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RESEARCH AND APPLICATION ON SMART DESIGN REVIEW

LIN Jia-Rui, ZHOU Yu-Cheng, ZHENG Zhe, LU Xin-Zheng
(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Design review, i.e., design compliance checking, is a key step to ensure the safety, environmental
protection, comfort, and compliance of a design. To address the problem of high cost, subjectivity, low efficiency,
and error-proneness of manual design drawing review, smart design review (e.g., automated compliance checking)
has been proposed and widely studied and applied. This research provides a comprehensive review of the research
and application progress of smart design review in recent years, establishes its theoretical research framework, and
systematically summarized the development path of its application. Currently, researches are mainly focusing on
the computability of drawings (or designs solutions), and computability and reasoning of regulations (or knowledge).
The application of smart design review can be classified into three aspects: digitization, perceptual intelligence, and
cognitive intelligence. Among them, digitization is the foundation of the design review process, perceptual
intelligence is the support of the CAD drawing recognition and modeling, and cognitive intelligence is an important
method for knowledge reasoning and computation. Finally, this research pointed out that the smart design review is
in the ascendant, and it still faces huge challenges in terms of model semantic extending, complex knowledge
representation, performance-based design review, and algorithm robustness and transparency.

Key words: smart design review; compliance checking; building information modelling; knowledge reasoning;
development path; review

Wce HI: B H I
FETH: ERERBAIE S H (51908323, 72091512), EHEA-T BHE BIM BEAHF 58 7.0 (RCBIM)
WIREE: WEEIm(1987—), 9, WRAN, BIERTR, 14, FEAFEFREE. e n A BT 7i(E-mail: lin611@tsinghua.edu.cn)
EFT N B RWA998—), B, SeM A, fitA, FENFEFE BN 7(E-mail: zhouycl9@mails.tsinghua.edu.cn);
I HFEA997—), FH, WA, 4, EENFEFE SIAHIEHIE T (E-mail: zhengz19@mails.tsinghua.edu.cn);
FE#TE(1978—), B, wBN, %, W1, 8%, FEANFEUEBNLE B 5k 5 i 7t (E-mail: luxz@tsinghua.edu.cn)



110 T P

J1 %

IR TR A B A A oy A S 32 S Al s it
VG LA 2R E 2R M, VRSB PR BT B
TREE TR RIE A RBEIATY, B (RIBitHE) 3
AT e B AR N TRy 3o N T A A O

NG5 5K 2R, HAEEHEREA .

IR 5 . N BRI RS & RARFERT
RS DN BRI, DL B A

(Automated Rule Checking, ARC) B Hzh& M
H# 7t (Automated Compliance Checking, ACC) 1Y%
KB HE SR BB ARITNEN 2 28T
RRIESFEHRR.

b TR RO 5 B AT N, 5530
JIRAHIIE K, e e B3 1ROk 2 1 oAl
7L, HE S H & WS, R, AR T
WA SR H 3 o AR B8 5 A 5% BT 78 5 N
HRHERE, 4R T AR fe# KT R 5K R JT M,
DAY £ 0% of R TR S50 B e H &I AT 7T 5 N
RftS%

1 BxFEREEHEEMRER

BREH E IR LL ARC NE, HFEATLLE
WE AL 60 AR, M Fenves i I 5%
(Decision Table) HEATBETHHILN & 2466, ix ik
IR T8 M7, FEMET ARC AFEEHP
A 151 U Garrett A FenvesUMg | —Fh 3 F-40
RIS IR BRI, Rk (5 B Al
HYPRGKF R IARHE. Delis F1 DelisCHEH T
— M T AR T R R G o TR AT
AL 77k, P LL IF-THEN JE /76t . Han
SRR T MR AT /MERE AR T ARC T
s ZITEREA AN E AR B BT HE 4
PETE A AT AL, FEX TR 0 4R B2 Tt Re Ak
77 1A TR 2 . Ding SE0RORE H 1 — s FH 28 1%
S L 2 7 g S M YE AT 2R T IFC (Industrial
Foundation Classes) #RIFI/REIF ARC ik,
DU T e Bty 0 ) s o o
2000 ELLJE, @ HAE B A (Building
Information Modeling, BIM) ¥ AR 2K 7 84T
F & BHE Bk ae /04, 255 AERDS — [
IR USRI 2% ORI TR LR R, AR
FEIE T IZ M RAIRER . IEFK, T BIM B
Haha B DT Mg R Rk D, KR4S

Eastmanl'’], Nawari'8l, EI-Gohary[!®2°l, Amorl?122

SEAR SR A S LB AR SO RR A A 4R
BNk 1 Bt B 3 S R e EE RS

Wl 1 R, SETAR ST AT B SR W 4
Jedt: 1) BEEBEHE B TR, BRI S
UUEERPYI N (a2 Wi S0 TN R
BEIRI. W@, i R BRIE 5 =870
2) BTG HTR AR T, RIAR DTt S G T A T
FERRVE AR I REAT HEHL AR ) AL, BB i 5 50 R AR
Al RO RN R AR S R iR
R A FEIT L -

‘[ WiItE, BEAR- |

l  EEOHER) R TI FSE (IR AR
| (3 1 3 B Y £ e
i y Iy’

TR R SRE

[ ] Lo ][]

HIR SR A UARE

REXF

BT A3l R e A IR FORE SR
Fig.1 Research framework of ARC

1.1 ERALTE M

B, 2 TRERIHE ERIAME B, 25 E
BT B O S, KHILCR, Wi E B E
A EAREERIAGEI, 8T CAD XXff. PDF 3Cff
B EUE SEIAE BT o X PP R TR AT 3k
IWEAM G RAEHIES) UTL%. BE. s
AREHHE PY, B MR AL JE R E S OREAE E
SR BRI RIERE 7. DATHI A0 6 G55 e A
T NFERE, KRR BIM £R 15 CIM A,
A DARIEMIE T UATTEAR S SR 2 i R S =
BHIE UE R (WP 2 A IfcSpace I FR. Bk
X, B2, HRZEME) @9, kT HHAL LA
N B TR THE B s SR A
I, FH% CAD K4, BIM K CIM RERIZE 5 T 5N
FEEE, T LI SR B 7 R 1),

R %24 K&, BIM/CIM H AR R 584
K, UL CAD NARER 4RIy KENH. %48
ZISEA BN SOE S E R EEER, BT



T &

71 e 111

BIM/CIM #H2Z b, =4k, 1%, CAD K4L
#OK R B THE B EEEA G RIE. Hit, Hs
B s, A RMAEEELEPELLT LN T,

FIABIMEA
CADHIRISER  ———

EIPNEISEE 7N
BIM ) % [ % 4 -

Fig.2 Evolution of the design information representation®
111 a#hinK

T, LB ERERZ CAD KR, U
BRANBR. JUTLFLCARER, MR,
J& 1 S R BRAT B 7 B N RS N 2 56 52 [
PR3], B3l B R R 2 bt &
FLE A REIRE ). AR5 BN TR A
TR TFARES], BEAE VR 55 ST AN R Be T 7T 4
W, TR KERE TG W I E SR
(SECE W RNSA < PSE sy 1= P 17 I P 2K [N sl
P10 % 2 ST R0 DA 41 110 — o PRI 406 v R ) At B A
RS, SRR R S A CAD B4
2 L5 S S @Ak, g3l CAD -F
T P A RS B Y BIM RS Y2818 SR, il - AR
fR AT SE PR SR AR AR I SR, IR A R
SRR R . FhRAE R 2RI AR R
SR AR AT A 4 I T M PR AZ Lo A 1290
1.1.2 BIM i# i) ;2 4%

WIFTATA, %1 BIM 7615 U5 ERE ik
i, T B IR BN =2 S 0 Rk A BIM B
A5 SR B B R R H Al 3 RS B 5
R KR8 . RYE BIM = 2T B 2=
R, AP ORI AT CAD/EI4RE) BIM H £
BT i /B 1 BIM HBUR S, Jodr, A/l
& UL R G R 2R, i — B R BUR A R
SHEEORE R BIM B 5 25 4 SR AP B,
T JeX) M BB AT IE U IR, JRiE—
PERURH &5 BT B g . M7 A DGR 7L AL FE 5
T4k CAD BN BEA @Rt AT S A 4h 58 &
P20 e =4 BIM A1 020, M4 5 = s A A
ToH BN S A B BIM B R 5 B8,
EHAYE N 3D {5 B EER,

113 EXRAR I 5P

A, 4T BIM ALEL {45 5 M AN R 58 4 2
WA E T 2. B0, a7 BIM AN SCREX AT
MK R EWR R MR BT S5E B B aURIA;
T Bt — 20 5] N2 [ o b 5545 B R ey 72
AR WA 12 45 44 JEAT 58 B A9 e oL, 5] 1, Tan
SO T — bt oxk 2 B B 9 45 4 M e Ak BT
BIM %4 R HE4E Extended BIM (EBIM), T4
HPEREAL I B 45 %] BIM . Solihin 503738147
T AR RHEENE S BIM AR 4EF) BIMRLSS
(BIM Rule Language Simplified Schema) ;1% /7753
TG RBBHEESRBL T BIM 2] JLf5% &
(it S AW, AT ] DA R a2 AR A (R ke, W]
PUPE BT ) e) e RIS, B PR R A BT 75 220
()RR AR 2 [A) 3 PP S EAT R AL, DR A AT 7R 2
K SLARRERY RIS R =4 AR R I8 Ty
AT GE RGO\ SRS I 7772, PASCRE 20
FUNAS A A E e BT R e, B & EE
e vERRA BT 4243), 7R k1T BIM A 4544
DAY REDT BAE B, AT SCRETHI 171 M REAG BETT 11
e A B R AR I K R e —na,

1.2 FSEHRIRA AT E M

BE, T PRUEIERTA MOERL bRtk
B FE. ARZE &M E s LR, &8 EE
Wt HEMRAMKYE, 2 TR0 AR B 22
o BEHHT, BYEER DUE T AT S 77 0
G AFARIE, WsCAR, RIEEAR . (FXF LA
RNFERIEAXFEA BRI L TH ARG FEHUR
HHHMTHEBE TR, AT PR BUNIR.
BRI, B HEAR g — I ARk, S
52 TR RN ) HE B B A DS FU I 3 BT
FEpi . HATHF A = BEAFELL R LA,

1.2.1 4miR 5HLN 697 XA & &

SR B FM T KA R I 2 T BN . Ab B
AL AR O e Al R 1T 23 Bl Sk AN
F 1 7 A Ks8I

D FiRmE &R

FEISRTR RN, A R R R AR AR S
SEEAR, DA R & U I OB /S48 . REAIE
MHMEXR. B, sk, BHEAECRER
i % AN RDF (Resource Description Framework)
= e TR, ITiEd RDF/XML, N-Triples,
Turtle, RDFa, JSON-LD %A A% sk 4777 A7
H . DL RDF A, @i e Hox 4t s 2 1



112 T Jis

2

JBIEMILER . B RRINEIERES), B H
RDFS 1M 2 A& F (Web Ontology Language,
OWL) [61, Sy4e iR B @ i 25 e 1 Hefili. DA
OWL NZEfl, HRPELS IFC bRt 7@ s
A AR AR ifcOWLIH, SEEL T BIM Hde [ 4%
PRRIVR RS e, IR T 1 P SRR HE R AR &
THERIESE ., L2 s N 2R, SR
AR H G5 G BARRN 1 5 Bl m RS, EHREANE]
] RRATAE 22 T AN A B TR AR A, dn el 24 )
BB AN TR IR A A i UL 40 358 R VR ) 8 — AR AT AR
FEAEAF TR A A, TR 2R U R TR
BT AT VF 2 Bkl sk D0 E B RS
PIHESE b FRATRAAR BB (15 BEA SN EE
5 ] sl

2) FEE A FoR

bR 7 EARGUR SR B A B OGRS, Ry
SE 1) RS X2 4 240 TROFH R 0] 19, T3 e TR ) B 2 2
DRSPS K= TSP SV aa s L NP b v e
KISBAFHINEZ. @FEHEIN, 5 BTN
XA E 20 B SE B 40 R TR SR I 29 ORI PR GE
DAL, A S 70 XA AT AT B AN T I S 1R
R 27N B B S ) ST R A . i, T ) A
A& SWRL HUINEF, BLAE U 848 & i
SPARQL 15 & 555, W ARk it s & R JF
F AT B 3 &R 21647, [F)I, % T J A
B AR, 0 CA RN R IR TR AE I bt
SR RFERIB R A RS, A I AR U
EEH (Domain Specific Language, DSL) M8l m]
Ak 22 (Visual Programming Language, VPL)9,
b 5 Ui A R R 501 B R e e IR K 25 T TS T T2
AR SRER, PASCEA ST R Bk
ATt thAh, A s M H O HU R 5]
MTER, BH%ERZFAH RuleML. Prolog P
Jess. Drools SFHEER 5] 41 N B 15 5 0T a8 BRI 2k
TR, AT, REAA R E AR U O TR
BIRE, HEMREHRS PRSI, s
AR e R ST IR RS I Ak
FBANFrak s R R 2,

1.2.2 HLIN| g%

b SIS RV Sk B o T I o AT S 2 v
3, IE IR 2% SRR R e T AU Rk 7 X
S, X DRSO RN D, R 2
B B Bk Hig B 2 —Bl,

KIALIK, AN P e 185 B S A s e oK
N T sgibraol, BE i i 4wt (hard-coded) BARHL
HITF RN S & RS, B, Hnsr) CORENET
WH IR RS, DLRJZ AP Solibri
Model Checker B3, X BLBR Bl 5 408 & 2
SESER L R, EP AR T2 B BB,
D] b 308 5 R g R T VA

AR, A RZFHE R R B RE 5 A8
ARG HEAT RN ) E BB B g 2 ARSI
FEE,  IA AR 3 PR 77 vk T B3 R 5 00T
JR G A AL HC T VA RS . T3 DRt He o)
DIEZ S0

1) BE SRR

2R DT B AL RN SCA I &5 4 7o H i IF
TERIZANTEANT. B, RASE JiEB A &2
055 ST R ] 43 4 B 225K (Requirement) &
F 1% (Applicability) % 3%+ (Selection) ] 4h
1500 (Exception) PU#R4yr, FFliid Ry S. AL E
VUSRS ARTE S 55, AT SEIE RSO R R g,
DA B R TR 83 2K R e B3 i BT AL AT
PATHIH BN . AR, RASE J7ikEbric 19453555
] DAEAE R R I O R ORI B JE). B
2B OB, AT DA B VA 2 ) SE AR
SRS S A R0, SR E R 1B SO RE &
(Semantic Web Rule Language, SWRL) FJREIIA=
B S T AT AR 018 5 (eXtensible Markup
Language, XML) HIHLNTR 2 it 545 #4001, 3
] 27 25 E FUV0 2% S A5 i A0 56 T TR A 7 W28 IR
21581,

%71 R R AE ORI FE 2 ) Ak B S SO A
IEAFF RN B HTRe ST, A RELE B3R/ ARAE L,
AT AT, IR T EERZ AT . (HiZ
FOTERAG B TRt , R B )i
SWIEL—

2) BB A S ULEC 1) B sh g

2RI AT SEILTE A H A BN AEVE, R0
Y0 5% SC H B 45 BovE SN R Ak B ) R0 G #R N
THW. ZRI7EMEELHRIES A H (Natural
Language Processing, NLP) J5 ik AyFEAH09601, 174
B3l A (Part-of-Speech) FRiEEY, 1B L4y
P T BUC BT 2650, I LA 9B Alt N T i —
RYNARIEWGS . A BN, AT E 20
B RE %S INZ 5], 2R A 3



T &

71 e 113

FRE RS H A R Bl BTG 25 ST )
TV FRERR M, 38 NLP VR TE N Bl AR
W A SRR R T AR AEAE A 2, Ik
AT IR E SCATAC IR . H 8 URIE 7 4L
AR AAA ST B iz R ) A 2062, -
ZERE, AR E AP RELA, TR A ) A 6]
B R A DL A SCHE R84 5 S 3% A A (6]
ST T A MR .

T, 2T AT i O T IR U R A U
BEAVTHC 7, AR AT IC R DAL A4 47 s A
s U O R Ryl PR RUIRAEAS 2081, g,
TE 0 2 i A7 AE TR AR IA 18 H 98 2R 1) ) 25 3 50
HATFHRE BRI, IR 5 B G DALY .
R, S5G IR ) 658 N TRIREHEOR, w7t
TF1) 4 AR S 2% SCHI T A 3 1 388 FH 7 AT A R e
B B RS 77 /) 22— 1671,

1.2.3 A3k gein B A 2

T, H 3 R O™ ) TR A B R
EIETIAN T M8 o 3, BB T e 2R
BRI A5 AF 21162, 207 RAFAEAR R T . S8 TR
SR, ML SRR R B BT K. B
FHIRFES 2] 65 PR & il B AR KR,
TSR R H ST, (15830 N EH
5 v S A BN R R N AT RE . A DGR T
W R BT A R 73 PS50 i 44 SEAR R R
KZMEC Hrr, w57 M LA EHdE Rk
I AL & S A, 2 aE a5 2 ST SR AN [R] 5
2 BT E R R

i 44 324K 17 5] (Named Entity Recognition, NER)
FEFR M SCAHE HA R e R SR8, H AT
BTz B T TR AU LS B E Bk E. R kiR
BT S5 . %R RIE T AFE: 1D JET R R S
J7i5, BT A SR O IR BURAIE ;s 2) 2 T4t
THRJTEE, BRERE SRl SRR, SO m SN 2%
FEBEALIASEEO; 3) FET-IRFE 22 ST 51, g
22 2% (Recurrent Neural Network, RNN) B8, K
F5 HAC 2 M %% (Long-Short Term Memory, LSTM)
(701 % FLARAA S o G rho ) 5 ] L PR 772 B A B v 1Y)
TERA 2RI, T GE v AR BE 27 2] 7 95 ) 5 2L R
SEBRRLF H R ER ST ER R . A FER I ER R
EWHE KITE,

R A FhEL (Relationship Extraction, RE), B[J5Z
AR R, HEZEWZENERES AR H

I8 A Z AR AE IR 8 R U2, G ORI i B
Fad gk N T 4 555 (1) UG PEC R D R 1] L (1) 925 S B S
A R LR AR I, X b7 S0 R A AT AR 4T
RS, BEENTRAR, R
SEin) i, FLRZ AR SAR O R SREEE T . B
B2, RS /RARER (Hidden Markov
Model, HMMD "4 Z& #4413 ( Conditional Random
Field, CRF) MPRIEEGeit 2275k H R 8I5G0E, wWH
BN K B RE A 2 ) Gt E A SR AR i) S Ak K L AR
H R RC, AR T VEAEAE o FE MR B A R B
WIS RS I,  H R S5 RS2 vE Rk R RS AN o
i AL PNIER

AR, Bl A VR FE 5 2] (4 A AR TR R e
I &, 74 7 BL BERT (Bidirectional Encoder
Representation from Transformers) ALK R 5K
AL, R R TR B 2 ) I N S A R e ) 1 3 )
e UEELTTY, SR, VR P2 2] TV AFAE R R AR 1 55 T
B, HEERBRT R . ATA R AT A ) £ A R
WU R IR oo 2 — 02, 2y, @k aniR
T AH < BB TR S AT AL T B B8, i EOK
HRAHRER . W28 N TR ek mak.
IR R S AT R TR CREVRSR, B Rk
(G SN VAP S 7 1
1.3 ESmMAAIHE SRS

[FI, ROAZE SR, 47 B S
PR S FEAT ARG AT . 7E B S RETE X (5
SR I AZ S Bt 77, 5 ot [F]— AR e
HATFRIARS, A AT BeAEfiE R IR 7 A e — U
I R, PRI, R R P AR T SO AT T B
BIR 1% “Ui[E—FiEF 7 U980, FHICH 7T aFE1E X
P56 SARBERSE .

T SO S5 T H AT O AE SNSRI
WEFTEY, Bl o =FRSRAY . 1 TR T, 2)
BT, 3) ol B s 21 k. TR Ty
V8 ) B HRORT A5 R DTG SRLVE BN T
2 "5 L ) R N ECF 1) 9 AN A AR MR A 2 T ) 1]
TEABAAPE®S, 06 T 45 B UL R RV, W B 44
45, BRIEEMNRMLRFRTFEFRREAN
TBU, H—BWuRh A SR04, 15 SO
F PR TE TS T AN LRSI, FEANL
TE SOUAAE AR SO0 F5 AR UL BC AR o B o
21 B 77 A bR 25 )N 2530080 w2 >0 B U F 3R]
FAABNE & A FRZ A AR ANE . AR, AHORAEE



114 T Jis

2

TR T — S HI TR R T R g, TR E
F 2 SO FF T AR B B AR AT
kR T AN NS EREAGE S BOYRTHEN TR
WSREARERESS, U RE, Blinia i AR,
A DLAK BT v R Hp 27 S 1] 1 73047 2N
T SCAE B T A AT A SR RO VAR
SHTPIR TR, TR T IR SR R B B
LHADINTT.

15 B Bl Uk, AT A A SO AT
T B R W] SRR R R S AT TR, BBl
P R [ T8 SO 55 B K SCAS HR SRR iy 44 S Ak
S5 B FIAR EE T AR RIS (AR FHiREED, B
XS SCA TR B AR 1801, FEBUA RIBT T, KT
KR IS/ R 5 AR BIM A [/ 12
AT FE AN B i TR R, Bl
P2 TS 7 A UL HE 50 02 s T T A1 S 891, A
P B 2 31 Dk gk e A

KK KX PRI R — SRR RS R 4
FIAR, QAR 1) 7328 KR ROk R SE RN AT 4t
—HEESER, RS R /T
AE# EACTH A R

2 BXHEREETENHEE

VAR, H B B R Rl AR E MR R
LRV, A RBURAWIEAT . IR SN FH 5%
P&, AHICRH S E A AT Re Ak KT R R
B N=AYERE, W 3 FR. 1D B dis: R
T SO 26 Fd B SEE i o BRAE,
FT CAD EI4REL BIM 3T, 2) AR Re4EfE: £
FEEAGUN S T AR N A, K4 56T CAD BR
BIM, tHI%55 5403 T AT IR REE B ik 3) A
IR RELERT : BRRARMERE . A AN,
TELT =4k BIM AT, BSREE Al R
B SC A SE . R4 % 5 %5 i B B A 2 I BUR
RERA L S AT 2508

\ BIM | BIM+AI \
\ CAD/PDF | CAD+AI |
B F AR ELRIR B! MHREE
% FEE WE B HNEE
mFEHME Bzh@E |
TR

3 E B R e R SE B = AN e
Fig.3 Three aspects of the application of smart design review

21 ERHEXER

IR, BEE BIM HARRT Z R, RELY
ARC HHREI N FHBIFIEZHIG . 2016 4, F#
HRAERATIT €2016-2020 - FNVAS B4 K A L)
B7hR Y, EREERNS BIM. KR, Btk =
THREEREA, ZMPUHE G B R AER g ],
AT G 1) R0 52 3 R AT Mk K A AE B A 9K 1 G
Ty BHEATH . SR R RIS A AT A Al 540 o FH
FrifEe 2019 4, E B AT KA (ESBIATT
KT AT TR g 1 10 H A At ) 2 e 1 52 it
LY B8], SR B R LIRSS, IR R U it
TS S o A B /N A, R T
SHITHET AL FIR, @ sed TR H
T RS, HRIERS— & #ifE. 45—
GRS G ERE AR

XU IR R AT RORHES] T % M BURF IE 13
LA H ERARE RS, AR E 3 F B ER.
[, 75 R A B B R FE e, 3 Hh X
X RSP ) B 3/ e BT TR R

2020 4F, SfEEEHHE, bt SIRYISITIEIT
JE TR TRENTERE (AD &R S TR,
[ —4E CAD B4u T Al K. W a R E
BREZN T A s BT HETT 5 R, 2020 4
WHEAFETRM T CRTHHEEAEREN TR
Jits TP BIM & 253 s AR A3 ) 101, SR 4248 5t
By RER TR (AR i TEE 2020 F
6 H 1 HiZs MBSt BIM 2, HIJi it T & o A
I RFRAZ BIM AR, Ik, DUSeiEE BHEARS A
TR RE R P R SN, FRIE & T O kA S
HERE B 3 B SR B T A RiEsg n, & 4
JER 1 2016-2020 3% E & B KA 5 H B
BIAH G R B AL

6
4
2
.u 11

2016 2017 2018 2019 2020

BUREE

Fp
P 4 FE S JBUR R AT S B S R R BUR B AR I
Fig.4 Number of published policies for smart design review in
China
2.2 BN AR

ARG, H 2010 FiE, B A
v, AFEF AN, TR IR A EF X —
R, FEAEH TR N . ETERATFR



T &

71 e 115

Bl ASCRERE 2021 4F 11 H FE P s 7 5 R H R
RSB R

1) JBEE BIM &K

@yt 6 g BOET 2014 R A T
Z ) E K BIM & BT B0E BIM H [ 7e;
ZHM A 2 UGERTE R, BOFhCN v3.3 i,
BT 2016 4F AZHHRE R ELFE A H A 0 R AS I
7 {43 2H S VR R B SO R AL BIM
YRR SRR, TR B A A R HLHE.
W A AT B 8, SCRFH A
Dieetodd: Midkr sy, BEpbiods CEmpmisk, B
W AR IR, IR E A AER
2 Revit. Tekla. MagiCAD. | BtiA BIM H &4
BIM BRSO DL R T E Brbr it IFC ) BIM
BT -

JUEGAHER ) BIM H B [ P B T
] BIM B BY [ 5 30 57 2 1A o AR o & A T 2
TRET N R M A .

2) PKPM BIM i % £ 4;

PKPM & o [ @ 50k 220 7 Be it & 1) R 51 L FE
R, 2016 4ERT 5, PKPM i T HAFE L BIM
HARG, ZARGRET =T 6 LM ITE R K
W% . i keult, BarZAR% O W E IR 30
ZARENMINTER 400 245460, BHZ L
BIM A AR 0, FEIREAFE: 1) A
FeE—RANEE N A FREEN =4 RN D &
LV E——SC RS S, APk, BEE. B
SAKEN, HEi. ABi. e, R0 k% 0
HHeH A 3) HHeH &I E—— TR, &
SERUUEE, B BIM BAGEAT B RE R A 4)
PR S A —— XA T E, A7 Revit.
PKPM %%y, PKPM-BIM %751, Z# A F B CfEA K
T BURF R 7 HEST R, g TR A B )
WA T AR, TN ER ST CIM P
5%,

3) HERPHEALHE

JIRBHEROLT 2016 4, & RHERM 4%
TFAF. 2020 4F, JTERHERAT T B §
TH——AI Bt HF R RGP Z RGBT ER
VT IMHR AL e i B RS B IR 55, KM s /b 4R e
BMEE TR, HUMIUEAIRME CAD — 4K
YRR AR SS , CUHE AR — B B AL L AT B RE IR B 4R
Al BReH SR . RGN H AL 0L PDF S0y

R FH R, HAEH A RS Rk B,
%R G0 C SRR A AR v RN S b o RS R R R
#, B P TREMER. 4. SHK. BRI,
HA TR T,

2021 4, RINTHF R 5 5 AR 3L FRTF K 1)
Al FEI RS EZ RS, ¥R T AR 5 )= 2
WISt T AR HEAT 0%, HaG, HRBHCE T ®
BERIR, H Al #FE &9 0B &R0 1 E K E
HE RS, AR 40 ZHK KB 50 2R
TH BT TR, & BIRSeR KEie A, A TR
8.7 fiF LA 90%.

4) NEFE

N R AR AR AL T 2017 4. %A
) B ] CAD B4R T o 208, af bl
BRI FEHEEL CAD Jite T P SCRFAE, 87 2 @234
gk, wRT RGN, HESRATEES
B, JERTROMBR IR TR N TEZ I, HA R
HaENL FELEREIFEIRE, FWHREE 99 %
it TP, OROK BRI o T 2 XU

ZAFIMRF A, H ARG T A A E R e
A7 Ml 1) BT A v I TR 1 AR 2 R B e BT AR
BT, &AL RP IR RIE 95%. X 3
Jit T —#% 30 #0-2 /rBPSe s A A, 0T i R =i T
BIFREE 5-15 Zrfh, W54 90%LL bRk o TARER
i HAT, Z%H B RGCH 50 2 KRR .

5 hiRHT

H AT (CBIMD 7L i Jif A [ g S T H A 7
Bt BIM Wit 7oLk IR, MAEABIRER Al
7E BIM Bt R A o JEAER, Hssie s 7—
BT H AU R BOR A, T i A e
BE KRS T EESE RO 4 i R R ok
HHAT BIM BRI A, fEIZAESE N, W LAOK BIM A%
BUREAT 2 (AL R I, AR R PR SRR . R S
o R B, SR E i R T RE BIM S HER
g, AL BIM AT H 34k — B H A IR AR
PDF b5 30tk 2021 4F, % RGH N H TR A
T BIM AR = v B Re b o A i ik R 4, T4t
20-50% 1) B R0% .
23 ESRRE

/MG O¢ B 3/ e v B R A P R R, A 21
LT IR A AH K ) RGBS, B2 )
BIM AU L HA R A DAL 2 Rl 7 32
U Autodesk Navisworks, Tekla BIMsight &5, 14



116 T Jis

2

K, EHAIMER ARC [MNHMA LR, N
X HFEAT BUR o

1) Solibri Model Checker 1t

Z¥ 2% 1] Solibri Model Checker (SMC) #k {49l
& HETESMEOA) 2 R T BIM RN & &
Bz —B, SMC Befig Ab2E & P A s Z RN, F
FREB R . BIM 5 &EE B, BLARA: %
12 JokERG U7 i E R & DR . SMC Har A5+
AHENAE RuleSet, A5 R A ELFEAEH RN, H
RS S MIEA e S =8 R S i U P 2oy AR A
w9l Ay, SMC R vrH i B 2805577 X
HEATUSIN . B R R o

HHT, SMC 8 CAEZ N EEAH TR IZH)
N o 14, Malacarne 55908 i 43 B 2 KRG
FRTELOL, 2T SMC 4 1 a8 AR J2E DS RF
MR AN . AT ERR B, 60% LA
b e A R B A T B TRC R GIS #520
SR 25 22IE4EFFE T CoBIM (Common BIM) [100]
iH, [FFERH SMC A T&HEHE, HAEZ 7%
(26 3T DLSEE H B 2, %8 Kallinen A1
Virkamakil' U & #0525 44 3 SRR BE il 43
ZIE M TR B R, IR RSl e

2) D-COM #7525t

L [E f¥) Digital Compliance (D-COM) ¥ FH T4
BN AEES RR USRS A M &
(1021, H SR FH RASEBSU VAN SCRHEATFRiE, A
T SCASHEIE 1B A S A T AL AT BEAR B A% =X, A
X BIM R TG 2T o 1% R G0 AT LA AR 5 1) SO

H A NS M =G, FHBE S B sk S5t
FAGEEAL N TIF-THEN JEU OAARED o 25T LR B0
fRVEITIE, ZRRXFFASNKCHEE, FEHTLIMR
5 o 75 45 AL AT 2K S0

T HAEA PR, 2B 0 [ N A IR B
BN R GU/ AT T g, RN B
Re AR Be AN HDhRe b AT T i3, sk
1 Fi7ss
24 ERINZARE

AL, AR E N AMER RE B EIBOE S 2. B
PR RS TR S 7 T T 3% PR R L. &
RE, WITHEERE 2w B M E e B ae H B
(1) B R, 2% I A R % XU AR AT Ml SR EIAR
53 ik T CAD.BIM A R E ALK Rk AT
[FES, DAECEon R, %) CAD BIARTE TR
NERIEFT AL, BEHNIMYERET Al EZIH
Bl @ET T T RERR L, Ol
TR RASEAGAE FE 8w 1) CAD 4R il prid,
B T BRI RN UG, TR THENLE
BT E AR R RE I Gk . URT, HE TR
Al SEE R, OB RN TRS . x
NN . & B AR5 e A [ TR &
SEERCEDSR N E T ORI BRI, (AT DL 1 5%
OAFE, R EE TR SN LB EETT T
VIR T . AL, EH BN EE . SR
HEBRSE 7 0 WG AR TG BN HR T7 RATT 5 &R, AN
BAEEE# AR RCRA TARIM LT, Bk b
EEAAF SR

®1 BLERSEFENBRG/ R
Tab.1 Summary of ARC applications

o B e g AN e kT NI i

JIGA BIM & & o o AL BE{H ] BIM 7 PR R R SEHE v 2s o 1 v AR T i S

(v3.3 b, 2016 %) 2 Uity p [R] V4 DR D) A
ZFf BIM # X  FF

PKPM BIM ZH# (2020 MTEELER B BIM fA B 30 RAMTE. 400 245 AN

) ZFf BIM # X  FF

JiF AL#HE o o AR BRI CAD B4E YRS, AW AR, BEB. A%
A= AT o EEREAR TG ER ] 5 R 1 A A0
AR T6 i A 2 A5

AN A AT BRI CAD E4E SCRFERS G5AE) S 125 55 1 1 3 R )
AR wf B R TE R EEs

T6 i A 28 A5

FFEE ¥y BIM it Z i H AL B BIM 7 B R SRR A EF G, FR
AR YRR R SR R
FRZHD BIM #43

SMC # A o o AR HPAEH BIM A7 YRS SO, BLAT A A A ik
Z v H L A AR T RS 7 1) SN o 5
S IFC brifEtg

D-COM &%4; PR h B RAHH BIM 7Y J#IT RASE ARyESCFERUIREL, LASCRF BIM
SCFF IFC bt s PR E B A

e R ST REAE B g R Ry 2021 4 11 H



71 e 109

3 &g

BT A, R TR Pt
GRS EIAT . ST RSN T BRI
MBS, B3 RS A R 200
KL RGELHR T IR A 8 i B 55 /e a7 B %
MR S5 R PR, 8 A A a] LUy Il (B8
Wit WAl ST (AR BT S
KI, B F BRI R S A T A
(0 i B, i AR R AL ] R AR R R R
KR 1) 8. AR A S R B AL T TSR], AR
SO RN SEBR A BTG B R S
BE=ANERE, JEHRH =8 02 B Be i B L at AT
P BARSCFERIA K.

SR, o AR 1 B Sk 5 8 s T S i
WET, BeiHE BAE ORI B e R MEREL
Bl RB T A A R naE s TREANR SR R IE
TEARIERGE— T RIS AR,
DI RERIA R 2 TAEANR S N B S iy
R A TR 2 [ B 48— 2 SR A A
S TR, oV R AR P T ) AR S S
FUN T B 22 SIHREL,  #R I e v S e
Moo ATERME. BT EKPRER, SeBlE B RE
CIBEN N2 o I Al L (AR S PR S S i PS
TEAERR

AT SR [ A A 96 S 1 B B R J2 (LTS5
DN R, BRI TR BB, MR K
FUBTT R . RRAN T HAEL AR, JHEH b
&b 4 UK [R] IR & P8 356 - J e 8 e R RS i
1 E 3 58 Re BN 5508k, A RSGRF = TR
HHd TREMTR.

4 Bt
B E 2K E AR R A R 4 I H (51908323,

72091512), JHHERF-TBIE BIM BEA B 5T O
(RCBIM) % Bl

S 3k
[1] NAWARI N O. Building Information Modeling:
Automated  Code  Checking and  Compliance

Processes[M/OL]. CRC  Press, 2018[2020-08-18].
https://www.taylorfrancis.com/books/9781351200998.
DOI:10.1201/9781351200998.

[2] MREEm, FWEEEE. BT BIM B& M AZh &[], HiE
KR (E SRR 2ERR), 2020, 60(10): 873-879.

LIN Jiarui, GUO Jianfeng. BIM-based automatic

compliance  checking[J].  Journal of  Tsinghua
University(Science and Technology), 2020, 60(10): 873-
879. (in Chinese)

[3] ZHANG J, EL-GOHARY N M. Integrating semantic NLP
and logic reasoning into a unified system for fully-
automated code checking[J/OL]. Automation in
Construction, 2017, 73: 45-57.
DOI:10.1016/j.autcon.2016.08.027.

[4] BEACH T H, HIPPOLYTE J L, REZGUI Y. Towards the
adoption of automated regulatory compliance checking in
the built environment[J/OL]. Automation in Construction,
2020, 118: 103285. DOI:10.1016/j.autcon.2020.103285.

[5] ISMAIL A S, ALI K N, IAHAD N A. A Review on BIM-
based  automated code  compliance  checking
system[C/OL]//Proceedings of the 5th International
Conference on Research and Innovation in Information
Systems (ICRIIS). Langkawi, Malaysia: IEEE, 2017: 1-
6[2020-02-22]. DOI:10.1109/ICRIIS.2017.8002486.

[6] FENVES S J. Tabular decision logic for structural
design[J/OL]. Journal of the Structural Division, 1966,
92(6): 473-490. DOI:10.1061/JSDEAG.0001567.

[71 GARRETT J H, FENVES S J. A knowledge-based
standards processor for structural component design[J/OL].
Engineering with Computers, 1987, 2(4): 219-238.
DOI:10.1007/BF01276414.

[8] DELIS E A, DELIS A. Automatic fire-code checking using

expert-system technology[J/OL]. Journal of Computing in

Civil Engineering, 1995, 9(2): 141-156.

DOI:10.1061/(ASCE)0887-3801(1995)9:2(141).

HAN C S, KUNZ J C, LAW K H. A hybrid

prescriptive/performance based approach to automated

building code checking[C/OL]//International Computing

Congress. ASCE, 1998: 537-548[2021-08-07].

http://eil.stanford.edu/publications/chuck han/9810%20I1C

C.pdf.

[10] DING L, DROGEMULLER R, ROSENMAN M, % .
Automating code checking for building designs -
DesignCheck[J]. Clients Driving Innovation: Moving Ideas
into Practice, 2006: 1-16.

[11] MfERs, sk F. RE BIM Bk KR EIURGER &I

ARAHTI]. W LR, 2018, 47(06): 73-78.
LIN Jiarui, ZHANG Jianping. Review and Exploratory
Text Mining of Building Information Modeling Policies in
Chinal[J]. Construction Technology, 2018, 47(6): 73-78. (in
Chinese)

[12] LIN J R, ZHOU Y C, ZHANG J P, Z:. Classification and
Exemplary BIM Models Development of Design
Changes[C/OL]//Proceedings of the 36th International
Symposium on Automation and Robotics in Construction
(ISARC). Banff, Canada: IAARC Publications, 2019: 122-
127. DOI:10.22260/ISARC2019/0017.

[13] LIN J R, ZHOU Y C. Semantic Classification and Hash
Code Accelerated Detection of Design Changes in BIM
Models[J/OL]. Automation in Construction, 2020, 115:
103212. DOI:10.1016/j.autcon.2020.103212.

[14] FRBeVE, BIPR. TR 250 IR TC AT R B e 7 ik
#F 5¢ [J/OL]. 1T # F1 %, 2017, 34(6): 120-127.
DOI:10.6052/j.issn.1000-4750.2015.12.1014.

ZHANG Xiao-yang, HU Zhen-zhong. Research on Model
Conversion Approach Towards Structural Finite Element
Analysis[J]. Engineering Mechanics, 2017, 34(6): 120-127.

—
o
[

(in Chinese)
[15] ZHOU Y C, LIN J R. Ontology-Based Risk Assessment and
Solution During Shield Tunnel

Construction[C]//Proceedings of the 8th International
Conference on Innovative Production and Construction



110 T Jis

2

(IPC). 2019: 10.

[16] ERAT, KEHE, . AR RLIR[I/OL] R
Z FE , 2016(6): 163-170. DOI:10.3969/j.issn.1002-
1965.2016.06.028.

WANG Xiangqgian, ZHANG Baolong, LI Huizong.
Overview of Ontology Research[J]. Journal of Intelligence,
2016, 35(6): 163-170. (in Chinese)

[17] EASTMAN C, LEE J min, JEONG Y suk, Z. Automatic
rule-based checking of building designs[J/OL]. Automation
in Construction, 2009, 18(8): 1011-1033.
DOI:10.1016/j.autcon.2009.07.002.

[18] NAWARI N O. Automating codes conformance in
structural domain[C/OL]//Computing in Civil Engineering.
2011: 569-577. DOI:10.1061/41182(416)70.

[19] SALAMA D M, EL-GOHARY N M. Semantic modeling
for automated compliance checking[C]//Computing in
Civil Engineering. 2011: 641-648.

[20] SALAMA D A, EL-GOHARY N M. Automated
compliance checking of construction operation plans using
a deontology for the construction domain[J]. Journal of
computing in civil engineering, 2013, 27(6): 681-698.

[21] DIMYADI J, AMOR R. Automated building code
compliance checking—where is it at[J]. Proceedings of CIB
WBC, 2013, 6: 1.

[22] DIMYADI J, AMOR R. Regulatory knowledge
representation for automated compliance audit of BIM-
based models[C]//Proceedings of the 30th CIB W78
International Conference. 2013: 68-78.

[23] MARTINS J P, MONTEIRO A. LicA: A BIM based
automated code-checking application for water distribution
systems[J]. Automation in Construction, 2013, 29: 12-23.

[24] CHOI J, CHOI J, KIM 1. Development of BIM-based

evacuation regulation checking system for high-rise and

complex buildings[J/OL]. Automation in Construction,

2014, 46: 38-49. DOI:10.1016/j.autcon.2013.12.005.

B)Il. HT PKPM-BIM ~F 5 {1 L2 B4R = 4k 5 it

SSCHL[CY/2019 4 BT 28 TR BT HORZH &

B TR AT A R IR SR, R,

2019: 4[2021-09-21].

QIN Chuan. Design and Implementation of 3D Model

Reconstruction for Construction Drawing Based on PKPM

— BIM Platform[C]//Proceedings of the National

Formwork Scaffolding Engineering Innovation Technology

Exchange Conference and First Engineering Construction

Industry Outstanding Science and Technology Youth

Forum. Tianjin, China, 2019: 4. (in Chinese)

[26] ZHAO Y, DENG X, LAI H. A YOLO-Based Method to
Recognize Structural Components from 2D
Drawings[J/OL]. 2020: 753-762.
DOI:10.1061/9780784482865.080.

[271LU Q, CHEN L, LI S, 4. Semi-automatic geometric
digital twinning for existing buildings based on images and
CAD drawings[J/OL]. Automation in Construction, 2020,
115:103183. DOI:10.1016/j.autcon.2020.103183.

[28] BYUN Y, SOHN B S. ABGS: A System for the Automatic
Generation of Building Information Models from Two-
Dimensional CAD Drawings[J/OL]. Sustainability, 2020,
12(17): 6713. DOI:10.3390/su12176713.

[29] ZHAO Y, DENG X, LAI H. A Deep Learning-Based
Method to Detect Components from Scanned Structural
Drawings for Reconstructing 3D Models[J/OL]. Applied
Sciences, 2020, 10(6): 2066. DOI:10.3390/app10062066.

[30] £ KBH. T CAD B4R @I BIM 18 & i Ty 12t
7 [JOL]. ¥k w1 4 =, 2020, 27(7): 182-183.
DOI:10.3969/j.issn.1006-6659.2020.07.060.

[25

—

WANG Taiyang. Research on Reconstruction Method of
Building BIM Model Based on CAD Drawing[J]. City &
House, 2020, 27(7): 182-183. (in Chinese)

[31] XSRaE, FRRLE, F/ANE, 55, — T = 5 i

) BIM R @ 7R [I]. Hi 4, 2016, 032(004):
14-16.
DENG Lin-jian, CHENG Xiao-jun, CHENG Xiao-long, et
al. A Method of Building Information Model
Reconstruction Based on Point Cloud Data[J]. Surveying
and Mapping of Geology and Mineral Resources, 2016,
032(004): 14-16. (in Chinese)

[32]CHO C Y, LIU X, AKINCI B. Automated Building
Information Models Reconstruction Using 2D Mechanical
Drawings[C/OL]//MUTIS I, HARTMANN T. Advances in
Informatics and Computing in Civil and Construction
Engineering. Cham: Springer International Publishing,
2019: 505-512. DOI:10.1007/978-3-030-00220-6_60.

[33] BASSIER M, VERGAUWEN M. Unsupervised
reconstruction of Building Information Modeling wall
objects from point cloud data[J/OL]. Automation in
Construction, 2020, 120: 103338.
DOI:10.1016/j.autcon.2020.103338.

[34] MACHER H, LANDES T, GRUSSENMEYER P. From
Point Clouds to Building Information Models: 3D Semi-
Automatic Reconstruction of Indoors of Existing
Buildings[J/OL]. Applied Sciences, 2017, 7(10): 1030.
DOI:10.3390/app7101030.

[35] LEEJ K, LEE J, JEONG Y suk, %. Development of space
database for automated building design review systems[J].
Automation in Construction, 2012, 24: 203-212.

[36] TAN XIANGYANG, HAMMAD AMIN, FAZIO PAUL.
Automated Code Compliance Checking for Building
Envelope Design[J/OL]. Journal of Computing in Civil
Engineering, 2010, 24(2): 203-211.
DOI:10.1061/(ASCE)0887-3801(2010)24:2(203).

[37] SOLIHIN W, DIMYADI J, LEEY C, %:. The Critical Role
of Accessible Data for BIM-Based Automated Rule
Checking Systems[C/OL]//Proceedings of the Joint
Conference on Computing in Construction (JC3).
Heraklion, Crete, Greece: Heriot-Watt University, 2017:
53-60[2020-02-22]. DOI:10.24928/JC3-2017/0161.

[38] SOLIHIN W, DIMYADI J, LEE Y C, % . Simplified
schema queries for supporting BIM-based rule-checking
applications[J/OL]. Automation in Construction, 2020, 117:
103248. DOI:10.1016/j.autcon.2020.103248.

[39] MMM, SRERZ, XM, 5. e il 28 B 155l i B2 e

HEURI PR B2 Wi PO AR U VA [J/OL). TRE %, 2020,
37(12): 243-249. DOI:10.6052/j.issn.1000-
4750.2020.02.0047.
GU Dong-lian, ZHANG Yin-an, LIU Hua-bin, et al. A
High-Efficiency Simulation Method for Analyzing the
Impact of Exhausted Air from Temporary Hospitals Built
for the Treatment of Novel Coronavirus Pneumonial[J].
Engineering Mechanics, 2020, 37(12): 243-249. (in
Chinese)

[40] KANNALA M. Escape route analysis based on building
information models: design and implementation[D].
Helsinki University of Technology, 2005.

[41] SOLIHIN W. A simplified BIM data representation using a
relational database schema for an efficient rule checking
system and its associated rule checking language[D].
Georgia Institute of Technology, 2015.

[42] BRANE, #ABT. — Rtk R vt Tk S AL T
SCPEAARE SR S5/ T (R FI[I/OL). RE /3%, 2021, 39: 1.
DOI:10.6052/.issn.1000-4750.2021.06.0463.



T &

71 e 111

QIU Can-xing, DU Xiu-li. A NOVEL PERFORMANCE-

BASED SEISMIC DESIGN METHOD AND ITS

APPLICATION IN BRB STEEL FRAMES[J].

Engineering Mechanics. (in Chinese)

I, HKE. N ERRE B S ARG B U T

A B AT BT 7 VE[J/OL). TRE /12, 2020, 37(4): 70.

DOI:10.6052/j.issn.1000-4750.2019.03.0119.

XU Long-he, XIAO Shui-jing. A PERFORMANCE-

BASED SECTION DESIGN METHOD OF A SELF-

CENTERING CONCRETE SHEAR WALL WITH DISC

SPRING DEVICESJJ]. Engineering Mechanics, 2020,

37(4): 70-77,86. (in Chinese)

[44] PAUWELS P, TERKAJ W. EXPRESS to OWL for
construction industry: Towards a recommendable and
usable ifcOWL  ontology[J/OL]. = Automation in
Construction, 2016, 63: 100-133.
DOI:10.1016/j.autcon.2015.12.003.

[45] AL-ARFAJ A, AL-SALMAN A. Ontology Construction
from Text: Challenges and Trends[J]. International Journal
of Artificial Intelligence and Expert Systems, 2015, 6(2):
15-26.

[46] FAHAD M, BUS N, ANDRIEUX F. Towards Validation of
IFC Models with IfcDoc and SWRL: A Comparative
Study[C]//the Twelfth International Conference on Internet
and Web Applications and Services. 2017: 7-13.

[47] YURCHYSHYNA A, ZARLI A. An ontology-based
approach for formalisation and semantic organisation of
conformance requirements in  construction[J/OL].
Automation in Construction, 2009, 18(8): 1084-1098.
DOI:10.1016/j.autcon.2009.07.008.

[48] SYDORA C, STROULIA E. Rule-based compliance
checking and generative design for building interiors using
BIM[J/OL]. Automation in Construction, 2020, 120:
103368. DOI:10.1016/j.autcon.2020.103368.

[49] PREIDEL C, BORRMANN A. Automated code
compliance checking based on a visual language and
building information modeling[C/OL]//Proceedings of the
32nd International Symposium on Automation and
Robotics in Construction (ISARC): % 32. Oulu, Finland:
IAARC Publications, 2015: 1-8.
DOI:10.22260/ISARC2015/0033.

[50] HAUSSLER M, ESSER S, BORRMANN A. Code
compliance checking of railway designs by integrating
BIM, BPMN and DMN[J/OL]. Automation in Construction,
2021, 121: 103427. DOI:10.1016/j.autcon.2020.103427.

[51] SOLIHIN W. Lessons learned from experience of code-
checking implementation in
Singapore[C]//BuildingSMART Conference. 2004.

[52] HAUSSLER M, BORRMANN A. Knowledge-based
engineering in the context of railway design by integrating
BIM, BPMN, DMN and the methodology for knowledge-
based engineering applications (MOKA)[J/OL]. Journal of
Information Technology in Construction, 2021, 26: 193-
226. DOI:10.36680/j.itcon.2021.012.

[53] GREENWOOD D, LOCKLEY S, MALSANE S, %,
Automated compliance checking using building
information models[C/OL]//The Construction, Building
and Real Estate Research Conference of the Royal
Institution of Chartered Surveyors. Paris: RICS,
2010[2021-08-07].
http://nrl.northumbria.ac.uk/6955/1/Automated _complianc
e _checking using building_information.pdf.

[54] NAWARI N O. A Generalized Adaptive Framework (GAF)
for Automating Code Compliance Checking[J/OL].
Buildings, 2019, 9(4): 86. DOI:10.3390/buildings9040086.

[55] HIELSETH E, NISBET N. Capturing normative

[43

—_

constraints by use of the semantic mark-up RASE
methodology[C/OL]//Proceedings of the 28th CIB W78
Conference. Sophia Antipolis, France, 2011: 1-10[2021-08-
07]. http://itc.scix.net/paper/w78-2011-Paper-45.

[56] BEACHT H, REZGUI Y, LI H, %%. A rule-based semantic
approach for automated regulatory compliance in the
construction  sector[JJOL]. Expert Systems with
Applications, 2015, 42(12): 5219-5231.
DOI:10.1016/j.eswa.2015.02.029.

[571LAU G, LAW K. An information infrastructure for
comparing accessibility regulations and related information
from multiple sources[C/OL]//Proceedings of the 10th
International Conference on Computing in Civil and
Building Engineering. Weimar, Germany: Professur
Informatik im Bauwesen, 2004[2021-08-071].
http://eig.stanford.edu/publications/gloria_lau/icccbe.pdf.

(58] MfExm, BHET. T IFVE AR BE RV B AE A e

MRAWIERICY/ S A E BIM FARSUGE . ILTh
RJE: v P 2o o R B (BIMD Fll 2R B4y,
2020: 5[2021-07-17].
LIN Jiarui, LIAO Panyu. Preliminary Study on The
Construction and Application of The Law-Oriented
Intelligence-Oriented Fire Protection Code Map[C]//
Proceedings of the 6th National BIM Academic Conference.
Taiyuan, China, 2020: 5. (in Chinese)

[59] ZHANG J, EL-GOHARY N M. Automated information
transformation for automated regulatory compliance
checking in construction[J/OL]. Journal of Computing in
Civil Engineering, 2015, 29(4): B4015001.
DOL:https://doi.org/10.1061/(ASCE)CP.1943-
5487.0000427.

[60] ZHANG J, EL-GOHARY N M. Semantic NLP-Based
Information Extraction from Construction Regulatory
Documents for Automated Compliance Checking[J/OL].
Journal of Computing in Civil Engineering, 2016, 30(2):
04015014. DOI:10.1061/(ASCE)CP.1943-5487.0000346.

[61] XUE X, ZHANG J. Part-of-speech tagging of building
codes empowered by deep learning and transformational
rules[J/OL]. Advanced Engineering Informatics, 2021, 47:
101235. DOI:10.1016/j.2€1.2020.101235.

[62] ZHOU P, EL-GOHARY N. Ontology-based automated
information extraction from building energy conservation
codes[J/OL]. Automation in Construction, 2017, 74: 103-
117. DOI:10.1016/j.autcon.2016.09.004.

[63] LI S, CAI H, KAMAT V R. Integrating natural language
processing and spatial reasoning for utility compliance
checking[J/OL]. Journal of Construction Engineering and
Management, 2016, 142(12): 04016074.
DOI:10.1061/(ASCE)C0.1943-7862.0001199.

[64] XU X, CAI H. Semantic Frame-Based Information
Extraction from Utility Regulatory Documents to Support
Compliance Checking[C/OL]//Proceedings of the 35th CIB
W78 Conference. Chicago, USA, 2018[2021-08-07].
http://itc.scix.net/paper/w78-2018-paper-027.

[65] LAM H P, HASHMI M. Enabling reasoning with
LegalRuleML[J/OL]. Theory and Practice of Logic

Programming, 2019, 19(1): 26.
DOI:10.1017/S1471068418000339.
[66] TOMASSETTI G. The  ANTLR Mega

Tutorial[EB/OL]//Federico Tomassetti - Software Architect.
(2017-03-08)[2020-08-19]. https://tomassetti.me/antlr-
mega-tutorial/.

[67] ZHANG R, EL-GOHARY N. A deep neural network-based
method for deep information extraction using transfer
learning strategies to support automated compliance
checking[J/OL]. Automation in Construction, 2021, 132:



112 T Jis

2

103834. DOI:10.1016/j.autcon.2021.103834.

[68] I & &, FB¥F, MBS, 5. 1 & A R B REE 2% 5

A SRRAC)/ a4 E BIM ARSI TEE
IR, 2021: 478-482.
ZHOU Yucheng, ZHENG Zhe, LIN Jiarui, et al. Named
Entity Recognition of Regulatory Text for Intelligent
Design Review. [C]// Proceedings of the 7th National BIM
Academic Conference of China. Chongqing, China, 2021.
(in Chinese)

[69] FME, E R, iy 44 SRR BT STk R SRR (7). B
Mr 550 &I, 2010, 26(6): 42-47.

SUN Zhen, WANG Huilin. Overview on the Advance of the
Research on Named Entity Recognition[J]. Data Analysis
and Knowledge Discovery, 2010, 26(6): 42-47. (in Chinese)

[70] MOON S, LEE G, CHI S, %. Automated Construction
Specification Review with Named Entity Recognition
Using Natural Language Processing[J/OL]. Journal of
Construction Engineering and Management, 2021, 147(1):
04020147. DOI:10.1061/(ASCE)C0.1943-7862.0001953.

[71] WU L T, LIN J R, LENG S, 4. Rule-based information
extraction for mechanical-electrical-plumbing-specific
semantic web[J/OL]. Automation in Construction, 2022,
135: 104108. DOI:10.1016/j.autcon.2021.104108.

[72] &AM, ki, BRE, 5. SRR RMMIBOT IR T LR

W THEU RS KR, 2020, 57(7): 25.
LI Dongmei, ZHANG Yang, LI Dongyuan, et al. Review of
Entity Relation Extraction Methods[J]. Journal of
Computer Research and Development, 2020, 57(7): 25. (in
Chinese)

[73] XEE, B0, Marn. R OB ISR R RN 5
L] THEMLLAE, 2007, 33(10): 3.

DENG Bo, FAN Xiaozhong, YANG Ligong. Entity
Relation Extraction Method Using Semantic Pattern[J].
Computer Engineering, 2007, 33(10): 3 (in Chinese)

[74] MOR B, GARHWAL S, KUMAR A. A Systematic Review
of Hidden Markov Models and Their Applications[J/OL].
Archives of Computational Methods in Engineering, 2021,
28(3): 1429-1448. DOI:10.1007/s11831-020-09422-4.

[75] YU B, FAN Z. A comprehensive review of conditional
random fields: variants, hybrids and applications[J/OL].
Artificial Intelligence Review, 2020, 53(6): 4289-4333.
DOI:10.1007/s10462-019-09793-6.

[76] GRISHMAN R. Information extraction[J/JOL]. IEEE
Intelligent Systems, 2015, 30(5): 8-15.
DOI:10.1109/MIS.2015.68.

[771 CHEN Y, ZHENG D Q, ZHAO T J. Chinese relation
extraction based on deep belief nets: Chinese relation
extraction based on deep belief nets[J/OL]. Journal of
Software, 2012, 23(10): 2572-2585.
DOI:10.3724/SP.J.1001.2012.04181.

[781 HU Z Z, LENG S, LIN J R, %. Knowledge Extraction and
Discovery Based on BIM: A Critical Review and Future
Directions[J/OL]. Archives of Computational Methods in
Engineering, 2021, 29: 335-356. DOI:10.1007/s11831-
021-09576-9.

[79] DIMYADI J, PAUWELS P, AMOR R. Modelling and
accessing regulatory knowledge for computer-assisted
compliance audit[J]. Journal of Information Technology in
Construction, 2016, 21: 317-336.

[80] ZHOU P, EL-GOHARY N. Semantic information
alignment of BIMs to computer-interpretable regulations
using ontologies and deep learning[J/OL]. Advanced
Engineering  Informatics, 2021,  48: 101239.
DOI:10.1016/j.a€i.2020.101239.

[81] SHEN W, WANG J, HAN J. Entity Linking with a

Knowledge Base: Issues, Techniques, and Solutions[J/OL].
IEEE Transactions on Knowledge and Data Engineering,
2015, 27(2): 443-460. DOI:10.1109/TKDE.2014.2327028.

[82] MORGAN A A, LU Z, WANG X, % . Overview of
BioCreative II gene normalization[J/OL]. Genome Biology,
2008, 9(Suppl 2): 142-144. DOI:10.1186/gb-2008-9-s2-53.

[83] GHIASVAND O, KATE R J. UWM: Disorder Mention
Extraction from Clinical Text Using CRFs and
Normalization ~ Using  Learned  Edit  Distance
Patterns.[C]/Proceedings of the 8th International
Workshop on Semantic Evaluation. 2014: 828-832.

[84] MOHAN S, ANGELL R, MONATH N, Z. Low resource
recognition and linking of biomedical concepts from a large
ontology[C]//Proceedings of the 12th ACM Conference on
Bioinformatics, Computational Biology, and Health
Informatics. 2021: 1-10.

[85] XU X, CAI H. Ontology and rule-based natural language
processing approach for interpreting textual regulations on
underground  utility  infrastructure[J/OL]. Advanced
Engineering  Informatics, 2021,  48: 101288.
DOI:10.1016/j.a¢i.2021.101288.

[86] KARADENIZ 1, OZGUR A. Linking entities through an
ontology using word embeddings and syntactic re-
ranking[J/OL]. BMC Bioinformatics, 2019, 20(1): 156.
DOI:10.1186/s12859-019-2678-8.

[87] 155 A3 2 B, 2016-2020 4R FIAS B K JEH

FI]. B3 E4, 2017, 32(01): 4-7.

Ministry of Housing and Urban-Rural Development. 2016-

2020 Outline for The Development of Construction

Industry Informatization[J]. Construction Safety, 2017,

32(01): 4-7. (in Chinese)

BB p T, 5B A T R T At T e TR

T et o) R O 2 Y St 5 UL [EB/OL]. (2019)[2021-

07-27]. http://www.gov.cn/zhengce/content/2019-

03/26/content_5376941.htm.

General Office of the State Council. Implementation

Opinions of the General Office of the State Council on

Comprehensively Carrying out the Reform of the Approval

System for Construction Projects[EB/OL](2019)[2021—

07-27]. http://www.gov.cn/zhengce/content/2019-

03/26/content_5376941.htm. (in Chinese)

[89] AT, XIS, MPOR, 5. 4 E 7w &L BURF I

FMRAT N T BE(AD) I L AR A5 (7], o [ 52
#it, 2021(02): 68-79.
WANG Shuping, LIU Zongbao, HAO Qinbin, et al. Survey
Report on The Situation of National Digital Plan Review
and Government Purchase Service Artificial Intelligence
(AI) Plan Review[J]. China Engineering Consulting,
2021(02): 68-79. (in Chinese)

[90] WirE AL AN 2 BT, RTITREEHFREERT
F i T B BIM A B S T4 A9 38 A1 [EB/OL].
(2020)[2021-07-17].
https://zjt.hunan.gov.cn/zjt/xxgk/tzgg/202008/t20200812
13395963.html.

Department of Housing and Urban-Rural Development of
Hunan Province. Notice on the Pilot Work of BIM Review
of Construction Drawings of Housing Construction
Projects in the Province[EB/OL](2020)[2021-07-17].
https://zjt.hunan.gov.cn/zjt/xxgk/tzgg/202008/t20200812

13395963.html. (in Chinese)

[91] J Bk, J7HKS BIM B % {42 2R 1 K [EB/OLY.
(2014)[2022-03-06].
https://www.glodon.com/news/143.html.

Glodon. The releasing of Glodon's BIM drawing review
software. [EB/OL]. (2014)[2022-03-06].

—
(o]
[ee]

—_



r B % 113

https://www.glodon.com/news/143.html. (in Chinese)

[92] PKPM. BIM = & #“F £ [EB/OL]. (2020)[2022-03-06].
http://www.pkpm.cn/product/productDetail ?type=5&id=7
6.

PKPM. BIM cloud review platform. [EB/OL].
(2020)[2022-03-06].
http://www.pkpm.cn/product/productDetail ?type=5&id=7
6. (in Chinese)

[93] 1P A g it s, o B SRR FE e A BR A ).
BIM # & % 4 H P F At VI[R/OL]. (2020).
http://www.hn-
bim.cn/upload/202001/06/202001062325269687 .pdf.
Hunan Engineering and Consulting Association, China
Academy of Building Research. BIM Review System User

Manual VI[R/OL]. http://www.hn-
bim.cn/upload/202001/06/202001062325269687.pdf.  (in
Chinese)

[94] TEBE. JTE Al % E[EB/OL]. (2021)[2022-03-06].

https://www.vanyitech.com/profession/aidesign.

Vanyi Tech. Vanyi Al drawing review system. [EB/OL].

(2021)[2022-03-06].

https://www.vanyitech.com/profession/aidesign. (in

Chinese)

WA, RYMEE R MR AL FE R R

[EB/OL]. (2021)[2022-03-06].

http://www.xinhuanet.com/house/2021-

01/18/c_1126994560.htm.

Xinhua Net. Shenzhen Housing and Urban-Rural

Development Bureau fully applies Wanyi Al plan review

system. [EB/OL]. (2021)[2022-03-06].

http://www.xinhuanet.com/house/2021-
01/18/c_1126994560.htm. (in Chinese)

AN L N B — it B g 45 [EB/OLY).

(2020)[2022-03-06]. https://www.xzst360.com.

Xiaozhi Drawing Review. Smart Review of Construction

Drawings. [EB/OL]. (2020)[2022-03-06].

https://www.xzst360.com. (in Chinese)

[97] hixdF. hEEF CBIM & TE[EB/OL]. (2022)[2022-
03-06]. http://www.cbim.com.cn.

CBIM. CBIM. [EB/OL]. (2022)[2022-03-06].
http://www.cbim.com.cn. (in Chinese)

[98] SOLIBRI. BIM software for architects, engineers and
construction industry[EB/OL]//Solibri. (2021)[2021-07-
23]. https://www.solibri.com/.

[99] MALACARNE G. RR3 - Nicholas Nisbet - AEC3
Requirel and D-COM[EB/OL]. (2021-04-22)[2021-07-24].
https://vimeo.com/540099774.

[100] WANGARA J. Quality Management in BIM: Use of
Solibri Model Checker and CoBIM Guidelines for BIM
Quality Validation[D]. Helsinki Metropolia University of
Applied Sciences, 2018.

[101]KALLINEN A R, VIRKAMAKI P. RR3 - Nicholas Nisbet
- AEC3 Requirel and D-COM[EB/OL]. (2021-04-
22)[2021-07-24]. https://vimeo.com/540099774.

[102] BEACH T. D-COM Network — Driving forward Digitised
Compliance Checking in the Built Environment[EB/OL].
(2021)[2021-07-23]. https://www.dcom.org.uk/.

[95

—_

[96

—_



