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THUAT TOAN T THUAN TRONG XU LY TOAN HQC
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Lwong Thanh Thach

Truong Pai hoc Tai nguyén va Moi truong Ha Noi

Tém tit

Xir Iy todn hoc (binh sai) cdc mang ludi trac dia la ndi dung co ban va quan
trong cua cong tac do dac va ban do. Dé thuc hién cong viéc nay, hién nay co nhiéu
phuwong phap khac nhau. Bai bao nay dé cdp toi sw dung thudt toan T thudn la mot

trong cdc thudt todn binh sai truy hoi.
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Abstract

Apply the T recurrent algorithm to the adjustment of geodetic networks

Geodetic networks mathematics processing (adjustment) plays an important role
in surveying and mapping. A number of methods enable to solve this problem. The
paper deals with the T algorithm, which belongs to recurrent adjustment methods.
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1. Pit van dé

Phuong phap binh sai truy hoi voi
phép bién doi xoay Givens (thut toan T
thuan), dugc Ha Minh Hoa phat trién trén
nén tang cua phuong phép binh sai truy
hdi (thuat toan Q) do Markuze (1986)
dé xuat voi muc dich dua cac tri do vao
tinh toan truy hoi dya trén co so str dung
ma tran tam giac trén 7, thém vao do ma
tran tam gidc trén 7 lién hé voi ma tran
chuin R theo biéu thic R=T".T. Pic
trung co ban cua thuat toan 7 thuan la
tinh truc tiép ma tran tam giac trén 7 tir
hé phuong trinh sb cai chinh ma khong
can thong qua viéc lap hé phuong trinh
chuan. Véi dic diém néu trén cung voi
tinh chat ctia phép bién d6i xoay Givens
1a phép bién ddi truc giao nén viée tich
lity sai s6 1am tron trong qua trinh tinh
toan la nho bo qua.

Bai bdo nay nghién ctru co sé ly
thuyét va tién hanh chimg minh bang
thuc nghiém cua thuat toan 7 thuan dé
xur 1y cac mang ludi trac dia.

2. Giai quyét van dé

2.1. Ly thuyét phép bién déi xoay

Ly thuyét cia phép bién dbi xoay
dugc trinh bay trong tai li€u [4]. Theo
do, gia sir trén mat phang Oxy khi xoay
vecto a(x, y) di mot gée a, cac toa do x,
y cua di€ém a s€ thay doi thanh (x’, y’)
duogc tinh theo cac cong thuec:

X'=x.cosa — y.sina

, ) (1.1)
y'=x.sina + y.cosa
chung ta dat ma tran:
cosa —sina
H = { ) } (1.2)
sina cosa

duoc goi la ma tran xoay voi goc
xoay o. Ma tran H 1a ma tran vuong goc
thda man tinh chat:

H".H = Ey (1.3)
voima tran £, , lama tran don vi 2x2.

Lac nay, bai toan dat ra 1a tim goc

a sao cho tung d0 y’ cua vecto a’(x’,
y’) bang 0. Phép bién doi dua a(x, y) vé
a’(x’, 0) dugc goi 1a phép bién doi xoay.
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Tur hé phuong trinh (1.1) khi dat y’=0
chung ta co:

x.sing + y.cosg =0 (1.4)
Mot trong cac nghiém cua (1.4) co6 dang:
cosa =; sing=-2
o day
f=E"+)7) (1.5)

Phép bién doi xoay trinh bay trén
dugc dé xuat bai Givens (1954) dé bién
d6i ma tran ddi xing vé dang ma trin
3 duong chéo khi giai hé phuong trinh
tuyén tinh v6i viéc xac dinh dong thoi
cac gia tri riéng cua ma trdn nén con
duogc goi 1a phép bién ddi xoay Givens.

Trong thyc té 4p dung phép bién
d6i xoay Givens, chiing ta thay ma tran
H & dang (1.2) boi ma tran H ¢ dang
ma&i nhu sau:

L _[c -5
|5 | (1.6)

va thay cho (1.5) str dung cong thurc:

1.7
I I (1.7)
Khi do h¢ (1.1) c6 dang mai nhu sau:

c=2, Y

xX'=Cx—-S8.y
(1.8)
y'=Sx+C.y
Ma tran H (1.6) thoa mén tinh chat
(1.3). Pé 4p dung phép bién doi xoay
Givens trong phép bién ddi ma tran ddi
xtmg x4ac dinh duong thanh ma tran tam
giac, chung ta biéu dién ma tran ddi
xtng xac dinh duong R dudi dang sau:
R=R+pZ"Z (1.9)
0 day R—ma tran doi xtmg xac dinh
duong, Z - vecto, f 1a mot s6 duong.
D6i voi ma tran dbi xtmg xac dinh
duong ludn ton tai phép khai trién tam
giac duy nhét theo phuong phap Cholesky.
Diéu nay ¢ nghia chiing ta ludn co:

R=T'T;, R=T'T (1.10)
& day T va T 1a cdc ma tran tam
giac trén.

Luu ¥ (1.3) va (1.10) c6 thé viét lai biéu thie (1.9) dudi dang sau:

T T
R=[":0]|- |=[r":yB.27]
0 JB.Z
Biéu thuc trén goiv}'l c,ho Yiéc su
dung ma tran xoay H dé bién doi hang
cudi cung £ = \/E .Z clia ma tran phuy:
T T
= e s (1.11)
\/E-Z £®

thanh hang gém toan s6 0. Khi
do6 ching ta s€ nhan dugc ma tran phu
bién doi

BO _

T

B=HB" =|... (1.12)
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“lripz’ e A,

T

JFz

v6i ma tran tam giac trén 7 nhan
duoc thoa mén biéu thac T™.T = R.

Nhu vay, phép bién ddi Givens cho
phép nhan duoc tryc tiép ma trin tam
giac trén T thay vi phai bién ddi ma tran
chuin R theo phuong phap Choleski.

=B" H'"HB

Uu diém coa phép bién doi xoay
so v&1 phuong phap Gauss va Cholesky
trong viéc giai hé phuong trinh chuén 1a
viéc han ché sy tich Iity cua cac sai s6 lam
tron. Ngoai ra phép bién dbi xoay con cho
phép st dung k¥ thuat ma tran thua trong
qua trinh binh sai mang ludi tric dia.
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2.2. Co 56 ly thuyét ciia thudt todn
truy hoi T thudn

Khi tng dung thuét toan 7' thuan dé
thyc hién tinh toan, ching ta chip nhan
ma trin tam gi4c trén ban dau c6 dang [4]:

I, =10"E,, (1.13)

& day m >> 0 - s6 rat 1on (s6 m
thudng nhan bang 6); E i - Ma tran don
v1 bac k.

Goi R, - ma tran chuan dugc lap
boi cac phuong trinh s6 cai chinh cua
(i— 1) tri do dau tién. D6 voi (i — 1) tri
do dau tién chung ta c6 hé phuong trinh
chuan:

R _,.0X,,+b_,=0 (1.14)

Khi giai hé phuong trinh chuan
(1.14) theo phuong phap Choleski,
ching ta s€ nhian dugc 2 phuong trinh
bién d6i twong duwong & dang:

LY, =-b.;
T 1-6Xi—1 =Y,

i—

(1.15)

¢ day, Y, - vecto cac s6 hang tu
do dugc bién doi cua hé phuong trinh
chuin nhan dugc sau khi dua vao tinh
toan (i — 1) tri do dau tién, T - ma tré}n
tam gidc trén nhan dugc tr phép trién

Aq)i = cDi _q)i—l = [PVV]i _[PVV]i—l = E-(XE'O) )2 - YiT Yz + Yzil 'Yi—l

Pé thyc hién binh sai truy hoi theo
thuat toan 7, ngoai ma tran ban dau
T, duoc chon theo cong thue (1.13),
chiing ta nhén Y, la vecto 0, vecto hang

£ —((Pa, M BA)

Khi d6 ma tran phy ban dau B c6
dang:

50 _ [IO"".EM 0

T
JP a, —\/Fi.k(io)] B Lz(m ]

Bﬁng cach 1an luot dua n tri do
trong mang ludi trac dia vao tinh toan
binh sai truy hoi theo nguyén tic trén
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khai R_, =T!.T_ theo phwong phap
Cholesky.

Khi binh sai mang lu6i tric dia
theo thuat toan 7' thuan, chung ta nhan
duoc ma tran tam giac trén 7, vecto
cac s hang tu do duoc bién d6i Y va
tong ®d=/PVV]. Qua trinh tinh toan
truy hoi tri do tht i 1a y, v6i phuong
trinh s6 hiéu chinh v, =a,.0X +A,
trong s6 P, ma tran h¢ ) a; $6 hang
tw do 1Y =(X,)—y,; vecto cac 4n sb
gﬁn ding -X, dugc thuc hién theo cac
nguyén tic sau:

, Nguyén tac 1. Khi thyc hién phép
bién do1 xoay Givens v&i ma tran phu:

B Ti—l Yi—l 1.1
“\WBa, —ypa0| (1O
chung ta s€ nhan dugc ma tran phu
bién doi:

= | Y
B =
AD,

¢ day T’ - ma tran tam giac trén lién
N ) A A T
hé voi ma tran chuan R, =R, +a; Pa,
e 1os A R =TT T. 4.
boi bicu thue 4 =4, -1; véi dai lugng:

(1.18)

(1.17)

ching ta thyc hién xong qua trinh binh
sai truy ho1 mang ludi trac dia theo phép
bién do1 xoay.

Nguyén tic 2: Néu tri do v, latri do
du thi c¢6 thé kiém tra sy c6 mat cua cac
tri do tho theo s6 hang tu do:

A=t Y+ (1.19)
trén co sO so sanh no véi gidi han:

(%), =3.004/g; (1.20)
¢ day vecto ¢, dugc xac dinh theo
cong thuec:

Tt =a (1.21)
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trong sb dao g cua s6 hang tu do A,
duoc xac dinh theo cong thuc:
g =P+t 1, (1.22)
Trong sb dao g cua s6 hang tu do 4,
dua trén phuong phap binh sai truy hoi
c6 dang:

el T
gi_B ta,.0,.q

Luuy O, =R, =TT vabidu
thic (1.21), tir biéu thtc trén suy ra
cong thuc (1.22).

Nguyén tic vira xem xét & trén 1a
co s& cua viée kiém tra sy c6 mit cua
cac tri do tho trong qua trinh binh sai
truy hoi theo thudt toan 7" thuan.

3. Thuc nghiém

hy 1
h2

h
Fa >

3

Hinh 1: So do luéi d cao tric dia diing
tinh todan thuc nghiém

Pé luan ching cho co so 1y thuyét
bai toan trén, tién hanh tinh toan thuc
nghiém mot mang ludi do cao trac dia

sau [1]:

Cho luéi d6 cao nhu sau:

So liéu goc:

HA

=12.000 m

S4 lidu do duoc cho & bang 1 sau:

Bing 1. Théong tin sé liéu do

STT Chénh cao do | So tram may do
h. (m) n,
1 +1.935 15
2 +5.351 30
3 +2.921 10
4 +4.853 10
5 +2.432 25

3.1. Thue nghiém binh sai truy hoi

Tinh d¢ cao gan dung cua cac diém

1,2, 3:

H' =H,+h =13.935m

H,
HY,

H, +h +h =19.286 m
H, +h,=16.853 m

Hé s6 phuong trinh sé cai chinh,
trong 36, sO hang tu do duoc théng ké &

bang 2 sau:

Bing 2. Cic hé so, trong sé va sé hang tw do ciia hé¢ phwong chinh sé higu chinh

30 S6 hang tw do
STT dH, dH, dH, Trong so P; = Z /.Il.(rgn).
1 1 0 0 2 0.000
2 -1 1 0 1 0.000
3 -1 0 1 3 -0.003
4 0 0 1 1.5 0.000
5 0 1 -1 1.2 -0.001

Lan luot thuc hién dua cac tri do tir 1 dén 5 vao tinh toan truy hdi, mbi trj do

thue hién bién d6i xoay k = 3 1an. Két qua cua qua trinh tinh binh sai truy hdi cia 5

tr1 do dugc trinh bay & cac bang sau:

Bing 3. Ma trdn phu ban diu B®

0.000001 0 0 0
B0 _ 0 0.000001 0 0
0 0 0.000001 0

1414214 0 0 0
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Bing 4. Ma trgn phu bién doi cuéi ciing B,

Nghién cuu

2.449490 -0.408248 -1.224745 -0.003674
B 0.000000 1.425950 -1.192188 -0.000210
3 0.000000 0.000000 1.666940 0.001829
0.000000 0.000000 0.000000 0.002304
Bing 5. Ma trdn tam gidc dwoc bién doi cudi cing T

2.449490 -0.408248 -1.224745

T = 0.000000 1.425950 -1.192188

0.000000 0.000000 1.666940

Vecto céc sb hang tu do duoc bién d6i
L =(-0.003674 -0.000210 0.001829)"

Nghiém cua bai todn dugc xac dinh theo cong thurc sau:
SX =T7".L =(-0.0008 0.0008 0.0011)" (m)

Két qua sau binh sai dugc thdng ké & bang 6.

Bing 6. Két qud sau binh sai

N P cao gan diing | So hiéu chinh | D) cao sau binh sai D§ chinh xac
Tén diém
(m) (m) (m) (m)
1 13.9350 -0.0008 13.9342 0.0014
2 19.2860 0.0008 19.2868 0.0021
3 16.8530 0.0011 16.8541 0.0014
4. Két luan TAI LIEU THAM KHAO

- So sanh két qua sau binh sai tir
bang 6 véi két qua binh sai theo thuat toan
Q duoge trinh bay trong tai ligu [6], thiy
rang hai phuong phép (thuat toan T thuin
va thuat toan Q) cho két qua nhu nhau.

- Khi mang luéi c6 nhu ciu phat
trién mo rong, nghia 1 bo sung cac diém
méi. Luc nay, ching ta hoan toan co thé
str dung cac tri do méi cung vai céc tri do
cii dé binh sai lai toan bd mang ludi. Tuy
nhién, cach lam nay s& 1am thay d6i gia tri
(toa d0, dd cao) cuia cac diém khdng ché &
giai doan trudc - diéu nay khong pht hop
véi quy dinh vé do dac. Do vay, van dé dat
ra, hoan toan co thé st dung cac két qua
binh sai ciia mang Iudi ¢ giai doan trudc
duoc luu dit trong CSDL két hop véi cac
trj do méi d¢ tién hanh binh sai x4c dinh
cac diém thudc mang ludi mé rong. Vén
dé nay can tiép tuc dugc nghién ctu.
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