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Tém tit: Ha téng co s& dir liéu cua thanh phé thong minh bao gém mot hé théng dir liéu
khong gian dia 1y 3D duoc sir dung nhu mot nén tang cho cac tmg dung nhu thiét ké, xay
dung, dé xuét phuong 4n U:ng pho trong cac truong hop khan cap. Hién nay, trong qua trinh
xdy dung dir liéu khong gian dia ly thanh phé 3D thuong sir dung phuong phap thu thap dur
lidu bang cac cong nghé dia khong glan trong d6 cong nghé chup anh mat dat va cong nghé
chup anh bang méy bay khong nguoi lai (UAV) 1a phuwong phép dam bao d tin cay va co
gia thanh thép. Mic du céc tiéu chuén da duoc quy dinh theo chuin quéc té, tuy nhién do
su khac nhau vé do tin cay cua céc loai dit liéu, cac mirc do chi tiét khac nhau d6i voi mdi
loai d6i twong dia Iy cho ting khu vuc cu thé do vay van can phai nghién ciru bo sung, két
hop céc loai dir li¢u cho phu hop véi nhu cau va dic thu timg khu vuc. Nghién ctu nay tap
trung vao dé xuét quy trinh xay dung dir liéu khong gian dia ly 3D cho thanh phé thong
minh tir cac dit liéu bay chup anh bang UAV va chup anh mat dat. Két qua thuc nghiém da
xay dung dugc dir liéu khong gian dia Iy 3D cua day biét thy lién ké & mirc d6 chi tiét cao
(LoD3), muc LoD3 véi sai s6 trung phuong ciia cac diém kiém tra nhan dugc mAx = 1,4
cm; mAy = 1,6 cm; mAz = 1,7 cm.

Tir khoéa: Di liéu khong gian dia Iy 3D; UAV; Chup dnh mat dat; Thanh phd théng minh.

1. Giéi thi¢u

Trong bdi canh chuyen d6i s6 dé xay dung thanh phd thong minh, dir liéu khong gian
dia Iy 3D cua thanh phd ngay cang tré thanh dir liéu khong gian quan trong, n6 ¢ thé 1a nén
tang cho hé thong thong tin tich hop ctia thanh phd thong minh [1-2]. Thanh phd thong minh
1a thanh phd phét trién bén vimg dua trén nhitng tmg dung cong nghé thong tin. Mot trong
nhirng hop phan cbt 18i ciia cong nghé thong tin 1a CSDL khong gian dia 1y 3D [3]. Dé thanh
1ap dir liéu khong gian dia 1y thanh phd 3D, ¢ nhiéu phuong phap da duoc thuc hién bao
gom: phuong phap anh hang khong lap thé, phuong phép st dung anh v¢ tinh 1ap thé, phuong
phap ban dd san c6, phuong phap chup anh panorama tir nhiéu diém dtg may, phuong phap
s dung anh may bay khong nguoi lai, phuong phap tir quay phim 3D, phuong phap quét
Lidar mit dat; phuong phap su dung hé thong ban d6 di dong (Mobile mapping system),

..Hoac cé su ket hop tir hai phuong phap tro 1én dé c6 do chi tiét va do chinh xac cao hon

theo timg nhu cu cy thé nhu: phuong phap két hop anh hang khong va ban do c6 san; phuong
phap st dung hé thong thong tin dia ly két hop cac dir liéu do dac, phuong phap sir dung anh
vé tinh don 1¢ d6 phan giai rat cao két hop diém khong ché va bong dia vat,... [4-20].

[21] da thur nghiém phuong phéap st dung dir liéu tr UAV véi d9 phéan glai thap (640 x
480 pixel) dé thanh 1ap mo hinh thanh phé dang 3D. Phim duoc quay va nin chinh hinh hoc
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déng thoi voi viée bay chup, do do, st dung anh véi kich thude anh 16n thuong sé khong kha
thi do gi6i han xtr Iy ctia may tinh. Trung tdm thanh phd Konya ctia Thé Nhi Ky da duoc xay
dung ¢ dang dir liéu khong gian dia 1y thanh pho 3D véi dién tich dat t6i 300 km? , bao gom
300 000 toa nha, 5 khu vyc lich st va du lich noi tiéng, quan trong cua thanh pho da duoc
xy dung & muec chi tiét cao, nhom tac gia Yalcin va Selcuk dé thyc hién cong viéc ndy nim
2014 duya trén 42.000 tAm anh hang khong c6 do phan giai cao [22]. Mot vi du dién hinh cua
viéc st dung Két hop bédi nhiéu dit liéu khong gian khac nhau, Over va cs. da st dung dir liéu
tir OpenStreetMap va m6 hinh s6 bé mat dé thanh 1ap dir liéu khong gian dja 1y 3D cac thanh
phd & Bt [23]. OpenStreetMap 1a dy én thu thap dir liéu khong gian tir nguoi dung tu nguyén
thong qua nhiéu phuong tién nhu anh chup pho thong c6 gin GPS hoic s hoa anh vé tinh,
anh may bay. Ngudn dix lidu nay thuong c6 df chinh xac khong ddng nhit do dugc xay dung
tir da ngudn dit lidu thir cip. Cong nghé may bay khong ngudi lai UAV duoc st dung phd
bién trong khoang 10 nam gan day dé xdy dung dit liéu khong gian dia Iy 3D cua cic cong
trinh kién trac cling nhu cho cac thanh phd trén thé giéi. M6 hinh 3D cta lau dai Landenberg
da duoc xdy dung dua trén may anh thong thuong gin trén may bay dé chup vong quanh nha
thd 6 goc nghiéng 70° va chup thang trén noc voi do phan giai mat dat 1a 10 m. Hon nita anh
chup tir mat dat bon phia cua lau dai ciing dugc str dung dé bo sung hinh anh bé mit 1au dai
trong m6 hinh 3D [24].

Tong cong ty Tai nguyén va Mai trudng Viét Nam 1a don vi ¢6 nhiéu nghién ctru Gmg
dung cac cong nghé dia khong gian trong nghién ctru va xay dung quy trinh thanh 1ap co s&
dir liéu khong gian dia Iy va ban dd ba chiéu ty 1& 16n phuc vu quy hoach phat trién d thi,
kién tric, trong nhiém vu bao tr1 duy tu céc di tich lich str, mo6 phdng thuc dia trong muc dich
phan dinh duong bién gidi quoc gia,.... [25-29]. [30] da stir dung dir li€u trong khu vyc thir
nghlem 1a anh chup tir UAV két hop véi cac dir liéu ban db khac dé thanh 1ap dir liéu khong
gian dia Iy 3D khu vuc nghién ctru v6i dinh dang CityGML. Két qua nghién ctru [3 1] cling
da tién hanh dé xuét duoc bo thuat toan gitp tu dong phan loai dir liéu dam may diém ra 8
phan 16p khac nhau, dong thoi dé xuit duoc quy trinh xay dung mé hinh 3D thanh phd ty
dong tir dir liéu LiDar hang khong cho khu vuc Hon Gai, Ha Long, Quang Ninh. [32] da xay
dung va thtr nghiém thanh cong quy trinh xay dung va biéu dién tryc quan mo hinh 3D toan
b6 khudn vién Khu A-HUMG trén nén web bang cong cu ma ngudn md 3DCityDB va thur
vién CesiumJS. [33] da thu nghiém ung dung két hop dir liéu anh UAV voi dir ligu quet Lidar
mat dat trong xay dung mé hinh s6 3D muc d6 chi tiét cao (LoD-3) cho cdng trinh nha cao
tang trong trong khu vuc d6 thi ven bién tai Ha Long, Quang Ninh, Viét Nam. Céc cong trinh
nghién ctru lién quan dén két hop cac thiét bi bay va may anh, may quet LiDAR cho cong tac
xdy dung dir liéu thanh phd 3D ¢ Viét Nam con chua phd bién do gia thanh rét cao, cac yéu
cau phan mém va phan cimg cho luu trit, xtr Iy s liéu con han ché.

Nghién ctru nay tap trung xay dung phuong an thanh 1ap dir liéu khong gian dia ly 3D
v6i tiéu chi giam tdi da gia thanh, phuong an trién khai don gian, hiéu qua, dugc thuc hién
v6i cac thiét bi pho bién trén thi truong tai Viét Nam. bé xu ly dir liéu khong gian thanh dir
liéu khong gian dia 1y 3D, mot chudi cac phan mém da sir dung bao gom xu Iy anh chuyp tu
UAV va s6 hoa cac duong déc trung (1 duong, canh toa nha, mai nha, 6ng khoéi va duong
bén trong toa nha) bang phan mém SketchUp. Cac dudng, ddi tuong, s6 hoa va phan loai thu
cong theo cac mirc do chi tiét khac nhau. Tét cac cac dudng dic trung sau d6 duge dua vao
phan mém FME d¢é xay dung dir liéu khong gian dia Iy 3D cho thanh phé va xuat ra két qua
theo tiéu chuan CityGML. Phuong phap két hop dit liéu anh may bay UAV va chup anh mat
dat s& can xtr Iy mot khéi lugng 16n dir liéu khong gian. Pong thoi do phan giai ciia anh chup
tir UAV cho d6 phén gidi cao, viéc bay chup s& phai thuc hién 1ap lai & cac goc khac nhau dé
dap ung duogc viéc xay dung dir li€u khong gian dia 1y 3D v6i d chinh xac twong duong
hodc 16n hon ban db ty 18 1:1.000.
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2. S6 liéu sir dung va phwong phép nghién ciru
2.1. 86 liéu sir dung

2.1.1. S6 liéu anh chup tir UAV

Di d6i voi UAV c6 gan may anh, cac UAV hién tai con ldp dat thiét bi do GPS dong do
chinh xé4c cao (RTK) sé& giam dang ké viéc phai bé tri do dac cac diém khéng ché ngoai thuc
dia. Cac ky thuét bay chup theo so d6 thiét ké tuyén bay theo ludi vong goc, bay chup ¢ cac
d cao v6i goe nghiéng 6ng kinh duge ap dung cho nha cao tang trong d6 thi nham cung cép
mo hinh sb bé mit (DSM) & dang dam may diém véi do chinh xac c6 thé phuc vu xay dung
dir liéu khong dia 1y 3D & LoD2 hoac LoD3.

2.1.2. S6 liéu anh chup mat dat

Mac du UAV c6 kha nang cung cp md hinh s bé mit & pham vi rong nho bay chup
dugc 6 trén cao. Tuy nhién mot s6 bé mit cua ddi tuong (nha, cdy,...) 0 gén mat dat s& bi che
khuét béi cac dbi twong bén canh va mai hodc tan ctia chiing. Dé giai quyét phan bi che lap
trong dir liéu dugc thanh 1ap bang anh UAV. Phuong phép chup anh 1ap thé mat dat co thé
cung cap dir liéu khong gian dia Iy 3D cho phan con thiéu d6. Cac anh chup mit dat s& phuc
vu xay dung dir liéu khong gian dia Iy 3D ¢ LoD3 xung quanh céc ddi tugng ma anh UAV
khong cung cip dugc.

2.2. Phuwong phap nghién curu

2.2.1. Chuan dir liéu CityGML

CityGML 1a chuan du6i dang ngdn ngir eXtensible MarkUp Language dugc xay dung
thanh tiéu chuan quéc té do Open GIS Consortium (OGC) dé xuat v&i muyc dich thanh lap va
trao d6i dir liéu khong gian d6 thi 3D. CityGML dugc xdy dung trén nén tang cia GML 3.1.1
boi nhém Special Interest Group 3D (SIG 3D) nam trong chuong trinh Geodata Infrastructure
North Rhine Westphalia, Dre. CityGML trinh bay ca 4 khia canh cua m6 hinh thanh phd
bao gom chuyén dé va ngit nghia, d6i twong hinh hoc, quan hé hinh hoc gilra cac d6i tuong
va bé ngoai ctia cac ddi twong. Ngoai ra, CityGML con ¢é cac dinh nghia vé mirc do chi tiét
(LoD) ctia ddi tugng theo 5 mirc khac nhau tir LoDO t6i LoD4.

2.2.2. Quy trinh thyc nghiém

Nghién ciru nay tép trung xay dung phuong an xay dyng dir liéu dia ly 3D voi ti€u chi
giam toi da gia thanh, phuong an trién khai don gian, hi¢u qua, cac thiét bi pho bién trén thi
truong. Hién nay céng nghé UAV da c6 nhitng phat trién dang ké, UAV ¢6 the mang may
anh pho thong chup anh d¢ phéan giai & mic cm, 6 chinh xéc rat cao, gia thanh rat phai chang
so vo1 cong ngh¢ khéc, linh hoat trong thuc hién bay chup xtr 1y, va dac biét rat pho bién trén
thi trudong. Két qua xtr 1y anh bay chup anh UAV bao gdm mo hinh s6 bé mat, dam may diém,
va binh d6 anh. Dit liéu binh d6 anh & mic chi tiét (cm) s& cung cip hinh anh chup tir trén
cao cta cac dbi tuong mat dat, 1a co so dé phan loai ddi tuong, xac dinh ranh gidi dia 1y cua
cac ddi tuong. Nhin chung, di liéu xay dung tir anh may bay khong nguoi 1ai 1a dir liéu co
ban cho xay dung co s¢ dir li¢u dia 1y 3D. Tuy nhién, chi minh cong nghé anh UAV s€ khong
du dé dap tmg nhu cu vé do chi tiét, d6 chinh xac cho mét dit liéu dia Iy 3D noi chung. Do
d6, can c6 sy két hop véi cac cong nghé hién dai khac phd bién hién nay nhu cong nghé chup
anh mat dat.

Céc thiét bi chup anh mit dat hién nay cung da phd bién, dé van hanh va st dung. Trong
thanh 1ap dir liu dia Iy 3D khu vyc thanh phd, cong nghé chup anh mat dat co thé cung cip
dam may diém cho tat ca cac ngd ngach va cac suon cua toa nha, khong nhirng cho cac nha
thép tang ma con cho nhimg nha cao ting. Pam may diém tir chup anh mit dat s& bo khuyét
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cho phan thiéu hyt dam may diém tao 1ap tir cong nghé¢ UAV. Vi dam may diém tao lap tir
cong nghé UAV sé& cho két qua theo huéng nhin xién tr trén cao xubng, cic goc phia trén
clia mai che hodc ban cong s& duoc hién thi rd, nhung thiéu phan dudi ciia mai che hoic ban
cong. Trong khi cong ngh¢ chup anh mat dat s& bo xung dam may diém & phan dudi, bi che
khuat boi ban céng. Hon nita, mat do diém trong dam may diém cua chup anh mit dét s&
dugc tuy chinh va ¢6 d chinh xac cao nhét, c6 thé 1am dit liéu tham khao dé hiéu chinh dix
liéu toa d cua ddm may diém anh tao l1ap tor UAV va anh mat dat. Tuy nhién, mot nhugc
diém cua cong ngh¢ chup anh mat dét 1a tao ra duge dam may diém, tir d6 s& tao ra duogc
DSM bé mit ngang nhung khong tao ra duoc anh truc giao cac mat cua toa nha. Cong nghé¢
chup anh mit dat s& 1a cong nghé duoc st dung dé bo khuyét phan thiéu hut cta .cong ngh¢
chup anh mat dat. Tuy nhién, dua trén dic diém ciia khu vuc nghién ctru, dac diém cia cac
loai dbi tuong dia ly khac nhau, sy tham gia cua cac cong nghé phu trg nhu chyp anh mat
dat, GNSS ciing dugc ap dung linh loat nham ting do chinh xac, tiét kiém thoi gian, chi phi,
nhan lyc.

Pic diém khu do, trang

1 Dit liéu dia 1y, ban dd,
thiét bi, yéu cau k¥ thuat

kinh té x3 hoi ¢6 lién quan

Daénh gia tong thé vé dir ligu da c6 va dir
liéu dia 1y can xay dung. Phéan loai doi
tuong dia ly

v v

Xéc dinh dr liéu khong gian can xay dung, Xac dinh dir
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va nhap dix liéu thudc tinh

!
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Hinh 1. So d0 quy trinh xay dung dit liéu khong gian dia Iy 3D tir dit liéu UAV, chup anh mit dét
va cac dit liéu dia khong gian khac.

Dua trén phan tich ¢ trén, cong viéc ndy nham dé xuat quy trinh voi sy két hop cua céc
cong nghé bao gom chyp anh tir may bay khong nguoi lai va chup anh mat dat phuc vu xay
dung dir liéu khong gian dia ly 3D cua thanh pho théng minh. Bén canh do, cac cong nghé
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truyén thdng nhu toan dac dién tir c6 ché do do khong guong, do toa do bang cong nghé RTK
GNSSS ciing dugc sir dung dé do dac dlem khéng ché anh, diém Kiém tra, dlem noi cac tram
chup anh mat d4t va do chi tiét mot s6 diém & thuc dia. Quy trinh dugc dé xuat bao gom cac
budc co sir dung ting cdng nghé riéng va co su két hop cac cong nghé dé xay dung dugc
dam may diém hoan chinh cua tat ca cac ddi twong khong gian dja ly 3D can do vé& (Hinh 1).
Ngoai ra, cong viéc danh gia do chinh xac cac dam may diém thanh 1ap tir cac cong nghé
cling dugc thuc hién, tir d6 dé xuit cac phuwong an két hop cac céng nghé théng qua ghép cac
dam may diém cho cac déi trong dé dam bao yéu ciu cho xay dung dir ligu khdng gian vector
3D cho LoD3. Bén canh viéc két hop cac cong nghé dé xay dung ddm may diém hoan chinh,
viéc V& cac dbi twong khodng gian ¢ dang vector 3D va chuyén sang dinh dang dit liéu khong
gian CityGML ciing dugc dua ra trong quy trinh. Dir li¢u khdng gian CityGML la di liéu cd
thé str dung dé nhap céc dit liéu thudc tinh gan véi cac dir liéu khong gian nham tao ra san
pham dit liéu khong gian dia ly 3D hoan chinh cubi cung.

3. Két qua nghién ciru va thao luin

3.1. Khu vuc thuc nghiém

Khu thyc nghiém trong Hinh 2 thugc phuong Béi Chdy va phuong Hung Thang, thanh
phé Ha Long, tinh Quang Ninh bao gdm phan chu yéu thudc khu d6 thi cao cap ven bién cua
tap doan BIM group xay dung. Khu d6 thi gom co cac biét thy rleng biét hoac céc biét thy
lién k&. Ngoai ra c6 cac hé thong giao thong, cap thoat nudc ndi bo va cc cong trinh cong
cong phuc vu sinh hoat cong dong. Mot s nha cao tang phuc vu noi &, khach san hoc try s¢
lam viéc cua cac td chire doc céac truc duong chinh.

Hinh 2. Khu vuc thyc nghiém.

3.2. Mé hinh dam mady diém

Hinh 3 biéu dién dam may diém 3D ctia mot khu biét thy lién ké (Townhouse) véi kién
trac doc ddo thudc khu dé thi Grand Bay Ha Long nhan duoc tir két qua bay chup UAV va
chup anh mat dat trong khu vuc 1 (mau xanh) trén Hinh 2. Trong d6, Hinh 3a biéu dién dam
may diém 3D nhan duoc tir anh chup UAV, Hinh 3b thé hién tir anh chup mit dat va Hinh
3¢ 1a két qua ghép hai dam may diém 3D tir chup anh UAV va chup anh mait dét.
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Hinh 3. Két qua dam may diém ciia mot diy biét thu 1ién k& tir: (@) Anh chup UAV; (b) Chup anh
mat dét; (c) Ghép tir hai cong nghé UAV va chup anh mat dat.

3.3. Xay dung dit liéu khong gian dia 1y 3D tir dir liéu dam mdy diém

Dit liéu dd hoa vector 3D véi mure dd chi tiét cép 3 (LoD3) 1a mirc d6 d6i tuong s€ dugc
thé hién gidng voi thuc té nhat. Dit liéu nay thé hién chi tiét goc canh cac mit cia ddi tugng,
d6 161 16m cua cac vat thé trén dbi tuong nhu cua chinh, cua s6, hanh lang. M6 hinh nay dugc
tao tir qua trinh do dac thuc dia va xay dung trén mo hinh tryc tiép trén phan mém SketchUp
Pro 2021. Cac dam may diém cua day biét thu lién ké duoc vector héa trong cac Hinh 4.

LOD2_1km_24.8-Trung.skp - SketchUp Pro 2021
e At View Cemera Oraw Tools Window Help

B Wadad Rl X k21 PR ]

Frexaxe % @) - -

LIS

v ® | on

ag to orbit. Shift = Pan, Ctrl = suspend gravity.

Hinh 4. Md hinh vector 3D day biét thy lién ké dwoc xay dung & LoD3.
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3.4. Chudn héa di# liéu khong gian vector 3D theo tiéu chuan GML

Sau khi chuyén d6i sang GML mdi d6i twong trén mé hinh 3D duoc dinh dang chuan va
phan biét béng ID, c6 thé lua chon hién thi thong tin thudc tinh theo cac truong dir liéu méac
dinh cta city GML hoic ciing c6 thé lién két v6i thong tin thudce tinh do nguoi ding thiét 1ap.
Déi v6i 16p dir liéu khong gian Nha & sau khi chuyén ddi sang phan mém FME c6 dang bang
thudce tinh chua c6 cac thong tin nhu Hinh 5.

# FME Data r-2019.2 = a X

» B IFMEMultiSu...

citygmi_feature_role attr_name  citygml_feature role_attr val  gml_description gml_name ationDate

Hinh 5. Nha ¢ sau khi chuyén d6i sang chuén dir liéu CityGML.

3.4. Danh gia do chinh xdc dir liéu da xdy dung dwoc

Dua vao cac két qua do toa do (x, Y, z) cta 12 diém dic trung trén dia vat gdm cac goc
ctra va goc nha (Hinh 6) tryc tiép trén mo hinh 3D cia ddm may diém lay dugc sau khi xu 1y
tir két qua chup anh va dugc st dung dé so sanh véi toa do (x, Y, z) cac diém dic trung twong
mg duoc do bang ché do do khong guong cuia may toan dac dién tir. Sai s6 trung phuwong
nhan dugc max = 1,4 cm; may = 1,6 cm; ma, = 1,7 cm. Véi do chinh xac cac diém kiém tra
nhu trong Bang 1, m6 hinh 3D hoan toan co thé dat do chinh xac vé mat b.':ing va do cao dbi
v6i ban d0 dia hinh ty 1& 1: 500.

Hinh 6. Cac diém kiém tra d6 chinh xac trén diy biét thy lién ké.
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Bang 1. Két qua danh gia do chinh xac ctia m hinh 3D.
. Piém lay tir két qua chup anh Piém lay tir két qua do toan dac Sai s6 giira 2
Ky A tn LA .
TT higu dién tir khong guwong phuong phap
X (m) Y (m) Z(m) X (m) Y (m) Zm) AX AY AZ
diém

(cm) (cm) (cm)

1 206 2317860,907 423488,709 15,231 2317860,507 423489,309 14,731 04 -06 05
2 208 2317874,369 423509,929 15,936 2317876,869 423513,229 14,736 -2,5 -3,3 1.2
3 209 2317854,096 423478,560 6,682 2317852,196 423477,960 6,882 19 06 -0,2
4 216 2317876,050 423509,368 11,268 2317874,850 423511,068 7,468 12 -17 3,8
5 224 2317876,282 423456,367 12,857 2317874,482 423456,767 11,557 18 -04 13
6 228 2317867,293 423461,408 7,344 2317865,493 423460,308 6,044 18 11 13
7 244 2317877,199 423462,313 8,805 2317877,099 423460,913 6,905 01 14 19
8 246 2317885,009 423470,343 17,139 2317884,709 423472,743 14,739 03 -24 24
9 265 2317890,242 423515,297 9,391 2317890,042 423513,297 10,291 02 2,0 -09
10 269 2317901,673 423504,768 6,292 2317902,573 423505,668 7,792 -0,9 -09 -15
11 273 2317897,669 423491,230 7,443 2317897,369 423490,530 7,543 03 0,7 -01
12 275 2317893,952 423485,024 16,693 2317891,352 423483,324 18,793 26 17 21
Sai sb trung phuwong 14 16 1,7

4. Két luan

Nghién ciru nay da dé xuat qui trinh thyc nghiém xay dyung dit liéu khong gian dia ly 3D
tir cac dam may diém nhan dugc tir cac cong nghé chup anh UAV va chup anh mat dat phu
hop véi diéu kién & khu vuc thuc nghiém. Bén canh d6 cac dir lidu thudc tinh vé cac ddi
tuong khong gian ciing dugc thu thap va nhép vao dé minh hoa ddy du cac budc cua qui trinh.

Céc két qua thyc nghiém vé mo hinh 3D dam may diém, dir lidu thuge tinh va dir liéu
khong gian dia Iy dugc dua ra thé hién tinh kha thi ciia qui trinh da dé xuét. Viéc danh gia do
chinh xac két qua dir lieu md hinh 3D bang cach so sanh vdi cac két qua do bang toan dac
dién tir khong guong khang dinh két qua dir liéu nhan duoc c6 do chinh xac dép Gmg yéu cau
cua dit liéu khong gian dia Iy 3D ¢ LoD3.

DPong gop cua tac gia: Xay dung y tuong nghién ctru: L.T.T.H., N.Q.L.; Xu ly sO liu:
L.T.T.H.; Viét ban thao bai bao: L. T.T.H.; Chinh stra bai bao: N.Q.L.

Loi cam on: Bai bao hoan thanh nhd vao két qua cia cap co s¢ Trudng Pai hoc Mo — Dia
chat, ma sO T22-48 voi tén “Nghién ctru thanh 1ap m6 hinh 3D cong trinh xay dung cap do
chi tiét cao (LoD 3) bang két hop cong nghé may bay khong nguoi lai (UAV) va quét Laser
mat dat” va dé tai cap KHCN cap Bo Tai nguyén va Moi truong: “Nghién clru ting dung cong
nghé dia khong gian xay dung dit liéu khong gian dia 1y 3D cho thanh phd thong minh ven
bién phu hop véi diéu kién Viét Nam, thi diém tai khu vuc thanh phé Ha Long, tinh Quang
Ninh”, mi s6: TNMT.2021.04.04.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Combination of UAV image and terrestrial photogrammetry to
build 3D geospatial data for smart cities
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Abstract: The database infrastructure of the smart city includes a 3D geospatial data system
that serves as a platform for various applications, such as designing, building, and proposing
emergency response plans in. Currently, ground imaging technology and unmanned aerial
vehicle (UAV) imaging technology are the data collection methods often employed in
building the 3D geospatial data, ensuring reliability and low cost. Although international
standards regulated the process, additional research is necessary to combine data types that
suit the specifics of each region, given the variations in the reliability and level of detail of
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data types. This study focuses on proposing a process for building 3D geospatial data for a
smart city using geospatial data collected by UAV and terrestrial photogrammetry. The
experimental results have produced 3D geospatial data of adjacent villas in LoD3, with the
root mean square error of the received test points mAx = 1.4 cm, mAy = 1.6 cm, and mAz =
1.7 cm.

Keywords: 3D geospatial data, UAV, terrestrial photogrammetry, smart city.



