Tap chi KHKT M6 - Pia chét, sé6'41, 01/2013, (Chuyén dé Trdc dia cao cdp), tr.12-18

KIEM TRA PQ TIN CAY LUGI GPS CANH NGAN
BANG CAC TRI PO BO SUNG

NGUYEN THAI CHINH, Truong Pai hoc M6 - Pia chit

Tém tit: Kiém tra chat heong lwdi la diéu bat budc trong quy trinh xdy dung lwdi bang cong
nghé GPS. Bdi bdo dwa ra mot phwong phdp d@é kiém tra dg tin cdy cia lweéi GPS sir dung
cdc tri do bé sung la cdc khodng cach ngang dwoc do bang may toan dac dién tir dwa trén co
s6 Iy thuyét quy chuyén tri do khoang cdch. Sau khi kiém tra, danh gid chat lwong lwdi, cdc
tri do bo sung dwoc sur dung dé binh sai két hop voi cac tri do GPS (chi nhitng tri do dam
bao d¢ tin cdy) dé ndang cao do chinh xdc luéi.

1. Dit van dé

Ngay nay, cong ngh¢ GPS da tré nén phé
bién va duoc mg dung c6 hiéu qua trong rat
nh1eu linh vuc cua cudc séng. Trong cong tac
trac dia, cong nghé GPS dang dugc ung dung
dé xay dung mang ludi khong ché cac cap hang.
Luoi GPS voi nhimg uu diém ndi bat di va
dang dan thay thé cac phuong phap xdy dung
ludi truyén théng. D6i voi cac mang ludi tric
dia cong trinh, vdi dac diém dién tich khu vuc
thi cong nho nén trude day nguoi ta thuong ap
dung cac phuong phap truyén théng (ludi do
goc, canh) dé xay dung ludi. Tuy nhién, hién
nay thi cong ngh¢ GPS cing da dugc ung dung
rat nhleu dé thanh 1ap cic mang ludi GPS canh
ngan. Véan dé kiém tra do tin cdy ciia mang ludi
GPS canh ngan 1 van dé dang luu tdm trong
thuc té san xuét hién nay.

Dé kiém tra chat luong luéi GPS thi trudc
tién ta phai danh gid chat luong két qua giai
canh dya vao mot so tiéu chi nhu: dang lo1 giai,
ty s6 phwong sai ratio, sai sé6 do canh RMS, ...
Sau d6, danh gid chat luong ludi bang cach
kiém tra céc sai s6 khép theo cac thanh phén toa
do trong cac hinh da giac khép kin, cac sai sb
khép nay phai nho hon han sai cho phép. Sau
khi kiém tra mang ludi theo hai budc trén dat
yéu cau thi cac tri do méi duge chép nhan dua
vao dé binh sai. Sau khi binh sai, nguoi ta dya
vao sai s0 trung phuong vi tri diém, sai s6 trung
phuong cac yéu t6 ddc trung trong ludi dé danh
gid vé do chinh xac ctia mang ludi da do.Trén
day 1a cach kiém tra théng thuong dé danh gia
murc do tin cay cta mang ludi GPS dya vao cac
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chi tiéu ndi b cua ludi, hay con goi 1a “tu kiém
tra”. Néu mang lu6i d6 duoc do thém céc tri do
bd sung thi ta co thé kiém tra, ddnh gia do tin
cdy ctia mang ludi GPS di do mot cach chic
chan hon.

2. Co s& ly thuyét
2.1. Cdic so6 hiéu chinh quy chuyén tri do
khoang cach

Céac trj do trac dia déu dugc tién hanh trén
bé mit dat ty nhién, trudc khi xu ly s6 liéu ta
déu phai quy chuyen ching vé mot bé mit toan
hoc chit ché&. Bé mit toan hoc duoc st dung dé
quy chuyén tri do c6 thé 1a mat Ellipsoid qui
chiéu hay mat phang. Trong thyc té, dé don
gian hoa khi tinh toan, sau khi da quy chuyén
cac tri do vé mit Ellipsoid, ta thuong tinh
Chuyen tiép cac tri /do vé mat phang sau do méi
tién hanh xtr 1y sb liéu trén bé mat nay. Nhu
vay, trinh ty xtr 1y s€ 1a chuyen tri do tir mat dat
ty nhién vé mat Ellipsoid thuc dung, sau d6
chiéu tri do tir mat Ellipsoid thuc dung xuéng
mit phang theo mot loai phép chiéu ban d6 nao
d6 (Hé VN-2000 quy dinh sir dung phép chiéu
hinh tru ngang déng goc UTM lam ludi chiéu
toa 6 phing cla Quoc gia). Céc loai tri do khac
nhau s& c6 cac sd hiéu chinh dé quy chuyén tri
do khéc nhau. Ddi voi tri do khoang cach, cac
s6 hiéu chinh dé quy chuyén ching vé bé mat
tinh toén thyc dung bao gém s6 hiéu chinh dd
cao (tir mat dat vé mat Ellipsoid thuc dung) va
s6 hiéu chinh chiéu dai (tir mat Ellipsoid thuc
dung xudng mit phang). Cong thirc thuc dung
tinh cac s6 hiéu chinh d6 duoc dua ra trong [1]
nhu sau:



S0 hiéu chinh d6 cao:

AH = —ﬂ.s , 1)
S4 hiéu chinh chiéu dai:
2 Ayz
AS=S.| m,—-1+m, , (2
{ (2R2 24R2 )} @)

trong do6: Hi - do cao trung binh cua canh do,
Rm 14 ban kinh trung binh cua Trai dét, S - chiéu
dai canh do, mo - ty 18 bién dang chiéu dai trén
kinh tuyén truc, ym - hoanh d6 trung binh cua
canh da loai bo gi tri 500km.

Trén dy 1a cac cong thire tinh gan dung, ap
dung cho cac canh do co6 chiéu dai ngan. Khi
can tinh v6i d§ chinh xac cao hon thi phai ap
dung cac cong thirc phtrc tap hon. S6 hiéu chinh
AH tinh theo cong thirc (1) chi ddng ké khi canh
duoc do tai vang nai ¢6 Hyp 16n. Con sb hiéu
chinh chiéu dai AS lai phu thudc chu yéu vao
loai mai chiéu str sung (mo), chiéu dai canh (S)
va khoang cach tir canh do dén kinh tuyén truc
(ym). Day la 5O hiéu chinh khéng thé bo qua ddi
v6i hau hét moi cap hang ludi, dic biét 1a khi ta
chon kinh tuyen truc khong phu hop.

2.2. Nguyén tic kiém tra chit lwong luéi GPS
bang cdc tri do bo sung

Déi voi cac mang ludi tric dia ngoai yéu
cau cao vé do chinh x4c, can phai bao dam mtc
do tin cdy cta ludi, vi thé trong nhitng trudng
hop cho phép, co thé tién hanh do kiém tra
chiéu dai canh cta ludi GPS bang may toan dac
dién tu.

Trong trudng hop chua binh sai ludi, chiéu
dai Baseline co thé duoc tinh theo mot trong hai

D’=+/dn” + de? , (3)
dh? (4)

trong d6 cac gia tri dn, de, chiéu dai canh
nghiéng dsipe Va dh - cic thanh phin cua
baseline duoc lay tir két qua 101 giai canh cua
ludi GPS. Vi chiéu dai canh ngan (dudi 500m)
thi chénh 1éch tinh D’ theo hai cong thuc (3) va
(4) 1a khong dang ké [2].

Néu ta do thém chiéu dai canh ngang cua
ludi bang may toan dac dién tur, ky hi¢u 1a S’ thi
ta c6 thé tinh chénh 1¢ch chiéu dai A =S* - D’.
Gia tri ciia A thé hién murc do tin cdy cua ludi
GPS da do.

cong thirc:

= ’__ 2
hodc D=, /dg, —

Ngoai ra, cac mang ludi GPS sau khi binh
sai trong hé toa d§ dia phuong s€ c6 co sd toan
hoc theo hé théng toa do cua diém géc duoc
khai bao. Néu binh sai trong hé VN-2000 thi co
so toan hoc cua cac diém trong mang luéi sé la:
Ellipsoid quy chiéu WGS-84, lu6i chiéu UTM,
kinh tuyén truc va mai chiéu do ngudi sir dung
tu khai béo. Day 1a cac diém thudc hé thong
ludi toa d6 vudng goc phang va duoc ky hiéu la
X, y. Co thé tinh chiéu dai canh tir cac thanh
phan toa do nay theo cong thirc:

Dy =/, =X +(y;=y))° (5)

Gia tri Dj tinh theo cong thic (5) - chiéu
dai canh & trén mat phfmg.

Néu tién hanh do b sung cac tri do khoang
cach ngang (S’) bang may toan dac dién tir (tri
do trén mat dat) thi co thé sir dung cac tri do
nay dé kiém tra do chinh xac ctia lu6i GPS bang
cach so sanh chiing véi chiéu dai canh tinh theo
cong thirc (5) c6 hiéu chinh cac cong thuc (1)
va (2) nhung lay nguoc dau, tirc 1a tinh:

Sij=Dij-AHij-ASjj , (6)

Chénh léch AS;’=Sj’-Sjj thé hién mirc do
tin cdy cua lud1 GPS da do.

Sau khi ¢6 céc tri do bo sung, ta c6 thé nang
cao d6 chinh xac cua luéi bang cach binh sai
két hop tri do GPS véi cac tri do bd sung do.
Céc tri do mat dat bd sung s& duoc binh sai két
hop voi cac tri do GPS theo nguyén ly s6 binh
phuong nhé nhat véi trong s6 dugc xac dinh
theo d6 chinh xé4c cua céac tri do mdt cach hop
ly.

3. Tinh thye nghiém
3.1. Gidi thiéu lwdi thuc nghiém

Mang ludi thuc nghiém dugc xay dung tai
khu vuc Bong Ngac, Tu Liém, Ha No6i. Toa do
trac dia trung binh cta khu do 1a B=21°04" va
L.=105%6’. Mang luéi bao gdbm 6 diém duoc ky
hiéu lan luot 1a A, B, C, D, E va F. So dd mang
ludi nhu sau:
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Mang lu6i dugce do theo nguyén ly do GPS
tuong doi tinh trong khoang thoi gian tir 14h
dén 16h30 ngay 21-2-2011 bang 1 ca do véi 6
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may thu GPS, bao gdm 4 may thu 4600LS va 2
may thu GB-1000. Sau khi do dac, tién hanh
trat sb lidu va xu 1y tinh todn binh sai theo mot
s6 phuong 4n khic nhau. Ludi dugce binh sai
v6i s6 lidu gdc t6i thiéu 1 toa do diém khoi tinh
A. Tién hanh binh sai luéi trong hé toa d6 VN-
2000 theo 4 phuong an nhu sau:

- Phuong 4n 1: kinh tuyén tryc 105°, mui
chiéu 3°

- Phuong 4n 2: kinh tuyén tryc 105°, mui
chiéu 6°

- Phuong 4n 3: kinh tuyén truc 105°45°, mui
chiéu 3°

- Phuong 4n 4: kinh tuyén truc 105°45°, mui
chiéu 6°

Ly do chon céc phuong an trén la vi kinh
tuyén 105° dang 1a kinh tuyén truyc duogc sir
dung cho ban d6 dia hinh céc ty 1é ciia Qudc gia

va kinh tuyén 105°45’ 1a kinh tuyén truc di qua
khu do. Mui chiéu 3° va 6° 1a hai loai mui dang
dugc st dung phd bién hién nay. Piém khai
tinh A duoc phén mém tu dong tinh doi toa do
theo cac phuong 4n nhu trén khi tién hanh binh
sal.
3.2. So sdnh bién dang chiéu dai tinh theo cdc
phwong dn

Sau binh sai, tién hanh tinh chiéu dai 15
canh cua ludi tir toa do binh sai theo cong thuc
(5). Ap dung cong thirc (2) tinh sd hiéu chinh
chiéu dai cho 15 canh theo ting phwong an, tir
doé tinh nguoc ra chiéu dai canh trén mat dat (S)
theo cong thirc (6). Do khu do nam & vi tri dong
bﬁng, c6 do cao tric dia khong 16n nén cé thé
b6 qua s6 hiéu chinh do cao. Két qua tinh S
theo ca 4 phuong 4n cho két qua nhu nhau dén
phan milimet va duoc néu trong cot 7 bang 1.

Badng 1. So sanh bién dang chiéu dai tinh theo cdc phirong dn

N, Canh Bién dang chiéu dai AS (mm) Canh hiéu chinh sau
' PA 1 PA 2 PA3 PA 4 binh sai GPS S (m)
(1) () 3) (4) (5) (6) (7)
1 AB -6.2 -103.3 -32.3 -129.3 323.512
2 AC -12.3 -207.2 -64.9 -259.7 649.751
3 AD -12.3 -206.9 -64.8 -259.4 648.893
4 AE -6.2 -103.2 -32.3 -129.2 323.301
5 AF -0.3 -4.8 -1.5 -6.0 15.111
6 BC -6.1 -103.9 -32.6 -130.4 326.240
7 BD -6.0 -103.7 -32.5 -130.1 325.591
8 BE -0.3 -5.0 -1.6 -6.3 15.730
9 BF -6.2 -103.7 -32.5 -129.9 325.005
10 CD -0.3 -4.9 -1.6 -6.2 15.536
11 CE -6.1 -104.2 -32.7 -130.8 327.160
12 CF -12.3 -207.6 -65.0 -260.2 651.044
13 DE -6.1 -103.8 -32.5 -130.2 325.764
14 DF -12.3 -207.2 -64.9 -259.7 649.827
15 EF -6.2 -103.4 -32.4 -129.5 324.063
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Theo phuong an 1 va 2 thi khu do cach kinh
tuyén truc khoang 81 km. Vi mui chiéu 3° thi
n6 nam gan sat voi dudng kinh tuyén chuén.

Két qua tinh & cot 3 bang 1 cho thiy véi
chiéu dai canh dudi 500 m thi khong can tinh s6
hiéu chinh nay. Ciing tir bang 1 cho thiy bién
dang chiéu dai khi tinh theo cac phuong 4n la
chénh nhau dang Kké. Mang ludi bi bién dang
chiéu dai 16n nhat khi binh sai theo phuong an
4, tirc 1a str dung mui chiéu 6° va dé kinh tuyén
truc di qua khu do.

3.3. So sdnh chiéu dai canh do todn dac dién
tir véi chiéu dai baseline

Tién hanh do céc tri do bd sung dé kiém tra
va nang cao do chinh xac ctia mang ludi. Cac tri
do bd sung 1a cac tri do khoang cach ngang cia
15 canh trong ludi dugc do bang may SET2C
¢6 do chinh xac do canh la a=3 (mm), b=2ppm.
Két qua do canh néu trong cot 3 bang 2.

Két qua tinh chiéu dai baseline theo céc cong
thirc (3) va (4) cho trong ¢4t 8 bang 2. Chénh I¢ch
chiéu dai duoc tinh trong cot 9 bang 2.

Bang 2. So sanh chiéu dai canh do toan dac dién t voi chiéu dai baseline

Canh do Canh do GPS (Baseline) A=S'-D'
No | Canh
TPDT S' (m) dn de Slope dh D' (m) (mm)

O] @ ®3) (4) (5) (6) () (8) (9)

1| AB 323.508 -0.603 | -323.512 | 323.512 | 0.376 | 323.513 -5

2 | AC 649.748 0.164 | 649.749 | 649.750 | -0.363 | 649.749 -1

3 | AD 648.891 -15.337 | 648.710 | 648.892 | -0.414 | 648.891 0

4 | AE 323.280 15.118 | -322.947 | 323.301 | 0.393 | 323.301 -21
5 | AF 15.107 -15.069 | -1.115 15.111 | 0.081 | 15.110 -3

6 | BC 326.241 -0.450 | 326.239 | 326.239 | 0.037 | 326.239 2

7 | BD 325.592 -15.952 | 325.200 | 325.591 | -0.009 | 325.591 1

8 BE 15.728 -15.721 | -0.563 15.731 | 0.011 | 15.731 -3

9 BF 325.000 -15.670 | -324.625 | 325.003 | 0.456 | 325.003 -3

10 | CD 15.533 15.501 1.040 15.536 | 0.048 | 15.536 -3

11 | CE 327.176 15.270 | 326.803 | 327.159 | 0.026 | 327.160 16
12 | CF 651.047 15.234 | 650.864 | 651.043 | -0.443 | 651.042 5

13 | DE 325.784 -0.231 | 325.763 | 325.763 | -0.018 | 325.763 21
14 | DF 649.827 -0.267 | 649.825 | 649.826 | -0.494 | 649.825 2

15 | EF 324.043 0.049 | -324.062 | 324.063 | 0.476 | 324.062 -19
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3.4. So sanh chiéu dai canh do toan dac di¢n tir véi chiéu dai canh sau binh sai

Bang 3. So sanh chiéu dai canh do toan dac dién tir voi chiéu dai canh sau binh sai

Canh do Canh hiéu chinh sau | Canh hiéu chinh sau | A'=S'-S | A"=S'-S"

No | Gl ppT s (m) | binh sai GPS S (M) | binh sai két hop 8" (m) | (mm) | (mm)
1] @ ) (4) () (6) (7)

1 | AB 323.508 323.512 323.511 -4 -3

2 | AC 649.748 649.751 649.749 -3 -1

3 | AD 648.891 648.893 648.891 -2 0

4 | AE 323.280 323.301 323.281 -21 -1
5 | AF 15.107 15.111 15.111 -4 -4

6 | BC 326.241 326.240 326.239 1 2

7 | BD 325.592 325.591 325.590 1 2

8 BE 15.728 15.730 15.728 -2 0

9 | BF 325.000 325.005 325.004 -5 -4

10 | CD 15.533 15.536 15.536 -3 -3

11 | CE 327.176 327.160 327.178 16 -2
12 | CF 651.047 651.044 651.042 3 5

13 | DE 325.784 325.764 325.782 20 2
14 | DF 649.827 649.827 649.825 0 2

15 | EF 324.043 324.063 324.042 -20 1

Cot 6 bang 3 1a két qua so sanh chénh léch
gitta chiéu dai canh ngang do bang may toan
dac dién tir va chiéu dai canh duoc tinh nguoc
ra tr toa do sau binh sai ludi GPS da dugc hiéu
chinh theo cong thirc (6). CAc két qua nay ciing
rat khép voi két qua tinh & cot 9 bang 2. Ta ¢6
thé kiém tra cic chénh léch nay bang cach so
sanh chung véi sai sb giéi han tinh theo cong
thirc sau [2]:

My, = 2.5/ M2, + Mg ) (7)

trong d6 mTp VA Maps - sai sd trung phuong
chidu dai canh do bang TPDT va GPS, chung
duoc tinh theo cac cong thuec:
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My =+/a? + (0.8 va My, =+/a”+(b'S")?

vo1 a=3mm, b=2ppm (d0 chinh xdc may SET
2C); a’=3mm, b’=1ppm (d¢ chinh xadc may GB-
1000); S’ 1a chiéu dai canh do. Két qua tinh mgh
cho tat ca 15 canh déu 1a 11mm.

Tur két qua so sanh cho théy, hau hét tat ca
cac canh cua ludi déu c6 do chinh xac dam bao
do tin cay (chénh 1léch khong qua £11mm).
Riéng 4 canh EA, EC, ED, EF c6 chénh léch
vuot qua giéi han (xdp xi +2 cm). Piéu d6
chtng to diém E khi do GPS di bi sai, nguyén
nhan la do trong qué trinh do, may thu GPS dat
tai diém E da bj 1éch bot thuy.



T gia tr1 va diu cta cac chénh l1éch nhan
duoc, co thé phan doan toa do thuc cua diém E
phai léch vé phia diém D khoang 2 cm.

Nhu vay, st dung céc tri do bo sung ta c6
thé két luan 11 trén 15 canh cta ludi GPS dam
bao do chinh xac, diém E do GPS bi sai cho nén
cac tri do GPS lién quan dén diém E can phai
loai bo.

3.5. Binh sai két hop tri do GPS va tri do bo
sung dé nang cao dé chinh xdc lwéi

Pé nang cao do chinh xac ctua mang ludi
thuyc nghiém, ta can tién hanh binh sai két hop
cac loai tri do da c6. Piém E khi do GPS khong
dang tin cay cho nén cac tri do GPS co lién
quan dén diém E s& bi loai bo (bao gdm 5
baseline).

Céc tri do tham gia binh sai két hop bao
gdm 42 tri do GPS (c6 14 baseline vi mdy thu
tai diém B duoc bat 2 1an trong qua trinh thu tin
hiéu) va 15 tri do mat dat. Phan mém st dung
dé binh sai két hop 1a GPSurvey 2.35. Toa do
ctia cac diém theo phuong an binh sai két hop

cho trong cot 3 bang 4. Két qua so sanh toa do
ctia cac diém theo 2 phuong an: binh sai ludi
GPS va binh sai két hop (loai bo tri do GPS cua
diém E) duoc néu trong bang 4.

Két qua tinh ¢ cot 6 bang 4 cho thiy toa do
diém E sau binh sai két hop da thay doi (chuyén
dich 2.1 cm vé phia diém D). Cac diém con lai
déu ¢6 chénh 1éch toa d6 so voi phuong an ban
dau khong nhiéu.

Ciling tr toa d6 tinh dugc ¢ cot 3 bang 4,
tién hanh tinh nguoc ra chiéu dai canh trén mat
dat theo cac cong thirc (2), (5) va (6), két qua la
S” cho trong cft 5 bang 3. Cot 7 bang 3 1a so
sanh chénh 1éch chiéu dai canh vira tinh duge
(S”) véi chidu dai canh ngang do bang may toan
dac dién tr (S’). So sanh cdt 6 va cdt 7 bang 3
cho théy, chiéu dai canh trén mat dit tinh ngugc
tir toa do binh sai theo phuong 4n binh sai két
hop (loai bo tri do GPS cua diém E) cho két qua
rit sat voi cac tri do toan dac dién tir so véi
phuong an chi binh sai ludi GPS (chénh léch tat
ca cac canh khong qua +5 mm).

Bang 4. So sanh toa do binh sai theo hai phuong dn

Piém Binh sai GPS (m) Binh sai két hop (m) | AX (mm) | AY (mm) (rﬁrF:w)
2330967.527 2330967.527

A Fix
580819.169 580819.169
2330969.714 2330969.714

B 0 1 1
581142.667 581142.666
2330970.863 2330970.863

C 0 2 2
581468.899 581468.897
2330955.357 2330955.357

D 0 2 2
581467.936 581467.933
2330953.992 2330953.995

E -2 20 21
581142.180 581142.160
2330952.452 2330952.453

F 0 0 0
580818.127 580818.127
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4. Két ludn

Khi xdy dung mang ludi GPS cho cac
cong trinh nhé nén chon kinh tuyén truc sao cho
duong kinh tuyén chuan di qua vi tri trung binh
ctia khu do. Néu str dung luéi chiéu UTM mui
6° thi nén chon kinh tuyén truc cach khu do
khoang 180km, véi mui 3° thi nén chon kinh
tuyén truc cach khu do khoang 90km.

Kiém tra d6 tin cdy ctia mang luéi GPS
bang cic tri do bd sung 1a mot phuong phap
hiéu qua, co co s 1y thuyét chat ché va co thé
dé dang ap dung trong thuc té. Cac tri do bd
sung khong nhiing giup phat hién céc sai sot co
thé c6 trong qua trinh do GPS, ma ta con ¢ thé
sir dung chung dé binh sai két hop giup nang
cao do chinh xac ludi. Véi mang ludi thuc
nghiém, sau binh sai két hop, toa do diém E da
bi thay ddi 2.1 cm. Két qua so sanh chiéu dai
canh sau binh sai két hop véi chiéu dai canh do

kiém tra bang may toan dac dién tir theo co s&
ly thuyét da néu la rat phu hop.
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SUMMARY
Checking the reliability of short baseline GPS control
network using the supplemental observations

Nguyen Thai Chinh, University of Mining and Geology

Checking the quality of network is mandatory in the process of establishing GPS control
network. The paper introduced a method of checking the reliability of GPS control network using
the supplemental observations (horizontal distances measured by total station) based on the theory
of horizontal distance reduced. After checking and estimating the quality of the network, the
supplemental observations will be used to combinative adjustment with GPS observations (just
confident observations) to improve the accuracy of the network.
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