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BINH SAI HON HQP LUGI MAT DAT VAGPS,
UNG DUNG CONG THUC TRUY HOI PE PHAT HIEN SAI SO THO
HOANG NGOC HA, Truong Pai hoc Mé - Dja chat
VU THAI HA, Trurong Dai hoc Xay dung
Tom tdt: Bai bdo dé cdp den van dé ing dung cdng thize truy hoi vao binh sai lwéi hon hop
mdt dat va GPS. Kién nghi véi liedi c6 sé tri do 16n nén sir dung cong thic truy hoi dé co thé
tir dong hoa viéc phét hién sai s thé. Binh sai lwdi c6 bé sung thém tri do nén sir dung cong
thirc truy hai sé chi can tinh todn véi cac tri do b sung.

1. Mé dau

Hién nay, cong nghé GPS (Global Position
System) ngdy cang duoc st dung pho bién
trong cong tac tric dia bai nhiéu uu diém vuot
troi ma né mang lai. Sy xuat hién cua tri do
GPS lam cho cac dang d6 hinh ludi c6 nhiéu
diém khéc biét so voi do dac bang céc thiét bi
truyén théng. Diéu nay dit ra cho cdng tac xu ly
s6 liéu trac dia can phai phat trién céc thuat toan
xt ly s6 lidu dbi voi cac mang ludi trac dia vé
tinh, ciing nhu cac mang luéi hdn hop tric dia
mat dat va vé tinh. Tir 6 dua vao ty dong hoa
viéc tinh ton trén may tinh nham dap ang nhu
Cau cua thuc té san xuat.

Trong thuc té, dang luéi bo sung thém maot
vai hay nhiéu tri do vao lugi khéng ché sin co
cling 12 mot lya chon kha thi. Vay lam thé nao
dé binh sai mang lugi c6 bo sung thém tri do
mot cach tu dong hda ma khong phai binh sai
lai toan bo 1u6i? Hon nita v6i mang ludi ¢6 s6
luong tri do 16n, c6 thé phét hién va loai bo
nhiing tri do mang sai s sai 1am? Bai bao d¢
cap dén mot phuong phép binh sai c6 kha ning
giai quyét dwoc nhitng van dé trén, do la
phuong phap binh sai s dung cong thac truy
hoi.

2. Ung dung codng thikc truy héi dé binh sai
lwéi c6 bd sung thém tri do va loai bé sai s6
tho

Viéc tinh toan binh sai ludi tric dia trong
thuc té c6 thé ¢ nhiéu phuong phap. Tuy thudc
vao dang d6 hinh, yéu cau do chinh xac hay
diéu kién phuong tién tinh toAn ma ngudi ta dua
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ra quyét dinh chon phuong phap tinh toan binh
sai nao.

Mot bai todn binh sai du thuc hién theo
phuong phap nao thi cling dan dén hai myc dich
cuoi cung la: 1. Xac dinh tri xac suat nhat cua
cac dai luong can xac dinh; 2. Panh gia do
chinh xac cuia ludi va cac dai luong dac trung.

Noi dung dé cap dén trong bai bao l1a khi
ching ta xay dung luéi mat dit c6 do thém mot
s6 tri do GPS. B¢ binh sai hdn hop trong truong
hop nay truéc hét can phai tinh chuyén céc
Baseline thanh gia s6 toa do Ax, Ay hoic
phuong vi va chiéu dai o, S. Sau d6 chung ta
can thém vao hé phuong trinh s chinh cac tri
do mat dat, cac phuong trinh sb hiéu chinh cua
tri do vé tinh, cac budc tiép theo duoc tién hanh
nhu binh sai gian tiép thong thudong. Doi voi
binh sai hon hop ngoai viéc thuc hién cac budc
nhu binh sai gian tlep thong thuong, ching ta
can phai Chuyen d6i toa do dé cac diém sau
binh sai duoc théng nhat trong mot hé toa do.

Trong do GPS, khi dat may thu tai hai diém
ddng thoi thu tin hiéu vé tinh sé& cho ta trji do 1a
hiéu toa d6 vudng goéc khong gian (AX,AY,AZ)
hoac hiéu toa do tric dia (AB,AL,AH). Hiéu toa
d6 nay chiu sy tac dong cua cac diéu kién thanh
phan va céc tri do nay 1a tri do phu thugc. Vi tri
do GPS ¢6 d6 chinh xac cao hon nhiéu so Véi tri
do mat dat nén lGc ndy, anh huéng cua su phu
thudc chiéu dai va phuong vi canh do GPS dén
lugi mat dat 1a khong dang ké va khéng anh
huong dén két qua binh sai [1]. Két luan nay
cling dung khi xét dén anh hudng cua su phu
thuoc tri do AX,AY. Nhu vay ta c6 thé don gian



hoa tinh toan binh sai lu6i hdn hop mit dat
trong mé hinh toa do phang.

Cong thic truy héi dugc phat minh ra hoi
dau thé ky 20 va sau d6 duoc &p dung rong rai
trong toan hoc va mot sé nganh khac trong d6
c6 nganh tric dia, xuat phat tir dinh ly:

Néu Rnxm VA Pnxn 12 hai ma tran khdng suy
bién [2], A 1a ma tran kich thuéc mxn khi d6

(R+APATYL = R RIA(ATPIA+P ) IATR

1)
Truong hop dac biét khi tri don = 1:
-1 Tp-1
(R+APAT)'1:R'1-|1Vﬂ . (2)
E+ATR'1A

1
Dé y rang trong trac dia ching ta thuong ki
hieu Q = R va ai 1a vecto hé s6 hé phuong
trinh s6 hiéu chinh tht i, néu ma tran Q.1 da
duoc xac dinh thi ma tran Qi duoc tinh theo
cong thuc:

.
Q.=Q,,- Q48 8,Qiy . 3)
E"'aiQi-laiT

1

Nhu vay néu lan luot tinh cac ma tran Q;
thay d6i tir 1 dén N (v6i N 1a s tri do thém),
ching ta sé thu dugc ma tran nghich dao Q cua
vecto toa do ludi.

Néu i khdng phai la mot tri do don 1¢ ma la
mot nhom tri do phu thudc thi céng thuc truy
héi tinh ma tran nghich dao c6 dang:

Qi :Qi—l _A;r (AiQi-lA;r-FPi_l)_lAiQi-l (4)

Khi ting hodc giam trong s6 cua mét tri do,
ding cong thac truy hoi ta d& dang c6 duoc
cong thirc truy hdi ma tran hiép phuong sai cac
tham s.

Khi dit A = Qiaai’ cong thuc truy hoi ldc
nay co dang:

.
Qi:Qi—l_!L : (5)
= 4aA
P

Vé6i cong nghé tién tién hién nay, mot
mang ludi ngoai cac tri do mat dat nguoi ta con
b sung thém céc tri do GPS hoac cac tri do mat
dat nham tang do chinh xé4c va nang cao chat
luong cua ludi. Nhung sau khi bd sung thém
céc tri do, theo phuong phap truyén thong ta lai
phai tién hanh binh sai lai toan bd mang ludi.

S6 luong phuong trinh 16n dan dén khéi luong
tinh toan ciling s& rat Ion sau mdi lan bo sung.
Hon nita, vi $6 luong tri do 16n nén sé& cé nhiéu
kha niang xuét hién tri do c6 mang sai s thd,
néu khéng duoc phét hién va loai bo thi s& 1am
giam d6 chinh xac cua ludi. Dé ¢ thé tu dong
hoa viéc phat hign sai s6 thd két hop véi viéc
binh sai lugi ¢6 tri do bd sung ma khong can
binh sai lai toan bo ludi, sir dung cong thic truy
hoi 12 mét bién phép thich hop.

Dé xét xem mot tri do c6 mang sai sd thd
hay khong, trong qua trinh tinh Qi cua tri do do,
ta tién hanh so sanh theo cong thuc sau:

L]=3m,\Jo, (6)
Voi: gi =%+aiQi_laiT (7

gi - chinh 1a mau sé tinh dwogc trong qua
trinh tinh Q;;

li - s6 hang tu do cua tri do th i trong hé
phuong trinh s6 hiéu chinh;

Mo - sai $b trung phuong cua tri do thi i.

Néu cong thic (6) thoa man thi tri do thi i
hoac cac trj do trude d6 c6 mang sai s6 tho.

C6 thé tién hanh phét hién hét cac tri do co
sai s6 thd trong mot lan binh sai sau d6 loai bo
nhitng tri do d6 dé binh sai lai, luGi s& c6 do
chinh xac cao hon.

3. Thuc nghiém

Téc gia da tién hanh tinh toan thuc nghiém
v6i md hinh luéi do 18 goc, 10 canh, 3 diém
gbc, 4 diém can xac dinh. Sau d6 tién hanh do
thém 6 tri do GPS dudi dang tri do AX, AY.

(6)

GPS3
GPS2
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GPS1
Hinh 1. So d6 ludi thuc nghiém
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Phan tinh toan thuc nghiém gom céc bai
toan sau:

a. Binh sai theo phwong phdp gidn tiép lwéi
mat dét gom tri do géc va canh

Tién hanh binh sai theo phuwong phap gian
tiép thong thuong, thu dwoc két qua 1a cac tri do
sau binh sai, toa do diém sau binh sai va danh
gia dugc do chinh xac.

b. Binh sai s& dung cong thic truy hoi ludi
mat dét gom tri do géc va canh

Ciing vé6i so do ludi trén, tién hanh binh sai
theo phwong phap truy hoéi. Sau khi lap hé
phuong trinh sb hiéu chinh, lan luot tinh Qi cua
cac tri do. Két qua thu dugc gidng nhu binh sai
theo phuong phap gian tiép. Ma tran Qzs dung
bang ma tran nghich dao Q = N'%.

Trong qua trinh tinh ma tran Q; di voi tri
do canh, ap dung céng thic truy hoi dé phat
hién tri do c6 sai s6 thd. Nhan thay véi ludi ban
dau, céc tri do khong mang sai s6 thd vi véi moi
tri do |I] <3mo\/a. Gia sir ta ting tri do canh
thu 8 thém 0,6m, phat hién thiy 1, >3m, g, ,

phéat hién dugc tri do nay co sai s6 thd. Nhu
vy, thuat toan truy hoi s& gilp ta phat hién
duogc tri do c6 sai sb thd trong qué trinh binh
sai. Sau khi phat hién duoc tri do mang sai sb
tho, ta c6 thé loai bo nhiing tri do d6 va binh sai
lai, tang d6 chinh xac cho mang ludi.
C. Binh sai lwéi hén hep mar dit va GPS theo
phwong phdp gidn tiép

Ciing v6i so dd ludi trén, do thém 3 diém
GPS vai 6 tri do AX,AY. Sau khi binh sai lu6i,
duoc két qua toa do diém can xac dinh. So sénh
gitra ludi chi co tri do mat dat va ludi gom ca tri
do mat dat va tri do GPS, ta s& thiy ludgi c6
thém tri do GPS s& c6 do chinh xac cao hon.
d. Binh sai si dung cong thac truy héi lwdi
hén hep mdt dit va GPS véi tri do GPS la tri
do dwoc bé sung sau

Tién hanh binh sai theo phwong phap truy
hoi véi ludi ban dau di do thém tri do GPS. Vi
tri do thém ta chi can lap hé phuong trinh )
hiéu chinh cua tri do thém va tinh toan vdi
nhiing tri do d6. Cu thé ta chi can lap 6 phuong
trinh s6 hiéu chinh cua tri do GPS. Lan luot tinh
Qi cua cac tri do GPS sir dung Qgzs cua ludi mat
dat d@é tinh. Két qua thu duoc gidng nhu binh sai
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theo phuong phéap gian tiép véi ludi hdn hop.
Ma tran Qss ding bang ma tran nghich dao
Q = N1 ¢ buée ¢. Nhu vay két qua thuc nghiém
cho thay tinh ding din cua thuat binh sai truy
héi ap dung véi ludi do hdn hop mat dat va
GPS.

Trong qua trinh tinh ma tran Q; di vai tri
do GPS, ap dung cong thic truy hdi dé phét
hién va loai bo tri do co sai sb thd. Vay, tat ca
cac canh cua lugi déu khong cé sai sé tho.
Trong thuc té, xuét phat tir nhiéu nguyén nhan
khac nhau ma sau khi xir Iy canh GPS, van c6
thé ton tai sai s6 thd trong tri do GPS caa luéi
binh sai, vi du nhu sy bat can trong qua trinh
nhap sb lidu. Gia str, ta tang tri do AX canh
GPS3-GPS1 thém -0,5m, phat hién thay

AXeuw =3M, /0, , phét hién duoc tri do nay

c6 sai s the. Nhu vay, thuat toan truy hoi sé
gilp ta phat hién duoc tri do c6 sai sb thd trong
qua trinh binh sai va trong truong hop co tri do
thém khong can phai tinh lai toan bo bai binh
sai ma chi can tinh toan véi tri do thém.

Tac gia bai bao da xay dung chuong trinh
binh sai dya trén ngon ngir C* ttng dung cbng
thire truy hoi dé binh sai ludi c6 b sung thém
tri do va loai bo sai s6 thd. Trong qua trinh thyc
hién bai toan binh sai, cac tri do ban dau va tri
do bd sung khoéng thoa min yéu
cau |, > 3mo\/a hoan toan duoc loai bo.

Khi thyc hién d¢ tai “Nghién ciru kha nang
x4c dinh ludi do hon hop do GPS va toan dac
dién tir khi chuyén truc 1én ting nha cao tang
qua cac giai doan xay dung” tic gia nhan thiy
ing dung cong thac truy hoi dé binh sai lugi ¢o
b6 sung thém tri do trong qué trinh chuyén truc
Ién tang va loai bo sai s6 thd cho két qua tot.

4. Két luan

Sau qua trinh nghién ctru &p dung trong cac
cong trinh thuc té, dua trén két qua tinh toan,
khao sat thuc nghiém céc tac gia bai bao cé mot
sb két luan sau:

- Pé nang cao d6 chinh xac cua mang ludi
trac dia mat dat nén két hop do thém mot sé tri
do GPS.

- Binh sai ludi ¢6 s6 tri do 16n nén sir dung
codng thic truy hoi trong binh sai dé c6 thé tu
dong hoa dugc viéc phét hién sai sb thd.



- Binh sai lu6i ¢ b6 sung thém tri do nén
sir dung cong thic truy hdi, & khéng phai tinh
lai toan bo ludi ma chi can tinh toan véi céc tri
do bd sung. Didu nay co y nghia trong thuc tién
san xuat, vi hién nay c6 nhiéu ludi do theo
phuong phap cii khéng dat duge do chinh xac
nhu mong mudn. Néu muén ning cao d6 chinh
xéc thi can phai do thém tri do, dac biét 1a cac
tri do GPS canh I6n, dé co nhiéu tri do thura
hon, d6 chinh xac ludi sé duoc nang cao.

- C6 thé chi trong mét lan binh sai phat
hién dugc nhiéu tri do c6 sai s6 thd ma khdng

phai tién hanh nhiéu lan. Sau khi loai bo nhitng
tri do do, tiép tuc binh sai, két qua nhan duoc
lu6i binh sai v6i @6 chinh xac cao hon.
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SUMMARY
Adjustment of combined GPS and terrestrial networks,
application of recurrent form to detect blunder
Hoang Ngoc Ha, University of Mining and Geology
Vu Thai Ha, National University of Civil Engineering

The paper

presents method of adjustment of combined GPS and terrestrial networks,

application of recurrent form to detect blunder. Adjustment of a large network which including a
large number of measurement, may be used recurrent form to detect blunder. When adjusting a
network adds more measurement, using recurrent form only computers the additional measurement.
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