Website: https://www.Sepehr.org Online ISSN: 2588-3879; Print ISSN: 2588-3860

Scientific - Research Quarterly

T, R S S e

Geographical Data (SEPEHR) Vo.34,No.133, Spring 2025

Geographical Data

P.P 25-45 Research paper

IZI https://doi.org/10.22131/SEPEHR.2025.2034750.3085

Digital modeling of road bridges in Iran utilizing the CityGML

[

Nasrin Mollaee Kahnesara'— , Hani Rezayan*?>— , Javad Sadidi’

1- MSc in Geographic Information Systems, Faculty of geographical sciences, Kharazmi University, Tehran, Iran. Email: Mollaee.nasrin@gmail.com
2- (*Corresponding author) Assistant professor of Remote Sensing and Geographic Information Systems, Faculty of geographical sciences,
Kharazmi University, Tehran, Iran. Email: hani.rezayan @khu.ac.ir

3- Associate professor of Remote Sensing and Geographic Information Systems, Faculty of geographical sciences, Kharazmi University, Tehran,
Iran. Email: j.sadidi@gmail.com

Article Info Extended Abstract

Introduction
Date of receive: . .. . . . . .
This paper presents an approach for digitally modeling road bridges in Iran using the CityGML

2024/08/09 standard. The goal of this study is to spatially model bridge data by leveraging CityGML standards
DR e and GIS. The recommended method enabled modeling bridges with at least 4m length and 2m free
height to be modeled with Scm precision.

E220208 The demand for precise 3D modeling of urban infrastructure is rising due to its applications
Date of accept: in urban planning, infrastructure management, and disaster mitigation. Bridges, as crucial
2025/02/11 components of transportation networks, play a significant role in facilitating traffic flow and
connecting regions. However, their complex 3D structures and interactions with environmental
Deteelontme pabiciGen: features, such as rivers and road networks, pose challenges in modeling and analysis. Accurate
2025/02/11 3D models are necessary for structural analysis, maintenance planning, and traffic management.
CityGML, an international standard for 3D urban modeling, enables the integration of
Keywords: semantic, geometric, and topological data into a unified framework. Unlike traditional modeling
Digital models, methods that often lack standardization and interoperability, CityGML, with its modular data
Traffic infrastructure, structures, covers various urban features, including bridges. This study focuses on using CityGML
3D modeling, to develop a precise 3D model of road bridges in Iran at Level of Detail 3 (LOD3). The objective
CityGMLstandard, is to create a semantically rich and geometrically accurate model that supports advanced analyses
Levels of detail, and decision-making in bridge management. ... p. Page 26
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Materials & Methods
Data Collection

The study was conducted on the Kheiroudkenar
Bridge, located in Nowshahr, Iran, at geographic
coordinates 36.62798°N and 51.58104°E. This bridge,
with a length of 70 meters, width of 12 meters, and free
height of 5 meters, serves as a critical transportation link.
A UAYV equipped with a high-resolution camera (focal
length: 8.8 mm; spatial resolution: 0.0024 mm) was
used to capture 810 overlapping images. Flights were
conducted at four different altitudes (4—15 meters) and
camera angles between 30° and 90° to ensure complete
coverage of the bridge and its surroundings. To ensure
precise georeferencing of the data, ground control points
(GCPs) were collected using multi-frequency GPS
devices with 3cm precision and located where they had

high visibility in the images.

Data Processing

Images were processed using Agisoft Metashape
and the Structure-from-Motion (SfM) algorithm. This
technique automatically aligns overlapping images and
generates a dense point cloud with over six million
points. SfM's capability to estimate camera parameters,
such as focal length and lens distortion, makes it suitable
for creating accurate 3D models from aerial imagery.

The initial point clouds were de-noised to remove
outliers and then segmented into distinct bridge
components, including the deck, supports, railings, and
ramps. This segmentation enabled the creation of separate

models for each structural element.

Modeling

3D models of the bridge were developed at multiple
Levels of Detail (LOD), ranging from LODI1 (basic
geometry) to LOD3 (detailed geometry). Each LOD
represents varying levels of precision and detail, catering
to different analytical needs. At LODI1, an overview
of the bridge structure is provided, while LOD2 and
LOD3 offer more precise structural features.CityGML
facilitated the classification of bridge components into
groups such as BridgePart, Bridgelnstallation, and Bridge
Construction Element, each with specific geometric and

semantic attributes. This classification supports detailed
analysis and management of bridge components, ensuring
comprehensive coverage of the structural and functional
aspects of the bridge.

Results & Discussion

This study produced a georeferenced 3D model based
on the CityGML standard, suitable for integration into 3D
modeling systems and Geographic Information Systems
(GIS). The model includes detailed representations of
bridge components classified under appropriate CityGML
categories, enabling precise analysis and management.
The parametric modeling process ensured high accuracy,
with the generated point clouds having a mean error of
approximately 0.040873 meters. The feasibility of using
CityGML for precise bridge modeling was demonstrated,
as was its ability to integrate bridge data with other urban
elements.CityGML’s multiple levels of detail provide
flexibility in modeling, allowing for the presentation of
varying levels of detail depending on the required analysis.
LODI1 depicts the basic geometry of the bridge, suitable
for general visualization and preliminary assessments.
LOD2 includes more detailed geometries, ideal for
structural analysis and more precise visualizations.
LOD3 provides highly detailed features, including
specific structural elements and components, essential for

in-depth engineering analyses and maintenance planning.

Conclusion

The research concludes that CityGML’s data
structures are highly effective for bridge modeling,
meeting the needs of 3D modeling systems and GIS
applications. The developed models provide precise and
detailed information about bridge structures, facilitating
better management, maintenance, and analysis.
CityGML enables the integration of new bridge
elements and their dynamic relationships, expanding the
model’s applicability for various use cases. Future studies
should focus on extending the model to include different
types of bridges and developing dynamic relationships
among bridge components. This will enhance the usability
and robustness of the model for detailed urban analyses
and provide a comprehensive tool for urban planners,

engineers, and emergency responders.
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- Point Cloud

- Light Detection and Ranging (LiDAR)

- Digital Elevation Model (DEM)

- Interferometric Synthetic Aperture Radar - InSAR
- Digital Surface Model - DSM

- Geometric Surface

- Block Adjustment

- Structural Units
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- Inverse Morphological Mathematical Method
10- Segmentation
11- Defining Structural Units Using Central Line
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7- Solid 3D Models
8- Surface

9- Graph

10- 3D Laser Scanner
11- Curved Bridges
12- Taizicheng

1- Interactive

2- Desktop

3- Web-Based

4- Random sample consensus (RANSAC)
5- Building Information Model - BIM

6- Model Interface/Exchange Format
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3- 3D Geometry
4- Topology

5- Semantics

6- Appearance
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1- Structured Relational Database
2- NoSQL
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CITYGML
L k4 l
3D Geometry Semantics Appearance
h k
Topology Scale (LODs)

(Salleh et al., 2018) CityGML (gaJS jols 1o, IK

<<Geometry>>
gml::Evelope

0.1 envelope

1

<<Feature>>
gmi.:_Feature
+name : gml::CodeType [0..] <<Feature>>
A CityObjectGroup
+class : gml::CodeType [0..1] Eigeame! <<Geometry>>
l +unction : gml::CodeType [0.."] 0.1 gml:: _Geometry
+usage : gml:CodeType [0.."]
<<Feature>>
gml::_FeatureCollection
'% ,,,,,,,, Role
parent et
p— - groupMember +role : xs::string [1]
CityModel 0.7
<<Feature>> m
» CityObject ‘1 <<DataType>>
. |*creationDate : xs::date [0..1] extemalReference ExternalReference
+teminationDate : xs::date [0..1] * +informationSystem : xs::anyURI [0..1]
cityObjectMember |+relativeToTerrain : RelativeToTerrainType [0..1]
+relativeToWater : RelativeToWaterType [0..1] generalizesTo 1
externalObject 1
I <<Union>>
<<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> ExternalObjectReference
dem:: ReliefFeature luse::LandUse veg::_VegetationObject fn::CityFurniture witr::_WaterObject +name : xs::string [1]
+uri : xs::anyURI [1]
<<Feature>> <<Feature>> <<Feature>>
gen::GenericCityObject _Site fran::_TransportationObjcet
[ 1 ]
<<Feature>> <<Feature>> <<Feature>>
bidg::_AbstractBuilding tun::_AbstractTunnel brdg::_AbstractBridge

(3DCityDatabase., 2024) UML* Zws b ;3 CityGML _JS o313 Jus :Yo i
* Unified Modeling Language - UML

CltyGML J)‘Jut.w‘ JA‘}G.LG JJA CJL:J;J&- a(Y) a)& JKA B Q‘J:.a @ L).’ja LY \U»L.Z.A/Quf cb,« -0
C,a-w‘ QJ‘J g)’”“'.’.L""’ b C,,..,q‘ o s szl,wd,u d.,.,p)Lp QL:;F 9

1- Scale



(A=) bl iz Oledbl Liagss — ole doblilad
YY / ... CityGML jl oslaswl b ol ! slosl> sbd by Jluzs s g3w o

(GoogleMaps, 2024) 0,053 « s 55 Oliun g 53 gdly SUS35 5 o ¥'e, 1

oS o3> Sl S Liledd b s ed B)lse
AbstractTunnel (AbstractBuilding  ~MS J.aL..; o -Site
Sldb e 5 (gl S 4 AbstractBridge
Y=YV Fow s Lisd e oslial oy bg Slala
oy 3 AbstractBridge osls OIS 4 by e Ol

el 0l 1l sl s s Ol 5l eslad

L fay 50l -F
asdllas 3 40 03 g —\ -V

025 03 Ol Sed s Ol el 53 5S35 L
0V, 0A e Ldl e Jgb g am ;5 VAAYVAA Ll s
Aol s ol (F ) el el el o
Sl el Jal o3l 53 5 e85 ad S a5l (5 e shsS
Ao 0 BT gl 5 2 Y (e e Ve b Ly e
S Olge o )85 | ocl (g2 YO ailas 55 glyls
FERRLY s s b oyagd el SlS gl |
N el 0351 a5 3550 e (B s S Ol gy
oS ks Lilas 55,0 5 58 o ol e slas )l
el S3 Aolie 4 g 5 Sl 5 Sk sk

w g el 5o 0bL g ks 4 L opl &SI 51 e
Sl b oo ey Sy 5 Sl 3 (Sose b bl

1- Free Height

sieles gl Lol Lals,y 5 L WIS Lels Jus oyl
Sl ple s b b daobale da b il 5050
gt b S5 V) oK ol g8 ol )
U Llodd Late op 4y cilses Lol by (5 eakedes
s s ) ed SO L s e ledlbl el

) 5 el e3ls isles Jds s CityModel IS
Lal 5l las gamme oS sl ool gl S 51 S (Y)
o3l (sla OIS 51 S 555 e Juls |, CityObject WIS
<! ExternalReference _.5\S (CityObject M Ji3
5ok a5 Jde 5l ol sbe a gl sleay oS
L;LAW () @Lu sl 5hesls O3 3l (gl 5 Ll S e
5 oslazul Sledbl

S pel el Gl S (Y) oK e s
NS dex 5l Lgh e ol CityObject WIS
LandUse )M ‘u‘ébfﬁ): 4,25 (¢l » ReliefFeaure
VegetationObject S (211 (5,58 i =5 (sl
IS (Bl S s A e s sl
oIS (s Ol g1l iy a5 (gl CityFurniture
szl g
e > i 25 (gl WaterObject WIS ¢ &5 o
Slaab go/od gims i a3 gl -Site OIS cv.ﬂ

& 5 gl »  TransportationObject

sl 4 25 (¢l GenericCityObject S 5 ol



VP Sl AYY okl X¥Fo 90 Lan—) (oldlas Oledbl iagh - sole dolilad

Scientific - Research Quarterly of Geographical Data (sePeHR) Vo.34,No.133, Spring 2025 / Y'f

N3 yuSe WWVA Dl s oy 5o &l ilas S50 5 L
Solgman 53 L i orlo o1 el 5 (o)ls 65
34V 2o LAYAO Jl 5o oS 5500 5805 L
oy dy Jeate &S e N IS el en 4 e TY b

N S I Ry PV PR PRI S ES WY

StM 555! eslizal @

Seod s XY
2olss ple s b asle oy Hsba s pl o
OECTRETR 51555 o5 e Olakis ool el gy Jol OT L Jas o

Agisoft Metashape i3la ;5 55 ,islas 2505, @

OJK.; C,H.A‘ 4.:34,?‘)‘)3 o D)jﬂ wﬂ)’ 6[.&‘5]4)[5}
Re Sl orl o3 eslinal 5y g GBS sy el JS s, (B)

38 & =l e cnlcanlsl 55 s sl |, e
CloudCompare il ;s &y bl i@ G2 2open Jole ol ’ o=

Bl ol @

S bl @il doe

CityGML > i 55l Joo

-

CityGML = = slowl

duws Jlas!

Jr 4 LSS Je sl @

0313 g 4w (5lwdde 5 3515 sl AnT 5100,

Alie ol 55 0k ealiiul a5, IS Wy, 8o,

Gl peSe —\ VYY"

Gtrsan Jde slowl (gl allis ) yseslinal 5590 39, 03l gohas Aw (55ludids 5 Sl cdl -V —Y-F

23k bl eSe Jali Gy 50 L ST GSS g s e 3 S e (0) oSS

el (g el S 535 gla i Sl eslizal b 5l se ) S Jole cpl s e il 1 Laesls (dman (s 3badute
03 b e ps At BV Slsea b ool nolas
S8 SSE D8y e e AN S 58 Aol gl
LSJJT@?J@}‘ Sl Sl JIB s (gt Jue v/0 0 VE
alisee Llgs 5 cmnss 4o VAL A5 el

Lles T et O s aalsl s

Otz Sl (3) a3 At U (3l) a5 4= 1y



(=) ebdlas Oldbl bagh - ol dolilad
Y& / ... CityGML jl oslaswl b ol ! slosl> sbd by Jluzs s (3w o

Level 3

e =y
r s
N

Level 2

) ) |
= Level 1
B |
Level 0

A QS o 5 ) S aha 3l gl A V6,

S13 pp s Ol &S e b gl p o Sss o

ey baly cpl oo el Sewbe opls 35 ol se

oYl i sl gl 5 e b 5l 58,5 dlas Job L
s JTosl oy onl 5l eslizad gl

bl g) Al YA Y-y
Sols pSe Jo sl (6l 2 TSIM i gy dlis ol s
eliial 350 o Bl gla Ko Sl blE il 2|l
orl (Pepe et al, 2019; Pepe et al, 2020-2) ol 43 S )3
b S bl Sl gl oL Bl 5 a5 B L Ay,
sl 53 VU (6 pdullanl TSIFT g,y 31 eslanal L
O3k ilises sblss sl edd Sl gla oS 51 Js
gl (G5 Aol) uses G bl 4 5L

2- Structure-from-Motion - SfM
3- Scale-Invariant Feature Transform - SIFT

T Sy ol sl 03 (05 5 Laesls S
(oK) e 5
23U S a3 A0 Gl b e 820 gl ) =)
b S pa Vr Gl b e AN e s g ol =Y
230 4 S a5 80 (Saysl3 b e VY el ) Y
B S AN T SR R LN Tl

Jde s S Sl Oe 5 pwdin 4 55 (5l 5
oKvs Sl eslizal b pey J 28 LIS wsls 5 >
SO 53 blE pul Wsd o Cils 5 anslS 3 - GPS
Sl s 5l ol Jie sld 5 s oSo 55 sdalie LG
S bla Cundgn (Vo) K) L 0 olbisl b WS
Al Al Gl s edd o)l (fes D) pon b Ko s
Lgd oo day al e 55l LG

1- Ground Control Point - GCP



VPP Sl APY o)lad FFo 93 Lanm) bl i Oledbl g — sale dsbilad

Scientific - Research Quarterly of Geographical Data (sepeHR) Vo.34,No.133, Spring 2025 / Y'¥

AgisoftMetashape J‘}é‘fj’ 25 bl pl |SE5 ) g 0 B G ol Ao,

ol ui‘i‘ﬂ Iy Jde C,éb)w")b}g;o Ll

| g sandas —f—\ Y-
el JSES Sl a DA de el o
j; caJJJ “_}i 4.«.2,0 J»La Jﬂ LS‘J}‘ ALEA ui‘ DL .b)dvﬂ
Juj,&‘_;o oﬂ;-b B L;Jw‘txja.; ‘LS.’.L“’L";’ ‘Jou.sj.:‘ BL LQQL.:' 9
Sl ol ka5 8L pae )
ol aS ol &Lav.:wﬂ\j( sslizul 5 Lli 5l 4 samee
wS ) s BE ol s hspe SISO e 5 B

Jj...::vﬂ oalaul rﬁjmblm‘ ‘0)5

TG ol olwdae —0-V-Y-¥

Joe SO codds (gko ankes glil 5l Cand a6l s
o el bl 2 adie (pls g oo b S el
astlo 4l 5 boul (b (5,0 (Jgb Al pwiia
S Ol Sl See e e Ol oay g o
Olseas Ot b 5 558 iy i Ll b lates <o
sk e 53l 55kt b gl sl ol

adde Jlasl —N-\-Y-¥
Cilzsea gla e (sl sldnlal Sl sladis
s Sl TS pebke lag SISl eslinad Uy
stbolone (el s bagm ) Sl g e Joate SIS

1- Segmentation

2- Parametric Modeling
3- Metamorphic Algorithms

el cpl Kl o 5 5505 (moss Candye 5 5
‘) LLE_. SfM V'li)jg\ ‘.HL J"‘ B c)W J.'J.: WL?
das e sarass b W Se s blae bl Ky elal
j(}b“}ﬁﬁ‘}lééﬂfdéwk}fjf‘)
osls cpl G 5l das o &) abs ol coadly
Ulsea Lyl palp S sl Sy 5 ol
Lﬁabj..a cL@QjL.A ‘4.\::}.9 Lole Jf. olises Cjk.w cdl;ﬁ
Sheslizad b oS Wjls sline S, sl L LS
35 gduazws 5 plulid | Lol =14 01y .« RGB
Slge jaseil 4 Ay 0 RGB slaesls (ol 5 o gdle
B ‘dtﬁ st.: LS K8 o)LM: olises LSLAUIW’J}; E)
w‘ﬁ&‘)ﬁsgl}-‘)b¢éj|béwb-;<’)y‘}uﬁ
j‘ﬁ‘u‘jwudbgw‘)|cﬂ.&|bMLoJ;L’{é\f
)\esuzﬂll{&abmﬁﬁksﬁdmj&ﬁrﬁj\b
L o Sudls 5 GPS oSaws L aS ey J 2S5 bl

L b 1 )

8 hals ¥y oYy
Coygo Sop bl Gl L bl Al s pg Jhals
abols s il 550 plad 555 51 BE cpl 28 s
Sed Dot 5 okd gl p iy Olye 4 5 b
5 0B Ll g A diph e Dl 5 Dbl
S CERPS I S I el G A Jbe Lo



(A=) bl iz Oledbl Liagss — ole doblilad
YV / ... CityGML jl oslaswl b ol ! slosl> sbd by Jluzs s (g3w o

<<Feature>> <<Fealure>>
cor::_CityObject core::_Site
——
<<Feature>>
Bridgelnstallation
~ lichass : gmt:CadeType [0..1] -
I Ind3 = : gmi::CodeType [0..7] >
oo 0.1 0.1 + |+usage : gmi:CodeType [0.] -
lodiimplicitReprese ntation <<Object>> loddimpliciReoresentation 0pe . i ype outerBridgiinstallation
hd‘liiﬁ@nlﬂ&ml Corne:: icitGeomal ale Is
nddimnlicitRaneasantation?-
0.1
T, o Y
gmi:_Geomery lod4Geometry oo o]
od4Geometry LS lod 1 Geometry = <<Feature>>
o1 lod2Geo: . BridgeConstructionE lement
i = = ~[+class : gmi:CodeType [0..1] = lod1 Terainintersection
BGeometry = i : gmi::CodeType [0..7] = lod2Temainintersection
5 tussgn : gink CodeTypa .7} " lod3Tenaininiersection
<<Feature>> - g = lod4Temainintersection
IntBridgelnstallation outerBridgeConstruction Q
class : gmi:CodeType [0..1] 'O
+function : gmi::CodeType [0..]
: ’ e ihenn <<Feature>> address
e oot _ :
.~ interiorBridgeinstallation <> U —
— <<Feature>>
L <<Feature>> AbstractBridge -
BridgeFurniture +class : gmi:CodeType [0..1]
*|sclass ; gmi:CodeType [0..1] +function : gmi:CodeType [0..7]
+function : gmi::CodeType [0..7] +usage : gmi:CodeType [0.]
+usage : gmt:CodeType [0.°] +yearOfConstruction : xs::gYear [0..1] -
+yearOfDemolition : xs:gYear [0..1] K>
E ghmnmlm +isMovable : xs:bookean [0..1]
0.1 O f
<<Feature>> gl <=Feature>>
BridgeRoom i Bridge
+class : gmi:CodeType [0..1] =
+function : gmi::CodeType [0..1] ety
+usage : gml:CodeType [0.°] v BdiTerain =
0.1 <) - lod2Sold odZTenainintersecton
[od3Saia [lod3Terainintersection
0.1, | ledaSolid b1 oodTemainintersecton 1
. A\ 0.1 0.1y
lod4Solid <<Geometry>> <<Geometry>> | <<Geometry=>
5 mi::_Solid ml::Multi Surface gmizMultiCurve
.- [ ]
\
- 0.1 0.1
. [ <<Featres> T lod2MultiSurface
- Opening od3MuLSUrE; iod3MultiSurface
|
lod4MultiSurface loddMulliSurface
= ooenina
l «<Feature>> ‘ <<Foature>> dBy <<Faalnss> e Bound odBy
Door Window <5 _BoundarySur b ‘i
= | 0.2 * boundedBy
bound edBv
[ I T I I I 1
<<Feature>> <<Feature>> <<Feature>> Fi F <<Feature>> <<Feature>>
RoofSurface ‘WallSurfacee GroundSurface ClosureSurface CeillingSurface Inte rlorWall Surface FloorSurface
<<Feature>> ccFpaturas>
OuterCeilingSurface OuterFloorSurface

(0GC, 2012) UML s b 45 CityGML 3 AbsractBridge _wMS o305 Jue 146,

CityGML s J (s5lwdde —¥-Y-¥

AbstractBridge S o3l Jbe ol > Q) UL<.'» 3
5ol Gl S Lels oS (Y oK) el s iled o
el CityGML o305 Jike 53 i iy 25 Slasiln

Sldail 03 8 jSla 5 ks BBl 05 S il wibe
S das e Iy Ol (ileag LS o e b i
sl Jy SIS el 5 L5 e [SSG & badue
g o 3l b 5l s 4 LSS Je o5 5 pla o 50



VPP Sl APY o)lad FFo 93 Lanm) bl i Oledbl g — sale dsbilad

Scientific - Research Quarterly of Geographical Data (sePeHR) Vo.34,No.133, Spring 2025 / YA

lacw, b o @l ple Jols BridgePart o
Ol a5 pluld Bl &) o Ll 5 e a5 ol
5P S 55 & BridgePart . 5 o3l s Led BridgePart
b S5 g5 Oler shils opl ply 5 ol AbstractBridge_
JLSKEs BridgePart sy bor 5115 e Sl il g
S ol 5355105 ol i 3l 0
sl S5 L Ay e 5 Az BridgePart oS ol
e BridgeConstructionElement s BridgeInstallation
A Lsd e Jula |y L il sla s a5 W pd el
Sl s 0 Cjk'“ s (gl,ls Ll 55 e BridgePart
AL gl

(i Lile b)) C}Ja...d J»L& BoundarySurface o
g o008 9 S Ol

la oo L Juld a5 o (s myaw avlis :Geometry o
Ll (Solid) (gdmsans plorl °

5 Cl Oleale JgSle alie plae b 51 L Jssle
b o il LOD3 4 LODO i ol wdin oL 5
Sl s la b g 5 owbn ( plme glass | e
Jled (LOD3 6 LODO) ol mlave Sler b3 1y ol
(0 0,8 das e

dn i B 1o

LODI LOD2 LOD3

LODO

CityGML 5 Jy Sl = ghaws 1) vo, K
(Ujang et al., 2014)

CityGML > ¥y i 5 oo S2008 2590 4o

S S oS el Sl ble i 5 O
(0GC, Sl sl i 25 Lol o3ls ol ol
bl cao s Gl ey 68 @Wlie cpl s 2012)
oz b ala s el a8 el eslanal e Ck.ﬂj

5- MultiSurface
6- LandUse
7- LandCover

& =5 Bridge Js3le s CityGML s | as)le
ol s e els folel Bridge WS (gadews 40 5 0l
ARl S S s Bl 5 b Shs S
awdn ¢y A 5,5 Spe <ol 4 AbstractBridge_
b ieled Sl S e 3 WNlge b Jaile
Tt Syt B ol o e 50
(lod4MultiSurface U lod1MultiSurface) 3 s o315 oled
(Floros et al , 2016)

Q) K L5 oS dsile cpl so ol esls gla S
H0GC, 2012) 31 A5 5Le (ol 0l (i xS

el S Cnd ge oS Dlasine Site o

Sl b sl sosee OIS S :AbstractBridge e
5 oS sl Jl wsbe el gl S &S
C NS sl sla Sns s e bls 1 s Sles
B Feslanal Ty Shas (OIS Jols AbstractBridge
Llg o b Sis opl sl Kas olie sl plral>
Al o ps 5 OB wly ple Lglesl bl L

Ll e aS ol b5l 5] el Bridgelnstallation e
ly e 55 B e g S e 55 0 51 0%
Bridgelnstallations . _3L5! p'\jl 3 Sl ) ‘u:j
S5 s e 55 LOD3 B LODT Sl jr = o s g
A ss 0 e3ls tillod2-4Geometry Ol goas owdin LS
Bridgelnstallations « Ll o ImplicitGeometry ¢ gyrn
sl S35 Jels Bridgelnstallation WS .55 Jles!
sl 3zl g 5 Sas (WIS lae

S Cwnl (g 0ole sl BridgeConstructionElement o
a0kl dile e 659,28 iy bl ol ¢l
L S5 ol s g5 ad o 5 a0 i o okl
sbxe L;Lmvf}i} 3355 o003l ol lodXGeometry
A oslatal g s Shae (OIS el

1- Solid

2- MultiSurface
3- Function

4- Usage



(=) ebdlas Oldbl bagh - ol dolilad

¥4 /... CityGML jl oslaswl b ol ! slosl> sbd by Jluzs s g3w o

Jooosls g5 o S5 hoper N Jgdr

b s o aldas 2,8 o3> ¢ 4
JPEG e e v/00YE CLLES V-0 Se AV S g5kl sl S
Jadr/ e Sl ¥ b kS Lo J S abii 1 23k O3S e s IS bl

las/.rcp. e Sl 0 LS bl ALY sl (Sdaan Jdo sl L
3DS Max ol 0 3 CollKe s axkas bl sileas S5 el e
GML LODO0-LOD3 Jbe 4 sl esls WS 0 L sl gsleslilial | CityGML  slaesls

NS g—l RS dd.w ! » WaterGroundSurface
sla s e ($5bee sl e (gl WaterClosureSurfaces
s o oslarl uT ks

CityGML 9 & sl -¥-Y-V
54 0| *GML s b IG5 CityGML > 5 >
skd Dbl jge G sl TXML i S
ao)le aa fate o oAbl 5 el ar e O
55 Laesls (il clb Lol Jb s 5,8 e s L)
Sl 6 4> slaslsle 5 B s GML s b

Lokl 63l w_}i‘ u.’&.ﬂ

Sean mlE oy 2l -t

Syp0 Slllae exgdeee ;3 ol Olpe G S,
Clante At Ll edi Sy e o
Do 55 lin ol 53 ok sbosl 5 oalizd 3550 (glaesls
e osls _zalad )

in Joo 3 BUG ) ol et 5 ol sl oS 2505
Agisoft Metashape )()Je\(j} Sleslazal b allas -l 55 (gay
G332 Slp Y SUISal (sls S (V) 6,180) et plon
e STV g e 31 s sl Sl 53
Slp e JAS BB LS il sl Sk
s aploes e EAVY Dol oS Jde S

5- Geography Markup Language-GML
6- Extended Markup Language - XML
7- Photogrammetric Digital Images

el B s K (Y 5 S S il ol
S8 i, s lod3MultiSurface 31 gk ol (sl 5
RGP A o S g C)k.m WS Sl e

> CityFurniture J 33l 5l (5,6 Oledks OIS (5l
bl e oslse O 45 &S il ol eslizud CityGML
e plaials ot G Pl S il ol
25 S 5 Sald a0 sl Jlaw (Lol
S Oledes as,le (2 a5 I 53 (0GC, 2012) L 5 0
lodXGeometry _JB )5 555 jathe awdkis b Ll e
B L3 OLeSt amia b (20150 (nl el 58 iy S
Ll 5 o oslee pl L sd ge i a5 ImplicitGeometry
Al 5 eslial 55 Slas (IS sla S35 slls

Relief J 55l 31 CityGML 5 ey 31 S 5555 5540 5
as)le lul ol (Griger et al, 2012) 555 o o3linu]
S 34i 4 %5 ReliefFeature S ;3 31545
ReliefComponent 5 51 Cuss s Lo L G ol
sowe TIN'DEM' CJB 55 Llg o 31 S 55 .ol
i a5t el LIS as gazee L 70l 50

o2l i 25 ¢l CityGML s WaterBody oIS
ol glaas s 5 baasl s U dawls s, ale
Sad ety w5 Y Sl clamjk aS ol el ealand!

oINSl cb..e sl WaterSurface IS

1- Digital Elevation Model - DEM

2- Triangular Irregular Network - TIN
3- Contour Line

4- Mass Points



VFF ol AYY o kel X¥Fo, 90 Lan—) oldl o Oledbl Jiagh - sole dolilad

Scientific - Research Quarterly of Geographical Data (sereHr) Vo.34,No.133, Spring 2025 / f.

bl b sla oy il 5 sll 4 5L Workbench
LOD3 &ls 5 claw L adlie pl )5 andlas 5,50 o 3)ls
Bridgelnstallation. el> (sla IS Jold 5 edd (g5l

Y. )L{}) <ol BridgeConstructionElement s BridgePart

BridgeConstructionElement

sias LS5 sla WS 4 b (gl imrl S8 AV, K
FME Data Inspector ) J.elf » > CityGML >

s ekl b s Jue 5l ples ((V8) oK s

Sl 350 Jde .l 0l 0313 23 Le3 FME Workbench
CityGML s lubeal 53 L dssle jwole Wbl 1y L
slrawra lal 4.,\,.JJ3 gl A8 e SIS e
el 5 eslu bl B i 5 oo ' S ok
ot s bl e gladdia (w5 55 sl
Koo JdS by o g odd Trannd L1
BridgeConstructionElement. Jdile ab 4 0 WDIS 4 oS
0> . Kgs  Jate BridgePart 5 Bridgelnstallation
& 25 (¢l » GeometryPropertySetter |3l Laly -
sl Tomdse Jold ol sl sladhs Slasiin
3,8 oo ol eslinal 3550 0 5T plad anda 5 O S
Iy )USs s L CityGML LG 5l iz (10) oK

K 53 ol XML litle oo 45 das e OLES
Lk o »eld cead gzl @ by e slresls 55
2 b o slosle gl 52! Bridgelnstallation s

1- Deaggregate

2- Aggregate

3- Location

4- Dimensions

5- Shape

6- Spatial Geometry

So sl 0 dslas ol abais ol iy O 5 cpla .ol

bj..;lg;a J)j‘ﬁ

adgl B31a s 3 e ok oKl LGl VY6,
AgisoftMetashape ﬂ}é‘r}; 33 e Jl glaeals

Autodesk )l}él(sj; 3 rep. S b b dlol> dbais
Bl G b ials aul s 5 et Sl 3 Recap
Jols amtt (A o, 0) s planil gy o Oy
G Jo slwl al> 6 (gl s obj 5 fbx e b Lol
QY 0,1) L3 sl 3Ds Max (g5Led e Jljle 5 )3

LU 5l 5 oslizal b g3lwdte dnl 5 Yo, K

3Ds Max Jljélf,'s BL

s 53 wid giledde sboldl 5 1) (s

B Gl it e 3 b S 15 s 4 et
L;)\J;élrf' L ;3 CityGML (lassls o jb 4 Laesls
Cobols )l}'e\(af', gl Lss asls . Workbench FME
Slaesls S b i A 5 5 (gn an sla b Sl
FME | eslaxal b s 5)ls |y gml & seg U CityGML



(=) ebdlas Oldbl bagh - ol dolilad
F\ /.. CityGML jloolaiw! b oyl ! slodl> sbd Jy Jbwmss (g3lw oo

Create the CityGML specific

Deaggregate and aggregate geonetries attribute needed for the

to break up corplex original structure export Aggregate surfaces into )

and create a simpler nested structure one model Attach t:a new attribut as a
Create gml_id trait to the geometry

— Deaggre...Element {3

AttributeCr...tionElement Aggregat...nElement GeometryPrope...uctionElement
I Deaggregated \£ {Eﬂ_ﬁ{ 2Rl {E}J_g_ri LS {}JJ—_D\. BndgeConstructlonEIementp,r(E
P> Output (> aggregate I (D set =

Deaggreg...allation 5.2 (P Untouched =
(P Deaggregated |1 {Attnbute .tallation {:}]—/——EEAggregat .allation {::}] 5 " = =
GeometryPro...nstallation = P Bridgelnstallation
(Pouwpt (P agaregate _}J_‘% > . i’}]_/— E:.g ]
Set
——{Deaggregator BridgePant} ‘

I> Deaggregated ’1
‘«EAttnbuteCreator BndgePart{:}_I—F{Aggregat ldgePart{} Geometr...dgePart {:} R « E
{- rt “
4 Output > Aggregate [> Set sisitfatss Sl
P> Untouched

FME Workbench j}élrj 53 CityGML slad g3l 4 (gdm 4w Jdo fous N o, K

This XML file does not appear to have any style information associated with it. The document tree is shown be|

ttp re a
ridgeInstallation_26f5e135-8f2e-4d66-9b01-9451747d2a7c<
>Fi gen-89b93420-526d-4388-beb4-bcace8749b12</
http: //un.opengis .net/citygml/br
cityObjectMember</

nEl
BridgeConstructionElement_496f99ae-1974-4cad-adca-2336716434F </ fr
fme-gen-69b93420-526d-4380-bebd-bcace8749b12¢
ttp://waw.opengis.net/ci
cityObjectMember< /1

>BridgePart_ccb47829-d2a4-429e-b77f-6e3d89b404ab<
»>fme-gen-89b93420-526d-4380-beb4-bcace8749b12<
ttp://wuw.opengis . net/citygml/bridge/2.8<
ityObjectMember< /

FME Workbench ,i33le 5 53 b sladssle 51 XML J6 106,

Lol Slasis Ly pperd G4t Oledes Sl o 2 b L 15! 2l s BridgeConstructionElement
VOl mhu ol geen 4 05d00 ol parasd glaanlild iomes Lledd esls Lles BridgePart
4 5 okl CityObject IS 5 (LOD2Geometry)  Mly (sl avlis @ml_id x5 Uil 555 40 ameis
OV o, 8) Wled 4 S v p b )t sla) 5 gmi_parent_id o 5 L

lwmm S Jde 53 Lledd  aslis citygml_target_uri

(bl e fold 60 Olede OLSs5 =
LS Lhdd b glosS 4 Al Jw 5 gl
S Gb el SO ) Wil S ol
FME Jl)_'elrf' s CityFurniture OIS 31 codlddl )l i
Sy pods H sk ol gl .l ol esliul Workbench

QJV‘U LAMM c(\i AJL<D L}i é‘j}‘ 6‘J; MLM

S5y 3 6 Olakes 51 & gad V16,5
FME Data Inspector }é‘(’ o

JMQGJJWJ@.Jébg\&)aMLW



VPP Sl APY o)lad FFo 93 Lanm) bl i Oledbl g — sale dsbilad

Scientific - Research Quarterly of Geographical Data (sepeHr) Vo.34,No.133, Spring 2025 / ¥Y

Splitting the input geometries
accordng to their value in the
"sketchup_layer_name" attrib

Aggregator_CityFurniture {?:?]

T3¢ CityFurniture {0}

{7 Deaggregator_CityFurnitur)
I Deaggregated

GeometryPropertySetter_CityFurnitu re{f}
It AttributeCreator_CityFumiture{i%] (D Set
[b Output (D Untouched }

P Bridge..lement >

v
(> bridgepart__J>
P CityFurniture [
b Generic...yObject |~
P LandUse )
(> Outer. surface [>
(> Waterbody >
(> walsurtace >

P ReliefFeature [

b <Unfiltered> [~

FME Workbench J‘P‘Cj > CityFurniture NS 4 (5 45 Lol 51 gdm 4w Jdo fous AWVe, S

04 oK) el bls K8 4 sty glaesls b gdmaw Jide L3 cpe 608 i @la

FME Workbench j)é\pﬁ o> TIN Generator I3l L 0, ) vl 0l s3lizul lod3MultiSurface | LS

NS Gl L e ek laesls a4 5 B3l S el 4B S o g LandUse IS 31 il cpl 53 (VA

55 (Ve oK) Wledd LS CityGML s TINRelief 5 « Ko copd il ol la idpn b e 51 ol oo

(LoD1) V &by peaws o SIS s slaesls i ol Sy Jola 1y Y IS
Lok i

NS5, b 53 o3 5205 S3lwedits MK
FME Data Inspector | )‘r FY

,w;,,é&,acha“glﬁxj;\ﬂe,@ )
FME Data Inspector )ljélc-,? 33 o Sl ms oS b s Jde s
BL] TINRelief L)”’% )‘ oalaze! L 9 TIN Q‘)W@.

sk pl gl cwl edd 4 a5 ReliefComponent



(=) ebdlas Oldbl bagh - ol dolilad

FY /... CityGML jloolaiw! b oyl ! slodl> sbd Jy Jbwmss (g3lw oo

(TINGenerator {CE}]
< Points/Lines

Breaklines

((cityGMLGeometrysetterds?)

P TINEdges >
P Triangles [~

¢ Input

P TINSurface [> (D’ Output

) » TINRelief {c}@

P VertexPoints >

FME Workbench ,133lp 5 ;3 TINRelief sbw! dia 3 :Y+ o,

iz s Jde sl (g il 5 0l slgniny Al 3
Bl W5l S g S Glosr S
Sl LB s ol iy 5 Jde gl 2l sl
Ay o S L 4ses gl xS ol CityGML
Je 3losl 5 531 ol by ol 3 oo oS ||
& %5 5 Agisoft Metashape (5,1 8lp Les 53 (Gdran
FME (gl 3l L 55 CityGML 5 jlibisl CIB s e
eSS dol= a5 2 .l el | > Workbench
0255 5 503 SIS B8 5 s el J doSle
o s Cl VB Sl CE.A 3 CityGML !
BridgeConstructionElement. sla IS 51 | 4s)le
oslawwl CityGML > Bridgelnstallation s BridgePart
o Aledd iy ;25 LOD3 Dby o b 53 45 ol
S el gml G 3 e e O (Sday dw Jubs ol
CityGML > 5 Sl 3 ool glls L;La)\}élr]} 53
izes oslizal L5

2o dlie ol s olgldey S Sl w gL
5ot gl il alak ) (slasls 1 sslizal | (s3ladite
Sl s ol ol 3 shes L sl e e S
Ll (SSE BB ks Gzl b o)l s5ledie
el slie il slae sl 5 Laglaxstlo s s 555
Satle 0 gy ol 5l edd ol bl ol SIS s
el 85 3551

s s ol 3 ek ozl iy 51 6ols e e Sl
=B S5 sl sepe sl b b ol e bl sl
slies 0BGl 5 ey Slaties (s b OBl ale

Y Q%ﬁdﬂ.ﬂ)}dwd‘)bjtsb‘}k&éub‘))
(V) o, 53 sl ol & =5 WaterBody DS > 4

WaterBody

S8 g, s oo (Blagy) ol liml solwdde (¥ o S
FME Data Inspector ) J"f 5

lslgts S S aoes —0

G35 Glmaw sbadde sl Syl 4o axs L
Sl 4 oSl gl SLl 5 ek 2015
kol 1 eslial Gl Gda | 5 e
Gl 65l S 55 5 GIS oSS 5l eslizul 5 CityGML
Ol ol ol ol . gloalr gl fy olede
iy w5 Ol CityGML. 3 eslizal L oS das
L Aol ale s Jy o S e B
s Gl (et Oloks sl (315 5 5 ales
Al e S 3k el Sl 6, s (b))
GIS 5 3ledde sbaailele o 5 iules slasli a3
S ETSTISAD



VPP Sl APY o)lad FFo 93 Lanm) bl i Oledbl g — sale dsbilad

Scientific - Research Quarterly of Geographical Data (seperr) Vo.34,No.133, Spring 2025 / ff

CityGML Modules.
the Photogrammetry, Remote Sensing and Spatial

the International Archives of

Information  Sciences/International ~ Archives  of
the Photogrammetry, Remote Sensing and Spatial
Information Sciences, XLII-2/W2, 3-9. https://doi.
org/10.5194/isprs-archives-xlii-2-w2-3-2016

8- Giovanella, A., Bradley, P. E., & Wursthorn, S. (2019).
Evaluation of topological consistency in CityGML.
ISPRS International Journal of Geo-information, 8(6),
278. https://doi.org/10.3390/ij2i8060278

9-Goebbels, S. (2021). 3D Reconstruction of Bridges from
Airborne Laser Scanning Data and Cadastral Footprints.
Journal of Geovisualization and Spatial Analysis, 5(1).
https://doi.org/10.1007/s41651-021-00076-9

10- GoogleMaps, 2024, KehiroudKenar, Mazandaran,
Iran, Available from: URL

11- Groger, G., & Plumer, L. (2012). CityGML -
Interoperable semantic 3D city models. ISPRS Journal of
Photogrammetry and Remote Sensing, 71, 12-33. https://
doi.org/10.1016/j.isprsjprs.2012.04.004

12- Groger, G., Kolbe, T. H., Czerwinski, A., & Henning,
P. A. (2008). Open GIS city geography markup language
(City GML) encoding standard. ResearchGate. https://
www.researchgate.net/publication/258255672_Open_
GIS_city_geography_markup_language_City_GML_
encoding_standard

13- Groger, G., Kolbe, T. H., Nagel, C., & Hifele,
K. (2012). OGC City Geography Markup Language
(CITYGML) Standard.
semanticscholar.org/paper/OGC-City-Geography-
Markup-Language-(CityGML)-Gr%C3%B6ger-Kolbe/
d6d8a32f01fd2066c1fb75t705eb2e525a234ca9

14- Kasprzyk, Jean-Paul & Nys, Gilles-Antoine & Billen,
Roland. (2024). Towards a multi-database CityGML
environment adapted to big geodata issues of urban digital

Encoding https://www.

twins. The International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences.
XLVIII-4/W10-2024. 101-106. http://dx.doi.org/10.5194/
isprs-archives-XLVIII-4-W10-2024-101-2024

15- McDonnell, R., & Kemp, K. (1996). International
GIS Dictionary. https://doi.org/10.1002/9780470173213
16- Ohori, K. A., Biljecki, F., Kumar, K., Ledoux, H.,
& Stoter, J. (2018). Modeling Cities and Landscapes in
3D with CityGML. In Springer eBooks (pp. 199-215).
https://doi.org/10.1007/978-3-319-92862-3_11

Wl oslizal LB e Y5 VL ST gl

Sladde 4 53 Goiosd S ol 2l LB 4 a5 L

L Ol e S ol s gl b b gl
el 3 504 5> el 51550 2 058 oo
G 5 bl sl e il ale da b (50105
s e bdad e Jle s Gl Sl a8 5

él:.o oo
S 3 gy wBle ol 5 Jlo sl G al o

References

1-3DCityDB, 2024, Bridge Model: 3D City Database Model,
https://3dcitydb-docs.readthedocs.io/en/version-2024.0.

2- Achutan, K.; Hay, N.; Aliyari, M.; Ayele, Y.Z. A
Digital Information Model Framework for UAS-Enabled
Bridge Inspection. Energies 2021, 14, 6017. https://doi.
org/10.3390/en14196017

3- Biljecki, F., Kumar, K., & Nagel, C. (2018). CityGML
Application Domain Extension (ADE): overview of
developments. Open Geospatial Data, Software and
Standards, 3(1). https://doi.org/10.1186/s40965-018-0055-6
4- Biljecki, F., Ledoux, H., & Stoter, J. (2014). Improving
the consistency of multi-LOD CityGML datasets by
removing redundancy. In Lecture notes in geoinformation
and cartography (pp. 1-17). https://doi.org/10.1007/978-
3-319-12181-9_1

5- Chen, X., Chen, L., Dong, L. (2024) Reverse Model for
Curved Bridge Measurement Based on 3D Laser Scanning
Technology, Advances in Civil Engineering, 1(5594519),
6 pages. https://doi.org/10.1155/2024/5594519

6- Cheng, L., Wu, Y., Wang, Y., Zhong, L., Chen Y. & Li,
M. (2015), Three-Dimensional Reconstruction of Large
Multilayer Interchange Bridge Using Airborne LiDAR
Data, in IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, vol. 8, no. 2, pp. 691-
708, https://doi.org/10.1109/JSTARS.2014.2363463

7- Floros, G., & Dimopoulou, E. (2016). Investigating
the Enrichment of a 3D City Model with various


https://doi.org/10.5194/isprs-archives-xlii-2-w2-3-2016
https://doi.org/10.5194/isprs-archives-xlii-2-w2-3-2016
https://doi.org/10.3390/ijgi8060278
https://doi.org/10.1007/s41651-021-00076-9
https://www.google.com/maps/place/36%C2%B037'40.8%22N+51%C2%B034'51.8%22E/@36.6279075,51.58104,145m/data=!3m1!1e3!4m5!3m4!4b1!8m2!3d36.627985!4d51.5810454!5m1!1e2?hl=en&entry=ttu&g_ep=EgoyMDI0MTIxMS4wIKXMDSoASAFQAw%3D%3D
https://doi.org/10.1016/j.isprsjprs.2012.04.004
https://doi.org/10.1016/j.isprsjprs.2012.04.004
https://www.researchgate.net/publication/258255672_Open_GIS_city_geography_markup_language_City_GML_encoding_standard
https://www.researchgate.net/publication/258255672_Open_GIS_city_geography_markup_language_City_GML_encoding_standard
https://www.researchgate.net/publication/258255672_Open_GIS_city_geography_markup_language_City_GML_encoding_standard
https://www.researchgate.net/publication/258255672_Open_GIS_city_geography_markup_language_City_GML_encoding_standard
https://www.semanticscholar.org/paper/OGC-City-Geography-Markup-Language-(CityGML)-Gr%C3%B6ger-Kolbe/d6d8a32f01fd2066c1fb75f705eb2e525a234ca9
https://www.semanticscholar.org/paper/OGC-City-Geography-Markup-Language-(CityGML)-Gr%C3%B6ger-Kolbe/d6d8a32f01fd2066c1fb75f705eb2e525a234ca9
https://www.semanticscholar.org/paper/OGC-City-Geography-Markup-Language-(CityGML)-Gr%C3%B6ger-Kolbe/d6d8a32f01fd2066c1fb75f705eb2e525a234ca9
https://www.semanticscholar.org/paper/OGC-City-Geography-Markup-Language-(CityGML)-Gr%C3%B6ger-Kolbe/d6d8a32f01fd2066c1fb75f705eb2e525a234ca9
http://dx.doi.org/10.5194/isprs-archives-XLVIII-4-W10-2024-101-2024
http://dx.doi.org/10.5194/isprs-archives-XLVIII-4-W10-2024-101-2024
https://doi.org/10.1002/9780470173213
https://doi.org/10.1007/978-3-319-92862-3_11
https://doi.org/10.3390/en14196017
https://doi.org/10.3390/en14196017
https://doi.org/10.1186/s40965-018-0055-6
https://doi.org/10.1007/978-3-319-12181-9_1
https://doi.org/10.1007/978-3-319-12181-9_1
https://doi.org/10.1155/2024/5594519
https://doi.org/10.1109/JSTARS.2014.2363463

(=) ebdlas Oldbl bagh - ol dolilad

f0 /.. CityGML jloolaiw! b oyl p! slodl> sbd Jy Jbwmss (g3lw oo

U., Feature Extraction and Visualization of Bridges
Over Water from High-Resolution InSAR Data and
One Orthophoto, in IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, vol. 1,
no. 2, pp. 147-153, June 2008, https://doi.org/10.1109/
JSTARS.2008.2001156.

25-Tan, Y., Liang, Y., & Zhu, J. (2023). CityGML in the
Integration of BIM and the GIS: Challenges and Oppor
tunities. Buildings, 13(7), 1758. https://doi.org/10.3390/
buildings13071758

26- Traffic3D, 2024, A Rich 3D-Traffic Environment to
Train Intelligent Agents, https://traffic3d.org

27- Ujang, U., Anton, F., Azri, S., Rahman, A. A., &
Mioc, D. (2014). 3D Hilbert Space Filling Curves in 3D
City Modeling for Faster Spatial Queries. International
Journal of 3-D Information Modeling (IJ3DIM), 3(2),
1-18. https://doi.org/10.4018/ij3dim.2014040101

28- Vissim, 2024, Multimodal Traffic Simulation
Software, https://ptvGroup.com

29- Wang, R., P., J., & Chen, D. (2018). LiDAR Point
Clouds to 3-D urban models$: $ a review. IEEE Journal
of Selected Topics in Applied Earth Observations
and Remote Sensing, 11(2), 606-627. https://doi.
org/10.1109/jstars.2017.2781132

30- Xie, X., Zhu, Q., Du, Z., Xu, W., & Zhang, Y.
(2013). A semantics-constrained profiling approach to
complex 3D city models. Computers, Environment and
Urban Systems, 41, 309-317. https://doi.org/10.1016/j.
compenvurbsys.2012.07.003

31- Yamane, Tatsuro & Chun, Pang-jo & Dang, Ji &
Honda, Riki. (2023). Recording of bridge damage areas
by 3D integration of multiple images and reduction of the
variability in detected results. Computer-Aided Civil and
Infrastructure Engineering. 10.1111/mice.12971. http://
dx.doi.org/10.1111/mice.12971

COPYRIGHTS

17- Pepe, M., Costantino, D., Alfio, V. S., Angelini, M.
G., & Garofalo, A. R. (2020). A CityGML multiscale
approach for the conservation and management of cultural
heritage: the case study of the Old Town of Taranto
(Italy). ISPRS International Journal of Geo-information,
9(7), 449. https://doi.org/10.3390/1jgi9070449

18- Pepe, M., Costantino, D., & Garofalo, A. R. (2020).
An Efficient Pipeline to Obtain 3D Model for HBIM
and Structural Analysis Purposes from 3D Point Clouds.
Applied Sciences, 10(4), 1235. https://doi.org/10.3390/
app10041235

19- Pepe, M., Fregonese, L., & Crocetto, N. (2019). Use of
StM-MVS approach to nadir and oblique images generated
through aerial cameras to build 2.5D map and 3D models
in urban areas. Geocarto International, 37(1), 120-141.
https://doi.org/10.1080/10106049.2019.1700558

20- Poku-Agyemang, K. N., & Reiterer, A. (2023). 3D
Reconstruction from 2D Plans Exemplified by Bridge
Structures. Remote  Sensing, 15(3), 677. https://doi.
org/10.3390/rs15030677

21- Sadidi, J., Talebzadeh, M., Rezaian, H., &
Firouzabadi, P. Z. (2015). Designing 3D semantic model
in LOD4 to simulate building utility network. Indian
Journal of Science and Technology, 8(16). https://doi.
org/10.17485/ijst/2015/v8116/58276

22- Salleh, S., & Ujang, U. (2018). Topological
information extraction from buildings in CityGML.
IOP Conference Series. Earth and Environmental
Science, 169, 012088. https://doi.org/10.1088/1755-
1315/169/1/012088

23- Sithole, G., Vosselman, G., Bridge detection
in airborne laser scanner data, ISPRS Journal of
Photogrammetry and Remote Sensing, Volume 61, Issue
1, 2006, Pages 33-46, ISSN 0924-2716, https://doi.
org/10.1016/j.isprsjprs.2006.07.004.

24- Soergel, U., Cadario, E., Thiele, A. and Thoennessen,

©2025 by the authors. Published by National Geographical Organization. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution-NoDerivs 4.0 International (CC

BY-ND 4.0)



https://doi.org/10.1109/JSTARS.2008.2001156
https://doi.org/10.1109/JSTARS.2008.2001156
https://doi.org/10.3390/buildings13071758
https://doi.org/10.3390/buildings13071758
https://traffic3d.org
https://doi.org/10.4018/ij3dim.2014040101
https://ptvGroup.com
https://doi.org/10.1109/jstars.2017.2781132
https://doi.org/10.1109/jstars.2017.2781132
https://doi.org/10.1016/j.compenvurbsys.2012.07.003
https://doi.org/10.1016/j.compenvurbsys.2012.07.003
http://dx.doi.org/10.1111/mice.12971
http://dx.doi.org/10.1111/mice.12971
https://doi.org/10.3390/ijgi9070449
https://doi.org/10.3390/app10041235
https://doi.org/10.3390/app10041235
https://doi.org/10.1080/10106049.2019.1700558
https://doi.org/10.3390/rs15030677
https://doi.org/10.3390/rs15030677
https://doi.org/10.17485/ijst/2015/v8i16/58276
https://doi.org/10.17485/ijst/2015/v8i16/58276
https://doi.org/10.1088/1755-1315/169/1/012088
https://doi.org/10.1088/1755-1315/169/1/012088
https://doi.org/10.1016/j.isprsjprs.2006.07.004
https://doi.org/10.1016/j.isprsjprs.2006.07.004




	_Hlk164277113
	_Hlk170987764
	_Hlk185618662
	_Hlk188296173
	_Hlk185619068
	_Hlk187345740
	_Hlk187345647
	_Hlk170896929
	_Hlk187345624
	_Hlk187166328
	_Hlk187345592

