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"Truong Dai hoc Mg . Bi

rIrudmg Dai hoc Khoa hoe va Cong nghe ¢
Yruomg Pai hoc Tai nguyén va Mai tmémé {

Som
Nam]
a chy
la NGI
la N()l
‘om tit o o

:I\:m cdu xdy dung thanh phé ’thdng‘ min‘h trong ;{W trm,h f:at htrtfn !cinh t - xq
héi & mede ta la chi truong ciia Qang :’a.{Vhah”‘lﬂfrC- ‘ fOi;g C;J’C3Daln‘ ’f.’ xdy ditng né,
thanh phd thong minh, mdt hé !hong:du lf’,eu khong gian dia ;1/ 3D la nén tang .Cho e
img dung nhie thiét ké, xdy d;r,ng, dé x‘uat p{mcrng aiZ[ ~1r111g pkz ‘trong. cdac ’."lfO”ng hap
khdn cdp. Bai bdo nay dé xudl quy lrn:{h xdy dung dit li¢u khong gian dia Iy 3D g
dung cong nghé dia khong gian bao gom cac cong ng’he quét L}DAR mat c?dt, cong
nghé chup anh mat dat va cong nghé chup an:h bai:zg m‘ay ba): khong n:gtrm,lai (Ud),
Phan thuec nghiém da duwoc trinh bay bao gom _cc'If” cong viéc thu ﬂ‘lgp’ xir I v xdy
dung dit liéu khong gian dia Iy 3D & mirc do chi tiét ? va 3 (LOD.? va LoD3) theo tigy
chudn CityGML cho khu vuec rong 1 km’ & thanh pho Ha Long, tinh Quang Ninh. Ké
qua ddnh gid do chinh xdc san pham nhdn duwgc dam bdo cdc yéu cau doi vdi di ligy
khéng gian dia ly 3D tuwong img v6i LoD2 va LoD3. Két qua ciia nghién ciru nay gop
phén khing dinh tiém ndng cua tng dung cong nghé dia khong gian trong viéc xy
dung dit liéu khong gian dia Iy 3D trong phuc vu phdt trién cdc thanh pho thong minh
& miede ta trong twong lai gan.

Tir khéa: Dir liéu khong gian dia ly 3D; UAV; LiDAR; Chup anh mét dét; Thanh
phd thong minh.

Abstract

Study on the application of geospatial technology to build 3D geographic data for
smart cities

Building smart cities for socio-economic development is one of priority policies
promoted by the Vietnamese Government. A 3D geospatial data system is the foundation
Jactor for designs, construction and building emergency response proposals inasmart
city. This paper proposes the process of building 3D geospatial data using geOSP""a’
fechnology, including ground-based LiDAR, Close-Range Photogrammelry and QAV
Photogrammetry technologies. The presented experimental part includesthe collection
"‘éf‘.ocess and construction of 3D geospatial data at LoD2 and LoD3 according 1°

ityGML format for an areq of I km? in Ha Long city, Quang Ninh province. Acc’urag
assessment results meet the requirements for 3D geospatial data corresponding

LoD2 and LoD3, Fing; al technolo®
P d 2 . ’ I tec H )
application in buildin ings of this Study showed the potential of geospatia

.ioe N oul
; 8 3D geospati mart cities!
country in the near fi geospatial data for the development of s

ture, '
Keywords:; ; ammelT’
Smart city, * 3D geospatial data; UAV; LiDAR; Close-range photog’
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Y o cie thanh PO
L am thanh pho thong

gt gian did ly 3D cua
i (& nén quan trong
o "gﬁy.cm %n tich hop cua thanh
8 §d phflm dix licu

¥ hé thong
gpiné f anacd :‘mc dich qu::m l)",A gi:ilzl sét
hd rién kinh t€ = X& ll(_)'l
yng cud thanh pho €0
dung dir licu
P“gm an gialy 3D cin Ch'l’l y Cflf: d{u?
o N ummg thanh pho cu thé. Bo1
tin quan trong bac

i thac

ha
eckhw 3p thanh P

3 thlICL Viéc xay
hand &
km iz
s thong thong _ -
:‘ o w0 thanh pho ven bién thor}g
;*13 43 iéu khong gian dia ly 3D cua
sl ,
Cic cong nghé tién t'ién nhu c\()ng
. LiDAR. UAV. hé thong ban do di
ze (MMS), cung céc cong cu xu 1y
;u‘u 6 va dir liéu khong gian dia 1y
4o tin 102 nha (BIM) da dugc tich hop
¢ it wrién cac dit ligu khong gian dia
7D mdi dam bao su than thién, thuan
%21 lim viée véi dic trung cuia dit liéu
D[3} Cing nghé LIDAR c6 thé duoc
=g d¢ bé sung d6 cao cho céc cau
hl‘:Dc“a thanh phé tir cdc ngudn dit
fkh.acnha“ dé xay dung dir liéu khong
“adaly 3D. Tuy nhién cong nghé na
“hen ché vé phan tich khong gi -
S hitn rén hai noudn di vl o (}0
0ihigh 5§ 3 m'gtu(]))n dir 11@‘u d?c }ap
iy ¢ o 4 (. TM) va md hinh
“%hé thyp énht[;)‘ ’Ben canh dé, cong
i Y bay khong ngudi
i i, i
"8 high -

UC hidn rdn~ 2
hin}}l:gn cac tic vy cung cap
cling nhu cdu trac bé

Vi | 1€y .
Bt oo 18 80 dia 1y 3D biing
" Glidu LIDAR nhim dua ra

cdc giai phap vé xa y ‘s
giangdia le ngﬁp h:;lz tc:]lrll;{},] dﬁ"llcu khong
i i pho Honduras

[4]. Dt ligu UA}’ cling duge sir dung dé
thanh 1dp ba W hid )
phd th(‘;llmg l::]m(::) I?l::q:;m[-[l:lm ch‘o (hanh
img voi bién doi kl;; ha T

, khihju [2]. Bén canh
do, Papak(‘):lstantmou [5] dd nhdn dang
vang bo bién va 1§p ban dd 3D sir dung
dftxliéu UAY phuc vu xdy dyng thanh
pho thong minh & ddo Lesvos va by bién
Erfss?f, Hy Lap. Céc nghién ciru trén cho
thay tiém nang cta dit li¢u dia khong gian
trong viéc xdy dung dit liéu khong gian
dia ly 3D cho thanh phé thong minh. Tuy
nhién, & nudc ta méi chi bit dau thuc hién
d6i v6i mot sb khu vye duge tong quan
dudi day.

Téng Cong ty Tai nguyén va Moi
truomg Viét Nam da nghién ciru, xay dung
quy trinh thanh l4p co s& dir liéu (CSDL)
khong gian dia ly va ban dd 3D ty 1¢ 16n
phuc vu quy hoach phét trién db thi, kién
trtic, trong nhiém vu bao tri duy tu cac di
tich lich sit, m6 phong thuc dia trong muc
dich phéan dinh duong bién gidi qudc gia
[6]. pé xay dung CSDL cho nhiéu muc
dich, nghién ctru ing dung cac cong nghé
thu thap dit liéu khéng gian dia ly phuc vu.
xdy dung CSDL da muc tiéu duoc thuc
hién voi nhidu ngudn dit liu tir cong nghé
méi (LiDAR, anh s6, UAV, vién thim,...)
bao gdm dam may diém (Poincloud), anh
truc giao (Ortho photo), mo hinh sb bé
mat (DEM), mé hinh s& miat dat (DTM),
anh cuong do (Intensity) dam bao su vuot
roi vé do chinh xdc cua d lidu khong
nhitng vé khong gian ma con thoi gian
(tinh thoi sy cua dix liéu) [7]-

Nhu véy, cac nghién ctru trudce day va
xu thé tuong lai cho thay, viéc nghién clru
khai thac cong nghé may bay khong ngudi

109
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L ru

&i dimg lai & nhimg
phyc vu chu yeu ch(‘)
thanh 13p ban dd ty 1¢ lon hoic hf’n nira l';‘
mo hinh s6 bé mit. Cée nghiél? clru l'lfly'dd
chimg minh tinh chinh xdc tign I‘Ql, ljnll
hoat, chi phi thdp va hi¢u qu.a': cuzll co.lzg
nghé¢ UAV. Tuy nhién céac ngh:cn Cl.l'u hc’n
quan dén xdy dyng dir l~i¢u khonﬂg gian d;z:
ly 3D cua thanh phd vin con rat han ch¢é
& muc do chi tiét cao (LoD3 VZ‘I'LOD4) .do
quy trinh k¥ thudt cu thé chi tiét cua viéc
str dung dit liéu chup anh tir UAV, chup
anh mat ddt va quét LIDAR chua dugc dé
xuét. Viéc xay dung ha tng CSDL’ khong
gian dia ly phuc vu cho thanh pho thong
minh thuong chi trong véo dit liéu kh(")ng
gian dia 1y 3D c6 muc do chi tiét cao dé
phuc vu quy hoach, thiét ké & ty 1 16n
nhim hd trg cho phat tridn kinh té - xa hoi
va thich tmg véi bién ddi khi hau 1a mot
cong viéc quan trong trong chién luoc
phét trién chung d6i véi thanh pho thong
minh & Viét Nam.

lai tai Vi¢t Nam m
nghién ciru nho l¢,

2. Dit liéu va phwong phép nghién
ciru

2.1. Dix liéu sir dung

2.1.1. Dir liéu énh chup tir UAV

i d6i v6i UAV c6 gan may anh, cac
UAV hién tai con lip dit thiét bi do GPS
dong d0 chinh xac cao (RTK) s€ gidm
dang ké viédc phai bd tri do dac cac diém
khong ché ngoai thuc dia. Cac k§ thuat
bay chyp theo so dd thiét ké tuyén bay
theo ludi vong goc, bay chup & cac dd cao
vai goc nghié‘ng 6ng kinh duge 4p dung
ck}o nha cao tang trong do thi nhdm cung
¢dp md hinh s6 bé mat (DSM) & dang dam
may diém véi d§ chinh x4c c6 thé phuc vu
xdy dung dit lidu khong dia ly 3D & LoD?
hodc LoD3.

110

2.1.2. Dit li¢u anh chup mgt g4,

Mic ;dl‘lkUA'V 1cc’> kha r%éng cung o,
mé hinh s0 bé mat & pham vi rng nhgy
chup dugc & trén cao. Tuy nhién mot s§ bg:
mat ctia dbi tugng (nha, cdy,...) & ghn par
dAt sé& bi che khuat bdi cac doi tuong bén
canh va mai hodc tén cua ching, pé gidi
quyét ph?m b1 che lap trong dit ligy duoc
thanh 1dp bang anh UAV. Phuong phgp
chup anh Iap thé mat dat co thé cung cép
dit liéu khong gian dia Iy 3D cho phén ¢y
thiéu d6. Cac anh chup mat dat s& phyc vy
xdy dung dir li¢u khong gian dia ly 3D (",
LoD3 xung quanh céc dbi tuong ma anh
UAV khong cung cap duoc.

2.1.3. Dir liéu quét LiDAR mat dit

Phuong phap do anh ¢6 uu diém cung
cap dugc dit liéu khong gian dia ly 3D véi
anh chup bé mat truc quan nhu quan sat
bing mat thuong, nhung do chinh xéc vi
tri khong gian phu thudc vao nhiéu ngudn
sai sd cua qua trinh chup anh va do anh.
Boi viy phuong phdp su dung LiDAR
véi d6 chinh xac cao duge str dung nhim
danh gia phuong phap do anh bing UAV
va do anh mit d4t dat dugc dd chinh xdc
mirc no. Phuong phap nay c6 gia thanh
cao hon do phai chi phi dAu tur thiét bi
cong nghé. Viéc két hop céc cong nghé
13 giai phap nhim téi wu héa do chinh xdc
va gi thanh san phim dé c6 thé phuc Vi
phd bién véi pham vi tmg dung rong 1on
& nudc ta.

2.2. Phwong phdp nghién cieu

2.2.1. Chuén dit ligu CityGML

CityGML la chuin dudi dang ngoft
ngir eXtensible MarkUp Languag® quee
xdy dung thanh tiéu chuén qudc 'té dO.Open
GIS Consortium (OGC) dé xudt véi 7
dich thanh 13p va trao ddi di liéV kchone

__/
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xdy dung
; GML dugce xay

(ADE). Céc dinh nghia ny

Ng[’l@h_u'm

Y cho phép tag

4 i 3D f?a GML 3.1.1 boi nlu;)m ra‘ Cc”jc d(‘)‘i ‘ursmg khong gian ridno wia
'clfﬂné“ ang © oup 3D (SIG 3D) ndm  va dic lhulung dung trong mot q(‘)':g *‘"Gt
[fﬂl.ial lntef@tsﬁﬂl1 Geodata Infrastructure hOR cu ‘lhc. ?hﬁng han don vi ql::::r;g
;ong h . gwestpha“a‘ Pirc. CltyGM[, l‘l'l'm (;r:.mng do l‘hi mudn dinh nghia (thé rf]
\'onh'R]‘me. 4 Khia canh cua \m() hinh u:c " lqun? . féc hong nude cay
g B0 odm: chuyén 4@ VA nglr HB KO8 MOt MA hinh 31) 43 duge iy
panh P ur(mg hinh hoc, quan h¢ hinh n"g iy t]rllmc‘ B0l ltrqng Mai dinh nghia
s 90 46 tugng v bé ngoai ctia = 98 Wo dU({C Xdy dung tir lop dé;
o ﬂ cic ol 5. CityGML con cé l}rqngcha t?ng do :l.u va ké thira c4c thude
301 rone: \z e 46 chi i & (LoD) tinh sin c6 cua déi tugng nay.

;c Jinh nghid

g 801 U

v -

U'DO 101 LOD4 A o
)22 Mo rong ngon ngie CityGML

CiyGML co co ché cho phép xay

theo 5 muc khic nhau tir

(}:’m dinh nghia vé déi twong méi nay
c6 thé duoc thém vao phin dinh nghia tén
mién XML riéng so véi céc dé; tuong da
¢ trong Cit}:GML. Ngoai viéc dinh nghia
thém céc doi tugng thi ngusi sir dung
cing c6 thé dinh nghia thém cac thudc

jong ciC 461 tuong md rong r?goz‘ai cac
i «zong khong gian da dugc dinh nghia
sn. Co ché nay duoc goirlz‘l kha nang
o rong dinh nghia cac doi tuong Ung
4mg - Application Domain Extensibility

tinh cia mdi ddi twong 6 sin. Ching han
dé phuc vu muc dich quan ly do thi thi cé
thé thém cac thudc tinh cho ddi tuong nha
nhu nam xay dung, loai nha,...

< cFeature>>
gml::_gnun ExternalReference
i - informationSystem: anyURI
¢<FeatureCollection>> <<Feature>> ;
CityModel <> ." CltyObject ] - extemalReference:
= ExternalObjectReferenceType
A
[ T I I ]
<<Feature> > <<Feature>> ¢¢Featura>> ¢ ¢Feature>> ¢<<Feature>> L
_Site _Transportation || ReliefFeature || _WaterBody || _Vegetation
I Obfect
<<Feature>> = T
_Abstract
Building
\
<<Geometry>>

loD0-4GeometryProperty ~

gmi::_Geomelry

Hinh 1: M@ rong ngon ngit CityGML
dung mo hinh 3D theo ¢

223, Quy trinh thyee nghiém

Néw ma s .
i deu M6 hinh 3D ban ¢iu khéng &
tang :ng CityGML thi cin chuyén dinh
thg vzng chudn CityGML dé c6 thé
D vig oa :
Expone “Ong cu 3DCityDB Importer-

T ; At dé
%0l. Cach dop gian nhat dé xay

ghi lai t ‘ |
dir liéu CityGML bing cac
thao van ban. Tuy nhién cac
thé thuc hién dugc voi cé

mirc d6 chi tiét thap

JoD0-4GeometryProperty

hudn CityGML 1a
hong tin dir ligu 3D theo cdu tric
cong cu soan
h ny chi 0
¢ mo hinh 3D ¢o
(LoDO, LoD1). Péi

111
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5 d¢ chi tiét cao hon (tir

. véu to hinh hoc cua m(?
&t phtrc tap, ngodi ra];;h;n

5 hinh,
gin thém chc anh texture cho mo

3 D sang dinh
. & chuyén mo hinh 3 :
do 46 CyOML cb str dung céc cong et

hinh thuong T

chuyén ddi vi du nhu Safe Softyy,
(hltps://WWW.Safe.Com/), cong oy ¢
4di CityEditor tich hop trén g
(https://www.3dis.de/cityeditor/).
trinh thue nghi¢m duge mo ta trong
vé& dudi day:

huyéy
etchu

QUy
Hinh

i can
dan CityGML _
" hap UAV Chyp anh mjt dit Quét LiDAR
Bay chup
y 4
— :; didm 3D pam may diém 3D Pam may diém 3D
m ma /

S

Dyng mé hinh 3D
trén Sketchup

A 4

Chuén héa mé hinh
3D theo CityGML

A 4

Di li¢u thudc tinh

Dir liéu khéng gian
" dialy 3D

Hinh 2: Quy trinh thuc nghiém

2.2.3.1. Dung mé hinh 3D tir dit
lieu anh UAV bing phd‘n mém Google
Sketchup (GG - SU)
Pam may diém thu duoc sau khi xit
Iy anh UAV, chup anh mat dét va quét
LiDAR miit dét bao gém qua trinh loc céc
diém dam may cta cac dbi twong can do
vé (loai bd cac diém dam mAy nhiéu khong
ph‘éi ciia d6i tuong) va dugce nhap vao phén
m‘ém GC% - SU, sau d6 sir dung cac cong cu
d(‘? hoa d¢ vector hda duong bién va céc chi
tiéf mai cua céc toa nha trong khudn vién.
Tiép theo, céng cu Push/Pull duge sir dung
d? dl.mg‘ dudng bién thanh mé hinh 3D dua
vag chiéu cao cac chi tiét cia toa nha tri;:h
{(uEt trBdm may diém. P& tao mé hinh 3D
&
fir é(;izt;;ogzoteggri ’C'ﬁa'méix du(_') ¢ gan
thay con laj th te’ N 'be mat nhin
: Xture dugc gan tir cac anh
112

chup UAV va chup anh mat dit & goc chup
45 @6 va 90 d@6. Viéc gan texture nay duge
thuc hién thong qua cdng cu Match Photo
c6 san trén GG-SU.

2.2.3.2. Chuyén mé hinh 3D sang
dinh dang CityGML bang Safe Software
FME

M6 hinh 3D thir nghiém trong
nghién ctru nay dugc xdy dung 0 LoD2,
LoD3 céc yéu té hinh hoc ctia md hinh rat
phirc tap, ngoai ra phai gén thém cé’c anh
texture cho mé hinh, do do dé chuyén m0
hinh 3D sang dinh dang CityGML due¢
thuc hién bing phin mém Safe Software
- FME (https://www.safe.com) Safe
Software FME la cong cu manh _mé trqgﬁ
chuyén d6i dit liéu khong gian glﬁf nh;éi
dinh dang khac nhau ma khong o dI:JUC
viét ma 1ap trinh. Viéc chuyén 4%
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rinh duge Xay Q\rng
en  lap sin trén phan mém.
am d”,q . ,.,j,mh- tinh cho mé hinh
223 { Lx\;;_‘.’;w,-,,, }hién dir liéu khong
~GML¢
:«fﬂf’ dia I'V.J (hién dir liéu khong giandialy
& anﬂ;'th " chudn CityGML dugc
pL PostGIS bing cdng cy .3D
rter Exporter. Ti{ap thco’cong
DB 1P+ sir dung dé chuyén dir
o 1Y CUQHSL cang dinh dang JSON. D
jeu o Cunh bao g&n: 1. Tén toa nha; 2.
liéu, m:;: 3. Piachi; 4. Nam xay dung; 5.
S?i;ng c-ﬁng duoc xuat ra: té_lf Ex::el ban%
;bns c;.l ndy va nhdp v:'a.o <?e lién ket von d1~r
':iéu.khéng gian cua Mo hinh 3D tao ra dit
Iié‘J khong gian dia ly 3D.

Hinh 3: Khu viee thuc nghi¢m

32. Mé hinh dim may diém

Hinh 4 bidy didn d4m may diém 3D
"0tkhu bigt thy 1idn k& - Townhouse
an;e“a‘fﬁc e dio thuge khu do thi
ay chyp %i?/LOng nhén dugc tu ket qu,é
Libag miit d’ichuP anh mat dat va quét
* dat trong khu vuc 1 (mau

Cﬁa

Ndllfu_ﬂb‘

A : o
3. Ket qua nghién cipy VA thio lugp

3.1. Khu viee thyee nghi¢m

Khu thyue nghi A
km? trong Hinl.1 3 ?}flll‘(ﬁm|m‘ng khfmjg !
va phuong Hung Tha"mp “:;:lg i Shéy
Long, tinh Quang Ninh bg;; ;mh pf:() }lz::
e 0 gom phan chi
yeu thude khu do thj cao cdp ven bién clia
tap doan BIM group xay dung. Khu dé thi
gdm ¢b cac biét thy riéng biét hodc céé
biét thu lién ké, Ngoai ra c6 céic hé thong
giao thong, cfip thodt nude nodi by va cac
cong trinh cong cong phuc vu sinh hoat
cong dong. Mot sé nha cao ting phuc vu
noi 0, khach san hodc tru s¢ lam viéc cua
cac td chite doc céc truc duong chinh.,

xanh) trén Hinh 3. Trong khi do, P‘linhl?l
bidu dién dam mdy diém 3D ctia toan nl \
cao 26 thng (Khéch san phat Linh tea ac

1A E Marine,
. e i 1.6 1 Dai 1o Ha Long
tai dia chi: Lo e phé 1o Liong,

o BLAG: T
huong Bal Chay, p

finh Quang Ninh) trong khu vuc 2 (ma
3) trén Hinh 3.

do) trén Hi N
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ndy diém ctia mpt ddy biét thi lién ké
3.3. Xay dung dir ligy khong gian
dia ly 3D

Hinh 4: Két qud dim 1

Xdy dung bang thudc tinh theo ¢4
truong dit liéu yéu cau ddi véi cac g
tuong khong gian trén mé hinh 3D ppy,
minh hoa trén Bang 1. C4c thong tin thude
tinh thu thap dugc tir thuce dia, céc dir ligy
ban dd va céc dir liéu thong ké duge nhip
vao dé chuan bi tao dit liéu khong gian dia
ly 3D hoan chinh.

° ‘ hd 4 A .:
Hinh 5: Két qua dim mdy diém cia mjt

nha cao 26 tfmg

Bing 1. Dit ligu thuge tinh cho cic ddi twgng khong gian nha o
]
ID - A E Nang SoTang
m% 4992-8¢8b TenCongtrinh LoaiMai | Chuclals - ——
92dbc989ae7¢ e Biet thu Be tong cot thep Nhao _/5/
8ml_3Mb613b5-6a¢3 45009331 coe =Eer | il
W Nha cap 4 Mai ton ﬂ%)
14 i T s

/

T ’ -
9p chi Khoa hoc T nguyén va Moi trieong - So 40 - nam e
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Neliiy -

TenCongtrinh LoaiMaij Che o
| > L C "
. Be tong cot thep | Nang [$0Tang]
Biet thu p =
. doc Nha o 0
Biet thu Be tong eot thep | ————H—_
T doc Nha o 4
Biet thu Be tong cot thep F pa—
doc ao 4
\\
Nha cap 4 Mai ton Nha Hang \TN
. \4_\_\
Nha cap 4 Mai ton Nha Hang i
\“\_
1‘ Khach san Be tong cot thep  |Nha o 6
"“l‘ Biet thu dBe tong cot thep Nha o _T
?;::GHZNCS 131b-9816- ; B(::Ctong cot the
ml}wéf‘;s-fc-id 4 Biet thu doc P Nha o 4

sau khi da xdy dung duoc mod hinh dir liéu khéong gian theo dinh dang CityGML.

Cicthu

i ndv chi Vo1 tén cdc tru s¢ cua cac td chire, doan thé dugce nhap vao.
g e = _

r;:;;.—_:ﬁ,

Hinh 6: Dit liéu khong gian dia ly 3D cho doi tiegng nha ¢

s tinh duge nhp vao dé lién két vai dix lieu khong gian nhu Hinh 6. Trong két

i 34 Dinh gid dp chinh xdc div lidu
¥ty ding dyge
347 Dénh

Ong gin s
"8 gian sir gy,
a digy fir

gid dj chinh xdc vi tri
ng 56 liéu do bang toan

Duav‘ ’ r
- Havy &t
taly 4z o ooC ket qua do toa do (x, y, 2)

sau khi xtr ly tur két qua chup anh va dm%rc
str dung dé so sanh véi toa do (x, ¥, 2) cac
diém dic trung tuong Ung duoc do bing
ché do do khong guong cua may todn dac
dién tir. Sai s6 trung phuong nhan duoc
m;x= 1,4 cm; m, = 1,6 cm; m, = 1,7 cm.

V&i do chinh xac cac diém kiém tra nhq

1 - : \ N r A
gy 2° UG trén dia vit gdm cdc  trong Bang 2, md hinh 3D hodn T on gz
A (V] A 3 L B X n % ’ 4 A 3 a va do
0 hing, 3Dg ¢ nha (Hinh 7) truc tiép trén  dat d6 chinh xac ve mat bang

Cua d; A . X £
A ddm may diém lay duoc

v6i ban b dia hinh ty 1€ 1: 500.
— 115

h

T > . =
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7. Cic diém kiém tra dp chinh xdc cia mo hinh 3D

Hinh P
Bing 2. Két qua ddinh gid do chinh xa’c ctia mo hinh 3D
. ] piém ldy tir két qua do toan dac $ai $6 giira 2
Ky | Diém ldy tir ket qua chup a[m dién tir khong guon phrng phip
TT | hiéu : § AX | Ay
diém | X (m) Y(m) | Zm) X (m2 L . (cm) | (cm) (fﬂzl)
T 206 | 2317860,907 | 423488,709 | 15231 | 2317860,507 | 423489,309 | 14,731 | 04 [ -06 {05 |
2 | 208 [ 3 17874,3?9 423509,929 | 15,936 | 2317876,869 | 423513,229 | 14,736 | 25 | -33 | 12
3 | 209 | 2317854,096 | 423478,560 | 6,682 | 2317852,196 423477,960 | 6,882 | 1.9 | 06 |-02
1 | 216 | 2317876,050 | 423509,368 | 11,268 | 2317874,850 423511,068 | 7,463 12 | -1,7]38 )
5 | 224 | 2317876,282 | 423456,367 | 12,857 | 2317874,482 | 423456,767 | 11,557 | 1.8 | -04 | I3
6 | 228 | 2317867,293 | 423461,408 | 7,344 | 2317865,493 | 423460,308 | 6,044 [ 1.8 | 11 |13
7 | 244 | 2317877,199 | 423462,313 | 8,805 | 2317877,099 | 423460,913 | 6,905 [ 0,1 | 14 |19
8 | 246 | 2317885,009 | 423470,343 | 17,139 | 2317884,709 | 423472,743 | 14,739 | 0,3 | 24 | 24
9 | 265 | 2317890,242 | 423515,297 | 9,391 | 2317890,042 | 423513.297 | 10,291 | 0,2 | 2,0 |-09
10 | 269 | 2317901,673 | 423504,768 | 6,292 | 2317902,573 | 423505,668 | 7,792 | -0,.9 | -0.9 | -1.5
11 | 273 | 2317897,669 | 423491,230 | 7,443 | 2317897,369 | 423490,530 | 7,543 | 0,3 | 0,7 |-0,
12 ] 275 | 2317893,952 | 423485,024 | 16,693 | 2317891,352 | 423483,324 | 18,793 | 2.6 | 1,7 |-2!
Sai sd trung phurong . 14| 16 | L7

3.4.2. Ddnh gia
khong gian sir dung 56 liéu quét LiDAR

mdt dat

dé chinh xdc vi tri

Duya vao md hinh cita d4m may didm
xdy dung tir dir liéu quét LiDAR mit dat
dé so sinh véi toin bd cic diém trén

md hinh dam may didm xdy dung bing
phuong phap chup anh mit dit va chup

anh tir UAV cho két qua sai s tong hop
khéng qua 0,5 m d6i v&i nha

(Hinh 8),

116

cao tang
Hinh 8: Phén bé ciia cdc dié \
i dam

ting cé khodng cdch so v
5 5 it dit

xdy dung tir quét LIDAR m
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oy danh gia do chinh xac

Qud 1.\6 ay diém xdy dung tir cac
< chup anh 14p thé tir mit dat
. hé tir UAV, dir liéu dam
viéc xdy dung dix
3D & murc do chi

cud che

ong i
ph*" = anh 14p ¢

4m dam bao cho
o gian dia ly

o &

may d

. kh
i3 (LoD

4 Kétludn
ctru nay dé dé xuat quy trinh
e nghiém xay ('h'mg iifr heu kll@}lg gian
§al 3D tr céc dam m'tay diém nhan dlf'QC
u‘;c:ic cong nghé chup anh UA\{, chup anh
it dit va quét LIDAR mat dat phu hop
\m gidu kién & khu vuce thuc nghi‘ém. Bé’n
canh d0, céc diI liéu thudc tinh vé cac doi
wong khong gian cling dgqc thu thap va
chip vao dé minh hoa ddy du cac budc
cua quy trinh.

Cic két qua thuc nghiém vé md hinh
3D dam mdy diém, dit liéu thudc tinh va
dir litu khong gian dia ly duoc dua ra thé
hién tinh kha thi ciia quy trinh da dé Xuét.
Viéc danh gia d9 chinh xac két qua dir liéu
md hinh 3D béng cach so sanh v&i céc két
qllé:l do bang toan dac dién tir khong guong
khang dinh két qua dir liéu nhan duoc c6
09 chinh x4c dap umg yéu cau cua dit liéu
khng gian dia ly 3D ¢ LoD3.

. Loi cim on: Bai bao dugc hd tro dit
ITIZ:‘ :ﬁ kiflh P‘hi tir dé tai KHCN cap Bd
ing di‘;lyenAva Mélltnlximg: Nghién ciru
ding ;jﬁgl_cAOHg n:%hf.: d}a khong gian x4y
W lf; khong gian dia.\’l)'l 3D cho
i g, kjénozgammh ven ’blt.g.:l phﬁ. hgp
e g h s 1€t Nam, }h1 diém tai ¥<hu
0 g, TNII)\/['CI)‘Ha Long, tinh Quang Ninh,

2021.04.04.
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