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Analysis of BIM Technology Structure and Core Technology
Using Patent Co-classification Network Analysis
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ABSTRACT: BIM(Building Information Modeling) is a salient technology for influential innovation in the construction industry. The patent
network analysis is useful for suggesting the direction of technology development and exploring the research and development field.
Therefore, the purpose of this study is to analyze the BIM technology structure and core technologies according to the convergence of BIM
technology and market expansion. In this study, social network analysis was conducted by establishing a co-classification IPC network for
the United States BIM patent. In particular, the characteristics of the major technical areas in the BIM technology network were identified

through centrality analysis. GO6F017/00, digital computing or data processing method,

is a core technology field in the BIM network.

Arrangements, apparatus or systems for transmission of digital information, H04L029/00 is an influential technology across the network.
B25J009/00 for program controlled manipulators is an intermediary technology field and GO6T019/00, manipulating 3D models or images
for computer graphics, is an important field for technological development competitiveness.

KEYWORDS: Building Information Modeling, International Patent Classification, Patent Analysis, Social Network Analysis
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Table 1. Research on patent analysis

Analysis Researcher Contents
| Fuji and Managil2018) Tech.n.ologytrends apd technology
Trend Analysis Kim et al(2014) competitiveness analysis through patent
' application trend analysis
Technology Park et al.(2018a) Analyzing the technology convergence
Structure Han etal.(2016) structure through network analysis
Technology |dentifying technology opportunities and vacant
Opportunity Yoo etal. (2017) technology to develop technology strategies
Technology Linares et al(2019) |dentifying and analyzing the technological
Knowledge y route
Flow Park et al (2018b) using patent-based network analysis
Others Lee etal(2018) Analyz_mg Fhe rela_tlonsh|p between
technological innovation and performance
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Table 2. Research measures of network analysis (Park et al., 2018b)

Analysis Measure Descriptions
Diameter The length of the largest geodesic path in the network
Link The number of lines
Density The number of lines in a network expressed as a proportion of the maximum number of possible number of lines
Avg degree The average number of links that a node has to other nodes
Topological Components The maximal sub-graph in which each pair of node is connected by a semi-path
Analysis Inclusiveness The number of connected nodes expressed as a proportion of the total number of nodes

Clustering coefficient |A measure of the degree to which nodes in a graph tend to cluster together

Mean distance Geodesic, mean, diameter

Power law distribution likelihood ratios

The method combined maximum-likelihood fitting methods with goodness-of-fit tests based on the KS(Kolmogorov-Smirnov) statistic and

Degree Centrality | The ratio of the total number of connected nodes to the total number of nodes

Critical | Closeness Centrality |expanding the definition of degree centrality and measuring how close a node is to all the other nodes

Node

Analysis |Betweenness Centrality| The ratio of one node between the connections between two other nodes.

Eigenvector Centrality | The ratio of connections made to high-impact nodes
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Figure 2. The distribution of BIM patents

Table 3. Search query

Search Query

(("BIM" AND "building information model"] OR (“BIM" AND “building information
modeling”) OR ("BIM" AND “building information management”) OR ("BIM"
AND “building modeling”) OR ("BIM" AND "building model") OR ("BIM" AND
“facility management”) OR ("BIM" AND "facility modeling”) OR ("BIM" AND
“facility control”) OR ("BIM" AND "architect* modeling”) OR ("BIM" AND “building
automa**] OR ("BIM" AND “building control**) OR (*BIM" AND *“civil manage") OR
("BIM" AND “civil model")) NOT ipc:(A01* A23* A61* CO7* C08* C12* GOTN*)

Table 4. Key IPCs description in BIM patents

Classification | Num | Percentage(%) | LevelIndex | Avg Publication Date
G06F017/00 12 33.73 0.865 2016.74
(06Q010/00 56 16.87 1.075 2017.05
G06F003/00 34 10.24 0.262 2017.65
G01C015/00 32 9.64 0.884 2017.22
G06K009/00 32 9.64 0.540 2017.16
HO04L029/00 32 9.64 0.409 2017.50
G08B013/00 31 9.34 0.524 2016.58
G06T007/00 30 9.04 0.489 2017.77
G06T017/00 29 8.73 0.813 2017.10
HO04N007/00 27 8.73 0.465 2017.22
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Table 5. Key IPC description in BIM patents
Classification Description

B25J009/00 | Programme-controlled manipulators

B25J011/00 | Manipulators not otherwise provided for

E04B001/00 | Construction in general; Structures which are not restricted either to walls, e.g. partitions, or floors or ceilings or roofs

E04H001/00 | Buildings or groups of buildings for dwelling or office purposes ; General layout, e.g. modular co-ordination

G01C015/00 | Surveying instruments or accessories not provided for in groups G01C001/00 to GO1C013/00

G01C021/00 |Navigation; Navigational instruments not provided for in groups G01C001/00 to GO1C019/00

6015019/00 | Satellite radio beacon positioning systems; Determining position, velocity or attitude using signals transmitted by such systems

G05B015/00 |Systems controlled by a computer(G05B013/00, GO5B019/00 take precedence; automatic controllers with particular characteristics G058011/00; computers per seG06)

G05B019/00

Programme-control systems(specific applications, see the relevant places, e.g. A47L015/46; clocks with attached or built-in means operating any device at a
preselcted time interval G04C023/00; marking or sensing record carriers with digital information GO6K; information storage G11;)

G06F003/00

Input arrangements for transferring data to be processed into a form capable of being handled by the computer; Output arrangements for transferring data from
processing unit to output unit, e.g. interface arrangements

GO6F017/00 |Digital computing or data processing equipment or methods, specially adapted for specific functions

G06K009/00 | Methods or arrangements for reading of recognising printed or written characters or for recognising patterns

G06T007/00 |Image analysis, e.g. from bit-mapped to non bit-mapped

G06T017/00 |Three dimensional (3D) modeling, e.g. data description of 3D objects

G06T019/00 |Manipulating 3D models or images for computer graphics

G06Q010/00 | Administration, e.g. office automation or reservations; Management, e.g. resource or project management

G08B013/00 |Burglar, theft, or intruder alarms(vehicle theft alarms B60R025/10; cycle theft alarms B62H005/00)

HO04L029/00 | Transmission of digital information. Arrangements, apparatus, circuits or systems, not covered by a single one of groups H04L001/00 to H04L027/00

HO04N007/00 | Pictorial communication. Television systems (H04N003/00, H04N005/00 methods or arrangements, for (delcoding, (delcompressing digital video signals)

HO4N013/00 |Stereoscopic television systems; Details thereof (specially adapted for colour television HO4N015/00)

HO4W004/00 | Services specially adapted for wireless communication networks; Facilities therefor

Table 6. IPC Co—occurrence Matrix

A47L009/00

A47L011/00

A62B003/00

A63F013/00

B05B001/00

B05B007/00

B05B009/00

B05B012/00

B05B014/00

B05B015/00

B05C003/00

H05B037/00

A471L009/00 1

1

A47L011/00 1

1

A62B003/00 -

1

A63F013/00 -

B05B001/00 -

B05B007/00 -

B05B009/00 -

B05B012/00 -

B05B014/00 -

NN N NN

NN N NN

N|lw N[N N

NN N NN

NN N NN

H05B037/00 -
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Figure 5. Visualization of BIM technology network

Table 7. Topological measures of the BIM technology network

B254009/00
82581/00 oS 100
“'6 mesest 200
e P
W\ow
E04EOD1/00

Node Link Density | AvgDegree | Components | Inclusiveness

Clustering Coefficient Mean Distance

Diameter | KSstatistic | p-value

198 1.211 0.062 6.116 1 1

0.786 2.698

6 0.103 0.53

B25J011/002 QIZte| Zat FALSH S&e
HUZ20|H ¥ O T2 #EE 2R7|80/H siE
0| Zetel S2AEE AFTRYLL 5| METX0 sidst
E04B001/002t HZ== AS &ole 4~ ULk

BM 7|SHIESA Q| ¢&& 2MZAk= Table 72t 2T IPC
of sigste & 29| &= 1987H0] 1.2117H] &3 =2 HZAg]
o] = HEYI0ICt W ABYZ(Degree)= 6.11622 Hrt
HMo=Z stto| Eof 6712 =7 HAEN U= F=0Ich H
ZHEE(Components)2t Z2ZM(Inclusiveness)2 12 DEE
E glo] B =7t AZAEO U= stte| HESF0|C 22i{A
E{2 Z|Z&(Clustering coefficient)= 10| 7171242 URE HE
Y3 E LIEILHH 2 AF0|AM= 0.78622 LIEFSICE ESH 2,698
9| o] HZF AZ7{2|(Mean distance)2 X =ES0| 25
HZE[0] U JHE Ha| Dol EA0[Q] 2ol sHiEstE =
Z(Diameter)0| 622 Z|t 6EAS HAM ZE 7|&0| HZA=Z:=
HIERZOICE BIM 7|& WEYI= 20004712] 7|= 207t Z|Ch
BEAl, "ot 2.698HAZ HAZE LXE HER/FZ FH 7|55
el g - S0l A=, 2| O|F{TICkT siAdgh 4~ ULk

pZh(p—value)2 0.532Z 0.10|AY A

40
i
oot
4>
Rl
H
i
I

£ HEfI2tn & 4 Utk ol HE gl HEHA(Scale-

free network)2t= SHH |

HEIN s Dlxls a4

9| L=V} EXYfst= WEL30|Ct,

INEIR 2Ae HEYT)

MRl S5 M

oF Zb o E 0| ENS EMohE A2 $AI7H QUoh matd 2
AFOME 2 JHE IPCO| ENE EME17| 2I5t0 HESAAN,
DEEAY, WHESAHY, AHMEAHY BMS HABINCH 24t &
g 42 10709 IPCEEE CHS Table 82 Ha|otRiCt.
DE ZAM X|EOM GOBF017/000] =2 72 LiEt= A
= oI £ Lt ol= EY 7|50 MES CIXE HFE ==
HlolE Xzofl 2t 7|& 20tz BM 7|& HEYIE tESHE
7|& 202 & 4 Uk HFEI(El M7 E= H|o|EH0lA
| AlA

Txef gEE s, Hlo[E7|Ee BM Z2MYS #Iet AIAH
3

CIRIZ ROl ZXBE QIR 42 I8t 71 SOl HE

7l& =0kt
2| 71&2| G06Q010/00, £
9| H04W004/00, SZHX|

=2 IPC= CIE 7|2 202
=]

b
Of2 GO6F017/000| 7ty =2 AZSH
=

0] Qo= Z2HME 2l A}
MEAM HERZo| E3HE MHIA
7|&2| G01C015/00, HAEE |



OfAIAEISl GO5BO15/00, CIXIEFE HE&S flet AlAH
HO04L029/00 S0]| QULCt,

CHE 71& Zofetel =M
| 1250 HESH=

Sk 2o e
0l =2 7l& OIS £F & 4 Tk IHBFANO| I &
x

Si5t= 7|& 20t GOGFO17/OO GO1CO15/OO G01C021/00
GO6T007/00 & Z2TEAM0| =2 4% 1071 IPC 25 0.50]
o9 22 THl= Ag =elgd 4 Uk GO1C021/002 H(H|A|

0|M 7|& 20l2 BIM HI0|E{Z HZE Ot - A
ZER 29| QIX| (Xs} RHIHIOR HI| HAIXK|Qt HEE
Mah= 71&50] QUCh GOBTO07/002 O|O|X|EA 7|2 0]
[X|7]8te] AlZ ZISMEE FRAIAR, 3D CAD/BIM 2o o

. 7HH2E BiRIE ¢

Sots AlAH

2 o0z

|'0II

XA ZX|IME Fto2h AlAE
0| a5t 7l =0l

Sy g0l =2 IPCE

|5t ®Mow =
O H-_H O

HEIAM S

d2 UESZ HollM E3HZ0| BX| ¢oizte o
Y7t #2 =EE UEHHDE fIMSHY @

7 Of= M=Z2 7I& 7He Al aliy 7Is 2otk &
- =20] O|R0E 4 A0 HEXHo=Z AHM 7|2
2 ALk, MBIl &2 IPC= GO6F017/00,
G06T019/00, G06Q0O10/00, GOBKO09/00, HO4NO13/00 SO|
QICt GO6T019/002 ZFE 1=l D2 L= o|0|X|et &
dE 7|& 20f2 30 2¥ A mte2iot 0|0|X|E M4st HY
St= 71&, 7Hy tASH0] AlAE, XIQHER| SLHEUZZA
A, BZ o[0|x| ClAZ0|, ¥ TlYE ZLEES flet 4

Aol BZEY 2Y, D2 A 23 Bl

¥2 ste Jls 2OIR A2 OE g 2opt 8 28
=7] 98 WRS 7l& Roich UiAFEHN0l B2 IPCE

GOBFO17/00, B25J009/00, GO5B015/00, GO1C021/00 S
7t ¢z IPCE of

o[ ULt

GO6F017/002 7+ e &3

o
A2 siiME

7|& 202 GO6F017/00X

SAlol HEEHY A= =7

HEANO| EH LtEp Ch oiLIEolElQt B Go16@21100
2=l B25J009/002 Figure 50M= &tolgh o~ Q0| GAIM Go15bs/00
2 HAMIMO0| =2 0|0 SHAEQ BMM 3 EMAMO| T 601?5110:‘5/8}:®m
2 0|R0jT SHAHS 0[01FE 720 sHEEiCt Figure 6 HOAUBIOI00 7
2 B25J009/000] OTUEYIE A[Ztslst oz HERE I P
ustofl S5t E04B001/000| mEHE ZaiAEie} Cix/Y X e ,mﬁma;j%@
g
HE H&sot= AlAH”H 2 SEEX|0| siEshk= H04L029/00, “"‘“”"’“’E?fgm
GO1C015/00 82 HZst U= AS &felg £+ ot oge Figure 6. Ego network of B25J009/00
Table 8. Centrality measures of the BIM technology network
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1 GO6F017/00 0345178 HO04L029/00 0539726 GO6F017/00 0.154218 GO6F017/00 0.403071
2 606Q010/00 0.294416 GO6F017/00 0535326 B25J009/00 0.129534 G06T019/00 0328515
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