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Nhu cdu xdy dung thanh phé théng minh trong qud trinh phdt trién kinh té - xa
hoi o nudc ta la chi truong cua Dang va Nha meoc. Trong cdc thanh td xay dung nén
thanh phé théng minh, mot hé thong div ligu khong gian dia ly 3D la nén tang cho cdc
ung dung nhi thiét ke, xdy dung, dé xudt phirong dn g phé trong cdc truong hop
khan cdp. Bai bdo nay dé xudt quy trinh xdy dwng dir lieu khong gian dia ly 3D s
dung cong nghé dia khong gian bao gom cdc cong nghé quét LiDAR mat ddt, cong
nghé chup anh mat ddt va cong nghé chup anh bang mdy bay khong nguoi ldi (UAV).
Phan thiee nghiém da dwoc trinh bay bao gom cdc cong viée thu thdp, xir Iy va xdy
dung dir li¢u khong gian dia ly 3D o mikc do chi tiét 2 va 3 (LoD2 va LoD3) theo tiéu
chudn CityGML cho khu viec réng 1 km? ¢ thanh phé Ha Long, tinh Quang Ninh. Két
qua ddnh gid dj chinh xdc san pham nhéan dwoc dam bdo cdc yéu cau doi voi dir liéu
khong gian dia Iy 3D twong ing voi LoD2 va LoD3. Két qua ciia nghién ciru nay gop
phan khang dinh tiém nang ctia iing dung cong nghé dia khong gian trong viec xdy
dung dir liéu khong gian dia ly 3D trong phuc vu phat trién cdc thanh phé théng minh
6 nuéc ta trong twong lai gan.
Twr khéa: Dir li¢u khong gian dia ly 3D; UAV; LiDAR; Chyp anh mat dét; Thanh
ph 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
factor for designs, construction and building emergency response proposals in a smart
city. This paper proposes the process of building 3D geospatial data using geospatial
technology, including ground-based LiDAR, Close-Range Photogrammetry and UAV
Photogrammetry technologies. The presented experimental partincludes the collection,
process and construction of 3D geospatial data at LoD2 and LoD3 according to
CityGML format for an area of 1 km? in Ha Long city, Quang Ninh province. Accuracy
assessment results meet the requirements for 3D geospatial data corresponding to
LoD?2 and LoD3. Findings of this study showed the potential of geospatial technology
application in building 3D geospatial data for the development of smart cities in our
country in the near future.

Keywords: 3D geospatial data; UAV; LiDAR; Close-range photogrammetry;
Smart city.
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1. Pit van dé

Trong béi canh cac thanh phd 16n
dang hudng tdi xay dung thanh phd thong
minh, dir liéu khong gian dia ly 3D cua
thanh phd ngdy cang trd nén quan trong
cho hé thdng thong tin tich hop ctia thanh
phé [1]. Viéc khai thac san pham dir liéu
khong gian dia 1y 3D thanh phd théng
minh cho cac muc dich quan ly, gidm sat
céc hoat dong phat trién kinh té - xa hoi
va bao vé moi truong cua thanh phd cé
y nghia cap thiét. Viéc xay dung dit liéu
khong gian dia ly 3D cin chu y cac dic
diém riéng cua tirng thanh phd cu thé. Boi
vy, hé thong thong tin quan trong bic
nhat cho mot thanh phé ven bién thong
minh 1a dit 1iéu khong gian dia ly 3D cua
thanh phé [2].

Céc cbng nghé tién tién nhu cong
nghé LiDAR, UAV, h¢ théng ban d6 di
dong (MMS), cung cac cong cu xu ly
dr liéu 16n va di liéu khong gian dia ly
thong tin toa nha (BIM) da duogc tich hop
dé phat trién cac dir liéu khong gian dia
ly 3D mdi dam bao sy than thién, thuan
tién khi [am viéc véi dac trung cua dit lidu
3D [3]. Cong nghé LiDAR c6 thé dugc
stt dung dé bd sung d6 cao cho cic cdu
tric 2D cua thanh phd tir cac nguédn dir
liéu khéc nhau dé xay dung dit li¢u khong
gian dia ly 3D. Tuy nhién cong ngh¢ nay
con han ché vé phan tich khong gian do
thuc hién trén hai nguén dir liéu doc lap
12 m6 hinh sé bé mat (DTM) va mé hinh
tdoa nha s (DBM). Bén canh d6, cong
nghé chup anh tr may bay khong nguoi
14i ¢6 thé thuc hién cic tac vu cung cép
dir liéu dia hinh ciing nhu ciu tric bé
mat, hinh anh cta cac cong trinh [3]. Xay
dung dir liéu khong gian dia ly 3D bang
vi€c su dung dir li¢u LiDAR nham dua ra
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cac giai phap vé xdy dung dit liéu khong
gian dia ly ngap lut & thanh phd Honduras
[4]. Dt liéu UAV ciing duoc str dung dé
thanh 14p ban do 3D ven bién cho thanh
phé thong minh Pusan, Han Qudc thich
g v6i bién ddi khi hau [2]. Bén canh
do, Papakonstantinou [5] da nhan dang
ving bo bién va 1ap ban do 3D sir dung
dit liéu UAV phuc vu xdy dung thanh
phé thong minh ¢ dao Lesvos va bo bién
Eressos, Hy Lap. Cac nghién ctru trén cho
thy tiém nang cua dit lidu dia khong gian
trong viéc xay dung dir licu khong gian
dia ly 3D cho thanh phd thong minh. Tuy
nhién, & nudc ta méi chi bat dau thuc hién
ddi véi mot s6 khu vue duge téng quan
dudi day.

Téng Cong ty Tai nguyén va Mai
truong Viét Nam da nghién ctru, xay dung
quy trinh thanh lap co s¢ dir liéu (CSDL)
khong gian dia ly va ban d6 3D ty 1¢ 16n
phuc vu quy hoach phat trién dé thi, kién
truc, trong nhi€ém vu bdo tri duy tu céc di
tich lich str, mé phong thuc dia trong muc
dich phan dinh duong bién gidi qudc gia
[6]. Bé xay dung CSDL cho nhiéu muc
dich, nghién ctru rng dung céc cong ngh¢
thu thap dir liéu khong gian dia ly phuc vu
xay dung CSDL da muc tiéu dugc thuc
hién v6i nhiéu ngudn dit liéu tir cong nghé
moi (LiDAR, anh s6, UAV, vién tham,...)
bao gdm ddm may diém (Poincloud), 4nh
truc giao (Ortho photo), mé hinh sé bé
mit (DEM), mé hinh sé mat dat (DTM),
anh cuong do (Intensity) dam bao su vuot
trdi vé do chinh x4c cta dit liéu khong
nhitng vé khong gian ma con thoi gian
(tinh thoi sy cua dit li¢u) [7].

Nhu vay, cac nghién clru trudc day va
xu thé tuong lai cho thdy, viéc nghién ctru
khai thac cong ngh¢ may bay khong nguoi
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lai tai Vit Nam mdi dung lai ¢ nhiing
nghién ctru nho 1€, phuc vu chi yéu cho
thanh 1ap ban dd ty 1¢ 16n hodc hon ntra la
mo hinh s6 bé mit. Cac nghién ciru nay da
ching minh tinh chinh xéac tién loi, linh
hoat, chi phi thdp va hiéu qua cta cong
nghé UAV. Tuy nhién cac nghién ctru lién
quan dén xay dung dir liéu khong gian dia
ly 3D cua thanh phé van con rat han ché
& muc do chi tiét cao (LoD3 va LoD4) do
quy trinh k¥ thuét cu thé chi tiét cta viéc
su dung dir li€u chup anh tir UAV, chup
anh mit dat va quét LIDAR chua duoc dé
xuat. Viéc xdy dung ha tang CSDL khong
gian dia ly phuc vu cho thanh phd thong
minh thuong chu trong vao dir liéu khong
gian dia 1y 3D c¢6 mirc d6 chi tiét cao dé
phuc vu quy hoach, thiét ké ¢ ty 1& 16n
nham hd tro cho phat trién kinh té - x4 hoi
va thich tng vé6i bién d6i khi hau 1a mot
cong viéc quan trong trong chién luoc
phat trién chung d6i vdi thanh phé thong
minh ¢ Viét Nam.

2. Dir liéu va phwong phap nghién
ciru

2.1. D li¢u sw dung

2.1.1. Dir lieu anh chup tuw UAV

Di d6i véi UAV c6 gin may anh, cac
UAV hién tai con lap dat thiét bi do GPS
dong do chinh xéc cao (RTK) s& giam
dang ké viéc phai bd tri do dac cac diém
khéng ché ngoai thuc dia. Cac ky thuat
bay chup theo so d6 thiét ké tuyén bay
theo ludi vong goc, bay chup ¢ cac dd cao
v6i goc nghiéng dng kinh duoc 4p dung
cho nha cao tang trong d6 thi nhim cung
cap mo hinh s6 bé mat (DSM) ¢ dang dam
may diém véi d6 chinh x4c ¢6 thé phuc vu
xdy dung dit liéu khong dia ly 3D ¢ LoD2
hoac LoD3.
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2.1.2. Dit liéu anh chup mat dat

Mic di UAV c6 kha nang cung cap
mo hinh s6 bé mit & pham vi rong nho bay
chup duoc & trén cao. Tuy nhién mot s6 bé
mit cta dbi tuong (nha, cdy,...) & g?m mat
dat s& bi che khuét boi cac d6i tugng bén
canh va mai hodc tan cua ching. Dé giai
quyét phan bi che 1ap trong dit liéu duoc
thanh 1ap bang anh UAV. Phuong phap
chup anh 1ap thé mat dt c6 thé cung cap
dir liéu khong gian dia Iy 3D cho phan con
thiéu d6. Cac anh chup mat dét s& phuc vu
xay dung dir li¢u khong gian dia ly 3D &
LoD3 xung quanh cac dbi twgng ma anh
UAV khéng cung cip duoc.

2.1.3. Dir liéu quét LiDAR mdt ddt

Phuong phép do anh ¢6 wu diém cung
cap duoc dir liéu khong gian dia 1y 3D véi
anh chup bé mat tryc quan nhu quan sat
be"mg mit thuong, nhung do chinh xac vi
tri khong gian phu thudc vao nhiéu ngudn
sai s6 cua qué trinh chup anh va do anh.
Béi vay phuong phép st dung LiDAR
v6i do chinh xac cao dugc st dung nham
danh gia phuong phép do anh bang UAV
va do anh mat dat dat duoc do chinh xéac
murc nao. Phuong phap nay c6 gia thanh
cao hon do phai chi phi dau tu thiét bi
cong nghé. Viéc két hop cac cong nghé
1a giai phap nham toi uvu héa do chinh xéac
va gia thanh san pham dé c6 thé phuc vu
phé bién v6i pham vi Gmg dung rong 16n
O nudc ta.

2.2. Phwong phdp nghién ciru

2.2.1. Chuén dit liéu CityGML

CityGML 1a chuan dudi dang ngén
nglt eXtensible MarkUp Language dugc
xay dung thanh tiéu chuan quc té do Open
GIS Consortium (OGC) dé xuét v6i muc
dich thanh lap va trao d6i dir lidu khong
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gian do6 thi 3D. CityGML dugc xay dung
trén nén tang cua GML 3.1.1 bdi nhém
Special Interest Group 3D (SIG 3D) nam
trong chuong trinh Geodata Infrastructure
North-Rhine Westphalia, Duc. CityGML
trinh bay ca 4 khia canh cua mé hinh
thanh phé bao gém: chuyén dé va ngir
nghia, ddi twong hinh hoc, quan hé hinh
hoc giita cic ddi twong va bé ngoai cua
cac ddi tuong. Ngoai ra, CityGML con ¢6
cac dinh nghia vé mic d6 chi tiét (LoD)
ctiia d6i tuong theo 5 mirc khac nhau tir
LoDO t&1 LoDA4.

2.2.2. Mo rong ngon ngir CityGML

CityGML ¢6 co ché cho phép xay
dung cic ddi twong md rong ngoai cac
d6i tuong khong gian d3 duoc dinh nghia
san. Co ché nay duoc goi 1a kha ning
mo rong dinh nghia cac déi tuong tng
dung - Application Domain Extensibility

Nghién ciru

(ADE). Cac dinh nghia nay cho phép tao
ra cic doi twong khong gian riéng biét
va dac thd tng dung trong mot sb truong
hop cu thé. Chang han don vi quéan ly
moi trudong do thi mudn dinh nghia thém
cac doi tuong 1a cac hong nude tudi cay
vao trong mot mo hinh 3D da duoc dinh
nghia tir trude. P61 tuong mdi dinh nghia
nay c6 thé duoc xdy dung tir 16p doi
tugng ha ting do thi va ké thira cac thudc
tinh sn c6 cua dbi tugng nay.

Céc dinh nghia vé ddi tuong mdi nay
c6 thé duge thém vao phan dinh nghia tén
mién XML riéng so vdi cac ddi tuong da
c6 trong CityGML. Ngoai viéc dinh nghia
thém cac ddi tuong thi ngudi sir dung
cling c6 thé dinh nghia thém cac thudc
tinh ciia mdi ddi twong c6 san. Chang han
dé phuc vu muc dich quan 1y d6 thi thi c6
thé thém cac thudc tinh cho déi twong nha
nhu nam xay dung, loai nha,...
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gml::_Feature

4}‘ ExternalReference
<<FeatureCollection>> <<Feature>> - informationSystem: anyURI

K>—> Ci ; - externalReference:

. ityObject 2

CityModel = EP J ExternalObjectReferenceType
[ I | [ [
<<Feature> > < <Feature>> <<Feature> > ¢<<Feature>> <<Feature>>
_Site _Transportation ReliefFeature || _WaterBody _Vegetation 2
| Object
=

<<Feature>>
_Abstract
Building

)

LY

loD0-4GeometryProperty

<<Geometry>>
gml::_Geometry

loD0-4GeometryProperty

Hinh 1: M¢ rong ngon ngir CityGML

2.2.3. Quy trinh thyc nghiém

Néu mé hinh 3D ban dau khéng ¢
dinh dang CityGML thi can chuyén dinh
dang sang chuan CityGML dé c6 thé
nhdp vao cong cu 3DCityDB Importer-
Exporter Tool. Cach don gian nhat dé xay

dung mé hinh 3D theo chuan CityGML la
ghi lai thong tin dit liéu 3D theo ciu tric
dit liéu CityGML bang cic cong cu soan
thdo van ban. Tuy nhién cach nay chi co
thé thuc hién dugc vdi cdc mo hinh 3D ¢
mirc d6 chi tiét thip (LoDO, LoD1). Pdi
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v&i méd hinh 3D ¢6 @6 chi tiét cao hon (tir
LoD2) tr¢ 1én, cac yéu t4 hinh hoc ctiia mo
hinh thuong rat phic tap, ngoai ra phai
gan thém cic anh texture cho mo hinh,
do d6 dé chuyén mé hinh 3D sang dinh
dang CityGML cén st dung cac cong cu

chuyén d6i vi du nhu Safe Software-FME
(https://www.safe.com/), cong cu chuyén
d6i CityEditor tich hop trén Sketchup
(https://www.3dis.de/cityeditor/).  Quy
trinh thuc nghiém dugc mo ta trong Hinh
ve€ dudi day:

Bay chup UAV Chup anh mit dét Quét LIiDAR

\ 4 A

y A 4

Pam may diém 3D DBam may

diém 3D Pam may diém 3D

A 4
\ Dvng mb ki 3D /

trén Sketchup

A

y

Chuén héa md hinh
3D theo CityGML

A

y

Dit liéu thudc tinh Dt liéu khong gian
> dia 1y 3D

Hinh 2: Quy trinh thwc nghiém

2.2.3.1. Dung mé hinh 3D tw dir
liéu anh UAV bang phan mém Google
Sketchup (GG - SU)

Pam may diém thu dugc sau khi xir
ly anh UAV, chup anh mat dat va quét
LiDAR mit d4t bao gdbm qué trinh loc cac
diém dam may cua céc ddi tugng can do
v& (loai bo cac diém dam may nhiéu khong
phai cta d6i tugng) va duoc nhap vao phan
mém GG - SU, sau d6 st dung cac cong cu
d6 hoa dé vector hoa duong bién va céc chi
tiét mai cua cac toa nha trong khudn vién.
Tiép theo, cong cu Push/Pull dugc str dung
dé dung duong bién thanh mé hinh 3D dya
vao chiéu cao cac chi tiét cia toa nha trich
xuét tir Dam may diém. Pé tao mo hinh 3D
0 LoD2, LoD3 texture ciua mai dugc gan
tir anh truc giao, dbi véi cac bé mat nhin
thy con lai thi texture duoc gan tir cdc anh

chup UAV va chup anh mat dat & gdc chup
45 d6 va 90 do. Viéc gan texture nay dugc
thue hién thong qua cong cu Match Photo
c6 san trén GG-SU.

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

M6 hinh 3D thu nghiém trong
nghién ctru nay duoc xay dung & LoD2,
LoD3 céc yéu t hinh hoc ctia mé hinh rat
phtrc tap, ngoai ra phai gin thém cac anh
texture cho mé hinh, do d6 dé chuyén mé
hinh 3D sang dinh dang CityGML duoc
thuc hién bang phian mém Safe Software
- FME (https://www.safe.com/). Safe
Software FME la cong cu manh mé trong
chuyén doi dir liéu khong gian gitra nhiéu
dinh dang khac nhau ma khong can phai
viét ma lap trinh. Viéc chuyén ddi duoc
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thuc hién theo quy trinh dugc xay dung
tir cac ham duoc 1ap sin trén phan mém.

2.2.3.3. Nhdp thugc tinh cho mé hinh
3D CityGML dé hoan thién dir liéu khong
gian dia ly 3D

Dé hoan thién dit liéu khong gian dia Iy
3D, mo hinh 3D theo chudn CityGML duoc
nhép vao CSDL PostGIS bang cong cu 3D
CityDB - Importer Exporter. Tiép theo cong
cu nay ciing duoc st dung dé chuyén dir
licu tr CSDL sang dinh dang JSON. Dit
liéu thudc tinh bao gém: 1. Tén toa nha; 2.
Churc nang; 3. Dia chi; 4. Nam xay dung; 5.
Sé tang, ciing duoc xuat ra tép Excel bing
cong cu ndy va nhap vao dé lién két voi dir
licu khong gian cua mo hinh 3D tao ra dir
liu khong gian dia ly 3D.

Nghién ciru
3. Két qua nghién ciru va thao luin
3.1. Khu vuc thuc nghiém

Khu thuc nghiém rong khoang 1
km? trong Hinh 3 thudc phuong Bai Chay
va phudong Hung Thing, thanh phd Ha
Long, tinh Quang Ninh bao gdm phén chu
yéu thudc khu do thi cao cip ven bién cua
tap doan BIM group xay dung. Khu dé thi
gém co cac biét thy riéng bi¢t hoac cac
biét thy lién ké. Ngoai ra c6 cac hé thong
giao thong, cap thoat nudc ndi bo va cac
cong trinh cong cdng phuc vu sinh hoat
cong dong. Mot sé nha cao tang phuc vu
noi &, khach san hoac tru s& lam viéc cua
cac to chitre doc cac truc duong chinh.

Hinh 3: Khu vwc thyc nghi¢m

3.2. M6 hinh ddm may diém

Hinh 4 biéu dién dam may diém 3D
ctia mot khu biét thy 1ién ké - Townhouse
v6i kién truc doc déo thudc khu do thi
Grand Bay Ha Long nhéan duoc tir két qua
bay chup UAV, chup anh mat dit va quét
LiDAR mat dét trong khu vuc 1 (mau

xanh) trén Hinh 3. Trong khi dd, Hinh 5
biéu dién ddm may diém 3D cua toan nha
cao 26 tﬁng (Khach san Phat Linh toa lac
tai dia chi: L6 1 Dai 160 Ha Long Marine,
phuong Bii Chay, thanh phé Ha Long,
tinh Quang Ninh) trong khu vyc 2 (mau
do) trén Hinh 3.
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Hinh 4: Két qua ddm may diém ciia mét day biét thw lién ké

Hinh 5: Két qua ddm may diém ciia mét

nha cao 26 ting

Bing 1. Dit li¢u thuéc tinh cho cdc doi twong khéng gian nha &

3.3. Xay dung dit liéu khong gian
dia ly 3D

Xay dung bang thudc tinh theo cac
truong dit lidu yéu cau ddi vdi cac doi
tugng khong gian trén mo hinh 3D nhu
minh hoa trén Bang 1. Cac thong tin thudc
tinh thu thap duoc tu thuc dia, cac dir licu
ban dd va cac dir lidu thong ké dugc nhap
vao dé chudn bj tao dit liéu khong gian dja
ly 3D hoan chinh.

d4bf52b34548

ID TenCongtrinh LoaiMai ChucNang | SoTang
gml a869b60b-3fa6-4992-8e8b- . Be tong cot thep
92dbc989aeTc Biet thu doc Nha o :
gml_31b6£3b3-6ac3-430d-9331- Nha cap 4 Mai ton Kinh doanh |
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1D TenCongtrinh LoaiMai ChucNang | SoTang
fﬁt‘otzfﬁz'fme"‘123'3646' Biet thu o ton cot thep | \hao 0
O o se 2O  Biet thy Betong cotther |y o 4
gl;ga_;;gécllzzz-égal3-4142-8553- Biet thu ]joectong cot thep Nhao A
511011913_11;359313d1a6869-cbd1-45ec-b89a— Nha cap 4 Ma ton Nha Hang 1
%ﬁggggjgjz?-Seb4-4ebf-930a- Nha cap 4 Mai fon Nha Hang 1
%2191135;1:: 19 23: -0318-4c4e-9d0d- Khach san Be tong cot thep Nha o 6
5151};69:2353388-8182-4009-9076- Biet thu ]joectong cot thep Nha o A

Sau khi da xay dung dugc mo hinh dit liéu khong gian theo dinh dang CityGML.
Céc thudc tinh duge nhap vao dé lién két véi dit liéu khong gian nhu Hinh 6. Trong két

qua nay chi vdi tén cac tru so cua cac to churc, doan thé dugc nhap vao.

Hinh 6: Dit ligu khong gian dia Iy 3D cho doi twong nha ¢

3.4. Danh gia dp chinh xdc div li¢u
da xday dung dwoc

3.4.1. Danh gia do chinh xac vi tri
khéng gian sir dung sé liéu do bang toan
dac dién twr

Dua vao céc két qua do toa do (x, y, )
ctia 12 diém dic trung trén dia vat gdm cac
goc ctra va goc nha (Hinh 7) tryuc tiép trén
moé hinh 3D cua ddm may diém lay duoc

sau khi xtr 1y tir két qua chup anh va duoc
str dung dé so sanh véi toa do (x, y, z) cac
diém dic trung tuong tmg duoc do bang
ché d6 do khong guong cua may toan dac
dién tir. Sai s6 trung phuong nhan dugc
m, = 1,4 cm; m, = 1,6 cm; m, = 1,7 cm.
Véi @6 chinh xac cac diém kiém tra nhu
trong Bang 2, mo hinh 3D hoan toan ¢ thé
dat d6 chinh xac vé mit béng va do cao doi
v6i ban dd dia hinh ty 18 1: 500.
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Perspective 30%

Hinh 7: Cdc diém kiém tra dp chinh xdc ciia mé hinh 3D

Bing 2. Két qud ddnh gid dj chinh xdc ciia mé hinh 3D

Ky Piém Iy tir két qua chup dnh Piém lz‘}}' tl‘quét fl“ﬁ do toan dac Sai s0 gil“ra,2
Iy dién tir khong guwong phuong phap
T hitu AX | AY | AZ
diem X (m) Y (m) Z(m) X (m) Y (m) 7Z(m) (cm) | (cm) | (cm)
1 | 206 | 2317860,907 | 423488,709 | 15,231 | 2317860,507 | 423489,309 | 14,731 | 0,4 | -0,6 | 0,5
2 | 208 | 2317874,369 | 423509,929 | 15,936 | 2317876,869 | 423513,229 | 14,736 | -2,5 | -33 | 1,2
3 | 209 | 2317854,096 | 423478,560 | 6,682 | 2317852,196 | 423477,960 | 6,882 | 1,9 | 0,6 | -0,2
4 | 216 | 2317876,050 | 423509,368 | 11,268 | 2317874,850 | 423511,068 | 7,468 | 1,2 | -1,7 | 3,8
5 | 224 | 2317876,282 | 423456,367 | 12,857 | 2317874,482 | 423456,767 | 11,557 | 1,8 | -04 | 1,3
6 | 228 | 2317867,293 | 423461,408 | 7,344 | 2317865,493 | 423460,308 | 6,044 | 1,8 | 1,1 | 1,3
7 | 244 | 2317877,199 | 423462,313 | 8,805 | 2317877,099 | 423460,913 | 6,905 | 0,1 | 1.4 | 1,9
8 | 246 | 2317885,009 | 423470,343 | 17,139 | 2317884,709 | 423472,743 | 14,739 | 03 | -24 | 2,4
9 | 265 | 2317890,242 | 423515,297 | 9,391 | 2317890,042 | 423513,297 | 10,291 | 0,2 | 2,0 | -0,9
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 | -0,1
12 | 275 | 2317893,952 | 423485,024 | 16,693 | 2317891,352 | 423483,324 | 18,793 | 2,6 | 1,7 | -2,1
Sai s trung phuong 141 1,6 | 1,7

3.4.2. DPanh gia do chinh xac vi tri

khéng gian sir dung s6 liéu quét LiDAR

mat dat

Dua vao md hinh ciia ddm may diém

xdy dung tlr dir liéu quét LIDAR mat dat

dé so sanh vdi toan bd cac diém trén

mo hinh ddam may diém xay dung bang

phuong phap chup anh mat dat va chup

anh tir UAV cho két qua sai s6 tong hop

khong qua 0,5 m ddi voi nha cao tang

(Hinh 8).
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Qua két qua danh gia do chinh xac
clia cac dam may diém xdy dung tir cac
phuong phap chup anh lap thé tir mat dat
va chup anh 1ap thé tir UAV, dit liéu dam
mAay diém dam bao cho viéc xdy dung dir
liéu khong gian dia ly 3D & mutc d6 chi
tiét 3 (LoD3).

4. Két luan

Nghién ctru nay da dé xuat quy trinh
thuc nghiém xay dung dir li€u khong gian
dia ly 3D tir cac ddm may diém nhan duoc
tur cac cong nghé chup anh UAV, chup anh
mat dat va quét LIDAR mat dat phu hop
v6i diéu kién & khu vuc thue nghiém. Bén
canh d9, cdc di liéu thuge tinh vé cac déi
tuong khong gian cling dugc thu thap va
nhap vao dé minh hoa day du cac budc
cua quy trinh.

Céc két qua thyc nghiém vé mo hinh
3D dam may diém, dit liéu thudc tinh va
dir liéu khong gian dia 1y dugc dua ra thé
hién tinh kha thi ctia quy trinh da dé xuat.
Viéc danh gia 6 chinh xac két qua dit liéu
mo hinh 3D bang céch so sanh véi cac két
qua do bang toan dac dién tir khong guong
khang dinh két qua dir liéu nhan dugc co
d6 chinh xac dap ung yéu cau cua dir liéu
khong gian dia ly 3D ¢ LoD3.

Loi cam on: Bai bao dugc hd tro dir
lidu va kinh phi tir dé tai KHCN cip Bo
Tai nguyén va Mai truong: Nghién cuu
ung dung cong ngh¢ dia khong gian xay
dung dit liéu khong gian dia ly 3D cho
thanh phé thong minh ven bién phu hop
voi diéu kién Viét Nam, thi diém tai khu
vuc thanh phé Ha Long, tinh Quang Ninh,
ma s6: TNMT.2021.04.04.
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