Nghién ciru

UNG DUNG CAC THUAT TOAN CAN BAC HAI VAO TINH
TOAN BINH SAI TRUY HOI LUOGI TRAC PIA

NGUYEN NGQC LAU®, NGUYEN THI THANH HUONG®
O Treomg Pai hoc Bach khoa TP. HCM
@Vign Khoa hoc Po dac va Ban do

Tom tt:

Pé binh sai lwdi trac dia mét cach hiéu qua bang mdy tinh, nguwoi ta thwong iing dung cac
thugt toan binh sai truy hoi (Recursive/Sequential Adjustment). Trong dé thirong duwoc sir dung
nhiéu nhat 1a thugt toan Q. Thudt toan Q duy tri viéc tinh Iap trén ma trdn phwong sai doi ximg,
dwge danh gid la doi khi gap kho khan trong cdc tinh todn sé va 1am giam dé chinh xac cua ket
Qua binh sai. Trong bai bdo nay, ching t6i da tim hiéu cac thudt todn can bdc hai c6 dg 6n dinh
tinh toan s¢ tot hon va dp dung ching vao viéc binh sai luéi trdac dia. Dia trén cac thugt toan
dén ra, chung toi da thiét ké cac chuong trinh MATLAB sao cho co thé tiét kiém bé nhé nhdt,

va dung vi du minh hoa vé liéi thity chudn dé chitng minh tinh ding dan cia ching.

1. Giei thiéu:

Binh sai truy hoi (Recursive/Sequential
Adjustment) da duogc gigi thiéu tir thap nién
70-80 dé xu ly cac mang ludi tric dia [1, 2, 3,
4] véi nhiéu uu diém khi so voi phuong phap
binh sai ¢6 dién nhu:

* Tinh toan hiéu qua trén may tinh dién tir
(b6 nhé va te do)

* C6 kha nang tich hop kiém tra sai s6 tho
vao quad trinh tinh toan

Noi dung ctiia phuong phap 1a tinh toan lap
dan trén cac yéu to:

* Ma tran hiép phuong sai (variance-
covariance matrix) cua vector an s6 Q

* Vector an s6 X

* Dang toan phuong ¢

theo tuirng tri do duoc dua vao qua trinh xur ly.
Do thuat toan tinh lip trén ma tran Q, dé thuan
tién ta goi la thuat toan Q, c6 thé tém tit nhu
sau [4]:

Budc 1: Bit dau véi ma tran higp phuong
sai cia vector an s6 Q) =10°E, gia tri ban

dau cua vector an s6 X, va dang toan

phuong qg(o) =0

i=1
Budc 2: Tinh s6 hang tu do cua tri do thir i
w; = f, (>2 (i—l))_ Yi 1)
Trong sé dao cua s hang tu do wi
1
Quw, = N + aiQ(i—l)aiT (2)
Kiémtra |w|<30,,/q, 3)

Ngay nhén bai: 12/2/2022, ngay chuyén phan bién: 15/2/2022, ngay chap nhan phan bién: 19/2/2022, ngay chap nhan ding: 25/2/2022
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Nghién cizu

Néu (3) khong thoa man chuyén sang
budc 3
Uéc luong cua an sé sau khi xu 1y tri do
thiri
5 5 T W
Xy = Xy = Qo —— (4)
Qu,
Ma tran hiép phuong sai ctia an s6 sau khi
xu ly tri do thir i
Q(i—l)aiT aiQ(H)
Qu,

Q) = Qg — (5)

Dang toan phuong sau khi xtr ly tri do thur i

¢?(i) = ¢?(i—1) + i (6)

Wi

Buérc 3: =i+l

néu i > n thi chuyén sang budc 4, nguoc
lai quay vé budc 2

Bwéc 4: Xuit két qua binh sai

Trong d6: yi la tri do thit i, 6 trong s6 pi
(i=1:mn)

ai 1a vector hé s6 cua phuong trinh tham
s6 cua i

Céac ma tran hay vetor trong thuat toan
trén c6 chi s6 nam trong ngoic dé chi dinh ma
tran hay vector d6 duoc khai béo duy nhat
trong chuong trinh, chi c6 gia tri caa ching la
thay d6i theo budc tinh lap.

Krakiwsky [1] da chang minh binh sai
truy hoi 1a mot truong hop riéng cua Kalman
filter khi vector trang thai khong thay d6i theo
thoi gian. Trong bai bao ctia minh, Kalman da
dat:

Ki = (7)
Qu,
va goi la ma tran gia lugng (gain matrix). Khi
d6 cac cong thuc truy hdi (4) va (5) c6 thé viét
lai & dang

)Z(i) = X(i—l) - Kiw, (8)
Q(i) = Q(i—l) -Kig, Q(i—l) ©)

Mac du thuat toan Q roi rac da dugce khai
thac thanh cong trong nhiéu bai toan, doi khi
cac ung dung thyc té thuong ddi dién véi
nhitng kho khan vé tinh toan sb. Mot vai nha
nghién ctru da thong bao vé viéc giam do
chinh xac cua thudt toan nay. Cac kho khan
tinh toan voi phuong phap Kalman thuong
thiy 1 rét nhat trong trudng hop cac ma tran
phuong sai da tinh dugc tré nén khong xac
dinh (undefine) hoic ¢ diéu kién xau (ill
condition). Viéc giam di tinh xac dinh ciia ma
tran hi¢p phuong sai thuong 1a két qua sai s6
1am tron clia may tinh, da lam tram trong hon
boi diéu kién x4u. Nhitng trudng hop xau co
thé xdy ra khi céc tri do rat chinh xac dugce xir
Iy lién két voi cac phuong sai ban dau 16n, hay
khi mot t6 hop tuyén tinh cta cac tham sé c6
thé duoc ude lugng mat cach chinh xac trong
khi nhimg tham sé khac thi khong. Trong
nhitng truong hop nay cac tinh toan lién quan
v6i ma tran hiép phuong sai dé mac phai sai
s6 1am tron.

2. Cé&c thuat toan cin bac hai

Nhiéu so d tinh todn da dugc dé xuat dé
khic phuc viéc giam tinh xac dinh cia ma tran
phuong sai. Nhitng phuong phap nay hoan
toan twong dwong vé mat dai s6 véi thuat toan
Q, chung dai dién cho nhiing ky thuat tinh
toan khac dugc thiét ké dé cai thién do chinh
Xac s6. C4c thuat toan nay thuong doi hoi khdi
luong tinh toan 16n hon cong thic ban dau, va
vai phuong phap con doi hoi viée luu trit nhiéu
hon trén may tinh. Do d6, nhiéu phuong phap
khong thich hgp cho nhitng (rng dung c6 thoi
gian va kha nang luu trit cua may tinh gidi
han. Tinh hudng nay thudng gap trong nhiéu
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ung dung thoi gian thuc, nhu dinh vi on-board
cua may bay va tén lua.

Viéc lap cong thiac cho ma tran hiép
phuong sai & dang can bac hai da duoc nhiéu
nha nghién ctu cdng nhan 1a tét hon vé mat
tinh toan sb so vai cong thac ¢ dién. Sau day
ching tdi xin gigi thiéu hai thuat toan duoc
danh gia cao nhat trong nhém nay Ia thuat toan
Carlson va thuat toan U-D.

2.1. Thudt todn cdn bédc hai tam giéc cia
Carlson

Vé6i mong mudn dat duoc su 6n dinh va
cac dac tinh chinh x&c cua k¥ thuat udc luong
can bac hai va su can thiét cho mot thuat toan
xu ly nhanh va tin cay, Carlson vao nam 1973
da dé& xuat thay thé bang mot cong thie cin
bac hai. Phuong phap cua éng ta tinh toan truy
hdi can bac hai mot ma tran hiép phuong sai
c6 dang tam giac trén [3]. Dya vao y tudng
cua Carlson, ching t6i ty ching minh va dan
dit ra cac cong thirc can thiét ¢ phan sau. Do
d6 chung co6 thé khong hoan toan gidng voi
cac cong thirc Carlson nguyén ban

Vi Q la ma tran ddi ximg xac dinh duong
nén ta c6 thé phan tich thanh

Q=UU"
Trong d6 U 1a ma tran tam giac trén
Két hop (5) va (10), ta co

(10)

T T
Ui =UaySU (11)
Trong d6
S, =E —ititiT (12)
L -Ula 19

Vi Qi la ma tran ddi xung va xac dinh
duong nén Si ciing ddi xung va xac dinh
duong. Do d6 ton tai duy nhat cac ma tran tam
giac trén U sao cho

S, =UU/ (14)

Thay (14) vao (11), ta duogc
UV =UUUUG,  (25)
Suyra Uy =U,U, (16a)
Hay Up=UUg,, (16b)

Vay van dé con lai 1a 1am sao thanh lap
dugcmatran U mot cach hiéu qua nhat? Dya
vao thuit todn Cholesky, ta c6 thé dan ra cac
cong thire kha don gian sau day dé thanh lap
ma tran U mot cach tryuc tiép tir vector tj ma
khong can phai thanh lap ma tran S;

(17b)

n
2 N
a;=q, - Y.t va

k=j+1

Néu ky hiéu

a;=0q, —>.t; =a,, —t}, thi thuat toan lap
k=i

ma tran U s& don gian nhu sau:
CZO ::qwi
forj=1:n

_ 42
a;=a;, tj

_ a;
Uj = P
j-1
t
B=——"
Uj&a
for = 1:j-1
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u, = AL,
end
end
Cén lvu y rang ma tran U 12 ma tran tam
giac trén. Dé tiét kiem bo nhd va tang toc do
tinh toan, ta nén lwu ma tran U thanh ddy mot
chiéu theo thir tu céc phan tir sau day
12 4 7.
3 5 8.

6 9.
10...

Doan chuong trinh MATLAB sau day cho
phép thanh 1ap ma tran U mot cach hiéu qua
trén may tinh khi luu trlr theo dinh dang (18):
alphaO=qw;
for i=n:-1:1

alphal=alphaO-t(i)"2;

U(i*(i+1)/2)=sqgrt(alphal/alpha0);

beta=- t(i)/U(i*(i+1)/2)/alpha0;

(18)

for j=1:i-1
U(j+i*(i-1)/2)=beta*1(j);
end

alphaO=alphal,
end

Kich thuéc ma tran U bang véi ma tran
U. Do d6 viéc duy tri ma tran U c¢6 thé lam
cho bd nhd may tinh tang 1én gap d6i. Quan
sat viéc nhan hai ma tran tam giac trén
U_yU; tathdy két qua nhan ma tran U voi
cot thir n cia ma tran U ¢6 thé luu ngay vao
cot tha n ctia ma tran U . Vi cot nay khong
tham gia vao viéc tinh n-1 cot dau cua ma tran
U . Tuong tu c6t thir n-1 khéng tham gia vao
viéc tinh n-2 cot dau, vv. Do d6 néu bién doi
ma tran U theo chiéu tir phai sang tréi, ta
khong can thiét phai lap matran U . Qué trinh

bién ddi nay c6 thé thuc hién bang doan
chuong trinh MATLAB sau

0[0 = qwi
forj=n:-1:1

i Y
a;=a;, tj

a .

,B — J

forl =1y
Uy ::B-ulj

end

end
alpha0=qw;
for i=n:-1:1
alphal=alpha0-t(i)"2;
U_ii=grt(alphal/alpha0);
for j=1:i
U(j+i*(i-1)/2)=U(j+i*(i-1)/2)*U _ii;
end
beta=-t(i)/U _ii/alpha0;
for j=1:i-1
U_ji=beta*t(j);
for k=1:j
U(k+i*(i-1)/2)=U(k+i*(i-
1)/2)+U(k+j*(j-1)/2)*U_ji;
end
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end
alphaO=alphal;
end

Trong doan chuong trinh trén ma tran U
duogc luu trir theo dinh dang (18). Quy trinh
tinh toan binh sai truy hdi theo thuat toan
Carlson nhu sau

Buéc 1: Bt dau voi matran U, =10°E
gi4 tri ban dau cua vector an sé X ;) va dang
toan phuong ¢A(0) =0

i=1

Buwérc 2:

Tinh vector t; t =Ugya
Tinh s6 hang ty do cua tri do thi i

Wi = fi()?(i_l))— Yi
Tinh trong s6 dao cua s hang tu do i
Qu, = i + tiTti

|Wi| <30'0m

néu khdng thoa man chuyén sang buéc 3

Kiém tra

Udc luong cua an sé sau khi xu 1y tri do
tht i

R A W,

X = Xy =Yoo

Bién doi matran U, thanh U

Dang toan phuong sau khi xtr ly tri do thir i

Wi
Buéc 3: =i+l
Néu i > n thi chuyén sang budc 4, ngugc
lai quay vé budc 2

Bwéc 4: Xuat két qua binh sai

Thuat toan Carlson c6 dang tinh toan tot
va thira huong cac dic diém vé tinh 6n dinh va
dd chinh x&c cua cac bo loc can bac hai noéi
chung. Mac du cong thirc Carlson doi hoi it
khdi lwong tinh todn va bo nhé hon phuong
phéap cin bac hai caa Potter, n6 van kém hiéu
qua hon thuat toan Kalman truyén théng. Vi
khong giéng nhu Kalman truyén théng, thuat
toan Carlson doi hoi n phép cin bac hai moi
khi cap nhat mot tri do méi, va phép lay can 1a
mot toan tir gan ding va chiém nhiéu thoi
gian.

PGS.TSKH. Ha Minh Hoa trong mét s6
tai lidu [5, 6, 7] d& dé& nghi mot thuat toan
twong ty khi phéan tich ma tran hiép phuong
sai o dang Q=T7'T "va dat tén Ia thuat
toan T°T. So sanh vai (10), ta dé dang dan ra U
=T Vivay T ciing 1a ma tran tam giac
trén. Diém méi cua thuat toan T-T 12 qué trinh
bién doi ma tran T thanh T duoc thyc
hién bang phép bién doi xoay Givens. Phuong
phép nay ndi tiéng vé cac dac tinh s wu viét
nén c6 thé giam sai s6 1am tron hon nira. Tuy
nhién thuat toan ciing c6 chung nhuoc diém
nhu trén 1a doi hoi n phép cin bac hai méi khi
cap nhat mat tri do mai.

2.2. Thudt toan phan tich ma trgn hiép
phwong sai U-D

Mot cach tiép can mai day haa hen cho bo
loc Kalman lién quan dén viéc phan tich ma
tran phuong sai thanh tam giac ma khong doi
hoi cac phép khai can. Ma tran hiép phuong
sai Q duogc phan tich thanh

Q=U.DUT (19)

Trong do6 U la ma tran tam giac trén don
vi va D 1a ma tran chéo. Bierman [3] da dé
nghi sy phan tich nay va dan ra mot thuat toan
cap nhat tri do U-D. Duva trén y tuéng nay
chdng t6i s€ ching minh lai thuat toan cho
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muc dich cia minh. Do d6 n6 khong hoan toan
gidng véi thuat toan nguyén ban cua Bierman
[3]

Két hop (19) va (5), ta co

T _ T
UnDalo) =Ys0SU (20)
Trong do
Si = D(i—l) _ititiT (21)
tiT = aiU(i—l)D(i—l) (22)

Vi Qi la ma tran ddi xiémg va xac dinh
duong nén Si ciing ddi xung va xac dinh
dwong. Do d6 tn tai duy nhat cac ma tran tam
giac trén don vi U va ma tran chéo D sao
cho

S =U;DU;/ (23)
Thay (23) vao (20), ta dugc
UpDaUh =UaoUiDU UGy (29)
Suyra Uy =U,U, (25)
va D =Dy (26)

Céc phan tir cia ma tran D, va U, c0 thé
tinh theo cong thurc sau (suy ra tir (17))

_ R T
dj:dj+tk2 j=1:n  (273)
Qu, — —
I k=j+1dk
tt. _
Uy =— "ntz I=1:j-1 (27b)
ol %)
k=j Yk

Trong d6 dj 1a phan tr duong chéo thi j
cuamatran Dy

. : N, t;
Tuong tw néu ky higu o; =q, — > =
I k:j+1dk
n t2 t2
va a; =g, —Zd—"=aj_1—d—‘, thi thuat
k=j Yk j

toan lap ma tran D, va U, don gian nhu sau:
U=E
Qy = qwi

forj=1:n

end

Poan chuong trinh MATLAB sau thé
hién cho thuat toan trén

U_=eye(n);
alphaO=qw;
for i=n:-1:1
alphal=alpha0-t(i)*2/D(i);
D_(i)=D(i)*alphal/alpha0;
beta=-t(i)/D(i)/alphal;
for j=1:i-1
U_(j+i*(i-1)/2)=beta*t(j);
end
alphaO=alphal,;
end
Tuy nhién viéc luu trit matran U va D
la khéng c6 logi, trong khi ta c6 thé bién doi
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tryc tiép Uy va D, tr ma tran ti va D).
Poan chuong trinh MATLAB sau cho phép

Buéc 1: Bat dau véi ma tran U, =E,

Do) =10°E, gié tri ban dau cua vector an s6

lam diéu do
aO = qwi

forj=1:-1:n

d,a;,
for 1 =1:j-1
v =p1

for k = 1:

=Ug +Uy >y
end
end
end
alphaO=qw;
for i=n:-1:1
alphal=alphaO-t(i)*2/D(i);
D(i)=D(i)*alphal/alpha0;
beta=-t(i)/D(i)/alpha0;
for j=1:i-1
U_ji=beta*t(j);
for k=1:]
U(k+i*(i-1)/2)=U(k+i*(i-
1)/2)+U(k+j*(j-1)/2)*U_ji;
end
end
alphaO=alphal;
end

Quy trinh tinh toan binh sai truy hdi theo
thuat toan U-D nhu sau

X (o) Va dang toan phuong ¢?(0) =0
i=1
Buwérc 2:
Tinh vector t; t] =aU; Dy
Tinh sb hang ty do cua tri do thi i
w; = fi(x(i—l))_ Yi
Tinh trong sb dao caa s6 hang tu do wi
n ti 2
S SRR I L
I Pi j=1 dj

Pi
| <30, Ja,

néu khong thoa man chuyén sang budc 3

Kiém tra

Udc luong caa 4n sé sau khi xu Iy tri do
thr i
A " W,
Xy =X —Ugali 0

Bién doi matran U, thanh U, D,
thanh Dy

Dang toan phuong sau khi xtt ly tri do thtr i
2

A A W;
by =P+
(i) — #i-1) a,
Buéc 3: i=i+1

Néu i > n thi chuyén sang budc 4, nguoc
lai quay vé budc 2

Bwéc 4: Xuat két qua binh sai

Kaminsky vao nam 1971 (tham khao
trong tai liéu [3]) da so sanh can than khdi
lwong tinh toan cua cac thuat toan khi xa ly m
tri do cho n an sb. Mot vai két qua duoc cho &
bang sau
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Bang 1. So sanh khéi lirong tinh todn cia céc thudt toan
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Thuat toan S6 phép cong S6 phép nhan S phép chia | S6 phép khai cin
Thuattodn Q | (1.5n%+35n)m | (1.5n? +4.5n)m m 0
0.5n% +0.5n + 0.5n% +0.5n +
Carlson (L5n* +35nm | (2.0n% +5.0n)m 2nm m
0.5n* —0.5n + n>—n+
u-b (L5n? +15nm | (L5n% +5.5n)m nm 0

Theo bang trén ta thiy cac thuat toan cin
bac hai déu c6 khéi lugng tinh toan Ién hon
thuat toan truyén théng. Trong sé cac thuat
toan can bac hai thi thuat toan U-D c6 khi
lwong tinh toan it nhat do khdng c6 cac phép
khai cin. Kaminsky ciing thong béo rang cac
thuat toan can bac hai c6 thé cung cip do
chinh xac gap ddi so vai thuat toan Q trong
nhitng diéu kién xau. Véi cac dac tinh s6 vuot
troi va khéi luong tinh toan hop ly, cach tiép
can can bac hai s& 12 lya chon hang dau trong
cac ung dung c6 cau hinh may tinh han ché
hay bai toan xir Iy trong diéu kién xau.

3. Vi du minh hea

Dé ching minh tinh dung dan cua cac
thuat toan can bac hai, ching t6i tinh toan binh
sai mot mang lugi thity chuan don gian ¢ hinh
1. Trong d6 diém 1 1a diém géc, cac chénh cao
c6 trong sb déu bang 1

Hinh 1. Tuyén thiy chuan khép kin

3.1. Binh sai cé dién

*  Chon vector 4n s6 la
X =(H, H, H,)" véigia trj gin dung la
X, =(5.00 7.08 5.01)

* Vector tri do
Y =(+5.000 +5.010 +2.080 -2.050)"

* Ma tran trong sé cua tri do P =E

1 0 O
. 0 0 1
*Matran hé s6 A=
-1 1 0
0 -11

*  Vector s6 hang tu do
W=AX,-Y=(0 0 0 -0.02)

* Ma tran phuong

2 -1 0
N=ATPA= 2 -1
2

* Ma tran trong s6 dao cua an s6

trinh  chuén

Nlw

1
2
Q=N*=| 1

Al

* Vector s6 hang tu do ciia phuong trinh
chuan b= ATPW =(0 —-0.02 +0.02)'
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* \ector s6 hiéu chinh vao 4an sb
AX =—Qb=(+0.005 +0.010 —0.005)"

* Vector an sb sau khi binh sai
X =X, +AX =(5.005 7.090 5.005)"

* \ector phin du cua cac tri do
V = AAX =W =(+0.005 —0.005 +0.005 +0.005)"

* Dang toan phuwong ¢ =V ' PV =0.0001
3.2. Binh sai truy hoi theo thudt toan Q
10° 0 0
»=| 0 120° o0 |
0 0 10°
X =(5.00 7.08 5.01)" va gy =0, talan
lwot nhan dugc

*w =0, =0 0 0), q, =1+10°,

Xuit phat  voi Q

~

_ T 1 0 O
Xy =(600 7.08 501, Q@):( 2 OJ,

10
dy =0

*w,=0,a=0 01),q, =1+10°,

1 0 O
Qp=| 10° '
1
by =0

*w,=0,a,=(-1 1 0),q, =2+10°

110
~ T
X =(5.00 7.08 501), g, = 2 of

1

X, =(5.00 7.08 5.01)",

¢;(3) =0
*w,=-002,a=0 -11),q, =4,
X =(5.005 7.090 5.005),

~

 fa) = 0.0001

S
R N

BlwN|RPAR

3.3. Binh sai truy héi theo thugt toan
Carlson

0 10° 0

0 0

Je , , - 10° 0 0
Xuat phat véi ,
Ue =
10°

X =(5.00 7.08 5.01)" va ¢, =0, talin

lwot nhan dugc

* 4 =(0° 0 0), q,=1+10%,
10° 0 0) .
U=l 0 1 0| Xgy=(00 7.08 501)
0 01
1 0 0 A
'Uy =0 10° 0 | o =0
0 0 10°
* t1=(0 0 10°), @, =1+10%,

10 O ” T
G-lo1 o] X =(5.00 7.08 5.01),
0 0 10°
1 0 0) .
Uy =|0 10° o =0
0 0 1
* t=(-1 10° 0), q, =2+10%,
22,
2 2 ’
U,=| 0 +J210° 0
0 0 1
; 2 V2
X =(5.00 7.08 5.01), 5 5 9
Ugy=| 0 V2 0
0 0 1
fy =0
=0 -v2 1), q,=4,
1 0 0
U, =0 NERE|
3 6
0 O @
2

TAP CHI KHOA HOC PO BAC VA BAN PO SO 51-3/2022



X =(5.005 7.090 5.005)",

V2 6 VB
2 6 6 =0.0001
ﬁﬁ’% 0.000
Yoo 0 5 3
o o B
2

3.3. Binh sai truy hoi theo thugt toan U-D

Xuat phat Vi Uo =E,
10° 0 0
6 )
0 0 10°

X =(5.00 7.08 5.01)" va ¢, =0, talin
lwot nhan dugc

* 7 =(10° 0 0),
Xy =(5.00 7.08 5.01),

q,, =1+10°,

1 0 0 100}
Dy=|0 10° 0 [Uy=[0 1 0 #y=0
0 0 10° 0 01
* t1=(0 0 10°) g, =1+10°

. . 1 0 0
X, =(5.00 7.08 5.01) /Dy =|0 10° 0
0 0 1

1 00
' U(Z) = 0 1 0 ¢(2) = 0
0 01

* ff=(-110° 0, q,=10°

1
. T 200
X =(5.00 7.08 5.01), 2 ,
0 01
1 % o .
Ug=l0 1 0| %9=0
0 0 1

* =0 -2 1), Ay, =4,
X =(5.005 7.090 5.005),
0 1%%A—ooom
D =| 0 % 0| Uy=|0 1 §’¢(4)_ '
0 0 % 0 01

3.4. So sanh cac két qud binh sai

Céc thuat toan khac nhau déu cho cing
két qua trén vector an s6 X va dang toan
phuong ¢. Riéng ma tran hi¢p phuong sai cua
an sb, ta co

a) Thuat toan Carlson

V2 V6 VByvz o ) (311
S IR I
6 V3|6 6 1
U=l © 5 S |5 3 %17 ! 3]7Qu=Q
V3| V3 V3 43 3
o o 2= =
2 )6 3 2 4
b) Thuat toan U-D
P R 311
2 3|2 1 00| |4 2 4
2 2 1 1
U(A)DWU(L):OlgogoElo: 1§:Q
4\3 3 4

Vay két qua binh sai theo tit ca cac thuat
toan 14 hoan toan dong nhét véi nhau.

4. Két luan

Chung t6i da tém tat cac quy trinh tinh
toan binh sai truy héi truyén théng, thuat toan
T-T va céc thuat toan cin bac hai gom Carlson
va U-D.

Thuat toan Carlson tuong ty nhu thuat
toan T°T, chi khac nhau & cac tinh lap ma tran
U (hay T™). Chung t6i da dan dét ra cong thirc
truy hdi va chuong trinh tinh 1ap cho ma tran
U. Tuy nhién viéc so sanh nd véi phép bién
d6i xoay Given trong thuat toan T-T can phai
c6 nhirng nghién ctu thém nira.
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Nghién ceiu

So voi thuat toan Carlson va T, thuat
toan U-D c6 wu diém Ia khéng phai thyc hién
phép khai cin nao. Diéu nay c6 thé gilp thuat
toan tdt va én dinh hon vé& mat tinh toan s6. V&
mat 14p trinh, thuat toan U-D tén bo nhé hon
vi can duy tri thém 1 day dé giir cac phan tur
duong chéo ctia ma tran chéo D.

Chdng tdi dung mot mang ludi thity chudn
khép kin dé kiém tra tinh ding din cua céc
thuat toan. Cac thuat toan da néu déu cho cling
két qua binh sai.Q
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Application of square root algorithms to sequentially adjust geodetic networks

Nguyen Ngoc Lau, Ho Chi Minh City University of Technology, Vietnam

Nguyen Thi Thanh Huong, Institute of Geodesy and Cartography, Vietnam

To adjust the geodetic networks effectively by computer, people often apply the algorithm
of recursive/sequential adjustment. Of which the most commonly used is the Q algorithm. The
Q algorithm maintains iterative computation on the symmetric variance-covariance matrix,
which is considered to be sometimes difficult in numerical computations and reduces the
accuracy of adjusted results. This paper has studied square root algorithms with better numerical
stability and applied them to geodetic network adjustment. Based on the derived algorithms, we
have designed MATLAB programs to use the least amount of computer memory, and use an
illustrated example of a leveling network to demonstrate their correctness.O
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