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TGM TAT

Binh sai diéu kien |a mat trong hai phrong phap binh sai dugc ap
dung dé xir Iy sd lieu luai trdc dia. Vi vay vieo st dung cang thirc
phén &nh ding co s& toan hoc cia phuong phép |3 diéu rét quan
trong. Tuy nhign, mat sd tai lieu tham khao vé phuong phap nay
vn chua thé hign chinh xac diéu da. Trong bai bao tac gid phan

tich va dua ra cang thirc chinh xac cia phureng trinh digu kign s

higu chinh toa dd, ciing nhu thang qua céng thirc nay dé xr y ludi
duang chuyén phi hop. Két qua ching ta réng cang thirc da dua
ra la hoan toan chuén xac.

Tir khéa: Binh sai diéu kién; binh sai ludi tréc dia; xir Iy sd ligu
tréc dia; tinh toan binh sai, Iy thuyét binh sai.

ABSTRACT

Conditional adjustment is one of the two methods used to
process geodetic data. Therefore, it is crucial to use a formula
that accurately represents the mathematical foundation of this
method. However, some references fail to accurately
demonstrate this. In this article, | analyzed and provided the
precise formula for the condition equation of coordinate
correction, as well as utilized this formula to appropriately
process an open traverse network. The results demonstrate
that the formula provided is entirely reasonable.

Key words: Conditional adjustment; geodetic  network
adjustment; geodetic data processing; adjustment computation;
adjustment computation theory.

1.DAT VAN BE

DE xtt ly s6 liéu luéi tréc dia mat bang, théng thudng ching ta
van hay dung hai phuong phap binh sai: phuong phép binh sai tham
s va phuong phap binh sai diéu kién [3, 41. Méi phuang phap sé thé
hién nhiing uu va nhugc diém khac nhau. Tuy nhién, du dung
phuong phap nao dé xtr ly mang ludi trac dia thi trong mot bai toén
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chuing ta déu thu dugc nhiing két qua gidng nhau nhu: s6 hiéu chinh
vao céc tri do trong ludi, toa d6 binh sai cac diém, gia tri sai s6 trung
phuong clia cac dai lugng dugc danh gia. Sau khi xem xét va phan
tich ¢& s& toan hoc clia phuong phap binh sai diéu kién déi véi mang
lugi mat bang, tac gia da nhan thay rang cac tai liéu tham khao vé
phuong phap nay déu c6 dang phuong trinh s6 hiéu chinh toa d la
nhu nhau va chua phan anh ding véi ban chat toan hoc clia phuong
phap. Do do, trong bai bao nay, tac gia da phan tich viéc thanh lap
phuong trinh diéu kién s6 hiéu chinh toa do va dua ra cong thic ctia
phuong trinh diéu kién s hiéu chinh toa dé thu dugc déi vai mét dé
hinh 1uGi cu thé Ia ludi dudng chuyén phu hgp theo phuong phép
binh sai diéu kién. Véi phuong trinh diéu kién s6 hiéu chinh toa do
trong mét s6 dang ludi mat bang khéc sé dugc phan tich trong bai
viét khac.

2. PHUONG TRINH PIEU KIEN SO HIEU CHINH TOA PO
THEO CAC TAI LIEU THAM KHAO HIEN HANH

Theo céc tai liéu tham khdo da cé hién nay [1, 2] thi phuong
trinh diéu kién sé hiéu chinh toa dé cla lusi dudng chuyén phu
hop sé cé dang:

Phuong trinh diéu kién s6 hiéu chinh toa do X, Y nhu sau:

Y —
Zcosa Vs, — z( Cubi

l—

X —
Zsma Vs + Z( Cudi

i=1
Véi af la phu’ong vi gan dung clia canh i;

gan dung cla diém i; Wy, Wy la sai s6 khép tQa
Xét dudng chuyén phu hgp nhu hinh 1, dugc do 5 goc va 4
canh:

)(+V)+WX—0 @

)(+V)+Wy—0 (2)

X2, Y2 la toa do

Hinh 1. Dudng chuyén phi hgp
Ap dung céng thic (1) va (2) trén dé viét phuong trinh diéu
kién s6 hiéu chinh toa do cho lugi dudng chuyén phu hgp & hinh
1,ta cé duogc:
Phuong trinh diéu kién s6 hiéu chinh toa dé X:
cosag_;. Vs, + cosaf_;;. Vs, + cosap_y;. Vs, + cosafy_¢. Vs,

Yo =Y, Yo —Y0 Y. -0 Y- Y
(¥ B)V (Ye [)V (¥ “)V (¥ I”)V

o BT B o Bs o (N
+ Wy =0 3)
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Phuong trinh diéu kién s6 hiéu chinh toa do Y:
sinag_;. Vs, + sinap_y;. Vs, + sinafy_y;. Vs, + sinafy_¢. Vs,

(Xc—XB) (Xc-xP) (Xc—x) (Xc=XP1)
+ Cp,, Vg, + p,,’ Vg, + = LV, + p,,”’ Vg, +

W, =0 4
Trong doé:

Wy = XB+ZSi.cosa?—XC

i=1

4
Wy =Yg +ZS .sina? — Y,

Vi (Xc, Yo) la toa d6 goc clia diém C; (Xs, Ye) la toa d6 gbc cla
diém B

3. DE XUAT CONG THUC PHUONG TRINH DIEU KIEN SO
HIEU CHINH TOA PO

Sau day tac gia sé di phan tich qua trinh thanh lap phuong
trinh diéu kién s6 hiéu chinh toa dé cla lusi dudng chuyén tai
hinh 1 nhu sau:

Lugi dudng chuyén phu hgp nhu trén sé c6 3 phuong trinh
diéu kién, trong d6 bao gobm 1 phuong trinh diéu kién goéc
phuong vi va 2 phuong trinh diéu kién toa d6 (toa dé X va toa do
Y)[1,2].

Phuong trinh diéu kién X:

Xg + Si.cosag_; + Sy.cosaj_j; + S3.cosay_p; +

Sy.cosaj_c—Xc =0 (6)

Phuong trinh diéu kién toa do Y:

Yg + Si.sinag_; + S;.sina;_;; + S5.sinaj;_; +
Sy.sinajy_c— Y- =0 (7)

Vi S 1a chiéu dai canh binh sai, o' la g6c phuong vi binh sai.

Tu phuong trinh diéu kién (6) va (7) ti€én hanh khai trién tuyén
tinh vé dang trung gian [1, 2:

Khai trién phuaong trinh (6):
cosag_;. Vs, + cosai_;;. Vs, + cosap_p;. Vs, + cosafy_¢. Vs,

Si.sinal_, S,.sinay), Sg.sinaf_j;
" ap-1 " ar-11 " an-i

Sy sinad;_c v
p" aji-c
Khai trién phuang trinh (7):
sinag_p. Vs, + sinap_y. Vs, + sinafy_y;. Vs, + sinafy;_¢. Vs,
S;.cosal_; S,.cosal_;; S3.cosad_p;
" ap-1 " ar-ii " ap-11

+Wy =0 (8)

0
Sy.cosayy_¢ v
" aji-c
p

Vi cac goc Bi déu la cac goc ngoat trdi, ta co:

+W, =0 9)

ap_; = aup + P1-180° nén V. = Vg
aj_y = app + P +B5-2.180° nén V, = Vg, + Vg,
A = aAB +B1 +B; +P3-3.180° (10)

nén Ve = Vp, + Vg, + Vg,
! ! I 4

Aj—c = Aap +.B1 +B; + B3 + B;-4.180°
nén Va”I P VBI + V.Bz + V.33 + V4
Thé (10) vao cac phuong trinh (8) va (9) ta c6:
Phuong trinh diéu kién sé hiéu chinh toa dé X dugc khai trién:
cosap_;.Vs, + cosaj_ i Vs, + cosap_p;. Vs, + cosafy_¢. Vs,

Sy.sinal_ S,.sina
_ 21 plBlvl 2+ III(V +Vﬁz)
S sinad)
3- 11-111 (V + VB + Vﬁs)

S,.sina

— 2 ee ’”C(V + Vg, + Vg, + V) + Wy =0 1y
Phuong trinh diéu kién s6 hiéu chinh toa dé Y dugc khai trién:
sinad_ I Vs, + sinal_. Vs, + sinafy_y;. Vs, + sinafy;_¢. Vs,

Sy.cosay Sp.cosa
+2 p,B’V +2 ’”(V + V)

+—S3 Oz (4 V,;Z + V)

54.cosa", c _
+ = (V, + Vg, + Vg, + Vp,) + Wy = 0 (12)
Tu phuong trinh (11) ta cé:
cosap_.Vs, + cosap_j;. Vs, + cosap_j;. Vs, + cosafy_¢. Vs,
S,.sinad Sy.sinal_;;  Ss.sinaf_ Sy.sinad;_
(1 BI+2 III+3 IIIII+4 I”CVﬁl

" n n

p
(SZ sma, 1 53 sinad_;; +S4.sina,°,,_c>v
o o :
Ss.sinay) S,.sina;_ Sy sinaf;_
( 3 n-i 24 w1 c> Vs, — 4 @i ch + Wy
p
=0 (13)
Véi:
( 1sm(xB 4 S5. sm(x, n Sg.sinaf_y; + Sy.sinafy;_ C) — (v2-vp) .
p" p" ’
(52 Slnal i 53 sinafy_p; +54-5m‘11011—c> _ e -Y"
pll pll pll ’
(5 sma,, i S4.sina10”_c> _ (2 -v) (14)
p" pll ’
<54-5ma111—c> _ (7 - YI(I)I)_
o o ;

Thé (14) vao phuaong trinh (13) nhan dugc phuong trinh diéu
kién s6 hiéu chinh toa do X:
cosag_.Vs, + cosap_j;. Vs, + cosap_y;. Vs, + cosafy_¢. Vs,
(2 —Yp) e -v") 2 -vD (2 =Y
- — Vg, — — Vg, — — Vg, — m
p p P p
Wy =0 (15)

Vg

4

TU phuong trinh (12) ta cé:

sinag_;. Vs, 4—51’110(}’_,,.V52 + sinafy_y;. Vs, + sinafy_¢. Vs,
S;.cosap S,.cosal_;; Ss.cosal_ Sy.cosal;,_
(1 BI+2 111+3 IIIII+4 ”ICV1

1] 1] n

S,. cosa, i 53.cosa?,_,,, Sy cosal;_¢
+ Vg,

+ m m
p p
Ss. cosa,, I 54.cosa?,,_c S,.cosad;_¢
+ pu B3 — Vﬁ4 + Wy
=0 (16)
Vi
( cosaB Ly S,.cosa)_i; N Sz.cosaf_i n Sy.cosaly;_ C) _ (x2-Xg) .
p" p" p" . p" 0'
( 03“1 1 53 cosaf_i +S4-005a111—c> _ Xc - X )_
pll pH pll ’
0
( cosa,, _i 54.cosa,,,_c>
o
(X2 - x)
= #; (17)

n ’

P
Thé (17) vao phuang trinh (16) nhan dugc phuong trinh diéu
kién s6 hiéu chinh toa do Y:
sinap_;. Vs, + sinap_y. Vs, + sinafy_y;. Vs, + sinafy;_¢. Vs,

p
(54.cosa?,,_c) (X2 - XI(}I)_
o
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(X2 — Xp) &x2 X)) (X2 —X1)
+ — Vs, + - , T — Vi
Op . B P) B: P) B3
(XC - XIII)
+TVB4+Wy=O (18)

So sanh phuong trinh diéu kién sé hiéu chinh toa dé tai (3) va
(4) véi phuong trinh diéu kién sé hiéu chinh toa d6 tai (15) va (18)
dugc 1ap cho cung mot d6 hinh [udi tai hinh 1, nhan thay rang
ching cé su khac nhau gitia gia tri toa do cta diém cudi dudng
chuyén. Trong phuong trinh (3) va (4) thi gia tri toa do cla diém
cudi (cu thé la diém C) chinh la toa d& gbc. Nhung trong phuong
trinh (15) va (18) thi gia tri toa cta diém cudi (diém C) lai la toa do
gan dung cla diém C (X2,Y?)- gia tri toa do nay dugc tinh
chuyén tur toa d6 diém géc B va st dung céc s6 liéu canh va géc la
s6 liéu do.

Nhu vay, vGi phan tich & trén, trong trudng hgp téng quat, ddi
vGi dang lugi dudng chuyén phu hgp do goc ngoat trai hodc
ngodt phai bat ky thi phuong trinh diéu kién s6 hiéu chinh toa d6
dugc dé xuat viét nhu sau:

Phucng trinh diéu kién s6 hiéu chinh toa dé X:

Y —
Z COS(Z VSL Z ( Cuol

i=1 =
Phucng trinh dleu klen s6 hiéu chinh toa do Y:

X —
Z sina) Vs, + Z ( Cusdt

i=1

)(+V )+ Wy =0 (19)

)(+V )+ Wy =0 (20)

4. THUC NGHIEM
Trong bai bao nay, tac giad tién hanh binh sai lugi dudng
chuyén cap 2, ¢ d6 hinh nhu hinh 1 theo phuong phép binh sai

Bang 3. Bang tinh toa dd gan dung clia cac diém

diéu kién véi phuong trinh diéu kién s6 hiéu chinh toa d6 dugc
lap dudi dang céng thic (15) va (18); s6 liéu gbc va s6 lieu do
dugc cung cap nhu sau:

Bang 1. Bang toa d6 géc

Piém Toa do
X (m) Y (m)
A 995.442 552.094
B 700.000 500.000
C 304.338 664.422
D 175.979 848.420
Bang 2. Bang két qua do g6c va canh dudng chuyén
Tén Gid tri géc do Tén .
goc 0 ' ! canh >i (m)
B 124 01 03 Si 106.368
B2 207 50 15 Sz 150.016
Bs 148 47 53 S5 95,631
B4 244 20 56 Sq 120.999
Bs 109 53 34

G6c dugc do v6i do chinh xacmg = +£10%
Chiéu dai canh dugc do vGi dd chinh xac: mg =3+
3ppm (mm)

S dung toa d6 gbc, canh va goc do dé xac dinh toa d6 gan dung
clia cac diém, déng thai xac dinh sai s6 khép goc phuong vi va sai s6
khép toa do, sau d6 so sanh vdi sai s6 khép gdc gidi han va sai s6 khép
tuong déi gidi han clia dudng chuyén, néu thoa man vai yéu cau ky
thuat clia dudng cap 2 thi tién hanh binh sai s6 liéu trén theo phuong
phap binh sai diéu kién, véi phuong trinh diéu kién s6 hiéu chinh toa
do duoc lap nhu cong thic (15) va (18).

Diém OGOC, do P\gga'f dting Si (m) AXO(m AY(m) xoT(ﬁf’} do gan d‘\‘(??m) Ghi chu
A
189 59 59.7
B 124 01 03 700.000 500.000
134 01 2.7 106368 | 73913 76.492
| 207 50 15 626.087 576.492
161 51 17.7 150016 | 142556 | 46.719
I 148 47 53 483531 623211
130 39 10.7 95.631 -62.301 72.552
i 244 20 56 421230 695.763
195 00 6.7 120999 | -116.875 | -31.321
C 109 53 34 304.355 664.442 Toa dé gan dung
124 53 40.7 304.338 664.422 Toa dd goc
D 124 54 0.2
a Wa=-19"5 | 473.014 f,=0017 | f,=0020

S6 liéu do lugi dat yéu cau déi vai ludi dusng chuyén cap 2. Véi
sai sO khép goc phuong vi gidi han la + 44."7, trong khi sai s6 khép
gdc phuong vi tinh dugc véi dudng chuyén nay la -19.”5. Sai s6

khép tuong d6i dudng chuyén gidi han la (%) = Floo trong
gh

o o 11
khi sai s0 tuong doi dudng chuyén nay la = T

Phuong trinh diéu kién sé hiéu chinh toa d6 X va Y dugc lap &
dang (15) va (18) ldy toa d6 diém cudi dudng chuyén la toa d6 gan
dang chia diém C (dugc tinh chuyén ti toa do ctia diém gbc B dén)
la X2 = 304.355 mva Y2 = 644.442 m. Hé phuong trinh diéu kién
6 hiéu chinh nhan dugc nhu sau:

Bang 5. Hé phuong trinh diéu kién sé hiéu chinh
Phuong trinh BKSHC Vi Vs Vs Va4 Vs Vsi Vs2 Vs3 Vsa SS khép
a 1 1 1 1 1 0 0 0 0 -19."5
X -0.797 -0.426 -0.200 0.152 0 -0.695 | -0.950 | -0.651 | -0.966 17.0 mm
Y -1.918 -1.560 -0.869 -0.567 0 0.719 0.311 0.759 | -0.259 20.0 mm
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Xac dinh trong s6 dao cho cac tri do sau d6 tién hanh lap va
gidi hé phuong trinh chuin s6 lién hé dé tinh dugc cac s6 hiéu
chinh clia cac tri do. Cudi cung xac dinh cac tri do sau binh sai,
cac dai lugng sau binh sai va tién hanh danh gia do6 chinh xac.

Bang 6. Bang s6 hiéu chinh va tri do géc sau binh sai:
STT Géc do Vi () Géc binh sai
o ' " o ' "
B1 124 0103 8.8 124 01 11.8
B2 207 50 15 3.3 207 50 18.3
Bs 148 47 53 3.6 148 47 56.6

Bang 8. Bang tinh toa dd sau binh sai clia cac diém

B4 244 20 56 -1.9 244 20 54.1

Bs 109 53 34 5.7 109 53 39.7
Bang 7. Bang s6 hiéu chinh va tri do canh sau binh sai:

STT Canh do (m) Vi (mm) Canh binh sai (m)

S 106.368 2.3 106.370

S2 150.016 2.8 150.019

S3 95.631 2.2 95.633

Sq 120.999 2.2 121.001

Sai s6 trung phuong trong s6 don vi u =+ 1.051

Didm OGoc' BS" Phouorn'g v!'!BS Ca(nr:)BS AX () AY (m) = ('Ir'no)a do binh i{a;m) Ghi chu
A
189 59 59.7
B 124 01 11.8 700.000 500.000
134 01 11.5 106.370 -73.918 76.491
| 207 50 18.3 626.082 576.491
161 51 29.8 150.019 -142.561 46.711
Il 148 47 56.6 483.521 623.202
130 39 264 95.633 -62.308 72.549
Il 244 20 54.1 421.213 695.751
195 00 20.4 121.001 -116.875 -31.329
C 109 53 39.7 304.338 664.422 Kiém tra toa d6
124 54 0.2 304.338 664.422 Toa dé géc
D 124 54 0.2
SSkhép Wa = 0.0 f,=0.000 | f,=0.000

Bang 9. Bang sai s6 trung phuong vi tri diém

Piém mxi (mm) myi (mm) mi (mm)
| 3.123 4613 5.6
] 3.576 4613 5.8
1} 3.237 3.857 5.0
Bang10. Bang db chinh xac chiéu dai canh
Canh msi (mm) T
S1 3.095 1/34370
S2 3.124 1/48026
S3 3.089 1/30956
54 3.232 1/39167

Viéc ap dung phuang phap binh sai diéu kién c6 cong thic cta
phuong trinh diéu kién sé hiéu chinh toa dé ma tac gia da dua ra
dé x{t ly mét mang ludi trac dia mat bang nhu trén, thi két qua sau
binh sai thu dugc sai s6 khép phuong vi bang 0, sai s6 khép toa d6
theo phuong X va sai s6 khép toa dé theo phuong Y déu bang 0.
Diéu nay ching to ludi mat bang trén da dugc binh sai dung, két
qua hoan toan hgp ly véi mét mét mang ludi sau khi dugc binh sai,
da loai bd dugc sai s6 trong két qua do va xac dinh dugc cac dai
lugng sau binh sai.

IV. KET LUAN VA KIEN NGHI

Vi cong thic clia phuong trinh diéu kién s6 hiéu chinh dugc
hiéu chinh va dua vao thuc nghiém véi mét bai toan cu thé, da cho
mét két qua hoan toan chinh xac. Sau khi binh sai lugi dudng
chuyén thi sai s6 khép goc phugng vi va cac sai s6 khép toa do da
khéng con. Toa dé cla cac diém mai dugc xac dinh va danh gia do
chinh xac hoan toan thda man véi ludi cap 2.

Viéc hoan thién cong thic cho phuong phap binh sai diéu kién
dé€ giai quyét bai toan xur ly s6 liéu lusi mat bang trong trac dia la
rat can thiét, n6 c6 y nghia trong viéc giang day cho sinh vién
chuyén nganh Tric dia tai cac trudng Dai hoc, Cao dang va lam tai
liéu tham khao cho cac phuong phap binh sai ludi trac dia. TU phan
phan tich co sé ly thuyét toan hoc va qua phan thuc nghiém di x
ly mét mang Iuéi trdc dia mat bang cu thé bén trén thi tac gid dua
ra ki€n nghi sau:

Gi4 tri toa d6 cda diém cudi dudng chuyén dugc st dung trong
phuong trinh diéu kién s6 hiéu chinh toa d6 la toa dé gan duing,
khong phai toa do goc theo sé liéu dugc cung cap ban dau.

Trong bai todn binh sai diéu kién, s dung toa dé gan dung cua
diém cudi dudng chuyén dé viét phuong trinh diéu kién s6 hiéu
chinh toa d6, sé cho két qua hoan toan chuén xac.
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