TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 01, SO 01 - 2023 KH TRAI PAT & MO

UNG DUNG CONG NGHE BAY KHONG NGUOI LAI UAV PHANTOM 4 RTK
KET NOI TRAM CORS VAO THANH LAP BAN DO BIA HINH TY LE LON

Tran Xuan Thuy’, Nguyén Thi Mai Anh
Trwong Dai hoc Céng nghiép Quang Ninh
"Email: tranxuanthuyqgn@gmail.com

TOM TAT

Bai viét tap trung trinh bay céng nghé bay khéng ngudi l&i (Unmanned Aerial Vehicles - UAV)
Phantom 4 RTK két n6i tram CORS trong thanh Ip ban dé dia hinh ti 1é 1:2000 tai Khu Dai Yén, thanh
phé Ha Long, tinh Quéng Ninh. D@ liéu cua UAV duoc xir ly bdng phdn mém Agisoft Metashape
Professional va Global mapper. Céng nghé nay cé wu diém so véi céc phuong phép khéo sét truyén
théng nhu: it nhan céng, dé chinh xac cao (do dé phén gidi cia méy chup anh cao va méy bay & d6
cao thap va cham), UAV c6 khd ndng do duoc céc khu vuc ¢d dia hinh phirc tap hiém tré, khé khan,
rat ngdn thoi gian cho céng tac khéo sat thanh l1ap ban dé dia hinh so véi céc thiét bi khac.

Tr khéa: UAV, Phantom 4 RTK, Tram CORS.

1. CAU TAO VA NGUYEN LY HOAT BONG CUA UAV
1.1 Cau tao cua thiét bi bay khéng ngwoi lai

C4u tao hé théng may bay khéng nguoi lai
(UAV) dé xay dwng ban dé dia hinh dwoc chia
thanh cac thanh phan chinh (hinh 1):

- Heé théng may bay,

- Thiét bi dan dwérng GNSS

- May anh k¥ thuat sé,

- Tram diéu khién mat dat,

- Tram x{& ly &nh tao md hinh s6 mét déat.

12 “EL’

Hinh 1. May bay khdng ngudi lai Phantom 4 RTK
1.1.1 Hé théng may bay

Hé théng bao gébm: Than may bay, ddu thu
GPS, cam bién téc d6 gi6, cdm bién dod cao, cdm
bién ap xuét, cdm bién can bang va bd thu phat
tin hiéu.
1.1.2 Thiét bj dan dwong GNSS

Hé thdng dinh vi toan cadu GNSS cho phép

xac dinh vij tri béng cach do khodng cach tir UAV
t&i cac vé tinh va xac dinh toa dé khong gian Xs,
Ys, Zs clia tdm &nh chup. Déng thdi, dé xac dinh
dwoc nguyén td dinh hwéng anh tai thdi diém
chup anh, thi can phai dwa vao khai niém thiét bj
dinh vi quan tinh (IMU). Khi két hop GNSS va
IMU vao chup anh hang khéng thi cé thé tinh toan
dwoc toa do, dd cao tam anh vao thdi diém chup
&nh va nguyén té dinh hwéng ngoai ctia tAm anh
tai thoi diém chup anh.
1.1.3. May &nh ky thuat sé

May anh k§ thuat s (hinh 2): Thong thudng
cac may anh st dung dé chup anh mat dat bang
UAV 13 c4c loai may &nh k§ thuat sé co kich thuéc
nho gon, d6 phan gidi cao va do nét cia anh phai
dwoc d&dm béo trong toan b trwéong &nh, cac yéu
t6 dinh huwéng trong phai dwgc xac dinh chinh xac,
c6 tiéu cw cb dinh va kha nang lay nét tw dong.

Hinh 2. May &nh ki thuat s§
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1.1.4. Tram diéu khién mat dat

Mbi hé théng may bay UAV déu phai duoc
diéu khién bang tram diéu khién mét dét (hinh 3).

Hinh 3. Tram diéu khién mat dat

Céu tao cla tram diéu khién méat dat bao gém
cac bd phan chinh:

- May tinh bang hoac dién thoai théng minh
dwoc cai dat phadn mém lap trinh bay va diéu
khién bay. Day |a cac phdn mém chuyén dung dé
thiét ké bay, diéu khién bay va cé thé lap ké
hoach vj tri hwéng cét canh, ha canh tai thuc dia.

- Bo diéu khién co thiét bi thu phat tin hiéu
dung dé két ni may tinh bang véi may bay.

-Tay diéu khién dung dé két ndi véi may bay.

- May tinh bang hoac dién thoai théng minh
dwoc cai dat phan mém diéu khién.

1.1.5 Tram xcr ly &nh UAV tao mé hinh s6 mat dat

Tram x& ly &nh bao gdbm may tinh tram
(Workstations) cé cdu hinh manh dwoc cai dat
phan mém chuyén x& ly anh may bay dé tao mo
hinh s& mé&t dat (hinh 4).

Hinh 4. Tram x{ Iy anh tao md hinh so mat dat

Déc diém chung clia cac phan mém x& ly nay
la tr cac birc anh sb dwoc chup tir UAV véi do
pht tir 70 - 90%, sau khi xt ly sé tao ra mé hinh
dam may diém (Point Cloud), mé hinh sé bé mat

(DSM), mé hinh sb dd cao (DEM) va anh truc
giao (Orthomosaic).

M6t s6 phan mém chuyén xt ly anh UAV phd
bién & Viét Nam:

+ Agisoft Metashape Professional ctia hang
Geoscan Nga; Pix4D mapper cta Thuy Sy

+Trimble Business Center Photogramettry va
Inpho UASMaster ctia hadngTrimble
1.2. Nguyén ly hoat dong cua UAV

May bay khéng nguoi lai co thé duoc diéu
khién bang tay ti¥ xa hoc ciing cé thé tw bay theo
céc lich trinh da dworc 1ap trinh sén, hodc theo sw
didu khién cla cac hé théng may tinh phirc tap.

Hé théng UAV gbém céac giai doan sau (hinh 5):

- Doan trén khéng (Air segment) bao gdm: Hé
thdng dién, khung may bay, bé phan nang day
(mé to, canh quat), dinh vi vé tinh, &ng ten diéu
khién tlr xa, camera, gia d& camera, cac cam
bién phu, pin.

- Poan truyén di liéu (Data link).

- Poan diéu khién mét dat (Ground segment)
bao gébm: Tram diéu x(& mat dat (computer,
software), RTK/CORS (GNSS) va déi ngl van

hanh.
Vé tioh ién \ar4' —"‘ Vi tinh GPS

prt Yo

Tram diea khidn Khi chiéc UAV bay ra khoi tam nhin, tram diéu khién mat dat chuyén sang sir dung
™3 vé tinh dé diéu khién may bay. UAV ciing ¢6 két ndi vdi vé tinh GPS d€ dinh vi

Hinh 5. Céc giai doan diéu khién UAV

2.NGUYEN LY BAY CHUP VA QUY TRINH THANH
LAP BAN DO BANG UAV PHANTOM 4 RTK

2.1. Nguyén ly bay chup

Trudc khi tién hanh cong tac bay chup thi viéc
lap ké hoach, kiém tra diéu kién bay la can thiét
va rat quan trong, né quyét dinh dén cong tac an
toan bay va chét lwgng anh bay chup.

Cong tac chuén bi bao gém:

- Xac dinh vij tri va pham vi can bay chup;
Kiém tra ving cdm bay; Kiém tra cac diéu kién
thoi tiét cho ca tac nghiép bay dwgc thic hién béi
phan mém UAV Forecast. Hinh anh khi chay phan
mém UAV Forecast dwoc thé hién & hinh 6.
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Hinh 6. Céc thong sO anh hudng dén diéu kién bay

- Thiét ké tuyén bay bang phan mém chuyén
dung vé&i nhitng yéu cau vé dd cao bay chup, do
phan giai diém anh, thoi gian bay chup dadm bao
hoat déng cua pin.

- B4 tri, xac dinh toa d6 cla cac diém khong
ché anh mat dat, Két ndi UAV voi tram CORS,
tién hanh bay chup.

Sau khi c6 két qua bay chup, s liéu bay chup
bao gébm anh sb va toa d6 cac diém khéng ché
&nh cung v&i toa dd mbc khéng ché do dac thuc
dia dwoc dwa vao phan mém x& ly anh chuyén
dung dé& ghép anh va tao mé hinh sé mat dét.

2.2. Quy trinh thanh lap
Quy trinh bay va xt ly di¥ liéu dwoc thé hién
trong hinh 7.

| Khao sat thiét ké |

| Do nbi tram c¢b dinh, didm khéng ché anh |
v

| T6 chirc bay chup anh |

| Xt ly sb liéu sau bay chup |

| X ly sé lidgu (AGISOFT) METASHAPE) |

v v N
DBam may| | M6 hinh | | M6 hinh Anh tryc
diém sO mat | |sO dd cao giao
(Point dat (DEM) | [(Orthopho

cloud) (DSM) to)
I |
\ 4

| X Iy hau ky ( Global mapper) |

| Bien tap ban db & dong géi san phdm |

Hinh 7. Quy trinh bay va x{ Iy sé liéu

3. XU’ LY ANH BAY CHUP TU UAV
Hién nay c6 nhiéu phadn mém x& ly anh

UAV nhuw Trimble Business Center, Inpho
UASMaster, Pix4D Mapper Pro, Bentley
Context Capture, Agisoft Metashape

(PhotoScan), Drone Mapper, Pix4D, Mapper
Pro,... & bai bao nay nhém tac gid st dung phan
mém Agisoft Metashape phién ban 1.7.2. Trinh
tw xt ly anh UAV nhu sau:

- Bwéc 1: Nhap anh vao phan mém (add
photos) nhw hinh 8.
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Hinh 8

- Bwérc 2: Sap xép anh chup (Align photos)
nhw hinh 9.

Align Photos X
General
Accuracy: High
/' Generic preselection
/ Reference preselection Source

Reset current alignment

Advanced

Hinh 9

- Bwéc 3: Tao dam may diém (Build Dense
Cloud) nhw hinh 10;

Buid Dense Cloud X
General
Quality: High
Advanced
Hinh 10
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- Bwoéc 4: Tao mo hinh 3D (Build Mesh) nhw
hinh 11.

Build DEM X
Projection

Type: ®  Geographic Planar Cylindrical

VN-2000 / TM-3 QuangNinh 107 75

Parameters

Source data: Dense cloud

Quality:

Interpolation: Enabled (default)

Select...

Point dlasses: All
Advanced
Region

Setup boundaries:

Reset

Resolution {m): 0.224878
Total size (pix): 2769 X 2866
[ o |
<
Hinh 11

- Bwrére 5: Xay dwng dir liéu tuy chon theo yéu
cau thanh lap ban d6: mé hinh sé do cao/mé hinh
s6 b& mat/binh dd anh truc giao (Build DEM /
DSM / Orthomosaic) nhw hinh 12.

Build Orthomosaic X
Projection
Type: ® Geographic Planar Cylindrical
VN-2000 / TM-3 QuangMinh 107 75
Parameters
Surface: DEM

Blending mode: Mosaic (default)
Refine seamlines
/' Enable hole filing

Enable ghosting filter

Enable back-face culling

@ Pixel size (m): 0.0281121 X
Metres... 0.0281121 Ll
Max. dimension (pix): 4096

Region

Setup boundaries: - X
- Y
Total size {pix): X

Hinh 12

- Buwéc 6: Xuat két qua div liéu tuy chon
(Export DEM/DSM/Orthomosaic)
4. THUC NGHIEM BAY CHUP THANH LAP
BAN DO BANG UAV PHANTOM 4 RTK

4.1 Cong tac chuan bj

- Tién hanh khado sat thwc dia khu do can
thanh lap ban doé, danh gia mire d6 kho khan cua
dia hinh, chon vi tri cAt ha canh ctia UAV.

- Thu thap céac sb liéu toa dd, dd cao cac diém
khdng ché cac cap; Lién hé v&i cac co quan nha
nuwdc, chinh quyén dia phwong lam tha tuc va xin
gidy phép bay.

- Chuén bj va kiém tra UAV cung cac thiét bi
di kem phuc vu cdng tac bay chup.

- Két ndi tram CORS tir diéu khién ctia UAV
va cai dat cac thong sb thiét ké tuyén bay.

4.2. Thiét ké tuyén bay

- Tuyén bay duwoc thiét k& bang phdn mém
drone deploy hodc bang diéu khién ctia UAV
phantom 4 RTK cac cdng viéc gém xac dinh dién
tich bay chup, do cao bay chup, sb dai bay, tbc
do bay, mat do pha trum gitka cac anh, thoi gian
bay (hinh 13).

Hinh 13. Thiét ke tuyén bay

- Qua trinh thywc nghiém da duwoc tinh toan
va thiét k& do cao bay chup cua thiét bi bay
& 150 m so v&i vi tri dirng tram diéu khién
véi d6 phd doc: 81%; dd phu ngang: 72%;
ddo phan giai mat dat (GSD): 3.5 cmipixel;
tbng sb anh chup: 397 anh; thiét ké tuyén bay
dam bao theo thong tw [6].

4.3 Po khdéng ché ngoai nghiép va lam dau méc

Cong tac do dac khéng ché anh dam bao theo
thong twlel dwoc thye hién bang thiét bi do GPS
ctia hdang CHC loai may i90 v&i 4 diém khéng ché
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trong d6 c6 02 diém khéng ché dwoc st dung dé
tinh toan va 02 diém khéng ché kiém tra, cac
diém dwoc danh dau Ién mé&t dwdng bang son dd
(hinh 14).

Hinh 14. Danh d4u diém khong ché mat dat

5. KET QUA NGHIEN CU’U THY'C NGHIEM VA
THAO LUAN
5.1. Cong trinh thyc nghiém

Dé danh gia khd nang ng dung, UAV
phantom 4 RTK dwgc (rng dung trong khdo sat
thanh 1ap ban dd dia hinh cho nhiéu dy an khac
nhau va trich xuat mét phan dw an thwc nghiém
Khu Dai Yén, thanh phé Ha Long, Quang Ninh.
Sau khi thanh |ap ban dé dia hinh bang coéng
nghé may bay khong nguwdi lai va xi Iy sb liéu
anh bang phan mém chuyén dung, két qua san
ph&m x& ly &nh va bién tap ban d nhw sau (hinh
15, 16, 17, 18):

Hinh 15. M6 hinh sé do cao (DEM)
D@ liéu DEM, DSM ¢6 céu trac dang lw&i 6
vuong voi kich thuwéc 6 lwdi quy dinh tai bang 1.
Bang 1: Quy dinh vé kich thudc DSM, DEM

Khoang cao déu dwéong
binh d6 co’ ban (m)

Kich thwoc 6 lwéi
cua DSM, DEM (m)

0,5 0,5x0,5
1,0 1,0x1,0
2,5 25x25
5,0 5,0x5,0

Hinh 17. Anh truc giao (Orthophoto)

Hinh 18. Ban do dia hinh 1:2000

5.2 Két qua danh gia doé chinh xac

V6i sb ligu do dac trwc tiép bang phuong
phap truyén théng mat dat thay rang: Sai sb vé
dd cao nhd hon quy dinh & < 1/3 khoang cao déu
dwong ddng mire va sai sd méat bang khi bay déu
nhd hon quy pham la bang 0,2xM (M 1a mau sb ti
I& ban db).

Bai bao nay da st dung céng thirc (1) tinh sai
sb trung phwong (RMSE) nhu sau:

n

vOi E? = ?=1 el-z va € = Vpan as - Vthl_PC nghiém
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Trong d6 RMSE 14 sai sé trung phwong; n 1a
tdng sb diém kiém tra; Vban d6 la toa do x va y
cUa thiét bj do RTK; Vthuc nghiém la toa dd x va
y clia cac diém da sb hoa tir &nh UAV. Kétqua
dwoc thé hién & bang 2.

Dé so sanh két qua so véi phwong phap
truyén thdng nhém tac gid do 20 diém do chi tiét
da dwoc danh dau trén mat dat, két qua nhw sau:
Léch theo truc X la 7.6cm, truc Y la 5.5cm va truc
h 1a 9.4cm, két qua thanh 1ap ban db dia hinh ti [&
1/2000 bang phwong phap st dung anh chup tir
UAV so voi quy pham [3] va thdng tw [6] la dat
yéu cau.

Bang 2. Bang so sanh toa do do song trung

- Toa dj do RTK Toa dj thyc nghiém Saisd
X(m) Y(m) | hm) X(m) Y(m) h(m) e(X) e(Y) e(h)

1 | 2319370.058| 416738.199| 18.080 2319370.073| 416738.197| 18.112 -0.015 0.002| -0.032
2 | 2319369.350| 416750.261( 18.484| 2319369.371| 416750.295| 18.519 -0.021 -0.034] -0.035
3 | 2319370.391| 416760.165 18.580] 2319370.399| 416760.194| 18.641 -0.008 -0.029] -0.061
4 | 2319370.247| 416776.706( 18.242| 2319370.277| 416776.739| 18.289 -0.030 -0.033]  -0.047
5 | 2319370.087| 416791.217 17.753| 2319370.122| 416791.235| 17.816 -0.035 -0.018] -0.063
6 |2319371.286| 416803.886( 17.081| 2319371.329| 416803.852| 16.878 -0.043 0.034f 0.203
7 | 2319373.292| 416815432 16.874] 2319373.299| 416815.455| 16.942 -0.007 -0.023)  -0.068
8 | 2319377.220| 416827.041( 16.764| 2319377.278| 416827.096| 16.779 -0.058 -0.055| -0.015
9 | 2319383.825| 416839.970( 16.814) 2319383.901| 416839.973| 16.889 -0.076 -0.003) -0.075
10 | 2319388.689| 416848.413| 16.854| 2319388.74| 416848.428| 16.896 -0.051 -0.015| -0.042
11 | 2319397.384| 416861.089| 17.016| 2319397.395 416861.1] 17.005 -0.011 -0.011) 0.011
12 | 2319407.386| 416872.751| 17.264| 2319407.424| 416872.798| 17.337 -0.038 -0.047)  -0.073
13 | 2319419.117| 416882.679| 17.662| 2319419.135 416882.7| 17.756 -0.018 -0.021) -0.094
14 | 2319426.096| 416886.374| 17.949| 2319426.088| 416886.369 17.986 0.008 0.005] -0.037
15 | 2319441.334| 416896.289| 18.369| 2319441.277| 416896.235| 18.394 0.057 0.054] -0.025
16 | 2319450.477| 416900.924| 18.397| 2319450.496 416900.946 18.411 -0.019 -0.022| -0.014
17 | 2319459.875| 416906.927| 18.230| 2319459.879| 416906.966| 18.214 -0.004 -0.039] 0.016
18 | 2319468.526| 416911.922| 18.143| 2319468.555| 416911.896| 18.194 -0.029 0.026] -0.051
19 | 2319475.918| 416915.918| 18.032| 2319475.927| 416915.93| 18.008 -0.009 -0.012| 0.024
20 | 2319483.088| 416919.883| 17.914| 2319483.125( 416919.923| 17.963 -0.037 -0.040 -0.049
0.035 0.030] 0.066

6. KET LUAN
6.1. Uu diém, nhwoc diém cua phwong phap
6.1.1. Vu diém

Hé théng bay gon nhe, thuan tién di chuyén
va thao tac ngoai thuc dia; Hé thdng cho két qua
chinh xac, giam cong sirc va thi gian thwe hién.

Cong tac td chirc ngoai nghiép don gian, x&
ly n6i nghiép nhanh, san phdm cia di¥ liéu UAV
da dang nhw: ban d& 3D, mé hinh sb dd cao
DEM, mé hinh sé dia hinh DTM, mé hinh sé bé
mat DSM, ban dd trwc giao ortophotograph
v.v...Céng nghé dam may diém mang lai nhiéu
tuy chon dap *ng cac muc dich khac nhau. Véi
kha nang tach loc cac |6p dia vat bé mat, giup xay
dwng md hinh sb d0 cao DEM véi dd phu hop

cao nhat, gilp ndi suy tét nhat dwdng binh do
dé thanh 1ap ban db dia hinh.

Khi bay chup anh c6 két néi tram CORS cho
biét cac anh chup da fix toa d6 tdm anh ngay sau
khi tuyén bay két thuc, gidm thoi gian tinh toan
tam anh so v&i phwong phap khac. Hé théng bay
phu hop véi dia hinh trung du va ddng béng, viing
ven song, ven bién, dia hinh nguy hiém, kho
khan, khu vwc khé tiép can, gidm thoi gian va
cbng surc, kinh phi thap, an toan lao dong; cung
cép kip thoi tw liéu phuc vu hiéu qua cong tac
quan ly va diéu hanh san xuét.

V6&i cong nghé bay chup sé giam thiéu dwoc
tdi da thoi gian thyc hién ma van mang lai do
chinh xac cao, d@m bao do chinh xac dé thanh
lap ban db dia hinh ty 1& 1&n.

6.1.2. Nhwoc diém

Céng nghé phu thudc nhiéu vao diéu kién thoi
tiét nhv mwa, gi6... Céng nghé khéng do dwoc
v&i cac khu vue vige cdm bay; Véi cong nghé nay
thi can phai lam tha tuc xin phép bay truwéc khi
bay. D& nang cao dd chinh x&c thi van can phai
két hop thém véi cac phwong phap khdo sat
truyén théng khac (ddi véi cac viing c6 mirc do bj
che khuét b&i tAng phd thdm thuc vat day sé
dung két hop véi cac tri do méat dat theo phuong
phap truyén théng dé thyc hién).

6.2. Pé xuét

Két qua nghién ctu cho thdy sir dung may
bay khéng ngudi lai co thé thanh 1ap mé hinh sb
bé& mat va binh dé anh dé thanh lap ban dé dia
hinh ty I& I&n v&i gia thanh thap va do chinh xac
cao, tuy nhién khi ng dung cdng nghé nay tai
nhirng dia hinh cé do dbc trén 15° va dbc ding
thi ngudi st dung can két hop véi cac cong nghé
khac nhw quét Laser mat dat, cong nghé do
truyén théng hodc tinh toan lai do bay chup, do
phan giai anh, d6 phi ngang va doc, tbc dod bay
chup, Iwa chon phwong phap bay chup hop ly dé
dam bao san phadm ban dé 3D co do chi tiét cao
hon va hoan thién hon.
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ABSTRACT:

The article focuses on the use of Unmanned Aerial Vehicles (UAV) Phantom 4 RTK technology
connected to CORS stations for mapping terrain at a scale of 1:2000 in the Dai Yen area of Halong City,
Quang Ninh province. The UAV data was processed using Agisoft Metashape Professional and Global
Mapper software. This technology has advantages over traditional surveying methods in terms of requiring
less labor, achieving high accuracy (due to the high resolution of the cameras and the UAV's ability to
capture images at low altitude and slow speed), and measuring areas with complex and difficult terrain. It
also reduces the time required for surveying and mapping compared to other devices.

Keywords: UAV, Phantom 4 RTK, CORS Station.

REFERENCES

1. Vo Chi My (2014). "Research on the application of unmanned aerial vehicles (UAVSs) in large-scale
mapping and environmental resource monitoring," Journal of Geodesy, Mapping, and Remote
Sensing of Vietnam, Institute of Geodesy and Cartography, Hanoi.

m JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL. 01, ISSUE 01, 2023



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 01, SO 01 - 2023 KH TRAI PAT & MO

2. Information on the websites of some unmanned aerial vehicle manufacturers: http.//www.dji.conv/;
http://www.trimble.conv/; https://www.geoscan.aero/en/.

3. National Map Regulation for 1:500, 1:1000, 1:2000, 1:5000 topographic maps, National Mapping and
Cadastre Agency.

4. Dam Xuan Hoan (2008), Remote sensing and photogrammetry textbook, Hanoi University of Agriculture.
5. Phan Dinh Binh (2016), Remote sensing and photogrammetry textbook, Agriculture Publisher.

6. Circular 07/2021 - Technical regulations for the acquisition and processing of digital image data from
unmanned aerial vehicles for the construction and updating of national-scale geospatial databases at
scales of 1:2,000 and 1:5,000 and the creation of 1:500 and 1:1,000 topographic maps, Ministry of
Natural Resources and Environment.

Ngay nhan bai: 10/4/2023;

Ngay gwri phan bién: 10/4/2023;
Ngay nhan phan bién: 18/4/2023;
Ngay chap nhan dang: 27/4/2023.

JOURNAL OF SCIENCE AND TECHNOLOGY QuUI, VOL. 01, ISSUE 01,2023 m



