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DUNG CHUONG TRINH BINH SAI LUGI PO GOC - CANH
PE XU LY SO LIEUPO LECH TUYEN

Pao Xuin Lic
Trung tdm Nghién ctru ing dung cdng nghé xay dung-Trudng PH Bich khoa -PHQG-HCM
(Bai nhdn ngay 8 thdang 9 nam 200, hoan chinh sita chita ngay 03 thdng 9 ndm 2003)

TOM TAT: Bai bdo trinh bay xit Iy sé'ligu do l¢ch tuyén theo phuong phdp do goc
nhd bdng chitong trinh binh sai ludi do géc-canh. Két qud khdo sdt, tinh todn cho cdc so db
do toan tuyén, tuyén tudn ty va phdn tuyén cé dj léch so vdi cdc cong thitc thuong ding
trong pham vi sai s& trung phuong xdc dinh gid tri léch tuyén.

1. PAT VAN BE:

Khi x¥ 1y s6 liéu do 1éch tuyé&n ,diéu quan tdm bac nhat 12 tri 1éch tuyé&n va do chinh
xé4c xdc dinh né. Trudc diy, tuy theo so d6 do ma 4p dung cdc cong thitc khdc nhau, viéc do
géc nhdé ding may kinh vi quang hoc chinh xdc, s8 liéu dugc ghi vao sd do, nay véi viéc ra
ddi nhiéu loai mdy toan dac dién t c6 do chinh xdc do géc va do canh déu cao va dic biét
céc s0 liéu do déu luu trif trong mdy, nén néu ding dugc cdc phan mém binh sai 1u6i do
gbc-canh (thudng cdc phan mém nay di kém vdi mdy toan dac dién tl¥) d€ xit 1y s6 liéu do
1&ch tuyé€n, ma vin ddm bdo d6 tin cdy, thi hiéu qua cong viéc s& tang lén.

2. XU LY SO LIEU PO LECH TUYEN THEO CAC CONG THUC THUONG AP DUNG
A. X@ Iy s6'liéu do toan tuyén:

Hinh 1
Xét hinh 1 ,khi do 1éch tuyén diing phuong phédp do géc nhé theo chiéu thuén, trudc

h&t mdy kinh vi chinh xdc dit tai O, bdng ngdm ¢ dinh dat tai n+1, sau khi dinh huéng ,do
cdc géc nhd By, Ba,-..., hop bdi hudng chuin 0 — (n+1) véi cdc huéng 0— 1,0 - 2,.., 0 — n.
Né&u goi khodng cich giita diém 0 v6i 1, 2,...,nla 1, I ,.., I, thi cho diém i, gi4 tri 16ch
tuy€n dudc tinh:
g, =l.sinf . (1)
Néu goi sai s6 trung phuong do géc B 1a my, thi:
2

m
m; =1}.cos’ # .—%-, khi B nhd thi cos S~ 1
P

S . 0
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va trong sd tri 1éch tuyén dugc tinh nhu sau:
2

P
P=—«+ .
? mf,.lf S
Vi chiéu do nguge ,m4y kinh vi va bing ngdm c6 dinh tai diém 0 va n+1 thay ddi

vi tri cho nhau, vdi cdch suy ludn tuong ty. Ta c6:

q; =1,.sin B3, (4
2
P
= 5
: mj.lf & =

Tir k&€t qud do di va vé, tinh tri trung binh trong s6 gid tri I&ch tuyén:
— P.g,+Pg,
g L AL (6)
o BB
Gid tri q_icé trong s8 F, =P + P, nén sai s trung phuong trj trung binh trong s8 qT, la:

o o g ld; o

©p SO

Gi tri dich chuyén theo huéng vudng géc vdi tuyén giita chu ky K-1 va K 1a higu gia tri
—K —K-l . " _ < = i i ”
g, va q, ,con saisé trung phuong clia né (cdc chu ky do c6 sai sd do goc my) dudc tinh

theo cdng thuc [2]:
m Il
Mo = B (8)

p It +1? ’
B. Xi¥ Iy so liéu do phan tuyén:
a. Khi diém dau va cudi tuyén khong nhin thdy nhau, tuyé&n chinh dugc phéin ra nhiéu tuyén
nhé 0-2,1-3,2-4,3-5,4-6,5-7,6-8 (hinh 2) sau d6 tuong d6i véi cdc tuyén nhd, xdc dinh céc gid
tri léch tuyén A; (theo chiéu do di) va A’; (theo chiéu do vé). Céc gid tri Ar, A’} va trung
binh trong s clia chiing tinh theo tinh theo (1)- (6). PE tinh tri 1éch tuyén g wuong doi voi
tuy&n chinh tir diém 0 dén diém n+1 ,gidi hé phuong trinh tuyén tinh sau [1]:

[
q, —Q2-_0‘,1_“‘A1 =4
0,2
lys L
— ‘_.'___ __'_—A =0
qd, — 4, 11.3 q; ll.3 2 )

i i Liovy Rl
Qi—qi—l'l _qj+1-—_A°—0

i=1,i+1

-------------------- T T T T T T YT

ln o+l
qn—qn—l' __An=0
In—l.u +1
b. Khi diém diu va cudi tuyén thong huéng (d€ minh hoa 18y vi du tuy€n c6 7 diém cin quan
tric ): TruGe hé&t theo tuyén 0-8 xdc dinh gi4 tri 1éch tuyén cho diém 4. Ti&p theo tuong doi
v6i tuy&n 0-4 va 4-8 xdc dinh gid trj l&ch tuyén A, vd Ag cudi cing theo tuyén 0-2, 2-4, 4-6,
6-8 xdc dlnh Al, A3, As, A’].
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/X'L;, _-.-/-m -_“—‘17
= \a'—-\4 o . /
- /”‘—/ 4 ™ WAy,
4 ¥4
-\,_
q, ds 4 g O
0 i ==, B
Hinh 2

Xét cdc tam gidc dong dang v6i cdc gia tri 1éch tuy€n A; vudng géc vdi tuyén chinh
0-8 va do cdc gid tri 1éch tuyé€n q; bé nén dé dang di d€n cdc cong thifc tinh gid tri 1éch

tuy€n q; tuong d6i vdi tuyén chinh 0-8:

q, =4,
Iy
gy =, +A4.EQ—2—
0-4
- la-s
lys
l l
g, =48 +A, 2+ A
Io-z 10-4
—=A 13;4 £°:l
s =Dy + Ay 4N,
by ly_q
sk IS-B 14-5
gy =By ¥ Ayt B
4-8 14—6
=A [7—8 li'_-s
g, =4, +A,.—+A,.
4-8 I!’6—8
Trong trudng hop do vé tudng tf ta c6:
‘?:1 = Aia
. L
g, =A,+A, 2L
oy
[ L] I_s
g = D5, tBy—
lys
i 4
g =K, + 8, L4 A, 201
Iy, los
g, =A; + A, ﬂ+A4.l°—‘3
2-4 10—4
A : '5_-8 14—5
4-8 I14-6
A IL-S_ ' 17_-3
q; 7 +A4, +A4Ag
4-8 16—8

(10)

(1)
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Tir cdc cong thifc trén theo cong thifc tinh sai s6 trung phudng cia ham vdi cdc bién
1a Ajva A, tacé m, va m . suy ra P;va P/, cudi cung 18y trung binh trong s& gitra do di va
: i

vé theo (6) va sai s trung phuong cia tri trung binh trong s6.

™~

3 D \
S /
) FAV \K\ f_\.s/\
P J\ ‘\5 RN
R g
R -,

B
|

k;[ ’—‘_‘-“_‘ \\\
K\‘\
1, q, q, q, _ RN
n 8
Hinh 3

C. X1t Iy so liéu do tuyé&n tuin ty:
~ Theo sd dd do nay, khi do di , mdy kinh vi dit tai diém 0, bdng ngdm c¢d dinh dit tai
diém n+1, theo tuyén 0-(n+1) do A, ti€p theo mdy ddi dén diém 1, do tri 1&ch tuyén A,
twong doi v6i tuyén 1-(n+1), cif thé d&€n tuyén cudi n-1 d€n n+1 do tri léch tuyén A ,. Theo
chidu do v& mdy va bang ngdm thay ddi vi tri cho nhau . Ung véi vi du trén hinh 3 ta c6
caccdng thitc tinh nhu sau:

Khi do di:
q, =4,
s
, =22 A +A,
ll—S
g, = A 1B A s, (13)
1-8 2-8

1 1

gyi= i_?i'A‘ +l’—““.A2 + bog A, + i"s A+ lH A+ A+ A,
1-8 2-8 3-8 4-8 5-8 6-8

Trong trudng hgp do vé:

g, =4,
L =le 4 A
Qs = g 6
0-7

N
B B R

0-7 0-6

l
_l
l

ds =

(14)

' ' , L e
g = lo- A, + ho Noa ;"“ Ay #=ml g = Ay lo_l Ay +4,

0-7 0-6 0-5 0-4 0-3 0-2
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D6 chinh xdc xdc dinh A, vd A, dudc coi nhu nhau, néu khodng céc gifta cdc diém
1éch tuyén gin biing nhau:
"
i, Sl g
p n
Trong d6 L- 1a chiéu dai tir di€m diu dén di€m cubi tuyén;
n- s6 doan trén tuyén .
Theo phuong phdp nay sai so trung phuong xdc dinh tri 1éch tuy€n khi do di va vé
khdc nhau va c6 trong s6 1a P, va P,
Vi du cho diém 1 & so db trén
m, =m;
P A s g
m =m§[ Sy by gy g
: lO-T 10—6 IO-S 10-4 [0—3 10—2
Trong s0, tri trung binh giita do di va vé tinh theo (3) - (6)
Nhu vdy, vdi so d6 toan tuy€n, phan tuyén, tuy€n tudn wr dwa vao cich phian tuyén
va s0 lugng di€ém can quan tric ma s dung cdc cong thic tinh khdc nhau, cic cong thic
danh gid dd chinh xdc khédc nhau.

3. XU LY SO LIEU PO LECH TUYEN BANG CHUGNG TRINH BINH SAI GOC-CANH.

TruGe hét phdi quan niém réng, tat cd cdc di€m quan tric gid tri 1éch tuyén va cdc
di€ém dau va cudi tuyén (thudng do 6n dinh cdc di€ém nay dudc phén tich qua sy thay ddi toa
do clia ching trong 1udi ki€m tra) tao thanh Iu6i quan tric 1&ch tuyén (qtlt). Ludi nay, trong
moi chu ky do, dugc binh sai v6i vdi 2 diém goc 12 di€ém ddu va cudi tuyén, ma toa do gdc
clia ching dugc 18y tr k&t qud binh sai lu6i kiém tra. Né&u trong Iu6i quan tric 1&ch tuyén
géc dudc do chinh xdc con canh chi bi€t gan ding, thi k&t qua binh sai chiing ta chi quan tim
dén gid tri 1éch tuyén ma thoi. Néu cd géc 14n canh déu do d6 chinh x4c cao thi k&t qua,
ngoai viéc nhin dugc gid trj 1éch tuy&n cdn nhan duge d6 chuyén dich doc theo tuy€én.

Vi trong ludi qtlt do cdc géc va cdc canh nén cdc phuong trinh hiéu chinh duge lap
cho géc va canh c6 dang sau :
a. Phuong trinh s6 hiéu chinh canh do tit diém xdc dinh i d&€n diém xdc dinh k

Vi ==, 0, —d, oy, +c,0x, +d, 0y, +1, (15)
¢y = —cosay,d, =sina;
L = S.?k - Siio ’

V6i S; va S& 1a canh tinh theo toa d gin diing diém i, k va canh do.

Trong dé

b. Phuong trinh s8 hiéu chinh géc do.
Géc f; tai diém i 12 hiéu gid tri hai hudng do (hudng phéi trir hudng trdi theo chiéu kim
ddng hd). Nén phudng trinh hiéu chinh géc do c¢6 dang ::

o _(a"" il a‘f)ax" i (b"’f - )‘3’:‘ +ay 0%, + b, 8y, —aydx; —bdy; +1, (16)
- 0 u
Trong dé a, =M;b;‘k - p-cosa, :
Sﬁ S‘*
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Véi I, = B° - B trong d6 B°- géc tinh theo toa do gin ding ;

&x,,8y,,6x,,0y, - s0 hiéu chinh vao toa d6 gan ding x7,y;,x;,y, (né€u chon hé truc
toa do co truc y tring vé&i tuyén, thi 8x 12 trj 1éch tuyén con 8y 14 tri dich chuyén doc theo
tuyén ).

Pé 1ap trong s6 cho cdc tri do, chon sai s8 trung phudng do géc 1am sai s§ don vi
trong s0, nhu vay:

Pp=1 , ps=m’ym’ (17)

Nhu vAy, néu goi ma trdn hé s6 phuong trinh s6 hiéu chinh 13 A, ma trin dudng
chéo trong 8 tri do P, ma tran c6t s& hang ty do phudng tinh s6 hi&u chinh 1, ma trin c6t 4n
6 68X, ma trdn cot s6 hidu chinh V, thi dé tim 6X dudi diéu kién V'PV=min , ta c¢6 phudng
trinh 56 hiéu chinh va phudng trinh chuédn sau :

V=A8X +l (18)
ATPASX + APl =0 (19)
Ky hiéu N=ATPA, L=A"Pl tac6 N&X=-L,suyra 8X=-N'L (20)

T

Sau khi tim dugc 8X tinh dugc V, con sai s8 don vi trong s8 p =mp= va sai

s8 trung phuong mgx= n+/0,, , v6i Qu 12 céc phén tf trén dudng chéo ma trin N

Nhu vy vdi phuong phép binh sai 1udi do géc canh c6 thé gidi quy€t viéc xi 1y tat
cd cdc so dd do 1éch tuyén khdc nhau kém dénh gid do chinh xdc.

4. KET QUA TiNH TOAN, KHAO SAT:

Dé khio sét, chiing t6i 14p 2 md hinh, md hinh 1 gdm tuyén c6 chiéu dai 150 mét, do
g6c nhé xdc dinh tri 1éch tuyén 3 diém trén tuyén theo so db toan tuyén va phén tuy€n
muc a, géc do véi dd chinh xdc 17, khodng cdch gﬁn ding vdi do chinh xdc 2-3 cm,
S0.1=30 m; Sp»=75 m; Sg3=105 m. M0 hinh 2 gém 9 di€ém v&i chiéu dai tuyén 240 m, trén
tuy&n ¢6 7 diém cdch nhau 30 mét. Géc do vdi dd chinh xdc 27, sd d6 do theo phan tuyén
muc b va tuy&n tudn tw, cic canh bi€t chiéu dai gan ding vdi d6 chinh xdc 2 cm.

M&di md hinh dudgc tinh todn theo cdc cong thifc thong thudng va theo hai chuong trinh
binh sai géc —canh : Liscad plus clia hing Leica va LT.for do ching t6i viét. Cdc két qui
tinh ¢ va my (don vi mm)cho cdc mo6 hinh va qua céc cdch tinh khdc nhau thé hién trong cic
bang dudi day:

a. Mb hinh 1 —do toan tuyén

Géc 4.0.1. 4.0.2 4.0.3 04.1 0.4.2 04.3
B 359°42°48.7 | 359 55 25.0 | 359 55 44.6 9’ 56.8” 4%34.3" 4 17.8”
stt (1) (2) (3) Ghi chid

Ql Mg 92 my q3 Mg

1 150.1 |0.14 | 1499 |[0.18 1498 |0.19 (1) theo cdc cdng thitc muc 2
L 99.9 .25 199.7 0.26 99.8 0.28 (2) theo Liscad-plus
3. 130,2 1020 1303 | 021 130.3 1022 (3) theo LT.FOR

b. M5 hinh 1 —do phén tuyén a, -

Tén géc Goéc do Tén goéc Gdc do Tén goéc G6c do

2.0.1 3594723 4.2.3 339 51 38.7 3.1.2 0256.1
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0.2.1 0.824.0 243 05226 3 3.2 3595535.8
3.1.2 02546 2.0.1 35947229 423 359 51 58.7
1.3.2 359 55 38.5 021 08229 243 05226
stt (1) (2) (3) Ghi chui

(Ll Mg q2 Mg Q3 Mg

150.0 |0.20 | 149.8 |0.25 150.1 | 0.26 (Dtheo cdc cong thifc muc 2

100.0 |0.31 |99.5 0.36 99.1 0.35 (2) theo Liscad-plus

130.0 |0.26 | 129.8 |0.22 129.7 10.24 (3) theo LT.FOR

.c. M hinh 2 —do phén tuy€n b,

Tén géc Géc do Tén goc Géce do Tén goc Géce do
4.0.2 01486 8.4.6 35958 35.1 6.4.5 00141.8
0.84 04230 4.8.6 01270 4.6.5 35958 21.0
8.0.4 359 55375 2.0.1 01397 8.6.7 35956179
4,23 35957026 0.2.1 35958 19.3 6.8.7 003448
24.3 0313 04.2 35958 12.7

stt (1) 2) 3) Ghi chi
1 q' My q2 Mg q Mg
1 8.010.35 .9 0.20 8.1 0.25 | (Dtheo céc cdng thifc muc 2
2 45.00.58 45.3 0.35 45,2 0.42 | (2) theo Liscad-plus
3 125.0 | 0.67 | 1253 0.50| 1253 0.55 | (3) theo LT.FOR
4 152.810.82 | 1529 0.60 | 1529 0.68
5 112.6 | 0.67 112.6 0.50 | 112.7 0.56
6 101.4 | 0.58 101.3 0.35| 1013 0.40
7 83.2 1 0.35 83.1 0.20 83.1 0.24
d. M6 hinh 2 —do tudn g

Tén goc Géc do Tén géc Gdc do Tén géc Gdc do
8.0.1 359 595.0 8.5.6 3595659.2| 0.6.5 003 16.0
8.1.2 359 5538.0 8.6.7 '3595617.9| 054 007 12.5
8.2.3 35949 58.4 0.8.7 00932.0| 043 001149
834 359 53 57.0 0.7.6 00329.0| 032 35955325
8.4.5 00013.8 3:2.1 359 58 20.3

Stt (1) (2) (3) Ghi chu

1 q] Mg q2 My q3 My

1 8.00.23 8.0 0.30 8.1 0.32 | (1) theo cac cdng thitc muc 2
2 45.0 1 0.28 45.0 0.33 45.1 0.35 | (2) theo Liscad-plus

3 125.5 ]| 0.31 125.4 0.35| 125.5 0.37 | (3) theo LT.FOR

4 153.2 1032 | 153.1 040 | 1532 0.42

5 112.9 | 0.31 112.9 033 1128 0.37

6 101.50.28 | 101.5 032| 1014 0.35

7 83.210.23 83.1 0.30 83.1 0.32
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So sdnh cdc gid tri 1éch tuy&n nhan dugc tiY cdch tinh theo cdc c6ng thifc kinh dién va
theo hai chuong trinh binh sai géc-canh : Liscad plus va LT.FOR, chiing ta nhin thdy ring
cdc trj 1éch tuy€n nhan dugc cho cdc diém quan tric chi 1éch nhau trong pham vi sai s6 xdc
dinh chiing. Tri sai s0 trung phuong x4c dinh 1&ch tuyén theo céc phuong phdp tinh trén ciing
c6 do hoi tu cao. Tir ddy c6 thé thdy riing viéc xif Iy do 16ch tuyén theo céc sd dd do toan
tuy€n, phan tuyén hay tuy€n tudn t , béing cdc chuong trinh binh sai géc —canh hoan toan
ddm bdo do tin cdy, nhdt 12 khi cong nghé do hién nay ciing lic do goc va do canh véi do
chinh xdc cao va ngoai viéc yéu cau xdc dinh tri 1&ch tuy&€n cdn xem xét bi€n dang cong
trinh doc theo tuyén.

Viéc st dung cdc chudng trinh binh sai géc —canh khéng nhitng ddp tng nhu ciu x&
Iy s6 liéu do 1¢ch tuyén ma c6 thé ding dé udc tinh d6 chinh x4c tri 16ch tuy&n khi thiét
k€& ludi quan trac 1éch tuyén.

THE PROCESSING OF DISALIGNMENT MEASUREMENTS BY USING
GEODETIC NETWORK ADJUSTMENT PROGRAM

Dao Xuan Loc

ABSTRACT: This paper presents basic theory to process disalignment measurements
by using geodetic network adjustment program. For two modeling examples, the results from
this method have small deviation compared with well-know formulae. This deviation is
acceptable since it is smaller than one-sigma of disalignment.
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