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Smart objects, equipped with a variety of intelligent features, can significantly improve 
BIM efficiency and address issues such as data loss and outdated information throughout 
the design, construction, and management phases of projects. A systematic literature 
review was conducted, encompassing research articles published from 2005 to 2023, to 
examine the involvement of smart objects in BIM integration. Out of the 98 studies 
identified, it was revealed that smart objects play a crucial role in three primary stages 
of BIM implementation: pre-construction (architectural design), construction 
(management and progress monitoring), and post-construction (applications in smart 
buildings and documentation of existing and historical buildings). A comprehensive 
analysis of these studies led to the development of a current workflow, detailing the 
various categories of smart objects, their application areas, and the procedures involved 
in their creation. The analysis also provides insights into the methodologies, tools, and 
software crucial for BIM integration, along with potential challenges that may arise. It is 
anticipated that the use of smart objects as representatives of real building elements will 
become a core component of the AEC industry. 
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1. Introduction 
Since the early 1980s, various industries have 
employed computer-aided design techniques. The 
field of architecture experienced a notable 
transformation in the 1990s with the introduction of 
Building Information Modeling (BIM), signing the 
next paradigm shift [1]. The term ‘BIM’ first 
appeared in 1992 [2], but it gained considerable 
popularity in the early 2000s when Autodesk 
published a paper titled “Building Information 
Modeling.” This marked the onset of widespread 
adoption in the field, with other software providers 
also entering the scene [3]. The most noticeable 
distinction between BIM and traditional modeling 
methods lies in the fact that architects and engineers 

could collaborate within a shared data environment. 
This facilitates effective data access throughout the 
project's life cycle; encompassing design, 
construction, and post-construction phases [4, 5]. 
BIM can be characterized as an evolutionary phase 
of an intelligent model rather than a mere 
technology [6].  
 BIM comprises a well-organized assembly of 
data presented in a comprehensive building model 
[7]. The building data defines the information of 
design objects and their relationships with other 
model elements. Model objects function as digital 
replicas of real-world elements like windows, 
walls, or beams, and they can be categorized as non-
parametric, parametric, or smart. Parametric design 
relies on the capacity to modify an object's 
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attributes without the need for a complete redraw, 
underscoring the significance of objects having the 
appropriate behavior and knowledge to adapt and 
respond as necessary [8]. Smart objects go beyond 
parametric objects. These entities inherently 
comprehend their identity and have the capability to 
interact with other objects. They are distinguished 
by their parametric and intelligent attributes [9]. 
According to Ibrahim and Krawczyk [8], these 
components have the capability to encapsulate 
‘intelligence’ and ‘knowledge’ by integrating 
design constraints, behavioral aspects, and features 
related to the lifecycle data flow directly into the 
objects themselves. For example, in design-stage 
projects utilizing cloud computing, when a smart 
object, like a wall, undergoes changes, it transmits 
this information to other interconnected objects, 
such as beams, ensuring their concurrent update as 
well [10]. Therefore, smart objects enhance the 
efficiency of BIM and offer solutions to issues such 
as data loss and outdated information during the 
design, construction, or management phases of 
projects. 
 Smart objects appear with various names at 
different stages of BIM projects, including smart 
objects, smart BIM objects, smart building objects, 
smart construction objects, smart building 
elements, smart elements, and BIM objects. 
Basically, they all serve a common purpose; 
integrating data, establishing diverse connections 
within the environment, and accurately 
representing their functions in real-world scenarios 
[11]. Since these intelligent components possess the 
capability to not only provide their distinct 
identification and status details but also engage in 
communication with other objects, they enable “ad-
hoc networking” and facilitate “object-centric 
complex decision-making” [12]. The notion of ad-
hoc information sharing involves the ability of 
smart objects to transmit their awareness to other 
smart objects through intercommunication, as well 
as to convey such information to individuals [12, 
13, 14, 15]. Smart objects have the capacity to 
encompass various dimensions of information, 
essential for facilitating multidisciplinary 
perspectives on the objects. In certain studies, the 

intelligence of these objects arises from the transfer 
of real-world data to the digital model and 
continuous synchronization to ensure the model 
remains up-to-date. To augment the intelligence of 
building components, further parametric and 
automated features are being integrated into BIM 
models through the application of data sharing 
technologies like cloud computing and sensor 
technologies such as the Internet of Things (IoT).  
 The primary objective of this study is to 
comprehensively present all stages encompassing 
the production and utilization process of smart 
objects. To date, no research has offered a holistic 
depiction of the entire life cycle of smart objects. 
This review explores key concepts, platforms, and 
technologies associated with smart objects, aiming 
to serve as a fundamental resource for architects, 
engineers, BIM modelers, and other participants in 
Architecture, Engineering and Construction (AEC) 
industry. 
 A ‘Systematic Literature Review’ (SLR) was 
employed to investigate the role of smart objects in 
BIM integration. Utilizing this methodological 
approach, the paper defines the methods, 
techniques, and attributes associated with smart 
objects. Studies that achieved precise assumptions 
and outcomes were identified and analyzed. The 
obtained results were used to unveil the application 
goals and processes of smart objects, encompassing 
both their possibilities and constraints –spanning 
their development from inception to the present 
day. 
 
2. Methodology 
The method known as SLR serves as a tool for 
identifying, analyzing, and interpreting relevant 
information related to a specific subject, research 
problem, or noteworthy event [16, 17]. The primary 
reasons for conducting a SLR include summarizing 
existing evidence on the subject, identifying 
shortcomings in current techniques, proposing 
areas that require further investigation, and 
establishing a foundation for effectively positioning 
new research endeavors [18]. 
 This study adhered to the review process 
definition established by Kitchenham and Charters 
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in 2007 [16]. The methodological approach aims to 
scrutinize and organize studies, systematizing the 
procedure through a sequence of five phases: 
‘Research Questions,’ ‘Search Strategy,’ ‘Study 
Selection,’ ‘Data Extraction,’ and ‘Data Synthesis.’ 
These subsections provide a detailed account of the 
review protocol's specifics. In the ‘Research 
Questions’ subsection, the inquiries targeted by the 
SLR are outlined. The ‘Search Strategy’ subsection 
delineates the research approach, including search 
terms and sources used to identify relevant studies. 
In the ‘Study Selection’ subsection, criteria for 
inclusion and exclusion are defined based on the 
research questions. The ‘Data Extraction’ 
subsection formulates a checklist for addressing 
research questions and collecting relevant data. 
Finally, the ‘Data Synthesis’ subsection categorizes 
studies to assess and amalgamate primary study 
outcomes. 

2.1. Research questions 
The main objective of this SLR is to map the usage 
of smart objects in the context of BIM integration. 
Existing literature has examined this subject from 
diverse perspectives. To fulfill this goal, five 
research questions (RQs) have been formulated. 
RQ1 aims to analyze the types of smart objects in 
BIM, while RQ1.1 further explores these aspects. 
RQ2 defines computational techniques and 
parameters associated with smart objects. RQ3 and 
RQ3.1 discuss the tools used for data extraction and 
how smart objects interact with users or the 

environment. RQ4 investigates BIM 
implementation with case-based features. Table 1 
presents the RQs and their rationales, providing a 
tool to evaluate the suitability of studies for 
inclusion in the review. 

2.2. Search strategy 
The search strategy relies on a set of keywords to 
comprehensively explore all available literature 
resources. These keywords are formulated by 
combining terms using ‘OR’ and ‘AND’ operators 
to refine the search results. These keywords are 
Building Information Modeling (OR BIM) AND 
smart objects (OR smart construction objects OR 
smart components OR smart building objects OR 
smart building elements OR BIM objects OR BIM 
components OR smart BIM objects) OR Smart 
Building (OR smart home OR smart environment). 
The keywords were searched within the eight most 
frequently used academic databases: Google 
Scholar, Science Direct, Web of Science, Springer 
Link, ACM Digital Library, Wiley Online Library, 
IEEE Xplore, and JSTOR. Table 2 displays the 
dates indicating when searches were conducted 
within academic databases. The search was limited 
to the period from 2000 to 2023. Fig. 1 illustrates 
both the number of studies retrieved from the 
databases and the workflow of the process based on 
the search results. The initial search concluded with 
625 candidate papers, which were then reviewed, 
and any duplicate papers were eliminated. 
 

 
Table 1. Research questions 

Number Research Questions Motivation 

RQ1 
 

Which is the naming of Smart Object? Identifying the smart objects according to 
project stages 

RQ1.1 What is the function of Smart Object? Identifying the usage areas of the smart objects 

RQ2 Which software program is used for smart 
objects modeling? 

Defining which software is used for this process 

RQ3 Which tools are utilized for data 
acquisition? 

Investigating commonly used tools 

RQ3.1 How do smart objects interact with the user 
or environment? 

Identifying communication methods 

RQ4 Is there a case study? Recognizing the significance of real-world 
application in research 
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Table 2. Academic databases and research dates 

Database Name Ref No First Search Date Second Search Date 

Google Scholar [106] 10 Oct-19 Nov 2022 25 Oct 2023 

Science Direct [107] 27-31 Nov 2022 25 Oct 2023 

Web of Science [108] 10-28 Sep 2022 26 Oct 2023 

Springer Link [109] 20-22 Nov 2020 26 Oct 2023 

ACM Library [110] 8 Nov 2022 26 Oct 2023 

Wiley Online Library [111] 9-12 Dec 2022 26 Oct 2023 

IEEE Xplore [112] 13-15 Dec 2022 26 Oct 2023 

JSTOR [113] 16 Dec 2022 26 Oct 2023 

 

 
Fig. 1. Study selection process 

 

2.3. Study selection 
After the initial search and the removal of duplicate 
papers, a total of 375 studies were obtained. To 
refine our selection, inclusion and exclusion criteria 
were established. Two researchers independently 
reviewed the titles, abstracts, conclusions, and, 
when necessary, the full texts of the identified 
studies. Any conflicts between the researchers were 
resolved through discussions. Subsequently, 93 
studies were identified for further analysis as a 
result of this selection process (Fig. 1). The 
selection of candidate studies was based on the 
inclusion and exclusion criteria outlined below: 
 Inclusion Criteria: 
• Studies presenting empirical data, experiments 
or case analyses related to smart objects. 

• Studies discussing a variety of smart object 
types in various application areas    
• Studies explicitly addressing smart objects 
within the context of BIM. 
• Only peer-reviewed journal articles, conference 
papers, and other scholarly publications. 
 Exclusion Criteria: 
• Studies addressing smart objects in domains 
unrelated to BIM, or those solely focusing on BIM 
without considering smart objects.  
• Studies authored by the same author(s) and 
redundantly published in conferences or journals. 
• Studies in languages other than English and 
Turkish. 
• Non-peer-reviewed sources, such as blog posts 
and magazine publications. 
 Upon reviewing the reference lists of the 
relevant studies, an additional set of 25 studies was 
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discovered. After eliminating any duplicate papers 
within this newly identified group, we assessed 
them according to the selection criteria, ultimately 
including 5 studies. Consequently, a total of 98 
research papers were identified as the final set of 
studies. 
 In traditional SLR studies, the selection process 
often involves quality assessment questions and 
scoring mechanisms to determine the inclusion of 
relevant studies. However, due to the early stages 
of exploration of smart objects in the literature and 
the limited availability of relevant documents, this 
review adopts a comprehensive approach, 
encompassing all existing studies and refraining 
from applying traditional filtering criteria. 

2.4. Data extraction 
In this procedure, all selected studies are complied 
to extract information relevant to the research 
questions. Various features are defined, including 
title, author names, publication date, publication 
type, the name of the journal/book/conference in 
which the study was published, the electronic 
database, keywords, and the answers to the research 
questions. The study numbers, categorized by 
publication types, are presented in Fig. 2. The data 
obtained from the documents were then sorted, 
grouped and classified to facilitate the summary of 
results during the synthesis phase. 

2.5. Data synthesis 
In Appendix A, we have prepared a table indicating 
whether each study addresses to RQs. During data 

synthesis, information collected from the data 
extraction form and the responses to the RQs were 
brought together. The data are visually represented 
through line, box, and circle graphs. Fig. 3 
illustrates the publication years of the studies, 
highlighting a discernible increase in research on 
smart objects in BIM integration from 2005 to 
2023. 
 In accordance with the responses to RQ1 
concerning the names and functions of smart 
objects in BIM integration stages, the studies were 
categorized into three main groups: (1) Pre-
construction Phase, (2) Construction Phase, and (3) 
Post-Construction Phase. The distribution of 
studies across these primary categories is presented 
in Table 3. This classification, based on the role of 
smart objects for each BIM integration stage, is 
detailed in Section 3.1. The responses to RQ2, 
aimed at determining the software utilized for 
creating smart objects (as detailed in Section 3.2), 
revealed that studies predominantly employed 
Revit, Dynamo, and ArchiCAD for BIM integration 
across various project stages. The identification of 
commonly used data extraction tools was derived 
from the answers to RQ3 (covered in Section 3.3). 
The findings from RQ4, designed to uncover the 
advantages and challenges associated with the 
implemented processes, are consolidated and 
elaborated upon in the discussion section. 
 

 
Fig. 2. Distribution of studies according to publication type 
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Fig. 3. Distribution of studies according to publication year 

 
Table 3. Distribution of studies according to project phase 

Phase  Study Ref No 

(1) Pre-construction 
(Design) 

[8], [9], [11], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [32], 
[33], [34], [35], [36], [37], [38], [39], [40], [41], [42], [43] 

(2) Construction [3], [5], [15], [38], [41], [42], [44], [45], [46], [47], [48], [49], [50], [51], [52], [53], [54], 
[55], [56], [57], [58], [59], [60], [61], [62], [63], [64], [65], [66], [67], [68], [69], [70], [71] 

(3) Post-Construction  

Smart Buildings [7], [11], [13], [22], [23], [24], [27], [33], [83], [84], [85], [86], [34], [87], [88], [89], [90], 
[91], [92], [93], [94], [95], [96], [97], [98], [99] 

As-built BIM [6], [20], [72], [73], [74], [75], [76], [77], [78], [79], [80], [81], [82] 

 
3. Smart Objects in BIM Integration 
In the virtual space, building components like 
doors, windows, walls, or floors are classified as 
‘smart objects’ based on specific definitions. These 
definitions encompass numerical parameters such 
as dimensions and incorporate crucial details like 
environmental data and user-specific attributes [6, 
19, 29]. Smart objects can be further enhanced with 
interactivity through sensors, enabling them to 
respond not only to their surroundings but also to 
user requests. The resulting BIM model, created 
from these smart objects, exhibits a highly 
structured nature, facilitating information 
segmentation for diverse stakeholders. 
Additionally, it is computationally lighter, 
occupying less memory, and offers increased ease 
of editing [8, 19, 20]. 

 Despite the varied terminology used in different 
studies, see Fig. 4, the core essence of these objects 
remains constant. In this article, they are 
collectively referred to as “smart objects” due to 
their shared foundational principles. The systematic 
process of crafting smart objects is organized into 
distinct sections within this study and outlined in 
Fig. 5. 

3.1. Smart objects in the life-cycle of a 
building 

3.1.1. Smart objects in pre-construction 
(design) phase 

In the design phase, architects can integrate 
intelligent objects into building models using BIM, 
fostering a transition towards design intelligence.  
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Fig. 4. Usage rates of different smart objects in studies 

 

 
Fig. 5. Creation process and role of smart objects 

 
There is a growing need for these systems to adopt  
a user-centered design approach, prioritizing 
interactive spaces over mere digital representation 
[11, 31, 32, 33]. Smart objects, equipped with 
specific functions, encapsulate environmental data 
[35] and can respond to user requests [11, 32] based 
on their defined properties. Designers can 

incorporate smart objects into building models, 
ranging from basic components like doors and 
windows to more complex design configurations 
such as building cores and facade elements [19, 40]. 
Smart objects in BIM applications are programmed 
with both morphological parameters and 
relationship parameters [21, 40, 41, 72, 83]. 
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According to Afsari et al.’s study [22], in the case 
of an automatic door, standard parameters such as 
height, depth and width were initially modeled, 
followed by the addition of sensor and activator 
parameters. These secondary parameters, 
responsible for endowing the object with smart 
capabilities, are binary, taking values of 0 and 1. 
This on-off nature allows the model to respond 
dynamically during simulations. For instance, if the 
temperature parameter falls within the appropriate 
range, it takes the value 0; otherwise, it takes the 
value 1, enabling the control of the door’s opening 
and closing in the model. 
 The interaction with the imitated environment 
through actuator parameters entails the transfer of 
data, reflecting real-world conditions into the BIM 
model. This process results in simultaneous 
adjustments within the model based on the acquired 
data. In the study by Heidari et al. [11], a task-
oriented interaction approach is proposed for 
application in the design process. To facilitate user 
interaction with the virtual model created in the 
BIM environment, a prototype is generated, 
allowing users to experience it through screens. 
This method assesses user engagement in daily 
activities such as cooking and TV watching within 
a designed spatial context. The approach highlights 
the potential to improve communication between 
users and designers through smart objects, 
particularly in the development of smart 
environments. 
 Smart objects also play a crucial role in 
enhancing the efficiency and accuracy of code 
compliance checking processes. They can embed 
predefined rules or integrate data related to specific 
code requirements, automatically checking these 
rules during the design phase. This helps identify 
potential code violations early in the process [25, 
28, 34]. Beyond providing real-time feedback on 
other design elements, smart objects can be 
programmed to adapt to changes in building codes. 
When there are updates or revisions to codes and 
standards, these objects can be easily modified. 
Their integration acknowledges the limitations 
associated with human input, contributing to the 

development of safer and more compliant built 
environments. 

3.1.2. Smart objects in construction phase 
Advanced data-driven BIM systems can be 
incorporated into both project management and 
monitoring. BIM is a comprehensive approach that 
covers various facets of building design and 
construction, including building geometry, spatial 
relationships, details about materials, finishes, and 
structural properties, as well as quantification of 
materials and resources required for construction 
[15, 44, 47, 51]. The convergence of construction 
and IoT technology is exploring innovative 
approaches for embedding BIM information within 
construction components. Hence, the concept of 
smart construction objects (SCOs) is introduced, 
involving the enhancement of construction 
resources with sensing, processing, and 
communication capabilities [50, 51].  
 Smart objects, capable of collection of diverse 
data, facilitate effective communication among 
project stakeholders throughout all stages of 
construction, from planning to facility management 
[36, 46, 96]. The potential applications of these 
objects have the capacity to revolutionize the 
construction industry by addressing persistent 
challenges related to safety, quality, and 
productivity [69]. IoT integration enables the 
dynamic inclusion of extensive real-time 
information [3], broadening the potential for 
automated decision-making and facilitating both 
horizontal and vertical collaboration for on-site 
operations [42, 63, 65, 68]. In this way, SCOs 
accurately capture information such as working 
crew status, supply management, inventory levels, 
and conditions of the working space [5, 47, 54]. 
This data is then made available to various parties 
involved in the construction process. 

3.1.3. Smart objects in post-construction 
phase 

In the post-construction phase of a building, BIM 
serves as a comprehensive data repository for 
physical information related to smart objects. This 
facilitates the recording of intricate details and 
enables the documentation and visualization of 
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their installation locations in a 3D format. Such 
capabilities are advantageous for activities such as 
maintenance, operation and asset tracking [23, 73, 
77, 78]. 
Smart Buildings: 
 Integration of technological advancements into 
the design of smart environments introduces a new 
dimension to buildings. Merging BIM with the 
design and management of smart buildings is 
feasible through the incorporation of intelligent 
object profiling and information exchange data [5, 
23, 83]. This integrated approach empowers 
advanced control and optimization of smart 
buildings, harnessing the capabilities of intelligent 
objects and leveraging BIM’s comprehensive data 
and modeling capacities [22, 33, 95]. 
 The implementation of intelligent building 
systems can be achieved by either incorporating 
smart technologies into existing BIM objects or by 
creating smart object models from scratch. The key 
differentiation between smart objects and standard 
parametric BIM objects lies in the functionality of 
smart components, which actively engage with 
building users or other objects, facilitating real-time 
data integration [11, 32, 86]. 
 Smart objects operate by utilizing indoor data 
collected through real-world sensors and 
facilitating simultaneous data transfer to the virtual 
world [7, 58, 94, 96, 100]. This data stream, coupled 
with the concept of a digital twin of a place, user 
interfaces, and web services, fosters a user-centered 
approach to representing virtual services and 
configuring smart capabilities [33, 91, 98]. Smart 
buildings require the integration of interactive 
smart objects that are capable of responding to 
touch/voice, remote control, motion detection, 
biometric recognition, or any other forms of request 
[11, 86, 94]. These components typically blend 
architectural elements with smart technologies, 
encompassing LCDs to sensors. The integration of 
smart appliances and lighting systems, automated 
window treatments, health monitoring devices, 
waste management systems and more into buildings 
can significantly enhance comfort levels while 
concurrently promoting energy efficiency, security 
and safety [24, 93]. In summary, real-time data 

integration has the potential to lead to improved 
sustainability, financial performance, energy 
management and operational efficiency in smart 
buildings [13, 84, 89, 91, 97, 98]. 
 The process of implementing smart buildings 
unfolds as follows: initially, a digital twin of the 
building is generated within a model environment. 
Subsequently, integrated sensors embedded in 
smart objects facilitate the exchange of data 
between the physical building and its virtual 
counterpart [11, 22, 34]. The gathered information 
is stored in a cloud-based environment and 
disseminated to relevant smart objects based on 
their respective categories, facilitated by plug-ins 
like Dynamo [94]. Visualization within the model 
is finalized, and the information is transmitted to 
subsequent relevant objects. Additionally, mobile 
devices (such as phones and screens) can control 
smart objects through sensors, enhancing user 
interaction. In this context, architectural 
components serve as interaction interfaces, with 
smart objects assuming the role of these 
architectural constituents [33, 85]. 
 Artificial intelligence is taking smart 
environment technology to a whole new dimension. 
AI simulation models have the capacity to enhance 
the functionality of intelligent buildings, improve 
occupant comfort, and significantly reduce energy 
consumption through better control, increased 
reliability and automation [97]. Intelligence-
enabling technologies, such as big data analytics, 
can be integrated into digital twin ecosystem to 
improve the efficiency of smart construction 
process and environments by automating motion 
data collection [91]. AI has the capability to 
construct a behavioral model using data gathered 
from various sources, including microcontrollers, 
intelligent control systems, and sensors. And, 
specific tasks can be automated according to user 
preferences, employing smart BIM objects powered 
by AI. For example, a ceiling designed as a smart 
object can be customized for different purposes 
using AI [98]. The integration of sensors to detect 
environmental changes like temperature, humidity, 
light levels, and motion not only promotes energy 
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efficiency but also refines the overall user 
experience. 
As-Built BIM: 
 The term “as-built BIM” refers to the 
documentation of existing structures using BIM. 
This encompasses both a depiction of the structure 
as it was constructed (‘as-built’ representation) and 
its current state (‘as-is’ representation) [101]. BIM's 
ability to gather data is valuable for improving 
preservation efforts [77, 78] and simplifying 
documentation and analysis of existing structures 
[101]. A comprehensive digital model, containing 
extensive information and incorporating data 
collected during surveys, enables the examination 
of morphotypological changes in buildings without 
the need for additional surveys [73, 20]. In short, 
BIM is a methodology that involves the 
digitalization process of both existing buildings and 
historical structures (HBIM). Notably, many 
studies on integrating smart objects have focused on 
historical buildings. 
 HBIM is tailored specifically for managing 
historic buildings, while BIM represents a more 
comprehensive process that employs digital models 
as its primary language [4]. Heritage buildings, 
characterized by diverse historical layers, additions, 
demolitions, and changes in use over time, may not 
readily align with standardization procedures, 
which are a strength of BIM [6]. 
 The integration of semantic content and meta-
information within smart objects significantly 
contributes to the preservation, understanding, and 
accessibility of cultural heritage, fostering a deeper 
connection between past and present generations 
[73, 20]. This involves associating meaningful data, 
such as narratives and context-specific details, with 
smart objects, enriching their representations and 
enhancing their interactions within the virtual 
environment. By embedding relevant meta-
information, such as historical context, cultural 
significance, and conservation status, into the smart 
object models, a comprehensive understanding of 
heritage structures is achieved. These semantic and 
meta-information elements also support better 
decision-making during preservation, restoration, 
and future planning efforts. This approach ensures 

that smart object models not only represent the 
physical characteristics of cultural heritage 
structures but also serve as repositories of 
contextual knowledge and insights, enriching the 
overall experience for both viewers and researchers. 
HBIM functions as an advanced library of 
parametric and smart objects derived from 
historical architectural data [72, 76, 80]. The 3D 
model is converted into smart objects organized in 
libraries, then mapped onto survey data for a 
comprehensive representation of historic structures 
[72, 73, 80]. 
 When existing buildings are recreated in the 
digital environment, smart BIM objects, similar to 
those used in the design of new buildings, represent 
actual elements of the structure. The acquisition and 
preparation of these components involve 
characterizing three types of knowledge: physical 
shapes, specific identities, and relationships among 
various elements [72, 76, 80]. This acquired data 
serves as a foundation to incorporate specific 
information about the smart object, including its 
connection with other components, material 
specifications, and joint details. 
 The as-built BIM process for existing or 
historical buildings comprises three primary 
phases. Initially, data collection incorporates 
several techniques such as Terrestrial Laser 
Scanning (TLS) and digital photogrammetry to 
minimize errors [6, 73, 77, 80]. In the second phase, 
data processing involves tasks such as noise 
cleaning, point re-sampling, and point cloud 
registration to enhance accuracy [72, 74]. Finally, 
the modeling phase encompasses polygonal surface 
meshing and texturing, along with the 
establishment of a parametric and smart object 
library using basic geometric shapes and 
predetermined parameters to accurately build the 
elements [6, 77]. Garagnani et al. note that the core 
intelligence within smart objects originates from 
methods like photogrammetry or TLS, essential for 
their creation. These objects are also designed as 
‘self-aware,’ programmed with specific rules for 
interaction. For instance, a historical column, when 
modeled as a smart object, undergoes division into 
sections (such as header, body, and base) and 
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integrates point cloud or laser scan outputs, or is 
modeled anew from this data. Parametric features 
are added during modeling, defining interactions 
with other objects. The 3D reproduction of 
buildings enables the monitoring and management 
of existing or historical structures through a real-
time visualization system, providing control and 
tracking capabilities throughout the building’s 
lifecycle [73]. 

3.2. Sofware 
Several BIM software options, such as Revit and 
ArchiCAD, are accessible for professional use in 
office applications and for academic purposes 
among students [103]. Additionally, tools for 
parametric design, generating algorithm and visual 
programming such as Dynamo and Grasshopper, 
plugins for generative design like Firefly and 
Greenspider, Application Programming Interface 
(API) such as Rhino.Inside, and technologies for 
data exchange and interoperability (IFC exporter) 
are commonly employed to enhance functionality. 
Fig. 6 provides an overview of the software used for 
smart objects, with Revit emerging as the primary 
choice for creating such objects in the majority of 
cases. 
 The availability of modeling software for 
creating and specifying the requirements of smart 
objects introduces a new dimension to building 
model management. It enables rapid modeling, 

immediate feedback, and validation of design 
integrity through a library of compatible and 
reusable smart objects that can autonomously 
provide and request data for proper functionality. In 
the development of BIM objects, parameters can be 
entered manually or automatically [60]. Research 
findings suggest that parameters are generally 
assigned prior to the modeling phase in BIM, 
offering flexibility for modifications throughout the 
project as required [6, 80, 81]. Furthermore, taking 
into account factors like model size, complexity, the 
number of elements, and angles of element 
connections, utilizing parameters for smart model 
creation facilitates a shorter and more streamlined 
process compared to conventional methods [105]. 
 Object-oriented parametric modeling forms the 
foundation of BIM, represented by configurations 
of Revit families. Using Revit’s built-in scripting 
capabilities, technical guide instructions are 
systematically applied to the design [28, 74]. 
Incorporating new parameters enhances the 
information content, enabling the creation of data-
rich objects. When specific parameters are defined 
for smart objects in the BIM environment, it 
becomes possible to develop interactive 3D models 
that interface with artificial intelligence (AI) 
recognition systems. This integration improves 
model capabilities for intelligent recognition and 
interaction with the objects [25]. 

 

 
Fig. 6. Distribution of software and plugins 
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However, modeling software like Revit has 
constraints on inherent family-specific parameters, 
offering limited data accessibility [21]. Similarly, 
programs like ArchiCAD offer limited access to 
model data, incorporating a predetermined set of 
“Global-Variables” for preferences without 
customization or expansion options [21]. 
 While BIM modeling excels in building 
information and visualization, it lacks the inherent 
ability to integrate information about the immediate 
environment [42, 55]. This limitation is often 
addressed through plugins, playing a crucial role in 
enhancing connectivity and interoperability for 
smart objects within the system. Dynamo, 
commonly employed as a plugin with Revit, acts as 
a tool to incorporate family-specific procedural 
information into the BIM environment [7, 26, 42]. 
It facilitates the creation of smart objects by 
enabling precise transformation of object 
parameters. Also, this plugin enhances the 
flexibility and extensibility of smart objects in 
design and workflow management, fostering 
greater adaptability and versatility [19, 96]. 
Moreover, Dynamo with Revit allows the 
emergence of experimental smart components [42, 
55]. In a study by Chiens et al., smart objects for a 
kinetic shading system were produced using the 
Raindrops package in Dynamo [26]. According to 
Chang et al. [42], Dynamo aids in management 
decisions by integrating sensor data and updating 

visualized information in the BIM environment [5, 
22, 42]. Serving as a link between the IoT platform 
and the building model, Dynamo executes scripts 
directly in Revit, enabling the monitoring of 
specific areas for measured parameters [96]. The 
integration of IoT and BIM is not limited to the 
Dynamo plugin; some studies also utilize different 
plugins like API for this purpose [23, 58]. 

3.3. Data acquisition 
Incorporating BIM into cloud computing and IoT-
based systems significantly improves 
communication and human supervision. This multi-
layered process is tailored for specific purposes, 
enhancing collaboration and project efficiency. 
 Data acquisition technologies in BIM refer to 
the methods and tools used to collect, capture, and 
input data into the digital models of buildings or 
infrastructure. Some common data acquisition 
technologies/systems include IoT, RFID (Radio-
Frequency Identification), WSN (Wireless Sensor 
Networks), GIS (Geographic Information System), 
GPS (Global Positioning System), digital 
photogrammetry, TLS, and LIDAR (Laser Imaging 
Detection and Ranging) [46, 91]. The data collected 
by smart objects enables them to make informed 
decisions, trigger specific responses, or 
communicate with other devices [11, 32, 33]. Fig. 7 
displays the distribution of data acquisition tools 
found in documents. 

 

 
Fig. 7. Distribution of data acquisition tools 
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 In the BIM-created model, data gathering 
facilitates a comprehensive repository of 
information for analysis. Once the virtual 3D space 
and sensor locations are set, plugins like Firefly are 
utilized to incorporate real environmental data into 
the virtual environment. This process enables 
realistic simulations and thorough analysis [11, 26, 
42]. Firefly plays a crucial role as a plugin by 
facilitating connections between BIM-based 
parametric design software like Dynamo, sensor 
microcontrollers like Arduino, and various 
input/output devices such as webcams and mobile 
phones. 

3.3.1. Sensors 
Various types of sensors are utilized to enable 
spatial interaction with smart objects, each having 
unique range properties. For example, an infrared 
motion sensor scans a circular area, while a 
temperature sensor covers a spherical area [23]. 
Additionally, virtual sensors observe the state of 
BIM objects, capturing geometric, semantic, and 
building element data, and provide information 
when changes occur [58, 100].  
 The integration of the BIM model with sensor 
data is achieved through plugins like Dynamo for 
visual programming [7, 26, 74, 96]. Combining 
Revit, Dynamo and Arduino platforms enables 
efficient data visualization. The process begins by 
creating a smart object model in Revit. Arduino acts 
as a bridge, facilitating communication between 
sensors and the virtual environment by processing 
data from sensors and transmitting it. Dynamo 
accepts data inputs from Arduino, automatically 
generating visual representations within the design 
software. While microprocessors, often embedded 
in Arduino or other devices, analyze collected data 
and send commands to actuators for responsive 
actions, Dynamo serves as a powerful tool for 
integrating this functionality into the BIM software. 
During the data exchange between the user, the 
physical environment and the virtual environment, 
two different types of interactions are established: 
direct interaction (like pressing a button or toggling 
a switch) and indirect interaction (involving 
gestures and voice commands) [11, 33]. To achieve 
these interactions, smart objects need to be 

augmented with parameters explicitly tailored for 
sensors and actuators. 

3.3.2. Internet of Things (IoT) 
The sensor-actuator paradigm has evolved from 
conventional wired connections to the IoT, 
fostering the creation of interconnected objects that 
form a network capable of autonomous task 
execution without human intervention [22, 42, 96]. 
Coined in the 20th century to describe the 
application of RFID technology [15, 102], the term 
‘Internet of Things’ refers to a network of sensor-
integrated smart objects communicating with 
virtual systems, enabling autonomous decision-
making and real-time monitoring. IoT functions as 
a platform facilitating the connection between 
smart objects and virtual back-end systems, 
reducing the reliance on human intervention and 
minimizing the risk of errors in the AEC industry 
[15, 42, 46, 94, 96, 104]. 
 Integrating BIM with data from IoT devices is a 
powerful approach with many applications, 
enhancing both construction and operational 
efficiencies [47, 62, 96]. Within this framework, an 
IoT system in BIM collects diverse data types—
temperature, humidity, air pressure, emissions, 
load, motion, distance, deformation, and energy 
consumption [5, 36, 96]. This integrated system 
proves valuable across various aspects of project 
management, encompassing cost, schedule, 
inventory, quality control, safety, and production 
management, especially in the precast industry [7, 
10, 46]. 

3.3.3. Other systems and technologies 
Physical technologies, including RFID, GIS, GPS 
and NFC, are efficiently employed for data 
collection, monitoring, and analysis [22, 46, 78]. 
They significantly enhance the automation process 
by providing precise and comprehensive data 
insights. 
 The collaborative utilization of BIM, GIS, and 
smart objects can enable a holistic understanding of 
the built environment, promoting effective 
monitoring and decision-making in urban settings 
[27, 100]. Infrastructure elements embedded with 
sensors enable predictive maintenance and 
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proactive responses to various issues, such as 
equipment malfunctions and structural degradation. 
Integration with GPS technology provides spatial 
context and real-world coordinates to BIM and 
smart objects. For instance, construction materials 
and equipment embedded with GPS sensors and 
linked to the BIM model can be tracked in real time, 
optimizing resource allocation and enhancing 
construction site management.  
 Image-based (photogrammetry) and video-
based (TLS and LIDAR) data collection methods 
are widely used in BIM for existing buildings and 
HBIM studies to achieve accurate and 
comprehensive data capture [73, 77, 80]. These 
technologies play a crucial role in preserving and 
documenting existing and historical structures, with 
a focus on geometric data collection [72, 73, 81]. 
The collected data is transformed into point clouds 
using programs like Agisoft Metashape and ReCap. 
After exporting the point cloud in a suitable format 
(such as .ifc or .obj), it is imported into BIM 
applications. Throughout the data processing, 
plugins like GreenSpider and Faro are utilized to 
convert 3D meshes into smart objects. In the studies 
carried out, the priority is to provide more 
information about architectural elements while 
minimizing data loss, showing greater success 
compared to manual data collection methods. 
 
4. Discussion 
The findings derived from addressing the research 
questions can be summarized as follows: 
 RQ1: Smart objects find application across all 
project phases, adopting different names depending 
on the phase, such as smart components, smart 
construction objects, and smart BIM objects. 
Regardless of diverse terminology, these smart 
objects essentially serve the same purpose: acting 
as digital twins of existing or planned physical 
objects and engaging with their environment. The 
methods of interaction and attributes of these 
objects may display variability in relation to their 
environment.  
 RQ2: In the studies under examination, smart 
objects are modeled using various software 
programs, with Revit being the most frequently 

employed, followed by ArchiCAD and Rhino. 
Dynamo stands out as the most prevalent plugin. 
Moreover, Arduino plays a key role as a platform 
for communication and sensor integration with 
these intelligent objects. 
 RQ3: The studies employ various data 
acquisition methods, including sensors, IoT, RFID, 
GIS, GPS, WSN, and NFC. Visual methods like 
photogrammetry and TLS are utilized for existing 
and historical structures. Smart objects 
communicate through cloud-based, IoT-based, or 
other system-based environments, and interaction 
can be enhanced through mobile devices or screens. 
 RQ4: Smart objects modeling is conducted in 38 
studies (around 40 percent of all papers), primarily 
on a building component scale. These models often 
represent digital twins of components like 
windows, walls, or doors, while some studies focus 
on building-scale information models. The majority 
of HBIM studies feature case studies, with a strong 
emphasis on preservation and documentation. 
Photogrammetry of laser scanning is commonly 
used for data acquisition, and Revit as the most-
used modeling tool. 
 Additionally, case studies explore applications 
in construction and project management. In some of 
these studies, smart object models are utilized by 
exporting them in IFC format, resulting in data loss 
and posing challenges in integrating collected data 
back into the BIM system. In the ISO19650 and 
BS1192 standards for BIM management plans, we 
observed a lack of provisions for data acquisition 
technologies or parameter requirements specific to 
smart objects. These contemporary standards 
primarily address the technical aspects of objects, 
such as the Level of Development (LOD). Our 
analysis of existing studies indicates an absence of 
standards or guidelines outlining the creation stages 
of smart objects and specifying the requisite 
information they should encompass. 
 Case studies related to design phase were 
limited, testing smart object functions through 
simulations. The incorporation of virtual sensors 
into smart objects was not observed in these studies. 
Only a couple of studies addressed smart objects 
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within virtual environments, such as Virtual Reality 
(VR) and Augmented Reality (AR). 
 
5. Conclusion 
The relationship between BIM and Smart objects 
embodies a dynamic synergy at the forefront of 
modern construction and design. BIM, serving as a 
multidimensional digital representation of a 
building’s physical and functional characteristics, 
forms the foundational framework for managing 
information throughout the entire project life cycle. 
Smart objects, imbued with sensors and data-driven 
intelligence, enrich this framework by enabling 
real-time interaction and data exchange. This 
interconnectedness fosters enhanced collaboration 
among stakeholders, facilitates informed decision-
making, and drives efficiency across planning, 
construction, operation, maintenance, and 
preservation phases. Smart object profiling enables 
enhanced control and optimization of smart 
environments and leads to an improved 
communication between users and designers. 
 As a result of the examined documents, smart 
objects are divided into three categories according 

to their use in different project phases: design, 
construction and post-construction. While the 
fundamental utilization of smart objects within 
these respective stages retains its inherent purpose, 
discernible variations in certain aspects may arise. 
Given that smart objects are connected to diverse 
concepts and terms within BIM landscape, a 
keyword network map was created in Fig. 8. This 
map could assist researchers in organizing 
information and planning their contribution to the 
field. 
 In this paper, we presented the characteristics, 
methods, tools, and limitations related to 
integrating BIM with smart objects. Here are the 
recommendations for future studies based on our 
findings: 
 (1) The specific guidelines and standards on 
how to model and document smart objects will help 
ensure the accurate incorporation of necessary data 
within the BIM model and promote efficient 
collaboration among various stakeholders. 
Updating relevant instructions and standards 
regarding the design and integration process of 
smart objects will contribute to their adaptability 
and flexibility. 

 

 
Fig. 8. Keyword network map 
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 (2) In many studies, the terms “smart object” 
and “parametric object” are often used 
interchangeably without clear definitions. 
Parametric objects are components controlled by 
adjustable parameters, enabling quick design 
changes while maintaining consistency. Smart 
objects, a more advanced version, are data-rich 
components, containing both graphical and non-
graphical information, enhancing collaboration and 
decision-making throughout the building life cycle. 
It's crucial to consider this distinction and 
contextually clarify object qualities. 
 (3) A predominant trend in existing ‘smart 
object’ studies is to concentrate on specific project 
stages such as design, construction, or post-
construction. This approach constrains the 
sustainable applicability of smart objects 
throughout all project phases. Projects that 
encompass the complete life cycle, from creation to 
management, of smart objects would provide a 
holistic understanding of their functionality. Future 
research should consider examining the behaviors 
of smart objects comprehensively within a unified 
study.  
 (4) In the Post-Construction phase, effective 
data acquisition plays a crucial role in HBIM. 

However, studies reveal a common practice of 
transferring acquired data into the digital model in 
a basic form, typically as meshes. This approach 
hinders the efficacy of smart objects and 
compromises their long-term viability. Future 
research efforts could involve the development of 
robust plugins or innovative design packages using 
Dynamo or Python code to establish automated 
procedures for the proficient modeling of heritage 
buildings. 
 (5) Research findings suggest that, 
conventionally, smart objects are individually 
modeled for each project. Establishing libraries that 
contain pre-designed and predefined smart objects 
presents a more systematic approach for future 
projects, requiring less energy compared to creating 
smart objects anew for every project. 
 In conclusion, this comprehensive review of 
smart objects in BIM highlights their potential for 
enhancing collaboration, efficiency, and data-
driven decision-making across construction and 
design phases. As automation technology evolves, 
the strategic integration and continuous refinement 
of smart objects promise to play an important role 
in BIM practices. 
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Appendix A 
Table A1. RQs Addressed in Selection Studies 

Study No Author RQ1 RQ1.1 RQ2 RQ3 RQ3.1 RQ4 

[1] [Abd, 2023] + + - + + - 
[2] [Afsari et al., 2019] + + + + + + 
[3] [Argiolas et al., 2022] + + + + + - 
[4] [Banerjee and Nayaka, 2021] + + - + + - 
[5] [Barazi, 2018] - - - + + + 
[6] [Barrile and Fotia, 2022] + + + - - - 
[7] [Bosurgi et al., 2022] + + + - - + 
[8] [Bueno and Fabricio, 2017] + + + + + - 
[9] [Chang et al., 2018] + + + + + - 
[10] [Chen et al., 2016] + + + - + - 
[11] [Chien et al., 2016] + + + - + + 
[12] [Chung, 2018] + + + - + - 
[13] [Colace et al., 2023] - + + + + + 
[14] [Costa et al., 2015] - + - + + + 
[15] [Dasgupta et al., 2019] + + - + + + 
[16] [Desogus et al., 2021] + + + + + + 
[17] [Dolas et al., 2013] + + + - - - 
[18] [Doukari et al., 2022] + + + + - + 
[19] [Fadakari, 2014] + + - - - - 
[20] [Fang et al., 2021] + - + - - + 
[21] [Fang et al., 2022] - - + + - + 
[22] [Fratu and Cirstolovean, 2017] + + - + + + 
[23] [Garagnani, 2012] + + - + - - 
[24] [Garagnani, 2013] + + + - + + 
[25] [Garagnani, 2013] + - + + + + 
[26] [Garagnani et al., 2012] + + + - - + 
[27] [Getuli et al., 2022] + + + + + + 
[28] [Gheisari et al., 2014] + - + - + - 
[29] [Ghosh et al., 2021] + + - - - - 
[30] [Goldman and Zarzycki, 2015] + + + + + - 
[32] [Gračanin et al., 2018] + + - + + - 
[33] [Grau-Bové et al., 2021] + + + + + + 
[34] [Halfawy and Froese, 2005] + + - - - - 
[35] [Handosa and Graˇcanin, 2017] + + - - - - 
[36] [Heidari et al., 2014] + + - + - + 
[37] [Hjelseth, 2016] + + + - + - 
[38] [Honcharenko et al., 2021] + + - - + - 
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Table A1. Cont’d 
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[51] [Li et al., 2017] + + + - + - 
[52] [Li et al., 2020] + + - - - - 
[53] [Li et al., 2018b] + + + + + - 
[54] [Li et al., 2019] + + - - - - 
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[61] [Mattern, 2003] + + - + + - 
[62] [Moskaliuk, 2018] + + - + + - 
[64] [Niu, 2016] + + + + + - 
[65] [Niu et al., 2019a] + + + + + - 
[66] [Niu et al., 2017] + + + + + - 
[67] [Nojedehi et al., 2022] - - - + + + 
[68] [Niu et al., 2019b] + + - + + - 
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[70] [Parsa, 2021] + + + - - - 
[71] [Patlakas et al., 2018] + + + + + + 
[72] [Pan and Zhang, 2021] + + - + + + 
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[87] [Tang et al., 2019] + + - + + - 
[88] [Tah et al., 2017] + + - + + - 
[89] [Valinejadshoubi et al., 2022] + + + - + + 
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