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In recent years, three-dimensional (3D) models are being built in many
fields including mining. These products are often used to develop a
database of smart mines which in terms can be used in the management of
production in underground coal mines. Unmanned aerial vehicle (UAV)
and terrestrial laser scanning (TLS) technologies are known as the two
main technologies that quickly and accurately collect 3D point cloud (PC)
data. This article presents the integration of a 3D point cloud produced
from UAV photos and TLS to build a detailed 3D model for the ground
plant at the level of +35 m in the Nui Beo underground coal mine. To collect
data, a D]l Phantom 4 Advanced drone was used to take photos in three
modes: a shot angle of 90°, a 3D grid with a 45° angle, and a circular flight
orbit with 45° and 60° shooting angles. A Faro Focus3P X130 laser scanner
was used for scanning the mine shaft’s tower to fill the missing point cloud
of the UAV. The PC established by both methods was evaluated for accuracy
based on the control points measured by a Leica TS09 total station, which
was merged by the Iterative Closest Point (ICP) algorithm. The integrated
PC met the accuracy requirement of establishing a 3D model of the study
area with the level of detail 3 in the CityGML standard.
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Trong nhitng ndm gdn ddy, mé hinh 3D dang dwoc quan tdm nghién cteu
wng dung trong linh vwec khai thdc mé, voi muc tiéu qudn ly va vdn hanh
khai thdc mé an toan, hiéu qud va tién toi xdy dung co’ sé div liéu cho logi
hinh mé théng minh. Mdy bay khdng ngwoi lai (UAV) va quét laser mdt ddt
(TLS) dworc biét dén la hai cong nghé chinh hién nay ding dé thu thdp di
liéu ddm mdy diém 3D (3D Points cloud - PC) nhanh chéng, cho dé chinh xdc
ddp tng dwoc yéu cdu. Bai bdo nay nghién civu tich ho'p dam may diém 3D
thanh Idp tir dnh bay chup UAV va dir liéu TLS dé xdy dung mé hinh 3D chi
tiét cho mdt bang san Céng nghiép +35 m ctia mé than Niii Béo, vdi dién tich
khodng 12 ha. D€ thuc hién dwoc muc tiu nay, mdy bay Phantom4
Advanced dworc st dang débay chup dnh véi ba phwong dn: chup dnh dang
thanh Idp bdn do 2D vai géc chup 900, chup dnh dang 6 lwéi 3D goc chup
45%va chup dnh tdp trung vdo thdp gie”ng voi goc chup 45°va 60°. Mdy quét
Iaser mdt ddt Faro Focus3D X130 dworc st dung dé quét laser khu vurc thdp
giéng, b6 sung di¥ liéu ddm may diém thanh Iap tir dnh UAV. Pdm may diém
dworc thanh ldp bang cd hai phwong phdp dworc ddnh g1a dé chinh xdc dwa
vao cdc diém tiéu kiém tra da do toa do bang mdy toan dac dién tir Leica
TS09, dwoc ghép vdi nhau bang thudt todn ICP. Két qud cho PC ddm bdo dé
chinh xdc thanh Idp dwoc mé hinh 3D khu vuec thuc nghiém véi mirc do chi
tiét dat LOD3.

© 2022 Trudng Pai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

“Tdc gid lién hé

E - mail: levancanh@humg.edu.vn
DOI: 10.46326/]JMES.2022.63(5).03



Lé Vdn Cdnh va nnk./Tap chi Khoa hoc Ky thudt Mé - Pia chdt 63 (5), 25 - 36 27

1. M¢é dau

Mait bang san cong nghiép mé (SCN), noi co
cac cong trinh quan trong cia mo6 ham 16 nhw hé
théng giéng ding, thap giéng, truc toi nha diéu
hanh va khu vuc ché bién khoang san (Le va
Nguyen., 2016; V5, 2016). Cac cong trinh trén SCN
dwoc xay dung véi hinh dang, kiéu dang, kich
thwéc, chit liéu khac nhau. Hé théng nha xwdng
duoc xay dung 1ap dat két ciu thép, vach va mai
lop ton, nha diéu hanh va vin phong dwoc xay
dwng twong gach kién ¢, thap giéng co chiéu cao
16m nhit trén SCN, phan thin chinh cao trung binh
50 m c6 ciu tao két ciu thép véi cac chi tiét phirc
tap va kich thwére khac nhau. Véi cac cong trinh co
c4u tao khac nhau vé kich thuéc va va mic do chi
tiét dé€ thanh 14p dwgc mo hinh 3D can phai ¢
phuwong phép thu thap di liéu ddm may diém 3D
phu hop.

Chup 4nh bang thiét bi bay khong nguoi lai
(UAV) cho phép thu thip dam may diém (PC) trén
dién rong trong thoi gian ngan (Cao va nnk,
2021b). Tuy nhién, phwong phap nay khong thu
thap dworc dit liéu & cac khu vue dwéi cac 16p phu,
PC thi€u dit liéu tai cac khu vuec bi che chdn. Quét
laser mat dat (TLS) dwoc biét dén 1a cong nghé cho
thu thap dit liéu PC c6 dd chinh xac cao (Nguyén
vannk., 2019). P€ xdy dung mé hinh 3D can c6 sw
két hop ctia UAV va TLS trong thanh 1ap PC dé c6
dam may diém hoan chinh, vi hai cong nghé nay sé
b6 sung cac phan khiém khuyét cho nhau (Bolkas
va nnk.,, 2020; Bui va Nguyén, 2020).

U'ng dung UAV va TLS dé thu thap dit liéu
thanh 1ap md6 hinh 3D d3 dwoc quan tam nghién
ctru véi nhiéu khia canh khac nhau trong linh vuec
ham 10. Tac gid Hu va cong s dd xay dung mo hinh
3D dé mé phong ciu tric dia chat dwong 1o (Hu va
Wan, 2010). Nghién ctru cua tac gia Seung-Joong
va dong nghiép da két luAn mo hinh 3D cho dirliéu
trwc quan da lam ting kha nang dé danh gia do
thang dirng cling nhw sw bién dang clia tru bao vé
(Lee va Choi, 2019). Trong mot nghién ctru khéc,
tac gia Marek va cong sw dd mo phong hé théng
dwong 10 véi cac vét 16 dia chat xuat hién trén
thanh 10 cung cip hinh dnh 3D truc quan phuc vu
danh gia mirc dd anh hwdng, huwéng tién trién cta
cac tai bién dia chat c¢6 thé anh hwong tdi cac
dwong 1o (Marcisz va nnk., 2018).

Trong linh vic khai thdc mé ham 1o tai Viét
Nam, mé hinh 3D dwoc nghién cttu thanh lap cho

mot s6 duong 10 don 1é (Nguyén va nnk., 2019).
Tac gia Cao Xuan Cwong va cong sy da dwa ra qui
trinh tich hop ddm may diém 3D bang UAV va TLS
(Cao va nnk., 2021a) trong nghién ctru khdc nhom
tac gia cling da dwa ra phan tich vé do chinh xac
clia cac phwong phap bay chup khac nhau bang
UAV dé thanh 1ap PC cho khu vwc SCN (Cao va
nnk., 2021b), nhung chi dirng lai & danh gia PC cac
bé mat nén, twong va mai nha.

Tl cic phan tich néu trén thdy dwoc rang
chwa cé nghién ctru nao thanh lap md hinh 3D cho
matbing SCN md. Day 1a khodng tréng nghién ctru
can dwoc 14p day nham cung c4p dir liéu khong
gian dia ly cho viéc phan tich quan ly SCN an toan,
hiéu qud; cung cap dir liéu 3D lam nén tang cho
x4y dung hé thng mé théng minh.

2. Khu vwc nghién ciru

M3t bang sin cong nghiép moé +35 m (SCN35)
mo than Nui Béo, thanh ph6 Ha Long, tinh Quang
Ninh dwoc lwa chon lam khu vyc thuc nghiém,
ranh gi¢i khu vuc do vé dwoc thé hién trén Hinh 1,
dién tich do vé trong ranh gidi la 12 ha. Mé than
Nui Béo dang thwc hién khai thac than theo
phuwong phap ham 10, SCN35 la noi xay dung cac
cong trinh quan trong moé nhw: nha diéu hanh; cac
nha chic ndng; cdp giéng ding chinh va giéng
ding phu c6 chiéu siu -450 m, hé thong thap
giéng, nha diéu khién, hé théng van tai két ndi giao
thong va hoat dong tir trén mat mé t&i hé thong
khai thac tai cAc dwdng 10. Cac cong trinh nay dwoc

an ThanNiiBeo - Vinacomin
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§
L

Hinh 1. Khu virc nghién ctru.
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xdy dwng vi vt liéu va kién tric khac nhau, mét
s6 hé thong nha diéu hanh, nha chirc nang khac
dwoc xdy dung twong bé téng lop ton, hé thong
nha xwéng dwoc dung két ciu thép ban ton. Hé
thong thap giéng dwoc xay dwng két ciu thép cé
chiéu cao khoang 50 m véi phan than dwéi duoc
qudy tén, phan trén cda thap la két ciu thép co
kién truc phirc tap.

3. Thiét bi str dung

Dé thu thip dirliéu thwe nghiém tai SCN35, ba
thiét bi chinh da dugc st dung bao gom: may toan
dac dién t& Leica TS09 Plus (TS09); may bay

khong nguoi 1ai DJI Phantom4 Advanced (P4A) va
may quét laser mat dat Faro Focus3D X130
(F130). b€ ddm bdo d6 chinh xac trudc khi st
dung céc thiét bi nay da dwoc kiém dinh, thong s6
ky thuat thiét bi dwoc thé hién trén Bang 1.

P4A duogc str dung bay chup anh dé thanh 1ap
PC cho toan khu vuc do vé. F130 dwoc st dung dé
quét laser 3D khu vurc thap giéng, cung cap PC do
chinh xac cao va b6 sung cac dit liéu thiéu cho PC
dugc thanh 14p tir dnh chup bang P4A. D€ danh gia
do chinh xac cac PC, thiét bi TS09 dwoc st dung dé
do cac diém khong ché anh mit dat (Ground
Control Point-GCP) va cic diém kiém tra cia mé
hinh (Check Point - CP).

Bdng 1. Théng s6 ky thudt cdc thiét bi st dung.

Hinh anh thiét bi

Thong s6 k§ thuat

Leica TS09 Plus

Do chinh xac ”
do goc 1
D6 chinh xéc Co6 gwong 1,5 mm=*2 ppm
do canh Khong guong 1,5 mm#2 ppm
Faro Forcus X130
Khoang quét 90% phanxa| 0,6+130 m
D6 chinh xac chiéu dai +2 mm
Téc d6 quét (diém/gidy) >976 000
Trwong quét 360x3000
Do phan gidi may anh 7 Mb
DJI Phantom4 Advanced
:;1 Thoi gian bay toi da 30’
yil 1 Vé tinh dinh vi tAm chup GPS/Glonass
; — Loai 1” Cmos
T‘?‘:‘/ b0 phan giai 20 Mb
N k 4 May anh | T6c d6 ctia chap 8+1/8000 s
/ 3:2 (5472 x 3648)
Kich thwéc anh 4:3 (4864 x 3648)
16:9 (5472 x 3078)
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4. Thu thap dir liéu

Trwéc khi bay chup anh va quét laser 3D mat
dat, cac diém GCP va CP dwoc danh diu trén thuc
dia bang tiéu khéng ché anh (Hinh 2), tiéu dwoc
chon tai cac vi tri thong thoang, kha nang xuat hién
trén anh 1a 16m nhat co thé.

Véi qui mo va dién tich khu vue do vé & SCN

R T, TR

Hinh 2. Tiéu khéng ché dnh.
(a) Tiéu ddt trén nén; (b) Tiéu gdn twong.

mo than Nui Béo, dé ddm bao khdng ché va kiém
tra chinh x4c PC vé ca toa do mit bang va cao do.
S8 Iwgng diém GCP va CP can thiét Ian lwot 12 19
va 05 diém, vi tri cac diém nay dwoc bo tri déu trén
khu vye do vé trén Hinh 3a cac diém GCP ky hiéu
mau vang, diém CP ky hiéu mau dé. Hinh 3b thé
hién cac diém mdc tai khu vue thap giéng, cdc méc
K1, K2, K4 va K5 dwoc dit trén nén SCN cidc mdc
con lai dwoc gan trén thap giéng.

Cac diém GCP dung dé nan dnh bay chup bang
UAV va dong thoi dung 1am tiéu ghép tram may
quét laser 3D mat d4t. Toa do cac diém GCP va CP
dwgc do nodi vao cac diém mdc khéng ché giai tich
1 va dwong chuyén cip 1 ctia mo, do chinh xac dat
dwong chuyén cip 2.

Bay chup anh bang UAV dwoc thuc hién voi
03 phwong an: chup anh khu vuc ranh giéi R1 véi
phwong phap dung cho thanh 14p ban d6 2D (map
2D) gbc chup 909, chup anh dang 6 lwdi (grid) voi
goc chup 459 khu vyc ranh gi¢i R2 va chup anh
bay tron quanh thap giéng (circle) khu vuc ranh
gi¢i R3 (Hinh 4). Cac thong s6 nay cho phép thu
nhén t6i da hinh anh cac bé mét ctia déi twgng trén
mat dat. Quy dao bay hinh tron cho phép chup cac
d6i twong dang thap cao mot cach day du, hiéu qua
va an toan do tiét kiém thoi gian va pin st dung
cho UAV. C4c thong s chinh bay chup &nh ctia moi
phwong phap bay dwoc thé hién trén Bang 2.

Cac diém GCP dung dé nan anh bay chup UAV
va dong thoi dung lam tiéu ghép tram may quét
laser 3D mat dat. Toa do cac diém GCP va CP dwoc
do ndi vao cac diém mdc khdng ché gidi tich 1 va
dwong chuyén cip 1 cda md, dé chinh xac dat
dwong chuyén cp 2.

Bdng 2. Théng s6 cdc ca bay chup dnh bdng UAV.

Phwong Goc | Chiéu GSD ~
hap chu chup |cao bay (cm) Khu vuc do vé
PRapMP| (@e) | (m)

Vudng goc| 90 100 | 2,74 |Ranh gi¢ido R1
0 luéi 45 100 | 2,74 |Ranh gi6i do R2

Qui dao 45 .
tron 0 50+80 | 0,5

Ranh gi&i R3

Thiét bi TLS dwoc st dung la loai Faro Focus
X130, thanh lap cac tram quét quanh thap giéng
ding phu, cac tram quét dwoc bo tri tao thanh
phong khép kin (khép vé tram quét dau tién).TLS
dwgc dat & ché do quét 4x cho dd phan giai khong
gian quét doi twong dat 2 mm/10 m.

5. Thanh 1ap ddm may diém 3D

Qui trinh thanh 14p ddm may diém 3D cho
SCN35 bang dit liéu TLS va anh bay chup UAV thé
hién trén Hinh 5.

5.1. Thanh Idp dam mdy diém 3D toan khu vurc

Sw két hop anh bay chup bang UAV chup
vudng goc, chup dang 6 lwdi cho ddm may diém
day dac va do chinh xac tot hon khi xt¥ 1y riéng lé
mdi tredmg hop (Cao va nnk,, 2021b). Do vay, anh
bay chup UAV theo ba phwong phap trong Bang 2
dwgc xtr ly dong thoi trén phin mém Agisoft
Metashape Pro 1.5.2.
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L3

Hinh 4. Cdc khu vuwc bay chup dnh.

Anh bay chup Paa | | s8lieudoTs09 | [ pirlieu quet F130 |
i . ¥ Phan mém
Xir Iy anh thanh lap Xir Iy dit ligu thanh 1ap _ Agisoft Metashape
dam may diém 3D (UAV-PC) dam may diém 3D (TLS-PC) _ Faro Scene
I I
I |
v v
——{ Loc nhiéu PC1 | | Loc nhi&u PC2 |
l Phin mém
| Tach PC thap giéng (PCT) | -Autodesk Recap

-Cloud compare

l !

| Ghép dam may didm PCT va PC2 |

| .| V&mohinh3D V& mé hinh 3D Phan mém
toan khu vuc thap giéng -Autodesk Recap
l l - Autodesk Revit

- Cloud compare
- Sketchup Pro

| Ghép mé hinh 3D t6ng thé SCN35 |

Hinh 5. Qui trinh thanh Idp mé hinh 3D tir di¥ liéu dnh UAV va TLS.
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S dung thuat toan SFM (Structure From
Motion) dé ghép cac anh, tai tao bé mat dam may
diém. PC dwoc thanh 14p qua cac bwéc chinh nhw
ghép anh, binh sai tam giac khong gian anh véi cac
tham s6 dinh hwéng trong, dinh huéng ngoai cia
anh va tao ddm may diém 3D.

Do chinh xac PC trén Hinh 6 dwgc danh gia
bang sai s6 trung phwong dwa vao cac diém kiém
tra (CP), st dung sai s0 trung phwong (RMSE),
tinh toan cho sai s6 toa d6 X, Y, Z , XY va XYZ vé&i
cac cong thirc tinh todn nhuw sau:

2
RMSE :\]Z?zl(XDSM_XCPi) 1)
x n
Y (Yosu — Yep,)”
RMSE — i=1 DSM CPL' (2)
y n
S (Zosw — Zep,)’
RMSE. = i=1\#DSM CP; (3)
z n
RMSEyy = \/RMSE,% + RMSE? (4)

Trong d6: RMSE - sai s6 trung phwong; n -
t61’1g sO diém kiém tra; Xcpi va Xpsm, Yecri va Yosm,
Zacpi va Zpsu - thanh phan toa do twong rng theo
huwéng trucX, Y, Z cua diém khdng ché anh va diém
twong (ng trén mo hinh sé dia hinh (DSM).

Sai léch vi tri toa do cac diém kiém tra méo
hinh & khu vuc nghién cu dwgc thé hién trén

P

Bang 3. Sai s6 trung phwong (RMSE) cia m6 hinh
DSM theo cac thanh phén toa d6 X, Y, Z lan lwot 1a
1,5cm; 1,1 cmval,9 cm.

Bdng 3. Bé léch vi tri toa dé cdc diém CP.

e Sai léch toa d6 (cm)

biém
AX AY AXY AZ

K6 0,9 1,7 19 -1,5

K7 0,4 -0,5 0,6 -2,7
K11 -2,7 -1,5 31 -1,9
K14 -1,5 0,5 1,6 -1,1
K16 -1,0 0,8 1,3 1,1

Hinh 6. Ddm mdy diém 3D tai khu virc SCN35 thanh Idp tir dnh bay chup UAV.

5.2. Thanh Idp ddm mdy diém 3D thdp giéng

Dit liéu quét laser mat dat (TLS) dwoc xt ly
trén phan mém Faro Scene. Cac tram TLS dwoc
ghép v6i nhau bang phwong phéap ndn toa do gian
tiép, dwa vao tdi thiéu 3 diém GCP (Hinh 3) da biét
toa dd c6 trén PC ctia ca hai tram can ghép. Sau khi
ghép tram dam may diém thap giéng (TLS-PC)
nhu Hinh 7b d3 ndm trong hé toa do dia phwong
VN2000 st dung kinh tuyén truc 107045’ mui
chiéu 3.

PC théap giéng thanh 14p tir anh bay chup UAV
(UAV-PC) duwoc cit ra tir ddm may diém cuda
SCN35 (Hinh 7) dwgc két qua nhw Hinh 8a. Trudéc
khi ghép TLS-PC va UAV-PC da dworc loc nhiéu (bd
diém sai, chi tiét thira) trén phin mém Autodesk
Recap 2022.

Viéc hop nhit hai PC thap giéng thanh lap tir
anh bay chup UAV va dir liéu TLS dworc thyc hién
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trén phin mém Cloud compare bang phwong
phap ICP (Iterative Closest Point) tdng quat. Day
la phwong phap dwoc dé xuat bai tac gia Besl va
McKay (1992) va dugc st dung kha phé bién dé
ghép cac PC. Phwong phép st dung thuit toan so
binh phwong nhé nhit véi nhiéu vong 1ap dé gia
tri sai s ghép tinh tir mdi vong 13p gidm dan tdi
gia tri nhé nhit (Besl va McKay, 1992). PC thanh
1ap bang TLS c6 dd chinh x4c cao hon, mat d6 diém
day hon PC ctia UAV (Bolkas va nnk, 2020) nén
dwoc chon lam dit liéu co sé. PC thanh 14p tir UAV
ngoai do chinh xac thap hon va mét do diém thwa
hon, PC nay con c6 su thay d6i nhiéu vé mét khéng
gian ddi twong nhw méo hinh anh, thay déi kich
thwdc (Bolkas va nnk., 2019) nén dwoc chon lam
dir liéu ghép dé 14p vao khodng tréng PC cia TLS.
Két qua ghép hai PC duwgc thé hién trén Hinh 8c.

6. Thanh 1ap mé6 hinh 3D
Mirc d0 chi tiét mé hinh 3D dwoc thé hién

bang LOD (Level Of Detail) theo chuin City GML,
v&i LOD3 doi twgng trén mé hinh dwoc vé véi kién
trac thuec, kich thwéc déi twong 2x2x1 m va do
chinh x4c tuyét ddi ctia diém 3D ca mit bang va do
cao déu phai dat 0,5 m (Groger, 2019).

Vi tri cac d6i twong trén SCN35 nhuw dwong,
cac cong trinh, vi tri cac cay xanh,... dwgc xac dinh
truc tiép trén nén anh truc giao. Kich thwéc vé
chiéu dai, rong va cao cta cic déi twong dwoc do
vé tryec tiép trén PC, dya vao cac thong sé nay md
hinh 3D ctia cac déi twong dwoc dung 3D trén
phin mém Sketchup. Hinh 8a thé hién PC cta toa
nha diéu hanh, chiéu dai phdn mai nha duoc do
truc tiét trén PC, mé hinh 3D toa nha nay dwoc
dwng nhw Hinh 8b. Twong tw vdy, cac khéi nha
khac Ian lwot dwge dwng mo hinh 3D. Puong giao
thong trén SCN35 dwoc vé truc tiép trén nén dnh
truc giao, cac dia vat khiac nhu ciy cdi, bién bao,
coOt dén, cot dién,... dwoc xac dinh vi tri trén anh
truc giao va vé vao mo hinh bang cic ky hiéu
twong rng (Hinh 9).

(a)

Q]

Hinh 7. Ddm mdy diém thdp thdp giéng ditng; (a) UAV; (b) TLS; (c) Sau khi ghép.

74.380m

e

()

(b)
Hinh 8. Mé hinh 3D khéi nha diéu hanh; (a) Hinh dnh trén PC; (b) M6 hinh 3D.
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Phan thin dwéi thap giéng c6 két cdu don
gidn nén dwoc thanh ldp mo hinh 3D twong tw
phwong phap 1ap m6 hinh 3D cho khéi nha diéu
hanh & trén. Tuy nhién, phan thin trén cia thap
giéng duwoc 1am bang két ciu thép va c6 ciu tao
phiic tap. PE14p m6 hinh 3D phén nay can stt dung
dir liéu ghép ddm may diém thap giéng (Hinh 8c¢).

(b)

33

Cot va giang chdng thap c6 kich thudc 16m hon 20
cm c6 thé do xac dinh trén PC cia TLS va UAV
(Hinh 10). Phan kich thwéc nhé hon nhw gidng
chéng thap chi cé thé do dir liéu PC da ghép (Hinh
11). Thap giéng dugrc vé chi tiét va hoan thién mo
hinh 3D cho két qua nhw Hinh 12 va dwoc ghép
vao mo 3D hinh tong thé ctia SCN35 nhw Hinh 13.

(d)

Hinh 9. Cdc déi twong dia vat.
(a) (b) Bién bdo va cdy trén thuc dia; (c) (d) Bién bdo va cdy trén mé hinh.

(a)

(b)

©]

Hinh 10. Cét va gidng chéo thdp kich thuéc 16m hon 20 cm; (a) UAV-PC; (b) TLS - PC; (c) M6 hinh 3D.

(b)
Hinh 11. Gidng chéo thdp giéng kich thuéc nhé hon 10 cm; (a) UAV-PC; (b) TLS - PC; (c) M6 hinh 3D.

(a)

G]
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(a)

(b)

Hinh 12. M6 hinh 3D thdp giéng.
(a) Toan cdnh thdp giéng; (b) Chi tiét phdn trén san 2,3 va 4 cta thdp giéng.

Hinh 13. M6 hinh 3D mdit bdng sdn cong ghiép +35 mé Ntii Béo.

7. Két qua va thao luan

Két qua danh gia do chinh xac PC mat bang
san cong nghiép +35 m mo than Nui Béo dwoc
thanh 13p tir anh bay chup UAV trén Bang 3 cho
thay do 1éch vi tri mit bang va do cao 16n nhit ciia

PC 12 tai diém K6 va K7 lan lwot1a 1,9 cm va -2,7
cm. Sai s6 trung phwong (RMSE) cta PC vé ca vi tri
mat bing va do cao déu dudi 2 cm. Do vay, UAV-
PC dat d6 chinh xac thanh 14p ban do dia hinh ty 1é
1:500 theo TCVN 16074:2015, thoa man diéu kién
twong trng do chinh xac xay dung mo hinh 3D &
mc do chi tiét LOD3.
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UAV-PC cho ddm may diém v&i day da div liéu
cac phan mai cao cia toa nha, thap giéng nhung
phan duédi 6 vang, dwdi mai che lai théu dit liéu
(Hinh 8a). TLS-PC cho két qua ngwoc lai, khoang
tréng dir liéu trén PC tip trung & phan mai cao khi
tia laser khong t&i do chiéu cao may TLS han ché.
UAV-PC va TLS-PC b6 sung cac phan khiém khuyét
cho nhau, két hgp hai phwong phéap cho PC diém
hoan chinh (Hinh 7c).

Theo nghién ctru cia Burdziakowski va cong
sw cac doi twgng trén dam may diém co thé phan
biét dwoc khi cé kich thwéc 16n hon 1,5 lan do
phén gidi 4anh mat dat (GSD)(Burdziakowski va
Zakrzewska, 2021). UAV-PC ctia SCN35 dworc bay
chup v&i GSD = 2,74 cm, kich thwéc d6i twong nhd
nhat phan biét dwoc 1a 4,11 cm. Thap giéng dwoc
bay chup véi GSD = 0,5 cm, kich thwéc doi twong
phén biét dwocla 0,75 cm. Tuy nhién, trén thuc té,
cac daéi twong dia vat c6 kich thwéc 16m nhw cac
khéi nha, phan thin dwéi cla thap giéng, UAV-PC
c6 thé do va dung 3D dwoc & mirc do chi tiét LOD2
(Hinh 7a va Hinh 8a). &’ mtc dd chi tiét cao hon,
phéan than trén cta thap cé két ciu phirc tap hon,
cac chi tiét cot, giang chéo ¢ kich thwdc 16m hon
20 cm c6 thé phan biét dwoc trén UAV-PC nhung
dam may diém thwa khéng thé do kich thwédc doi
twong (Hinh 10a). Cac chi tiét khac cta thap giéng
c6 kich thwéc dwdi 10 cm khong thé phan biét
dwoc trén UAV-PC (Hinh 11a). Cac chi tiét nay c6
thé phén biét va do vé dung 3D trén TLS-PC (Hinh
11b).

8. Kétluian

Cong nghé UAV cho phép thu thap dir liéu
thanh 1ap ddm may diém 3D khu vuc SCN c¢6 dién
tich rong nhanh choéng, hiéu qua. Sw két hop cac
phwong phap bay chup goc chup 909, 6 lwédi 45°
bay chup vong tron quanh thap giéng cho dam
may diém day dua chi tiét hon khi str dung tirng
phwong phap riéng 1é (Cao Xuan Cuong va nnk,,
2021).

UAV va TLS bd tr¢ cac phan thiéu khuyét vé
dit liéu trén ddm may diém cho nhau, sw két hop
cia hai phwong phap nay cho phép thanh lap
dwoc ddm may diém 3D hoan chinh.

Phén trén ctia thap giéng c6 két ciu phirc tap,
nhiéu chi tiét nho khéng thé do vé va dung md
hinh 3D trén UAV-PC. Cac chi tiét nay dwoc do vé
trén dam may diém da ghép va cé thé vé dwoc mo
hinh 3D véi mikc do chi ti€t LOD3.
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