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A B S T R A C T   

Despite the widespread usage of Building Information Modeling (BIM) based simulation in the construction 
industry, robot construction simulation environments are built on particular modeling tools and can only be 
simulated with certain robot models. This not only limits construction robot development and also makes it 
difficult to directly share building information with robots, which impedes the study of robotic construction. To 
overcome this problem, we propose a new framework for robotic construction simulation which integrates open 
standard formats and tools to achieve a commonly used robot simulation environment. This provides a new 
approach to automatically convert IFC to simulation description format (SDF) and generate building components 
as smart components, which eliminates platform-specific limitations on robotic construction simulation, which 
further expands the utilization of BIM models.   

1. Introduction 

Since the 1990s, the productivity of the Architecture, Engineering 
and Construction (AEC) industry has decreased every year, compared to 
the growth in the efficiency of the manufacturing industry [1]. A major 
factor for the growth of efficiency in the manufacturing industry is their 
development and use of automated robots [2]. Factory-based 
manufacturing lines allow to upscale fabrication in the manufacturing 
industry. This finds its way to some parts of the AEC industry, in 
particular for prefabrication of components in safe and controlled fac-
tory environments. However, the majority of the AEC industry has 
customized production lines that are often labor-intensive, manual, and 
on-site. Even when components can be prefabricated, a lot of on-site 
labour and assembly processes need to happen. In other words, the 
AEC industry is a labor-driven industry with constraints of conventional 
technology that make it difficult for robotic technologies difficult to 
intervene, and this is one important factor that stops the AEC industry 
from increasing its highly needed construction efficiency [3]. 

Several research and development (R&D) efforts in recent years 
nevertheless investigate this problem, and look into the application of 
robotic construction in the AEC industry as one of its most important 
trends for the future development and industrialization [4]. As Bock and 

Linner [5] argued, in the future, throughout the AEC industry, robots 
will play a prominent role, in prefabricated off-site construction, auto-
mated assembly, and specialised on-site operations. In this article and 
research project, we look particularly into the challenge of robotic 
component-oriented, assembly-based on-site construction. The main hy-
pothesis for this challenge is that components can be prefabricated off- 
site by robots through a large number of repetitive tasks with high 
precision [6], and on-site assembly can then be robotized as well by trans-
ferring, positioning, and connecting the required components. Several at-
tempts have been made to automate robotic construction assembly, 
including the assembly of wood structures based on robotic arms [7,8]; 
component transfer using automated tower cranes [9]; automated 
positioning and installation robots for steel beams [10]; and cable- 
driven robots for facade installation [11]. These studies demonstrate 
the functionality of robots to fulfill construction demands in different 
scenarios. 

Current obstacles to robotic construction (assembly) include, but are 
not limited to: project cost limits, human-machine interaction issues, 
and compliance with construction regulations [12]. A safe environment 
in which workers and robots can safely operate together is not easy to 
guarantee, leading to high costs and challenging regulations. To counter 
this high risk, it is argued in this work that a reliable and good construction 
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simulation environment is needed, where different scenarios for robot 
operations in construction projects can be simulated before they are 
actually put in practice. This lack of a robot construction simulation 
environment is one of the most significant obstacles to the advancement 
of robotic construction [13]. The importance of simulation in various 
industries cannot be overstated, especially when faced with large, 
complex and potentially costly tasks [14]. For both construction and 
robots, R&D is expensive, time-consuming, and potentially risky. Real-
istic simulations can assist us in spotting potential problems before we 
take actions, thereby enhancing our prediction and planning capabilities 
and lowering the probability of mission failure by a substantial margin. 
In the construction field, with the growth of Building Information 
Modeling (BIM) technology, the construction industry is rapidly digi-
tizing all aspects of design, construction, operation, and maintenance. 
Thus, there is no lack of simulation platforms for buildings, whether for 
visualization or process simulation [15]. However, present simulations 
in the construction industry are not properly connected with robotic 
simulations, and as stated by Zhang et al. [16], BIM information and 
robot models need to be better combined with robotic simulations, 
which is the key target for this research project and article. 

Existing tools that incorporate robotic building simulations with BIM 
have limitations. Those simulation tools are mostly based on developed 
plug-ins for specific software (such as Rhino, ABB studio) and are used 
for vendor-specific robots. Because of the diversity of design software, it 
is difficult to transfer complete BIM information that is not based on an 
open standard (e.g., IFC), and similarly, it is difficult for specific soft-
ware for robotics companies to meet the demands for custom robot 
functionality in R&D for construction. Particularly for present research 
in robot construction, a common open simulation environment would 
enable the rapid creation and testing of more construction-oriented 
robot prototypes, hence achieving the merger of the AEC domain and 
robotics industries. 

The AEC and the robotics industry have their own open standards. In 
the AEC industry, the Industry Foundation Classes (IFC)2 is the open 
specification for building digital assets advocated by the international 
community buildingSMART,3 and it has been recognized as the ISO 
standard for data interaction. IFC is an object-oriented data model, and 
can be effectively utilized for the description of component-oriented 
construction processes [17]. As open source robotics software, the 
robot operation system (ROS)4 provides not only a standard robot 
framework but also a wealth of resources (e.g., robot shape descriptions, 
common algorithm implementations, physical simulations), an open 
community, and extensibility for industrial robots (ROS-industrial5). 
With the common resources of the ROS framework, users can person-
alize their robots with a variety of capabilities. Therefore, a growing 
number of research and new robotics companies utilize ROS as their 
R&D platform. Gazebo6 is not only compatible with ROS as an open 
source simulation program for robotics development, but its sophisti-
cated physics engine also provides a platform for realistic simulation. 
Although both the robotics and AEC industries have well-established 
open data standards, an open source simulator based on physics en-
gines can extend the efficiency of using BIM models to a more extensive 
scale (not only for describing geometric information, but also for 
simulating the physical properties of building components). However, 
there is no approach that enables the addition of complete IFC-based 
BIM models to the ROS platform in order to simulate generic robotic 
construction. It is therefore essential to produce a simulation approach 
based on open standards and open source software for robot-BIM 
interaction simulation in order to break the information isolation 

between BIM and robot models in simulation. 
The main goal of our study is to present a new approach for a uni-

versal robotic construction simulation by integrating ROS and BIM in an 
open simulator environment. The proposed framework can expand the 
efficiency of using BIM by generating a simulated construction envi-
ronment with details of building components using IFC-based BIM 
models. Through a robot construction simulation case study for light 
steel frame, we present in this paper the entire process from BIM model 
production to construction task scheduling and construction simulation. 
Our main contributions are summarized as follows: 

• a new approach for component-based robotic construction simula-
tion, which can remedy the limitations of software and robot types in 
current simulations,  

• a pipeline to automatically convert IFC to simulation description 
format (SDF), which can bridge the gap between BIM models and 
physics engine-based simulation,  

• validation tests for component-based robotic construction with a 
simulated light steel frame construction scenario. 

The article is organized as follows: after this introduction, we provide 
a literature review of related studies in Section 2. In Section 3, we 
highlighted the objectives of the study as well as the scope. In Section 4, 
we present our proposed robotic construction simulation framework. In 
Section 5, we demonstrate the application of the framework through a 
case study of the on-site assembly of a light steel structure. In Section 6, 
we discuss our work and clarify current limitations. In the last Section, 
we conclude and point out the future work. 

2. Literature review 

Because this study involves the application of BIM technology, ro-
botics, and robotic simulation in prefabricated construction, the current 
work will be examined on three aspects in this section: BIM technology 
integration, robotics in prefabricated construction, and robotic con-
struction simulation. 

2.1. BIM technology integration 

The Industry Foundation Classes (IFC) is offered by buildingSMART 
International as an open data model for building information, and so it 
forms a significant instrument for building information transmission. 
The IFC standard defines an IFC schema in EXPRESS, XSD, and OWL 
[18]. It allows to store building information as IFC instance files (SPFF, 
XML, RDF). The IFC standard is supported by all contemporary BIM 
tools, yet focusing mostly on the SPF format. Several other researchers 
have used the IFC format for exchanging building information [19–21] 
and significant wok has been devoted on linking IFC data with data from 
other domains [22]. 

As the current common format for BIM model description, object- 
oriented design concepts of IFC can be well coupled with the 
component-oriented construction of prefabricated construction [17,23]. 
It has inspired studies on component-oriented prefabricated construc-
tion related to IFC-based BIM as we show below. In 2015, Costa and 
Madrazo [24] proposed connecting component lists with IFC-based BIM 
models through semantic technologies to enable access to component 
information during the construction process. Liu et al. [25] demon-
strated a BIM-based component-centric construction planning approach 
to optimize the construction process while working with limited re-
sources. To visualize and simulate the construction process, a method 
integrating BIM model and construction experience is proposed in [26] 
to address the assembly sequence planning of components in pre-
fabricated construction. To satisfy the precision and complexity of pre-
fabricated construction and achieve uniformity in the data flow from 
component design to manufacturing, Liu et al. [27] designed an IFC- 
based framework to enable the delivery and exchange of information 

2 https://www.iso.org/standard/70303.html.  
3 https://www.buildingsmart.org/.  
4 https://www.ros.org/.  
5 https://rosindustrial.org/.  
6 https://gazebosim.org. 
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for components. Due to its standard and universal qualities, IFC is 
increasingly being adopted as a common carrier for building informa-
tion description and communication. In this study, IFC is utilized as the 
BIM information format with its adaptability. 

Further to the above, BIM is increasingly accompanied with Internet 
of Things (IoT) research related to prefabricated construction. Such 
research aims to enable digitization and automation with higher effi-
ciency [28]. Although a large number of BIM and IoT-based studies have 
emerged in recent years, based on the scope of this study, we mainly 
review the use of BIM and IoT technologies in the component-based 
prefabricated construction process. The Internet of Things (IoT) tech-
nology is introduced into prefabricated construction, and the potential 
for building information to be combined with embedded devices to 
allow construction 4.0 is increasing [29]. Consequently, the concept of 
smart construction objects (SCOs) is proposed to enable realistic com-
ponents to carry their own information and interaction by embedding 
hardware (e.g. QR codes), allowing the information of the components 
to be interacted with and updated in real time throughout the con-
struction process [30]. Based on the concept of SCOs, [31] further pre-
sented several scenarios for their use in smart construction, one of which 
added component traceability based on changes in component status to 
fulfill the goal of regulating building processes. Subsequently, SCOs 
were applied experimentally in some construction scenarios. Li [32] 
developed a simulation of lean construction using BIM, SCOs, and a 
platform to evaluate it in a partially prefabricated project [33]. In ro-
botic construction, Zhu et al. [17] established the notion of SCOs as 
smart components and suggested a mechanism to guide robots to 
cooperate through component's construction needs. As a consequence, 
in the robot construction simulation, the smart component-based ro-
botic construction method is a good candidate to be used as the con-
struction logic. 

2.2. Robotic construction simulation 

Although there exists research and tools on simulation environments 
in the respective fields of construction (e,g, Synchro 4D, Naviswork 
[34]) and robotics (e,g, Gazebo [35], V-REP [36]), there is not enough 
research related to simulation of construction robots, in particular 
navigation and operation. Current studies on construction simulation 
[37–40] are mainly based on Rhino software and its Grasshopper pro-
gramming plug-in, as well as robot plug-ins based on the Rhino platform 
supported by relevant robotics companies (e.g. Robot component by 
ABB). The ETH dfab team [41] has created a more comprehensive 
framework to enable robot planning and simulation of the construction 
site, which is also based on ROS in Grasshopper and Rhino as simulators. 
Since this simulation environment focuses primarily on robot task 
planning, construction planning is absent. Meanwhile, some research 
has focused on BIM-based robotic construction simulation. For example, 
Kim et al. [23] has developed a ROS-based robotic construction simu-
lation system that allows robots to follow a construction planning to 
simulate construction by integrating IFC-based BIM models and con-
struction plans (schedule in XML) into Gazebo. This study introduces a 
novel concept for BIM-based robot building simulation. Our study 
elaborates on this work and proposes a workflow that includes a com-
plete and general IFC converter, and creates the construction planning 
using smart components in a more interactive manner (see original ideas 
in [17]). 

3. Objective and scope 

As indicated in the introduction and literature review, the lack of a 
uniform approach for integrating building information with robot in-
formation for simulation prohibits the effectiveness of adopting BIM 
models and the variety of robot models in existing construction simu-
lations. This can be solved by expressing both the BIM models and the 
robot models relying on an open standard format and unifying the 

formats in order to generate a universal simulation environment. 
Therefore, this study proposes a generalized component-based robot 
construction simulation method. A prototype framework is imple-
mented to simulate the robot construction process by splitting the 
component-oriented BIM files in IFC format and converting them into 
SDF-based smart components (see Section 4 and Fig. 1). 

The purpose of this study is to provide a generic framework for robot 
construction simulation as a way for expanding the potential for varied 
robotic applications in construction scenarios via a simulation-based 
strategy. Furthermore, the study proposes an approach that facilitates 
the participation of more stakeholders, particularly researchers in the 
construction and robotics industries, in the development and testing of 
prototype construction robots through simulation. 

The scope of this study is restricted to the simulation of prefabricated 
construction by robots due to the industrialized and component-oriented 
features of prefabrication is the main construction behavior is transfer 
and assembly. Therefore, this study mainly focuses on the imple-
mentation of the robot on-site prefabricated construction processes, 
excluding the actual robot grasping, assembly-related technical details. 
The simulation of the specific construction behavior of the robot is 
available in other works [42]. 

4. Framework of IFC-based robot construction simulation 

In this section, we present a systematic description of the IFC-based 
robot construction simulation. We provide a general overview of the 
framework (Section 4.1), an introduction to the relevant formats (Sec-
tion 4.2), and then make an overall elaboration of each part of the 
framework (Section 4.3, Section 4.4, Section 4.5). 

4.1. Framework overview 

The two core issues for implementing component-oriented robotic 
construction simulation are: 1. how to realize the interaction between 
building information and robots and 2. how to connect to a set of control 
algorithms that can be used for robots to perform construction. To 
resolve the above two issues, our framework performs primarily two 
functions: 1. the implementation of BIM data in the robot simulation 
environment, and 2. the implementation of a ROS-based component- 
oriented robot construction method. In this framework, as shown in 
Fig. 1, IFC is to be adopted as the standard format for BIM model input, 
and the IFC-based Simulation Definition Format (SDF) for the descrip-
tion of BIM models in a robot simulation platform. The SDF format is 
crucial for robot simulation, as a result, the BIM information essential for 
the construction will be parsed and converted into SDF (left in Fig. 1). In 
addition, the smart component-oriented construction planning system is 
included in the framework as a controller for robot construction (top- 
right in Fig. 1). The third and last part of the framework is the specific 
robot description in the Unified Robot Description Format (URDF) 
which describes the robot(s) used for construction (bottom-right in 
Fig. 1). Thus, the framework consists of three main parts: (1) extract, 
transform and load (ETL) procedure of IFC to SDF, (2) the smart 
component-oriented construction planning system, and (3) ROS-based 
simulation. 

4.2. Formats 

In this part, we will briefly discuss the two kinds of data that are of 
use to our system. 

Industry Foundation Classes (IFC). IFC, as a standard format to 
describe building information models, describes all the information of a 
building model in a.ifc file. As a STEP-based format [18,43], the IFC file 
has 2 sections: HEADER and DATA; the HEADER section contains gen-
eral information about the file itself, the DATA section contains a list of 
entities, each with an integer index, type name, and a list of parameters, 
and the set of available entities. The IFC provides powerful semantics for 
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describing the AEC domain. Because the object of this study is the in-
dependent building components, the IFC entities and their relationships 
are the focus of our research. The core structure of a standard IFC format 
file is shown in Fig. 2. A typical IFC file contains: IfcProject, IfcSite, 
IfcBuilding, and IfcProduct. The first three attributes describe the proj-
ect hierarchy, information about the project, information about the 
building site, and information about the building on the site, respec-
tively. The IfcProject is used to describe the project information, and 
every IFC file needs to contain the project information. IfcSite is used to 
describe the information of the site where the project is located, 
including the size and location of the site. IfcBuilding is used to describe 
the overall building information, and the role is to link the complete 
information of building components to the building. Therefore, an Ifc-
Product has a relative placement within the IfcBuilding. The relation-
ship three components are described by an IfcRelAggregates entity. 
After that, all information about the building product is described by 
IfcProduct and linked to its corresponding IfcBuilding or IfcBuildStory 
or IfcSpace by the property IfcRelContainedinSpatialStructure. In Ifc-
Product, the building entities are described by IfcBuildingElement, for 
example: beams (IfcBeam), slabs (IfcSlab), walls (IfcWall), columns 
(IfcColumn) are all subclasses of IfcBuildingElement. 

Simulation Definition Format (SDF). Simulation Description Format 
(SDF)7 in XML format, as supported by the robot simulator Gazebo,8 is 
commonly used to describe non-robotic objects in a simulation. Thus, 
SDF can express the objects in a BIM model, but in a robot simulation 
environment. An SDF-based model simulation environment usually 
contains two parts: world and model, which are used to realize the 
simulation for the environment and the objects, and are stored in 
separate folders on the system. The world is represented by a.world file, 

which is mainly used to model physical properties (e.g., light, gravity, 
wind, etc.) and terrain descriptions throughout the environment. Also 
all model files need to be declared in the world file and describe their 
world coordinates. Therefore, the world file can be considered as a 
description of the site environment (See Fig. 3 (a)). The model is used to 
simulate the objects, and each object has a single folder that contains 
three parts: the configuration file, the meshes folder, and the model.sdf 
file as shown in Fig. 3 (a). The.config file includes the standard infor-
mation (version, author and model name) as a configuration, the meshes 
folder stores the 3D geometry and the information of objects is described 
in the model.sdf file. In the SDF file, as displayed in Fig. 3 (b), the model 
allows to define the semantics and properties (e.g., name, pose, mass, 
inertia, etc.), shape representation (DAE or STL supported), and collision 
parameters. Therefore, SDF can be regarded as an appropriate format for 
describing construction component information. 

4.3. ETL: from IFC to robot world 

4.3.1. Handling IFC models 
IFC describes the entire building through a unified file. In order to 

satisfy the SDF format and to realize the component-oriented construc-
tion process, the IFC file of a complete building needs to be split into 
multiple IFCs according to the components, so that each IFC file de-
scribes the information of only one component independently. To ensure 
that the required construction objects are reasonably split up, we follow 
a 2-step process:  

1. Determination of the splitting objects: In the present study, we focus 
only on the objects that need to be built. In our case, those are the 
IfcBuildingElement objects that need to be split. 

Fig. 1. Framework of robot construction simulation.  

7 http://sdformat.org/.  
8 https://gazebosim.org/. 
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2. Execution splitting: By declaring the IFC type of an entity, we can get 
all the information of that entity through IfcOpenShell.9 For 
example, if we need to split out all the beams, we can find out all the 
beams in that model by indexing IfcBeam in IfcOpenShell and 
generating a separate IFC file for each IfcBeam. 

We implemented the above steps into a splitting system for IFC files 
based on IfcOpenShell. This system uses the process as shown in Fig. 4. 
First, the system will find the required objects (such as a beam, column, 
etc.) and index the properties corresponding to the objects. After that, it 
creates a new IFC file for each object, imports the original IFC header 
file, and the attributes of IfcProject, IfcSite, and IfcBuilding corre-
sponding to the object, and the entity attributes describing the object. 
After that, it iterates through all the attributes corresponding to the 
found objects and imports them into the new IFC files corresponding to 
each object. When all attribute values have been extracted, the splitting 
process of an object is finished. With this method, we can split the in-
formation from any component that we need into a separate IFC file for 
further usage. 

4.3.2. Creating SDF from IFC 
For simulated construction, the most important information pro-

vided by IFC for one component is: (1) the GUID (used to find the 
component), (2) the global location in the building (used as the target 
location for construction), (3) the geometric information (used for 
collision detection and display), and (4) the properties (used to simulate 

the real-world physical environment). In order to automatically extract 
the above information from the IFC files (per object) and generate the 
SDF files (Fig. 5), we propose a process and developed a Python-based 
implementation of the converter10 of IFC to SDF. In Section 4.2, we 
introduced the basic format of IFC and SDF, so to achieve automated 
mapping of IFC into SDF, we should first establish the relationship be-
tween IFC and SDF data structures. For a BIM model, mainly trans-
forming the shape representation of an object to the SDF format is 
complex and needs to be described by referencing a graphical format (e. 
g., DAE or STL). All other information can be described directly in SDF. 
Therefore, the IFC file to be converted is divided into two parts: semantic 
information (the GUID, the global location and properties) and geo-
metric information (designed BIM model in DAE or STL format). 

As shown in Fig. 3 (b), one SDF model file includes the meta 

Fig. 2. The structure of IFC.  

Fig. 3. SDF format.  

9 http://ifcopenshell.org. 10 https://github.com/ISBE-TUe/ifc_to_sdf. 
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information (name, placement and static checking) and link information 
(link's name, properties and geometry). In the SDF model, a model can 
be made of multiple links (e.g., a robot can be composed of several rigid 
bodies). Because building components are the basic unit of a building 
after it has been subdivided, when defining IFC using SDF, each model 
comprises a single link in our proposed system. Consequently, the GUID 
information of the entity in IFC can be converted to SDF as both model 
name and link. This permits the indexing of ROS environment compo-
nents using GUID. Meanwhile, through IfcObjectPlacement, we can get 
the location information of the component in the building, and therefore 
map to the pose tag in SDF format. Finally, to make the simulation more 
realistic to the physical environment, we also need to map the physical 
property information of the entities in the IFC to the SDF. For example, 
in Fig. 3 (b), we can extract the weight from IfcQuantityWeight and map 
it to the mass tag in SDF. 

To operate in a visualized physical environment, each object needs to 
define its geometric information for visualization and collision detection 
(Fig. 3 (b)). In the SDF format, the object can be described with basic 
geometry (e.g, box, sphere, cylinder), however, SDF format does not 
support the design of models, so these basic geometries are generally not 
used to generate complex geometries (e.g., complex surfaces, de-
formations generated by Boolean operations, combinations of multiple 
geometries, etc.). In order for the designed 3D model to be used in the 

simulation environment, the SDF format supports the import of the 
designed 3D models through the DAE or STL format with a mesh tag. 
Therefore, when dealing with the geometric information of IFC, it is 
necessary to convert the IFC format into a DAE or STL format. With the 
help of IfcOpenShell, we can convert the IFC of each component split 
into the DAE and store it in the meshes folder only for the corresponding 
component. Therefore, a DAE model will be generated for each 
component model. Eventually, the generated DAE model needs to be 
imported into the SDF model via the mesh tag. With the cases demon-
strated in Fig. 6, it shows few examples that the IFC model is converted 
into SDF files and loaded in Gazebo. 

4.4. Smart component-oriented construction planning system 

In this section, we describe how to define SDF-based components as 
smart components and implement the integration of smart component- 
based construction planning [17] into a ROS-based simulation. 

4.4.1. Creating smart components 
As a construction-oriented extension of the SCO [30], the smart 

component gives the component autonomy, awareness, and communi-
cation in the construction process, thus realizing the intelligence of the 

Fig. 4. The process of splitting IFC files.  
Fig. 5. The process of conversion IFC to SDF.  
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component [17]. The smart component defines the state of the compo-
nent in different construction processes and the corresponding con-
struction requirements, and gives each component the ability to 
communicate with the robot so that the component can guide the robot 
to achieve construction according to its own construction requirements. 
Consequently, each component has its own state machine to present, 
record, and update its status. Also, the unique GUID facilitates the 
interaction between model information and state machine information. 
For example, when the component is transferred to the target location, 
the component will return its current coordinates in the simulation 
environment to determine whether it is consistent with the target 
location, and if so, the component will return its own GUID to index its 
corresponding state machine and thus update its state and publish the 
new state. This allows the component to update its state according to its 
own spatial changes while sharing it with other objects. 

4.4.2. Smart component-based construction planning 
Smart component-oriented prefabricated construction on-site is the 

process of transferring prefabricated components from the yard to the 
construction location and assembling them, which means that the con-
struction task is completed when all components are built. Thus, the 
whole construction planning can be treated as two steps: construction 
sequence and assembly planning. The construction sequence requires 
the planning of the sequence of all components (work breakdown 
structure), and the assembly planning involves the planning of the 
construction tasks of each independent component. According to 
different construction requirements and construction planning methods 
(e.g., time priority, cost priority, task priority), different construction 
procedures can be generated. The creation of the construction sequence 
is out of scope for this paper, and we only use it as a standard input file 
(XML). Therefore, only when the current component publishes its status 
as built, the planning system will release the next component's 

construction requirements to the robot and guide it to execute a new 
round of construction. In assembly planning, based on the concept of 
smart component [17], the construction task of each component can be 
mapped to the component state, so that we can use the construction state 
of the component to guide the robot to execute the corresponding work. 

4.5. ROS-based simulation 

Using the smart component-based construction planning in Section 
4.4.2, here we introduce the method into the ROS-based robot simula-
tion environment11 which contains ROS to provide robot control and 
Gazebo to provide a physics engine-based visualization simulator. When 
the SDF-based components are imported into Gazebo, using the inter-
action mechanism between Gazebo and ROS, we designed a system as 
demonstrated in Fig. 7 to implement the interaction between the com-
ponents and the robots as well as the simulation of the construction. 
When it is the turn of a component to be built, the id and current state of 
the component will be published to the system, which will assign the 
required task to the executable robot based on the current state of the 
component, and then publish the corresponding id of the robot to ROS to 
control the robot to execute the task. At the same time, ROS will interact 
with Gazebo in real time to control the robot in the simulated envi-
ronment. When the robot executes a task in the simulation environment, 
the system receives feedback and extracts the information of the 
component in the simulated environment and compares it with the task 
requirements of the component to check if it is consistent (e.g., when the 
component is transferred to a target location, the system checks if the 
position of the component in the simulated environment is consistent 
with its position in the original BIM model). If it is, the state machine 

Fig. 6. The example BIM models in Gazebo.  

11 https://wiki.ros.org/gazebo-ros-pkgs. 
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corresponding to the component will be updated and the new state will 
be published to the ROS to guide the robot to execute the new task. If it is 
not consistent, the robot will repeat the task and return an unsuccessful 
state for the user to detect the construction. When the robot finishes 
construction tasks, the component changes status to ‘constructed’ and 
the robot status changes to ‘idle’. After that, the system will go back to 
the first step and loop the above procedure until the construction is 
completed. 

5. Case study 

In this section, we will demonstrate the specific implementation from 
model import to construction simulation as described in the framework 
using a scenario in which a single robot builds a light steel structure. 
Based on our framework, we need to realize the linkage of the BIM 
model, construction robot, and construction simulation, thus we will 
also address these three factors in the case study.  

• BIM model creation and processing: we first create a light steel frame 
in Revit similar to a greenhouse and export it to an IFC4 file. Then, 
using the approach described in Section 4, we transform the IFC 
model into an SDF model folder, and ultimately the model can be 
used in a Gazebo simulation.  

• Robot model selection and application: for simulation, we utilize the 
husky robot,12 which is recommended by ROS. The husky robot, 
being a ROS-based robot, has reliable performance in the ROS 
environment and offers high compatibility and expandability (cus-
tomizable sensors, robotic arms, and other hardware). In this simu-
lation, the robot has four states: “detect component position”, “pick 
up”, “identify component target location” and “assemble”. The study 
of specific methods of execution of the robot's picking up and as-
sembly tasks is not in the scope of this study.  

• Smart component-based robot construction simulation: with the 
communication mechanism of ROS, we realize the interaction 

between the components of the light steel frame and the robot, and 
also design a state machine to realize the construction process. 

5.1. BIM model creation and processing 

Lightweight steel structures are employed in a variety of small-scale 
building applications, including sun shelters, bus stops, and functional 
temporary structures. The individual components are excellent for ro-
botic construction because of their lightweight, small size, and ease of 
assembly. At the same time, the present general robot model has certain 
payload and size limitations; thus, we chose a light steel structure model 
for simulation in this scenario. We certainly aim to extend additional 
BIM models (see Fig. 6) for simulation with the further growth of con-
struction robot research and development. 

In the light steel frame construction (Fig. 8), there are 9 independent 
foundation components, 9 column components, and 10 beam compo-
nents. The designer has to export the model to the standard format of 

Fig. 7. The system for interaction between components and robots for construction planning system.  

Fig. 8. The BIM model of structure for robotic construction.  12 https://clearpathrobotics.com/. 
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IFC4 once it has been constructed in the modeling software (here we use 
Revit), and then the IFC file can be converted to SDF format using the 
approach described in Section 4. 

Initially, the system reads the IFC file's header information, as well as 
IfcProject, IfcSite, and IfcBuilding information, to create a standard 
template file for IFC. Then, the information of the components in the 
model is extracted and inserted into copies of this standard template file 
to produce IFC files that describe each component separately. Therefore, 
the system will traverse the model, locate each individual component, 
extract its information, and write it into the standard template file, 
finally splitting the original IFC file into 28 independent IFC files that 
primarily include component information. After that, the 28 component 
geometries are converted into DAE format for Gazebo display and 
collision detection. At this stage, all the components will correspond to 
two files, respectively, the IFC file containing all the information and a 
DAE file dedicated to describing the shape. 

Now, the conversion from IFC to SDF takes place. Similarly, before 
converting each component, the system extracts the basic project in-
formation (guid, name, type) to create a standard SDF folder including 
the configuration file, SDF file, and mesh folder and then writes the basic 
project information into the configuration file and SDF file. The system 
then turns the IFC files of 28 components to SDF folders, as described 
previously. Furthermore, we need to utilize the information from IfcSite 
to construct the world file, which involves integrating the path of the 
component file into the world file and declaring the component's world 
coordinates for the global environment. 

This process implements our model from design to simulation in the 
Gazebo. Using IfcOpenShell, we created a python-based system to 
automate the conversion of IFC to SDF.13 

5.2. Robot model selection and application 

To implement the robot's functions, we used an open-source general- 
purpose robot in this case, namely the Husky robot. The Husky robot, as 
shown in Fig. 9, is an open-source mobile robot with a standard mobile 
base and a range of extra sensors that work with the ROS package to 
construct maps, maneuver, and avoid obstacles in a simulation envi-
ronment. Based on the features of prefabricated construction, the robot 
needs to perform the following tasks in construction: 1. find the 
component to be built, 2. pick up the component, 3. deliver the 
component to the target location, 4. assemble the component, and avoid 

obstacles throughout the process to ensure the safety of the construction 
process. We will use the semantic label (“pick up” and “assemble”) for 
describing the picking up and assembling activities, as stated previously. 
As a result, in the simulation environment, robot functions need to 
integrate navigation and obstacle avoidance. 

In general, the navigation stack obtains information from the 
odometer and sensors on the robot to compute the action data required 
by the robot in that environment and returns it to the robot for execu-
tion. The following packages, which will be briefly explained in the 
following, are mostly employed in the navigation stack architecture to 
perform mobile base control, spatial location positioning, and path 
planning, respectively. To move the robot in the global environment, the 
move base function package14 is used to accept the intended movement 
information and execute it by matching the robot base coordinates with 
the world coordinates. As a tool to realize robot spatial location, the 
AMCL package15 is used on the probabilistic algorithm for robot 
tracking based on a particle filter to realize robot location on a global 
map. In this case, global and local planners deployed for both path 
planning tasks in order to accomplish global path optimization and real- 
time obstacle avoidance, and function packages with different algo-
rithms can be used in the planner based on the user's needs. Meanwhile, 
we use the global planner based on the A* algorithm [44] and the local 
planner based on the dynamic window algorithm [45]. With the above 
configuration, the Husky robot can achieve autonomous navigation in 
the Gazebo environment to perform the construction tasks required by 
the building components. 

5.3. Smart component-based robot construction simulation 

In this section, we document how to set up a simulation environment 
and create a component-oriented construction task publishing system 
using the ROS communication mechanism to create a smart component- 
based robot construction simulation. The construction scenario is based 
on a designed environment, as indicated in Fig. 10. 

We designate a yard area and arrange the required building com-
ponents in the center square of the environment. The construction goal 
for the robot is to assemble components from the yard into the structure 
in the central square. To begin, we need to initialize the environment, 
which includes defining the yard location, as well as the appropriate 
poses of components and the robot's initial position. In practice, the 

Fig. 9. The simulation environment includes the Husky robot that picks up 
components based on their state from the yard, and places and assembles them. 

Fig. 10. The simulated construction scenario includes a yard where all to be 
built components are collected, a robot initial position, and the area where the 
structure needs to be built. 

13 https://github.com/ISBE-TUe/ifc_to_sdf. 

14 http://wiki.ros.org/move_base.  
15 http://wiki.ros.org/amcl. 
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components are usually stacked horizontally, so components are 
designed to be stacked uniformly in the yard area as shown in the figure. 
The robot's initial position should be similar to a construction site's 
temporary rest area, or a place where the robot can be repaired and 
charged. Consequently, we assign that the bottom right (blue area) in 
the environment depicted in Fig. 10 is the robot repair and charging area 
as the initial position for the robot. 

The suggested simulation environment consists of two main parts, 
namely a visualization in the rviz application,16 and a simulation engine 
in Gazebo. These are standard tools for robot simulation, and the 
contribution of our work lies mainly in connecting the BIM environment 
better with these simulation tools. The rviz application is mainly used to 
visualize the performance of the ROS function packages. The rviz 
environment (left in Fig. 11) includes the following parts: (1) the known 
map information of the robot (grey), (2) the location of the objects and 
their collision volume in the environment scanned by the laser (black 
lines and the light blue areas), (3) the inflation factor that is used to 
represent the safety range of collision detection (dark blue), (4) the 
global paths planned (green lines), and (5) the local paths planned by 
the laser in real-time according to the current environment (red lines). 
The right side of Fig. 10 shows the Gazebo simulation environment, 
which is used to simulate the real-world scenario using ROS. 

After the environment has been initialized, the robot construction 
simulation can be executed. Based on the process of Section 4.4, we 
constructed the state machine system illustrated in Fig. 12 to accomplish 
the automated construction based on the components' construction 
tasks. The process shown in Fig. 12 functions as follows: when the 
previous component is completed, the system accepts the information 
and duties of the unbuilt component as the next task to the robot (top- 
left). The system then sends the task to the robot (top-right), which 
accepts it and proceeds to the component's position in the yard to pick up 
the component (bottom-right). When a component is picked up, it enters 
the state of needing to be transferred. The system accepts the compo-
nent's target position and sends it to the robot, and the robot begins the 
transfer task once it reaches the target location (bottom-left). The 
component's state switches to ‘assemble’ when the robot reaches the 
target place, and the robot receives the task from the system and per-
forms the assembly work. When the assembly work is accomplished, the 
component's construction task is completed (top-left). 

With the presented state machine control, a simulation environment 
is created where the robot can automate the construction of smart 
component-based construction and realize the construction work of 
assembling the components into the target structure. As this simulation 
environment mimicks real robot behavior by its embedding of ROS, the 

resulting process can be executed also in a real-world environment, yet 
this has not been tested. 

6. Discussion 

As a result of the rapid advancement of robotics, robot-based con-
struction is viewed as one of the potential future solutions for achieving 
efficient construction. Due to the unique features of the construction 
industry, such as long construction cycles, large-scale construction, large 
amounts of investment, and multiple stakeholders, as well as the high 
costs of development and production in the robotics industry, robots are 
not widely used in actual construction projects. Despite the fact that the 
simulation and the actual scenario will diverge, construction simulation 
can provide novel concepts and platforms for robotic construction 
research and applications. For stakeholders in the construction industry 
attempting to apply robots to real-world construction, an open standard 
simulation can cost-effectively test and optimize the development of 
robotic construction, while a physics-engine simulation environment 
can provide a realistic and intuitive representation of robots in con-
struction. It also benefits from the use of open standards (IFC, SDF and 
etc.) and tools (ifcopenshell, ROS and Gazebo) that can reduce some of 
the constraints imposed by the modeling software on the user and enable 
the assessment and adoption of the method by relevant researchers. 

Several limitations remain in this study to achieve a more compre-
hensive simulation of robot construction. First, this study abstracted the 
construction actions (“pick up” and “assembly”) in case study. As a 
construction planning, the abstraction of specific construction tasks is 
reasonable, but in real-world scenarios, the robot requires motion 
planning for grasping and assembly actions in order to achieve more 
accurate simulation. Second, due to the diversity of building types and 
the complexity of the corresponding construction processes (especially 
cast-in-place), the focus in this study is only on prefabricated 
construction-based robotic construction simulation as a prototype for 
starting, but further expansion to more building types is needed to 
satisfy a wider range of construction simulation demands. 

7. Conclusion and future works 

This study presents a method for using IFC-based BIM models in a 
robotic simulation environment and executing automated construction 
simulations based on the notion of component-oriented construction. 
The proposed framework integrates an IFC-based ETL processing, a 
construction controller based on smart components and a ROS-based 
simulation platform. It leverages BIM models in a robotic aspect to 
achieve the IFC-based BIM models in robotic prefabricated construction 
simulation. Different from the previous construction simulations, this 
concept relieves the dependence on specific software. Based on the open 
standard, expands robot types and facilitates customized construction 
robots for robotic construction research. 

Further effort should explore the unique actions of robots to execute 
construction based on the existing simulation environment, and first 
realize the specific construction actions of robots in the simulation 
environment, and then extend them to actual robots. Meanwhile, we will 
expand the number and types of robots in the framework to allow for 
additional testing and studying of multi-robot building collaboration. 
Finally, future work can aim to integrate new building types in the 
simulation environment by expanding the present framework. 
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