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Tém tit: Thiét bi bay khong nguoi 1ai (Unmanned Aerial Vehicles—UAVs) dang ngay cang
dugc st dung rong rii. Ngay ca cac UAV nho ciing c6 thé cung cap dir liéu c¢6 gia tri nhu
3D Point cloud dé khao sat cac khu vuc nguy hiém va khong thé tiép can. Dir liéu dang 3D
Point cloud mang dén co hdi méi trong viéc trinh bay thong tin va phan tich vé cac db6i
tuong phuc vu cong tac thiét ké va quy hoach. Tuy nhién, viéc tiép can va truy Xudt cac
dang dit liéu 3D Point cloud con nhiéu han ché va kho khan trong thuc té. Vi sy phat trién
ctia cong nghé WebGL, viéc xay dung nén tang d6 hoa 3D két ndi cac ngudi ding tré nén
dé dang hon. Bai bao trinh bay mot phuong phap dé thé hién va tuy chinh 3D Point cloud
1én nén web thong qua nén ting ma ngudn mo Potree. Giai phap nay da mang dén loi ich to
16n d6i v6i nguoi dung vi gitip tuong tac truc tuyén, da thiét bi va truc quan phuc vu cong
tac thiét ké quy hoach va canh quan.

Tir khéa: Thiét bi bay khong nguoi lai; UAV; Potree; M6 hinh 3D; WebGL.

1. Giéi thi¢u

Theo Bao c4o Trién vong D0 thi hoa Thé gidi, ty 1€ dan cu d6 thi chiém hon mét nia
ctua dan so thé gidi [1]. Xu huéng do thi hoa gia ting dang mang dén nhing thach thirc nhu
co s6 ha tang giao thong chua dap Gmg, chat lugng khong khi suy giam, thiéu quy hoach dan
cu, do thi, v.v. [2]. M6t trong nhing giai phap quan trong dé giai quyét cac thach thic nay
chinh 1a xay dung cac thanh pho théng minh giup két n6i gitra nguoi dan va cac nhom chinh
tri, x4 hoi va kinh té dé giai quyét cac van dé [3].

Ngay nay, su phat trién ctia cong ngh¢ da tao ra nhitng cach moé1 me va sang tao dé chia
s¢ va giao tlep dit liéu, trao doi quan diém va cong tac. Nho vao viéc trién khai sau rong hon
co sé ha tang cong nghé thong tin va truyén thong (Information and Communication
Technology — ICT), ddng thoi sy gia ting cong nghé va tng dung di dong da tao ra khai niém
“thong minh” cua do thi [4]. Hé thong thong tin dia 1y (GIS) 14 nén tang tat yéu dé quan Iy
hi€u qua cac thanh phé, mo hinh hoa va tryc quan hoéa 3D da trd thanh mét thanh ph?m quan
trong cua GIS. Viéc st dung 3D GIS da duoc gidi han trong quy hoach d6 thi va hinh dung
thong qua cac mé hinh thanh phd [5]. Tuy nhién cho dén gan day, nhitng phat trién méi trong
cong nghé may tinh d3 mo rong giéi han ban dau, cac nghién ciru [6-7] dd phan tich va tich
hop cac thanh phan 3D trong GIS. Sy phat trién ciia WebGL gitp dif liéu 3D duoc phan phdi
tryc tuyén théng qua web trd nén dé& dang hon ma khong can théng qua bat ki tng dung bén
thir 3 nao. Déng thoi WebGL ciing 1a chuén hd trg cho tat ca cac loai trinh duyét, trén may
tinh 14n dién thoai thong minh. Vi du nhu Sketchfab cho phép nguoi dung ding tai, chia sé
va xem cac ndi dung 3D ma khong cin bat ki kién thirc nao vé WebGL [8]. Potree 1a mot
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trinh duyét hién thi ddm may diém 3D st dung cdu triic dit liéu da bién bat phan dé xur 1y dir
liéu 16n [9].

Do sy han ché vé phan cimg va phan mém nén phuong phap thu thép va xu 1y dir liéu
3D chi dugc st dung chi yeu boi cac chuyén gia. Mot s6 phuong phap hién nay dugc sir
dung dé thu thap va xir Iy mé hinh 3D nhu 1a quét laser, Structure—from—Motion (SfM) [ 10].
Thu thap dit liéu bang UAV thuong sir dung phuong phap SfM va Multi—view Stereo nhiam
tao anh tryc giao va dam may diém [11-12]. Pam may diém 1a mot dang mé hinh 3D thong
dung dé tai tao canh quan. Véi trudng hop dam may diém duoc sir dung dé khao sat dia hinh
thi kich thudc rat 16n (1én dén vai ty diém), cho nén Potree 1a lira chon phu hop cho phuong
phap nay.

Bai bao nghién ctru dit liéu ddm may diém thu thap bang UAV thong qua phuong phap
SfM, dam may diém dugc hién thi héa thong qua Potree gitp cho viéc xem xét va nghién
ctru thiét ké du an d& dang hon.

2. Khu vue va phwong phap nghién ciru

2.1. Khu vuc nghién ciru

Khu vuc nghién ctru 1a vung dan cu 10ha thudc phuong Tan Thuan Tay, quan 7,
TP.HCM (Hinh 1), ¢6 dan cu dong dic, nhidu cong trinh kién triic nhu nha cira, truong hoc,
cong vién ven song. Phan 16n nha cta & day thudc nha c?ip 4 hoac c?ip 3, ndm & khu vuc ven
song nén dia hinh thap.

Dir liéu anh dugc thu thap vao nam 2021 béng UAV Phantom 4 Pro. Anh UAV véi do
phan giai 3cm/pix phén bd nhur trén hinh 2. Sau d6, anh dugc dung dé xur 1y thanh dam may
diém.

Hinh 1. Khu vuc khao sat ban dd 3D.
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Hinh 2. So d6 anh UAV tai khu vuc. Hinh 3. So d bd tri cac diém GCP.

2.2. Cong nghé chinh

2.2.1. Phép chiéu Mercrator

Trong hé thong 1ap ban dd tryc tuyén, Web Mercator di try thanh phép chiéu thong tri
[13]. Phép chiéu Mercator dugc dé xuat boi nha khoa hoc ban d6 Ha Lan Flemish Gerardus
Mercator vao nam 1569 dé xac dinh cach chiéu toa d6 cau vao mot mat phéng 2 chiéu. Tur
d6, phép chiéu duge ap dung rong rii trén toan thé gioi.

WGSS84 1a hé quy chiéu toan cau c¢d dinh trén thé gidi, bao gdm ca md hinh trai dét va
dugc xac dinh bdi mét tdp hop cac tham sb chinh va phu [14]. Cac toa do (B, L, H) theo
WGS84 thu duoc truc tiép bang GPS. Trong d6 B 1a vi do, L 1a kinh d6 va H 13 do cao cia
trai dat. Trong phép chiéu Web Mercator, trai dat dwoc mo phong dudi dang hinh cau thay
vi hinh elip, d6 1a diém khac biét voi phép chiéu Mercator. Google Maps, Virtual Earth, Bing
Maps, Baidu Maps, Mapabc, ArcGIS Online st dung hé théng toa 30 Web Mercator hoac
goi la Spherical Mercator.

2.2.2. Potree

Trinh két xuit d6 hoa Potree dua trén nghién ctru tr Instant Points [15], dung dé két xuat
dam may diém trén trinh duyét Web. Potree c¢6 thé truyén tryc tuyén nhanh chong vi st dung
mot bién thé cua cdu trac MNO (Modifiable Nested Octree) voi mot phuong phap 1y miu
con khac va phan ving phan cp thanh cac phan nho hon [9].

Véi cdu trac dir liéu da bién bat phan (Multi—resolution octree) cua Potree, mdi nit cia
cdy duoc luu trit trong tép. Dinh dang cua tép octree 1a dinh dang hé nhi phan, cu thé nhu
LAS hodc LAZ. Dé giam thoi gian tai ban dau, toan bo hé théng phén cap octree dugc luu
trir trong nhiéu tép phu trg. Cong cu PotreeConverter [16] dugc sit dung dé chuyén cac bd
dir liéu déu vao (dang LAS, LAZ, PTX hodc PLY) thanh cdu tric da bién bat phan. Quy trinh
thuc hién cua cong cu thé hién & hinh 4. Pau tién, CAABB (Cubic Axis—Aligned Bounding
Box) s& dugc tinh toan. Tiép theo, pham vi khong gian cua cic nit bat phan & cac cip do
khac nhau dugc xac dinh tt CAABBC va d6 sau dugc xac dinh tir ngudi dung. Cubi cung,
tinh toan diém-nat dugc thuc hién bﬁng cach st dung tham sb khoang cach. Vi mdi diém,
néu khoang cach dén bat ky diém nao khac bén trong nut gdc 16n hon khoang cach da dinh,
thi diém d6 s& dugc thém vao nat géc. Néu di c6 mét diém khac & gﬁn, diém d6 s& duogc
chuyén sang cép tiép theo va viéc kiém tra tuong ty duoc 1ap lai véi mot nira khoang cach &
trén. Quy trinh nay lap lai dén khi diém da duogc thém vao mot nit hodc do sau cay bat phan
vuot qua gidi han [17].
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Loi ich cua cau tric da bién bat phan cua Potree la toc do két xuat nhanh dya trén hi¢u
qua cua vung khong gian va tinh toan cap do chi tiét. Cu thé, cac niit nam ngoai vung nhin
thay s& khong dugc két xuat va cac nat & gan vung nhin s€ dugc vu tién két xudt trudc so véi
nat ¢ xa (hinh 5). Uu diém thir hai 12 viéc trién khai két xuét sir dung céc cong nghé web tiéu
chuin nhu WebGL, Three.js va Javascript khong yéu cau bd sung cac plugin trong qua trinh
sur dung trinh duyét Web.

PotreeConverter Multi-resolution octree data structure

(2D simplification)
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Hinh 4. Cic budc thyc hién ctha cong cu Hinh 5. M5 hinh hoa don gian két xuit d6 hoa theo

PotreeConverter dé tao 3 cép do cdy octree da bién [18].  ving nhin thiy cia Potree. Dir liéu do phan giai
tha?ip nim xa va ting dan do phan giai khi lai gén
vung nhin [18].

2.3. Phwong phap nghién ciru

Quy trir}h thuc hién theQ thl:l"tl_l‘ cac budc thu thap dir liéu anh UAV, xu 1y dit liéu tao
dam may diém thong qua phan mém Agisoft Metashape (Hinh 6).

Khio sit Thiét ké thong "Wl Bay chup Xir Iy dir

va lip GCP 50 bay chup y thire dia lién

Hinh 6. Quy trinh bay chup va xu ly dir li¢u.

2.3.1. Thu thap di li¢u

Khu vue duoc khoanh ving va thiét ké trong phin mém DJI Pilot danh cho hé diéu hanh
Android (Hinh 7). Khu vuc duoc khéo sat theo dang Oblique nham xay dung day da cac mat
cua tda nha. Trong hoat dong bay, hai b dir li¢u khac nhau ctia hinh anh UAV da dugc thu
thap, theo phuong thang dimg va xién. K& hoach bay gom c6 5 tuyén bay 1a bay chup thing
dung va xién goc theo cac hudng Dong Tay Nam Bic.

Céc thong s thiét ké quan trong gdm c6 do ‘phu anh va do cao bay chup. D6 cao bay
chup anh huong dén do phan giai anh mong mudn. P9 phu anh bao gém d phu khi chup
thang dtmg va khi chup goc nghiéng. Két qua thé hién ¢ Bang 1.

Trong qué trinh thyc dia, tac gia thiét 1ap va do toa d6 5 diém GCP bang thiét bi RTK
ComNav T300. Cac diém duoc phan bo déu trong toan bo khu vuc nghién ciru va duoc su
dung tham chiéu dia Iy cho cac mé hinh.
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Bing 1. Thong s bay chup bing UAV tai khu vurc.

Théng sb Bay chup thiing dirng Bay chup xién géc
Do cao (m) 110 110
DG phu doc (%) 75 70
Do phu ngang (%) 70 60
Goc chup (°) 90 60
$6 anh 605439.884 1189153.795

Hinh 7. K& hoach bay chup bang DJI Pilot: mét mit thédng ding va bdn mit hudng quanh khu vue.

2.2.2. Xt 1y dit liéu

Dit liéu anh duoc xir 1y bang phuong phap Structure—from—Motion. Phuong phap sir
dung cac ddi twong gidng nhau trén cac anh dwoc khép lai voi nhau (hinh 8). Cac ddi twong
nay duogc ty dong khop lién tuc, cho phép wdc tinh vé vi tri ban dau va toa do cua doi tuong
[19]. Phuong phap nay phu hop véi anh c6 d6 chong phu cao, va theo 10 trinh thiét ké san.
B0 dir liéu duoc xtr 1y trong phan mém Pix4D Mapper phién ban Trial [20], st dung 5 diém
GCP dé lam diém tham chiéu toa d¢ thuc (Hinh 3). Két qua xur Iy gdbm dam may diém day
dac, DEM va anh truc giao.

Dir liéu dam may diém cua khu vuc nghién ctru dugc Iuu trit dudi dang LAS véi hon 69
triéu diém (hinh 9). Quy trinh xir Iy ddm may diém vdi Potree gdbm 2 budc. Thir nhét, dam
may diém duoc chuyén dbi sang dinh dang ciu truc da bién bat phan cua Potree cong cu
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PotreeConverter. Thur hai, tac gia tién hanh cai dat mot may chu, sau do tai 1én tat ca di licu
da xuat ra ¢ budc chuyén doi vao may chu. Tu do, ddm may diém duoc hién thi 1én nén tang
Web va c6 thé chia sé cho cac ngudi dung khac nhau.

E 3
2 " On

Feature of
interest

Finis < S C?

Hinh 8. Structure—from—Motion (SfM).

Hinh 9. Dam may diém nhin tir xa va g?m.

3. Két qua nghién ctru va thio luan

Chirc ning hién thi web bang cac 4p dung thut toan ma ngudn mé Potree dé truc quan
hoéa dir liéu dam may diém dung luong 16n. PotreeConverter duoc sir dung dé chuyén doi dir
liéu LAS thanh dit liéu dich vu dé hién thi. Theo mic dinh, Potree bao gdm mot ban do hién
thi tong quan vi tri twong tac va ving nhin ciia ngudi xem, cac tlly chon va cai dat diéu hudng
khac nhau. Pdng thoi, Potree con bao gdm mat s cong cu do ludng cho phép ngudi ding
ghi lai cac phép do don gian nhu khoang cach, dién tich, thé tich va mat cat dia hinh. Sau khi
chuyén ddi, cac tép va cau trac thu muyc c6 thé duoc thém vao may chit luu trir web va phan
phéi thong qua mot mién web tiéu chuan. Moi truong phan cimg va hé diéu hanh méay chu
a0 (VPS) cau hinh 1 CPU, ram 2GB, 6 cimg SSD 55GB va bang thong 2TB/ thang. Moi
truong phan mém 13 hé diéu hanh Ubuntu 64bit phién ban 20.04. Nguoi ding sir dung trinh
duyét Chrome. Thoi gian phan hoi 1an truyén dau tién cia nén tang 1a 1.7 gidy va thoi gian
phan hdi trung binh 35 gidy. Téc d6 chuyén viing ctia nén tang nhanh chong va két xuat hinh
anh tréi chay.
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Hinh 11. M4t vai tinh nang trén Potree.

Hinh anh tryc quan trén web cia dir liéu dam may diém cudi cung thé hién & ché do
RGB (hinh 10). Truc quan hoa dit liéu 1én Potree gitip chia sé dé dang véi ngudi dung. Nguoi
dung c6 thé truc tiép sir dung cac chirc ning trén Potree, nhu do khoang cach, do cao do, tinh
dién tich, thé tich, xem thong tin theo diém, v.v. (Hinh 11).

Dua trén két qua thu dugc, tac gia danh gia wu, nhugc diém chinh cta Potree gém:

e Uu diém: hiéu suat cao khi xir Iy dam may diém Ién va truc quan héa mé hinh dang
ludi; c6 san cac cong cu do luong; c6 mot sb tuy chon khi thiét 1ap tao kiéu.

e Nhuoc diém: Khong c6 dir liéu phi dd hoa nao co thé dugc tich hop. Khéng cho phép
truc quan hoa cac bg dir liéu khac dudi dang 16p, chfmg han nhu dich vu ban do web (WMS).

4. Két luan

Ung dung Ehiét bi bay khong nguoi lai nham thu thap dir liéu dam may diém tro nén
nhanh chéng, dé dang va tiét kiém hon. Nghién ctru két hop phuong phap Structure—from—
Motion xur Iy tir anh UAV cho ra ddm may diém vdi phuong phap chuyén doi de€ hién thi trén
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Potree. Khu vuc nghién ctru 10ha dugc bay chup véi 5 hudng (thang ding va xién goc theo
cac hudng) voi tong lugng anh 1a 277. Bo dir liéu sau khi duge xir 1y tao ra dam may diém
day dac dugc luu trir dudi dinh dang .LAS, duoc chuyén doi thong qua cong cu PotreeConvert
thanh cau trac Multi-resolution octree dé hién thi trong Potree. Tac gia st dung may chi o
dé truc quan hoa khu vuc va chia sé cho cac nguoi dung khac dé truy cip. Nguoi ding co thé
str dung céc chirc ning dé do luong cac thong sé va xem céc thong tin ciia mdi diém truc tiép
thong qua g dung. Cudi cung 1a mot vai wu nhuoc diém dugc tac gia dic két tir viéce sir
dung Potree. Tac gia kién nghi két hop thém dit liéu ban d6 2D va WebGIS dé cung cap day
du thong tin can thiét dén cho nguoi ding nham gitp cho viée ra quyét dinh d& dang hon.

bong gop cua tac gia: Xay dung y tuong nghién ciru: PN.V.,, NH.D.; Diéu tra, khao sat,
phan tich s6 liéu: C.M.Q., P.N.A.; Viét ban thao bai bao: C.M.Q., P.N.A.; Chinh stra bai bao:
P.N.V., N.H.b.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 1a cong trinh nghién ciru cua tap thé
tac gia, chua dugc cong bo & dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap lgi ich trong nhom tac gia.
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Visualize 3D point cloud data online on potree platform for design
work

Phan Nguyen Viet'”, Chung Minh Quan!, Phung Ngoc Anh!, Nguyen Huu Duc?

"Hop Nhat Bach Viet co., Itd; viet@bachvietunited.com; anh.phung@bachvietunited.com;
quan.chung@bachvietunited.com

2 Ho Chi Minh University of Natural Resources and Environment;
nhduc@hcmunre.edu.vn

Abstract: Unmanned aerial vehicles (UAVs) are increasingly being used. Even small
UAVs can provide valuable data like 3D Point Cloud for surveying dangerous and
inaccessible areas. 3D point cloud data offers new opportunities to present information and
analysis about objects in design and planning activities. However, accessing and retrieving
3D point cloud data types is still limited and complicated in practice. With the development
of WebGL technology, building a 3D graphics platform that connects users becomes easier.
The paper presents a method to represent and customize 3D point cloud to the web through
the open—source platform Potree. This solution has brought excellent benefits to users
because it helps to interact online, multi-device, and visually for planning and landscape
design.

Keywords: Unmanned aerial vehicles; UAVs; Potree; 3D point cloud; WebGL.

Hpi nghi khoa hoc toan quéc “Chuyén déi s6 va cong nghé sé trong Khoa hoc Trdi dat, M6 va M6i truong” (EME 2021)



