KHAO SAT UNG DUNG PHUONG PHAP BINH SAI TRUY HOI
TRONG XU'LY SO LIEU LUGT TRAC BIA CONG TRINH
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Truong Dai hoc Mo Dia chdt

Tom tat: Bai bdo c6 ndi dung nghién ciiu khdo sdt phuong phdp binh sai truy hoi va iing dung
dé xir Iy két noi cdc tri do mdt ddt va tri do GPS trong mang ludi khong ché trdc dia cong trinh hon
hop. Da dé xudt thudt todn xit ly so liéu doi voi dang ludi néu trén theo phuong phdp binh sai truy

hoi. Quy trinh tinh todn dua ra trong bai bdo cé tinh chdt ché va thudn tién cho viéc ldp trinh trén

may tinh.

1. bat van de

Phuong phép binh sai truy hoi dua trén cong
thic tinh ma tran nghich dao ma khong can lap
hé phuong trinh chuén, vi vay phuong phap xu
ly s6 lieu nay c6 mot s6 loi thé hon hin céc
phuong phéap khac trong tinh toan binh sai cic
mang ludi chuyén ding ctia nganh trac dia cong
trinh. Ngoai ra, thuat todn cua phuong phap nay
don gian va thuan tién cho viéc lap trinh trén
may tinh.

2. Co's6 li thuyét caa phuong phap binh
sai truy hoi

Cong thic truy hoi tinh ma tran nghich dao
duogc rut ra tir dinh 1y [4]: Néu R, P,.,., 12 cac
ma tran khong suy bién, A l1a ma tran kich thuédc
nxm , khi do:

(R+APA™Y ' =R —=R'A(A"R'A4+P)"4"R™!

(1

Truong hop dac biét khi A 1a mot vector (ki
hiéu 12 a) va chd y rang trong tric dia thudng s
dung ki hieu Q = R' . Néu a, 1a vector hé so
phuong trinh s6 hiéu chinh cua tri do tha i véi
trong so p;, khi ma tran Q,, dd xéc dinh thi ma
tran Q, duoc tinkéthe(}) cong thic:

Q":QH_p“lw,-Q,-_lafw @

Nhu vay néu lan luot tinh cac ma tran Q, véi i
thay doi tir 0 dén N (N 1a téng so tri do trong
mang luGi tric dia), sé thu dugc ma tran nghich
dao Q cua vector toa do. Néu i khong phai la
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mot tri do don 1€ ma la mot nhom tri do thi cong
thic truy hoi tinh ma tran nghich dao c6 dang:
0, =0, — 04 (AiQi—lAiT + Pi_l)AiQi—l 3)
Vector nghiém cua bai todn binh sai truy hoi
van dugc tinh theo cong thiic:

X =-0b 4)

Vé6i: b la vector s6 hang tu do trong hé
phuong trinh  chudn cia mang Iuéi
(RSX +b=0).

Dé thuc hién quy trinh tinh todn ma tran
nghich dao Q cin ¢6 ma tran Q, ngay tur lic bat
ddu qué trinh tinh todn. Gia s ring tat ca 4n s6
cta ludi duge do doc 1ap v6i ma tran trong so P,.
Khi d6 theo ly thuyét binh sai véi sai sO sO liéu
goc, c6 thé viet duoc hé phuong trinh chuén:

R=R+P, (5)

Sau d6 s& nghich dao R véi ma tran Q, = P
Nhu vay, thuc t€ da dua vao ludi cac “tri do a0”
véi trong s6 bang 0, khi d6 Q, = «.E. Dat Q, =
10™. E v6i m = oo, khi d6 can chon m sao cho
dai lugng 10™ nho khong ddng ké so véi sai s6
tinh toan, trong truong hgp nay két qua binh sai
cudi cung s& khong chiu anh hudng ctia m. Dé
xU ly mang luéi trén mdy tinh dién tir v6i s6 ¢ y
nghia dén 10 + 13 s6 thi c¢6 thé chonm =5 + 6
1a du [3]. Tuy nhién c6 thé 14y Q, = E (c6 nghia
la gan tri do ao c6 trong s6 P = E), sau d6 su
dung cong thic (6) dé rit céc tri do 4o d6 ra, khi
dé ma tran nghich dao Q dugc xac dinh mot
cach chat ché.



0,=0, —M ©)
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Phuong phdp binh sai truy hoi c6 uu diém
hon cac phuong phap xtr Iy so liéu thong thuong
& nhitng diém sau [1, 3]:

- Trong thiét k& ludi dé phit hop véi yéu cau
do chinh x4c, nhiéu khi phai thay déi tri do nhu
tang sO tri do hodc giam bét so tri do, khi d6
cong thic truy hoi cho phép khong cin phai lap
lai hé¢ phuong trinh chudn, khong can tinh ma
tran nghich dao tir dau nén rat thuan tién cho
viéc thiét k& ludi.

- Phuong phdp binh sai truy hoi cho phép xlr
ly két noi cdc mang ludi tric dia mot cach rat
don gian va thuan tién.

3. Ung dung binh sai truy hoi trong xir Iy
két noi luéi GPS va luéi trac dia mat dat

Mo hinh téng qudt clia bai todn xi 1y s6 liéu
mang ludi trac dia két hop véi céc tri do GPS va
tri do mat dat dugc thé hién qua hé phuong trinh
s hiéu chinh sau:

G{E;X + L, =V, v6i ma tran trong s6 P,
ALX +L, =V, véi ma tran trong s6 P, (7)

Trong d6: phuong trinh tht nhat trong
cong thac (7) ung v6i tri do canh GPS
(baseline) - duoc quy chi€u trong hé toa do
vuong géc khong gian WGS-84 (hé toa do dia
tam), con phuong trinh tha hai Gng véi tri do
mat dat (goc, canh) - dugc quy chiéu trong hé
toa do phang cong trinh (hé toa do dia dién).
Doi v6i mang ludi két hgp, néu coi vector toa
do binh sai cua riéng ludi GPS (X1) la cac tri
do phu thudc (v6i ma tran tuong quan K ) va
lay gia tri nay lam toa do gin ding cho cic
tinh todn ti€p theo, s& vi€t dugc hé phuong
trinh s6 hiéu chinh cua ludi két hop GPS-mat
dat nhu sau [2]:

Oxf =V, v6i ma tran trong s P,

A{le + A,.0x2+L =V,

v6i ma tran trong s6 P,  (8)

Trong cong thic (8): biéu thic diu I1a hé
phuong trinh s6 hiéu chinh (véi tri do 1a toa

do X,Y,H) cta luéi GPS, biéu thic sau l1a hé
phuong trinh s6 hiéu chinh d6i véi tap hop tri
do mat dat.

Ung dung phuong phdp binh sai truy héi dé
giai hé¢ phuong trinh (8) la thich hop hon ca,
bdi vi c6 thé bat diu qud trinh tinh todn ngay
tr ma tran Qg ctia ludi GPS ma khong cén dé
y dén vector tri do GPS, ngoai ra thuét toan
cling nhu quy trinh tinh trong phuong phéap
binh sai truy hoi la tuong d6i don gian va dé
lap trinh trén mdy tinh.

Khac v6i truong hop binh sai ludi thong
thuong, khi ma tran Q, dugc chon theo cong
thic: Q, = 10™E , con d6i v6i ludi két hop
GPS-mat dat, ma tran Q, cé hat nhan Qg la
ma tran trong s6 dao cta vector toa do ludi
GPS, vi vay c6 thé viét ma tran Q, dudi dang
khdi nhu sau:

O 0, 1o

Q0=|:0 Q2:|’ Q,=10"E 9)

Nhu vay, n€u khi xu ly luéi két hgp theo
phuong phép truy héi va bat ddu véi ma tran
Q, thi chi cén thyc hién qud trinh tinh todn
v6i céc tri do mat ddt ma khong can dé y dén
céc tri do GPS.

4. Vi du tinh toan ting dung

Pé lam rd tinh ding din va kiém ching
quy trinh tinh todn néu trén, trong bai bio
néu cic budc thuc hién tinh todn v6i mot ludi
két hop GPS - Mat dat c6 so d6 nhu & hinh 1.

Lu6i khong ché thi cong tai du an Song Ba
Ha duoc thanh lap nham bao dam bo tri céc
hang muc cong trinh cua nha may thuy dién.
Mang lu6i bao gom 2 khdi cach xa nhau: 1 khai
tai khu tuyén dap (gém 5 diém: TC 10, TC11,
TC12, TC13, TC15 ), khoi tha 2 tai khu vuc nha
mdy (gébm 5 diém: TC4, TC5, TC7, TC8, TC9).
Trong noi bo cac khai, ludi duge do biang cong
nghé mat dat. D€ lién két 2 cum luéi trén trong
mot hé toa do thong nhat da thuc hién do noi
gitta 4 diém TC7, TC9, TC10, TC11 bing cong
nghé GPS, két qua tao thanh mot mang luéi két
hop GPS - Mat dat.
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S0 DO LUOD THUY COMG - THUY DIEM SONG BA

TC10

S6 liéu toa do lusi GPS va ma tran hiép
phuong sai cdc canh do (xdc dinh tir phAn mém
GPSurvey 2.35) dua ra trong cac bang 1, 2. SO

Hinh 1: So do mang ludi thuc nghiém

lieu do luGi mat dat (géc va canh) dua ra trong

Bdng 1: Két qud toa do binh sai ciia cdc diém ludi GPS

bang 3. Két qua binh sai lu6i hon hgp GPS - Mat
dat theo phuong phdp truy hoi dugc dua ra trong
bang 4.

S6 Tén Toa do phing Toa do khong gian

TT | diém X(m) Y(m) H(m) X(m) Y(m) Z(m)
1 TC7 1444338261 | 597620,345 | 148,579 | -2012958,4678 | 5879365,7199 | 431701,7036
2 TC9 1444358,696 | 598808,663 | 82,871 -2014060,7049 | 5878916,6971 | 431702,6289
3 TC10 1443159,976 | 596459,897 | 135,148 | -2011938,3594 | 5879981,3111 | 430554,9314
4 TC11 1442580,026 | 597735426 | 114,691 | -2013179,3556 | 5879674,8930 | 429981,0072

Bdng 2: Ma trdn hiép phuong sai vector gia so toa do canh do GPS

So Tén canh Ma tran hiép phuong sai

TT | Pau | Cuéi Kxy Kxy Kyy Kxz Kyz Kzz
1 |TC9 |TC7 |2,508602 |-3,411927 |6,492701 | -0,886255 | 1,689003 | 0,913929
2 | TCI0 | TC7 |5,866998 |-3,079028 | 5411471 | -1,815866 | 1,559838 | 1,144626
3 | TCI10 | TC9 | 1,224723 |-1,121430 | 6,342645 | -0,732789 | 1,435736 | 1,301882
4 | TCI1 | TC7 |8,887417 |-4,773125 | 8,965527 | -2,841472 | 2,549714 | 1,871302
5 | TC11 | TC9 | 1,374540 |-1,266569 | 7,217953 | -0,828349 | 1,656420 | 1,485042
6 | TCI1 | TCI10 | 0,606444 | -0,523146 | 3,214409 | -0,343873 | 0,693753 | 0,635997

36




Badng 3: Bdng ké cdc tri do cia ludi mdt ddt

Tri do gbc Tri do canh
So Tén goc Gia tri goc So6 Tén canh Gia tri canh
TT Tréi Giira Phai ° TT Diu Cuoi (m)
1 TC8 TC7 TC9 27 55 10,3 1 TC7 TCO 1188,4963
2 TC7 TC9 TC8 25 01 29,6 2 TC7 TC8 629,9626
3 TC8 TC9 TCS 59 53 09,2 3 TCO TC8 697,3142
4 TCS TC4 TC8 98 52 28,1 4 TCO TC5 671,5139
5 TC9 TCS TC8 61 55 51,8 5 TC4 TC5 483,9437
6 TC8 TCS TC4 36 44 30,6 6 TC4 TC8 413,8833
7 TC4 TC8 TCS 44 23 00,4 7 TC5 TC8 683,6009
8 TCS TC8 TC9 58 10 59,4 8 TC10 TC1l1 1401,1882
9 TC9 TC8 TC7 127 03 20,6 9 TC10 TC12 2090,7525
10 TC11 TC10 TC12 29 34 54,6 10 TC10 TC13 2506,1622
11 TC12 TC10 TC13 30 21 04,8 11 TC12 TC15 1553,0417
12 TC15 TCl2 TC13 45 20 29,0 12 TC12 TC13 1268,4135
13 TC13 TCl2 TC10 93 15 04,4
14 TC10 TC12 TC1l1 38 24 59,9
15 TC10 TC13 TC12 56 23 51,6
16 TCl2 TC13 TC15 80 54 24,0
17 TC13 TC15 TC12 53 45 05,9
18 TC11 TC10 TC12 29 34 54,6
19 TC12 TC10 TC13 30 21 04,8
20 TC12 TC1l1 TC10 112 00 04,5
Bang 4: Két qud toa do binh sai
So Tén Toa do binh sai
TT | diém X(m) mX Y(m) mY H(m) MH
1 TC7 1444338,260 | 0,005 | 597620350 | 0,005 | 148,578 | 0,024
2 TC9 1444358,694 0,004 598808,668 0,005 82,867 0,023
3 TC10 | 1443159974 | 0,005 | 596459,900 | 0,005 | 135,145 | 0,019
4 TC4 1445048,378 0,005 598254,152 0,005 | - --—-
5 TC5 1445026,442 0,004 598737,600 0,005 |  ---—-- ---
6 TCS8 1444642,755 0,005 598171,829 0,004 |  --—--- ---
7 TC12 1441467,841 0,009 597687,864 0,008 | = ----- ---
8 TCI13 1440665,841 0,008 596705,188 0,012 | = --—--- ---
9 TCI15 1439921,787 0,011 597540,646 0,017 | - --—-
5. Két luan dé trién khai trén may tinh.

1.Trong bai bao da khao sat phuong phap
binh sai truy hoi, xay dung thuat todn va quy
trinh xtr 1y so liéu luéi tric dia theo phuong
phdp nay. Quy trinh va hé thong cong thic
tinh toan dugc néu ra trong bai bdo la 6 rang,

2. Thuat todn binh sai truy héi dé két noi
lu6i mat dat va lu6i GPS dugc dé xuét trong
bai bdo 1a chat ché, phii hop va c6 thé 4p dung
dugc v6i cdc mang lu6i khong ché tric dia
cong trinh.
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Abstract
RESEARCHING METHODS OF RECCURENCE ADJUSTMENT
IN THE DATA PROCESSING OF SURVEYING NETWORKS

Tran Khanh
University of Mining and Geology

The article content survey research methods and retraces average error processing applications
to connect the ground and measure the value of GPS in geodetic control network works mixture.
proposed data processing algorithms for mesh above the average error method retraces.
Calculation procedure given in the paper is closely calculated and convenient for computer

programming.
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