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Abstract

At present, many data formats were presented in three-dimensional urban models. In addition to
high cost, conversion between formats will also result in changes in the information of model parts
and attributes, and loss of model accuracy too. The 3D tiles format was based on its WebGL render-
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ing mechanism and can realize fast loading of massive three-dimensional data. Therefore, it was the
target format and common format for data conversion of the city three-dimensional model. However,
its three-dimensional format data cannot be obtained directly in practice, which hinders the univer-
sality of the model. For this reason, based on the open source language and tools, this paper takes a
commercial residential district in a county-level city as an example, and explored a set of technic-
al process and solution for lossless transformation from the three-dimensional urban model (IFC for-
mat) to a universal format 3D tiles, coordinate conversion, spatial index and viewing frustum culling
were completed during the conversion process, in order to solve the problems of high cost, incom-
patible platform and data in large-scale application of the three-dimensional urban model.
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BEE R PR B, IR T = 4B 00 B SRR MU R B [1], A H 28 o 8 B 7 e 1
— D B TAE, A E R TR = G LA S O ) B B G A, TR S EAN S R
S = RS N AR P BRI [2] 0 YR 4R B AL S PR R LRI B (R T S
). 1B @M E B . IFC (Industry Foundation Classes) ki At i 5 i dth 37 F B R dh S0t R )2 sz fk
TBSCRAR . ZAEL LTS JBIERE . BEE A H X R KIS %R IL[3]. Cesium FTfEFH (1 3D tiles,
DL WebGL JEJHLEI A, Rei8 SCILi = 450 o Pusn gk, D/ 3 i = e B 30s i 4. 1)
Hirtk =, /2 OGC (Open Geospatial Consortium)ZH 23 fikr AL A% X 538 i Rz —[4].

TEZ AR A O AR 3D tiles % U0V ELAEARAX[5], PRIULIE Py 4 22 SR ST S5 78 N 03 A = 4R AR
RU3E P b AU e S AR A T AT TR R 55k, F A LUN =AFEsi: 1) UL Bentley 22 =] & /) Cesium
Sandcastle Dife ], 7ESCHL =4k N5, 1 3D tiles % LN URL Mk 33, #7256
CHET, MIEBCNEB[6]; 2) AutoDesk 2 mAIF A H A% 20T # A FormlitConverter, 7E 4 id 7
AR AE = YRR PR VE G4 OR BN SO SRR [ S LA S 3 45 1] @[ 7] 3) Chen 58 NJTF K T —ETFIE )7
R[1], fERE e R b 5 B S SR AR R [ 45 4405 L [8]. OBJ. IFC. gITF ks R B AL Kl 78 J LT £ IA
JBIEEE . RV, MARFR RS ST IS 3D tiles M AFAE R 2 R[1], 15 4TI = 4Ei R 7E
AR A AR SR B o AR PRI T = 4R Y 7R KRB B F A7 7 I A B s - B S8R A
AR MRS QAR & vl 8, A 7T DA B BT v R X O, ETRIE S S TR, &R
R EI T = R 3 A) 3D tiles B AR AR 5 AT MALAAL TV
2. MiRA=*

DA EL T 1R SR B NI, /N RS 1T iR, s 1 fow, o 18 AR S . 12~13
i A 2 2R (Z = 33 J2). 14~15 W/ = 16 W B Rk Ab 9 BN 17 W RS A, A SCRAIZ/NX 5 i
13 i 15 W =AM, AT Revit, AR IFC 2 x 3TC, 5 IFC 4% xQ A AL 442 i S i SR 7).
FAHEEAT IR 43, A AL A B AL S S8 1 1) ISON A% 2SO AR AV 25 3 T LTSRS B IFC SCF, etk
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Figure 1. Three dimensional overview of the community
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Figure 2. The conversion flowchart of IFC to 3D tiles format
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2.1 IFC XXt
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A, i Open 3D Model Viewer 341 BIMServer, 5 & 5 #id 72 A7 5 4-E B e . Tovk el S i)
B JEEEN—ANIFEFRIH, AT 55 BIM HA, BFEBRKGE. RAES. 435k
BIM BRI sha Mt IFC OS5 ThRE[9], %K IFC SCfF A% & BIMServer, Ly a s it it 4T
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[F s DL JSON SCA-IR B X RN JE S B, RBONE N IEZ —, (HZJ7 R EX IFC X G A LA
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Figure 3. Transformation of IFC model into directed graph: (a) IFC model graph;
(b) Directed graph
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Figure 5. Model search graph using relation subgraphs and main graphs
5. FAXATFESEEEMEEEERE

GSub(IFCReIAssMar) = (VS ' ES ) (2)
o

Vs = (relm#1, wal #1, misu #1, relm#2, wal # 2, mat #3) 3)
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Es = ((relm#1, wal#1),(wal #1, relm#1), (relm#1, misu #1), (mlsu #1, relm #1),

4)
(relm#2,wal#2),(wal#2,relm#2),(relm#2, mat #3),(mat #3, relm#2))

A B H LS5 Dijkstra $& H (B ARE 2% CR[11]), AT IFC BB Ad, 16 5 e 245
I, IFCWall(wal#1)-5 IFCMaterial(mat#3) % % 1) 5 46 B 12 T 72, IFCMaterial (1))@ O, Blurch “fA
HR” . BT HIETA 1 IFCWall X A B AR . IR Ay UK s [Ty, e 3R T IFC A5 Ay
(R AN B A 1 44 B B IR 1D

2.2. IFC 3 #f[a) OBJ &\ E#t

IFC #1 OBJ (4, BFNEATHR = W HEE#E R . Wik, IFC A& =4 KEA =35I
HMAF R . OBJ UM E S UM ETEAG S AA KL, TR AT PAE N H T4 3D @S AL A i o

2.3. IBJ LR gITF

gITF AAK GL fefutg s, XM RITIRN, S 6 fron, BARRIERE SO, 1R
FONFEAFTAE JISON R AT, bin SCIRRLS TR e Bl (5 2 ARFRSE; glsl 3% TR G(E R

gITFJSON)
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Figure 6. Format structure diagram of
gITF
6. gITF 18\ EEH0E

2.4, gITF #3%A% 3D Tiles 453X

3D tiles i d Hh Ptk T —@EHIH gITF, 3D tiles AE it 1 S AR A AR gITF ST — A2, 4
ARSI G SEBIS, E R RTEEA gITF SCAF IR B H N RIfK JSON U, Hi T sefl 2R 4 5 A
RN AR, JE BB N JISON ST ELET, BRI EEAN LA (1 SR 55— JSON X
FAEFEW “XRAR” . “IFCHKA” . “GUID” FI “BATID” Z KI5 R, @A X/
4 ¥4 “Dimensions” F1 “Constraints” ] IFCPropertySets SR HUR & KR PE: SR J5 Kix e Sz 40,2 e it
Ab R R 2 IR 5K P 1) b3dm Sk, B 26 gITF A% U4 /5 14 b3dm i 5 B v £5di 45 S 14 (Thileset.json)
SR % 3D tiles %

2.5. FRFR

T EEEEA R, 15 IFC 445 3D tiles JE/nEHE I ALhR 22 5 i, R 7R 22K IFC (1) LTS
) A RO R 1 T SR AR 2R HEAT I e 8 R IFC ASEAY AL AR B AE 3D tiles A% X1 TH SR AL bR
RIARE (X, Vo, 21), Z P ELHOTRT ) b, Y FldRAL, S-AARREHDG B AL A6 PR E R Ry Rys Ok Oyn 6,
SRR ES XA Y B Z I . PIARAE R IR BRI B T, 1 BT i X (5)~ 3 (9) T :

T, =RRR,T (5)
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2.6. RS HE

WA (ARG M, 15 LR B R FAE A HE R LOD E4 k) 4r, iR = 4 B #s 78 g e i)
I, AR YR, WT 3D tiles FLA A A1 R 5| G MIAAAEA R 2 2 (8] 0] LLAZ B AFAE, H. A DA
Ma3A, A SCE )\ XS EEE RS, FHZAIERZFRS T tile 404 8)\DNFHRY B
0 SR
2.7. WEHIEE

ST N SE RN EE R A NS EE O TR, BRI #E AR, 7 AR
HARIAT RGN B, DA/ D iE Gem BT, SRS BER RN EEE R, ARSI B . T TH A BR AN 5 .

1) S ERARHE A
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f, roNJUTRZE, h HBLR U R, w=(10) 7w .
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Figure 7. Schematic diagram of culling frustum
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2) Sk TH
TERSRUINER S G, Pk A BOsEZRimm 2 nl Wi, Wik 8 Frw, MLmAR . FH WebGL #2t
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Figure 8. Schematic diagram of culling backface

E s SEHRFEE
3. SCHERIE
3.1. IFC ﬁﬁﬂ

JEFE 5 13 M, 15 1 i IFC #% 20 BIM il i Eicd DAt v fii 1 14 R« AR EE#S Intel(R) Core(TM)
I7-11800H @ 2.30 GHz, M fF: 16 GB, #{F%%t: Windows 10 64 {2 &IV A .

FIH JGraphT [12]3 44T IFC ALK AW 550, 2B 3 B e s =K 3R 7y, B %62 IFC
AR, BE T IfcWindow. IfcDoor. IfcColumn. IfcBuildingElementProxy. IfcBeam. IfcCovering.
IfcRailing. IfcFlowTerminal. IfcFurnishingElement; H /@3 4-RIEERE R, A5 T IfcSlab, IfcwWall;
=R AL AT, B IfcStair, IfcSite £, FAPATACHL LT

#1= IFCWALL('2kdjgs2dDDfGGFD7dfjg3D' #41,'drywall',$,'STD 16.0:3918' #457 #90);

#2= ICRELASSOCIATESMATERIAL('3DKFdgdkfdg34DFIdfdg' #4,$,$,(#43303),#91);

#3= IFCMATERIALLAYER(#930,0.02,%);

#4= IFCMATERIALLAYER(#,0.5,3);

#20= IFCMATERIALLAYERSET ((#925,#921,#956),$);

#21= IFCMATERIAL ('plasterboard");

#22= IFCMATERIAL ('plaster’);

SRICT IFC Y () %A ERAF A PR SO0 R 1D, JF% I 1D X & IFC F Sk T dn 44, RAFEA
H, 5 DA .

K5 BIMServer [13] (5 S HEATILAC, 75355 f0FXF R ISON A% 2 JE 45 B . 2 dlikid it
R IR R 7, Bl SRR L BIMServer YA AFFRE IS S, Wk 9 Fis.

ZGorE, &K IFC HM AR LA % H R I 1 FR.

3.2. IFC [g] 3D Tiles #&X##
IfcOpenShell & —NJFIE(LGPL) ¥4, F T 4b¥ IFC ih# 5] OBJ #& A HMEL, 13
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IfcConvert [14] T B4 53 J5 1 IFC ST R FE# s RS OB AR SCAF,  [RIR A2 i MLF % X A0
EIR S B .

25
0 20.1 BIMServer ARSI
16.5
@ 15
=
w
_f% 10 7
f2% 5.6 4.9
5 3.7 :
0
5ili 13 150
i 5

Figure 9. Comparison time of IFC decomposition

[& 9. IFC 4 f#AT1E)%FEE

Table 1. IFC component name and quantity statistics

= 1 IFC SRR R 8Lt

fiHCE N 5 i 13 i 15
IfcBuilding 1 1 1
IfcBuildingStorey 1 1 1
IfcColumn 391 1555 735
IfcDoor 18 1714 626
IfcProject 326 1 1
IfcRoof 40 4 2
IfcSite 1 1 1
IfcSlab 43 59 67
IfcStair 152 248 84
IfcWall 1488 6883 2482
IfcWindow 224 1691 291
IFC #% R/ 8.27 MB 40 MB 13.8 MB
JSON #& K/ 6.24 MB 11.5MB 4.88 MB

1R, HTIRSESNEEIEEE, NRRESRNEB0ET, AOET RIES, %S shell
WHH), AT IfcConvert TH [ IfcConvet.exe #2/7, #EALSZIL IFC 4% 20 a) OBJ #% A% H A B

obj2gITF [15] T /2 1 Cesium [#BATF &, T OBJ k& % e il gl TF #2811 T L, A< 304 obj2gI TF
THH 2D ) OB k& S FEE B gI TF A% 20

{8 /| Cesium & i ff] “ 3D-tiles-tool Sample Generator ” [16] (3D tiles & f%.#%) 77 T B, # gITF Al JSON
(Streaming) ST 43 41 9 AT HEACFE R 2 IR S5 K (1) b3dm SCPF, T &3 LR 5 @ A B AT ——
SRR R, TR R R ANAETEAS BB RSB IFC SUH o i S s AL e . 5 1 IFC #3140 il S
e e 2. & 3 fzn, fEM IFC [ OBJ, LA OBJ [ gITF. gITF [ 3D tiles ¥ #effid i, 4598

FAAEFEIT LB IS 0L
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Table 2. Time and file size required for IFC file decomposition and format conversion

= 2. IFC XXM R R AR AL R TR E] . ST/

5 i 13 15 f
peeling AR AN FEMS AR AN FERT SR
IFC 43 fi#(IFC 5 JSON 1) 565 145 MB 20.1s 51.5 MB 7.0s 18.7 MB
IFC /3 fR(INAE K IFC #%20) 3.1s 8.47 MB 16.2s 41.02 MB 28s 5.0 MB
IFC [7] OBJ ¥4 70s 5.75 MB 366 s 30.1 MB 112 9.66 MB
OBJ | gITF ##t 371s 8.89 MB 1795.6 s 42.7 MB 593 s 14.2 MB
gITF [/ 3D tiles #4 3.8 Min 18.9 MB 37.9 Min 89 MB 15.6 Min 33 MB

Table 3. Decomposition and conversion of IFC documents

7% 3.5 18 IFC X i KAk tFi

IFC oBJ oBJ MTL GITF b3dm 2451
MR OGRS SOfER SOfERN SCERAN SCHERVN b3dm R

Ifcwall 1488 1466 29MB 125KB 4.6 MB 9.79 MB 2078 Ms
IfcDoor 18 18 36 KB 154 KB 56.5 KB 120KB 87 Ms

IfcColumn 391 391 793 KB 33.4KB 1.28 MB 2.61 MB 1820 Ms
IfcWindow 224 224 455 KB 19KB 703 KB 1.5MB 508 Ms
IfcStair 152 152 308 KB 13KB 477 KB 1.01 MB 158 Ms
IfcSlab 43 43 87 KB 3.7KB 135 KB 287 KB 258 Ms

IfcCurtainWall 538 538 1.09 MB 46 KB 1.69 MB 3.59 MB 3553 Ms

3.3. ALK

AP WebGL R ALAL B X 2 40 (1 45 A2 S B MLAE (A A 530 B T w4 A0 (S 2R AT 0 28 it
el 10 fras. LA 5 904G BT S N i U 7 55 fps Zeh, S nI LRGSR miios e Hom#k
I () SE A, SRR, WA AR E SInE KBK R & B R A, HAU T 5 A s e iR
WK, AT SR G A U 53 DL = 4R RN R A D5 iR [T AR B, SEE RO A
Web Jii JN 25 E 5 »

—o—fRfunimidl  —e— b/

0 10 20 30 40 50 60
T E)(s)

Figure 10. Compare graph of frame rate before and after visual optimization procession

& 10. ACRIEmMERIEEE

DOI: 10.12677/csa.2023.134088 911 THEAURF 5 R


https://doi.org/10.12677/csa.2023.134088

GONHE £

7 Cesium ¥R R, AR b3dm SN Tileset.json FL #3044, 7E Chrome 3 5028 T B 3248 H
URL ik 175 7], 5 i 145 5 24 R (3D tiles A% =) il 11 B

Figure 11. Effect of converting to 3D tiles format
& 11. 353EK 3D tiles IR

LA 5 1) Slab (JEAR) 52961, IFC % aati A LATRAR S B A5 B an i 12 fos, £ Eid IFC
IR A, B 2% /E B 3D tiles A% 3K, 7E Cesium M85 N EWMZER(E R, R EIKEMEE B 5 R
WIRHRE, G 18 P, SREIASSO AR B SEBURS s R I, R BF T i8R S 2

Property Value

Type TfcSlad

Oid 66052

Globalld 3y$cHbdnb1;8TOJWIEVICe

OwnerHistory IfcOwnerHistory (65804)

Name 2a2d7a58-dfb7-43be-99b9-f2a686f1b839:2a2d7a58-dfb7-43be-99b9-f2a686f1b839:213539

Figure 12. Information of slab in origin IFC model (Green highlight)
12. IFC RIaHRE EREE (R ESTAD)

Figure 13. Information of slab in 3D tiles format (Gray part)
13.3D Tiles iE R TERIER (R EERS)

DOI: 10.12677/csa.2023.134088 912 THENUR 5 N H


https://doi.org/10.12677/csa.2023.134088

BINAE &

4. &iL511ie

AETFFFIES R FFIRHM IGraphT. BIMServer. IfcConvert. Obj2gITF. 3D-tiles-tool Sample
Generator Wit | = AEREAY IFC 4% XA FEET AT 1EAT 70 i, Je I s AU 46 i 445 2138 F 11 3D tiles & X044,
IR TR EYAERE, HAAERG R b GRS 45105 8. AR AL s, JEid s
U B A S 45 i A TC R I 7 =, B 7R AL N8 SvE e rlde,  SEal 7SR mT AL AL . H
1 2. 30 F, IFC 2 3D tiles I e —MAENT H BT R AL, 7EH &I oITF 2 b3dm #eit b
B, WERANELERIE b3dm ST EIR RFRFE EHUR TR AR, N T IR as R, &
SCR BB R R IR SRR (HLOD), X% T mia Yeth e Bk . ASCEEEX IFC2x3TC
F AT T 221K, X IFCA #% A SCHFR >, Xf 3D HEAY ) VE et b 25 J& /b, X B4Ry fa B a3 77

B

T 54 W 4 TR IE 0V TR A SCRR (430 5 3
E&ME

VLA H AR IT 4 S PRI
S5 3k
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