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Both Unmanned Aerial Vehicles (UAVs) and Terrestrial Laser Scanners (TLS)
are important techniques for surveying and mapping. UAV equipment is
commonly used to collect 2D or 3D data acquisition. Meanwhile, TLS
equipment is used for obtaining only 3D data acquisition. However, if both
are integrated, they were able to produce more accurate data. Multi-sensor
data fusion helps overcome the limitations of a single sensor and enables a
complete 3D model for the structure and better object classification. This
study focuses on studying the combination of UAV and TLS technologies to
collect, process data, and create the complete point cloud between two point
clouds of the high building in Ha Long city, Quang Ninh province to establish
a 3D model at LoD 3 detail level, with high accuracy. FARO FOCUS3P X130
and DJI Phantom 4 RTK equipments were used to acquire the data in the
field. The aerial and ground data were processed using FARO SCENE 2019
and Agisoft PhotoScan software, respectively. The data integration process
is done by converting both point clouds into the same coordinate system and
then by aligning the same points of both points clouds in Cloud Compare. The
result of this study is a 3D model at LoD 3 detail level of the high building
based on the point cloud accuracy in centimeter level. The combined use of
UAV and TLS technologies has proven to be possible to create a highly
accurate 3D model, at the 1:500 scale of urban areas according to current
standards.
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Nghién ctru két hop cong nghé may bay khong nguwoi lai (UAV)
va quét Laser mat dit thanh 1p mé hinh 3D cip do chi tiét cao
(LoD 3) cho nha cao tang trong khu vuwc do thi
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Mdy bay khdng nguwoi ldi (UAVs) va quét laser 3D mdt ddt (TLS) la nhitng ky
thudt quan trong dé khdo sdt va thanh Idp bdn dd. UAV thuong dwoc st dung
dé thu thdp di liéu 2D hodc 3D. Trong khi dé, TLS thuong dung dé thu thdp
dir liéu 3D. Tuy nhién, néu cd hai céng nghé nay dwoc két hop, chiing sé tao ra
dir lidu cé d chi tiét cao va chinh xdc hon. Sw két hop da ngudn dir lidu sé gitip
khdc phuc nhitng han ché cta dir liéu tir mét nguoén cdm bién va tao ra mo
hinh 3D hoan chinh cho cdu triic va phdn loai déi twong tét hon. Nghién cteu
nay két hop giira thiét bi quét laser 3D FARO FOCUS3D X130 va DJI Phantom
4 RTK dé thu thdp dir liéu tai hién trwong. DiF liéu trén khdng va dir liéu mdt
ddt dwoc xir ly bdng cdch sir dung FARO SCENE 2019 va phdn mém Agisoft
PhotoScan twong tng. Qud trinh tich hop dir liéu dwoc thuc hién bing cdch
chuyén doi cd hai ddm mdy diém thanh cing mot hé thong toa do va sau dé
cdn chinh cdc diém giéng nhau ctia cd hai ddim mdy diém trong Cloud
Compare. Nghién ctru nay dd chitng minh cho viéc st dung két hop giira hai
cong nghé UAV va TLS c6 thé tao ra mé hinh 3D cbng trinh nha cao tdng &
mukc do chi tiét LoD 3, do chinh xdc dat téi ty 1€ 1: 500 cho cdc khu do thi theo
tiéu chudn hién hanh.

© 2022 Trwong Dai hoc Mo - Bia chat. T4t ca cic quyén dwoc bdo dam.

“Tdc gid lién hé

1. M¢& dau

M6 hinh 3D c6ng trinh xay dung v&i cdc nhom
nodi dung, mirc d6 do chi tiét khac nhau sé phuc vu
cho cac muc dich khac nhau. Pay 1a cong cu hitu
ich @& hd tro cong tac quy hoach va kién truc cho
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(Fai va Rafeiro, 2014). C4p d6 chi tiét (Level of
Detail - LoD) dién ta mirc do chi tiét, si giong nhau
gitta m6 hinh 3D va thé gi6¢i thuc (BIMForum,
2013). LoD miéu ta vé mat hinh thirc d6i twong sé
dwoc thé hién giéng véi hinh anh thwc dén mic
nao. Khi thiét k€ mé hinh mo6 phdong thé gidi thuec,
ngudi thiét ké kho co thé xay dwng dwoc mo hinh
giéng thé gi6i thuc 100%. M6 hinh cang giong
thuec té thi dung tich dir liéu cang 16n, toc d6 hién
thi cang cham va chi phi xay dung cang cao.

CityGML la mdt tiéu chuin ma héda lién hop
khéng gian dialy m& (0GC) da dwoc phat hanh lan
d4u vao nam 2008 (Open Geospatial Consortium,
2008) va cho phép ma héa véi nam cip do LoD
duworc tinh chinh lién tiép tir LoDO dén LoD4, hién
dwoc phan biét dé xdy dung cac mo hinh cé cac
mic do chi tiét vé hinh hoc va khic nhau twong
trng vé d6 chinh xac (Biljecki va nnk,, 2016). Mirc
tho nhat - LoDO, vé co ban 1a dai dién 2,5D, trong
d6 cac toa nha dwoc thé hién bang ddu chdm hoic
da giac canh mai. LoD1 dwoc tong quat héa nhw
cac khdi lang tru néi véi twdmg dirng va mai bang.
Trong khi dé, LoD2 1a cac mo hinh toa nha c6 ranh
gi¢i phan biét theo chi dé bé mét va ciu tric mai
khac nhau, cing vé&i cac cong trinh 1ap datbd sung,
ching han nhw ban céng va mai che. Mittc LoD3
dwoc biéu thi 1ép vo kién truc bén ngoai chi tiét
nhat, c6 kha niang bao gdm cac 16 hé (clra va clra
s6). C4c cAu tric ndi that, chang han nhu phong,
do noi that hodc hé thdng lap dit, dwoc thém vao
LoD4 véi hinh dang bén ngoai twong ty nhw cia
cac mo hinh LoD3.

Hién tai, mo hinh dit liéu khong gian 3D da
dwoc xdy dung cho hdu hét cic thanh phé 16n
thudc cac nwéc phat trién trén thé gidi (Biljecki va
nnk., 2015). Cac cong ty cung cip cac dich vu
thanh lap dit liéu khong gian 3D cho thanh phd
thong minh cling dang kha phat trién nhw cong ty
Urban Visualization and Management (UVM), tap
doan Skymap Global, tap doan AAM. Cac cong ty
nay cung cip cac giai phap hoan chinh dé€ xay dung
thanh phé thong minh cho tirng muc dich cu thé
v6i cadc pham vi theo yéu ciu khac nhau. Tuy
nhién, cac cong cu va phuong phéap hién tai van
con mot s6 dac diém chung 1a cin két hop nhiéu
phuong phap thu thip di liéu bao gom: bay chup,
quét laser 3D mat dat, dit liéu ban dd san c6, dinh
dang cac dir liéu khdéng gian 3D cho viéc lwu trir
trinh chiéu, tinh todn khong thong nhit,... trong
do, cac doi twegng nhw cac ciy 16m trong thanh phé

la trér ngai cho viéc thu thap divliéu anh bé mat ctia
cac tda nha ciing nhw dwdng phé. Do d6, véi moi
dac thu khu vuece cu thé, cin tinh toan nhiing giai
phap phu hgp nhw: kha nang tai chinh, kha nang
ky thuat, diéu kién tw nhién, yéu ciu, muc dich cta
dit liéu khong gian dia ly thanh phé 3D can xay
dung.

Phwong phap &ng dung cong nghé may bay
khong nguoi lai (UAV) dé xay dwng dir liéu khong
gian 3D cac cong trinh kién tric cling nhw cho cac
thanh ph6 da dwoc thuc hién trong khoang 10
nam gan day. Hannes va cong sw da thir nghiém
trng dung anh may bay khong ngwoi 1ai va anh
chup mat dit dé xdy dwng mo hinh 3D cuta lau dai
Landenberg (Hannes va nnk, 2008). Nghién ctru
ndy da sir dung may anh thong thuwdng gin trén
may bay dé chup vong quanh nha tho & goc
nghiéng 700 va chup thang trén noc véi do phan
gidi mat dat1a 10 m. Pong thoi, anh chup mat dat
tir bon phia ctia lau dai cling dwoc stv dung dé bo
xung hinh dnh bé mat lau dai trong mé hinh 3D.
Phan mém Photomodeler 6 dwoc sir dung dé md
phdng 3D cla lau dai. Tuy nhién, do cong nghé
Khép anh chwa hoan thién nén viéc phai xac dinh
thi cong cic diém chung dé noi anh, néi dai bay
(Tie points) mat nhiéu thoi gian va cong strc. Thoi
gian gin dy, cac thiét bi UAV hién dai c6 thé mang
nhiéu may anh (5 may) dwoc c6 dinh & cac goc
chup khac nhau dé chup mot chudi cic anh lién
ti€p, giam thiéu viéc phai chup l3p nhiéu lan da
cho phép ning cao chat lwong dit liéu (Maitre va
nnk., 2009; Li va nkk, 2018). Dit liéu UAV ciing
dwoc str dung dé thanh 1ap ban d6 3D ven bién cho
thanh phd thong minh & Pusan, Han Quéc nham
thich rng v&i bién déi khi hdu (Yoo vannk.,, 2018).
Bén canh d6, Papakonstantinou va nnk. (2015) da
nhin dang viing bo bién va lap ban d6 3D sir dung
dit liéu UAV phuc vu xay dung thanh phé thong
minh & ddo Lesvos va bo bién Eressos, Hy Lap. Cac
nghién ctru trén cho thay tiém nidng ctia dir liéu dia
khong gian trong viéc xay dung dit liéu khong gian
3D laritlén.

Trong xu thé phat trién hién nay, cdng nghé
quét laser 3D mat dat (TLS - Terrestrial Laser 3D
Scanner) dworc biét dén va ap dung trong cac cong
viéc khao sat, ki€ém dinh c4c cong trinh nham d4n
thay thé cho céc thiét bi néi trén véi do chinh xac
cao hon UAV do may quét dit c6 dinh trén mit dat.
Thiétbi TLS c6 kha nang thu thap dir liéu dam may
cac diém trong khéng gian, cac ddm may diém nay



Lé Thi Thu Ha va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 63(4), 24 - 34 27

ghi lai chi tiét hinh dang bé méat cia mot vat thé
trong khong gian va méi mot diém dam may nay
déu chtra thong tin toa d6 (XYZ) va cac théng so
d6i twong. Thiét bi TLS hién méi dwoc dung trong
mot s6 cong tic chuyén mén nhw thanh 13p ban d6
dia hinh, khao sat bé mit va cau kién ctia cic cong
trinh xay dung (P4 Tién Sy va nnk., 2019; Ding
Thanh Tung va nnk., 2012).

Cac coéng trinh nha cao ting & do thi, dic biét
& cac do thi ven bién thuwong c6 d6 cao 16m, két cdu
phitc tap mang tinh thim my cao. D& thanh 14p mo
hinh 3D cap do chi tiét cao (LoD3) cta cong trinh
cao tang, hién nay cac nghién ctru thwong két hop
cac thiét bi UAV va TLS. Cong nghé bay chup bang
UAV ¢6 wu thé 1a thu thap s6 liéu trén bé mét cong
trinh rit tot nhwng lai khong c6 kha ning ghi nhin
cic diém bi che khuat & phia dwi cia cong trinh,
diéu ma cong nghé TLS hoan toan cé thé lam dworc.
Nhung khi 4p dung TLS cho cac cong trinh thi
phan bé mat phia trén cta cong trinh cao ting (tir
phan mai tré 1én) rat kho tiép can hoac khéng thé
do quét. Vi vdy, két hop cic wu diém cda 2 cong
nghé nay dé xdy dung mo hinh s6 3D cip do chi
tiét cao (LoD3) cho céng trinh nha cao ting trong

d6 thi la xu hwéng méi cip thiét.

2. Quy trinh két ho'p cong nghé may bay khong
ngwoi lai (UAV) va quét laser 3D mat dat (TLS)
thanh 14p mo6 hinh 3D cap do chi tiét LoD3

Hién nay, cac thiét bi TLS va UAV kha da dang
vé chiing loai v&i nhiéu chirc nang ciing nhw wu
diém va nhwoc diém khac nhau. Tuy theo muc
dich va dic diém cta céng trinh ma lwa chon thiét
bi UAV va TLS phu hgp. Quy trinh thyc hién nham
tich hop cac dir liéu tir cac thiét bi khac nhau dworc
thwc hién va dé xuat nhw Hinh 1.

Trong nghién ctru nay, thiét bi UAV str dung la
Phantom 4 RTK ctia hang DJI (D]I, 2018), may quét
laser 3D mat dit cta hing Faro ma hiéu FARO
FOCUS3DP X130. Khi bay chup UAV hodc quét TLS,
tiéu do sé dugc dat chinh xac tai cac diém khong
ché mat dit (GCP). Két qua bay chup UAV duoc xi
ly bang phin mém Agisoft PhotoScan trong b
Metashape phién ban 1.6.1 cta Agisoft. Phin mém
xtr Iy két qua TLS la FARO SCENE 2019 di kém v&i
thiét bi quét FARO FOCUS? X130. Cac két qua nay
sau d6 dwoc xuat ra dwdi khudn dang dam may
diém (PC - point cloud). PC tir di¥ liéu UAV dworc

Nghién etru dic diém chi tiét cia oéng trinh xdy dung

Xic dinh viing khudt UAV khéng the tiép cin cong trinh

Chen vi tri cic diém khéng ché anh va do GPS

Rai tiéu tai cic diém khong ché anh 43 oo toa 48 QLY.H)

Bay chup anh bing thiét
bi UAY

Xir Iy anh, xdy dung dim mdy diém
UAV, thanh lip md hinh D5M

Quétanh mdt it
bang may quet TLS

Xir 1y, thanh lip dim mdy
diem TLS

Ghép cic dim mdy diém UAV va TLS

Binh gii dd chinh xdc dim miy diém

Thanh lip md hinh 30 LoD-3 cho tta nha cao tEng tir Jam
midy diém sau khi ghép chinh xc

Hinh 1. Quy trinh thu thdp di¥ liéu va thanh Idp mé hinh 3D LoD3 cho nha cao tdng bdang két hop
thiét bi UAV va TLS.
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tich hop cung PC tir dit liéu TLS trong phan mém
FARO SCENE 2019 dé thu dwoc mo hinh 3D két
hop gitta UAV va TLS. Sau d6, str dung phin mém
Sketchup Pro 2021 dé xay dwng mo hinh 3D chi
ti€t cap d6 LoD3 cho cong trinh nha cao ting trong
khu vuc d6 thi ven bién ctia Thanh phé Ha Long
(TP. Ha Long), tinh Quang Ninh.

3. Két qua va thao luan

3.1. Két qua bay chup UAV

Két qua cong tac bay chup UAV trén doi twong
toa nha cao ting dwoc tom tat nhw trong Bang 1.
Hinh 2 mo t4 chi tiét qua trinh bay va thu nhan dir
liéu cta toa nha cao ting theo cac thong s bay
dwoc thé hién trén Bang 1.

San phim thu dwoc cia qua trinh x ly anh
UAV la ddm may diém toa do va théng tin doi
twong toa nha cao tAng tai TP. Ha Long, tinh Quang
Ninh nhw Hinh 3.

Bdng 1. Két qud bay chup dnh UAV thanh Idp mé hinh 3D.

Ché do bay Chiéu cao bay (m) | Géc chup | S6 ca bay | S6 anh chup | P phan gidi (cm)
Quy dao tron trén DJI GS 50 -175 - 450 01 149 1,05
Pro -150 01 151
Diéu khién tv do 65-125 - 450 02 556

Hinh 2. Két qud chup dnh & cdc ché do:
(a) quy dao tron géc chup -45; (b) quy dao tron géc chup -15Y% (c) bay diéu khién tw do géc chup -45°.

-

Hinh 3. Toan cdnh toa nha cao tdng ngodi thwc dia (a); M6 hinh ddm mdy diém UAV cho toa nha cao ting (b).
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3.2. Két qua quét laser 3D madt dit

Hinh 4 mo6 td so d6 bé tri cac tram do quét
laser 3D mat dat xung quanh toa nha cao tang khu
vue thue nghiém. C6 tit ca 11 tram TLS, cac tram
nay dwoc bé tri véi diéu kién dam bao thu thap
day di nhit thong tin dir liéu cho toa nha cao tang.

Dit liéu do quét TLS dwoc xi ly biang phan
mém SCENE dé nhan dwoc ddm may diém 3D cac
doi twong theo quy trinh chinh nhw sau:

- Trat dit liéu vao may tinh;

- Loc cic diém vuwot qua gidi han thu nhan di
liéu cda mot tram may;

- Ghép dir liéu ddm may diém cda cac tram
may don va tién hanh kiém tra d6 1éch twong doi

4R,

29

tai cic diém tiéu do cung tén gitra cac tram may
lién ké. P9 léch twong doi gitta cac diém tiéu do
cung tén dugc quy dinh khong vt qua hai lan sai
s6 cho phép ctia diém do quét;

- Ghép va binh sai dit liéu dam may diém tai
cac tram may don thanh mot khoi thdng nhit theo
cac tham s0 13 toa do, do cao cta cac diém tram
may;

- Loai bo cac diém khéng thudc doi twong can
thu thap dit liéu (con goi 1a nhitng di€ém nhiéu
tho);

- Phan loai dit liéu dam may diém phuc vu
thanh 14p mo hinh s6 bé mat va moé hinh sé do cao.

Két qua ctia qua trinh thu thip va xi 1y dir liéu
dworc thé hién & Hinh 5.

Hinh 4. So do b6 tri cdc tram quét laser 3D mdt ddt xung quanh toa nha cao tdng (a); Tiéu TLS va cdch bd
tri cdc tiéu trén mdt ddt (b).

Sa———

R

Hinh 5. BPdm mdy diém

TLS cho toa nha cao ting.
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3.3. Ghép dam may diém UAV va TLS

Pé nang cao dd chinh xac ciia ddm may diém
sau khi ghép, phwong phap ICP (Iterative Closest
Point - cac diém gin nhit ldp lai) dugc st dung.
Trwéc khi ghép, ddm may diém UAV va TLS dworc
loc bé nhiéu. Loc nhiéu cdc ddm may diém nham
loai bo cac diém cta déi twong khéng quan trong
nhw diy dién, ciy c0i,... hodc cac diém bi sai trong
quaé trinh xir ly truérc day. Ngoai ra, loc nhiéu ciing
lam gidm dung lwong clia ddm may diém.

Do dam may diém TLS c¢6 mat do diém va do
chinh xac cao hon nén dworc str dung lam dam may
diém co s& va ddm may diém UAV la ddm may
diém ghép. Céng doan ghép dir liéu gbm 2 buéc:
ghép tho (Coarse Alignment) va ghép chinh xac
(Fine Alignment). Trong d6, & bwéc ghép tho can
lwa chon t6i thi€u 4 diém song trung trén hai dam
may diém. Pay c6 thé 1a diém tiéu, diém khong ché

t;'.:'i
y

B ainn
v
v
e————
il
!—
owmRRt
e

anh hodc diém d3ic trung rd nét trén hai dam may
diém. O bwée ghép chinh xac, s6 lwong diém tham
gia qua trinh khép ting 1én dang ké, do dé do
chinh xac ghép dir liéu ciling tang 1én va thoi gian
xi Iy s€ 1au hon. Hai bwérc ghép dit liéu dam may
diém dwoc thwc hién trén phin mém
Cloudcompare.

Két qua qua trinh ghép hai dam may diém tir
cong nghé UAV va TLS 1a ddm may diém hoan
chinh cda toa nha cao ting dwoc thé hién trong
Hinh 6.

3.4. Ddnh gid dj chinh xdc cdc ddm mdy diém
cho toa nha cao ting

Véi phwong phap danh gid dwa trén diém
kiém tra, két qua danh gia do chinh xac ddm may
diém ghép gitra UAV va TLS cta toa nha cao ting
dwoc thé hién trong Bang 2.

Hinh 6. Ddm mdy diém thu thdp bang UAV sau khi loc nhiéu (a); Ddm mdy diém thdp bang TLS sau khi loc

nhiéu (b); Ddm may diém ghép tir di¥ liéu UAV va TLS sau ghép chinh xdc (c).

Bding 2. Két qud ddnh gid dé chinh xdc ghép gitra ddm mdy diém thu thdp bang UAV va TLS ctia toa nha

cao tdng.
Tén diém kiém tra Sai s6 X (cm) Sais0 Y (cm) Mp (cm) Sai s6 H (cm)
3 -0.8 -0.8 1.1 0.9
6 0.4 -3.2 3.3 -1.7
18 4.4 -0.6 4.4 6.1
23 3.8 2.0 4.3 4.3
197 -2.3 -2.9 3.7 -0.9
203 -6.3 -1.9 6.5 -0.7
205 -5.9 -5.7 8.2 -2.4
212 -2.0 4.4 4.8 -19.5
RMSE 3.8 3.1 5.0 7.5
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Nhu vay, nhin trén Bang 2 c6 thé thiy rang mém Sketchup Pro 2021.
dam may diém sau khi ghép gitra ddm may diém
thu thip bang UAV va TLS cho ddi twgng tdoa nha
cao tang la kha cao, cac diém kiém tra cia dam
mdiy diém sau ghép déu dat dwdi ngudng cho
phép, sai s6 dat dwoc dwdi 10 cm. Trong khi do,
theo tiéu chudn mic do yéu ciu do chinh xac cta
mo hinh City GML, LoD3 c6 do6 chinh xac cho phép
ctia cac diém 3D 1a 50 cm.

Mo hinh 3D d6i twgng nghién ciru dwoc xay
dwng dwa trén cic thong s6 vé kich thwéc doi
twrong dam may diém bang cic phin mém
Autodesk Revit va Autodesk Recap (Hinh 7+9).

DE chinh x4c héa lai kich thwéc doi twong da
vé dwdi dang LoD1. Trén phan mém Autodesk
Recap, cac d6i twong dwoc do kich thwéc trén hinh
chiéu bang (Hinh 7) va hinh chiéu dirng (Hinh 8)
dékiém tra d6 chinh xac ctia doi twgng. Cc chi tiét
nho hon nhuw kich thwéc ctra, kich thwdc chi tiét
cac ngbi nha, chiéu cao mai, goc doc mai nha,...

3.5. Thanh Idp mé hinh 3D LoD3 cho toa nha
cao tdang tir ddm mdy diém da ghép trén phdan
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cling dwoc do tryc tiép trén dam may diém (Hinh
9). Két qua ctia qua trinh nay la da xay dwng thanh
c6ng md hinh 3D cip dd chi tiét LoD3 cho toa nha
cao ting tai khu vuc TP. Ha Long, tinh Quang Ninh
(Hinh 10). Trén mo6 hinh 3D & mic d chi tiét cao
LoD3, c6 thé xac dinh chinh x4c kich thwéc chi tiét
cta cong trinh nhw: ctra s, cvra chinh, khoang
rong ban cong, chiéu cao ting, chiéu cao lan can,...

Dit liéu mo hinh 3D trén phdn mém Sketchup
Pro 2021 dwogc bién tap ddm bao quan hé hinh hoc
khong gian. Cac déi twong cong trinh déu dworc
phén tach thanh cic ddi twong (object) riéng biét,
dwgrc thé hién trén mo hinh 3D bang hinh anh véi
chiéu cao va kich thwéc thyec té. Co thé thiy dam
may diém két hop gitra dir liéu UAV va TLS c6 do
chinh xac cao. Pam bao yéu ciu theo tiéu chuin
mirc d6 yéu ciu do chinh xac cia mo hinh City
GML do6i vi cip do chi tiét LoD3.

4. Kétluan

Trong nghién ctru nay, dir liéu ddm may diém
dwoc ap dung cho cong trinh toa nha cao ting da
dwoc thu thip bang cach st dung két hop giita
cong nghé quét laser 3D mat dat (TLS) va do chup

R AUTODESK' RECAP
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UAV nhiam dam béo thu thap day du thong tin dix
liéu ctia cong trinh toa nha cao ting. Dit liéu thu
dworc tir hai thiét bi trén cho két qua la ddm may
diém chira thong tin toa d6 trong khong gian 3D
(X,Y,Z) va cac thong s8 vé mau sdc, thong tin. Do
chinh x4c ctia cong nghé TLS hién nay la rat tot. Sai
sO ctia cac diém mé hinh 3D khi ghép gitra dam
may diém thu thap bing UAV va TLS cua dai
twong cong trinh nha cao ting la dwéi 10 cm, dap
rng dwoc tiéu chuan mirc d6 yéu cau do chinh xac
ctia md hinh City GML d6i v&i cap dd chi tiét LoD3
va dap &g yéu ciu thanh 13p ban do dia hinh ty 1é
1:500 tai cac khu viee d6 thi trén 1anh thé Viét Nam
(Bd TN&MT, 2015).

Quy trinh x ly dit liéu bén trén da ching
minh tinh kha thi ctia viéc tich hop dir liéu tir
nhiéu nguén khac nhau. Piéu nay cang thic day
cho viéc rng dung két hop cac cong nghé dia
khéng gian trong linh vuc xdy dung thiét ké va
khdo sat cong trinh nha cao ting trong do thi. Viéc
trng dung két hop cong nghé TLS véi cac thiét bi
do chup bang UAV trong viéc xay dung mo hinh
3D cAp do chi tiét cao (LoD3) sé la mot dinh hudng
kha thi va hiéu qua trong twong lai phuc vu cho
cong tac quy hoach va quan ly do thi.
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Hinh 9. Do kich thwdc cdc chi tiét cong trinh tir ddm mdy diém trén phdn mém Autodesk Recap.
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Hinh 10. Mé hinh 3D cdp do chi tiét LoD3 ctia toa nha cao tdng khu vuc TP. Ha Long, tinh Qudng Ninh.

Loi cdm on

Bai bao dwoc hd tro dir liéu va kinh phi tir dé
tai cap co s& Trwong Pai hoc M6 - Pia chit, ma so
T22-48 vi tén “Nghién ciru thanh 1ap mo hinh 3D
cong trinh xay dung cip do chi tiét cao (LoD3)
bing két hop cong nghé may bay khong ngwoi 14i
(UAV) va quét Laser mat dat” va dé tai KHCN cap
Bo Tai nguyén va Méi trweong: Nghién ctru (ng
dung cong nghé dia khéng gian xay dung dir liéu
khéng gian dia ly 3D cho thanh ph6 théng minh
ven bién phtt hop véi diéu kién Viét Nam, thi diém

tai khu vure thanh phé Ha Long, tinh Quang Ninh,
ma s6: TNMT.2021.04.04.
Pong gobp cua cac tac gia
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cac y kién gop y; Pham Thi Lan, Téng Si Son,
Nguyén Hitu Long, V6 Bic On - thu thip s6 liéu,
trién khai thyc nghiém va hoan chinh bai bao.



34 Lé Thi Thu Ha va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 63(4), 24 - 34

Tai liéu tham khao

Biljecki, F., ]. Stoter, H. Ledoux, S. Zlatanova and A.
Coltekin (2015). Applications of 3D City
Models: State of the Art Review. ISPRS
International Journal of Geo-Information 4(4).
2842-2889.

Biljecki, F.; Ledoux, H. Stoter, J. (2016). An
improved LOD specification for 3D building
models. Comput. Environ.Urban Syst. 59. 25-37.

BIM forum (2013). Level of Development
Specification: For Building Information
Models. https://bimforum.org/wp-content/
uploads/2013/08/2013-LOD-Specification.
pdf.

B0 Tai nguyén va Moi truwedng (2015). Thong tw
68/2015/TT-BTNMT: Quy dinh ky thut do
dac truec tiép dia hinh phuc vu thanh 14p ban do
dia hinh va co s& dir liéu nén dia ly ty 1€ 1:500,
1:1000, 1:2000, 1:5000.

DJI, (2018). https://www.dji.com/phantom-4-
rtk.

bing Thanh Tung va cong sw. (2012). U'ng dung
cong nghé Lidar thanh lap ban d6 3D (Thw
nghiém tai khu vwc thanh phé Bac Giang).
Théng tin dao tao Khoa hoc - Céng nghé Tai
nguyén va Méi trwong. 11-17.

D6 Tién S§, Nguyén Anh Thw, Hoang Hiép, Vo Thi
Loan, Nguyén Ngoc Twong Vi, V6 Van Truong,
Lé Nguyén Thanh Phuéc, Pham Thi Truong
An, Bang Minh Quang (2019). Két hop di liéu
dam may diém tr cac thiét bi 3D Laser
scanning va phwong tién bay khéng nguoi lai
(UAV) nham thu thap théng tin mé hinh céng
trinh xay dung. Tap chi Xdy dyng. 39-42.

Fai, S, Rafeiro, ], (2014). Establishing an
Appropriate Level of Detail (LoD) for a
Building Information Model (BIM) - West
Block, Parliament Hill, Ottawa, Canada. SPRS
Annals of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,
Volume II-5, 2014ISPRS Technical Commission
V' Symposium, 23 - 25 June 2014, Riva del
Garda, Italy.

Hannes, P., S. Martin and E. Henri (2008). A 3-D
Model of castle Landenberg (CH) from

combined photogrammetric processing of
terrestrial and UAV  based images.
International Archives of the
Photogrammetry. Remote Sensing and Spatial
Information Sciences 37. 93-98.

Li, J., Y. Yao, P. Duan, Y. Chen, S. Li and C. Zhang
(2018). Studies on Three-Dimensional (3D)
Modeling of UAV Oblique Imagery with the Aid
of Loop-Shooting. ISPRS International Journal
of Geo-Information 7(9). 356

Maitre, H., D.-z. Gui, H. Sun, Z.-j. Lin, C.-c. Zhang, B.
Lei, ]. Feng and X.-d. Zhi (2009). Automated
texture mapping of 3D city models with images
of wide-angle and light small combined digital
camera system for UAV. 7498. 74982A.

FARO, (2019). Training manual for SCENE. 1st ed.
[pdf file]. USA. Available at https://
faro.app.box.com/s/7v2xdi8j6id4wf9g5jlledha
18s9506b/file/438034801350/ [Accessed 8
Oct. 2019].

OGC (Open Geospatial Consortium) (2008). City
Geography Markup Language (CityGML)
Encoding Standard (Version 1.0.0). Available
online: http://portal.opengeospatial.org/files
/?artifact_id=28802 (accessed on 20 August
2008).

OGC (Open Geospatial Consortium) (2012). City
Geography Markup Language (CityGML)
Encoding Standard (Version 2.0). Available
online: http://portal.opengeospatial.org/files
/?artifact_id=28802 (accessed on 4 April
2012).

Papakonstantinou, A; Topouzelis, K,;
Pavlogeorgatos, G. (2016). Coastline Zones
Identification and 3D Coastal Mapping Using
UAV Spatial Data. ISPRS Int. ]. Geo-Inf.5,75. 0GC
(2012). OpenGIS® city geography markup
language (CityGML) encoding standard,
version 2.0. http://www.opengeospatial.org/
standards/citygml.

Yoo, C. L, Oh, Y. S, and Choij, Y. ]. (2018). Coastal
mapping of Jinu-Do with UAV for Busan smart
city, Korea. Int. Arch. Photogramm. Remote
Sens. Spatial Inf Sci, XLII-4, 725-729.
https://doi.org/10.5194 /isprs-archives-XLII-
4-725-2018, 2018.



