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ABSTRACT Building Information Modeling (BIM) is a promising technology for building informatics.
Currently, an increasing number of applications adopt BIM to improve the building operations and facility
management. In these applications, matching real-world facilities to the corresponding BIM items is a
fundamental yet challenging task. This study addresses this issue using Natural Language Processing. Firstly,
a novel BIM hierarchy tree (HiTree) is proposed tomodel the original spatial structure relationships of a BIM.
Then, the locations of facilities are extracted from natural language through processes of word segmentation,
keyword extraction, and semantic disambiguation. Thirdly, an algorithm that matches real-world facilities
to the BIM data is developed using the HiTree and the extracted locations. Finally, a concrete case for a
35,000 m2 library is presented to verify the effectiveness of the proposed solution. BIM has become a
common paradigm in the construction industry, and our scheme can facilitate more applications of BIM
in building operations and facility management. One of the most representative applications is integrating
the BIM data and information within IoT (Internet of Things) system intelligently by matching the BIM data
to real-world facilities.

INDEX TERMS Building information modeling (BIM), facility, natural language processing (NLP), facility
management.

I. INTRODUCTION
Building Information Modeling (BIM) is a digital represen-
tation of physical and functional characteristics of a facil-
ity [1]. A BIM records reliable information of a building
throughout its life-cycle, including planning, design, con-
struction, operations and facility management phases [2].
By providing interoperable construction data, BIM enables
collaboration among stakeholders [3], and provides a reliable
basis for decisions during the building life cycle [4]. The past
decade has witnessed an avalanche of studies on BIM [5].
Currently, an increasing number of companies from architec-
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ture, engineering, construction, operations and facility man-
agement (AECO/FM) have embraced BIM as a common
paradigm [6], [7].

Building operations and facility management are proce-
dures that integrating people, facilities, technology, and man-
agement [8]. During the operations and maintenance phases,
there exist many restrictive features, including a large time
span, long maintenance cycle, complex content, and a large
number of stakeholders, which lead to the relatively low effi-
ciency of traditional operations and facility management [9].
By matching BIM data to building facilities, building infor-
mation accumulated in the phases of design, construction,
operations, and maintenance can be effectively integrated
[10], and this can be used to solve the issue of information
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FIGURE 1. The problem of matching real-world facilities to BIM data.

silos [11]. Moreover, BIM provides a comprehensive facility
management model for all operators to improve the efficiency
of building operations and facility management [12].

The studies and applications of BIM used in the building
operations and facility management are still in the initial
stages [13]. Studies [14] have noticed that the real-time coor-
dination between the real-world facilities and BIM model
remains to be solved. The traditional method of fusing
facilities and BIM data basically relies on manual associa-
tion, which is time-consuming, labor-intensive and inefficient
[15]. In order to maximize the value of BIM during the
building operations and maintenance stage, it is necessary to
break the information barrier between the building operations
and facility management system and the BIM model [16].
Therefore, developing an effectively solution that matches
real-world facilities to a BIM model is a significant work
for BIM servicing in the building operations and facility
management stage [17], [18].

A Real-world Facility installation information Table (RFT)
records information such as the names, installation locations,
and numbers of facilities [19]. Naturally, the RFT is obtained
from the construction unit. Information of facilities in a
building environment, which is recorded in the RFT, is con-
sistent with the information in the building operations and
facility management system. Usually, a unique code is used
to represent a facility in the building operations and facility
management system. However, currently, as a building was
being designed, the designers were not asked to adopt a
code to arrange the facility. Therefore, the BIM model would
have no available code system for matching the BIM data to
the information within the building operations and facility
management system. This study addressed this task using
a novel perspective. By matching the facilities information
in the RFT to the BIM model, the information coordination
between the building operations and maintenance system and
the BIM model could be realized. Therefore, as can be seen
from Figure 1, a RFT is effectively a bridge for matching
real-world facilities to BIM data.

In order to solve the above problems, this study proposes a
method that matches real-world facilities to BIM data based
on NLP. The contributions of this paper include:

1. The definitions involved in the matching scheme are
formally defined, and accordingly, a novel solution that

matches the real-world facilities to the BIM data is given.
The matching solution proposed in this paper can be divided
into three steps: the approach of building the HiTree; a
model that extracts the natural language, which includes three
sub-steps of segmentation, keyword extraction, semantic dis-
ambiguation; the matching solution between location infor-
mation of real-world facilities and BIM data.

2. Systematically present the adopted algorithm. Namely,
the algorithms of building the HiTree, keyword extraction,
semantic disambiguation, and matching solution.

3. Concretely demonstrate the effectiveness of proposed
scheme. This was achieved by taking the BIM model of a
library located in Beijing University of Civil Engineer and
Architecture (BUCEA) as the experimental model, and com-
bining it with a part of the RFT of the library. Information
of the facilities was then represented by the natural language,
and matched to the corresponding component information in
the BIM model. The experiment shown that the method of
matching real-world facilities to BIM data based on natural
language processing is effective.

The remainder of this paper is organized as follows.
Section 2 introduces related works; Section 3 provides the
problem definitions and overall framework adopted in this
paper; Section 4 puts forward the approach of building
the HiTree; Section 5 conducts the processing procedure
of natural language information in the RFT, and Section 6
proposes the solution of matching real-world facilities to
BIM data, and demonstrates the effectiveness of the pro-
posed solution by concrete experiments. The last section is
a conclusion.

II. RELATED WORKS
A. NATURAL LANGUAGE PROCESSING
Natural Language Processing (NLP) is a science that inte-
grates linguistics, computer science, and mathematics. NLP
technology studies the theory andmethod of realizing human-
computer communication through natural language [21].
NLP mainly includes three processes, which are lexical anal-
ysis, syntactic analysis and semantic analysis. Among them,
lexical analysis could be divided into three steps, namely,
word segmentation, tagging, and named entity recogni-
tion [6]. NLP has a broad range of applications for knowledge
acquisition and retrieval in the construction industry [22].
Al-Qady and Kandil [23] have used NLP to develop ontolo-
gies from construction contractual documents. They have
used NLP-based conceptual relationship recognition and
use the shallow analysis method to automatically extract
conceptual relationships from the text of contract docu-
ments. The Kappa score and F-measure have significantly
improved knowledge acquisition, while constructing legal
ontology. The works in [24], [25], and [26] have proposed
an NLP-based information extraction system for automated
compliance checking with construction regulatory docu-
ments. A set of pattern-matching and conflict resolution rules
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has been developed that employs syntactic (syntax/grammar-
related) and semantic (meaning/context-related) text features
during NLP processing [24]. A technique for tagging, sep-
aration, and sequencing of regulatory document elements
has been proposed to generate high-quality ontology [25].
The proposed algorithm has been tested on the regulatory
documents, retrieved from the International Building Code,
and the results are promising with high precision [26].

In this paper, NLP technology is introduced into engineer-
ing applications, andNLP technology is used to obtain natural
language information on the RFT, so as to match real-world
facilities to BIM data.

B. INFORMATION EXCHANGE BASED
ON IFC AND IFD
BIM encompasses information throughout the life-cycle of
a building, and it supports multidisciplinary collaboration
and decision making [27]. Industry Foundation Classes (IFC)
is a digital protocol used to share information between
different software [28]. Through years of development
and improvement, IFC standards have been widely recog-
nized in the field of information management. Lee et al.
have proposed an IFC-based design information manage-
ment system [29]. Researchers have also developed some
IFC-based BIM servers for information sharing, extraction,
and integration [30], [31]. Based on BIMserver.org, an open
query language for BIM called BIMQL was developed,
which can provide a flexible data retrieval interface with
domain-specific and platform independence [32]. An open
IFC model analysis repository has also been presented to
facilitate the interoperability of building information [33].
Meanwhile, the experience of model-based interoperability
issues when exchanging BIM between various tools has been
reported [3]. Extending IFC with Extensible Markup Lan-
guage (XML) and exchanging information with model views
has been discussed in two papers [34], [35]. Therefore, IFC
has a feasible extension mechanism and many related tools,
and this lays a solid foundation for BIM interoperability.

The International Framework for Dictionaries (IFD) is an
internationally open library. In the IFD standard, concepts and
terms are defined, semantically described and given a unique
identification number, which is named a Global Unique Iden-
tifier (GUID) [36]. The GUID provided by the IFD is critical
for supporting the accurate exchange of building information.
Supported by multilingual terms, the IFD provides a mapping
method from concept to IFC entities and attributes, support-
ing the distinction between concepts and specific language
instances [34]. Shayeganfar et al. have conducted a case
study on how to implement the IFD library using semantic
web technology, which bridges the gap between BIM and
web services [37]. Therefore, supported by the IFD library
and semantic web, terms in a particular language or their
synonyms can be mapped to entities in a data schema like
IFC, to achieve the precise exchange of building information
precisely.

TABLE 1. Notations.

III. PRELIMINARIES
A. PROBLEM DEFINITION
The matching between real-world facilities and BIM data
can be achieved when the extracted locations are matched
to the corresponding components in the BIM model. Since
computers cannot recognize the natural language informa-
tion directly, we need to adopt NLP to process the natural
language information in the RFT. Based on the processes
of natural language segmentation and keyword extraction,
the locations of facilities are extracted. On the basis of the
IFD semantic disambiguation, the previously extracted loca-
tions information is consistent with the representation of the
corresponding data in the BIM model, which facilitates the
accurately matching between the real-world facilities and the
BIM data. In this paper, the BIMmodel was constructed using
a tree structure according to the spatial structure relationship
of the building, which was called the HiTree. Therefore,
the matching between the real-world facilities and the BIM
model was equivalent to the matching of the extracted loca-
tions of the facilities and the HiTree.

In order to define the matching issue fluently, we firstly
have the following definitions. The notations frequently used
in this paper are listed in Table 1.
Definition 1 (RFT): A Real-world Facilities installation

information Table (RFT) is a table that encompasses the
facility information, including names, installation locations,
numbers and the like.
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FIGURE 2. Illustration of the procedure of the LIEModel.

Definition 2 (BIM): A BIM b is a digital representation of
the architectural geometric information and semantic infor-
mation, which is the root node in the HiTree, and b = {s, r}.
Definition 3 (Spatial Allocation): Spatial allocation, which

is the spatial distribution in the BIM model, can be divided
into two types: vertical spatial allocation and horizontal spa-
tial allocation.

The vertical spatial allocation, denoted as s, is the spa-
tial separation of the building in the vertical direction, and
includes information such as the elevation; the horizontal
spatial allocation, denoted as r , is the spatial separation of the
building in the horizontal direction, and forms several sub-
spaces, such as rooms, halls.

Thus, in this paper, we have s = {s1, s2, . . . , sn}, si(1 ≤
i ≤ n) denotes the i-th layer in a multiple storey building; r =
{r1, r2, . . . , rm}, ri(1 ≤ i ≤ m) represents the i-th sub-space
in the building.
Definition 4 (Facility): A facility f is a building asset

within the facility management domain. A facility f is dis-
tributed in the building environments to facilitate something.
Thus, we have f = {f1, f2, . . . , fk}, fi(1 ≤ i ≤ k) represents
the i-th facility in the building.
Definition 5 (HiTree): A HiTree T is transformed from

the BIM model based on the spatial structure relationship
of the building, and we have T = (b, s, r, f ). The depth
of the HiTree is denoted by TD, and its number of layers is
denoted by Tk .
Definition 6 (LIEModel): The location information extract

Model (LIEModel) is proposed to process the natural lan-
guage in the RFT, which encompasses the locations of
facilities.

The raw natural language information of facilities is
represented by Q0. Based on the natural language segmen-
tation, a natural language word sequence Q is generated.
By means of the natural language keyword extraction, a key-
word sequence is obtained, which is denoted as Q. Then,
the keyword sequence is expressed as W after the process of
IFD semantic disambiguation. Figure 2 shows the relation-
ship of the natural language sequences.
Definition 7 (MP Matrix): A MP matrix A is a matrix that

generated through the comparison of the reference vector A0
and the matching path matrix B0. While a reference vector
A0 is consisted of all the nodes of HiTree; a matching path
matrix B0 is a collection of all matching path.
Definition 8 (Feature Vector): A feature vector C is gen-

erated based on contradistinction between keyword sequence
W and the reference vector A0.

FIGURE 3. The overall framework of this study.

Definition 9 (Matching Value): The matching value N
is the product of the matching matrix A and the feature
vector C .

B. OVERALL FRAMEWORK
The matching solution proposed in this study can be divided
into three steps, namely the construction of the HiTree; the
LIEModel combined with natural language segmentation,
keyword extraction and semantic disambiguation; and the
matching scheme between the location information of real-
world facilities and BIM data. The processes are shown in
Figure 3

1. Building the HiTree. According to the original spa-
tial structure relationship of the building, the BIM model
is described as a tree structure with a depth of TD = 4.
The nodes in the first layer represent the whole model,
the nodes in the second layer represent the vertical spatial
allocations of the building, and the nodes in the third layer
represent the horizontal spatial allocations of the building,
and the fourth layer represent the facilities that are located
in the sub-spaces of the building.

2. Obtaining the locations of facilities in the RFT based
on the LIEModel. Since the locations information in the
RFT is described by natural language, in order for the com-
puter to understand this natural language information, it is
necessary to first conduct NLP on it firstly, namely natural
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language segmentation and keyword extraction. Due to the
differences in natural language expressions, the same object
always has multiple descriptive forms. In order to ensure
that the same real-world facilities get the same understanding
among stakeholders, the IFD was used to carry out semantic
disambiguation for the key information that was processed
by NLP, so as to obtain a standardized natural language word
sequence.

3. Proposing a matching method. The number of matching
paths of theHiTree is equal to the number of leaf nodes. In this
study, all possible matching paths were described in a matrix,
and the standardized natural language word sequences were
described as column vector forms. Then the matching algo-
rithm was given.

IV. HITREE CONSTRUCTION
A tree structure is a significant type of nonlinear data struc-
tures, which is a hierarchical structure defined by branch
relationships. According to the IFC standard, the locations of
building facilities in the building have an obvious spatial hier-
archical relationship. Therefore, BIM data can be described
as a tree structure. It is logical to describe the BIM as a
tree structure that contains BIM models, floors, sub-spaces,
and facilities. The number of layers in the HiTree is denoted
as Tk .

The algorithm for constructing the HiTree is given below.

Algorithm 1 Building the HiTree
Input: b: BIM
Output: T
1: function BIMParser(b)
2: Obtain building model data
3: for each vertical spatial distribution
4: Collect all the vertical spatial nodes s
5: for each s
6: Collect all the horizontal spatial nodes r
7: for each r
8: Collect all the equipment nodes f
9: end for
10: Get all the nodes b, s, r , f
11: Build the HiTree with nodes b, s, r ,

f . and T = {b, s, r, f }
12: end for

As can be seen from Figure 4, BIM can be described as a
tree structure with a depth of 4. The Tk = 1 layer represents
the first layer of the HiTree, which is the root node in the
HiTree and represents the BIM as a whole; The Tk = 2
layer represents the second layer of the HiTree, which is the
spatial layer relationship of the first layer according to the
vertical spatial distribution. The Tk = 3 layer represents the
third layer of the HiTree, and the third layer node represents
the spatial area divided by the horizontal space distribution
in the building floor, and within this are sub-spaces in the
HiTree, such as rooms, halls, corridors, etc.; The Tk = 4
layer represents the fourth layer of the HiTree, and the fourth

FIGURE 4. Conceptual diagram of HiTree.

layer nodes represent the building equipment distributed in
the corresponding subspace.

V. KEYWORD EXTRACTION AND SEMANTIC
DISAMBIGUATION
The information in the point table of the construction equip-
ment is described in natural language. However, the computer
cannot directly recognize the natural language information.
Therefore, the initial information is first processed using
NLP. Firstly, this section introduces the methods of word
segmentation and keyword extraction based on NLP. Then,
taking the ‘‘fire hydrant in the hallway on the first floor of
the library’’ as an example, and the natural language seg-
mentation and keyword acquisition were carried out. Finally,
the IFD library was introduced to semantically disambiguate
the keywords. Thereby, the processing of the natural language
information on the RFT was completed.

A. NLP-BASED WORD SEGMENTATION
AND KEYWORD EXTRACTION
In order to obtain information from natural language,
the computer must first divide the natural language into a
sequence of words with certain meanings. This process is
called natural language segmentation. The main word seg-
mentation algorithms include lexicographic matching and
statistical machine learning. In this study, we adopted the LTP
word segmentation module, and the algorithm used combines
the two methods. The algorithm can not only obtain accurate
word segmentation results by machine learning, but also flex-
ibly introduce external resources such as a dictionary.

According to the previous definitions, the natural language
statement which contains the building equipment informa-
tion was denoted as Q0. Based on the natural language
segmentation process, Q0 was divided into several natu-
ral language phrases with certain meanings, resulting in
Q = {Q1,Q2, . . . ,QL}.
In order to accurately extract natural language keywords,

we must firstly establish a thesaurusQ0, which covers a large
number of architectural concepts and descriptions. The IFD
standard, as an international open library, contain almost all
concepts and terms in the AECO/FM domain. In this study,
the thesaurus Q0 was established by extracting concepts and
terms from IFD specification. Therefore, the thesaurus Q0
was consistent with the information in the IFD specification.
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Accordingly, the thesaurus Q0 could be properly established
properly, and it is suitable for all kinds of buildings.

Then, the construction equipment information word
sequence Q, which is based on natural language word seg-
mentation, was compared with the words in the thesaurus
Q0. If a word exists in the thesaurus Q0, it will be taken out
as a keyword to form a natural language keyword sequence
Q = Q1, Q2, . . . , Qn}. The keyword extraction algorithm is
proposed below.

Taking the ‘‘fire hydrant in the hallway on the first floor of
the library’’ as an example, based on the LTP natural language
segmentation process, the input sentence is cut into word
sequences. Specifically, English have an obvious boundary,
which is different from Chinese. This boundaries are helpful
for word segmentation of English. Thus, the result of the word
segmentation with LTP is ‘‘fire hydrant in the hallway on the
first floor of the library’’.

According to Algorithm 2, we firstly obtain the vector
Q = {fire hydrant, in, the, hallway, on, the, first floor, of,
the, library}, and following comparison between the elements
in vector Q with thesaurus Q0, we then acquire the natural
language keyword sequence Q. Therefore Q = {fire hydrant,
hallway, first floor, library}.

Algorithm 2 Keyword Extraction
Input: Q

thesaurus Q0
Output: Q
1: Collect all the noun or noun phrase in Q
2: Let Q = {Q1,Q2, . . . ,QL}
3: for(i = 1; i<= L; ++ i)
4: if Qi ∈ Q0,do
5: Put Qi in Q
6: else
7: return Q
8: end for

B. IFD-BASED SEMANTIC DISAMBIGUATION
Due to the differences in language, culture, and expression
of natural language, there are usually multiple expressions
when describing the same objective entity. For example, in a
building, both corridors and aisles represent horizontal traf-
fic spaces within buildings, and they are also known as a
‘‘hallway’’. However, all these expressions all represent the
same objective entity. The same object, which has multiple
expressions, makes the exchange of building information
difficult. And it is obviously a serious problem to not accu-
rately make the same understanding of the same architectural
concept. To this end, the IFD needs to be introduced to solve
this problem and ensure the consistency of concepts in the
construction field. The IFD defines building-related concepts
and attributes with a GUID and links various descriptions
of these concepts and attributes to the corresponding GUID.
By transforming architectural concepts and attributes into a
GUID, the differences in understanding, which come from

differences in natural language expression, can be eliminated
to achieve semantic disambiguation.

Consequently, this study adopted the IFD to semanti-
cally disambiguate the resulting keywords. Each extracted
keyword could find its unique corresponding GUID in
IFD dictionary to eliminate ambiguity, and finally get
semantically disambiguated keywords, which denoted as
W = {w1,w2, . . . ,wn}. Algorithm 3 summarizes the whole
process of semantic disambiguation.

Algorithm 3 Semantic Disambiguation

Input: keyword sequence Q
International Framework for Dictionaries(IFD)

Output: Standardized keyword sequence W
1: for each keyword Qi (i = 1; i<= L; ++ i)
2: if Qi ∈ IFD, do
3: Put Qi in W
4: return the GUID of Qi
5: else
6: return W
7: end for

VI. MATCHING METHOD OF FACILITIES AND BIM
A. MATCHING MATRIX
As can be seen from Figure 5, the building information
model tree has n + m + k+1 nodes, and all nodes are rep-
resented by vector A0, which is called the reference vector,
and is given by:

A0 = [b, s1, s2, . . . , sn, r1, r2, . . . , rm, f1, f2, . . . , fk ] (1)

From the root node b of the HiTree to the leaf node
fi(1 ≤ i ≤ k), there are k non-repetitive paths, and the k paths
are represented as a matrix B0, namely:

B0 =


b1
b2
. . .

bk

 =

bs1r1f1
bs1r1f2
. . .

bsnrmfk


k×4

(2)

where bi(1 ≤ i ≤ k) represents the i-th matching path in
the HiTree.

Then, the elements of each path vector bi in the path matrix
B0 are compared with the elements in the reference vector
A0, and a new vector ai is formed in the process of the

FIGURE 5. Matching paths in the HiTree.
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comparison, and the dimension of the vector ai is consistent
with the reference vector A0.

If an element in the vector bi exists in the reference vector
A0, the corresponding position in the vector ai is assigned a
value of 1. When all the elements in the path vector bi have
been assigned in the vector ai, the positions in the vector ai
that have no value are assigned as 0. The vector ai forms a
matrix A, named the matching matrix. Then, the matching
matrix A is expressed as follows:

A=


a1
a2
. . .

ak

=


1 1 0 . . . 0 1 0 . . . 0 1 0 . . . 0
1 1 0 . . . 0 1 0 . . . 0 0 1 . . . 0
. . .

1 0 0 . . . 1 0 0 . . . 1 0 0 . . . 1

 (3)

︸ ︷︷ ︸
n

︸ ︷︷ ︸
m

︸ ︷︷ ︸
k

B. FEATURE VECTORS OF NATURAL LANGUAGE
Based on Definition 6, the natural language sentence Q0,
which contains the construction equipment installation infor-
mation, is subjected to natural language processing and
semantic disambiguation to obtain a standardized word
sequence W , and W = {w1,w2, . . . ,wn}. The element
wi(1 ≤ i ≤ n) in W is then compared with the element in
the reference vector A0, and we get the feature vector C . The
feature vector C is defined, so as to have the same dimension
as the reference vector A0.

Ci =

{
1wi ∈ A0
0wi /∈ A0

, 1 ≤ i ≤ n (4)

If an element wi exists in the reference vector A0, the
corresponding element in the feature vector C is assigned a
value of 1. If the element wi does not exist in the reference
vector A0, the element is discarded and the position in the
feature vector C , which has no value, is assigned as 0.
Taking the word sequence W = {b, s1, r1, f1} as an exam-

ple, based on the comparison of W and the elements in the
reference vectorA0, the feature vectorC is obtained as follow:

C =
[
1 1 0 . . . 0 1 0 . . . 0 1 0 . . . 0

]T (5)

︸ ︷︷ ︸
n

︸ ︷︷ ︸
m

︸ ︷︷ ︸
k

C. MATCHING METHOD
The determination method of the matching matrix A and the
feature vector C is given above. Then the matching method
is defined as follows:

A× C = N (6)

where, Ni(1 ≤ i ≤ n) is the product of the i-th row vector of
matching matrix A and the feature vector C . The value of Ni
represents the degree of matching between natural language
feature vector C and each matching path bi in the HiTree.
Then, the value of Ni is sorted, and the matching path, which
corresponds to the maximum value, has the highest matching
degree with natural language information. IfNi = 4, the natu-
ral language information has complete information about the

building equipment, and the building equipment represented
by the leaf node matches the natural language information.
Algorithm 4 summarizes the process of matching method.

Algorithm 4 Matching Method
Input: Reference Vector A0

HiTree T
Standardized thesaurus Q0
W = {w1,w2, . . . ,wn}

Output: Matching facilities information to HiTree
1: Get all the matching paths
2: Let matching paths matrix B0 = {b1, b2, . . . , bn}.
3: for each matching path bi
4: if bij ∈ A0, do
5: aij = 1
6: else aij = 0
7: Let A = {a1, a2, . . . , an}.
8: for each matching path wi
9: if wi ∈ A0, do
10: Ci = 1
11: else Ci = 0
12: Let C = [C1,C2, . . . ,Cn]T .
13: Get N using equation (6).
14: Get the maximum in N , do
15: Matching the corresponding HiTree information and

keyword information
16: end for

D. EMPIRICAL STUDIES
In this subsection, we took the BIM model of a university
library, which is located in the Beijing University of Civil
Engineering and Architecture, as an experimental model.
By matching part of construction equipment information
to the corresponding BIM components, the feasibility and
effectiveness of the method, which is proposed above, are
demonstrated.

The experimental building is located in Beijing University
of Civil Engineering and Architecture in Beijing, the capital
city of China. It has a modern architecture with a total con-
struction area of 35000 square meters and a total investment
of 320 million RMB yuan. The main structure of the exper-
imental building consists of seven floors above ground and
one floor underground.

The detailed modeling and matching process is demon-
strated below and in Figure 6.

1. The design BIM was established using Autodesk Revit
2016, and it includes models of the architecture/structure
and construction equipment of machine, electric, and plumb-
ing (MEP) systems. The design BIM was organized based
on the spatial relationship in the IFC files. The experimental
model contained 17669 facilities, and the quantity of fire
facilities was 1191. Figure 6(a) is the front view of the
experimental building. Figure 6(b) show the BIM model of
the experimental building.
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FIGURE 6. Process of modeling and building the HiTree.

2. Based on the original spatial structure of the BIMmodel,
a HiTree, which contains part of the construction equipment
in the experimental building, was built using Algorithm 1.
This HiTree is shown in Figure 6(c). Then, we found the
reference vector A0 based on the HiTree, and A0 = [Library,
First floor, Second floor, Third floor, Hall, Corridor, Toilet,
Reading area, Room, Chair, Smoke Detector, Fire Hydrant,
Lamp, Equipotential terminal box, Desk, Air-Conditioning,
Fire alarm].

Assuming that the natural language information of the
construction equipment to be matched is Q0 ‘‘fire hydrant in
the hallway on the first floor of the library’’. The Language
Technology Platform (LTP) was adopted to make the word
segmentation, and the results of the natural language segmen-
tation were ‘‘fire hydrant, in, the, hallway, on, the, first floor,
of, the, library’’. Then, based on the Algorithm 2, a keyword
sequenceQ= {fire hydrant, first floor, hallway, library}, was
extracted.

In the extracted keyword sequence Q, each element was
a natural language description of a corresponding construc-
tion concept or description. Due to the diversity of natural
language descriptions, the difference, which is caused by
the diversity of understanding of the construction equip-
ment information, will be the obstruction of the commu-
nication of construction equipment information. Therefore,
the IFD library was introduced, and the global unique

TABLE 2. Matching path.

identifier (GUID) in the IFD library was applied to transform
the keywords into a unique description of the concepts in the
same architectural field. In this example, the word ‘‘corri-
dor’’ and the word ‘‘hallway’’ in the pre-built building infor-
mation thesaurus Q0 should have the same building space
description, so the two words had the same GUID. Since
each node on the HiTree is named according to the pre-built
building information thesaurus Q0, in order to achieve an
accurate matching between the natural language information
from the RFT and the construction equipment information,
the extracted keyword sequence is Q = {library, one layer,
The aisle, fire hydrant} and it is converted into a consistent
expression with the pre-built building information thesaurus
Q0. Then, a standardized word sequence W = {library, one
floor, corridor, fire hydrant} was obtained based on the Algo-
rithm 3. According to the method proposed above, a feature
vector C was generated, and the feature vector C is shown
below.

C =
[
1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

]T (7)

Since the experimental HiTree had eight leaf nodes, there
were eight matching paths. They are shown in Table 2:

According to Algorithm 4, the MP matrix A can be
obtained as:

A=



1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0
1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0
1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0
1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0
1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0
1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1


(8)
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FIGURE 7. Illustration of the matching result of the experimental BIM.

TABLE 3. Matching results.

Then, based on equations (7) and (8), a column vector N
was built.

N = A× C

=
[
2 2 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1

]T (9)

From the matching value vector N , it can be noticed that
the product value of the a3 vector and matching vector C
is the largest. This meant that the building equipment infor-
mation represented by the corresponding third matching path
was matched to the natural language information. Therefore,
the location information ‘‘fire hydrant in the hallway on the
first floor of the library’’ matched to the third leaf node in the
HiTree. The matching result is illustrated in Figure 7.

Based on a previous successful experiment on some
specific facilities, we then evaluated the effectiveness of
the proposed solution by further matching more facili-
ties to the BIM data. In our experiments, the size of the
library model was 41.65MB, and this model contained
17669 facilities. We extracted 1191 fire facilities of them
to conduct the matching experiments. Table 3 shows the
performance of the proposed scheme. Among 1191 facil-
ities tested, 1089 facilities were matched successfully.
The matching rate was 91.43%. In the meantime, there are
still some facilities unmatched. Possible reasons are dis-
cussed below. The IFD library is adopted to build the the-
saurusQ0 and do semantic disambiguation. However, the IFD
library may not contain enough concepts in the AECO/FM
domain. This may cause some important information pro-
cessed imprecisely. In conclusion, this experiments show that
the matching solution proposed in this paper is effective
and efficient.

VII. CONCLUSION
Building operations and FM tasks involvemultiple stakehold-
ers over a long time period, and they require comprehensive
and high-quality data for correct and reliable operations and
maintenance. However, the information needed for opera-
tions and maintenance, which is typically available from
manufacturers, is time-consuming and laborious. In fact,
collecting available sufficient information about the building
facilities for any operations and FM tasks is considered a key
challenge.

BIM has become an important part of building digitizing
and informatics, and its applications are involved in the entire
life of a building. In order to address the information collab-
oration issue of real-world facilities and BIM models, this
paper presents a solution that matches real-world facilities to
BIM data using NLP. The matching solution proposed in this
study can be divided into three steps: namely the construction
of the HiTree; a LIEModel combined with natural language
segmentation, keyword extraction and semantic disambigua-
tion; and the matching schema between extracted locations
information of real-world facilities and BIM data. The exper-
iments demonstrated the effectiveness and efficiency of the
proposed matching method.

The proposed scheme can effectively improve the imple-
mentation capability of BIM of operations and facilities man-
agement systems and facilitate more applications of BIM
in building operations and facility management. Moreover,
this study may provide a reference for BIM cross-stage data
fusion, which is a significant task for Internet of Things
(IoT). However, the proposed matching solution does have
the following limitations. (1) The process of extracting infor-
mation from natural language relies on the words contained
in the thesaurus Q0. The thesaurus Q0 is based on the IFD
library. So the IFD library should contain enough concepts
in the AECO/FM domain and be continuously enriched. (2)
Currently, only simple sentences are supported. Complex sen-
tences containing verbs and operators are not supported yet.
Further improvement should be made to support processing
sentences with verbs and operations properly. (3) Because all
the nodes in the HiTree are represented in a vector, when the
IFD document size exceeds a certain level, the dimensions of
the matching matrix will become difficult to calculate. Thus,
further improvement should be made to support matching
larger size of BIM model.
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