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E RS &- HOI NGHI TOAN QUOC KHOA HOC TRAI AT
ENRIES SEICRS Ay VA TAI NGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cong téc thiét ké k¥ thudt quét Lidar tich hop chup anh so trén thiét bi
bay khong ngudi 14i phuc vu thanh 1ap ban do dia hinh ty I¢ 16n

Tran Trung Anh"*, Tran Hong Hanh', Quéch Manh Tuén? Tran Trudng Sinh?
!Truong Pai hoc Mo - Dija chat
2Céng ty CP Thwong mai va Xay dung QT Mién Bdc
3Chi nhdnh Van phong Pang ky Pat dai huyén Huéng Héa, tinh Quang Tri

TOM TAT

Viéc thiét ké ky thuat bay quét Lidar tich hop chup anh s trén thiét bi bay khong ngudi 14i ¢6 ¥ nghia
rat quan trong trong qud trinh thanh Iap ban d6 dia hinh ty 1¢ 16n. San phém ctia thiét bi tich hop quét
Lidar va chyp anh so khi ddt trén mdy bay khong ngudi lai 1a dam may diém c6 mat do va do chinh xdc
cao. Ngoai ra, san phdm con ¢6 anh gdc ciia khdi anh nham cung cip cho qua trinh xtr 1y xay dung binh
dd anh phuc vu s6 hoa dia vat cua ban dd dia hinh. Bai bdo gidi thiéu vé co 8o ly thuyet va thuc tién cta
thiét ké bay quét Lidar tich hop chup anh sO ddng thoi trong cling mot thiét bi thu nhan. Cong tac thiét ké
cung sur dung thong s6 k¥ thuat cia may 'bay khong nguoi 14i (DJI M300) trong tinh todn cdc thong s0
thiét ké ctia bay quét Lidar va chyp anh so (Zenmuse L1). Khu vyc thyc nghiém & Vuon qudc gia Ba Bé
thudc tinh Bac Kan. Nghién ctru nay s& rat hitu ich cho nhitng nguoi quan 1y dy 4n va cc nhan vién k¥
thuat.

Tir khéa: Lidar, UAV, do anh, thiét ké k¥ thuat, ban do dia hinh

1. Pit vin dé

Cong nghé may bay khong nguoi 1di mang theo thiét bi tich hop quét Lidar va chup anh 5O 1a mot cong
ngh¢é mai, dem lai san phim 13 dam may diém day dic, do chinh xdc cao da tang dit liéu mat dat, cling voi
wu viét vé sy tryc quan cua anh s6, dem dén nhing hiru ich 16n trong thanh 1ap ban d6 dia hinh ty 18 16n.
Nhirng thach thtrc k¥ thuat vira thu nhan dir liu Lidar lai tich hop ca chup anh sb trong cing mot thiét bi
bay dé dam bao yéu cau can thiét ciia thanh 1ap ban do dia hinh. Nghién ciru vé kha ning cta thiét bi bay,
thong s6 ky thuat quét Lidar, bd cam bién anh sé trong 1ap ké hoach thiét ké bay quét Lidar ciing chup
anh s6 1a hét sirc can thiét. Cic thong s thiét ké bay quét Lidar ¢6 sy anh huong dén thong s chup anh.
Véi sy uu tién thiét ké Lidar trudc va chup anh s6 sau, nén céc théng s6 ki thuat cua khdi bay quét Lidar
va chup anh s6 c6 mot s6 ddc thi can tinh todn. Bai bao giai quyét cic van dé nay, dé c6 su thong nhét vé
ky thuat, dat d6 chinh xéc cho ca bay quét Lidar va do chinh xdc cua khdi anh s khi xur 1y sb liéu, dam
bao yéu cau d¢ chinh xac ciia ban do dia hinh ty 1¢ 16n can thanh 1ap.

2. Cosoly thuyét ciia cong tac thiét ké ky thuat quét Lidar tich hgp énh sb
2.1. Cdc thong sé ky thudt dung trong cong tdc thiét ké

Viéc thiét ké bay quét Lidar tich hop chup anh sé phai nghién ctru dic tinh k¥ thut cia vat mang 1a
thiét bi bay khong ngudi lai nhu kha nang bay (tran Dbay, thoi gian bay...), kha nang cua bo quét Lidar
(khoang céch quét, kiéu quét, tan s6 quét...), thong s6 ctia by cam va hé thong kinh vt cta chup anh sd.
Theo quy dinh, @ chinh x4c d6 cao cua ban do ty 18 1on phu thudc vao khoang cao déu cua duong dong
murc, thong thuong bang 1/3h hodc 1/4h (Bo TN&MT, 2005). Do chinh xic quét Lidar phu thuc vao
nhiéu yéu t6 nhu do chinh xdc cua thiét bi quét, do chinh xac dinh vi tdm quét, bé mit dia hinh.. . tuy
nhién véi kha nang quét UAV-Lidar trong pham vi ngan thuong chon t4i da tir 100m dén 120m, sai sd
quét vao khoang 3cm, sai s6 dinh vi bang cong nghé RTK-GNSS ¢6 thé dat dudi 0.1m... cing véi k¥
thuat xir Iy hau ky khdi quét Lidar, cho nén trong diéu kién binh thuong thi quét UAV-Lidar hoan toan
dam bao d6 chinh xdc yéu cau do chinh xéc ciia ban db ty 1¢ 1on.

Xuét phit tir yéu cau d6 chinh xac do cao ciia ban do dia hinh ty 18 16n ciing véi khoang céch quét cua
Lidar (lién quan dén d6 chinh xdc quét Lidar, kha ning thu dir liéu phan hdi ctia bo quét Lidar), dau tién
phai xac dinh chiéu cao bay chup t6i da.

* Tdc gia lién h¢
Email: trantrunganh @humg.edu.vn
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Do cao bay quét phai nam trong tran bay cuia thiét bi bay khong nguoi 1di va dugce tinh theo cong thirc
1 theo hinh 1:

< x — = (1)

Trong do: HFOV (Horizontal Field Of View) la goc d0 mé ngang cua bd quét Lidar;
DSidar 12 khoang cdch quét ctia bo quét Lidar;
Hiop 12 tran bay cua thiét bi bay;
H 1a chiéu cao bay quét Lidar so véi mat phang trung binh cta khu do.

Cic thong s thiét ké bay quét Lidar va chup anh s6 theo huéng vudng goc huéng bay & hinh 1.

i
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{a) Thiét ké quét Lidar (b) Thiét ké chup anh sd

Hinh 1. Théng s6 bay quét Lidar tich hop chup dnh sé (theo hiedng vuong géc hiedmg bay)

Pham vi d6 rong cia dai quét Lidar Wiigr (m) dugc tinh theo cdng thirc 2 (Bashar Alsadik va nnk,
2020)
2 x S 2)
Khoang céch giira 2 duong quét Lidar lién tiép SPD (SeParation Distance between the flight strips, don
vi m) dugc tinh theo cong thuc 3:
1 3) ,
Trong do: SLiidar (Side overLap) la 0 chom phu gilta 2 duong quét Lidar lién tiep (%);
Tur thong s6 quét Lidar gom d cao bay quét, khoang cédch gilra 2 dudng quét lién ti€p, tinh toan do
phan giai mat dat cua anh s6 GSD (Ground Sampling Distance, don vi cm) theo cong thic 4:
36 x
e — “)
Trong dé: Feq 1a ti€u cu twong duong cta hé ghéng kinh vat chup anh ) (mm);
imW 1a do rong cﬁa} bd cadm anh so (pixels);
Pham vi d¢ rong ngang trén mat dat cia anh chup Wimagee (m) duogc tinh theo cong thirc 5:

X — ®)
Do phit ngang SLimage cia 2 tAm anh trén 2 dai bay lién tiép dugc tinh theo cong thirc 6:
——100% (6)

Céc thong s thiét ké bay quét Lidar va chup anh s6 theo hudng doc theo hudng bay & hinh 2.

992
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Hinh 2. Théong s6 bay quét Lidar tich hop chup dnh sé (theo hiedng doc theo hidng quét)

Pham vi d¢ dai cua dai quét Lidar Liigar (m) doc theo tuyén bay quét dugc tinh theo cong thic 7:
2 x  — (7

Trong do: VFOV (Vertical Field Of View) la goc d6 mo ding doc cua bo quét Lidar;
Pham vi chi€u dai doc trén mat dat ctia anh chup Limage (m) duoc tinh theo cong thuc 8:

X — ®)
Trong do: imL 13 d6 dai ctia bd cam anh sb (pixels);
Khoang cach duong day B cua 2 tam anh lién tiép trén cung mot dai bay duogc tinh theo cong thirc 8:
<1 )

Trong do: FLimage (Forward overLap) 1a d6 Vphﬁ doc cua anh sb (%);
Thoi gian gidn cach gitra 2 tam anh chup lién tiep duoc tinh theo cong thirc 10:
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Hinh 3. Théng sé khu bay quét Lidar
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Gia sir ¢6 mot khu can bay quét co do rong Wob va chiéu dai Lo, va huéng phuong vi bay quét CA
(Course Angle) dugc chon trung v6i huéng chiéu dai chinh cia khu do (hinh 3), cin tinh todn cdc thong
s6 ctia khu bay nhu: s6 dai bay quét, sé anh chup, quing dudng bay quét, thoi gian bay quét...

S6 dai bay quét Lidar NES (Number of Flight Strips) dugc tinh todn theo cong thic 11:

—+1 1n
S6 anh chup trong dai bay c6 chiéu dai Lq, thir I bat ky dugc tinh todn theo cong thirc 12:
—+1 (12)
S6 anh chyp trong khéi anh duoc tong hop theo cong thirc 13:
—+2- (13)
Téng quang dudng bay quét trong khu do dwoc udce tinh theo cong thirc 14:
+3 _ (14)
Thoi gian bay quét trong khu do dugc udc tinh theo cdng thic 15:
— (15)

2.2. Quy trinh ky thudt thiét ké bay quét Lidar tich hop chup dnh sé

Cong téc thiét ké bay quét Lidar tich hgp chup anh s trén phuong tién bay khong ngudi 1ai duoc udc
tinh theo cac cong thirc & muc 1.1, quy trinh ndy dugc trinh bay so lugc trong hinh 4.

Kich thude khu bay Khoang céch gitra 2 duong
quét Lidar: Loy, ,Wop quét Lidar: SPD
Do cao bay quét ]
Lidar: H SO dai quét Lidar: NFS
Do phu ngang
quét Lidar: SLjgur Quang duong bay quét: DSjiga
Van tbc bay quét
Lidar: oo %
idar: v D6 phan giai mat dit GSD
HFOV, VFOV

D¢ pht ngang cuia dnh SLjngec

Tén s6 quét Lidar ] )
Tong so anh chup: NI

Do phan giai mang

pt . S6 diém ngoat cua cac duong
anh s6: imW, imL

bay quét: waypoint

Tiéu cu twong ’

duong: Feq Mat d6 diém quét ‘
D6 phu doc ctia anh ’ . i ‘
chup: FLimage Thoi gian bay quét

Hinh 4. Théng s6 dau vao va dau ra thiét ké bay quét Lidar chup anh sé

Trong quy trinh cta hinh 4, céc thong s6 dau vao duoc cai dat theo dién tich cua khu do, kha nang ky
thudt cua phuong tién bay, chi s6 k¥ thuat chinh ctia bo quét Lidar, chi so k¥ thuat chinh ciia phan chup
anh s6. Cic thong sé dau ra cua khu bay quét Lidar tich hop chup anh s6 duoc tinh todn theo cic cong
thirc & muc 2.1 1a céc thong ) k¥ thuat ctia khu do dugc thyc hién khi bay quét Lidar va chyp anh s6. Céc
thong s dAu vao va thong 6 dau ra phuc vu diéu khién va thuc hién nhiém vu bay quét, chup anh $6.
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3. Két qua va thao luin

Cong tac thiét ké bay quét Lidar tich hop chup anh sé dugc thuc nghiém ¢ khu vuc Vuon qudc gia Ba
Bé. Vuon Qudc gia Ba B¢, tinh Bic Kan duoc thanh lap theo Quyét dinh sé 83/TTg ngay 10/11/1992 cua
Thii tuéng Chinh phi. Vuon Qubc gia Ba Bé nam & phia Tdy Bic huyén Ba Bé, cich thi xa Bic Kan
68km theo hudng Tay Béc va cach thi d6 Ha Noi 250km vé phia Bic. Khu vye Vuon Quéc gia Ba Bé c6
tong dién tich 44.750ha, trong d6: Ving 15i 10.048ha, ving dém 34.702ha. Ving 16i bao gdm: Phin khu
bao vé nghiém ngit 3.931ha, phan khu phuc hoi sinh thdi 6.083ha, phan khu hanh chinh dich vu 34ha
(Nguyén Nga, 2011).

Ba Bé 1a mot trong nhitng Vudn Quéc gia co d6 che phii va ty 1¢ rimg nguyén sinh cao trong hé thong
rung dac dung cua Viét Nam va cac khu vuc nti da voi trén thé gi¢i. Khu vuc Vuon Quéc gia Ba Bé
duoc che phi trén 73,68% dién tich rimg kin thuong xanh muwa 4m nhiét ddi, trong d6 kiéu rimg nguyén
sinh 1t bi tac dong trén nui d4 voi duoc coi 1a miu chuén cua hé sinh thai rung trén nai da voi dac trung
cho viing Pong Bic Viét Nam va thé gi¢i (Nguyén Nga, 2011).

Khu do duoc Iya chon c6 dién tich 150ha (kich thudc 1000m x 1500m), huéng phuong vi bay quét 1a
0°, th1et ké danh cho phuong tién bay DJI M300, b quét Lidar tich hop chup anh s6 Zenmuse L1 v6i céc
thong s6 ky thuat co ban & bang 1 cot bén trdi. Cdc thong s6 dau vao va tinh toan dau ra ciia khu do dugc
trinh bay & bang 1 ct bén phai.

Abrcrali disconnecied

ap (Visible)

Overlap (Visible)(%)

Hlnh 5. Thiét ké bay quét lear cho khu thuwee nghiém Ba Bé (trén DJI Pilot)

Bang 1 1a s6 liéu thiét ké bay quét Lidar tich hop chup dnh sé Zenmuse L1 trén phuong tién bay khong
nguoi 14 DJT M300. Cac thong sé dau vao dugc lya chon phit hgp dé thanh 1ap ban d6 dia hinh ty 1¢
1/2000, duong binh @6 1m, sai s6 d6 cao yéu cu dat 0.3m, sai s& mit bang yéu cu dat 0.6m. Cic thong
sb thiét k& dAu ra duoc tinh todn theo céc cong thirc & muc 2.1 va thuc hanh trén phén mém DIJI Pilot cai
dit trén b diéu khién tir xa ctia M300.

Bang 1. Cdc thong so thiét ké bay quét Lidar tich hop chup anh sé Zenmuse L1 trén M300

Tr | Thongsoky thuatcobin cia Thiét bi Thong sb thiét ké/tinh todn
thiet bi :
| T.r;an bAay 80 V6| 500 D‘o cao bay quét H=120m
diém cat canh Lidar
Van tdc cat canh 6m/s Van tde ba uét
2 | Vantéchacdnh | Sm/s Litar 0¢ DAy Uty 10m/s
Van toc toi da 23m/s Phuong tién
o e bay M300 Dai  quét Lidar | Wiiga=140m
3 E;g; gian 01 da | 55 1 : . (60.4°) Lidar =9m
Y P phii Lidar SLigar 50%
Ph.a;m v dicu 15km/8km th)ang szlch.glua 2 | SPD =70m
khién toi da; duong quét Lidar
4 S . .
Phuong vi huéng | ., 0 Phuong vi hudng
‘ 0-359 . 0
quét quét 0
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Thong s6 k§ thuit co ban cia

TT A Thiét bi Thong s6 thiét ké/tinh toan
thiét bi
5 Chdng cap gid 15m/s S0 duong quét Lidar | 21
¢ | Dinh Vi | Glamass Quang dudng bay | 3645,
GNSS/RTK o trong khu quét Lidar
Galileo
6 Cam bién, o ]
7 Phu tro FPV camera. .. Thoi gian quét 52m10s
Khoéng ciach quét | 450m@80% T
8 DSt 190m@10% Quét Lidar Dang thanh
9 Budc séng Laser 905nm Tén s6 quét 160KHZ
S6 ong tia laser 6 Mat do diém quét 2
101 58 16p thu dir licu | 3 B o g | 123 diém/m2
e 0 quet LIGar 1 55 phan giai mat dat
11 D6 chinh xac 3cm@100m tiChahqp Ehup . ﬁa anh : GSD =3.3cm
. .2 anh s Khoang cich gilia 2
12 Thu dir liéu 1 16p | 240.000 di€m/s | Zenmuse L1 tdm chup anh lién | B=24m
Thu dit liéu 3 16p | 480.000 diém/s ik WP =
13 Truong quét | HFOV 70.4° Thoi gian gian cdch (=2 4s
(dang thanh) VFOV 4.5° gitra 2 1an chup anh T
14 Trudng quét HFOV 70.4° Vung anh phi mat | Winae =180m
(dang vong) VFOV 77.2° dat cta 1 anh Limage =120m
N £ imW 5472 A e o SLimage=61%
15 B0 cam anh so imL 3648 Do phu cta anh FLingee=80%
16 | Tiéucy Feq 24mm S0 anh chup 1241

4. Két luan

Théng qua nghién ctru ndy, cong tic thiét ké bay quét Lidar tich hop chup anh sé Zenmuse L1 trén
phuong tién bay DJT M300 1a rat quan trong. Céc cong thic dugce trinh bay trong bai béo 1a phit hop va 1a
co s¢ khoa hoc dé hiéu sau hon, chi dong hon trong st dung thiét bi bay ‘quét Lidar UAV. Quy trinh va
s liéu thuc nghi¢m ¢ khu do Ba B¢ lam 13 céc van dé cua co so 1y thuyet ¢6 thé chu dong dé wdc tinh
trude cdc thong s6 thiét ké phit hgp va chu dong trong xdy dung phan mém thiét ké bay quét Lidar tich
hop chup anh s6, dam bao san pham ca vé san pham dam may diém Lidar va khbi anh chup phuc vu cho
xdy dung binh d6 anh s trong quy trinh thanh 1ap ban d6 dia hinh ty 1¢ 16n.

Viéc thiét ké bay quét Lidar tich hop chup anh sb c¢6 sy tham gia ciia m6 hinh s d6 cao, bay quét chup
theo dang dia hinh dé tdi wu héa phu hop viing c6 chénh cao 16n, thyc phu day dic sé dugc dp dung cho
nghién ciru tiép theo.

Loi cam on

Cic tdc gia xin chan thanh cam on truong Pai hoc Mo - Dia chat di hd trg nghién ciru nay - san pham
clia dé tai cap co so T22-45.
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ABSTRACT

Technical design of Lidar scanning integrated with digital
photogrammetry on Unmanned Aerial Vehicle (UAV) to establish

the large-scale topographic map
Tran Trung Anh' ", Tran Hong Hanh', Quach Manh Tuan? Tran Truong Sinh?
'Hanoi University of Mining and Geology;
’Northern QT Construction and Trade Joint Stock Company;
’Quang Tri’s Land Registration Office, Huong Hoa branch;

The technical design of Lidar scanning integrated with digital photogrammetry on Unmanned Aerial
Vehicle (UAV) is crucial in the process of establishing the large-scale topographic map. The first output
of the device that integrates Lidar scanning and digital photogrammetry placing on the drone is a high
density and accuracy point cloud. The second one is the original image of the images’ block for building
the ortho-map to digitize the features of the topographic map. This study introduces the theoretical basis
and the practice of the technical design of Lidar scanning integrated with digital photogrammetry on the
same receiving device. The drone's specifications (the DJI M300) were used in calculating the design
parameters of the Lidar scanning and digital photogrammetry (the Zenmuse L1). The case study is the Ba
Be National Park in the Bac Kan province. This research will be useful for the project managers and the
technical staff.

Keywords: Lidar, UAV, photogrammetry, technical design, topographic map.
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