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Céch mang cong nghiép 4.0 dang 1a xu thé tt yéu va di hién hitu trong nhiéu linh vuc
cuia hoat dong san xuit va doi séng kinh té - x& hoi. Céng nghé sd, chuyén d6i s6 la nhirng phét
trién tat yéu 1a dong luc tang truong cua nén kinh té quéc gia trong d6 linh vuc Dia khong gian.
Vi muc tiéu chia sé co hoi, phét huy tiém ning wng dung cta nghién ciu khoa hoc trong doi
sbng s6 4.0, Khoa Tric dia - Ban d6 va Quan 1y dét dai, Truong Dai hoc Mé - Dia chit va mot
s6 don vi trong nudc té chie Hoi nghi khoa hoc toan qudc vé Cong nghé Bia khdng gian trong
Khoa hoc Trai dat va Mai truong (National Conference on Geospatial Technology in the Earth
science and Environment - NCGEE 2021). Hoi nghi dugc t6 chirc vao ngay 15 thang 10 nim
2021 tai Trudng Pai hoc Mé - Dia chat, Ha Noi.

Hoi nghi 1a dién dan dé cac to chirc, ca nhan dang hoat dong trong cac linh vyc lién quan
dén Cong nghé Dia khong gian cing nhau thao luan, trao d6i hoc thuat va chia sé kinh nghiém
vé chién luoc, ky thuat va khoa hoc cong nghé, dé cd nhimg budc phat trién bén viing hién dai
nhét, hidu qua nhat, déng gop cho nén khoa hoc va kinh té quéc gia. Hoi nghi dugc t6 chuc véi
su phdi hop hiéu qua cua cac don vi: Hoi Tric dia - Ban do va Vién tham Viét Nam; Cuc Po
dac, Ban d6 va Thong tin dia Iy Viét Nam; Cuc Ban do, Bo Tong tham muu; Cuc Vién tham
Qudc gia, Bo Tai nguyén va Méi trudng; Truong Pai hoc Khoa hoc, Pai hoc Hué; Vién Khoa
hoc Po dac va Ban do, Bo Tai nguyén va Moi Truong; Trung tim Tu van Tric dia va Xay dung,
Vién Khoa hoc Cong nghé Xay dung, Bé Xay dung va mot s6 don vi khéc.

Hoi nghi duoc t6 chiic thanh 3 tiéu ban gdm: (1) Xu ly dit liéu sé trong quan trac cong
trinh, tréi dat va méi trudng; (2) Cong nghé mai trong vién tham va dia tin hoc; (3) Quan Iy dia
khong gian théng minh. Hoi nghi da nhan duoc trén 100 bai bao khoa hoc, trong d6 55 bai dugc
lya chon ding trong tuyén tap nay. Ban t6 chirc tin rang Tuyén tap cac cong trinh cia Hoi nghi
khoa hoc toan quéc vé Cong nghé Dia khong gian trong Khoa hoc Trai dat va Mai trudng sé 12
mot an pham khoa hoc ¢6 chét lugng, cap nhat tong thé nhitng tién bo gan déy trong linh vuc
dia khéng gian.

Cuébi cuing, thay mat Ban to chuc, toi chan thanh cam on Bang uy, Hoi dong truong, Ban
Giam hiéu Truong Pai hoc Mo - Dia chét va cac don vi ¢6 lién quan da tao moi diéu kién thuan
loi, gop phan vao thanh cong caa Hoi nghi. Bic biét, tran trong cam on cac tac gia bai bao, cac
phan bién, cac nha khoa hoc va cac nha tai tro da c6 dong gop quan trong vi sy thanh cong
chung cua Ho6i nghi.

Thay mat Ban t6 chirc
Truong Khoa Trac dia - Ban d6 va Quan ly dat dai

PGS.TS Lé bwc Tinh
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GIAI PHAP GNSS PPK SU DUNG TRAM THAM CHIEU AO CHO UAV

Lai Pire Truong?, Dwong Thanh Trung?, Hoang Anh Tuin?
1Cong ty cé phan cdng nghé ha tang co sé Aitogy

2Triwong Pai hoc Mo - Pia chat

Tac gia lién h¢: aitogyaitogy@gmail.com

Toém tit: Ngay nay cong nghé may bay khong nguoi lai (UAV) sir dung rong réi trong
cdng tac Trac dja-Ban do, phuc vu cong tac do chi tiét thanh 1ap ban do dia hinh, dia chinh.
Phuong phap dinh vi dong xt ly sau dua trén hé théng vé tinh dan duong toan cau (GNSS PPK)
dugc ap dung phd bién dé xac dinh toa do tdm cua anh chup. Vé&i phuong phéap nay, thong
thudng, mot tram co s (Base) vat 1y dat tai mot diém mébc khong ché dugc lap dat dé thu di
licu GNSS (Global Navigation Satellite System) cing thoi diém véi UAV. Sé liéu thu dugc tir
tram Base va UAV sau d6 duoc két hop, xtr Iy bang phan mém chuyén dung dé cho ra toa do
tam chup cua cac anh UAV véi d6 chinh xac c& centimet. Trong nghién ciru nay, chdng toi st
dung céc tram Base a0 thay cho Base vt ly dya trén hé thong mang lugi tram tham chiéu lién
tuc Qudc gia (VNGEONET CORS). Ban chét ciia phuong phap nay 1a dya trén cong nghé tram
tham chiéu 4o (VRS) duoc cung cap bai VNGEONET CORS. Théng qua viéc chuyén doi
khuén dang va viéc dong bo héa dit liéu, chung t6i di c6 thé hoan toan thay thé tram Base vat
ly bang tram Base 40 véi nhiéu wu diém vuot troi nhu tiét kiém chi phi may moéc va lap dit
cling nhu do ndi khdng ché tai tram Base vat ly. Thuc nghiém da duoc tién hanh ngoai thuc dia
da cho thay rang sir dung tram Base 40 hoan toan ¢ thé thay thé dugc tram Base vat ly truyén
thdng.

Tir khéa: UAV, VNGEONET CORS, IMU, GNSS RTK, PPK
1. Pit van dé

Ngay nay cong nghé may bay khong nguoi lai (UAV) st dung rong réi trong cong tac
Tric dja-Ban dd, phuc vu cong tac do chi tiét thanh 1ap ban dd dia hinh, dia chinh. Véi cong
nghé truyén thong, cac tham sb dinh hudng ngoai duge xac dinh dua vao cac diém khéng ché
anh mit dat [1,2]. Cac diém nay dugc xac dinh toa do béng cac cac phép do dac mat dat, diéu
nay lam giam tinh vién tham, vén 14 wu diém chinh cua cong nghé UAV. Gan diy, cac tham sd
dinh huéng caa anh duoc xac dinh bang cac dit liéu tich hop gitta cong nghé dinh vi vé tinh
GNSS (Global Navigation Satellite System) va cam bién quan tinh (IMU) [3]). Dé nang cao d6
chinh x&c vi tri tam chup, phuong phép dinh vi twong d6i dong dang dugc ap dung phd bién,
dac biét 1a cho cac ung dung lién quan dén Tric dia-ban d6. C6 hai phuong phép chinh dang
duoc ap dung la phuong phap do dong thoi gian thue (GNSS RTK) va phuong phap do dong
xtr Iy sau (PPK). Trong phuong phap RTK, may bay duoc trang bi may thu GNSS c¢6 hd trg
RTK va dix liéu tram base duoc truyén phat tuc thoi tai thoi diém do d¢én UAV thong qua cac
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phuong tién truyén thong nhu bd phat Radio hay Internet. Uu diém cuia phuong phap nay 1a c¢6
thé cung cap thdng tin vi tri chinh xé4c & thoi gian thuc. Nhugc diém caa n6 1a chi phi cao vé
phuong tién ca ¢ tram di dong va tram co s dé truyén va xir Iy thong tin dinh vi chinh xac cao
mot c&ch tirc thoi; hon nita, trong qua trinh hoat dong néu dir liéu cua tram co sé khong thé
chuyén téi tram di dong do anh huéng cia nhiéu nguyén nhan khéac nhau thi sai sé dinh vi s&
I6n. Dé khic phuc nhiing han ché caa cong nghé RTK d6i vai cac tng dung xt Iy sau, cong
nghé PPK duoc 4p dung. Trong cdng nghé nay, dit liéu tir tram co s& duoc luu dong thoi voi
dix liéu trén may bay hay tram di dong. Cac dit liéu nay sau dé duoc xur ly bang cac phan mém
chuyén dung dé cho ra théng tin toa do chinh xac caa may bay hay tram di dong. Uu diém cua
ca hai phuong phap PPK va RTK 1a déu c6 thé cung cap thong tin vi tri voi do chinh xac ¢& cm.
Tuy vay ca hai déu phai trang bj tram co s& gan khu do va can do ndi toa do dén diém co so ddi
Véi céc dy an can do ndi véi hé thong toa do quéc gia.

Nhitng nim gan day, v6i su xuat hién cua céc tram tham chiéu lién tuc (CORS-
Continuosly Operation Reference Station), UAV c6 thé két ndi truc tiép véi cac tram CORS dé
van hanh chiic nang do RTK ma khong can trang bi tram co sé tai cong trudng. Tuy vay, Vi
tbc do van hanh kha nhanh va phac tap, viéc nhan di lidu va xi ly mot cach tac thoi trén may
bay c6 thé bi ngat quéng boi cac diéu kién khic nhau, diéu ndy dan dén théng tin vi tri duoc
cung cap tir may thu GNSS c6 thé khong hoan toan dép tng yéu cau vé do chinh xac. Bé khic
phuc véan d& nay, chiing t6i di dé xuat phuong phap do dong xur ly sau st dung dir liéu tir cac
tram CORS thay cho tram co so tai cong truong. Trong phuong phap nay, dir liéu tram CORS
dugc thu bang phan mém, vi tri tram co s ¢ thé dugc danh dau bat ky tai khu do d6i véi mang
lugi CORS ¢6 hd trg tram tham chiéu 4o (VRS). Dit liéu thu dugc tir tram CORS sau d6 dugc
két hop voi dir liéu GNSS thd tir UAV dé xtr sau bang cac phan mém chuyén dung theo thuat
toan xir Iy PPK thong thuong.

2. Lua chon Phwong phap do dong xir ly sau

Trong dinh vi tuong ddi dong, mot may thu dat ¢ dinh tai diém da biét toa do trong khi
diém con lai di chuyén dén cac diém can xac dinh toa do [4]. Dix liéu tir may di dong va tram
co s& sau d6 duoc xir ly dua trén nguyén ly giai s nguyén da trj dé thu duoc 16i giai dinh vi c6
d6 chinh xac tir decimet dén centimet. TUy thudc vao thuat toan, ky thuat do va muc dich sir
dung khéc nhau, c6 nhiing ky thuat do va xt Iy PPK nhu sau:

Do dong dirng va di (Stop And Go): La k¥ thuat do ma may tai tram Rover dung lai tai
cac diém can xac dinh dé thu tin hiéu khoang vai gidy dén vai phut sau d6 lai di chuyén dén
diém khac. K¥ thuat do nay dugc ung dung chu yéu dé do vé thanh 1ap ban d6, do v& mat cit,
do cac diém ludi khdng ché co do chinh xac thap wv...

Do dong lién tuc (Continuous): La ky thuat do ma may tai tram Rover vira di chuyén vira do,
khong dirng lai tai diém cu thé ndo, két qua s& xac dinh duoc cac diém trén duong di chuyén sau
nhiing khoang thoi gian nhat dinh nao d6. K§ thuat nay thudng duoc ung dung dé xac dinh toa do
caa cac vat di chuyén nhu tau, thuyén, 6 t6 hoic do xac dinh bé mat dia hinh, wv...
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Do dong danh dau su kién: La ky thuat do ma may tai tram dong xac dinh toa do diém
dong thoi vai mot su kién nao day. Vi du: May dong xéac dinh toa do tam chup cua may chup
anh hang khong ddng thoi véi viéc cira chép nhanh caa may chup anh.

Trong nghién ciu ndy, ching toi chon ki thuat do dong lién tuc vai tan sé thu dit liéu
5Hz. Théng tin vj tri cac diém do dugc gin vai thoi gian GPS dé 1am co s¢ dong bo véi thoi
gian cua anh chup.

3. Cong nghé tram CORS
3.1 Khéi niégm trgm CORS

Tram CORS la hé thdng tram tham chiéu l1am viéc lién tuc, c6 thé dugc hiéu 1a mot hoac
nhiéu tram tham chiéu GNSS van hanh lién tuc tai cac diém cb dinh, tng dung cong nghé may
tinh hién dai va internet truyén dit liéu tao thanh mot mang lugi. Do ¢6 nhiéu thong tin tir nhiéu
tram tham chiéu truyén t&i nén tai tram cha (MS) ngudi ta c6 thé xay dung dugc md hinh sé
cai chinh vi phan tic thoi nhu 13 ham cta vi tri diém céc tram tham chiéu. Trong mé hinh nay,
ngudi ta co thé xét téi mot s6 ngudn sai s6 nhu sai sb quy dao vé tinh, sai s6 ddng hd vé tinh,
anh huong cia ting dbi luu, tang dién ly.

Cac tram tham chiéu hoat dong lién tuc duoc xay dung bao dam cho mat do tuong doi
ddng déu, khoang cach gitra cac tram tham chiéu 1a mot tham sé dic trung cho do chinh xac
cua hé thdng. Vi tri cac tram tham chiéu s& dugc xac dinh chinh xac trong hé thuc dung. Tai
mdi tram tham chiéu s& ldp dat may thu GNSS da tan sé do chinh xac cao va lién tuc thu tin
hiéu vé tinh. Cac tram CORS duoc két ndi véi tram chi théng qua internet. Tram cha ¢d nhiém
vu xir Iy va luu giit c4c thdng tin tir cac tram tham chiéu guri téi, ngoai ra cung cap mot nén tang
dé anh xa chinh xac timg co s& ha tng véi dinh vi duoc tiéu chuan hoa.

3.2. Nguyén ly hoat déong ciia VRS

Gia thiét mang lugi cong nghé VRS bao géom n tram CORS thu c4c tin hiéu tir cac vé tinh.
Cac dir liéu vé tinh thu duoc tir cac tram tham chiéu duogc truyén vé Tram xir ly trung tdm nho
cac mang LAN, Internet Modem. Tram xt ly trung tdm tién hanh xu ly céc dit liéu vé tinh theo
céc baselines gitra c4c tram tham chiéu trén co s& giai cAc tri nguyén da tri theo cAc phuong
trinh hiéu kép cua tri do pha. Tiép theo céc sé hiéu chinh khi quyén bao gdom tong caa sé hiéu
chinh do anh huong cia ting dién ly va sé hiéu chinh do anh huong cia ting dbi luu duoc Xac
dinh. Cac sb hiéu chinh khi quyén duoc mé hinh hoa bai mé hinh noi suy tuyén tinh véi viéc
xé4c dinh duoc cac hé sé cua md hinh nhd cac sb hiéu chinh khi quyén da duoc xac dinh trén n
tram tham chiéu.

Tram Rover guri c4c toa d6 gan dung cua nd vé Tram xu |y trung tdm nho cac dich vu
GSM, GPRS, 3G, ... Tram xir ly trung tam s& thiét 1ap tram VRS gan khu vuc cia tram Rover
dua trén céc dit liéu vé tinh trén n tram tham chiéu va giri cac dit liéu tinh toan dbi véi tram
VRS dén tram Rover trong dinh dang chuan RTCM. Dya trén cac dir liéu nhan duoc, tram
Rover giai da tri va xac dinh vector baseline gitra tram VRS va tram Rover. Ttr day xac dinh
duoc vi tri cua tram Rover.
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Hé thdng tram VRS hoat dong dua trén nguyén tic sau:
- Mang luéi phai c6 it nhit 3 tram tham chiéu c6 dinh CORS. Céc tram nay két ni dén
mét mang cha théng qua céc lién két truyén thong (LAN, Internet hoac Radio Modem).

After flight

Hinh 1: Nguyén ly trgm tham chiéu o
- Mot hay nhiéu Rover hoat dong trong viing bao phu caa mang ludi cac tram CORS. Céc

Rover nay gui vi tri tuong d6i cua n6 vé trung tam xt 1y s6 liéu. Céc s6 liéu vé vi tri trong ddi
cta Rover dugc giri bang cé&c giao thuc truyén dit liéu trén dién thoai di dong nhu GSM hoic
GPRS. Dinh dang chuan caa dir liéu giri tir Rover thuong 12 NMEA (Natinonal Marine
Electronics Association). Loai dinh dang nay c6 san & hau hét cac may thu GPS.

- Trung tam xur ly phai duoc trang bi cac phan mém cd kha nang phan tich, tong hop céc
dir liéu thu dugc tir cac tram CORS va Rover nhu cac phan mém GPSNet, GPServer hozic
CRNet. Sau khi nhan thong diép thdng qua chuan NMEA tir Rover, may chi trung tdm s& guri
lai tin hiéu RTCM tir trung tam xu ly dit liéu dé cap nhat lai vi tri cia Rover va tiép tuc guri vi
tri mai caa minh vé trung tam xir ly dir liéu. Ldc ndy may chi trung thm méi tinh toan cho ra
tin hiéu hiéu chinh tham chiéu ao ngay sét véi Rover.

Mang lugi cac tram tham chiéu nay tao ra mot tram tham chiéu ngay sat véi Rover, nhung
tram tham chiéu nay hoan toan khéng c6 thuc nén tram nay goi I tram tham chiéu ao.

3.3. Quy trinh cdng ngh¢ VRS PPK cho UAV

Quy trinh cdng nghé VRS PPK dugc md ta nhu hinh 2. Dit liéu tai tram co sd duoc thu
nhan bang phan mém may tinh véi vj tri tram ao duoc xac dinh bat ky sao cho gan véi khu do
nhat. Dit liéu nay c6 khudn dang RTCM, sau khi thu nhan duoc chuyén dbi sang khuén dang
RINEX. Dit liéu thé thu duoc tir may bay ciing dugc chuyén sang khudn dang RINEX dé két
hop véi sb liéu tir tram base 4o dé tién hanh xu Iy PPK dé thu dugc céc thong tin vé thai gian
GPS, toa do va do chinh xac cac diém do. Trong qua trinh bay, may bay chup anh mat dat, thoi
diém chup cta céc tdm anh s& duoc gan kém thdng tin thoi gian GPS dwa vao may thu GNSS
trén may bay. Dya vao thé thoi gian nay, ching ta c6 thé déng bo gitra dir liéu PPK va toa do
tam chup. Budc tiép theo chiing ta s& tinh chuyén toa d6 thu nhan tir phép xtr ly PPK vé hé toa
d6 dia phuong dya trén cac tham sé chuyén déi gan kém trong céc ban tin cua di lieu RTCM
thu dugc. Ngoai ra, tir thdng tin vé do léch tim dng ten va cac goc xoay thu duoc tir cam bién
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Be Exthsiree st

quan tinh, ching ta c6 thé tinh toan dé thu dugc toa do tm anh chinh xac.

Nhin RTCM '«
L]

Convert to RINEX Anh chup

X ly GNSS PPK |« UAV’s RINEX
Toa do GNSSPPK |«  Pongbd .| Toa do tam anh (SSP)
Toa dd tAm anh PPK | Hiéu chinh Goc xoajlz cua anh

1 A goc xoay l
Tinh chuyén toa do Toa 4o tam anh chinh
xac trong VN 2000

Hinh 2: Quy trinh Céng nghé VRS PPK cho UAV

4. Thuc hién danh gia két qua

Dé danh gia higu qua cling nhu do tin cay ciia phuong phap da dé xuat phuong an nhur &
trén, chung t6i da tién hanh thir nghiém tai thuc dia tai phudong Purc Thang, Quan Bic Tur Liém,
Ha Noi. Céc thiét bi thir nghiém bao gom mot may bay khong nguai lai DJI Phantom 4 RTK.
Mot may thu GNSS Comnav T300 dé 1am tram base vat ly. Tai khoan tram tham chiéu ao cua
hé thong tram tham chiéu dinh vi vé tinh quéc gia (VNGEONET). Hinh anh thuc dia nhu Hinh
3.

Hinh 3: Hién trirong bay chup
C4c s6 liéu thu thap bao gom Sé liéu Rover RINEX tir UAV, S liéu Base RINEX vit ly
(Comnav T300), Sé liéu tram base a0 (VNGEONET) va cac diém do RTK mit dat. Viéc xu ly
PPK duoc tién hanh bing phan mém Aipos véi giao dién nhu hinh 4.
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Dé danh gia do chinh xac, chlng toi tién hanh so sanh giita két qua PPK duoc tinh toan
tir tram base vat Iy so voi két qua tinh toan sir dung tram base 4o duya trén tat ca cac diém do.
Phén tich so sanh d¢ léch giira hai két qua trén duoc thé hién ¢ biéu d6 5 va cac tham s phan
tich théng ké duoc trinh bay & bang 1.

373350.365

372998.597 373170.894
105.3'm

North 2330872021 East 580615195

Hinh 4: Giao dién phan mém Aipos

0.08

0.06

0.04

0.02
:g- 0 — dN(m)
§_ -0.02 e dE(m)
5004 =——dH(m}
B -0.06

-0.08

-0.1
0.12
Hinh 5: Biéu d6 dg léch toa dé giira tram base vt Iy va base o
Bang 1: Phan tich thong ké dé léch giita hai phirong phdp

Téng sb dN (m) dE (m) dH (m)
S4 lugng diém do 3623 3623 3623
Do lech 1on nhat 0.016 0.002 0.057
b0 léch trung binh 0.005 -0.010 0.002
Do léch chuan 0.004 0.002 0.007

Két qua xu ly cho thay rang su khac biét giira két qua xtr Iy PPK st dung tram base vt
ly va tram base a0 trung binh ¢& centimet. Yéu t6 mit bang co d6 léch it hon so vai yéu té do
cao. CO sy xuat hién do léch hé théng giita hai phuong phap khi biéu d6 d6 léch nam han phia
trén cua truc hoanh. Didu nay co thé do anh huéng cua tham s toa dd géc cua cac tram Base.
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5. Két luan

Nghién ctru nay da dé xuét giai phap do dong xur Iy sau cho UAV sir dung tram tham
chiéu 4o thay cho tram vat ly. Ngoai ra, nghién ctru ndy ciing di xay dung duoc thuat toén, phan
mém xir Iy s6 liéu GNSS, sb cai chinh RTCM va dong bé hda dix liéu tm chup anh.

Két qua thuc nghiém cho thiy ring c6 thé sir dung Base a0 thay cho Base vat 1y dé xac
dinh toa do tam chup anh véi d6 chinh xac c& centimet. Véi két qua nay c6 thé thiy hiéu qua
ctia phuong phap dé xuat 1a giam dugc viéc trang bi tram base vat ly va giam bét viéc do ndi
khdng ché dén tram base khi do v& bang UAV sir dung cdng nghé GNSS PPK.
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ABSTRACT
METHOD OF GNSS PPK USING VIRTUAL REFERENCE STATION FOR
UAV

Lai Puc Truong?, Duong Thanh Trung?, Hoang Anh Tuan?
YAitogy Infrastructure Technology., JSC; ?Hanoi University of Mining and Geology
Corresponding author: aitogyaitogy@gmail.com

Unmanned Arial Vehicle (UAV) is now widely applied for Surveying and Mapping for
establishing topographic map and cadastral map. The Post-Processed Kinematic Positioning
based on Global Navigation Satellite System is popularly applied for accurately determining
image position. By PPK GNSS, commonly, a physical or real base station is required for raw
data acquisition, this data is combined with the raw data received from UAV’s receiver to
archive centimeter level of positional solution with professional software.

In this research, we propose a virtual base station instead of a real base using the National
CORS network (WVNGEONET). The experimental result indicated that the vertical base is
comparable with the real base in positional accuracy while having many advantages such as
low cost and reducing fieldwork.

Keywords: VRS, PPK GNSS, UAV, CORS.
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