SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.18, No.K2 - 2015

Mot so két qua thuc nghiém ciaa hé thong dinh
vi GPS RTK st dung mang ludi vién théng di

dong 3G va internet
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TOM TAT

Bai b&o nay gidi thiéu céac két qua thuc nghiém
cua hé thong GPS RTK do nhém téc gia thiét Igp voi
cac cu ly khac nhau (tir 2.5km dén 21 km). Véi cac
dwong day Skm, sai s6 trung phirong cua |61 gidi RTK
1 2.8cm véi nghiém fix dat ty 1é xdp xi 90%. Piéu
nay cho thay hé thong RTK GPS nay dép itng duwoc
CAC Y8U cau Vé dg chinh xdc do vé ban do dia hinh,
dia chinh ty 1¢ 16n, cong tac thiy dac, nhdt 1a cong

tac bo tri cong trinh va dinh vi RTK chinh x4c cao
trong cac hé théng giao thong théng minh ITS
(Intelligent Transportation Systems). Thiét bj si
dung trong hé thang nay cé chi phi thap, ¢ san trén
thi truwong, gon nhe, c6 kha nang do RTK lién tuc
trong mgt ngay va cho phép si dung nhiéu may Rover
dong thoi.

Tir khoa: RTK GPS, mang vién thong 3G, thiy dac, hé theng giao théng théng minh ITS.

1. GIOI THIEU

Bai bao [1] da gisi thiéu hé théng RTK truyén
dir liéu qua Internet 3G. Trong qua trinh thir nghiém,
chung t6i d& ¢6 mot s6 thay doi nho gilp hé thong
linh dong va dé st dung hon. Dé thu di liéu ban lich
vé tinh tir may thu U-blox 6T, nhom tac gia thay thé
laptop bang thiét bi chuyén UART sang bluetooth va
nang cip chuong trinh BluetoothInternet.apk thanh
ManyBluetoothInternet.apk. Diém khac biét cua
ManyBIluetoothInternet.apk so véi phién ban cii 1a cé
thé dong thoi nhan dix liéu tir nhiéu thiét bi bluetooth

cung luc rdi truyén vé may chu server qua Internet

3G. Nham khic phuc nhuge diém IP dong khong cd
dinh (thudng sé bi thay d6i vai tuin mét 1an), ching
www.rtk.noip.me trén
www.noip.com két hop phan mém DUC phién ban

t6i ding ki tén mién
4.0.2 thay vi phai nhép dia chi IP déng trude khi do,
gilp hé thdng dé sir dung hon. Bén canh d6 chung t6i
cai dit toa do rover xuét ra & dang hé toa do dia dién
AE, AN, AU thay vi cai dat xuat toa do rover ¢ dang
toa do tric dia B, L, H hoac toa d6 vudng goc khong
gian X, Y, Z. Uu diém su thay d6i nay 1a chi can toa

d6 gan dung tram base (co dugc nhd xt 1y dinh vi
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tuyét ddi dir liéu tram base gui vé). Dya vao toa do
gan dung nay, phan mém RTKLIB xu Iy va cung cap
s6 gia toa do chinh xac trong hé toa do dia dién AE,
AN, AU. Piéu nay doi hoi dién thoai tram rover can
cai dat phan mém hién thi toa do tram rover. Phan
mém hién thi duoc xay dung cho phép lua chon 2
phuong an: luu toa d¢ dia dién AE, AN, AU néu chua
biét toa d6 chinh xac tram base hoic két hop toa do
tram base dé tinh ra toa do rover trong cac hé toa do
khac (tiy theo cai dat trong phan mém s& quyét dinh
dinh dang toa d¢ rover). Muc dich bai bao nay 1a do
thuc nghiém kiém tra d6 chinh xac hé théng RTK tu
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thiét 1ap, nén phan mém chuyén ddi toa do rover
khong d& cap trong bai bdo nay. So do két ndi hé
thdng do RTK truyén dir liéu qua Internet 3G sau khi
dugc tinh gian dwoc thé hién ¢ hinh 1. Uu diém cua
so dd nay la thiét bi gon nhe, chi phi thdp va it tiéu
tén nang lugng do d6 c6 kha ning do RTK lién tuc
trong 12 gio (diéu nay la khdng thé ddi véi mot hé
thdng RTK sir dung radio-link UHF) dap tng nhu
cau do v& ban db ti 1¢ Ion, bé tri cong trinh ciing nhu
cac giai phap dinh vi theo thoi gian thyc chinh xac

cao trong cac hé théng giao thong théng minh ITS

(Intelligent Transportation Systems).

Rover

Hinh 1. So @b két ndi hé théng RTK truyén dit liéu qua Internet 3G két hop may thu U-blox 6T
va phan mém RTKLIB phién ban 2.4.2
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Bang 1. Danh muc thiét bi, phé“m mém cho céc ca do thuc nghiém

TT Tén thiét bi/ phAn mém Chikc niing
1 2 may thu hai tin sé Trimble R7 Tri do pha va ma 2 tin s6 L1, L2
2 1 may thu mét tin sé U-blox 6 + 1 b chuyén Cung cip dit liéu quy dao vé tinh
UART sang bluetooth

Cai phan mém ManyBluetoothlnternet.apk (tu bién soan),

3 2 dién thoai hé didu hanh Android trao ddi dif lidu tir may thu dén server qua cong bluetooth,
hién thi toa d¢ diém do.

4 1 Tapton cai dat [Am server trung t&m Cai phin mém InternetCOM.exe (ty bién soan), phin mém

aptop cai datfam serverfrung fa RTKLIB 2.4.2; phin mém DUC 4.0.2

5 RTKLIB phién ban 2.4.2 Xu ly RTK déng thai gian thuc

6 ManyBluetoothInternet.apk(HDH Android) Truyén di ligu tir bluetooth ra Internet qua SIM 3G

7 InternetCOM.exe (HDH Windows) Nhan dix ligu tir Internet cho RTKLIB xu ly

8 Virtual Serial Port Driver 6.9 Quan ly COM ao

9 DUC 4.0.2 Ding ki tén mién www.rtk.noip.me cho server

2. THUC NGHIEM VA BAN LUAN KET QUA

2.1 Po dac thuc nghiém: 06 ca do thuc nghiém
duoc tién hanh veoi chiéu dai cac duong day tir 2.9
km dén 23 km vé6i phuong vi khac nhau. Cac diém
méc duoc bé tri dam bao théng thoang dé tin hiéu
tir vé tinh dén may thu 1a tt nhat. Thoi gian do
cua mdi ca do 1a x4p xi 60 phat. Chi tiét cac ca do
Bang 2. Cac duong day thuc nghiém

duoc thé hién & bang 2. Viéc sir dung ky thuat truyén
dir liéu tir tram base dén tram rover bang radio-link
thong qua bang tan UHF 1a khong thé thyc hién dugc
do dia hinh, dia vat rat phuc tap, kha nhiéu nha cao tang
va khoang cach giira cac moc 1a kha xa.

Khoa ach
Ca do Ngay do O?Er?])cac Thoi gian do Vi tri tram base Vi tri tram rover
) ) Duodng DS Xuan Hop, Quan 9 (¢ | Puong Truong Vin Bang,
1 27/12/2014 4.6 17:07 - 18:00 toa o) Quin 2 (khong toa do)
Cty Long Phic Kién Quan 2 (khoéng | Puong Truong Vian Bang,
. 50 - 13: N
2 09/01/2015 3.0 1150-1303 | ) Ouin 2 (knong toa 45)
Bo song Sai Go an 2 (c6 d6 | Puong Tran NA an 2 (c6
3 29 07:23 — 08:25 ¢ sbng Sai Gon, Quan 2 (c6 do Auong ran N&do, Quan 2 (c6
cao) d6 cao)
04/02/2015 s s S G -
& song Sai Gon Au Sai Go an 2 (c6 d6
4 4.4 09:00 - 10:22 Cau Sai Gon, Quan 2 (c6 6
Quan 2 (c6 do cao) €ao)
dc 16 51, Tam Phudc, Bié
5 21 09:38—11:01 | Xa 1o Ha Noi, Quan 2 gz;’c ¢ 51, Tam Phudc, Bién
07/02/2015 R
a 2 an Thu
6 95 13:00-14:32 | Xa 1o Ha Noi, Quan 2 g‘;‘; vuot tram 2, Quan Tha
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Hinh 2b. Vi tri cac diém méc cua 2 ca do véi cac khoang cach 9.5km va 21km

2.2 Xir ly két qua
két qua chinh xac dé so sénh véi cac két qua xtr Iy dong

Céc dudng day duoc xir ly theo ché do tinh bang
phan mém Topcon Tools 8.2.3 va tit ca déu dat
nghiém fix. Két qua xir ly tinh nay duoc xem la

thoi gian thuc RTK bang phan mém RTKLIB.
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Hinh 3. Trang thai nghiém fix va float cta céac ca do thuc nghiém

Két qua xir Iy timg duong day cua cac ca do
dugc thé hién ¢ cac bang théng ké két qua dudi

day (bang 3, bang 4). Trong d6 do léch A la hiéu
Bang 3. Két qua xur 1y cac duong day bang ky thuat hau xir ly (tinh) va RTK dong

gitta két qua xu ly bing theo thoi gian thuc (bing
RTKLIB) so véi hau xt ly (bang Topcon Tool).

Loai xir ly AN (m) AE (m) AU (m) SSTP(nTri; biing SSTP dd cao (mm)

Ca 1 ngay 27/12/2014 (4.6km)

Hau xu ly -4015.7979 -2267.3022 -3.8214 3 7
RTK (tri trung binh) -4015.8101 -2267.3034 -3.8433 28 51
D6 lech A (mm) -12.2 1.2 21.9

Ca 2 ngay 09/01/2015 (3.0km)

Hau xir ly -1980.8658 2315.7664 -10.1096 1.2 25
RTK (tri trung binh) -1980.8621 2315.7574 -10.0798 19 63
Do léch A (mm) +4 -9 +30

Ca 3 ngay 04/02/2015 (2.9km)

Hau xir ly 2791.4157 867.3984 0.1340 1.2 21
RTK (tri trung binh) 2791.4157 867.3955 0.1253 7 14
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Do léch A (mm) 0.0 -2.9 -8.7
Ca 4 ngay 04/02/2015 (4.4km)
Hau xu ly 4277.6936 1126.6289 -1.0852 1.7 3.0
RTK (tri trung binh) 4277.6937 1126.6315 -1.0700 10 21
Do léch A (mm) 0.1 2.6 15.2
Ca 5 ngay 07/02/2015 (21km)
Hau xir ly 7591.4810 19674.7655 -4.2515 7 16
RTK (trj trung binh) 7587.6226 19664.4630 -4.0051 218 474
Doléch A (mm) -3.8584 -10.3025 0.2464
Ca 6 ngay 07/02/2015 (9.5km)
Hau xir Iy 7007.8968 6420.2121 12.2887 43 91
RTK (tri trung binh) 7007.8787 6420.1913 12.2785 30 17
b6 léch A (mm) -18.1mm -20.8mm -10.2mm
Bang 4. Ty 18 nghiém fix va float cua cac duong day dwoc xu ly bang k§ thuat RTK
Lo giai Sé tri do SSTET:T:? bic SSTPEhErn(:';g) déng SST]:;:?:]():aO U V18
Ca 1. Thu dugc 5 dén 7 vé tinh chung
Fix 2562 27 7 51 88.87%
Max +29 +22 +29
Min -93 -20 -187
Float DGPS 324 927 156 1818 11.13%
Ca 2. Thu dugc 4 dén 8 vé tinh chung
Fix 3911 8 17 63 94.26%
Max +30 +35 +235
Min -12 -53 -118
Float DGPS 238 7 16 65 5.74%
Ca 3. Thu dugc 4 dén 8 vé tinh chung
Fix 3699 4 5 14 99.65%
Max +11 +10 +97
Min -23 -27 -34
Float DGPS 13 3 7 14 0.35%
Ca 4. Thu dugc 4 dén 8 vé tinh chung
Fix 3488 6 8 21 87.57%
Max +21 +21 +80
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Min -79 -92 -102
Float DGPS 495 29 29 128 12.43%
Ca 5. Thu dugc 4 dén 8 vé tinh chung
Fix 0 -- 0%
Float DGPS 1915 165 142 474 100%
Max 3310 1380 1889
Min -498 -160 -10469
Ca 6. Thu duoc 5 dén 8 vé tinh chung
Fix 104 22 20 17 2.29%
Max 2 16 36
Min -34 25 35
Float DGPS 4434 133 107 177 97.71%

2.3 Phan tich két qua

Két qua xir Iy cia 4 ca do dau tién voi hai canh
day cu ly xap xi 3.0 km va hai canh day cu ly Xap xi
5.0 km dat ti 1€ nghiém fix rat cao (hinh Error!
Reference source not found.a, b, ¢, d),. Cu thé voi
céc ca do c6 cu ly xap xi 5.0 km ty 18 nghiém fix dat
trén trén 88.5% ; vai cu ly xap xi 3.0 km ty 1& nghiém
fix dat trén 91.44% . Két qua cac bang cho thdy do
léch giita ba thanh phan hé toa d6 dia dién dwoc xu
ly tinh bang phan mém Topcon Tools va gié tri trung
binh cia xu 1y do dong boi hé théng RTK tu thiét
lap dudi 1cm vé mit bang (AN, AE) va duéi 2.5cm
vé do cao (AU). Piéu d6 ching to hé théng RTK do
nhom tac gia dé xuat hoan toan du kha nang dap tng
d6 chinh xac cong tac do v& ban do ti 1& 16n, bd tri
cong trinh va dinh vi RTK chinh xac cao.

Riéng véi 2 ca do co cu ly trén 10.0km, ty 1€
nghiém fix kha thap, tham chi bang 0% dbi véi cu

ly 21km vi ddi véi cy ly nay tac dong cua tang dién

ly dén xur 1y tri do phase 13 kha 16n. C6 3 phuong
phap dé giam anh huong cua tang dién ly:

+ Tinh sé hiéu chinh tir cac hé s6 a va B c6 trong
ban lich vé tinh theo Kobluchar;

+ Dya vao mo hinh sai s6 tang dién ly & khu vuc
do (thwong thay trong md hinh VRS — Virtual
Reference Station) dé tinh sé hiéu chinh;

+ TS hop tri do pha hai song mang L1 va L2 thanh
tri do pha L3 dé khir sai s tang dién ly [2]. Phién ban
2.4.2 ciia phan mém RTKLIB c¢6 cho lya chon lono-
Free LC dé hiéu chinh anh huong tang dién ly, tuy
nhién lya chon nay thuc té khong hoat dong [3]. Do
d6, nhom tac gia tiép tuc xir ly theo ché d6 Kinematic
cua phan mém RTKLIB dé tim giai phap dé nang cao
d6 chinh xac cua 1oi giai ciing nhu kiém tra tinh kha
thi ciia hé théng. Két qua xur 1y duoc thé hién ¢ bang
5 va bang 6.
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Bang 5. Két qua xtr 1y cac ca do 5 va 6 bang ki thuat hau xir Iy (tinh) va Kinematic

Loai xir Iy AN (m) AE (m) AU (m) s:’rli::;t) SST(E]?T?) cao
Ca 5 ngay 07/02/2015 (21km)
Hau xir Iy 7591.4810 19674.7655 -4.2515 7 16
Kinematic fix 7590.8398 19674.8977 -3.8079 655 541
Do lech A (mm) 132 641 444
Kinematic float 7590.8083 19674.9673 -3.9186 752 824
PG lach A (mm) 673 202 333
Ca 6 ngay 07/02/2015 (9.5km)
Hau xir ly 7007.8968 6420.2121 12.2887 43 01
Kinematic fix 7007.8804 6420.1981 12.2982 25 53
Do léch A (mm) -16.4 -14.0 9.5
Kinematic float 7007.8914 6420.2097 12.2585 26 64
Do léch A (mm) 5.4 2.4 -30.2

Bang 6. Ty 18 nghiém fix va float cua cac duong day dwoc xu ly bang k§ thuat Kinematic

Lo giii S6 tri do SSTP huwéng bic | SSTP hwéng dong SSTP d¢ cao U T 16
N (mm) E (mm) (mm)
Cabs.
Fix 59 642 133 541 4.4%
Float DGPS 1283 686 304 474 95.6%
Max 3310 1380 1889
Min -498 -160 -10469
Ca6.
Fix 2364 19 15 53 55.20%
Max 17 6 90
Min -111 -36 -261
Float DGPS 1919 21 15 64 44.80%
Max 44 33 51
Min -159 -33 -384

Tir két qua ¢ bang 5 va bang 6, ta nhan thdy  trong vong ban kinh 10km. Theo quy dinh, sai s6 vi tri
rang v6i cu ly 21km viéc xu ly theo ché d6  diém cua ban do dia chinh ti 1& 1:200 so véi méc khéng
Kinematic 12 khong hiéu qua, do d6 dé dam bao  ché do v& gan nhit khong vurot qua Sem [5], sai sb vi
d6 chinh xac pham vi hoat dong cua hé théngndy  tri dia vat ¢ dinh ban dd dia hinh ti 18 1:500 so véi méc
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khéng ché do v& gan nhéat khdng qua 25cm [6].
Nhu vay, hé thdng RTK ty thiét 1ap c6 thé dap tng
yéu cau vé do chinh xac vu do vé& ban d6 dia chinh
ti I¢ 1:200 va ban db dia hinh ti 1¢ 1:500 vai cu ly
dudi 10km.

3. KET LUAN
Giai phap dung mang vién thong 3G dé truyén
dit liéu do trong cac hé théng RTK la kha thi va

hiéu qua. Nhom tac gia dd dé xuat mot hé thong

RTK hoan chinh véi chi phi thap, gon nhe, pham vi hoat
dong 16n, khong phu thudc vao yéu tb dia hinh, dia vat,
dic biét 12 hé thdng c6 c6 kha nang do RTK lién tuc
trong 1 ngay (néu dung pin 4000mAh) va cho phép sir
dung nhiéu may Rover dong thoi. Pay 1a uu diém hon
han so véi hé théng RTK truyén thdng (st dung Radio-
link v&i song UHF). Dg chinh xac cua dinh vi cua hé
thdng dam bao do chinh xac yéu cau do v& ban do ty 1é
I6n, cong tac bé tri cong trinh ciing nhu viéc giam séat

cac d6i turong di dong yéu cau do chinh xac cao.

The experimental results of the RTK GPS
measurement using 3G mobile network and

Internet

e Trinh Dinh Vu
e Le Trung Chon

Ho Chi Minh City University of Technology, VNU-HCM

ABSTRACT

This paper presents the experimental results of
the RTK GPS established by the authors with
different distance measurements. With a 5km
baseline, the RMS of RTK solution is 2.8 cm and
ratio of fix solution is approximately 90%. With
these results, this RTK GPS system meets the
requirements of large scale topographic and

cadastral mapping, hydrographics surveying,
especially the work of layout works and high
accuracy RTK for ITS (Intelligent Transportation
Systems). The equipment used in this RTK system
available on the market, the system easy to replace,
compact, low cost, capable of measuring
continuous RTK in one day and especially allows
using of many rover receiver simultaneously ..

Key words: RTK GPS, 3G mobile network, Hydrographics surveying, ITS.
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