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Nghién ctiu - Ung dung

NGHIEN CUU QUY TRINH CONG NGHE THANH LAP
BAN DO THANH PHO 3D TREN NEN WEB

MAI PiNH SINH®, VUONG TRONG KHA®, TRINH LE HUNG®
©Hoc vién Ky thudt Quan sw, Ha Noi, Viét Nam
@Truong Pai hoc Mo Dia chat, Ha Néi, Viét Nam

Tém tit:

Bai bdo trinh bay vé phirong phép va quy trinh thanh Igp ban do thanh phé do 3D trén nén Web.
Cac buoc chinh trong quy trinh bao go‘m thu thap thong tin khong gian dia ly, xday dung mo hinh 3D
va tryc quan hoa dir liéu 3D thanh pho trén nén web. Thir nghlem xay dng ing dung thanh phé do
3D trén nén Web dwa trén nén tang 3DcityDB, la goz phan mém mé nguon mé cho phép heu tri,
quan Iy va hién thi hiéu qua cdc mé hinh thanh phé 3D 6 dinh dang CityGML mét cach hiéu qua.
Két qua thir nghiém cho thdy viéc img dung ma nguon mé dé thanh ldp cdc ban do do 3D trén nén
Web ¢6 nhiéu wu diém nhu tiét kiém thoi gian, chi phi va tan dung duwoc nhiéu nguén dir liéu hién
c6 trong viéc xdy dung cdc vmg dung khai thac dir liéu thanh phé do 3D.

1. Mé dau

Mo hinh di li€éu 3D dugc coi la mot cong cu
dé thé hién cac dbi tuong 3D trong thuc té, cho
phép mo hinh hoa hi¢u qua bang cach hién thi
chiéu dia 1y thir ba [4]. Vi su phat trién manh
mé ctia cong nghé mang, cic ung dung ban do
dua trén nén tang web da chimg t6 dugc wu thé
trong rat nhiéu cac bai toan. Viéc st dung hi¢u
qua md hinh 3D GIS trong qué trinh ra quyét
dinh 1a mot cach truyén dat y tudng rat nhanh
chong, gitp dua ra quyét dinh tét hon [5]. Tuy
nhién, hau hét cac ung dung 3D GIS tai Viét
Nam hién nay déu gap kho khin trong viéc bicu
dién dir liéu mo hinh 3D trén nén web. Vi vay,
viéc dé xuat quy trinh xay dyng ban d6 3D noéi
chung va ban do thanh phd 4o 3D trén nén web
1a bai toan c6 tinh khoa hoc va thuc tién cao [6].

Cac cong doan chinh dé xdy dung mot h¢
théng thong tin ban d6 3D bao gém: thu thap dit
li¢u 3D, m6 hinh hoa va truc quan hoa dir licu
3D, quan ly dir liéu 3D [7]. Viéc thiét 1ap moi
truong 3DCityDB yéu cau cai dat chay mot sb
cong cu phan mém cé sin hoan toan mién phi.
G6i phan mém 3DCityDB di kém voi mot bo tap
1énh SQL dé tao luoc d6 quan hé trén hé thong

co soO dir liéu khong gian (PostgreSQL/PostGIS)
va v6i mot nhom tap 1énh PL/pgSQL dé quan ly
md hinh thanh phé 3D duoc luu trit trong co s&
dir liéu [8]. Ban dd 3D 1a mot trong nhitng chii
dé rat dugc quan tim trong cac hé théng GIS (hé
thong thong tin dia 1) hién nay. C6 nhiéu nd lyc
nghién ctru trong linh vuc phét trién ban d6 3D.
Brooks va Whalley [1] dé trinh bay mét hé thong
GIS cho phép hién thi 2D va 3D tir cting mot dit
liéu khong gian. Nhidu 16p thong tin dugc
chuyén ddi lién tuc giita cac ché d6 2D va 3D
duéi su didu khién ciia nguoi ding va twong tac
truc tiép trén mo hinh dia hinh s6. GIS 3D c6 thé
duogc st dung dé phan tich do dbc va diéu tra cac
dudng dan nude va vi tri cla cac tang d4 co thé
roi xubéng. Shehata va Koshak [2] dd xdy dung
mot mé hinh 3D dé phan tich vi tri, d6 déc, loai
va quy mé cua nhitng rai ro thién nhién c6 thé
xay ra, tr do cod thé dua ra cac du bao sém nham
han ché nhiing thiét hai do thién tai gay ra.

Vi vay, viéc nghién cuu cac ing dung thanh
1ap ban d6 3D trén nén Web 1a xu hudng tit yéu
va ¢6 nhiéu y nghla thue tién. Cac cong ngh¢ 3D
GIS ¢6 uu diém trong viéc cung cp cac chirc
nang can thiét cho viéc quan 1y dit lidu, quy trinh
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Nghién ctiu - Ung dung

cong vi¢c cua nguodi dung va cac qua trinh lién
quan dén ha tang d6 thi. Noi dung nghién ciru
tiép theo s& bao gdm phwong phap va quy trinh
cong nghé, thuc nghiém, thao luan.

2. Co sé khoa hoc

Hién nay nhu cau st dung va khai thac thong
tin trén cac tmg dung Web ngay cang trd nén pho
bién. Cac hé thong GIS 2D va 3D trén cac nén
tang desktop da boc 16 nhitng han ché trong viéc
chia sé va khai thac thong tin, dir liéu gdm nhiéu
dinh dang khac nhau va vi€c quan 1y dang phan
tan, ddn dén nhu cau cap thiét trong viéc nghlen
clru va dé xuat cac giai phap truc tuyén co thé
chia sé va khai thac thong tin dia khong gian mot
cach hiéu quda, nhanh chong. Hon nita, do qua
trinh d6 thi hoa dién ra nhanh chong, dan dén
nhu cau 16n trong viéc khai thac cac thong tin dia
ly dé xay dung cac thanh phd thong mlnh phuc
vu du lich, kinh té, xa hoi, an ninh qudc phong
va quy hoach do6 thi, ting pho voi cac sy co thién
tai, moi truong,...

Tuy vay, cac két qua nghién ctru thanh lap
ban d6 3D Web van rat han ché, chii yéu sir dung
phan mém dé mo phong nhung viée twong tac va
khai thic cic thong tin trén van con rat han ché.
Céc nghién ctru da cong bd ¢ Viét nam van chua
du co so phap 1y dé ban hanh cac tiéu chuan va
quy chuan cho viéc xay dung va thanh lap ban
dd 3D Web. Vé mit cong nghé, voi sy phat trién
manh mé& cua cong nghé thong tin, nhiéu chuin
mé thong tin dia 1y ra doi nham dap Gmg nhu cau
xdy dung cac ban d6 3D trén nén Web cho phép
trao doi dir liéu khong gian 3D trong méi truong
web. V& dit liéu thong tin dia ly, tai Viét Nam dir
liéu nén dia Iy 2D di phu kin ca nudc véi tidu
chuan va quy chuan qudc gia, day 1a mot trong
nhing ngudn dit liéu quan trong lam dau vao cho
cac md hinh va ban d6 3D.

Nhing van d& trén 1 co so khoa hoc viing
chdc, dé cac tac gia nghién ctu dé xuat quy trinh
thanh 1&p ban do thanh pho 3D trén nén Web.

2.1. Chudn di¥ ligu

C6 nhicu chuan dir li¢u dugc st dung dé biéu

dién dir liéu 3D, trong sb d6, chuan CityGML la
chuan dudi dang ngdn ngit eXtensible MarkUp
Language (XML) dugc xdy dung thanh ti€u
chuan qudc té do Open GIS Consortium (OGC)
dé xut voi muc dich thanh 1ap va trao d6i dit
liéu khong gian d6 thi 3 chiéu. Trong CityGML,
cac doi tuong dia 1y 3D trong d6 thi dugc dinh
nghia v& mat hinh hoc, ciu trtic hinh hoc (topol-
ogy), cac tinh chat chuyén dé ciing nhu hinh
dang bén ngoai [3]. Cac dinh nghia nay cho phép
ma hoa cac ddi tuong dia 1y 3D trong db thi phuc
vu cac muc dich nhu quy hoach d6 thi, dinh vi,
mo phong cac tinh hudng méi trudng va quan 1y
ha ting d6 thi.

Hinh 1: M6i quan hé giita hai doi twong khi c6
diém chung

Céc ddi tuong hinh hoc trong CityGML c6
quan hé hinh hoc (topology) twong d6i don gian,
6 thé s& hitu chung mot ddi tuong hinh hoc 1a
thanh phan cta n6. Vi du nhu hai hinh khéi dac
dai dién cho nha (S1) va nha (S2) c6 thé chung
nhau mot mat phfmg dai dién cho buc tuong
chung (S12) giita hai d6i tuong nay (Hinh 1).
Viéc luu trit nay co thé tiét kiém duogc khong
gian luu trir, giam thiéu duoc thoi gian hién thi
mo hinh. Trong CityGML, cac ddi tugng dia ly
3D dugc dinh nghia vé mat hinh hoc, topology,
céc tinh chat chuyén dé ciing nhu hinh dang bén
ngoai. Céac dinh nghia nay cho phép ma hoa céc
d6i tugng dia 1y 3D trong thanh phd phuc vu cac
muc dich nhu quy hoach d6 thi, dinh vi, md
phong cac tinh hudng mai truong va quan 1y ha
tang d6 thi. Sau d6, cac phuong phap khai quat
héa dugc nghién ctru va diéu chinh dé tao ra céc
canh thanh phd 3D ¢ cac quy md khac nhau mot
cach linh hoat. Nhiu cu tric dai dién duge thiét
ké dé bao ton cac két qua tong quat hda & mirc
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Nghién ctiu - Ung dung

do khac nhau.

Pbi tuong trong CityGML duoc biéu dién
theo nguyén tic da ty 18 voi cac cap do chi tiét
khac nhau. Céc ddi tugng khong gian dugc chia
thanh 5 muc do chi tiét (Level of Detail) khac
nhau bao gém LoDO0, LoD1, LoD2, LoD3 va
LoD4. Hinh 2 14 vi du v& mét dbi twong khong
gian 12 mot ngdi nha duoc hién thi & céc cép do
chi tiét khac nhau. Trong cac cap do chi tiét, cip
do chi tiét LoDO 1a cip do twong duong véi dit
liéu 2D (bao gdm cac dudng vién chin nha). Cap
do chi tiét LoD1 s& hién thi mdi khdi nha bang
mot hinh khdi ddc don gian bang cach dang cao
dudng vién chan nha 1én mot do cao nhat dinh.
Cép do chi tiét LoD2 s& bd sung thém phin mai
nha so voi cép d6 chi tiét LoD1. O cép d¢ chi tiét
LoD3 cac phan cua ng01 nha s& dugc bd sung
nhu ong kh01 cac cua s, cua ra vao, v.v... O
cap do chi tiét cao nhit LoD4, mdi ngoi nha co
thé hién thi ca khong gian bén trong nha, cac d6
vat, noi that bén trong cua ngdi nha.

LoDl LOD2

LOD2

LOD4

Hinh 2: Cdc cap d¢ chi tiét ciia doi twong 3D

Céc dbi twong khong gian 3D c6 thé duoc tao
thanh tir bé mdt véi cic chat ligu khac nhau,
ching han mot ngdi nha c6 thé c6 mai ngdi, mai
ton, mai xi mang,... Mo hinh 3D cta ddi tugng
thé hién duoc cac dic tinh nay bang cach xiy
dung céc bé mat hién thi trong phan dinh nghia
ddi tugng CityGML. Bé mat hién thi nay c6 thé
c6 thé xdy dung bang chup anh thuc, hodc tao ra
bang cac hinh dang hoa vin. CityGML c6 co ché
cho phép xay dung cac ddi tugng mé rong ngoai
cac d6i twong khong gian. Ngoai viéc dinh nghia
thém cac ddi tugng thi nguoi st dung ciing ¢o
thé dinh nghia thém céac thudc tinh ctia mdi dbi
tuong co san. Vi du dé phuc vu myc dich quan ly
d6 thi thi ¢6 thé thém cac thudc tinh cho ddi
tuong nha nhu nam xay dung, loai nha, v.v...

2.2. Quy trinh cong nghé

Hinh 3 mé ta quy trinh thanh 1ap ban d6 thanh
phé 3D trén nén Web. Cac budc chinh cta quy
trinh bao gém: Lap ké hoach va thu thap sb lieu;
Chuan héa va xay dung dit lidu; Tich hop cac 16p
dir liéu; Truc quan hoéa dir li¢u trén nén Web.

a. Lap ké hoach va thu thap dir licu: Tt yéu
ciu cta bai toan, tién hanh thu thap dir lidu vé
dia hinh, di liéu anh nén va dir liéu vé cac 16p
dbi tuong trén nén dia hinh, do dac va thu thap
hinh anh cac d6i twong ngoai thyc dia. Dir lidu
dia hinh va anh vé tinh duoc 14y tir cac ngudn dit
liéu c6 san trén internet.

b. Chudn héa va xdy dyng dit liéu: Dt ligu
sau khi thu thap thuorng 0 dang tho, vi vay can
phai chuan hoa, sé hoa, hodc chuyen ddi vé cac
dinh dang phu hop véi cac chuin dé tich hop va
hién thi 1én nén Web. Trudc khi st dung can mot
bude kiém tra chét lugng dit lidu.

c. Tich hop cdc lop dir liéu: Dt liéu sau khi
hién thi trén nén Web can duoc tich hop dir ligu
mo hinh va thong tin vé cac ddi tugng, tich hop
céac churc nang tuong tac va khai thac cac thong
tin ctia cac doi twong trén ban d6. (Xem hinh 3,4)

d. Trwee quan héa dit liéu trén nén Web: Day
14 mot budc quan trong dé hién thi, trinh bay va
truc quan hoa thong tin mot cach hi¢u qua dir
liu ban dd trén nén Web dén vé6i nguoi ding.
Bao gdm md hinh s6 dia hinh, mé hinh 3D céac
16p ddi tuong trén ban do, cic bang bicu, do
thi,... Muc dich 1a tir dit liéu tho bién thanh
nhitng thong tin dugc thé hién mot cach truc
quan, dé quan sat, dé hiéu, dé truyén dat nhiing
hiéu biét day du vé dir lidu dén nguoi sir dung.

2.3. Kién triic tong quadt ciia hé thong 3D Web

Hinh 4 m6 ta kién truc tong quat cia h¢ thong
3D GIS trén nén Web, kién triic nay bao gdm 2
thanh phan chinh 1a may chi 3D Web va may
khach 3D Web.

May khdch 3D Web: La noi hién thi cac dir
liéu tr may cha 3D Web, hién thi trén nén web
va cac cong cu cho phép ngudi s dung c6 thé
tuong tac, thao tac trén dir liéu nhu: Hién thi
thudc tinh, diéu khién 16p ban do, diéu khién dbi
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Hinh 4: Kién tric tong qudt ciia hé thong 3D GIS trén nén Web

tuong, cac chltc ndng tuong tac vdi ban do, cac
churc nang thém, stra, x0a,...

May chu 3D Web: La noi luu trt dir li€u va
khi ¢6 wu cau tir may khac, may cha 3D web s&
thuc hién truy van dit liéu md hinh va dit liéu
thudc tinh, tryc quan héa mo hinh trude khi hién
thi trén nén web ¢ may khach. May chu 3D Web
cling quan 1y va luu trit dit 1iéu mo hinh s6 do
cao va dit liéu anh nén.

3. Thue nghiém

3.1. Khu vwc thir nghiém va cong nghé
st dung

Khu vye thuc nghiém: Trong thu nghiém nay,
bai bao str dung dir liéu m& dwoce cung cap mién
phi tir du an 3DcityDB (http://3dcitydb.org) dé
lam dtr liéu da thu thap dang CityGML. Khu vuc
xay dung d6 thi 3D la mot vung thudc trung tam
thanh ph6 Berlin (Hinh 6).

Céng nghé sir dung: Hé diéu hanh Microsoft
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Windows 10, may tinh Dell core i5, 1.7GHz,
16Gb RAM va 2Gb Card Geofore NVIDIA. Hé
quan tri co s& dir liéu PostgreSQL 10, cung cac
extension gitp Iuu trir va xi 1y cac dir liéu dang
vi tri, hinh hoc va két ciu dia 1y: pgAdmin 4,
PostGIS, pgRouting, GEOS, SFCGAL. St dung
cong cu 3DCityDB-Importer-Exporter dé import
dir liéu tir dang CityGML vao co so dit li¢u. Day
1a cong cu mé ngudn mé cua dy an 3D City DB,
né giup dé dang nhap va xuat dir liéu vao co so
dir liéu dung PostgreSQL. Pdng thoi ciing la
cong cu dé trich xuat dir liéu tir co so dit liéu ra
mot s6 dang dit licu nhu KML/COLLADA/gITF.
Str dung di liéu anh nén duoc cung cip mién phi
trén internet. Str dung goi phan mém 3DCityDB
1am hé théng hién thi mé hinh d6 thi 3D. Pay la
mot san pham ma nguon mo cua t6 chire 3D City
DB, co thé download tai:
https: //glthub com/3d01tydb/3dc1tydb web-map.
Mot sb thu vién hd trg may chu web va may
khach web trong viéc hién thi va truy van dir liéu
bao gom Java 8, Node js.

3.2. Két qud va théo lugn

Chuong trinh duoc cai dat trong thu muc
3DcityMap dugc dit tai 6 C:\. Bé chay chuong
trinh, truéc hét can kich hoat server:
C:\3DCityMap>node serverjs v&i cong mic
dinh 1a 8000. M¢ duong dan https://local-
host:8000/3dcitydb-web-
map/3dwebclient/index.html, khi d6 giao dién
chuong trinh Ban d6 Thanh phd 3D trén nén
Web s& hién thj nhu hinh 5.

Hinh 5 1a giao dién web thanh phd 3D. V&i
cac chuc nang co ban nhu phong to, thu nho di
chuyén, xoay. Cac chirc nang hién thi nén dia
hinh, chtrc nang quan ly cac 16p dit liéu mo hinh.
Hinh 6 1a khu vuc thir nghém véi dit liéu nén la
dir liéu OpenStreetMap. (Xem hinh 5,6)

H1nh 7 mé ta chuc nang quan ly va hlen thi
ngudn dit liéu nén ban do, o nhiéu ngudn dir
liéu co thé dugc khai thac mién phi nhu ESRI
World Imagery, ESRI World Street Map,
OpenStreetMap, Natural Earth IL,... va cac chiic
nang thao tic co ban véi ban dd nhu phong to,

thu nho, di chuyén, xoay,... Phan chtic ning
chinh cho phép ngudi dung c6 thé thém va ciu
hinh cac 16p dit liéu. Tao cac hiéu tng cho cac
ddi tuong trén bé mat dia hinh nhu t6 bong,
highlight, chup anh man hinh, in an,... Hinh 8 1a
hinh anh thanh phé 3D duogc hién thi & muc
LOD2. (Xem hinh 7,8,9)

Hinh 9 Ia thanh cong cu cho phép thao tac
nhanh v6i mét s6 chtrc nang nhu tim kiém mot
dia diém trén ban dd, thay dbi dir liéu anh nén,
hién thi toa do hién tai... Tir két qua thir nghiém
trén, c6 thé thiy rang voi quy trinh dugc dé xuat
O trén, bai bao da tng dung va xay dung thanh
cong ban dd thanh phd 3D trén nén Web. Vi rat
nhiéu cac phan mém c6 thé xdy dung mé hinh
3D hién nay, hoan toan c6 thé xay dung dugc dit
lidu day du cua cac thanh phd. Tir d6 dit liéu nay
c6 thé quan ly tap trung trén cac may chi 3D
Web va quan 1y, khai thac sir dung trén nén may
khach 3D Web. Mot s6 wu, nhuge diém c6 thé ké
dén nhu sau:

Uu diém: Viéc st dung nén tang 3D Web ma
nguon mo, ¢6 thé giup glam thiéu thorl gian phat
trién cac tmg dung ban d6 3D trén nén Web. T4n
dung duoc nhimg cong nghé mai nhit véi sy
chung tay tir cong dong. D& dang truy cép, hién
thi va tryc quan héa m6 hinh d6 thi 3D nhanh
chong. D& dang trién khai cho nhidu may, chi phi
trién khai thap. Dir liéu dugc tap trung nén dé
quan 1y, cap nhat. Co thé thdy, giai phap truc
quan hoa d6 thi 3D theo chuan CityGML co
nhiéu wu diém so v6i mot s6 tmg dung 3D GIS
da co.

Nhuwoce diém: Yéu ciu bao mat véi nhiing
thong tin nhay cam nhu thong tin vé an ninh-
quoc phong, thong tin vé tai nguyén mat quoc
g . Vi Vay, dé c6 thé trién khai trong thuc té
can co sy dau tu nghlen ctru dé phat trlen ung
dung dua trén ma nguon mo véi cac yeu cau bao
mat thong tin ¢6 thé dap tmg dugc yéu cau dit ra.
D6i v6i cac bai toan trong quan su, co thé tan
dung mang thong t1n quan su dé xay dung u:ng
dung 3D GIS trén nén Web phu hop vé6i yéu cau
va nhi¢m vu duogc giao.
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Hinh 9: Thanh cong cu cua chwong trinh
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4. Két luan

Ung dung 3D GIS dugc phat trién nham danh
gla khong gian d6 thi mot cach hiéu qua va cung
cAp thong tin vé quy hoach d6 thi cho cong dong
dia phuong, cung cap cho cac nha thiét ké va quy
hoach d6 thi mdt cong cu hiru ich dé lap mo hinh
va phan tich. Ung dung nay cho phép ngudi
dung hinh dung cac thong tin quy hoach d6 thi
phirc tap theo cach 3D, dé danh gia cong sut
cho phép cua khu nha va mé phong cac quy
hoach xay dung ctia cac thanh phd. Vi kha ning
truc quan hoa va phan tich, 3D GIS duogc coi la
mot céng cu manh m& dé giai quyét cac van dé
khac nhau ma cac thanh phd hién dai phai dbi
mat.Q
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Study of the technological process for building 3D city map on Web

Mai Dinh Sinh, Trinh Le Hung
Military Technical Academy, Hanoi, Vietnam

Vuong Trong Kha, Hanoi University of Mining and Geology, Hanoi, Vietnam

With the strong development of science and technology, web-based mapping applications have
shown superior advantages over traditional map representation methods. The paper discusses meth-
ods and steps taken to build a 3D geospatial information system. The main objective of this study is
to propose the process of creating a 3D virtual city map on the Web. Key steps in the process include
gathering geospatial information, building 3D models, and visualizing 3D city-based city data.
Building 3D virtual city application on Web based on 3DCityDB platform. It is an open source soft-
ware package that allows efficient storage, management, and display of 3D city models in CityGML
format. The test results show that the application of open source to create 3D virtual maps on the
Web has many advantages such as saving time, cost and utilizing many existing data sources in
building applications. 3D virtual city data mining application.OQ
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