Nghién ctiu - Ung dung

NANG CAO PQ CHINH XAC KHI UNG DUNG CONG NGHE
RTK, TRONG THANH LAP BAN PO SO TY LE LON

HOANG THI THUY
Bai hoc Mo Pia Chat

Tém tit:

Ngi dung nghién citvu bao gom khdo sdt dé chinh xdc do chi tiét thanh ldp ban do so6 1y 1é I6n
bang cong nghé RTK, PPK, CORS thong qua két qud thic nghiém. Két hop do GPS tai mét s6 diém
khong ché ciing véi do chi tiét dé nang cao dg chinh xdc trong thanh ldp ban do sé ty 1é lon. Xay
dung modul chuong trinh hiéu chinh toa do cac diém do chi tiét dua vao cdc diém do GPS theo bai
todn bién doi toa dd. Két qua nghién ciru cho thdy, tinh hiéu qua va dam bao yéu cau dg chinh xdc
trong cong tdc thanh ldp ban do sé ty 1¢ I6n khi sir dung cong nghé RTK, PPK, CORS ciing véi diém

do GPS
1. Mé dau:

Cong ngh¢ GPS (Global Positioning System)
da dugc phat trién rong khip trong cic nganh,
dic biét trong cong tac tric dia. Viéc nghién ctru
mg dung cong nghé GPS thanh lap ban do sb ty
1¢ 16n dem lai két qua cao. Phuong phap do
tuong d6i dong thoi gian thuc (RTK) va phuong
phap do dong xir Iy sau (PPK) ¢ nhidu wu diém
trong cong tac do vé& thanh 1ap ban d6 s6. Cong
tac xay dung lu6i khdng ché dugc giam dang ké.
Viée do chi tiét khong doi hoi sy théng hudng
giita diém khéng ché véi diém chi tiét nhu
phuong phép do v& truyén thong bang may toan
dac dién tu. Thoi gian do chi tiét va s6 nhan cong
it hon. Theo mot s nghién ctru cho thay khi str
dung phuong phap RTK trong do vé& ban do ty 1&
16n ¢6 thé giam 50%-60% chi phi nhéan lyc, giam
t6i 50% gia thanh cong trinh. Tuy vy RTK van
c6 nhiing han ché nhat dinh nhu han ché vé
khoang cach chuyén tin hiéu li€n tuc tir tram
tham chiéu (tram Base) dén tram do dac (Rover).
Trong khi d6, phwong phap do dong xir Iy sau
(PPK) c6 thé khic phuc van dé trén ctia phuong
phép RTK. Tuy nhién phuong phap PPK ciing co
han ché 1a khong kiém soat duoc do chinh xac
xéac dinh vi tri tai thoi diém do dac va d6 chinh
xac suy giam khi ting dan khoang cach tu Base
dén Rover. Trong ndi dung nghién ciru nay,
chung t6i di sau khdo sat d¢ chinh xac do xac

dinh toa d6 cac diém chi tiét khi thanh 1ap ban d6
sO ty 1& 16n bang cong nghé RTK tir tram Base va
tham chiéu hoat dong lién tuc Cors. Van dé két
hop coéng nghé do RTK véi do toa do mot sb
diém GPS thong qua bai toan bién dbi toa do
nham nang cao do chinh xé4c trong thanh 1ap ban
dd s6 ty 18 16n.

2. Khao sat d chinh xac do chi tiét bang
cong nghé RTK.

a. Phuwong dn do tir tram Base:

Pé xem xét do chinh xac do chi tiét bang
cong nghé RTK, chiing t6i thanh 1ap ludi khdng
ché mit bang 4 diém gbc va 9 diém xac dinh
bing may toan dac dién tir Trimble S6 va may
Trimble R7 GNSS. D¢ chinh xac ludi mit bang
do duoc sau binh sai dat duong chuyén cip 1
(Xem Hinh 1)

Bing phuong phap do RTK, tién hanh do xéc
dinh lai toa do cac diém khong ché, tai mdi diém
dugc do 10 lan bang may Trimble R7 GNSS.
Nhu vay toa d¢ cac diém khéng ché duoc xem la
tri thuc so v6i diém do RTK. Ap dung phuong
phap danh gia d6 chinh xac két qua do theo sai
s6 thuc theo cong thirc Bessen khi do nhiéu lan
mot dai lugng tai timg diém khong ché va tong
hop toan ludi [1]. Cac két qua néu & bang 1.
(Xem Bang 1)
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Hinh 1: Sor d@6 hedi khong ché dwong chuyén
cap 1

Dé kiém chung d6 chinh xéac két qua do RTK,
chung t6i bd tri do chi tiét thanh 1ap ban dd sd
dia hinh tai khu vyc céng vién Hoa Binh. Céc
diém chi tiét duoc do hai 1an bang may toan dac
dién tir va cong nghé RTK. Bang cong thirc danh
gia do chinh xac diy két qua tri do kép [1],
chung t6i ¢6 dugc két qua néu ¢ bang 2. Do
chinh x4c vi tri diém chi tiét vé mit bang va do
cao dat 4 cm. (Xem Badng 2)

b. Phuwong dn do tir tram tham chiéu hoat
dong lién tuc CORS:

Hién nay céng nghé RTK ung dung tram
tham chiéu hoat dong lién tuc CORS dang duoc
tmg dung nhiéu trong thuc t& san xuat. D& phan
tich do chinh xéc cta phwong phap nay ching toi
tién hanh khao sat do lai cac diém khéng ché da
co toa do lam tri thuc tai 3 vi tri dat tram CORS
gém: Trudong Pai hoc Mo-Dia chit, Ha bong —
Ha Noi va TP.Hai Duong. P§ chinh xac nhan
dugc nhu sau: (Xem Bang 3, 4, 5)

Tir két qua trén chung ta thiy riang do chinh
xéac xac dinh diém chi tiét tir cac tram Cors phu
thudc vao khoang cach tir diém do dén vi tri tram
Cors. Khoang cach do chi tiét t6t nhat giira tram
Cors va Rove nho hon 10 km.

3. Két hop cong nghé RTK véi do GPS

Do dic diém cua cong nghé RTK, do chinh
xac cac diém do phu thudc vao do chinh xac
diém tram Base va khoang cach giit tram Base
va Rove. Cong nghé RTK khi do v& ban dd khu
vuc ¢6 dia vat che khuat s& khong thyc hién
duoc. Bbi véi khu vue ¢ cay tan lon, cac cong
trinh xay dung... che khuat, sé luong diém chi

Badng 1: Panh gia do chinh xdac do RTK

s Panh gia theo cong thire sai so thuc Panh gia theo cong thitc Bessen
Tén diem kiém tra
Mx(m) My(m) Md(m) Mx(m) My(m) Md(m)
GPS-A 0.01282 0.01947 0.02331 0.00084 0.00182 0.00200
GPS-B 0.03561 0.03435 0.04948 0.00089 0.00356 0.00367
KV-2 0.03883 0.02465 0.04599 0.00164 0.00167 0.00235
KV-8 0.02232 0.02046 0.03028 0.00259 0.00485 0.00550
KV-9 0.00261 0.02656 0.02669 0.00292 0.00329 0.00439
Tong hop Toan ludi 0.02467 0.02064 0.03217 0.00203 0.00354 0.00420
Bdng 2: Do chinh xdc do RTK theo cong thuee tri do kép
TT Toa d¢ diém chi tict (RTK) Hiéu toa do gitra hai phuong phap
X Y H dx dy dd dh
1 2330107.532 | 581618.369 6.210 -0.135 0.077 0.155 -0.140
2 2330107.532 | 581618.369 6.210 -0.133 0.077 0.154 -0.150
3 2330107.532 | 581618.372 6.210 -0.135 0.080 0.157 -0.140
169 | 2330107.287 | 581637.208 6.210 -0.130 0.046 0.138 -0.140
170 | 2330107.642 | 581657.425 6.230 -0.142 0.070 0.158 -0.160
171 | 2330107.642 | 581657.425 6.230 -0.116 0.060 0.131 -0.110
m = spr([dd]/2n) 0.032 0.022 0.039 0.045
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Bdng 3: Pdanh gid dj chinh xdc do RTK- tram Cors Trieong Mo-Dia chdt (3 km)

Piém kidm Danh gia theo cong thirc sai so thuc Danh gia theo cong thirc Bessen
tra Mx(m) My (m) M(m) MH(m) My (m) My (m) M(m) MH(m)
GPS-A 0.0119 0.0250 0.0281 0.0168 0.0016 0.0023 0.0028 0.0149
GPS-B 0.0334 0.0404 0.0526 0.0117 0.0036 0.0041 0.0054 0.0080
GPS-C 0.0284 0.0358 0.0465 0.0055 0.0034 0.0026 0.0043 0.0091
GPS-D 0.0301 0.0360 0.0470 0.0102 0.0021 0.0031 0.0037 0.0055
T.Binh 0.0260 0.0343 0.0436 0.0111 0.0027 0.0030 0.0041 0.0094
Bdng 4: Banh gia do chinh xdac do RTK- tram Cors Ha Bong — TP Ha N¢i (15 km)
Piém kiém DPanh gia theo cong thurc sai so thyc banh gia theo cong thic Bessen
tra Mx(m) My(m) Md(m) MH(m) Mx(m) My(m) Md(m) MH(m)
GPS-A 0.0484 0.0624 0.0790 0.0630 0.0205 0.0237 0.0314 0.0705
GPS-B 0.0884 0.0701 0.1128 0.0400 0.0070 0.0205 0.0217 0.1106
GPS-C 0.0764 0.0522 0.0926 0.0872 0.0509 0.0205 0.0549 0.1011
GPS-D 0.1024 0.0968 0.1409 0.0881 0.0837 0.0712 0.1098 0.0853
T.Binh 0.0789 0.0704 0.1063 0.0696 0.0405 0.0340 0.0545 0.0919
Bang 5: Panh gia do chinh xac do RTK- tram Cors TP Hai Duwong (60 ki)
Pidm kiém Dbanh gia theo cong thurc sai so thuc Danh gia theo cong thirc Bessen
tra Mx(m) My(m) Md(m) MH(m) Mx(m) My(m) Md(m) MH(m)
GPS-A 0.2742 0.2188 0.3508 0.8948 0.0152 0.0082 0.0173 0.0102
GPS-B 0.2336 0.1404 0.2772 0.5636 0.0044 0.0050 0.0067 0.5165
GPS-C 0.3070 0.1980 0.3704 0.6419 0.0041 0.0113 0.0120 0.0571
GPS-D 0.1174 0.0451 0.1258 0.1879 0.0205 0.0292 0.0357 0.0678
T.Binh 0.2331 0.1506 0.2811 0.5721 0.0111 0.0134 0.0179 0.1629
tiét do dugc bang RTK chi dat 50-80%. do vidy ~ a - Phép bién doi Affine.
hun hai dung ma an ién tu 5
ching ‘Ea p z} du‘ g may toan dac Cae; t}l’ do bd X, = ax, + by, + ¢
xung cac diém con lai. Thay cho viéc xay dung
luéi khong ché do v€ dé do bo xung céac diém chi yy=dx;tey;tg ()
tiét rai rac trén toan bd khu vye do, chiing t61 dé .
xuéit thuc hién nang cao do chinh xac diém do 0 - Phép bien doi Helmert.
RTK lam diém tram do, dat may toan dac dién tu Xy = Xq + axy - by
do bo xung cac diém chi tiet con lai.
Y2 =Yo T bxy +ay 2)

DPé nang cao do chinh xac diém do RTK,
ching ta bd tri do mot s6 diém da xac dinh bang
cong nghé RTK bang phuong phap GPS tinh.
Céc diém nay c6 toa do tir cong nghé RTK va
GPS duoc goi la diém song tring. Thong qua bai
toan bién ddi toa d trén mat phang gdm: phép
bién ddi Affine, Helmert, Bién d6i Pa thuc [2],
[3]. Cac cong thirc bién d6i gdm:

¢ - Phép bién doi da thirc bdc 2.
Xy =ay +byxy ey Hdix? ey’ + gy xpyg
Y2 = ay +byX + ey +dopx’ gy’ + gy Xy

)

Tuy theo s6 diém c6 toa do song trung, modul
chuong trinh ty dong xac dinh cac hé s bién doi
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va tinh lai toa do do bﬁng RTK duoc hiéu chinh
dwa vao toa d6 GPS. So d6 khdi va modul
chuong trinh dugc néu trong hinh 2 va hinh 3.

T
(" Bitdau )
S

Nhip sa ligu

Xac dinh phép bién déi
dua va sé diém song tring

Drt liéu do bang cong nghé
RTK., PPK, CORS

Tinh hé s6 bién d6i theo
nguyén Iy s6 binh phwong
nhé nhét

Hiéu chinh toa do cac diém
do RTK

]

.k\‘

Két )
\rhﬁc )
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Hinh 2: So d6 khéi chwong trinh

Qua két qua tinh toan thuc nghiém cho thiy
do chinh xac cac diém do RTK dugc hiéu chinh
dia vao cac diém song trung di nang cao do
chinh xac. Véi s6 diém song trung tir 3 dén 5
diém, do chinh x4c vi tri diém (my) dat dugc tir
1 cm dén 4 cm. Céac két qua tinh toan duoc mé
ta dudi day:

sAN 00 56 DIA HitH

..
0

o -
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Hinh 3: Modul chwong trinh

ey  Brwa. B e o s A

a- Toa dg cac diém song trung

1) GPS_D 2330690.979 581501.413 8.404
2330690.911 581501.458 8.404

2) GPS_A 2330384.912 581883.385 6.735
2330384.804 581883.443 6.735

3) GPS_B 2330461.978 582152.043 7.163
2330461.889 582152.094 7.163

b- Hé s6 tinh chuyén

Bang 6

Toa do RTK Toa d¢ sau hiéu chinh | Chénh Iéch toa @0 RTK| Chénh léch toa d6 sau hi€u chinh

X y X y dx dy dx dy
2330690.979 |581501.417] 2330690.909 | 581501.463| 0.068 -0.041 -0.002 0.005
2330690.987 |581501.417] 2330690.917 | 581501.463| 0.076 -0.041 0.006 0.005
2330690.985 |581501.415] 2330690.915 | 581501.461| 0.074 -0.043 0.004 0.003
2330545.543 |581693.705| 2330545.462 | 581693.753| 0.096 -0.033 0.015 0.015
2330545.536 |581693.704| 2330545.455 | 581693.752| 0.089 -0.034 0.008 0.014
2329937.896 | 581319.35 | 2329937.811 [ 581319.373 0.08 -0.019 -0.005 0.004
23329937.896(581319.349( 2329937.811 | 581319.372| 0.08 -0.02 -0.005 0.003
2329937.897 |581319.347] 2329937.812 | 581319.37 0.081 -0.022 -0.004 0.001
2329937.898 |581319.352] 2329937.813 [ 581319.375| 0.082 -0.017 -0.003 0.006
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Badng 7
Panh gia theo cong thiic sai s6 thuc Panh gia theo cong thirc sai s6 thuc
Toa do do RTK Toa do do RTK sau hi¢u chinh
mx(m) =0.085 my(m) =0.045 md(m) =0.076 mx(m) =0.051 my(m) =0.028 md(m) =0.047

A=1.000161231223
B = 0.000024471837
C = 2330512.534666670000
D = -0.000055222235
E = 0.999989785366
G = 581845.665000000000
c- Str dung phép bién ddi Affine
X2=A*X1+B*Yl+C
Y2=D*X1+E*Y1+G

d- Toa d6 cac diém do RTK va toa do sau

hi€u chinh. (Xem bdng 6)

e- Két qua danh gia do chinh xac. (Xem bdang

7)

4. Két luan:

Trén co so cac két qua nghién clru va thyc
nghiém, chung t6i thay rang viéc ung dung cong

Summary

nghé RTK két hop bai toan bién doi toa do dua
vao diém do GPS trong cong tac do dac thanh
1ap ban do s dia hinh, dia chinh ty 1¢ 16n hoan
toan dam bao do chinh xac yéu ciu theo quy
dinh, dat hi¢u qua kinh té cao. Modul chuong
trinh tw dong x4c dinh cac hé sb bién d6i va tinh
chuyén toa d§ do RTK c6 y nghia khoa hoc va
thuc tién.Q
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Improvement of accuracy of RTK-measured coordinates for large scale mapping

Hoang Thi Thuy

Hanoi University of Mining and Geology

This study assessed accuracy of RTK for large scale mapping. In order to improve the accuracy
of the map for mining tasks, RTK was integrated with statistic GPS. A programmed module was cre-
ated to adjust RTK-measured coordinates based on statistic-GPS coordinates and by transforming
the coordinates. The results showed that the integration of RTK and statistic GPS meets the accura-

cy and efficiency requirements the large scale mapping.Q
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