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ABSTRACT: To increase the usability of Building Information Modeling (BIM) in construction projects, it is critical to ensure the
interoperability of data between heterogeneous BIM software. The Industry Foundation Classes (IFC), an international ISO format, has been
established for this purpose, but due to its structural complexity, geometric information and properties are not always transmitted correctly.
Recently, deep learning approaches have been used to learn the shapes of the BIM elements and thereby verify the mapping between
BIM elements and IFC entities. These models performed well for elements with distinct shapes but were limited when their shapes were
highly similar. This study proposed a method to improve the performance of the element type classification by using an Ensemble model
that leverages not only shapes characteristics but also the relational information between individual BIM elements. The accuracy of the
Ensemble model, which merges MVCNN and MLP, was improved 0.03 compared to the existing deep learning model that only learned
shape information.
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Figure 4. MVCNN architecture (Su et al., 2015)
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Figure 5. Image data extraction process (KBim Assess—Lite)
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HB(test)2 2HSIRICE AFXH2Z MVCNN 212|550
8,02171{2| & xHoi| CHet 128ek 0|0[X| 96,252712t AE 0| 3,438
JH £ xHoll chst 41,2567H2, & 137,508702] 2D 0|0|X| H|0|E{7}

SEE|UCKTable 4 1),

Table 4. Training and test set for MVCNN

Classes No.i:;;a;:mg No. of testimages | No. of total images
Beam 10,476 4,488 14,964
Column 4,920 2,112 7,032
Covering 2,400 1,032 3,432
Door etc. 1,608 684 2,292
Double door 912 384 1,296
Railing 72 36 108
Single door 3,780 1,620 5,400
Slab 11,712 5016 16,728
Wall 59,520 25,512 85,032
Window 852 372 1,224
Total 96,252 41,256 137,508
4.3 &t&Znt

Table 5= MVCNN 2 2o| St&ZIIE LIEHN, Figure 6=
MVCNN Z2E9| precision—recall curveE LIEFHCE MVCNN
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Table 5. Validation results for MVCNN

YEet 2AE =2id
=do|az 27} Hste £ 7ot &dut BAYEE S4H

2 Xgsl & =+ AUk

= =24
Classes ACC Precision F, —score _ B
5 093 8 087 (MLP_2)2 Z+zt —TL=’E6FO1 g5 HuE Moo= HAlSIALCE
eam . X .
Column 085 097 091 (Figure 7 &), ojuf, £ AFM £EISH A™MEE= TF-IDF
Covering 071 0.98 0.82 = == = S0 =
EHE2 HHA b0l BtREtoir)
Door etc. 095 095 095 S HE |__|_2|'0|'O:1 °—n:|0“ EOOI'M |'
Double door 0.81 0.96 0.88
Railing 0.00 0.00 0.00
Single door 0.98 0.99 0.99 [ —»I
Slab 097 081 0.88 Beam o
Wall 0.94 098 0.96 - , property data
Window 0.97 0.86 0.91 Covert L, o Superior
Average 0.93 0.83 0.82 Ovimg model
Input element
I . . . -+ Geometrical data +
Table 6. MVCNN classification results (confusion matrix) Single door TP-DF eltionsl cata
Predicted . P
Beam |Column|Coveing [:‘:'c” D::::eRailing S‘;:gl: Slab | Wall |Window| Total BIM Elements
Actual * (10 types)
Beam | 348| 4| 0| 0/ of 0| o0f 5/ 16 1] 37 Figure 7. MLP models architecture
Column 4 150 of of of of of & 15 1] 176
Covering 8/ o 61| of o of o 17 o o 8 MLP ZEo| HEQZ xR 1719 YZZ(input layer), 98
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overfitting) $IMQZ 2I5 0| 23|z oo
Raling | o o o o o o o 1 2 o 3 2l 9) Hge of 9501 2512 201 = %
Single o o o o i ol o 4 o s 2, X9 245 = oy Mol 5ol m2tolE(hyper—
door parameter) §4 A8E Sl =EoIRCt. 2t 2H59| &35t
Slab 3l ol 1 o o o o 47 7 o 48 N _ _
Sh4~(activation function)= RelU (Rectified Linear Unit), 7t&
Wall 611 1| o] of o o o ¢8199% 0/212
Xl(weight) =X 3 St solver= adam, E2&9| &M st s
Window 11 o o o o o o o o 30 31 I(weight) Z{=tE: 21 ol gdst g
= = |25 ==|0d
Total | 425/ 155/ 62| 57 27| 0| 133| 504/2040] 35/3438 = softmaxE ALt T3,
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Figure 6. MVCNN Precision—recall Curve
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3RIE FAMKL HOI, B, &0)S FE5INCHTable 8 &),

c )
I& AF0M BM EHE 2Rst=0l Rad

E EMdHeE 7 |
=2 Aoz ASE Ht UckKoo et al., 2018).

Table 7. Training and test set for MLP

Classes Training set Test set Total
Beam 873 374 1,247
Column 410 176 586
Covering 200 86 286
Door etc. 134 57 191
Double door 76 32 108
Railing 6 3 9
Single door 315 135 450
Slab 976 418 1,39
Wall 4,960 2,126 7,086
Window 71 31 102
Total 8,021 3,438 11,459

Table 8. MLP Training property features

Features Definition
area Area of element
volume Volume of element
gyration Radius of gyration for element
axls Area/volume
ax2s Gyration / volume
X Width of bounding box
Y Breadth of bounding box
z Height of bounding box

5.3 2xlf 2t HAEE Hlo[E| =

2 7 2AEE= HE 27 e
3 AeX| GRS oojEich BIM 22 U Rxil= of2] e
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X1 ICHKoo and Fischer 2000).
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25t A2 BIM EXHi GUID (Globally Unique Identifier) & 2

AZEEE LU0l BAlsHoF stH, 0|z Qs st&o E&ste &
9| 27 SO0 et ZHe| 2R 452 SAITIE
2010 EClY, watd BAYEE DUSHE MY 27 54
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o E4HLE AU 01 S50l ZEfet TF-IDF (Term

Frequency — Inverse Document Frequency) SO 2 H3t

St CHFigure 9 &1).

Beam Column

we
f JJ l ~_Element

) _
TF-IDF 2745175 0.0000{  0.1795

5351368 0.2863|  0.0000|

l Dj - Statistical figures 2746379 0.0000{  0.0000
gj L - Weight adj
2746702 0.2147|  0.0000|

Bounding-box based relational data

Figure 9. Conversion of relational data for learning
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2lal SH&OHI0|E7} CHE MLP REIE ACCE H|wsHFCHTable

9 o). o Zu} Bxf 7h 2AEE

9 ACCE= 0.922 LIEIRICt =
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Table 9. Comparison for MLP models

MLP_1 MLP_2
ACC 0.88 0.92

¢ Relational data represented
using TF-IDF [i.e., Weight adjusted)

Features |  Geometrical property
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Table 10. Validation results for MLP_2

Classes ACC Precision Recall F,—score
Beam 0.93 0.87 0.93 0.90
Column 0.88 0.81 0.88 0.84
Covering 0.79 0.99 0.79 0.88
Door etc. 053 0.64 0.53 0.58
Double door 0.66 0.55 0.66 0.60
Railing 0.67 0.15 0.67 0.25
Single door 0.88 0.82 0.88 0.85
Slab 0.92 0.90 0.92 091
Wall 0.94 0.97 0.94 0.95
Window 0.58 0.60 0.58 0.59
Average 0.92 0.73 0.78 0.73

Table 11. MLP_2 classification results (confusion matrix)
Predicted

Beam |Column|Covering Door Double Railing| Single

Slab | Wall |Window| Total
etc. | door door

Actual
Beam 348 8 1 0 0 0 0 4 13 0| 374

Column 12| 154 0 0 0 0 0 4 6 0 176

Covering| 0| 0| ¢ o o o o 17 o 1| 8
Door 11 11 o 30| o o 3 o 2 o
etc
Double of o o 1 210 o 3 o 7 o 2
door
Railing of o o o o 2 o o 1 o 3
Single of o o 1| 3 o 19 o 12/ of 13
door

Slab 20 4 0 0 0 0 0| 385 9 0| 418

Wall 2| 23 0 13| 12| 11| 12| 192003 11/2126

Window 0 0 0 2 2 0 9 0 0| 18 31

Total 403| 190\ 69| 47 38 13| 146| 429(2,073| 30|3,438
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Figure 10. MLP_2 precision—recall curve
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softmax Zt=CH MVCNNO| 2 F&F softmax 2{0| A Y= (slab) RIHE LHE RHM= It SR} HATYETL

20| MVCNNS| 25 ZIHS 438t 2O Solsoict, ShaE MLP 2U2 #85i0] Mus| ERS Ao HME 4+

Table 12. ACC of ensemble

J2iLt 235]2f 7|EtE B 2R 0= MVCNN i
Classes ACC Precision Recall F, —score qo =
! -0.14(=0.81-0.95)2| &5 5t2f0| LIEt Ho=2 QI
Beam 0.97 0.85 0.97 0.91 Olf3t ACC BIZIS SIS TLAISHL Sl MLP 2 D] 2
e 6} == 5] :
Column 089 098 089 093 ce== Teok
x= H=2 74 HIO] £ il S E oo
Covering 087 100 087 093 Wt AE B Zuoof UIE Ao HHEL MLP 2 22
Door etc. 0.81 0.94 0.81 087 7|EIR BME F2 Hi(wal) EMZ RES 5t¥2H, 0= 7|
Double door 0.88 1.00 0.88 0.93 of £MNEHQ} ZANEDIIO R = 0|15 B 7te| X}0|E &5
Fallng - 10 o O Il o7l WRoick B, MLP_2E 15t A4FEeL BAXET)
Single door 0.99 1.00 0.99 0.99 o st o b
A EXIE(Z[EFZ, 0|E2, 22 4| S)2 225t=0 0f=
b 099 ™ 099 091 FALSt EMEC[EIZ, 0|FE, &=, HA §)2 2Fat=dl o7
Wall 0.95 0.99 0.95 097 20| x5t YME ZEHo| 22 M5 5ol 202 &ES}t
Window 1.00 0.97 1.00 0.98 XCt,
(EEEE i Wi iy = matA, dAE 2N HE 242l 7(st &4k o|0|XIE &t
P . . &S5h= 2 2(d o 7|El I=Rui o] )=}
Table 13. Ensemble classification results (confusion matrix) &oh= MVCNN2 E(doo)o| M2 RE(IELE, 0IS2, HEE)
Predicted oF 20| YAo| CiYst 2F0 240611, MLF’_ZE JHe =Exjo|
Beam |ColumniCoverng| 22" P21 iting| "% | g1ap | Wall (window| Total _
. ™| etc. | door 9 door ZANE 7HleZ 7|5t £M™YETL CHE 015 2X 250 R
Beam | 364 3| o o o of o 3 4 o 3% SiCt,
Column 6| 15| o o of o o 8 6 o 17
- Table 14, Variation of models ACC
Covering| 3| of 75| o o o o 8 o o 8
S
Dect):r 0 0 ol 4 0 0 0 ol 10 1l 57 Classes MLP_2 MVCNN Ensemble Variation
Sochic Beam 0.93 0.93 0.97 A004
door 0 0 0 3 (s 0 0 0 ! 0 32 Column 0.88 0.85 0.89 A0.04
Railing 11 0o o o o 1 o o 1 o 3 Covering 0.79 0.71 0.87 A0.16
S(;nglre 0 1 0 0 0 ol 133 0 1 ol 135 Door etc. 0.53 0.95 0.81 v0.14
00 Double door 0.66 081 088 A0.07
Slab of o o of o o of 43 5 o 48
@ Railing 0.67 0.00 033 A033
Wall 54 0o o o o of o 602012 0212 Single door 088 098 099 001
Window | 0f 0 O 0 0 O 0 0 0 31 3 Slab 0.92 0.97 0.99 A002
Total 428| 160| 75 49| 28 1| 133| 492|2,040) 32|3,438 Wall 0.94 094 095 A001
Window 058 0.97 1.00 A003
Average 0.92 0.93 0.95 A0.02
== * Variation: Ensemble ACC - MVCNN ACC
7. 38 @yt

, Y= H-O ACC= 0.95 8 A=
A

3), HAYE ¥ 7|5 2 A= Bxiol 7|5t gatofgt E5te stastes 7|1E e
SHYEE S50 288 RECH +0.03(=0.95-0.92) k| o zelo| 25 SHAE JiMg £l 0I5 dIolEIE ztzt Eald
ACHTable 14 &) Ln2|E SEAIZI F Ylste YAE 78t HIHES HMAlS

MEdoz UAas mHlo] Hxf#H ACCE 7|EHZ(door etc.) Sict,

2 HMelst o7 BN M &ao] EEQICE S5 HE M™oz 2xjf 7+ HAEEI 257 M5 Ao 7|ofgit=s
(covering)2] A2 MVCNN CHH| +0.16(=0.87-0.71)22 H& A3} 0|2 Y5t &H& POl TF—IDF #&Ho| XMetsict= A2
M 2F0| 22 AR SRIUCE ZF, 7ot HHE KA ASSIULCE 0|F e HAYEL} 7|5t SH™YEES st&s MLP
o= 2l MVCNNOIAl ME5| 2F5HK| ZotE M=} Hiet 2t 7|5} o|0|X| HEE k&S MVCNN 22 7+ LAE HEt
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