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Currently, in addition to GNSS receivers manufactured by foreign
companies and imported into Vietnam, there are some domestically
produced products with lower prices on the market. This paper presents an
investigation on the design and development of a low-cost and high-
precision GNSS device, used for CORS/RTK measurement in establishing

gﬁ‘g’gords". topographic and cadastral maps. The developed GNSS device consists of a
recelver, . . . .

KX20- R GNSS satellite antenna, a receiver, and an electronic field-book (using a
RTK KXR smartphone device) installed with a self - developed software. The GNSS
7ED ngover, receiver is developed based on the technology and equipment of Drotek

company (France). The components of the GNSS receiver have been
selected and designed with functionality for both dynamic and static
measurement modes. The GNSS receiver and electronic field-book are
connected wirelessly via the Bluetooth module, allowing convenient
operation with the receiver. Experiments were conducted to measure the
parallel points of an established geodetic network using GPS technology.
The possitioning data was measured by two receivers, South’s S82 (China)
and self-developed KX20-R, using RTK method with a single CORS station
installed at the University of Mining and Geology. The results showed that
the developed GNSS positioning device provides an accuracy of centimeters
and completely meet the requirements of large-scale topographic and
cadastral surveying and mapping.
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Nghién ctru thiét k€ phat trién may dinh vi vé tinh GNSS trong
do dac thanh lap ban do theo ki thuat CORS/RTK

Pham Cong Khai ¥, Nguyén Van Hai 2, Nguyén Viét Nghia

1 Khoa Trdc dia - Bdn do va Qudn ly ddt dai, Trwong Dai hoc M6 - Dia chdt, Viét Nam
2Khoa Ky thudt Tai nguyén nworc, Trwong Dai hoc thiy Loi,, Viét Nam

THONG TIN BAI BAO TOM TAT
gﬁq trlljr\l’.?'l 5/5/2021 Hién nay, ngoai cdc mdy thu GNSS dworc sdn xudt béi cdc cong ty nwéc ngodi
an bai 15/5/ 20 va nhdp khdu vao Viét Nam, trén thi truomg dd cé mot s6 san phdm dworc sdn
Chap nhan 23/11/2021 xudt & trong nudc véi gid thanh thdp hon. Bai bdo nay trinh bay nghién ciru
bang online 28/02/ 2022 phdt trién mdy dinh vi GNSS gid thanh thdp, ¢6 do chinh xdc cao, st dung dé
Tt khéa: do,d‘ac. theo.k)? thudt CORS/,RTK.' trong th@nh ldp ban d,b d_l:(z hinﬂh yd dia chl’nhA.
B6 thu GNSS Mady q‘_lnfz Vi G{\AISS g‘u'g:c phdt trién gom: dng ten tlell tin hlgy Vvé Emh GNS..S:; bgl
KX20 - R ’ thu,va sgdo dilen tir (st dung smar:tphqf}e] duworc cai d:qt phan mém tu thlf:t Ife
RTK KX f{over phdt trién. BY thu GNSS dworc phdt trién dy;a trén céng nghé va thiét bi cua
’ hédng Drotek (Cong hoa Phdp). Cdc thanh phan ctia b thu GNSS dwoc lwa chon
ZED - F9P. va thiét ké véi chirc ndng cho cd ché dé do déng va do tinh. Mdy thu GNSS va
s6 do dién tir dworc két néi khong ddy théng qua module bluetooth cho phép
thurc hién cdc thao tdc thudn tién véi mdy thu. Thuc nghiém da dworc tién hanh
do vao cdc diém song tring ctia mang ludi trdc dia da dwoc thanh ldp bing
céng nghé GPS. Str dung hai mdy thu GNSS la S82 ctia hdng South (Trung
Quoc) va mdy KX20-R tw phdt trién, do theo phwong thirc RTK két néivoi tram
CORS don lap ddt & Trwong Pai hoc M6 - Pia chdt. Két qud cho thdy mdy dinh
vi GNSS dworc phdt trién cho dé chinh xdc dén centimet, hoan toan dap trng
dworc cho cong tdc do dac thanh Idp bdn do dia hinh, dia chinh ty I¢ lon.
© 2022 Truwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.
vi trén mat dit sé dwoc thuc hién bang viéc thiét
1. M¢& dau

Ngay nay, cac thiét bi do dac tric dia ngay
cang hoan thién nh¢ ap dung cac thanh twu khoa
hocky thuit. Sy phat trién ctia cong nghé hé théng
vé tinh dan dudng toan ciu (GNSS), cong tac dinh

*Tdc gid lién hé
E - mail: phamcongkhai@humg.edu.vn
DOI: 10.46326/JMES. 2022.63 (1).06

1ap mang lwéi cac tram tham chiéu hoat dong lién
tuc (CORS). Vé&i mang lwéi tram CORS, cong tac do
dac thanh 14p ban d6 hién nay chi yéu thuc hién
theo phwong thirc do dong xtr ly tirc thoi (RTK).
Viéc irng dung phwong thirc do RTK st dung tram
CORS vao linh virc tric dia da dem lai hiéu qua rat
16m trong viéc thanh 14p ban do, rit ngan thoi gian
do dac, gidm khoi lwgng cong viéc va cho do chinh
xac cao (Pham Cong Khai, Nguyen Quoc Long,
2019).
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Hién nay, & Viét Nam mang lwéi tram dinh vi
vé tinh quoc gia (VNGEONET) da dworc trién khai
xay dung lam co s& ha tAng khong gian qudc gia,
ngudi st dung sé dugc cung cip nhiéu rng dung,
nhit 1a trong linh vrc do dac thanh 13p ban do. bé
khai thac c6 hiéu qua mang lwéi tram dinh vi vé
tinh quoc gia, ngwoi st dung chi cin mot may dinh
vi GNSS 1a c6 thé thuc hién duwoc cong tac do dac
thu thép s6 liéu thuc dia, khong phu thudc vao thoi
tiét va thoi gian do. Cac may dinh vi GNSS c6 trén
thi trwong & Viét Nam hién nay thwong do cac
hang san xuit thiét bi do dac trén thé gidi ché tao
nhw: Trimble (M¥), Leica (Thuy Si), Topcon (Nhat
Ban), South (Trung Quéc),.. Tuy nhién, cic may
dinh vi nay thwong cé gia ban kha cao, diéu dé lam
cho nguoi str dung kho tiép can, lam gidm di tinh
tng dung cia cong nghé nay.

Gan day, nhiéu hiang san xuit cic may thu
GNSS da chuyén sang san xuit cac bang mach &
dang san xudt thiét bi gdc (Original Equipment
Manufacturing - OEM) dé cung cip cho nguoi st
dung tw phat trién thiét bi dinh vi, phuc vu cho
nhirng muc dich khac nhau. Trén thé gidi, da c6
nhiéu nghién ctru tip trung vao phat trién nhirng
thiét bi va giai phap do c6 hiéu qua cao, gia thanh
thap. Chang han nhw: phat trién va danh gia tram
tham chiéu 4o d€ dinh vi RTK da dwoc nghién ciru
bé&i Hu va nnk. (2003) nhdm khai thac dit liéu tram
CORS, nang cao do chinh xac tram dong Rover;
Jinsang Hwang va nnk. (2012) da phat trién Gng
dung ky thuat dinh vi RTK - GPS va da nghién
thanh cdng ca vé phan clrng va phan mém cai dat
trong dién thoai thong minh; Trajkovski va nnk.
(2010) da nghién ctru phat trién thiét bi dinh vi
bang cdm bién c6 dd nhay cao trong diéu kién do
khong thuan loi; nghién ctru cta Lee (2010) da
tich hop dinh vi GPS v&i cAm bién INS nhadm nang
cao do chinh xac do dong véi canh co s& dai; cac
phuong phap t6i wu tich hgp RTK - GPS véi gia toc
ké da dwoc Hwang va nnk. (2012) phat trién dé
xac dinh sy dich chuyén ctia cic cong trinh; nghién
ciu gan diy, Parluhutan Manurung va nnk.
(2019) & Indonesia da nghién ciru phat trién bd
thu GNSS cho may thu di dong (Rover), do dwoc
theo kj thudt CORS - RTK va c6 gia thanh hop ly.

O’ Viét Nam, trong thoi gian gin day ciing di c6
mot s6 cong trinh nghién ctru phat trién bd thu
GNSS stt dung trong quan traclién tuc chuyén dich
bién dang cong trinh theo thoi gian thwe (Pham
Cong Khai, Tran Trong Xuan, 2018). Viéc thiét ké
phat trién thiét bi dinh vi GNSS rng dung trong
trac dia ban do cling da duwgc mot sé td chirc, cong
ty thwc hién nhw: Trung tm NAVIS cda Pai hoc
Bach khoa Ha N¢i da thuc hién dé tai nghién ctru
ché tao hé thong cung cip dich vu dinh vi GPS do
chinh x4c centimet trong thoi gian thyce cho cac
linh vwrc doi héi do chinh xac dinh vi cao (Ta Hai
Tung, 2016); Trwong Pai hoc Bach khoa Thanh
ph6 H6 Chi Minh két hop véi Cong ty Pai Nam da
nghién ctru phat trién motloai may dinh vi P2 Elite
GNSS hai tin s6 c¢6 d6 chinh xac cao. Cong ty C6
phian cong nghé ha ting co c& Aitogy da phat trién
mot may dinh vi Ainav - RTK - R dworc st dung dé
do RTK theo c6ng nghé tram CORS d6 chinh xac
dén centimet. Tuy nhién, may dinh vi Ainav - RTK
- R van thiét ké ché tao roi giita dng ten va bd thu
GNSS, cac thanh phin clia may con tach roi nhau.
Trong bai bdo nay, trinh bay nghién ctru phat trién
may dinh vi GNSS vé&i muc tiéu thiét ké, phat trién
dwoc may dinh vi vé tinh GNSS mang nhan hiéu
Viét Nam c6 gia thanh th4p, dé st dung, do dwoc
theo ky thuit CORS/RTK, ddm bdo yéu ciu do
chinh x4c, dap rng nhu cau ctia ngwoi st dung &
Viét Nam trong cong tac do dac thanh 1ap ban do
dia hinh, dia chinh.

2. Thiét ké phat trién may dinh vi GNSS

2.1. Cdc thanh phdn cia mdy dinh vi vé tinh
GNSS

Trén thi treong hién nay c6 nhiéu may dinh
vi vé tinh, mdi loai may c6 nhitng dic diém va chirc
nang khac nhau dé phu hop védi yéu ciu clia nguoi
str dung. Theo ciu tao, mdy dwoc chia lam hai loai
la may mot tin sd va hai tin s6. May thu mot tin
sO chi thu dwgc mot tin hiéu trén mét tan sé duy
nhit L1. May thu hai tin s6 c6 thé thu day du tin
hiéu trén hai tn s6 L1 va L2, diéu nay gitp cho
may hai tin s0 c¢6 pham vi hoat dong rong va do
chinh x4c cao hon may mét tan sé. Cac may dinh
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vi vé tinh hai tin s6 gbm c6 cac thanh phan chinh
la dng ten thu tin hiéu vé tinh, b thu s6 liéu GNSS,
s6 do dién tir va cac phu kién kém theo. ¢ Hinh 1
la mot may dinh vi GNSS ctuia hdng Trimble (M¥).
Hién nay, cic hang ché tao déu san xuat may dinh
vi hai tin s6 véi chirc nang do tinh va do dong xr
Iy tiec thoi RTK.

Ang ten — Béthu
) GNSS

Sodo

dién t

Hinh 1. Mdy dinh vi vé tinh GNSS ctia hdng
Trimble (My).

2.2. Thiét ké hé théng phdn cirng cho mdy dinh
vi GNSS

Nén tang cong nghé dé thiét ké phat trién may
dinh vi GNSS la bang mach thu tin hiéu vé tinh.
Trén thé gidi hién nay, c6 nhiéu hiang san xuit
bang mach dé phat trién thiét bi dinh vi vé tinh
nhw: Trimble (M¥), Hemisphere (M§), Drotek
(Phap), Tersus (Pai loan), NovAtel (Canada),...
Viéc lwa cong nghé va thiét bi dé thiét ké phat trién
b6 thu GNSS cho may dinh vi RTK phu thudc vao
yéu cau cong tac do dac, tinh nang, tic dung, do
chinh x4c va gia thanh san phim. Trong nghién
clru nay cong nghé va thiét bi dwoc st dung dé
phét trién may dinh vi GNSS la cta hiang Drotek
(Cong hoa Phap). Drotek 1a hang san xuat cac thiét
bi dién tit, cac module &ng dung trong linh vyc
dinh vi vé tinh. Cac module chinh dwoc st dung dé
thiét ké phat trién may dinh vi GNSS trong nghién
duwoc thé hién nhw & Hinh 2 va Bang 1.

i drotek o
e 0 . -

Bdng 1. Cdc module dé phdt trién mdy dinh vi vé
tinh GNSS.

TT Tén thiét bi

Module dinh vi GNSS ZED - FOP
Module xt¢ ly dit liéu Arduino UNO R3
Module thu nhin tin hiéu Max232
Module két néi khong day Bluetooth
Ang ten GNSS

Ul W [N |-

2.2.1. Module dinh vi GNSS ZED - F9P

Module dinh vi GNSS dworc st dung dé thiét
ké may dinh vi c6 ma san phim la DP0601 RTK
ZED - F9P do hang Drotek ché tao (Hinh 2a). Pay
la module thu tin hiéu vé tinh GNSS cua cac hé
thong GPS, COMPASS, LALILEO, COMPASS & cac
tin s6 L1/L2. Module GNSS ZED - F9P c6 kich
thuwéc nhd gon, tiéu thu dién niang nhé, hd tro
nhéan s6 cai chinh theo dinh dang RTCM nén phu
hop dé phat trién may thu GNSS str dung trong do
dong xir ly tirc thoi (RTK) theo cong nghé CORS.
Theo cong b6 clia nha san xuit, module dinh vi
GNSS ZED - FOP c6 sai s vé mit bang1a 10 mm =
1 ppm va do caola 15 mm + 1 ppm (https://store
- drotek.com/891 - rtk - zed - f9p - gnss.html).

D€ str dung dwgc module nay can phai cai dat
cau hinh bang phan mém “u - center” cia nha cung
cAp thiét bi va dworc cai dat vao may tinh. Module
dinh vi GNSS ZED - F9P két noi véi may tinh thong
qua cap n6i USB Micro - B (Hinh 3).

2.2.2. Module xur ly dir liéu Arduino UNO R3

D4y 1a module diéu khién trung tAm c6 nhiém
vu diéu khién cac module khac hoat déng, moi ma
code dworc nap truec tiép lén vi xir Iy Atmega 328.

Hinh 2. Mét s6 module dé phdt trién mdy dinh vi vé tinh GNSS.



Pham Céng Khdi va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 63 (1), 63 - 72 67

Hinh 3. Két néi dé cai ddt cdu hinh cho module
GNSS ZED - F9P.

Trong cac giao thitc truyén dan tin hiéu,
Atmega 328 c6 nhiém vu nhan dit liéu tinh toan va
tra vé cac module két ndi cac 1énh, cac dir liéu tir
day tao thanh cac vong két ndi lién tuc va phu
thudc vao nhau.

Module Arduino UNO R3 (Hinh 2b) dwoc
thiét ké v&i 7 chan analog, 13 chan digital, 6/13
chan digital tich hop. BAng mach chay trong vung
dién ap truec tiép tir 7V dén 20V, chip Atmega 328
la dong chip méi, ho AVR, hoat dong trén nén 8 bit,
dién ap 5V, cwong dé dong 0,2 mA, toan bd bang
mach cé mikc tiéu thu dién nangla 2,5 W.

2.2.3. Module thu nhdn tin hiéu Max232

Module thu nhan tin hiéu Max232 (Hinh 2c)
1a thiét bi chuyén tin hiéu RS232 (Recommeded
Standard 232) thanh tin hiéu logic TTL
(Transistor - Transistor Logic) dé tao sw giao ti€p

X

-0 Moseview,  Sowpon
CESHHEESE -3EEE- QAdReEdAd@EEX

gitta cac thiét bi dung chuin RS232 va thiét bi
dung chuan TTL. Ddc diém ctia module Max232 la
c6 do chinh xac cao, do tin ciy vé bao toan dir liéu,
toc do xtt ly cao, dong dién tiéu thu va do tré tin
hiéu nho.

2.2.4. Module bluetooth

Module bluetooth c6 chirc nang két néi va
giao tiép gitra smartphone (s6 do dién tr) véi may
thu dé truyén sé liéu va cai dat cac thong s6 cho
may thu GNSS (Hinh 2d).

2.2.5. Ang ten GNSS

Ang ten dwoc st dung dé thiét ké may dinh vi
GNSS c¢6 thwong hiéu TOPGNSS, ma san pham la
GN - GGB0710 (Hinh 2e), thu dwgc tin hiéu vé tinh
GPS & thn s6 L1, L2; Glonass G1, G2; Galileo
L1/E5b/E5a; Beidou B1, B2, B3. Nguon dién st
dung 3.3+18V. Ang ten nay c6 dic diém 1a d6 chinh
x4c cao khi do RTK, giam thiéu dang ké sai s6 da
dwong dan, c6 khad ning chéng thdm nwéc va
chong xéc.

2.3. Thiét ké vé cho mdy dinh vi GNSS

V6 may thu GNSS dwoc thiét ké bang phan
mém chuyén dung sau d6 dwgc tao hinh bang
cong nghé in 3D nhw & (Hinh 4).

- =028

Hinh 4. V6 mdy GSNN duwoc thiét ké va in 3D.



68 Pham Céng Khdi va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 63 (1), 63 - 72

Cac module phan ctirng dwoc 13p rap vao
trong vo may va hoan thién tao thanh may dinh vi
GNSS hoan chinh véi model KX20 - R nhw Hinh 5.

2.4. Thiét ké xdy dung phdn mém diéu khién

Phin mém diéu khién hoat dong clia may
dinh vi GNSS dwoc viét bang ngdn ngir C# trong
moi treong Android cia dién thoai thong minh.
Phan mém c6 cac chirc ndng: quan ly cong viéc do,
cai dit cac tham s6 tinh chuyén toa d6, cai dit cac
thong s6 cia tram CORS, quan ly tép s6 liéu. Phan
mém c6 tén la RTK KX Rover (Hinh 6).

3. Panh gia d6 chinh xac may dinh vi KX20-R

Phwong phap dé danh gia do chinh xac cta
may dinh vi vé tinh GNSS da dwoc phat trién la st
dung hai may dinh vi do vao cing mot diém cda
mang lwdi khong ché da xac dinh dwoc toa do
chinh xac.

Mang lwéi khong ché (GPS - 1) dung dé danh

. ¥ 7_ » 4
Hinh 5. Mdy dinh vi KX20-R dworc phdt trién.
(a)Pang hoan thién; (b)Pd hoan thién.

gia do chinh xac cia may dinh vi GNSS KX20 - R
dwoc thanh 14p bang cong nghé GPS (Hinh 7) va
duoc binh sai bang phan mém TBC 3.5. Két qua
binh sai tinh toan, xac dinh dwoc toa do cua cac
diém trong mang lwdi cling nhw sai s6 ctia n6 dwoc
thé hién & Bang 2.

St dung hai may do GNSS KX20 - R va may
S82 ctia hang South. May S82 la dong may dinh vi
GNSS hai tin s6 thu dwoc 220 kénh cia cac hé
théng vé tinh GPS, Glonass, Compass. D6 chinh xac
khi do RTK vé mit bang 1a 10 mm + 1 ppm va vé
do6 cao la 15 mm * 1 ppm. Phwong thirc truyén
théng qua USB, Bluetooth, cac céng ndi tiép RS -
232. Nhu vay, may S82 kha twong dong véi may
KX20 - R, do d6 n6 dwoc lwa chon dé do kiém
chirmg, hon nita may S82 c6 gia thanh thap, dé tim
trén thi trwong & Viét Nam. Khi tién hanh thuc
nghiém, st dung hai may S82 va KX20 - R lan lwot
dat vao cac diém ctia mang luéi kiém dinh (Hinh
7) va do theo kj thuat CORS/RTK, str dung tram

RTK KX Rover

Project MName

Zone 3 do -~
Thai gian: 10:26:27.00

Ha N&i -
105:00 -
Ba& k&t ndi
Latitude 2103.7715280
Longitude 10547.3745077 Altitude 6.42

A

Luu trong -52

Bo luu toa

N (WGS84) 2330006,617
E (WGsS84) S5S82051,757
H 6.42

Statust Fixed RTK
Err N:0.010 Err E:0.010 Err H:0.010

Tén digm: 1

Code: cvhb

m o <

| Hinh 6. Giao dién phéin mém RTK KX Rover

cai ddt trong dién thoai théng minh.

Hinh 7. Mang lwéi GPS - 1 dé ddnh gid dé
chinh xdc ctia mdy dinh vi vé tinh KX20 - R.
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CORS don ctia Leica 13p dit tai Trwomg Dai hoc M6
- Dia chit. Tram CORS nay cung loai v&i cac tram
CORS da dwgc xay dung trén lanh thé Viét Nam va
dwoc Cuc Do dac Ban d6 va thong tin Dia ly Viét
Nam quan ly, van hanh. Hinh anh do dac thuc
nghiém dé danh gia d6 chinh xac cia may dinh vi
GNSS KX20 - R dwoc thé hién nhw & Hinh 8.

Ttr toa do cla cic diém trong mang lwdi xac
dinh dwoc bang hai may do 1a S82 va may KX20 -
R, dwa vao toa do da biét clia cac diém do sé xac

dinh dwoc sai léch vé toa dd mit bang cta hai loai
may dwoc thé hién nhw & cac Bang 3, 4 va duoc
biéu thi sai s6 vé m3t bang nhw & Hinh 9.

Biéu d6 Hinh 9 nhan thy, sai s6 vé toa d6 mat
bang khi do bang hai may c6 gia tri xAp xi nhau va
déu tiang dan khi khoang cach tir tram CORS dén
may do tang 1én. Sai s6 16n nhat tai diém KH - 9 khi
do bang may S82 1a 0,064 m va khi do bang may
KX20-R1a 0,068 m.

Bang 2. Toa d¢ cua cdc diém sau binh sai ciia mang luéi GPS-1. Hé toa d¢ : VN 2000;
Kinh tuyen truc: 105.00 - Z3.

Dbiém X (m) Y (m) Mp (m) h (m) Mj (m)
104548 2332590,893 581018,697 --- 7,977 —
116437 2321949,130 579987,381 — 6,731 —

KH-1 2331078,161 580952,520 0,003 7,242 0,008

KH-2 2333147,615 582109,681 0,004 15,608 0,007

KH-3 2330112,400 581855,510 0,003 6,567 0,009

KH-4 2328976,440 580430,385 0,004 5,955 0,010

KH-5 2327466,300 582693,099 0,004 6,144 0,013

KH-6 2326970,116 580887,986 0,004 6,744 0,014

KH-7 2326251,236 582094,451 0,004 6,615 0,014

KH-8 2324291,465 581377,192 0,004 6,002 0,010

KH-9 2323643,828 581962,164 0,007 6,089 0,018
KH-10 2323870,602 579504,400 0,004 6,654 0,008

(a) (b)

Hinh 8. Po thyc nghiém ddnh gid do chinh xdc cua mdy KX20-R.
(a) Po biang mdy S82; (b) Po bdng mdy KX20-R.
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Bdng 3. Sai léch toa d6 mdt bang khi do bang mdy KX20 - R.
N x Toa dd do bang m4 A R Sai s6 vi tri| Khodng cach tir
TT | Diém Toa do goc (m) KX20-R (n% Y Sai léch toa dd (m) mat b:‘?l.ng tram C%)RS dén
Xgsc Yesc XRTK YrrK oX oY MP (m) | diém do (km)
1 | KH-1 | 2331078,161 | 580952,520 |2331078,153 | 580952,529 | -0,008 0,009 0,012 1,01
2 | KH-4 | 2328976,440 | 580430,385 |2328976,428 | 580430,371 | -0,012 | -0,014 0,018 1,30
3 | KH-3 | 2330112,400 | 581855,510 | 2330112,386 | 581855,494 | -0,014 | -0,016 0,021 1,51
4 | KH-6 | 2326970,116 | 580887,986 |2326970,135 | 580888,008 | 0,019 0,022 0,029 3,35
5 | KH-2 | 2333147,615 | 582109,681 |2333147,640 | 582109,708 | 0,025 0,027 0,037 3,37
6 | KH-5 | 2327466,300 | 582693,099 |2327466,273 | 582693,068 | -0,027 | -0,031 0,041 3,66
7 | KH-7 | 2326251,236 | 582094,451 |2326251,208 | 582094,486 | -0,028 0,035 0,045 4,38
8 | KH-8 | 2324291,465 | 581377,192 | 2324291,429 | 581377,231 | -0,036 | 0,039 0,053 6,07
9 |KH-10| 2323870,602 | 579504,400 |2323870,559 | 579504,354 | -0,043 | -0,046 0,063 6,46
10 | KH-9 | 2323643,828 | 581962,164 |2323643,781 | 581962,213 | -0,047 | 0,049 0,068 6,82
Bdng 4. Sai léch toa do mdt bang khi do bang mdy S82 ctia South.
o | i | T d0atcm) | ondsdobang mayso2 g | 59 0240 [S5 iKhodng ci
Xgsc Ygsc XRTK YrTK oX oY MP (m) | diém do (km)
1 KH-1 |[2331078,161 | 580952,520 | 2331078,157 | 580952,526 | -0,004 | 0,006 0,007 1,01
2 KH-4 |2328976,440 | 580430,385 | 2328976,432 | 580430,376 | -0,008 | -0,009 0,012 1,30
3 KH-3 |[2330112,400 | 581855,510 | 2330112,410 | 581855,524 0,010 | 0,014 0,017 1,51
4 KH-6 |[2326970,116 | 580887,986 | 2326970,095 | 580888,008 | -0,021 | 0,022 0,030 3,35
5 KH-2 [2333147,615 | 582109,681 | 2333147,635| 582109,702 0,020 | 0,021 0,029 3,37
6 KH-5 [2327466,300 | 582693,099 | 2327466,278 | 582693,076 | -0,022 | -0,023 0,032 3,66
7 KH-7 |2326251,236 | 582094,451 | 2326251,207 | 582094,480 -0,029 | 0,029 0,041 4,38
8 KH-8 |2324291,465 | 581377,192 | 2324291,425 | 581377,235 -0,040 | 0,043 0,059 6,07
9 |KH-10|2323870,602 | 579504,400 | 2323870,560 | 579504,356 | -0,042 | -0,044 0,061 6,46
10 | KH-9 |2323643,828 | 581962,164 | 2323643,786 | 581962,212 | -0,042 | 0,048 0,064 6,82
BIEU BO S0 SANH DO CHINH XAC TOA BO MAT BANGCUA HAI MAY DO 582 VA KX20-R
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Hinh 9. Biéu db so sdnh dé chinh xdc toa d6 mdt bang ctia hai mdy do S82 va KX20-R.

Nhu vay c6 thé nhan thiy rang giita sai s6 vi

Phwong trinh hoi quy biéu dién mé&i quan hé

tri diém do bang ky thuat CORS/RTK va khoang
cach tir tram CORS dén may do GNSS c6 mdi quan
hé vé&i nhau (Pham Cong Khai, 2019).

Dwa vao s6 liéu & Bang 3 khi do bang may
KX20-R, xdy dung dwoc phwong trinh hoi quy
biéu thi mdi quan hé gitra sai s6 mit bang va
khodng cach dwoc thé hién nhw (Hinh 10).

gitta sai s vi tri mit bang (bién phu thudc) va
khodang cach tir tram CORS dén may dinh vi GNSS
(bién doc lap), c6 dang nhw phwong trinh (1):
Mp=0.009D + 0.0024
1
R2=0981 &

Trong d6: Mp - sai s6 vi tri diém (m);
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D - khoang cach tir tram CORS dén tram dong
Rover (km); R - Hé s6 twong quan.

Dwa vao phwong trinh hoi quy (1) sé xac dinh
dwoc khodng cach 16m nhat tir tram CORS dén may
dinh vi khi 4p dung ki thuit do CORS/RTK dé dam
bao d6 chinh xac khi thanh 14p ban d6 dia chinh ty
1é 16m theo cong thirc (2).

D - (M, ]-0.0024)
0.009

PMax (2)
Trong do6: Dmax - khoang cach 16n nhit tir tram
CORS dén may dinh vi GNSS; [Mp] - sai s6 vi tri
diém chi tiét khi do bang ky thuat CORS/RTK.
Sai s6 tri tri diém chi tiét cho phép lén nhit
cho phép (Théng tw 68/2015/TT-BTNMT) dwoc
tinh theo cong thirc (3).

[Mp] = 0.1 XM (mm) 3)

Trong d6: M - miu sé ty 1é ban do dia chinh
can thanh lap.

Dwa vao cac cong thirc (2) va (3), xac dinh
dwoc khoang cach l6n nhat tir tram CORS dén
tram dong Rover khi do bang k§ thuat CORS/RTK
nhw & Bang 5.

Nhw vay, véi may KX20 - R da dwoc thiét ké
phét trién hoan toan dap &ng cho viéc do vé ban
do dia chinh ty 18 16n bang ky thuat do CORS/RTK.

4. Kétluan

Trong nghién cru nay da tap trung vao giai
quyét van dé thiét ké phat trién may dinh vi GNSS
do theo ky thudt CORS/RTK c6 do chinh xac dén
centimet va gid thanh thap, dap &ng dwoc trong
cong tac do dac thanh 14p ban d6 ty 1é 16n.

Mot bd thu GNSS da dworc thiét ké phat trién
va ché tao dwa trén nén tang cong nghé, thiét bi
cua hiang Drotek va phan mém RTK KX Rover
dwoc thiét ké xay dung va cai dat trén thiét bi di
dong thong minh véi cac chirc nang quan ly cong
viéc do, cai dat cac tham s6 tinh chuyén toa d6 va
cac thong s6 ctia tram CORS, quan ly tép s6 liéu do
tao nén mot may dinh vi GNSS hoan chinh.

Két qua do thir nghiém bang hai may dinh vi
S82 va may khac KX20 - R cho thdy may dinh vi
KX20 - R dworc thiét ké phat trién ddm bao yéu cau
do chinh xac, dap ng dwoc cho céng tac do dac
thanh 14p ban d6 dia chinh ty 1é 16m.

BIEU DO BIEU THIMOI QUAN HE GIUA SAISO MAT BANG VA
KHOANG CACH KHI DO BANG MAY KX20-R
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Hinh 10. Méi quan hé giita sai sé mdt bang va khodng cdch.

Bang 5. Khodng cdch I6n nhat tir tram CORS dén tram déng Rover khi do vé ban doé dia chinh bang

mdy KX20 - R
Ty 1& ban d6 1:500 1:1000 1:2000 1:5000
Sai s8 vi tri diém cho phép (m) 0,08 0,15 0,30 0,75
Khoang cach do 1é6n nhit (km) 53 13,4 29,5 54,4
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