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Tém tit
Bai bdo la nghién ciru va déanh gid bude dau vé sir dung cam bién Lidar tam thap
ldp dat trén thiét bi bay khéng nguoi ldi trong thu thip sé liéu dia hinh bé mdt dwong
hién hitu. Nghién ciru sir dung cam bién Lidar Alpha Air AA450, dong san pham quét
dau tién cia hang CHC Navigation tai Viét Nam trén mdy bay DJI Matric M300 va
quét khu bay cé chiéu dai 175 m, réng 110 m, tong chiéu dai ca bay la 1804 m ¢ do
cao 80 m, toc do bay la 7m/s. S6 liéu bay quét dwoc xir Iy bang phan mém Copre, phién
ban dau tién di theo thiét bi trong cd hai trieong hop la khéng sik dung va sir dung diém
khong ché mat dat dé hiéu chinh. Két qua tir point cloud dwoc trich xudt va so sanh
V6i 264 diém kiém tra bang phwong phdp GNSS-RTK tram don. S6 lwong diém va ti 1¢
chénh léch do cao trong hai truong hop xu ly twong ung nhw sau: P¢ léch dé cao nho
hon 10 ¢m la 142 va 230 diém (53,8 % va 87,1 %), tir 10 cm dén 20 cm la 109 va 23
diem (41,2 % va 8,7 %), tir 20 cm dén 30 cm la 11 va 10 diém (4,2 % va 3,8 %), tir 30
dén 40 cm la 2 va 0 diém (0,8 % va 0,0%).
Twr khéa: Lidar AA450; GNSS-RTK; Copre; UAV M300.
Abstract
Research for the unmanned aerial vehicles and Lidar in traffic construction survey

The article is an initial study and evaluation of the use of low - altitude Lidar
sensors installed on unmanned aerial vehicles in collecting data on existing
road surface topography. Research using Lidar Alpha Air sensor AA450, the first
scanning product line of CHC Navigation in Vietnam on DJI Matric M300 aircraft
and scanning the flight area with a length of 175 m, 110 m wide, the total length
of flight is 1804 m in Altitude 80 m, flight speed is 7m/s. Scanned flight data is
processed by Copre software, the first version follows the device in both the use and
non-use of ground control points for correction. The results from the point cloud
were extracted and compared with 264 test points by the single station GNSS-RTK
method. The number of points and percentage of deviations in both processing cases
are following: With elevation deviations less than 10 cm are 142 and 230 points (
53.8% and 87.1 %), from 10 cm to 20 cm are 109 and 23 points (43.1 % and 8.7 %),
from 20 cm to 30 cm are 11 and 10 points (4.2 % and 3.8 %), from 30 to 40 cm are 2
and 0 points (0.8 % and 0.0 %).

Keywords: Lidar AA450; GNSS-RTK; Copre; UAV M300.
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1. Giéi thiéu

Su phét trién cua cac céng nghé
moi cho phép cac ki su khdo sat cod
thém nhiéu hudng tiép can dé giai quyét
nhiém vu khao sat bao gém GNSS, thiét
bi bay khong nguoi lai (Unmanned Aerial
Vehicles - UAV) va giai phap Lidar. Lién
quan toi giai phap GNSS, cac ung dung
dau tién da dugc gidi thiéu nhitng nim
1990 [1] v6i cac phuong thirc két ndi
khéac nhau gitra may base va rover. Theo
thoi gian, phuong phap GNSS-RTK da c6
nhiéu cai thién tir do dong thoi gian thuc
tram don t61 do dong voi mang ludi tram
tham chiéu hoat dong lién tuc gitip ting
d6 6n dinh va do chinh xac [2, 3] va hién
da tro thanh mot trong nhiing phuong
phap chinh trong céc ting dung khao sat,
dac biét trong khao sat, hién chinh ban do
dat dai [4]. Tuy nhién, mot trong nhiing
nhugc diém 16n nhat 1a rat kho dé dat 1oi
giai fix khi do dac ¢ nhitng vi tri kho khan
nhu dudi tan cdy, gan cac tod nha cao tang
mic du da c6 nhiéu su cai thién vé phan
ctmg va phan mém [5] tham chi 1a khong
thé dat 101 giai fix trong mot sb truong
hop hay khong thé tiép can dé do dac.

Lién quan dén kha ning tiép can
cac khu vuc kho, thiét bi bay khong
nguoi lai tro thanh sy lya chon thay thé
dé thuc hién nhiém vu nho kha nang tu
dong trong thiét ké, van hanh, thu thap
va xu 1y s6 liéu. Nghién ciru [6] chi ra
rang giai phap UAV c6 hiéu qua cao
trong xac dinh kich thudc va thé tich bé
chira noi khi so sanh két qua do tir ché
do do khong guong cua may toan dac
dién tir. Dong thoi, UAV ciing 1a mot
lwa chon tbt trong giam sat chat luong
bé mat duong [7] hay gidi quyét tranh
chip dat dai o cap xa [8]. Cac két qua
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nghién ctru cling chi ra rang UAV duoc
su dung rong rai trong cong tac bdo tri
duong bd véi do chinh xéac cao [9, 10].
Giai doan 2007 - 2020 c6 su gia tang
manh mé& vé sd lwong cac nghién ctu,
ung dung gidi phap UAV trong quan ly
va giam sat két cu ha tang giao thong
[11, 12], nho nhiing tién bod trong cac
ky thuat phan tich hinh anh. Tuong tu
nhu giai phdp GNSS-RTK, UAV ciling
gip kho khan giai quyét bai toan tiép
can diém mat dat trudce nhiing khu vuc
co cay voi mat d§ day. Luc nay, bai toan
khao sat tré nén thi thach hon ca va giai
phap Lidar tr¢ thanh lya chon moi.

Cac ung dung cua Lidar c6 sy phat
trién manh mé trong giai doan tir 2008
dén 2018 [13] v6i cac tng dung cho
thanh phd thong minh [14, 15], quan trac
moi truong [16, 17] va tréd nén ngay cang
phé bién trong thu thap s6 lieu bé mit
duong [18 - 20]. Gan day, sy cai tién cua
Lidar cho phép thu nhé kich thudc, tich
hop GNSS va ¢6 thé dugc van hanh doc
1ap trén céc thiét bi bay khong nguoi 1ai
c0 nhd, mang lai sy tién lgi va gon nhe
cho k¥ su van hanh. Trong khi giai phéap
GNSS-RTK va UAV da phan nao khang
dinh dugc do tin cdy va do chinh xéac,
céc thiét bi Lidar hang khong va Lidar
di dong trén xe 6 t6 da duogc Uing dung
nhiéu, Lidar ¢& nhé van hanh trén may
bay khong nguoi lai 1a mot dong san
pham con kha mai trén thi truong, chua
c6 nhiéu nghién ctru, thuc nghiém, dic
bi¢t trong thu thap sb liéu bé mat duong
hién hiru. Bai b4do nghién cuu, danh gia
do chinh xac cua Lidar AA450 khi van
hanh trén thiét bi DJI M300, lam co s&
dé lya chon phuong phap va thiét bi phu
hop khi thyc hién nhiém vu khao sat.
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2. Pia diém, thiét bi va quy trinh thye nghiém

2.1. Pia diém

Khu vuc thuc nghiém la mét doan duong nhua khoang 700 m thudc khu cong
nghé cao Lang Hoa Lac, xa Tan Xa, huyén Thach Thét, Ha Noi.

Hinh 1: Khu vuc thuc nghiém

2.2. Thiét bi thwc nghiém

Nghién ctru st dung thiét bi AA450
cua hang CHC navigation, day 1a dong
san pham quét dau tién caa CHC trén
thi truong Viét Nam. AA450 1a mgt san
pham tich hop tit ca trong mot bao gom
cac module dinh vi GNSS, may anh do
nét cao va mot may quét (Hinh 2). AA450
st dung laser cap do 1 theo tiéu chuan
[EC60825-1:2014.

MNiit van hanh Lidar va GNSS

Pén chi bao GNSS vamay
quet

Céng Type C, tnit 56 liéu

B6 nho 256 Gb

Miyanhtichhop 26MP &——1 o &

AA450 dugc thiét ké, ché tao dé dinh
hudng t6i ngudi ding cudi cing & phan
cap thap nhit (Hinh 3), c6 kha ning van
hanh ddc lap va khong phu thude vao cac
module dinh vi cia may bay DJI M300.
Trong céac tac vu bay, quét, may bay DJI
M300 thyc hién hai nhiém vu 1a vat mang
AA450 theo cac dai bay duogc thiét ké sén,
cung cp ngudn dién cho thiét bi AA450
va dam bao an toan bay bang cic cam
bién san co trén DJI M300.

Céng két ndi M300
Module GNSS

IMU tin sudt update
500Hz

May quét Livox AVIA

Hinh 2 : Thiét bi AA450
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Hinh 3: Vi tri cua AA450 trong thap Lidar
2.3. Quy trinh thuwc nghiém

Quy trinh van hanh thiét bi Lidar
AA450 duogc chia thanh 3 budc bao
gdm qua trinh chuan bi, bay quét va xir
ly so liéu. Trong budc chuén bi, Lidar
AA450 lip dat trén may bay DJI M300
nhu Hinh 4.
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Trong phan thiét ké dai bay, phuong
phap chon timg diém waypoint trén man
hinh diéu khién 13 yéu cau bat budc. Trong
do, AA450 bat bude phai dugc bay theo
mot dai bay hinh sé 8 trong giai doan dau
tién d€ thiét bi tién hanh ty hidu chinh bu
nghiéng IMU [21]. Tram base PPK c6 thé
str dung bat ky may thu ndo, voi tan suat
thu tin hiéu do tinh toi thiéu 1a tir 2 Hz dén
5 Hz dé ddng bd voi module GNSS tich
hop trong AA450. Trong nghién ctru nay,
may thu GNSS-CHCi50 dugc st dung lam
tram base do tinh va dong thoi dé do cac
diém kiém tra. Cac diém kiém tra duoc do
bang phwong phap GNSS-RTK tram don
& khoang cach 14 km. Céac diém kiém tra
duoc thue hién sau khi két thic toan bo qua
trinh bay quét. Toan bd quy trinh van hanh
Lidar AA450 dugc thé hién trong Hinh 5.

Hinh 4: Lip dat AA450 trén DJI M300

Chuén bi

i
i

Chuén bi thiét bi

Thiétké daibay |—

Kétthic

Bay-quet

Cai dittram base
PPK

Cai dat AA450

Khai tao GNSS
vamay quét

S

Bitdiu chupva
quét

Xt Iy 56 liéu

Hinh 5: Quy trinh vdn hanh cua Lidar AA450
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Két thiic qua trinh bay, toan bd sb
liéu chup, quét dugce trut ra may tinh va
tién hanh xu 1y xir 1y bang phin mém
Copre (Hinh 6) theo ca hai phuong thtic
c6 va khong c6 diém khong ché.

Qua trinh xtt ly trén Copre, theo trinh

¥ Roadinspection
¥ RawWorkspace
¥ @@2021-11-23-020915

tu tinh todn binh sai tdm anh theo phuong
phép PPK, xtr Iy binh sai tam anh va sau
cung 1a tinh toan, khoi tao ddm may diém.
Két qua cta phan mém Copre 1a cac anh
sau binh sai, cac tép dam may diém dudi
dinh dang *.las.

Point clouc IERIS%
image pro INETODSEN -
® Pos |EETDOEEN -
RESULT

PretreatmentWorkspace

Laxz files T

e | Adjusted mmages

© Initial processing |

Hinh 6: Xir Iy sé liéu trén Copre

3. Két qua thue nghiém

Cac tép dam may diém duoc str dung

S6 liéu bay chup va quét duoc dua vao  d€ trich xuat mat cat doc (Hinh 9, 10) hai
xir 1y trén phin mém Copre va loai bo dai  bén doan duong va mat cat ngang dai dién

bay s6 8 dé hiéu chinh IMU (Hinh 7, 8).

(Hinh 11).

Hinh 7: Ddi bay ban diu

Hinh 8: Ddi bay sau xit Iy va loai bé ddi bay sé 8
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From Pos: 556603.557, 2324305.732 To Pos: 557116.887, 2324450.114
15,0 — - — - — et m e e

250m

,
; o 2
Hinh 9: Mat cat doc 1
From Pos: 556599.767, 2324314 862 To Pos: 557114.545, 2324459 826

150miz.:

250m

Hinh 10: Mt cit doc 2

]

r
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7 7 . Hinh 11: Mt cit ngang dai dién i
264 diém kiém tra bang phuong phap RTK va tor ddm may diém trong ca hai
GNSS-RTK dugc ldy vi tri mit bang va trudng hop thé hién trong Bang 1.
dua vao ddm may diém dé trich xuat cao Céc két qua thong ké duoc thé hién
do trong ca hai truong hop c6 va khong Bang 2. Gia tri d6 cao cua phuong phap
sir dung diém khdng ché. Do cao ctia cdc  GNSS-RTK dugc dua vé gia tri 0 dé co
diém kiém tra bang phuong phap GNSS-  cai nhin tong quan.
Bing 1. P§ cao ciia cdc diém kiém tra theo 3 phwong phdp

STT Hm (GNSS-RTK) Hm (Khéng GCP) Hm (C6 GCP)
1 12,528 12,665 12,497
2 12,531 12,648 12,520
3 12,634 12,616 12,462
4 12,533 12,657 12,575
5 12,601 12,595 12,534
6 12,361 12,453 12,311
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STT Hm (GNSS-RTK) Hm (Khéng GCP) Hm (Cé GCP)
7 12,292 12,304 12,389
8 12,325 12,34 12,289

261 15,081 15,157 15,114

262 15,164 15,376 15,288

263 15,263 15,399 15,359

264 15,290 15,426 15,278

Bing 2. Bing tong hop, thong ké so sanh véi GNSS-RTK
Tiéu chi Khong GCP C6 GCP

Gié tri 16ch 16n nhét (m) 0,395 0,441

Gié trj 16ch nho nhét (m) -0,191 -0,471

Do léch chudn (m) 0,080 0,107

<10cm 142 diém (53,8 %) 230 diém (87,1 %)

(10:20] cm 109 diém (41,2 %) 23 diém (8,7 %)

(20:30] cm 11 diém (4,2 %) 10 diém (3.8 %)

(30:40] cm 2 diém (0,8 %) 0 diém (0 %)

>40 cm 0 diém (0 %) 1 diém (0.4 %)

Téng 264 (100 %) 264 (100 %)

0.5

-0.5

— —-GNSS-RTK quy "0"

—-— AA450 khong GCP

------------- AA450 c6 GCP

Hinh 12: So sanh d¢ léch dj cao gitta GNSS-RTK va AA450

4. Théo luan

Viéc van thiét bi AA450 1 kha don
gian v6i chi mot nat vat Iy duy nhét sir
dung cho cd module GNSS, may chup
anh va may quét. Tuy nhién van con ton
tai mot s6 van dé can phai cai tién trong
phién ban cao hon. Dai bay hi¢u chinh
IMU la khé dai (khoang 320 m) trong khi
s6 liéu quét va chup trong dai bay sb 8
nay 1a khong duoc dan dén sy lang phi vé
mit s liéu, nguén nang lugng va bo nho
luu tra.

72

Thoi gian khoi tao cia GNSS, quét
va chup dang ¢ khoang thoi gian 5 phut
1a thoi gian kh4 dai. Thém nita thoi diém
dé bat dau va két thuc van hanh AA450
1a khong thé chu dong dugc. Day 1a mot
nhugce diém 16n dan dén lang phi ngudn
tor may bay DJI M300, anh hudng téi thoi
gian, hiéu suit cong viéc

Viéc thiét ké dai bay theo phuong
phap waypoint 1a nhuoc diém 16n do thiét
bi AA450 chua dong bo dugc véi didu
khién cta thiét bi bay. Piéu nay dan dén
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khoang cach cac dai bay khong déu, do
phu khong déu nhu trong Hinh 7, 8. Qua
trinh bay, quét ciing chua thé quan sat
duoc man minh tryc quan trén diéu khién
nhu cac thiét bi bay khac.

Vé mit xu 1y s6 liéu va két qua, cong
tac xu ly tu dong, nhanh chong, mat do
diém day dic. Pay 1a mot loi thé 16n cua
giai phap Lidar n6i chung va AA450 noi
riéng. Két qua khi khong str dung va co sir
dung diém khéng ché dé hiéu chinh c6 su
khac biét dang ké. Két qua ¢ Bang 2 cho
thay ti 1¢ diém c6 sai léch nho hon hoic
bang 10 cm giam tir 53,8 % 1én 87,1 %,
tang hon 33 %. Mot két qua tuong tu doi
v6i pham vi tir 10 cm dén 20 cm va tir 20
cm dén 30 cm nhung véi ti 16 nho hon.

Ciing thong qua két qua trong Bang
2, chat lugng két qua duoc cai thién dang
ké khi ¢6 sir dung diém khdng ché dé hiéu
chinh, tuy nhién d¢ 1éch chuan sau khi sir
dung diém khéng ché lai dang 16n hon so
v6i khong sir dung diém khong ché (0,107
m so véi 0,080 m). Pac bi€t nhin vao
khoang cach bién do giira gia tri 16n nhat
va nho nhét, khi sir dung diém khong ché
lai c¢6 bién d6 16n hon. Nguyén nhan co
thé 1a do tai cac diém kiém tra nhu chan
taluy, mép dai phan cach bi anh huong boi
két qua hiéu chinh d6 cao khi sir dung cac
diém khong ché mit dat.

Cac ndi dung vé kha ning tiép can
diém mat dat trong cac khu vuc c6 cay cdi,
thuc phu can dugce tiép tuc nghién ciru va
danh gi4 trong cac nghién ctu tiép theo.

5. Két luan

Nghién ctru vé kha ning cua thiét bi
AA450 trong thu thap s liéu mat dudng
hién hiru da duoc thuc hién trén mot pham
vi nhoé nhung kha chi tiét. Két qua vé do
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chinh xac chua cho thy sy phu hop giita
cac thong sb k¥ thuat va két qua sau xur
1y ngoai thuc dia. Thiét bj Lidar AA450
va ca giai phap phan mém déu 13 phién
ban dau tién, két qua danh gia 1a co so dé
phat trién va cai tién nhiéu hon nita trong
nhung phién ban sau.

Nghién ctru ciing 13 co so dé Iya chon
thiét bi, phuong phap van hanh va xu ly
sO liéu cho cac k¥ su khao sat trong bai
toan khao sat néi chung va danh gié tinh
trang mat duong noi riéng.

Loi cam on: Nhom tac gia xin cam
on Cong ty Co phan cong nghé Nguyén
Kim d3 hd tro thiét bi Lidar, thiét bi bay
UAV DJI M300 va thiét bi GNSS-RTK.
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