. Trong
bdi canh ciia sy phat trién bung nd nay, nhing hidu bidt v& 1y thuyét thong tin (Information Theory),
v& truyén thong ngay cang quan trong va chn dugc xem xét trong hoan canh mai.

Qua nhidu nam lam céng tac gidng day, vdi tham vong c6 mot tai lidu 1am giao trinh cho sinh vién
chuyén nganh Dién tit-Vién thong va Cong nghé Thong tin, tai ligu tham khao cho cac ky sut thuge
nhitng chuyén nganh trén, ching toi ¢6 géng bién soan cudn sach nay.

Ching o1 gia thiét ring cac doc gid xem cudn sach nay la nhitng ngudi da ¢6 cd s§ nhdt dinh vé
GiAi tich, v& Dai s6 tuyén tinh va Xac sudt. Nhitng co 39 toan hoc theo chiing téi 12 hét sitc quan trong
va dugc ding trong sudt ca cudn sach hogc titng phin sé dugc chang toi trinh bay trong cudn sach nay.
Co s3 toan hoc clia cudn sach nay 1a xac sudt va qua trinh nglu nhién v6i nhing luat phan bd xac suit
hét stic quan trong trong viéc trinh bay cac vin dé cua cudn sach.

Cudn sach nay duge chia lam hai tap. Sau khi trinh bay chung v& hé théng truyén tin va clc khai
niém chung kén quan, ching toi sé trinh bay cac vin dé clia cudn sach theo trat tu 14 cac van dé chung
trude, cac van de cu thé sau. Khi trinh bay cac van d& chung, ching toi sé theo trat tir: ngudn tin
tride, kénh tin sau. Cac vin d& phdi hop giita ngudn voi kénh sé duge xét sau khi da co nhirng hiéu
biét v& ngudn va kenh.

Cau trac cudn sach nhu sau:

Chuong 1 : Nhitng khai niém chung. Chuong nay gidgi thiéu nhitng khai niém cd ban va cac van
d® co ban trong 1y thuyét truyén tin.

Chuong 2 : Xac sudt va qua trinh ngau nhién, trong chuong nay ta xay dung nhiing cg s toan
hoc can thiét cho viéc khao sat cac hé théng truyén tin.

Chuong 3 : Thong tin va higng tin, trinh bay vin d& dinh lugng thong tin cta céc ngudn tin.

Chuong 4 : Ma higu. Trong chuong nay ta tap trung vao cac khai niém va dinh nghia v& ma, cac
digu kién va yéu cau d6i véi ma hidu.

Chuong 5 : Ma héa ngudn, nghién ciru v4n d& ma hoéa ngudn trén ¢d s¢ mo hinh toan hoc cia
nguon va cac khai niém v& lugng tin da xét trong chuong 3.

Chitang 6 : Tin higu va hé théng truyén tin. Chuong nay trinh bay cac tin higu va hé thong
thuong gap khi truyen thong tin qua kénh truyén thong cung vige biéu dién cac tin hiéu didu ché va
cac dac didm v& phé cha ching. _

Chuang 7 : Cau trac thu t8i wu cho kénh cé nhiéu cong gaussian, nghién cttu vige thiét ké
va danh gia do hieu qua clia cac bd thu t6i vu cho cac phuong phap diéu ché trong kénh ¢6 nhiéu cong
gaussian. ’ _

Chuong 8 : Ddng bd. Chuong nay nghién ciu cac phuong phép dong b vat mang va dong bd k¥
hiéu & diu thu. '

Chuong 9 : Kénh va thong lugng ciia kénh, trinh bay vé thong lugng cia mot 88 mo hinh kénh
v vin d& ma héa ngiu nhién.

Chuong 10 : Ma héa kénh. Chuong nay gidi thi¢u vé ma hoa va giai ma ddi vai hal loai ma la ma
khéi va ma chap.
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Chuong 11 : Tin higu trén kénh cé6 bang tin hiu han. Chuong nay tap trung vao viéc thidt
ké tin hiéu cho céc kénh c6 bang tin hitu han va vén d& lam nhgn phé tin hicu.

Chuong 12 : Truy&n tin qua kénh tuyén tinh cé bang tin hdu han. Chueng nay tim hidu
cac ky thuat gidi didu ché va xsc dinh tin hiéu bj &nh hudng chéo trong qué trinh truyén.

Chuong 13 : Hg thdng truydn tin nhidu kénh va nhisu sbng mang, trinh bay cac ky thuat
dieu ché dung nhidu vat mang va truyén trong nhidu kénh.

Chuong 14 : H¢ théng truy®n tin dung tin higu trai phd. Chuong nay trinh bay cac van de
v& tin higu va hé théng trai phé va cac ing dung thuc té.

. Chuong 15 : Truy®n tin qua kénh cé fading nhi¢u duwdng, trinh bay v& truyen théng qua cac
kénh co fading. Viéc thigt k& tin hiéu, c&u trilc thu v hiéu qua ciia ctia cac bs thu cho kénh c6 fading
1& noi dung cita chuong nay.

Do han ché vé thoi gian, 1an diu tién bien soan eudn sach nay, chang t6i khong tranh khoi cac thidu
s0t, rat mong cac doc gia thong cam va gép ¥ dé cho nhitng lan bién soan sau sé t6t hon.

Cudi cung, xin luu ¥ doc gia v& cach danh s& cac tieu d& dé tien cho viée tra cir, vi du 3-2 chi muc
16n hai trong chuong 3; 3-2-4 chi muc bdn cia muyc lém hai trong chuong 3. Cac cong thitc va hinh vé
duge danh s& bing ba s8, 86 dau chi chitong, s8 thit hai chi muc 16n, s6 thit ba chi thi tu cla cong thite
hay hinh vé trong myc do.

Chung t6i chan thanh cam on ong Nguyén Thoc Hai, by Hb Anh Tay di danh thoi gian déng gop
nhitng ¥ kién quy bau cho chang téi khi bisn soan cudn sach nay.

Cac tac gia
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KENH VA THONG LUGNG CUA
KENH | |

Trong chutang 7, chiing ta da xét t6i vin d didu ché s8 bing viéc sit dung M = 2* tin higu, méi tin hidu
mang k bit thong tin, trong d6 mat vai phuong phap digu ché co hiéu qué hon mdt sé phuong phép
khae. Dac biét, ta da biét riing bing cach sit dung tin higu tryc giaoc, ta ¢6 thé lam cho xac sudt xac dinh
sai nhd tiy ¥ khi M — oo néu SNR ting bit v, > —1,6dB. Ta c6 thé truydn tin § téc d¢ bing thong
lizgng trén kénh ¢6 nhidu céng gaussian trang vdi gidgi han 1a hé sd md rong dai théng B, = W/R = oc.
Nhung thong thuéng ngudi ta khong mudn nhu vay bdi vi B, tang theo ham mi cha & vA din téi su
dung dai thong cta kénh khéng hiéu qua.

" Trong chuong nay va chuong sau, ta xét céc tin hiéu tao ra bdi cae diy nhi phan hogc khong phai
nhi phan. K&t qua la cac tin hidu tao ra duge dac trung boi hié s8 md rong dai thong ting tuyén tinh
theo k. Nhu vy 1a cac tin hiéu ma c6 dai thn hiéu qua 16n hon cac tin hiéu true giao M mic. Ching
ta con thdy ring cac tin hidu ma khong chi ¢6 higu qua hon & cae fmg dyung cong suit hitu han khi
R/W < 1 ma con G cac hé thong co dai tin hitu han khi B/W > 1.

9-1 WMo hinh kénh va thong lugng kénh

Trong mo hinh mé6t hé théng truyén théng, ta thiy ring bo phat gom khai roi rac héa dau vae, khoi
mé hoéa dau vao da roi rac va khéi didu ché. Chire ning cia khéi ma hoa kénh r&i rac Ia thém vao day
théng tin nhi phan mot s8 théng tin phy (con goi 12 thong tin digu khién) dé phia thu st dung dé khic
phuc cac anh hudng trén dudng truydn. Qud trinh ma hoa ldy ting khéi & bit thong tin va chuyén
thanh diy duy nhat n bit, goi la tit ma. Lugng thong tin du thita trong qua trinh ma hoéa sd liéu dugc
do bang ty s6 n/k va k/n goi la téc dg ma.

Day thong tin nhi phan & dau ra clia bd ma hoa kénh s& vao bo didu ché. Bo digu ché chuyén cac
bit thanh mot trong hai tin hiéu hay chuyén tilng khéi ¢ bit thanh mét trong M = 27 tin hiéu.

(3 dau thu ctia hé théng truydn thong, bo giai didu ché xit Iy cac anh hudng trén kénh va chuyén tin
hiéu nhan duge thanh mat 56 hay modt vects. Bo xac dinh sé quyét dinh bit thong tin tucng dng la 0
hay 1. Khi d6 ta néi ring bod xac dinh da thye hign mot quyét dinh citng (hard decision). Néu xét trén
quan diém lugng ti thi bo xac dinh sé lugng tit s6 ligu nhan duge thanh @ > 2 mire { bo xac dinh ¢
mite). Néu tin higu A M mic va Q@ > M, ta noi rang bo xac dinh da thyc hien mot quyét dinh mém
(soft decision). Dau ra cia bé xac dinh dua vao diu vao clia b giai ma héa kénh, bg nay 6 nhigm vy
la difa vao théng tin du thita dé khic phuc cac Anh hudng trén kénh.
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9-1-1 Cac md hinh kénh

Phan ;1;‘13/ s€ trinh bay cic mé hinh kénh hay dugc sit dung dé thist ké ma. Kénh don gian nhat 1a kenh
nhi phén d6i xting (Binary Symetric Channel-BSC), tuong dng voi M = 2 v& b xac dinh thyc hien
quyét dinh cing.

Kénh nhj phan déi xitng Xét kénh co nhidu cong va bo didu ché, gidi didu ché, xac dinh 13 mot
phin clla kénh, Néu bo digu ché s dung cée tin higu nhj phan va bo xac dinh thyc hién quyét dinh
eing thi kénh phic hgp trén hinh 9-1-1 6 day théng tin vao 13 nhi phan rdi rac va day théng tin ra ciing
la day thong tin nhi phan réi rac. Kenh nhu vay duge dac trung bdi tap cac gia tri dau vao X = {0,1)
va tap hgp cac gid tri dau ra Y = {0,1} va tap hop cac xéc sudt co didu kién lién hé gitta cac ky higu
trén dau vao va dhn ra.

86 lieu : : S6 liéu
vaio . ['Mahéa | v [Diéu che Gidididuche| o | Gizima | @
T keah [7T™]nhj phan Kenh va xdc dinh [ 7] héa kauh *

: .
] 1
[} [}
]

Hinh 9-1-1: Kénh phitc hgp du vao va diu ra rdi rac

Néu nhiéu trén kénh va cac anh hudng khac tao ra cac sai nham déc lap théng ke v6i xac suit trung
binh p thi:
PY=0X=1) = PY=1X=0) P
PY=1X=1) = PY=0X=0) 1-p

Nhu vay chiing ta d& chuyén mot hé théng gdbm bo didu ché nhi phan, kénh tin higu, bs giai digdu
ché va xac dinh tin hidu thanh mot kenh i rac theo the gian tuong dueng duge biéu dién bing so
dd khéi nhy trén hinh 9-1-2. Kénh nhu thé goi 1a kenh nhi phan d6i xtng. Do cac bit d3u ra chi phu
thudc vao cac bit ddu vao tuong ing nén kénh 1a khéng nha.

(9-1-1)

1-p

Piu vao Diura

l-p

Hinh 9-1-2: Kénh nhj phan dé&i xing

Cac kénh réi rac khéng nhé Kénh BSC 1a maot trizdng hgp dic bigt trong s6 cac kénh 6 din
vao va dau ra rot rac. Gia thigt d3u ra cia bd ma héa kénh 1a cac ky hidu ¢ mire, tic 12 d5u vao cia
bo digu ché la tap hop X = {2, 21, . .. yTg-1} vA § dBu ra clia by xac dinh 1a cac k¥ higu Q mitc, voi
(2 > M = 27. Néu kénh va b digu ché 13 khong nhd thi quan h¢ gitta dau ra va du vao clia kénh phie
hop duge biéu dién béi ¢Q xac sust ¢o didu kien; '

P(Y = ylX = ;) = P(yilz;) (9-1-2)

o

P
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véii=0,1,....0~1vaj=01,...,¢—1 Kenh nhut vay goi 1a kénh rdi rac khong nha (Discret
Memoryless Channel-DMC), nhu trén hinh 9-1-3. Nhu viy néu dhu vao coua kénh DMC la day n ky
hiéu &1, ua,. - . , ¥y thude X va day ra tuong {tng vi, vz, ...+ Un thude YV thi:

PYi=uv,Ya=vs,..,Ya=wXi=u, Xo =ug, ..., Xn=ua) = ]___[ P(Y = vl X = ug)  (9-1-3)
k=1

; : {x} {r)

Hinh 9-1-3: Kénh rdi rac g dau vao, @ dau ra.
Téng quat, cac xac sudt co didu kien {P(yz;)} dac trung cho kenh DMC teo thanh ma tran
P = [p;.] v6i pj; = Plyilx;). P goi la ma trin adc sudt chuyén ddi cia kénh.

Kénh diu vao rdi rac, dau ra lién tuc Gia thiét diu vao cia b dieu ché 14 cac ky hiéu trong
tap hop hitu han X = {p,21,...,2¢-1} vA dau ra cha bo xac dinh 12 khong hegng t0 (@ = o0). Nhu
vay dau vao cta bo gidi ma kenh nhan cée gia tri trén truc thue (Y = {-oc,00}). Ta dinh nghia mot
kénh phitc hgp khéng nhé roi rac theo thoi gian déc trung bdi dau vao X rdi rac, dau ra Y lién tuc va
tap hop cac ham mat do phan bé xac sudt c6 didu kién:

p(y1X = .’.Ck),k = 0317'--1q -1
Kénh quan trong nhit trong s8 cac kénh thudc loai nay 1 kénh AWGN, vdi:
Y=X+G (9-1-4)

& day G 1a bién nghu nhién gaussian gia tri trung binh bang 0 va sai phuong o2, X =x,k=0,1,...,¢9—
1. V6i X = zx, Y la bién nghu nhién c6 gia tri trung binh r; va sal phuong o2. Nhu vay:

1 o yeny /20 i
BYIX =24) = Z=e (y—=)?/20% (9-1-5)

Véi mébi day vao X;, day ra tuong ung la:
Y= X+ Gy (9-1-6)

Digu kién dé kénh la khong nha 14

n
Dy, Yz, Yl X =y, X2 =g, ., X = ug) = Hp(ya‘lxi = 1) (9-1-7)

i=1
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Kénh tuong ty Chiing ta c6 thé tach bo didy ch& va giai dign ché khéi kenh vat 1y va xét maé hinh
kénh v6i tin higu vao va tin hi¢u ra 1a lien tuc. Gia thigt kenh c6 daj thong W va dap ung tan s6 ly
tudng C(f) = 1 trong dai thong, tin higu vao bi anh hudng béi nhiéu cong gaussian trdng. Gia thidt
tin higu vao z{t) ia tin hieu co dai thn hitu han va tin higu ra tuang img 13 ¥(t}, thé thi:

y(t) = z(t} + n(t) (9-1-8)

© vOl n() la mot thé hién cy thé cia qua trinh nhiéu cgng. Ta bidu dién z(t),4(t),n(t) thanh té hap
tuyén tinh cia mot tap hop diy da cac ham tryc giao nht sau:

y(&) = Y, yifilt)
z(t) = Y xifilt) (9-1-9)
nt) = 3 nifilt)

6 day {y:}, {:} va {n;} 1a eap hop cac hé s6 trong khai trién, co nghia, la:

T T
we [ vt = [ (o) +nlf )t = 5, 4 (9-1-10)
Cac ham {f,(¢)} thda man dida kién:
Tt md s < 1 (=1 )
| roswae=s, ={§ =9 (9-1-11)

Do nhiéu tring 1a gaussian nen moi tap hop diy di cac ham trye glao déu co thé sit dung trong
khai trién 9-1-9. Bay gio ching ta c6 thé sit dung cac he s6 trong khai trién dé dac trung cho kénh. Do
Vi =2 +n; vit n; 1 bign ngau nhién gaussian nén:

e~wimwd?2ef 1,2,... (9-1-12)

) =
p(yaj 1) Dm0

Do cac ham {fi(t)} trong khai trién la tryc chudn neén {n;} la khong tuong quan. Do chang 13 cac
bién ngdu nhién gaussian nen ching dgc 1ap théng ke. Do do

N
p(yl:yi’: e .,er$1,I.'2, o ':EN) = Hp(xilyi) (9'1_13)
i=1

vl moi N. Nhu vay kénh tudng ty da dugc chuyén thanh kank ra rac tuong duong duge diic triung bdi
xac sudt co didu kién trong 9-1-12.

Khi nhidu cong la gaussian trang co phé mat do cong su4t 5No, sai phuong o? = 1Ny v6i moi
thi z(t) va y(t) c6 thé dugc 18y mau theo tde do Nyquist 13 2W méu/s, nhy vay =; = xz{(¢/2W) va
¥i = y{1/2W). Do nhiéu la trdng nén caec miu cia nhidu 13 ddc 1ap thong k. Nhu vay 9-1-12 va 9-1-13
dac trung théng ké cho cac méiu tin hieu.

Viéce lya chon mé hinh kénh phu thudc vao muce tisu nghién cifu clia chang ta. Néu chlng ta gnan
tam t6i viee thigt ke 1a phan tich do hieu qua cia bg mé hoéa va gial ma hoa kénh roi rac thi ta xét mo
hinh keénh trong dé bs didu ché va gi&i didu ché 1a mét phin cia kénh phite hgp. Néu ta mudn thiét ké
va phan tich do hiéu qua ctia cac b didu ché va giai didu ché s& thi ta sir dung mo hinh kénh 1a tuang
tuy.

9-1-2 Théng Irgng kénh

Gia thiét ta c6 kénh DMC vei b¢ ki higu vao X = {zg,z,... yTy—1}vabokihieuraY = {vo,41,...,v0-1)
va tap hop cac xac sudt chuyén dai Plyi|z;). Gia thiét ki hisu z; dugc phat di vA phia thu nhan dugc
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13
ki higu y; thi lugng tin tuong hd duge tinh 1a log{P(y;:|z;)/ P(y:)] véi:
g—1

P(y:) = P(Y = ) = 3 P(ai)P(yilze) (9-1-14)

£=0 :

Luong théng tin tucng hé trung binh gita diu ra ¥ va diu vao X la:

-1 @-1
oy S % _ . Plyilz;) :
IX:Y) =3 > Pla;)Plylz;) log L (9-1-15)
F=0 i=0 *

Tinh chit clia kénh xac dinh bdi xac suit chuyén ddi Ply;|z;) nhung x4c suit cac ki hidu vao duge
xac dinh béi by ma hoa kénh. Gia tri cuc dai cha 7(X;Y) theo phan b3 xac suit cac ki hiéu dhu vao
P(x;) 1a mot gia tri chi phy thuge vao tinh chat cta kenh DMC. Ta ciing goi gia tri d6 1a thong lugng.
ciia kénh va cang ki higu 1a €. Nhu vay:

g—1Q—1 .
Plyilz;)
C = max [{X,Y) = Plz;)Plyi|z;) log ——2= 9-1-16
max I(X:Y) g}w);; (2)Pluilz;) log —p 3 (9-1-16)

Dan vi clia € 1a bit trén mot ki hisu dua vao kénh (ky higu la bit/ki higu). Néu mot ki hisu dua

vao kenh trong T, gidy, thi thong lugng cta kénh la bit/s.

Vi dy 9-1-1 Cho mét kénh BSC véi xac sudt chuyén déi P(0]1) = P(1|0) = p, lutong tin tuong hé
trung binh cyc dai khi xac suit cac ki higu 0 va 1 1a dong ddu P(0) = P(1) = 1/2. Khi d6 thong luong
cia kénh BSC la:

C=plog2p+(1-p)log2(1 —p)=1- H(p) (9-1-17)

- Biéu dién C theo p trén hinh 9-1-4. Khi p = 0 thi thong lugng cda kénh la 1 bit/ki higu. Khi p = %

lugng tin tuong hé trung binh bang 0 hay thong lwgng cia kénh bang 0. Khi 3 <p<1tacothé dio
vl tri cac ky higu 0 vd 1 & dau ra ctia kénh, nhu vay C la déi ximg qua diém p = 3- Nhu ta da biét, p

bién thién don digu theo SNR nhu trén hinh 9-1-5(a). Khi v& ¢ theo SNR thi ¢’ don digu tang theo
SNR (hinh 9-1-5).

010 »
%‘0.3 i
Zo6 2
go.-z
£ 02
L 1 L i Q SNR 4] SNR
6 01 04 06 08 10 (a) ()

Xhc suft 15 p

Hinh 9-1-4: Thong lugng ciia kénh BSC Hinh 9-1-5: Biéu dién théng lugng cta
theo p kénh theo SNR

Xet kenh AWGN khong nhd roi rac theo thoi gian duge bidu dién béi cac ham mat do phan bhs
xac sudt chuyén déi ¢6 didu kién nhu (9-1-5).  Lugng tin tuong hd trung binh giita dau vaie X =
{0, 21,..., x4 1} véi dBura Y = {-00,00} hay théng luong ctia kénh la:

= plyl=:)
0= a3 / Pyl P log, TE T4y (9-1-18)
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vii

g—1
p(y) = > plylar) Plwx) (9-1-19)
k=0

Vi duy 9-1-2 Xét mot kénh AWGN khoéng nhé diu vao nhj phan véi haikihieu X = 4 va X = — A,
Luogng tin tuong hé trung binh dugc cyc dai héa khi P(X = 4) = P(X = —A) = % Nhu vay thong
lugng cia kénh theo don vi bit /ki hiéu 1a:

=3[ _rolaion "8y s 5 [™ oyl - o, BU=Day g1

Hinh 9-1-6 biéu dién C theo ty s6 4%/(2¢?). Cht ¥ ring C ting lién tuc tir 0 t6i 1 bit/ky hiéu theo
chigu tang cua ty so nay. : :

Théng lugng C (bit/ky hidu)
o e 2 -
r Y o oo o
L) 1 1

&
b2
T

{ 1 i L N
-20 -12 4 4 12

10log (A2/262) (dB)

Hinh 9-1-6: Thong lugng kénh AWGN khong nhé diu vao i rac duge biéu dién theo ty s6 42 /252

Chu y ring véi hai mo hinh kénh xét & trén, ltong tin tuong hé trung binh cyuc dai khi xac sust
cac ky hi¢u & dau vao la dong déu va thong luong C ciia kénh ciing vay. Didu nay khéng hoan toan
dang déi vai kénh (9-1-16) va (9-1-18). Tuy nhién di voi hai mé hinh kénh dé xét & trén, khi xac sust
chuyén déi trén kénh c6 dang d6i xtng thi théng lugng kénh sé cye dai.

Tdug quat, didu kién cin va du dé tap hop cac xac suit dau vao {P(z;)} lam cyc dai T{X;Y) hay
théng luong kénh DMC la:

Hz;;Y)=C v6i moi j va P(z;) > 0 (9-1-21)
Hep; V)< C vii mot § va Pz;) =0
véi C' 1a thong lugng clia kénh va:
Q-1
P 4|4
IeiY) = 3 Pgifz;) log i) (9-1-22)

=0 Ply:)
Bay gid ta xét mot kénh tuong tut ¢6 dai tin han ché voi nhién cong tring gaussian, Thong hiong
ciia kénh trong mot don vi thai gian duge Shannon dinh nghia nhy sau:

1
C = lim max =I(X;Y ' 9-1-23
A0, max o (X;Y) ( )
v@i lugng tin tuong hé trung binh I{X;Y). Mot cach tuong duong, chung ta co thé sit dung cac méu
hay cac he 86 {y;},{z:} va {n;} trong khai trién ctia y(t),z(t),n(t), d& xac dinh lugng tin tuong hé
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trung binh gitta xy = [#1,22,...,Z8] VA YN = [31,¥2,. .., UN], VOL N = 2W T, y; = x; +n; va plyslz;)
duge xac dinh béi (9-1-12). Lugng tin tuong hd trung binh gita x vd ya d6i voi kénh AWGN la:

IXniYN) = /XN //M .../P(YNIXN)P(xN)log P___(;(:;E;v)
[ pyilzs)
= 3 [ sieopteotos” Fidayan, (0-1.24)
vai
) plyilz:) = el =z} /No (6-1-25)

L, W 'ﬂ'N@

Gia trl cire dai clia J(X;Y') theo cac ham mat do phan bd xac sudt p(z;) dat duge khi {z;} 1A cac bién
ngau nhién gaussian doc 1ap théng ké va c6 gia tri trung binh bing 0:

——z?ﬂo‘f

;) = 9-1-26
p(z;) o ( )
véi o2 12 sai phuong ciia 2¢. Nhu vay tit {9-1-24) ta c6:
N
1 202
axI(Xn:Yn) = “log(1 + 2z
max I(Xw; Y ) ; 31081+ 5%)
2
= %Nlog(l + —°~)
= WTlog(l + 222 (9-1-27)
Ng
Gia sit cong sudt trung binh cua z(t) giéi han béi P,, thi:
1 (T i - Na
Pa.v == 2 t dt = — = g9.1-2
7, Betwe= g3 e (91:28)
e TP, P
2 av _ fay 1.2
TN T aw (3-1-29)
Thay vao (9-1-27) ta c6:
P
IXmY log(1 9-1-30
max I(Xn; Yn) = WT og( +WN0) ( )
Nhar vay, thong lugng clia kénh tinh theo giay 13
Py
C = Wlog(l + ) (9-1-31)

W Ny

D6 1a cong thitc co ban vé thong hugng clia kénh déi voi kénh AWGN tuong tu c6 dai thn han ché
va cong sudt tin higu vao han ché.

Thong lugng cla kénh duge chudn hoa theo W vé theo ty s§ P,,/W Ny trén hinh 9-1-7. Thong
lugng ting lign tyc theo SNR. Nhu vy, d6i véi kénh c6 dai thn hitu han, thong lugng kénh tang néu
ta ting cong suit trung binh cla tin higu. Mat khac, néu c6ng sudt trung binh cia tin higu ¢ dinh,

thong Tugng kénh tang néu tang do rong dai thong W. Khi W tién t6i vb han, thong lugng kénh tién
to:

Coc =
Ny

P
_ atr . _1_ 2
Noghit/s (9-1-32)



16 CO SO LY THUYET TRUYEN TIN
Do:
Poy = Cé& (9-1-33)
v8i & 14 nang lugng mot bit nen:
< _ logy(1 + E—gi) (9-1-34)
w - e T
]
¥y
L
100 - Pu
] E L
z B 5[ :
“5 6 = U 1
=
2 Lt :
E} 00‘ L 1 L 1 L J :
-4 0 4 8 12 16 18 -
P IN,
10 log (P, / WN,) W (Hzy

Hinh 9-1-7: Théng luong cia kénh chun

Hinh 9-1-8: Thong lugng ciia kénh theo dé
héa duge vé theo SNR déi véi kénh c6 dai

rong dai thong cila kénh véi cong suat phat

tan hitu han trung binh cé dinh
Nhir vay:
& 20/W .
- -z 7 9-1-35
Ny c/w _ ( )
Khi C/W =1, &/Ny = 1. Khi C/W = oo
& 2C‘/W o C
==z e —1 ~In— -1-3
No = I exp { - In 2 In W {9-1-36)

Nhu vay €,/Ng tang theo ham mi khi C/W — vo. Mat khae, khi C/W = Q:

& LW
= = [ Wy -1-37
No = opt c/w_ = (9-1-37)

chinh 12 -1,6 dB. Biéu dién C//W theo & /N, trén hinh 7-2-17.

Théng lugng etia kénh cho ching ta gidi han trén cla tdc d9 truy&n dé truydn thong an toan bao
dam trén kénh c¢6 nhidu.

Dinh 1y v& ma héa trén kénh c6 nhidu Ton tai mét logi ma héa kenh va bo giai ma tudng ting
dé c6 thé truyén thong an toan bao dam v0i xéc sudt sai nhd tiy ¥ néu téc do truyén R < C. Néu
R > C, khong tbn tai phuong Phap ma hoa dé xac suit sai nhim tién t&i 0.

9-1-3 S& dung cac tin hiéu tryc giao trong truy’e‘n théng

Trong phin 7-2 ta da sit dung gidi han hgp dé ching t6 ring véi csc tin hisy truc giao thi x4c suft sai
nham c6 thé nhé tiy ¥ khi M — 0o mién 13 £/No > 2In2. Tt (7-2-21) ta co:

1-[1-Q@MM™ < (M - )Qy) < Me v/ (9-1-38)
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Day 1a gigi han hop, no chat khi y 16n, ¢6 nghia la véi ¥ > Yo, Yo phu thudc vao M. Vé&i y nhd, ta co:

I-[1- Q™' <1 (9-1-39)
voi moi . Nhu vay:
Py < _[ o (¥—v2T)? 2dy + _"";_/ e~V /2= y=vI7)? 2y (9-1-40)
Yo

. Gia tri yo lam cyte tiéu gidi han trén tim duge bang cach ldy dao ham cia vé phéi va dat bang 0.
. \Tghlem 1o la:

¥/ = f (9-1-41)
hay:
Yo = V2InM = /2In2log, M = V2kIn 2 (9-1-42)
Da xac dinh yo, ta tinh giéi han trén cia tich phén trong (9-1-40). D&i véi tich phan thit nhét, ta
chH: .
o —(vZ¥—u0)/VE
i /y oWV 2y -1_/ TR
V2T /o \/_
= QV2y—yo), %0 < V2v
< e WEw)/2 vo < /27 (9-1-43)

Tich phan tha hai co gisi han trén la:

M [ _.a 24 M o0 2
eV e =V 2, *?‘/9/ e dr
Vem Jy, A Q'T Yo—//72

oy f
y Me=/? \F} (9-1-44)

Me—T/2e—(yo-\/‘>‘_f-'~")2 (o > .r‘

K&t hop hai tich phan va thay M boi eyg/ﬁ, ta nhin duge:

e—(VIT—w)? /2 4 old-m2 (0<yo </

Py < , =
o e~ VIR 2 L (8= 20— lvo— V/7/2)* (V37 <o < V)

(9-1-43)

Trong khoang 0 < g9 < /1, giéi han duge viét lai la:

Py < e(yé—w)/2(1+e—(w—\/‘¥/21

9-1-46
< 22 0<yy < /iy ( :

Trong khoang /3 < yo < /27, hai thanh phan trong (9-1-45) la giéng nhau nén:

Pas < 2e”VIRP [T <o < /oy (9-1-47)

Doy = vV2In M = V2kIn2 va y = kv, nén:

e~ k(1e~21n2)/2 {(InM < l'y)
P -4 -1-48
M < { 2e—k(m‘—\/|n_2)2 (i")" S In M E 'T) (9 )

2-CELTTT-T2
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Gioi han trén thit nhét chinh 1a gi6i han hgp, gioi han nay khong chat khi M lén. Gisi han duet
chat hon khi M lén. Cha y ring Py — 0 khi k — 0o hay M — oo néu v > 2. Nhung In 2 la gici
han ca SNR tung bit dé truyén thong an toan véi tée do bhng thong luong C trén kénh AWGN co dai
théng hitu han. Khi thay

¥o = V2kIn2=+2RTn?2 o
. = %B:K:Tcmhﬂ (9-1-49)
vao (9-1-46) va (9-1-47), ta nhan ditge:
2.2~ T{3Ce—R} (0<R< i)
P . = =g 9.1-50
M < { 22TV -VR? (1o < R < Cy) ( )

Ching ta da biéu dién gidi han theo C, va tdc do truyén. Ro rang xac suit sai c6 thé nhd tiy §
néu 7' = oo hay M — o0 néu bao dam ring R < Cp = we/(NoIn2). Hon nita, ta biét rang cac tin
higu tryc giao ¢6 thé ding dé truyén d tdc do bing thong lugng khi M — oo néu théa man B < Coo.
9-1-4 Ham an toan cta kénh
Ta biéu dién (9-1-50) nhu sau:

Py < 2.2 TER) (9-1-31)
Thanh phin ma
+1Co—R (0<R< 10
= 200 - — 47 -1-52
E(R) { (VO - VE?  (1C0 <R <C) (9-1-52)

© goi la ham an toan cla kenh d6i v6i kénh AWGN cé dai thong hitu han. Duong bidu dién E(R)/Cu
trén hinh 9-1-9. Cung trén hinh dé ta ciing vé gi6i han hgp cia Py trong (7-2-27) dugce bidu dién thanh

Py < 327TCR o< R Lo, (9-1-53)
'y
J1
&2
&
o
~J
o=
1
—s 4
4
B
-
a
2 ¢ -

Hinh 9-1-9: Ham an toan ciia kénh d&i v6i kénh AWGN c¢6 dai thong hitu han

Nguoi ta ching minh ditge rang khéng tn tai mgt ham an toan khac E, (R) ma B (R) > E(R) vé6i
moi R. Xac sudt sai bi chgn trén va chin dudi nhy sau:

K27TE@R) « p, < K 2 TER) (9-1-54)

cac hang s6 K, va K; bién thién cham theo 7.



KENH VA THONG LUQNG CUA KENH 19

Do cac tin hiéu trite giao c6 higu qué gidng nhu tin hidu don hinh t6i wu v6i M 16n, nén gi6i han
dudi cua (9-1-54) dung v6i moi tin hitu. Nhi vy ham an toan F{R) dac trung cho xac suit sai khi
truyeén trén kénh AWGN c6 dai thong hitu han.

Mac dit xac sudt sai co thé nhoé tuy y bing cach ting sg tin hiéu néu R < Cy nhung c6 mot do
chénh lgch 1én giira higu qua thyc t& dat duge so voi két qua trong 1y thuyét. Vi dy nhu trong hinh
7-2-17, tap hgp M = 16 tin higu trye giao xac dinh lién két véi SNR titng bit khoang 7.5 dB c¢6 xac
sudt sai P, = 107°, nhung ly thuyét chi ra rhng véi C/W = 0,5 truydn an toan co thé dat duge khi
SNR la -0,8 dI3, nhu vay co thé tim duge nhitng tin hiéu st dung cé higu qua hon. Ta sé thiy ring

nhimng tin hitu ma sé ¢6 hiéu qua hon.

Do chénh léch v& higu qua ciing x3y ra trong mién 6 dai thn hitu han R/W > 1. Trong mién nay
ching ta khong thé tang do rong dai théng nhy trong midn ¢6 cong suit hitu han. Céac ky thuat ma
hoa cho truyén théng trén kénh cé dai théng hira han duge xét t8i trong chuong 10.

9-2 Ma hoéa ngau nhién

Vigc thiét ké ma didu ché€ cho truyén thong trén kénh coé thé chia ra hai phuong phap co ban. Mot la
phuong phap dai s6 ma viéc thiét k& cac bd ma hoa va gidi mi héa cho mot s loai ma loai nay ta sé
xét trong chuong 10. Phuong phap thit hai 13 phuong phap xac sudt véi viec phan tich do higu qua cda

16p téng quat cac tin hidu mi. Phuong phap nay dua ra cac gidi han v xac sudt sai khi truy2n tin trén
kénh. Trong phan nay ta xét phuong phap ma thit hai va goi 1a md hés ngdu nhién.

9-2-1 Ma hoéa ngau nhién dya vao tin hiéu ma nhi phan M miic
Xét mot tap hop M tin hidu ma duge xay dyng tit tap hgp cac tit ma nhi phan n chidu:
Ci=lenca...cin), 1=1,2,..., M (9-2-1)

VOl ¢y bang 0 heaic 1. M6i bit duge anh ka thanh mét tin higu PSK nhi phan thi tin hidu tuong ing
vai it méa C; duge bidu dién 1a:

silt) =Y syfilt), i=1,2,...,.M (9-2-2)
i=1

d day
\/5_‘: khi Cij = 1
- : R
54 { V&  khi ¢ =0 (9-2-3)
va £, la nang lugng cda tin hiéu tng voi mot bit. Nhu vay cac tin higu s;(t) tuong ting v6i cac vectd n
chitu:
sfz[s,;ls,-g...sin], i= 1,2,...,M (9—2—4)
Gia thigt tdc do thong tin vao bo ma hoa la R bit/s va ma héa ting khéi k bit thanh mot trong M
tin higu. Nhat vay k = RT va M = 2% = 2T 1in hiéu cin thiét. Dinh nghia
D = —chidu/s (9-2-5)
T
va nht vay n = DT la s6 chigu cha khong gian tin higu.
Ta c6 tdt ca 2* = 2P7 vecto, trong s6 do M = 287 vecto duge sit dung dé truysn thong tin. Ta ¢6
2k 2RT

F= 5% = 55T = 9—(D-R)T (9-2-6}

Rorangnéu D > Rthi F > 0khi T = oo.
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Vén d& dat ra la ligu ching ta c6 thé chon M = 2RT vecto trong s6 2" = 227 vecto co thé dé xac
suat sai P — 0 khi 7 - o hay n = oo duge khong. Ro rang kht T — oc thi F — 0 nén o thé chon
M tin hiéu ¢6 khoadng cach t6i thiéu tang dan khi T — oo hay P, — 0.

Ching ta 6 (2")™ cach chon M vectd tit 2 vectd. V6i méi cach chon trong s6 2™ cach chon, ta
co mot hé thong truyen thong ¢d thé thiét ké sao cho t&i uu vai tap hop M tin hiéu da chon. Méi he
thong truyén théng dugc dac trung béi xac sudt sai.

LITS)
{5,(1)}, f{\ e Béu ra
; ; l . Gidi didu
'—-{ Didu ché | '\:J * i ————
rit)
[EREH A Gigi di Bru ra
. 1ai didu
Bidy che ° ' b ——

Diay vio

M i}
{5,000} )L ——— Biura
H - Giat didu
Pifu che {+} che 5 e

ir

a

—

(5 (0w /1\ . PHiura
i - Giii didu
Diu cheé \ chedim "

Hinh 9-2-1: Tap hop 2™ he thdng truyen thong

Gia sit ching ta chon M tin hidu ma mot cach ngiu nhien trong s6 2°M tin hi¢u ma o6 thd. Nhu
vily d6i vai tin hiéu thit m, ky hiéu 1a {s;},., xudt hién vai xac sust:

P({si}m)=2"" (9-2-7)

va xac sudt 16i tuong {ng voi tin hiew ma nay 1a P,.({s:},,). Nhu viy xac suit 161 trung binh vai ca tap
hgp tin hiéu ma chon dugc 1a:

27 Af 2" M
Pe= 3 Pl{sidm)P({si}m) =27 3 Pu({si}m) (9-2-8)
m=1 m=1

RS rang ¢6 mt 6 Iwa chon ¢6 xac sudt sai lén. Vidu M day k bit cung duge gan cho mot vecto sé
€0 xéac sudt sal rit 1n. Trong nhimg trudng hop nhu vay Po({s;},n) > Pe. Tuy nhién ciing c6 nhitng
cach chon khac ma P.({s;},,) < P.. Nhu vay, ndu ching ta xac dinh dugc gioi han trén cta P,, gidi
han ndy sé diing voi cac bo ma ma P.({s;}) < P.. Hon nita, néu P, — 0 khi T — oo thi ching ta co
thé két luan riing véi nhing bo ma do, P.({s:}m) = 0 khi T = 0.

D& xac dinh gi6i han trén cua P,, ta xét viéc truytn mot ban tin k bit Xy = [z172 ... 2], véi T
=0 hogc 1. Xac suit 15i c6 didu kién trung binh trong ci tip hgp ma la:

Pe(xk) = Z Pc(xk; {Si}m)P({Si}m) (9-2-9)
moi ma

vOi P (X, {8:}m) 12 xac sust 16i c6 didu kitn clia mot day & bit théng tin X dugc truyén di boi ma
{si}m- Vi ma thi m, xac sudt 16 P,(Xx,{s;}») bi giti han trén nhu sau:

M
Po(Xe, {8:}m) € Pamlsy, si) (9-2-10)

Itk
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vOi Pory (81,87 14 xac sust 16i cla hé théng truyén thong nhi phan si dung hai vecto tin hiéu s; va s,
dé truyén maot trong 2 day & bit co xac suit gidng nhau. Nhu vay:

AL
PE(X-K') S Z Pe({s\i}m)zp2m(5h5k) (9—2-11}
moi ma ;;}c

Hoan d6i tha ty 18y tdng ta co:

M M
FeXo) €| Y Pol{si}m)Pam(sise) | < > Pylsise) (9-2-12)
(£ [moi ma [k

voi Py(sr,s4) 1a trung binh theo tap hop clia Po, (sy,s¢) theo 27 b ma,
Vdi kénh ¢6 nhiéu cong gaussian tring, xac sudt sai Pap,(s;,sy) 1a:

&2
Pﬁ'm(shsk) - Q ( ﬁ) (9-2—13)
d? = |sy — si)?. Néu s; va s, khac nhau d toa do thi:
i =[5t~ sel* = 3" (s1; — 55,)* = d2V/E)? = 44, (9-2-14)
=1
Nhur vay:
2dE,
Pom(sy,8:) = Q (\/ f ) (9-2-15)
No

Bay gio ta co thé 15y trung binh Py, (s, s1) theo tap hop cac ma. Do moi ma 13 dong xac suit,
hai vecto tin higu s va 's; la dong xac sudt va doc 1ap thong ké. Nhu vay P(s; = Ski) = § va
Plsyi # ski) = £, doc lap voi moi § = L,2,...,n. Xac suat dé s; va s, khac nhau d toa dé la:

ra-(3' (1)

Nhu vay:
W f2di.Y 18/ n f2de. .
Py(sy,se) = ZP(d}Q ( 'T,U-) = 3n ( d ) Q ( o ) (9-2-17)
f=(} d=0
Do:
ngc _dEc/AND
Q Ne J<e
nén N
Py(sy, 1) < 2—”2 ( "; ) e”%e/No < 9n(] 4 eEe/Noyn < [%(1 + g78e/Noyin (9-2-18)
d=0
Thay (9-2-18) vao (9-2-12) ta nhan duge:
o M 1 1
PeXa) <D Palsnysn) = (M = D5 (1+ e 5/ M5(1+ et/ Moy (9-2-19)

i=1
2k
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Cudi cling, xac suat 16 trung binh'trong digu kign P. nhan dugc bang cach lﬁ_y trung binh cha
P.(X};) v6i moi day k bit thong tin c6 thé

P. = ;m}ﬁp(xk) < M[—21~[1 + e-fw’NO)]"-; P(Xy) < M[%(l + g=be/Noy)m (9-2-20)

Ta bidu dién k&t qua nay dudi dang thuan tién dé st dung hon. Goi Ry 12 tdc dg gidi han, co don
vi bit/s va:

2
— - —&c/N -2-
R:'_IOg?m =1-log,{l+e °) (9-2-21)
“Khi d6 (9-2-19) trd thanh:
E P, < M2~nRo — 9fiTg-nfo (9-2-22)
Do n = DT nén:
P, < 2-T(DRo—R) (9-2-23)
1.0
08
=
-
E 0.6
£ 04
&:3
v 02
L]
- 4
(1] i ! i )
-10 -5 o 5 10
& /N, (dB)

Hinh 9-2-2: Tdc do gi6i han Ho la ham cna SNR timg chi®u tinh theo don vi dB

Tham s6 Rp theo &./Ny duge vé trén hinh 9-2-2. Ta nhan thiy rang 0 < Bg <1 va P, —+ 0 khi
T = conéu B < DRy.

Mt khac, (9-2-21) c6 thé duge biéu dién thanh:
P, < 2 nMBo-R/D) (9-2-24)
Ty s8 R/ D c6 don vi bit/s va ta dinh nghia:

R R RT k&
P L LI L S 9-2-25
B. D /T n n ( 5)
Nhit vay, R. 1a téc dd ma va
P, < 27 nfo—Re) (9-2-26)

Nhu vay khi R, < Ro, xac suit sai trung binh P, — 0 khi d¢ dai tif ma n — oo, nhut vay ton tai phuong
phap ma hoa trong s8 2™ phuang phap dé xac suit sal khong 16n hon P..

T6i day ta c6 thé két ludn riang ton tai loai mi t6t theo nghia xac suit sai nhd nhat. Mac di thong
thuong ta khong chon ma moét cach ngiu nhign nhung mot van de 12 liéu mdt ma duge chon ngau nhién
c6 phai 1a mot bo ma tot hay khong. Cha ¢ ring P, 14 xac suat sai trung binh theo t3p hop véi moi
bd ma. Néu mdt ma duge chon ngdu nhién, xac suat dé xac suat sai P, > aP, nhd hon 1/a.

Ngudi ta thay ring it hon 10% s6 bg ma co xac sust sai 1én hon 10P, va it hon 1% s8 bo ma co xac
sudt sai 1én hon 100P,. Gia sit xac sufit sai trung binh P, < 1071 ¢6 duge bing cach ding bd ma co
s§ chidu ng khi Ko > H.. Néu ching ta chon duge mot bo mi c6 xac sust sai trung binh P, = 1077,



o

i

KENH VA THONG LUONG CUA KENH 23

chiing ta co thé khdc phuc bang cach ting n tir ny thanh 10ng/7. Nhu vay ta sé c6 mot bs ma cé xac
sudt sai trung binh P, < 1071°. Nhu vay ta c6 thé dé dang c6 mot bo ma tot bing cach chon ngiu

nhién.
Ta bigu dién xac sudt sai trung binh trong (9-2-25) theo SNR ting bit. Ta cé:
f = 'ﬂ.&{_- = k&b (9‘-2-27)

Nhu viy n = k& /€. va ta cha y rhng R.& /¢ = 1 va ta cé:

P, < 2-km/v0-1) (9-2-28)
“woi R R
€ 2T
Y = —— = 9-2-29
. = B T T g R ( )

Chtt y riing P, — 0 khi k — oo va SNR tiing bit 7 > 7.

Tham s& o 1a ham cia R,v, duge vé tran hinh 9-2-3. Chit ¥ ring 9 = 2In2 khi Ry — 0. Nhu
viy X&c sudt sai cia tin hiéu ma nhi phan M mitc tuong duong véi xac sudt sai nhan duge trong gidi
han hgp déi véi cac tin higu tric giao M mite, mién 1a s& chidu ciia tin higu da I6n dé vy = 21n 2.

10

BF

T Rc Ybeu
E) =]
T Ll

L%
T

0 1 i L I
-0 -5 0 b 10
R.7,(dB)

- Rr Ys

Hinh 9-2-3: Gidi han dudi clia SNR ting bit déi véi tin hiéu ma nhi phan

Cudi cung, ta chii y rling tin higu ma nhj phan la thich hop trong sit dung khi SNR ting chigu la
nho, &./No < 10. Khi £./Ny > 10, Ry bao hoa & gid tri 1 bit/chi¢u. Nhu viy thi tc d6 ma phai nhd
hon Ry va tin hieu ma nhi phan khong hitu qua khi £c/No > 10. Trong trudng hop nay ta dung tin
higu ma khoéng phai nhi phan dé tang s8 bit theo chidu.

9-2-2  Ma hoéa ngiu nhién dya vao tin hiéu da bién d6 M mic

Gia thift chung ta sit dung tin hitu ma khong phai 1a nhj phan véi cac tit ma trong (9-2-1), véi cac ky
hiéu ma ¢;; 1a mot gia trj trong tap hop {0,1,2,...,¢ — 1}. Méi ky hieu ma duge chuyén thanh maot
trong ¢ gia tri bién d¢. Nhu vay ching ta da xay dung cac tin hiéu Ung voi cac vecto {s;} trong khong
gian n chiéu, trong d6 cac thanh phin {s;;} nhan mot trong ¢ gia tri bién dé. Nhu vay ta co ¢" tin
higu, trong d6 ta chon ra M = 287 tin hiéu mang cac khéi k bit thong tin. ¢ gia tri bien 46 tuong tng
vOi cac ky higu ma {0, 1,...,¢ - 1} duge ky hitu 1a {a1,as, ... 1aq} VOl cac xac sudt tudng tng ta {p;}.
Cac gia tri bién dg gia thiét 1a phan bs deu trong khoang [V, V&, cac gia tri bién do k& nhau khac
nhau 13 24/£;/(g — 1). Ditu nay bao dam cho cac thanh phén s;; ¢6 ning lugng dinh gidi han 1a /€, va
nang lugng méi tit ma théa man didu kien:

|$i|2 < néc
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Tuong tu nhit phan trude, ta thiy ring xac suit sal trung binh bi gisi han trén nhu sau

P, <« M2~ = gro—nTe — g—nlRe—R/D) (9-2-30)
viil By la
=- Ioga(Z Z Prpme™ i/ 4No) (9-2-31)
t=1 m=1
VA
) dh’n =Iﬂu£—(1-mt, £7m=1:27“':q {9-2—32)

Trong trudng hap dac biét, kbi moi gia tri bién d¢ 1a ddng xac suit ; = py, = 1/g thi

Ro = log2(~— S Y edharane (9-2-33)

=1 m=1

10.0
80
60

Rol
20t

10
08
0.6 -

04

Ry (bita /chiéu)

L

;
L)
|
wi—
1
.
o

L L i i 1

0.1 A
-10 0 10 20 30 40 50
10108 (& /Ny )

Hinh 9-2-4: Tin higu bon mic bign do Hinh 9-2-5: Tsc do gidi han Rg trong diéu
ché bién d9 ¢ mic cach dBu dbnyg xac suat

Vi dll lhi i = 2 va i) = - Ec,ag = \/f_c, ta cd dll = dg'z = 0,d12 = d21 =2 EC Vi,

2
Ry = log, W,QIQ

Vi q= 410‘1 = - ‘chaz = “VI£_6/3!03 = \/517/37(14 = \/f_cta co dm‘n =0véim= 1:2:3:43 dl2 =
dyz = daq = da1 = dap = dyz = 2/ /3,d1a = d31 = doy = dap = 4V, /3, dyy = d1y = 2/€.. Nhu vay
8

g=4 {9-2-34)

Fo = log, 2+ 3e—€c/9No 4 2e—46:/9N0 1 e—€=/ No?

Ta thay r6 vang rang Ro bay gig bao hoa & 2 bit/chigu khi £, /Ny tang.
Do thi cia Ry theo & /No voi cac gia tri bien do cach d2u nhau va dong xac sudt trén hinh 9-2.5
voi g = 2,3,4,8,16,32,64. Ta thdy mitc bao hoa 1a log, g bit/chigu.

P

%0g,
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Néu ta bd rang bugc vé nang lugng dinh cia cac phan tit nhung giit rang budc vé nang hugng trong
binh trong mdi tit mi, ta ¢6 thé nhan duge gidi han trén 16n hon v& s& bit theo chigu, dé 1a két qud cla

Shannon:
e/ 2 1 1 .
iro —4/1+ (-I"zr—o)z] log, e + 3 log, |:§ (1 +4/1+ (= )3)} (9-2-35)

D3 thi cia Ry theo SNR ting chidu cing & trén hinh 9-2-5. Gia tri Ry dat duge eta chitng ta nhu da

lam con kém gia tri t8i tu. Tuy nhién cac tin hién ma nay dé tao ra trong thuc thé va hay duge si
dung,

1
Ri==
079

9-2-3 So sanh R} v6i thong lugng ciia kénh AWGN

Thong luong cia kénh AWGN vai dal thong hqu han cé cong sudt tin hidu vao han ché la:

P .
C = Wlog, (1 + W N, ) bit/s (9-2-36)

ta biéu dién thong lugng cta kénh theo bit/chidu va cong suft trung binh theo ning higng/chitu. Vi
D=2Wwvacg. = i—ﬂtaco

n
Foo = 56 = ¢ -2-37
2o = DE (9-2.37)

Dit O, = C/2W = C/D, {9-2-36) duge bidu didn thanh:

. 1 ¢ 1 . "
C, = 5 log, (1 + 2; ) =3 log,(1 + 2R y,) bit/chidu {9-2-38)

€, and K, (bits /chiéu)

Hinh 9-2-8: So sanh téc d¢ giot han Ry v6i thong lugng cia kénh AWGN

Biéu thitc v& thong lugng chuén nay c6 thé so sinh véi R} nhu trén hinh 9-2-6. Do C, la gidi han
trén thyc cta téc dg truyén R/D nén Ry < C,. Ta ciing thiy ring voi nhiing gia tri £./Np nho, do
chénh léch giita Ry va C, la khoang 3 dB. Nhu vay, sit dung ma ngdu nhién nhigu milc bién do, céng
sudt trung binh han ché t6i uu, tdc do gist han sé nhé hon khoang 3 dB so véi thong iugng kénh. Ngwei
ta cing chiing minh dugce ring xac sust sai co thé lam nhé tuy ¥ néu R < DC, = 2WC, = C.
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9-3 Thiét ké hé thong truyén tin dua vao téc do gi6i han

Trong phén trude, chang ta danh gia bo ma hoa, didu ché bing xac suit sai. Do 1a mot tisu chudn hay
dugc sit dung trong thiét ké he thong. Tuy nhién trong nhitu truéng hop, tinh xac suit sai la rat phitc
tap, nhu trong cac phép xi 1y phi tuyén (trong hro‘ng ti hoa tin hiéu théng qua viéc xi Iy tin higu &
bd thu) hay nhidu khong phai la gaussian.

Thay cho vigc tinh chinh xac xac sudt sai ddi véi mot loal ma nao dé, chiing ta cé thé st dung
x&c suit sai trung binh theo tap hop ddi voi ma nglu nhién. Gia thit dhu vao kénh co ¢ ky hisu
{0,1,...,4 — 1} va dau ra kénh ¢6 Q ky hiéu {0,1,...,Q — 1} va cac xac sudt chuyén ddi P(i|j) voi
7=0,1,...,¢-14i=0,1,...,Q — 1, va @ > q. Cac ky hiéu vao c6 xac suit {p;} va gia thigt 1a doc
lap théng ke. Hon nita, gid thiét nhiéu trén kénh 13 doc 1ap théng ké theo théi gian, nhu vay khong co
su phu thuge nao giita cac ky higu nhan duge. Trong nhitng didu kién nhu viy, xac sudt sai trung binh
theo tap hgp déi véi ma ngie nhign 14 cé thé xac dinh duge, ddi véi kénh DMC la:

P, < 27™Hq-R/D) (9-3-1)

v6i n 1a d¢ dai tir ma, R 13 t8c do thong tin, don vi bit/s, D 1a s6 chidu truydn di trong mot den vi
thoi gian, Rg 1a tSc do gisi han ddi voi bo lugng tit héa Q mite

-1 1¢-1
Rg = max —log; Zp_? P(il5) (9-3-2)

i
i=0

Nhin tif quan diém thiét ké ma, sy tich hgp ciia bg didu ché, kénh, bo giai didu ché tao thanh mot
kénh rai rac ¢ ky hidu vao va @ ky higu ra. Cac xéac suat chuyén ddi {P(i[j)} phu thudc vao tinh chit
nhiéu trén kénh, s6 mic ltgng £ va kidu hegng tir. Vi du voi kenh AWGN dbu vao nhi phan, dau ra
clia b tuong quan tai thoi diém 18y miu ¢6 ham mat do phan bd xac sudt ¢o digu kien la:

plyly) = e~lv=ma*/2et 51 (9-3-3)

2ng

mo = —/&,my = E,0? = LNy, Hai ham mat do phin b8 xéac sudt dugc vé trén hinh 9-3-1. Ta c6
thé chia truc thyc ra 5 mign nhu hinh v& Vai mbi cach chia, ta cé thé tinh cac xac suit chuyén déi va
lya chon t3i wu gia tri can dé cyc dal hoa Rg voi méi gia tri Q. Nhu vay

PGl7) = [ wliddy (934

piylj)

Hinh 9-3-1: Vi du v& lugng tit h6a dau ra bo giai didu ché thanh 5 mitc

B
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Gia tri Rg khi @ — oo 1a t6c do gisi han cia bo cia bd giai ma khong hugng tit. Trong trudng hop
nhu thé va st dung tin higu PSK hay PAM, tdc do gidi han la:

2
Ro = max { —log, / dy [ZP;‘\/IW] (9-3-5)
I

p!

vGi p; 14 xac sudt cia ky hiéu thi j.
Cac két qud trong (9-3-5) va (9-3-2) cho phép so sanh higu qui cac b3 thu voi s6 mite lugng tit hoa
khac nhau.

w~

L
r

Vi dy 9-3-1 Ta so sanh hiéu qua clia cac b thu voi tin hiéu vao kénh AWGN la PSK nhi phéan va
Q = 2,4,8. D& don gian, cac mtc lugng tit ¢ dhu ra bo giai didu ché 14 0, £75,, £27, ..., £(2"7 = L)7y,
vOi 7 18 budc lugng tit va b 13 s6 bit clia bo tugng tir héa. 7, duge chon dé t6i thidu héa SNR tung bit
~, chn thiét dé hoat dong & téc dd Ry. Didu do c6 nghia 1a 7, phai t6l vu hoa déi voi mbi gia tri SNR.
Nhung ngudi ta thdy 7, thay déi khong dang k& d&i voi nhitng thay ddi nhé clia SNR. Nhu vay ¢6 thé
ding gia tri cla 7, d8i véi mét gia tri SNR cho mot dai gia tri kha rong cia SNR.

Gia tri Rg duge tinh voi b =1 (gial ma xac dinh cimg), b = 2,3. Két qua dugc vé trén hinh 9-3-2.

[
1k
J=w
< 075
3 Q=3
o (3 bits)
05F ¢,=05
Q=4
| ~= Q=2
0.25 | (2 bits) (1 bits)
T,=1
0 i i Lo

SNR timg bit. y, (dB)

Hmh 9-3-2: Anh hudng cia bo lugng tit héa khi he théng hoat dong & t6c do R = Ro hay R = Rg
v6i tin hidu PSK nhi phan trén kénh AWGN.

Khi ta sit dung mé khéng phai 14 nhi phan cung véi tin hieu M mic (M = ¢) tin hiéu nhan duge &
diu ra cia M bo loc phdi hgp duge bidu dién béi vects y = [y1, %2, - . ., ¥a]- TOc d¢ gidi han cia kénh
M dau vao, M diu ra nay la:

M-1M-1 )
Ry = max{ logs Y > pipi / v p(yli)p(yli) dy} (9-3-6)

=0 i=D

v&i p(y|s) 12 ham mat d5 phan bd xac suit co didu kién cia vectd y khi tin higu thu j duge truyén di.
(Gia st M tin hidu vao 13 tryc giao thi M tin hiéu ra tuong mg sé dgc lap thong ké, nhu vay
M1
P13} = Poin(ys) [ pnlws) (9-3-7)
i
vl peinfy;) 12 ham mat 46 phan bé xac sust clia dau ra cia bo loc phéi hop itng véi tin hidu da truyén
di va pr(y;) tudng vai cac dhu ra chi c6 thanh phan nhidu cia M — 1 bg loc. Nhut vay, phéi hgp (9-3-7)
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va (9-3-6) ta co

A -1 M-1M-1 oo . 2
Ro =max< —log, | > pi+ > > pipj ( / dy\/ps+u(y)pn(y)> (9-3-8)
{P;} F=0 F=0 =0 o
=y

~Gia tri cyc dai cha Rp déi voi phan bé xac sudt dau vao dat duge khi p; = 1/M. Nhu vay:

-

M
L+ (M =) [ Vo]

= logy M — log, {1 1) [ I \/pm‘(y)pn(y)dy]"} (9-3-9)

Ry = log,

Véi vige xac dinh pha lien két cho tin hiéu tric giao M mitc, cic ham mat do phan bd xac sudt
tuong dng la:

N2y 2
p5+n(y) = glmre-(y miT /2o .

. [y {9-3-10)
pn(y) 2],“3.6

d day m = /€ va 02 = Ng. Thay vao (9-3-9) va tinh tich phan ta thu duge:

M
o = logs [14—(}1-{—-1)3—5/2”0}

M
= 1 9-3-11
©82 [1 F(M - 1)e—mﬂ} (9-3-11)

voi £ 13 nang lugng cia mot tin higu nhan duge, R, 13 tdc d6 thong tin tinh theo bir/tin hi¢u va
vs = £ /Np 12 SKR titng bit. V61 M = 2 va ma 14 nhi phan thi ta ¢6 Ry = R, néu ma la nhi phan va

M = 2Y thi méi tin hidu trong M tin hiéu mang lugng thong tin R, = vR,. Néu ma l1a nhi phan va
M =2 thi (9-3-11) don gian thanh:

Ry = log, (l—-i-eﬁii—c“f_ﬁﬁ) . M = 2 tin hidu tryc giao (9-3-12)

Loai tin higu nay tbi hon tin hiéu ddo pha 3 dB ddi vai téc d6 gidt han. Néu ta dat Ry, = Ho trong
{9-3-11) ta nhan duge

2 M-—1
Yo = —JR';'hl (72_1201%{ — 1) (9-3—13)

Db thi clia Ry theo v duge vé trén hinh 9-3-3. Cha ¥ rang R bao hoa & gia tri log, M.

=
R

3wl
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A
N M=8
‘Mo
=
2 25f :(1.4:15)
| '
g Ir '
e} 1
| 1
=y 5..
AN
2 j} .
\ )
" 05 '
]
L L

00 1 2 3 4 5 6 1
SNR tixng bit ¥, (dB)

Hinh 9-3-3: SNR titng bit cin thiét dé hoat dong & t6c d6 Hg bing tin higu tryc giao xac dinh lién
két trén kénh AWGN

Khi M — 0, (9-3-11) trd thanh:

. £
1 =
MI—TDORO 2N In2

bit/tin hisu ) (9-3-14)
Do £ = P, T nén

. . RO Pcw — 1 -

A}l—rf\lx- T — 2NgIn2 QGDD (9-3-15)

Nhit vay khi M — oo thi tde 46 gidi han 1A mot mia théng lugng kénh AWGN ¢6 dai thong vo han.

" Mt khac, ndu ta thay £ = Rofp vao (9-3-14) din téi 5 = 2In2 (1,4 dB), d6 la SNR t6i thi¢u dé hoat

dong & tde d6 Ry (khi M — o¢), lon hon gioi han Shannon 3 dB.
Gia tr} R trong (3-3-11) véi vige s dung tin hién tryge giao M mic 6 rang la khong 161 uu khi M
nhd. Tap hgp cac tin higu don hinh cho gia tri Ry cuc dai. Trong trudng hop nay ta co:

M

Tto = logy |7 ¥ (M — 1)e-M&/ZM-1)N (9-3-16)

So sanh két qui niy voi bidn thitc trong (9-3-11) ta thiy tin higu don hinh c¢é higu qua v ning lugng
hon M/(M — 1) lan.

Trong trusng hgp xac dinh khoug lién két, cac ham mat dd phan bo xac suit 1A

Parnll) yeo V2L 0y 4 > 0

B (0-3-17)
maly) = ye V2 y>0

@ = /2¢/Ny. Téc d6 gisi han Ry chun hda véi tin higu tryuc glao M mitc xac dinh khong lién két duge

vé trén hinh 9-3-4. D& so sanh, ta vé tdc d6 gidi han déi v6i giai ma xac dinh cing (@ = M) d6i vdai
cac ky hitu M mitc. Trong trudng hgp nay ta co;

M

(VT=Tr + /T =T1P)

Ro =log, Q=M (9-3-18)

voi Py 1A xé&c sudt sai ky hidu, va do chénh léch gitra xac dinh cimg va xac dinh mém 1a khoadng 2 dB.
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Hinh 9-3-4: SNR titng bit cin thiét dé hoat dong & téc do Ry voi tin higu tryc giao M mite xac dinh
khong lién két trén kénh AWGN

BAI TAP

9-1 Chitng t6 rng hal quan hé sau:

Hz;;Y)=C v8imoijthéamin P(z;) >0
Hz;;Y) < C v6imoi j théa man  Pz;) =0

voi C' la thong lugng cha kénh va

I Y) ZOP(”""'”‘*“Og T

}a ditu kién can va di dé tap hop xac sudt dau vao {P(z;)} cuc dai I(X;Y)
9-2 Hinh sau biéu dién kénh DMC M mitc d6i xitng v6i cac xac sudt chuyén dédi Py|z)} = 1 —p khi

z=y=kv6ik=0,1,...,M—1va P{y|z) = p/(M — 1) khi ¢ # y. Chiing to ring kénh nay thda mén
digu ki¢n trong bai 9-1 khi P(z;) = 1/M. Xac dinh va vé thong ligng ciia kénh theo p.
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Diu vao Diura

ML

9-4 Mot kenh dién thoai co d rong dai thong W=300 Hz va ty s6 tin hiéu trén nhiéu la 26 dB. Gia
thiét rdng kénh nay 1a kenh tutong tu AWGN co dai théng han ché vai Poy/W Ng=400. Xac dinh thong
lugng ctia kénh theo don vi bit/s. Lieu kénh ndy c6 di dé truyén tin hiéu tiéng néi duge 1y méu va
mé héa theo luat loga PCM hay khong?

9-5 Xét hai kénh trong hinh san. Chiing t6 ring néu cac ky higu vao dbng xac suit sé cyc dai héa
téc 4§ thong tin truyén qua kénh.

%
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Chuong 10

;lMZ\ HOA KENH

Trong chlmng trude, ching ta da xét viéc ma héa va giai ma héa mdt cach tdng quat va ta da
thiy réng, viéc ma héa bing cach Iua chon ngau nhién cac tit ma cling cho mét loai ma hiéu
sult cao, Vi céc tin hiu tryc giao, ta ¢6 thé thiét k& duge mét bé ma hoat déng d tée dd bang
théng lugng kénh khi s6 hIdng tin hiéu tién téi v6 han, Trong chudng nay ta sé xét mét s6 loai
mi va danh gia hidu qua cla cac logi ma trén kénh AWGN,

10-1 Ma khéi tuyén tinh

Vi ma khdi méi tit ma duge coi 13 mét veets c6 d dai 8 dinh. Ma khéi 1a mét tAp hop cac vecto
ndy. D4 dai cia mft tir mé 12 s6 lugng cac k¥ hiéu ma cé trong ti¥ ma va ky hiéu la n. Méi ky
hiéu mad nhan mdt gia tri trong bo ky hidu ¢6 ¢ phéan ti. Khi g = 2 thi bd ma la nhi phin. Khi
g > 2 thi bd ma khéng phai 14 nhi phan. Dic biét khi ¢ = 2° v6i b 13 6 nguyén dudng thi méi ky
"hidu mi trong ti¥ mé tuong dugng véi mét tit ma nhi phan cé g bit. Nhu vy ma khéng nhi phén
dd dai N trong trudng hgp nay tudng dudng v6i mot tit ma nhi phan d6 dain = bN.

Ta ¢ thé tao duge 2" t6 hgp nhi phan c6 d6 dai n. Trong d6 ta c6 thé chon ra M = 2 tit ma
(k <n) dé tao ra by mé va c6 thé coi khai dai k bit 1a khéi théng tin duge ma héa. Nhu vay khéi
k bit théng tin duge 4nh xa thinh mét tit ma d6 dai » trong tap M tit ma. Ta goi ma khéi @6 1a
mé khéi (n, k) vA R, =k/n 1a t6c d6 ma. $§ hugng ky hiéu khac 0 trong mét tit mé goi la trong
lugng cla tit ma va t&p hop céc gia tri trong lugng ciia cae tif ma cd trong mdt bé méi tac thanh
sy phan b& vé trong lugng ciia bd ma. Khi M tit ma cé cung trong lugng thi goi 1a bé ma ¢6 trong
lugng e8 dinh.

Viéc mi héa va gidi ma héa thye hién cae phép toan cong va nhén s hoc trén cac tit ma. Cac
phép todn sd hoc tudn theo cae quy udc etia trucng dai sé v6i cac phén td 1a cac ky hiéu trong bi
ky hiéu. Trudng F 12 mot tp hap cdc phén ti ma trén tap hop nay ta dinh nghia duge hai phép
todn s8 hoc goi 1a phép céng va phép nhan théa man céc didu kién sau:

Phép cong
1. Tép hgp F 14 déng d8i v4i phép céng, c6 nghia la nue, b € Fthia +b € F.
2. Phép cbng cé tinh ké&t hgp, c6 nghia lanéua, b, ¢ € Fthie+ G +c)=(@ +b) +¢

3. Phép cong cb tinh giao hodn, cé nghialaa +b=b +q.

4. Trong tap hgp F ¢6 m§t phén tit goi 14 phén tit khdng k¥ hidu 13 0 maa+ 0=a véi moica € F.

o3
2%
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5. Moi phén tit trong tap hop déu cé phdn tit d6i. N&u b 1a mét phén ti thi phan d6i, ky hiéu
1a -b. Phép trir gitta hai phén tit @ - b dude dinh nghia 1a a + (-b).

Phép nhan

1. Tap hop F 1a dong dé1 véi phép nhéan, c¢6 nghia la néua, b € Fthiab € F.

2. Phép nhan c6 tinh két hop, ¢6 nghia 12 a(be) = (ab)c.

3. Phép nhin ¢6 tinh giao hoan, ab = ba.

‘4. Phép nhén c6 tinh phan phéi 48t vai phép coéng, c6 nghia 1a (e + b)c = ac + be.

3. Tap hgp F c6 mot phin td goi 4 phan ti don vi, ky hiéula 1 ma al =g véi moia € F.

6. Mot phén td thudc F, khac 0 déu ¢6 nghich ddo, nfu b € F, b = 0 thi nghich ddo clia b ky
hiéula b ' va bb"' = 1. Phép chia giita hai phén ti ¢ va b duge dinh nghia 1a ab™.

B6 méa duge xdy dyng tif mdt trudng c¢é hitu han phan tif va trusng hiiu han c6 ¢ phan i goi
la truong Galois va k¥ hidu 1A GF{(g). Moi trudng déu cé hai phan td 0 va 1. Nhu vay trudng don
gian nhéat 1a trudng GF(2). Phép céng va phép nhan trén trudng GF(g) duge dinh nghia theo
modilo g va ky hiéu 1a (mod ¢). Néu g = p™ véi m 1a s§ nguyén dudng thi ta ¢é thé mé rong
trudng GF{p) thanh trudng GF(p™) va goi la trudng md réng cua truéng GF(p). Phép cbng va
phép nhan trén trudéng md réng dua trén sd hoe module p.

Gia s ¢6 hai tit mé C; va C; trong mé khéi (n, k). Su khac nhau giita cdc k¥ hiéu tuong Ung
- hay céc vi trf tudng fing goi 14 khoang cach Hamming giiva bai tit mi va ky hiéu 1a 4. Véi
i =j thi 0 < dy sn. Gia tri nhé nhit trong tap hdp {d;;} goi 14 khodng cach téi thiéu giita hai ti
ma va ky hiéu la d,;, (¢on got 1a khodng cach Hamming cia b ma).

Mot bé ma c6 thé 14 tuyén tinh hay khong tuyén tinh. Gia st C, va C; 1a hai tit mé cua bd mi
khéi (n, k) v& ¢, va ¢, 14 hai phan ti nao 46 thude bd ky hidu. Bd ma 12 tuyén tinh n&u va chi
néu o, C, + &,C, ciing 1a mdt td ma. Nhu vy moi b§ mi tuyén tinh déu chita ti ma 0 (1& tit ma
chi ¢6 cac ky hiéu ma 14 0). Nhu vay mi ¢é trong lugng ¢6 dinh 14 ma phi tuyén.

(Gia st c6 mot bd ma khédi tuyén tinh va ky hidu C,, i = 1, 2...., M 1a cac tit ma, Ky higu C, 1a
tt ma 0, C, = [00... 0] v& w, !4 trong lugng cia ti ma thd r. Nhu vay thi o, chinh 1a khoang cach
Hamming giita C, va C,. Khoang céach gita hai tit ma C, va C; 13 trong lugng cia tit ma téng clia
C; va C;. Nhu vay sy phén bg cla trong lugng cua mft bd ma tuyén tinh hodn toan déc trung
cho khoang cach Hamming ctia b ma. Khodng cach t8i thidu clia b ma 1a:

dpin = min{w, } {10-1-1)

r=l

Tap hgp tat ca cac vectd n chiu tao nén mot khong gian vectd n chidu. Né&u ta chon mdt tap
hagp (¢ < n) vectd ddc lap tuyén tinh trong khéng gian vectd § (1a khong gian vectd dugc xay
dung bdi t&t ca cac td hop ma c6 40 dai n cing véi che phép toAn tuong Gng) va xay dung t&t ca
céc t6 hgp tuyén tinh clia cc vectd nay thi ra sé tao nén khdng gian con S, ciia khéng gian 8 cé
s& chiéu 1a k. Mol tap hdp & vectd ddc lap tuyén tinh trong S, déu tao nén cd sé cha khong gian
vectd. Xét t&t ca cac vectd trong S tryce giao véi co s6 cua S, (tidc 1a trye giao vl mei vectd trong
S,) thi tap hgp d6 tao ra mét khéng gian con cGa S va goi la khéng gian khéng cla S, S chiéu
cua 8, 1a k& thi s§ chiéu ciia khéng gian khéng 1a n - %2 Khéng gian khong ca S, 12 mét mé tuyén
tinh khéc, c6 s8 phén ti 13 2*°* va trong mbi tif ma hay mdi vectd cé n - k bit thong tin.

3.C8LITT -T2
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10-1-1 Ma tran sinh va ma tran kiém tra parity
X6t Tyn1yEm2, - .., Tme 13 k bit thong tin dirge ma hoa thanh mot tit md C,,,. Vecto & bit thong tin dua
vao bo ma hoa duge ky hieu la:
Xm = [Im1$m2 - .a:mk}
va diu ra cia bé ma hoéa 13 vecta:
Cm = [lecmg . Cmn]

Qua trinh mé hoa trong mot bo ma hoa khéi tuyén tinh cé thé duge bidu dién bdi n phuong trinh:
Cmj = Tmij + Tmage; + ... + Tmkfri, J=1,2,...,n (10-1-2)
~ v0i g;; bliing 0 hoae 1. Cac phuong trinh (10-1-2) duge bidu didn dudi dang ma tran nhy sau:

ll

Cm =XnG (10-1-3}
G goi 1a ma tran sinh ctia ma la:
B1 g1 Hiz ... GIa
G= gf R (10-1-4)
Bk Gky  Gk2 - Gkn

Vay tit ma 1a t8 hop tuyén tinh ciia cac vecto {g;} cla G:

Cm =Tmig + Emalo+... + Lk Bk (10'1“5)

Do mé tuyén tinh (n, k) gbm 2* tit ma 12 khong gian 6 s6 chidu 13 &, cac hang ctia ma tran sinh G
phai dge lap tuyén tinh. Nhu vay {g;} phai la co s¢ ciia ma (n, k). Ma tran sinh G cé thé chuyén vé
dang "hé théng” nhu sau:

100 ... 0 puu P12 --- Prn-k
0 1 0 0 pn pe2 ... Dan_i

G =[I,P] = S . (10-1-6)
0 00 ... 1 pui pra --. Pin—s

I; 1a ma tran don vi kxk va P 13 ma tran kx (n — k} xac dinh n — k bit con lai hay cac bit kidm tra
parity. Chi y rang ma tran sinh dang hé théng tao ra ma khdi tuyén tinh c6 k bit d3u tién chinh 13 cac
bit mang thoéng tin va n — & bit con lai la t3 hop tuyén tinh cia cac bit mang théng tin goi la cac bit
kiém tra parity. Ma (n, k) dugc tao ra tit ma tran sinh dang h¢ thdng goi 1a ma c6 tinh hé théng.

Ma (n, k) tao ra tit ma tran sinh khéng c6 dang hé thdng gol 14 ma khong ¢6 dang hé théng. Tuy
nhién mft ma tran sinh sé tuwong duong v6i mét ma tran sinh dang hé théng, Hai mi nhu vay goi la
hai ma tuong duong. Nhu viy moi ma tuyén tinh (n, k) deu tiwong duong 6 mot mi tuyén tinh o
tinh hé théng (n, k)

S lign

i‘ - lx...\ I Lm2 I K1
X

Hinh 10-1-1: Thanh ghi dich tuy#n tinh tao ra mé nhj phan (7,4)
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Vi du 10-1-1
Xeét ma (7,4) c6 ma tran sinh:
1 00 0 1 0 1
¢ 10011 1]
G = 00101 10]|= [I;P] (10-1-7)
O 0010 11

Mot 1t ma duge bidu dién la:

C, = [xml Tm2Zm3TmaCmECme Cm.‘?]

val {zp;} 1o cac bit thong tin va {c;ni} 14 ba bit kidm tra parity, duge xac dinh qua:

Cms = Tl + Tyo + Tm3
Cms = Ima+ Tmz + Tmy (10-1-8)
€m? T Tm1 + Lo Lma

M4t bo ma hoa khéi tuyén tinh hé théng sit dung mét thanh ghi dich & bit vin— k bo cong modulo
2. n —k bo cong tao ra cac bit parity va dugc litu tré tam thoi trong mét thanh ghi dich khac d6 dai
n — k. Viéc ma hoa dung cac thanh ghi dich trong vi du nay c6 thé trinh bay nhit trén hinh 10-1-1.
Cung v¢t ma khéi tuyén tinh (n, k) 1a ma kép c6 s chidu n — k. Ma kép nay la ma (n,n — k) véi
2"* vectg, la khéng gian khéng ctia ma {n,k). Ma trén sinh ciia m3 kép, ky higu H gdm n - k vecto
déc lap tuyen tinh trong khéng gian khéng. Mot ti ma Cin thudc ma (n, k) sé trye giao véi moi ma
trong méa kép, c6 nghia 12 sé tryc giao véi moi hang trong ma trgn H (H' 14 ma trén chuyén vi ctia ma
tran H): '
C,H =0 (10-1-9)

vGi 0 la vecto hang n — & phan tit 0. Do {10-1-9) diing v6i moi tit ma trong bo ma (n, k) nén:
GH' =0 (10-1-10)
Gia thiét ma (n, k) 14 ma h¢ théng va ma tran G co dang hé théng. Do GH' = 0 nén:
H={-P1,4] (10-1-11)

Dau trit ¢6 thé bé qua néu ma la nhi phan béi vi phép trir modulo 2 chinh 1& phép ¢ong modulo 2.

Vi du 10-1-2
Ma hé théng (7,4) tao ra tit ma trén sinh G trong (10-1-7), ma tran H tuong Gng 1a:
11101 ¢ o0
-H=[011 101 ¢ (10-1-12)
1101001

Tich C,,H’ tao ra ba phuong trinh:

Tml + Lz + Tz + Cms
Tm2 + Im3 + Tond + Cmg
Tml + Tma + Ty + Cmy

-(10-1-13)

IR
ocoo

Ma tragn H dugc sit dyng trong bo gidi ma dé kidm tra cac tit ma nhan duge c6 théa man didu kien
(10-1-13) hay khong. Do vay ma trgn H goi 1a ma tran kidm tra parity clia ma (n, k).
Tich C.,H' v6i C,, khac 0 13 t8 hop tuyén tinh céc cot cia H'. Do CnH' = 0 nén cac vectg cbt

ca H 14 doc 1ap tuyén tinh, Goi C; 1& t& ma c6 trong lugng nhé nhét trong ma tuyén tinh (n, k). Do
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treng lugng nhé nhat cing 1a khoang cach t6i thidu nén dmin cdc bt cia H 14 déc lap tuyén tinh. Nhy
viy khong nhigu hon d,ni, — 1 ¢t cta H 13 phu thudc tuyén tinh. Do hang cta H 1a n — k nén:

din <n—k+1 (10-1-14)

Mot ma tuyén tinh nhi phan (n, k) véi khodng cach t6i thidu dmin ta ¢o thé ta0 ra ma tuyén tinh nhi

phan (n+1, k} bing cach thém 1 bit parity vao méi tit ma. Bit parity 1a 0 néu sé ky higu 1 trong tit ma
" 1a chin va la 1 néu s8 ky hidu 1 trong tr ma la lé. Nhu vay, néu trong luong t81 thidu hay khoang cach
t6i thiéu ciia bg ma 1a 1é thi bit parity sé tang khoang cach t6i thiéu len 1 don vi. Ta goi ma (n + 1, k)
1 ma md rong va ma tran kiém tra parity 1A

H, = H : (10-1-15)

Ma hé thong (n, k) c6 thé thu hep lai bing cach dxt mot s6 ky hiéu mang thong tin bing 0, Nhit
viy ma tuyén tinh (n,k) gdm k& bit mang thong tin vi n — k bit kiém tra c6 thé thu hep lai thanh ma
tuyén tinh (k —I,n — {) bing cach dat { bit dhu tien bang 0. Do

Cnm =XnG

nén vige dat I bit cia X, blng 0 tuong duong véi viec gidm s6 hang cia G di ! hang dau tien. Mat
khac

CH =0
ta c6 thé bo di ! cot dau tien ciia H. Ma (n - I,k — I) gdm 2~ tit ma. Khoang cach t&i thidu ctia bo
. mé nay it nhdt ciing bang khoang cach t6i thidu cia bo ma (n, k).

10-1-2  Mat s6 loai ma khéi tuyén tinh

Ma Hamming C6 ci ma Hamming nhi phan va khong nhi phan va ching ta chi xét ma nhi phan. Ma
Hamming gdm 16p cac bo ma théa man dizu kien:

(n,k) = (2™~ 1,2™ ~ 1 - m) (10-1-16)

trong dé m 14 s nguyén duong.

Ma trén kiém tra parity H ¢6 tinh chit dac biét ginp chiing ta mo ta ma dé& dang hon. D&i véi ma
Hamming (n, k), n = 2" — 1 cot gbm t&t cA cac vect ¢6 m = n — k phan ti trif vecto 0. Vi du nhu ma
(7.4) trong vi du 10-1-1 la ma Hamming. Ma tran kiém tra parity gdm 7 vecto cot 12 tat ca cac vectd

c6 dg dai 3 tri vectd 0. Néu ta mudn tao ma Hamming co tinh hé théng thi ta co thé dé dang sip xép

dé c6 dugc ma tran kiém tra parity H va tit d6 ¢6 ma tran sinh G. Ta nhan thdy ring khong c6 hai
¢4t khace nhau nao eta ma tran H 13 phuy thudc tuyén tinh. Tuy nhién véi m > 1, ¢6 thé tim duge 3
0t ctia H ¢6 tdng bang 0. Nhu vay diin = 3 d6i v6i ma Hamming.

Bing cach thém bit parity, ma Hamming(n, k) ¢6 thé md rong thanh ma (n + 1, k) vOi dpmin = 4.
Mat khac, ma Hamming c¢6 thé thu hep lai thanh ma (n— [,k — 1) bling cach bd di { hang trong ma
tran sinh G hay bd di I ¢4t trong ma trgn kiém tra parity H. Phan bé trong lugng cia ma Hamming
(n, k) dugc biéu dién thanh dang da thite nhu sau:

Alz) =) A = — i T[(1+ 2)* +n(1 4 )in=172(q — zyinaD/2) (10-1-17)
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vGi A; 12 56 lugng cac £ ma co6 trong lugng i.
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Ma Hadamard Ma Hadamard nhan duge tit cac hang clia ma tran Hadamard. Ma tran Hadamard
M, 1a ma tran nxn (n chin), cac phan tir 13 0 hoac 1, mot hang bt ky khac cac hang khac chi & invi
tri. Mot hang efia ma tran gdm tean phan ti 0 con cac hang khac gbm 37 phan tit 0 va In phan tu 1.

Véi n = 2, ma trin Hadamard 1a:

|

MZn:|:

60 0
0

Mﬂ Mll
M, M

')

l Tir ma tran M, ta ¢ thé tac ra ma tran My, theo quan hé:

M,

(10-1-18)

(10-1-19)

v6i M, 12 ma tran bl cia M,, bang cach thay phin tit 0 bing phin tit 1 va nguge lai. Ta cé:

M,

Ma tran bu ctia My la:

M,

Tit cac hang cha My va My ta tao ra 8 tit ma do dai 4. Khoang cach t6i thidu din

oo oo

— o

_— T =

1
0
1

c

— = OO

Lo B ot B S

[ B

[l o e R g

J

(10-1-20)

(10-1-21)

=in=2 Taco

-thé tao ra cac tit ma c6 do dai n = 2™,k = log, 2n = m + 1, dpin = in = 2" v4i m la s6 nguyen

duong.

Ma Golay Ma Golay 1a ma tuy¢n tinh nhj phan (23,12) v6i dpsn = 7. MG rong ma Golay bing
cach thém vao bit parity dé trd thanh ma nhi phan tuyén tinh (24,12) va dpin = 8. Bang 10-1-1 ket ke

syt phan b6 vé trong lugng clia cac tir mé trong ma Golay (23,12) va (24,12).

Bang 10-1-1 Sur phan b3 trong lugng ca ma Golay

Trong higng  Ma (23,12) Ma (24,12)
0 1 1

7 233 0

8 506 759

11 1288 0

12 1288 2576

15 506 0

16 253 759

23 1 0

24 U 1

10-1-3 Ma vong

Ma vong la tap con cia 16p mé tuyén tinh va thda man tinh chét dich vong nhu sau: néu C =
[en—1Cn—2...c100] & mdt tit ma thude bd ma vong thi [¢n_2¢n-3...c0ca—1] nhan duge bing cach dich
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vong cac phan tit cia C cing 1A mét tir ma. Nhu vay moi dich vong cia C déu la tir ma. Chimg ta
xét mot s6 dic diém cla ma nay,

D3&i v@i ma vong thi méi tit ma C = len—1Cn2 ... c100} tuong tng vl mot da thiic C'{p}, co bac
khong qua n — 1 va duge dinh nghia la:

1n—2

C) =cn1p® ™ +enop™ +.. +apta (10-1-22)

Dé&i voi ma nhj phan thi méi hé s& nhan mot trong hai gia tri 14 0 hoac 1.
Ta lap da thic: )
pC(P) = cnc1P™ + Ca2l™ ' + ..+ eip® + eop

Da thite nay khong biéu dién mot tit ma do bac clia né 1a n khi en—1 = 1. Néu ta chia pC(p} cho p™ +1,

ta nhan dugc:
pCip) _ Cip)
= ———
pr+1 P41

(10-1-23)

71=1
Vi
Cip) = Cn—zpn_l + Cu—3pn_2 + ...+ op+cCu_1
Cha y r&ng 1 (p) bitu dién tit ma C; = [cp_n... cocn—1], chinh 1a tit ma C dich vong mot vi tri. Do
C1(p) 1a phan du khi chia pC(p) cho p™ + 1 nén:
C1(p) = pC(p) mod (p" + 1) (10-1-24)

Tuong ty, néu C(p) la mot tt ma trong bd ma vong thi p'C(p) mod (p™ + 1) ciing 1a mot tit ma
trong bd ma vong:

p'Clp) = Qp)(p" +1) + Ci(p) (10-1-25)
da thitc du C;(p) bidu dién mot tit ma thude bg ma vong va da thic Q{p) 1a da thire thuong,.
Ta c6 thé tao ra ma véng nha da thite sinh g(p) bac n — k. Da thic sinh elia ma vong (n, k) 12 mot
thira s8 khi khai trién p™ + 1 va cé dang nhu sau:
9P =Pt go 1 p" T+ L gip (10-1-26)

Ta dinh nghia da thitc mang tin X (p) 1a:
X(p) = k1P + 2esep* 4 2p + 20 (10-1-27)

trong d6 [Tr_124_2...xp) thé hién k bit thong tin. Tich cia X(p)g(p) la mot da thic co bac khong
vugt qua 1 — 1 va 6 thé biéu dién cho mét ti ma. Ching ta c6 2 da thite X,(p) va c6 2% t ma co
thé tao ra tir g(p). Ta ky hiéu cac tit ma nay la:

Cm(p) = Xm(plglp), m=1,2,...2* ] (10-1-28)

Dé chirng t6 cac tit ma trong cong thitc {10-1-28) théa man tinh chit dich vong, ta xét mot it ma
C{p), mot dich vong cia C{p) tao ra:

C1(B) = pC(p) + cnyr (P + 1) (10-1-29)
va do g(p) chia hét ¢a C(p) va p* + 1 nén no cing chia hét C\(p), c6 nghia 1a ¢, {p) ¢6 thé bidu dién
thanh

Cilp) = X1 (p)g(p)

Nhu vay dich vong cla moi tit ma trong (10-1-28) déu tao ra mot tit ma khéc. Da thic sinh g(p) goi la
da thie sinh cia ma vong (n, k) va ma vong 12 khong gian con S, clia khéng gian vecta S. Khéng gian
vectd S, ¢o s chidu la k.
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Vi du 10-1-3
Xet ma khdi do dai 7. Da thic p7 + 1 khai trién nhu sau:
rHl=pmE+ P +p7+ D0 +p+ 1) {10-1-30)
Dé tao ra ma vong (7,4), ta c6 thé sit dung mot trong hai da thitc sinh:

n@ = pP+p+1

10-1-31
g2 = pPP+p+1 ( )

. Ma tao ra bdi g1 (p) va g2(p) 1a tuong duong. Céac tit ma trong bd ma (7,4} duge tae ra bai da thic
" g1(p) duge ghi trong bang 10-1-2,

Bang 10-1-2: Ma véng (7,4), da thitc sinh ¢, (p) = p® +p* + 1

Cac bit théng tin TN ma

P pr pr P N A A
0 0 0 0 C 0 0 0 0 0 ©
0 o 0 1 6 0 0 1 1 0 1
0 0 1 0 o 0 1 1 0 1 0
o 0 1 1 o 0 1 0 1 1 1
0 1 0 ¢ 01 1 0 t 0 0
0 1 0 1 0 1 1 1 0 0 1
0 1 1 0 0 1 0 1 1 1 0
o 1 1 1 c 1 0 0 0 1 1
1 0 0 0 1 1 0 t 0 0 0
1 0 0 1 1 1t 0o 0 1 0 1
1 0 1 0 1 1 1 0 0 1 0
1 0 1 1 1 1 1 1 1 1 1
1 1 0 0 1 0 1 1 1 0 O
1 1 0 1 1 0 1 0 0 0 1
1 1 1 0 1 0 0 0 1 1 0
1 1 1 1 1 0 0 1 0 1 1

Téng quat, da thitc p" + 1 c6 thé phan tich thanh:

p" + 1= g(p}h{p)

vii g(p) 14 ky hiéu da thiic sinh bé ma vong (n, k) va A(p) 1a ky hidu cta da thic parity c¢6 bac 14 &.
Ta dinh nghia da thite phéi hop vél h(p) nhu sau:

Py = P +hop M4+ hpT + D)
= 1+hy1p+hsap®+...+hptt+pH (10-1-32)

Ré rang da thire phéi hgp ciing 1A mot thira s8 khi khai trién p* + 1. Nhu vay p*R(p~!) la da thic sink
cia ma vong (n,n — k). Ma vong nay 1A ma kép cha ma vong (n, k) dugce tao ra tit da thic g{p). Ma
kép (n,n — k) tao nén khong gian khéng cla mé vong (n, k).

Vi du 10-1-4

Xét ma kép cia ma vong (7,4) duge tao ra trong vi du trén. Ma kép nay la ma vong (7,3) gén véi
da thite parity

ha(p) (p+1)(p" +p+1)

I (10-1-3)
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Da thite phéi hop 1a
PR~ =1+p+p 4+ pt

Da thitc nay tao ra ma kep (7,3) trong bang 10-1-3.

Bang 10-1-3: Ma kép (7,3) véi da thite sinh phip™ ) =pt+p2+p+1

Cac bit thong tin T ma
2 pl e A A ]
o0 0 0 0O 0 0 0 0 0 0
g o0 1 0O 0 1 0o 1 1 1
0 1 0 61 0 1 1 1 9@

' 0 1 1 0 1 1 1 0 0 1
1 0 0 1 ¢ 1 1 1 0 o
1 0 1 1 0 0 1 0 1 1
1 1 0 1 11 o 0 1 o
1 1 1 1 1 0 ¢ 1 0 1

Ta dat cau hdi 14 tir da thic sinh cia ma vong (n, k} ta co thé tac duge ma tran sinh bang cach
nao? Ta da biét ring ma tran sinh ctia ma (n, k) duge xay dung tir tap hop k tit ma ma cac vecto ma
tuong ing la doc 1ap tuyén tinh. Nhu vay tit da thae sinh g{p}, ta co thé dé dang tao ra k tit ma doc
1ap tuyén tinh 1a cac tir ma tuong ing voi cac da thite déc 1ap tuyén tinh sau

P19, 0" 29(p), - ., palp), 9(p)

Do moi da thitc bac khong qua n — 1 va chia hét cho g(p) d2u co thé bidu dién thanh mot t8 hop tuyén
tinh clia cac da thic trén, nhu vay cic da thic trén s6é tao ra co sG cla khong gian vecto & chitu. Tom
lai, cac tit ma tuong ing voi cac da thie tren tao ra cd 8§ clia ma voug (n, k).

Vi dy 10-1-5
Bén hang cha ma tran sinh ma vong (7,4)

v0i da thite sinh ¢ (p) = p* + p® + 1 nhan duge tir cac da
thitc p*g,(p), =3,2,1,0. Ma tran do la:

1 1 01 000
SISEEIEE -
0001101
Tuong ty, ma tran sinh déi véi da thitc gy(p) = p* + p+ 1 la:
' (1 01100 0]
ST -
000101 1

Cac ma tran kidm tra parity c6 thé xay

dung tuong ty tif céc da thic phéi hgp.

Ma tran sinh nhan duge theo phuong phap trén khong co tinh hé théng. Ta co thé tao ra ma tran

sinh cla mA vong c6 dang he théng G =
véi da thic 6 dang p"~! + Ry(p) va

—i

g(p)

hay

= GQu(p) +

Ri(p)

g’

1=1,2,.. ,k

P = Qup)g(p) + Ri(p)

(I|P] ttr da thite sinh nhar sau. Hang thit [ cia G tuong ing

(10-1-36)
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Nhung p" ! + R(p) tuoug Ung vdi mot t& méa cia b ma vong nén da thite tuong ng vdi hang thir ?
cia ma tran G la p"~' + Ry(p).

Vi du 10-1-6
Vol ma vong (7,4) duge tao ra tiz da thite sinh go(p) = p¥ + p + 1 ta c6:

o= P Hp+ D@ +7+1
P o= @+ g+t +p+1
P = pe +p+p
o= g +p+l

L

Ma tran sinh clia b ma cé tinh hé théng la

1 000101
01 00111

G, = 00 1.01 1 0 (10-1-37)
0001011

va ma tran kiém tra parity tuong tng la

1 1 1 010 0

Hp=]6 1110 1 0 (10-1-38)
1 101001

Ta cing chitng minh duge rang ho ma tao ra bdi ma tran sinh (10-1-35) gidng b ma duge tao ra tit

ma tran sinh (10-1-37), ' :
Phuong phap tao ra ma tran sinh G cé tinh he théng ciing chi ra rang ma vong co tinh hé théng co
thé duge tao ra tryc tiép tit ma tran g(p). Ta rhan da thae X(p} v6i p"* s& nhan duoc:

Pn_kX(P) =21 p" T by L+ T p"F L 4 pppn Tk

Trong mé h¢ thong, da thite nay biéu dién & bit thong tin trong tit ma C'(p). Da thirc nay phéi thém
vao n — k bit parity. Chia p"~*X(p) cho g(p), ta nhan duge:

P X(p) r(p)
9(p) Q) + g(p)
hay tuong duong 1a:
"X (p) = Qlpyglp) + rlp) (10-1-39)

Ro rang Q(p)g(p) 1& mot tit ma thude by ma vong. Nhu vay cdng r(p) vao ca hai vé ctia (10-1-39) ta
sé nhan duge ma ¢6 tinh he thdng.

Do p™ + 1 = g(p)h(p) hay g(p)h(p) = 0 mod (p" + 1) nén ta noi rang hat da thic g(p) va h(p) l1a
tryc giao voi nhau, va tuong tyr, hai da thirc pig(p) va p'h(p) 1 true giao v6i moi i,j. Nhung hai vects
tudng Ung voi hai da thitc g(p) va h(p) la trirc giao nfu cac phin tit cia mét trong hai vecto 13 dao
ngugc lai. Thyc ra, néu da thic parity h(p) dugc st dung dé tao ra ma kép (n,n — k) thi tap hop cac
tir ma nhan dugc néu dao nguge lai sé gidng b ma tao ra bdi da thire phdi hgp. Didu d6 néi len ring
ma tran sinh clia ma kép nhan duge tit da thitc phsi hap p*R(p~') ¢ thé nhan duge mét cach gian tidp
td 2(p). Do ma tran kiém tra parity H ciia ma (n,k} la ma tran sinh clla ma kép nén H ¢6 thé nhan
duge tit h{p).
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Vi dy 10-1-7

Ma kép ctia ma vong (7,4) ditge tao ra bdi da thic sinh gi1(p) = p* +p* + 1 1a ma kép (7,3} duoc
tao ra tit da thitc phéi hop p*hi(p~*) = p* + p? + p+ 1. Tuy nhién ta co thé sit dung hi{p) dé tao ra
ma tran sinh cia ma kép. Ma tran tuong (mg voi cac da thie pthy(p),i = 1,2,3 1a

G =

oo
[ R Sy
bk

0100
1 010
11 01

Ma tran sinh cita ma kép (7,3) 1a ma tran kiém tra parity cla ma (7,4), gdm cac hang ciua Gy, dao
ngnige thir tu

Hl:

| i s

0101 1
1 01110
011100

Ta d& dang thiy ring G;H; = 0. Chu ¥ ring cac vecto ¢t cha H gom 7 vectd co do dai 3 trlit vecto
0. Nhung day chinh 13 ma tran kiém tra parity cia ma Hamming (7,4). Nhu vay ma vong (7,4) tuong
dudng v6i ma Hamming,

Bd ma hoa tao ma vong

B6 ma hoa cé thé thyc hién bing thanh ghi dich co phéan hoi st dung hosc da thire sinh hoac da
thic kiém tra parity. Trudc ticén ta xét da thic sinh.

Viéc tao ra ma vong gbm ba bude. Nhan da thite tuong ng voi ban tin X{(p) voi p" ¥, chia cho
g(p) va cudi ciing la cong them da thirc du. Da thitc bi chia la da thic Alp) = p" ¥ X (p) va da thic
chia la

9D = gnal A+ gakap” T 4+ aip+ g0

Qua trinh chia dugc thyc hien bing thanh nghi dich ¢6 (n — k) nhip phan hoi nhu trén hinh 10-1-2.
Dau tién thanh ghi dich chita toan s6 lieu 0. Cac hé s8 ctia A(p) duge dich chuyén theo ting nhip vio
thanh ghi ting bit mot. Sau k lan dich, k¢ hi¢u dau tién cia thuong khac 0 xudt hién & dbu ra. Véi
méi hé s8 cha thuong, ta phai trit di da thicc g(p) nhan véi hé so nay.

Thizung

Aipy
O~ O~

Hinh 10-1-2: Thanh ghi dich co phan hdi dé chia hai da thic

Bo ma hoa dé tao ma vong nhu trén hinh 10-1-3. k bit diu tién & diu ra cha bo mé hoa la k bit
théng tin. k bit nay dugc dua theo nhip ting bit mot vao thanh ghi dich. Sau khi k bit da vao hét
trong thanh ghi, chuydn mach chuyén vi tri va theo sau 14 n — k bit parity.
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Hinh 10-1-3: B3 ma hoa tac ma vong sit dung da thie sinh g(p)

Vi du 10-1-8

Thanh ghi dich dé tao ma vong (7,4) véi da thitc sinh g{p) = p° + p+ 1 duge trinh bay trén hinh
10-1-4. Gi s cac bit cha ban tin 1a 0110 thi s8 liéu trong thanh dich 1a nhu sau:

56 ligu vao S0 [an dich  S6 ligu trong thanh ghi dich

0 000

0 1 000
1 2 110
1 3 101

0 4 ' 100
[ e (O—~{o]—{°]

o ra

1Lan tin
0o

Hinh 10-1-4: B¢ ma hoa ma vong (7,4) diing da thac sinh olp)=p*+p+1

Nhut vay, cac bit parity 1a 100 tuong ttng v6i cs = 0, ¢4 = 0,c7 = 1. Ching ta cang 6 thé ding da
thirc parity dé tao ra ma vong. Bé ma héa nhu trén hinh 10-1-5. Dau tién & bit thong tin duge dua
vao thanh ghi dich va sau n — & lan dich thi sé tao ra n — k bit parity.
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Cac bit ma

Hinh 10-1-5: Bo ma hoa tao ma vong sit dung da thic sinh g(p)

Dﬁu_l‘a
10

Hinh 10-1-6: B¢ ma hoa tao ma vong (7,4) stt dung da thiic kidm tra parity

Vi dug 10-1-9

Da thitc parity clia ma vong (7,4) dugc tao ra béi da thire sinh g(p) = p*+p+11a hip) = p*+p2+p+1.
B9 ma héa dya vao da thite nay dugc trinh bay nhu trén hinh 10-1-6. Néu diu vao bd ma hoa la ban
tin 0110 thi cac bit parity 1a ¢5 = 0,¢6 = 0,¢; = 1. Ta clng can hitu y rang khi n — k < k thi b ma
héa dya vao da thite sinh sé& don gian hon (tic 1a R, > 3), vakhin -k >k hay R, < 1 thi b ma hoa
dya vao da thic parity sé dan gian hon.

Ma vong Hamming 1a mét 16p ma vong bao gom ma Hamming c¢6 do dai tt man = 2™ — 1 va
n —k = m bit parity. Mi vong Hamming tizong duong voi ma Hamming ma ta da mo ta.

Ma vong Golay (23,12) Ma Golay tuyén tinh {23,12) c6 thé duge tao ra rhu ma vong voi da thic
sinh ,

gp) =P +p°+p" + P+ 4 p 1 (10-1-40)
B% ma c6 khoang cach Hamming tét thidu d,,;, = 7.
Ma ghi dich d$ dai cuc dai Ma ghi dich do dai cyc dai 1 mot 16p ma vong véi
{n, k)= (2™ - 1,m) {10-1-41)
Cac tit ma duge tao ra bdi thanh ghi dich phan hdi m nhip va dua vao da thic parity. Vi méi tif ma,
cac bit thong tin duge dua vao thanh ghi dich, s& lizu trong thanh ghi dich duge dich chuyén trong

2™ — 1 nhip. Bo ma tao ra c6 tinh hé théng va c6 do dai n = 2™ — 1. Vi du nhu trén hinh 10-1-7 va
50 litu dugc ghi trong bang 10-1-4.

g_
Rt
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Hinh 10-1-7: Thanh ghi dich ba nhip tao ra Hinh 10-1-8: Bay trang thai ctia thanh ghi
ma ghi dich ¢ do dai cue dai dich véim =3

Bang 10-1-4 Ma ghi dich ¢6 d6 dai cuc dai voi m = 3

Cac bit théng tin T ma

0 ¢ 0 0 00 0 0 0 O
0 0 1 0 01 1 1 0 1
01 0 01 ¢ 0 1 1 1
0 1 1 0 1 11 0 1 0
i 0 0 1 001 1 1 ¢
i 0 i 101 0 0 1 1
1 1 0 1 1 0 1 0 0 1
1 1 1 1 1 1 0 1 0 6

Cha ¥ ring ngoai trit tt ma 0, moi ti m3 tao ra khong phai 1a dich vong clia mét tit mé duy nhat.
Digu d6 co thé nhén théy tir so dd trang thai cta thanh ghi dich nhu trén hinh 10-1-8. Khi thanh ghi
dich dugc nap s6 ligu va dich trong n = 2™ — 1 l4n, né sé vong qua t&t ca 2™ — 1 trang thai. Nhu vay
thanh ghi dich trd va trang thai ban d3u clia né sau 2™ — 1 [in dich. Nhu vay day dbu ra 13 tulin hoan
véichukyn=2" -1, Docs 2™ -1 trang théi, d¢ dai nay tuong tng véi chu ky 16n nhét co thd, Nhu
viy 2™ — 1 tit mé khong phai 1a dich vdng cha mot tit ma.
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Ma ghi dich d6 dai cyc dai ton tai v6i moi m dudng. Trong bang 10-1-5 ghi cac tham s6 ciia ma voi
2<m <32

Bang 10-1-5: Thanh ghi dich dé tac ma ghi dich co do dai cue dai

So6 nhip ndi véi S nhip ndi vl 86 nhip ndi vai
m bd cong modulo 2 m  bo cong modulo 2 m bd cdng modulo 2
2 12 13 1,10,11,13 2 1,18,23,24
3 1,3 14 1,5,9,14 25 1,23
b 4 1,4 15 1,15 26 1,21,25.26
5 1.4 16 1,5,14,16 27 1,23,26,27
6 1,6 17 1,15 28 1,26
7 1,7 18 1,12 29 1,28
8 1,5,6,7 19 1,15,18,19 30 1,8.29,30
9 1,6 20 1,18 31 1,29
10 1.8 21 1,20 32 1,11,31,32
11 1,10 22 1,22 33 1,21
12 1,7,9,12 23 1,19 34 1,8.33,34

Mgt tinh chit khac cia ma ghi dich ¢6 do dai cue dai la trit tit ma 0, tit ci cac tir ma khac dau ¢
2™=1 ky higu 1 va 2™~ ky higu 0. Nhu vay cac tit ma nay c6 trong lugng ging nhau va bang khoang
cach tdi thidu d,,;, = 2™ 1,

Cha y ring ma ghi dich ¢6 do dai cue dai 13 ma kép clia ma Hamming vong (271,27 — 1 — m).
Thanh ghi dich dé tao ra ma ghi dich ¢6 d6 dai cyc dai ¢6 thé st dung dé tao ra day nhi phan c6 chu ky

7= 2™ — 1. Day nhi phan nay cé ham ty tuong quan tudin hodn va ¢(m) = n véi m =0, 4n, +2n,...
va ¢{m) = —1 v6i moi gia tri khac. Ham tu tuong quan ¢6 dang xung nhu vay c6 phd mat do cong
sydt gan nhy tring va tuong tw nhu nhiéu trdng. Nhu vay day c6 do dai cuc dai duge gol 1a day gia
nhiéu (PN).

Ma BCH (Bose-Chaudhuri-Hocquenghem) Ma BCH 14 mét 16p rong ma vong gdm ca ma nhi
phan va khong nhi phan. Ma BCH nhi phan 6 cac tham s§ nhuy sau:

n = 2m-1
n—k < mt (10-1-42)

vl m va t (m > 3) la cac sé nguyén dudng tay y. Da thic sinh clia ma BCH la mot thia s§ clia
p*" "' +1, Bang 10-1-6 ligt ké cac hé sd ciia da thite sinh véi 3 < m < 8 va cac hé 56 nay & dang co 86
8.

Béang 10-1-6: Cac he s8 ciia da thite sinh (co s6 8) ddi véi ma BCH

n k t gp)
7 4 1 13
15 11 1 23
7 2 721
5 3 2467
31 26 1 45
21 2 3551
16 3 107657
11 5 5423325
6 7 313365047
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Bang 10-1-6: Cac hé s§ cia da thie sinh (cc 56 8) ddi voi ma BCH (tiép)

n k t g(p)

63 57 1 103
51 2 12471
45 3 1701317
36 4 166623567
36 5 1033500423
30 6 157464165547

. 24 7 17323260404441

18 10 1363026512351725

16 11 6331141367235453

10 13 472622305527250153

7 15 5231045543503271737
127 120 1 211

113 2 41567

106 3 11554743

99 4 344702327t

92 5 624730022327

8 6 130704476322273
78 7 26230002166130115

71 8 6255010713253127753

64 10 1206534025570773100045

57 11  335265252505705053517721

50 13 54446512523314012421501421

43 14 17721772213651227521220574343

36 15 3146074666522075044764574721735

20 21 403114461367670603667530141176155

22 23 123376070404722522435445626637647043

15 27 2205704244560455477052301376221 7604353

8 31 70472640562751030651476224271567733130217
255 247 1 435

239 2 267543

231 3 156720665

223 4 75626641375

215 5  23157564726421

207 6 16176560567636227

199 7 7633031270420722341
199 8  2663470176115333714567

187 9 52755313540001322236351

179 10  22624710717340432416300455

171 11 1541621421234235607706163067

163 12 7500415510075602551574724514601 - ~

155 13 3757513005407665015722506464677633

147 14 1642130173537165525304165305441011711

133 15 461401732060175561570722730247453567445

131 18 215713331471510151261250277442142024165471

123 19 120614052242066003717210326516141226272506267

116 21 60526665572100247263636404600276352556313472737
107 22 22205772322066256312417300235347420176574750154441
99 23 10656667253473174222741416201574332252411076432303431
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Bang 10-1-6: Cac hé s6 cta da thite sinh (cd s6 8) d6i voi ma BCH (tiép)

n k t g(p)
91 25 6750265030327444172723631724732511075550762720724344561
87 26 110136763414743236435231634307172046206722545273311721317
7927 66700035637657500020270344207366174621015326711766541342355
7129 2402471052064432151555417211233116320544425036255 7643221706035
6330 10754475055163544325315217357707003666111726455267613656702543301
5 31 731542520350110013301527530603205432541432675501055 7044260354736

17
g 47 42 25335420170626465630330413774062331751233341454460450050660245525
43173
45 43 152020560552341611311013463764237015636?0024470762373033202157025
. 051541
37 45 513633025506700741417744?2454375304207357061?432343234?6443547374
03044003
29 47 302571553667307146552706401236137?115342242324201174114060254757
410403565037
21 35 1256215257060332656001?7315360?6121032273414056530?45425211531216
14466513473725
13 59 4641732005052564544426573?142500660043306774454765614031?46?72135
7026134460500547
9 863 15?2602521747246320103104325535513461416236721204407454511276611554
T705561677516057

10-1-4  Giai ma xéc dinh mém t6i wu ddi v6i ma khaj tuyén tinh

Trong phan nay, chiing ta xac dinh hién qud cta mi khai tuy#n tinh trén kénh AWGN khi qua trinh

gial ma la xac dinh mdm t6i wu (khong lugng tit) duge thyc hien & b$ thu. Ching ta xét tin hieu PSK

nhi phan (hay QPSK) xac dinh lien két va tin higu FSK nhi phan xac dinh lien ket hosc khong lién két.
Ky higu ¢ 1a nang lugng cia mot tit ma va . 1a nang lugng dé truydn 1 bit trong tif ma. Gia stt i

ma ¢6 d¢ dai n, trong do ¢ k bit théng tin thi nang lwgng dé truydn 1 bit thong tin la:

_st_n, _ &
eb-k-kec—ﬁ,c

Céc tit ma gia thigt 12 ¢6 xac sudt tien nghiém gidng nhau va bang 1/M.

Gid sif cac bit cla tit ma dugc truydn di bing tin hién PSK nhi phan. Nhu vay méi tir ma tuong
Ung v8i mgt trong M tin hiéu. Chting ta biét riing bg thu t6i wu tren kénh AWGN c6 thé thyc hign
bang bang song song gdm M ba loc phéi hop v6i méi tin hidu co thé truyén di. Diu ra clia M b6 loc &
thoi diém cudi ctia méi chu ky tin hicu g0m 7 bit clia tif ma va tU ma dng voi diu ra 16n nhit cia cac
bd loc sé dutge chon. Cha ¥ Tang ta clng c6 thé sit dung M b6 titong quan chéo. Goir;,7=1,2,...,n

la n miu thu duge ¢ dau ra cia b loc phéi hop tng v6i mot tit ma. Do tin hiéu 13 PSK xac dinh lién
kit nén

(10-1-43)

ri = VE +n, (10-1-44)
khi bit thet j cta tit ma 12 1 va
r;= —\/6_64‘ n; {10-1-45)

khi bit thit j cia tir ma 1a 0, Cae bign ngau nhién {n;} 1a cac méu nhidu cGng gaussian tring cé gia trj
trung binh 0 va sai phuong %N{}. B¢ gidi ma t6i wu lap M do do tucng quan:

CM; = Cr,C;) = 2(2%- -Ur;, i=1,2,.... M (10-1-46)

J=1

%'
2oy
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voi ¢;; la ky higu bit thi j trong ti ma thit i. Nhu vay do do tuong quan ing véi tit ma thye sy
truyén di ¢6 gia trl trung binh VEn, trong khi d6 M — 1 do do tuong quan khae nhé hon. Cht ¥ rang
mac dit do do tinh kha don gian nhung sé khong dé dang trong thyc t& khi s6 Iugng tin higu la rdt lon
(M > 2'"), Khi do ngudi ta c6 cac k¥ thuat dé loai bé bdt cac tit ma khong ¢6 kha nang ma khang can
tinh cac dd do tuong quan.
D& xac dinh xac sudt 18} cia ma khéi tuyén tinh, khi cac tif ma duge truyen di trén kénh nhi phan
ddi xing AWGN v6i giai ma xac dinh mém t3i 1u thi xac sudt 16i ctia tit ma thi m 1a nhu nhau véi mei
on. Dé don gian, gia thiét ta ma C; la tit ma 0 duge truyén di. Dé& giai ma dang la Cp, db do tuong
quan CM; phai 1on hon tit cd cac d6 do tuong quan khac. Moi bién CM deu c6 phan bd gaussian va
- gia tri trung binh cia C M Ya v/€n trong kbi gia tr] trung binh cia cac d6 do khae 1a /E.n(1l — 2w, /n).
l'Sa.i phuong ciia cac bién la %No. Céac he s8 tuong guan chéo giita C; va M — 1 tit ma khac la:

pm=1-2w,/n, m=23,... .M {10-1-47}

Chang ta s dung gidi han hgp. Xac sudt dé CM,, > CM; la

Py(m) = Q ( R%(l = pm)) (10-1-48)
Thay pm ti (10-1-47) va & = k& ta co:
Py(m) Q (V %E—; cwm)

= @ (v’ mﬂcwm) (10-1-49)

voi v, 1a SNR timg bit va R, 13 t6c d6 ma. Xac sudt trung binh duge gidl han trén bol:
. M
Py < Y paim)
m=2

i Q (\/thcwm) (10-1-50)

=2

1A

Viéc tinh x4c suit xac dinh sai theo cong thic trén doi héi phai biét phan bé treng lugng cla bo
mi. Ching ta c6 thé sit dung gisi han kém chat han nht sau

0 (\/2%Rcwm) <Q (\/chdmm) < exp(~7s Romin) (10-1-51)

Vi

Py < (M ~1)Q (V27 Fedmin ) < exp(~WRetlmin + k1n2) (10-1-52)

Gi6i han nay duge st dung khi khong biét phan b6 trong luong ctia by ma. Khi so sanh gidi han trong
(10-1-52) v6i higu qua cla hé théng PSK nhi phan khong ding ma hoa, ching ta thdy doi vai tin hiéu
ma c6 do kluyéch dai vé do hisu qua khoang 10log(Rdmin — kln 2/v). Chang ta goi d6 la dg khuyéch
dai mé héa. Chung ta cha ¥ réng gia tri ndy phu thugc vao tham $6 ctia bd ma va SNR timg bit y,.

Bidu thiic clia xac sust xac dinh sai d6i v6i cac tin higu co do tudng quan tuong dudng ciing cé thé
¢6 duge d6i voi tin hiéu don hinh cho ching ta mdt ude lugng thir ba v& xac suét xac dinh sai tit ma
d&i vai tin hiéu ma. He s6 tuong quan chéo cyc dai d6i véi mot ciip tin higu ma la

Pmaz =1~ %dmin (10-1-53)

4-CSLTIT-T2



50 CO SO LY THUYET TRUYEN TIN

Trong trudng hgp tdi nhat, M tit ma co hé s6 tuong quan chéo bang pp.q. thi tit d6 ta co gidi han trén

la
M—1

1 G i A VLTS Y. S 2/
Py <1l - —— —_— e~ gy du {(10-1-54)
- Verm ./_c.c, V2T [m

Giot han trén ve do hiéu qui ciia ma khéi tuyén tinh ta xét § trén la déi vei mot tir ma. D& vai
tin higu truc giao, xac sudt sai bit Py bang Pps nhan véi 281 7ok _ 1). He s6nay la 1 khi & = 1 va
ti€n toi & khi & ion. Déi véi tin higu ma thi ¢6 phitc tap hon nhung ta ¢o thé coi riing khi mot tir ma
bi sai thi mot nita trong s6 £ bit thong tin ciing bi sai. Nhu vay P, < LPy.

Cac gidi han trén trong (10-1-50), (10-1-52) va (10-1-54) ciing ¢6 thé ap dung cho tin hisu QPSK
do tin higu QPSK co thé coi ia hai tin hiéu PSK nhj phan déc lap duge truysn trong pha vuéng goc.
Cac gidi han nay chi phu thuge vao khoang cach t6i thidu cia bd ma nén co thé ap dung cho ina khai
nhi phan phi tuyén. '

Neéu ta sit dung tin higy FSK nhi phan tryc giao dé truyén cac tit méa trén kénh AWGN tlg bg thu
tdi wu ¢6 thé thyge hien bang hai bg loc phsi hop, mot bo (ng voi thn s8 ding dé truyBn bit 0 va mot
bg itng vdi tan s8 truysn bit 1, va tiép theo 13 b gidi ma tao ra M d¢ do tudng quan tuong ting voi M
t0 mé. Qua trinh xac dinh & bo thu ¢6 thé 13 lien kat hay khong lién két, Trong ci hai trusng hop, goi
Toj va r1; 1a dau ra cia hai bg loc phai hgp. Cac do do tuong quan la:

n
CM; = ey + (1 eiros), i=1,2.... M (10-1-35)
i=1
vOl ;5 14 bit thit § cfa ¢t ma thi 4, Tt mé tuong ung v&i dé do 16n nhat dugc chon trong b3 xac dinh.
Néu viee xac dinh tin hiéu FSK nhi phan la lien két, do cac bign ngau nhien {ro;} va {r;;} 1z
gaussian nén cac dé do tuong quan cung 14 cac bign ngiu nhien gaussian. Gia thiét tir ma C, 1a ti ma

0 duge truyen di thi
oy = V& +ng;
T1s !

i=12,....n (10-1-56)

1
=3
&

Gday {ny;},i=0,1,5=1,2,... y 7 1a cac bign ngdu nhien gaussian doc lap thong ke dong thai co gla
tri trung binh 0 va saj phuong %Ng. Do d6 C M, 1a bién ngéu nhién gaussian cé gia tri trung hinh /Z.n
va sai phuong 1 Ny con cac do do tuong quan khac co gia trj trung binh VEN(L ~ wo, /n) va sai phuong
snNy. Do {CM,,} 1a tuong quan neén ta siy dung gidi han hop. Cac hé s6 tuong quan ia

Pm=1—w,/n (10-1-57)
va xac sudt dé CM,, > CM la

Py(m) = Q (\/%Rcwm) (10-1-58)

So sanh két qua nay voi (10-1-49) ta thdy tin hi¢u PSK xac dinh lién két can SNR it haon 3 dB dé ¢o
cing mot d¢ higu qui. Ta két luan rang dé cac gioi han trong (10-1-50), (10-1-52) va (10-1-54) dang
v6i tin higu FSK nhi phan tryc giao thi ta cin phai thay v, bang 1+,

Néu luat xac dinh binh phuong déi véi tin hien FSK nhi phan tryc giao duac thue hién & phia thn
thi d¢ hiéu qua con glam hon nita. Gia sit tit ma 0 duge truygn di thi

2
Toj = |\/f_ch01'r i=12....n {10-1-59)
n; = ]Nljl

vai {No;} va (N, i} 1a cac bign ngdu nhisn gaussian gia tri phuc doc lap théng ke dong thei c6 gia tri
trung binh 0 va sai phitong Ny. Ta co:

CMy =) "1y, (10-1-60)
i=1
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trong khi cac d§ do tuong quan Gng v6i cac tit ma co trong lugng w,, vé mat thdng ké tuong duong véi
tt ma trong d6 ey = L véi 1 < § < wp VA ¢y = 0 vOi wym + 1 < j < 1. Do d6 CM,, co thé biéu dién
la

CMpy, Zm + Z ' (10-1-61)
F=wm+1

Dé chénh lach gina CM, va CM,, la
: "

CMy — CMpm =Y (ro; —11;) (10-1-62)
- =1
va xac suit 16i 1a xac sudt dé CM; ~ CM,m < 0. Nhung do chénh léch nay 1a dang dac bigt cina cac
bién ngau nhién gia tri phitc c6 dang binh phuong téng quat va

Wm—1 i
1 e 1
Pym) = o1 exp(——'n,Rrwm 2 K; ( Yo lRe wm) (10-1-63)
=0

vdi dinh nghia

K= 1, Z::_( 2“”’“ -1 ) (10-1-64)

Gidi han hgp nhan duge bing cach 18y tdng clia Py(m) véi 2 < m < M.
Ta c6 thé ding khoang cach tdi thidu dé nhan duge gidi han trén khong duge chinh xac bang nhung
trong nhigu trucng hgp dé xac dinh hon.

Aamin~1

; M-1 1
Py < Wexp(-—'n,Rc min} D Kif (56 Redmin)’ (10-1-65)
i=0

Sut kém hidu qua cda xac dinh binh phitong ddi v6i viée sit dung tin higu FSK nhi phan c6 thé thay
dugc trong hinh 14-1-1 vi dp,in thay cho L. Sy kém hiéu qua trong trudng hgp n tin hi¢u nhi phan
FSK dugc xac dinh lign két va sau 46 duge dua vao dé tinh dé do tuong quan trong (10-1-55) rdi xac
dinh binh phuong hay xac dinh dutng bao 14

1
Py (?n) = 5 exp(_%']’bRcwm) (10-1-66)
va ti dé
M
Py <> pa(m)
m=2

Néu sit dung d,,;, thay cho su phan bd trong lugng ma, gisi han hgp cla xac suit xac dinh sai tt ma
la:

Py < 5(M = 1) exp(~ g 0 Redoni) (10-1-67)

Néu cac tin hidu PSK dugc sit dung dé truyen céc bit nhi phan trong tit ma va do rong dai thong
chn thiét dé truydn cac tin hiéu ma la

1 7 R
= —— = ——= 10-1-
Tin k/R R, _ (10-1-68)
Nhu vay hé s6 md rong dai thong B, d6i véi tin higu ma la
W n 1 .
B, = R i R (10-1-69)}
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Mat khac, néu tin higu FSK nhi phan duce sit dung dé truy&n cac tit ma va qua trinh xac dinh la
khong lien két thi W = 2n/T va nhu vay hé 6 md rong dai thong tang lén khoang 2 lan so v&i khi st
dung tin higéu PSK nhi phan. Ta so sanh d6 rong dai théng can thiét dé truyen tin hidu ma vai tin
higu tryc giao. So sanh gia tri Py trong (7-2-21) véi {10-1-54) ta thdy riing tin hidu ma kém hon nhidu
nhét 13 10log(n/2d.mis) dB so véi tin hisu tryc giao ¢6 cung s6 lugng tin hién. Néu ta bu lai sy suy
hao v& SNR do viéc ma hoa bing cach tang s6 lugng tit ma dé cho s6 tin higu ma la M, = 2% va tin
hi¢u trire giao can 2% tin higu thi hitu qua nhan duge d6i véi hai tap tin higu khi SNR tuong d6i cao
la gan bing nhau néu:

ko = 2R dmin (10-1-70)
Trong digu kién nay, hé s§ ma rong dai thong déi véi tin higu trire giao la
' M gko  92Hcdumin
co g (10-1-71)

" 2log, My | 2k dRedn
trong khi dé, déi véi tin higu ma, ta cé B,, = 1/R. va

Beo _ 22Rc dmin
Bec 4d‘mt’n

(10-1-72)

Cong thite nay cho phép ta danh gia do réng dai thong giita tin higu tryc giao va tin higu PSK nhi phan
xac dinh lien két.

10-1-5 Giai ma xac dinh citng

Cac giol han trong phin 10-1-4 ma ta di dua ra dua trén gid thiét ring cac miu t bo loc phéi hop hay
tit bd tuong quan chéo la khéng lugng tit héa. Mie du phudng phap nay cho d6 higu qua cao nhung
gi6t han co ban cia phuong phap nay la do phitc tap tinh toan la rdt lon khi s6 lugng tin hicu A len.
Dé gidm khéi lugng tinh toan, cac méu tuong ty duge lugng tit hoa va dugce gial ma xac dinh ciing.
Ta xét truong hop khi mdi mén twong ng v6i mot bit trong tir méa va duge lugng tir héa thanh hai mire
0 v& 1. Nhu vay ta ¢6 mot kenh BSC roj rac theo thoi gian véi xac snft chuyén déi chéo p (kénh nay
gdm bd didu ché, kenh AWGN va b gial digu ché€). Néu st dung tin hisu PSK xac dinh lién két thi

P=Q (\/%) =Q (\/ch) (10-1-73)

Néu ta sit dung tin hiéu FSK dé truyén cac bit trong tit ma va xac dinh lién két thi

p=Q(VnE) (10-1-74)

va néu xac dinh 12 khong lién két thi

p= %eXP (—%%RC) (10-1-75)

Giai ma ML (khoang cach t3i thiéu) n bit tiong ng voi tit ma nhan duge sau bé giai ditu
ché duge so sanh v&i M ti ma co thé bang khodng cach Hamming va tit ma ghn nhit duge chon. Luat
giai ma dua trén tieu chuén khoang cach Hamming t6i thiéu ta t6i un theo nghia né t8i thidu héa sai
nham trén kénh BSC.

Mot cach khéc trong gidi ma xac dinh cting c6 hi¢u qua hon (nhanh hon) la sit dung ma tran kiém
tra parity H. Gia sit C,, 12 tU ma truydn di va Y 14 tit ma nhan duge & diu ra cla bd giai didu ché.
Ta c6

Y=C,+e
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v3i e 14 vecto sai.
YH = (C, +e)H' = C,,H' + eH' = eH = § (10-1-76)

8 1a vecto ¢6 (n ~ k) phan ti va duge goi la syndrome cia mdu 18i. Noi cach khéc, vecto 8 ¢o6 cac phin
tir 1a 0 dng véi cac phuong trinh kiém tra parity dude théa man va cac phan ti 1 Gng vai cac phuong
trinh kiém tra parity khong thoa man. Ta chy ¥ réng syndrome 8 dic tring cho méu 15i chit khong dac
trung cho tif ma truy2n di va co ca thiy 2 miu 16 trong khi ta chi ¢6 2"* syndrome. Nhu vay cac
mau 18 khac nhau ¢6 thé tao ra cling syndrome.

. Ta xay dyng mot bang giai ma nhu san. Lict ke t4t ca cac tit ma (2%) trong hang thit nhit caa
bang, vGi phin tit diu tien 1a ti ma 0. T ma nay cing bidu dién mau 16i toan ky hisu 0. Trong cit
thit nhat, ta liet ké cac miu 161 e; trong lugng 1. Néu n < 2% ta chon thém cac méau 16i 2 ky hisu
va sau d6 la cac mau 16i 3 ky higu ... cho t6i khi cot thit nhat co di 27+ phan ti. S8 lugng nay chinh
biing 55 lugng syndrome ta c6. Sau do ta dign phan con lai cia bang theo qui tic nhu trong bang san:

C, Cs Cj3 . Co

€eg Cs + ey Cs+ep B

€3 C2+e3 Cg+93 Czk + ez
EQn-k 02 + 92n—k C3 + EQn—k . Cgk + Egn—k

Bang nay ta goi la bing chudn hay bang cbe lop k& Méi hang ta goi 1a mot {6p ké va phin tit dau tién
caa méi hang ta goi 1a phan 1 tgo ldp k¢, Nhu vay mot 16p k& gdm tdt ca cac phin tit ¢6 thé nhan
dugc 1tng v6i ciing mot mau 16i.

Vi dy 10-1-10
Xay dyng bang chudn cho ma ha thdng dugc tao bdi ma tran sinh

1 0101
G= 001011
Ma nay cé khoang cach t6i thidu 1a 3. Béang chudn dugc ghi trong bang 10-1-7. Cha ¥ rang trong bang,
€6 5 mén 16i trong Iugng 1 va hai mau 16 trong Iugng 2 (t4t nhién 1a ¢6 nhidu miu 16 trong lugng 2
nhung chi dii ¢hé cho 2 m&u). Hai méu 15 nay phai ng v6i cac syndrome khac cac miu 15i trong lugng;
1.
Gia sit e; 12 vecta 161 va C,, 13 tir ma truyén di. Ta s& nhan duge tit ma Y = C.n + e; va syndrome
14
S=(Chte)H =¢H

Ro rang cac tu ma trong cing mot 16p k& c6 cung syndrome va cac 1p k& c6 syndrome khac nhan. Nhu
vay khi ta nhan dugc vecto ma Y, ta tinh syndrome 8 = YH' va ta tim vecto 16i tuong ng (nhigu kha
ndng nhét) va tit ma thyc sy duge truysn di 1a :

Cn=Y+en

Vi du 10-1-11

Xet ma (5,2) vdi bang chudn trong bang 10-1-7. Cac syndrome ing véi cac 16i hay x4y ra nhit dugc
cho treng bang 10-1-8. V&i mot vecto 13i trén kenh e = [10100], ta tinh ra syndrome S = (001). Khi do
vecto 151 theo bang la & = [00001]. Nhu vay gidi ma sé bi sai. Néi cach khac, ma (5,2) sita sai cac 161 1
ky hieu va sita sai 2 16i hai ky higu1a {1100 0] va [100 1 0).
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Bang 10-1-7: Bang chuan cta ma (5,2}

TV ma
00000 01011 10101 11110
00001 01010 10100 11111
00010 01001 10111 11100
00100 01111 10061 11010
01000 00011 11101 10110
10000 11011  001£1 01110
11000 10011 01101 00110
10010 11001 00111 01100

Bang 10-1-8: Bang syndrome déi véi ma (5,2)

Syndrome MAu 18i
Q00 00000
401 00001
010 00010
100 00100
011 01000
101 10000
110 11000
111 10010

Gial ma syndrome cho ma vong D&i voi mi vong viéc tinh syndrome co thé thue hien bang
thanh ghi dich gidng nhu qua trinh ma hoa, Ta biéu dién vectd ma nhan duge Y bing da thie Y (p).
Noi chung, Y = C + e.

Y(p) =C(p) + e(p) = X(p)g(p} + e(p) (10-1-77)
Chia Y (p) cho da thitc sinh g{p) ta nhan duge
Y(p) = Q(p)g(p) + R(p) (10-1-78)
Da thitc du R(p) c6 bac cye dai la n — k — 1. Két hgp (10-1-77) va (10-1-78) ta nhan dugc
e(p) = [X(p) + Q(p)lg(p) + R(p) (10-1-79)
Nhu vay R(p) chi phu thuge vao e(p) va R(p) 1a syndrome tuong ing véi mau 16i e. Nhu vay
Y(p) = Qlplglp) + S(p) (10-1-80)

voi S(p) 1a da thitc syndrome S(p) = R(p). Néu S(p) = 0 thi viéc gidi ma sé cho két qua C,, = Y
Qua trinh chia ¥{p) cho da thirc sinh g{p) c6 thé thye hién bing thanh ghi dich. Vects Y nhan
dugc duge dich vao thanh ghi dich (n — &) nhip nhy trén hinh 10-1-9.

Hinh 10-1-9: Thanh ghi dich dé tinh syndrome (n — k) nhip
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Vi du 10-1-12

Xét ma vong Hamming duge tao ra bdi da thie sinh g{p) = p* + p + 1. Gia thist vectg nhéan duge
Y = [1001101]. Vecto nay dugc dua vao thanh ghi dich 3 nhip nhu trén hinh 10-1-10. Sau 7 Bin dich,
6 licu trong thanh ghi dich la 118 ting v6i syndrome 1a 8 = [011]. Vects 18i nhidu kha nang nhat ing
VGt syndrome nay la e = [0001000] va

Cm =Y + e = [1000101)

1011001 = = == $yndrome

Hinh 10-1-10: Tinh syndrome cho ma vong (7.4) v&i da thirc sinh g{p) = p*> + p+ 1 va vecto nhan
duge 12 'Y = [1001101]

Vi¢e gidl ma bing bang nhu vay chi thuan tign khi n — & 1a nho va nhidu thuat toan gidi mi xac
dinh ciing duge phat trién cho ma BCH la mot 10p cla mé vong, Nhit vy ton tai cac phuong phap ma
héa va gidi ma dé tao ma BCH c6 do dai 16n va ma BCH hay dugc sit dung trong thye t& truyén thong
806.

Kha nang phat hign 15i va sia 16i Do d6 phan biét t6i thidu gita hai tit ma trong mét bd ma
1& dmin nén néu mot maiy 16i co trong lugng dmin thi né sé chuyén mot tir ma nay thanh mot ¥ ma
khae va ta khong thé phat hien dugc 16i. Néu vecto 16i c6 trong lrgng nhé hon d,,i, thi syndrome sé
co trong luong khac 0 va ta sé phat hién duoe 1a c6 16i. Téng quét, ma khéi (n, k) c6 kha nang phat
hién duge dn;, — 1 160 -

Kha nang sita 15i cing phu thuge vao khoang cach t8i thidu. Tuy nhién s 16i sia dugc bi gidi han
bdi s6 lugng syndrome. D8 xac dinh $6 13i ¢6 thé sita duge ciia ma (n, k), ta bidu dién 2% tir ma trong
khong gian n chidgu. Méi tit ma 1a trung tam clia mot siéu ciu co6 ban kinh t. Gia tri ¢ lon nhat dé cac
siéu ciu khong giao nhau 1a ¢ = [3{(dmin — 1}]. Trong méi siéu chu c6 tit ca cAc tit mé c6 khoang cach
t6i tam khong vugt qua ¢t. Nhy vay néu nhan duge mot tir ma nim trong mot siéu ciu nao do, ta sé
gidi mi no6 thanh tir ma trung tam ctia situ ciu. Nhu vay bg ma (n, k) ¢6 khoang cach Hamming t6i
thidu dp,;n c6 thé sita duge t = L3 (drin — 1)] 16i. Téng quat, mét bo ma co khodng cach t6i thidu dp;,
c6 thé phat hien e, 16i va stiia duoe ec 161 v6i eq + e < dppin — 1 va e, < ey,

Xac suét 161 khi sita 161 V6i bo gidi ma t8i wu trén kénh BSC, khi s6 16 khong vugt qua mot nita
gla tri dmipn thi ta co thé sia chinh xac cac 15 nay. Do kénh BSC 1a khong nhé nén xac suit dé xuit
hién m 161 trong khéi n bit 1a

P(m,n) = ( ::; )pm(1 —pnm (10-1-81)
va x&c sudt 16i khi giai ma bi gioi han trén 1a
Py < Z P{m,n) (10-1-82)
m=t+1

Déng thitc xay ra khi ma khéi tuyén tinh 14 ma hoan thién. D& co thé mé ti tinh chit cg ban cia ma
hoan thién, ta lgp cac situ chu quanh méi tu ma trong khéng gian n chidu, méi siéu ciu 6 ban kinh ¢
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va trong méi sidu chu cé cac tit ma c6 khodng cach téi tam khéng vugt qua t. 5S¢ hugng cac tU ma nhm
trong mat siéu chu 1a

Hinh 10-1-11: Biéu dién cac tit ma trong khong gian (trung tim céc sicu ciu)

Do ¢ tdt ca M = 2% tit ma va s lugng tli ma trong tit ca 2% siéu ciu khong thé vuot qua téng s

tit ma la 2 nén . .
2% ( " ) < 2" hay 2" > (”) 10-1-83
g i )< y 2k > Z{; . ( )
Mot ma hoan thién ¢6 tinh chét 1a moi tit ma co thé nhan duge déu niim trong 2* sigu ciu. Khi d6 thi
trong cong thitc (10-1-83) ta cé ding thite. Ma Golay (23,12) ¢6 dyiy = 7 vA £ = 3, ma Hamming c6
cac tham s8 n = 2"~% — 1 d,;x = 3,2 = 1 14 hai loai ma khéi nhi phan hoan thién duy nh&t. Cac loai
ma nay 14 t6i wu trén kénh BSC theo nghia xac suat 16i 13 tdi thidu trong s6 cac loal ma cé ciing chidu
dai tir ma va cung s6 bit thong tin.

Tinh chat t3i uu dinh nghia & trén cang dong véi ma gan hoan thién. Ma ghn hoan thien 1a mot bo
ma c6 tinh chat 1a tat ca cac sidu chu ban kinh ¢ xung quanh M ti ma la khong giao nhau va moi ti
ma nhan duge déu co khodng cach 16n nhit 1a ¢ + 1 t6i mot tir ma nao d6 la trung tam cia mot siéu
cau. Bo ma nhu thé c6 thé stia duge 8 sai t6i t va mot s6 mau sai ¢+ 1. {10-1-82} 1a gidt han trén ciia
xac sudt 161 va giai han dudi 1a :

Py > )" Plm,n) (10-1-84)
m=t4+2

Ma gin hoan thign c6 thé duge danh gia vé do hisu qua mot cach chi tigt hon khi ta st dung bat

déng thitc (10-1-83). S4 luong cac tit ma nim ngoai 2° siéu ciu 1a

t
n
N¢+1:2"—2’°Z( t. )

i=0
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Néu 56 lugng tit ma nay duge chia ddu thanh 2* tap hgp va méi tap hop gan voi mot trong 2* siéu chu
thi méi- siéu cau dugc md rong ra bai s6 lugng tt ma la

i

Brgr =275 = Z ( ’: ) (10-1-85)

i=0

Nhu vay trong s6 cac miu 16i c6 khoang cach ¢ + 1 t6i tir ma truy&n di, ta c¢6 thé sta them 3,,, miu
16i. X4&c suat 151 trong vise gidi ma d6i voi ma gan hoan thién 1a

PM = Z P(m,n] + [( t-?:]_ ) — 6;+1] pH—l{l _p)n—t-—l (10-1—86)

r={+2

Ching ta biét nhidu ma gan hoan thién, mac du no khéng ton tai voi moi n va k. Do cac loai ma
nay la t6i wu déi véi kénh BSC nén moi ma khdi tuyén tinh déu c6 xac suit 161 it nhat 1a (10-1-86).
Nhu vay, (10-1-86) 14 gisi han du6i v& xac sudt 161 khi giai ma cita ma khoi tuyén tinh véi ¢ 1a sé nguyén
16n nhit dé ,8;_{_1 2 0. )

Mot cap gioi han trén va gigi han dudi khac ta cung ¢ dude néu xét t6i khodng cach Hamming t6i
thiéu gitta hai tit ma. Py khong thé nho hon xac sudt 16i khi giai ma cha mot (0 ma truyen di thanh
mot tit ma gan kB no nhit. Nhu vay:

dmiu
Py > Z ( drmin )pm(l __p)dmsn‘—m (10'1—87)

m
m={dmin/2]+!

Mat khac, Py khong thé 16n hon M — 1 1an x4c sust giai ma sai mdt ti ma truyén di thanh tit ma gan
k& v&i nd nhit. D6 1a gigi han hop

dmin
Py>M-1) Z ( min )pm(l — p)dmin—m (10-1-88)

m
m=[dmin/2]+1

Khi M l6n, céc gi6i han trong (10-1-87) va (10-1-88) sai lech rdt nhidu. Gigi han trén chat ¢ia Py ¢
thé nhan dugc khi ta sit dung giéi han Chernoff. Gia sit tif ma 0 dugc truydn di, bhng cach so sanh tit
mé nhin dugc véi tir ma 0 va tit ma c6 trong luong wy, thi xac sust gidl mai sai bi giéi han trén la

Py(wm) < [4p(1 ~ p)]“~/? (10-1-89)
va ta ¢6 k&t qua sau khi dung gi6i han hop

M
Py <Y [4p(1 — p)]u»/? (20-1-90)

m=2
Mot cong thic khac cho{10-1-90) néu ta thay wy, bdi dun:
Py < (M = 1)[4p(1 — p)|dmins? (10-1-91)
Tt nhién {10-1-90) la gisi han chit hon (10-1-91).

10-1-6  So sanh v& hi¢u qua ciia hai phuong phap giai ma

Ching ta sé so sanh gisi han v& do higu qua cla hai phuong phap gidi ma (gidi méa xac dinh cting va
gidi ma xac dinh mém) trén kénh AWGN. D& mo ta, chang ta sit dung ma Golay (23,12) 1a loai ma co
ham phan bg trong luogng tuong déi don gidn. Nhu da biét, déi véi loai ma nay ta co dupg, = 7.
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Dau tién ta so sanh cac giéi han cla xac sust 161 déi v6i phuong phap giai ma xac dinh ctng. Do
mi Golay (23,12) 1a ma hoan thién nén xac suit I6i chinh xac cia giai ma xac dinh cing la

3

23
23 m - 23 ka2 23-m
PM=Z(m)p (1~ p) =1-Z(m)p (1-p) (10-1-92)

m=4 =0

vGi p la xéc sudt chuyén déi chéo ena kénh BSC. Tin hiéu PSK nhj phan (hay QPSK) xac dinh lien két
thi gia tri ciia p duge xac dinh trong (10-1-73). Cung v6i x4c sudt 18i chinh xéc, ching ta ciing ¢6 gidi
han duoi va ba gigi han trén trong (10-1-87), (10-1-88), (10-1-90) va (10-1-91).

Cac giGi han vB xac suit 161 va gl tri chinh xac duge v trén hinh 10-1-12. Ching ta thay gioi han
dudi sai sd rat nhizu. Gigi han trén trong (10-1-88) la chat nhit va gidi han Chernoff véi khoang cach
Hamming t6i thidu 1 sai s§ nhidu nhit.

ig-! 10-1
s i e
[~ trén B _ . Xac din m
 KChinh = [\ (@-1-88) 2 \ \T ]
x 10 3(8—1-92)\ \ e 5 1072 ) Xic dinh céing -
ol 5 trén v T _—
” N T A =0 s ) ]
Gt e M
2 o [N T e =) =
5 10 X 1 (8-1-81) 3 1o v T
w 5 5 i
- S \\\\\{/ 5 T
&8 10— — o 1% \
32 s __(Ezéllial;gn\_ \ \ ;.? : 5 (3161 han tréd, v Chinh xfd
VIRV S N
2 [—(8-1-87) 2 S
Lo N VW T 1o-s 561 han dug ]+
s \ \\\\ 5 (8-1-52) :-u' \
2 2 M
106 A1 (e A
Q 2 4 4] ] [Le] 12 i4 1] 2 4 & .3 10 'z Id
SNR ting bit ¥, (dB) SNR titng bit 1y, (d8)

Hinh 10-1-12: So sanh cac gisi han v6i gia  Hinh 10-1-13: So sanh gidi m3 xae dinh
tri chinh xac v& xac suit 161 clia gidi ma xac  cing va gial ma xic dinh m3m déi véi ma
dinh cting d&i voi ma Galay (23,12) Golay (23,12)

Chiing ta ciing so sanh xac sugt 16t cia Bidi ma xéc dinh cing va giai ma xac dinh m&m. Ta sit dung
gidi han v& xac sudt 13i trong (10-1-52), (10-1-50) véi xac sudt 16{ chinh xac trong (10-1-92). Ching ta
thay réng sy chenh lach giira gidi ma xac dinh cing va giai ma xac dink mém la khoang 2 dB trong
khoang 102 <« Py, < 10-5. Trong khodng Py > 1072, giti han dgi véi gidl ma xéc dinh mim 1a kém
do dudng tng véi gia tri chinh xac cAt dudng gisi han trong {10-1-52). Su chénh lech 2 dB khong phai
chi ding v6i ma Golay ma 13 ket qua cua céc loai ma trén kénh AWCGN. Dizu niy dige rat ra tit viéc
tinh théng lugng ciia kenh AWGN vei gial ma xac dinh citng va gial ma xéc dinh m#m.

Thong luong cta kénh BSC tinh theo don vi bit/ky hieu la

C=1+plog,p+ (1-p) log,(1 - p) (10-1-93)
Gia st tin hiéu PSK xac dinh lien két duge sit dung thi p duge tinh theo {10-1-73). Dat C = R, trong

cong thite (10-1-93) va ta xac dinh gia tri s théa man phuong trinh nay, Két qua duge vé trén hinh
10-1-14.

Dau la gigi han cia SNR khi téc do ma tién t&i 07 Vai nhiing gia tri R, nhé, p co thé x8p xi nhu

sau:
1
p e 7" VR /n {10-1-94)

]
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va do logy(1 +z) = (z — $2?)/In2 nén (10-1-93) trd thanh

2
- ) 1-
ﬂlﬂQ%R' | {10-1-95)
Dat € = R, va khi R, tién t6i 0 thi ta nhan duge
1 .
w==-wln2 =037dB (10-1-96)

2

Théng lugng cliia kenh AWGN dag vao nhi phan véi gidi ma xac dinh mém duge tinh tuong ti7. Thong
lugng cta kénh tinh theo don vi bit/ky hisn 13

L p(ylk) -
C= 2% f_ Pl log, BVl (10-1-97)

v6i p(y|k) 1a ham mat d6 phan bd x&c sust 6 didu kign cla s6 litu ¢ dau ra ctia bé giai didu ché khi
cac bit truyén di tuong ing 12 0 va 1.

1.0 [ I /./_/_,..--
0.8} (Giaima -
w x.da.':-nngm ///
= 0.6
E 4 /] iiima
£ 04 A xd. cling  —
2 /
= 0.2 A
LA 1/
-2 -t 0 1 2 3 4 5 6

~ SNR timg hit t6i thiéu ¥, (dB)

Hinh 10-1-14: Biéu dién tSc do ma theo SNR tung bit déi voi hai loai giai ma

Dé&i vai kenh AWGN ta co:

plylk) =

e~mmfat Lo (10-1-98)
To

mo = —/&,m = V&, o2 = $No. & = R.&. Ham mat do phan bs xac suét ply) 1a nita tdng cila
p(y|0) va p(y|1). Khi R, tién t6i 0, théng ligng ctia kénh x4p xi bing

C = yRe/In2 (10-1-99)
Dat ¢ = R, thi khi R, — 0, gia tri SNR t6i thidu dé c6 thé truydn voi tdc do biing thong lugng la

7% =In2 (10-1-100)

Két hop (10-1-98) va (10-1-97) va dat € = R, ta c6 két qui vé trén hinh 10-1-14.

Ta thay ring khi R. — 0 thi d¢ chénh lech v& SNR ¥ dBi v6i giai mad xac dinh cing va gidi ma xac
dinh meém la 2 dB, va khi R, tang t6i don vi thi do chénh lach giam di. Db thi con cho ta thiy gia tri
SNR. t6i thiéu dé c6 thé truyén & mot tée d9 nao dé. Vi du véi R, = 0,8 thi d6i véi giai ma xac dinh
mé&m ta cin SNR 14 2 dB dé sai s6 nhé tdy . D&i v6i ma PSK nhi phan khéng ma hoa thi gi& tri SNR
can thiét cho tSc d6 nay 1a 9,6 dB. Nhu vay 1a ta c6 d6 khuyéch dai ma héa 1a 7,6 dB. Nhung dé thuc
hién duge do khuyéch dai nhy vay thi d6 dai tit ma sé st 16n, rat phic tap.
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Thay cho viée so sanh gitta gidi ma xac dinh cung va gidl ma xac dinh meém trén co sd théng lugng
ciia kénh, ta c6 thé so sanh dya trén cac tham s§ cia ma ngiu nhién. Ta bidt ring xac suit 181 trung
binh theo tap hgp «ia ma Léa nhi phan nghu nhien la

P, < o~nlio—Re) (10-1-101)

véi Re = k/n & t6c dg ma va tSc do gisi han R, thé hién gi®i ban trén ciia R, 14 P, — 0 khi nn — o0.
D&i voi giai ma xac dinh mém, Ry dugc cho bdi

: 2
Ro = lOg2 m (10-1-102)

£./Ng = R:vp & SNR trén mot bac ty do (mot chigu).
Mat khac, néu diu ra cia bo giai didu ché duge lugng tit héa @@ mire, thi ta cé thé sit dung gidi han

Chernoff dé xac dinh gigi han trén cla xac suit 16i trung binh theo tap hgp Po(sis,, ). Kt qua thu
dugce la .

{p:} i=0 |j=0

-1 1 :
Rg =max< —log, Y [Z i/ P j)} (10-1-103)

Trong (10-1-103), {p;} 1a xac sudt tién nghiém cta hai ky hiu diu vao ciia kénh va {P(t]7)} la xac
sufit chuyén ddi cia kénh. D6i véi kénh BSC, py = py = 1 thi

2
Bo=logy —————— | =2 10-1-104
Q B2 1+ J/ip(l—p) @Q { )

v

p=Q (\/ZnR.:) (10-1-105)

1.0
0.8
0.8
0.2
0.6
0.5
0.4
0.3
0.2
0.1

T 0 5 10

10log 14 /N L) 1dB)

=2}

Ry va Ro(Q

Hinh 10-1-15: So sanh Ry {giai ma xac dinh mém) v6i Rg (giai ma xac dinh cing) theo SNR ting
chigu

Biéu dién Rg theo 10log(£./Np) véi @ = 2 va & = oo trén hinh 10-1-15. Ta th&y do chénh léch
khoang 2 dB. Ching ta cing dé dang chitng minh dugc ring khi £, /Ny — 0 thi sy suy hao v& do hisu
qua ddi voi gidl ma xac dinh cing la 10 log, O%Tr 7 2 dB. Ta ciing cha ¥ ring khoing 1 dB c6 thé khoi
phuc duge néu nhu ta lugng tit hoa diu ra ciia bo gidi didu ch& thanh 3 mitc va do chénh lech 2 dB nay
con giam hon nita kbi lugng tir hoa nhigw mttc hon ¢ diu ra cta bg gial diéu ché.



g

=°

MA HOA KENH - 61

10-1-7 Giéi han v& khoang cach tdi thiéu clia méa khdi tuyén tinh

Biéu thite v& xac sudt 16i d8i vai ma khdi tuyén tinh cho ta thiy r6 tim quan trong clia tham s6 khodng
cach t6i thidu trong bo ma. Vi dy véi giai ma xac dinh mém, giéi han trén cia xac suit 161 (10-1-52)
cho ta thay voi mot téc d6 ma xac dinh, xac dinh 16i trén kénh AWGN suy giam theo ham mi d6i véi
dpin. Khi gici han nay k&t hop vl gidi han dudi clia dpin, ta 6 thé xac dinh duge gioi han trén cha
Py co thé thte hién duge déi véi nhiBu loai ma. D6i véi gidi ma xac dinh cing (10-1-82), ta c6 thé xac
dinh dutge gisi han trén clia xac suit 161 dai voi ma khéi tuyén tinh trén kénh BSC.

Mt khac, giéi han trén cla dpmin duge sit dung dé xac dinh gi6i han du6i coa xac sudt 181 co thé

" thue hién duge déi voi ma tot nhat.

Mot gi6i han trén don gian déi vai khoang cach t6i thidu cia ma khdi tuyén tinh hay khéng tuyén
tinh (n, k) 1a dpmin <n — k + 1. Ta chudn hoa khoang cach nay b?_‘mg cach chia cho n

dm in

1
Gmin (1 _R)+ = (10-1-106)
n n
Néu bd ma 13 c6 khoang cach téi thidu, titc 1A dipin = n — & + 1 thi bd ma duge goi 14 c6 khoang
cach t&i thidu cyc dai. Ngoai trit ma truy hdi, khong c6 ma nhi phan 6 khoang cach t6i thidu cue dai.

Véi ma khong nhi phan thi ton tai ma c6 khoang cach tdi thiéu cuc dai, vi dy nhr ma Reed-Solomon
12 mdt 16p con cua ma BCH.

Cung véi gigi han trén, c6 mot s3 gidi han vé khoang cach t6i thidu cia ma khéi tuyén tinh. Lay
loga ¢4 hai v€ cia (10-1-83) ta o

t
1 n
— > = . 10-1-107
1Rz s () (10-1-107)

Gigi han nay goi 1a gidi han trén Hamming. V6i m6i gia tri n, goi fo 12 gia tri ¢ 16n nhat thoa man bat
ding thite trén. Ngudi ta chitng minh duge ring khi n — oo, ty s6 ¢/n ddi vl ma khéi (n, k) khong
VUGt qua tg/n véi ty/n thda man bat ding thic

1- R, = H{ts/n) (10-1-108)

va H{(z) 13 ham entropi nhi phan H(z) = —zlogz— (1 —z)log(l — ). Téng quat hoa gioi han Hamming
cho méa khong nhi phan 13

i

1-R; > %logq [Z ( "’:‘ ) (¢ — 1)1 {10-1-109)

i=0

Mot gith han khac 1a gidi han Plotkin. S6 lugng ky higu kiém tra can thiét dé co duge khoang cach
61 thidu trong mi khéi tuyén tinh (n, k) théda man

qdmin -1

-k
n—k> 7—1

~1-log, dmin {10-1-110)

Khi bd mé 14 nhi phan thi ta cé

i 1 1 2
min _ 1 doin) <={1-R.+ =
n (1 2d min B2 ) -2 ( Re+ ﬂ.)

Khin — 00 vA din/n < 1/2, (10-1-110) don giin thanh

drmin/n < %(1 - R.) | (10-1-111)
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M4t gici han khac 1a ¢idi han Elias;

drmin/n < 24(1 — A) (10-1-112)

v3i A thda man

—

Re=1+Alogy A+ (1-A)logy(1-4), 0< A< 5 (10-1-113)

Gidl han duéi v& khoang cach 6i thidy clta ma khdi tuyén tinh (n, k) clng ton tai. Pic biet, tdn tai
ma khdi nhi phan c6 khoang cach t6i thidy chuin héa thda man
) - Gmin/n > (10-1-114)
vA « duge xac dinh nhuy sau:

Re=1-Ha)=1 +alogya+ (1~ a)log,(1 — a), 0<a<1/2 (10-1-115)

Gidi han nay la mot trudng hgp dac bist cia gi0i han dudi Gilbert va Varsharmov ap dung cho ma
khdi nhi phan va khong nhj phan,

0.5

0.4

03
Ploikin

02r
a=3) BCH

[ y]

0 02 04 08 0T 1D
Tacdama R

Hinh 10-1-16: Gisi han trén va 861 han du6i clia khodng cach t5i thidu chudn héa

Céc gi6i han duge vé trén hinh (10-1-16) va khoang cach t6i thidu tink theo téc do ma cia ma BCH
voin = 31 van = 63. Ta thiy rang khoang cach 3i thidu chuin hoa giam sat t6i gisi han dusi
Gilbert-Varsharmov. Khi n tang lén thi higu qua cia ma BCH gidm di, va dpn;n /0 tign t6i 0 khi n tign
td1 vO han. Nhit vay ma BCH (1a mot 16p ma quan trong nhat clia ma vong) khong hisu qua khi d6 dai
cua tit ma Ign.

10-1-8 M4 khdi khong nhj phan v ma khéi ghép

Ma khdi khéng nhi phan 1a mot logi ma c6 do dai ¢ dinh ma cac ky hiéu m3 nhan mgt trong ¢ gia
tri c6 thé, ky higu 1a {0,1,2,. . -»§ = 1}. Thong thuong ¢ = 2* va nhy v3y k bit thong tin c6 thé dugc
chuyén thanh mot ky higu trong tap ¢ ky higu. D6 dai tir ma cia ma khong nhj phan dugc ky hisu 1a
N va s6 ky higu mang thdng tin trong mét tit ma duge ky higu 1a K. Khoang cach t&i thidu clia ma
khéng nhi phan duge ky higu 1a Dein.

Trong s8 nhidu loai ma, khéi tuyén tinh khéng nhj phan, ma Reed-Solomon duge sit dung nhizy
trong thnte t&. Nhu da néi, loagi ma nay 1a 16p con cta ma BCH va nht vy 1a mét 1op ma vong. Cac
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thong s6 cia ma nay 1a

N = g-1=2~1
K = 1,23,...,N-1
Drin = N-K+1 (10-1-116)
R. = K/N
Loai mé& nay co kha ning siia sai toi
1 1,
t=15Dmin — )] = [5(N - K)] (10-1-117)

ky hiéu bj 16i.
Su phan b8 v& trong hrong {4;}cta loai ma nay co thé tinh dudge. Cac hé sd cha da thic trong
higng 1a

N - i-1
- _ EERY - i—j— 1) . . 1
= (V) Ny (1) iz D (10-1-118)
J:

vei D= Dmgn,q =2k

Ma Recd-Solomon 1a mgt loai m& quan trong vi dae didm vé khoang cach t6i thiéu clia no. Mot ly
do khac 1a tbn tai cac thugt toan gidi ma xac dinh cing ¢6 hiéu qua cho phép tao ra b$ ma ¢6 do dai
16n dé st dung trong thuc té.

M4 khéng nhi phan 12 ma tuong tng véi k§ thuat dizu ché M mitc dé truyen 2* ky hicu ¢6 thé. Ta
¢6 thé sit dung tin higu FSK M mirc. M&i ky hieu trong s6 2* ky hiéu dugc anh xa thanh mot trong
M = 2* tin higu trye giao. Nhu vay vige truyn mét tit mé tuong Gng véi vige truyén N tin hiéu tric
giao va moi tin higu trye giao 14 mot trong s6 M = 2* tin higu co thé.

B giai ditu ché t&i uu trén kénh AWGN gom co M bo loc phdi hop (hay bo tuong quan chéo) va
dau ra duge dua t6i bo giai ma. Néu giai ma la xac dinh citng thi xac suit sai ky hiéu Py va cac thong
6 clla mé di dé dic trung hoa hiéu qua clia ma. Chang ta thiy, bo didu ché, kénh AWGN va bd giai
digu ché tuong dudng voi mot kénh rai rac M dhu vao, M dau ra roi rac, kénh 1a khong nhé déi xing
vdi xéc suit chuyén déi 1a P. = 1 — Par va Pp /(M — 1). Kénh nay 1 tdng quat hoa ciia kénh BSC.

Xée sufit sai bit 2,
S
r

-7 i J
10 4.0 5.0 6.0 10
SNR titng bit v, (dB)
Hinh 10-1-17: Kénh khong nha déi xing Hinh 10-1-18: Hiéu qua cia ma
M dau vao v M daura Reed-5olomon trong mgt s trudng hop

D¢ higu qua cla viéc gidi ma xac dinh citng duge cho béi giti han trén ciia xac suét 15 mot tit ma

N
P. < Z ( N )P;;J(l—PM)N-" (10-1-119)

i
i=t+1
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Khi m&t tit ma da bi sal thi xac suit sai clia mot kv higu 1a

1 Y N\ .
P, = ~ '—;&-1": ( ) ) Pi(l = Pp)N—t (10-1-120)

Khi cac ky higu duge chuyén thanh nhi phan thi xac su#t sai bit tuong tng la:
2k—l

Pp=—
bT ok

Fes (10-1-121)

Vi dy 10-1-13

Chiing ta tinh dj higu qua clia ma Reed-Solomon N = 25 — 1 = 31 véi Dy = 3,5,9,17. Céc gia
tri K tuong Ung la 29, 27, 23, 15. Ta sit dyng M = 32 tin hieu FSK va xac dinh khong lién két.

Xac suat sai ky hiéu trong (7-4-46) 1a

1 A
= e~ —13n /n . L1-
Py =—e 3 (-1) (M )e“f (10-1-122)

n
n=2

v 1a SNR ting ky hi¢u. Sit dung (10-1-120), (10-1-122) va (10-1-121) ta tinh dugc xac sudt sai bit. Cha
© ¥ réng bd méa cang manh (D, 16n) thi 49 hiéu qua cang kém v6i cac gia tri SNR nhd. Mat khac, do
higu qua lai cang lon véi SNR 16n.

N#u vigc giai ma la xac dinh m@m thi sé c6 ¢ = 2¥K 45 do titong quan, méi do do tuong ing véi
mot trong s6 ¢K tit ma va co mot bg ldy tdng N dau ra ctia bo loc phéi hgp tuong tng véi tit ma do
dai N. Cac diu ra ciia M bo loc co thé duge xac dinh lien két hay khong lien két. Néu viéc xac dinh
la lién két va kénh 13 AWGN thi xac sudt 16i 1a m& rong ciia trudng hop nhi phan.

]j i
Sl [ bn M béa _
——»|  ngedi  p-» trong | —a] Difluchd Kéoh
(M X) {n. k)

881itu Gidi ma Gial md Gini i
g | héangedi [*] héa trong "—l lu:hgﬁu

Hinh 10-1-19: So dd khdi clia h¢ thdng sit dung ma khdi ghép

Ma khdi ghép Ma kh6i ghép gdm c6 hai ma riéng higt ghép lai thanh mat bd mé lén hon. Thong
thidng mét bd ma 1a nhi phan va mat bs ma la khong nhi phan. Ma khéng nhi phén tao nén mi ngoai
va ma nhi phan tao nén ma trong. Cac tit ma duge tao ra bang cach chia khdi kK bit thong tin thanh
K nhoém, goila cac ky higu, m&i ky hiéu gbm k bit. K ky hiéu k bit dugc ma héa thanh mot tit ma do
dai N bdi bo ma héa ngoai, bo ma héa trong 18y ting ky hidu k bit d8 ma héa thanh ma khdi nhi phan
do dai n. Nhu vay ma khdi ghép co d6 dai Nn bit va trong dé c6 Kk bit théng tin. Nhu vay 1a da tao
ra md khéi nhi phan (Nn, Kk) tuong duong. Khoang cach Hamming t6i thidu cia bo ma 1a Doindmin
va tdc do ma la Kk/Nn.

B¢ gidi ma xac dinh cing cho ma ghép duge chia thanh bg gidi ma trong va b gial ma ngoai. Bo
gial mi trong xac dinh ting khéi n bit dya trén xac dinh ML. & bit thong tin bidu dién mot ky higu
ctia b mé ngoai. Khi nhan duge mot khéi N ky higu k bit tit bo giai ma trong, bd gial ma ngoal xéac
dinh citng K k¥ hiéu k bit dua trén tiéu chuidn ML. .

Giai mé xéac dinh mdm cing c6 thé thie hign & bo gidi ma trong khi s8 lugng tit ma 2* khong l6n.
Ciing c6 thé thyc hién giai ma xac dinh m®m & ca hai bo gidi ma va do hieu qua sé ting len nhung do
phitc tap cing sé tang lén theo.

F= I
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Vi du 10-1-14 Gii sit ma Hamming trong vi du 10-1-1 va 10-1-2 dugc sit dung & by mi héa trong
va bé ma hoa ngoai 12 ma Reed-Solomon. Tiy & = 4, ta chon do dai cuia mi Reed-Sclomon 14 N = 24 —1.
56 ky higu mang thong tin K c6 thd chon 1 < K < 14 dé co duge t6c do ma phiy hgp.

10-1-9  Ghép ma s& ligu ddi vai kenh c6 nhidu chim

Phan lon cac loai ma ma ching ta da xét dén duge sit dung dé nang cao do hiéu qua khi truyén tin
trén kénh c6 nhifu dgc 1ap. Tuy nhién c6 nhiing kénh c6 nhidu chim {sai tuong quan) tao ra cac sai

. nham khoéng doc 1ap thdng ke, vi du nhit kénh 6 fading hay khi ghi théng tin len bang tit hay dia tir.

38 lidu Ma héa
"] xénh

s  Chep —»{ Diduchs

Ksoh

Dhura [ Lo, re
Gidi m3 héa s2: Gidi
T keoh ) Gidehep e e

Hinh 10-1-20: So d5 khéi cta hé théng ghép ma s6 licu

Mot sai chiim dé dai & duge dinh nghia 14 mét day b bit bj sai, voi ky higéu dau tien va ky hiéu cudi
cing 13 1. Kha ning sita sai chum clia mét bo ma la do dai day bi sai 16n nh&t ma bo ma ¢6 thé sifa
duge. D3i v6i ma hé théng (n, k) thi co thé sita duge day sai do dai b = [3{n —k)]. Mot phuong phap
c6 higu qua dé khéc phyc loai sai nay la ghép ma s& liu dé chuyén sai chum thanh sai doc lap va khi
do ¢6 thé sit dung cac loai ma thong thuéng cho viec thidt ké ma.

So db khdi clia hé théng ghép ma s ligu trén hinh 10-1-20. 56 lieu da duge ma héa duge sip xép
lai nhd bo gheép va duge truyen di. O phia thu sé giai ghép s6 lidu va sau do 1a giai ma binh thudmg,
Bo ghép c6 thé co c&u trac khdi hay cdu trie chap. Mot by ghép 6 cdu trac khdi sip x€p s0 lidu trong

'mét mang. Cac hang clia mang 1a cac ti ma do dai n, Bé ghép bac m gbm c6 m hang. Cac bit duge

doc ra theo ¢4t va duge truyen di. Nhu vay sal tuong quan do dai I = mb duge chia thanh m sai chim
do dai b. B¢ ghép chap tuong itng véi loai ma chip ma ta sé xét trong phin sau.

D cée bit vio b3 didu chd

g—= | 8 15 221 29 36 mn -6

E"‘"‘* P 4 19 23 o | & mn -5

IE-—P 3 L 17 24 3 8 mn -4

S-—D— 4 11 12 25 32 K mn—3 | mhang
E—P 5 12 19 | 26 | 33 | 40 mn -2

g—b ] 13 20 27 34 a1 s mn = |

D—e{ 7 14 2] 28| 35 42 i

j+— n-k bit parity —»| k hit 58 li§u———n

Hinh 10-1-21: So dd b ghép khéi

10-2 Ma chap

Ma chap duge tao ra bing cach cho day théng tin qua mot thanh ghi dich tuyén tinh co hitu han trang
thai. Téng quat, thanh ghi dich gbm ¢6 K nhip, méi nhip gdm ¢6 k bit va n bo tao ham dai s6 tuyén

3-CSLTTT-T2
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tinh. Gia sit 6 ligu 14 nhi phan di vao b§ ma héa, theo ting nhip, mdi nhip k bit. Dau ra tuong ing
vdi k bit dau vao gdm n bit. Nhy vy t6c d6 ma 12 R. = k/n va tham s6 K goi 1a dg déi rang bude ciia
ma chap. _.

| Kk nhip |

141 b didu chd

» Hinh 10-2-1: By mi hoa chip

thé sit dung n vectd, mdi vectg tuong éng voi mot bo cong module 2. Méi vecto c6 Kk chidu va vi tri
thir ¢ 13 1 néu vj tri tuong dng trong thanh ghi dich ndi véi bd cong modulo 2 va 1a 0 néu nhu khéng
ndi v6i bd cong.

Xét bo ma héa chap v6i K = 3,k = I,n = 3 nhtt trén hinh 10-2-2. Khéi dau, s6 lieu trong thanh ghi
dich 13 toan bit 0. Gia s bit dau tién la bit 1 va 3 bit ra 1a 111. Bit thir 2 vao 14 0 thi 3 bit ra 1a 001,
Néu bit thit 312 1 thi 3 bit dhu ra ¢ 14 100 ... Gia st ta danh s6 cac b tao ham tao ra 3 bit diu ra la 1,
2, 3 va cac bit dau ra ciing nhy thé thi cae b tao ham theo thir ty fa g; = [100], g2 = [101], g5 = [111).
Céc bd tao ham cho ma nay co thé bidu dién ddang cosd 81a (4, 5, 7).

Diu vao ZX.

Hinh 10-2-2: B6 ma héa chap Hinh 10-2-3: B6 ma hoa chip
K=3k=1n=3 K=2k=2n=3

Vi dy 10-2-1 ,

Xét ma chap tée do 2/3 nht trén hinh 10-2-3. D&i véi ma nay, ting ¢3p 2 bit duce dwa vao thanh
ghi dich trong mgt nhip. Cac bg tao ham la g, = [1011), g2 = [1101], g5 = (1010]

Co ba phuong phap thuong dang dé biéu dién ma chap, do 1a cdu tric cay, so db ludi va luu do
trang thai. Vi du c&u tric cay cia ma trong hinh 10-2-2 nhv hinh 10-2.4.
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Hinh 10-2-4: Cau tric ciy cia ma Hinh 10-2-5: So db lu6i ctia ma chap K = 3,1/3
chap K =3,1/3
000 |
o
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Hinh 10-2-6: Luu db trang thai cia ma Hinh 10-2-7: Cau tric cay cia ma chap
chip K = 3,1/3 K=2k=2n=3

Do dau ra clia bg ma héa duge x4c dinh bdi d3u vao va cac trang thai ciia thanh ghi dich nén ta
thu dugc luu d0 trang thai. Tuong ttng v6i vi du trén la ltu dd trang thai trong hinh 10-2-6.
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Vi dy 10-2-2

Xét ma chdp k = 2,7 = 3,K = 2 trong vi du 10-2-1. C#u tric cay trong hinh 10-2-7 va so dd ludi
treng hinh 10-2-8. Do d¢ dai rang budc K = 2, ta thiy rang cau tric cay 1ap lai sau hai nhip.

Téng quét hoéa, ma chap c6 do dai rang bugc K, tc d6 k/n duce dge trung bdi 25 nhanh xu4t phét
tU mot nlt trong cdu trac cdy va 2*¥ -V trang thai trong ltu db trang thai. Ba phuong phap bidu
dién n6i trén c6 thé ding cho ma chap khong nhj phan. Khi mot ky hidu nhan mét trong ¢ = 2% gia
tri c6 thé thi ma khong nhj phan c6 thé duge bidu dién béng méa nhi phan tuong duong.

Vi du 10-2-3

Xét mi chap tao ra bdi bo ma héa nhu trén hinh 10-2-10, cac tham s6 ma la K = 2k = 2,n =
4. R, = 1/2 va cac ham tao mi la g, = (1010}, g2 = [01601), g3 = (1110}, g4 = [1001]. Trit sy khac nhau
vé toc do, ma nay tuong ty nhu ma trong vi du 10-2-1.

SARIXA
SRS

LD

i

VA

Hinh 10-2-8: So d5 ludi cia ma chap K =2,k=2,n=3

{11}
v
(L1

B ma tao ra trong vi du nay c6 thé dugc bidu dién bling ma khong nhi phan mét ky hiéu vao bén

mite va hai ky hiéu ra bén mizc.

10-2-1 Ham truyén ctia ma chap

Cac tinh chat v& kho&ng cach va téc dd sal clia ma chap 6 thé thu duge tit hru 45 trang thai. Do ma
chap la tuyén tinh nén tap hgp cac khoang cach tir cac day ma tao ra toi ddy ma toan ky hidu 0 gidng
nhu tap hgp cac khoang cach téi mot day ma bat ky khac. Do do, hoan toan khong mét tinh téng quat,
ta gid thidt dau vao cla b ma héa 1a day ma toan ky hiéu 0,

Ta st dung luu dd trang thai trong hinh 10-2-6 dé mo ta phuong phap dé nhan dudgc cac tinh chat ve
khoang cach ctia ma chap. Diu tién ta ky hisu cac nhanh cia luu db trang thai la Dy = 1, D! D2 D3
voi 88 mit caa D 1a khoang cach Hamming cia day tao ra t6i day tao ra béi day vao toan k¥ hiéu 0.
Vong 1ap tai nat a ¢6 thé bo qua va nat a duge chia lam hai, mgt nit thé hign din vao va mot nat thé
hién dau ra cia htu do trang thai. Cac phuong trinh trang thai la:

X. = D)X, +DXx,

Xy = DX.+DX,

Xd — D2Xc + D2Xd (10-2‘1)
X. = D2Xx,
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Ham truyén clia ma dugc dinh nghia la T(D) = X,/ X,, ta ¢é

Dﬁ
T(D)= ——— =D% 4208 +4p10 4 gp!
(D) 307 + + +8
v
_ [ 2¢4=8)/2  (d chén
“4=10 (d 1)

100

1]

210 1H) Il £H]

69

4= adD? (10-2-2)
a=f

) (10-2-3)

c
(W) ) 3t}

Hn 13 841) Q00

1
110

Hinh 10-2-9: Luu do trang thai clama chap K =2,k=2n=213

Hinh 10-2-10: Bd mi hoa ma chap K =2,k =2,n =4

Ham truyeén dat clia ma nay chi ra ring ¢ mot dudng vdi khoang cach Hamming 1a 6 t51 dudng

toan O va nhap lai vao dudng toan 0 d mdt nit nao d6. Trong

lyu db trang théai va so d6 ludGi trong

hinh 10-2-6 vi 10-2-5 ta thiy dudng d6 1a acbe. Khong con dudng nao khae c6 khodng cach Hamming
la 6. Co hai dudng tit a tdi e co khodng cach Hamming la 8. Khoang cach t8i thidu cia mé duge goi 1a
khodng cdch ty do ngdn nhat va ky hidu 14 dyree. Trong vi dy vita xét, dpree = 6.

Chiing ta thém hé sé N vao moi nhanh tao ra béi ky higu 1 va nhu vay khi di gua nhiéng nhanh

nay, s¢ mi cta N ting 1én 1 don vi. Chang ta thém hé =8 J vao

mol nhanh trong huue d6 trang thal va

nhu thé thi 86 ma ctla J sé chi ra s8 nhanh di qua tit nit a téi nat e.
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Hinh 10-2-11: Luu d5 trang thai cho ma chap K = 3,1/3

-
4

Tt
]
! ’
oy )
[
: .-.-"—-‘\
I"-’ JIND “a
[ Y e pey— Feveean -4 - - —
e IND' c o 3 s e

Hinh 10-2-12: Luu 46 trang thai cho ma chap K = 3,1/3

Xe = JNDSXG + JNDX,
Xy = JDX.+JDX,4
X¢ = JND*X .+ JND*X, (10-2-4)
Xe = JDQXb
JAN DS
T =
(DN, J) 1-JND1 + J)
= JND® 4 JANIDE 4 JSNZDB® 4 JENEpDIO
+2JSN3DY 4 JTN3DIO (10-2-5)

Khi ching ta truyén day rit dai, c6 thé coi 1a v6 han vi mudn bé qua tham s5 J thi ta c6 thé dat

J=1

NDS
HDNY = N
= ND°+2N?D® +4NSDY0 4 . =" guN1d-9/2pd (10-2-6)
d==6

Vi dy 10-2-4 Xét ma chap trong hinh 10-2-10 va coi ma 13 bén mic thi khoang cach tr 0111 téi
0000 1a 2. Khi ky higu vao 01 duge giai ma thanh 11 thi d6 14 sai nham 1 ky higu. Luu db trang thai

trén hinh 10-2-13 va

Xy = NJD?X,+NJDX, + NIDX.+ NJD*X,
X, = NJD?X,+NJD*X, + NJDX, + NJDX, (102.7)
Xs = NJID?X,+ NJDX,+ NJD?X, + NJDX,

X, = JDHXp+X.+ Xy
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Ham truyen 13

INJ2DA
T(D,N,J) = 10-2-8)
. J) 1-2NJD-NJD? (
N
00+1)
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ot 10=2 T
0% ] IND?
(@150 (1100 JDTN_ (0101}
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Hinh 10-2-13: Luu db trang thai cho ma chap Hinh 10-2-14: Luu db trang thai cho ma chap
K=2k=2n=4 K =2,k =2,n =4 v6i dau ra nhj phan

Mot s& loai ma chép khi sit dung trén kanh BSC thi c6 mét s& lugng hitu han sai nhim s& dan toi
v6 han lan gidi ma sai. Nhung nhitng loai ma nhu véy rdt dé nhan ra va khéng duge sit dyng trong
thyte td.

10-2-2  Giai ma t6i vu ma chap-Thuat toan Viterbi

Gidng nhu v6i ma khéi, b mé héa ma ch@p tao ra cac tit ma c6 do dai hitu han n v& co ban 1a mét
hé c6 s6 trang thai hitu han va do d6 b3 gidi ma t&i wu 1a bo wée lugng day cyc dai kha nang (MLSE).
Qua trinh giai ma t6i vz ma chép 14 tim trong ludi day 6 kha ning l6n nhit. Phy thude vao qua trinh
giai mi 1a xac dinh mdm hay x4c dinh citng ma ta ¢6 cac do do tuong quan khac nhau. Ching ta stt
dung mé chap trong so db luoi hinh 10-2-5 dé mo t4 thuat ton.

Xeét hal dudng trong lusi bét ddu tir trang thai e va nhap lai trang thai a sau 3 chuyén déi, tuong
itng v6i hai day thong tin 1a 000 va 100, cac day truyén di tuong ung la 000, 000, 000 va 111, GO1, O11.
Ta k¥ higu c&c bit truyen di 1a {¢im,d =1,2,3;m = 1,2,3} v6i j 1 nhanh thy J vd m la bit thit m
trong nhanh. Ta ciing ky higu {r;n,j =1,2,3;m = 1,2,3} 1a dau ra cia b giai didu ché. Néu bo xac
dinh thyc hién xac dinh cimg thi diu ra cia méi bit 13 1 hoac 0, va néu viéc xac dinh 1a m&m va tin
higu truyen di 1a PSK xac dinh lién k&t thi diu ra cia bo xac dinh mém 14

rim = VE(2¢im — 1) + njp (10-2-9)
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nm bifu dién nhidu tring v& & 14 nang lugng clia mdi bit ma truyen di. Do do duge dinh nghia cho
nhanh thit j trong duong thit ¢ la

27 =log P(Y,ICY), §=1,2,3,... (10-2-10)

Nhu vay d¢ do cho dudng thi ¢ gom ¢é B nhanh la
PM® =3 uY (10-2-11)
i=1

. Nguyén tic lya chon giira hai dudng 1a chon dudng c6 d¢ do 1on hon. Nguyén tac nay cuc dai hoa
x4c sufit xac dinh dang hay cyc tiéu hoa xac sudt xac dinh sal. Vi du véi gidl ma xac dinh cing véi
day nhan duge 1a {101000100}. Ta k¥ higu i = 0 1a nhanh toan ky hiéu 0 va i = 1 12 nhanh xudt phat
t trang thai o va tré vé trang thai @ sau ba chuyén déi. Do do tuong tng voi hai dudng nay la

PMO
PMWY

6log(l —p) +3logp

-2-12
4log{l — p} + Slogp (10-2-12)

Gia sit p < & thi ta thdy PM©® > PM), Khoang cach tit dudng dan toan 0 t& day nhan duge la
d = 3 con tit dudng kia t&i diy nhan duge ta d = 5. Nhu vy khodng cach Hamming 12 do do tuong
{ng v& giai mé xac dinh ciing.

Gia sit gidl ma x4c dinh m&m duge thyc hién va kénh co nhifu cng gaussian thi diu ra clia bd giai
digu ch& dugc mo ta théng ke bdi

i fm T ¢ 2 ('ﬁ) - 2
Wy L, p{_h‘; VE (26, ~ 1)] }

p(rjmlcjm)._--\/i}?g X 52 (10-2-13)

Ioz = %No 14 sai phuong cla nhiéu tréng va tit d6 4 do cta nhanh thi j trong dudng thit ¢ duge biéu
dién la

n
P'_(;it) — Z T'jm(gc‘{;‘::; - 1) (10-2-14)

=1

va trong vi dy cla ta thi 4o do tuong ing vdi hai dudng la

CM® = Z;;:l E,}:l rj,,l(2c§.‘£)l - 1) (10-2-15)
cM\Y = z;,i:l Zm:l ”'_fm(2c,(1n]1 - 1)

Bay gids ta xét thuat toan Viterbi. Ta chil ¥ rang néu CM® > CMW thi mei nhanh tidp theo xudt
phat tir trang thai a ddu duge cong thém luong khong déi 1a CM© hoac CM™M. Do d6 dudng tng voi
CM'V ¢6 thé bo di va ta co dudng con lgi. Tuong 1g, madt trong hai dudng nhap lai 6 nat b, ¢, d co thé
bé qua. Thil tuc nay dugce 1ap lai & méi nhip.

Téng quat, voi ma chap nhj phan & = 1 thi ta ¢6 2X 1 trang thai, co 2K~ duéng con lai ¢ méi nhip
va 2K-1 d6 do. Hon nifa, v6i ma chap nhi phan v&i k bit duge dwa vao thanh ghi dich trong mét nhip
thi so db Tuti sé c6 240K =1} grang thai. Nhu vay bo gidi ma can giw 25K 1) duong con lai va oMK -1)
do do va ¢ mdi nhip c6 2* dudng t6i mot nat. Do d6 s6 lugng phép tinh can thyc hign tang theo ham
mia ca k va K. ,

Do tré gidi ma va dung lugng bd nhG clia b giai ma sit dung theo thuét toan nay thudng rat l6n
trong da s6 cac ing dung thyc t&. Tuy nhién ta c6 thé sita d6i thudt toan nay niut trong phin 7-1-4 14
d6 tré 8 bit méi nhit thoa man digu kien 6 > 5K sé cho ta két qua tuong ddi dung va chép nhan duge.
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10-2-3 Xac sudt 15i ciia gidi ma xac dinh mém

Dé biéu difn xac sust xac dinh sai cia ma chap, ta sit dung tinh chét tuyén tinh dé vige bidu dién duge
don gian. Gia thiét day toan ky hiéu 0 duge truyén di va ta xac dinh xac suft xac dinh sai day nay.
Gia thiét ta sit dung tin hién PSK nhi phan (hogc bén mitc) v qua trinh xac dinh 1a lén két. D9 do

tuong quan (ng voi mdi dudng la

B n n
CM(‘:) = Z .u,-(?.!} = Z Z ?"jm(?.(:g:; -1) (10_2'16)

i=1 j=1m=1

'B 12 56 nhanh trong duong. Vi dy v6i duong toan ky higu 0 ky hieu 1ai =0 co do do 1a

B fn B n
CMO =3 3 (Ve rnm)(-1 = VEBR+Y > nym (10-2-17)

j=1 m=1 j=lm=1

Chi ¥ rang mé chap co thé co d¢ dai v6 hen va ta dinh nghia x4¢ sudt sai cla sy kién thit nhat 12
xac suit dé mot dudng khac nhap lai voi dudng dan toan ky higu 0 3 nt B c6 dd do lén hon do do cta
duéng toan ky higu 0. Gia st duong ky higu i =1 ¢ khoang cach téi duong todn ky higu 0 1a d, cb
nghia 1a ¢6 d k¥ hiéu 1 trong dudng ¢ = 1, con cic ky higu khac 14 0.

P(d) = PECMWY >cM)
P(CMY —CcM© > 0)

B n
P [2 S5 rmlcn — ) 2 o] (10-2-18)
j=1 m=1

1l

Po cac ma bit trong hai duong 12 gidng nhau trit d vi tri nén (10-2-18) c6 thé don gidn thanh:

Py(d) =P (Z r> 0) (10-2-19)

v6i {r,} bidu dién dhu vao bo gidi ma vl d bit nay
Do {r;} 14 cac bién ngiu nhién gaussian doc lap thong ké co phan bd giéng nhau, gia tri trung binh
~+/E; va sai phudng 1 No, nhu vay xac sudt 16i d# hai duong khéac nhau d bit la

Py(d) = Q (\/%%d) =Q (\/27;,Rcd)  (10-2:20)

& day 7 = & /Ng 12 SNR ting bit nhan duge va R, 14 tdc do ma. _

Chung ta da tinh xéac sufit sai cha sy kién thit nh&t ctia mot dudng c6 khoang cach 1a d so voi duong
toan 0 va nhap lai v&i dudng toan 0 tai mét nit B nao do6. Ta cb thé 15y tong cla (10-2-20) theo tat ca
cac dudng dén c6 thé va thu duge gioi han trén cha xac sudt 161 clia sit kign thit nhat.

P < i agPy(d) < i aq) (VZ'YbRcd) (10-2-21)

dzdfrge d=dfrr.e

C6 hai ly do dé (10-2-21) la gi¢i han trén cla xac sudt 15i cla sy kién tha nhdt. Dau tién, ta thay
cac sy kien cho xac sudt sai {P2(d)} 1a khong dong thai. Didu nay ta co thé thdy duge trén ludi. Tha
hai, tdng dugc &y theo moi khi nang d > dyree VOl gis thiét ma chap c6 d§ dai vb han. Néu bo ma
duge cit tuin hoan sau B nat thi ta co thé dy tdng theo d < dfree £ B.



74 CO SO LY THUYET TRUYEN TIN

Gidi han trén trong céng thite trén c6 thé biéu dién theo cach khac néu ta chi ¥ dén

Q (VEWRid) < e e = DA p_yonn. (10-2-22)
va
P < T(D)|pey-rsne (10-2-23)

Ta xét xac sudt sai bit. Gid st dudng sai dude lva chon va cac bit théng tin trong dudng nay bi
sai 88 khac v6i cac bit théng tin twong Ung trong dudng din ding. S6 mi cha NV trong ham truyén
T(D, N) chi ra s6 bit thong tin bi 18i trong dudng sai. Néu ta nhan Py(d) v6i s6 bit thong tin bi giai
ma sai trong dudng sai tai nat ma hai dudng nhap lai thi ta nhan duge téc do sai bit trong dudng nay.
Xac suat sal bit trung binh duge tinh bing cach nhan mdi gia tri B (d) v&i s6 bit bi giai ma sai va 18y
téng theo d. Hé s6 nhan tuong ing v6i s6 bit théng tin bi sai véi mdi dudng bi lya chon sai 1a dao ham
cia T(D,N) theo N

T(D,N)= ) o4D'N/® (10-2-24)
d:d;re‘

Lay dao ham ctia T{D,N) theo N va cho N = 1 ta nhan dugc

[==] [e.=]
TON o= Y asf@D?= 3 fa* (10-2.25)
d=dfrec d:'dfree

Nhit vy khi k = 1 thi xAc su&t sai bit bi giéi han trén bdi

B< Y BaR(d= Y. BQ(VeuRA) (10-2-26)

d=df|-., dﬁdjrgg
Néu ta sit dung gidi han ¢ia ham ¢ trong cong thite (10-2-22) thi

dT(D, N)

Py < Z ;BdDdipze“nﬂg = N |N:1,D:e"*bﬂ=‘ (10-2_27)

d=dyres

Khi k > 1 thi xac sudt sai bit tuong duong nhin duge bing cach chia (10-2-26) va (10-2-27) cho k.

Viéc tinh toan cac xac suit 181 & trén duge thye hign vai gid thiét 1a cac bit trong tir ma duge truyén
di bing tin hiéu PSK nhi phan xac dinh lién k8. Ké&t qua cing dang khi tin higu 1a QPSK xac dinh
lien két. Khi ta sit dyng cac ky thuat didu ché va giai didu ché khac thi chi 4nh hudng t&i viéc tinh
Py (d) chit khoéng anh hudng tdi qua trinh tinh F. Khi cac ky hiéu 1a k bit thi xac sudt sai bit tuong
duong duge nhan them véi he s6 2871 /(2¥ — 1) nhur da néi trong chuong 7.

10-2-4 Xac sudt 16i cua giai ma xac dinh cing

Ta xét hidu qua cia thuit toan Viterbi trén kénh BSC, Trong trudng hop gidi ma xac dinh cing, cac
dé do la cac khoang cach Hamming gitta diy nhan duge va 285-1) day con lai tai méi nat trén heoi.

Ciing nhu phin trén, ta bat diu bang cach xac dinh xéc suét 16 cla sy kién thit nhit. Gia sit duéng
toan 0 1a ducng duge truyén di. Buong din duge so sanh voi dudng toan 0 tai mét nit B nao dé 6
khoang cach d so vdi dudng toan 0. Néu d 18 thi dudng sé duge lya chon néu s8 sai trong day nhan duge
nhé hon 3(d + 1). Xac sudt lya chon dudng sai 1a

d

Pa= > (¢)ra-ne (10-2-2)

k=(d+1)/2
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Néu d chén thi gi4i ma sé bi sai khi s6 bit sai vugt qua 1d. Néu 86 sai bing 1d thi sy lya chon sé 1a
nghu nhién nén xac suit sai khi d6 la mot nita. Nhu vay trong trudng hop d chin thi

d
P@= ) ( : )p"(l -+ % ( %dd )pd/2(1 ~ p)? (10-2-29)

k=dj2+1

Do ¢6 nhitu dudng véi khodng cach khac nhau nhap vdi dudng toan 0 tai mot nit nao dé nén gich

han trén clia xac suit 16 sé la
o0

P.< 3 aqPa(d) (10-2-30)

d=dfrgg
Chiing ta cing ¢6 thé sit dung gi6i han

Py(d) < [4p(1 — p))%/? (10-2-31)
cho trong 10-1-5, ta sé nhan duge gi6i han kém chit hon.

[=4)

P < Z aq[4p(l - P‘)]dx2 = T(DND:m | {10-2-32)

Ct:d!re:

Bay gio ta xac dinh xac sust sai bit. Ta siy dung 58 mi cia N trong ham truyén T(D, N}. Ldy dao
ham cla ham nay theo N va dat N =1 va ching ta co:

Po< > BuaPa(d) (10-2-33)
d=dtrae
Sit dung gi6i han kém chit cia Py(d} ta sé thu duge
dT(D, N)
B < dN IN::,D:ﬁp(l__p) (10-2-34)

So sanh xéac sudt sai cia vige giai ma ma chap 1/3, K = 3 cla hai phuong phap trén hinh 10-2-15.

\ ‘\\
1o % A G.h. Chernoff |
(8-2;-34) I
2 . . J
¥~ G.h. trén
e (8-2.33)
: N v (8.2-29)
G.h.trén | L\ vA(R-2-28)

L)

g
o1

[ T

Xic susit sai bit P,

S

[
1
-

G.n.x.d. cldtng “. ..
== \ [1
1 ] 1 %
0 2 4 L] 8 1a 12 14

SNR titng bit ¥, (dB)

I e u

ol

|

u

B

:

~1
{--

ENM-
-

Hinh 10-2-15: So sanh giai ma ciing va gidi ma mém d8i véi ma chap 1/3, K =3
Cuéi cing, tée do sai trung binh theo tap hop clia ma chap trén kénh roi rac khéng nhé duge bidu
dién theo t6c do gidi han R,
(¢ ~ 1)g ¥ Ro/Ae

Ph < [1 —_— q—(RD_Rc)/R:]Z ch _<— RO
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10-2-5 Cac tinh chit vé khoang cach cha méa chap

Trong phan nay ta ghi ra mot s& gia tri v& khoang cach t&i thidu, cac ham sinh ctia mgt s6 mé chap
nhi phan c6 do dai hitu han vdi mot 56 gia trj vé téc d6 ma. Cac ma nhi phan nay la téi uu theo nghia
vét mot t6¢ do va do dai x&c dinh, chung ¢6 dgre. lén nh&t. Ta ¢ gidi han trén don gian cla khoang
cach ty do t6i thidu ciia ma chap 1/» 1a

] gi—1
dfree < I}l’g{l lm(K +1{- l)nJ (10—2-35)

Bang 10-2-1: Ma t6c dg 1/2 c6 khoang cach tu do 1on nhit

K Ham sinh diee Gidi han trén

clia dfree

3 3 7 5 3
4 15 17 6 6
5 23 35 7 8
6 - 53 75 8 8
7 133 171 10 10
8 247 371 10 11
g 561 753 12 12
10 1167 1545 12 13
11 2335 3661 14 14
12 4335 5723 15 15
13 10533 17661 16 16
14 21675 27123 15 17

Bang 10-2-2: Ma t6c do 1/3 ¢6 khoang cach ty do lén nhit

K Ham sinh dfree (Gidl han trén
cia deree

3 5 7 7 8 8
4 13 15 17 10 10
5 25 33 a7 12 12
6 47 53 75 13 13
7 133 145 175 15 15
8 225 331 367 16 16
9 557 663 711 18 18
10 1117 1365 1633 20 20
11 2353 2671 3176 22 22
12 4767 5723 6265 24 24
13 10533 10675 17661 24 24

14 21645 35661 37133 26 26

9.
S
5%

]
~
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Bang 10-2-3: Ma t6c d¢ 1/4 c6 khodng cach ty do 16n nhst

K Ham sinh dfee Gidi han trén
cna dpeee

3 5 7 7 7 10 10
4 13 15 15 17 13 15
5 25 27 33 37 16 16
6 53 67 71 75 18 18
T 135 135 147 163 20 20
8 235 275 313 357 22 22
9 463 835 733 745 24 24
10 1117 1365 1633 1653 27 27
11 2387 2353 2671 3175 29 29
12 4767 5723 6265 7455 32 32
13 11145 12477 15537 16727 33 33
14 21113 23175 35527 35537 36 36

Bang 10-2-4: Ma t6c d6 1/5 co khoang cach ty do 16n nhit

K Ham sinh dfree Gidi han trén
cla dieee
3 7 7 7 5 5 13 13
4 17 17 13 15 15 16 16
3 37 27 33 25 35 20 20
6 7 71 T3 65 57 22 22
7 175 131 135 135 147 25 25
8 237 233 323 271 357 28 28
Bang 10-2-5: Ma t6c d6 1/6 c6 khoang cach tu do 16n nhat
K Ham sinh = dpee Gidi han trén
cia dppee
3 7 7 7 16 16
7 5 5
4 17 17 13 20 20
13 15 15
§ 3 35 27 24 24
33 25 35
6 73 75 55 27 27
65 47 57
7 173 151 135 30 30
135 163 137
8§ 253 375 3% 34 34
235 313 357

7
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Bang 10-2-6: Ma téc d6 1/7 ¢6 kheang cach tir do 16n nhit

K Ham sinh diee GiGi han trén
' clia dfree
3 7 7 7 7 18 18
5 5 b
4 17 17 13 13 23 23
13 15 15 '
5 35 27 25 27 28 28
33 33 37
6 53 75 65 75 32 32
47 67 57
7 165 145 173 135 36 36
136 147 137
8 275 253 375 331 40 40
235 313 357 .

Bang 10-2-7: Ma tdc 49 1/8 c6 khoang cach ty do lém nhit

K Ham sinh dfree  Gidi han trén

cla dfree

3 7 7 5 5 21 21
5 7 7 7

4 17 17 13 13 26 26
13 15 15 17

5 37 33 26 25 32 32
35 33 27 37

6 57T 73 51 65 36 36

75 47 67 57 ‘

7 153 111 165 173 40 40
135 135 147 137

8 275 275 253 371 45 45
331 235 313 357

Bang 10-2-8: Mi t6c d¢ 2/3 ¢6 khoang cach ty do 16n nhat

K Ham sinh dfree Gidi han trén

cia deee
2 17 6 15 3 4
3 27 75 72 5 6
4 236 155 337 7 7

Bang 10-2-9: Ma téc do k/5 c6 khoing cach ty do l6n nhat

Toc dd K Ham sinh dfree Gifl han trén
cia dfree

2/5 2 17 7 11 12 4 6 6

3 27 7L 52 65 57 10 10

4 247 366 171 266 373 12 12

3/5 2 35 23 75 61 47 5 .5
4/5 2 237 274 156 255 337 3 4
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Bang 10-2-10: Ma t6c dé k/7 ¢6 khoang cach ty do l6n nhit

Toc dé6 K Ham sinh dfree Gidi han trén
cua dfreg
2/77 2 "5 6 12 15 9 9
15 13 17 .
3 33 55 72 47 14 14
25 53 75
4 312 125 247 366 18 18
171 266 373
3/7 2 45 21 36 62 8 8
. 57 43 71
) 4/7 2 130 67 237 274 6 7
e 156 255 337

Bang 10-2-11: Ma tsc do 3/4 va 3/8 ¢ khoang cach ty do 16n nhat

Técdé K Ham sinh diree  Gidi han trén

clia dg..
3/4 2 13 25 61 47 4 4
3/8 2 15 42 23 61 8 8

51 36 75 47

10-2-6 Ma kép k khong nhj phan va ma ghép

Cac vén d& v& ma chap ching ta xem xét t6i nay chu y&u tap trung vio ma nhi phan sit dung trén kénh
¢6 kha nang sit dung tin hisu PSK nhi phan hosc QPSK xac dinh lign két. Tuy nhién trong thuc t& co
nhing itng dung trong dé khong thé hay khong tien sir dung cic loai tin hiéu niy. Trong nhitng truimg
hop d6 ta sit dung cac ki thuat didu ché khac nhy FSK M mitc va qua trinh gidi didu ché 1a khong tien
két. Ma khong nhi phan sé tuong tng v6i tin hidu M mic va giadi didu ché khéng lien kat,

Trong phin nay ta trinh bay mot 16p ma khong nhj phan goi la ma kép k (dual k-codes). Loai ma
nay ¢6 thé gidi ma tuong dsi dé bang thujt toan Viterbi vai gidi ma xac dinh mém hoic citng. Loai ma
nay cung thich hgp st dung lam ma trong va ma ngoai trong ma ghép.

B3 ma héa chap tao ra ma kép k téc d$ 1/2 dugce trinh bay trén hinh 10-2-16. N6 gdm ¢6 hai thanh
ghi dich k bit (K = 2) va n = 2k ham sinh. Diu ra cua b ma hoa la hai ky hisu £ bit. Cha ¥ ring
ma trong vi du 10-2-3 1a ma chap kép 2.

T 1 Lh T

Cacbé !

tac him : 2

LTSI -—-‘—-—-...l;
—_ - !

Hinh 10-2-16: B¢ ma hoa tao ra ma kép t6c do 1/2
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2k ham sinh chia ma chap kép duge cho dusi dang

& (1 00 ... 0100 ..0
g2 010 ..0010..0
: = R N = (L]
gt | | 00 0 ... 1 ¢ 0 U |
Erir ] [1 1 0 0 01 60 0
Frao 0 010 0 01 0 0
. = {00010 6 00 10 . 0
- 00 0 0 1
S2r | |1 0 ¢ 00 00 .. 001
110 0 0
0010 0
= |0 6010 0 I (10-2-36)
000 0 1
[ 1 0 0 0 0
Dang téng quat clia ham truyén ctia ma kép & tdc do 1/21a
- (2* ~ ypisAN N i) AL
DN, J)= = (DINTE gt 10-2-37
DN = Ty @ 557 ;“ N ( )

trong d6 D 1a khoang cach Hamming gifta cac ky higu ¢ mite (¢ = 2%), f(3) 1a s6 lugng ky hiéu thong

tin ¢6 15i do lya chon sai duong trong lud, h{7) la s6 nhank trong duéng. Chi ¥ ring khoang cach ti
do t6i thiéu dy,.e = 4 ky hitu (4k bit). _

Ma kép k tdc do thap c6 thé tao ra theo nhidu cach khac nhau, cach don gian nhit 13 lap lai cac ky

hiéu tao ra bdi téc do 1/2 » hin, r = 1,2, ... »m. Néu ky hidu trong mot nhanh nao d6 duge lap lai r

" lan thi khoang cach tudng ung sé tang tit D len D". Nhut vy ham truyén clia ma kép k tdc do 1/2r 1a

(2 — 1)D*" 2N

TN = TN D + (v = 357

(10-2-38)

Néu d¢ dai cia day thong tin 1on thi tham s¢ d¢ dai dudng J co thé dat bing 1. Liy dao ham cia
T(D,N)theo N vadat N = 1 ta c6:

dT(D,N) - (2k_1}D4T _ = P
AN M T g - L AD (10-2-39)

i=d4r

trong d6 f; 1a s6 ky hiéu sai g&n v6i dudng co khodng cach D? t6i duong toan 0. Biéu thic trén dudgc

st dung dé tinh xac sudt sai cla ma kép k trén kenh.

Higu qua cia ma kép k Gia sit ma kép k duge stt dung cang véi tin higu trifc giao M mitc va
M = 2% kénh c6 nhiéu cOng tring gaussian va bo giai didu ché gdm ¢6 M bo loc phéi hap.

Neéu qué trinh gidi ma la xac dinh cing thi hidu qua cia bo ma duge tinh bing xac sust sai ky hisu
Ppy. Xac sudt nay duge tinh trong chuong 7 véi xac dinh lien két va khong lién két. Tt Py ta co thé
tinh duge P;(d) theo (10-2-28) va (10-2-29). Xac sust sai bit duge gioi han trén bdi

k—1 20

2
Py < Er:_ld;;r BaP3(d) (10-2-40)
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Néu qua trinh gial ma 13 xac dinh m&m theo lust binh phuong thi xac suft sai bit ciing duge gisi
han trén theo cong thiic (10-2-40) nhung

Py(d) = -Qz,%lexp( ~n R, )ZK ( %Rc ) (10-2-41)

va Ki= 15 ( z_ 1 ) , R, = 1/2r. Biu thiic nay 13 két qua trong (10-1-63).

*  Ma ghép Ta xét ma ghép gdom ma khéi vA ma chap hay hai ma chap v6i nhau.

Nhu d2 trinh bay, ma ngoai thuong 14 mé khong nhi phan, méi ky higu c6 thé c6 g = 2F gia tri. Ma
nay <6 thé 13 ma khdi (Reed-Solomon) hay ma chap kép k. Ma trong c6 thé la nhi phén hay khong
phai nhji phan va c6 thé 1a mi khéi hay ma chip. Néu ma trong 13 ma chap c6 d6 dai ng#in thi thuat
toan Viterbi cho phép qua trinh gidi ma c¢6 hieu qua. Néu ma trong 12 ma khéi va bo gidi ma tuong
ng xac dinh meém thi bg gidi ma hoa ngoai c6 thé cing la xac dinh mém. Néu bo giai ma hoa trong
thyc hign xac dinh cing sau khi nhan dugc tit ma va dua két qua t6i bo giai ma hoa ngoai thi b giai
ma héa ngoai phai thyc hién xac dinh cimg. Xét vi dy sau.

ll

" Vidu 10-2-5

Gia thiét ta c6 md ghép gdm c6 ma kép 5 t6c do 1/2 1a ma ngoai va ma Hadamard (16,5) 1a ma
trong. Ma kép co khoang cach ty do t6i thidu Dy... = 4 vA ma Hadamard ¢ khoang cach t6i thidu
dmin = 8. Nhu vay ma ghép ¢6 khoang cach t8i thidu 1a 32. Do ma Hadamard c6 32 tif ma va ma ngoai
¢6 32 ky hiéu, nhu vay méi ky hidu clia b6 ma ngoai duge chuyén thanh mot t ma cha ma Hadamard.

Xac sudt sai ky higu cia bo gidi ma ma trong duge xac dinh trong phin 10-1-4 va 10-1-5. Gia thist
gidi ma § bé gidi ma trong la xac dinh cimg va Pi; la xAc sudt sai tit ma (mot ky higu & bo ma ngoai)
thi higu qua clia b ma ngoai va cha ma ghép dugce tinh theo (10-2-37).

10-2-7 Thuat toan Fano

‘Thuat toan Viterbi la thujt toan gidi ma t6i vu (thuat toan ML cho toan bd day) cho ma chap. Tuy
nhién thuat toan nay doi hdi phai tinh 2*¥ do do tai méi nat cia luei va heu trir 26K -1) day con lai,
méi déy con lai c6 d§ dai 5kK bit. D3 phitc tap tinh toan va khdi lugng thong tin cn luu trit 1am cho
thudt toan khong co hiéu qua khi do dai rang buée 16n.

Thust toan gidi ma day Fano tim dudng c6 nhidu kha nang nhit trong lu6i hay cay bing cach kiém
tra ting dudng. DY do duge tang lén theo ting nhanh tuong iing véi x4c suit ciia tin hiéu nhan duge
tU nhanh dé gidng nhu thuat toan Viterbi ngoai trit mot hing 58 am dugc thém vao cho méi nhanh.
Gia trj ciia hiing s6 duge chon sac cho d¢ do tuong tng vai nhanh ding binh quén sé ting con céic
nhanh khong ding sé gidm binh quan. Bhng cach so sanh do do ciia cac nhanh v6i gia tri ngudng thay
déi lien tyuc, thuat toan sé phat hign va loai bé cac dudng d&n khong dang.

Xét mt kénh khang nh6, do do clha duing thtt ¢ trong csy hay luéi tit nhanh diu tién t6i nhanh
thit B duge bidu dién béi:

CM© = Z Z o, (10-2-42)

j=1m=1
vii
2 = log (lem K (10-2-43)
s 2 P(rim)
Trong (10-2-43), 7j,, 1a day ra clia bd gidi didu ché, p(r_,m|c(')) 12 ham mat dd phan b8 x4c suit cia
Tim V& digu kign ma bit c(‘) cta bit thit m trong nhanh thit j cia dudng thit i va K 14 mét hing s
6-CSLFTT-T2
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duong. K dugc chon dé d6 do cha cac dudng sai sé giam dan va cia dudng ding sé tang din mét cach
trung binh, Chi ¥ ring p(r;m) 12 doc lap voi day ma va c6 thé coi 1a hing s6.

D§ do trong céng thite (10-2-43) 4p dung cho ca giai ma xéc dinh citmg vA mém nhung s& don gian
han trong gidi ma xac dinh cimg. Gia sit kénh la BSC thi

o logy[2(1 - p)] —~ R, néu fj, = C%:L
o lOgE 2p - Rc néu 'f"jm -‘,é C i

S 2i)

(10-2-44)

fjm 1a dan ra cla bg gidi didu ché xac dinh cing va_cg.f,}‘ la bit ma thit m cta nhanh thit § trong dudng

thit ¢. Ta thdy riing d€ tinh cac do do thi cin phai bigt (hotic xdp xi) xac sugt 16i.

Vi dy 10-2-6
(ia sit ma nhj phan chap toc d§ 1/3 duge truydn trén kénh BSC vai p=0,1,ta o

. g1 7 D)
iy _ { 0,52 néu Fim = c;;, (10-2-45)

im —-2,65 néu fi, # c:ﬁ‘,f1
D2 don gidn vige tinh toan, cac d¢ do trong cdng thirc (10-2-45) duge chudn héa va x&p xi thanh:
' . 0
(i) 1 néu fi, = ¢,
= - 10-2-46
Him { -5  néu f, # cﬁ?, _ ( )
Do t6c d6 ma 1a 1/3 nén c6 ba bit & dau ra cla bo ma héa Ung voi mbi bit diu vao nén do do cia mét
nhanh 13 4" = 3 — 64 hay
u =1-24 (10-2-47)

v6i d 1a khodng cach Hamming giita ba bit nhan duge véi ba bit cda nhanh. Nhu vay #5) tuong ing
v6i khodng cach Hamming giita cac bit nhan duge v6i cac bit trong nhanh thit j cia duéng thir ;.

Hinh 10-2-17; Vi du v& thut toan Fano

Khéi diu bg giai ma duge bit dau véi mot dudng ding bling cach truydn di vai bit xac dinh trudc.
Sau d6 né sé tién tit nat nay t6i nit khac, 18y nharh c6 xac sugt 1én nhat tai méi nat va tang gia tri can
lén sao cho gis tri can nay khong vugt qua mot gia tri xac dinh truse 7. Bay gi& gia thiét ring nhidu
trang (déi voi gidi ma xac dinh mem) hay 16i gidi didu ché do nhidu (dsi vei gidi ma xac dinh cimng)
lam cho bg gidi ma chon mot dudng khong ding (hinh 10-2-17). Do cac gia tri do do ung vai dudng sai
giam mot cach trung bich thi d6 do s& nhd hon gia’ tri can hién thoi (7). Khi didu nay x&y ra thi bo
Al ma sé quay trd lai va ldy mot dudmg khac sao cho ¢6 d6 do vugt 1. Néu chon duge dudng ding,
no sé tiép tuc theo dudng nay, néu khong, gia tri can bi giam di 7 va quay trd lai dudng ban diu. Néu

B
S
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dudng ban dau khong c¢6 d§ do vugt gia tri can thi bd gidi ma sé quay nguge trd lai v tim mot dudng
khac. Qua trinh nay ci lap lai cho t6i khi tim dutge dudng ding. So @5 khdi ciia thuat toan dude vé
trong hinh 10-2-18. '

=
H
=
L4
¥

Bét ddu
L,=0
t=0
f { Condusi T Y
oo y_ o TETTETTTmTemn H Seai
‘e : Kidm tra Sai :
: nhénh ' Kifn tra - .
v | gigngohst four node trude e Rate [/3. K = 41,
] ]
1 ]
i Ding Kidm tea E Ding Rate 112, K =41.
' ;
: :

at Rate 102, K = 7,
.................. J = 163 Viterbi, g.m.x.d. mém
Tidn C6 nhank 2 Rate 1/3. K =7,
ﬁ?::mnha't =1 Viterbi. g.m.x.d. mém
P -
_ Khéng E“Ehéng £ j0ul Rate )/2, K= 1.
N B Viderbi.g.m.x.d. cimg
- Sai tigs au Rate 1/3, K =7,
node nay l Cs 1050 Viterbi g.m.x.d, cing
Piing BISK
kha )
Gid trj cdn chit hon sl Ml . e

0 2 1 6 B 10 12 14
£IN, (dB)

Hinh 10-2-18: So db khéi thuat toan Fano Hinh 10-2-1%: Hiéu qua cha ma téc do 1/2
va 1/3 vdi hai thuit toan gidl ma

Thuat toan gidi ma nay can bd dém trong bo giai didu ché dé ltu trit s6 lidu gidi ma duge. Khi qua
trinh tim kiém két thic, bo gidi ma phai x{ 1y cac bit da giai ma di nhanh dé x6a bo dém va lap lai
qué trinh tim kiém. Tdc do gioi han Ry ¢6 ¥ nghia quan trong trong gidi ma day. No 1a tdc do dé s6
lugng phép tinh ing v6i mot bit gidl méa dugce tidn téi vo han va duge goi 1a thdi gian tink todn gidi
han Reomp. Thuc t€ thi bo giai ma thudng hoat dong & t6c d6 gan Ry,

So sanh thuat toan gidi mé day Fano vdi thuat toan Viterbi thi thuat toan Fano co do tré gidi ma
16n hon, tuy nhign yéu chu vé& bo nhd can dé luu trit thi nhé hon va ¢6 hidu qua vai dé dai rang budc
lon.

10-2-8 Mot s6 vdn d& trong thyc t& cla viéc 4p dung ma chap

T xac suat sai clia gial ma xac sufit mémirong (10-2-26), ta thdy ring 4o tang ich ma héa d6i v6i hé
thdng sit dung tin hiéu PSK hay QPSK khong ma hoa 1a: d6 tang ich mé hoa < 10log; O{Redfyee). Ta
cung th&y rang khoang cach ty do t6i thiéu dyr.. c6 thé ting lén bing cach gidm tdc d6 ma hay tang
do rang budc hay ca hai. Bang 10-2-12 cho gidi han trén cia d6 tang ich ma hoa v6i mot s6 ma chap.
Bang 10-2-13 liét ké d¢ tang ich ma hoa thuc t& va giéi han trén cia do dai rang bude clia mot s6 ma
chap dung thuit toan Viterbi dé giadi ma.
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Hinh 10-2-19 biéu dién téc do sai cud m6t s6 ma chap.

107

=]
L
L

Xhe gufit gai bit P,
S

104 |

-+— M2 phing
- - - - Gi6i han trén
K=1

-7 Lt
10 3

1
4 5 6 7
ANy 1dBY
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10-2

=
T
&L
T

Xée suft eai hit P,
=3
L
¥

1075

& W (dB)

Hinh 10-2-20: Xac suit sai bit ciia ma téc Hinh 10-2-21: Hiéu qua cia mé tde do 1/2,

toan Viterbi véi lugng tit hoa 8

ra ciia bd gidi ma va by nhs
dudng 32 bit.

do 1/2, thuat
mic & dau

=S
b

Xae suft sai bit P,
g

2 3 4 5 6 7

Ayl Ny (dB)

Xac sulft sad bit £,

gidi ma Viterbi x&c dinh cing véi b nhé

duong 32 bit

102
-
o=y ) 2
16 16
sk 2

3
8-level 2-devel

3 4 5 6 7 8
ANy (dB)

Hinh 10-2-22: Hiéu qui cda ma tdc d6 1/2, Hinh 10-2-23: Hiéu qua cha ma tdc 49 1/2,
K=5, lugng tit héa 2,4,8 mitc & diu vio b K=5, lugng tit héa 2,8 mitc véi bo nha duimg
giai ma Viterbi voi bg nhd dusng 32 bit

8, 16, 32 bit

S
RSN
A
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102
10+}
q:l
. r E oSt
% 1sxiet | -
. %’ 1.6x10- | = 10-4)
) § 1axio f
" é 1.2x10° - . |
1.0xI0 |
304 03 06 07 ot ol o s
&o&ngocic]?:@fcﬁab%lg(’nﬂ o 3456 76?%9(;2]“1213:4 15
Hinh 10-2-24; Tdc d6 sai ciia ma téc dd Hinh 10-2-25; Higu qui ctia ma tdc ds 1/2,
1/2, K=5, gidi ma Viterbi, &/No = 3,5dB, K=7, lugng tit hoa 8 mae ding thuit toan
lugng tit héa 8 mite tinh theo budc lugng tit Viterbi theo & /Ny
(bo lugng tit c6 cac budce lugng tit diu)
Bang 10-2-12: Gidi han trén cita do tdng ich ma hoa d6i v6i gidi ma xac dinh maém
Ma téc 4o 1/2 Ma t3c do 1/3
K diee Gidi han trén dB K dfee Gidi han trén dB
3 5 3,98 3 8 4,26
4 6 4,77 4 10 5,23
5 7 5,44 5 12 6,02
6 8 6,02 6 13 6,37
7 10 6,99 7 15 6,99
8 10 6,99 8 16 7,27
9 12 7,78 9 18 7,78
10 12 . 7,78 10 20 8,24
Bang 10-2-13: D¢ tang ich mi hoa véi thuat toan Viterbi xac dinh mém (dB)
&/No | R.=1/3 R.=1/2 "R.=2/3 R, = 3/4
Khong ma hoa
Py, (dB) | K=7 K=8{K=5 K=6 K=7 )| K=6 K=8 | K=6 K=9
10-2 6.8 42 44 3,3 3.6 3,8 2,9 3,1 2,6 2,6
10-5 9,6 5,7 59 4,3 4.6 5,1 4,2 4,6 3.6 4,2
10-7 11,3 6,2 6,5 49 9,3 58 4,7 5,2 3.9 48

10-3 Ma diéu ché cho kénh c6 dai tin han ché

D&i véi ma khéi va ma chap ma chiing ta xét & cac phan trusc thi do higu qua cda cac loai ma nay co
thé ting lén do vigc mé rong phd cia tin higu. Vi dy do higu qua ciia ma khdi nhj phan (n, k) gidi ma



86 OO $G LY THUYET TRUYEN TIN

xac dinh m&m hon khoang 10log, 0(Rcdmin — kIn2/v) so véi tin hitu PSK nhi phan hoac bén mirc
khéng méa héa. Khi v, = 10, ma Golay md réng (24,12} ¢6 do tang ich méa héa la 5 dB. D& tang ich ma
hoa nay phai tra gia 1a tang gap déi do rong phd cia tin higu va lam che bg thu phic tap thém. Nhu
vay vigc ma héa la thuan lgi trong midn cong sudt han ch& (R/W < 1) nhung sé lam ting do rong phd
tin hidu va lam tang d§ phitc tap cta hé théng,.

Trong phin nay ta xét vige st dung tin hiéu ma cho kénh ¢6 dai tin han ché. D&i véi cac kénh nhy
vy, hé théng truyen thong duge thiét ké dé st dung cac phuong phap didu ché da muc hay da pha co
d6 rong phd hep nhu PAM, PSK, DPSK, QAM va hoat dong trong mién R/ > 1. Khi viéc ma hoa
duge sit dung trong mién 6 dai thn han ché thi dé tang ich dat duge phai khong lam ting do rong phd
tin higu, vi digu nay duge thite hién bing cach nang s6 lugng tin higu so voi hé théng khéng ma hoa
dé bu lai sy du thifa trong ma.

Thi du mét hé théng khong mé héa st dung tin higu PSK bén mite, R/W = 2 bit/s/Hz voi xac
sudt sai 1a 1078, SNR ting bit 1a 10,5 dB. Ta c6 thé giam SNR timg bit bing cach st dyung tin hiéu
ma nhing khéng tang d4 rong phd tin higu. Ta ¢6 thé chon ma téc da R, = 2/3 va tang s6 tin hidu lén
thanh 8 (m&i ky hiéu 3 bit). Nhu viay ma téc do 2/3 sit dung cung v6i tin hieu 8 mire dé cho cang mét
tdc do truyen sd lieu thuce té so vai vigc sit dung tin hiéu PSK bén mic khéng ma héa. Tuy nhién do
viéc ting sé lugng tin hidu, ta phai ting cong suft tin hiu 1én khoang 4 dB dé c6 cing mot xac sudt
sai. Néu qui trinh digu ché duge xit 1y doc lap v6i qua trinh ma hoa, ta phii sit dung cac leal ma co
hiéu qua cao dé bu lai vdn d& cong suit tin higu va c6 do ting ich mong mudn. Mat khae, néu coi qua
trinh digu ch& la mét bs phan clia qua trinh ma hoéa, dé tang khoang cach euclide t&i thidu gitta cc
tin higu thi dé suy hao do viéc md réng tap hap tin higu sé dé dang khic phue duge v6i mot d¢ ting
ich ma hoa mong mudn. Chia khoa cla qua trinh nay la anh xa cac bit ma thanh cac tin higu sao cho
khoang cach euclide t8i thidu gita cac tin hidu 1 cyc dai, phuong phap nay dude goi 13 4nh xa bing
cach phan 16p tap hgp tin higu. ' .

Vi du 10-3-1 Tin hiéu PSK 8 mic.
Ta phan 16p tap hop tin hiéu PSK 8 mic pha trén hinh 10-3-1 thanh cac tap hgp con dé tang khoang
cach euclide t6i thidu. Tam tin hidu nim trén dudng trén ban kinh /€ ¢6 khodng cach t8i thidu la

do = 2+/Esin %w =+/(2 - v2)£ =0,765\/¢

Qua mo6t 13n phan 16p, 8 tin hidu duge chia thanh hai tap con va khoang cach t81 thidu duge tang lén
thanh d; = +/2€. Qua lan phan 18p thit hai thi khoang cach tang lén thanh dy = 2/%. Ta thiy rang
qué trinh phan 16p lam tang khoang cach t& thidu gita cac tin hién.

Vi dy 10-3-2 Tin higu QAM 16 mtte.

Tin higu 16 mirc hinh chit nhat trén hinh 10-3-2 duge phan 16p va khoang cach t6i thidu tang len
V2 13n sau méi lan phén 16p.

N6i chung thi khong phai lic nao ta ciing phéan 16p cho tdi khi méi tip con con mot tin higu. SO
lin phan lop phu thuge vao tinh chit cia bd mi. Xét qua trinh mi hoéa téng quat trong hinh 10-3-3.
m bit thong tin duge chia thanh hai nhom c6 49 dai &y va k. K bit duge ma héa tharh tit ma n bit
vd k3 bit dé nguyén khong ma hoa. Sau d6 n bit duge sit dung dé chgn mét trong 2™ tap con céc tin
hiéu va ko bit duge sit dung dé chon mét trong 252 tin hiéu trong méi tap con.

CmE
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A =3-PSK

dyefz- 08

Hinh 10-3-1: Phan 16p tin hiéu PSK & mitc

Vi dy 10-3-3

Sir dung ma chap tbc dd 1/2 dé ma hoa mot bit thong tin va bit thit hal khong ma hoa. Khi qua
trinh ndy sit dung ddng thei véi tin higu 8 mic {PSK hay QAM), hai bit ma dugc sit dung dé chon
mot trong bén tap hgp va bit thong tin con lai dutge st dung dé chon mdt tin hidu trong tap hap con
c6 hai tin hiéu. Trong trudng hgp nay ky = 1 vd k2 = 1. Ludi bén trang thai trong hinh 10-3-4(b) gdm
¢6 ludi ciia b ma héa ma chap tdc dd 1/2 kém theo mét dudng song song trong mdi nhanh tuong ing
v6i bit khong ma héa c;. Hai tin higu trong mot tap con ¢6 khoang cach dz = 24/€ nén khoang cach
gilta hai duong song song 1a d; = 2/Z. Ching ta ciing c6 thé st dung ma chap tdc 46 2/3 nhut trong
hinh 10-3-5 d& ma hoa ci hai bit thong tin. K& qua la sé tao ra ludi ma 8 trang thai ¢6 higu qua cao
hon nhung qua trinh giai digu ché sé phitc tap hon.

Mic dit ma khéi va ma chap ddu c6 thé sit dung cung v6i viec phan 16p tin higu nhung mé chap c6
do tang ich ma hoa cao hon va thust toan Viterbi gidi ma xac dinh mé&m don gian hon nén ta chi xét
viéc sit dyng ma chép.
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16-QAM A =16 0QAM
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Hinh 10-3-2: Phan 16p tin higdu QAM 16 mac

£

(£ €a 030 = 000
Didu van
o ————— 1
2— ﬁ hg:n — Chon 11:‘l-t:mg
N ip : tap hogp
& P ISR R 73 Bit khéng ma :_’
__________ 3
. (a) By md héa
| ——— —
Chchit 32— I Chondifm Difm ttn higu
khéng ms | : trong tip hop
kgt ()2, ... 24}

Hinh 10-3-3: C4u truc chung cia b méi Hinh 10-3-4: Lu6i ma bén trang thai, tin higu
héa/digu ché PSK 8 miic

héa duge sit dung dé tham khao va do tang fch mé héa. He thong PSK bén mic khéng ma hoéa sir dyng
cac tin higu trong tap con By hoac B, trong hinh 10-3-1. Cha ¥ rang tin higu nay tuong tng véi ludi
mot trang thai gdbm c6 bon chuyén ddi song song.

D&t v6i hé théng PSK 8 mirc ma hoa, chiing ta c6 thé sit dung lusi bén trang thai trong hinh
10-3-6(b). M&i nhanh trong ludi tuong tng v6i mét trong bén tap con Cp, Gy, Cs,Cs. V6i 8 tin higu,
mbi t3p con s& gdm hai diém tin hiéu. Nhu viy trang thai Co gdm c6 hai didm tin hieu tuong (Ing cac
bit 12 (000, 100) hay (0, 4) trong dang biéu dién bat phan. Tuong ty nhu vay déi véi cac tap hop khac.
Nhut vay méi chuyén déi trong lu6: bén trang thai gdm c6 hai dudng song song nhu trong hinh 10-2-6{c).

Luéi ma Xét viec st dyng tin higu PSK t&m mutc véi ma luéi, Tin hisu PSK bén mitc khéng ma
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Cht ¥ réing hai duong tin higu tach ra tit mot trang thai nao dé va nhap lai cing mét trang thai sau it
nhét 13 hai chuyén ddi ¢6 binh phuong khoang cach euclide 1 g2 + 242 = ds +d5. Vi dy nhu dudng tin
hicu 0, 0, 0 va 2, 1, 2 ¢6 do phan tach 1a d3 + d§ = [(0, 765) + 4]¢ = 4,585¢. Mat khac, binh phuong
khoang cach euclide giita hai chuyén déi song song la d3 = 4¢. Nhu vay khoang cach euclide t5i thidu
gitta hai dudng tach ra tit mot trang thai va nhap lai sau d6 trong luéi bdn trang thai la dy = 2./E.
Khoang cach t6i thidu trong ma lu6i dugc goi 18 khodng cich euclide tw do va dugc ky hiéu la Dy.4.

<) Ludi hon trang thii

Hinh 10-3-5: B m& héa ma chap 2/3 dé . Hinh 10-3-6: Hé thdng PSK 4 mic khong
m3 héa hai bit théng tin md hoa va mi lusi PSK 8 mitc

Trong lu6i bdn trang thai nhy trong hinh 10-3-6(b), Dj.q = 21/Z, khi ta so sanh véi khoang cach
dy = +/2€ trong hé théng didu ché PSK bén mirc khong ma héa, ta thiy ring ma luéi bdn trang thai
cho d3 tang ich ma héa la 3 dB. Ma lu6i bén trang thai trong vi dy trén 13 t6i uu theo nghia no6 cho
khodng cach enclide tit do 16n nhit, Khéng 6 loai ma lu6i bon trang thai nao cé Dg.q 160 hon.

Viéc xiy dyng ma lu6i bén trang thai t6i wu véi vise sit dyng 8 tin higu tuan theo nhitng qui tic co
ban san:

(a) Cac chuyén déi song song (khi xay ra) duge gén cho diém tin hiéu c6 khodng cach euclide cyc
dai d; = 2+/€ trong bén tap con Cy, Cy, Cs, Cs.

{b) Sut chuyén déi tit mot trang thai va nhap lai cling mot trang thai duge gan cho cac tap hop con
(Co, C3) hay (C1,C3) c6 khoang cach cyc dai 1a dy = /2€.

(c) Cac diém tin higu c6 ciing xac sust xudt hien.

Vige anh xa theo mot thit tit khac cac ma bit thanh cac didm tin hieu trong hinh 10-3-1 cing ¢6 thé
cho tinh chat v& khodng cach ma ta da khao sat. Trong mé lusi bén trang thai, cac nhanh song song c6
khoang cach euclide 1a 2/Z giéng nhv Dy.q, nhu vay do tang ich ma hoa 3 dB bi gi6i ban bdi khoang
cach cia cach chuyén déi song song. D¢ tang ich ma héa c6 thé tang lén nita néu ta st dung ma ludi
nhidu trang thai hon (khi d6 ta ¢6 thd khong ding t6i cac chuyén déi song song).

Trong hinh 10-3-7 ta ding ma luéi tAm trang thai cung véi tin higu PSK & mitc. Cac chuyén ddi
trang thai dé cho khoang cach euclide tyt do cuc dai ciing tuan theo cac qui tic da néi & trén. Trong
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trudng hop nay, binh phuong khoang cach eunclide t6i thidu la
D34 = di + 243 = 4,585¢

cho d¢ tang ich ma hoa 13 3,6 dB so voi hé théng PSK 4 mitc khong ma hoa.

Do 0,0, D,

D\ D;0,D,y

D,B,D,D,

DD, 0, Dy

12,8,D,D,

54D, 0,0,

D.D,0,D,

D,0,0,D,

Hinh 10-3-7: Ma lu6i & trang thai vA tin higu PSK 8 mttc

Cac nguyén tic v& phan 16p tap hop tin hisu c6 thé &p dung cho tin hidu PSK nhidu mitc hon dé
thu dugc bing thong hiéu qua l6n hon. Vi dy R/W = 3 bit/s/Hz c6 thé thyc hién bing he théng PSK
8 mitc khéng ma héa hay ma lusi PSK 16 mate.

Giai ma Viterbi xac dinh mém duge thyc hién theo hai bude. Do méi nhanh trong ludi tuong img
vai mot tap hgp con cac tin hidu nén budc thit nhit 1a xac dinh diém tin hidu nhan duge gin véi didm
tin hiéu trong tap con nao nhit. Ta c6 thé goi bubc nay la gidi md tap con. Budc thit hai can ¢t vao
budc thit nhat va binh phuong dé do khodng cach dé xac dinh dudng tin higu qua luéi co tdéng binh
phuong khoang cach t6i day tin hidu nhan duge nhod nhit,

T6c 5 sai cia tin higu ma lusi duge tinh theo tha tuc nhu trong phin 10-2. Tuy nhién vai cac gia
tri SNR 16n, xac sudt sai ciia sy kién thit nhit duge xdp xi thanh

D?ed
2Ny

PeszedQ(

vOi Ny.q 14 58 lugng cac day tin higu cé khoang cach Dy.q tach ra vi sau do nhap lai sau mot hay nhigu
chuyén déi.

Trong qua trinh tinh d¢ tang ich ma hoa thie hién b&i ma ludi, ching ta thuong tap trung vao vin
dé tang Dy.q v bd qua anhk hudng clia Nygeq. Tuy nhién ma ludi nhidu trang thai thudng c6 gia tri
Nyeq 10n va khong thé bé qua duoe khi tinh toan do tang ich m& hoa mot cach toan dien hon.
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Cing véi ma lusi PSK, chung ta cing ¢b cac loai ma ludi sit dyng cac tin hiéu khac nhiy PAM hay
QAM. Cac bang sau cho d¢ tang ich ma hoa voi viée st dung cac loai tin higu khac nhau.

Béng 10-3-1: D ting ich ma héa (dB) ciia ma luéi dang tin hieu PAM

S84 ky R. m=1 m=2 m— oo Im— 0o
trang ki/(ki +1) PAM 4 muic PAM 8 mivc Nteda
thai so vdi PAM so véi PAM

2 mic 4 miic
khéng ma héa khéng ma hea
4 1 1/2 2,565 3,31 3,52 4
8 1 1/2 3,01 3,77 3,97 4
16 1 1/2 3,42 4,18 4,39 8

32 1 1/2 4,15 491 5,11 12

64 1 1/2 4,47 5,23 5,44 36

128 1 1/2 5,06 5,81 6,02 66

Bang 10-3-2: Do tang ich ma hoa (dB) cia ma lusi dung tin hiéu PSK 16 mic

S8 ky Rc m=—3 I — o
trang thai ki/(k; +1) PSK 16 miic Neea
so véi PSK
8 muic khéng mé&
4 1 1/2 3.54 4
8 1 1/2 4,01 4
16 1 1/2 4,44 8
32 1 1/2 5,13 3
64 1 172 5,33 2
128 1 1/2 5,33 2
256 2 2/3 5,51 8

Bang 10-3-3: D6 téng ich mz hoa (dB) cta ma tuai diing tin hiéu QAM

58 k, R. m=3 m=4 m=5 m-—oc Npgg
trang ki/(ki +1) QAM 16 mitc QAM 32 mitc QAM 64 miic
thai s0 vdi s0 vii so vdi
QAM 8 mitc QAM 16 mitc QAM 32 miic
khong ma khong ma khong ma
4 1 1/2 3,01 3,01 2,8 3,01 4
8 2 2/3 3,98 3,98 3,77 3,98 16
16 2 2/3 4,77 4,77 4,56 4,77 56
32 2 2/3 4,77 4,77 4,56 4,77 16
64 2 2/3 5,44 5,44 4,23 5,44 56
128 2 2/3 6,02 6,02 5,81 6,02 344
256 2 2/3 6,02 6,02 5,81 6,02 44

Két qua trong cac bang trén chi ra ring c6 thé nang d6 tang ich mé hoa bing cach sit dung cac loai
ma ludi. B tang ich ma hoa 6 dB la gin v6i téc do gioi han Ry di v6i tap hgp cac tin hisu da xét.
Nang cao them nita d¢ tang ich sé dén t6i téc do truyen ghn sat t6i thong lugng kenh 1a rdt khé thue
hién néu khong lam phitc tap thém dang ké cac b ma hoa va gial mé héa.
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Do théng lugng cia kénh xac ciinh gith han trén vé do hiéu qua ctia bd mé, ching ta ¢6 thé két luan
réng néu ti€p tuc phan 16p cac tap hop tin higu 16n thi do phan tach gitta cac diém tin higu trong mot
tap con sé vugt qué khoing cach euclide tut do cia bo ma. Théng thudng vide phan lép tap hop tam
tin hiéu la di dé dat duge d6 tang ich ma héa 5-6 dB véi t6c d6 ma 1/2 hay 2/3 voi ma ludi téc do 1/2
hay 2/3 c6 64 hay 128 trang thai.

. BAI TAP
"10-1 Ma tran sinh cda méa nhi phan tuyén tinh 1a

0 01110
01 0011
1 00111

O

|

a. Biéu dién G thanh dang hé théng b. Xac dinh ma tran kiém tra H cho ma nay c. Xay dyng bang
syndrome cho m# nay d. Xac dinh khoang cach t8i thidu cta bo ma

10-2 Liét ke cac tit ma tao ra bdi cac ma triin (10-1-35) va (10-1-37) va chiing to riing cic ma tran
sinh nay tao ra cung mgt bo ma.

10-3 Da thic g(p) = p* + p + 1 14 da thitc sinh cia ma nhj phan Hamming {(15,11). Xac dinh ma
tran sinh G & dang hé thong, xac dinh da thitc sinh ciia ma kép.

10-4 Ma Hamming vong (7,4) v da thitc sinh g(p) = p° + p? + 1, hay xay dung ma md rong cia
ma nay va xac dinh da.

10-5 Xay dyng ma tran kiém tra parity H, va Hy tuong Ung véi cac ma tran sinh G, va G trong
(10-1-34) va (10-1-35).

10-6 Xay dung md md réng (8,4) t& ma Hamming (7,4) bing cAch xac dinh ma tran sinh vA ma
tran kiém tra parity.

10-7 Ma hé thdng (6,3) ¢6 ma tran sinh nhu sau

G =

oo~
o= O
[ R
=
=
— - O

Xay dung ma tran chun va xac dink cic méu sita sai va cac syndrome tuong Ung
10-8 M6t ma chap duge mé t4 bdi cac ham sinh

g1 = [100}, gz = [101], g3 = [111]

a. V& bg ma hda cla ma ndy b. Vé luu dd chuyén déi trang thai c. V& so dd luét ciia ma d. Tim ham
truyen va khoang cach tit do cla ma

10-9 Ma chap trong bai trén dugc sit dung dé truydn trén kénh AWGN v6i gidi ma xac dinh cing.
Dau ra cta bg gidi diu ché 13 day ky hiéu (101001011110111...). Sit dung thust toan Viterbi tim day
da truyén di.

o
S oy,
© Pog,
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Trong cac chuong trude, ching ta xét viec truyén théng tin s qua kénh c6 nhiéu cong gaussian va
khong ¢6 mgt rang bugc v& do rong phé nao d6i vei tin higu. Trong chuong nay, ta xét viéc thidt ké tin
higu khi kénh c6 dai thn hin han trong pham vi W Ha.

11-1 Dac trung cta kénh co béng tan hitu han

Trong s6 cac kenh dugc st dung dé truyen thong s8 thi kenh dign thoai duge sit dung nhigu nhst. Cac
kénh ndy ditgc m6 hinh héa bang cac bo lgc tuyén tinh c6 dai thong hitu han. Déi vei chiang ta, cac

8(t) = Re [u(t)e*/<!] (11-1-1)

dugc truydn qua kénh thi tig higu nhan duge & midn thn 5§ thap tuong duong la
' [=. =]
ri(t) = / v(T)elt — 7)dr + 2(2) (11-1-2)
—W -

trong dé z(t) biu dién nhiéy cong. Mat khée, tin higu nhan dugc ciing ¢6 thé duge bidu dién & misén
tan 86 1a V(£}C(f) vai C(f} 1a dap tng tin s6 cha kenh,

Khi kénh ¢6 dai tin hitu han C(f) = 0 v6i |f| > W thi ching ta phai gisi han dg rong phé cia tin
higu cing trong do rong W. Trong dai thdng cla kénh, ta c6 thé bidu didn dap tng tan s6 cua kénh
nhu sau:

Cf) = lC(f)]e/D (11-1-3)
|C{f)| 1a dap itng bién d¢ con 6(f) 1a dap img pha. Tré dudng bao duge dinh nghia 13
__ sy N
T(f) = 37 df (11-1-4)

Kénh duge goi la khong suy hao hay lj tudng néu nhy dap tng bien do IC(f)! 1a hing s6 trong
khoang |f| < W va 8(f) 1a ham tuyén tinh theo tin s hay 7(f) 1a hiing s6 vei Ifl € W. Trai laj néu
|C(f)| khéng phai 1a hing 56 trong khoang |f| < W thi kenh 1a c6 suy hao v& bién do, néu 7(f) khéng
phai 12 hiing 56 trong khoang |f| < W thi kenh 13 c6 suy hao vé pha hay 14 c6 tré.
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5y suy hao v& bién d6 hay v& pha 13 do dap ung tan s6 ciia kénh khéng 1y tudng, cac xung truyen
di véi tdc do (v mat 46 16n) bing 49 rong dai thong W sé bi dich chuyén lam cho chiing khéng con
phén tach véi nhau mét cach ro rang & phia thu, ching sé bi trim 1én nhau va gay ra hién tugng nhiéu
ky higu (intersymbol interference-ISI). Chang ta cing c6 thé bi lai sy khong 1y tudsng ciia dap ing thn
s6 clia kénh bing cac bo cén biing & bo giai didu ché. Hinh 11-1-1 1a mdt vi dy v& tin hisu vao c6 dai
tan han ché, tin hiéu ra va tin higu ra bd can bing.

Y

1 L r—— | 'l
ST —4T-37T 2IN_/-T 0| TN_A27 37 47 57 -5T 4T 23T 2T -T ©

3T 4T 5T

fa)

¥ [V L

L. A J
5T 4T 3T2IN_AT 0| TN\_/27T 37 4T 57

Hinh 11-1-1: Tin higu vo, tin higu ra va tin hiu & dau ra bd can bing

Hinh 11-1-2 thé hién d% suy hao v& bién do va v& pha ctia kénh dién thoai theo tin s8 va dap ing
xung xua kénh. Théi giam dap fing khoang 10 ms vA néu ta truy®n vai téc do xung tit 2000 t6i 3000
xung mot giay thi ISI sé kéo dai khodng 20-30 ky hid¢u. Ngoai sy suy hao tuyén tinh, tin hiéu truyén
trén kénh con chiu nhidu dnh huéng khac nhu suy hao phi tuyén, di tan, nhiéu xung va nhiéu nhiét . ..

1.25
1.00 b <§ 4r
R & 3L
g 075 §
€ o5t g 51
= “5
0.25 2 1k
0 1000 2000 3000 0

1000 7000 3000
Tén 6 Hz Tén 6 Hz

Hinh 11-1-2: Suy hao v& bién d¢, pha va dap img xung ciia kénh thoai

Ngoai kénh thoai, cac kénh vat 1y khac co thé c6 hién tugng tan xa va gy ra ISI. Cac kénh radio si
dung séng ngin truyén lan qua ting dién ly hay tang déi luvu 1a hai vi du. Trong céac kénh nay, su tan
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xa va IS 1a do c6 nhidu dudng truy®n lan v6i thei gian tré khac nhau gilta hai phia thu phat. 56 lugng
dudng truyen va khoang thai gian tré thay déi theo thoi gian nén cac kénh nay duge goi 1a cac kénh da
dudng thay d6i theo thdi gian (time-variant multipath channels). Do tinh da dudng thay d6i theo thoi
gian nén dap ng thn sd ciia kénh ciing thay déi theo thai gian. Trong chucng nay ta chi xét cac kénh

¢ dai tan hitu han duge moé hinh hoa tosn hoc hay dac trung hda bdi bg loe tuyén tinh bat bign theo
thoi gian.

-11-2  Tin hig¢u cho kénh c6 dai tan hitu han

. Tin higu tan s8 thdp tuong duong dung cho cc k§ thuit didu ché s6 c6 dang tdng quat nhu sau:

E w(t) =Y Ing(t—nT) (11-2-1)
- n=0

{I»} la day ky hiéu mang thong tin rdi rac va g(1) 1a tin hiéu xung c6 dap ing tin sé trong mot dai

tan hitu han, c6 nghia la G(f) = 0 véi |f{ > W. Tin hiéu nay truydn qua kénh ciing c6 dap itng tan so

httu han |f| < W. Tin hig¢u nhan duge & phia thu 13

r(t) = i Ikt — nT) + 2(t) (11-2-2)
n=0
tfong do -
h{t) = / gim)elt — r)dr (11-2-3}

Tin higu nhan duge trude hét cho qua mét bd loc rdi dugce 18y mau véi téc do 1/T miu/s. Chiang
ta sé& thdy & phan sau riing bé loc t5i uu dé xac dinh tin higu 1a bs loc phoi hgp voi xung tin hiéu nhan
dugc. Nhat vay dap iing tin s6 cta bo loc thu la H*(f}. Ta ky hidu tin higu diu ra b6 loc thu la

y(t) = Y La(t - nT) + v(t) (11-2-4)
n=0
z(t) la dap ing xung cla bo loc thu déi véi xung k() va u(t) 13 nhiéu nhan duge sau b6 loc thu, Néu
y(#) dugc ldy méu tai cac thei didin ¢ = kT + 79, k= 0,1,... thi

YT + 1) =y = Y Lnz(kT ~ nT + 1) + v(kT + 7o) (11-2-5)
n=4_J
hay mot cach tuong duong
o
Y= InZpen + vk, k=0,1,... (11-2-6)
n=0

To 12 tré truyén lan qua kénh. Cac gia tri m&u c6 thé bidu dién thanh

1 o0
Ve = Xo Ik+agfna:k_n +v, k=0,1,... (11-2-7)
ngk
Ty la mét hg s8 tiy y va dat bing 1. Vay
v =T+ Y Inziop + (11-2-8)
ntk

Théanh phan I 1a ky hiéu thang tin & thoi didm thi k, con thanh phan trong diu téng thé hién ISI va
v 12 nhifu cong ganssian & thai didm thi k.
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11-2-1 Thiét k€ tin hiéu c6 do rong phd hitu han dé khong c6 ISI
Trong phan nay va trong phan 11-2-2, ta gia thiét rang kénh c6 bang tan hiru han c6 dap ing tan s6 1y
tudng hay C'(f) = 1 v6i |f| < W. Khi d6 X(f) = IG(F)|? va

x(t) = f_ : X(f)es2rltys (11-2-9)

Chtng ta can xac dinh tinh chat v& phé cta z(t) va xung g(£) dé khoéng c6 ISI. Do

e = Iy + i LnZgn + vi (11-2-10)
n=0
nFk
" nén didu kién d¢& khong c6 ISI 13
1 (k=0
0 (k#£0)

Dudi day ta dua ra didu kign cin va di ciia X(f) dé z(t) théa man didu kién trén. Didu kién nay got
1a titu chudn Nyquist dé khong c6 ISL

i =kT) =z = { (11-2-11)

Tiéu chudn Nyquist
Digu kién can va da dé

2(nT) = { [1) g: - g; (11-2-12)
la L
Y X(f+m/T)=T (11-2-13)
Chitng minh Ta c6 -
z(t) = [ X(f)ed2m gy (11-2-14)

Tai thei diém 18y méu t = nT, quan hé trén trd thanh
z(nT) = / X{f)edtminTyr (11-2-15)
-

o {2m+1)/2T .
> f X (fe* T gf

m=—oa ¥ (2m—-1)/2T

1

It

00 1/2T ‘
> / X(f +m/T)el*InTgs

me—eo ¥ =1/2T
1/2T s _
- / S X(f +m/T)| eminT g
—1/2T { "o
12T )
= / B(f)e*InTyf (11-2-16)
—1/2T
trong cong thic nay, ta dinh nghia B(f) la
B(fi= ¥ X(f+m/T) (11-2-17)

m=—0
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B(f}1a ham tuin hoan véi chu ky 1/T va do d6 n6 c6 thé khai trién theo chudi Furié véi cac hé s6 {b,}

B(f) = i boef2miT (11-2-18)

A= — OO
1/2T )
bu=T [ BTy (11-2-19)
~1/2T
So sanh (11-2-19) va (11-2-16) ta nhan dugc ,_
. by = Tx(—nT) (11-2-20)
Do d6 didu kién cn va di dé (11-2-10) théa mén l1a
T (n=0
by = { 0 (n£0) (11-2-21)
Thay vao (11-2-18) din toi
B(fi=T (11-2-22)
hay
(11-2-23)

X{(f4+m/T)=T (dpcm)

Bay gio gis thiét kenh c6 do rong dai thong W va C(f) = 0, X(f) = 0 véi |f| > W. Ta xét ba

fruong hgp:
1. Khi T < 1/2W, B(f) dugc v& trén hinh 11-2-1 va ta khang thé chon duge X(f) 48 B{f) =T va

nhu vay khong thé thiét k& hé théng khong ¢ ISL
2. Khi T = 1/2W va hinh vé B(f) trong hinh 11-2-2. Trong trudng hgp nay chi c6 mét gia tri cla

X(fH)ddB(H)=Th
_ x(fH={T Wl=sw) (11-2-24)
10 (fl>wW)
va dap dng xung tuong ng la . ;
0= 20 §)

_?__X(fu.*n :

t -W
Lew
T

-W l,w
T

/

~3i—
item

1
T

Hinh 11-2-1: B(f) trong trudng hop T < 1/2W

T-CSUTTT -T2
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Hinh 11-2-2: B(f) trong trutng hop 7 = 1/2W

é_,\'( f+niTh
TV 1y Tow W1 g
T T T T

Hinh 11-2-3: B(f) trong truong hgp T > 1/2W

Didu nay noéi lén ring gia tri T nhoé nhit dé qué trinh truyn khong bj ISI 14 T = 1/2W va khi do
z(t) 13 ham sinc. Ham sinc 13 ham khong nhan qua va do d6 khéng thé thyc hién trong thire t& duge.
Dé ¢6 thé thyc hign dugc, ngudi ta thudng dung ham sinc[n(t — ty) /7] va ¢y duge chon sao cho véi ¢ < 0

. thi sinc[n(t — #o)] ~ 0. V&i ham 2(¢) nht vay thi thoi didm iy méu s& 1a mT + to. Vén d& phite tap
thit hai & day 13 do séc cta xung suy gidm t6i 0 cham. Do phin dudi cia z(t) suy gidm theo 1/f nén
s¢ c6 mgt lugng sai nham nho khi 14y miu & diu ra ciia bo loc phéi hgp & b giai dieu ché, day ISI dai
vO han va day nay khong hai ty.

3. Khi T > 1/2W va hinh vé B(f) trong hinh 11-2-3. Trutng hop nay tdn tai nhidu gia tri cita
X()dEB(f)=T.

Trong truong hop T > 1/2W, mot loai xung c6 pho dang xung cosin hay dugc sit dung trong thite
t€ 1a :

T 0<ifl < )
Xee$) =8 F{1eeos [ (11-52)]} (% <in<%8) (11-2-26)
0 111> 5#)

£ 12 mdt he s6 ndm trong khodng 0 < 8 < 1 va tin hiéu z(t) c6 phd dang xung cosin a
2(t) = sin(nt/T) cos(aBt/T) cos(nBt/T)
T omt)T 1 48,2/T? 1 - 48,12/T?

Cha y rang z(t) dugc chudn héa sao cho 2(0) = 1. Neéi chung thi phan dudi cita z(¢) suy giadm theo
1/t° nén sai s6 khi 18y man du ra cita bo loc phéi hgp s& tao nén day ISI hat tu t6i mot gia tri hiu
han. Do xung cosin l& tron nén ta ¢6 thé thiét ké cac b loc trong bo phat v b thu ¢6 dap dng tin
s6 gan gifng v6i dang xung nay. Trong trudng hop kénh 1a Iy tudng ta c6

Xre(f) = Gr{f)Gr(f) : (11-2-28)

= sinc(mt/T) (11-2-27)
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Gr(f) va Gr(f) 1a dap tng tan s6 ciia hai b loc. Trong trudmg hop nay néu bg loc thu la phéi hap
vét bo loc phat va ta c6 X, (f) = Gr(f)Gr(f) = |Gp(f)}%. Ly tudng thi

Gr(f} = V| Xee(f)le™ 72"t (11-2-29)
va Gr(f) = G¥(f), to 1a thoi gian tré dé c6 thé thye hién duge cac bd loc.

Hinh 11-2-4: Xung c6 phé dang xung cosin

11-2-2  Thiét k& tin hiéu c6 do rong phé hitu han dé ISI didu khién duge

Nhu trong phiin thiét k& tin higu dé khong c6 ISI ta da xét, tde d@ truygn ky hiéu 1/T phai nhé hon
t8c do Nyquist 2W dé c6 thé thye hign duge chc b loc phat va thu. Mat khae, néu ta bé di didu kien
khong c6 IST thi ta 6 thé truyén & tdc d6 Nyquist 2W. Gia st réing ta thiét k& tin hiéu c6 do réng phd
hitu han d& co thé didu khién duge hiong ST tai mot thei didm bat ky. Di véi didu kien khong c6 IST
thl z(nT) = 0 v6i n # 0, con trong truong hgp ndy, ta vin cho phép z(nT") khac 0 v6i n # 0. Luong
IST khac 0 nhung xac dinh hay didu khién duge va do d6 c6 thé xit ly & b thu. Mot trusng hop ma cé
thé thite hien duge cac b6 loc & hai phia la

— 1 (n=0, 1) 9.
z(nT) = { 0 (n#£0.1) {11-2-30)
Sit dung (11-2-20) ta nhan duge
_J T (m=0,-1 5
| bn_{ 0 (n %0, 1) (11-2-31)
Thay vao (11-2-18) dén toi _
B{fy=T + Te 7T (11-2-32)

Nhu ching ta da thdy, khéng thé thyuc hién duge B(f) theo cong thitc trén khi T < 1/2W. Khi
T = 1/2W thi

_ [ (l+e Wy (1 < W)
= {3 (7] > W)
{ we I IMW o IL - (|f] < W)

0 (f] > W)

(11-2-33)
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Nhu vay, z(t) 1a
1

2(t) = sinc(2xWt) + sinc2m{Wt — -2~)] (11-2-34)

Tin higu nay goi 14 zung nhi phin kép, duge vé trén hinh 11-2-5. Pha tin higu suy gidm t6i 0 tr tt nén

ta c6 thé thyc hién cac bo loc c6 dap tng tin 56 ghn giéng hét vei dang phé nay. Do 46 ta c6 thé thue
hién truy&n & téc d6 Nyquist.

: Mgt loai tin higu khac ¢6 thé sit dung trong thyte t& c6 cac méu la

1 (n=-1)
Ty =< -1 (n=1) {11-2-35)
0 {cc gia tri khac)
Xung (t) tuong tmg I3 _
z(t) = sinc [ﬂ(t—;a] — sinc [E(t,;—T)] (11-2-36)
va phd tin hiéu nay la
1 inf{W _ a—gnfiWy - J o wf
X(f):{ SW(EJ /W me=imlIWy = & sin 3 I;{Eg (11-2-37)

Tin higu nay cing phd duge vé trén hinh 11-2-6. Tin hiéu nay dugc goi 14 zung nhi phin kép sia déi.

IX(fy
WW

Hinh 11-2-5: Xung nhi phan kép

x(n

. Rf
W

N 1 J
4T JAIN_A2T -7 0 T 2Tf 3T"4T

(&)

Hinh 11-2-6: Xung nhi phén kép sita ddi
Téng quat, 16p tin higu c6 do réng phd hitu han 6 dang

2(t) = i z (2—’&7) sine [21rW (t - 2—;7)] (11-2-38)

Nn=-—o
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va phd cla ching 13

1 oo, n —inmfiW
X(f) = { Sw 200 T ) e EI;! E g; {11-2-39)

dugc goi la tin higu dap ting ting phin c6 thé dugc st dung € 6 lugng ISI dizu khién dugc bang cach
¢hon hai hay nhi®u méu khac 0 trong tap hop {z(n/2W)}. Vigc xac dinh ky hidu nhan dude trong
trudng hgp lugng IST digu khién duge nhu sau.

; 2;.‘,5(: -nT)

Loe Pédura
khéing thap —
£ B,8(s-nT) | 1y tudng

Hinh 11-2-7: Tao tin hiéu dap itng ting phin

Gid sit tin higu dap tng titng phin duge tao ra theo hinh 11-2-7 blng cach cho day réi rac {I,}
qua mdt bo loc vdi cac hg 6 x, = z(n/2W),n = 0,1,...,N — 1 va sit dung day ra {B,} lam d3u vao
mét b lge tuong tit c6 dap tng xung sinc(2rWi). Tin hiéu d3u ra gidng v6i tin hidu trong cong thire
(11-2-38). Do

N-—
Bo=Y a:l,s (11-2-40)
£=0

[

nén day ky higu {B,} 14 c6 tuong quan va didu nay 1a do vigc loc day {I,}. Ham ty tuong quan cia
day {B.} Ia
N-1N-1

$(m) = E(BaBnim) = 3 D 2t B(ln-kIntm—) (11-2-41)
k=0 =0
Khi day vao c6 gis tri trung binh 0 va tring
Ella_elatm—1) = bmir—t (11-2-42)

(chiing ta d& chun héa E(I2) = 1) va thay vio (11-2-41) ta c6

’ N—1—|m)|
pm)y= Y @eTpigm), m=0,%1,...,E(N —1) (11-2-43)
k=0
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Phd mat do eong sudt 1a

N-1

®(f)= Y pim)e=imimT

m=—(N-1)

voi T = 1/2W va |} < W.

CO SO LY THUYET TRUYEN TIN

2

N-2
= Z e 27 imT (11-2-44)
m=0

| 11-2-3 Xa4c dinh s8 liéu trong trudng hop ISI ditu khién dugc

- Trong phin nay ta xét hai phuong phap xac dinh cac k

¥ higu mang théng tin ¢ bg thu khi tin higu

‘nhan duge c6 ISI nhung didu khidn duge. Phuong phap thit nhat 1a xac dinh trén cd s ky higu-ky hisy,
tuong déi don gidn. Phuong phap thit hai 1a x4c dinh day ky higu dya vao tidu chuin ML, Phuong
phap thit hai t6i thidu héa xac sudt sai nhim nhung khé thire hien hon. Ching ta gia thigt ring
IGr(f)l = |Gr(f)| = IX (2. Viee xit Iy dya vao tin higu PAM nhung c6 thé d& dang ma rong cho

cac tin higu khac nhiu QAM hay PSK.

Xac dinh trén ca s3 ky- higu-ky hiéu Déi véi xu
Cac mén ¢ dhu ra ciia bd loc thu c6 dang

ng nhi phan kép, x(nT) =1chivéin=01.

Ym=Bntvm=I,+ 1,1+ Urn (11-2-45)

Bay gi¢ ta tam thoi khong xét t6i nhibu va d6i véi trusn
vdy By, nhan mot trong ba gia trl -2, 0, 2 v6i xac suit

g hop ohi phan I, = 41 ddng xac sudt., Nhu
1/4,1/2,1/4. Néu I,,_, la ky higu xac dinh

dugc tai thoi diém thtt (m — 1) c6 anh hudng t61 ky higu trong khoing thoi gian thit m nhung c6 thé
loai bé sy 4nh hudng nay bing mot phép trit don gidn va xac dinh duge I,

Véan &% co ban trong thd tuc ndy 1a sai nham. Khi I, xac dinh sai thi ta khéng thé loai bé duge
sy sai nham nay khi xac dinh I,,, va qué, trinh xéc dinh sai xdy ra lién tuc theo sau dé. Loai sai nhim

1y goi la sai nhAm truygn lan. Saj nhim truyén lan c6
& phia phat. Viéc tign ma hoa dugc thyc hign trén day s

thé tranh duge bing cach tién ma hoa s6 lisu
6 lisu nhi phan trude khi didy ché. Tit day sd

ligu nhj phan {D,} ta tao ra mot day mdi {F,}, goi 13 day tidn ma héa. D&i vai xung nhi phan kép,

day titn ma héa duge xac dinh theo cong thac

Po=Dyn®Ppy, m=1,2,... (11-2-46)

sau dé ching ta tao ra day truysn di {Im} theo cong thitc I,, = 2P, — 1.

Cac miu tin higu khong nhidu & dBuy ra cia b loc¢ thu 1a
B =In + Iy = 2(Pp + Pp_y — 1) (11-2-47)
va ’
Pp+ Py = %Bm +1 (11-2-48)
Do Dy, = P, ® Ppy_; nén
Dy, = %Bm +1 (mod 2) (11-2-49)

Néu B, = +2 thi D,, = 0 vi néu By, = 0 thi D,
¥m = B, + vy, duge so sanh véi hai canla 1 va-1. Day

— 1 (fymj
Dm“{o ([tm

= 1. Trong trudng hogp c¢6 nhiéu cdng thi
{Dy} dugc x4c dinh theo luat

< 1)

S 1) (11-2-50)

o9
S
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Mé rong tin higu PAM nhj phan thanh tin higu PAM M miic ciing khong c6 gi khac bigt co ban.
Trong trudng hgp khong nhiéu thi day
By =im +Ime1, m=12,... (11-2-51)
c6 2M — 1 muc gia tri cach ddu nhau. Céac gia tri bién do dugc xac dinh tit quan hé
In=2P,—(M-1) : (11-2-52)
(P} 1a day titn mé hoa duge xéc-dinh tit day 6 ligu {Dim} theo cong thite

P = Dy ® Py (mod M) (11-2-53)

L

Khi khong c6 nhiéu, cac méu dhu ra cla bd loc thu la

B = Im + Im—1 = 2[Pm + Pa-1 — (M - 1)] (11-2-54)
nén 1
Pp+ Po1 = EB'" +(M-1) (11-2-55)
Do Dp, = P, + Py (mod M) nén
D, = %Bm + (M —1) (mod M) (11-2-56)

Khi ¢6 nhiu thi tin higu nhan duge sé duge lugng tit hoa thanh mét muc tin higu gan nhat va sU
dung luat & trén dé khoi phyc s ligu. '

Trong tritong hgp xung nhi phan kép sita déi, cac mAu khong nhidu & diu ra bg loc thu la

B = I — Im—z O (11-2-57)

Déy {I,.} M mitc duge xac dinh theo cong thite (11-2-52) v3

P,, = Dy @ Pp—p (mod M) (11-2-58)
Trong trudng hop khong nhiéu thi
Dy = %Bm (mod M) (11-2-59)

Nhut vay bing cach ti#n ma hoa s6 ligu & phia phat, ta ¢6 thé x&c dinh s8 lidu ¢ phia thu trén cg sd
ky hiéu-ky hidéu ma khong dua vao ky higu nhan duge & thai didm trude. Nhu vay sal nhim truyén lan
c6 thé loai bo duge.

Viée xac dinh trén cd sd ky hiéu-ky higu khong phai la t8i tu d6i véi tin hicu dap Ung titng phan
do tin hiéu nhan duge 1a ¢6 nhd. Tuy nhién xac dinh theo phuong phap nay don gidn va hay dugc sit
dung trong thuc té. :

Xac dinh day ML Tin hiéu dap ing ting phan 13 tin higu 6 nhé va do d6 viée biéu dién bang s0
4B 1udi sé c6 nhidu thuan lgi. Vi du ludi cho tin higu dap ing ting phin nhi phan kép cho viéc truyén
s& licu nhi phan duge vé trén hinh 11-2-8. D&i voi didu ché nhi phan thi lu6i co hai trang théi tuong
tng v6i hai gia tri vao I, = =1.

Tin hiéu nhj phan kép 13 c6 nhé véi dp dai L = 1. D#&i v6i didu ché nhi phan, luéi cé S; = 2 trang
thai. DGi voi didu ché M mitc thi luai c6 ML trang thai.

Xac dinh day ML a chon trong lust mgt dudng co nhitu kha nang nhat dya trén day s8 ligu nhan
dudc {ym} tai cac thoi diém iy mau t = mT va thudt todn Viterbi.
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Iy
1S
=
b2

fjo T2 j —11-2 t -2 t

t=T 1=2T t=3T

Hinh 11-2-8: Ludi cho tin higu dap @ng timg phin nhi phan kép
D8i véi tin hidu dap ing ting ph3n, day nhan duge {ym},1 < m < N dugc dic trung thong ké
béi ham mat d6 phan bé xac sudt ddng thai plyn|In) véi yn = [iye ... yn])T vaA Iy = [ ... IN]T,

N > L. Khi nhiéu 14 nhidu cong gaussian c6 gia tri trung binh 0 thi p(y~|Ix) 12 ham mat do phan bs
x&c sult cla nhiBu bién ngiu nhién gaussian va

1 1 _
PNIIN) = G oynE &P T3 m - By)'C™ly~ — Bn) (11-2-80)

trong cong thitc nay thi By = [B, B, ... BT 1a trung binh cla y va C 1a ma tran hiép bién ¢6 NxN

clia yn. Nhu vay, xac dinh ML 1a tim day trong ludi lam cyc dai héa p(yN In). Ldy loga cia p{yniln)
ta cb

Inp{ynlIn) = ——Nln(27r det C) — -(yN —B;)!IC (yy — By) (11-2-61)

V6i mot day s6 liew nhan duge {y,,}, day sd lisu {I,} lam cyc dai In p(y n{En) ciing chinh la day thong
tin {Ix} lam cyc tidu (yw — B4 YC(yn — Bn):

- arg min '
Iy = Iy [(yv -Bn)'C 'y~ - Bw)) (11-2-62)

Viéc tinh t6an d¢ do trong luéi 1 phitc tap do phai tinh tuong quan cia cac mén nhiéu. D6i voi tin
higdu dap dng timg phan c6 dg nhé L thi tuong quan cia day nhifu thoa man digu kién Ejvmvmer] =0
v6i k > L. D& don gian tinh toan, ta bd qua tuong quan cia nhiéu bing cach gis thidt Elvmvmir] =0
v6i k > 0. Khi d6 C = 021y v6i 62 = E[vi]. (11-2-62) don gian thanh

n arg min

In = Inv [(yv —-Bx)(y~n - Bn)]
. 2
= ar%fr\'ﬂ [Z (y-m Z-'L'kfm k) ] (11'2'63}
m=1

B, = Ef:n Tgln—g. DG do § mbi nit eda k6l c6 dang

i
DMy (L) = DMy (L) + (ym # Zxkrm_k) (11-2-64)

DM, (L) la d6 do khodng cach tai thai didm ¢ = mT con phin kia 1a do do tang thém khi nhan duge
mdt miu méi Yo,

Qua trinh xac dinh day ML ¢6 tré khi xac dinh diy thong tin truyén di. Trong thyc té, do tré nay
¢6 thé bd qua hay 1a mdt gis tri ¢6 dinh bing cach gi6i han day con lai t6i Ny ky higu gan nhit véi -
Ny >> 5L,

o3

R
o at
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11-2-4 Tin hiéu cho kénh cé suy hao

Trong phin 11-2-1 va 11-2-2 ta da trinh bay van d@ thiét ke tin higu cho cac bo loe thu phat khi kénh
la 1y tudng. Trong phin nay ta xét viée thi€t k& tin hieu cho kénh khéng ly tudng, ¢ lam suy hao tin
hiéu. Tiéu chudn dé t8i wu hoa cac bg loc 1a cyc dai héa SNR cia tin higu diu ra cia bo lpc gial digu
ché hay tuong duong 1a tin hiéu & du vao bd xac dinh. Nhiéu cong trén kénh gia thiét 1a gaussian v6i
phé mat do cong suit ®,,(f). Hinh 11-2-9 trinh bay sc dd khoi clia ca he thoéng.

N 56 ligu . 56 lidu
I. Ao | o - Kec (“h” Loe gial Boxfcdinh | T8
. Grlt) Ge(t)
Nhidu gaussian

Hinh 11-2-9: He théng cac b loc thu phét

Ta cé:
: Gr(f)C(HGr(f) = Xa(fle >, {fI<W (11-2-65)
Xa(f) 1a dap tng tAn s6 mong mudn cia hg théng ndi tiép gdm b didu ché, kenh, bo giai didu ché va
to 1a d0 tré dé c6 thé thyc hién duge cac bo loc thu phat. Ta co thé chon Xa(f) dé khong c6 18I hodc

htong ISI didu khién duge. Gid sit ta xét trudng hop khong c6 ISI va khi d6 Xa(f) = Xre(f).
Nhidu & d3u ra clia bo loc giai digu ché la

v{t) = /jo n{t — t)gr{r)dr (11-2-66}

Do g{t) la bién ngiu nhién gaussian c6 gia tri trung binh bang § nén v(t) cing la bién nglu nhién
gaussian co gia tri trung binh 0 va phd mat do cong sust la

‘I:'uu(f) = q:'mrl (.fHGR(f)P (11'2'67)

Dé don gian hoéa khi trinh bay, ta xét viéc truyen thong tin bing tin hi¢u PAM nhi phan. Céc méu &
diu ra cia bd loc phdi hgp 1a
Ym = 3011'11 + vm = Im + Um (11-2—68)

2o dugc chudn hoa bing don vi, I, = +d. vy 13 thanh phan nhiéu co gia tri trung binh bang 0 va sai
phuong

[ u]
ot = [ Bun (DGR (11-2-69)
Xac sust 16i 1a L e
P=—— | e V/iy= &2]c? 11-2-70
e R Q (V&) (11-2-70)
Xac suét 181 duge t8i thidu hoa biing cach cyc dai héa SNR d? /o hay t6i thidu hoa o%/d®. Nhung
ta cé '
2 o0
P = Bl [0 gh(t)dt = & [T, o)t (11-2.71)
¥ = prle |Gr()I*df
G7(f) o thé chon dé thoa man dizu kién khéng c6 ISI
X"‘C
Gr() = el g < w - (11-2.72)

IC(HNGR{AI
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vaGr(f)=0v6i |f| > W. T do

i: 1 /W | X (F)?
d@>  PoT J_w IC(HPIGR(F)?

Nhu vay o2 /d? duge t6i thidn hoa theo |Gr{F)| v6i |f] < W la

df (11-2-73)

J—E = 1 ¥ 2 W inc(f)F

7= ?.ff,w Prn{FIGR(S)| df.[_w CihEcaEY (11-2-74)
IAP dung bit ding thitc Cauchy-Schwartz
< oo - - ,
- [ e [ woka 2 [ | (11-2-75)

vai
(N = V8 HIGR(F)]

() = Ay (11-276)

Gia tri t6i thidu trong (11-2-74) c6 duge khi |U3(f)| ty 16 v6i |Us(f)| hay khi

X )]
@ (NPFA(CTAIT

K la mot hé s6 tuy 3. Khi do dap ting bien d6 cia bo loc didu ché 13
_ 1 XD [@n ()

IGr(f)| = K Ifl< W | (11-2-77)

, <W 11-2-78
Cudi cling, gia tri cyc dai cia SNR khi da t8i vu héa cac bo loc thu phéat 1a
& P.T :

= 11-2-79
5 {0 XDl @nn (NI2C(F) )2 ( )

Céac dap tng pha cla Gr(f), Ga(f) duge lua chon dé théa man didu kién sau
Or(f) + Or(f) + O.(f) = 2nfto (11-2-80)
Trong trudng hop dac biet khi nhiéu cing & dhu vao bo gidi dizdu ché 1a gaussian v6i phd mat 4o

cong suét 7 Np thi
Gr(f)l = KXl
IGr(D] = Kplnr?
Chu y rang trong truong hop nay |Ga(f)| 12 bo loc phéi hop véi |G7(f)|. Gia tri SNR don gian thanh

& _ T | Y X)) _
= M, UW ol ¢ (1125

lfl<W (11-2-81)

Vi du 11-2-1
Xac dinh cac bg loc t6i vu thu phat cho mdt hé thdng truyén théng nhi phan hoat dong & tde do
4800 bit/s qua mot kénh c6 dap ting bien d6 .

1

C = —_—_—_—— < W 11-2-83
CUN = s, 111 < (11-2-83)

o
%

=
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v&i W = 4800 bit/s. Nhifu cong la gaussian trdng, gi4 tri trung binh bing 0, phd mat do cong suit
1Ny = 10-1% W/Hz.
Do W = 1/T, ta sit dung tin hidu xung c6 phd dang xung cosin voi hg 58 § =1

Xrelf) = %T[l + cos(nT|f)] = T cos® (%‘%) (11-2-84)
Nhu vay "
2
Gr(P) = IGR(DI = [1 +(395) ] cos (F). MN<W (11-2-85)

L va|Gr(f) = Gr(N)l=0valfl>W

Gy ()
1

4800 0 4800 [

Hinh 11-2-10: Dap imng tan s6 clia bo loc thu phat 131 uu

11-3 Xac sudt 16i khi sit dung tin higu PAM

Trong phin nay ta xac dinh higu qua bd thu x4c dinh s6 ligu khi tin higu 13 PAM M mifc.

11-3-1 Xac suft 18i khi khong co ISI
Khi khong c6 ISI, méu tin higu nhan dude & diu ra cia b loc thu la

Y = Zolm + Um (11-3-1)
va, .

w
=[Gt =4 (11-3-2)
v 12 nhibu cong gaussian tring c6 gia tri trung binh bang 0 va sai phtong
1 .
’TE = ~2-§9N9 (11'3‘3)

I, c6 thé nhan mot trong M gia tri bién. d6 cach déu nhau va dodng xéc sudt. V@& mot mic bién
d6 cu thé nao do, vén de dit ra 1a xéc dinh xéac suit 16i. Xac sudt 15i cia tin hisdu PAM M mitc cing
gidng xac sudt 161 xac dinh sai tin higu PAM trong phin 7-2 v bang

Pa = 20 (faey /o) | (11-34)

Nhung £, = 38ao /(M2 —1),£ay = kpay 12 néng lugng trung binh mgt ky higu va mot bit. Nhu vay din
t61

Pas - (M ~1) Q ( 6(log, M)&bau) (11-3-5)

M (M2 - 1)Nu
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11-3-2  Xac suit 16i khi si dung tin hiéu dap g ting phin

Phan nay ta xac dinh xac sust 18i clia vige xac dinh tin hisy PAM s6 M mirc sit dung xung nhi phan kép
hay xung nhi phan kép sita déi. Kenh gia thidt 14 c6 dai thn hiy han Iy tudng c6 nhisu c@ng gaussian
tring. Mo hinh cia he thdng trén hinh 11-3-1.

86 ligu M miie ‘ea . Biura
. Ef;'.tlfsz »{ B3 lge phat B3 loc thu o Bixdcdinh | _
- P01 G G
AWGN

Hinh 11-3-1: M5 hinh hg théng truyen thong sir dyng tin higy dap (ng ting pliéan

Xac dinh ky higu-ky hisu 0 phia phat, day s6 lieu M mirc {D,,} duge tidn m3 héa, Dau ra ciia
bd tién m& héa la M gi& trj mitc bign d6 c6 thé. Dau ra cta b$ loe phat 13

v(t) = i Ingr(t — nT) (11-3-6)

Ham dap ing timg phan X(f) duge chia dén gitta b¢ loc phat va bo loc thu, nhy vay 13 bo loc thu la
phéi hop v6i xung phat di va ta co

IGT(£YGr(f)) = |X ()] (11-3-7)

bau ra cta bs loc dugc 18y mAu tai cac thai diém t = n7 = n/2W va cac min duge dua vao by giai
ma. D6t vai tin higu nhj phan kép, cac méu tin higu 1a

Ym =Ly + Iy + U = By + vy, (11-3-8)

trong d6 v,, 1a thanh phin nhiéu, Khi tin hiéu 14 nhj phan kép sita ddi thi
¥m = Iy — m=-2 + Uy = Bm + Uy (11-3-9)
Khi tin hiéu 14 haj mic, [, = +d va cac gi4 tri cha B, la 2d, 0, —2d. D&i véi tin hiséu PAM A7 mite,
khi I, = +d, +3d, +5d, ..., £(M-1)d thi cac mitc tin higu nhan duge 1a B, = 0,%2d, £44d, .. ., +2(M -
1}d, $6 mitc tin hieu nhan dugc 14 2M — 1 va khi d6 hé s6 d tuong duwong vei g = §,. Cac ky hieu

{Im} gia thigt 1a dong xac sudt, khi khéng c6 nhifu, d6i véi ca haj loai tin higu thi cac muc tin higu
nhan duge s& 6 qui ludt phan bd nhu sau

P(B =2md) = %}ﬂ, m:O,:I:I,:l:2,...,i(M—I) (11-3-10)
B 1a mirc tin higu nhén dutge khong c6 nhiéu.

Ta gia thigt réing sai ky hiéu xay ra khi bign d6 nhiéu cong 16n hon d. Cac thanh phin nhiéu v, 13
gaussian c6 gia tri trung binh bang 0 va saj phuong

w w
o = %Nof_w |Gr(£)Pdf = %Ng/_WJX(f)fdf = 2Ny/m (11-3-11)
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d6i v6i ci hai loai tin higu nhj phan kép va nhi phan kép sita ddi. Gi6i han trén cia xac sust sai ky
hiéu 1a
M-2
Py < Y. P(y-2md > diB = 2md)P(B = 2md) -
m=—(M-3) '
+2P(y +2(M - 1)d > dIB = —2(M — )d)P(B = —2(M — 1)d)

M-1
P(ly| > djb = 0) l2 Y P(B=2md) - P(B=0)-P(B = —2(M — 1)d)}

m=0
: = (1-M7*)P(ly| > d|B = 0) (11-3-12)
‘Nhung |
Ply| > d|B =0) = 2 f e~ 1270 gz = 2 (\/ﬂ'd2f2No) (11-3-13)
V2no, Ju
nén xac sudt sai ky hiéu trung binh bi gi¢i han trén béi
Py < 2(1- M®)Q (\/frdQ/?ND) | (11-3-14)

Tham s8 d ¢6 thé bo qua khi ching ta bidu dién céng thite trén theo cong suit trung binh. D6i véi tin
higu PAM M mitc ddng xac sudt, cong sudt trung binh & diu ra cia bo loc phat 1a

Poo= ) [* onipr = BB [ | i = e (11-315)
E(IZ2) 1a trung binh binh phuong cta M mtc tin higu va bing
B(I2) = %d2(M2 -1) ' (11-3-16)
Nhung
‘ | d = %}% - (11-3-17)
va thay vao (11-3-14) ta thu dugc gi6i han trén cia xac suét sai ky higu 1a
Par < 2 (1 - 3—;3) Q (\/(2)2 Mf_ 1?\4*_0) (11-3-18)

Khi so sanh véi tin hisu PAM M mitc khong c6 ISI, ta th&y d6 hieu qua trong trudng nay kém hon
2,1 dB. 8¢t suy hao trong SNR nhu vay la do bo x4c dinh thyc hign cac quyét dinh trén cg s ky hidu-ky
higu va bé qua tinh nhé trong tin higu nhan duge & daw vao bo xac dinh.

X4c dinh ddy ML Bo xac dinh day ML tim trong ludi day {I,,} c6 nhigu kha nang nhit nhy
trong phan 11-2-3. D¢ hidu qua ciia b xac dinh dugc tinh dya vao x4c sudt sai, dya trén khoang cach
euclide nhu trong phin giil ma xéc dinh mém cho ma chap. Dé&i v&i tin higu nhi phan kép hay nhj
phan kép sita ddi thi khong c6 do suy hao 2,1 dB nhu trong phuong phap xac dinh ky higu-ky hicu.

11-3-3 Xac sudt 16i trén kénh c6 suy hao

Trong phan 11-2-4, ta da xac dinh d&p tng cia bo loc didu ché va giai digu ché cyc dai héa SNR & diu
vao bd xac dinh khi kénh c¢6 suy hao. Khi cac bo loc dugc thiét k& dé khéng c6 18I & cac thai didm 14y
mau thi x&c sudt 16i cla tin hisu PAM M mitc 1a

Py = yf‘fﬁ;—”Q (\/dz/ag) (11-3-19)
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Tham s8 d lien hé v6i cong sugt phét trung binh theo cong thitc

2 w 2 _ (Vg2 W
Pov= 238 [ 16y = B~ 1 [ e (11-3:20)

va sai phuong cia nhidy duge xac dinh trong cdng thic (1 1-2-69). Dé&i v6i kénh AWGN, (11-3-19} duge
biéu dién thanh
—2
2AM - 1) 66as /“’ [Xre ()]
Py d 11-3-21
¥ETar O \J(Mz-l)wu[ﬁw ol ¥ (1321

Ta thay ti cong thic trén ring d% suy hao v do hiéu qua do kenh co suy hao la

W X)) )

11-4 Ma digu ché lam nhon pho tin higu

Xét he théng ghi bang tit nhu trong hinh 11-4-1, Day s6 ligu nhi phan dugc sit dung dé tao ra dong
dién ghi va dong dien nay ¢6 thé coi 13 diu ra cia b didu ché. Thong thuong day bit duge chuyén
thanh déng dién theo ma NRZI .

|
S8 Lidu vao Déng dign ghil N . o Thidt bj 09
" (d? MY g)g Dﬁu ghl llnl irit 0.8 / \
(kénh) o1 f 13
T 06 / )
05 A
04 / \
~— Gidi difu chs], Dy tit dge 0.3
86liéu ra - a8 ligu 02
0l
9 I
Hinh 11-4-1: Hs théng ghi doc bang tir Hinh 11-4-2; Xung doc lai trong

h& théng ghi doc bang tit
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Tso 12 do réng xung tin higu § mitc 50% gia tri bien d. Tuong ty, tin hiéu doc lai v6i chuyén ddi &m
1 —g(t

Gia sit ta ghi mot chuydn d6éi dwong va ngay sau d6 la mot chuyén d8i am, khodng thai gian gitta
hai chuyén déi 1a T}, tuong ing v&i chuyén déi tit xung p(t) thanh —p(t — 7). Tham s6 A = Tso/To
goi 1a mdt dp chudn héa.

0.9 L > A=)
gi A=3 ‘f ~\\
06 et/ 13
Py I 2 A ’
04 LT oy i 0 0 ¢ 0 0
N2 R O DR Oand
0.2 /.
0.1 / L I |
O =2 - o 1 2z 3 4
1T,
Hinh 11-4-3: Chuyén ddi gitta hai Hinh 11-4-4: May tao mé (d, k)

xung duong va am

Ta thiy ring khi A tang thi dinh bién dd cta tin hidu doc lai giam di va tang 4o dich thdi gian so
véi thoi didm chinh xac. Nhnat vay khi A tang thi che xung sé anh hudng 1&n nhau va ta phai gidm mat
d6 ghi. Van d& 1a phai thiét ké ma dizu ché lam cho cac chuyén déi cach cang xa nhau cang t6t. Mot
loai mé hay dung 1a ma NRZL Mot vin d& khac v& ma dibu ché 1a phai tranh thanh phin dc do dap
{tng tan s6 cila h¢ théng ghi doc va trong ca cac hé thdng truyén cép.

Ma (d, k) Ma nay c6 qui dinh v& s6 ky hidu 0 hay 1 lién tiép nhau. d 13 s6 lugng cyc tiéu cac ky
higu 0 lién tiép giita hai ky hi¢u 1 trong day va k 1a 38 lugng cuc dai cac ky higu 0 lién tiép gitta hai
ky hieu 1. Gia sit dung ma NRZI, anh hudng cita d 1a khodng cach gitta hai lan chuyén déi du lon dé
khéng (hay gidm nhd) anh hudng ciia cae tin higu lien tiép. Tham s6 k dé xac dinh khodng thai gian
cuc dai gitta hai 1an chuyén d6i, tit d6 bao dam tinh ddng bo tin higu gita phia thu voi phia phat.

Ma (d, k) dugc bidu difn bdi mot may co k + 1 trang thai, ky hiew 1a 85,4 = 1,2,..., k+ 1. Bit s6
lieu ra la 0 (tng v6i chuyén déi tit trang thai S; thanh Sit1, % < k. Bit s8 lieu 1 Ung voi chuyén déi tu
trang thai ndo d6 v& trang thai 5.

May tao ma (d, k) c6 thé bicu dién bsi ma tran chuyén d6i trang thai, ky higu 12 D, 13 ma tran
vuéng (k + 1)x(k + 1) v6i cac phan tit 1a di; ma '

dypy = 1 i>d+ 1)
i = [l u=itD (11-4-2)
i = 1 0 (cae gis tri khac)

Vi dy 11-4-1
Xay dimg ma tran chuyén déi trang thai cho ma (d, k) = (1,3). ma tran d6 12

D = (11-4-3)

— =
o oo
o oo
o B i c i e

Mot thém 58 quan trong clia ma (d, k) 1a s8 day d¢ dai n nao d6 thoa man didu kign cia ma. Khin
tang, s6 day N(n) théa man didu kién clia ma clng téng 16n va s§ luong bit thong tin ¢6 thé bidu dién
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bdi mét cac day N(n) la
k = [log, N(n)]

T6c 49 ma la R, = k/n.
Thong luong cia ma (d, k) duge dinh nghia 13

. 1
Cld, k) = nanég - log, Nin) (11-4-4)

Shannon da chitng minh duge ring
C(ds k) = 10g2 )‘maz (1 1-4~5)
VOl Amae 18 gia tri rigng thiee 16n nhit clia ma tran D.

Vi du 11-4-2

Xac dinh thong luong ciia ma (d, k) = (1,3). Sit dung ma tran chuyén ddi trang thai trong vi du
trén, ta cb

=X 1 0 0
1 -2 1 0
det(D - AD) = det| | 0 -x 1
1 0 0 =i
= M-A_a-1=0 (11-4-6)

Nghiém thyc cue dai 1a M. = 1,4656, nhut vay thong lugng C(1,3) = logy Amaz = 0, 5515,

Xét vige xay dung ma (d, k). M3 c6 thé 1a m3 ddu hay ma khong d®u. Khi ma la déu thl méi khéi
k dugc ma héa thanh khdi n bit. Trong tap hgp 2" tit m4, ta chon ra tap h¢p con cac tit ma thda man
- digu kién ctta ma (d, k). Trong tap con nay, ta lai b di cac tU ma ma khi ghép lidn véi nhau khong
théa méan digu kién ciia ma (d, k).

Vi dy 11-4-3 . :

Ta xay dung ma (0,2) c6 do dai 3 va xac dinh d3 higu qui. Ta chon duge 5 tit ma théa man cac
digu kign da neu la (010), (011), (101), (1 10}, (111). Chon bén tit ma nao d6 dé ma héa cho bén khdi
2 bit théng tin. Nhu vay tc do ma la kfn = 2/3. Ma c6 d6 dai ¢6 dinh trong vi du ndy c6é do hien

qua khong cao lm. Thong lugng ctia ma l1a C(0,2) = 0,8791 va ma nay ¢6 dg higu qui la

R _ 2/3 _
C(d,k) ~ 0,8791

0,76

Vi dy 11-4-4

Xaydungmad=1k=coc6dodain =5. C68 tit ms dé dai 5 théa man cac didu kign cia ma
(d,k) va nhu vay méi tit m3 ma hoa cho 3 bit théng tin. Tdc do ma la R, = 3/5 va thong huong cla
mé C(1,00) = 0,6942 v d¢ hiéu qua la 0,864.

Vi dy 11-4-5
Ta xay dung ma (2,7) c6 d6 dai tit ma thay déi. Cha ¥ rang bang ma sau khong phai 1a duy nhit,

toc d9 ma la R, = 1/2 d&i v6i moi tf ma nén ma nay goi 1a ma cé t6c do 8 dinh. Do higu qui cla ma
12 0,966 va ma théa man didu kien prefix.
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Bang 11-4-1: Ma (2,7) c¢6 do dai thay doi

Cac bit thong tin vao T mé

10 1000

11 0100

011 000100
010 001000
030 100100
0011 00106160
0010 00001000

',

'  Chuyén cac bit ma thanh cac tin higu Diu ra cia bo mé hoa dugc cho vao bo ditu ché dé tao
tin hiéu truyén trén kénh. Ma NRZI 1a loai ma théng thudng dugc stit dung. Viée ma hoa vi sai dugc
thic hien & khau tign ma hoa va duge mé ta toan hoc la pr = d @ pr_1, trong d6 {d;} la day vao bo
tién ma hoa, con {pr} la day sau tién ma héa.

BAI TAP

11-1 Keénh duge goi la khong suy hao néu dap Gng y(¢) voi dau vao z(t)} 14 Kx(t — o) vol K va ity
1a hing s6. Chting t& ring néu dap ing tin s3 cla kénh la A(f)e®7} v6i A(F) va 6(f) thyc thi didu
kién cin va di d8 truydn khong ¢6 suy hao 1a A(f) = K va 8(f) =2rftotnr,n=0,1,...

11-2 Xét xung cé6 phd dang cosin trong (11-2-26). Ching t6 ring dap ing xung tuong ung duge
bidu dién trong (11-2-27). Xac dinh bién déi Hilbert ciia z(t) 1a £(t) khi 8 = 1. Ligu £(t) c6 tinh chat
gitng z(t) ¢é truydn s6 litu khong?

11-3 a. Chtng to rang (dang tong Poisson)

o

z(t) = Z g(t)h(t—kT)aX(f)z% i H(;)G(f“%)

k=—nc n=-00

b. St dung két qua trong cau a, chitng minh cac cong thic sau:

i h(kT):% i H(%)

k=—oc ne—oc
3 _1 - n j2ant
k;@h(t -kT) = T n;mH (T) exp ( T )
k:;w MET) exp(~j2nkTS) = ﬂ:z_mH (-2

¢. Bidu dién didu kien dé khong co ISI (theo tiéu chudn Nyquist) bing cach st dung dang tong
Poisson.

11-4 Gia sit mdt hé thdng truyén thong s§ sit dung xung dang gaussian z(t) = exp(—rae®t?). DE
giam lugng ISI, ta dat didu kién z(T") = 0,01 véi T 13 khoang théi gian ky higu. D§ rong phd W clia
z(t) duge dinh nghia 1a gia tri W dé X{W)/X(0) = 0,01. Xac dinh gia tri W va so sanh v6i phé dang
cosin khi g =1. °

11-5 Mot tin hiéu ¢6 dai tin hite han trong khodng W dugc bidu dién béi

= sin[27W (t — n/2W)]
t) = n
st)= 3 @ 22W(t - nJ2W)

n=—od

8-CSLTTT -T2
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a. Xac dinh phé X (f) va biéu dién hinh hoc | X (f)] trong eac truomg hop san
Tg = 2,931 = 1,.."32 = —1,.’Cn = 0, n #0,1,2

I_1=—1,$0=2,$1:—1,Iﬂ=0, n;é—l,ﬂ,l

b.Vé z(¢) trong hai truéng hop nay

¢. Néu ta sit dung céc tin hiéu nay cho viée truyén cac tin hig¢u nhi phan, xac dinh s6 mitc tin hién
¢6 thé nhan duoc tai cac thei diém ldy miu t = nT = n/2W va x&c sudt xudt hién cac mie tin higu
nay. Gia thiét cac ky hi¢u nhj phan truysn di la dong xac suat

11-6 Chimg té ring v6i moi 3 ta luén co ffom Xeelf)df =1

11-7 Day dau vio bé tidn ma hoa 13 10010110010, day dau ra duge didu ché st dung tin hiéu nhj

' phan kép. Xay dung day titn ma héa, cac mit bién do truyén di va day giai ma.
11-8 Cang nhu bai trén v6i tin higu 1a xung nhj phan kép sita déi.

oA
0‘.%&‘:‘
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Chuong 12

TRUYEN TIN QUA KENH

TUYEN TINH CO BANG TAN
HUU HAN

Trong ehuong trudc, ta tip trung vao vige thidt k&€ cac bs loc didu ché va gidi didu ché sit dung trén
kénh co bang tan hitu han. Trong qua trinh thiét k& ta giad thigt ring dap ng cia kénh 13 da biét.
Nhung trong thuc t&8 thi néi chung Ia ta khong biét trude cac dic didm cia kénh hofic chi bidt mot s8
dic dién: cia kénh nhung khong day dd, didu d6 chi yéu 1a do dap ing cia kénh thay déi theo thai
gian, din t6i ta khong thé thiét k& bo loc gidi didu ché tdi wu ¢8 dinh duge.

Trong chuong nay ta xét viec thiét k&€ bo thu cho kénh ¢6 suy hao, dap ing khéng biét trude va
nhiéu AWGN. Keénh nhu vay sé c6 ISI va d€ bit lai & b thu, ta sit dung cac bo can bang.

12-1 B thu t6i vu cho kenh co6 ISI va nhidu AWGN

Trong phan nay ta trinh bay ciu tric bo giai didu ché va xac dinh t&i uu cho tin hiéu truydn qua kénh
khong 1y tudng, cé nhidu cdng gaussian va c6 bang tan hitu han. Gia sit tin hiéu truyén di duge cho bo’l
cong thitc (11-2-1) thi tin hiéu nhan duge (hay tin higu thn s6 thap tudng duong) la

ri(t) = > hi{t —nT) + 2(t) (12-1-1)
h(t) biéu dién dap ing cta kénh v6i tin hidu vao l1a xung g{t) va z(¢) 14 nhifu cong gaussian tring.
12-1-1 B§ thu ML t8i vu
Khai trién tin hiéu r¢(¢) thanh dang chudi

N
ri(t) = N!i_t’anrk fi(t) (12-1-2)
k=1

trong do {f:(¢)} la tap hgp day di cac ham trie chudn va {r;} 13 cac bién ngiu nhién thu duge bing
cach chidu r;(¢) 1én cac ham {fi(t)}. Ta co

re = 2 Inhin + 2 : (12-1-3)
n
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hgn va 2y 14 hinh chigu cia At - nT) va z(t) 1én ho ham tryc chuén. Day {zx} la gaussian, co gia tri
trung binh bing 0 va sai phuong

%E (zkzm) = Nodpm (12-1-4)

Ham ham mat d¢ phan b6 xac sudt dong thoi ciia cac bién ngau nhién ry = [r17r2...7N] vai didu kién
day truydn di L, = [\ L,... L) véip< N Ia

2

) (12-1-5)

N N
1 1
plrally) = ('%—Ng) exp (—m E Tk — E Inhin
k=1 n

Khi 86 lugng cac bifn nglu nhién quan sat duge N tién téi vo han thi loga cia p(ry|I,) ty 12 véi do do
PM(I,) duge dinh nghia la
o0
/.

-/m ()] dt + 2Re {I,: /m ri(t)R* (t — nT)dt

2
dt

PM(1,)

() = > Inh(t - nT)

=N L / ” R*(t — nT)h(t — mT)dt (12-1-6)

Uéc lugng ML day I 1,. .. I 1a day lam cyc dai d¢ do trén. Cha ¥ rang |ri(t))? la khong déi véi moi
d6 do nén c6 thé bd qua. Mat tich phan khac cho ta

yn = y(nT) = /hoo r{t)h*(t — nT)dt (12-1-7)

Céac bién ngiu nhién nay ¢6 thé tao ra bing cach cho r(¢) qua mdt mach loc phdi hap véi h{t) va lgy
mau dau ra voi téc do 1/T. Tap hop cac méu {yn} tao nén mot tap hop c6 di cac tinh chat thdng ke
dé tinh cac d6 do PM(I,) hay cac do do tuong quan:

CM(I,) = 2Re (Z I,';y”) —> > Lilnzaenm (12-1-8)

Tt m

z(t} la dap tng ciia bo loc phdi hop khi tin higu vao 1a A(t)
o
Zn = a(nT) = f h* ()t + nT)dt (12-1-9)

Nhu vay z(t) bidu dién dau ra cia b loc ¢6 dap img xung h*(—t) voi tin hiéu kich thich 1a A(t) hay
z(t) la ham ty tuong quan cta h(t).
Thay (12-1-1) vao (12-1-7) ta c6

v =Y InTpon + vk (12-1-10)
vx biéu dién nhidu cong & diu ra bs loc phéi hgp
[ae]
v = / z(h"(t — nT)dt (12-1-11)

Dau ra ciia bo giai didu ché tai thai didm 18y méu bj ISI theo cong thite (12-1-10). Trong thue t&, ta co
thé gia thist ISI chi anh hudng t6i mot 88 hitu han cac ky hiéu hay z,, = 0 voi |n| > L. Nhu vay lugng

o
R
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ISI nhan duge co thé coi 14 diu ra clia m6t may co hita han trang thai nén co thé bidu dau ra clia kénh
bang so d6 lusi va udc lugng ML day théng tin (113 ... 1) 1a tim mat dudng dan trong 1usi nhidu kha
nang nhét ting voi diy nhan duge {y.}. Rd rang thuit toan Viterbi vin c6 thd ap dung mot cach ¢6
hiéu qua trong trudng hgp nay.

Céc do do trong qua trinh wdc luong ML day {I;} trong (12-1-8) ¢6 thé tinh mot cach truy hoi theo

quan hé
L
C‘WH(I'!) = Cﬂ’fn—l(]:n—l) + Re [I; (27 n - xO-lrn -2 Z Imf,l_,n)] (12‘1‘12)

; m=1
ll

I:[;lignh:!?.rum B4 loe Thudt toan

_ phéi hop - Lf{y miu Yiterhi e

7|") %1 (MLSE)
t=kT

Hinh 12-1-1: Sg db bo thu téi 1tu cho kénh AWGN vei 18I

12-1-2 M6 hinh réi rac cho kénh ISI

Do phia phat truygn cac ky hidu mét cach rai rac theo thdi glan va cac m&u nhan duge & dau ra cta bo
loc phdi hgp & phia thu ciing réi rac theo thdi gian v6i td¢ dé 1/7 miu/s, ta thdy ring qua trinh ghép
ndi tiép bo loc tuong ty & phia phat c¢6 dap ing xung g(t), kénh voi dap ing c(t), bo loc phdi hap &
. phia thu co dap 1tng h*(—t) va b0 14y miu c6 thé bidu dién mot cach tuong duong bing mdt b loc voi
che hé s6 {zx}. Nhu vay ching ta ¢6 mot bo loc twong duong hoat déng trong khoang thai gian 2LT
gidy. Dau vao cha bg loc nay la cac ky hiéu thong tin {I;} va dau ra 1a day {y}. So db bo loc tuong
duong duge vé trén hinh 12-1-2.

{f,) -1

£

= & T

ir)

Iv,}

Hinh 12-1-2: M6 hinh kénh tuong duong rdi rac theo thai gian co 18I

S5 dung md hinh tuong duong rdi rac theo thoi gian trong viéc tinh d hidu qua cila cac phuong
phap can bing la do sy twong quan cia day nhidu {vx} & dau ra bd loc phéi hgp. Day {vx} c6 phan bé
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gaussian, gia tri trung binh bang 0 va ham ty tuong quan

%E(uiv;)# { gr"x’““‘ H: :il Eg (12-1-13)

Ninr vay day nhidu 1a 6 tiong quan trit khi ; = 0,% # 0. Do ta thudng tinh toan vai day nhiéu tring
khi tinh d% hiéu qua nén ta sé lam tréng day nhiéu nay bang mot bo loc goi la bg loc lam tring nhidu.
B& lgc lam trang nhidu duge mo ta nhu sau.

Goi X(2) 1a bién déi z cha day tu tuong quan {zz):

k=L
X(@2) =Y me* (12-1-14)
k=—L

Do g =z nén X(z) = X*(-z) va 2L nghiém ctia X (z) 14 d6i xiing theo nghia néu p 1a nghieém thi
1/p* cing la nghiém. Nh vay X (2) c6 thé tach thanh hai thanh phin

X(z) = F(2)F*(z™1) (12-1-15)

F(z) la da thitc bac L c6 cac nghiém 13 py, pa,. . ., pz, con F*(—z) ciing la da thitc bac L c6 cac nghiém
1a1/03,1/p3,...,1/p}. Khi do bg loc lam tring nhidu ¢6 bién déi z 14 1/F*(z~1). Do c6 2& kha nang
Iwa chon cac nghigm ciia F*(271), cac lita chon dzu cha dap tng bien d6 cia bé loc gidng nhau va chi
khac nhau ¢ dap Ung pha nén ta c6 thé chon dé F*(2') ¢6 pha t5i thidu. Didu dé c6 nghia la t&t ca
céc nghiém cla F*(z~'} déu ndm trong dudng tron don vi va nhu vay thi 1/F*(271) la mét bo loc rai
rac, 6n dinh, nhan qua. Cho day {¥:+} qua bd loc lam tréng nhifu 1/F*(2~1) thi dau ra bo loc nhan
duge day {v} '

L
v =) falk—n + i (2-1-16)
n=>0
{m} 1a day nhiéu gaussian trdng va {fi} 12 tap hop cac hé s3 cia bg loe i rac tuong duong co ham
truyén F(z).

Tom lai, ghép ndi ti€p bo loc phat g(t), kénh ¢(t), bo loc phéi hgp k*(—1), bo ldy miu va bo loc
lam trdng nhigu 1/F~(2~') c6 thé bidu dién bhng bo loc rai rac twong duong co tap hé s6 {fe}. Day
nhiéu {n;} 12 nhiéu cong gaussian tring c6 gia tri trung binh bing 0 va sai phudng Np. Ta goi mé hinh
nay la mo hinh réi rac tuong duong c6 nhidu tring va duge vé trén hinh 12-1-3.

{5}

V= wd T

{v)

{(n:}

Hinh 12-1-3: M6 hinh rdi rac tuong duong cé nhidu tring

R
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Vidu 12-1-1

Gia st bd phét tac ra xung gt) ¢6 dd réng 7' va néng lugng don vi. Tin hiéu xung nhin duge
la h(t) = g(t} + ag(t - T). Xac dinh m hinh rdi rac tuong ducng cé nhiéu tréng.

Cac méu cua ham ty tuong quan la

*

a (k=-1
% ={1+la® (=0 (12-1-17)
a (k=1)

Bign ddi 2z cia x, 1a

X(z)

i xkz"‘
k=-1

a'z+Q1+la®)+az?

(az”' +1a'z + 1) (12-1-18)

(Gia thidt {al > 1 va ta chon Fiz) = az”' + 1 thi bd lo¢ tuong dudng ¢6 hai hésbfy=1,fi=ava
L-% .
Xy = anfm, k=01,..L (12-1-19)

Khi dap tng xung cua kénh thay d8i cham theo thdi gian thi bd loc phdl hdp cta bd thu cing
tré nén thay ddi theo thdi glan Khi d6 thi bd loc roi rac tuong duong ciing thay dd1 theo thai
pian va lugng IS ciing thay d6i theo thdi gian.

12-1-3 Thuét toan Viterbi cho mé hinh rdi rac tuong duong cé nhiéu trang

"Ching ta dua vio day {v,} @é ude lugng ML day thong tin {I;}. Khi lugng ISI anh hudng L + 1 ky
hiéu (L thanh phan anh hudng), tiéu chuén MLSE tudng dudng vdi wde lugng trang thai cua
mot may rdi rac cd trang thai hitu han. Trong trudng hgp nay méy 13 kénh rdi rac tuong duong

c6 tap hé so {fk} trang thai tai mét thdi diém dugc xac dinh bang L tin higu vao gin nhit. Trang
thai d thei didm tha k 1a

Sp=yq, gy s Iy) (12-1-20)
1, = 0 véi k < 0. N&u céc ky hidu thong tin ¢6 M mic thi kénh c6 M" trang théai va duge mé ta
bang ludi cé6 M* trang thai.

Ta bit dAu véi cac mAu vy, Us, ..., Uz, bt 46 ta tinh M™ db do:
L+1

Z In p(vk |Ik‘Ik-lF“" Ik—[.) (12—1—21)
k=1

M day ¢6 thé Ipe, Iy, .., I, I, duge chia thanh M* nhom tuong dng véi M" trang thai Uy,

I, ..., I). M day trong mdi nhém khac nhau 8 ky hi¢u I,. Tu M day trong mdi nhém, ta chonra -

day 6 xac suat 16n nhat (theo I)) va d6 1a déy con lai véi df do
PM,(y,,) = PM,(p. 0,11, 1)

L+l
= max > in p@y s Ly Do) (12-1-22)
L k=1

Duavao vy .4, M L 33y con lai duge mé réng ra mdt nhip va cae 46 do con lai duge ting thém mét
lwong 12 In plog. ;[T z0 1 1se Ip) . Tiép theo, ME*1 day lai dudc chia thanh M nhém tuong ing
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v6i ML trang thai ({L+2,...,13) va qua trinh lam tuong ty nhy trén. Téng quat, khi nhan dude vipr,
do do

PM), (IL.H,;) = rr}ax[lnp(vLJrkUL_M, Cey IL) + PMk._.1(IL+k_1)] (12—1—23)

duge tinh, Nhu vay khi nhin duge mot ky higu moi thi thuit toan Viterbi trudce tién sé tinh M xace
suit
Inpvprallows, . Ie) + PMy 1 (Tpip—1) (12-1-24)

Nhit da biét, dé tré khi xac dinh méi ky hiéu théng tin khong phai 14 mét s8 ¢d dinh, nhung trong
thue t& co thé coi d¢ tré la hing sd néu ta cit diy con lai chi gdm ¢ ky hiéu ghn nhdt, ¢ > 5L.

Vi dy 12-1-2

Gia s tin hi¢u nhi phan kép duge sit dung dé truyén tin hieu PAM 4 mitc. Méi ky hiéu la mot s6
trong tap hgp {—3,—1,1,3}. Lugng ISI didu khién duge d&i véi tin higu dap ¢ng ting phin nay duge
biéu dién bot mo hinh kénh roi rac tuong ducng nhit trén hinh 12-1-4. Gia sit ta nhan dugc vy, v;

v = Ij+m

12-1-25
ve = DL+5L+m ( )
Bauvao I, L

Biura
vyl +f_ +1,

0 T N
ia) b}

Hinh 12-1-4: M5 hinh kénh rdi rac tuong duong ¢6 151 st dung xung nhi phan kép
Ching ta tinh 16 do do
2

ve = Iij I I = 1 %3 (12-1-26)

1
PM (I3, 1)) = —
1 J:O

2
k=

T = 0 khi k& < 0. V6i méi tin hiéu nhan duge sau d6 khong anh hudng t6i I; nén ta ¢o thé bd di 12
cap {f1,2}. Nhu vay d6 do ing véi day con lai la

2 1
PMl(Ig‘—_:},I]):II}?X —; Uk—zofk_j
= = .

Qua trinh nay lap lai cho méi tap hgp bdn dudng két thac véi I, = 1,71, = —1,1, = —3. Nhu vay
bén duang va cac do do con lai sau khi nhan duge vy, ve. Khi nhan duge vs, cac duong con lai duge mé

0&'-"_
-6,
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rong tao ra 16 dudng va 16 do do tuong ing

2
1.
PMQ(I;;,IQ,II) = PMl(Ig,Il) - (1)3 - ZIS—j

F=0

-
"'\‘

]’,‘=\ ”3 .

1a
7= 1,=}
i £ fo=
e s L=
A% ey
. 11=“ 'u":.b
\ 7.=1
6&.-\ ‘};3 ‘,4=-J'
7 j.\’“‘ Z o ;
:;(,\ ".3*-.! 4
o
b} o -!a-‘_‘?
u 3
S = 1.5 1
L% \1|- =1 a7
1= fa=—y
=% P
L Y% = ¥ ¢ =
e 4 7
2 -
T =2
- 2 To=1
N 17 fe=
] S
"2= ‘\-.3
— fz:g__f 1 'S-"b
W > >
ta 2=, I!"
H= g
‘14'5 /;-}‘_3
=t
2=y
25y
FAM (4 1)

PMyUy by, 1) PM, Iy 0y 1)

Hinh 12-1-5: Cdu tric cay ciia giai ma Viterbi ctia vi du 10-1-2
12-1-4 Higu qua cila w6c Igng ML dé6i véi kénh ISI

Ta xac dinh xéc suit 16i ciia u6c lhugng ML khi théng tin dugce truyn di bing tin hiéu PAM va nhiéu
cdng 14 gaussian. Cac do do ma thuat toan Viterbi sit dung 13

2
L
PMi- 1 () = PMy_po1(Te) = e = filiey (12-1-28)
J=0

{In} co thé nhin cac gia tri £d, +34, . .., (M - 1)d va 2d 1a khoang cach giita cac mic lien tisp. Luoi
c6 M" trang thai va trang thai thit k ky hidu la

Se(lemt, iz, Tomr) (12-1-29)

121

(12-1-27)
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Cac ky hidu udc lugng qua thuat toan Viterbi kg hieu la {I,} va trang thai uéc lugng duge thi & 1a '
= (Jy—1 Dy—g, - Do g) (12-1-30)

Gia st dudmg wdc ugng dige tach ra tir duong ding tai thoi diém thit k va nhap lai vao dudng dung

tal thoi didm thit & + {. Nha vy S = Sk vA Skt = Sgqss DMUNE Sy # S,k < m < k +1 nén ta goi _

hién tuong nay la su kién 16i. Do kénh co ISIvéidodai L+ 1néni> L+ 1.
Vét mot su kién 16i nhu trén, taco Ty # I, Ieyi—r—y # Dpi—pr,nhng Iy, = I, voik— L < <
k—1vak+!l-L<m<k+!-1. Ta dinh nghia mot vectd sai € cho sy kién sai nay la

£ = [Eksk.‘rl .. -Ek—H—L—ll (12~1-31)

tfong do
l'l l
2d
Chuin hoa 24 trong cong thic trén dan t6i cae phan ti £; nhan cac gia tri +£1,+2,...,£(M —1). Cac

vectd con duge dac trung bdi g # 0,6x404—1-1 # 0 va khong ¢6 diy L phin t lién tuc nac bing 0.
Tuong tng véi vecto sai 1a da thitc bac !~ L+ 1

ej=; 1), i=kk+1,.. k+I-L-1 (12-1-32}

e(2) = ex +epqr12 b ez T+ Ek—H—L—lz_“_—L_” (12-1-33)

Ta mudn xac dinh xac suit coa sy kién sai tai thoi diém thit k duge dic trung bdi vecto sai e. Ta
dita theo phitong phap cia Forney. Khi sit kién sai £ xay ra thi ba sy kién E,, E;, E3 sau phal x&y ra:

E;: tai thoi didm k, Sy = Sk

Ey: cac ky higu théng tin Iy, Ikyi, - . - Ji4—p—1 khi cong thém day sai 80 2d(ek, Eht1s - s EbptL—11)
phai tao ra day Iy, [xq1,. .., Jepi_r_y cO gis tri trong tap (xd, £3d,...,£(M — 1)d)

Eypvoiik<m<k+1 téng do do trén cac nhanh cia dudng udce lugng duge phai 16n hon tdng do
do trén cac nhanh cia dudng dang.

X&c sult cha sg kign Fj 1a

k=1 L\ kwa L z
P(Bs)=P| Y (v;—ZfJ,:_j) <y (ui*ijI,-“j) (12-1-34)
Jj=0 =0

i=k i=k
Nhung

L
vi= Yy filij+ns (12-1-35)

=0
{n:} 1a day nhiéu gaussian trang gia tri thyc. Thay (12-1-35) vao (12-1-34) ta c6

I

k-1 L 1
P(E3) P Z 1};+2de3'5§._3' < Z T}?
i=k

i=k i=0

il

k-1 k+i=1 f L 2
Plad Z 7 ije, i | < —4d? Z ij&i__j) _ {12-1-36)

i=k 3=0

g;=0khij<kvaj>k+!—L—1 Néutadinh nghia

L
o; = ijei—-j (12-1-37)
i=0

o
Q i
&z
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thi (12-1-36) dugc bidu dién lai thanh
k-+i—1 k4i—-1
P(E;) = P( S ami<-d Y a?) (12-1-38)
i—k i=k

Cong thae {12-1-38) la xac sudt cha mot £6 hop tuyén tinh cac bién ngiu nhign gaussian doc lap théng

ké nhé hon mét s8¢ am nao d6. Nhu vay

( a2 FHT! )
PEy)=Q — a? (12-1-39}
- i=k
Ta dinh nghia
ki1 k+t-1 { L 2
Ble)= > al= > (Z f;—ei_;) (12-1-40)
i=k C =k \j=0

g;=0khij<kvaj>k+1-L-1.{a;}atdng chap cia {f;} va {e;} vA !4 cic hé s clia da thite
3 1 2 g P

a(z) = F(2)e(2) = ap + apaz '+ ...+ a2 7Y

" Hon nita, 6%(¢) 14 hé 56 cha 2° trong da thiec

a(z)a(z™l) = F(2)F{z 7 Ve(2)e(z7!) = X(2)e(z)e(z™1)

Ta goi 6%(¢) 1a trong htgng euclide ciia syt kign sai ¢.

(12-1-41)

(12-1-42)

Mot phutong phap khée 1 bidu dién dudi dang ma tran o = ef trong dé a la vecto { chidu, f la vecto

L +1 chigu, e la ma trin Ix{(L + 1), duge dinh nghia 1a

o fo
(4] h
o = ; f= i
T fr
[ e 0 0
Ept1 er 0
Exk+2 Ek+1 Ek

L Ek+i-1

Nl vay thi

8% (e) = o'a = f'e’ef = F'Af

A 1a ma tran {L + Dx(L + 1) c6 dang

Bo B B2
b B B
A=¢ce= B2 B Bo
B
va
E4l-lem

B =

i=k

Z Ei€itm

0 ... 0
0 ... 0
U 0 (12-1-43)
Ek4i-L—1
(12-1-44)
Br,
Br—
Br—2 (12-1-45)
Bo
(12-1-46)



124 : CO SO LY THUYET TRUYEN TIN

Ta cé thé sit dung (12-1-40), (12-1-41) hay (12-1-45), (12-1-46) dé tinh xac suét 16i. Ta co

P(Es)=Q (, /%52(5)) (ﬁ Mzﬁ Yar02{£) ) (12-1-47)

g day ta sit dung quan hé
3
d& = E}"—Tpav; Yar = TPG‘U/NE) (12_]_48)
Xac suit cha sy kien E; chi phu thuge vao tinh chit théng ke cia day vao. Ta gia thigt cac ky higu
mang thong tin dong xac sudt va duge truydn di mét cach dec lap théng ké. Nhu vay véi mot 181 co

dagg le;] =4, 7=1,2,...,M —1,¢6 M — j gia tri ctia I; ma

I = I; + 2de;
Nhu vay
I—-L-1
M
PE)= |[] M” (12-1-49)
i=0

Xac sudt cla sy kign E; kho tinh chinh x4c do né phu thugc vao sy kién Es. Tuy nhién P{E;|E3) =
1 — Ppr v6i Ppr 12 xac suft sai ky hiéu nén P(E1|Ea) ¢6 thé udc luqmg mat cach xap xi khi xac suit sai
ky hiéu thip. Cudi cang, xac sudt sy kién sai ¢ duge gidi han trén xip xi bing:

{=L-1 .
P(e)so(\/ﬂz—s—_ﬁmwe)) ) Qi (12-1-50

=0

Goi E 12 tap hgp tat ¢ cac syt kién sai £ b4t dhu tai thai didm thit & va w(e) 12 86 lugng cac k¥ hisu
sal trong méi sy kién sai e. Khi do xac suét sai ky hiéu bi giéi han trén béi

Py < Zw(s)P(s)

e
6 i—L-1 M'—' .
< Zw{e)Q( m_—lmﬁ(s)) - (12-1-51)
cel =0

Goi D la tap hop tdt ca cac gia tri 6(¢). Voi méi 6 € D, goi Ej 1a tip con gbm cac su kién 16i ma
d(e} = 4. Nhu vay thi (12-1-51) duge viét lai thanh

I=L=1 M- |i|]
Py < Q avd? (€)
M gj (V MI_1! ) L;st 11 M
< K@ 'wa,,é (12-1-52)
% (/s )

vai
iLl

Ks=3,

eeFy

Biéu thitc v& xac sudt sai (12-1-52) tuong ty nhit x4c suét sai cla ma chap khi gidi ma xac dinh
mém (10-2-26). Ta cé

(12-1-53)

G
Pat = K0 Q ( ek ln«auéfm) (12:1-54)
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{—-L-1
M - il
Kp i = GFZ wle) Hc| i (12-1-55)
e Bmin =

N6i chung, 82, < 1 va 10log,, 6%, biéu dién sy suy hao vé SNR do ISL Gia tri nhd nhat cia § c6
thé xac dinh bang (12-1-40) hay {12-1-44} vai cac day 16i khac nhau.

Vi du 12-1-3
Xét kenh hai duong (L = 1) vai f + f2 = 1. Ham truyén cia kénh la
: F(2) = fo+ fiz™! (12-1-56)
lVo’l mot syt kién 181 do dai n thi
g{z) =eo+erz”t +.. .+ En12 Y n>1 (12-1-57)
alz) = F(2)e(z) =ag + a1z  + ...+ a2 " . {12-1-58)
Dogg # 0,61 0 v '
5(g) = iaﬁ (12-1-59),
£=0

dan téi

53;1{,1 >fg+fl?=1
Nhu vay 62, = 1 khi mot 161 xAy ra, e(z) = &o. Chung ta c6 thé két ludn rng khong c6 suy hao v@
SNR. trong uéc lugng ML day ky higu thong tin khi sy tan xa clia kénh c6 d¢ dai 2.

Vi dy 12-1-4
- I8l ditu khién dugc déi v6i hé théng ding tin higu dap ng timg phin ¢6 thé coi nhit duge tao ra
boi kénh co tan xa theo thoi gian. Nhu vay ISI do xung nhi phan kép c6 thé biéu dién {chuan hoa)

bing ham truyén ciia kénh:
1 1
F(zy =1/ = =z7! 12-1-
) \@ * \/; (12-1-60)

Tuong tu d6i voi xung nhi phan kép sita doi:

F(z) = \/g - \/gz*2 (12-1-61)

Khoang cach t6i thidu §%,,,, = 1 d6i vai moi sy kién sai c6 dang

ezy=2(1-2"'-22 - —z7") n>1 (12-1-62)
d6i voi kenh (12-1-60) do az) = +,/3 7 /12" va

e(@)=x(l+22+274+. ..+ P WY >1 (12-1-63)

d6i véi kenh (12-1-61) va 82, = 1 do a(c) = /1 3 /La=".

Nhu vay MLSE déi voi ca hai loai tin hidu nay khong bi suy hao SNR. Hing 6 K, ,, v6i ca hai tin
hidu nay cing tinh duge d& dang. S8 ky higu sai gén v6i cac syt kién sai trong (12-1-62) va (12-1-63) la
2 nén

o0 i
Kpin =2 (M-—ﬁ—;—l-) =2M - 1) (12-1-64)
n=1
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Khi khong tien ma hoa, cac su kién sai tao ra n ky higu sai nén

[= =] M _ 1 Tt

Ko = 22 n ( 7 ) = 2M(M — 1) (12-1-65)
Bay gio ta tinh 62, tir dang bac hai trong (12-1-44). Do ma tran A 1a xac dinh duong nén cac gia

iri riéng cing duong. Néu {#ex(e)} 1a cac gia trj rieng va {vk(e) la cac vects rieng tric chudn tuong itng

cua A d6i v6i su kien 16i e th :

: L+1 _

» 8(e) = > mele)[f'vile))? (12-1-66)

k=1

Noi cach khac thi §2() 14 td hop tuyén tinh cda binh phuang hinh chifu cia f trén cac vecta riéng cia,
A. Nhu vay
62, = min&%(e) (12-1-67)
£
Chu ¥ riing kénh tdi nhdt c6 do daj L+ 1 nhan duge bing cach tim vectd riéng twong Ung véi gia trj

riéng nhé nhat. Néy Emin() 12 gia tri riéng nho nhat véi sy kién 161 £ va Vmin(€) 12 vecto rigng tuong
ing thi
[ 2

Hrmin = MIN fimin ()

f = min Vinin(€)
3
2 —
Jmin = Hmin

Vi du 10-1-5

- Xac dinh kénh ti nhat c6 do daj 3 (L = 2) bang cach tim gia tri riéng t6i thidu cia ma tran A voi
céc sy kign 161 khae nhan. '

F(z)=fo+ fiz7' + for™?

v6i fo, f1, f2 1a cac thanh phan cia vects riéng ca A tuong ing véi gia tri ritng nho nhdt, Mét s kign
18i c6 dang

g(z) =1-271

2 -1 o
A= -1 2 —1

¢0 ma trin

0 -1 2
6 cac gia tri riéng uy = 2,4 =2+ \/5, 13 = 2 — /2. Vecty rigng tng voi ps 1a
, 1 /11
vi=|=4/==
87 2V 22

Ta xét syt kien 161 kep

va ma trin tuong tng la

-

ll
L= i ]
[l S
b o= D
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Ma trén nay co cac gia tri riéng giéng ma tran trén va vectd sinh itng voi u3 = 2 — V2 la

- l\ﬁ_z'
BT IT3V2 T 2

Moi syt kién sai khac déu tao ra gi tri 16n hon g, va trudng hgp t6i nhit cda kénh 15 mét trong

hai trudng hop:
| 1\ﬁ1 l\ﬁ_z
2V 22 2¥2 2

12-2 Can bing tuyén tinh

Usce htgng ML cho kénh ¢6 ISI c6 d6 phile tap tinh toan cao. Néu bo ky higu ¢6 M ky higu va s6 ky
hiéu bi ISI 1a L thi thuit toan Viterbi phai tinh ML*? d6 do voi méi ky hiéu m¢t nhan duge. Trong
da s8 trudng hgp trong thuc té€ digu nay rat kho thyc hien. Trong phén nay va phan sau, ta se trinh
bay hai phuong phap can bing gan tdi wtu dé bu lai ISI. Mot phuong phap la dung b loc tuyén tinh,
c6 do phitc tap tinh toan la ham tuyén tinh theo L.

- B loc tuyén tinh thuong dugc sit dung c6 so @5 khéi nhu trén hinh 12-2-1. Dau vao la day {vi}
trong (12-1-16) va dau ra 1a woc hugng cua day thong tin {I;}:

K
f= S gue (12-2-1)
j=—K

vai {¢;} 1a 2L 4+ 1 hé s6 cua b loc. Gia tri wdc lugng duge I duge lugng t vé ky hicu thong tin ghn
nhat va gia tri xac dinh duge la 7. -

Bfiu vap chua
cén bing

t 1 P!

RO OIS ORI ORI

 J

Déura
cin bing
z —

Thust toén
thay &8 h af -

Hinh 12-2-1: Bo loc tuyén tinh

Do higu qua ctia mgt hé thdng truydn théng s6 thuong duge danh gis boi xac sudt 161 trung binh
nén ngudi ta c6 thé lwa chon mot cach t6i wu cac gia tri {c;} dé t6i thidu hoéa chi s6 danh gia dd higu
qua. Tuy nhién xac sudt 18i 1a ham phi tuyén cta {c¢;} nén théng thudng ngudi ta khéng diing phuong
phap vita néu ma dung mét trong hai tiéu chudn: Tiéu chudn suy hao dinh va Tigu chudn trung binh
binh phuong sai s6.
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12-2-1 Tiéu chuin suy hao dinh
Suy hao dinh dudc dinh nghia 13 trizgng hop ISI t5i nhat & du ra cia b$ can bhng. Téi thidu héa chi
6 hiéu qua nay goi 1a tiéu chudn suy hao dink.

B& can bing d4 dai v6 han Viéc ghép ndi tigp mo hinh kénh tuyén tinh co dap img xung {f,}
v6i bd can bang co dap ing xung {c,} ¢6 thé bidu dién bdi mat bod loc tucng duong co6 dap Ung xung

= =]

Gn= Y ¢ifn; (12-2-2)

Y J=—oo
Dau ra cla bo can bing tai thai didm 18y mau the k 1a
[ 4]
Iy = goli + Z Ingyn+ Z: CiTe—j (12-2-3)
n#k J=—00

Thanh phin dau tién trong cong thitc trén 1a ky hisu théng tin mong mudn, ta c6 thé chuin hoa gg = 1.
Thanh phan thit hai 13 ISI. Gi4 tri dinh cia né goi 1a suy hao dinh

(= =] o) o0
Die)y= 3 lgal= > | 3 eifny (12-2-4)
Ty Pt

D{c) goi 1a ham trong htgng cac hé s6 cha bd can bang.
Chung ta co thé chon cac hé s§ dé D{c) = 0 hay ¢, = 0 vai moi n trit n = 0, didu d6 ¢é nghia la c6
thé loai trit hoan toan ISL Cac he s6 dudc xac dinh qua quan hé:

Qn = j;m cjf'n—j = { é %: ; g; (12_2_5)

Lay bién ddi z cta (12-2-5) ta c6

QRz})=C{2)F(z) =1 (12-2-6)
hay
Clz) = ﬁ (12-2-7)

Bo cén biang nhu vay c6 ham truydn C(2) chinh la b loc dao cia F(z). Ching ta goi bo loc nay 14 b
lpc ZF (zero-forcing filter). Hinh 12-2-2 bidu dién bo loc nay.

A Kénh B9 can bing Al

=
F(z} C(z)—nz)

AWGN
{n.}

Hinh 12-2-2: So db khéi ciia kénh véi b can bing ZF
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Ghép ndi tiép cha bo loc lam tring nhiu c6 ham truyén 1/F*(z~1) va by loc ZF ¢6 ham truyén
1/F(z) tao nén bo can bling ZF tuong dudng c6 ham truyén

1 1

CE) = 5o Eh - X6

(12-2-8)

nhu trén hinh 12-2-3. Bo loc tuong duong nay ¢6 dau vao 1a day {yx} chinh la cac mén cia bd loc phdi
hgp trong (12-1-10). D3u ra cla b loc tuong duong 1a cac ky hiéu chi bi dnh hudng bdi nhidu cong
gaussian o gia tri trung binh bang 0. Dap ing xung cha bg loc la

. ey = L%C"(ax)z’“‘ldz =L jtg ik—‘-l—d:/: (12-2-9)
277 ;| X(z2)

ll

tich phan ditge ldy theo mot duong khép kin trong mign hol ty cla €'(z). Do X(z) 1a da thitc ¢6 2L
nghiém nhir da noi trong phan trudc nén C'(z) phai hoi tu trong mién chita dudng tron don vi. Nhu
viy tich phan co thé idy theo duong tron dan vi.

{

{] Kénh ¥l ) s
— L Loc tran, -
X(2)=F()F%z™") ? nhidu g Boc¢inbdng ———

v}

Hinh 12-2-3: Kénh va bo can bing ZF tuong ducng

Dé danh gia higu qui cta bo can bang ta chuin héa nang lugng cila tin higu nhan dugce bang don
vi. Didu d6 c6 nghia la go = 1 vA gia tri trung binh cla \I¢|? cing 1a don vi. Khi do SNR chinh la
nghich d4o cia sai phuong nhiéu & diu ra bo can bing.

Gia tri chia o2 xac dinh dugc bing cach quan sat day nhiéu {v;} & dau vao cia bd can bing Z¥
tuong duong. Nhidu c6 gia tri trung binh bang 0 va phé mat d¢ cong suat la

Bou(w) = NoX(T), i< T (12-2-10)
Do C*(z} = 1/ X (2) nén nhiéu & dau ra b can bing c6 phé mat di cong suat
Ng k)
i) = =————, <X 12-2-11
Tit d6 sai phuong cha nhidu & dau ra bo can bling la
T [T TNy (™7  duw
2. T &, ()dw = 222 ] _ G 12-2-12
T S “ 2 J_pr X(e3T) { )

va SNR cia bd can bing ZF 1a

-1

TNo (™7 _dw
o = 1/0% = | =— — 12-2-1
e sl [% / o7 X(&T) i

Ta thdy X (e™7T) co lien hg v8i b loc tuong ty H{w) & bd thu. Do quan hé Parseval nén

g = f T Rt (Oh(t + KT)dt = ;_w [ | Hw) e T d (12-2-14)

— o0

9-CSUTTT-T2
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Nhung tich phan trong (12-2-14) c6 thé bidu difn thanh danyg

1 T badl 2\ 2] T
T = — Z H Wt eI T gy (12-2-15)
27[' —IT/T i
Bién ddi Furié cha {z:} la
oo
X(T) = 37 gyt (12-2-16)
k=—nc
va bién déi nguge 1a
=/ T ) L
Tp = — X(eTyeiwkT g, (12-2-17)
27 —x/T

So sanh (12-2-15) va (12-2-17) ta nhan duge qua he gitta H{w) va X(e/v7):
1 - 2 12 T
July — 1 4rn e T .
X{e") Tn;m’ﬂ(w-!- T )j ' |.u|__T (12-2-18)

Nhu vay X(e’“T) ]a xép chong cia |H{w)*. Chang ta ciing théy ring |[H{w)|* = X{w). Thay
X(e’T) trong (12-2-13) sit dung (12-2-18) cho ta.

TN, [*/T e -
o — 5] 2‘2— 9
= o f, rl o [H{w+ 27n/ T (12:2:19)

Ching ta thiy ring mauy s§ trong cong thitc trén c6 nhimg didm 0, khi d6 tich phan tién téi vo han va
SNR tién t6i 0. Nhu vay hisu qua bo can bing rat thip khi xép chéng phd bing 0 hay rét nhé. Disu
* nay la do cing v6i viec loai bo IST thi b6 cin bing ciing lam tang nhiéu cong. Mot kénh ly tudng va
tin higu dugc thiét k& dé khong c6 ISI sé c6 x€p chdng phd théa man didu kign:

= 2rn\ 1? . T
Z ‘H (w + ?) =71 |wf< T (12-2-20)
n=—oo
Trong trugng hop nay, SNR dat gia tri cuc dai
=1 (12-2-21)
Yoo = No

Bg can bang dé dai hitu han Xeét b¢ can bing c6 2K + 1 hé s6. Nhu vay ¢; =0 voi |j| > K va

tdng chap cia {cn} voi {f,} bing 0 ngoai khoing -K <n < K+ L~ 1, V& go chudn hoa bang don vi
thi suy hao dinh 1a

K+L-1 K+EL-1

D)= 37 laal= Y [ cifus (12-2-22)
n=—K n=—K 3
n#o nF0

Mac di bo can bing ¢6 2K + 1 hé s6 c6 thé thay déi dugc nhung c6 2K + L gi4 trj khac 0 trong {g,.}.
Nhu vay n6i chung khéng thé loai bd hodn toan ISI & dau ra b cén bing. V&n d2 chi Ia t6i thidn D(c)
theo cac hg s6 {¢,}.

D¢ suy hao dinh trong cong thitc (12-2-22) ngudi ta chitng minh duge 1a ham 1di va nhut vay no c6

mét cyc tidu toan cuc va khong c6 cye tiéu dia phuong nap Viee t6i thidu héa c6 thé thuc hign bang .
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phudng phap sd. Tuy nhién trong mét trudng hop dac bist nhung quan trong thi ngusi ta biét nghiém
cuia bal toan téi vu. D6 la trudng hgp suy hao & diu vao bd can bing duge dinh nghia 1a

L
Do = Y Ifel (12-2-23)

=1

nhé hon 1. Trong tridng hop nay, suy hao dinh D(e) duge t6i thidu hoa bing cach chon cac ha s¢ dé
gn =0,1 < |n| € K va go = 1. Tuy nhién cac gia tri {g,} voi K +1 < n < K + L — 1 la khac 0. Ditu
nay tao ra ISI ¢ diu ra ciia bé can bing.

112-2—2 Tiéu chuin trung binh binh phuong sai s&
Trong tieu chuin MSE, cac h¢ s6 {c;} duge la chon d8 t&i thidu hoa trung binh binh phuong sai s6

£ = Ik - fk (12-2-24)

Khi cac ky hiéu mang thong tin {I;} 1a phitc thi chi 86 hiéu qua cla tiéu chuin MSE, ky hiéu la J,
duge dinh nghia la

J=Eleil* = E|I} - I ? (12-2-25)

Mt khac, khi cac ky hiéu mang théng tin 1a thie thi chi s higu qua chi la binh phuong phan thye cda
£;. Sau day ta xét viée t61 vu hda ham phire trong (12-2-25)

B¢ can bang d§ dai vo han Ta ¢6

20
fo= 3 cjones (12-2-26)

j=—o0

Thay (12-2-26) vao (12-2-25) va khai trién k&t qua tao ra ham bac hai ciia {¢;}. Ham nay c6 thé 3
thiéu hoa theo {¢;} bing cach giai he phuong trinh tuyén tinh theo {c;}. Mat khae, hé phuong trinh
tuyén tinh ciing c¢6 thé nhan duge bing cach sit dung tinh tryc giao trong MSE, c6 nghia 14 ta sé chon
{e;} sao cho sai 8 £, tric giao véi day tin hiéu {v;_,} véi —co <1 < o0,

Elervp_i) =0, —oo<li<x (12-2-27)
Thay e; vao {12-2-27) dan 16i
E [(Ik - i cj-vk__,-) 'u,“:_j] =0
j=—o0
hay tuong duong la
i ¢jB(ug—jvg ) = E{lkvg_)), —oo<li<oo (12-2-28)
j=—oc

D& tinh cac momen trong (12-2-28) ta st dyng biéu thitc cia vy trong {12-1-16) va nhan dugc

L
E(ve jviy) = Y fafari—;+ Noby
n=0
- { T—j+ Nodyy (|l -4l < L)

0 i -31> L) (12:2:29)
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va
sy ] L (AL €<
Ellyvii) = { 0 (cac gia tri khac) (12-2-30)
Thay (12-2-29}, (12-2-30) vao (12-2-28) 14y bién déi z ca hai v& ta nhan duge
CMF(z)F*(z71) + Ny) = F*(z™1) (12-2-31)
+ Nhu vay ham truyén cia b can bing dya trén tiéu chudn MSE la
wf_—1
Cle) =5 P ) (12-2-32)

(2)F*(z71) + No
| Khi bg loc lam tring nhiéu dugc ghép véi C'(z) ta co ham truydn ciia bd can bing tuong duong la

1 1
F(o)F*(z- 1)+ No _ X{2)+ No

C'(z) = (12-2-33)

So s&nh hai tiéu chudn chang ta thdy khi Np rdt nhé so v6i tin hiéu thi cic hé s6 ciia bo can bing
la xap xi nhau. Dé& xac dinh lugng IST va nhidu cong, ta tinh gia tri toi thié}l cua J, ky hieu 13 Joi
khi C'(2) tinh theo (12-2-32). TX J = Elex|® = Ele\I}) — E(exl}) va E(exd7) = 0 do didu kién tryc
giao nén

Jmin = Elecdy)

[vu)

= EBILP - Y ¢E@-I})
j=—co
= 1- Y ¢f (12-2-34)
J=—

Dang nhu trén cia Jin, khong thuan tién khi st dung ma thudng ngusi ta chuyén sang dang thn sé.
Goi {bx} 1a 1ong chap cia hai day {c;}, {f;} thi tdng trong (12-2-34) bang by. Bién ddi z cia day {b}
la

Flz)F*(27!) X(z)

B(z)= = = 12-2-35
() =CERIFE) = Foim G N~ X2+ N ( )

1 B(z) 1 X(z)

=— ¢ ——tdr=— p—" __(d 12-2-
bo 27j f : 25 ) 2[X(z) + Noj ? ( 36)
Bing cach déi bién ta tim dugc
T ®fT X(eij)

= —_—dw 12-2-37
= o /_ﬁfT X(et“T} + No ( )

Cudi cung, thay (12-2-37) vao (12-2-34) ta ¢o

T fm X (e T)

in = 1—=— —
Im —nyr X (eT) + Nodw

2w

n/T
- Z/ M4
27 —#/T X(ef“’T)+Ng

_ T [“"T No dw (12-2-38)
T or e TP |H{w+ 2an/TH2 + Ny

o
_ci,%_ at
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Khi khong ¢6 ISI, X (e%7T) = 1 dn téi

Nop

—_— 12-2-39
No +1 ( ]

Jmin =

Ta nhan thdy rang 0 < Jon < 1 va méi quan hé gitta Join va 74 (chudn héa nang lugng don vi) phai
la

1 — Ji
oy = —Imin 12-2-40
Jm:'n ( )
Hon nita, quan hé gitta J,,;, va Yoo trén cing dang khi ¢é IS va nhidy cong.
B6 can bing dé dai hitu han Diu ra b6 can bang tai thai diém thi & 1a
X K
Ik = Z ijk_j (12~2—41)
i=—K
Chi s6 hiéu qua ctia phuong phap MSE, ky hieu 1a J(K) la
)
. K
JE) =Bl ~L*=E L — 3 ciue (12-2-42)
=K

T6i thidu hoa J(K) theo {¢;}lalam chosai s ey, = I, — i tryc giao véi cac méu tin hisu vi_ | < K,
tao nén cac phuong trinh:

K
> G=6, <K (12-2-43)
J=—K
Vi
o T+ Nody (1) < L) o
GU_{ ; N (12-2-44)
_ 1L (L <igD) 9.
&= { 0 (cac gia trj khac) (12:2-45)
Ta biéu dién he phuong trinh tuyén tinh duei dang ma tran.
GC=¢ (12-2-46)

C la vecta cot gdm 2L + 1 hé 56, G 1a ma tran (2K + 1)x(2K + 1), 1a ma tran hiép bign Hermitian va
§ 1a vecto cot 2K + 1 phin tit. Nghiém cta (12-2-46) 1a

Copt = G7¢ (12-2-47)
Cac h¢ 56 duge t6i wu trong (12-2-47) sé lam t8i thiéu chi s& hieu qua J{K) va
o

Jmin(K)=1- Y e;f ;=1-¢G ¢ (12-2-48)
=—K
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12-2-3 Hiéu qua cia bd ude hiigng MSE

Trong phén nay ta xét do higu qui cta b can bing tuyén tinh duge t6i uu hoa bing tisu chudn MSE.
Ca t8i thidu h6a MSE 18n xac sust sai déu dugc sit dung dé tinh do hiu qua trong mét s6 kénh truyen
thong. .

Vi dy 12-2-1
. Xét m6 hinh kénh rdi rac tuong dudng 6 hai thanh phan fo, f; va dugc chuén héa o>+ A2 =1
Nhu vay

F(z) = fo+ hiz™" (12-2-49)
X(z)= fofifz+1+ f§frz? (12-2-50)

Dap ng tan s8 tuong ung la
X&) = fofre?T + 14 5 fre™T = 1 4 2| fo|| f1| cos(wT + 6) (12-2-51)

8 12 goc cla foff. Cha y réing dap tng tin s6 cla kénh biang 0 khi w = n/Tvol fo=fi = \/;j
Tinh tich phan trong (12-2-38) cing vai (12-2-51) ta 6 két qua

Ny
VNG +2No( 5ol + 1A + ([fo? - [/1T2)?

No
_ (12-2-52)
VINZ+ 2N + (162 - |f1]2)?

Jmiﬂ

Trong trusng hep fo = f1 = \/g thi Jmin = No/+/N§ + 2N, va SNR diu ra tuong ing 12

) 9 1/2
Yoo = 1’1+-IV_ - 1= (Ri'_) N Nﬂ << 1 (12-2'53)
o a

Khi khong co IST thi SNR 1a 1/Ng. Ro rang c6 sy suy hao dang ké v& SNR déi voi kénh nay.

Vi du 12-2-2
Xét fi = V1I-a2a*,k=0,1,... vdi a < 1. Bién déi Furié ctia day nay la

1-—a?

Xy = 12-2-54
e 1+ a? - 2acoswT ( 54)
ham nay cye tidu tal w = 7/T. SNR diu ra cla kénh 13
14 a? e
+a —a
oo = | 1/1+2N, N-1] ~——2 _ N 1 12-2-55
g (\/ +2 Dl—a2+ 3 ) PO 0 << ( 3)

Nhu vay suy hao vé SNR do c6 ISI 1a
1-—a?
1 e
Ology, (1 " a2)

Xéac sudt 16i ctha bo can bing MSE tuyén tinh Ta biét rang Jo:m hay 4 khong lién quan tric
ti€p ti x4c sudt 181, d6 1a do bo can bing tuyén tinh MSE vén co ISI tai dau ra. Lugng ISI nay khong
phai duge dic trung hoan toan bang nhidu cong gaussian va nhu viy SNR diu ra khong thé chuyén mot
cach don gian thanh xac suit 161 duge.

o
oo
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Ta xét phucony phap tinh xac suit sai sau day. Gia s ta st dung tin hiéu PAM va cac ky hiéu thong
tin nhan mot gia tri trong tap giatri 2n — M - 1,n = 1,2,..., M dbng xac sudt. Xét viec xac dinh ky
hiéu I,,:

K
In =qoln + Z Logn—x + Z Cifn—3 (12'2'56)
kEn j=—K
K
= Cifni (12-2-37)
k=—K
Tin higu vao b6 can bang la
L
v = fili_j+m (12-2-58)
=0

Thanh phin thit nhat trong v€ phai cia (12-2-56) 1a ky hitu mong muén, thanh phin gia 1a ISL va
thanh ph&n con lai 1a nhidu gaussian. Sai phuong cia nhiéu 1a

ol =No ) & (12-2-59)

Voi bg can bang ¢6 2K + 1 hé s6 va dap ing cia kénh c6 trong vong L -+ 1 ki higu thi s6 k¢ higu bi IS]
la 2K + L. Ta dinh nghia

D=3 Iigus (12-2-60)
k#En

Véi mot day 2K + L ky higu thong tin, ky higu Iy thi thanh phiin D = D; 13 ¢6 dinh. Xac suat 181 véi
mdt gia tri Dy o6 dinh 1a

M-1
Pu(D;) = 2 PN +Dj > q)
M-1 (go — D )?
— 9 12-2-61
—Q ( - (12-2-61)

N la thanh phan nhiéu cfng. Xac sudt 186i trung binh ¢6 thé nhan duge bang cach 1y trung binh
PM{D ) theo moi day co thé:

PM = Y Pu(D,)P(1,)
L;
M-1 (g0 — DT)?
= 2 2 ) P 12-2-62
i IZ Q (1/ 22 (L) (12-2-62)
Khi moi day 1a dong kha nang
1
PLs) = vriers (12-2-63)

Thanh phin P () dugc xac dinh bing day ¢6 gia tri D 16n nhit. Digu nay xdy rakhi I, = £(M 1)
va dfu cna ky higu thong tin 14 ddu cia ¢,. Nhu vay

Dy=(M-1)3 |g
k#0
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va
2
M-1 a M-1
P N =2— = |1- 12-2-64
v (D7) i Q = ( o §DIQk|) ( )

Nhu vay gioi han trén chia xAc sudt 161 trung binh khi day cac ky hiéu dong kha nang 1a
Pys < Pa(D) (12-2-65)
Gi6i han ve @ hiéu qua clia bo can bing tuyén tinh khi ISI lon duge vé trén hinh 12-2-4.

10 - e—
10.2.5(c)
5 -
2 -
10.2.5(%)
102 |
o .
& B& loc ddo 31 hé ad
= Sr
S
ﬁ 2F
1
Y= AP
10 N ¥t
sk
2[ Khéngbi
anhh%:aﬁg 10.2.5(a)
| L 1 L [ | 1 - |
164y s 10 5 20 25 30 35

SNR, 10 log Y {dB)

Hinh 12-2-4: Xac sudt sai cia bo can bang tuyén tinh

12-2-4 BO can bing FS

C3u trite ciia bo can bang tuyén tinh 1a cac he sé dit cach nhau mdt khoang la nghich dao chia téc do
ky hiéu. Bo can bing nhy thé 14 t8i uu néu bo loc phdi hgp véi xung truyén qua kenh. Khi khéng biét
dac didm cia kénh, bo loc thu thuong 1a phéi hop v6i xung tin hiéu truyén di va thoi didm 14y man
duge t6i wu hoa cho bo loc ghn téi uu nay. Noi chung, phuong phap nay tao ra bg can bing rat nhay
cam v6i thoi didm &y mau.

Gigi han cia bd can bing tuyén tinh thé hign rat r6 trong midn tan sé. Tu (11-2-5), phé tin hiéu &
dau vao bo can bing la

() = 5 X (f - ) i/ ©(12:2:66)

Ta thiy Yr(f) la xép chong phd v6i tan sd 1a 1/27. Phd tin hiéu nhan duge phy thude vao do tré
khi 18y miu 75. Phé tin hidu & dau ra b can bing la Cr(f)Yr(f),
K
Crif)y= > ee 0T (12-2-67)
k=—K
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R rang 1a ba can bang tuyén tinh chi bu cho dap tng tAn s efia tin hiéu nhan duge va khéng bu cho
s suy hao ciia kénh trong X (f)e/2 i,

0815
0.0 0.407 0.407
® 0.36 Iiff=1
. 02 ¥
ops 007 | 093007
obs beel he—T—sbe—T—l
021 b ATAEE Q)
¥
0.5
(a}
o688
0450 0460 EfiF=1
0227 0227
ba— T ]

{0

Hinh 12-2-5: Ba kénh roi rac theo thdi glan

Bo can bing FS (fractionally spaced equalizer) dua trén viéc 14y m3u tin hidu nhan duge véi toc do
it nhit bing tdc do Nyquist. Vi dy tin higu truyén di gbm cac xung cé phd dang cosin véi hé s& 3, gia
tri cyc dai cia phd 1a Fruee = (1 + 3)/27 thi tin higu s& duogc 13y miu & phia thu v6i téc do (hay tan
50):

2Fmaz = 1_;'—._'@ (12-2-68)
va duge cho qua bd can bing véi cac hé s6 cach nhau mot khoang 1a T/(8+1). Téng quat, bp can bing
FS co cac hé s5 cach nhau MT/N véi M, N 1a cic 50 nguyén va N > M. Thoéng thuéng bd can bang
LT duge sit dung trong thyc t&. Dap ing tan s6 cia bg can bing FS 1a

K
Cr(f)= 3 ce T HT : (12-2-69)
k=—K

voi T' = MT/N, dan t6i Cp (f) co thé can bing phé tin hiéu nhan duge dusi thn 56 Nyquist f = 1/2T
thanh f = (1 + 3)/T = N/MT. Phé ciia tin higu da can bang la

Cr (YT (f) or(HY.X (f - %) pi2n(f=n/T"}7o

i

I

niN - '
, _ j2r{f—nN/MT)ro 9.
Cr:(f) En X (f ——MT) € (12-2-70)
Do X(f) =0 véi |f| > N/MT nén (12-2-70) duge biéu dién thanh

Cr (P () = Cr (DX (P, |]1< 5 (12-2.71)
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Nhu vay bo can bing FS ba lai syt suy hao trén kénh trong tin hiéu nhan duogc trude khi siy nhap
nhang anh hudng tai tde do 18y mau ky higu. Néi cach khac, Op () ¢o6 thé bu lai cac dich chuyén vé
pha.

Dau ra cta bé can bing FS duge iy méu & tdc 40 k¢ higu 1/7 va co phd

Bién dd (dB)

k A
YCr(f-2)x[f- 2 emtt-riTrm (12-2-72)
~ T T
Bay gid ta xét sy thay ddi cac hé s6 cia b can bing FS. D&u vao b can bang FS ¢6 thé bidu dién
dudt dang:
EMT kMT kMT
Y ( f\" ) = ;IRI (T -_ RT) + v (T) {12-2~73)
0.00 0.00
-6.00 | —6.00
=)
Z1200% T -1200}
im0 .
=
-18.00 | § 100}
&
=4.00 | ~24.00 }
_30_00 1 1 1 1 L i L 1 1 i _'3000 1 i 1 1 L t 1 1 1 ]
0.00 031 0.63 099 1.26 1.57 1.88 2.20 2.5 283 314 0.00 0.31 063 099 1.26 1.57 1.88 2.20 2.51 283 3.4
Tén a8 Tan s ®
{a} [¥:2]
000
~5.00
@ ~12.00
%.
o ~18.00
o
a2
~24.00
_,3000 | 1 1 ] 1 1 1 1 1 |
0.00 0.31 0.63 0.9 1.26 1.57 1.88 2.20 2.5 283 3.14

Téns§ @ (c)

Hinh 12-2-6: Dic tuyén bién tan ciia cac kénh trong hinh 12-2-5

Trong méi khoang thai gian ky hiéu, ky hieu wée hegng duge 1a
K

] M
=% ey (kT - ”’NT) (12-2-74)
n=-K

G day cac h¢ s6 dugc liga chon dé t6i thidu hoa MSE. Tir d6 ta 6 hé phuong trinh tuyén tinh ¢6 nghiém
la
Copt = Al (12-2-75)
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A la ma tran hiép bién clia s liéu vao va a la vecto tuong quan chéo.

12-3 Can bang hodi tiép

Bo can bang hdi tiép (decision-feedback equalizer-DFE} duge vé trén hinh 12-3-1, gdm c6 hai b lgc
i tifp, mot bo hdi tiép duong va mdt bo hai t16p am. Ca hai bo deu c6 cac hé s6 cach nhau khoang
thdi gian biing khodng thdi gian ky hiéu. Dau vao cla phin hdi tiép duong 13 day ky hiéu nhan dugc
{vr} va bo loc nay gidng hét voi bo loc trong bd can bing tuyén tinh. Dau vao ciia bé hoi tiép am la
day k¥ hidu da xac dinh dugc trude do. V& mat chitc nang thi bo loc hdi tiép am duge sur dung dé loal
ba lwong ISI trong ky higu hién thoi do cac ky higu trudce gay ra.

L
Fl

ey (o
phot hdp Héi tiép * Xac dinh -
PRS- su- u —
tr,) dudng kg hig _ ky big {1}
Héi tiép -
am
Hinh 12-3-1: Cdu truc bd can bing hoi tiép

12-3-1 T6i wu hé sé
D3u ra cia bo can biing duge biéu dién bai

- 0 Kz -

Iy = Z CjUg—j + chrk_j (12~3-1)

j=—K j=1

() day ta gia thiét bo can bing c6 K + 1 hé s3 trong phan hdi tiép duong va K h¢ so trong phan hoi
tiép am. Bo can bang la phi tuyén do phln hdi tiép am cb chia cic ky hiéu da xae dinh trudc {I.}.
C4 hai tidu chuén suy hao dinh va t&i thiéu hoa MSE du co thé sit dung dé t&i wu cac hé s6 cia b
cin bing hdi tiép. Do tiéu chudn MSE dé& thyc hién hon trong thite t& nén ta tap trung vao tieu chudn
nay. Gia thiét cac ky higu xac dinh dugc trong cac thai didm trudce 1o dung, viée tSi thidu héa MSE

J(Ky, K2} = E|Ix — L {12-3-2)
d#n toi hé phuong trinh tuyén tink cla cac hé s6 bo loc hoi tiép duong
0
Z w!jcj‘-:flh J:_KI)-'-:U (12-3-3)
j':':Kl
irong do
—!
Wi =Y fufmsr-g + Noby, Li=-Ki,....0 (12-3-4)
m=0

Cac hé 6 cla bd loc hdi tiép am duge xac dinh qua cac he 53 ctia bd hdi tiép duong
0

w=— 9 cifeiy k=12, K (12-3-5)
i=—ki
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Céac hé s clia bo loc hbdi tiép am cé thé logi bo hoan toan ISI mién 13 cac ky hiéu xéc dinh trudce la
dung va Ky >> L.

12-3-2 Hiéu qua cia b can bing hai tiép

Khi viéc xac dinh khéng gap 16i, Gia tri MSE t8i thidu 14

o]

Jmin(Kn) =1- 3" o;f; (12-3-6)

J=—Ki

- Khi K| - oo thi MSE sé t&i thidu va ky higu gia tri d6 13 J,,5, va ngudi ta tim dugc

T ?I‘/T N{)
in = —-— In|——T—_ 12-3-7
Jm exD{Z?r/_ﬂ/Tn{X(e-’Wf)+NnJ dw} (12-3-7)

Gia tri SNR & dhu ra tuong ing la

L
.

_ 1- Jmin
Yoo = Jmin
T ™7 [X(eT) 4 N,
= - — — | dw 12-3-8
1+exp{2ﬁ/;ﬂ/Tln[ N, ] { }

Ta nhan th&y rhng khi khong co IS, X(e“Ty =1 thi Jop = No/(14 Ng) va voe = 1/N,.
Vi du 12-3-1

Ta so sanh gia tri Jon,, cla hai bo can bang hoi tiép va tuyén tinh MSE. Xét kénh rsi rac tuong
ducng c6 hai he s6 fp va f1. Gié tri MSE t6i thidu cho kenh nay 1a

T ‘N/T ND
Jmin = - 1 dw
exp{% /_,,T & [1+N.3+2|fg|[f1|cos(wT+9)]

1 w
Noexp [—E/ In(1+ Np + 2[f0||f1|cosw)du]
—
' 2Ny

_ _ ' (12-3-9)
1+ Ng+ \/(1 + No)z - 4|f0f112
Chit § rang Jmin dat cyc dai khi |fo] = 1] = \/g nén
N
Jmin = 2N = 2N, Ny << 1 (12-3—10)
1+ Ng+ /(14 Ng)2 -1
Gia tri SNR tuong tng 1a
1

o BE —, 1 12-3-11
7 N, Ny << ( )

Nhu vay la o sy suy hao 3 dB khi c6 IS va dg hiéu qua suy giam nghigm trong d6i véi can bing tuyén
tinh. SNR dau ra duge cho bdi (12-2-53) 14 v = (2/Np)Y/2 Ny << 1.

Vi du 12-3-2
Xet mét kénh ¢6 dae tinh suy hao theo ham mi nhu sau

fe=(1—-a®)2%* k=u,1,... (12-3-12)



TRUYEN TIN QUA KENH TUYEN TINH CO BANG TAN HUU HAN 141

vii ¢ < 1. SNR dau ra cia bé cin bing hoi tiép 1a

w 2 2 o
Yoo = —l+e)(p{§1;/ ln[1+a +(1—a%}/No 2acosw]dw}

1+ a? - 2acosw

-7

= ~-1+ = {1 —a® + Np{Ll+a%) + \/[1 — a2 + No{l +a?)}? —4a2N§}

2Ny
N (1—a?)[1 + No(l +a?)/(1 —a®}] — No
1-a®
v e Mo<<1 (12-3-13)

Nhit vay d6 suy hao v& SNR la 10log,o(1 — o?) dB, bd can bing tuyén tinh c6 gia tri tuong ing la
101ogo[{1 — a?}/(1 + a®)] dB.

Su so sanh danh gia ctia b can bang hdi tiép va tuyén tinh duge vé trén hinh 12-3-2. Ta thay ring
bo can bing hdi tiép ¢6 do higu qua hon dang ké so v6i bg can bang tuyén tinh c6 cing s6 he s6. Didgu
thit hai ta thay 12 do hiéu qua viin con kém d6i vl bo can bing hdi tiép do van con lugng IS1, dac biét
trén cac kénh 6 suy hao 16n nhu kénh trén hinh 12-2-5{c). Cudi cung d¢ hi¢u qua gidm khoang 2 dB
do viéc xac dinh ky higu bi sai.

a

Ky hi.
Xée g}nl:?‘éuqc

v
<

B

5 N \
RN
A\

RN
hiu

VN s
%

e

|

X#c suft sai

(28]

\\ \
(EVERE"™
\ _

Khing hj
dnh hudng .

2 \
10.25()  102.5()

a 5 10 15 20 25 30 s
SNR. 101ogy (dB)

]

Hinh 12-3-2: Hisu qua bd can bing hdi tiép

12-3-3 B0 can bing hoi ti€p dy doan

Ngudi ta da dua ra mét mo hinh DFE khée tuong duong véi mo hinh trong hinh 12-3-1 véi digu kign
bd loc hdi tiép duong co vo han he s6. Cdu trixe nay gdm c6 mgt bo FSE lam b hdi ti€p duong va mét
bo du doan tuydn tinh lam bo hdi tiép am. Cu triic b DFE méi dugce vé trén hinh 12-3-3.
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Nhiéu dau ra ctia bg loc hdi tiép duong (c6 v6 han hé s6) 6 phd mat do cong suit la

JuT
_M(_e__)_z, wl < = (12-3-14)
|Ng + X (e3wT)| T
Lugng ISI c6 phé mat do cong sudt 1a
X(eTy | N2 T
1 - = , < = 12-3-15
Ny + X (e7T) |No + X (e/wT)i2’ ol < T ( )

Téng cla hal phé thé hien phd mat do cong suit ctia ci hai loat nhiéu & dau ra cia bg loc hsi tidp
duong. Cong (12-3-14) va (12-3-15) ta nhan duge

g iYp Ll
. E{w) = - . D— W < = 12-3-16
( ) N0+X(BJ‘~"1)’ | i_ { ( 31)

Khi kénh 1a 1y tuéng X {e?“T) = 1, khong thé giam MSE hon nita. Khi kénh co suy hao, cong suit
cua day nhidu ¢ dau ra cia bg loc hoi tiép duong ¢6 thé gidm di nhd bg dy doan tuyén tinh trén cac
gia tri trude cia day sai s6.

Céc miu

o :

nhén Héi ti; N

dotzmllﬂ.gp '_\“J xéc]?inh o
3
N
Diurs Tl‘l’n higu
dy doan 15i
'I‘l’]r;‘hil;':u
‘Héiudp | r" y
am T A
At
T
Hinh 12-3-3: B DFE dy doan
Goi B{w) 1a dap itng tin s6 ciia bs dy doan tuyén tinh
m B
B(w) =Y byedunT (12-3-17)
n=1
thi nhiu ¢ diu ra cia b6 dy doan 1a
E(w) — E(w)B(w) = E{w)[1 — B{w)] (12-3-18)

T6i thiéu hoa MSE ctia sai s6 nay c6 nghia 13 t6i thidu

/T
J= % f_ 1= B B (12-3-19)
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theo cac hé s8 cia bo dy dean {bx}, din t6i bo dy doan t8i vu

Blw)=1- Gl (12-3-20)
fo
trong d6 G{w) duge xac dinh qua
1
GG (—w) = ———— 12-3-21
(@G () = g (12-3-21)
VA,

Glwy =" gae~erT (12-3-22)

=0

Dan ra clia bo di doan 1a day nhidu tréng c6 phé mat do cong suit 1/g4 va gia tri MSE t6i thidu tuang
ting duge cho trong (12-3-7). Nhu vay do hiu qua theo chi s6 MSE ddi v6i hai ciu trac DFE la nhu
nhau. Ditu nay chi co duge khi s6 lugng he s6 clia cac bo loc 1a vé han. Ba DFE dy doan 1a gan tdi uu
néu do dai hai bo loc 1a hizu han, Tinh t&i wu cda bg DFE binh thudng la dé hidu do viée t6i tu cac he
s6 cla hai b9 loc duge thye hién ddng thdi cén trong bo DFE dy doan dugc thuc hién mat cach rigng
biat.

12-4 Can bang tuyén tinh thich nghi

Trong cac phin trudc, ta da trinh bay cac bd thu tdi vu va gan t6i wu dé bu lai lugng ISI khi truyen

- tin trén kénh ¢6 bang tin hita han khong 1y tudng, nhung déi véi ba phuong phap can bang da xét, ta

phai biét dap Ung xung hay dap tng tin s ciia kénh & phia thu. Tuy nhién trong thuc t& d8t véi cac
kenh phai sit dung hé thdng can bang, cac dac didm ciia kénh thudng khéng biét trude va trong nhidn
truong hop cac dac diém nay 1a thay déi theo thoi gian. Khi do thi cac bo can blng ciing dugc thidt ké
dé thich nghi véi sy thay d3i cta kenh. Tit phan nay toi cudi chuong, ta tap trung trinh bay cac thuat
toan ty dong thay ddi cac hg s8 cia b can bing dé bu lai mot cach thich nghi sut thay déi ciia kénh va
do do sé& t8i uu chi 6 hidu qua clia bo thu, Chung ta cing phén tich cac diic diém cua thuat toan, tde
do hoi tu va do phite tap tinh toan.

Déi vdi bg can bang tuyén tink, ta da bigt. 1a c6 hai tieu chudn dé tim cac hé s6 cila b can bing
{ce}. Mot tieu chudn 12 t6i thidu héa suy hao dinh va tiéu chudn kia la t3i thidu hoa trung binh binh

phuong sai s6 (MSE) & diu ra cta bg can bing. Trong phan nay ta sé trinh bay hai thuat toan thich

nghi tut déng.

12-4-1 Thuat toan ZF

Trong tiéu chuén suy hao dinh, d6 suy hao dinh D{c) trong {12-2-22) dugc t6i thidu hoa bing cach
chon cac hé s6 {c}. Noi chung khong ¢6 mot thuat toan don gian nao dé t6i wu hoa, trir khi 46 suy
hao dinh & dau ra ciia bo ean bing duge dinh nghia 1a Dy trong (12-2-23) nho hon 1. Khi d6 do suy
hao dugc t6i thidu hoa bing cach chon cac hé s6 dé ¢, = 0 voi 1 <|n| £ K vago = 1. Khi d6 mot
thuat toan don gidn goi 1a thuat toan ZF (Zero-Forcing) sé 1am thda man cac didu kién nay. X

Loi gidi cia thuat toan ZF c6 duge bing cach lam cho do tucng quan chéo gitta diy sai s ey = I — I,
va day thong tin {I;} bling 0 trong khoang 0 < |n| < K. Chlng ta c6

Elexly_;} = E[{Ix - fk)ff-j]
E(LI;_;) - E(hI;_}), i=-K,. K (12-4-1)

Ta gid thiét 1a cac ky higu thong tin khong tuong quan, c6 nghia 14 E(I,I7) = d¢; va day thong tin
khong tuong quan v6i day nhidu cong {n:}. Véi fy, ta sit dung bidu thic {12-2-41). Sau khi 14y gia tri
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trung binh trong (12-4-1) ta nhin duge

E(Ekfg_j) -_—63{0—%{, jZ*K,..A,K (12-4-2)

Nhu vay digu kién
Eedi_)=0, j=-K,. . K (12-4-3)

duge thoa man khi g =1 va g, =0,1 < |n| < K.

Khi khéng bidt dap ing ctia kénh, cac d9 tuong quan chéo ciing khong bigt va sy phitc tap co thé
duge khic phuc bang cach giti mot day ky higu thir {1} t6i phia thu. Cac ky hiéu nay duge sit dung
dé udc lugng cac do tuong quan chéo bing cach thay cac gia tri trung binh theo thai gian cho cac gia
. tri trung binh theo tap hgp trong (12-4-1). Sau khi khdi dau bling vigc giti mdt day xac dinh trude co
© do dai it nh&t bing do dAi cia bo cin bing, ta sé xac dinh duge cac hé 86 clia bo can biing thda man
(12-45-3).

Thuat toan truy hai don gian dé thay déi cac hé s6 cla bod can bing la

=B L A+ Iy, j=-K,.. K (12-4-4)
voi ¢*) 1a gia trj cha hg s6 thit j tai thi didm that k, ¢ = kT, ey = I — I 1a sai s6 & thoi diém ¢ = kT
va A la hé s8 dé didu chinh t6c d6 thay déi cac hé s86. Day la thuat toan ZF. Thanh phin eelp ;1
udc lugng cta dé do tuong quan chéo (trung binh theo t3p hgp) E(exf;_;). Viéc ldy trung binh do do
tuong quan chéo duge thye hién truy hdi 1a thuat toan dao ham béc 1 nhu trong phuong trinh (12-4-4).

Sau giai doan thit va cac hé s6 clla bd can bing c6 gia tri t6i vu thi vige xac dinh & dau ra b xac
dinh 13 40 tin cay d& c6 thé tidp tuc thuc hign qua trinh thich nghi cac hé s8. Viéc thich nghi nay goi
la ché dj zdc dinh tryc tiép. Cac d3 do tuong quan trong (12-4-4) duge thye hién dya vao tin hige 16i
£ = Iy — It va day x&c dinh d dau ra Iy, 7 = —K,..., K. Nhu vay trong ché d§ thich nghi nay,
{12-4-4) trd thanh

cgkﬂ) = c_(fk) + A& T} - (12-4-5)
Hinh 12-4-1 trich bay b§ can bing ZF trong ché do thit va ché do hoat dong thich nghi.
Déu vao
- T »~ T ol T p===a-
(v}
(O
L b2

T . T T l#—x T

Hinh 12-4-1: B cAn bing ZF thich nghi
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12-4-2 Thuat toan LMS

Khi t6i thidu héa MSE, ta thiy riing cac he s6 cia bo can bing t6i wu duge xbc dinh qua hé phitdng
trinh tuyén tinh, dugc biéu dién duéi dang ma trar 1a

GC=¢ (12-4-6)

trong d6 G 1a ma tran higp bién ¢ (2K +1)x{2K + 1} cla cac mAu tin higu {v}, C la vecto cot 2K +1
chigu cac hé s6 cia bo can bang, £ 1a vectd ¢t 2K + 1 chidu cac hé s6 cia bo loc tuang ang véi kenh.
Céac heé s6 clia bd can bang t8i wu C,p: dugc xéac dinh theo (12-2-47) va thi tye tinh toan duge thyc
hign theo thuit toan Levinson-Durbin.

Mot phuang phap lip khac duge st dung dé tranh tinh nghich dao true tidp ma tran G. Co6 lé
thi tuc lap don gidn nhit la phitong phap gidm theo bude, bat dau béi mat vecto C ngéu nhién nao
dé, ky higu 1a Co. Sy Iya chon khéi diu clia cac hé s6 tuong Ung véi mot didm nao do trong mit
phang MSE trong khéng gian 2K + 1 chidu cac he s8. Vectd gradient Gg c6 2K + 1 thanh phan la
—aJ/ac[,L, k= —K,...,K dugc tinh trong m&t phing MSE v& cAc he s& clia b3 can bing duge thay
ddi theo hudng ngu’dc la.1 v6i chigu cha thanh phin gradlent tuong ung. Sy thay d6i ¢ hé s6 thit j ty le
v6i thanh phan thi j cla vecta gradlent Nint vay cac hé s6 cua vecto C duge thay déi trong cac budce
theo cong thic

Crr1 =Cr —AGg, k=0,1,... (12-4-7)
v6i vectd gradient G la
1dJ .
Ge = 576 = GCk — £ = —Blex V) (12-4-8)

Vects Cy. thé hién tap hop hé s6 6 lan lap thit k, e = I, — fgc 1& tin higu 161 & lan lap tht k, Vi 1a
vecto cac mau tin hiéu nhan duge ma tur d6 tao ra udc luong I, Vi = [vgag ...tk .. ve—x]f va A Ld
s0 duang di nthé dé bao dam tinh hai tu cta qua trink lgp. Néu MSE nhd nhét dat duge tai Ian lap
k = ko vd Gy = 0 thi cac hé s6 khéng can phai thay déi nita. N6i chung, Jonin (K) khong thé dat duge
khi kg 12 hitu han d&i v6i phuong phap nay, tuy nhién cd thé sat ghn tuy ¥ véi gia tri ko hing han.

Kho khan co ban clia phucng phap nay 1a khong biét day dia vi vects gradient G, nd phy thuoc ca
vao ma tran hiép bién G va vecto £ Cac gia tri nay phu thude vao cac hé s6 {f;} cia m6 hinh kénh
rdi rac tuong duong, sai phuong cia day thong tin va nhidu cong, tat ca c6 thé khong bist & phia thu.
Dé giai quyét cac vén dé nay ta co thé sit dung phuong phap usc luong vecto gradient. Nhu vay thuat
toan thay doi cac hé s6 clia bo can bling c6 thé biéu dién dusi dang

ék—}—l = Ck - Aék (12-4-9)

trong d6 G 13 uoc lugng cia vecto gradient Gy va Cy 13 w0 hugng clla vecto cac hé s8. Tit (12-4-8)
chiing ta thdy rhng )
Gy = -V} (12-4-10)
Do E(Gy) = Gy nén Gy 13 u6c lugng khong sai lech ciia Gy K&t hop (12-4-10) va {12-4-9) ta ¢6 thuat
toan
Ci1 = Ci + Agy Vi (12-4-11)
D6 12 co s8 cha thust toan LMS (trung binh binh phuong t6i thidu) dé thay ddi cac hé s& cia bo can
bang. So d6 khéi ciia bo can bing duge vé trén hinh 12-4-2.
Mot s6 sit thay déi cia thuat toén trén dugc sit dung trong thuc t&, vi du nhu diu ¢da tin higu sai
6 €; hay trong V. Nhu vay c6 thé c6 ba sy thay ddi la

Cli+1); = ckj +Acsgnler)vy_;, j=-K,... K (12-4-12)
Ch+1); = ckj + Begesgnlvy_;), j=-K,... K (12-4-13)
Cle+1); = ckj + Alcsgn)(ex)esgnivy_;), i=-K,...,K (12-4-14)

J0-CSLTTT -T2
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trong d6 csgn(z) duge dinh nghia la

145 {(Re(z)>0,Im{z) > 0)
1-35 (Re(z) > 0,Im(z) < 0)
~1+j (Re(z) < 8,Im{z) > 0)
-1-3 {Re(z) <0,Im(z) <0)

. Cht y rang trong (12-4-15) thi j la don vi &o.

esgn(z) = (12-4-15)

Panviao [Vl

21 z-! et 21 |- ppend 11 ] i
] ] 1
1] 1 ] L]
x) ° -
Cx S € Cx

"
“a
b iht

Xic d';nhl

i

i ra

Tao day
ther

Hinh 12-4-2: B0 can bing tuyén tinh thich nghi dya trén tiéu chuin MSE
Mot s6 sy thay ddi khac clia thuat toan 1 18y trung binh hay loc vectd gradient qua mdt sd lan lap
trudc khi thay déi cac he s8 ciia bo loc. Vi du 18y trung binh N vecto gradient 12
N-1

= 1 .
GmNn = _ﬁ Z 5mN+nV:nN+n (12-4‘16)

n=0

va phwong trinh truy hdi titong ttng ding dé thay ddi cac hé s bo loc 12

C(k+1)N =Cin - AGey (12-4-17)

Ngudi ta ciing thiy ring vige ldy trung binh nhu cong thitc (12-4-16) lam giam nhidu udc lugng vecto
gradient.

Mot phuong phap khac 1a loc vectd gradient bing b loc théng thdp va sit dung dau ra cia bd loc
lam vecto gradient udc hugng dugc, vi du bd loc thong thap tao ra dau rala

Gy = wGer + (1 —w)Gx, G(0) = G(0) (12-4-18)

0 < w < 1 xéc dinh do rong dii thong cla bo loc thong thdp. V6i cac vecto gradient dugce loc trong
(12-4-18), ta ¢6 thuat toan LMS loc gradient 13

Cror = Cr — AGy (12-4-19)
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Khi trinh bay & tren ta g4 thidt ring phia thu da biét ddy thong tin truysn di dé ta0 ra céc tin hieu
I6i gitta ky higu nhin dugc va u6c lugng ciia n6. Didy nay c6 thé thyc hian dé dang bing cach truysn

. 12-4-3  Tinh héi tyu cua thuat toan LMS

Tinh héi tu caa thuit toan LMS {12-4-11) duge x4c dink béi tham s§ A. Ta xét vige Ita chon tham s6

+ nay dé bio dam tinh hoi ty ctia thuat toan ( 12-4-7).

Tt {12-4-7) va (12-4-8) ta co

ck—i—l = - AGk = (I — AG)Ck + Af (12—4-20)
+ G, Bé lge Civi
+ i _ A
A Tz = 1
I'C,
ol ™ S -

Hinh 12-4-3: He théng phan hai bidu dién phudng trinh truy hai trong (12-4-20)

Quan hé truy hai trong (12-4-20} duge biéu dién bi he théng didu khién déng nhu trong hinh 12-4-3.
2K + h

Nhung 1 phuong trinh vi phan bac 1 trong (12-4-@0) phy thuge vao ma tran ty tudng quan Q.

Dé giai he phuong trinh nay ta chg ¥ riang ma tran G 1a ma tran Hermitian va do d6 ¢ thé biéu dién
thanh
G =UAU" (12-4-21)

A la ma tran dudng chéo véi cac phan ti tren dudng chéo 1a cac gia tri riéng cta G va U ]a ma tran
thé thic chudn hoa cla @ Thay (12-4-21) vao (12-4-20) va ta dinh nghia vecto bign ddi (tryc giaon)
Ci=U"Crvacee = U*¢, ta nhan duge

Cir1 = I -ANCE + Ag° (12-4-22)
Su héi ty cla thugt toan phu thude vao phuong trinh
Claa=(1- AN)CE (12-4-23)
Quan hé truy hbi s& hdi tu khi tdt c3 cac didm cuc nam trong dudng tron don vi, c6 nghia la
‘ 1—Ax <1, k=-K, . K (12-4-24)
véi { A }a tap hop 2K + 1 gia tri riéng clla G. Do G 1a ma tran ty tuong quan nén né xac dinh duong
V& Ar > 0 v6i moi k. Nhy vay su hdi ty cla quan he truy hoi s& bao dam néu A thoa mén bdt ding
thire
2

/\ma:r

0<A< (12-4-25)

Amaz 14 gia tri riéng 16n nhit ciia ma tré.n G.
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Do gia trj riéng lon nhit cfia ma tran xac dinh duong nhd hon tdng t&t ca cac gia tri rieng ciia ma
trdn va ta cé gidi han trén cla Apas

K
dmae < D = trG = 2K + 1)G
k=—K

= (2K + 1)(zo + No) (12-4-26)

Tix {12-4-23) va (12-4-24) ta thay ring téc do hoi tu sé lon khi fl — AXg| nhd, nhung ta khéng thé
thyc hién duge digu nay ma vin thoa man (12-4-25) néu co sy khac nhau nhitu gita gia tri riéng nhd

* nhét va lén nhat cia ma tran.

12-4-4 MSE phu trdi trong wéc lugng gradient

Thuat toan truy hai trong (12-4-11) sit dung wdc lugng khéng sai lach vecto gradient. Nhidu trong cac

udc lugng nay tao nén syt thay ddi ngéu nhign len cac hé s6 clia b can bling so v6i gia tri t6i vu va dan

ti gia tri MSE sé tang lén & du ra cta bé can biing. Gia tri MSE cudi ciing 86 1a Jp,, + Ja vl Ja

13 sai phuong ciia nhidu uéc lugng. Thanh phin Ja goi la MSE phy tréi (excess means-square error).
Téng cong lugng MSE & dau ra cia mét b$ can bing duge bidu didn 1a

T = Jmin + (C = Copt)"G(C = Cop) (12-4-27)

trong d6 Cope 12 tap hop t&i un cac hé 8 trong (12-4-6). Ap dung bién ddi tuyén tinh tryc giao ta ¢

K
J = Tmin+ > MElef - ol (12-4-28)
k=—K

- trong do {¢2} 1a tap hop cac hé s3 cia bé can bang da qua bién déi. Phy trot MSE la gia tri trung

binh cia thanh phin thit hai, c6 nghia 1a

Ja = ZK: AnElcg — o l? (12-4-29)
k=K
Ngudi ta di chitng minh duge ring
K 52
Ja = A%, k_Z_K T_—(if"-m (12-4-30)

Biéu thitc trén 6 thé trd nén don gian hon khi ta chon A d€ Ay << 1 v6i moi k. Khi do

1 K
JA ~z EAJmin. § Ak
k=-K

1
ol §Ang'n trG

1
% S ARK + 1) Jimin(w0 + No) (12-4-31)

Théanh phin z + Ny 14 tin higu nhan duge va cBng suit nhidu.
Ta mudn ¢6 Ja < Jmin nén ta chon A théa man

Ja 1
J‘min~2

AQK + 1){zo + Np) < 1
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hay tuong duong 1a

2
: (2K + 1)(xy + Ny) (12-4-32)

Viée ta phén tich ¢ trén v& MSE phu trdi dua trén cd 3 12 gia tri trung binh cic hé s clia bd
can bang hdi tu vé gia tri t8i uu Copt- Trong didu kién nay, A cdn théa min gidi han trong
(12-4-32). Mat khac ta ciing d3 xac dinh riing su héi tu clia vectd hé 56 d61 hdi A < 2/,

Vi du 12-4-1
* Thuét toan LMS duge st dung dé can bang thich nghi mjt kénh truyén thong v81 ma tran tu
‘tudng quan cé cac gid tri riéng thoa man didu kin A, /Ay, = 11. S8 hé sd cia bé can bing

dude chon 12 2K + 1 = 11. x, + N, duge chuéin héa thanh don vi, Nhu vay g151 han trén cua A
trong (12-4-32) 14 0,18. Hinh 12-4-4 biéu dién dac diém héi tu khéi ddu cha thudt toan.

1
= 10!
A
=
i
& 10-2
10-2 1 1 L : i
0 100 200 300 400 500
| S8 14n l5p

Hinh 12-4-4: Bic diém héi tu khdi ddu cla thuat toan.

12-4-5 BO can bing tuyé&n tinh bang tdn cd s§ va théng dai

Viée xti 1y v€ by can béng tuyén tinh thich nghi ta da xét 1a trén co 8 tin hidu duge biéu dibn la
tin hiéu tan sé thap hay tin hiéu tdn s& thap tuong dudng. Trong thie t€ bd can bang tuyén tinh
thich nght ¢ thé thuc hién & bang tan cd sd hay thong dai. Hinh 12-4-5 thé hién qua trinh giai
diéu ché tin hidu QAM (hay tin hiéu PSK da mitc) bing cich dich chuyén tin hiéu v&€ tin hiéu
tan sé thap tuong duong va cén bang tin hiéu nay bing bd can bing ¢6 cac hé s8 phiic. Thyc ra
bd can bang phite v6i tin hidu vao phite turong duong véi bdn bd cin biing song song cé cac hé sb
thite nhu trong hinh 12-4-6. Mat khac, ta ciing ¢6 thé cAn bing tin hiéu théng dai. Hinh 12-4-7
bigu din bd can biing cho tin hidu hai chidu QAM hay PSK.

12-5 Can bang héi ti€p thich nghi

Clng nhu trong bé edn béng tuyén tinh thich nghi, cAc hé s§ cla cac bé loc trong b can bang

héi t1ep thich nghi cling duge thay d6i mét cach truy héi. Dua trén vide t6i thidu héa MSE & diu
ra cua bo DFE, thuat toan gidm bac c6 dang

Crn = C; +AE( V) (12-5-1)
trong d6 C; 1a céc hé s6 clia bo cin béng tai thdi diém thi k, E(g, V; ) 12 tuong quan chéo giita
tin hiéu 161 Ek = Ik — j’k Vél Vk va Vk = [Uk+Kl“‘UkIfe—l"' Ik-Kz ]t ].é tin hléu a Cé.c ba ]QC hél t]é‘p

duong va hoi ti€p 4m tai thdi diém thd k. Gia tri MSE duge t3i thidu héa khi vects tugng quan
chéo E(g,V,) =0khik — o,
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cos .f
LPF Rel,)
x - »  Bjcin - .
Tn hiéu biag phitc Im(L) sée ginh
nhin duge {c,) >
3 Iy

. LPF Re{EuI 1!__: =

) (+1

‘e Im{e,} -
' i L ]
sin@, ! Dhu ra

Hinh 12-4-5: B giai digu ché tin higu QAM

= {Re(c,)}
—_— ]
| {Im(c,)}
Céhe thanh phéin
binh phucng
: = {Im(c, )}
—_—d

{Re(c,)}

¥

Hinh 12-4-6: Bo c&n bing phitc bang ¢d s cho tin higu QAM

P FLE

» BPF = B6can 6

bing thing] x il B

‘Tin hién dai phfrcg] ,___,)_ = Xdc dinh
nhan duge *
D m———
BPr o A J
tich pha ¥ *
Tin hiéu
sai thng dai Tin hi¢u sai
) bang tan cu s

e Wl

Hinh 12-4-7: Bo cén bing théng dai cho tin higu QAM hay PSK
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Do khong biét vectd twdng quan chéo tai cac thoi diém, ta phai wie lugng vects exV} va ldy trung
binh nhiu udc lugng qua phuong trinh truy hoi

Crs1 = C + Aer VY (12-5-2)

Day 1a thuat toan LMS cho by DFE.

Ta sit dyng mot day thit dé thay déi cac hé s§ khi khdi ddu. Do tinh hoi tu t6i tap hop cac hé 86
t6i uu, ta c6 thé chuyén sang ché do xac dinh tryc tidp khi viéc xac dinh & dau ra cia bo xéac dinh duge
sit dung dé tao ra cac tin hiéu 151 e va dua vao bé loc hdi tiép am. Day la ché d¢ thich nghi cia DFE.
Hinh 12-5-1 trinh bay bo DFE thich nghi. Phuong trinh truy hdi dé thay déi cac he s6 cia b can bing
trong trudng hgp nay la
Cip = Cr + A&V (12-5-3)

Hiéu qua cla thuat toan LMS cho DFE ciing giéng nhu cho b6 can bing tuyén tinh thich nghi da
trinh bay trong phin truée.

ll

Diuvie  {y)

[
1,

]
P \ —
i,

Friu ra

Hinh 12-5-1: Bo can bing hoi tiép thich nghi

Tin hidu didu ché ma ludi trong phin (10-3) ¢6 bing thong higu qua thudng duge sit dung trong cac
hé théng truyén s§ qua kénh thoai d& gidm SNR ting bit v6i mot tdc d@ sai nhat dinh. Sy suy hao clia
kénh d6i v6i tin hieu ma lugi bit bude ching ta phai can bang thich nght dé gidm ISI. Dau ra cta bo
cén bing duge dua vao dau vao cla b gial ma Viterbi, tit d6 giai ma xac dinh mé&m tin hiéu ma ludi.

Vin d& dat ra 12 lJam thé ndo dé b6 thu c6 thé thay déi thich nghi trong ché do truyén s6 ligu nhu
thd. Mot kha ning 14 bo can bing tu thyc hién viée xac dinh & diu ra cia nod dé tao ra tin higu 18, tit
dé thye hien viéc thay ddi cse he s6, so dd khdi duge vé trén hinh 12-5-2. Van d& cd ban cua phuong
phap nay la thigu dg tin cay do viéc tién gidi ma ky hi¢u ma c6 SNR tuong ddi nhd. Tde do sai léch
cao s8 gy ra sit sai léch dang ké trong sy hoat dong cia bo can bang. Mot phuong phap khac la si
dung vige xéc dinh sau gidi ma tit-bo gidi ma Viterbi, c6 do tin cay cao hon dé thay ddi cac hé 86 cla
bd can bang. Phuong phap nay hay dugc sit dung khi bg can bing tuyén tinh ghép trudc bo gial ma
Viterbi. Do tré giai ma do thujt toén Viterbi c6 thé duge ¢d dinh do vige thay ddi cac hé s6 nhu trong
hinh 12-5-3. Nhudc diém co ban do thém vao do tré la tham sd A trong thugt toan LMS phai giam di
dé ¢é syt &n dinh trong hé théng.
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Tin hidu 13i
| Tin higu 16t
&
T “AN
)
Cae miu )
tin hiéu - a
nhin duge [ Cén biing f; Bé Tré
™ tuyén tinh ™ ciedinh T
Cae miu
tin g . -
Xac dinh ,:;;anl?;:mc Can bang Cidi ma Xar dinh
Cidt ma CUDLCUINE  —e—rvrrewme]  LLYET LiTth - \;i;erbi -
™ Viarhi ™ thich nghi

Hinh 12-5-2: B¢ can blng hoi tiép thich nghi Hink 12-5-3: B can bing hai tiép thich nghi dya
trén ¢d sd ti xac dinh trén su x&c dinh cla b giai ma Viterbi

Khi kénh ¢6 mot hay nhigu dai chén thi bd can bing tuyén tinh khéng con phi hop nita va ta phai
st dung b6 DFE thich nghi. Nhing DFE clin phéi c6 vigc xac dinh ¢6 do tin cay cao trong bd loc hdi
ti€p am dé loai bo ISI tit cac ky higu duge xac dinh truse. Nlung bo DFE thong thudng khong mice néi
tiép v6i bo giai ma Viterbi ma ngudi ta dung bo DFE dy doan nlw trong hinh 12-5-4. P& khic phuc
tré gidi ma nguoi ta diing bo cheén/gidi chén (interleaver/deinterleaver) c6 cing do tré nhit bd gidi ma
Viterbi.

Ehf;u—b Bj ma héa Bo ghép B6 didu ché —Kf—n-h—h-

| J

Y

{a) B4 phat
Cﬁchméu
tin hiéu -
nhin duge + Gidi ma Xac dinh
bin A s iz N idi ma -
™ B?‘Lgiﬁ?ié'p £ = Do giaighép " Viterbi >
¥
Tri
Bj loc
» hoitiép -
dm

Hinh 12-5-4: Bo DFE du doan véi bo chén, giai chén va didu ché ma luéi

12-6 B¢ u6c lugng kénh thich nghi déi véi xac dinh ML

Tiéu chudn x4c dinh day ML véi thudt toan Viterbi yéu ciu cin phai biét v& cac hé s6 cla {fr} cia
kénh réi rac tuong duong. Dé xi 1y trong trudng hop khong bidt cac hé sé nay hay cac he 6 thay déi
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cham theo thdi gian, ta o thé thém bo udc luong kénh mic song song véi bo gidi ma nhu trén hinh
12-6-1. B9 udc higng kénh trong hinh 12-6-2 ¢6 ciu trac gidng c3u tric cta bo can bing tuyén tinh
uhtt trong phin 12-4, Cac he s6, ky higu la {/+} duoc thay déi mdét cach truy hai dé toi thidu hoa MSE
gita day nhin dugc va day dau ra ciia bo use lugng. Vi du thuat toan giam budc trong chd do xac dinh
trire tiép la R :

fos1 = B + Aeyd} (12-6-1)

trong dé fi 1a vects hé sé trong 1an 1ap thit k, A 13 bude, g = vg — B 1a tin higu 181, Iy 1a vecto cac

. k¥ hiéu théng tin xac dinh duge trong b ude lugng kénh trong lan lap thi k.

Bay gig ta sé chiung minh rang khi MSE gitta vy vA 1, dugc t8i thidu hoa thi cac hé s6 cia bo ude

. lugng kénh sé la cac hé s6 ciia mo hinh kénh rof rac tuong duong. Gia thiét cac ky hiéu thong tin xac
* dinh {I;} dugc 1 chinh xac hay {, = {I}. Disu gl thidt nay la hgp 1y khi hé thdng co xac suit sai
nthé. Nhu vay MSE giita tin hiéu nhan duge {vx} va tin hitu xac dinh dugc {i} la

2

N-1
I =E [ |u -3 fj-fk_jf (12-6-2)
Jj=0

Cac he s6 {f,} t6i thidu hoa J(I) trong (12-6-2) thos man N phuong trinh tuyén tinh

N-1
Z.fjékj =dy, £=0,1,... N-1 (12-6-3)
i=0
vl
N1
bij = E(LIY), di =" f;¢; (12-6-4)
e

Tur (12-6-3) va (12-6-4) ta két luan rang khi day ky hig¢u théng tin {I;} khong tuong quan thi cac

-h¢ 56 t6i uu sé& bang cac he 8 ctia mé hinh kénh réi rac tucng duong. Khi s6 lugng he s6 N cia bo udsc

lugng kénh lén hon hay bang L + 1 thi cac hé 56 téi un {fk} sé bang cac he s6 {fr} tham chi khi day
ky hiéu thong tin ¢6 tuong quan. Véi cac didu kién & trén thi gia tri MSE t6i thiéu bing sai phuong
nhiéu la Ng.

12-7 'Thuat toan binh phuong t5i thidu

Thuat toan LMS trong phin 12-5 va 12-6 dung dé thay d6i mot cach thich nghi cac hé s6 ctia b6 can
bang tuyén tinh hay DFE ¢6 co s6 la thudt todn gidm bac, trong do vecto gradient thye dude xdp xi
boi mdt ude lugng 6 duge tit sd ligu.

Uu didm co ban ctia thuat toan giam bac 1a né don gian trong tinh toan nhung nhuge diém cg ban
13 t8c 49 hoi tu chawm, dac biet khi ma tran ty tuong quan G c6 céc gia tri riéng ma Apmoe/Amin >> 1.
Nhin theo khia canh khac thi thuat toan gradient la thuat tofn thay ddi chi mét tham s6 A dé disu
khién t6c do hoi tu. Tdc d6 hai tu cham 1a do bén chét ciia thuat toan. DE c6 t6c 46 hai tu cao han thi
ta phai phat tridn cac thust toan phue tap hon, sit dung t6i nhidu tham s8 hon, Cu thé hon, néu ma
trin G la ma trgn NxN ¢6 cac gia tri ring Ay, Ag, ..., Ax thi ta c6 thé ding thuit toin c6 N tham s0.
Sy lya chon t6i un cac tham s6 nay dé cho tdc d4 hoi tu cao 1a myc tiéu clia phan nay.

Ching ta quan tam tryc tiép toi s6 litu nhan duge do viée t6i thidu héa chi 83 higu qua binh phuong
chit khong phai 14 trung bink binh phuong sai s6. Ditu d6 c6 nghia 14 chi s6 v& do hitu qua duge bidu
dién theo thoi gian trung binh chit khong phai 13 trung binh thdng ké nita.

Ta biéu dién thuat toan binh phuong t&i thidu duss dang ma tran. Ta thay ddi mé6t s5 ky hieu. Viec
udc hugng ky hiéu thong tin tai that didm ¢ véi ¢ 1 s8 nguyen, tit bs can bing tuyén tinh bay giv duge
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biéu dién thank
K

Itt) = > it =

J=—K

Thay déi chi s6 j trong cj(t — 1) dé 5 chay tit 0 t6i NV — 1 va ta dinh nghia

y() = vk
thi udc lugng I(t) tré thanh
. N-1
It) = Y ejlt - Dyt - j) = Cy(t - 1) Yw(t) (12-7-1)
=0

trong d6 Cy{t~1) va Y (t) 1a vectd c6t cac hé s6 cia bs can béng ¢;(t~1),5 =0,1,... vV — 1 va tin

hiéuvéoy(t—j),j:O,l,.‘.,N-l.

Diu vao{?;) Thuat toan| Déu ra

Viterbi -

F
Y

A x

. fu.} L7
] 6 ——e] | L4
» g o 1 B
Hinh 12-6-1: Bj udc lugng Hinh 12-6-2: Bo loc thich nghi d& wéc lugng kénh

kénh v6i bo giai ma Viterbi

Tuong ty, trong bo can bing hoi tiép, ta 6 cac h&¢sde¢;(t),7=0,1,...,N -1 véi K, +1hés6 diu
tién 1a clia bo hdi tigp dudng va cac hé s6 sau thuge v& bo hdi tidp am K, = N — Ky — 1. 56 liéu udc
llIOIIg I(t) la Vb iy se oy U, dioq, . ..,It_.}ﬁ v I;_j, 1 <7< K;lacae ky higu da xac dinh trusc de.
Ta gia thigt qua trinh xac dinh 1a khong bi 16, fg-j =1i-j,1 £ j £ Ky. Dé thusn tién cho viec ky
higu, ta dinh nghia

—in=d v~y 0<i<KY) 7.
y(t J)_{IHKl-—j (K1<3"SN_1) (1272)

Nhu vy thi

Ya(t) b® yt-1) ... yt-N+1)]

[U:+K1 e Wy vy Ly fz-K;]t (12'7'3)

1l
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12-7-1 Thuat toan binh phuong t5i thidu (Kalman)

Udic lugng binh phuong t6i thidu {Recursive Least-Squares Algorithm-RLS) dugc xay dung nhu san.
Gia sit ta quan sat dugc vectd Y (2),n = 0,1,...,¢t va ta mude xac dinh vects hé s6 Cy(t) cfia bd can
bang (tuyén tinh hay hdi tiép) lam t6i thiu trung binh binh phuong sai s& theo thii gian

; .
0% = D" w'"ew(n, t)? (12-7-4)
n=0
trong do6 sai s§ duge dinh nghia la
. en(n,t) = I{n) ~ C{ ()Y (n) (12-7-5)

w la mot hé s6 trong lugng, 0 < w < 1. Nhu vay chiing ta da ding ham mit dé bidu dién s6 ligu cq,
thich hop khi kénh c6 cac thong s8 thay déi theo thdi gian. T6i thiéu héa O%° theo Cn(¢) din toi ha
phueng trinh tuyén tinh

Ry(t)Cw(t) = Du(t) (12-7-6)
R (t) 14 ma tran tuong quan, duge dinh nghia la

Ry(t) = i w' Y (r) Y (n) (12-7-7)
)
Dy (t) 1a vecto tuong quan chéo
Dy(t) = ij w' " I(n)Y i (n) - (1278)
rd
Nghiém cia (12-7-6) la
: Ca(t) = Ry (D (1) (12-7-9)

Ma tran Ry (t) ¢6 quan hé v6i ma tran ty tuong quan Gy va vectd Dy (t) ciing cé quan hé véi
vecto tudng quan chéo {x duge dinh nghia trude day. Tuy nhién ta cha ¥ ring ma tran Ry(t) khong
phai 1 ma tran Toeplitz va v6i ¢ nhd, ma tran Ry (f) ¢6 anh hudng rét nhé va thong thuong dé khai
déu, ngudi ta cong ma tran Sl voi Ry(t), § 1a mot héng s6 duong nhé. V6i viec mii hoa, anh hudng
cla viéc cong thém ma tran nay sé mit dan theo thai gian.

Gia thiét ta c6 10t gidi (12-7-9) tai thoi didm ¢ — 1 tic la Cn(t — 1) va ta muén tinh Cy(¢). Néi
chung ngudi ta khong giadi mot he phuang trinh méi véi mdi thanh phan tin higu nhan duge. D& tranh
didu nay, trude hét ta tinh truy hdi Ry (t)

Ry(t) =wBy(t - 1) + YR Y4 (1) (12-7-10)

Ta goi (12-7-10) 1a phuong trinh cap nhat Ra(2) theo thai gian. Nghich dio cia Ry(t) la

—1l¢a " t -1 _
w w+ YL, R (t - 1)Y5(8)
Nhu vay R}'\,l(t) dudc tinh truy hdi theo thai gian.
Ta dinh nghia Py (t) = R;!(t) va mot vectd N chidu, goi 14 vectd Kalman:
1
Ky(t) = —————Ppn{t — 1)Y%(t 12-7-12
8 = oo Pl - DY (12-712)
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trong dd pn(t) 1a vo hudng duge dinh nghia 1a
un(t) = Yo (OPn(t - DY (1) (12-7-13)
V6i nhimg dinh nghia nay, (12-7-11) trd thanh
Pn{t) = é[PN(t -1 = Ky YL ({)PN(t - 1)) (12-7-14)
Nhéan cd hai v& cha (12-7-14) véi Y (t) thi

Py (t}Y N (t)

~[Pavlt — Y 3(t) ~ Kn() (P (t - DY5(0)
= o {iw+ ey @K - Knun(0)
= Ky(t) (12-7-15)

Nhu vay vectoc Kalman ciing c6 thé duge dinh nghia 1a Py ()Y n ().
Bay gid ta tim phuong trinh dé tinh Cx(t) tit Cx(t — 1). Do

Cn(t) =Pn(t)Dn(t)

va

Dn(t) = wDn(t — 1) + I Y5 (8) (12-7-16)

ching ta cé

Cn(t) i[PN(t — 1) - Kn(O)YN (P (t — D) [wDn(t — 1) + I{) Y& (£)]

= Ppn{(t-1)Dy(t —1)+ %I(t)PN(t - 1)Y5 (1)
“Kn()Y ()P n{t ~ )Dy(t - 1)
~ L RN (Y OPA(E = VYR ()
= Cn{t-1)+Kxa®[I{#) - YN({)Cn(t - 1)] {12-7-17)
Ta chi ¥ réng Y4 (¢)Cw (¢ — 1) la dau ra bo can bang tai thoi diém ¢, c6 nghia la
Ity = YL()Cuh(t = 1) (12-7-18)
viz R
en(t,t—1) =I(t) — I{t) = en(t) (12-7-19)
Nhu vay Cn(t) duge cap nhat mot cach truy hdi theo quan hé
Cn(t) = Colt ~ 1) + Kn{t)en(t) (12-7-20)
Luong MSE gap phat qua qua trinh t3i uu hoa 1a

t
Ofimin = 3_ w'™™I(n)]? — CL(HDA () (12-7-21)

=0

Tom lai, gia sit ta c6 Cy(t ~ 1) va Py (¢ — 1) thi khi nhan duge mot thanh phin tin higu m, chiung
ta ¢o Y n(t) va viéc tinh toan truy hdi dé c6 duge Cu(t) va Py (t) dién ra nhit sau:

e Tinh dau ra: J(t) = Y4 ()Cn(t — 1)

L0

]
A
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» Tinh sai s6: en(t) = I{t) — I(¢)

s Tinh vecto Kalman:
Pr(t - 1)Y (1)

w+ Y (E)Pn(t — 1)Y%(1)

Kn(t) =

¢ Cap nhat ma tran tuong quan

P(®) = o [Palt = 1) - Kn() Y (Pt - 1)

e Cap nhéat cac hé s8

k Cn(t) = C&(i — 1)+ Kn(t)en(t)
= Cnlt- 1)+ Pr{t) Yy Een () (12-7-22)

‘Thuat toan (12-7-22) goi la thuat toén Kalman hay thuat toan RLS truce ti&p.

Cht y réing cac hé s6 cha bo can biing thay déi theo thoi gian bang en(t) nhan vai vects Kalman
Kn(t). Do Kx(#) la vecto N chidu nén thyc ra méi hé s cta bg can bing dugc didu chinh bdi mat
pham ti clia vecto Kalman. Nhu vay t8e do hoi tu sé nhanh. Ddi vai thudt toan gidm bac duge ky hien
nhu vai thugt toan Kalman thi

Cn(t) = Cy(t ~ 1)+ AY N (then(t) (12-7-23)

chi 6 mot tham s6 1a buse A.

Hinh 12-7-1 vé& t8c do hoi tu khdi dau v6i hai thuat toan, kénh c6 cac hé s6 dinh fo = 0,26, f, =
0,93, f2 = 0,26, bo can bing tuyén tinh véi 11 he s8. Kénh nay c6 Amaz/ Amin = 11. Cac ha s8 cia
bd can bing khéi diu bing 0 va thuat toan giam bac c6 A = 0,02. Ta th&y r6 vu diédm cda thust toan
Kalman va dgc biét hitu higu khi theo doi cac kénh hién déi theo thoi gian.

2 oo

Thuft toan gradient

Thudt tosn Kalman
10 -2 e I

ke .y [ | -
00 100 200 300 400 SO0 600 700
Sflinlgp

Hinh 12-7-1: So sanh t6c d6 héi tu hai thuat toan

TIITT]

Trung binh _lii.nh phudng sai
=
L -

Tuy c6 wu diém v& tdc do hoi tu nhung thuat toan Kalman c6 hai nhuge diém co ban 1a do phite
tap tinh toan vi sai s6 tich luy khi thyc hién truy hdi va didu nay e thé din t6i sy khéng én dinh clia
thuat toan.

56 lugng phép tinh cta thugt todn nay ty le véi N2, phin lon trong sd nay la do viée ciap nhat
Py (t). Nhung chinh viéc cap nhat nay lai d& din t6i sai s6 tich lay. Dé tranh vin d& nay, ngudi ta
khéng tinh Py {t} theo (12-7-14) ma phan tich Py{¢) thanh

Pn(t) = Sn (AN (S (1) (12-7-24)
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trong do Sn(t) 1a ma tran tam giac dusi ¢6 cac phan tit trén duding chéo bing 1, con An(t) 12 ma tran
dudng chéo. Ngudi ta cap nhat hai ma tran nay chit khong cap nhat tryc tiép Py(t).
12-7-2 Dy doan tuyé&n tinh va bd loc Lattice

Vén d& dy doan tuyén tinh c6 thé phat bidu nhy sau: cho mot tap hop s6 lieu y(t—1),y(t—2),...,y(t—p)
va can dy doan gia tri s6 lieu tiép theo y(¢). Bo dut doan bac pla

2]
5 =D apmylt — k) (12-7-25)
k=1
T6i thidu hoa MSE duge dinh nghia la
» 2
& = Ely®) - §0F = E |9(t) - 3 app(t - k)} (12-7-26)
k=1
theo cac hé s8 ctia bo dy doan {apx} dén t6i he phuong trinh tuyén tinh
P
Dawdlk - =g(l), 1=1,2,....p (12-7-27)
k=1

Vi
o) = Ely(t)y(t + )]
Cac phuong trinh nay goi la cac phuong trinh Yule-Walker hay cac phuong trinh chudn hoa.
Ma tran & v6i cac phan ti 1a ¢(k —1) 14 ma tran Toeplitz va do d6 c6 thé dimh thuit toan Levinson-

Durbin dé giai mét cach truy hdi bat dau tir bo dy doan bac 1 téi bo dy doan bac p. Cac quan hé truy
héi ciia thugt toan Levinson-Durbin 13

ar = %{%%; §o = &(0)
—_ ¢(m)_‘A':n¢;‘_]

Amm = F— (12-7-28)
Amk = Om_1k — CmmGm—lm—k

gm = Em—l(]- - a?‘nm)

voim=1,2,...,p, Ap_q v m—1 dude dinh nghia la
Am—l = [am_ll Gyp—12 ...8M — 1m — 1]t
mo1 = [¢lm—1) ¢(m-2)...¢(1)

B% loc dy doan tuyén tinh 6 thé dugc thire hién nhu bo loc ¢6 ham truyén dat 1a
An(2) = 1= apz* (12-7-29)
k=1

Déu vao cita né la day sg ligu {y()} va dBu ra cia n6 1a sai s6 e(t) = y(t) — §(¢). Bo loc dy doan ciing
¢6 thé dugc thye hien du6i dang lattice ma ta sé trinh bay ngay sau day.

Diém bat ddu ciia ching ta 1 st dung thust toan Levinson-Durbin d& dit dodn cac hé s8 a,,;. trong
(12-7-29). Thay vao ching ta c6

m—1
. —k _
Am(z) = 1- Z(ﬂ-n-hlk —GmmOm_1m-k)Z " — Qpmz "
k=1
m—1 m—1
-— —k —m k
= 1~ Am-1kZ " = Gmm2 1- Um—142
k=1 k=1

I

Am_l(z] - ammz_"‘Am_l(zhl) (12-7—30)

)
2%
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Nhu vay chang ta da biéu dién ham truyén dat cila bo dyt doan bac m theo ham truygn dat cia bo dy
doan bac m — 1.

Bay gi¢ ta dinh nghia mot bo loc c6 ham truyén dat G, (z) 1a

Grl(z) = 2™ A (z71) (12-7-31)

Thé thi (12-7-30) duge viét lai thanh
Anl(2) = A1 (2) - 8mm2 G 1(z) (12-7-32)
Chﬁ ¥ Tang Gr-1(2) 12 bo loc véi cace hé 86 (—am—1m—1, ~Gm—1m_2,... — Gm-11, 1), giéng hét cac he

86 cta Am_1(z) chi co didu bi dao nguge thit ty.
© M6 quan h¢ gita A4,,(2) va Gp,(2) con thay ré hon khi xét, t6i d3u ra cita hai bg loc nay khi dan
Vao 13 y(t). Dung bién déi z ta c6

Am(2)Y(2) = Am1(2)Y (2) — mmz " Gy (2) Y (2) (12-7-33)
Ta dinh nghia d3u ra cia cac bd loc 13

Fr(2) Am(2)Y(2)

= 12-7-34
Bu(z) = Gn(:)Y(z) (12:7-34)
Thé thi (12-7-33) trd thanh
Fro(z) = Fin1(2) - ammz—le—l(z) (12-7-35)
Trong mign thai gian, quan hé (12-7-35) trd thanh
Jm(t) = frno1(t) — Gmmbn-1{t = 1), m > 1 (12-7-36)
vii
m—-1
) = y(O) =3 amiylt - k) (12-7-37)
k=1
.m—l
b(t) = y(t-m) = > Gmiyl(t —m+k) (12-7-38)
k=1

Sm(t) trong (12-7-37) bidu dién sai s6 & bo dy doan truse bac m, b, (¢) bidu dién sai 6 & bo du doan
sau bac m.

Quan hé (12-7-36) 1a mot trong hai dac trung cia b6 loc lattice. Dac trung thét hai nhan duge t
Gn(#) nhy sau

Gm(z) = 27™An(z7Y)
= 2T MAno1(27Y) - emm2™ Ay (2)]

= 27 'Gu_1(2) - emmAm_1(2) (12-7-39)
Nhan ¢ hai vé cta (12-7-39) véi Y(z) va bidu dién két qua theo Fr(2) va By, (2) thi
Bin(2) = 27 Bp_1(2) — anm Fn-1(2) (12-7-40)
Chuyén quan hé trén sang mien thai gian ching ta nhan duge dac trung thit hai cia b loc lattice

Om(8) = bnr (t = 1) = Gmm fms(t), m 21 (12-7-41)
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Diéu kién khdi dau 13
fo(t} = bo(t) = y(2) (12-7-42)
B0 loc lattice duge mé ta béi quan hé truy hoi trong (12-7-36) va (12-7-41) duge bidu dién trén hinh
12-7-2, m5i nhip duge dic trung béi hé s5 nhan a;; duge dinh nghia trong thuit todn Levinson-Durbin.
Sal 56 trudc va sai 88 sau fm(t) va by (t) c6 trung binh binh phuong c6 tinh chit
&m = E[f5(1)] = EP%,(8)] (12-7-43)
| &m diige tinh mat cach truy hdi nhu trong thuat toan

brty

_ bm =Em1{l —a2,,) = & H(l —a’ (12-7-44)

i=1

S (t) v& by, (t) thoa man mot s6 tinh chét, trong do dang cha § 1a tinh chit tric giao sau

Ebm(£)ba ()] = &ndmn .

E(fmlt + m)falt )] = Embun (12-7-45)
Tudng quan chéo gitta f,,,(2) va b.{t) la
E[fm{t)ba(t)] = { g“"‘gm g 3 3 n,m > 0 (12-7-46)
byt Bt (1) b (0 |
b 2! ] by(Y) by by (1) by(9
> - - o -
o Su;gr: Sl;gc Stage
s (0 Q. AT  fyaa0) L
(a) (b)

Hinh 12-7-2: Bo loc lattice

Do tinh chit tryc giao cud cac thanh phan sai s6 ma ta ¢6 thé them vao hay bé bét di mot hay
nhigu nhip cudi cung trong bd loc lattice ma khong anh lnténg t6i cac tham s6 ciia cac nhip con lai.
Do &, gidm lién tuc theo, s§ nhip nén no6 c6 thd ding lam chi s6 higu qua dé xac dinh khi nao bo loc
lattice 6 thé két thic.

Ching ta thdy ring bo loc dy doan tuyén tinh c6 thé xay dyng nhu mdt bo loc tuyén tinh hay bo
loc lattice. Bg loc lattice 1a truy hoi theo bac con cac hé 56 ciia bo loc tuyén tinh nhin duge qua tiéu
chuén RLS la doc lap. Khi thay ddi ¢& bo loc thi cac ha s8 ciing thay ddi theo. Nhu vay thuat toan
Kalman la truy hoi theo thoi gian chit khong theo bac.

12-8 Can bing tu khoi phuc

Trong cac bg can bng ZF hay bo can bling t6i thidu MSE, ngudi ta dung mat day ky hiéu bidt trudc
dé khéi dau ché do thich nghi ctia cac bo can bing. Tuy nhien trong mot s6 Ung dung, vi du nhit mang
truyén tin da diém, nguoi ta mudn phia thu déng bo né v6i tin higu nhan duge va thay déi cac ha s6
bg can bing ma khong biét d6 1a day ky hiéu thit ban diu. K§ thuat can bang trén oo s& khai dau viée
thay d6i cac he s§ ma khong cin téi day ky higu thit goi 14 can bing ty khoi phuc.
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12-8-1 Can bing ty khéi phuc trén tiéu chuin ML

Trong phan nay ta sit dyung md hinh kénh roi rac tuong duong da néi t6i trong phan 12-1-2. D3u ra cla
mé& hinh kénh nay vai IST 1a

L
U= felnk +7n (12-8-1)
k=0
trong d6 {fx} 1a cac hé 56 clia mo hinh kénh i rac twong duong, {I,,} 1a day ky hiéu thong tin, {n,}
la day nhiéu gaussian tring.

. V6i mot khéi N s6 ligu nhén duge, ham mat do phan bd xac susdt dong thoi cia vecto s8 ligu nhan
duge v = [vivz...vn]" vl ditu kien da biét vecto dap g xung £ = [fof) ... fL]* v& vecto s8 lieu

1= [LE... Iy} 2
2
) (12-8-2)

Ude lugng ML ddng thoi £ va I 1a cac vecto lam cyc dai ham mat do phan bs xac sugt dong thoi
p(v|f,I) hay lam ciyc tiéu thanh phin mii. Nhu vay 1 gidi ML 13 cac gia tri ciia hai vecto 1a t6i thidu

N

1 1
p(v|f,I) = WEXP (—@ Z

L

Un — Z kan—k

k=0

n=1

d6 do sau
N L 2
DMED =) |oa—=_ fila_k| =Ilv - Af]? (12-8-3)
n=1 k=0
vii A duge goi 1A ma tran sd lisu va duge dinh nghia nhu sau:
I 0 0 e 0
I I 0 ... 0
A= . . . . (12-8-4)
In Inoqy Inoo ... In_g

Ta c6 mot 56 nhan xét. Trude hét, néu vectd I hay ma tran A duge biét thi cling gidng nhu trong
truéng hop day ky higu thit duge biét & phia thu, usc lugng ML dap ¢ng xung cia kénh nhin duge
bing cach tdi thiéu héa (12-8-3) theo f 1a

fmL(D) = (A'A) 1A'y (12-8-5)

Mt khac, khi biét dap ting xung ciia kénh f, xac dinh tdi wu ML cho d&y s& ligu I duge thyc hién bang
thuat toan Viterbi trong ludi cho kénh c6 ISI.

Khi khéng biét £ va I, viéc t6i thiéu hoa d6 do DM (L, f) duge thyte hign dbng thot voi I va f. Mot
céch khéc, f co thé duge u6e lugng tr ham mat d¢ phan b6 xac sudt co didu kien p{v|f), c6 thé nhan
duge qua viéc 1dy trung binh p(v,f|I) theo moi diy sd lieu c6 thé. Nhu vay

pVIE) = 3 p(v, I ) = 3 p(vII™, £) PI0™) (12-8-6)

U&c lugng kénh trén cd sd trung binh day sd liéu Nhu da noéi, khi I va f khong biét, ta coé
thé ude lugng £ sau khi lay trung bink p(v,I|f) v6i moi day s6 lisu co thé. Nhu vay ta co

pvIf) = Y p(v[I™, ) PI™)

—_ Almif2
s (AT e oo

11-CSLTTT -T2
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Nhu vay udec hegng f 12 Iam cyc dai p(vif) 1a nghigm cia phueng trinh

8p(v|f i

' - Almy|j2
(A(m)‘A(m)f - A(m)tv) exp (_______“V 552 I ) =0 (12-8-8)
Nhut vay u6c lugng cta f 1a
-1
f = Z _p([(ﬂ'l))A(m)ltA(m)g(‘,r1 A(m),f)}
> PIM)g(v, A Aty (12-8-9)
trong do
— Almlg|2
g{v, Al™ ) = exp (_|_|v_2£2_f-‘|_1") (12-8-10)
£

Nghiém t&i wu cita £ ky higu la farg.
Phuong trinh (12-8-9) 1a phuong trinh phi tuy€n nén kho c6 thé tim duge nghiem t6i wu truc tidp.
Chung ta c6 thé ding phuong phap s6 dé gidi. Ta c6

-1
fle+1) I:Z P(I(m))A(m)tA(m)g(v,A(m),f“"'))J
b
> PI™g(v, Al fy A mity, (12-8-11)

Khi farr nhan duge tit (12-8-9) hay (12-8-11), ta co thé sit dung uéc lugng trong viéc tdi thidu hoa
de do DM (X, farz) v6i moi day s6 lisu c6 thé. Nhu vay Iarr 1a day T lam t6i thidu hoa DML fa1), co
nghia la

min DM (L, 1) = min |v - Afpep|? (12-8-12)

T6i day ta co thé sit dung thuat toan Viterbi dé i thidu héa DM(1,fr1) theo I.

Thujt toan nay c6 hai trd ngai la tinh truy hdi theo (12-8-11) la phuc tap va ude lugng fasy, khong
t6t bling udc lugng ML fas7(I) nhan dugc khi T khong bigt. Nhe vay t6c do sai ciia uéc legng trén ca
50 farg, kém hon so v6i use lugng trén co s@ fiep (I). '

Uéc higng ddng thdi kénh va sé ligu Ta wéc lugng dong thoi DM(T, f} trong (12-8-3). Do cac
phan tit cha f 14 lién tye va cac phan tit cta I la rdi rac nén ta c6 thd xac dinh u6c lugng ML cia f
vOi mdi day s6 lidu c6 thé va chon ra day s0 ligu lam t6i thidu DML, f ) voi méi ude lugng kenh tuong
ing. Nhy vy u6c lugng kenh tiuong imng vdi day s8 liéu thit m 1a

farr (I0™) = (AUt A )y -1 g (e, (12-8-13)

V6i day 8 ligu thit m, d6 do DM(L,f) la
DMI™, fa (1)) = ||v — Al (102 (12-8-14)
Nhu vay tit tap hgp M¥ day 6 thé, ta chon ra day lam t6i thidu héa (12-8-14}, c6 nghia 14 ta xac dinh
min DM (I{m) Farz (™)) (12-8-15)

Iim)

Phuong phap trén c6 do phitc tap tinh ton cao, s§ lugng phép tinh ty 1& v6i mi hoa cla d6 dai day
56 ligu. Ching ta c6 thé chon N = L va ta c6 mot uac lugng kenh v6i méi day con lai trong s6 MZ day.
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12-8-2 Thugt toan gradient ngfu nhién

Mgt phiong phéap can bing ty khoi phuc khac 12 can bing gradient ng&u nhién sit dung tinh khong nhe
phi tuyén ¢ dhu ra ctia bs loc can bang tuyén tinh FIR dé tao ra dap Ung mong mudn trong méi ln
lap.

Cac hé 58 khai dau ciia bd can bang t8i vu ky higu 13 {c,} va tich chap cita dap tng keénh véi dap

ing ctia bs can bling la
{cﬂ} * {fn} = {Jn} + {en} (12-8-16)
trong d6 {4, } 1a day xung don vi va {ea} 1a déy 15t tao ra tir viec khéi diu cse heé 56 cita b can bing.
L&y tich chap cta dap Ung xung cia bd can bing véi diy nhan duge {v,} ta cH
th} = {un}xfen)
' Un}* {fn}*{en} + {mn} * {cn}

{In} x ({8} + {ea}) + {1} % {cn)
{In} + {1} * {en} + {nn} » {en} (12-8-17)
Thanh phan {I,,} thé hien day s3 liéu mong muén, {In}*{es} thé hien ISI, {nn}*{c.} 1a nhiéu cfng.
Chung ta chn giai chap day {I,} dé tim ra vac lugng 8t nhdt, ky hieu {dn}. Trong truong hop can
bang thich nghi ding day ky hisu thit thi {I,} = {d,}. Trong ché d6 can bang tu khoi phyc, ching ta
phai tao ra dap itng mong mudn tut {I.}.

Tiéu chuin MSE dugc sit dung dé tim ra u6c lugng t6t nhét caa day {I,} tit diy quan sat dumc

{I.}. Do day truydn di {1} ¢6 ham mat d¢ phan bd xac suit khong phai 1a gaussian, éc luong MSE
la bién ddi phi tuyén clia {{n}. Nai chung, udc lugng 6t nhét {d.} duge xac dinh bai:

dn = g(f,) ) (khong nh6)
d, g, Fy, .. +sIn—m) (c6 nhé bac m)

it

(12-8-18)

¢ 12 mot ham phi tuyén, Day {dn} sau d6 dugc sit dung dé tao ra tin hiéu 18i va duge dua nguge trg
lai b6 loc can bing thich nghi nhy trong hinh 12-8-1,

Hiu vao N R ' Xic dinh
Bé can bing _
*| thich nghi A P
Vo ’rx _ !n
1

Ham
phi tuyén
Lin hiéu 16i gl
eil
d,

Hinh 12-8-1: Bj can béng ty khoi phuc vai thuat toan gradient ng&u nhién
C6 mét vén d& didn hinh trong uSc lugng nhu sau. Néu d3u ra ciia bo can biing {1} dugc biéu dién

béi

fn =1+, (12-8-19)
trong d6 gia thiét 7, 13 nhidu cong gaussian c6 gi4 tri trung binh bing 0, {I,,} va {7in} gi& thigt 13 doc
lap théng ke, {I,} la cac bign ngau nhien doc lap théng ké c6 phan bé gidng nhau thi wéc lugng MSE
cia {I,} la )

dp = E(I,| ) (12-8-20)
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12 m¢t ham phi tuyén ctoa diu ra cia bg can bing khi {I,} khéng phai 13 gaussian.

Bang 12-8-1: Thuat toan gradient ngéu nhién cho can bng tu khoi phuc

Cac hé s cia bd can bing {cn,[)_<_n§N—1}'
Day tin hiéu nhan duoge {vn}
Dhu ra bo can bing {I,} = {vn} {cn}
Day sai 34 can bing {en} = g(in) -
Phuong trinh cap nh4t cac hé 88 cuy1 = ¢, + Av -
. _Thugt toan Ham phi tuyén g{I,)
. Godar e al + Falful = 1EP), B2 = i

Sato Cesgn(l),¢ = SRt

Benveniste-Goursat I, + ki (I ~ I,) + ko|I — I, |[¢esgn(dn) — I,], by, k2 13 hing 6 duong

Béng trén trinh bay mét s6 dang ciia thuit toan can bing ty khéi phuc trén co sd thich nghi LMS.
Ta thay ring sy khac nhau ¢ ban clia cac thuat toan 1a ham phi tuyén. Thuat toan duge sit dung rong
rai nhat la thuat toan Godard, d6i khi dugc goi 1a thust toan CMA.

Thuat toan LMS hgi tu theo trung binh khi

Elvng"(I4)] = Elval}) (12-8-21)
va hoi ty theo nghia trung binh binh phuong khi (k¥ higu H 1a bién ddi lien hgp)

E[?\E’Un_q‘\‘(fn)] E[C‘f‘;nfz] (12-8-29)
Ellng*(In)] = B[

Nhut vay yéu cu la dau ra ciia bg can bing {f,} thoad man didu kién (12-8- 22). (12-8-22) chi ra
ring tuong quan cia day {f,.} b?j.ng tuong quan chéo giita F, va bién déi phi tuyén cta I,. Giéi han co
ban cBa thuat toan gradient ngiu nhién 1a t6c do hoi ty cham.

Thuit to&n Godard Nhu da ndi, thust toan Godard can bing tut thich nghi la thuat toan giam
bac hay dugc sit dung trong thyc t€ khi khong c6 day ky higu thir. Thuat toan nay két hop viéc can
bing vdi theo d6i va khoi phuc pha vat mang. Viéc theo doi pha vat mang dugc thye hién & bang tan
€0 s0 theo sau by can bing nhu trong hinh 12-8-2. Trén cfu tric ndy, dan ra cia bd can bing la

fe=Y covken (12-8-23)
n=-—K

va diu vao ctia bd xée dinh 1a I exp(—jéy), trong d6 ¢ la gia tri udc lugng pha vat mang trong thai
diém ky higu thit k. Néu ta biét ky higu truydn di thi tin hiéu sai s6 sé 13

er = Iy — D9 (12-8-24)
v t6i thidu héa MSE theo ¢; va {en} c6 nghia la

min E(|Iy — [e 1%+ 2) (12-8-25)
¢bic

Tiéu chuén nay din t6i viéc st dung thust toan LMS truy hdi dé uéc lugng C va ¢p. Thuit toan
duya trén viéc bigt day ky higu truyén di 1a

Crar = Cu + A (I — e 190 V1eite (12-8-26)

RS
LY

2
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Bt = i + AgIm(Ji fyel®) (12-8-27)

G day A; va Ay la cac tham s8 bude cho haj phuong trinh truy hdi. Cac phuong trinh nay <6 lién quan
toi nhau va ching néi chung 13 khong hoi ty khi day ky hieu thong tin {7} khong biét.

COS @ f
i} RS didu chg Keénh N B X § cén bing
. > QAM tich pha [ " ch nghi
ll
sin@,_r
I ¥
——— xﬁcgdéinh ] x
‘ e ~i%
Theo daj
vt mAang

Hinh 12-8-2; Thujt toan Godard
Phudng phap ctia Godard phy thude vao lugng IS & dau ra coa b4 can biing, nhung lai dgc lap vai
_ tin hiéu mang (vi du QAM) va Pha vit mang. Vi dy ham gia ca 1a doc lap v6i pha vat mang va ¢6 tinh
chdt 13 gia trj t6i thiéu cia né cho MSE nhé 13
GP) = E(|Ii[? - |1, |P)? (12-8-28)

p 14 56 nguyen duong, Toi thidu hoa G theo cac h¢ 58 ciia bg can bling déin 6i viee can biing chi &
bién d¢ tin hi¢u. Dya vao d6, Godard chon mgt ham gia ca téng quat hon 1a

D® = E(L’ - R,)* (12-8-29)

f1p 12 mot hing 6 thyc duong va D® cing doc 1ap v6i pha vat mang.
T6i thiéu hea D® theo cac hé 86 ciia bo can bing ¢6 thé thyc hién mét cach truy hoi theo thuat

toan giam bac
dpie
Ck—}-l = Ck - Ap‘t_ic_k* (12*8‘30)
Chiing ta nhan dugc thuat toan dang LMS dé thay déi cac hé s6 bo can blng la
Cir = G + 8, Vi k(I P73 (Ry — |1 |P) (12-8-31)
Gia trj téi vu cta Ry la
2p
_ EQL[?) (12-8-32)

7 E(IL}?)

Ta thay rang thuat toan truy hdi trong {12-8-31) khéng cin bigt pha vat mang. Viéc theo doi pha vit -
mang ¢6 thé hoat déng theo ché do trye ti€ép theo {12-8-27).

M6t trudng hop quan trong ta khi p = 2, chang ta c6 thujt toan kha don gidn nhu sau

c::k-'-l = Ck,.+ Apvsz(Rz - I.fk|2)

f2 = |, 12-8-33)
Ghv1 = br + Aglm(Zy Igel?s) (
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It 13 xac dinh dau ra diyta trén [, va
) = E(|L1)
E(|1|?)
Tinh héi tu clda thuat toan (12-8-33) s& thoa ma néu ta chon khéi dau cac hé s6 cia bd can bang 1a 0
trit he s6 & gita théa man bal déng thire

(12-8-34)

E(| L")

PRETIIADE (12-8-35)

leol® >
Day la digu kigén di: cho tinh héi tu cta thuat toan.

12:8-3 Thuat toan ty can bing dya trén théng ké bac cao

Ta biét rang tinh chit thong ke bac hai clia tin hidu (ty tuong quan) nhan dugc cung ¢ip cho chiing ta
dap ing bién d6 cia kenh nhuag khong cho ching ta bigt ve dap tng pha. Tuy nhién véi tin higu t&i
uu tudn hoan nhu cac tin hiéu didu ché s§ thi lai khac. Tinh tuin hoan vong cla tin higu nhan duge la
€0 59 cho mét thuat toan udc lugng kénh ma ta xét trong phan nay.

Dép tng xung cila mot he thong rdi rac tuyén tink b&t bién c6 thé xac dinh n&u nhu dau vao cia
kenh khong phai 13 ganssian do théng ke tich lay bac bén cla day gaussian bing 0. Ta xét vi dy v&
phuong phap nay blng cach théng ke bac ban day tin hiéu nhan dugc. Théng ke bac 4 duge dinh nghia
la:

(k) Vktm, Vitn, Vkrt) = cy(m,n, 1)
E(Ukvk+mﬂk+nvk+£)
‘E(”kUHm)E(i’HnUHI)
~E(vivgtn) E(VktmVi1)
—E{0k k1 ) E (Uit mUbsn) (12-8-36)
Tt d6 din téi
=)
cr{m,n, b} = o(Ti, Topms Tigms Tipt) Z SiFrtm Faqn frots (12-8-37)
k=0
Véi day dau vao {I,} ¢6 phan bg gidng nhau va doc lap thong ke thi e(Iy, LevmiTegn, Lept) = k 12
hing s8. Nhu vay néu d6 dai dap Ung cta kénh 15 L + 1, ta c6 thé dat m =n =1= —F thi khi d6
e{=L,~L,~L)y=kff} {12-8-38}

Tuang ty néu ta dat m = 0,n = L,I = p thi s& nhan duge

¢:(0, L,p) = kfuf2f, (12-8-39)
Két hgp (12-8-38) va (12-8-39) ta nhan duge dap Ung xung véi he s6 ty 1

Cr (Oa L:p)

K Y

p=12... L (12-8-40)
Cac gia tri ¢,(m, n, 1) duge uoe luong bing cach 18y trung binh day ky hi¢u nhan duge {v,}.

Bang cach tach rieng uéc lugng kenh va can bing kénh, ta c6 thé si dung bt cit loai can bing nao
dé gidi quyét van da ISI. Nhuge diém co ban cla cac loai can bing nay la lugng s6 ligu ¢an x 1y ldn,
khéi lugng tinh toan len.
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BAI TAP
12-1 Trong mot hé théng PAM nhi phan, ddu vao bd xac dinh la

Ym =Cm + 0y + i

trong do a,, = *1 1A tin higu mong mufn, n,, 13 bign ngiu nhien gaussian ¢6 gia trj trung binh 0 va
sai phuong g2, i, 1a ISI do suy hao trén kénh. Thanh phan ISI 1a mot bién ngin nhién nhan cac gla
“tri ~3,0, 1 voi cac xac sust T 3> 3. Xac dinh xac sudt 15 trung binh theo o2,
12-2 Trong mét hé théng PAM nhi phan, vige ldy miu & du ra ctia b tuong quan sai léch so véi
~théi didm 18y miu t6i wu la 10%. Néu xung tin higu 1a xung chir nhat, xac dinh Si suy hao trong SNR.
«do 18y méu sai thdi didm. Xae dinh lugng ISI va anh hudng cda né len do higu qua.

12-3 Dap tng thn s6 cla mét kénh tin s6 thip la

H) = { 1+acos2rfty (laf < 1,|f] < W)
0 {cac gia tri khac)

W 1a d6 rong dai thong cita kénh va tin higu vao s(t) ¢6 phé nim trong dai thong ctia kénh va bing W.

a. Chimg t0 réng y(t) = s(t) + safs(t — to) + s(t + to}]

b. Gia stt tin higu ¥(t) nhan duge duge cho qua mgt bd loc phéi hop vai s(t). Xac dinh dbu ra caa
b$ loc phdi hap tai cac thoi didm ¢ = kT, T 1a khodng thoi gian ky higu.

" c. Hbi thanh phan ISI ciia kénh ndu =T,
12-4 Mot dudng truyen co6 dinh huéng ¢6 chi¥u dai 1000 km dugc diing dé truy2n s6 lidu nhe tin

higu PAM nhi phan. Cac bd lap duge dat cach nhau 50 km doc theo duimg truydn. Cac doan clia kénh

trén kénh 1a AWGN.

a. Hoi t6c do truydn 16n nhit ma khang bj ISI

b. Xac dinh &/Ny chn thigt dé xac susit sai bit 13 Py = 1077 v&i méi bo lap

c. X4c dinh cong sudt truydn ¢ méi bo lap dé dat duoc gia tri ¢, /No xéc dinh & cau trén néu
No =4, 1x1072'W/Hz

12-5 Chitng minh quan hé trong (12-1-13) cho ty tuong quan clia nhidu & dau ra clia bé loc phdi
hop

12-6 Trong trudng hgp tin hisu PAM v6i sai tuong quan, cac d§ do trong thuit toan Viterbi dudgc

biéu dién tdng quat Ia
CMIM =23 Iy =33 LaImzpm

vOi 2, = x(nT) la cac miu tin hieu & dhu ra cha b loc phéi hop, {7} 1a day s8 lidu, {r,} la day tin
hiéu nhan duge & dau ra bo loc phéi hep. Xac dinh d¢ do cho tin hieu nhi phan kep.

12-7 Mgt tin higu nhi phan nguge pha dugc truyen qua mot kénh c6 dai tan hiy han khéng ly
tudng va do d6 gay ra ISI tren 2 ky higu k& nhan. Vai mot tin higu z(2) tach biét truyen di, dbu ra
(khéng ¢6 nhiéu) 6 bg giai didu ché 13 Vi tait=T, V& /4 tai t = 9T va bing 0 voi t = kT, k > 2, &,
1a nang luong tin hiéu va T la khodng thdi gian tin hiéu.

a. Xac dinh xac suit saj trung binh, gia thiét hai tin hisu truyén di ddng xac sudt va nhisu céng la
tring va gaussian

b. Vé xac sut 1&i xac dinh dugc trong cau trén va trong truong hgp khéng c6 ISI, xac dinh d6 chenh
léch v& SNR khi xac suit sai 13 10-6

12-8 Khi day gia ngfiu nhién d¢ dai N dugc sit dung dé thay déi cac hé s8 cita bo can bing tuyén
tink NV he s6 thi qua trinh tinh toan cé thé thue hién kha dé dang & midn tin sg bang cach it dung
bién déi Furie. Gia st {yn} la day N m&u tin hiéu nhan duge (ldy miu d téc do ky hieu) & diu vao
cua b can biing. Sau dé viee tinh cac h¢ 58 ctia b can bing dugc thite hién nhu sau:

a. Tinh DFT mét chu ky day diu vao b can bling {y,}:

N-1
Yk = Z yne—j27rnk/N

n=>0
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b. Tinh phd

trong d6 Xy 1a két qua DFT cia day khoi dau.
¢. Tinh IDFT cta {Cy} d& ¢6 cac ha s6 ctia bd can bang {c,}

CO SG LY THUYET TRUYEN TIN

- Tim dap tng tan s6 ciia b can bing.

B
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Chuong 13

HE THONG TRUYEN TIN

NHIEU KENH VA NHIEU SONG
MANG

Trong mgt s6 ing dung ngudi ta mudn truyén cing mét tin higu mang thong tin qua nhigu kénh khac
nhau. Ché do truydn nay thudng dugc sit dung trong trudng hgp c¢6 mot s6 kénh khong ¢6 da do tin
cay va an toan theo thoi gian (khong én dinh theo thai gian), vi du nhu cac kénh radio truyén trong
tang dién ly hay ting d6i luu. Mot dang (ng dung khac ma ngudi ta ciing hay sit dung do la trong cac
ing dung quan sit dé chdng hién tugng tic nghén tin hig¢u hay dé qua trinh truyén tin c6 d§ an toan va
tin ciy cao.

Cung v6i truyen tin nhidu kénh, ngudi ta con sit dung truyén tin nhidu séng mang, trong do bang

. tan ctia kénh duge chia ra thanh nhidu bang con va thong tin duge truyén trong mdi bang con nay.

13-1 Heé théng truyén tin nhigu kénh trong kénh AWGN

Phan nay ching ta tap trung vao vigc truy®n thong tin qua mot s6 kénh nhat dinh va cac kénh nay chi
khac nhau & dd suy hao va do tré pha. M hinh cia hé thng truyen tin nhidu kénh duge trinh bay
nhu san. Cac tin hidu truyén di ¢6 dang tdng quat la:

s (1) = Re[si ()e>™!], 0<t<T, n=1,..,L, m=1,...,M (13-1-1)

trong d6 L 1a s6 kénh va M la s luong tin higu. Céac tin hiéu gid sit c6 cing nang lugng va cliing xac
sudt tién nghiém. Cac tin hidu {sﬁ,’f}(t)} dugc truysn qua L kénh co hé s6 khuyéch dai bien do la {an}
va d6 dich pha {¢} va trén kénh c6 nhiéu cgng. Tin higu thn s6 thip twong duong nhin duge d dau
ra ciia L kénh la

r™ (1) = ane s (1) + 24(t), 0<t<T, n=1,....,L, m=1,....M (13-1-2)

sf;? (£) 12 tin hiéu truy®n di tan s§ thap tuong duong va z,(t) 12 nhiéu cong trén L kénh. Gia thidt z, (1)
1a cac qué trinh ngiu nhién gaussian c6 phan bé giéng nhau va dgc 1ap théng ké voi nhau.

Cé6 hai loai xt Iy & phia thu 1a xac dinh lién két va xac dinh khong lign két. B thu cho xac dinh
lign két sé woc lugng cac tham s6 cia kénh {a,} va {#,} va sit dung cac gia tri uc lugng nay dé tinh
cac bign xac dinh. Ta dinh nghia g, = ane™3% va g, 1 udc Iuong cta gn. Bo thu da kénh 18y tudng
quan ctia m&i tin hién trong s L tin higu nhan duge v6i cac tin higu ¢6 thé truyén di réi nhan diu ra
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cia b tuong quan véi {gn} va 18y t8ng cac tin higu nhan duge. Cudi ciing cac bign xac dinh cho vige
xac dinh lign két 1a cac do do tuong quan

L T
CM,, = Z Re [_@;/ Tt(n) (t)sf(:::)‘(t)dt} y m=1,... M (13-1-3)
1]

n=1

Dai v6i xac dinh khong lien két thi ngudi ta khong phai uéc lugng cac tham sg ciia kénh, Bo giai
digu ché c6 thé xac dinh duya trén tdng duong bao (xac dinh dudng bao) hay tdng binh phuong dusng
- bao {ludt xac dinh binh phuong) tin hiéu § dau ra cia bd loc phdi hgp. Neot chung higu qua caa hai
luat xac dinh nay c6 khac nhau mét chot trén kénh AWGN. Tuy nhién ludt xac dinh binh phucng déi
. vOi tin higu truydn trén nhidu kénh AWGN dé phan tich hon va chlng ta xét phuong phép nay. Cac

) bitn xac dinh 1a
L
CMm Y
n=1

Bay gio ta xét tin hisu nhi phan va gia thiét s;(?),n =1,...,L 13 L tin hiéu truven di. Léi Xay ra
khi CMy > CM, hay D = CM; — CM; < 0. D&i vai xac dinh khang lign két thi

2

T
/r}“’(:)s§;)‘(t)dt , m=1,... M (13-1-4)
1]

L
D=3 "(IXa]* - |V, (13-1-5)
n=l]
va
Xn = fT r!(“) (t)sr(;‘)“‘ (t)dt, n= 1’ Cey L (13-1.'6)
o= P08 0, n=1,..L

{Xx} la cac bign ngiu nhien gaussian c6 phan bé gidng nhau va doc lap thdng ke véi nhau va cing nhu
vay voi {Y}. Tuy nhién v6i méi gia trj n thi X va Yy, 6 thé vAn tuong quan voi nhay.
D3i véi xac dinh lien két thi

L
1 » L]
D= ZI(X,.Y,, + X'Y,) (13-1-7)
Yo = g4, n= 1,...,L
X, B e O 0 - 550 )]t

Cac udce lugng {én} c6 duge qua vige theo dai cac tin hiéu nhan duge c6 duc trung théng ké 13 phan
b6 gaussian. Khi do {Ya} 1a cac bién ngiu nhien gaussian ¢d phan bd giéng nhan va doc lap théng ke
vl nhau. D5t v6i {X,,} ta ciing thdy nhy vay. Cung gidng nhy xac dinh khong lien két, ¢6 thé co su
tuong quan gitta X,, va Y, nhing sé khong c6 sy tudng quan gitta X,, va Y., véi m # 7.

(13-1-8)

13-1-1 Tin hiéu nhj phan
Chizng ta quan tidm téi bién ngau nhién dang tdng quat

L
D = 3" (A|Xa]* + BIY,]? + CXnY! + C* XY, (13-1-9)

n=1

la bi€n ngdu nhién gaussian gia trj phitc. Xac sudt dé D < 0 1a xac sugt 16i ciia tin higu nhj phan da
kénh AWGN.

Néu céc tin hiéu nhj phan I3 nguge pha va wée lugng {g,} 1a dang thi nhut xac dinh PSK lien két,

Xac sufit sai la
Py=Q (VE%) (13-1-10)

TS
S

e
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vdi
£ <& £ &,
_ 5 2= =S a? 13-1-11
= N 2ol = 2 | (13-1-11)
la SNR ting bit. Néu cac kénh 1a Iy tudng a, = a voimei n thi
Lt ,
_ L 13-1-12
Yo Noa (13 )

L¢ 1a téng nang lugng cac tin hiéu truydn di trén L kénh. Nhu vay sé khéng ¢6 suy hao vé dg higu qua
khi chia toan bd ning lugng tin higu cho L kénh. Hidu qui cing & dat duge nhu vay khi mdt tin higu
*c6 nang lugng LE truyén trén mot kénh, Cha § rang dizu nay chi dung khi §, = gn v6i moi n. Khi qua
trinh udc lugng cac tham s6 kénh khong chinh xac thi sé bi suy hao v& 40 higu qua.

Viee uéc lugng chinh xac {gn} 12 mét trudng hop dac bist. Mot trudng hop dic bigt khéc la ta su
dung tin higu DPSK nhj phan. D& véi tin hiéu DPSK thi cac udc luong {§,} chinh 13 cac mau tin higu
eong nhidu & dau ra bo loc phdi hop & khodng thdi gian ky higu trusc. Day 1a truong hop toi nhat khi
udc Wwong {gn}. D61 vai tin higu DPSK nhi phan thi xac suat 161 la

L-1
1 - S e
Pb = ‘221‘—_16 R Cn'Yp (13-1-13)
n=1

L—-1-n
o = % S ( 2L ) (13-1-14)
k=0

va 75 12 SNR titng bit duge dinh nghia trong (13-1-11). Ta so sanh két qua nay véi trudng hop mot
keénh (L = 1). D& don gian ta gid thiét L kénh c6 do suy hao gidng nhau. Nhu vay v6i cing mot gia tri
4 thi hidu qua ciia hé théng da kénh kém hon so véi hé théng mot kénh va d¢ suy hao phy thude vao
L.

Su suy hao v& 4 hiéu qua cing xay ra déi v6i lugt xic dinh binh phuong cho tin higu tryc giao
.truy2n trén L kénh. D& véi tin hiéu tryc giao nhi phén, biéu thiic cla xac sudt 16i gidng voi bidu thite
ctia tin hiéu DPSK nhj phan tri gi4 tri v dudc thay bing %fyb. Nhu vay hé thdng sit dung tin hiéu
tryc giao nhi phan xac dinh khong lién két co do hiéu qua kém hon so voi hé théng sit dyng tin hiéu
DPSK nhi phén 1a 3 dB. Tuy nhién 49 suy hao do viéc tich hgp khong lign két cac tin hidu nhan dugc
tren L kénh cing gidng nhu &di voi tin higu DPSK nhi phan.

Hinh 13-1-1 bidu dién do suy hao do viéc tich hop khong lién két L tin higu. xac suat 16i nhan duge
U bidu thire : ! :

B = §e—'}’b {13-1-15)

13-1-2 Tin hiéu tryc giao M miic

Xét viée sit dung tin higu tryc giao M mic v6i luat xac dinh binh phuong va tich hop cac tin hi¢u trén
L kénh. Cac bién xac dinh duge cho trong (13-1-4). Gia thiét cac tin higu s}{‘)(t),n =1,...,L duge
truyen qua L kénh AWGN, khi d6 cac bién xac dinh la

Ui = b [26om + Nul?

(13-1-16)
Un = n:]]Nnmlzs m=2,...,.M

{Npm} 12 cac bién ngdu nhién gaussian o gia tri trung binh bang 0 va la cac bién phitc véi sai phuong
o = LE{|Npm|?) = 26Np. Nhu vay Uy duge dac trung thong k& boi mot bién ngiu nhién c6 phin bo
Khi khong trung tam c6 2L do ty do va tham s6 khong trung tam la

L

L
st = (%an)® = 4€2 > ol (13-1-17)
n=1

n=1
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Ding (2-1-118) ta ¢6

1 gy (L—1)/2 s2 4 131 84/
= - = — _— > A
Pw) = 5o (32) e"p( 1N, )i\, ) w20 (13-1-18)

Mat khae, {Un,},m = 2,..., M 13 cac bién ngiu nhién cé phan bs Khi gidng nhau, déc 1ap théng ke,
mbi bign co 2L dg tu do. Dung (2-1-110) ta c6

1

plum) =

(4£N0}L(L_‘_"_ l)zuﬁ_lgwm/‘tam} Um 20, m=2,... M (13-1-19)
14 ]
12 v,=84dB
=10dB
10 w 4 \\V/’/é
g ¥ 7.*,=l2:df. /////
=
'g 6 %/// N
3 Y,= 16 dB
& ) J‘Vé/ ( (3
/2/ Y,= 14 4B
2 s
==
0 2 s 0 2% % m 200 500 1000

88 kénh L

Hinh 13-1-1: D8 suy hao do xac dinh khong lien két
Xac suat sai ky higu la

Py = 1-P
= I*P(Ug (U],Us <U1,---,UM<U1)
o
=1 —/ (P02 <urlUr = up)}¥Lp(u;)duy (13-1-20)
0
Nhung
PUp<ug|lUh =u) =1 —exp | — —2 Ifi o\ (13-1-21)
drAffa=n LTI 2w\ TN,
Nhu vay
oo L-1 1 N 1 A1
Py = 1- — g—t1 /4Ny e
M ./0 [1 € kgﬂ El 4£N{) p(ul)dul
oo L1 ok M=1 o\ E-1/2
= 1- 1—-e™®y - - ALY 13-1-22
/0 ( e kgo k!) (7) e I 1(2/v)dv (13-1-22)
trong do

L
‘Y=fzaf‘/Nn

n=1

Y
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M¢t phuong phap khac, ta ciing ¢6 thé sit dyng gi6i han hgp
Py < (M - 1)By(L) (13-1-23)

G day P2(L) 1a xac sudt chon mot trong M ~ 1 bign x4c dinh {Un},m=2,..., M. Tit 46 hiéu qua cla
tin hiéu tryc giao nhi phan ta c6

L-1 n '
1 1 -
Py(L) = gz ™ Y ey (ﬁk%) (13-1-24)
n=0 .

trong d6 ¢, dugc xac dinh trong (13-1-14). Véi M nho, gi¢i han hgp 14 du chat vt che ing dung trong
thuc t&,

13-2 Hg thong truyén tin nhidu séng mang

Nhu chiing ta da biét trong chuong trudc, khi keénh 1a tuyén tinh khong 1y tudng thi no sé gay ra ISI
lam gidm hiéu qua cia kénh. Mic do suy hao phu thudc vao dap tmg tan 36 clia kénh. Hon nita, do
phtec tap cia bé thu ting len khi sy anh hutdng ciia ISI kéo dai ra theo thai gian (khi md réng ISI).

V6i mot kénh truyén cho trude, ngudi thiét ké he thong phai xac dinh lam thé nao dé co thé sit
dung c6 higu qua do rong dai thong ctia kénh va truyén thong tin mdt cach an toan bao dam khi ¢ong
sudt may phat va d6 phitc tap ciia bo thu bi rang bugc. D&i v6i kénh tuyén tinh khéng ly tudng, mot
phniong phap 1a sit dyng mot séng mang. Déi voi nhitng kénh nhu vay, sy tan xa v& mat thai gian n6i
chung 16n hon nhidu so vai tde dd ky higu va ISI 1a két qua cta kénh co da&p @ng tan sd khéng 1y tudng.
Khi d6 ta can sit dung cac bo can bing dé bu lai luong ISL

Mgt phuong phap khac dé thiét k& hé théng truydn thong khi kenh c6 suy hao 1a chia dai thong clia
kénh ra thanh nhidu kénh nhé sao cho trong msi kénh nhé thi ¢6 thé coi la ly tudng. Gia s C(f) la
dap Ung tan s cta kénh c6 dai thn hitu han, khong ly tudng c6 do rong dai thong W va phd mat do
cong sudt nhiu cong gaussian 1a @,,,(f). Chung ta chia bing tan W thanh N kénh nhd, mdi kénh nhd
c6 do réng dai tan Af va Af dit nho dé |C(£)[2/®nn(f) ¢6 thé coi 13 hiing 6 trong méi bing con. Hon
nita, ta chon mat d6 phd céng sudt tin higu truyén di la P(f) thoa man

/Pm£5&u (13-2-1)
w

trong d6 P, 1a cong suft trung binh cita may phat. Sau day ta tinh thong lugng kénh khong 1y tudng
¢6 nhiéu cong gaussian,

13-2-1 Thoéng luwgng kénh tuyén tinh khéng 1y tudng
Ta da biét rang thong lugng kenh AWGN c6 dai tin hitu han ly tudng la

PGU
C=Wlog, (1 + WNG) (13-2-2)
Trong he théng nhitu séng mang, véi Af di nho thi théng lugng méi kenh con la
AfP(fi)iC(f)F]
Ci=Aflog, |1+ ——H 1 13-2-3
R e 1529

Nhu vay thong lugng tdng cong cha kénh 1a

N N ) 2
C=> Ci=Af ; log, [1 + {’%%%I_] (13-2-4)

i=1



174 | CO S0 LY THUYET TRUYEN TIN

Trong truemg hgp gi6i han, khi A S = 0 thi thong lugng ciia kenh la

P(AHC(F)1?
C= /w log, [1 + %%(%l] df (13-2-5)
Dudi didu kien (13-2-1}, chon P(f) dé cyc dai hea C duge xac dinh bai cuc dai hoa tich phan
PNOICH?
/w {log2 [1 + S (F) J + AP(f)} df (13-2-6)

-

. [COOPP) + o) =0
Nhu vay ta thay rang P(f) + Lon(£)/IC()]? 1a mot hang s6. Nhu vay:

Pl - { K= tu(n)/icip rem (13.2.8)

Day 1a bidy thite va thong lugng kénh tuyén tink khong 1y tudng ¢6 nhidu edng gaussian, Nhy vay cong
sudt tin higu phai cao khj SNR ciia kénh C(f)/®nn(f) cao va phai nhé khi SNR cia kenh nhd.

Mgt didu tha vi cin chg ¥ la thong Itgng cia kenh 13 nho nhat khi SNR ciia kénh 13 hing sg khi
f € W. Khi d6 P(f) 12 hing s8. Néi cach khac, khi dsp tng tan s3 cia kénh 13 Iy tudng thi thong

13-2-2 Hg théng nhidu song mang sit dung FFT

Hinh 13-2-1 1a so db khéi mot he thong truysn thong st dung nhisy song mang. B§ dém ngi ti€p-song
song chia day théng tin thanh cac khung N, bit, ¥ 7 bit trong méi khung lai duge chia thanh N nhom
va nhém thit i gdm 7, bit, nhit vay :

N
> A= Ny (13-2-9)

i=1

Mai nhém co thad dugc ma héa mot cach doc 1ap va 8 bit & diw ra cda méi bg ma héa 1a n, > Ny

———
Thém tifp ddu,
Dﬁm Egldtiéé:- danliglt‘ ::Em chuydn d6i DiA + DPdura
: . s0ng song- ————t
Aong song : I nﬂf tiép
Déura Chuyédn df; - Gkt it che ?"’h“gg dﬁg'
- | song song- j : a1 c chuyén 44i
“ﬁgt‘gp B xée dinh i | davat mang [ ndi tigp- [ AD
#0ng song

Hink 13-2-1: He thdng nhidu séng mang

&
&Q B3
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Ta xét hg thong nhidu séng mang 1 hé théng gdm N kénh tin hidgu QAM doc lap, cac kénh hoat
déng & cung t6ec d6 ky higu 1/7. Ta ky higu diém tin hiéu phic tuong tng véi cac ky hisu mang théng
tin trong cac kénh con 13 X3,k =0,...,N — 1. D& didu ché N song mang dé mang cac ky higu thong
tin { X%}, ngudi ta st dung IDFT. ) :

Tuy nhién, néu ta tinh IDFT N didm cho {Xx} thi ching ta s& thu dugc day gia tri phitc khong
tudng duong voi N tin hieu QAM. Thay vao d6, ta tao ra N = 2V ky higu mang thong tin nhu sau:

Xnk =X, k=1,...,N -1 (13-2-10)
}ya X = Re(Xo), X5 = Im(Xy). Nhu vay ky hiéu Xy duge chia thanh hai phin ddu la thue. Khi dé
IDFT N diém tao ra day gia tri thue:

N-—1
1 .
Tp = —= Xyped?m kN - p =0, N =1 13-2-11
n \/f_\? kzo k 3 ( )

Day {z.,0 < n < N — 1} tuong itng vdi cac miu cia téng x(¢) ctia NV tin hiéu mang, dugc biéu dién
Ia
N-1

1 .
2t) = == > Xpe™ T p<y<r (13-2-12)
N k=0

T 1a khoang thoi gian ky higu. Ta théy ring cac thn s8 mang 1a fy, = k/T,k = 0,..., N. Hon nita, day
roi rac {x,} la cac méu cia z{t) tai cac thoi didm t = aT/Nn=0,..., N -1.

Tinh IDFT cta day s6 ligu {X,} theo (13-2-10) co thé xem 1 viée nhan mé&i didm tin higu X, véi
magt vecto

Vi = ['Ukﬂvkl '”'Uk(N—l)] (13-2-_13)

voi 1
Uk = —n 27/ Nk 13-2-14
b = = ( )

Cac mAu tin hiéu thudng duge cho qua bs bidn déi D/A dé tao ra tin hiéu 2(t) va diu ra cia kénh
la

r(t) = z(t) * h{t) + n(t) (13-2-15)

h(t) 1a dap tng xung ctia kénh. Bang cach chon Af di nhé thi khoang thoi gian ky higu 7= 1/Af l6n
hon nhidu so vai thoi gian tan xa cla kénh (néu thoi gian tan xa cia kénh &dnh hténg t&i v + 1 miu tin
higu v << N va dé khic phuc hién tugng ISI ngudi ta thém mot khoang thoi gian bao vé vT/N giita
hai lan truyén khéi lién tiép). Mot phuong phap khac nira dé tranh ISI 1a ngudi ta thém mot phan ma
vong vao mdi khéi ¥ méau tin hieu {zq,z1,.. ., ZN—1} 830 cho sy tan xa trén kénh chi anh hudng t6i
phan ky higu thém vao con phin ky higu gdc thi khéng bi ISI. V& ban chit thi hai phuong phap nay
khéng khac gi nhau.

Tin higu mang thong tin duge gisi didu ché bang cach tinh DFT cia tin hiéu nhan dugc sau khi da
cho cac miu qua bo bién déi A/D. Cac miu cha déap Ung tan sd cia kenh ¢6 thé dé dang uac lugng &
phia thu bing cach giri mgt day tin hidu didu ché trén méi kénh con hay mét day tin hiéu mang khéng
di2u ché t6i phia thu. Néu cac thong sd clia kénh bign déi cham theo théi gian thi ¢6 thé theo dai sy
bién ddi nay bhng cach sit dung quyét dinh & diu ra cia bg xac dinh hay b gidi ma theo kidu quyét
dinh tryc ti€p. Nhu vay hé thdng nhidu song mang c6 thé thist k& mot cach thich nghi.
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BAI TAP

13-1 X -1, X,,..., Xy 1a N bién ngéu nhién gaussian thuc ¢6 phan bg gidng nhau va doc lap théng
ke ¢4 gia tri trung binh E(X;) = m va sai phuong o?.
a. Dinh nghia

N
U=Y X,
n=1

Tinh SNR ctia U va

., SN Ry < EO

2
20%;

b. Dinh nghia
N
V= Z X?l
a=l1

Tinh SNR cta V, gia tri nay duge dinh nghia nhu dé&i vai U,
13-2 Mét hé¢ théng truyen nhi phén truysn cing mot thong tin trén hai kénh rieng bist. Hai tin
hiéu nhan duge 13

rn o= £V +n
re = & +n,

E(n)) = E(n;) = 0,E(n?) = 0}, E(n?) = 02, n; va ny 14 cac bien ngéu nhién gaussian khaong tuong
quan. B¢ xac dinh s& quyét dinh dya vao té hgp tuyén tinh clia ry va ro: 7 =1 + kra
a. Xac dinh k dé t&i thidu hoa xac suit sai.
b. V& x4c sudt sai v6i 0f = 1,03 = 3, k = 1 va gia tri k t6i uu da xét trong cau a. So sanh két qua.
13-3 Chiing t6 réing day {z,} trong (13-2-11} tuong ing vdi cac méu ciia tin higu z(t) trong (13-2-12)
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Chuong 14

'HE THONG TRUYEN TIN DUNG
‘TIN HIEU TRAI PHO

He thdng truyén théng s6 sit dyng tin higu trai phd duge phan bist voi cac ha théng truyén thong khac
¢ dac didm dg rong phé W cia tin higu l6n hon nhidu so v6i t6c do thong tin R bit/s. Nhu vay hé s6
md rong dai théng B, = W/R Yon hon 1 kha nhidu. Do du thia trong tin hiéu trai phd dé khic phuc
cac anh hudng gap phéi khi truyén tin qua mgt s6 kénh nhu kenh radio hay vé tinh. Do tin hiéu ma
cing dudc dic trung boi he s6 md réng dai thong 16n hon don vi va ma héa 1a mot bién phap tét dé
sif dung dd du thita trong ma higu nén ma hoa 13 mét thanh phin quan trong khi thiét ké tin hiéu trai
phd.

Thanh phan quan trong thit hai khi thiét k€ tin higu trai phé 12 day gia nhidu (gia ngau nhién), n6
lam cho tin higu c6 tinh ch&t ghn gidng nhidu va do d6 khé bi phat hign, giai didu ché va thu nhan bdi
mot bd thu ndo do khong duge phép. Didu ndy thich hgp trong cac hé thdng truysn tin dai héi tinh
riéng tur cao.

Tin hiéu trai phé dugce st dung dé:

# tranh hay gidm nhd c4c dnh hudng trim trong do tdc nghén, anh hudng tit cac ngudi dung khac
trén kénh hay tit &nh hudng do tin hiéu truyén lan nhidu duong.

e che gidu tin higu bing cach truyn tin higu véi cong sudt thép, gay khé khan cho déi tugng thu
khéng duge phép do kho phat hign tin hién trong ndn nhiéu, '

e xac lap tinh riéng tu cha ban tin khi c6 nhidu d6i tugng thu ddng thai.

‘Trong mot s6 ting dung khac nhu do khoang cach (tré truysn lan), do van td¢ ngudi ta, clng st dung
tin hiéu trdi phd. Tuy nhién ching ta chi xem xét tin higu trai phd trong cac ing dung truyén théng.

Dé tranh anh hudng gay tdc nghén c6 chi ¥, didu quan trong la phai lam cho bo phét tin higu tic
nghén khong biét mot s6 dac didm quan trong cia tin higu truyén di ma chi c6 thé biét do rong phd
cita tin higu va phuong phap digu ch€. M6t bo gay tic nghén phitc tap c6-thé bit chudc tin hisu truyén
di va gay r6i logn & phia thu. D& giam bt kha nang nay, b phat st dyng mot phin tir gia nhiéu
tac dong lén méi tin hidu ma ma mau ngdu nhién ndy chi duge bidt ¢ phia thu ma cac d6i tugng khac
khéng biét.

Anh huéng tit nhitng ngudi dung khac xudt hign trong hé théng truyén thong da truy nhap trong d6

~ ¢6 nhigu dau cudi cing sit dung chung mgt kénh truyén. Tai cing mot thai didm c6 thé ¢6 nhidu nguei

sut dung cung truy nhap dudng truytn dé truy®n tin t6i cac bo thu tuong ing. Gid sif tat ca nguot ding
deu dung chung mgt phudng phap ma héa va gidi ma thi cac tin hidu vin c6 thé phan hiét duge vai
nhan bdi miu ngau nhién trong tin hiéu truyén di. Nhu vAy mot bo thu chi thu duge tin higu nao ma

12-CSLT -T2
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né bi€t méu nghu nhién. Ky thuat nay cho phép ddng thoi nhidu ngudi sit dung ciing truy nhap dudng

truyén va duge goi 1a da truy nhip phan chia theo ma (CDMA). .

Mot ban tin c6 thé duge che gifu trong ndn nhiéy bang cich md réng phd tin hitu vi truydn
di véi cong sudt thdp. Tin hisu nay cé xac sudt thim nhap thap va duge ky hisu 1a tin higu LPI
(low-probability of intercept).

Cudi cting, ¢6 thé thiét 1ap tinh riéng tr cho ban tin bang miu ngiu nhien trong tin higu truyén di
va chi ¢6 b thu nao biét miu ngdu nhién d6 méi c6 thé giai didu ché tin higu nban duge.

Trong chuong nay ta qui wtic goi "anh huéng” 13 mot trong cac truéng hop da néi & trén 1a: tin
higu co thé ty anh huéng 1én no, tin higu nay anh hudng lén tin higu khac truydn trén kénh hay mat
b6 phat tin hiéu tic nghén gay anh hudng x8u lén tin hiéu truysn di.

141 Mo hinh h¢ thong truyeén tin diung tin hiéu trai phd

M5 hinh chung mot hé thdng truyen tin trai phd duge vé trong hinh 14-1-1. Ching ta c6 hai bo phat
tin higu gid ngdu nhién, mot & bo didu ché va mot & bo gidi ditu ché. Cac by phat nay tao ra cac day
nhi phan gia ngu nhién hay gia nhidu, dugec ky higu 12 PN, s¢ tac dong lén tin hiéu truyén di & bo giai
diéu ché va duge loai bo ¢ bo giai didu ché.

Viéc ddng b giita hat day PN 14 cin thiét dé gidi ditu ch& dugc tin higu. Khoi diu, trude khi truyén
thong tin, qua trinh ddng bo duge thie hién bang cach phat di mot miu ngéu nhien xac dinh dé phia
thu nhan ra véi xac sudt di cao trong moi trudng ¢6 cac loai dnh hitdng. Sau khi qué trinh déng bo
duge thiét 1ap thi qua trinh truyén théng tin mai bit dhu.

Sy anh hudng khong mong mudn Jén tin hiéu phu thugc chiy ¥€u vao ban chit ty nhién cia tin higu,
Chiing ta c6 thé phan loai thanh tin hiéu bang rong hay tin hisu bang hep tuy vao do rong phé cha tin
higu, ta ciing ¢6 thé phan loai 13 roi rac hay lien tyc theo thet gian. Vi dy tin hisu anh hudng cd v ¢o
thé gdm mgt vai tin hiéu hinh sin trong dai phd cta tin hiéu truydn di. Tan s ciia cac tin hiéu sin o
thé ¢8 dinh hay thay déi theo luat nao d6. Tin hieu anh hudng bdi ngudt sit dung khac trong hé théng
. CDMA c6 thé l1a bang rong hay bang hep, phu thuge vao loai ciia tin hiéu trai phd sit dung dé thire
hién da truy nhap.

Chung ta quan tam téi higu qua cia he théng truy&n thong sit dung tin hieu trai phd khi 6 syt xudt
hign clia céc loai dnh hudng bang rong hay bang hep. Cé hai loai digu ché thudng duge sit dung la PSK
va FSK. Tin higu PSK thich hgp trong cac tmg dung trong dé sy lién két v& pha gita phia phat vi phia
thu duy tri dugc trong khodng thoi gian 16n hon nghich dao d¢ rong phd tin hiéu truydn di. Mat khac
thi tin hiéu FSK thich hop khi sy lien két v& pha khong duy tri duge do sy dich chuyén theo thai gian
cia lign két truyén nhut trong cac ing dung ¢o sy di chuyén nhanh cta cac diu cudi.

Day PN tao ra & ba didu ché khi sit dung v6i tin higu PSK thi s& lam thay déi ngau nhién pha cia
tin higu PSK va tin higu duge goi la tin higu trai phd DS hay PN (direct sequence, pseudo-noise}. Khi
sit dung tin higu FSK thi day ngdu nhién s& lam thay déi mot cach ngdu nhien tn s& cla tin hiéu va
ngudi ta goi tin higu nay 12 tin hidu trai phd FH {frequency-hopped).

Day
théng tin YR
héa ki ifu chi e (iai mg
....._..._..m 2nh Bydifuchd |—wt Kénh | i difachg ] o ) ._.T.:m

tae mi . Bé tgo m
Bg'inh?ﬁuu giin]:?ﬁuu

Hinh 14-1-1: M6 hinh mét he théng truysn thong trai phé

%"
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14-2 Tin hiéu trai phd DS

Trén mé hinh 14-1-1, ta gia thiét ring téc d¢ thong tin & diu vao bo ma héa 1a R bit/s va do rong dai
thong ciia kénh théng tin 1a W Hz. Ky thuat didu ché sit dung 1a PSK nhi phan. D& c6 thé st dung
toan bo dai thong clia kénh thi m&u PN phai dugc tao ra véi téc do W 1an/s. Nghich d3o cia W, ky
hiéu T 1a nghich déo cita W chinh 1a d6 rong ctia mot xung nhiéu goi 13 chip thi T, 1a khoang thai gian
chip.

Ty = 1/R la d6 rong cua mot xung tin higu mang thong tin thi h& s6 md rong dai thong W/ R duge
bidu dién bai

W1,

Bo=p =7 (14-2-1)

Trang thyc t& thi ty 86 Tp/T. la s5 nguyén
7,
L= 14-2-2
T ( )

13 s6 chip tuong Ung v6i mot bit thong tin. Nhu vay L. 13 s6 Ian dich pha cia tin hidu trong khoang
thoi gian mot bit thong tin T, = 1/R. Gia stt bo ma hoa tao ra ma khdi tuyén tinh nhi phan (n, k) thi
khoang thai gian dé truyén n bit ma sé 13 7T}, va s6 chip xunt hién trong khodng thdi gian nay la kL. .
Nhu vay ta c6 thé chon do dai tit ma 1a n = kL.. Néu bo ma hoa tao ra ma chap nhi phan téc dé kin
thi s6 chip xudt hién trong khoang thoi gian k7, ciing 1a n = kL.. Nhu vay chang ta c6 thé phan tich
trén ca hai loal ma chap vA ma khai.

Mot phuong phap co thé st dung dé lam cho day PN tac dong 1én pha ciia vat mang 13 thay thé
tryc tiép mai bit ma béi tdng modulo 2 cia bit ma vét bit PN tuong ttng. Néu b; 1a bit thit i trong day
PN va ¢; 12 ky hiéu ma thit ¢ trong tit ma thi tdng modulo 2 13

a; = b; ® ¢; (14-2-3)

Day {a;} dugc anh xa thanh cac tin higu PSK nhi phan c6 dang s(t) = +Re[g(t)e/2"/<!] theo qui lust

g(t —1iTe) (@i =0)
H{t) = : 14-2-4
s ={ 255, w2y (1424)
trong do g{¢} 1a tin hiéu xung c6 d¢ rong T,.

Téng modulo 2 & trén c6 thé duge xem nhu tich cia hai tin hisu. Dé chitng to didu nay, gia thidt
mdi bit trong tir ma duge anh xa thanh mot tin hieu PSK nhj phéan theo lugt

ci(t) = (2¢; - g(t —iT,) (14-2-5)

Ta dinh nghia tin higu p;(t) 1a
pi(t) = (2b; — V)p(t ~ iTe) (14-2-6)
p(t) 12 xung vudng 46 rong 7.. Nhut vay tin hidu thn s6 thip tuong duong truyen di tng véi bit ma thit
ila
gs(t) = pi(t)ei(t) = (2b; ~ 1)(2¢; — V)g(t — iTe) (14-2-7)
Tin hiéu nay gidng véi tin hiéu trong (14-2-4). Mac du c6 thé xay dyng b6 cong modulo 2 va sau d6 1a
bg digu ché PSK nhung dé thuan tién cho vige giai didu ché, ta xét cach tao ra tin hiéu theo cong thitc

(14-2-7). So db khdi bs ditu ché trai phd DS sit dung tin hidu PSK bén mitc duge vé trén hinh 14-2-1.
Tin higu nhén duge ¢ midn tin s6 thap twtong duong la

ri{t) pilDe(t) + z(8), T, <t< i+ 1T,

(2b; — 1)(2¢; ~ Vg(t — iT.) + z(t) (14-2-8)
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& day z(t) thé hién chc tin higu dnh hudng Ién tin higéu mang thong tin. Céac &nh hudng nay gia thigt
1a qué trinh nghu nhién dimg c6 gia tri trung binh bing 0.

Néu z{#) 1a cac mlu clia qua trinh ngiu nhién gaussian gia tri phitc thi b gidi didu ché t6i vu ¢6
thé duge xay dung tit bo loc phdi hgp hay tit bo tuong quan nhu trén hinh 14-2-2. Néu sit dung bé loc
phéi hgp thi cac méu diu ra clia bo loe phéi hgp duge nhan véi 2b; — 1. Do (2b; —~ 1)2 = 1 khi b; = 0
hay b; = 1 nén anh hudng cha day PN len tin higu duge loai bé. Khi sit dung bo tuong guan chéo thi
ta c6 thé xay dung bé gidi di2u ch& theo hai cach nhy trén hinh 14-2-2.

Khi 2(t) khong phai 14 mot qua trinh ngfu nhién gaussian thi cac phuong phap giai didu ché & trén
khong con 14 t6i uu nita nhing chlng ta vin c6 thé sit dyng dé giai didu ché tin hidu. M6t phuong phap
khac 14 sit dung b loc thich nghi trusc bs loc phéi hgp hay trusc bs tudng quan chéo dé gidm nhé cac
anh huéng bang hep. Ching ta sé xét phitang phap nay sau. Trong phin 14-2-1 chiing ta xét hiéu qua
cha bo giai ma dya trén ba phuong phap giai digu ché tren.

Tin hiéu PN
]

NI
Ll

L T, —.1 —..|r|-.—

Tin hi¢u mang sd [léu
f

+1

-

(@} Tin hiéu PN vi 58 liéu

] Chng B diéu ché
B tao PN Modulo 2 can bing
I cos 2K [.¢
86 lién Tin higu
————ad  Ma hifa 1t dao ding B cing  fr—
QPSK
3 l sin 2x f f
Cing It didu che
Bj tzo PN Modulo 2 can bing

(b) B diéy ché DS-QPSK
Hinh 14-2-1: So db khéi bo didu ché trai phd DS PSK bén mic

14-2-1 Higu qua bo gidi ma

Ta ky higu dau ra chua lugng tit cha bd gial didu ché la y;,1 < 7 < n. Dau tién ta xét ma khéi tuyén
tinh nhi phan (n, k) va gia thigt tt ma toan ky hidu 0 duge truyen di.

o, O



HE THONG TRUYEN TIN DUNG TIN HIEU TRAI PHO 181

Bo giai ma sit dung giai ma xac dinh m&m sé tinh cac do do tuong quan

CM; =S (25— Dys, i=1,2,...,2" (14-2-9)

i=1

véi ¢;; 14 bit thit j trong tit ma thi i. D do tuong quan Ung vdi tif ma toan 0 la

CM; = 2n+ Y (2a; — 1)(2b; - 1)v
i=1
g, — > _(2b; — 1)y (14-2-10)

=1

i

trong d6 v;,1 < § < n 1a thanh phin nhidu cong anh hudng lén bit ma thit j va £ 14 nang lugng mét
chip. Ta ¢6

Tc
v; = Re{/ g Dzt + (G~ 1)Tc]dt}, i=12...,n (14-2-11)
0
T\I_o'ng tu cac do do tuong quan tng v6i tit ma Cp, ¢6 trong luong wy, 1a
w i
C M = 2n&e (1 . 2?’“) + 3 (2em; — 1)(2b; — 1)y (14-2-12)
3=1
Bo loe ¥ "
_rQ_... phgil?;p ] Ly miu »{x} : gligii :&
gHT ~t) \Gb )
tgﬁ;{;; :h‘?p L Tae diy PN
{a)
C>—0B J0dr Liymin  f—w THDE
0] Ts'm
Tao day PN .33‘1?(;" :Lfi'p
1)
o j:’( ydt Liy miu 2 ;S‘: 2_::1
g% T b - |
Ding hé
ldc(:‘(%ch(;p > Taoday PN
(<}

Hinh 14-2-2: Ba phuong phap xay dung bd giai diéu ché
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Ciing gidng nhu trong phin 10-1-4, ta xac dinh xac sudt dé CM, < CM,,. D6 cheénh lech giita CM,
va CM,, la

D=CM - CMy = d6wm =23 ems(2h; — 1)y (14-2-13)
i=1
Do tit ma C,,; ¢6 trong lugng w,, nén s thanh phan khac 0 trong téng cac thanh phin nhidu trong
(14-2-13) ciing 13 w,. Ta gia thidt khoang cach t6i thidu giita cac tir ma di 16n d& co thd ap dung
dinh ly gi6i han trung tam cho téng cac thanh phin nhiu. Didu gi4 thiét nay sé ding khi tin hiéu
trai phd PN ¢6 hé s6 md rong dai thong it nhdt bing 20 va didu nay 1a ding trong cac Ung dung thuc
t€. Nhu viy tdng cac thanh phin nhiéu duge mé hinh hoa bing moét bién ngdu nhién gaussian. Do
E(2b; — 1) = 0 va E(v;) = 0 nén gia tri trung binh cda thanh phan thi hai trong (14-2-13) bang 0.
Sai phuong cita d6 chénh lach 1a

072._,.3 = 4iicmgcm1E[(ij e 1)(253 - IJ]E(TJJ"U,') (14—2-14)

i=li=1
Day ky hi¢u do bo phat PN tao ra gia thiét 1a khéng tuong quan thi
E[(2bj - l)(2b, - 1)] = 5{_—,‘ (14-2-15)
. va
o2 = 4w, E(v?) (14-2-16)
trong d6 E(v?) 1a momen bac hai cita moi thanh phin trong day {v;} va

Te T:
E@?) = /0 /U 9" (1g(7)pes (¢ — r)dtdr

[ i6tra. (14:2-17)
— i
$::(7) = FE[z*(t)2(t + 7)] 1a ham ty tuong quan va ®..(f) 1a phd mat do cong sudt chia day nhiéu
anh hudng z(2).

Khi &nh hudng c6 phé phing trong dai thong ciia kénh (néu do rong dai thong ctia kénh thong dai
la W thi d6 réng dai thong cila kénh tin s6 thap tuong duong 1a 1W), ¢6 nghia 1a

1

C(f)=Jdo |fl< sW (14-2-18)

the thi E(v*) = 26,4y va sai phuong ciia 4nh hudng trong (14-2-16) trd thanh
0 = 8L Jownm (14-2-19)

Trong tritgng hop nay, xac sudt dé D < 0 1a
2¢,
By(m) =@ W (14-2-20)
0

&=t =Ry, (14-2-21)

Py (m) =Q (‘” %Rcwm) = Q(V 2vyRewm) (14-2—22)

Nhung ta lai c6

(14-2-20) trd thanh

oh®
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trong do v, = &/Jo 1a SNR tung bit thong tin. Cudi cing, xac sudt sai tit ma bi chin trén bdi gidl
han hogp

M
Pu < Y QW2nRcwn) (14-2-23)
m=2

M = 2%, Bidu thirc nay gidng xac sudt sai ctia gidi ma xac dinh m&m cda ma khoi tuyén tinh trong
kénh AWGN. D&i vai ma chap (n, k) thi ciing tuong ty nhu vay. Xéac sudt sai bit bj gidi han trén béi
fa o]

Pt Y AQ(/EnRD (14-2-24)

d=tfree

Tap hop cac hg s6 {fa} 6 duge tit khai tridn ham truyén T{D, N) nhu trong 10-2-3.

Tiép theo ta xét t&i anh hudng bang hep & tan 5§ cia vt mang. Ta c6 thé ¢d dinh toan bé cong
suit ciia cac thanh phan téc nghén 1a J,, = JoW, trong d6 Jo 1a ph8 mat d¢ cong suat cla anh hudng
bang rong tuong duong. Nhu vay anh hudng bang hep duge dic trung bdi phS mat do cong suat

fr =Y (7124
&, = Wi Lt = 2 14-2-25
W >> W;. Thay (14-2-25) vao (14-2-17) ta thu dugc
W1 /2
By =22 [ japids (14-2-26)
Wi J_ 1/2

Vi du 14-2-1
Gia sit g(t) 1a xung chit nhat va |G(f)|? 12 phd mat d¢ nang lugng nhu trong hinh 14-2-3. Dai voi
anh hudng bang hep trong (14-2-26), sai phuong c¢da anh hudng la

o2 = 4dwnE@?)

8€cwmTedaw /“ﬁﬂ (sinﬁch)z of
L —Wh /2 7 fTe

812 g N2
_ 8&UmJay [ (5‘“”) dz (14-2-27)
Wi —8/2 Figd

trong cong thic nay thi § = W1T,. Hinh 14-2-4 bidu dién gia tri cia tich phan khi 0 < § < 1. Gia tri
ciia tich phan bi chan trén béi W, Te, nhu vay thi o2, < 8&wmTcJa.

1G(f
&n m}—
_ 2T, “
THIT, 08
£
=
g 06
T
@ 041
&)
o 23 ' 23z i ¢ 1z 3 d 02}
[N A [ A
(@ & o 0z 04 05 08 10
B
Hinh 14-2-3: Xung chit nhat va phd mat do nang ludng Hinh 14-2-4: Gia tri cia

tich phan trong (14-2-27)
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Trong trudng hop gi6i han khi W, tién toi O thi Anh hudng tr& thanh mot xung & tin s6 mang.
Trudng hop nay duge goi la nhiéu tin thuln tay hay tin higy tde nghén CW. Phé mat do cdng suit la

‘I'zz(f) = Java(f)
va sai phuong tuong dng cia bién xac dinh D = CM, — M, 1
02 = 4w Juo|GO)|? = 8wméeToduy

Xac sudt sai tit ma véi tin hiéu t4c nghén CW bi gi6i han trén bai

;l Py < i Q 2& w
g Mo e AV LT

Nhing ta ¢6 & = Rep, Te 2 1/W, Jo /W = Jy nén (14-2-30) dugc biéu dién thanh

J 25
Py<y @ ( xﬁcwm)

m=2

(14-2-28)

(14-2-29)

(14-2-30)

(14-2-31)

Day chinh I3 két qua trude day ta da c6 d6i voi anh hudng bang rong. Nhu viy tic nghén CW ¢6 anh

hudng gidng nhut tdc nghén bang réng tuong duong.

Vi dy 14-2-2

Ta xac dinh higu qua cia hé théng trai phd DS khi c6 tic nghén CW vai cong sufit trung binh J,,

khi tin hi¢u xung ¢6 dang nhit trong hinh 14-2-5 hay
4¢, | wt

=4/ osinz, 0<t<T,

g(t) T smTC, 0<t<T,

()
F 3

4gsin il
T T

[ L

Hinh 14-2-5: Tin higu nita hinh sin

Sai phuong cia anh hudng la

64
an = 4meav|G(0)|2 = ?T_zchcJﬂvwm

Gigi han trén cia x4c sust sai tit ma la

(14-2-32)

(14-2-33)

(14-2-34)

3
+
o

&

&
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Nhu vay dé higu qua khi sit dung tin higu xung nhu trén t6t hon so vl xung chit nhat 1a 0,9 dB.

Do khuyéch dai xi 1y va tic nghén biadn Ta bidu difn do higu qua clia tin higu tral phd DS
bang cach bidu dién nang luong mot bit £ theo cong sudt trung binh. Xét do hiéu qua khi c6 téc nghén
CW va st dyung tin hiéu xung chi nhat nhu trong vi dy 14-2-1. Thay & va Jo vao (14-2-31) ta nhan
dugc

M
2P, Th
Pu = Z_:Q( Fuo ER"“”’“)
m=2
= Z ( 2F ““LCRCwm) (14-2-35)
_ JCIU
m=2

L. 1a s§ chip ing v&i mot bit thong tin va Pay/Jay 12 ty s6 cong sudt tin higu trén cong sudt tin hid¢u
téc nghén.

Két qua gidng hét nhu vay d6i véi tic nghén bang rong va do higu qua dugc cho trong (14-2-23).
V6i nang lugng timg bit tin higu ta cd

€y = PuTo = P;t” (14-2-36)
Phé mat do cong sudt cha tin higu tic nghén la
JGU
Jo = W (14-2-37)
Diing (14-2-36) va (14-2-37) ta ¢o

TJo Jae/W  Jau/Pas

Ty 86 Jou/ Pav 12 ty 50 cOng suAt tic nghén trén tin higu, thuong lon hon don vi, Ty s6 W/R =Ty /T =
B. = L. 13 hg 56 md rong dai thong hay s6 chip ttng v6i mot bit thong tin. T§ s6 nay duge goi la dé
khuyéch dai mt I ciia he théng trai phé DS. N6 biéu dién do khuyéch dai so véi nhidu tic nghén bing
cach ma rong phd cla tin hiéu truyén di. Néu ta 1y giai ty 86 &/Jo la SNR can thiét dé c6 dugc mot
téc do sai xac dinh va W/R 12 h¢ s6 mg rong dai thong thi Jaw/Poy dugc goi 12 tdc nghén bien cha hé
théng trai phd DS. Noi cach khac, tic nghén bign la gia tri 16n nhat clia ty 0 Jou/ Pay dé 1 théng con
c6 duige mot xac sudt sai nhit dinh.

Hiéu qui clia giai ma xac dinh mam déi véi ma khéi tuyén tinh nhi phan (n, k) biéu dién theo do
khuyéch dai xit 1y va tdc nghén bién la

M
Pm £ ZQ( f{)‘j’/’/}:{ijcwm)

m=2

(M - 1)Q ( %Rcdmm) (14-2-39)

IA

Chung ta ciing thiy ring do higu qua cia hé théng con phy thudce vao mot tham s8 thit ba la Ry,
Tham s6 nay duge goi la dé khuyéeh dai ma héa va giéi han dudi clia n6 1a Redmin. Nhu vay tic nghén
bign trong hé théng dugc xac dinh bdi do khuyéch dai xu 1y va do khuyéch dai ma hoéa.

Tin higu trai phé DS khong mé Hiéu qua clia hé théng trai phd DS déi véi ma (n, k) G trén,
trong trudng hop dac bigt khi k = 1 va trong lugng cda cac £t ma khac 013w = n. Loal ma nay goi la
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ma lap nhi phan. Do R.w = 1 nén hiéu qua ciia hé théng suy giam thanh

B 26\ _ 2W/R N
PQ—Q( Jo)"Q( Jau/Pau) (14-2-40)

Trong trudng hgp nay khéng co 46 khuyéch dai ma hoa.

" Viduy 14-2-3

Gia st ching ta muén cé mot hé thong trai phd DS khong mé 6 xéac sudt sai t6i da 1a 106, Hs s8
ma réng dai thong la W/R = 1000. Xac dinh thc nghén bian.

.. &6/ Jo can thiét dé c6 xac suat sai bit t6i da 107% véi tin higu PSK nhj phan khong ma la 10,6 dB.
B¢ khuyé&ch dai ma héa la 101og;, 1000 = 30 dB. Nhu vay ty s6 cong suit tic nghén trén tin hiu phai
la

10log;, %‘p— =30~ 10,5 = 19,5dB
Day la tic nghén bién c6 thé thite hién dugc véi hé théng trai phd DS khong ma.

Co mot phuong phap khac dé xem xét qua trinh digu ché va giai didu ché ddi v6i he thong trai phd
DS khong ma. O b digu ché, tin higu tao ra tit bs ma lap nhi phan véi cac xung vudng s(t) hay —s(t)
c6 do rong T va bién d¢ don vi. Day PN nhan vdi hofic s(t) hoac —s(t). Bo giai didu ché dugc xay
dung tit bd tuong quan nhu trén hinh 14-2-6,

1
i ]:’( )t » Liymiv p——»
1
Bofan | béng ho E:%:’:gdgﬁ
diy PN toe dg chip k hi '?-U

Hinh 14-2-6: B giai dieu ché theo kiu tuong quan cho mi lap nhi phan

Ta lugng hoa anh hudng ciia qua trinh gidi didu ché lén thanh phin anh hudng 2(t). Tich cia z{t) vai
day PN 1a

w(t) = Z(zbi — Lp(t — iT)

VA

v(t) = 2(t)w(t)
Cac tin higu z(f) va w(t) 12 cac qua trinh nglu nhién doc 1ap théng ke cé gia tri trung binh bing 0 va
ham ty tuong quan $y.,(T) va ¢..(7). Tich v(t) cing 12 mdt qua trinh ngdu nhién ¢6 ham ty tuong
quan la tich cla hai ham tif tuong quan noi trén, nhu vay phd mat do cong sust cia v(t) la tich chap
clia hai phd mat do cong sudt tuong tng.

He qué cira tich chap hai phd 14 sé trai cong suét tin higu trong dai théng. Do do rong phd clia w(t)
chiém toan b do rong W nén cong sudt clia 2(¢) s& dugc trai ra trong khoang tan s6 W. Néu z(t) la
qué trinh bang hep thi phd mat 4o cong sudt cta v(t) sé chiém dg rong it nhdt 1a W.

Bo tich phan sit dung trong tuong quan chéo trén hinh 14-2-6 c6 d¢ rong dai thong xdp xi 1/7T,. Do
1/Ty << W nén chi co mot phin cia toan b cong sudt tin hieu nh hudng xudt hien & diu ra cia bod
tiong quan chéo. Phin nay xdp xi bang

Yy, 1 T 1

W WTy T, L.

o
th “at

P
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Noi cach khae, tich ciia tin hiéu anh hudng véi day PN sé trai anh huéng ra todn bo dai phd W la do
rong phd ciia tin higu truygn di va tich phan trong mét bang hep sau b nhan sé chi cho & diu ra mgt
phin 1a 1/L, toan bé anh hudng. Nhu vay higu qua cla hé thdng trai phd DS khong ma duge tang 1én
L, lan.

Ghép ma 13p nhi phan v6i ma tuyén tinh Nhu da néi, ma lap nhi phan c6 mét s6 wu diém dé
khac phuc cac anh hudng va tic nghén nhing lai khong c6 dd khuyéch dai ma héa. D& nang cao do higu
qua, ngudi ta st dung ma khdi hay ma ch3p tuyén tinh {ny, k) v6i ny <n = kL.. Néu chon ny < n va
lap méi bit ma ny 15n d& n = nyny thi ta c6 thé xay dyng ma tuyén tinh (n;, k) ghép voi ma ldp nhi
phan (ng,1). Bé ma nay c6 thé coi nhu duge tao ra bdi bo ma hoa ngoai 1a mé tuyén tinh (n1,k) va

~bo ma hoa trong la bo ma héa lip nhi phan. Do do khuyéch dai ma hoa chi duge thyce hién & b ma
héa ngoai nén ngudi ta chitng minh duge d¢ khuyéch dai ma hoa ctia b mi ghép nhu vay la

k
Rowm = ~tm, m=2,3,...,2°
Nhung ta lai ¢6 wy, = nawl, trong d6 {wf} la trong litgng bg ma ngoai. Nhu #ay dd khuyéch dal ma
héa téng cong la '

k k :
Rowm = " nawd, = n—lwg, = R (14-2-41)

D6 chinh 1a do khuyé&ch dai ma hoa c6 duge do bo ma hoa ngoai.
Do khuyéch dai ma héa ciing c6 thé c6 dude khi bo ma ngoai {ny, k) duge giai ma xac dinh cing,.
Xac sufit sai bit ciia bo ma (na, 1) dya trén gial ma xac dinh mém la

_ 2naé.
p = Q( T )
26,

Q( J—ORQ)

il

0 ( J?T”;/I% RS) (14-2-42)
Xac sudt sai tit ma d6i véi ma khai (ng, k) bi chén trén béi:
Py < m:z:-:i—l ( : ) p(l-pm (14-2-43)
& day t = | $(dmin — 1)} hay
Py < fj[cxp(l - p)Jn/? (14-2-44)
m=2

D&i véi ma chap nhi phan {n:, k), giti han trén cla xac suit sai bit 1a

R Y APl (14-2-45)

d=dsrce

Ma héa ghép cho hg théng trai phd DS Ta da biét ring higu qui cia hd ma sé tang len khi
ta thay ma lip nhi phan bing loai ma ¢6 higu qua han ¢6 d¢ khuyéch dai ma héa. Néi chung myc tiéu
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cla hé théng trai phd DS la xay dung mot bé ma dai, t6c do ma thap cé khoang cach t6i thidu lén va
didu nay c6 thé thue hién bing ma ghép.

Higu quéa cia bo mi sé cao nhit khi ta thie hign gial ma xac dinh mém d6i véi ca hai b$ ma trong
va ngoal, nhung dé giam do phite tap cho bj giai ma thi thyc hign giai ma xac dinh mém cho bd ma
trong va gidi ma xac dinh cimg cho bé ma ngoai. '

14-2-2 Mot s8 Gng dyng ctia tin higu trai phd DS

Trong myc nay ta xét ba ing dyng cia hé thdng trai phd DS. Ung dung thit nh4t 1a tranh hay giam
. thiéu tin higu tic nghén, ing dung thit hai la che gifu tin hisu trong nén nhifu bing cach truydn tin
Jhigu di véi cong sudt rdt thap va ftng dung thit ba 12 truydn ddng théi nhidu tin higu trén mot kénh

‘truyén thong, titc 1a he théng CDMA. '

ITranh tic nghén Ta xét hieu qua cta h§ théng truyen thong khi c6 tin hi¢u tic nghén trong ba
trudng hop tin higu ma. M3 thit nhit 1a Golay (24,12) ¢6 phan bs trong luong trong bang 10-1-1 va
khoang cach t&i thidu d,,;, = 8. Loai ma thit hai 1a ma Golay (24,11) gdm 2048 tif mé co trong lugng
deu 13 12. Hai loai ma nay duge sit dung cing véi ma lap nhi phan. Loai ma thiz ba 13 ma ghi dich ¢6
ds dai cuc dai. '

- Higu qua ciia ma Golay (24,12) véi giai ma xac dinh mém 13

Pa < [roa f“;;ﬂ)mm( )

s (\[12) 1 q ()] (6249

Don =njn; = 12W/R van; = 24 nén méi bit ma dudc 14p lai ny = W/2R lan. Vi dy néu W/R =100
{d% khuyéch dai xit 1y 1a 20 dB) thi d6 dai ctia ma lap nhj phan la n, = 50.
Néu sit dung gidi ma xac dinh cing thi x4c sudt sai mot bit ma la

W/R
= _ 14-2-47
p= ( JM/PM,) (14247
va xac sudt sai t ma bi chain trén boi
24 24
o<y () pren (14-2-48)

m=d
Néu ta st dyng gi6i han Chernoff cho 14l ma xac dinh citng thi
Par < 75914p(1 — p)]* + 2576[4p(1 - p))® + 759[4p(1 - p)}F + [dp(1 — p)]'2 (14-2-49)

Ddi vi gidi ma x4c dinh mm thi x4c sust saj 1a

799¢ ( JSH;;R )

- Hink 14-2-7 vé& d6 hiéu qua ctia ma Golay (24,12) theo tdc nghén bien véi hai loai gial mai va do
khuyéch dai ma héa 1a tham sg.

o
R

&
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Hidu qua cia ma Golay (24,11) duge cho bdi

11W/R

P < 204 14-2-50
u < 20410 ( Toul Pas (14250

d6i v6i gidi ma xac dinh m&m, con d6i voi gidi ma xac dinh cing thi 1a
_ Py < 2047[4p(1 ~ p)]° (14-2-51)

va
: 11W/R

= 14-2-52
N ( Teo /PM) (14-2-52)

Thay cho viéc sit dung ma kh&i ghép téc dd thdp 1/ng, ta c6 thé chi sit dung mét ma tdc do thap.
Xeét ma ghi dich do dai cuc dai v6i cac tham s6 cla ma la

(n, k) z (22:1"‘_1— 1,m) (14-2-53)

dm n

Moi tt mé trit tit ma toan 0 ddu cé trong lugng 1a 2™~ va ddi véi gidi mé xac dinh mém ta c6

2W/R
P < M-1 R.dmin
w o< M-DQ ( Tau] Pas )
SW/R m2m-!
< o [N S —
—_ 2 Q (\/Jqu/Pau 2m_1)
W/R m2m1\
< 2m —_ 14-2-
< 2Mexp ( Tor P 7 = 1) { 54)

V6i cac gia tri cta m dé Redpnin & im thi

Py <2™Q ( JW/I;E m) < 2™ exp (— ;}W;R) (14-2-55)

Vi du ta chon m = 10 thin = 2'° —1 = 1023. Do n = kW/R = mW/R nhu vay W/R ~ 102, chang
ta c6 do khuyéch dai xir ly khoang 20 dB va do khuyéch dai ma héa khoang 7 dB. Khi ting m sé tang
do khuyéch dai ma héa.

Né&u ta sit dung giai mi xac dinh citng thi khi sit dung gidi han Chernoff ta cé

P < (M = 1)gp(1 - p)l#=/ = @ = Dlap(1 - P (14-2-56)
—of ¥R g - W/R_m N
_Q( Jm,/PMRC) —Q( JM/PMW“I) (14-2-57)

Tin hidu ¢é xic sufit xac dinh thdp Tin hieu truyén di cé céng suat thap hon nhigu so voi cong
suét nhiéu trén kénh. N&u trong hé thdng trai phé DS c6 d9 rong dai tn 1a W va phé mat d6 cong sudt
nhiéu cong Ng¢ W/Hz thi cong sudt nhiéu trung binh trong toan bo dai thong la Na,y = WNg. Cang
sudt trung binh cta tin hiéu nhan duge. Néu ching ta mudn che gifu tin hiéu d&i v6i mot s6 by thu
thi phai c6 P,, /N4, << 1. Bo thu dugc phép ¢6 thé khoi phyc thong tin bing dd khuyéch dai xu ly va
do khuyéch dai ma hoa. Chang ta goi loai tin higu nay 13 tin hieu c6 xé&c sut thu nhan thap LPL
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Nhu vay d6 higu qui d6i véi gidi ma xac dinh mém 1a
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CDMA Do rhidu tin hiu cing truydn trén kénh thi cac tin higu cla nhidu ngudi dung sé anh

hudng 1én nhau do hién tugng cong tin higu. Mitc dnh hudng phu thude vao sé lugng ngudi dung va

theo thai gian. Uu diém co ban cia hé théng CDMA la nhidu ng.ué‘l dl.mg ¢6 thé truyen "ddng thoi”
dung di ma khong phai ditng hé théng.
10!

cac ban tin ngin. Trong hé théng da truy nhap nhu thé c6 thé d& dang thém nguoi dung va bt ngudi

G (24,1
LY

— PG =20d8 |
L] “
\ Ll
5 L \G@a I
16-2

G=20dB |
L]
1
\
5 '. ) S
] G(24,11) \ I
: PG =20 dB
' \
3
1

' G(24.12)
10" :

4
VB
« PG =30 4B
L}
G(24.12)

1 ‘n
VAN
v ]
L]
L]
PG=308B

k3

Xéc sudt sai tit ma P,
.

o

L [~
"1
"]
--"""’-F

i

PG=20dB
- {24, 11}
Gidi mi x.d. ciing

Gidi ma

k.0, mém

l
+
1
L]
L
]
L]
L
L]
|
l
1

PG=d5 khuyéch dai xit iy

1

1

\ :

L}

: L
24 22 20 8

16 14
Tée nghén bidn 7, /P

Hinh 14-2-7: Hiéu qua cila ma Golay dung trong hé théng trai phé DS

trén nhiéu anh hudng & phia thu la

(i3 st cac tin hiéu c6 cing cong sust trung binh va N, 14 s6 ngusi ding ddng thai, ty s6 tin hiéu

P{]U PLIU

_j;j:(Nu‘

1

(14-2-58)

< gl

S (M - 1)Q ( ;W/R Rcdmm)

(14-2-59)
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Trong truong hop nay ta gid si anh hudng gitta cac ngudi dung 14 gaussian. Vi du do higu qua ta mong
mudn c6 xac suit sai 1078 thuc hign duge khi

W/R
N, -1

RC dmin . = 20

S6 lugng cuc dai ngudi diing cho phép trong mot hé thong CDMA la

W/R
20

- Khi xac dinh s& lugng cuc dai ngudi sit dung trong mot hé théng CDMA, ta da gia thiét cac day
PV la trizc giac dai mot va anh hudng gitta cac ngudi dung chi la vin dé cong suit. Tuy nhién trong
thuc t& thi cac day PN rdt kho tryc giao voi nhau, dac biét khi s8 lugng cac day PN 16n. Théng thudng
ngudi ta chon tap hgp cac day PN thich hgp.

Ny =

c@min + 1 (14-2-60)

14-2-3  Anh hudng loai xung trong tin hi¢u trai phé DS

Trong cac phin triée, ching ta mdi chi xét 141 cac anh hudng lién tuc hay tin higu téc nghén lién tuc
1en tin higu trai phd DS va khi d6 do khuyéch dai ma hoa hay do khuyéch dai xit 1y ¢6 tac dung khic
phuc hay gidm nhd cac hién tugng nay. Tuy nhién khi tin hiéu tic nghén gém céc xung c6 phd phing
tac dong len toan bo dai thn clia tin higu thi dnh hudng clia n6 rét nghiém trong ma ta goi la dnh hudng
TURG.

(Gia sif tin higu tic nghén ¢6 céng sudt trung binh J;, v d¢ rong phd 1a W thi Jo = Ja /W. Bo tao
tin hidu thc nghén sé phat cac xung co cong sudt Ja, /o v6i xac sudt a% tai mot thoi diém thoi gian
nao dé. D& don gian ta gis thiét riing cac xung inh hudng tac dong téi mot s6 nguyén lan khoang thoi
gian tin hidu va nhy vy n6 inh hudng t&i mot s6 nguyén bit. Khi bo phat tin hiéu thc nghén khaong
hoat dong thi cac bit gia thiét 1a duge xac dinh khong co 16 va khi no6 phat thi xac sudt sai cia he
thong 1a Q(+/2aéy/Jo). Nhu vay xac suit sai bit trung binh la

P(e) = aQ{\/20€/ Jo) = a ( iaV;/IéR) (14-2-61)

Bg phat tin higu tc nghén sé chon a dé cyfc dai hoa xéc sudt sai va 18y dao ham cong thitc trén ta thay

trudng hop tdi nhit 14
1,71
* _ &?.}0 (gb/JO 2 0: 71) 14-2-62
* { I (&/d <0,71) (14-2:62)

va khi d6 xac suit sai tuong ing la

P=

0,083 _ 0,083Jay/Psy £ Jo =071
{ &/t W/R (&/Jo0 2 0,71) (14-2-63)

@ (m (&/Jo < 0,71)

T6c do sai theo cong thite (14-2-61) véi mét s3 gia tri o duge vé trén hinh 14-2-8.

Trong thyc t& ¢6 thé co trudng hop bo phat tin hidu tie nghén tao ra cac xung nhiéu c6 cong Suit
cao (e nho), khi do (14-2-63) 13 gisi han trén cta do higu qua ddi véi hé thong PSK khong mé trong
trudng hop tdi nhit. Nhu vay higu qud cia hé théng 1 rdt nhoé. Ly do la xung nhiéu sé anh hudng lén
cac bit lign tiép khi bg phat tin hidu tic nghén hoat dong. Ching ta c6 thé méa hoéa h¢ thong DS trai
phd dé nang cao d6 hiéu qua bdi do khuyéch dai ma héa. Nhu vay £ /Jo sé giam di do khuyéch dai ma
héa Iin. Mat khac, dé nang cao hiéu qui ciia hé thdng thi ta c6 thé sit dung ky thuat tach va ghep bit
nhu trong phan 10-1-9.
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Tée nghén xung
v, trubng hyp xau nhat (@ = af)

Xéc suft sai bit £,

&7, dR)
Hinh 14-2-8: T6c d¢ sai clia tin higu trai phd DS PSK khi c6 tic nghén xung

14-2-4 Tao day PN

_ Vigc tao ra day PN c6 nhidu y nghia trong thyc t& va duge nghién citu nhigu. Trong ph#n nay ta sé

trinh bay mét s8 phuong phap tao ra day PN va mot s8 tinh chdt quan trong clla ham ty tuong quan
va tuong quan chéo clia cac day nay.

Day PN nhj phan dugce biét dén nhidu nhit 13 day
trong phan 10-1-3. Day ghi dich 6 d¢ dai cyc dai, c6 4o dal m hay ngén hon cé d6 dai n = 2™ — 1 bit
dugc tgo ra bdi thanh ghi dich m trang thai va phén hbi tuyén tinh nhu trong hinh 14-2-9. Day tao ra
s& tudn hoan véi chu ky n va méi day trong mot chu ky ¢6 21 bit 1 va 2! _ 1 bit 0.

ghi dich c6 d¢ dai cyc dai ma ta da trinh bay

m nhip

Daura

Hinh 14-2-9: Thanh ghi djch m trang thai véi phan hdi tuyén tinh

Trong cac img dung ciia hg thdng trai phd DS, d

Ay bit gdm cac phin tit {0,1} duge 4nh xa thanh
chc xung tin hiéu theo quan hé '

pi(t) = (2b; — 1)p(t — iT)
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Mat cach tuong duong, ching ta c6 thé noi ring day bit nhi phan {0,1} dugc anh xa thanh mot day
nhi phan khac v6i cac phin tit 1a {—1,1}. Day nay goi 1a day ludng cye.

Mot dac didm quan trong cua day PN tuan hoan la ham ty tuong quan cing tuin hoan va dugc
dinh nghia la

9(G) = 3 (@b~ 1)(2biy; — 1), 0<j<n~-1 (14-2-64)
n=1

v6i n 12 chu ky tuan hoan. RG rang ¢(j) tuln hoan véi chu ky n.

Ly tuéng ma néi thi day gid ngéu nhien phai c6 tinh chit ham ty tuong quan ma §{0) = n,¢{j) =
0,1 < j <n— 1. Trong trudng hgp day d¢ daim thi ham ty tuong quan tuin hoan 1a

4 = { S U2gen- (14-2-65)

Trong cac ing dung chdng tic nghén, 4o dai m phai lén d8 tranh bg phat tin higu tic nghén hoc i
dudng phan hdi trong bé phat PN. Tuy nhién yéu cau nay khong pha hgp trong da s6 truong hop do
bo phat tin higu tic nghén c6 thé xac dinh dudng phan hdi bing cach quan sat chi 2m chip tir day PN.
Tac hai nay ciia day PN la do tinh tuyén tinh clia b phat. D& giam nho tac hai cha bd phat tin higu
t4c nghén, vai day diu ra sau vai nhip ctia thanh ghi dich dugc ghép lai theo mot luat phi tuyén dé tao
ra day phi tuyén, gay khé khan cho bg phat tin hiéu t4c nghén trong viéc xac dinh. Ngudi ta cing co
thé thuémg xuyén thay déi duong phan hdi hay s6 nhip trong thanh ghi dich dé gay khé khan cho bd
phat tin hiéu tdc nghén,

Trong mot 58 trudng hep thi tinh chat cia ham tuong quan chéo ciia day PN ciing quan trong khong
kém tinh ch&t ciia ham tu tuong quan. Vi du nhu trong hé thdng CDMA thi mdi ngudi s dung mot
day PN va Iy tudng thi cac day PN tryc giao v6i nhau nhitng thue t& thi gitta chung vén c6 tuong quan.
Gia tri 16n trong ham tudng quan chéo 1a khong t6t trong hé thdng CDMA.

Cu thé, ta xét cac day do dai m. Ta biét ring ham tuong quan chéo tulin hoan gitta cac day do dai
m c6 cung chu ky c6 cac dinh kha 16n. Bang 14-2-1 liét k& dinh bién 4 $ma- cha hadm tuong quan chéo
tuin hodn gitta cac day 4o dai m v6i 3 < m < 12. Ta théy rang d&i v6i da 88 day thi gia tri dinh bién
do $mar cla ham tuong quan chéo lon han nhidu so vai gia tri dink bién do cua ham ty tucng quan.

™ n=2"-1 50 day dodai M fmax Omax/9(0) t(m) t(m)/4(0)
3 7 2 5 0,71 5 0,71
4 15 2 9 0,6 9 0,6
5 31 6 11 0,35 9 0,29
6 63 6 23 0,36 17 0,27
7 127 18 4 032 17 0,13
8 255 16 95 0,37 33 0,13
9 511 48 113 022 33 0,06
10 1023 60 383 037 65 0,06
11 2047 176 287 014 65 0,03
12 4095 114 1407 0,34 129 0,03

Mac di ¢6 thé chon mot tap hop con cac day dg dai m ¢o gia tri tuong quan chéo nhé & cac dinh
nhung s8 lugng cac day nhu thé la nhé va nhu vay khong thich hgp trong cac hé théng CDMA.

Cac day PN ¢6 ham tuong quan chéo t6t hon duge dua ra boi Gold va Kasami, ching xuft phat tu
cac day do dai m nhu sau. Gold va Kasami da chitng minh duge réng c6 mdt sé cap day m do dain
c6 ham twong quan chéo chi c6 ba gia tri {—1, —t(m), t(m) - 2} v6i

2Um+)/2 41 (m1é
Hm) = { s ] Em m) b (14-2-66)

13-CSLTTT -T2
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Hai day m d6 dai n v6i ham tuong quan chéo chi ¢6 ba gia tri nhu tren goi 13 ede déy phid hgp. Tht
mt cip day phd hop, a = [a1a3...0,] va b = [bybs,. .. bn), ta xay dung mot tap hop cac day do dai n
bang cach 18y téng modulo 2 ciia a vai n dich vdng clia b hofic nguge lai. Nhu vay chiing ta c6 n day
tudn hoan méi ¢6 chu ky n = 2™ — 1. ta ciing c6 thé 14y thén hai day a, b va 6 téng cdng n + 2 day
va n + 2 day nay tao nén cdc diy Gold.

Vi dy 14-2-4
Xét vige tao ra cac day Gold c6 do dain = 31, nhu vay m = 5 v

tH5)=2°+1=9
Hai day phit hgp duge mé ta bling hai da thie (Peterson va Weldon, 1972):
alp) = P+ +1
np = P+pt+pP+p+1 (14-2-67)

Trong vi dy nay ta s& c6 t4t ca 33 day khac nhau, tuong ing v&i 33 gia trj pha khac nhau ciia hai day
m. Tat nhién c6 31 day do dai khong eyc dai.

Ngoai trtt hai day a, b thi cac day Gold khoéng phai Ia cac day thanh ghi dich d6 dai cyc dai va ham
ty tuong quan cia chiing khong chi ¢6 hai gia tri. Gold da chitng minh ring ham twong quan chéo gitra
. hai day trong s6 » + 2 day Gold c6 ba gia trl 1a {~1, —t(m), ¢(m) — 2}.

14-3 Tin hiéu trai phd FH

Trong hé théng trai phd FH, dai thong cita kenh dugc chia ra thanh nhigu khe tin 8. Trong méi
khoang thdi gian tin higu, tin hisu duge truy®n di trong mot hay nhidu khe tin s6 vA c&c khe tin s§
dugc Iya chon mot cach ngiu nhien tai m&i thoi diém theo day PN tao ra.

Tén s6
-

O % 2T, 3T, 4T, 5T 6T IT.
Khoiing thii gian

Hinh 14-3-1: Vi du v& sit dyng c4c khe tan s6

Su db khdi he thdng thu phat tin higu trai phé FH dugc vé trén hinh 14-3-2. Qua trinh didu ché
thudng duge sit dung 1a FSK nhi phan hay M mitc va sy dich chuyén tin s3 phy thuge vao day PN tao
ra. Vi dy m bit trong diy PN c6 thé tao ra 2™ — 1 sut dich chuyén tin s6.

G phia thu co mdt bd phat day PN ging hat phia phat, ddng bo v6i tin hieu nhan duge dé didu
khién dau ra ctia bo téng hgp thn s6. Tin higu nhan duge sau khi loai bé sy dich chuyén ngiu nhién

o
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v& tin 56 duge gidi didu ché. Tin higu dung dé duy tri sy ddng b6 cia bo tao PN véi tin hién dich thn
nhan duge thudng duge 18y ra tit tin hiéu nhén duge & diu ra ciia kénh. Tin higu FSK xéac dinh khéng
lien két thuong duge sit dung trong hé théng trai phé FH.

Déu vao . i3 o Diura
———| Mahta | Dibuche Tron Kénh | Tron | Qbidigu | fo.; ] Dius
b J
Tgo diy 4
Téng Téng hgp Déng b
. _ PN tdn s tdn sﬂg thi o
l t
Tao ddy
PN

Hinh 14-3-2: So db khdi hé théng trai phé FH

Trong h¢ thong dich t3n nhu trong hinh 14-3-2, thn s mang dich chuyén mot cach ngiu nhién khi
chuyén déi tit khoang thoi gian ky hiéu nay sang khodng thoi gian ky higu khac. M tin s6 mang thong
tin cach nhau lién tiép khoang tin s6 la 1/T., trong d6 T, 13 khoang thoi gian ky higu. Mot phuong
phép dich chuyén tin s3 khac 1a & bit theng tin ciing véi m bit trong day PN ding dé x4c dinh cac khe
tan 88 cho truy®n tin hi¢u. Su db khéi phuong phat nay dugc vé trong hinh 14-3-3.

Diu vao k Téng h Giat ‘_ + Ddura
Ma héa Ll 08 0P - Kénh ga > Gidi ma|—m-
f 4
nt bit:

Téngh Déng hi
Taa day thnss thot gian

PN :

Tao d&
PN Ve

Hinh 14-3-3: So db khéi he théng trai phé FH doc lap thn s8

T6c do thay déi tan sd thuong 13 béing hogic nhanh hon téc dd ky higu. Néu c6 nhidu chuyén déi thn
s6 trong mgt khodng thoi gian ky hisu thi ta c6 mgt hé thdng tin hi¢u thay ddi thn s6 cao. Trai lai, néu
tan 58 chi thay ddi khi chuyén tir ky higu nay sang ky higu khac, ta c¢6 hé théng thay ddi thn 36 cham.

Tin hiéu trai phd FH thudng dugc sit dung trong he théng CDMA hay cac img dung cin phai chéng
tic nghén. Trong da s6 trudng hop, ngudi ta thudng chon h¢ thdng tin higu trai phd FH hon 1a hs thdng
trai pho DS do trong hé thdng DS gip phai van d& ddong bo. Trong hé théng DS, ddng b phai duge
duy tri trong titng khoang thdi gian chip 75, con trong he théng FH, khoang thai gian chip 1a khoang
thdi gian truydn trong mét khe tan s, va nhu vy khodng thoi gian nay xdp xi 1/B, l6n hon nhitu so
voi 1/W.

14-3-1 Hiéu qua ctia tin hiéu trai phd FH trong kénh AWGN

Ta xét higu qua cud hé thdng trai phé FH trong kénh c6 anh hudng bang réng, duge dic trung théng
ke nhu 13 kenh AWGN c6 phd mat do cong sudt 1a Jo. V6i tin higu FSK tryc giao nhi phan xac dinh
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khong lien két va téc dd chuyén déi tAn s6 thap thi xac sudt 15i 1a (phin 7-1-4)
Py = %e-%/? (14-3-1)

vy = €/ Jo. Néu tin higu chuyén ddi tn s6 L an trong mét khoang thai gian ky higu thi tdc df sai s6
sé la (phan 13-1) '
1 L-1 1\
Py(L) = o e /2" K; (5%) (14-3-2)
i=0
trong d6 SNR titng bit 13 v = &/Jo = Le, e 1a SNR tiing chip va

-

L-1—i

. K.r=;.1~! 5 (2Lr—1) | (14-3-3)

=0

Ching ta chn chit ¥ ring véi mot gia tri SNR ting bit, sai s6 trong (14-3-2) 1én hon trong (14-3-1). Sy
chénh lach v& SNR vdi ciing mot téc do sai goi 14 suy hao tich hop khong lien ket.

Ma hoa sé lam tang d6 higu qua ciia hé théng FH mot lugng la d¢ ting ich ma hda, phu thude vao
che tham sd chia bo ma. Gia sit ta sit dung ma khdi tuyén tinh nhi phan (n, k), tin hiéu PSK tryc giac
nhi phan xac dinh khong lién két, gidi ma xac dinh mém theo lugt binh phuong thi xac sudt sai tit ma
la

L
Py <) Pa(m) _ (14-3-4)
m=2

Biéu thiic clia Py{L) gidng nhy trong phan 10-1-4, ¢6 dang gidng nhu (14-3-1), {14-3-2) v6i L dugc thay
bang 1w, ¥ dugc thay bang vs R wm. Nhu vay chung ta c6 hidu qua cda hg thong FH c6 anh hudng
" bang rong. Téc 46 sai khi c6 ng Ian thay ddi thn s6 d6i véi mot ma bit duge rit ra dé dang tir (14-3-4).
ns 180 thay déi véi mgt ma bit ¢6 thé xemn nht ma lap nhj phan va khi tich hgp vdi ma khdi tuyén tinh
nhi phan {n,, k) c6 phan b8 trong lugng {wn,} ta sé dugc ma tuyén tinh nhi phan (nyn2,k) c6 phan bd
trong lugng {nawy,}. Nha vay ta c6 thé thay L bdi nowm, v béi Renowm, e = k/nina.

V6i giai mé xac dinh citng va t6c do thay ddi tAn 58 cham thi xac sudt sai bit & dau ra bg gii dieu
ché 1a

1
p= EE_TBRC!IQ (14-3'5)
Xac sudt sai tit ma bi chin trén theo giéi han Chernoff
M
Py < ) lap(1 - p)|um/? (14-3-6)
m=2

Néu tdc do chuyén ddi thn s6 cao, np 1in d6i v6i mot mé bit va xac dinh theo lugt binh phuong & dau
ra cac b loc phdi hgp thi xac sudt sai bit duge xac dinh theo {14-3-2) v6i L dugc thay bang ngo, v
duge thay bing wR.na, Re 1 téc 49 trong ma (ng, k). Nhut viy hiéu qua cia hé théng FH thay déi
nhanh khi €6 anh huéng bang réng giam di so voi he théng FH thay d6i cham mét lugng bing do suy
hao tich hop khéng lién két do c6 ny lan thay ddi thn 36 ing véi mot bit ma.

Chiing ta da thiy ring d6i voi ca gidi ma xac dinh mém va gidl ma xac dinh cing, viéc sit dung ma
lap nhi phan khéng cho dé khuyéch dai ma hoa. Do khuyéch dai ma hoa ¢hi c6 véi ma khéi (ny, k).
Nhu vay ma lap nhi phan khong c6 higu qua trong hé thdng FH thay déi nhanh, xac dinh khong lién
k&, Ma nhi phan t6c dé thip hay ma ghép sé ¢6 d¢ hiéu qui cao hon.

Viéc xac dinh d6 hiéu qua ddi v6i ma chap nhi phan cing tuong ty nhu déi v6i mé khdi tuyén tinh
nhi phan. Cuéi cing, ta thiy ring nang lugng timg bit & c6 thé biéu dién thanh §, = P, /R, R la téc
do thong tin va Jy = J /W néan

&  W/R
Vo= o0 =
Jo J, cw/ F ov

(14-3-7)
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Trong cong nay ching ta thdy rang W/R la do khuyéch dai xit 1y va Jov/ Pav 12 téc nghén bién cia he
théng FH. .

14-3-2 Hiéu qua cta tin higu trai phd khi c6 anh hudng ting phan trén
kénh

Anh hudng ting phan trén kénh duge md hinh béi qué trinh ngiu nhién gaussian gia tri trung binh bang
0 v6i phd mat do cong sudt phéng trong mot phan cia dai thong W va bang 0 trong phan con lai cia
dai thong. Trong cac midn ma phé mat do cong suit khac 0, gia tri ctano la @,.(f) = Jo/a,0<a <l
Mo hinh 4nh hudng nay dugc sit dung cho tin hi¢u tic nghén hay anh hudéng do nhidu ngudi ding trong
14 théng CDMA FH.

'Gi& stt anh hudng tiing phin trén kénh la do mot bo phat tin hiéu tic nghén cb thé lya chon o
mot cach t6i wu dé cuc dai héa dnh hudng trén kénh. Trong hé théng FH cham khong ma hoa, digu
¢hé FSK nhi phan va xac dinh khong lien két, tin higu nhan duge bi anh hudng voi xac sudt o Khi bi
anh hudng, xac sudt 161 13 § exp(—~&a/2Jo) va khi khong bi anh hudng thi giai dieu ché la khéng bj 16i.
Nhu v&y x4c sudt sal trung binh 13

Pila) = %a exp (— —3%) {14-3-8)

Hinh 14-3-4 bidu dién t6c do sai theo &/Jo. Bo phat tin higu tic nghén c6 thé chon gia tri o dé xéac
sudt 16i 13 cyc dai. Ta tim théy gia tri d6 13

1 ._ndeufPay
oo | whm = ©lh2? (14-3-9)
1 (€/Jo < 2}
Xac sudt sai tdc nghén xung tuong ing trong trudng hgp toi nhat 1a
=@l
Pp=——=\e| 77— 14-3-10
2 &!/JU Jau/Pav ( )

D4i véi the nghén toan bang thi xac sudt sai giam theo ham mi con d6i véi the nghén titng phan thi xac
suit 15i chi giam nghich dao véi &/ Jo trong trudng hop thi nhat. Két qua nay tuong ty vl he théng
DS khong ma trong triong hop tic nghén xung &1 nhit,

Nhu chung ta sé chitng t& dudi day, tin hiéu tan xa nhan duge bang cach ma hoa sé cai thién dang
ké ve do hiéu qua so v6i tin higu khong ma héa.

P& mo ta vu didm cia tin higu tan xa trong hé théng trai phd FH v6i dnh hudng ting phin, ta gid
thiét ring cing mot ky higu thong tin duge truyen di bang tin higu FSK nhi phan trong L khe tan sd
doc lap. Digu nay ta co thé thue hién bing cach chia khoang thii gian tin hiéu thanh L khoang thdi
gian nhé. Sau khi loal bé cac thanh phin tin s6 mang thi tin higu duge giai ditu ché bing cach cho
tin hiéu qua mot cap bo loc phoi hop, d3u ra dugc xac dinh theo luat binh phuong va duge 1dy mau
tai thoi diém cudi cia méi khe thot gian nhé. Xac dinh theo luat binh phuong tin higu tuong ing voi
7, khe tan s6 dugc cong lai dé tao ra hai bién xac dinh (hai d6 do), ky hiéu 1a Uy va Us. Khi bién Uy
mang thong tin thi

Uy = Spe Bl26 + Nuf?
U, = Zk:l 6klN2k|2

{B:} 1a cac he s6, £ 1a nang lugng tin hiéu ting chip trong ky hiéu L chip, {N;x} la cac thanh phan
nhiéu cong gaussian & dau ra cla cac bd loc phdi hop.

Céac hé s6 duge lya chon mat cach tdi uu dé chong lai hién tugng thc nghén. Ly tudng thi B 1a
nghich dao clia sai phuong cla cac thanh phiin nhidu tuong ing {Nx}. Nhu vay sai phuong cia nhiéu
ting v6i mdi chip duge chuén hoa thanh don vi. Khi thn s6 trong mot khe tan s& nao do bi thc nghén
thi gia tri do do trong khe d¢ 1a 4t nho va khi khong tic nghén thi gia tri trong lugng hay d¢ do trong
khe do ia kha 6n.

(14-3-11)
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Hinh 14-3-4: Hiéu qué cila hé thong FSK nhij phan v6i tic nghén ting phin

Gia si chung ta ¢6 nhiéu gaussian bing rong c¢6 phd mat dé ¢ong sudt Ny va dnh hudng ting phan
trén bang tan c6 do rong oW cing 1a gaussian va phé mat do cong sudt 13 Jo/a. Khi khéng ¢6 anh
hudng ting phan thi momen bac hai ca cac thanh phiin nhiéu N1 va Nog 14

1 1 H
ot = 3B(NwP) = 3ENul) =26, (o + 2 ) (14-3-12)

Trong trudng hgp nady ta chon B = 1/02 = [26,(Ng + Jo/a}]~!. Khi khong c6 anh hudng timg phin

thi o = 2¢,No va do d6 Br = (2£.Np)~!. Chi ¥ réing 8¢ la bién ngdu nhién.
Léi giai diBu ché gap phai khi U; > U;. Gi6i han trén Chernoff v& xac sudt 16i la

P, = PU;-U >0) < E{explv(Uy - Ur}]}

L
= E {exp {—vZBk(I%C + Ny |? - |N2k|2)] } (14-3-13)

k=1

& day v 1a mot bién st dung dé€ tim gidi han trén chat. Qua trinh 18y trung binh cong thite (14-3-13)
dugc thige hign theo tinh chét thdng kén clia cac thanh phin nhiéu va tinh chit théng ké cta cac hé s6
trong lugng {f.}. Trudc tign ta gitt ¢ dinh {5} va 1ay trung binh theo tinh théng ké cia cac thanh
nhiédu va nhin duge

il
tzs

Py (f)

L L
exp (—vZﬁkl%c + Nug|® + ’UZ»@HN%P)]

k=1 k=1

L
= H Elexp(—vfe|2E. + lelz)]E[exp(vﬁk]Nsz)]

L
1 —4£2Bv
E -3-14
H1—4u2ex"(1+2v) (14-3-14)

oy

= o-h‘,.
5 o8,
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Do cac thanh phan tin s6 cha tin higu FSK bi gay t4c nghén véi xac sudt o nén Si = [26.{No+Jo/a)] ™!
vOi xac sudt o va By = (26.Np) ™! véi xéc sudt 1 — a. Nt vay gisi han Chernoff la

P < ﬁ{ @ ex[ — 2w ]
= M Toe P N+ R/ T+ 20)

l-a =2
T2 &P [No(l + 2'0)] }
- (el ]
1 - 402 (No + Jo/a)(1 + 2v)
+

l1-ao —2¢.v L
1402 P [Ng(l + 2v)] } (14-3-15)

Budc tiép theo 13 t8i utu hoa (14-3-15) theo v. D& don gian ta gia thiét Jy/a >> Ny dé cho thanh
phin thit hai trong tdng nhé khéng dang ké so v6i thanh phan thit nhit. Néu ta dit No = 0 thi

L
a —200€,
< 14-3-1
Pz_{1—4v2eXp[Jg(1+ZU)]} (14-3-16)

Gia tri t6i thidu ctia gidi han nay theo v va gia tri cyyc dai theo o (trudng hgp anh hudng ting phin tdi
nhdt) dat duge khi o = 3Jp/é, <1 va v = }. V6i cac gia tri nay thi (14-3-16) trd thanh

4\t 14\t & _ &
P, < B(LYy = = — =X =2 > 14-3-17
<P = () = () -t fag (14317)
trong d6 v, la SNR timg chip trong ky higu duge truyén di qua L chip. Tuong dudng
1,47(Jau/Pav 1© W/R
< |22 ae/Fav ) /T g 14-3-18
fas [ WIR L(Jar/ Paw) = (14-3-18)

Ta thiy ring xac sudt sai trong trudng hgp anh hudng ting phin toi nhit gidm theo ham mi khi tang
SNR titng chip .. Ta ¢6 thé biéu dién v& phai trong (14-3-17) thanh dang

Py(L) = exp[—nh(7c)] (14-3-19)
vdi ) .

Db thi bidu dién h(y.) dugc vé trén hinh 14-3-5 vA n6 c6 mot gia tri cyc dai 1a § khi y. = 4 va nhu vay
gia tri t6i wu SNR ting chip 1a 10logy. = 6 dB. J gia tri SNR t5i wtu nay ta co

Py < Py(Lop) = €7 ™/% (14-3-21)

Khi so sanh xac snit sai trong {14-3-21) voi x4c sudt sai clia tin higu FSK nhi phan v&i nhiéu c6
phd phing trong (14-3-1), ta thdy anh hudng dong thai ctia anh hudng timg phin trong trudng hop tbi
nhit va xac dinh khéng lién két 13 3 dB.

Ma hoa cho phép nang cao dé hiéu qua ciia hé théng trai phd FH khi c¢6 anh hudng bang hep. Dac
biét, néu ta sit dung mé khdi truc giao voi M = 2F tit ma va L d6 tan xa vol mbi tit ma thi xac sust
sai tit ma bi chin trén bdi

L L
Py <(2*-1DP(IL)=2F-1) (ﬂ) =(2¥ - 1) (}-1%%) (14-3-22)
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va xac sudt sai bit tuong duong bi chan trén bdi

1,47 \*
P, < 251 (—) 14-3-23
b <2 (o (14-3-23)

Hinh 14-3-6 biéu dién xac suit sai bit v&6i L = 1,2,4,8 va k = 1,3. Vai lya chon t&i vu vé d tn xa
thi giéi han trén v& x4 sudt sai bit duge bidu dién thanh

Py < 27 exp(— 3hm) = 5 exp[~K(3 = In2)] (14-3-24)

: Nhu vay ta da nang cao 46 higu qua mot lugng 1a 10log[k(1 — 2, 77/vs)]. Bang cach dung ma ghép va
"giai ma xac dinh mém ta co thé nang cao hon nita 46 higu qua.

AR
5 Phan tan

i U N ~

k=l ".\ \ L=1
2 k=3

Xac sust sai bit P,
L)

2.

Sy
TE®
B

=
Sl
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--—-"'""""-_’-.
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-
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L=

0.3
NN
i : h
Sy 5 TN
R RN
= z + T L=
o5 Phén tin i Y’;,?\ ' \ k=1 \
Wiuu -l
[
Nk
"3y e s 6 9 8 2 1 ; II. 8
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SR timg bit ¥, (dB)
Hinh 14-3-5: D6 thi Hinh 14-3-6: Hiéu qua cla ma FSK nhi phan va
h(v.) tAm mitc vii L d¢ tan xa trén kénh ¢6 dnh hudng
ting phan trong truong hop 01 nhit
Vi du 14-3-1

Gia stt ta st dyng ma Hadamard H{n,k) c6 trong lugng 6 dinh vai didu ché OOK (on-off keying)
déi voi méi bit ma. Khoang cach téi thidu cia bo ma 1a dpipn = %n va do d6 s8 do tan xa ¢ hiéu qua
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qua vigc didu ch€ OOK 13 Jdmin = In. C6 In thanh phin thn s6 duge st dung dé truydn mét tir ma,
nhu vay

k
Ye = 7=% = 2Rcy (14-3-25)
En
khi ma nay dugc sit dung doc lap. Xac suit sai bit v6i gidi ma xac dinh mém cia mi nay cho kénh cé
anh hudng ting phan bi chzn trén béi

i

1 1,47 \ ™4
Py < 2 1Py (Zdnin) = 2%1 (—~— 14-3-26
h < 2(2 ) =2 T ( )

Neu ma Hadamard duge sit dyng lam ma trong vd ma chap kép k tdc d§ 1/2 duge sit dyng lam ma
ngeai thi xac suét sai bit khi ¢6 anh hudng timg phin trong trwdng hop tHi nhét (xem (14-2-40)) 1a

26-1 = 1 261 1
R — - in) = ———— - -
Py < 5e— n;ﬁmpz(gmdmm) F T ﬂ;ﬁsz(‘lmn) (14-3-27)
trong dé P»(L} dugc cho trong (14-3-17) v6i
k
Ye = E'Tb = Revp _ {14-3-28)

Hinh 14-3-7 thé hién d¢ hiéu qua cia ma kép k véi k = 3,4, 5 v6i ma Hadamard H(20,5),H(16,4), H(12,3).

14!
5
2
s o
W
B 5 1A
3" 1Y
E 2 \\\ \\;ﬁgsﬂ
o WVAY
5 | Képh X\J
L[ H20.5) \ |
\ \(%(H‘ff;fi,_
0 W)
g 9 10 i1 12 13 14 L5

SNR tiing bit ¥, (dB)

Hinh 14-3-7: Higu qua cia ma kép k v&i ma Hadamard

14-4 Dong b trong hé théng trai phd

Vigc ding bo vé mat thoi gian gitta phia thu v6i tin higu trai phd nhan duge c6 thé chia ra lam hai pha
1a pha thu nhan kbéi dau va pha theo doi sau khi bAt dBu nhan duge tin hieu.

Thu nhan khéi dau Trong hé thong trai phd DS, ma PN phai duge ddng bo vé mat thai gian
trong khoang thdi gian mot chip T, &~ 1/W. Vin dg dong bd khoi dau c6 thé xem nhu vide b ghng



202 CO SO LY THUYET TRUYEN TIN

dong bo dong hd phia thu v6i dong hd phia phat. Théng thudng cac ddng hd dic biét chinh xac va én
dinh theo thdi gian duge sit dung trong hé thong trai phd. Nhu vay cac thai didm thdi gian c6 thé coi 1a
chinh xéc giita phia thu va phia phat. Tuy nhién véin c¢6 mgt do bat dinh v& mat thai gian 1a do khoang
cach gitta hai phia thuéng duge xac dinh khong chinh xac tuygt déi. Van d& nay dac biét nghiém trong
khi hai dau cudi la hai thiét bj di dong. Trong moi truong hgp, thi tuc théng thusng dé khai dhu qua
trinh dong b la phia phat truyén di mot day s6 liéu gia ngiu nhién xac dinh t6i phia thu. Phia thu sé
lién tuc trong trang thai tim day nay dé khdi diu viée ddng bo.

(ia st thoi gian khdi d&u bat dinh 1a T, va khoang théi gian chip 1a T,. Néu viéc domg bo khdi diu
duge thyc hign trong digu kién c6 nhiéu cfng va cac dnh hudng khac thi cin phai tap trung vao khoang
théi gian Ty = NT;. dé kiém tra tinh ddng bo tai méi thai didm. Néu ta tim trong khoang thdi gian bat
dinh theo titng budc thdi gian 17, thi thoi gian cin thiét dé thidt lap ddng bo khai diu 1a

T,
Tinitsync = 1_NTC = 2NTu (14-4-1)
3l
R0 rang ddy dong bg truygn di toi phia thu phai ¢6 khoang thoi gian t&i thidu 1a 2¥T, dé phia thu c6
dt thai gian dé thye hién viéc tim kidm.

Thong thudng, b loc phéi hgp hay bg tudng quan chéo 1a cac phuong phap t&i vu dé thidt 1ap dong
bo ban dau. Bo loc sé phdi hgp véi day sé ligu bidt trude va t6i mot thoi didm sé thiét lap duge viée
dbng bo va b gidi diku ché sé budc vio ché do thu s6 lisu.

Mdt cach khac, ta c6 thé dung b tuong quan trugt nhu trén hinh 14-4-1. Bo tuong quan sé "xoay
vong” trong khodng thai gian b4t dinh, thong thudng 13 gian doan theo théi gian, mé&i buse 1a %Tc va
tinh d¢ twong quan cita day nhan duge voi day ddng bd bigt trude. Tinh tuong quan chéo duge thyc
hign trong khoéng thoi gian NT, va d&u ra bo tuong quan sé& duge so sanh v6i gia tri can dé xac dinh
xem ligu tin hiéu mong mudn da xu#t hign chua. Néu khéng vugt qué duge gia tri can thi day tham
khao dugc dich lén theo thoi gian mot khoang 37. va qua trinh tinh tuong quen dugc lap lai. Qua
trinkr nay duge thuc hién cho t6i khi xac dinh duge tin higu mong mudn hay t&i khi qua trinh tim kiém
vigt qui khodng thai gian bit dinh Ty, Trong trudng hop sau thi qua trinh tim kém duge lap lai.

Tin hiéu
han dige
AT g o T Xic dinh
i cin
Turey iy I Tim thii diém
Taoma PN |e didy khién

Hink 14-4-1: B6 tuong quan trugt dé thu tin higu DS

Mot qua trinh tuong ty ciing duge thyte hién vét tin higu FH. Trong trudng hgp nay van dg 1a dong
bd ma PN (ma nay didu khién cac thanh phin thn s6). D& khéi dhu viec ddng bo, mat tin hieu FH
biét trudc duge truydn t6i phia thu. Hé thdng thu nhan khdi ddu & phia thu tim day FH nay. Vi du
c6 thé sit dung bing cic b loc phéi hop véi cac thn s truydn di. D3u ra cia ching phai duge lam
tré mot cach hop 1y, sau d6 xac dinh dudng bao hay xac dinh binh phuong, cong lai 48 tao ra tin higu
dung dé so sanh voi gia tri can. So db khéi clta hé thdng dige vé trén hinh 14-4-2. Mot phuang phap
khac chi sit dyng t6i mot cap bg loc phéi hgp-bd xac dinh dudng bao nhit trén hinh 14-4-3, tuong tu
nhu bd tuong quan trugt trong cho tin higu trai phd DS. Nhuge diém cia phuong phap thi hai nay la
thoi gian tim kiém lau. Ngudi ta cé thé sit dung cac ¢ ché tim ki€m song song trong cac khe thai gian,
vi du nhit trong phuong phap thir nhis.
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Hinh 14-4-2: Hg thdéng thu tin higu FH

Déng hé
Bd zsinh
diy PN
¥
Téng hop
88
e, A
nhin duge N Xée dinh
) Loe &yng bao
¥
Tich phén
Déng by )
| Xacdinn
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Hinh 14-4-3: Hé théng thu tin hidu FH chi dang mot cap bo loc phdi hgp-bd x&c dinh dudng bao
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Trong qua trinh tim kigm, c6 thé ¢6 16i xay ra va dé khac phuc didu ndy, ngudi ta sit dung thém
mot mach khac dung dé kiém tra va khing dinh tin hieu nhan duge & diu ra bg tuong quan hay bd
loc phéi hop vAn vugt qua gia tri nguong hay khong. V@i phuong phap xac dinh nhu véy, nhiéu xung
Ién 6 thé lam vugt ngudng trong mot khoang thoi ngén va néu thyc sy 1a tin hisu mong mudn thi dau
ra bg loc phdi hgp hay ba tuong quan chéo sé Vugt ngudng trong sudt khoang thoi gian tin hiéu xust
hign. Nhu vay néu qué trinh tim kiém gap i thi s duge bit dbu lai.

Trén day ta m6i chi quan tam t6i khodng thoi gian bat dinh trong thigt lap dong bo khai dhu. Khi
st dung t6i 4o bat dinh tin s6 dé khéi diu dbng b thi ta co thé sit dung hisu ing Doppler. Phuong
phap nay thudng duge a4p dung khi cac dau cudi di déng. Do phia thu khéng biét van téc tuong ung
v6i phia phat nén d¢ di thn Doppler 1a khong biét truge va phai duge xac dinh bang phuong phap tim

. kiém theo tin s8. So db khéi clia he thoing dugc vé trén hinh 14-4-4. Tim kim theo tan s6 cing c6 thé
, Stta doi dé ap dung cho hé théng trai phd FH.

Xac dinh
Loe | du‘gndlg bao [+
5
Xéc dinh
— Lic - P = Chon ddu
S+ af duing bao ra ]6n nhit
Tin hitu

nhan duge : Diéng b§
———! SHA PN ] ' . Xé.é‘.a:?nh | ZUng

Tgo day PN —— Lec —] ﬁcan'{‘iﬂo f—— E

S+ MAf 1

Tsm théi didm Tin higu didu khidn .

diukhifn e --- oL !

Hinh 14-4-4: Do d¢ di tin Doppler trong hg thdng trai phd DS

Theo déi Khi da thu nhan duge tin hiéu tite 1a da thyc hién xong viéc dong bd khdi dan thi ché do
theo déi bit diu. Bo theo dai duy tri bd phat ma PN & phia thu ludn dong b vai tin higu nhan dugc.
B¢ theo doi duy tri ddng bo chip va d6i voi giai digu ché lién két thi phai duy tri déng bo v& pha.

Vong theo déi thuéng dugc sit dung trong h¢ théng DS 12 vong khéa tré DLL nhu trén hinh 14-4-5.
Trong vong theo d6i nay, tin hiéu nhén duge duge sit dung trong hai bé nhan va duge nhan v&i hai diu
ra tit b tao ma PN cuc by, dugce lam tré mot hugng 26 < T,. Nhu vay hai tin higu tich 1a tuong quan
chéo giita tin hiéu nhan duge va day PN v6i hai gia trj tré. Tin higu tich dugc loc va xac dinh duong
bac hay xac dinh theo luat binh phudng va sau d6 trit cho nhau. Do chénh lech duge sit dung cho bo
loc lap didu khién bg VCC. Bo VCC sé tao tin hi¢u dong hd cho by phat day PN,

Ky thuat theo déi dién hinh cho he théng trat phd FH dugc trinh bay so db khéi trén hinh 14-4-6.
Phwong phap nay dua tren tign dé la mic di qué trinh dong bo khai dau da xac lap nhung vin cén
mgt d¢ sai léch nho v thai gian gitta tin hiéu nhan duge va ddng hd cia bé thu. Bo loc thong dai hoat
dong & mot thn 86 trung gian va 6 do rong tan 13 boi cda 1/7,. Dau ra duge xac dinh dudng bao va

TN
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hén v6i tin hieu ddng ho dé tao ra tin hiéu ba mic, tin hi¢u nay sit dung dé didu khidn b loc

duge n
1ap.
_ .(? o | Lec Xac dinh
theng dai | | dudng bao
> Téi gidi didu che
S4m & O
* Tin hidu *
L nhn duge Xye—{Teomi PNfe—]| VOO s "‘g’b
. - _ 2
Mp;n D@ ﬁéng
Lee Xie dinh
x théng dai A

Hinh 14-4-5: Vong khoa tré dé theo doi ma PN
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— T4 b piai didu ché
E}iin hi;;u
an
o Xacdiph | A0 o VO
————+{(xX)————{ Loc théng d&i —» guing bao LPF
F
Vi(r) V(0
Tédng h Tao mé
i E S p i’N VCC
(a) Ving 14p theo dgi tin hidu FH
Tén s6
nhén duge | o | A I £ l
Ténsé
dia phuong l 5 l h I h |
i
Vin 1
o -
+ 1
VA1) =
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(b) Céc tin hiéu ddng d& theo i tin hidu FH

Hinh 14-4-6: Theo d6i tin higu FH

o3
~ a4 A
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BAI TAP

14-1 Theo nhu vi du 14-2-2, xac dinh tdc d6 sai trong hé thdng DS khi ¢6 tAc nghén CW va tin
higu xung la

_ 16¢, o[ =
git) = 3T, €os [Tc

14-2 Ma Red-Solomon (31, 3} (g = 32) la ma ngoai vA ma nhj phan Hadamard (16, 5) 12 ma trong
trong he théng DS. Gia thidt gidi ma x4c dinh m&m duge thye hién § ca hai bé ma. Xac dinh gidgi han
trén (hop) cfia x4c sudt 16i dya trén khodng cach tdi thidu clia ma ghép.

"14-3 Ma Hadamard (n, k) = (2™, m + 1) 12 ma t6¢ d¢ thip v6i dmin = 271, Xac dinh higu qui
ciia“l6p ma nay trong heé théng DS véi didu ché PSK rhi phan véi ca hai phuong phéap xac dinh mém
va cing.

14-4 Ma chap toc 40 1/2,dpree = 10 dude sif dung dé ma hoa day s6 lidu c6 toc do 1000 bit /s.
Phutong phap digu ché 1a PSK nhi phan, hé théng DS ¢6 tdc d§ chip 12 10 MHz. Xac dinh da khuyéch
dai ma hoa, d0 khuyéch dai xit 1¥, tic nghén bién véi &/Jp = 10.

14-5 Gia thiét c6 30 ngudi dung trong hé théng trai phd DS-CDMA, cac may phat co cong suét
giéng nhau. M3i ngudi truyén thong tin voi téc do 10 kbit/s dung tin higu PSK nhi phan. Xac dinh
tdc do chip t&i thiéu dé xac suit sai bit 1a 10~%. Nhidu cong & b thu c6 thé bo qua trong tinh toan

14-6 Hé thong CDMA dya trén tin hidu trai phd DS c6 d6 khuyé&ch dai xit 1y 13 1000 va digu ché
PSK nhi phan. Xac dinh s8 lugng ngudi sit dung néu moi ngudti déu c6 cong sudt gidng nhau va xac
sudt 161 mong mudn 13 1078,

(t—%Tc)}, 0<t<T,
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Chuong 15

TRUYEN TIN QUA KENH CO
FADING NHIEU DUONG

Trong cac chuong trufc, chiing ta da trinh bay vige thigt ké tin higu va hisu qua cia hé thong truydn
théng s6 trong cac kénh AWGN didn hinh hay cac kénh tuyén tinh véi AWGN. Ts, thdy riing do suy
hao do tinh tuyén tinh cfia kénh doi héi cac ky thuat thiét ké dac bist va cac thuat toan can bang thich
nghi dé he théng dat duge do hieu qué cao.

Trong chuong nay, ta xét vigc thiét k& tin hidu, c4u trac thu va hi¢u qua clia cac bé thu cho cac
kénh phite tap hon 13 cac kenh co dap ing xung thay ddi mgt cach ngdu nhién theo thai gian. Dién
hinh v& cac kénh nay 1a cac kénh radio nhir truyen tin qua ting dién ly trong dai tan 3-30 MMz (HF),
30-300 MHz (VHF), tan xa qua tng déi luu trong dai 300-3000 MHz (UHF), 3000-30000 MHz (SHF).
S thay d6i v& dap img xung trong cac kénh nay 1a hé qua ciia sy thay déi v cac thong s6 vat 1y cla

vay, voi cting mét tin hiéu truydn di trong dai tn HF tai cac thei diém thai gian cach xa nhau thi hai
tin higu nhan duge ¢6 thé s& khac nhau. Dap itng thay déi theo thai gian nh vay sé duge stt 1§ theo
phuong phap théng k. Trudce hét, ta xét dac trung cla kénh ¢6 fading nhidu dudng.

15-1 Dac trung ctia kénh cé fading nhigu dusng

Néu chung ta truyan mot xung tin hiéu c6 d¢ réng rdt nhd qua mot kénh da dudng thay déi theo thai
gian thi tin hiéu nhan dugc c6 thé 13 mot déy cic xung nhu trén hinh 15-1-1, Nhu viy mot dac trung
cla kénh da duémg la sy trai rong theo thoi gian (kéo dai theo thoi gian hay c6 tac dong trong mot
khodng théi gian) dai véi tin higu truyén qua kenh,

Mgt diic trung thi hai 1a do sy thay déi theo thei gian trong ciu tric dudng truyén. Sy thay déi

trong mét lan truysn.
Tit day tré t6i cudi chuong nay, ta xét tin higu truyén di co dang téng quat nhy sau:

5(t) = Re[s;(t)ei2fe] (15-1-1)
Gia thiét tin higu truydn tut phia phat t6i phia thu 6 nhidu dudng truydn khac nhau v gén'vai mbi

dudng truydn c6 mot khoang thoi gian tré nao d6 va mot do suy hao (he s6 suy hao) nao d6. Cht vy
ring cac khoang thoi gian tré va cac hé 56 suy hao 1a thay déi theo thai gian, Nhu vay tin higu thong
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dai nhan dugc ¢o thé bidu dién thanh:

2(t) = Y anlt)s(t - (1)) (15-1-2)

vl a,(t) 14 hé s6 suy hao clia tin hiéu nhan duge trén dudng truytn thi n va 1,(f) 13 tré truyén lan
dsi véi dudmg truyén thi n. Thay s(¢) trong (15-1-1) vao (15-1-2) ta nhan duge

z(t) = Re{

Y an(t)e I Wg (¢ r.;(t))} eﬂ”“} (15-1-3)

n

Tin hig¢u truyén di Vin hi¢u nhan duge

| 0]

t=1, @ t=p, f-fﬂlz
r=r Ty,
§ = e (b Loty t _:24-1::21

L ":"‘z: £ Ty,

] ﬂ””

t=t,+f © £=1 T £ = Ity 1 1= 14Ty,
1= 14Ty, = fyHTyy

| 0

b= ot E=d, Pl T
oY (d) 4 ¥ Tay

Hinh 15-1-1: Vi du v& dap img cha kénh thay ddi theo thai gian v6i xung c6 d6 rong rat hep

Tit {15-1-3) ta thay tin higu tan s6 thap tuong duong nhan duge la

ri(t) =Y an(t)e™ e Mg (1, (8)) (15-1-4)

Do ri(t) 1a dap ing cta kénh tin s thdp tuong duong déi vl tin higu vao tan s6 thip tuong duong
3;(t) nén ta cd thé mo ta kénh tin s8 thap tuong duong bing dap ing xung thay ddi theo thai gian nhnt
sau

t) =3 an(t)e PTEmO8(r — (1)) (15-1-5)

Déi vai nhigu kérth thi tin higu nhin dugc bao gdm vé s cac thanh phin truyén theo cac dudng co
d6 suy hao bign déi lien tyc va tin hiéu nhan duge c6 thé biéu dién thanh dang

2(t) = f " a(rit)s(t  r)dr (15-1-6)

—c0
14.CSLTIT -T2
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trong do6 a(r;t) 1a 46 suy hao ciia thanh phan tin higu co do tré = tai thoi diém thei gian t. Thay s{t)
trong {15-1-1) vao (15-1-6) dan toi:

#(t) = Re { [/ a(r; e 92T gt - T)d‘r] ejg”fct} (15-1-7)
Tit cong thitc nay dan t6i (do tinh nhan chap)
e(r;t) = afr;t)e 2T (15-1-8)

& day e(7;t) thé hién dap Ung cia kénh & thoi diém ¢ d6i voi xung dau vao g thoi diém ¢t — 7.
Xét viée truydn mot vat mang khong dizu ché qua kénh (diy la mot phép tha) ¢ tin s6 f.. Nhu
Vay st} = 1 v6i moi ¢ va do d6 tin hiéu nhan duge déi vdi kénh da duong réi rac 1a :

() = 3 an(f)e 2T = 57 o ()e 300 (15-1-9)
n n

trong dé #,.(t) = 27 f.m.(t). Nhu vay tin higu nhan dudc 13 tdng cac vectd ¢6 bién dé a,(t) va pha
8,(t). Cha ¥ ring chn phai c6 mot sy thay ddi 16n déi véi duong truyén mdi di dé a,(t) thay ddi dang
ké va ti d6 tao ra sy thay doi dang ké trong tin higu nhan duge. Mat khac, 8,(t) thay déi 27 khi
T thay déi 1/f.. Do 1/f. nho nén #,(t) sé thay ddi 2x rad khi c6 mot sy thay déi nhéd trong dudng
truyen. Do 7,(t) ciing thay ddi moét cach ngdu nhién nén tin hiéu nhan duge r(t) trong (15-1-9) c6 thé
md hinh héa bing mét qué trinh ngiu nhién. Khi ¢6 rdt nhidu duéng truyén khac nhau thi ta co thé
st dung dinh 1y gi6i han trung tam. Nhu vay ta cé thé mo hinh hoa () bdi mét qua trinh ngiu nhién
gaussian gia tri phiic va digu do6 cing 6 nghia la dap Ung xung thay déi theo thai gian c(7; ) cing la
mét qua trinh nglu nhién gia tri phic theo bién thai gian t.

Tin hiéu nhan dude ri(t) do qua trinh truyén lan theo nhitu dudng khae nhau tir phia phat toi phia
thu goi 1a tin higu fading. Hién tugng fading chit yéu la do sy thay ddi theo thoi gian trong tap hdp
pha {8,(t)}. Do hién tugng fading nén céc thanh phin tin hiéu nhan duge c6 thé lam suy yéu nhau
hay tang cuang nhau gay ra sy thay ddi vé bién d¢ clia tin hiéu nhan duge, hay tinh fading cla tin higu
‘nhan duge la do sy thay déi v& cac thong s6 clia cac dudng truyén.

15-1-1 Ham tuwong quan cda kénh va phd cong suit

Bay gid ta xay dung cac ham tuong quan va cac ham phd mat d¢ cong sudt hay sit dung va cac ham
nay dac trung cho tinh chit cia kénh ¢6 fading. Gia thiét dap ing xung tin s6 thip tuong duong e(r; t)
la moét qua trinh ngiu nhién gid tri phitc va noé 1a mot qua trinh ngiu nhién dimg theo nghia réng. Ta
dinh nghia ham ty tuong quan cda c(r;t) ia

OlTi, T2 AL) = %E[c'(‘rl;t)c(rg;t+ At)] {15-1-10)

Trong da 56 cac dudng truyén radio thi d¢ suy hao va do dich pha cila mot kénh v6i d§ tré 1, thi khéng
tucng quan v6i 46 suy hao va dé dich pha cita mét kénh khac cd d6 tré 1y, ditu nay thutng duge goi

1a tdn zg khéng tuong quan (uncorrelated scattering). V&i gia thidt tan xa khéng tuong quan ap dung
vao cong thire (15-1-10) thi

%E[C* (ristie(re;t + At)] = ¢e(m; At)(n - 72) (15-1-11)

Néu ta cho At = 0 thi ham tu tuong quan ¢.(7;0) = ¢. () la cong sust trung binh & diu ra clha kénh,
13 ham cia thdi gian tré 7, chinh vi thé ¢.(7) duge goi 1& ham mdt df de dudng (multipath intensity
profile} hay phd céng suét tré (delay power spectrum) cia kénh. Téng quat, ¢.(r; At) cho ta cong sudt
trung binh & diu ra cia kénh vai Ao tré thai gian 7 va va 46 chénh lech thai gian At.
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Trong thitc t& ta xac dinh ¢.(7;¢) bing cach truyén mot xung c6 dd rjng rat hep va ldy twong quan
chéo gilta tin hidu nhan duge v6i ban than tin hiéu nhan duge ma c6 tré. Noi chung ¢.(7) co dang
nhy trong hinh 15-1-2. Dai gia tri cGa 7 trong d6 ¢.(7) khac 0 goi 13 d6 tndi v& thdi gian cia kénh
(multipath spread of the channel) va ky hiéu & Tn.

$.(0)

0

“
Hinh 15-1-2: Ham méat d6 da dudng

Léy bién déi Furié ciia dap itng xung c(r;¢) ta nhan duge ham truydn dat thay déi theo thoi gian

C(f;t) v6i f 1a bién tan s6. :

Lo =]

C(f:t) = / c(rit)e "7 dr (15-1-12}
—0

Néu ¢(r;t) 13 mot qua trink ngdu nhién gaussian gia tri phite ¢6 gia tri trung binh bang 0 theo bién

thai gian ¢ thi C(f;¢) ciing co tinh chdt thdng ké nhu vy. Gid thiét kénh 13 dimng theo nghia réng, ta

dinh nghia ham ty tuong quan

bt i) = FEIC (f1iC st + A1) (15113

Do C(f;t)la bién déi Furié clia ¢(r;t) nén ta cing dé thiy ring ¢c(f1, f2; At) 1a bién déi Furié cia
¢.(7; At). That vay, thay (15-1-12) val (15-1-13) ta co

il

1 £ bt )
e (1 foi AL) . f / Ele" (ry; )e(m; £ + ABJe 2 M= Fm2 g
—oc J -0

o0 (2 =]
/ ] Pe(1; ADY(1y — T )2 = ferel gy doy
- — K

il

[ 4]
/ de (Tl;At)e.i?W(fl—h)fl dr,
-0

/ rx)-¢>c('r1;fi\t)e‘»"z’”” Tidr = o (A f; At) (15-1-14)

v6i Af = fo — f1. Hon nita, v6i gia thidt tan xa khong tuong quan thi ham ty tuong quan cta C(f;t)
theo tan s 1a ham chi phu thuge vio do chénh lech thn s8 A f = fo— fi. Nhu vay ta goi ham ¢ (A f; At)
1a ham twong quan theo thoi gian vé theo tan s& cia kénh. Trong thyc t€ né duge do biing cach truyén
mot cap tin hidu hinh. sin ¢6 tin s3 khac nhau A f va 1dy tuong quan chéo hai tin higéu nhén duge vii
do tré thai gian so v6i nhau 13 At.

Gia thidt At = 0 trong (15-1-14), 9o(Af;0) = ¢c(Af), ¢.(1;0) = ¢,(7), mdi quan hé don gidn
thanh '

pc(Af) = /_ ” pe(T)e AT 4y (15-1-15)
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Do ¢c{Af) la ham tyt tuong quan theo bign tin s8 nén no cho ching ta biét v& do lien két theo tin
$6 ciia kénh truydn. Nghich dao d6 trai thoi glan cia kénh 1a ddi thong lién két cda kénh, ky hieu 1a

{Af)e:

(Af)e = 7

(15-1-16)

Nhu viiy néu hai tin hiéu hinh sin c6 dé phan bi¢t tin s6 16n hon (Af)c thi 4nh hudng cia kénh len hai

tin hiéu d6 khi truy®n sé khac nhau. Khi tin hiéu mang thong tin duge truyén qua kénh, néu (Af),
‘nhé hon so véi dd rong phé cha tin higu thi kenh d6 duge got la cé chon lpe theo tn 56, nguge lai, néu
(A f)e 16n hon so véi do rong phd ciia tin hiéu thi kenh dugc goi 1a khong chon loc theo tin s6.

L
.

[octasi

Af

0
fo— &)k s

¢(-{ﬂf"‘#-—p AT

LSy

| P —

Ham mat d4 da duing

Hinh 15-1-3: M&i quan hé giita ¢c(Af) va ¢.(7)

Bay gio ching ta tap trung vao su thay déi theo thoi gian ctia kénh duge danh gia bdi tham s3 At
trong ¢ (Af; At). Sy thay déi theo thai gian trén kénh ctng cé thé coi la du higu cia hién tugng
Doppler. Dé xay ding méi lién hé giita hisu irng Doppler voi sy thay déi cla kénh, ta 18y bign ddi Furie
cla ¢c(Af; At) theo bién At 13 ham Sc(Af; A):

Sc(Af;N) = / - B (Af; At)e I2mAAtgAy (15-1-17)

V61 Af =0 v So(0;A) = Sc(A), quan hé trén don gian thanh

Se(A) = / > o (At)e2mABt A, (15-1-18)

Ham Sc{A 12 phd cong sust theo bién tan sd Doppler A va do d6 ta goi Sc(A) ka phd eong sudt

Doppler clia kénh.

Tt (15-1-18) ta thay néu kénh la bat bién theo thei gian, ¢c(At) = 1 va Sc(A) trd thanh ham §()).

Nhur vay khi kénh khong thay déi theo thoi gian thi
tin hi¢u hinh sin qua kénh. DAi gi4 tri cia A dé Sc

khong ¢6 sut thay déi v& tin s8 khi ta truybn mot
(A) khac 0 goi 1a d§ rong Doppler cia kénh, ky hisu

la By. Do Sc(A) lien hé voi ¢c(At) qua bién déi Furié nén ngich dao cha By cho ta d6 lien két theo
thdi gian cha kénh, ky higu Ia {8t). va dugc goi la thoi gien lien két:

1

(15-1-19)

Bay gid ta dinh nghia m¢t ham méi S(7; ) la bign déi Furié cua &c(1; At) theo bién At:

Sir; A):/ de(T; At)e I3 AAL gAY {15-1-20)
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Tit dé dan téi S{r; A} va Sc(Af; A} 1A mot cap bién ddi Furié, c6 nghia la

o0
S(T; ) =f Sc(Af; NP2 dAf (15-1-21)
— .
foclan| SAN
Furié
. DAL i S()
At A
0 0
-~ (A0 e — -— B
d Ph8 cong su&t Doppler

Hinh 15-1-4: Mdi quan hé giita ¢ (At) va Sc{A)

" Hon nita, S(7; A) va ¢c(Af; At) lien he v6i nhau qua phép bién déi Furié kép
S(m A = / / dc(Af; At)e=I2mAAt I TAL GALA f (15-1-22)
—oo J —oa

Ham S(7; A) goi la hém tén za cia kénh, n6 cho phép chang ta do cong sudt trung binh & dau ra cia keénh
theo do tré T va tan sd Doppler A. M&i quan hé giita bén ham ¢ (A f; At), ¢ (r; At), de (A f; X)), 8{r; A)
duge mé ta trong hinh 15-1-5.

15-1-2 M6 hinh théng ké cia kénh cé fading

Ching ta da bigt mot s6 ham phan bd xac sust c6 thé st dung d& md hinh héa théng ké cho kénh co
fading. Khi co nhigu tan xa trong kénh tao nén tin higu & phia thu, vi du nhu trong trudng hop tin
hiéu truyén lan trong tang dién ly hay ting d6i e, ta c6 thé ap dung dinh ly gi6i han trung tam va
¢6 thé dang qua trinh nghu nhién gaussian d¢ mo hinh hoa thdng ké cho dap img xung ciia kénh. Néu
qua trinh ngiu nhién c6 gia tri trung binh bing 0 thi duong bao dap tng clia kénh tai moi thoi diém
thai gian sé c¢6 phan bd Rayleigh va pha c¢6 phan bd déu trong khoang (0, 2n), c6 nghia la

pa(r) = %’ie—fzr’“, r>0 (15-1-23)

vl
0 = E(RY) (15-1-24)

Ta thay ring phan bd Rayleigh dudge dac trung chi bai mot thong s6 B R?).

M6t phan bé khac ciing hay duge st dung d2 mo6 hinh héa théng ké cho dudng bao cua dap tng cia
kénh 14 phan bé Nakagami-m. Day 1a phan b8 co6 hai tham s6 nén né mém déo va chinh xac han phan
b& Rayleigh. Phan b3 Rice ciing 12 mot phan bd cé hai tham s8 14 s va o2, Nhic lai ring s? 1a thong
s6 khong trung tam clia phan bd, né bidu dién cong suit cta thanh phin tin hiéu khong fading.

C6 nhidu kénh radio trong thye t& nhu cac kénh rhin thidy trie tiép (line-of-sight - LOS) ma trong
d6 cac thanh phhn fading la do cac tia phan xa tit mat dit. Trong nhitng trudng hgp nhu vay thi s6
tia phan xa néi chung 13 it va kénh ¢6 thé duge mé hinh hoa bdi dang khae don gian han. Vi du nhit
qua trinh truyén tin giita mot may bay v6i mot tram mat dis. Ngoai mot dudmg truyén tryce tiép, ta
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gia thiét chi con mot dudng truyén phan xa (gian tiép) c6 do tré ¢ so v6i dudng truyén tryc tidp. Dap
itng xung clia kénh co thé duge mé hinh héa nhu sau:
c(Tit} = ab{7) + BR)S{T — 1 (1)) {15-1-25)
@ la d§ suy hao cita dudng truyen tryc tiép va S(t) bidu dién thanh phin tin higu da dudng thay déi
theo thoi gian do phan xa. Noi chung 3(¢) 1a mot qua trinh ngiu nhién gaussian ¢é gia tri trung binh
bang 0. Ham truyn dat ciia kénh c6 thé duge bidu dién thanh
C(f;t) = a + B(t)e2n/nl®) (15-1-26)

M6 hinh kénh nay c6 phan bd Rice. Thanh phan tryc tigp c6 do suy hao a va B(t) biéu dién thanh
phan fading c6 phan bé Rayleigh.

{o4ar:an]

Af=0
octan] -

focan|
Ar
] : r : af
fo— 8, —— o
Bién 48 Puria [ Bién déi Furis Biéin 48i Furia
Sedy ] (X3

St Ay ’
i .
ISt 0 dn .
A — O 7, —

|. Bﬂd .l [stenn

Hinh 15-1-5: M&i quan hé giita cac ham tuong quan ciia kénh va phé cong sudt

15-2 Lua chon mé hinh kénh theo dic diém tin hieu

Trong phan trudc ching ta da xét dge didm théng ke cla kenh da duong thay déi theo thai gian qua
cac ham tuong quan va bay gt ta xét vide Ita chon mo hinh kénh theo cac dac diém cda tin hisu &
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diu vao cua kénh, Goi s;(t) 1a tin higu tan sd thép twong duong truyén qua kénh va bién d8i Furié clia
n6 1a S;(f). Khi do tin hiéu tin s8 thdp tuong duong nhan duge khong ké nhiéu ¢ thé bidu dién theo
mgt trong hai dang nhu san:

ri(t) = /00 e(r;t)s(t — m)dr (15-2-1)
ny= [ ctnsine i (15-22)

Gia sit ching ta truyén thong tin sé qua kénh bang phuong phap dieu ché tin hiu xung 5(t) voi
td¢ do 1/T voi T' la khoang thoi gian k¥ hieu. Tir (15-2-2) ta th&y rhng tinh thay d6i theo thoi gian
cua kénh sé lJam suy hao tin hiéu truyen di S;(f). Néu S;(f) ¢6 do rong dai thong W 16n han dai thong
liert két ciia kénh (Af) thi Si{f) sé bi khuyéch dai va di pha v6i cac h¢ s6 khac nhau trong daj thn
cla né. Trong trudng hgp nay kénh duge goi 1a cd chon lpc theo tin sé. Tinh thay déi theo thai gian
cha C(f:t) ciing gay ra mot sy suy hao khac, d6 la sy thay déi do 16n cha tin hiéu nhan duge, va hién
tugng nay cing duge goi 1a fading. Nhu vay tinh lya chon theo tin s8 va fading 13 hai dang suy hao
trén kénh. Do suy hao thi nhit phy thoc vao do trai ve thoi gian clia kénh hay dai thong lien két cua
kénh so v6i do rong phd cla tin hiéu truyén di. Do suy hao thit hai phy thuge vao su thay ddi theo
thoi gian clia kénh, duge déc trung bdi thii gian lign két (At). hay df rong Doppler cia kénh By.

Anh huéng ciia kénh lén tin higu truyn di 1a ham ciia d rong phd tin hiéu va khoang thoi gian tin
higu, Néu khoang thai gian tin higu T thda man ditu kién T >> T, thi kénh hau nhut khong gay ra
hién tuong anh huéng 1in nhau giita cac ky hiéu. Néu ta coi d¢ réng phd cia tin higu s;(t) la W = 1/T
thi didu kién T >> T, trd thanh

W << ,fl; ~ (Af)e (15-2-3)

Nhu vay la do rong phd cua tin hiéu truyen di nhé hon nhidu so véi dai thong lién két cia kénh hay
kénh goi 1a khong chon lpc theo tdn s§. Ditu d6 c6 nghia la trong dai tan chiém bdi 5;(f) thi ham
truyan dat thay déi theo thoi gian ciia kénh C(f;t) 1a mgt hiing s6 phttc theo bién tan s. Do Si(f) co
cac thanh phiin tan s6 nim lan can xung quanh thn s8 f = 0 nén C(f;t) = C(0;2) va (15-2-2) don gian
thanh ‘

ri(t} = C{0; 1) [ ) Si(f)e* idf = C(0;t)si(2) (15-2-4)

Tém lai khi do rong phé cia tin higu W nho hon nhidu so véi df rong dai thong lien két cta kénh thi
tin hiéu nhan duge 13 tich cia tin higu truydn di véi mot qua trinh ngau nhién gia try phie C(0;1) thé
hién tinh thay d8i theo thoi gian cda kénh. Trong trudng hop nay cac tharh phin da dudng trong tin
hiéu nhan duge khong thé phan tach duge do W << (Af)..

Ham truygn C(0;1) ciia kénh khong chon loc theo thn s6 c6 thé biu difn thanh dang

C{0;1) = a(t)e #® (15-2-5)

3 day a(t) va ¢{t) thit tyt 1a duong bao va pha cla kénh tan s6 thap tucng duong. Khi m6 hinh toan hoc
ctia C(0;1) 13 qua trinh ngu nhién phirc gia tri trung binh bing 0 thi dudng bao co phan bd Rayleigh
va pha ¢6 phan bd ddu trong khoang {—=, 7). Tinh fading cia kénh khong chen loc theo tan sd duge
xac dinh bai ham tuong quan ¢ (At) hay phé cong suit Doppler Sc(A). Noi cach khac, mot trong hai
tham s6 (At). hay Bg déu co thé dac trung cho fading nhanh hay cham.

Vi du ta ¢6 thé chon tin higu sao cho d9 rong phd W thda man digu kign W << (Af). va khodng
thai gian tin hiéu théa man ditu kien T << (At).. Do T nho hon thdi gian lien két cta kénh nén do
suy hao va di pha trong khoang thdi gian it nh4t mdt tin higu la khong déi. Khi d6 kénh goi la kénh
fading chgm. Néu ta col W = 1/T thi ditu kién dé kénh khéng chon loc theo tan sé va fading cham la
T..Bg < 1. Tich nay dudc goi la dd trdi rong cia kénh (spread factor). Néu Tm By < 1 thi kénh duge
goi 12 khong trdi rong (underspread) va trai lai 13 indé rong (overspread).
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Do cac thanh phan da dudng trong tin hiéu nhan dugce 13 khéng thé phan tach duge khi W << (Af),
thi tin hiéu nhan duge c6 thé col nhu chi truydn qua mot dudng duy nhit, Trong truémg hop nguge
lai, W >> (Af), thi keénh 13 ¢4 chon loc theo tan sé, Chiing ta sé thdy réing trong truong hop nay cac
thanh phin da duong trong tin hiéu nhan dugc ¢ thé phan tach duge v6i nhau véi d& phan tach theo
thoi gian tré 1a 1/w. '

15-3 Kénh fading cham khéng chon loc theo tan si

kenh bat bién theo thoi gian. Nhu vay, ty (7-2:5) ta c6 t6¢ do sai d6i vei tin hiew nhi phan PSK 1

Polvs) = Q(/2) (15-3-2)
vl v, = o, /Ny, D6i voi tin hiéu nhj phan FSK xac dinh lien két thi téc do sai theo (7-2-10) 1a
B(n) = Qvw) (15-3-3)

Chung ta ¢6 thé co {15-3-2) va (15-3-3) 1a cac xac sudt 181 co didu kieén (@ c6 dinh). Khia 13 bién ngiu
nhign thi téc do sai 1a

P = fﬂ " P w)p(n ) (15-3-4)

v6i p(75) 1a ham mat d$ phan bé xac suit cia Yo khi o 1 bién ngau nhien.

Kénh fading Rayleigh Do a c6 phan bg Rayleigh nen o2 co phan bé Khi binh phuong véi hai ds
tir do va do do 4, elng c6 phan bg Rayleigh. D& thay réng

plm) = %e‘“’ Ty >0 (15-3-5)

trong do6 ;7 1a gia tri trung binh cta ty sg tin higu trén nhiéuy, duge dinh nghia 1a
% = 2 pa?) (15-3-6)

Thay (15-3-5) vao {15-3-4) va My tich phan. Déi véi tin higu PSK nhj phan thi ket qud la

1 T )
Py=—(1-,/_ "% 15-3-7
’ 2( \/1+73 (15-57)

Déi vé6i tin hieu FSK nhi phan xac dinh lien ket thi két qua 1a

1 Yo
P="{1- 15-3-8
$T 3 ( 2+_%) ( )
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Trong viéc tinh toan téc d¢ sai & trén, chang ta di gia thiét 14 keénh fading di cham dé viac use lugng
do di pha ia khéng gap phai sai s6, tuy nhién trong thye t& disu nay thudng khéng thue hién duge. Khi
dd cac tSc do sai & trén 13 kha ning t6i uu thye hign duge khi kénh c6 fading Rayleigh.

Trong cac kénh co fading di nhanh thi ta phéi ldy trung binh pha ciia tin higu nhan duge qua nhidy

bi fading la

1
Py(w) = 7¢ " (15-3-9)
Tit d6 xac sudt sai d6i voi tin higu DPSK 1a
F (15-3-10)
T T+

Néu ta khong udc lugng pha ma dung bs xac dinh khong lien két cho tin higu nhj phan truc giao FSK
thi xac sudt 16i déi véi kenh khang b; fading 13

1
Py(m) = ge™n/ (15-3-11)

Nhu vay déi véi kénh fading Rayleigh thi xac sust sai s& 13

'H

Py = P (15-3-12)
|
0.5 1
o N | |
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N s AN\ FSK . \\\\h
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Hinh 15-3-1: Xac sudt 16i cta cac logi tin  Hinh 15-3-2: Xac sudt 18i trung binh vai
higu trén keénh fading Rayleigh tin hiéu PSK nhi phan.
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Cac xac sudt 161 duge vé trén hinh 15-3-1. Khi SNR 16n, ¢6 nghia la 7 >> 1 thi cac xac suit sai
don gian thanh

1/47,  tin hiéu PSK xac dinh lién két
P 1/29;  tin hieu FSK tryc giao, xac dinh lién két
273 1/29%  tin higu DPSK
1/% tin hiéu FSK truc giao, xac dinh khong lién két

(15-3-13)

Kénh fading Nakagami Néu o duge dic trung théng ké boi phan b& Nakagami thi bién ngiu
nhién v = a?& /Ny c6 ham mat do phan bg xac suit

S —— 15-3-14
= e
P = T ! ( )
trong d6 ¥ = E(a?)€/Ny. Xac sudt 16i trung binh d6i v6i tin hiéu PSK nhi phan dugce vé trong hinh
15-3-2.

15-4 Cac ky thuat chong fading

Cac k¥ thuit chéng fading (diversity techniques) déu dya trén nhén xét 14 xAc sudt sai khi thu nhan sé
~ 16n néu kénh gay suy hao tin higu. Néu ta c6 thé truyén t6i phia thu vai ban sao cha cing mot tin higu
mang thong tin thi xac sudt dé tdt ca cac tin higu bi “md” dong thdi sé giam di dang ké. Goi p la xac
suft dé mot tin higu bi mo dusi mot mitc ngudng nao do thi pt 1a xac sust dé L ban sao tin hieu dong
thoi nim dud mitc nguang. Ngudi ta c6 mét s6 phuong phap dé cung cap cho phia thu L ban sao tin
higu déc lap mang thong tin.

Phuong phap thit nhit 1a phan tin theo tdn s¢ (frequency diversity), trong do cung mot tin hiéu
mang thong tin duge truydn qua L vat mang va d§ phan tach v& thn s6 giita cac vt mang khong nhd
hon do rong dai théng lien két cia kénh (Af).. Phuong phap thit hai la L ban sao cila tin higu mang
thong tin ditge truygn qua L khe thoi gian khéc nhau va do phén tach va thoi gian giita cac khe lién
tiép khong nhd hon thai gian lien két cha kénh (At)..

Chi ¥ ring kenh c6 fading c6 md hinh gidng nhut kénh cé nhiéu tuong quan va ta ¢6 thé xem viéc
truyen tin higu mang thong tin qua cac vat mang khac nhau hay trong cac khe théi gian khac nhau 14
mot dang don gian clia ma 13p. Do phan tach tdi thiéu theo thai gian (At), hay theo tan sd (Af). 1a
mot dang chén khai bit dé loai bd cac sai nham tuong quan va tao ra cac sal nham ddc lap.

Mot phuong phap hay duge sit dung khac 13 ding nhidu anten. Vi du ta c6 thé ding mot anten
phéat va nhidu anten thu. Céac anten thu dit cach nhau du xa dé cac thanh phin da dudng trong tin
hiéu c6 tré truydn lan téi cac anten thu I1a khac nhau. Thong thudng d6 phan tach t6i thiéu la 10 lan
budc song giita hai anten dé cac tin hidu nhan dugce 1a bi m& mot cach doc lap véi nhau.

Mot phuong phap phite tap hon 1a sit dung tin higu c6 do rong phé 16n hon nhigu so vai dai thong
lién két ciia kénh (Af).. Tin hieu c6 do rong phd W nhu vay sé bi phan tach theo cac dudng truyen va
phia thu sé nhan duge mot vai dudng tin higu fading dgc lap. DS phan tach v& thai gian la 1/W nén véi
dd trai theo thai gian cia kénh T, thi sé ¢6 T, W thanh phin tin higu phan biét. Do T = 1/(Af).
nén s6 thanh phin tin hiéu phan bigt c6 thé biéu dién thanh W/(Af).. Nhut vay vide st dung tin hiéu
¢6 phé rong 13 mot phitang phap khac dé c6 do phan tan theo tan sd theo st duong L = W/{Af).. Bo
thu t&i uu dé xit Iy tin higu dai rong 1a bo tuong quan RAKE hay b loc phdi hap RAKE ma ching ta
58 xét sau.

15-4-1 Tin hiéu nhi phan

Bay gio ta xac dinh xac sudt sai cila hg théng truyen thong s& vOi k¥ thuat phian tan. Dbu tién ta xay
dyng mo hinh toan hoc chia hé théng truyén thong si dung ky thuat phan tan. Gia thiét c6 L kénh

s

" 60{
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phan tan, cac kénh déu la khong chon loc theo tan s6 va 1a kénh fading cham, ham mat d¢ phan bo xac
suit duong bao 1a Rayleigh. Viéc xit Iy fading d6i véi L kenh gia thiét la doc lap théng ké dong thai.
Tin hiéu trong mbi kénh gia thiét bi anh hudng boi nhidu cong gaussian tring cb gia tri trung binh bing
0 va nhidu d6i vai cac kenh tin hien 1a doc iap théng ke ddng thai, co ham ty tudng quan géng nhau.
Nhu vay céc tin hiéu t3n s8 thap tuong duong nhan dudc trong L kénh c6 thé bidu dién dudi dang

r”c(t)_ = ape P s (t) + 2 (8), k=1,2,...,L, m=12 (15-4-1)

{axe~7%¢} thd hién do suy hao v dich pha d6i v6i L kénh tin higu, sxm(t) 1a tin hiéu thit m truyén
di trong kénh thit k, z;(t) 12 nhiéu cong gaussian tring trong kénh thit k. Cac tin hiéu trong tap hop
{skm(t)} cO nang luong gidng nhau.

Bo giai didu ché t6i wu déi voi tin higu nhin duge trong kénh thi k gom hai bd loc phéi hgp va ¢6
dap ing xung la

: br{t) = st (T —18) {15-4-2)

Y biz(t) = sp2 (T — 1) (15-4-3)
T4t nhién néu ta sit dung tin higu nhi phan PSK dé truydn thong tin thi sk (t) = —s2(t) va ta chi ¢Bn
diung mot bo loc phdi hgp. Theo sau cac bg loc phéi hop 12 mat b tich hgp (combiner) tao ra hai bién
xac dinh. B tich hgp t3t nhat 1a bg tich hop sé nhan dau ra cia méi bo loc phéi hgp voi lien hgp phite
véi d6 khuyéch dai ciia kénh age?®. Viéc nhan nay sé bil do di pha trén kénh va nhén tin higu vl hé
56 t7 18 v6i do lon ciia tin higu. Sau khi thyc hién phép nhan sé thyc hién vige lay tong cia hai tin hign
thu duoc. Bo tich hgp t6i tu nay goi 1a by tich hgp cuc dai ty sd (maximal ratio combiner). Vigc thyc
hién bo tich hop nay chn phai biét chinh xac cac gia tri {ax} v {¢x} hay viéc udc luong cac tham s0
do 1a khong c6 nhiéu. Anh huéng ciia vige udc lugng c6 nhiéu lén 4o hiéu qua cta hé théng d6i véi cac
tin higu PSK da pha dugc ghi trong cac tai ligu tra ctu.

Sg dd khdi cia hé théng truydn théng nhi phan sit dyng ki thuat phan tan duge vé trong hinh
15-4-1.
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Hinh 15-4-1: M6 hinh hé théng truyén thong nhi phan sit dung k¥ thuat phan tan.
Voi tin hisu PSK nhi phan va do phan tan bac L thi dau ra b tich hop cye dai ty s6 duge biéu dién

thanh
L L L L
U =Re (252 of + Zaka) =2 of +Y ol (15-4-4)
k=1 k=1 k=1 k=1

trong d6 N, la phan thyc cla bién ngdu nhién nhiéu gaussian gia tri phitc

T
Ny = eI [ 2 (t)shit)dt (15-4-5)
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Ta sit dung phuwong phap gidng nhu trong phan 15-3 dé xéac dinh xac suit 16i. Nhu vay xac suit 161 voi
digu kién cac d¢ suy hao {ax} duge xac dinh trudc, sau d6 ta liy trung binh theo ham mat do phan
b& xac sudt cia {ay}.

Kénh fading Rayleigh V6i tap hgp cac gia tri xac dinh {a:} bign xac dinh U 1a bién gaussian c6
gla tri trung binh

L
EU)=2%> o} (15-4-6)

k=1

va sai phuong

L

afy = 2%Ng » o} _ (15-4-7)
Xacsuit dé U < 0 1a

Py(m) = Q(v2m) (15-4-8)

vGt v 1a SNR ting bit, duge xac dinh theo cong thite

L L
Ni kz_: = % (15-4-9)

k=1

Yo

trong d6 v = €a2/Np 1a SNR trén kenh thtt k. Bay gid ta xac dinh ham mat do phan bd xac suit
p(7vs). Dan tién ta chi y ring v6i L = 1,7 = ¢6 phan bé Khi binh phwong va ham dac tinh cia
14

. " 1
Yn (o) = E(e) = -—— = (15-4-10)
¥, 1a SNR trung binh titng kénh, gia thiét la gidng nhau v6i moi kenh. Nhu vay
Ve = iE(a”} (15-4-11)
¢ NO &

doc lap v6i k. Do fading trén L kénh 1a doc 1ap thdng ke dbng thoi nén {7x} ciing doc lap thing ke va
nhu vay thi

. 1
Py (JV) = FIEETAY

Day 1a ham dic tinh cta phan b Khi binh phuong ¢6 2L d8 tut do. Nhyt vy thl ham mat do phan bé
xac sudt plv) la

(15-4-12}

plw) = L lem /e (15-4-13)

1

Ta ldy trung binh ciia xac sudt sai 6 didu kién trong (15-4-8) theo ham mat do phan bé xac suat
p(w):

Py = fo ~ Ba(w)p(m)dn (15-4-14)
Két qua la
L—-1
Py = [-;-(1 -ty ( L= ,t +E ) [%(1 + p)]F (15-4-15)
k=0
vl

(15-4-16)
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Khi SNR trung binh ting kénh ¥, théa man digu kién 5, >> 1 thi sl+py=1lva %(1 — ) e 1/47,

()= () -

Nhu vay khi 7, di lén (hon 10 dB) thi xac sudt 15i trong (15-4-15) duge x&p xi thanh

1\"/2L-1
Py -4-18
2 (4%) ( L ) (15-4-18)

Nhu vay véi viec phan tan, xac suit 16i giam ty 1é voi SNR iy thita L.
“ D&l voi tin hiéu nhj phan tric giao FSK xac dinh lign két thi hai bién xac dinh ¢ d&u ra ciia b tich
hgp cye dai ty s 1a

va

Ui = Re E?éZL; of + Lizy eulin ) (15-4-19)

U = Re Zi::lakag)

& day ta gia thiét tin higu sz, () dugc truyen di va {Ny1} va {Niz} la hai tap hop cac thanh phin nhidu
& dau ra cac bg loc phéi hgp. Xac sudt 181 1a xac sudt dé Uz > Uy. Khi {ai} ¢6 dinh thi xac sudt 16i
¢ digu kién 13

' By(w) = Q) (15-4-20)
Do viéc tinh toan déi véi tin higu nay ciing gidng nhu tin higu PSK nhj phan ngoai trit ta ¢6 hai tharnh
phin nhiéu va cudi cung két qua ciing 12 c6ng thic (15-4-15) véi 7, duge thay bing 57 va

p= i (15-4-21)

ne() (%)

Céac vin d& chiing ta da trinh bay & trén 1a trong khuén khé ciia gia thiét viee ude lugng cac tham
s6 ciia kénh {oze 7%} khong gap sai s6. Do kénh thay ddi theo thdi gian nén cac tham sé cia kénh
khéng thé u6e lugng chinh xac duge. Néu nhut sy thay ddi theo thai gian clia kénh di nhanh thi ngudi
ta c6 thé sit dung tin hidu DPSK hay FSK xac dinh khong lien két.

Trudc hét ching ta xét tin hiéu DPSK. Dé sit dung dugce tin hiéu nay thi sy thay déi ciia kénh phai
di cham dé cac do di pha {¢x} thay déi khong dang k& trong hai khodng thoi gian tin higu lien tidp.
Ta gia thi&t ring cac tham sd cla kénh 12 hiing s3 trong khodng thai gian mat tin hisu. Nhu vay bo
tich hgp cho tin hiéu DPSK nhi phan sé tao ra bign xac dinh

L
> (2bare™i + Nip)(2bare?® + N) (15-4-23)
k=1
8 day {Ng1} va {Ng2} 1a cac thanh phan nhidu & diu ra ciia cac bo loc phéi hop trong hai chu ky tin
hi¢u lién ti€p. Xac sudt 16i 1a xac sudt dé U < 0. Ta co thé sit dung xac sudt 16i trong (13-1-3) ap dung

cho tin higu DPSK nhj phan truyen qua L kénh thay ddi theo théi gian va Iy trung binh theo phan
b3 Rayleigh va ta co

Hon nita v&i 7, 16n thi

UV = Re

1 2L-1 L-1
Py(m) = (5) ey b (15-4-24)
k=0

s duge tinh theo (15-4-9) va

1

L-1-k .
2L -1
o= 2 ( . ) (15-4-25)

n=0
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Két qua sau khi ldy trung binh la

L-1 — k
1 =
P = > bi(L—1+k)! [ ——= 15-4-26
2 22L-U(L — (1 +7.)% Za k(L + k) (1+7 ) (15 )

[

Ta c6 thé chuyén cang thitc trén v& dang {15-4-15), déi v6i tin hieu DPSK tham s6 p duge dinh nghia
la

(15-4-27)

Vi ¥, >> 1 thi (15-4-26) duge x&p xi thanh

L
1 21 —1
2 | — 15-4-28
£ (ﬁc)( L ) (15-4-28)

Tin hiéu FSK tryc giao xac dinh khéng lién k&t co thé ap dung cho kénh fading cham va fading
nhanh nhung vige phan tich cia ching ta & day gia thist ring fading du cham dé su thay ddi cac tham
56 clia kénh 1a khong dang ké trong khoang thoi gian mdt tin higu. B9 tich hop trong trudng hgp nay

1a bo tich hop theo luat binh phuong. Dau ra cta né 14 hai bign xac dinh

U = Zim [26are™% + Ny |? (15-4-29)
Uz = Yy |Neaf?

trong do ta gia thist bién x&c dinh U; c6 chita tin hitu. Xac suit 15 1 x4c sudt dd Uy < Us.

Phuong phap thit nh&t dé xac dinh xac sut 16i 1a theo phin 13-1, biéu thite ciia xac sudt 161 cua
b tich hop theo luat binh phuong déi v6i tin higu FSK ciing giéng nhu d&i voi tin higu DPSK véi ~;
duge thay bang 1v,. Nhu vay hé thong FSK can them 3 dB so v6i hé théng DPSK dé co cing mot do
hi¢u qua trén kénh bt bién theo thoi gian. Nhy vay xac sudt 161 c6 didu kién déi voi tin hisu DPSK
cing ap dung duge cho tin hieu FSK véi v, duge thay bing 1vs va két qua cudi ciing trong (15-4-26)
cing &p dyng cho tin higu FSK xac dinh khong lién két v6i 7, duge thay bang 17,. Nhung ta da biét
rang (15-4-15) la tuong duong véi (15-4-26). Nhu vay x4c sudt 16i trong {15-4-15) ciing ap dung duge
cho tin higu PSK vai tham sé

Ye

Phuong phap thit hai bit diu tit cac ham mét d¢ phan b& xac sudt p(U;) va p(Uz). Do cac bién
ngdu nhién gia tri phte {aze=i*}, {Nk1}, {Ni2} 1a cac bign ngiu nhién gaussian gia tri trung hinh
bing 0 nén cac bién ngiu nhién U; va Us 1a céc bién ngiu nhién c6 phan bé Khi binh phuong véi 2L
dg tu do. Nhu vay

1 -1 Uy
= - 15-4-31
P = Y “"‘p( 2a%) (15-4-51)

v
1 .
af = 5_E('26(!;‘63““"?:”f + Nkliz) = 2£NU(1 + 7{:)

Tuong tir ta co

_ 1 L-1 LU 4
p(ls) = WUQ exp ( 20_2) (15-4-32)

2

o2 = 2N,
X4c sudt 16i 1a xac sudt dé Uy > U; va két qua 13 (15-4-15) voi 4 duge dinh nghia trong (15-4-30).
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L
Py (%) ( QLL_ 1 ) (15-4-33)

D& hién qua clia cac loai tin higéu dugc vé trong hinh 15-4-2. Cac d¢ higu qua duge vé theo SNR
trung binh ting bit 7, vdi

Khi ¥, >> 1 thi ta c6

% = L7, (15-4-34)

\\ L \\h . —"-'""; P3K
R L .
\‘ Ay \\\ . \\‘ \
N .
SERVAS WM\ RN N
t? 167 \ \‘.)\ \“‘ \k ‘\‘1\‘\
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\E b * |‘ \\ ‘\\ ‘\‘ s \
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Hinh 15-4-2: D¢ hiéu qua cla cac tin higu nhi phan véi ky thuat phan tan

15-4-2 Tin hiéu da pha

Muc tiéu cla chiing ta trong phin nay 1a xac dinh xac sudt sai ky hiéu trong cac ha thdng PSK va
DPSK nhifu mic va xac suét sai bit dd1 vgi tin hieu PSK, DPSK bén mitc pha.
Két qua téng quat v& xac sudt sai k¥ hiéu ddi voi tin higu PSK va DPSK da mitc 1a

B (_I)L-l(l _ “2),{. aL——l 1 T
Pu = x(L —1)! (abL-1 {b———,uz [M(M_ b

_opsin(a/M) o —poos(a/M)
Vo~ p2 cos?(n /M) Vb — p?cos?(n /M) 1

(15-4-35)
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trong d6

o= S (15-4-36)

déi voi tin higu PSK va

5= (15-4-37)

[+7,
ddi véi tin higu DPSK. Cha 7 ring 5 1a SNR trung binh ting kénh, 7, = L7, /k, & = log, M.

"T6c do sai bit déi v6i tin higu bon mite PSK va DPSK duge xac dinh tit gia thiét tung cip hai bit
théng tin dugc anh xa thanh mét gia tri pha theo luat ma Golay va ta ¢6

1

P=3 [1 ﬂZ( ) (4 2“: )k] (15-4-38)

p duge xéc dinh theo (15-4-36) va (15-4-37) tuong ing vai hai tin hieu PSK va DPSK.
Hinh 15-4-3 v& x4c sudt sai ky higu voi L = 1. Khi 7, >> 1 va L = 1 thi (15-4-35) dugc xap xi
thanh
M-1

Pu = (M log, M)[sin® (z/M)}5, (15-4-39)

d6i véi tin higu DPSK va déi véi tin higu PSK 13

M-1
Py = 15-4-40
M N M Togy MY (A2, (15-4-40)

15-4-3 Tin hiéu tryc giao M miic

Trong muc nay, ta xac dinh dé hiéu qua clia tin hiéu trye giao M mirc truy®n qua kénh fading Rayleigh.
Tin hiéu tryc giao ¢6 thé xem nhu tin hieu FSK M mic ¢6 d6 phan tach tan s6 t6i thidu la boi s6 cla
1/T v6i T 1a chu ky tin higu. Gid thiét tin hiéu mang thong tin duge truyén qua L kénh phan tan,
cac kénh gid thiét 13 khéng chon lge theo tn sé va 1a cac kénh fading cham. Sy fading trén L kénh
gia thiét 1a doc 1ap thdng ké dting thoi. Ching ta ciing gia thiét thém 1a nhifu cfng gaussian tring tac
dong trén cac kénh ciing ddce 1ap thing ké dong thai.

Mae du ta ¢6 thé xay dung cfu trac va phén tich d6 higu qua clia bo tich hgp cuc dai ty s6 cho cac
kénh phan tan nhung trong thyc t& ngudi ta thudng sit dung phuong phap xac dinh khong lién két va
nhu vAy ta tap trung vao viéc tich hgp theo luat binh phuong cac tin higu phan tan. Dau ra cla bd
tich hgp (bién xac dinh) c¢6 tin higu la

L
=Y [26ape™® + N[> (15-4-41)
k=1

va dhu ra cla M — 1 bo tich hgp con lai 1a

L
Un=2_ |Niml’, m=2,3,...,M (15-4-42)
k=1
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Hinh 15-4-3: Xac sudt sai ky hiéu cho kénh fading Rayleigh L =1
Xac suat 16i la 1 tru di xae sudt dé Uy > Upym = 2,3,..., M. Do cac tin hiéu 12 tryc glao va cac
qua trinh nhiéu cong®la doc 1ap théng ke dong thai nén cac bign ngu nhien Uy, Uy, ..., Us, ciing doc
1ap théng ké dong thoi. Ham mat do phan bs xac suit cia Uy duge tinh theo cong thie {15-4-31) 'con
cac bién Uy, Us,...,Us ¢6 phan b6 gidng nhau va duge xac dinh béi ham mat do6 phan bé xac sust
bien (15-4-32). Vi Uy xac dinh thi xac suit dong thoi PU, < Uy, Us < IN,... Uy < Uy) sé bang lity
thita bac M — 1 cua P{U; < U).

Uy
P <Uy) = / p(Uy)dU,s
4]

U L-1 1 U, [
1—exp ( 252) Z @ ( ) (15-4-43)

v6i 02 = 2¢Ng. Lay thita bae M — 1 clia xac suit nay dugc lay trung binh theo ham mat do phan b6
xac sudt cha U) sé cho ta xac sudt dong. Nhu vay:

S St 1 i
P = 1- L-1 !
M / @I - P ( 203)

A=V
1 1 .
(i) )] @

15-CSLTTT-T2
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=~ 1 L1
= 1- U
fg (1+75,)0(L -1 !

U L1 M-
exp (—1 +‘7 ) (1 —e” fkil) dU; (15-4-44)

k=0

§ day 7, la SNR trung binh theo ting kénh. SNR trung binh ting bit 1a 5, = L7,/ log, M = L7, /k.
Chung ta biéu dién lai mét phin trong cong thiic trén nhu sau

L—-1 Uk m miL—1}
(Z k—ll) = > BimlUf (15-4-43)
k=D k=0

trong d6 {Sikm} la tap hop cac h@ s6 trong khai trién trén thi (15-4-44) trd thanh

M-=-1
M-1{=1)y"+! ( )
1 711
Py =

(L-1)! == (L+m+m7,)~
m{L-1} _ k
1
> Bim(L -1+ k) (—L_-) (15-4-46)
paed 1+ m+m¥y,
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Hinh 15-4-4: Xéc suét sai bit cla tin hién DPSK trén kénh fading Rayleigh
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Khi khong st dung k¥ thuat phan tan thi L = 1 va (15-4-46) trd thanh

()
Py = Z

=1

15-4-47
1+ m + m7, (15 )

Ta c6 thé chuyén tdc do sai ky hiéu & trén thanh téc do sai bit bing cach nhan Py voi 2571/(2% - 1).

. s —
T
2 _—-—-'-"""'-"“f:' ?_
— J
l(]_l P __.-—--_..--"""/4 =10
5 5.
y=15
5 \1\\\\.‘_‘_‘_‘__ ___..---/
IO‘: \\'\_‘-‘ / ¥,= 20
5 \\\\ o
x
. 2 \ N\ \x | 3230
= e
2 a7 N\
2 s N \\
FEN N ANIN
@ 10% A\ N
i 5 \ [~ =30
5 \ M=2
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2
10_1 1 i
| 2 3 5 10 20 30 30
Bac phin tin L

Hinh 15-4-5: Hiéu qua cta tin higu ohi phan trye giao xéc dinh theo ludt binh phuong theo dg phan
tan L

Trudce hét, ta xét téc do sai cia tin higu tnge giao M miic xac dinh theo luat binh phuong theo dé
phan tan L. Hai hinh vé& 15-4-5 va 15-4-6 biéu dién Pps v6i M = 2 vi M = 4 theo L khi SNR téng
cong trén cac kénh dude gitt ¢6 dinh ¥, = L5,. Ta thiy 6 gia tri 161 uu cia 46 phén tan voi mdi gia
tri cla %, va gia tri t6i thidu cia Py dat duge khi 5, = 3 va gia tri nay la d6c 1ap véi M.

Thit hai, ching ta xét xac suit sai Py 12 ham cta SNR tung bit 7, = L7,./k {n&u ta coi tin hidu
FSK tryc giao M miic 14 mét dang clia mé hoa va d6 phéin tan 14 s6 130 1ap lai m6t k§ higu trong ma
14p thi ¥, = F./R., R. = k/L). Db thi biéu dién Py theo 7, véi M = 2,4,8,16,32 v4 L = 1, 2,4 duge
vé trong hinh 15-4-7. Chung ta thdy do higu qua tang lén khi L va M tang va vigc tang L sé c6 hiéu
qua hon viée tang M. Cha ¥ réing d¢ réng phd cia tin hisu 1a B, = LM/ log, M.
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Hinh 15-4-6: Higéu qua cia tin hiéu trye giao M = 4 xac dinh theo luat binh phuong theo d6 phan
tan L

Gidi han Chernoff Bay gi ta xac dinh giéi han trén Chernoff ciia x&¢ sust sai d6i véi tin higu
nhi phan true giao c6 do phan tan L. Vai hai bign xac dinh trong (15-4-29) thi xac sudt sai nhi phan la

Py(L) = P(Uy = Uy > 0) = P(X > 0) = / p@)de (15-4-48)
a
v6i bién nglu nhién X dugc dinh nghia la
L
X =U; U =Y (INial? - |2 + Nia|%) (15-4-49)
k=1

Thanh phin pha {¢x} trong U, & day ta khong xét do khéng anh hudng t6i do hidu qua cia bo xac
dinh theo luat binh phuong.

Goi S(X) 1a ham don vi thi x4c suit sai trong (15-4-48) trgd thanh

Py(L) = E[S(X)) (15-4-50)
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Gi6i han Chernoff xac dinh dugc bing cach chan trén ham don vi biing ham mi:
S{X)y<e* ¢>0 (15-4-51)

trong d6 tham s8 ¢ duyce 6 yu hoa dé thu dugc giéi han chat. Ta co

Py(L) = E[S(X)] < E(e4%) (15-4-52)
' Thay X tut (15-4-49) va chi ¥ réng cac bién ngu nhién trong tdng la doc lap thong ké doéng thoi nén
ta nhan duge
L
PyL) < H E(ecrNu[’)E(E—CIEEaHNHiQ) (15-4-53)
k=1
Nhung
2 1 1
CNeel®y - 2 - 15-4-54
Be™l) = g (<5 (15-4-54)
va 1 1
~¢|2€ 0+ Ny |2 - - 5-4-55
Efe : } —-———1+2C012, ¢ > 257 {15-4-55)

voi 0F = 2Ny, 02 = 2§No(1 +7,). Cht ¥ rang o? vi o3 1a doc 1ap v6i k ¢6 nghia 1a cac thanh phin
nhiéu cong trén L kénh ciing nhy tinh chat fading 13 c6 phan bd giéng nhau. Nhu vay (15-4-53) don
gian thanh
1 L 1
0<¢ < —
-2 +2007| » OSCS
Lay dao ham vé& phai cong thitc trén theo ¢ ta thay giéi han trén t6i thiéu hoa khi

P (L) <

2 2
_ 125 — O

=1 "2 15-4-57
<= (15-4-57)
va ching ta ¢o

— L
P(L) < [-?2(—152’73} (15-4-58)

it p = 1/{2 + 7_) 1a xac suit sai cia tin hiéu truc giao nhi phan trén kénh fading khong diing ky
thuat phan tan thi (15-4-58) tré thanh

Py(L) < {4p(1 ~ p)* ' (15-4-59)

Ta c6 thé so sanh gigi han Chernoff véi xac sudt sai chinh xac ctia tin hiéu trite giao nhi phan tich
hgp theo luat binh phuong gdm L kénh phan tan la

o = (35) B () (5)

k=0
R L-1+k
= pt Z ( L ) (1-p)* (15-4-60)
k=0

Cudi cung, xac suat sai cha tin higu tryc glao M mitc véi ky thuét phan tan c6 gi¢i han trén dugce
tinh theo giti han hop

Pp < (M = DPy(L) (15-4-61)
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Hinh 15-4-7: Hi¢u qui cia tin hiéu trie giao theo hai tham s M va I

15-5 Kénh fading cham c6 chon loc

Khi h¢ 8 trai rong cta kénh théa man didu kién T,, By << 1, ta co thé chon cac tin higu co do rong
phd W << (Af); va khoang thei gian tin higy T << (At)., khi d6 kenh 12 khong chon loc theo tan s6
va fading cham. Trén cac kénh nhy vay ta c6 thé st dung cac ky thuat phan tan dé khic phuc cac anh
hudng x4u ctta hién tuong fading.

Khi nguoi dung <6 thé sit dung da rong dai thong ctia kenh W >> (Af). thi ¢6 thé siy dung kénh
" theo phueng phap FDM, cac kénh con cach nhau it nhat Ia (Af), tinh ti tin s6 trung tim va khi da
¢t thé sir dung phwang phap phén tan theo tan s8. Trong phan nay ta xét mét phuong phap khac.

15-5-1 M&b hinh kénh kidu day tré (Tapped-Delay-Line)

Ta gia thiét kénh vin la kénh fading cham T' << (Atf). va tin hi¢u théng dai c6 do rong phé W. Nhu
vdy dai tan ma tin higu tan s8 thip tuong dudng s;(t) sé chiém 13 |f} < I1W. Do tin higu 31(t) ¢6 dai
tan hitu han trong khoang |f} < W nen sit dung dinh Iy 1dy mau Shannon ta cé

= 7\ sinfaW(t — n/W)] i
= 3 () it oy o)

= -
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Bién ddi Furié cha s(t) 1a

s = { e/ WeT I W(1f] < §W)

(] > tw) (15-5-2)

10-)
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Py N\, t=2
10; Chinh xac” K ¥ \ \ Lghhﬂl Thc
[Gigi han Che —]
2 61‘[$=4h-md-\f.-\ \
10t l \ \
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Hinh 15-4-8: So sanh gidgi han Chernoff v6i xéc suat sai chinh xac

Tin higu khong co nhifu nhan dugce tit kénh c6 chon loc theo tin sé duge xac dinh trong phan trudc
la

ni = [ T CU 08 (15-5-3)

C(f;t) 1a ham truyén thay déi theo thoi gian. Thay Si{ f) trong (15-5-2) vao {15-5-3) ta ¢o

T{(t) = % i St(ﬂ/W’) [_OC C(f;t}ej'Zﬂ'f(!.—nfl’V)df
- % ﬂiw si(n/We{t —n/Wii) (15-5-4)

trong do e(T;t) la dap img xung thay ddi theo thoi gian. Ta thay (15-5-4} c6 dang téng chap va do do6
n6 co thé bidu difn thanh dang khac nhi sau

ol

r(t) = Wl > st —n/Wie(n/W;t) (15-5-5)

n=—>0on

Ta dinh nghia tap hop cac he s6 cta kénh thay ddi theo thoi gian la

enlt) = %c (1) (15-5-6)
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Khi d6 {15-4-3) tr& thanh

0
rt)= ). ealt)silt —n/W) (15-5-7)
Céng thic trén chi ra réng kénh chon loc theo thn s8 thay déi theo thoi gian c6 thé duge ms hinh hoéa
boil mot cd cau loc goi la day iré (tapped-delay-line} voi cac he s6 dat cach nhau 1/W va cac h¢ 56 1a
{enf{t)}. Tit (15-5-7) ta thiy dap ing xung cha kénh la

-

o0
clrit) = Y ca(t)d(r —nfW) (15-3-8)
n=—o0
va ham truyén thay déi theo thai gian tueng tng 1a
b I3
Clfity= > calt)ei2min/¥ (15-5-9)
A=—0oa
Nhu vy v&i mét tin hifu tan 6 thdp tuong ducng c6 dé réng phd %W’ va W >> (Af),, ching ta co
thé thue hign d§ phan tach 1/W trong do trai v& thai gian ciia kénh. Téng 80 do trai vé thoi gian cia
kénh {a Ty, ta st dung L = T,y W + 1 he s6. Khi dé tin hiéu nhan duge khéng 6 nhiéu ¢6 dang
= n
n®) =3 calt)s (- 1) (15-5-10)
n=1
Cac hé sé {c, (1)} 14 cac qua trinh ngdu nhién ding gia tri phitc. Trong trudng hop kénh fading Rayleigh,
modul |e,{t)] = an(t) co phan bs Rayleigh va cac gia tri pha {¢,(#)} ¢6 phan b6 déu. Vsi gia thiét tan
xa khong tiong quan thi {c,(t)} 56 khong tuong quan ddng thoi. Khi cac hé s8 la cac bién ngdu nhign
gaussian thi chiing sé dge lap thdng ké.

540

=l

-
W

|-

=0 g0

L
i =F ctnys; i - %]h’.{l)
Eal

Nhidu
tring
il

Hinh 15-5-1: Mo hinh day tré

15-5-2  B6 giai disu ché RAKE

Bay gio ta xét viéc truyén tin hiéu s8 qua keénh co chon loc theo thn s6 duge mo hinh héa bai day tré
va cac hé s6 {c.(t}} doc lap théng ke. R6 rang mo hinh kénh 14 day tré vai cac he s6 doc 1ap thong ke
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sé cho ching ta L ban sao cia cing mét tin hiéu & phia thu. B thu sé x{ 1y tin hiéu nhan duge mot
cach t3i vu d8 cé duge két qua tuong duong vdi ki thuat phan tan bac L.

Xét tin hidu nhi phan truygn qua kénh. Chuang ta c6 hai tin hiéu cing nang Iugng hoac trye giao
hodc nguge pha nhau. Khoang thoi gian tin hiéu T théa man dizu kien T »>> Ty, va do do ¢6 thé bo
qua hién tugng anh huong chéo giita cac k¥ hiéu do tinh da dudng. Do d6 rong phd tin hidu 16n han
dai thong lién két cta kénh nén tin higu nhan duge ¢6 thé bidu dién thanh

L
ne) = Y ce(t)silt — k/W) +2(2)

k=1
= w(t)+z(t), 0<t<T,i=12 (15-5-11)

L
Fl

vai z(%) 14 qua trinh nhiéu cong gaussian tring, co gia tri phac va gia tri trung binh bang 0. Gia thiét
cac he sé ctia kenh da biét thi bo thu t6i vu gbm co hai bd loc phéi hop véi vy (8) va va(t), tiép theo la
bo 14y mén va mach xac dinh tin higu lén hon. Cac bién xac dinh cho xac dinh lién két trong trudng

hogp nay la
T
Re [/ T (t)v:n(t)dt]
0

L .T
= Re [Z/ ri{t) i () s), (t — k/W)dt} , m=1,2 (15-3-12)
k=170

Un

Hinh 15-5-2 biéu dién qua trinh tinh cac bién xac dinh. Trong qua trinh nay, hai tin higu tham chiéu
duge lam tré va ldy tuong quan véi tin higu nhan dwge r;(¢). Mot phuong phap khac 1a bd thu toi
wu chi st dung mot duong lam tré. Tin hiéu & méi khau tré duge tuong quan vl cp(t)s) (t), k =
1,2,...,L,m = 1,2. Céu trac by thu nay duge vé trong hinh 15-5-3. Bo thu nay goi 1a bo thu RAKE.

15-5-3 Hiéu qua b thu RAKE

Bay gid ta tinh higu quéa by thu RAKE trong trutng hop kénh fading dii cham dé vige uSce lugng cac
hé s6 cx(t) khong bi 18i. Hon nifa, trong méi khoing thei gian tin higu, cx (t) dugc coi 1a hiing s6 va ky
hiu lai la e;. Nhu vay cac bién xéac dinh trong (15-5-12) dugc viét lai thanh:

L T '
Um = Re [Z c;/ r(t)s,, (t — k/W)dt] ., o m=1,2 (15-5-13)
k=1 “0
Gia sit tin higu truydn di 1a s;1(¢) thi tin higu nhan dugc sé la
L
n(t) = cnsn(t—n/W)+z(t), 0<t<T (15-5-14)
n=1

Thay (15-5-14) vao (15-5-13) ta c6

L L T
U, = Re Zc; Z cn] sn{t —n/W)sl,(t — k/W)dt}
k=1 n=l 0
L T
+Re [Z c;] z(t)sg,, (L — k/W)d{l , m=12 (15-5-15)
k=1 0

Thong thudng cac tin hiéu dai rong sy (t) va sip(t) duge tao ra tit cac day gia ngiu nhién nén ching
c6 tinh chat

T
/ st — nfW)sh(t —k/W)dt = 0, k#n,i=1,2 (15-5-16)
)
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Gia thiét cac tin higu nhi phan ta xét dugc thiét ké théa man tinh chit trén thi {15-5-15) don gian
thanh

L T
Un = Re [Zicklgf su(t—k/W)s;“m(t—k/W)dt]
0

k=1

£, T
+Re [Z c:/ z(t)sp, (t — k/PV}dt} , m=12 (15-5-17)
k=1 o .

Khi cac tin hiéu nhi phan nguge pha thi ta chi cin mot bicn xac dinh 1a dd. Trong trudng hgp nay,
(15-5-17) don gian thanh

L L
Uy = Re (2§ Z ol + Z akz'\’k) {15-5-18)
k=1 k=1

vol o = |eg| va
T
Ny = el / z2(B)s; (t — k/W)dt {15-5-19)
0

Nhumg (15-5-18) chinh la bién xac dinh trong (15-4-4), 1a diu ra cia bé tich hop cuc dai ty s6 trong he

' théng phan tan bac L. Nhu vay bo thu RAKE khi viec uge lugng cac hé s6 khong gap 161 tuong duong
v6i bo tich hgp cue dai t§ s6 troeng hé théng phan tan bac L. Nhu vay khi t&t ca chc hé s6 co cung
trung binh binh phuong thi téc do sai cla bs thu RAKE dudc x4c dinh qua (15-4-15) va (15-4-16).
Mat khac, khi cac hé s6 khong c6 trung binh binh phuong gidng nhan, tic 1a E{a}) khong giéng nhau
voi moi k thi ta phai bat dau tu xac sudt sai ¢6 didu kién

Pa(ve) = Qv 7 (1 - pr)) (15-5-20)
vOi pr = —1 v6i tin hiéu nguge pha va p, = 0 vai tin higu tryc giao va
ek, L
= N g af = Ewk (15-5-21)

M2i bién trong tap hop {v;} ¢6 phan bs Khi binh phuong v6i hai do tu do, nhu vay

1 . -
plw) = T{—e‘“”k (15-5-22)
k

¥ 1a SNR trung binh trén duong thi k duge dinh nghia la

Ty = — E(od) (15-5-23)
No
T {15-4-10) ta da biét ham dac tinh cla vy 1a

Wy (G0) = — b (15-5-24)

T T

Do 7, 14 tong cia L thanh phan doc lap théng ke {7&} nén ham dac tinh cta v, 1a
L ] “

Yo Gv) = [[ 7—== (15-5-25)

oy

)
_95%.“3_;
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Bién dét Furié nguge ham dac tinh cho ta ham mit d6 phan bd xac suit
Lo
plwy =3 Zem /T 4 50
k=1 'k

trong dé 7. duge dinh nghia 14
L —
Yk
T = - —
H Y~V
t=1

ik

T L&y trung binh xac sudt 16 co dizu ki¢n (15-5-20) theo (15-5-26) ta co

1 Yiell ~ p-)
p____E:ﬂ-;-l_ _Jk\- T Fr)
2 2 ’”[ 2+ﬂ(1-p,~)J

Khi %, >> 1 thi xac sudt sai x&p xi thanh

L
2L -1 1
Py .
? ( L )H?m—pr)

k=1

235

(15-5-26)

(15-5-27)

(15-5-28)

(15-5-29)

Bay gig ta xét toi xac sudt sai cia bd thu RAKE, ta gia thidt rang cac hé sé ciia kénh duge ude
lugng chinh xac. Thuc t€ thi két qua use lugng 1a kha t6t néu kenh fading di cham, co nghia Ia
(At)e/T > 100. Hink 15-5-4 bidy dién phuong phap usce luong cac hé s6 ctia kénh khi cac tin higu la
truc giac va hinh 15-5-5 1a phuong phap wie luong cac he s8 ciia kenh khi cac tin hiéu 1a ngitge pha.

EMD
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o o1y e

. Tang va tich phan
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Téng va tfch phan
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NG cin
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Hinh 15-5-2: Bo thu t6i uu cho tin hiéu nhi phan dai rong

o (1)
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Hinh 15-5-3: B) thu RAKE
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Hinh 15-5-4: USc litgng cac hé s8 clia kénh véi tin higu nhi phan trye giao

N&u ta khong mudn uéc lugng cac hé sd cila kénh thi ta ¢6 thé ding tin higu DPSK hay tin hiéu tryc
giao xé&c dinh khong lién két. Cau trac thu RAKE cho tin hiéu DPSK trong hinh 15-5-6. Khi tin higu

oo
aoat
L

3

L



TRUYEN TIN QUA KENH CO FADING NHIEU DUONG 237

truyen di s;(¢) théa man didu kign (15-5-16) thi cac bién xac dinh ging nhu trong (15-4-23). Nhu vay
tée do sai cta bo thu RAKE cho tin higu DPSK dugc tinh theo cong thttc (15-4-15) v6i p = 7./ (L +7.),
khi moi dudng di ciia tin higu déu ¢6 SNR la 7,. Mat khac, khi cac gia tri SNR cla cac kénh {7}
khac nhau, xac suft sai sé la trung binh ciia (15-4-24) theo ham mat dé phan bd xac suit (15-5-26).
K&t qua thu duge la

L

1\ 261 Lol - 5 M4l

po={= miby, =k ) 15-5-30
’ (2) ,T,Z:u Evk (1+n ( )
v6i 7 duge dinh nghia trong (15-5-27) va b,, dugc dinh nghia trong {15-4-25).

. Cudi cing chiing ta xét viéc truyén tin higu nhi phan tryc giao qua kenh fading c6 chon loc theo tin
9.(‘)'l v duge xac dinh theo lugt binh phuong & phia thu. B thu RAKE va bg tich hgp theo luit binh
phuong duge vé trong hinh 15-5-7. Gia thiét tin higu co tinh tryc giao trong (15-5-16). Cac bién xac
dinh & dan ra bé thu RAKE la

U, = zgﬂ |2€ck + N |?
Up = Yoy 1 Ne2l?

& day ta vAn gia thiét tin hieu s (¢) duge truydn di. Cac bién xéc dinh nay gidng (15-4-29) ap dung
cho tin hidu tryc giao truyén qua kénh c6 do phan tan bac L. Nhu vay hiéu qua cha bd thu RAKE
cho tin hidu truc giao xac dinh theo luat binh phuong duge tinh theo (15-4-15) véi p = ¥./(2+7.)
khi t4t cA cac dudng dén tin hiéu c6 cang SNR. Khi cac gia tri SNR khéac nhau thi ta phai 18y trung
binh (15-4-24) theo ham mat do phan bd xac sudt (15-5-26) v6i v, duge thay bang $vs va két qua la
(15-5-30) v6i 7, duge thay bing 17,.

B thu RAKE da trinh bay c6 thé dé dang md rong cho tin hiéu da mitc va cén trie bo thu khong
thay ddi khi sit dung tin higu PSK M mic hay tin hieu DPSK ma chi c6 bd xac dinh theo sau b thu
RAKE la thay déi.

(15-5-31)

nln

=~
|-
£

1711 f x\

Hinh 15-5-5: Udc lugng che hé s6 ciia kénh v6i tin higu nhi phan nguge pha
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Bi#n xéc dinh
Hinh 15-5-6: B4 giai didu ché RAKE cho tin hieu DPSK

15-6 MaA hoa trong kénh ¢6 fading

Chung ta da ching ming riing cac k¥ thust phan tan c6 hidu qua cao dé khic phuc anh hudng cua
fading do tinh chat thay déi theo thoi gian cta kenh. Cac k¥ thuit phan tan da xét co thé xem nhu
mad hoa lap thong tin, Trén quan diém nay thi cac ky thuat tich hgp ma ching ta da xét 1a gial ma xac
dinh m&m cho ma lap. Do ma 1ap 12 mot dang don gian cia ma héa nén bay gid ta xét tdi cac phuoug
phap mé hoda khac ¢6 hiéu qua hon. Dac bist, chung ta sé ching té rang ma hoa tao ra kha nang phan
tan trén kénh co fading,

Nhu trong phan 15-4, ky thuat phan tan theo thai gian 1a truy®n cac thanh phan tin hiéu mang
théng tin gidng nhau trong nhidu khe théi gian v6i do phan tach it nhat 1 thoi glan lign két cna kénh
(At).. Tuong ty, ky thuat phan tan theo tan s8 1a truyén cac thanh phan tin higu mang thang tin gidng
nhau trong nhidu khe tan s6 dong thoi vei do phan tach it nhat 1a dai thong lien két cia kénh (Af)e.
Nhu vy cac thanh phan tin hieu mang théng tin bi dnh huéng cia fading dgc lap théng ké véi nhau.

Dé m¢ rong cac khai niém trén cho day thong tin ma hoéa, ching ta chi cin tin higu tuong tng véi
mot bit hay mdt ky hidu ma bi anh hudng dge 1ap véi tin hiéu tuong ing véi bit khac hay ky hiéu ma
khac. Digu nay c6 thé gay ra viéc sit dung khong hiéu qua khéng gian thoi gian hay khong gian tin s6
VGl s ton tai cla nhidu phin khong sit dung trong khong gian tin hiu hai chigu nay. D& gidm bét dg
khdng higu qua, nhidu tit ma c6 thé duge ghép lai véi nhau (interleaved) theo thdi gian hay theo tin
s6 hay theo ca hai, di®u nay tao ra tin hi¢u tuong {ing véi cac bit hay cac k¢ higu ma bi anh hudng déc
Iap. Nhu vy ta gid thiét ring khong gian tin higu thoi gian-t&n sé duge chia thanh cac 6 (cell) khong
tram lén nhau. Mot tin higu tuong tmg véi m6t bit hay mot ky hitu ma duge truyn di trong mat 6.

Chang ta gia thigt sy fading 1én céc thanh phiin tin higu cia mot tit ma 13 doc 13p thdng ke va cac
thanh phbn nhiu cfng dnh huéng 18n tin higu nhin duge 13 cac qué trinh gaussian tréng doc 1ap thdng
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ké va c6 phan bé gidng nhau trong cac & cila khong gian thdi gian-thn s6. Chang ta cing gia thiét do
phan tach gita cac & lien tiép la ¢t 1én dé sy anh hudng giia cac 6 1a khong dang ké.

Mot didu rét quan trong khi truyén thong tin la ky thuat didu ché. Néu kénh fading di cham dé
co thé thiét lap duge mdi lién két v& pha thi ¢6 thé sit dung tin hiéu PSK hay DPSK, néu khong thi
cin phai st dung ky thuat FSK xac dinh khong lién két. Trong phan nay chang ta gia thiét khong thé
thidt lap duge mdi lién két v& pha ddi véi cac tin hiéu trong cac 6 khac nhau. Nhu vay chang ta st
dung tin higu FSK xac dich khong lién két.

Ta xét mo6 hinh c¢tia hé théng truyén théng trong hinh 15-6-1. D¢ trinh bay viéc diu ché, giai dieu

‘ché, gial ma cho tin hiéu FSK truc giao, ta xét ma khdi nhi phan tuyén tinh trong d6 k bit thoéng tin

duqc ma hoa thanh mot tit ma do dai n. Dé don gian ma khong mdat tinh tdng quat, ta gia thier rang
. n bit trong mét tt ma duge truyen dong théi qua kénh trén nhién 0 thn 6. Mot tir ma C; ¢6 cac bit
{"u} duge anh xa thanh cac tin hisu FSK theo qui tic: n&u ¢;; = 0 thi tin higu thn s8 fp; duge truyén
‘di, néu Cij = 1 thi tin hiéu tan sé fi; duge truyén di. Nhu vay phai c6 2n tin 6 hay 2n 6 dugc sit dung
dé truybn n bit trong ti ma nhung chi c6 n tin sd thuc sy duge st dung trong mét khodng thoi glan
tin hiéu. Do méi tit ma c6 k bit thong tin nén hé s md rong dai thong cho tin higu FSK 1a B, = 2n/k.

ru)

|-
E|-
z|~
=|-

510 5700 5,50t S s

[0 fLJac e JFOde || fa0ar Bodr| i

¢ (»

-
| I - "
-~ -
- ‘-"‘ -

A7

z
{ Ve \-‘/
Tdi b xac dinh

Liy miu

Hinh 15-5-7: Bo thu RAKE cho tin higu tryc giao xac dinh theo luat binh phuong

Ba giai digu ché tin hiéu nhan dugc sé chia tin hiéu thanh 2n thanh phin thn s6 tuong Ung vai cac
tan s6 & phia phat. Nhu vay bo giai didu ché gdm 2n bg loc, mébi b loc sé phéi hgp v6i mot trong cac
thanh phin tan s6 co thé truygn di. Diu ra cia 2n b loc duge x4c dinh khong lign két. Do fading
Rayleigh va nhifu cong gaussian trdng trén 2n 6 1a dgc 1ap théng ke va c6 phan b6 giéng nhau nén tiéu
chuén gidi ma t6i wu ML xac dinh m®m doi héi cac bg lec dép ing theo lujt binh phuong va tich hgp
dé tao ra M = 2* bién xac dinh, T ma img v6i bién xéc dinh cye dai s¢ duge Iya chon. Néu dung giai
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ma xac dinh ctng thi bo gidl ma ML t3i wu sé chon tit ma c6 khoang cach Hamming véi tit ma nhén
duge nho nhit.

Biu va ] Kénh fadin
UVA9 s hea o Difuché = Rayleigh g
—— FSK AWGN
Diu ra . Giai
-+ Gidima didu ché
bang lge

Hinh 15-6-1: M& hinh hé thdng truygn thong st dung tin hieu FSK

S0 dd khdi & trén c6 thé dé dang md rong ra cho ma chap. Vi du néu st dung ma chap nhj phan
thi méi bit trong day diu ra dugc truydn di béi mot tin hidu FSK nhi phan. Tiéu chudn giai ma xac
dinh mém ML hay gi4i ma xac dinh cing duge xay dyng dé dang tir thuat toan Viterbi.

15-6-1 Xac sudt 16i cilla giai ma xac dinh m&m cho ma khdi nhi phan tuyén
tinh

Xet viec gidi ma cho ma nhi phan tuyén tinh (n, k) truydn qua kénh fading Rayleigh. Bo giai ma xac
dinh m&m t&i wu dya trén tiéu chuin ML tao ra M = 2* bién x4c dinh nhu sau

U = D101 = cipdlyos|* + exslyss )
=1
5 2 lwosl® + el ~ loosM), i=1,2,...,2" (15-6-1)
=1

v6i lyr|*, 7 =1,2,...,n,7 = 0,1 13 binh phuong dudng bao & diu ra ciia 2n bo loc va ta sé lua chon tit
mi {ing v6i bién xac dinh cyc dai.

Muc tiéu clia chung ta trong phn nay 1a x4c dinh xac sudt sai clia bo gidi ma xée dinh mém. T
day trd v sau, ta gid thigt tt ma toan 0 C; dugc truyén di. SNR trung binh trong tiung 6 duge ky
higu 1a 7. Toan b SNR nhan dugc trén toan bo n 6 12 n7y, va nhu vay SNR trung binh ting bit 1

— n_ 5
Yy = E‘Y¢= Ec
L4

{15-6-2)
Bién xac dinh U tuong img v6i tit ma C; dugce xac dinh trong (15-6-1) voi ¢;; = 0 v6i moi 7. Xac sudt
dé viéc xac dinh lya chon tit ma thi m 1a

Bim) = PUn > th) = P(Ul — U < 0)

n

= P | (e — emi)(lgngl® ~ lyos1?) < 0

..321

=

= P (wol® = lyy*y <0 (15-6-3)
1 .

E
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v0i Wy, 12 trong lugng clia tit ma thit m. Nhung xac sust trong (15-6-3) 1a xéc sudt sai cia bd tich hagp
theo luat binh phuong cho tin higu FSK tryc giao nhi phan voi wy, do phan tan va nhu vay

wm—1
o X m—1+k
pm = p 3 (T }a-n* (15-6-4)
k=0
W —1
wo O w, —1+k 2wm— 1\
< p“‘Z( . )=( - )p”‘ (15-6-5)
k=0 m
vl
., 1 1
. p (15-6-6)

= 9+7, 2+ R,
Mzt khée, ching ta co thé sit dyng gi6i han trén Chernoff trong phan 15-4 va ta co

Py(m) < [4p(1 - p)]*™ (15-6-7)
Cudi cung ta c6 xac sudt sai bj chan trén béi

M
Py <Y Pa(m) (15-6-8)

m=2
Do khoang cach t8i thidu ciia mé tuyén tinh bing trong lugng tdi thidu nén
(1 + R ™Y < (24 ReFp) ™"
Sit dung bit ding théc nay voi (15-6-5) va (15-6-8) cho ta gi6i han tren (khong chat) la

M 2w,,; -1
Zm=2 ( Wen )

Py < =
RS RS

(15-6-9)

Giéi han trén don gidn & trén chi ra rang vigc ma héa cho ta do hidu qua gidng nhu k¥ thuat phan tan
¢6 d6 phan tan 13 dpin- Gi6i han trén dan gi4n hon la gici han hop

Py < (M - 1)l4p(1 - p)l*=*~ (15-6-10)

Hinh 15-6-2 v& do higu qud clia ma Golay md rong (24,12), ma FSK nhi phan, ma FSK bén mitc
v6i hai do phan tan. Ma Golay can 48 & va hé s6 md rong dai thong Be = 4, d6 cang chinh 13 hé 86 md
rong dai thong cita ma FSK nhi phan va ma FSK bén mtc véi L = 2. Ta nhan thiy d¢ hiéu qua clia
mé Golay cao hon chinh la do khoing cach t6i thiéu giita cAc tit ma dmin, = 8 hay chinh 1a L =28

15-6-2 Xac suft 161 ctia giai ma xac dinh cttng cho ma kh&i nhi phan tuyén
tinh

Gidi han trén cha xac sudt 16i cia gidl ma xac dinh cimg cho ma nhj phan tuyén tinh da duge xac dinh
trong phin 10-1-5. Cac gi6i han nay ap dyng trén kénh BSC va do d6 c6 thé 4p dung tryc tiép cho
kénh fading Rayleigh v6i AWGN v doc lap théng ké cia fading gitta cac ky higu trong tit mé. Xac

 suft sai bit d& tinh cac giéi han nay khi sit dyng tin higu FSK nhj phan x5c dinh khong lien két dugc

x4c¢ dinh trong (15-6-6).
Mot gi6i han trén quan trong khi sit dung gi6i han Chernoff cho gidl ma xac dinh citng 1

Py(m) < [4p(1 — p)[*~/* (15-6-11)
18-CRLTTT-T2
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va Fpr duge tinh theo (15-6-8). So sanh véi gi6i han Chernoff v6i giai ma x4c dinh mdm c6 gigt han
trong (15-6-7), ta thay ring hiéu qua ciia giai ma xac dinh citng giam theo khodng cach gitta hai tit ma
12 2 Tan. Khi khodng cach giita cc tit ma 1a kha nho thi vigc gidm khodng cach gita cac tir ma di 2 1an
gay anh huéng trén kénh fading nhizu hon dang ké so v6i trén kenh khong fading,

Hinh 15-6-3 mo ta hiéu qua cia ma Golay (23,12) khi giai ma xac dinh citng va gidi ma xac dinh
mém. Do chénh léch khi B, = 10-5 |a khoéng 6 dB. Chu y riing trén kenh khéng fading AWGN thi do
chénh lach chi khoang 2 dB.

10-1
5 19!
$
2
8.=4
10 %‘\\ - 2 \| Ma Golay (23,12)
5 \\ 102 \
& \\‘ \FSK:zhiphzn o \\
g 10 \\ M=‘>$L ;; le \ Gidi ma x.4. citng
g L=2 \\ $ \ N\
& 2 N @ \\ \
102 \\ ﬁ : \ Giai mg A
5 \ Golay \ 1w \ x.d. mém q
\ (24.12) 5 ’ N
2 gidi ma \ \
109 “ xd. mém 5 \ \\
10-5 :
5
\ ; \ N\
2
10-¢ \ 2 \
12 14 16 18 20 22 24 26 106
SNR titng bit ¥,(dB) : 12 14 i 1B 20 22 24 3

SNR timg bit 7,(dB)

Hinh 15-6-2: D4 hieu qua cia mot sé loai ma Hinh 15-6-3: So sanh do higu qua giita giai ma
xac dinh cling va gidi ma x4c dinh mdm

15-6-3 Hiéu qua cia ma chap cho kénh fading Raleigh

Trong phan nay, ta xac dinh x&c suft sai clia ma chap nhi phan trén kénh fading Rayleigh vét AWGN,
Gid sit t6c do ma 1a R, = k/n titc 1a b6 ma héa s dung k bit ddng thai dd tao ta tut ma n bit dbng
thdt. Tit ma duge truyén qua kenh fading Rayleigh st sung tin higu FSK nhj phan va xac dinh theo
lugt binh phuong & phia thu, Bj gidl ma xac dinh citng hay xac dinh m2m dya trén vigc udc lugng day
ML theo thuat toan Viterbi,

Trugc hét, ta xét vige gidi ma xac dinh mdm. Khi d6 cae d§ do duge tinh tit thuat toan Viterbi 13
téng cac dbu ra binh phuong clia b giai didu ché. Theo phin 10-2-3, ta d& dang chitng minh dugc ring
xac sudt 16i khi so s&nh mot cap ds do 1a d¢ do ftng voi day toan 0 va mét dd do img voi mot day khac
nhap lai cling mot trang thai & mot thei didm nao d6 13

d—1 _
P =S ( Aotk ) (1-pt (15-6-12)

k=0

o
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trong do d 14 s bit tuong img hai day khac nhau va p dugc tinh theo (15-6-6). Nhu vay Py(d) la xac
sudt 14i cia tin higu FSK nhi phan xac dinh theo luat binh phudng voi d dé phéan tan. Mot cach khac
la ta co thé sit dung gi6i han trén Chernoff cho (15-6-7) cho Pa(d). Trong ca hai trudng hop, xac sudt
sai bit bi chan trén theo phin 10-2-3 béi

P, <}91- > BaPald) (15-6-13)

d=d_free

v()‘: {84} 1a cac hé s6 trong khai trién dao ham bac 1 cita ham truyén dat T'(D, N) trong (10-2- 25).

" Khi thyc hién gidi ma xac dinh cing thi giéi han ciia xac sudt 16i cho ma chap nhi phan dugc
x4 dinh trong phan 10-2-4. P, ciing dugc gi6i han trén béi (15-6-13) véi P(d) dugc xac dinh trong
(10-2-28) véi d 1é va trong (10-2- 29) v6i d chin hay giti han Chernoff trong (10-2-31) va p duge xéac
dinh theo (15-6-6). Cung gidng nhu ma khéi tuyén tinh, higu qua cia giai ma xac dinh cling gidm theo
2 lan khodng cach so véi gidi ma xac dinh mém.

Hinh 15-6-4 biéu dién hiéu qua cla ma chap ¢ do 1/2 vo6i do dai rang buéc 13 3,4,5. Hé s6 md
rong dai théng cho tin higu FSK nhij phan 1a B, = 2n.

Mgt phuong phéap khac dé tang khoang cach ma khong phai tang do dai rang bude 1a Jap lai méi bit
dau ra m lan. Didu d6 tuong duong voi viéc gidm t6c do ma di m 13n hay md rong dai thong m lan.
Nhu-vay thi mé chap c6 khoang cach 6i thiéu 12 mdyp.. voi dfree 12 khodng cach tu do t6i thiéu cla
ma khi chua 1ap. Higu qua cia ma lap nhu vay bi chan trén bdi

Py < % Z BaPy(md) (15-6-14)

dfr'ee

trong d6 Py{md) dugc cho trong (15-6-12). Hinh 15-6-5 bidu difn d6 higu qua ciha ma téc do 1/2 lap
m=1,2,3,4 vdi dd dai rang busc 14 5.
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Hinh 15-6-4: Hiéu qua ciia ma chap nhi phan Hinh 15-6-5: Hisy qua cba ma téc do 1/2 do dai

toc do 1/2 véi giai ma xac dinh mdm rang buge 1a 5 véi gidi ma xac dinh mém

BAI TAP

15-1 Ham tan xa S(r; A) cua mot kénh fading da dueéng khac 0 trong khoang gia tri 0 < 7 < 1 ms
va-0,1 Hz < A < 0,1 Hz. Gia thig ham tan xa la d&u theo hai bign.
a. Héi gia tri cha cae tham s6 say:

® d§ trdi v® thai gian cia kenh

]

dé rong Doppler clia kénh

thoi gian lién két cia kenh

dai thong lién két ciia kenh

hé s8 trai réng cua kenh

o

. Giai thich y nghia nhitng digu sau

-

ol
8%
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¢ kénh 12 khong chon loc theo thn sb
s kénh nay la kénh fading cham

¢ kenh 13 chon loc theo tin sd

¢. Cia thidt do rong dai thong cta kénh 1a 10 kHz va ta mudn truy®n & toc 4o 100 bit /s qua kénh.
Thiét k€ mot hé théng truyén nhi phan dung k¢ thust phan tan theo thn s6, c6 tinh t6i cac van de vé
kidu didu ché, s8 kenh con, do phan tach tan sé gilta cac vat mang, khoang thoi gian tin higu

15-2 Xét mot hé théng truysn nhi phan ding dé truydn mgt day ky higu nhi phan qua kénh cd

fading. Ky thuat didu ché la FSK tryc giao v6i dé phan tan tan s6 12 3 (L = 3). B giai didu ché gdm
cac-bd loc phoi hgp va cac bo xac dinh dudng bao. Gia thiét cac tan s6 mang FSK c6 phan bé dudng
bao Rayleigh dac lap va gidng nhan. Nhidu cgng tac dong lén cac tin higu phan tan 14 gaussian ¢ gia
tri trung binh bing 0 v6i ham ty tuong quan FEzp )z {t + 7)) = Nod(r). Cac qua trinh nhiéu la dgc
lap théng ké dbng thai.

a. Tin higu truysn di c6 thé xem nhu 13 tin higu FSK nhi phan véi lugt xac dinh binh phuong, duge
tao ra béi ma lap c6 dang:

1= C; =[111), 0— Cp = [000}]

Xac dinh x4c sust 16i Fop cho bo giai ma xac dinh cing v6i tin hidu duge xac dinh theo luat binh
phudng

b. Tinh Py cho 4. = 100 va 1000

c. Tinh x4c suft 16i Pa, cho 4, = 100 v 1000 néu bé giai mé 13 gidi ma xac dinh mém

15-3 Gia thiét tin higu nhi phén s;(¢) duge truydn qua kénh cé fading va tin hiéu nhan duge 1a

n{t) = fasi(t) + 2(t), 0Kt <T
véi z(t) 1a nhidu gaussian tring co gia tri trung binh va ham ty tuong quan
‘i’zz(T) = ND‘S(T)

Nang lugng ciia tin hieu truydn di la £ = %f: |s;(t)|2dt. D6 khuyéch dai clia kénh o co ham mat do
phan bé xac sudt

pla) = 0,18(a) + 0,95(a — 2)

a. xac dinh xac sudt sai trung binh P, cho bo giai didu ché sit dung bé loc phéi hap vai s;{t).
b. Gia tri cha Py sé 1a bao nhigu khi £/Ng = oo
c. Gia thiét tin hidu nhu vay dugc truyén qua hai kénh fading doc 13p théng ke voi cac do khuyéch
dai a1, az:
plag) = 0,16(ax) + 0,98(ax — 2), k=1,2

Nhiéu trén hai kénh 13 déc 1ap thong ké c6 phan b& giong nhau. B giai didu ché dung bo loc phéi hop
cho méi kénh va kém thén hai bo loc dau ra dé tao ra bién x4c dinh, Xac dinh xéc suat 16i Ps.

d. Ciing gidng nhy cau ¢ nhung khi §/Ng — o0

15-4 Mot kenh fading da dudng co do trai v thoi gian T, = 1s va do rong Doppler By = 0,01 Hz.
Téng cong do rong dai thong cila kénh cho truy2n mot tin higu la W =5 Hz. Dé giam anh hudng cia
ISI, ngudi ta chon do rong xung T = 10s.

a. Xac dinh dai théng lien két cha kénh va thoi gian lién két cla kénh

b. Kénh nay co6 chon loc theo tin s8 khong?

¢. Kenh nay 1 kénh fading cham hay nhanh?

d. Gia thiét kénh nay dugc sit dung dé truyen s6 liéu nhi phan qua tin hi¢u PSK xac dinh lién két
va diing k¥ thuat phan tan theo tan s6. Hoi ring co thé sut dung do réng dai thong cia kénh nhu thé
nao dé c6 thé dung ky thuit phan tan theo tan 5§ va xac dinh d§ phan tan.

e. Trong cau ¢, hoi SNR x&p xi cin thiét theo ting kénh dé co xac sust 15i la 106
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