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TOM TAT
Hé théng truyén théng quang si dung camera (OCC) la md hinh si dung dén LED va
cam bién hinh anh (IS) @é truyén va nhdn tin hiéu. Tuy nhién, cac #ng dung cia OCC van con
gi6i han do téc dg dir liéu thap va khoang cach truyén ngan. Bé cdi thién hon nita hiéu sudt
cua hé thang, nghién cizu ndy sé ddanh gid cdc thong sé anh hwong dén hiéu suat cua hé
thong. Céc két qua phan tich va thyc nghiém cho thdy rang, hién nrong nhdp nhay va khodng
cach giza hai khung (IFG) 1am giam ddang ké toc do dir liéu cua hé thang. Hién firong choi
(Blooming) ciing lam cho khoang IFG tré nén Ién hon, va tic déng dén khodng céch truyen
tin hiéu. Bén canh dé, cwong dé anh sang cua phia phat can phdi xem xét d@é phii hop véi hé
thong chiéu sang va tranh hién firong bao hoa. Bai bdo ciing dira ra so sanh hiéu suat cia hé
thong véi tée do dir liéu 1.8 kbps va 3.6 kbps. Cac két qua thuc nghiém chi ra rang c6 si ddnh
doi giira toc dé dir liu va khoang cach truyén. Do dé, phu thugc vao ting g dung cu thé,
cac théng s cua cam bién hinh dnh can dwroc xem xét mgt cach can than va phu hop.

Tir khoa: Hé thang quang si dung camera (OCC); cam bién hinh danh (IS); hién fiong nhap
nhay; khoang giza hai khung (IFG); hién furong béo hoa.

ABSTRACT

Optical camera communication (OCC) system is a scheme that uses LED and an image
sensor (IS) to transmit and receive signal. However, the applications of OCC are still limited
due to low data rate and short transmission distance. To further enhance the system
performance, this study will evaluate the parameters that affect the system performance. The
experimental and analytical results show that flickering and inter-frame gap (IFG)
significantly reduce the data rate of the system. Blooming phenomenon also causes the IFG to
become wider, and affects the transmission distance. The light intensity of the transmitter
needs to be considered to conform the lighting system and avoid the saturation problem. In
this paper, the performent of system is compared with data rate of 1.8 kbps and 3.6 kbps. The
experimental results show that there is a trade-off between data rate and transmission
distance. Therefore, depending on the specific application, the parameters of the image
sensor should be considered carefully and appropriately.

Keywords: Optical camera communication (OCC); image sensor (IS); flickering; inter-frame
gap (IFG); saturation.

1. GIOI THIEU dén sy gia tang luu luong truy cdp cia Cac
mang vién théng bao gdm ca mang khong
day. Trong nhitng nim qua, c6ng nghé truyén
thong khong day gitr vai tro quan trong trong

Trong thap ki qua, véi su phat trién
manh mé& cua cac dich vu bang thong rong,
su gia tang cua cac thict bi di dong da dan

Doi: https://doi.org/ 10.54644/jte.65.2021.136


https://doi.org/%2010.54644/jte.65.2021.136

Tap Chi Khoa Hoc Gi4o Duc Ky Thugdt Sé 65 (08/2021) 47
Trwong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

hé théng vién thong. Tuy nhién, nhu cau sir
dung mang v tuyen ngay cang cao da lam
cho cac pho bang tan vo tuyén (RF) tro nén
qua tai. Viéc nghién ctru va phat trlen cac
cong ngh¢ truyen thong moi 1a yéu cau hét
sirc cap bach dé giam tai cho cong nghé RF
truyén thong.

Cung voi sy phat trién cua cong nghé
ban dan 13 sy phat trién cua cong nghé dén
LED (Light Emitting Diode), cam bién hinh
anh va coéng nghé truyén khong diy st dung
anh sang kha kién VLC (Visible Light
Communication) [1]. N6 duge xem la mot
giai phap bd sung va thay thé cho cong nghé
vO tuyén trong twong lai boi nhitng wu diém
cua n6. VLC Ia cong nghé c6 cac tinh nang
ndi bat nhu tan dung anh sdng cua hé théng
chiéu sang, khong anh huong dén sirc khoe
con ngudi, va tiéu tén it ning luong. Cong
nghé VLC st dung cac ngudn anh sang nhu
& mot may phat tin hiéu. NOi chung, may
phat thuong 1a dén LED c6 thé dé dang tich
hop trong cac hé théng chiéu sang hién co.
Trong khi cac thiét bi ¢ phia thu Ia diode
quang hay cam bién hinh anh (IS). Truyén
thong anh sang kha kién sa dung camera
(OCC- Optical Camera Communication) la
mot nhanh cua truyén théng VLC, trong d6
OCC str dung IS nhu mdt by nhan tai phia
thu [2-3]. Cong nghé OCC c6 toc do dir lidu
thip hon nhiéu so voi VLC [4]. Tuy nhién
vé6i sy tich hop cua IS trong hau hét cac thiét
bi di dong hién nay da md ra mot tiém nang
to 16n cho vi¢c ung dung cong nghé¢ OCC
vao thuc té.

Cic may anh hién nay déu nhim muyc
dich 1a quay phim, chup anh. Do d6, né tén
tai nhitng han ché nhat dinh khi duoc sir
dung cho cac h¢ théng truyén thong. Nghién
clru ndy s& di phan tich cac thong s cua IS
cling nhu cac thong sé quan trong khac trong
hé thong lam anh huong dén hiéu ning cua
hé théng OCC. Noi dung cac chuong dugc
trinh bay nhu sau: Phan 1 gi6i thiéu, dit van
d¢; Phan 2 gidi thiéu tong quan vé hé thong
quang su dung camera OCC; Phéan 3 phén
tich cac thong s6 trong hé thong OCC va cudi
cung 1a phan két luan.

2. TONG QUAN HE THONG TRUYEN
THONG QUANG SU DUNG
CAMERA (OCC- OPTICAL
CAMERA COMMUNICATIONS)

Ciing gidng nhu hé théng VLC, hé théng
OCC ciing sir dung 4nh sang nhin thiy lam
phuong tién truyén dan. Tuy nhién, hé thong
OCC sur dung mot IS tai phia thu. Nhu trong
Hinh 1, tin hiéu dau vao dugc diéu ché trude
khi goi dén khéi LED driver. Khéi diéu ché
s& thuc hién hai nhiém vu chinh. Thir nhat,
diéu ché tin hiéu thanh cac dang tin hiéu hiéu
qua hon trude khi truyén di. Thong thuong,
dbi v6i hé thong OCC, tin hiéu chil yéu duoc
didu ché dudi dang bién do. Piéu ché OOK
(On-Off Keying) [2, 5] hay diéu ché tin hiéu
nhiéu muc [6] thuong dugc sir dung trong hé
thdng OCC. Nguyén nhan la do, IS chi c6 thé
nhan biét cuong d6 anh sang cia tin hiéu. Tin
hiéu c6 nhiéu muc s& dong nghia véi viéc s&
¢6 nhiéu dir liéu dugc mang di hon. Tuy
nhién hiéu suat vé khoang cach truyén cua hé
thong bi giam di. Trong hé thong OCC, bod
phat s& dugc tich hop trong hé thong chiéu
sang trong nha. Do d6, nhiém vu thu hai cta
khéi diéu ché 1a can phai loai bo hién tuong
nhip nhay. Hién twong nay xay ra khi tan so
tin hiéu thdp hon 100 Hz [5] hoac khi tin hiéu
c6 cung bién do truyén di trong mot khoang
thoi gian dai. Tiép theo, tin hiéu s& duoc dua
t6i khdi LED Driver dé chuyén tin higu thanh
cac muc dién &p. Cac muc dién 4p s€ tuong
ung vai cac muc sang cua dén LED.
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Hinh 1. So do khéi tong quan cia hé thong
OCC
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Tai phia thu, tin hiéu s€ dugc nhan boi
cam bién hinh anh CMOS (Complementary
Metal Oxide Semiconductor). Cam bién hinh
anh s€ phan biét cac muc tin hi¢u dua trén
cuong do anh sang nhan dugc. Cudi cung tin
hiéu anh sang s& dugc tong hop boi cac pixel
(diém anh) va dua t6i bo xtr Iy dé giai ma.

3. PHAN TICH CAC THONG SO CUA
HE THONG OCC

3.1 Co ché man tridp cudn va van dé
khoang cach giira cac khung hinh (IFG)

Mot trong nhitng nguyén nhan khong thé
tranh khoi tic dong dén hiéu suit caa hé
thong OCC khi sir dung camera 1a khoang
cach gilra cac khung hinh IFG (Inter-frame
gap). Diéu nay xay ra chu yéu d6i véi cac
cam bién hinh anh sa dung cong nghé
CMOS. So voi cam bién sir dung cong nghé
CCD (Charge Coupled Device), cam bién
CMOS dugc sir dung nhiéu hon. Nguyén
nhan 1a do, cam bién CMOS ré hon va duge
tich hop vao hau hét cac dong dién thoai va
c4c thiét bi thong minh ngay nay. Su khac
biét chinh gilta hai cong nghé nay la phuong
phap ma mdi cam bién nhan va tong hop
thong tin tir cic diém anh. Tét ca cac diém
anh ciia cam bién CCD dugc phoi sang
(exposing) dong thoi, sau d6 thong tin nhan
dugc cia tat ca cac diém anh duoc téng hop
cung mét lic. Trong khi cam bién CMOS
téng hop va doc dir liéu theo trinh ty ting
hang pixel dé tranh hién tuong nghén cd
chai. Co ché nay dugc goi la ctra trap cudn
(rolling shutter). Nhu trong Hinh 2(a), thoi
gian doc dugc do dua trén khoang thoi gian
gilta hai hang pixel lién ké, va khong c6
khoang IFG giira hai khung hinh lién tiép.
Trong truong hop nay khung hinh tiép theo
s& duoc phoi sang khi hang cudi cing cia
khung hinh trudc hoan thanh. Pay 1a truong
hop 1y twéng ddi véi cam bién CMOS. Khi
do, téc d6 khung hinh dugc tinh bang phép
nhan s6 hang pixel va thoi gian doc mdi
hang. C4c hang cua khung tlep theo phai cho
mot khoang thoi gian t, dé dam bao ring
qua trinh doc cua khung hién tai phai hoan
thanh trudc khi bat dau phoi sang cic hang
tuong tng cua khung ké tiép.
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Hinh 2. Qua trinh xi ly cac khung lién ké
cua cam bien CMOS

(a) Truong hop ly twong
(b) Truong hop thurc té

Tuy nhién, trong thyc té, qua trinh tong
hop dir liéu cua cac hang pixel khac nhau c6
thé trung lap vi mdi hang pixel c6 b chuyén
d6i tuong tu- s&6 ADC (Analog to Digital
Converter) riéng, nhu duoc chi ra trong Hinh
2(b). Do d6 xuat hién mot khoang thoi gian
"trong" gitta hai khung hinh lién tiép ma
trong khoang thoi gian nay cac hang pixel
khong dugc phoi sdng. Khoang thoi gian nay
dugc goi 1a IFG, tjpg, nhu duge minh hoa
trong Hinh 2(b). Khoang thoi gian nay la can
thiét dé bo xur 1y ctia camera tong hop toan
bo dir liéu cua mot khung, hodc dé chuan bi
cho khung tiép theo [7]. Thoi gian doc cua
mot khung hinh chiém tuong ung tir 60% dén
90% khoang thoi gian cia mot khung, nhu
duoc chi ra trong [8]. Khodng khung t;va toc
do khung hinh F,. dugc udce tinh 1a:

ty = tr + tirg 1)
)

Khoang thoi gian ciia mot khung hinh
dugce chi ra trong Hinh 3. Thoi gian trung
binh ctia m¢t khung la khoang 33 ms N&
tuong tmg v6i khung téc d6 1a 30 khung
hinh/gidy. Thoi gian 0.033 ms 1a bao gom ca
thot gian doc t,va thoi gian IFG t;g;. Va that
kho dé tach t,va t;r; ra khoi nhau vi ching

1 1
F;, = — =
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phu thudc vao timg loai cam bién hinh anh va
modi truong xung quanh. Bén canh do, thoi
gian cua cac khung hinh ciing bi bién thién.
Mot s6 khung hinh s& mat nhiéu thoi gian
hon céc khung khéc, nhu duogc chi ra &
khung hinh 11 va 23 trong két qua do dac cua
Hinh 3. Khoang thoi gian nay l1a do camera
danh nhiéu thoi gian dé tong hop dir lidu va
do d6 1am cho khoang thoi gian t;g. cling dai
hon. Chinh nguyén nhan dé lam cho dir li¢u
da truyén di khong duge doc boi camera, giy
kho khan hon cho vi¢c khoi phyc dir liéu néu
khong c6 ma sira 16i hodc viéc truyén dir liéu
lap lai.
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Hinh 3. Thei gian cho méi khung hinh

Pé khic phuc van dé nay, cac hé thong
OCC thudng truyén di liéu 1ap lai nhiéu lan
dé mot trong s6 chung co thé dugc nhan bai
camera. Néu mot phan goi tin bi mat tai IFG
thi cac goi tin con lai co thé duoc st dung dé
khoi phuc dir lidu. Ngoai ra, c6 thé sir dung
ma sira 16i dé khoi phyc lai céc bit bi mat tai
IFG. Va tat nhién cac phuong phap nay déu
lam giam hiéu suét di liéu ctia hé thong.

3.2 Hién twong nhip nhay - Flickering

Nhap nhdy 1a mot trong nhiing vin dé
can dugc xem xét khi thiét ké bat ki mot hé
thdng OCC. Trong hé¢ théng OCC, anh sang
dugc st dung cho ca hai muc dich chiéu sang
va truyen thong. Do d6, hién tuwong nhép
nhay can phai dugc loai bo dé khong anh
hudng dén mat ngudi. Van dé nay xdy ra khi
dén sang ¢ tan s6 thap, didu d6 c6 nghia rang
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khoang thoi gian gitta hai 1an sang-tit lién
tiép dai. Nhu da dé cap O trén, tan s6 cao hon
100 Hz 1a du dé loai bo nhip nhay. Dbi voi
didu ché OOK, van d& nay co thé xay ra khi
nhidu bit gibng nhau dugc gl trong mot
khoang thoi gian dai. Vi thé, mi duong
truyén dugc thém & bude cudi cta qua trinh
diéu ché trude tin hiéu dugc gui dén LED.
Ma hoa Manchester, scramber, va ma hoa
gidi han d6 dai RLL (Run Length Limited) la
nhimg cach don gian dé loai bo hién tuong
nhip nhay.

Déi v6i didu ché bién d6 nhiéu mirc nhu
PAM, nhap nhay 13 két qua cia sy bién thién
dién ap. Nhip nhay xdy ra khi c6 su chénh
léch 16n vé cudng do sang cua hai ky tu lién
ké. Do d6, cudng do anh sang cua cac cua
cac ky tu lien ké can dugc kiém soat. Muén
dat duoc diéu do, cuong do anh sang trung
binh phét ra luén 6n dinh. Cuong do anh
sang nhan dugc ¢ may anh 1a ti 1€ thuan voi
hiéu dién thé & mdy phat. Tuy nhién, ti 18
bién thién cua dién ap cép cho dén khong
cing véi ti 1¢ bién thién cia cudng do anh
sang & ngo ra. Do do, viéc xac dinh dién ap
cho timg muc ciing quan trong dé tranh
truong hop cac mic cuong do anh sang phat
ra cta hai ki tw lién ké c6 sw chénh léch 16n,
giy ra hién tugng nhap nhay. Hon nita, hién
tugng ndy s& dan dén viéc kho xac dinh
ngudng tin hiéu. Ngoai ra, hién twong nhép
nhay ciing c6 thé bi tic dong boi 4anh sang
mdi trudng xung quanh va d6 nhay ciia mat
nguoi.

3.3 Toc dd dir liéu va d dai gai tin

Trong hé théng OCC, tc do dir lidu va
d6 dai goi c6 mdi lién hé chat ch& véi nhau.
Téc @6 dir lidu cang cao ¢ thé cho phep st
dung mot goi tin dai hon (vé mit sé luong
bit). Bén canh d6, d¢ dai cua goi tin con phu
thuoc sd luong bit nhan dugc trong mot
khung hinh, khi ma né phu thugc vao tung
loai IS. Ngoai ra, d6 dai goi tin cling phu
thugc vao khoang cach truyén vi sb luong bit
mét giita hai khung ti 1¢ thuan voi khoang
cach truyén Pé khic phuc su ¢6 IFG, dit liéu
dugc truyen 1ap lai nhiéu lan Mot goi tin bao
gdm nhiéu goi tin con gidng nhau vé ndi
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dung nhung khac nhau vé tiéu dé. Sé luong
g0i tin con trong mdt goéi phu thudc vao kich
thude IFG va khoang cach truyén. Diéu do
¢6 nghia rang IFG cang rong thi s6 1an truyén
lap lai dir liéu cang nhidu dé dam bao mot
trong cac goi con c6 thé duoc nhan bai IS.
Két qua 1a luong thong tin hiru ich truyén di
bi gidm. Bén canh d6, d6 dai ciia mot goi tin
con bi gii han bai sb bit nhan duoc cua mot
khung L. D§ dai ctia géi tin con phai nho
hon L¢, nhu minh hoa & Hinh 4 (a). M6t goi
tin con dai hon do dai khung s& dan dén viéc
phan dit liéu giéng nhau c6 thé bj mét trong
hai IFG lién ké, nhu thé hién trong Hinh 4(b).

IFG

Khung #2 |

,— Khung #1
GOi #1-1| GOi #1-2| GOi #2-1| Goi #2-2 | G6i #3-1| G6i #3-2| (a)
| | | ‘ |'
—— Khung #1 Khung #2 Phan giéng nhau
v ul
— —

G6i #1-1 GG #1-2 (b)

Hinh 4. Mai quan hé giita dé réng khung va
do dai goi

(a) G6i tin con ngdn hon dg dai khung
(b) G6i tin con dai hon dé dai khung

Tuy theo do dai khung ma d¢ dai cua goi
tin dugc thiét ké sao cho phu hop. St dung
201 ngan s€ la bat lgi vi sO luong ti€u dé chén
vao cac goi tin cang nhi€u, yéu cau can nhiéu
thoi gian hon dé dé phan doan va gidi ma.
Mot géi tin dai hon mot khung la can thiét dé
nang cao hi¢u suat cia OCC. Céac bit nhan
dugc cua mot khung Ly dugce bi€u thi bang
cong thuc (3), v6i Ry, 1a toe d6 dir lidu.

Ly = Ry/F, 3)

Gia sir rang toc do khung hinh khong
doi. Két qua 1a Ly chi phu thudc vao téc do
dir liéu. Pbi voi hé thong OCC, thoi gian
phoi sang ciia cam bién hinh anh dugc xem
1a ty 1¢ 1y mau. Mdi 1an phoi sang 1a mdi lan
cam bién thu dwogc tin hidu anh sang. Thoi
gian phoi sang t, duogc tinh nhu trong (4),
v6i n, 1a sé hang pixel cua IS.

to=F xn, (4)

Dé dap tmg tan sb 14y mau Nyquist, thoi
gian cho mot bit dir liéu phai 16n hon thoi
gian phoi sang cua mot hang pixel it nhét 1a
hai 1dn. Hay no6i cach khac, mot bit s& dugc
ldy miu boi cang nhiu hang pixel cang tot.
Két qua 13, te do dir liéu cua OCC bi gidi
han béi thoi gian phoi sang. Theo biéu thirc
(4) c6 thé thay rang, thoi gian phoi sang ti 1¢
thuan véi d6 phan giai cing nhu toc do
khung cua IS. Str dung mot mdy anh chat
luong tdt & nang cao tbc do cua dir liéu
nhung can can nhic chi phi cho hé théng.

3.4 Hiéu wng chai (Blooming)

Véi cam bién CMOS sir dung co ché
man trdp, cac hang pixel khong nhén anh
sang dong thoi. Khoang thoi gian ma cam
bién hinh anh nhan dugc anh sdng phu thudc
vao khoang thoi gian mo va déng cua ctra
trap. Voi co ché cudn cua cta trdp, cac hang
pixel ¢ gitta khung cO nhiéu thoi gian dé
nhén 4nh sang hon so véi cac hang pixel &
hai ria cia khung. Va do dé phan trung tim
ctia khung hinh luén thu dugc nhiéu anh sang
hon, dong nghia véi bién do tin hiéu nhan
duogc cling cao hon cac vung khéac. No6i cach
khac, cuong do sang nhan dugc khong tuyén
tinh tai may thu. N6 dugc goi la hiéu ung
blooming (choi), do co ché man trap giy ra.
Hiéu tmg blooming duogc chi ra trong Hinh 5.

Khoang dit liéu bi mit
gitra 2 khung

[ [

Ving dit liéu mét o ria
mbi khung
Hinh 5. Hiéu #ng blooming cia cam bién
hinh anh

Do hiéu tng blooming, bién d¢ tin hiéu
bi bién thién dot ngdt dan dén kho khan trong
qua trinh xac dinh ngudng tin hi¢u. Cac da
thire hoi quy [2], thudt toan entropy [7], hodc
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thuat toan hoc may [9] duoc ap dung cho
viéc xac dinh ngudng trong hé théng OCC.
Trong Hinh 5, tin hiéu tai canh cua moi
khung ciing dwgc xem 13 16i vi cac hang pixel
trong vung nay khéng nhan dugc anh sang.
Vian dé nay tré nén nghiém trong & khoang
cach xa hon. Vi s6 luong cac hang pixel nhan
dugc anh sang phu thuc vao khoang céch d
gitra deén va IS. Nhu duoc chi ra trong Hinh
6, AFOV° 1a goc ciia ving quan sat, Lg;,, 12
kich thudc cua dén LED va f 1a tiéu cy cua
may anh.

+ d; Image sensor

e A g@* <‘ F‘row 1 N oo
_ . =

I P |

LED

Hinh 6. Mai quan h¢ gizza khoang cach va
vlng cam bien nhén dwrgc &nh séng

C6 thé thay rang, vai cling mat tiéu cu £,
s6 luong céc hang pixel trén cam bién nhan
dugc anh séng ti I¢ nghich véi khoang cach
gitra den LED va IS. Céc hang pixel khéng
nhan dwoc &nh sang nam & ria mdi khung.
Dir liéu bj mat tai vang ria cuing voi di liéu
bi mit do IFG gay ra s& lam cho khoang dit
lieu bi mat giita hai khung lién tiép cang lén.
Chinh diéu nay gay khé khan cho viéc khoi
phuc dir liéu. Viéc xac dinh ngudng dua trén
toan b dir lieu cia khung s& dan dén 13i vi
cudng do cua mdi hang pixel khac nhau rat
nhiéu. Dé khic phuc van d& nay, ving quan
tam ROI (Region of Interest) duoc dé xuét dé
chon ving c6 bién d6 tuong dong nhau (chu
yéu 1a ving giita cia khung) trong mot
khung dé khoi phuc lai dir ligu. Do do,
phuong phép nay dugc ky vong s€ cai thién
hiéu sudt hé théng thong qua viéc xac dinh
nguong chinh xac. Tuy nhién, phuong phap
nay dat hiéu qua cao khi két hop véi viéc
truyén dir liéu lap lai nhiu lan, ma chinh
diéu nay lai lam giam hi¢u suat toc do dir
liéu. Do d6, can phai c6 su can nhéc giira toc
d6 dir liéu va khoang cach truyén.
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3.5 Céac théng sé6 khac anh hwong dén

higu suit ciia OCC

Tang cudng d6 anh sang co thé cai thién
khoang céch truyén. Tuy nhién, cong suat dén
€O gidi han, va cuong do anh sang cua dén
cling phai dugc thiét ké dé khong anh huong
dén mit ngudi va pha hop vei hé thdng chiéu
sang. Bén canh d6, vin dé bdo hoa
(saturation) can phai duoc xem xét can than
khi cuong do &nh séng cta dén cao hon gia tri
nhan duoc 16n nhét caa mot pixel. Hién tuong
nay lam cho bién do ciia mac tin hiéu cao nhat
bdo hoa, va bién do tin hiéu cua muc ké tiép
c6 thé tién sat toi gia tri bdo hoa. Do dé, hién
tuong bdo hoa dé xay ra trong hé théng diéu
ché bién do nhiéu mac. Nhin chung, van dé
béo hoa s& lam giam hiéu suét h¢ thong. Toc
d6 man trép, cdng suat nguén sang va khoang
cach truyén can duoc xem xét can than dé
tranh cac anh hudong cua hién tuong bao hoa.

Trong hé théng OCC, téc dd khung hinh
cao c6 thé cai thién téc do dir liéu nhung chi
phi cho cic loai cam bién nhu vdy thudng
cao. Hon nira, tc d6 khung hinh khong 6n
dinh va bi gidi han, thuong 1a 30 fps. Nguyén
nhan duogc cho 1a do thoi gian phoi sang,
thong sd phan cimg hay phin mém. Tdc do
khung hinh thay d6i 1a mot nguyén nhan cia
véan dé déng b6 hoa; dan dén viéc khong xac
dinh duoc phan tin hiéu bj mat do IFG. Bén
canh d6, nhiéu trong hé théng OCC dén tir
ngudn anh sang xung quanh. N6 lam thay dbi
bién d0 tin hiéu nhan duogc tai camera va la
nguyén nhan giy ra 16i. Pic biét 1a nhiéu
nhip nhay, n6 s& lam sai léch hoan toan tin
hiéu truyén di. Bén canh d6, hién tuong nhoe
va léch do chuyén dong cua mdy thu, goc
gitra may phat va may thu, tdc dong cua cac
chuéng ngai vat khac 1a 1y do giy ra 1di trong
hé théng OCC.

4. KET QUA THUC NGHIEM

Pé danh gia cac thong s6 dd phan tich,
bai bao nay s& xay dung mot hé thong OCC,
sau d6 danh gia va phan tich cac thong sd
anh huong dén hé théng. Mot bo mach
Arduino dung dé nhan va ma hoa tin hiéu six
dung ma hdéa Manchester, sau do tin hiu
duoc dua dén LED driver dé chuyén tin hiéu
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thanh cac mirc dién 4p. Cudi cing, mot dén
LED (cong sudt 15W) duoc sir dung dé phat
ra muc sang tuong ung voi cac muc di¢n ap
tai ngd vao. Tai phia thu, mot may tinh dugc
két nbi voi camera (d6 phan giai 640 x 480,
tbc do khung 30 fps) dé nhan tin hiéu anh
séng. Phan mém Matlab duoc sir dung dé xur
1y va giai ma tin hiéu nhan duoc.

DPé danh gia duoc anh huéng cia céac

thong s phan cung ciing nhu d6 dai cua goi
tin, trong nghién ciru ndy hai mac téc do dit
liéu 1.8 kbps va 3.6 kbps dugc thuc nghiém
dé so sanh va danh gia. Dya hai muc tde do
trén c6 thé tinh toan gan ding sb luong céac
bit nhan dugc trong mdi khung N, nhu dugc
biéu dién trong (5).
Ny =2 (5)
Trong d6, N, 1a s6 hang pixel cua cam bién,
R, 1a téc do dir lieu. Dya vao sd bit nhan
duoc cia mdi khung Ny, bai bao dé xuat do
dai goi tin la 96 bit va 48 bit, twong Ung.
Trong do, 8 bit dugc st dung cho bit khoi
dau khung (SF- Start Frame Bit) cho mdi goi
con. Cac bit con lai la dir liéu sau khi dugc
ma hoa Mancheter. Hon ntta, dir liéu duoc
truyén lap lai hai 1an dé c6 thé khéi phuc lai
dir liéu mét tai IFG, nhu da dé cap trong phan
trude. Pidu d6 c6 nghia rang, dir liéu hiru ich
dugc truyén di trong mdi géi s& 1a 20 bit va 8
bit. Hai goi twong tng voi cac tbe do khac
nhau dugc chi ra trong Hinh 6.

Mot két qua do ti 1¢ 16i bit BER (Bit
Error Rate) dugc thé hién nhu trong Hinh 7.
Co6 thé thiy duoc rang, hé théng OCC véi tde
do thép hon s& dat duoc hiéu suit cao hon,
trong truong hop nay 1a khoang cach truyén.
Véi tée @6 dir lidu 1.8 kbps, BER bang 0 &
khoang cach 160 cm. Trong khi do tai cung
mot khoang cach, BER 1a 2.5x10™ véi toc do
dir liéu 3.6 kbps. Su chénh léch vé khoang
cach truyén 1a 50 cm tai BER bang 10
Theo nhu két qua nay, hé théng dat duoc ti 1€
BER chép nhan dugc ¢ khoang cach 150 cm
va 200 cm. Tuy nhién, khoang cach nay cé
thé duoc cai thién hon ntra néu mot camera
tdt hon duoc su dung, hodc ting cuong do
ngudn sang.

Goil | SF1 40 hit SF2 40 bit
GOI2 | SFL| 16bit | SF2 | 16hit

Hinh 6. B¢ dai goi tin véi tée dé dir lidu

khac nhau
1
10 A Ts kbps
——3.6 kbps

102
3
w
€19
)
[0]
o
U% 10
5

10

107 ; : ‘ ‘

100 150 200 250 300 350
Distance (cm)

Hinh 7. Hiéu sudt cia hé thang véi toc dg dir
lieu khac nhau

5. KET LUAN

Trong bai bao nay, cac két qua phan tich,
danh gia da xac dinh dugc cic yéu to tac
dong dén hiéu sut ciia hé thong OCC va dé
xuit cac phuong phap phu hop dé cai thién
hiéu sudt ciia hé théng. C6 nhidu nguyén
nhan tac dong dén hiéu suét cia hé thong
OCC. Cac nguyén nhan chu yéu xuét phat tir
phan cing. Dicu nay 1a rd rang vi cam bién
hinh anh khong phai dugc tao ra cho muc
dich truyén tin hiéu. Tuy nhién, cac thong sd
ctia hé thong OCC c6 mdi lién hé chit ché
v6i nhau. Do d6, ¢6 sy danh d6i trong viéc
Ira chon cac thong sé cho hiéu suat cua hé
thong, ting toc do dit litu s& lam giam
khoang cach truyén va nguoc lai. Két qua
thuyc nghiém da cho thdy rang hé thdng vai
tdc do dit liu 1.8 kbps dat dugc khoang cach
truyén xa hon 50 c¢m so véi hé théng c6 toc
do 3.6 kbps. Vi¢ce su dung cac cam bién chat
lugng hon chic chin s& cai thién dang ké
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hiéu suét ctia hé thdng, tuy nhién cach nay s& LOI CAM ON

tang chi phi hé thong. Do d0, cac cach tiép
can hién nay d6i véi hé thdéng OCC 1a st
dung cac phuong phap ma hoa thich hop dé
nang cao hiéu suit cua hé thong.
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