Nghién ctiu - Ung dung
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Tém tit:

Trong bai bdo dd nghién civu thudt todn nham xir Iy hon hop lwéi mdt bang véi cdc tri do mat dat
nhur do géc, do canh, cdc tri do GNSS baseline va s6 liéu tir tram CORS trén co sé vng dung Iy thuyét
binh sai véi sai s6 s6 liéu goc va binh sai truy hoi dé gidi quyét bai todan thuwc té. Da tinh todn thuc
nghiém trén vi dy hedi cu thé dé lam ré phwong phdp va kiém ching 1y thuyét.

1. it van dé

Ngay nay v6i sy phat trién manh m& va sy tién dung trong khai thac cua he thong GNSS, cac
mang ludi tric dia duoc xay du’ng da dang hon véi viée st dung cong nghé truyen thong va két hop
s6 liéu GNSS. V& mit Iy thuyét viéc xu 1y b liéu chit ch& va don gian hon néu duoc tlen hanh trong
c4c hé toa d6 khong gian dia tim va tric dia [2],[3]. Tuy nhién, viéc x4c dinh d6 cao tric dia (H=h+()
voi do chinh xac cao con gdp khé khan do viéc tinh toan di thuong do cao C gén véi cong tac hoan
thién mang ludi trong lyc va mo hinh Geoid ¢ Viét Nam. Cong viéc nay dang dugc tich cuc trién
khai & nudc ta. Trong thyuc té van tién hanh tinh toan binh sai mang ludi hdn hop mat dat va GNSS
& dang mit bang va do cao riéng biét. Trong nhirng nim gin day, ciing v6i su phat trién cua cong
nghe GNSS, cac tram CORS duogc xay dung rong khép trong pham vi ca nudce. Va trong nhung nam
sap tdi, cong Vlec nay con phat trién manh m& hon. Bai toan xtr Iy hdn hop tri do mat dit va GNSS
s& phai thém yéu t6 sir dung thong tin tir cac tram CORS.

Chinh vi vdy can phai nghién ciru bd sung cac thuat toan nham xtr Iy hon hop céc tri do mat dat
nhu do goc, do canh, cac tri do v¢ tinh nhu baseline va so li¢u tu tram CORS dé gidi quyet bai toan
thuc t€ cia do dac phuc vu cong tac trac dia, dia chinh va cong trinh.

Trong bai bao s& trinh bay 1y thuyét va thuat toan binh sai ludi hdn hop trén co so Gng dung 1y
thuyét binh sai véi sai s6 s6 li€u goc va binh sai truy hoéi [2],[3].

2. Co s& 1y thuyét ciia thuat toan

Trong cAu trac cua ludi hon hop c6 cac tri do mat dat g6m cac tri do goc, do canh. Céc tri do
GNSS gom céac tri do Baseline AX, AY, AZ da dugc chuyén veé céac gia tri Ax, Ay. Thuat toan binh
sai dua trén phuong phap binh sai gidn tiép vdi viée thanh 1ap hé phuong trinh cac so hi¢u chinh cho
tung loai tri do [1],[2],[3].

Trong ludi hdn hop c6 mot sé diém 1a diém GNSS CORS, ching ta img dung 1y thuyét binh sai
véi sai s0 sO liéu goc nhu sau [3],[4],[5].

Ky hi¢u: Ax - vector cua s6 hiéu chinh céac tham sd; AX - vector cua cac 4n sb lién quan tdi cac
diem GNSS. H¢ phuong trinh cac so hi¢u chinh s¢ la: V = AAX + 0AX £ L

{T:Enx+Lg &
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Néu vector cta gia trj gan ding x° cta vector s lidu diém GNSS dugc chon bang x,y cua chinh
diém do thi L, = 0.
Chung ta giai v6i diéu kién: VIPV + VT Q;l V = min (2)

Nhu vay, twong ng v6i phuong trinh sb hiéu chinh (1) ching ta c6 ma trén trong so:
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Ma tran h¢ so cua hé phuong trinh chuan sé la:
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Hé phuong trinh chuan c6 thé viét dudi dang:
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O day R=A"PA; Ra =A"Pa; Rx = Raa + P, Roo = aPa
ba = a"PL
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Hé phuong trinh (4) c6 thé viét gon lai du6i dang sau.
RAx +b=0
O=R" &)
Thuat toan c6 thé duoc phat trién, tng dung 1y thuyét binh sai truy hdi nhu sau.
Chung ta binh sai luéi theo 2 budc:

Budc 1: Binh sai luéi dua vao hé phuong trinh dau tién ciia hé phuong trinh cac sé hiéu chinh
(1), thanh 1ap h¢ phuong trinh chuan va tién hanh binh sai theo phuong phap binh sai gian tiép thong
thuong voi cac tri do 1a goc, canh ludi mat dat va cac gia tri Ax, Ay cua ludi GNSS.

Budc 2: Trén co s phuong trinh 2 caa hé (1), tinh toan theo cong thire truy hdi [2], [4], nhu sau:

Qx; = Qx.1 - Z; " N;'Z; (6)
Oday:  Z;=Qx A} (M
Ni = Qi + AiZiT (8)

Ma tran A; = E ; E - Ma tran don vi
Q; - Ma tran trong s6 toa do diém GNSS CORS.
3. Thue nghiém

3.1. Thong tin lwéi thuc nghiém
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Dé tinh toan thuc nghiém minh hoa 1y thuyét da trinh bay, ching ta xem xét binh sai ludi hdn
hop mat dat va GNSS véi so d6 ludi ¢ hinh ve sau.

(5]

Piém A trén hinh v& 1a diém gdc véi toa do dugce trinh bay ¢ bang 1

Bdng 1: Toa dé diém goc

Tén diém X(m) Y(m)
A 2347681.024 582254.733

Bang 2: Toa do gcfn dung do cdc diém can xdac dinh

STT | Tén diém x(m) vi(m)
1 1 2348240.287 581951.181
2 2 2347467097 582958.698
3 3 2348056.279 582694.727

a) S liéu do GNSS sau khi d tinh chuyén
Bang 3: S6 liéu do GNSS sau khi da tinh chuyén

STT | Téncanh | ,, Ay P
! A sso0e | 0355 (220233 1;23561162)
: A oisens | 703.965 (et i)
3 A 3795056 | 439996 (362573 S13
4 H 773.189 | -1007.523 (442890 1‘;%1?;)
> 3 184.005 | 743549 | (94822 2‘;2?%?59
6 2-3 , ,, 5 1365356 —21627
589.182 | 263971 | ( 1009?45)
b) SO ligu do mitdat Mg = 4" cmg =2+ 2ppm

(Xem bang 4, 5)
3.2. Tinh toan binh sai

Tinh toan cac thanh phﬁn ma tran A va vector L trong h¢ phuong trinh céc s6 hiéu chinh dugc
trinh bay trong bang 5.

Thanh lap hé phuong trinh chudn R dx+b=0 véi ma tran hé $6 va vector s6 hang tw do nhw sau:
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R= '/' 1300233.39 181134.37 -404673.16 -2498.411 -584776.63  -129282.00

181134.37 648432.57 -7177.768 -166423.53  -122246.55  -187085.16 |
]
,' -404673.16  -7177.768 2413195.74  101412.143  -1452823.79 ©6682.063 II
|
1
I". -2498.411 -166423.53  101412.14 1669668.94  -10159.95 -1204048.27 ||

\ -584776.63 -122246.55 -1452823.79 -10159.99 2472917.99 -118839.81 |

\
\. |
]

\ |
'-129292.01  -187085.16  6682.063 -1204048.27 -118839.81  1964308.12 |

2921.996
2218.358
—2499.186
—3099.772
—4103.053
2183.177

Ma tran trong s dao dugc tinh nhu sau

b=

Q= [ 1,30028E-06 -1.77862E-07 6,17286E-07 5.00337E-08 6.68139E-07 1.3763E-07
| \

[ -1.77862E-07 1.90189E-06 -2.51916E-09 5.65466E-07 7.78279E-08 5.2076E-07 I‘\I
| Y
‘ 6.17286E-07 -2.51916E-09 9.40045E-07 9.51403E-09 7.02265E-07 8.55109E-08 |
| 5,00537E-08 35,65466E-07 9,51405E-09 1,25538E-06 9,05246E-08 8,32098E-07

\ 6,68159E-07 7.78279E-08 7.02265E-07 9.05246E-08 9,87069E-07 1.64208E-07 |

1
\1,3765E-07 52076E-07 8355109E-08 8.32098E-07 1.64208E-07 1,08743E-06 |

_ Két qua giai hé phuong trinh chuan ching ta tinh duoc s6 hiéu chinh vao toa d¢ gan dung céac
diém can xac dinh. K&t qua tinh toa do sau binh sai dugc trinh bay ¢ bang 7.

Bang 4: S6 liéu do canh

STT Tén S(m) 1M c .
canh P, = - ( chon C = mp)
1 A-l 636.341 33 1.493
2 2-A 735.768 35 1.327
3 3-A 578.297 32 1.605
4 2-1 1270.034 4.5 0.776
5 3-1 765991 3.5 1.282
& 2-3 645.623 33 1.477
Bdng 5: 86 liéu do goc
Tén goc
STT B ) L I 3 BC "M Pp = L_ (chonC= mf@)
Diem trai | Diem gitva | Diém phat mg
1 3 A 2 37 21 47 1
2 1 A 3 78 02 03 1
3 2 1 A 24 00 08 1
4 3 1 2 23 36 15 1
5 A 3 1 54 21 34 1
6 2 3 A 73 40 23 1
7 1 2 3 28 21 49 1
8 A 2 1 20 36 01 1
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Bdng 6. Ma trdn A va vector L

TT

d ds

L

T, . 0 i 0 0 0.001
S R N 1 g ] g g i

F I R ] | 0 0 0 [ o001
r B i 0 1 g 0 D

EJ S g g ] 1 o [ oool
3 R ] 7 7 ] S
I . g 1 0 g T
I N T ] 1 ] 0 [ 0008
I T 7 7 7 1 T TE

VAx34
0 g I 0 7 g S WE

T n0e] O 0 1 0 1 0 0
OX L

12 ) . [i] Q 0 -1 0 1 W]

TEN - 0 0 | 2668%3 | 81118 | - | 230334 01
270072

T - . . q 0 |2002| - | 68
P2 | 153880 | 283507 230334

13 - - 0 0 a8
F° | ses0 | 185100 | 12820 | -08.308

B .. . 3
PP | aanent| 3a00s | 12800 | 08308 | 260131 | 64374

T 0 q N
260131 | 64374 9942 | 20470

B .. 0 0 i i i 30
120,995 | 200.148 | 140.077 | 520.483

LN I : . 23
P7 128200 se3es | 1775 | 191750 | 129005 | 200148

| wps | 123200 es3es | 138713 | 1780 | " S

| Veu | 0879 | 0477 | @ 0 0 0| 000

0 0| 0201 | 0857 | 0 0 [ 0013

q 0 q 0 | 0640 | 0361 | 0012

24| V.. | 0609 | -079: | 0609 | 009 |4 0|00

235 | Veu | 0240 | 097 0 0| -0240 | 0871 | -0.013

i 0 0 | -poif | 0400 | 0813 | 0409 [-0010

Voi mé hinh xdy dung luoi

Bang 7: Toa do sau binh sai va sai so vi tri diem

TT

Tén diem

Hhbg

¥hbs

Mix

111

My

2348240285

581951.169

0.00

0.00

0.003

2347467.096

582958 694

0.003

0.003

0.004

[ R

Lad | fd | =

2348036.279

582694725

0.003

0.003

0.004

V61 mé hinh xay dung ludi hién dai, mot s6 diém trong ludi mat béng duoc ndi voi diém tram
CORS, trong vi dy dang xem xét, diém 3 trong ludi duoc noi véi diém tram CORS. Tur s6 li€u toa
do B, L, H cta diém 3, chung ta tinh chuyén B,L v€ toa d phang x, y va ma trén trong so QX,y clia

diém tram CORS. Ap dung cic cong thirc (6) - (8) chiing ta c6 ma trén trong sé ddo nhu sau:
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o=10°

llll 8,518146235 2,431183022 1,4745859357 -0,31687505 0,066587453 0,002579453 \
- - \
I 2,431183022 16,54774263 0,430304767 1,706107406  -5,5452E-06 0,047454002 '|I
/ - \
| 1,474589357 0,430304767 4,445553685 -0,31230544 0,07085581% -0,00281631 |

- - |
0,316879091 1,706107406 0,312305439 6232794853 -0,00349424 0,076345096
{ -8,54525E- |
| 0086587493 06 0,070836813 -0,00349424 0,098971721 0,00015336 |
|I -
| 0,002579453 0,047454002 0,002816308 0,076345096 0,00015386  0,09906576 |

Bing cach tinh nghich ddo ma tran hé sb trong hé phuong trinh (4) ciing cho két qua twong tu
nhu céch tinh theo phuong phép truy hoi.

4. Két luan

Vi su phat trién cong nghé do dac mat dat va GNSS, mang ludi trac dia duoc xay dung da dang
hon. Diéu d6 kém theo yéu cau phuong phap tinh toan, xir Iy phai mém déo nhung phai dam bao su
chat ché vé 1y thuyét. Trong bai bio da dé xuat thuat toan binh sai hdn hop ludi mat bang truyén
thong kém theo céc tri do Baseline dugc chuyén vé miat phang va ¢ cac diém GNSS CORS dua trén
ly thuyét binh sai v&i sai s6 s6 liéu gc va binh sai truy hoi. Thuat toan nay cho phép binh sai chit
ché ludi hon hop va co thé chia ra timg budc dé phan tich, danh gia chat lugng do cta ludi. Két qua
tinh toan da khang dinh do tin cdy cua thudt toan.Q
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Summary

Research on algorithm of adjustment of horizontal and GNSS networks with GNSS cors
points

Hoang Ngoc Ha, Hanoi University of Mining and Geology

Leu Huy Nam, Mapping Department, General Staff

In this paper, an algorithm has been studied to process a mixture of hirizontal networks with
measurements such as angle, distance, GNSS baseline measurements and data from CORS station
on the basis of application of adjustment theory with original data error and recurrent adjustment to
solve real problems. Experimental calculations have been performed on specific grid examples to
clarify the method and test the theory.O
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