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Received: 16/8/2023 Different technologies are often used for acquiring topographic surface data
) such as Electronic Total Stations, Global Navigation Satellite Systems,
Revised: 28/9/2023 Terrestrial Laser Scanning, and Light Detection and Ranging. However, these
Published: 28/9/2023 Methods demand substantial implementation time, incur higher costs, and

involve greater complexity in comparison to UAV technology. The present
study focuses on harnessing UAV technology to capture aerial imagery,

KEYWORDS complemented by ground control point measurements using RTK techniques.
Unmanned Aerial Vehicles - The study unfolds through the following sequential phases: flight plan
UAV construction; UAV imaging across a study area; acquisition of ground control

. . points; UAV image processing; developing digital terrain model and extensive
Digital TerrainModel (DTM)  topographic data creation. The results encompassed 1,929 aerial scenes, 24

Topographic map meticulously surveyed ground control points, an orthophoto mosaic, a digital
Geographic Information system terrain model, and contour line information (with a 1-meter elevation interval)
delineating the 235,76 hectare region. The terrain data included 6m (lowest) to

(GIS) . ) . .
. 81m high (highest) contour lines; the area with slope < 3° cover 19,47ha
Golf course design (8,26%), 3-8°, 23,95ha, 10,16%; 8-15°, 46,25ha, 19,62%; 15-25°, 72,34ha,

30,68%; 25-35°, 28,42ha, 12,06%; 35-81°, 45,34ha, 19,23%. There are 6 hill, 2
valley and 1 plain areas. These findings underscore the distinct advantages of
UAV-based large-scale mapping, offering substantial contributions to planning,
landscape architecture, and terrain design considerations.
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THONG TIN BAI BAO TOM TAT

Ngay nhan bai:  16/8/2023 Cdc cong ngh¢ Toan dac dién tir; dinh vi vé tinh; quét Laser mat dit va bay
quét LiDAR duoc su dung trong thu thap dir liéu bé mat dia hinh, phuc vu
Ngay hoan thi¢n:  28/9/2023 x4y dyng ban dd dia hinh ti 18 1on tén nhicu thoi gian, kinh phi hon cong ngh¢
Ngay diing:  28/9/2023 UAV. Nghién ctru nay ung dung cong ngh¢ UAV chup anh ket hop do diém
khéng ché mat dat bing may RTK phuc vu xdy dung md hinh s6 dia hinh ti 1&
| . I6n. Cac budc nghién ctru chinh gdm: Thu thap dir liéu so bo va xay dung ké
TU KHOA hoach bay; Bay chup anh UAV khu vic nghién ciru; Do diém khong ché, xir
May bay khong ngudi lai 1}'/’ anh UAV; xay dyng mb hinh sé dia hinh va dir liéu dia hinh ty 1€ 16n. Cac
R 2 e aa két qua gom: 1.929 canh anh, 24 diém khong ché, anh ghép UAV truc giao,
M3 hinh 55 dia hinh mé hinh s6 dia hinh; di¥ lidu dia hinh v&i do chénh cao duong binh do 1 m cua
Ban d6 dia hinh khu vire ddi rong 235,76 ha. S lidu dia hinh gdm dudng binh c6 dé cao tir 6
m (thap nhat) dén 81 m (cao nhat); o dbc <3° ¢o dién tich 19,47 ha, chiém
AV A A A 8,26%, va tur 3-8°, 23,95 ha, 10,16%; 8-15°, 46,25 ha, 19,62%; 15-25°, 72,34
Thiet ke san gon ha, 30,68%; 25-35°, 28,42 ha, 12,06%; 35-81°, 45,34 ha, 19,23%. C6 6 ving
ddi dia hinh duong, 2 ving dia hinh 4m va 1 ving thoai. K&t qua nghién ciru

c6 thé mé rong trong ung dung quy hoach, thiét ké canh quan, dia hinh...
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1. Gigi thigu

Trén thé gidi, viéc thanh 1ap ban d6 bang cong nghé anh chup tir may bay khong nguoi lai
(Unmanned Aerial Vehicles-UAV) ngay cang duoc sir dung rong rdi trong nganh tric dia, ban
dd. Tuy nhién, cong nghé nay van tuong d6i mgi ¢ Viét Nam [1] — [3]. Cac cong nghé pho bién
hién nay dang duoc stir dung 1a Toan dac dién tir va cong nghé dinh vi vé tinh (GNSS); quét Laser
mit dat (Terrestrial Laser Scanning -TLS) va cong nghé bay quét LiDAR (Light Detection and
Ranging) [4]. Cong nghé Toan dac dién tir va dinh vi vé tinh da va dang duogc sir dung pho bién
trong thu thap dir liéu mat dat phuc vu nghién ciru dia chinh, tric dia dia hinh, xdy dung dan dung
va thiét ké kién triic, do do chinh xéc cao, dudi 1 m [1], nhuge diém ciia cong nghé nay 1a ton
nhiéu thoi gian. Cong nghé quét Laser mat dat va cong nghé bay quét LiIDAR dang dan thay thé
cho hai cong nghé di néu bén trén [4], [5], tuy da khic phuc duoc nhugc diém vé thoi gian cua
cong nghé GNSS nhung cac cong nghé Laser va LiDAR c¢6 nhuoc diém gia thanh rat cao can sir
dung nhiéu thiét bj dat tien.

Thoi gian gan day, cung voi sy phat trién cua cong ngh¢ dinh vi v¢ tinh, cong nghé chup anh
tir UAV duoc sir dung nhiéu trong xay dung ban dd ty 18 1on. Cong nghé nay c6 nhiéu vu diém,
dang dugc ung dung rong rai trong nhiéu linh vic nhu cong tic do dac thanh 14p ban do, giao
thong, san Xuat ndng nghiép, nghién ctru dia chit, va nghién ctru médi truong [1].

Sy phat trién cua cong nghé bay chup bing UAV, xir Iy anh UAV va phan tich dia hinh dugc
dugC Mo rong sang xay dung ban dd dia hinh phuc vu thiét ké cong trinh vé6i do chinh xac 1én
dén 1 m da giai quyét van dé vé gia thanh, giai phap co chi phi thap, thoi gian trién khai nhanh,
¢6 thé tich hop véi Hé thong tin dia 1y dé phén tich chuyén sau [6] — [8]. O Viét Nam mot s6
nghién ctiu tng dung anh UAV c¢6 ndi dung lién quan nghién ctru mé hinh sé dia hinh da duoc
trién khai gém: nghién ctru co s¢ khoa hoc do anh chup tir UAV [4], xay dung mé hinh sé bé mat
tu anh UAV [1].

Thiét ké san gon yéu cau nghién ciru dia hinh ctiia khu vuc rong tir vai chuc dén hang trim ha
két hop tinh toan vé dao, dip vat liéu dé tao ra cac vang c6 dia hinh 4m, duong dan xen. Cong
viéc nay bat budc phai sir dung ban do dia hinh ti 1& I6n (46 chénh cao < 1 m) ciing véi cac dit
liéu mo6 hinh s6 bé mat, moé hinh s6 dia hinh... Bai bdo bd sung thém cong nghé méi, hién dai,
t6n it thoi gian, gia thanh thap trong nghién ctru xay dung dit lidu dia hinh ti 18 6n.

Bai bao nay gidi thiéu két qua st dung may bay khong nguoi 1ai trong mé hinh sé dia hinh
phuc vu thiét ké san gon, ldy vi du tai san gon Silk Path Pong Triéu c6 vi tri nam tai xd An Sinh,
thi x Pong Triéu, tinh Quang Ninh.

2. Phwong phap nghién ciru

Céc phuong phap dugc sir dung gom: Chup anh bang UAV; do toa d6, vi tri diém khdng ché;
xir Iy anh UAV; xay dung mé hinh s dia hinh; Hé thong thong tin dia 1y (Geographic Infomation
System — GIS) duoc st dung dé xay dung ban db dia hinh.

Chup anh bang UAV va thu thap thong tin diém khéng ché, xir 1y anh 1a cac bude chinh duoc
sir dung trong nghién ciru nay, thé hién trong so 6 nghién ctru nhu trén Hinh 1.

Budce 1 (B1): Xac dinh muc tiéu chup anh bang UAV phuc vu xay dung ban d6 dia hinh. Cac
s6 ligu so by, tinh hubng, diéu kién bt thuong, anh huéng t6i qua trinh bay ngoai hién truong
can dugc xem xét trong xay dung ké hoach bay chup chi tiét, du bao cac tinh hudng khong theo
ké hoach tai hién truong va cac phuong an xir 1.

Budce 2 (B2): Nghién ciru tinh toan khu vuc bay, mic d6 phac tap cua dia hinh, kha nang di
chuyén tiép can diém cét canh, thoi tiét nhu nang, mura, gié va cac diéu kién anh huong dén qua
trinh cit canh, ha canh, di chuyén dén hanh trinh va chup anh, thoi gian bay ciia may bay.

Budce 3 (B3): Xay dung lich trinh trién khai chi tiét bao gom: thoi gian chuén bi cho ca bay;
phuong an dy phong; cac tinh hudng va giai phap xur ly; trién khai hanh trinh bay va chup anh
(chinh stra hanh trinh bay d thiét lap cho phui hop véi diéu kién thuc dia néu can).
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Budc 4 (B4): Xac dinh cac diém khdng ché 1a cac dbi twong d& quan st trén anh, d6i twong
dang tuyén, str dung son dé danh dau diém khdng ché, tién hanh do toa d6 diém khéng ché bang
may toan dac cam tay, tram Real-Time Kinematic (RTK) — tang cuong tin hiéu hé théng dinh vi
toan cau — GPS.

Muc tiéu chup dnh
nghién ciru xay dyng ban d6 dia hinh
phuc vu thiét ké san gon dién tich 235,76
ha

v :
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Hinh 1. So d6 quy trinh #mg dung UAV chup anh phuc v xdy dung ban do dia hinh

Budc 5 (B5): Trat dir liéu anh chup tir thiét bi UAV vao may tinh; Xac dinh diém khéng ché
trén anh; Str dung phan mém Pix4Dmapper dé xir Iy anh UAV.

Budc 6 (B6): Xy dung mé hinh sb dia hinh va anh UAV da dugc hiéu chinh truc giao;

Budc 7 (B7): Str dung m hinh s6 dia hinh dé xay dung dir liéu dia hinh khu vire nghién cuu.

Str dung may bay Inspire 2 cua DJI v6i cac thong s chinh lién quan gdm: Tuong thich véi
may anh Gimbal 5.2K; St dung 1 cap pin; Téc do bay tbi da 25,93m/s; Cam bién vat can tién
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tién; Camera FPV (First Person View — hinh anh ngudi 1ai) tich hop véi gimbal 2 truc; Pham vi
hoat dong téi da 7 km; Camera Zenmuse X2S; cam bién 2,54 cm d¢ phan giai 20 MP, dng kinh
tiéu cu 24 mm F2.8-11 [3].

Cac phan mém bay gom: DIJ GO 4; DJI pro [7] dé diéu khién bay chup, cét canh, ha canh,
bay khao sat chuéng ngai vat, bay hanh trinh. Trong d6 phin mém DIJGO4 dé diéu khién UAV
cit canh va ha canh may UAV, khao sat so bo dia hinh; DJI pro st dung dé bay theo hanh trinh
va chup anh. Cac phan mém GIS va xir Iy anh gom UAV gém: PIX4Dmapper; ArcGIS 10.8. Cac
tu lidu, s6 liéu gom: Ban do dia hinh ti I¢ 1:50.000, toa do cac diém khong ché mat dat...

3. Két qua va ban luin

Trién khai quy trinh nghién ciru bai béo gi6i thiéu cac két qua gom anh UAV d¢ phan giai
cao, md hinh so dia hinh va ban d6 duong binh d6 khu vuc dy kién xay dung san gon Silk Path
Pong Triéu, tinh Quang Ninh.

3.1. Anh UAV truc giao

Tai khu vuc nghién ctru c6 dia hinh chu yéu la ddi thap, dinh cao nhat c6 do cao tuyét doi 81
m, diém thap nhat c6 do cao 6 m. Puong giao thong khu vue nghién ctu thuan lgi cho phép tiép
can diém nghién cuu bang xe 6 t6, van chuyén thlet bi dén diém nghién ctu.

Pi trién khai bay chup UAV véi cac thong s chi tiét sau: dién tich khu vuc bay 235,76 ha;
thoi gian bay 3 gio (tir 8:30-11:30 ngay 01/5/2021); s6 ca bay: 02; tong sé anh chup 1.929 canh;
d6 cao bay 150 m; do cao 2 diém cit canh 14 17,1 m va 14,8 m; d6 phu 2 anh lién ké 1a 75%.

Xéc dinh 24 diém khéng ché va do toa do, do cao bang may RTK (Hinh 2, Bang 1). Anh diém
khéng ché trén anh UAV va anh diém khdng ché sau khi ghép anh UAV thé hién trén Hinh 2. Do
phan giai anh UAV 14 3,93 cm. S6 liéu diém khéng ché phuc vu hiéu chinh anh truc giao va danh
gi4 két qua ciia mo hinh.

Xir 1y so by bao gom: Poc toa do tam anh bang phian mém EasyGeoTagger, thong s6 nay
duoc xuat ra file Excel cung cip thong tin b tro phuc vu xir 1y chuyén dé.

Két qua xir 1y thu dwoc 1 anh UAV truc giao, do phan giai 3,93 cm bao phu toan bo khu vuc
du 4n san gon Pong Triéu.

Bang 1. Thong tin, vi tri, do cao cdc diém khé'ng ché

Tén Thong tin toa do Tén Thong tin toa do

diém Kinh d¢p Vi dgp Pjcao(m) diém  Kinh dp Vi dp Dé cao (m)
1 106.5163 21.13997 12.508 13 106.5044 21.14404 16.115
2 106.5145 21.14171 17.101 14 106.5076 21.14339 18.255
3 106.5152 21.14091 14.087 15 106.5088 21.14992 36.538
4 106.5171 21.13986 12.401 16 106.5091 21.14869 26.112
5 106.5161 21.14071 22.597 17 106.51 21.14819 20.688
6 106.5151 21.14599 14.103 18 106.5106 21.14443 16.24
7 106.5205 21.14222 14.799 19 106.5113 21.14926 25.83
8 106.5118 21.1412 12.068 20 106.5162 21.14975 26.729
9 106.5101 21.14192 12.282 21 106.5187 21.14795 17.719
10 106.5069 21.1451 19.72 22 106.5178 21.14958 22.532
11 106.5057 21.14382 15.733 23 106.519 21.14974 24.122
12 106.5051 21.14055 14.707 24 106.5164 21.14966 30.039
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Hinh 2. Anh d@iém khong ché (a) ghi nhan thong tin bang RTK (b) diém khing ché trén anh UAV
(c) diem khong ché trén anh UAV sau khi ghép
3 v R B

(b)

Hinh 3. Anh triec giao (a) Todn canh khu viee nghién ciru (b) Binh do anh khu viee Trung tam du dn

Hinh 3 thé hién anh tryc giao toan khu vuc va khu vyc trung tdm cua san gon Silk Path Dong
Triéu duogc trich lugc tir san pham anh UAV tu phan mém Pix4Dmapper. Anh UAYV d¢ phan gidi
3,93 cm cho phép xir ly bang mit thuong, co thé phan loai cac ddi tuong dang tuyén, (duong giao
thong) cac ddi twong polygon kich thude tuong tmg diém khdng ché.

3.2. Mé hinh sé dia hinh

Tir 6 liéu anh UAV va thong tin, toa d9, do cao cac diém khong ché tién hanh nhap anh UAV
vao phan mém PIX4Dmapper; xac dinh diém khéng ché va nhap toa do, d6 cao; chon hé toa do;
chon dang két qua (anh ghép toan sic va mo hinh s6 bé mat, mé hinh s d6 cao) va tién hanh xir
ly. Phan mém Pix4D Mapper thyc hién tim kiém diém chung giita cac anh chong phu (overlap),
mbi diém chung trén ting anh chong phu goi 1a diém chia khoa (Keypoint). Khi mot Keypoint
duoc tim théy trén hai anh, chiing s€ duoc két hop lai dé tao thanh mot diém 3D. Tap hop cua
nhiéu diém 3D tao ra cac dam may diém 3D (Point Cloud). Tir cac dam may diém 3D phan mém
Pix4D Mapper tai dung lai cac doi twong, 1ap mo hinh sé bé mat. Tir mé hinh sb bé mat, dam
may diém (Point Cloud) va hinh anh toan sic Pix4D Mapper ty dong néi suy mé hinh sé do cao
DEM (hinh 4). B9 phén giai ciia mo hinh dat 3,93 cm (kich thugc 1 diém anh), bang véi do phan
giai ctia anh UAV.

Dit liéu M6 hinh s6 dia hinh dugc su dung cho cac muc dich nghién ctru chuyén sau nhu dia
hinh ctia khu vye trung tdm, khu vuc thiét ké ho nudc, khu vire dia hinh duwong, khu vuc dia hinh
am... (hinh 4).
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Hinh 4. M6 hinh s6 dia hinh khu trung tdm dy én sdn gén Péng Triéu
‘D¢ danh gid do chinh xéc ctia md hinh, bai bao st dung 02 diem khong ché dé so sanh va
kiém nghiém ket qua cua md hinh, theo nguyén tac moi 1 ca bay can it nhat 1 diém Kiém tra va
do chinh xéc cua sai so trung phuong <0,25 m, doi voi ban do ban do ti 1€ 1/500, ket qua cho thay
02 diém nay déu dam bao d6 chinh xac theo quy dinh (Thong tu 07/2021/TT-BTNMT), (Bang 2).

Bang 2. Bang danh gia do chinh xac cia mo hinh

Két qua danh gia d chinh x4c ciia md hinh

Thw .
Po cao diem Po cao sau khi .z
t i o ido ? . ¥ b
w Kinh d¢ Vi do khéng ché (m) ngi suy (m) Sai so (m)
1 106.5163 21.13997 12.508 12.306 - 0,202
2 106.5205 21.14222 14.799 14.921 + 0,122

3.3. Dit liéu dwong binh dj

Str dung mo hinh s6 dia hinh & myc 3.2 1am s liéu dau vao, tng dung cac chirc ning phan
tich dia hinh ctia phan mém GIS (ArcGIS) dé phan tich dia hinh thu duoc dit liéu duong binh do
Vi d6 chénh cao giita 2 duong binh d6 1a 1 m, san pham nay duoc sir dung dé xay dung ban do ti
18 16m 1:500. Hinh 5 thé hién dit liéu dia hinh khu vuc Trung tam dy 4n sdn gon Dong Triéu.

Dix lidu dia hinh khu vuc san gon thé hién qua sé liéu duong binh do, d6 doc dia hinh va dang
dia hinh. S liéu duong binh d6 thé hién: c6 1 dudng binh do co do cao tuyét ddi thip nhét la 6
m; 1 duong binh d§ c6 do cao tuyét ddi cao nhat 1a 81 m. S lugng duong binh d§ theo cac
khoang dé cao khu vuc sin gon nhu sau: tir 6-10 m c6 27 dbi twong (duong); tir 11-20 m ¢ 100
duong; tir 21-30 m (121); 31-40 m (144); 41-50 m (112); 51-60 m (101); 61-70 m (62); 71-81 m
¢6 19 duong (hinh 5). D6 déc dia hinh thé hién: d6 ddc <3° c6 dién tich 19,47 ha, chiém 8,26%;
tr 3-8° twong ung 23,95 ha va 10,16%; tir 8-15° (46,25ha, 19,62%); tir 15-25° (72,34 ha,
30,68%); tir 25-35° (28,42 ha, 12,06%); tir 35-81° (45,34 ha, 19,23%), (hinh 6a). Dang dia hinh
thé hién 6 khu vuc dia hinh duong - ddi; 2 khu vyc dia hinh 4m, (mit nuéc) va 1 khu vyc dia
hinh thoai (hinh 6b).

Ung dung cong ngh¢ bay chup bang UAV va cac phan mém cho phép thanh 1ap, xay dung dir
liéu dia hinh rat ngén dwoc thoi gian so véi phuong phap truyén thong, chi phi thuc hién thap
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hon. Két qua cho phép tng dung thiét ké cong trinh véi d6 chinh xéac chénh cao 1 m. Trong thiét
ké san gon, cong ngh¢ nay thé hién nhiing tinh nang mdi c6 nhiéu tiém nang dé mé rong trong

cac tng dung khac nhu thiét ké do thi, khao sat, xay dung cac khu nghi dudng.
i 4 + 4 + u
g t t + g
+ + + - + ﬂ
E t il ) 2
& + + + SN - :
A Bidm khéng ché . isn w et QPZ'\.

Buong binh 40 Tile 15500

Hinh 5. Diz liéu dwong binh d@¢ khu viee Trung tam d én sdn gén Péng Triéu
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Hinh 6. Dz liéu dia hinh khu vie sdn gén Pong Triéu
4. Két luan

Str dung may bay khong nguoi l4i va cac thiét bi, cong nghé lién quan nhu RTK dé nghién
ctru dia hinh thu dugc 1.929 canh anh c6 d¢ phan giai 3,93 cm, bao phu dién tich >235,76 ha va
24 diém khdng ché véi thong tin vé toa do, dd cao. Cong viéc chup anh bang UAV khu vuc
235,76 ha dugc thuc hién trong thoi gian 3 gio.
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Thyc hién quy trinh 7 budce va ung dung phan mém chuyén dung nhu Pix4Dmapper va GIS
dé xtr Iy anh UAV thu duoc anh UAV toan canh; mé hinh s6 dia hinh do phan giai 3,93 cm.

Ung dung phan mém ArcGIS véi s6 lidu dau vao 1a mé hinh sé d6 cao dé phan tich dja hinh
thu duoc dir liéu duong binh d6 véi do chénh cao 1 m voi cac thong tin chi tiét: 1 duong binh c6
d6 cao thip nhat 6 m; 1 dudng binh d6 c6 d6 cao cao nhat 1a 81 m. Do doc <3° ¢o dién tich 19,47
ha, chiém 8,26%; tir 3-8°, 23,95 ha, 10,16%; 8-15°, 46,25 ha, 19,62%; 15-25°, 72,34 ha,
30,68%; 25-35°, 28,42 ha, 12,06%; 35-81°, 45,34 ha, 19,23%. C6 6 vung ddi dia hinh duong, 2
ving dia hinh 4m va 1 ving thoai. S6 liéu dam bao ti 1& 1on trong nghién ciru thiét ké san gon
Péng Triéu, thoi gian ngan chi 3 gio cho thu thap sb liéu thuc dia, chi phi thip hon so véi
phuong phap truyén thong, sé liéu dam bao tinh kha thi trong thiét ké, thi cong.

Loi cam on
Nghién ctru nay duoc tai trg boi dé tai “Nghién ctu Gng dung thiét bi khong ngudi 1ai (UAV)
thanh 14p ban d6 3D"; ma s6 NVCC0904/23-23.
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