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DANH GIA KHA NANG UNG DUNG
CUA MAY THU GNSS

GIA THANH THAP TRONG DO BAC

THANH LAP BAN DO DIA CHINR

Tém tat: Gan day cac may thu GNSS gia thanh
thap da dong vai tro quan trong trong do dac phuc
vu thanh 1ap ban dé dia hinh, dia chinh do nhu cau
ngay cang cao clia ngudi st dung. D& danh gia kha
nang tng dung cla may thu GNSS gia thanh thap
dugc phat trién dua trén module dinh vi DP0601 ¢6
nén tdng la bo mach thu GNSS u-blox ZED-F9P
da tan s, gia ré dugc thuc hién bang cach do déi
sanh noé véi may thu trdc dia GNSS RTK E600 do
hang E-Survey ché tao. C4 hai may thu GNSS déu
cuing dugc do bang phuong thic do déng xU ly tic
thoi RTK, st dung cung tram CORS va dugc dat
vao cung céac diém trong mot mang Iudi tréc dia da
dugc thanh lap bang cong nghé GPS véi do chinh
xac cao. K&t qua do thyc nghiém cho thdy dé chénh
léch I6n nhat vé thanh phan toa dd X va Y do bang
may thu GNSS u-blox ZED-F9P so véi toa do cla
mang ludi GPS 14 0.047m va 0.051m. Khi do bang
may thu trdc dia GNSS RTK E600, do chénh léch
I6n nhat la vé thanh phantoa dé X va Y la 0.042m
va 0.048m. D6 chénh léch thanh phan toa dé X
va Y Ién nhat khi s dung hai may thu GNSS do
vao cung cac diém clia mang lugi GPS la 0.005m
va 0.006m.

Tua khoa: GNSS, CORS, u-blox ZED-F9P, RTK.

M3 dau

Trong nhiing ndm gén day, hé théng vé tinh dan
dudng toan cau GNSS dong vai trd quan trong trong
linh vuc trc dia ban dé. Vi cdng nghé GNSS coéng
viéc do dac, dinh vi trén mat dat dugc thuc hién
bang viéc thiét 1ap mang ludi cac tram tham chi€u
hoat dong lién tuc - CORS. Khi d6 phudng thiic do
dong xU ly tic thdi (Real Time Kinematic - RTK)
dugc Ging dung rét rong réi trong linh vuyc tric dia
ban dé do né ¢ nhiéu uu diém so véi cac phuong
phap khac nhu khéng can phai xay dung ludi khéng
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O PHAM CONG KHAI
Truong Pai hoc M6 - Dja chat

ché&, chi can mot ngudi do véi mot may thu GNSS
la c6 thé ti€n hanh ngay céng viéc do dac, khéng
phu thudc vao diéu kién thdi tiét, thai gian, khéng
can théng hudng ngang va cho dd chinh xac cao
nhat [1]. V6i cac uu diém vugt troi nhu vay, cbng
nghé GNSS dugc Gng dung cho nhiéu muc dich
khac nhau nhu do dac thanh 1ap ban dé dia hinh,
dia chinh, quan trac chuyén dich cong trinh, trugt
I& dat da... Khi d6 nhu cau s dung cac may thu
GNSS ngay cang tang cao, dac biét 1a trong cong
tac thanh 1ap ban dé dia chinh. Tuy nhién, cac may
thu GNSS do cac hang trén thé gidi ché tao thudng
c6 gia thanh cao (tU vai nghin USD dén hang chuc
nghin USD) [2] d&a lam han ché kh& nang ting dung
clia cong nghé nay.

Ngay nay, nhd vao sy phat trién clia cong nghé
may thu GNSS, cac may thu GNSS da tan s6 nhd
gon va gia thanh thap (chi vai tram USD) c6 thé
dugc s dung cho nhiéu cong tac do dac vGi dod
chinh can thiét [3]. D& quan trac chuyén dich, truct
IG dat da, trong cong trinh nghién clu [4], cac tac
gi& da nghién clu hiéu sudt clla may thu GNSS
u-blox ZED-F9P sl dung &ng-ten vong gia ré, trong
viéc theo dbdi dich chuyén ngang va phat hién ra
rang c6 thé xac dinh dugc dich chuyén theo phuong
ngang t8i thi€u 1a 20 mm. Trong c6ng trinh nghién
clu [5] cac tdc gid da si dung may thu u-blox
ZED-F9P va may thu tric dia dé xac dinh tinh kha
thi cla may thu u-blox ZED-F9P trong nghién clu
bién dang vo trai dat bang ky thuat dinh vi tuong déi.
D6 chénh léch vé mat béng va do cao gilia hai may
thu dat dugi 2,5 mm va di dén két luan rang may
thu u-blox ZED-F9P gia ré la mét giai phap thay thé
dang tin cay cho cac nghién cliu bi€n dang vo trai
dat. Cong tinh nghién ciu [6] dé xudt mot phuong
phap ti€p can mdi sl dung cac may thu gia ré do
khodng céach gan dé quan trdc bién dang va cho
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D
thdy réng sai s& vi tri mat bang va do cao c6 thé dat
t6i muc 1-2 mm. Céc tac gia clia cong trinh nghién
clu [7] da danh gia hiéu suat clia may thu u-blox
ZED-F9P gia ré khi phat hién dich chuyén bang k¥
thuat dinh vi tuong d6i va da phat hién ra rang cac
may thu u-blox ZED-F9P gia ré c6 thé phat hién
cac dich chuyén 3D I6n hon 10 mm va 20 mm.
Nhu vay, phan I6n cac nghién ctu gan day da
st dung may thu u-blox ZED-F9P gia ré dé quan
trdc chuyén dich bé mat dat va coéng trinh. Trong
nghién ctu nay tién hanh danh gia kha nang tng
dung may thu GNSS gia thanh thdp ty phat trién
dya trén module dinh vj u-blox ZED-F9P trong cong
tac do dac thanh lap ban dé dia chinh.

Phat trién may thu GNSS gia thanh thap

Hién nay trén thé gidi c6 nhiéu hang san
xudt module dinh vi vé tinh nhu Trimble (My),
Hemisphere (My), Drotek (Phap), Tersus (Pailoan),
NovAtel (Canada)... v&i gid thanh khac nhau tuy
thudc vao dod chinh xac dinh vi. Tuy theo yéu cau
doé chinh xac ctia cong viéc do dac, vé tai chinh, gia
thanh san phdm tao ra ma lya chon module dinh vi
cho phu hgp. Trong nghién ctu nay module dinh vj
vé tinh GNSS dugc st dung dé phat trién may thu
GNSS c6 ma san phdm la DP0601 do hang Drotek
(cong hda Phép) phat trién dya trén nén tang la bo
mach thu GNSS u-blox ZED-F9P (hinh 1a). Ang ten
dugc st dung dé phéat trién may thu GNSS 1a cla
hang TOPGNSS c6 ma san phdm la GN-GGB0710
(hinh 1b).

T&m tu tinh bao vé | |Pén béo trang thai

i A
Cdng két néi SPI

Hinh 1. Module dinh vi DP0601 GNSS u-blox
ZED-F9P va ang ten GNSS

62 Tai nguyén va Mai trudong
Chuyén dé KHCN 2/2024

Module dinh vi DP0601 GNSS u-blox ZED-F9P
co thiét k€ nhd, gon, trong lugng nhe va tiét kiém
nang lugng, thu dugc da bang tan, dugc tich hgp
cong nghé RTK cho dé chinh xac dén centimet, c6
thé thu dugc tin hiéu vé tinh cla céac hé théng nhu
GPS, GLONASS, Galileo, BeiDou va QZSS, rat
thich hop dé phat trién may thu GNSS dap ting cho
nhu céu do dac ban dé dia hinh, dia chinh. Ang ten
GN-GGBO0710 thu dugc 186 kénh clia cac hé thong
GPS & tan s6 L1, L2; Glonass G1, G2; Galileo L1/
E5b/E5a; Beidou B1, B2, B3. Ngudn dién sl dung
tir 3.3-18V. Ang ten nay c6 dac diém la c6 dé chinh
xac cao khi do RTK, gidm thiéu déang ké sai s6 da
dudng dan, cé kha nang chéng thAm nudc va chéng
x6¢. Module dinh vi DP0601 GNSS u-blox ZED-F9P
va ang ten GN-GGB0710 c6 téng gia thanh khoang
250USD.

Ngoai hai thanh phan chinh nay, dé phat trién
hoan chinh may thu GNSS con c6 mot s6 module
khac nhu module thay d8i dién 4p DC-DC LM2596
dé ha dién ap dau ra cho may thu, module Blue-
tooth dé k&t néi khong day ti may thu dén sé do
dién tl. Cac module dudgc két ndi vSi nhau theo sG
d6 nhu & hinh 2. Cac module dugc lap dat trong vo
bod thu da dugc thiét k& va in bang may in 3D, tao
thanh mot may thu hoan chinh cé tén la KX20-RTK
nhu & hinh 3

Hinh 2. So db két ndi cac module cia may thu
GNSS
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Hinh 3. May thu GNSS KX20-
RTK

Pé thuc hién cac thao tac
do dac theo phuong thic RTK
cla may thu GNSS, mét phan
mém da dudc thiét k& va dudc
viét bang ngdn ngii C trong moi
trudng Android va caidatvaodién
thoai théng minh. Phan mém cé
cac chtic nang nhu quan ly céng
viéc do, cai dat cac tham sé tinh
chuyén toa do, cai dat cac thdng
s6 cla tram CORS, quan ly tép
s6 liéu do. Phan mém cé tén la
RTK KX Rover (hinh 4).

RTK Rover KX

Project Name
He Noi v Zone 3 do v
105:00 - Thei gian: 000000.CO
Sansang Két nol
KHO1 D0
Latitude 0.020
Longitude  0.030 Altitude  0.000
N 0.000
E  0.000 DAT DIEM GOC
H 0.000
San sang
Stotust N/a
Err N:0.COO Eer £:0.000 ErrH:0.000
Téndiém n
Do hinitoa do
Code:

Hinh 4. Giao dién phdn mém
RTK KX Rover cai dat trong dién
thoai théng minh

banh gia kha nang tng dung
clia may thu GNSS gia thanh
thap trong cong tac do dac thanh
lap ban dé dia chinh

Pé danh gia kha nang lng
dung clla may thu GNSS KX20-
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NGHIEN CUU - TRAC 0

Bang 1. Chénh Iéch vé toa dé mat bang khi do bang may thu
GNSS KX20-RTK

N Toa dé do RTK (m Chénh léch toa do

Piém Toa d6 GPS (m) (Po béing may KX2(§-F\3TK) (m)
Xaps Yaps XRTK YRTK SXaps-mTK | OYaps-RTK

KH-1 | 2331078.161 | 580952.520 | 2331078.153 | 580952.529 -0.008 0.009
KH-4 | 2328976.440 | 580430.385 | 2328976.428 | 580430.371 -0.012 -0.014
KH-3 | 2330112.400 | 581855.510 | 2330112.414 | 581855.521 0.014 0.011
KH-6 | 2326970.116 | 580887.986 | 2326970.092 | 580888.010 -0.024 0.024
KH-2 | 2333147.615 | 582109.681 | 2333147.640 | 582109.707 0.025 0.026
KH-5 | 2327466.300 | 582693.099 | 2327466.273 | 582693.073 -0.027 -0.026
KH-7 | 2326251.236 | 582094.451 | 2326251.209 | 582094.486 -0.027 0.035
KH-8 | 2324291.465 | 581377.192 | 2324291.429 | 581377.231 -0.036 0.039
KH-10 | 2323870.602 | 579504.400 | 2323870.556 | 579504.352 -0.046 -0.048
KH-9 | 2323643.828 | 581962.164 | 2323643.781 | 581962.215 -0.047 0.051

Bang 2. Chénh léch vé toa dé mat bang khi do
bdng may thu RTK E600

. Toa dd do RTK (m) Chénh léch toa do

pidm Toa 6 GPS (m) (Po baing méy RTK E600) (m)
Xaps Yaps XRTK YR 3Xaps-rTK | 3YaPs-RTK

KH-1 | 2331078.161 | 580952.520 | 2331078.157 | 580952.526 -0.004 0.006
KH-4 | 2328976.440 | 580430.385 | 2328976.432 | 580430.376 -0.008 -0.009
KH-3 | 2330112.400 | 581855.510 | 2330112.410 | 581855.524 0.010 0.014
KH-6 | 2326970.116 | 580887.986 | 2326970.095 | 580888.008 -0.021 0.022
KH-2 | 2333147.615 | 582109.681 | 2333147.635 | 582109.702 0.020 0.021
KH-5 | 2327466.300 | 582693.099 | 2327466.278 | 582693.076 -0.022 -0.023
KH-7 | 2326251.236 | 582094.451 | 2326251.207 | 582094.480 -0.029 0.029
KH-8 | 2324291.465 | 581377.192 | 2324291.425 | 581377.235 -0.040 0.043
KH-10 | 2323870.602 | 579504.400 | 2323870.560 | 579504.356 -0.042 -0.044
KH-9 | 2323643.828 | 581962.164 | 2323643.786 | 581962.212 -0.042 0.048

Bang 3. Chénh léch toa dé do bang hai mdy thu GNSS KX20-RTK

va RTK E600

Toa dd do RTK (m Toa dd do RTK (m . . .
piém | (Po bing may szc()-R)TK) (Po bang ma RTK(E(;OO) Chénh léch toa do (m)

Xkx20 Ykxz0 XE600 Yes00 SXkx20-E600 | 3Y Kx20-E600
KH-1 | 2331078.153 | 5680952.529 | 2331078.157 | 580952.526 0.004 -0.003
KH-4 | 2328976.428 | 580430.371 | 2328976.432 | 580430.376 0.004 0.005
KH-3 | 2330112.414 | 581855.521 | 2330112.410 | 581855.524 -0.004 0.003
KH-6 | 2326970.092 | 580888.010 | 2326970.095 | 580888.008 0.003 -0.002
KH-2 | 2333147.640 | 582109.707 | 2333147.635 | 582109.702 -0.005 -0.005
KH-5 | 2327466.273 | 582693.073 | 2327466.278 | 582693.076 0.005 0.003
KH-7 | 2326251.209 | 582094.486 | 2326251.207 | 582094.480 -0.002 -0.006
KH-8 | 2324291.429 | 581377.231 | 2324291.425 | 581377.235 -0.004 0.004
KH-10 | 2323870.556 | 579504.352 | 2323870.560 | 579504.356 0.004 0.004
KH-9 | 2323643.781 | 581962.215 | 2323643.786 | 581962.212 0.005 -0.003

RTK gia thanh thdp trong céng 104548
tac do dac thanh lap ban dé dia
chinh, phudng phap do déi sanh
da dudc thyc hién bang cach s
dung hai may thu GNSS do theo KH-4
phuadng thic RTK vao cung céac
diém trong mang Iudi trc dia da
dugc thanh lap bang céng nghé KH-7
GPS (hinh 5).

Dua vao toa dod cla cac diém
trong mang Iugi xay dung bang K9 160 trdc dia dudc
céng nghé GPS va toa dé do xay dUng béhg
bang phudng thiic RTK sé xac 116437 céng nghé GPS

Hinh 5. Mang
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dinh dugc dé chénh léch toa dé tinh theo céng
thuc sau:

X - X

GPS-RTK — 7“RTK GPS

oX

Y gps.rk = Yark ™ qus

Toa do cla cac diém trong mang lugi thanh lap
bang céng nghé GPS va toa dd do theo phuong
thic RTK bang may GNSS KX20-RTK ciing nhu do
chénh léch toa do dugc thé hién nhu & bang 1.

Khi st dung may GNSS RTK E600 dé xac dinh
toa dd cla cac diém trong mang Iudi GPS theo
phuong thiic RTK dugc két qua nhu & bang 2.

Bang 3 Thé hién toa do cla cac diém trong mang
luGi GPS do bang hai may thu GNSS KX20-RTK va
RTK E600 va chénh léch toa do toa doé do bang hai
may thu GNSS

TU s0 liéu tinh toan & bang 1 va bang 2, xay dung
biéu d6 biéu thi dd chénh I&ch cac thanh phan toa do
X va Y khi do béng hai may thu GNSS KX20-RTK va
RTK E600 (hinh 3).

BIEU DO BIEU THI DO CHENH LECH TOA DO
KHI DO BANG MAY KX20-RTK
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KHI DO BANG MAY RTK E600
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Hinh 3. Biéu dé biéu thi dé chénh léch céc thanh
phan toa dé X va Y khi do bang hai may thu GNSS
KX20-RTK va RTK E600
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Trén biéu dé nhu & hinh 3 nhan thdy rang khi
khodng cach tu tram CORS dén may thu GNSS
tang Ién thi dé chénh léch cac thanh phan toa do
cling tang lén, diéu dé c6 nghia la sai s6 vi tri may
thu tang Ién theo khoang cach.

Két luan

May thu GNSS gia thanh th&p duya trén module
dinh vi DP0601 c6 nén tang la bo mach thu GNSS
u-blox ZED-F9P dugc thiét k&, phat trién hoan toan
cé thé dap ung dudc cho céng tac do dac thanh
lap ban dé dia chinh ty 1& 16n v6i dd chinh xac dén
centimet. Sai s6 vi tri cla may thu GNSS khi do
theo phuong thiic RTK vd&i cong nghé tram CORS
don sé tang Ién khi khodng cach ti may thu GNSS
dén tram CORS I6n 1én. Do do6, khi séi dung may
GNSS chi phi thadp dé do chi tiét thanh lap ban dé
dia chinh theo phuadng thiéic RTK can phai tinh dén
yé&u t6 khodng cach dé dam b&o sai s6 vi tri diém
theo quy pham khi thanh 1ap ban dé dia chinh ty
1é 16n.
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