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Abstract: The planning phase of a construction project has a crucial effect on different aspects of the 
project outcome. There are various software programs developed and widely used to help with 
construction planning, however many construction projects still grow over limits, as the reality is still much 
more complicated than any model. Hence, more sophisticated software and methods need to be 
developed in order to minimize the gap between modelling and the reality. Visualization of construction 
processes using building-information-models (BIM) is a new trend in construction planning. This research 
aims to investigate previous works on visualization of construction processes using information 
technology, analyse various techniques and tool sets, and choose a method to apply to the steel structures 
construction, considering structural and non-structural elements as well as installation equipment. The 
specific case study is a three-storey steel structure with a height of 4m per storey proposed via the 
ROBUST (Robust Building Systems) project, which is a joint NZ-China research with the intention of 
improving buildings’ seismic resiliency. The building will be built and tested on a shaking table at the 
International joint research Laboratory of Earthquake Engineering (ILEE) located in China. 
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1. Introduction
The planning phase of a construction project has a crucial effect on different aspects of project  outcome, 
such as quality, efficiency, environment, cost and safety, and guarantees the time frame of the project to 
be achieved (Olawale and Sun, 2010). In order to reach a specific result, the project’s planners are required 
to have a deep understanding of each phase of the construction project. Moreover, according to Olawale 
and Sun (2010), in order to support project planners, various software programs 
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have been developed and used widely, but a great quantity of construction projects still grow over limits 
in terms of costs and time. Nevertheless, these software programs are still helping engineers and 
managers around the globe with their technical tasks. 

However, reality is much more complicated than any models, regardless of how advanced they are. As 
a result, more sophisticated software and methods need to be developed in order to minimize the gap 
between modelling and the real world. One aspect of this software functionality is visualization, which is 
getting more and more credibility among construction specialists (Rohani et al., 2014). 

Visualization using computer software has many applications in construction industry, especially for 
construction planning, progress monitoring, safety monitoring, etc. A statistical research conducted by 
Wang et al. (2020) has shown that construction planning is one of the most popular applications of visual 
computing in construction industry. This research also revealed that visualization in construction planning 
focuses on animating construction processes and operations in a 3D environment. Other applications of 
visualization in this category include simulation of crane erection processes, crane operation, and work 
area analysis. 

Construction process visualization has many advantages in all stages of a construction life cycle. One 
type of such visualizations, 4D CAD, has been found to be helpful from planning stage to construction 
stage and process monitoring stage by different projects’ stakeholders (Rohani et al., 2014). For example, 
4D CAD helps project personnel detecting any logical errors in their design and building sequence. 
Furthermore, construction process visualization also helps with the identification of construction site risks 
and safety training. Park and Kim (2013) developed a framework for safety management of construction 
sites by utilizing construction visualization at its core. Bosché et al. (2016) advanced further with their 
proposal of a virtual-reality system for construction training that combined an immersive 3D visualization 
of the construction site with a stereoscopic head-mounted display (HMD) that allowed full 6 degree-of-
freedom movement. 

This research aims to propose an approach including software and methodology for visualization of 
construction processes. Therefore, this research will investigate previous studies on construction 
visualization, current available software for that purpose, and suggest further research directions. 

The case study for the proposed approach is the ROBUST steel structure. The ROBUST (Robust Building 
Systems) project is a joint NZ-China research with the intention of improving buildings’ seismic resilience 
by verifying several design ideas of structural and non-structural aspects (Dhakal et al., 2019). A three-
storey steel structure with a height of 4m per storey is proposed and will be built and tested on a shaking 
table at the International joint research Laboratory of Earthquake Engineering (ILEE) located in China 
(Dhakal et al., 2019; Yan et al., 2019). Various structural and non-structural systems will be respectively 
constructed and tested. However, at the time of this report, these construction processes were not 
visualized. A visualization of these processes could help researchers analyse temporal and spatial 
constraints of the construction more effectively, as well as avoiding any logical errors in assembling 
sequence and identifying risks more efficiently. 

In the following sections, a literature review is presented, several approaches are rationalized and 
framework and plan for developing a systematic approach to virtual construction is designed. 

2. Literature review
The reviewed literature below was found by using keywords: “4D”, “construction”, “virtual”, “BIM”, 
“visualisation”, “planning”, and limiting the result to researches within the last 20 years. The results 
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showed that several previous studies, using a multitude of different methodologies, have shown the 
potential and the feasibility of virtual construction. In general, each methodology involves a  combination 
of components: a 3D CAD software program for construction modelling, a scheduler for project planning 
and a visualizer for animating the construction process. Furthermore, these components can be separate 
pieces of software or different functions within the same software program. 

A number of researchers use readily available software components. For example, Bonsang Koo and 
Fischer (2000) used AutoCAD, PlantSpace Simulator and Primavera’s P3 scheduling software while Al- 
Hussein et al. (2006) and Han et al. (2012) used 3D Max Studio to create animation key-frames and 
MaxScripts to program the user interface and 3D animation. In addition to that, many software companies 
released new specialised applications for virtual construction and some researchers have utilized these 
applications in a case study. For instance, Huang et al. (2007) used Dassault System’s CATIA/DELMIA and 
Dong et al. (2019) used Autodesk Revit’s Fuzor. However, these software programs’ retail prices are 
considerably high, especially for small businesses and academic studies. Moreover, their approaches still 
have some disadvantages: no equipment was considered (Bonsang Koo and Fischer, 2000), tedious and 
error-prone data input process (Huang et al., 2007), no collision detections (Al- Hussein et al., 2006; Han 
et al., 2012), non-interacting animation (Dong et al., 2019). 

A different approach in terms of the use of software for visualization and animation was proposed by 
Kamat and Martinez (2004). Contrary to aforementioned approaches, they have programmed from 
scratch a software program called VITASCOPE. This software reads a library of 3D models and a scripting 
file manually derived from a simulation model, and then creates a visualization of 3D construction objects 
and an animation of the construction process. The advantages of this approach are processing speed and 
extensibility because VITASCOPE was custom-built using C/C++ language. However, it is complicated 
because they have to program the rendering, lighting of the visualization component. Even so, it still lacks 
some features such as physics simulation, especially collision detection. Besides, the lack of VITASCOPE’s 
source code and documentation makes it harder to follow this approach. 

An attempt to reconcile the requirements of flexibility and extensibility with the complexity of 
software programming could be achieved by using a game engine. A game engine is a software framework 
that provides developers with commonly used functionalities such as rendering and animation, physical 
simulation, as well as artificial-intelligence of in-game objects (Charrieras and Ivanova, 2016). Various 
studies chose this approach because it is simpler than programming from scratch and still inherits a certain 
degree of freedom and flexibility of programming. For example, Li et al. (2015) used the 3DVIA Virtool 
game engine, Bille et al. (2014) used the Unity3D game engine and Lin et al. (2018) used the Unreal Engine 
4. This approach seems like a reasonable solution, especially when game engines have a considerable set 
of features and are either free to use for non-commercial projects like Unreal Engine (“Unreal Engine
Frequently Asked Questions,” n.d.) or free and open-source like the Godot engine (“Godot Engine - 
License,” n.d.). 

3. Research methodology
The previously reviewed literature has shown the potential of visual computing, especially by using a game 
engine, for better construction planning. However, each of those studies still has some limitations. The 
expected features of the new proposed approach are: 
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• Modelling of structural elements (steel beams, columns, joints, etc.) and non-structural elements
(ceilings, walls, fire sprinkler piping systems, etc.). 

• Able to model construction equipment (stationary or non-stationary). 
• Using project planning to assign time duration for each construction operation. 
• Including collision detection between moving equipment and other objects. 
• Allowing users to interactively change the viewing angle or explore the virtual construction while

the animation is progressing. 
• Allowing users to control the animation speed, e.g., for inspecting a certain moment in the

construction process in more detail. 

3.1. The basic workflow 

The 3D CAD models of construction details (structural or non-structural) as well as 3D models of 
construction elements and the construction site are acquired either by directly modelling or converting 
from other formats. Similarly, the project plan is also created with details for specific parts of construction, 
required equipment and time duration. This plan is either created from a third-party software such as 
Microsoft Project and exported as XML format or created directly in a specialised software program for 
virtual construction, such as DELMIA (Huang et al., 2007). The next phase is to continuously create the 
visualization of construction activities according to the plan and check for any collisions either manually 
and visually, or automatically by a specialised software program (in the case of Fuzor (Dong et al., 2019); 
or 3DVIA Virtools (Li et al., 2015)). When logical errors and collisions are avoided, the final animation can 
be exported into a digital format and displayed for project stakeholders. In the case of using a game 
engine, instead of a digital video, the animation is a 3D interactive program with dynamic viewpoints. The 
approaches previously reviewed are only different in how the authors had either combined some steps 
into one (Fuzor (Dong et al., 2019); DELMIA (Huang et al., 2007)), or added some steps after planning and 
3D models acquiring (Al-Hussein et al., 2006; Kamat and Martinez, 2004), or run a separated simulation 
tools to export result to an ASCII file, which will later provide information for the visualization phase. 

For this specific project, the authors’ plans for each phase are as followed: 

• Designing of the construction / 3D CAD models: in this case, consulting the ROBUST project for
the design and 3D CAD models of the steel structure, including both structural and non- structural 
elements. If the 3D CAD file format is not compatible for the visualization stage, a conversion will
have to be done, either automatically via a software program or manually. The latter is very time-
consuming, hence is not the preferred practical and ideal option. 

• Project planning / construction processes: how the steel-structure should be assembled / built, its 
building site specification, its construction equipment, etc. The construction planning will be
obtained from the ROBUST project or at least consulted with them and carried out in Microsoft
Project or ProjectLibre (an open-source alternative to Microsoft Project). 

• Visualization: using the construction 3D models and construction planning, a software program
can be used to import the 3D models and create a visualization / animation of the building process. 
Depending on the availability of software capabilities and / or time constraint of this project, an
automation module could also be developed to automate the process of reading construction
planning and generating an animated visualization. The automation module can be written in
Python. Python is an interpreted scripting language and is accepted in the growing scientific 
community (Rashed and Ahsan, 2018). Although Python has a disadvantage in code 
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execution speed compared to a compiled programming language like C/C++, it is easier and faster 
to develop. In academic environment, development time is usually more important than code 
execution time (Rashed and Ahsan, 2018). 

• Verification and modification: the visualization can then be analysed for further improvements.
Similar to previous phases, the verification for collision detection and logical errors can be
automatic or manual. 

3.2. The choice of software 

3.2.1. Option 1: Commercial software 

Autodesk Revit, Autodesk Inventor can be used to create 3D CAD models and Fuzor or Autodesk 3D Studio 
Max for visualization. Alternatively, other commercial software like DELMIA or Tekla Structure is capable 
of modelling 3D structures and visualizing construction processes. Additionally, these commercial 
software programs are usually well documented and supported, so learning to use one could be 
comparatively easier than other methods. However, they do not have functions for visualizing 
construction equipment. Furthermore, the disadvantages are the lack of freedom in features such as no 
interaction of viewer while animation is running. These commercial software bundles are also  expensive, 
which would be a significant disadvantage for academic purposes or small companies. 

3.2.2. Option 2: In-house programming software 

One example of this option is the VITASCOPE software, created by Kamat and Martinez (2004). A 
specialised software program created for visualization of construction process obviously could fulfil all 
requirements. However, software at this level of complexity requires developing time and multi- discipline 
engineers/programmers. It is also a time-consuming and costly process to develop a complicated 
standalone software program that could satisfy the requirements. For the scope of this research, a 
different approach which can utilize existing software and libraries might be preferred. 

3.2.3. Option 3: Using existing software components and create a working workflow 

3D CAD models can be imported into a software program specialised for animation such as 3D Studio Max 
or open-source alternative like Blender. A game engine like Unity3D engine or other open-source engine 
can be used to simulate the virtual environment and how 3D models interact with each other physically. 
Blender version 2.79 and under even has its own game engine (“Blender Game Engine,” 2020). By using a 
game engine, we can utilize their visual engine and physics engine to simulate the 3D environment as well 
as how objects physically interact with gravity and each other. In a game engine, collision between objects 
are easily detected and simulated. 

We propose to use option 3 with open source software because of its flexibility and its potential for 
future development without depending on any third party proprietary software. 

3.3. Open source software 

Since its inception in 1976, the idea of sharing source code and has become more and more popular, and 
for good reasons. A survey of 1300 IT professionals has shown that the use of open source software has 
increased significantly from 42% in 2010 to 78% in 2015 (Anthes, 2016). Many open source software 
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programs have replaced proprietary software to become a standard in an industry. Furthermore, open 
source software programs are usually more flexible than their proprietary counterpart (Ovadia, 2014). For 
example, Blender is an excellent open-source 3D modelling and animation software program with a 
sophisticated physics engine. Blender also has a dedicated game engine that could flexibly simulate 
construction equipment. 

More specifically, this project uses software as described in t Engine documentation,” n.d.). 
Table 1. The main software component is Godot. Godot is a free and open source game engine that 

can run on multiple platforms: Windows, Linux, macOS (“Godot Engine - Features,” n.d.). Compared  with 
proprietary game engines such as Unity or Unreal Engine, Godot is smaller and does not require an 
installation. Although Godot may lack behind Unity or Unreal Engine in term of 3D environment 
development, Godot is easier to learn and does not consume as much hardware resources (“Unity vs 
Godot - 2019 Complete Game Engine Comparison,” 2020). Godot is also flexible in term of scripting 
language. It supports direct programming in compiled language like C++ as well as interpreted language 
like C#. It even has its own Gdscript, a powerful interpreting language similar to Python (“Godot Engine - 
Features,” n.d.). Furthermore, Godot has a great community and comprehensive documentation (“Godot 
Engine documentation,” n.d.). 

 
Table 1: Software choices 

Software Description Purpose 
 

ProjectLibre      Project management software Creating project plan for construction processes. 
FreeCAD v0.18 Parametric 3D CAD designer for 

mechanical or architecture and civil 
design. 

Blender 2.82 3D computer graphics software used for 
creating animation and 3D mesh models. 

Converting 3D CAD models obtained from the 
ROBUST project if required. 

 
Creating other model for environment. 
Creating animation frames. 

 
 

Godot 3.2.2 2D/3D game engine Creating virtual environment with physics simulation. 
 

 

3.4. Detailed workflow 

3D models of construction elements and construction surrounding and equipment are converted by 
FreeCAD or directly modelled by using Blender into mesh models supported by Godot. Project plan is 
created by ProjectLibre and might need to be exported to XML format for automatic integration. The main 
phase of this workflow is the visualization process where Godot is used to simulate animation of 
equipment’s movement, verify and adjust accordingly. 

 
3.4.1. Object files format 

A workflow has been established to convert 3D CAD objects designed in Autodesk Inventor by the ROBUST 
project to a 3D mesh format that can be imported into Godot. Firstly, from the 3D assembly file of the 
construction, each component’s 3D CAD information can be selected and exported into DXF format. 
Consequently, FreeCAD is used to read the DXF file and export it into OBJ format for Blender. This process 
is to convert models from 3D parametric information into 3D mesh information requires by Godot. 

A complete scene in Blender, including lighting, material and animation, can be imported into Godot 
by using the following 3D scene file formats: Collada, Wavefront OBJ, FBX and glTF 2.0 (both text and 
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binary formats) (Importing 3D Scenes, n.d.). The authors found that for the same 3D scenes, the glTF 2.0 
binary format achieved the smallest file sizes and the importing processes were much faster. Alternatively, 
physics bodies can be manually created in Godot then assigned their mesh instances with 3D mesh files 
imported from Blender in Wavefront OBJ format. However, an unresolved bug in Blender 
2.8 caused OBJ file imported with wrong scaling factors (OBJ Export Has Wrong Scaling Factor, n.d.). After 
some experiments, the authors found a temporary fix by manually entering the scaling factor for all axes. 

Figure 1: Detailed workflow 

3.4.2. Godot game engine 

This section will shortly explain some technical terms used by the Godot game engine: nodes, scenes, 
scripts as well as several components required for a basic 3D game – a virtual environment. 

A node is a basic building block of a game and can be assigned a function (Scenes and Nodes, n.d.). 
Nodes can have other nodes as children and together, they create a Godot scene. A scene is a group of 
nodes organized hierarchically to perform a special purpose. A scene can also be a child of another scene. 

The Godot game engine offers two ways of creating reusable gaming objects: by using scripts and 
scenes (Applying Object-Oriented Principles in Godot, n.d.). Scripts are codes attached to a node that could 
improve or specified its function. Godot supports Gdscript, a Python like scripting language, and C#. As 
such, the design of Godot game engine can be thought as object-oriented programming, a popular 
software principle that helps to create software faster and more maintainable (Applying Object- Oriented 
Principles in Godot, n.d.). 

For building a 3D game, the Godot engine supports various types of node but only basic nodes such as 
Camera nodes, CollisionObject nodes, Joint nodes, MeshInstance and CollisionShape will be discussed. 
Camera nodes are self-explanatory as they only provide a viewpoint for users while the game is playing. 

The most important CollisionObject nodes are PhysicsBody nodes because they represent physics 
objects. There are 3 types of PhysicsBody in Godot; each was treated differently in term of physics 
simulation: StaticBodies, RigidBodies and KinematicBodies. Firstly, StaticBodies cannot be moved and 
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will not be affected by normal physics like gravity but can interact with other bodies when collided. 
Secondly, RigidBodies’ movements are calculated by the physics engine and should only be controlled by 
applying forces or impulses on them. Thirdly, KinematicBodies are not affected by the physics engine and 
must be controlled by user’s code, e.g., through animations. 

Each type of the PhysicsBody nodes can be set to detect collision with other bodies and allow user’s 
code to react to collision signals. Each PhysicsBody node needs to have a MeshInstance node for visual 
purpose and a CollisionShape node for physics simulation. MeshInstance nodes contain geometric 
information such as vertices, surfaces of the visual objects while CollisionShape nodes contain geometric 
information of the collision boundaries. Ideally, this information should be identical (as in real life), 
however, collision detection requires intensive resources' performance so game developers usually keep 
collision shape as simple as possible without affecting user’s experience. 

4. Current result

4.1. Construction elements 

For a specific construction model, the number of construction elements needed to be modelled by the 
game engine depends on the required level of details. However, some elements could have standard 
shapes and sizes, such as mechanical fasteners (nuts and bolts, screws, pins and rivets...). These elements 
can be created once and reuse multiple times, while more specific elements must be created every time. 
For an element such as a steel frame, its mesh model was imported into Godot as a MeshIntance for a 
RigidBody. Next, a simple CollisionShape was created and assigned mass then saved as a scene. 

Figure 1: Construction element and equipment 

4.2. Construction equipment 

Construction equipment is relatively standardized in reality. As a consequence, a library of ready-to-use 
Godot scenes for construction equipment can be created. A crane could be a perfect example of 
construction equipment. 

Firstly, a set of simplified mesh models of crane’s components (cabin, telescopic boom, hook block...) 
was created in Blender and a corresponding set of physics bodies was also created in Godot. Each physic 
body in Godot was then assigned a matching mesh model. Several Joint nodes were attached properly for 
the crane (SlideJoints for the telescopic boom, 6DOFJoints for the crane cabin, wheels, etc.). 
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Subsequently, scripts are programmed for each PhysicsBody of the crane so user can control its 
movement as well as camera’s movement. The physics characteristics of each PhysicsBody such as mass, 
weight, gravity scale, friction scale, etc. can be adjusted at this stage to attain the best physics simulation 
of the model. The crane can move back and forth, turn left and right, extend and retract its boom, turn 
the boom left and right. All movements were assigned a control key on a keyboard and were programmed 
in Gdscript. 

5. Conclusion
In this research, several approaches for the visualization and simulation of the construction process  have 
been reviewed and an approach that use open-source software tool set to create visualization of 
construction process of a steel structure has been proposed, taking into account all requirements and 
constraints such as: availability of equipment, building site constraints, etc. By using the proposed 
approach, the authors was able to create a 3D virtual environment with a physics simulation, including 
the collision detection of physics bodies. Several construction elements and a construction crane were 
created and simulated in this virtual environment, showing the potential of this proposed approach. Users 
can interactively navigate within this virtual 3D space and control the construction equipment to move 
construction elements. Physical contacts and collisions between objects were simulated correctly as 
expected. 

Due to the limited time and resource, the authors has not fully created all construction elements 
(especially non-structural elements) and has only modelled and programmed one construction 
equipment. However, the authors believes that by applying the proposed approach, future research can 
continue to create various models of construction equipment. authors The resulting software project is 
published on Github (Phan, n.d.) and future researchers are invited to utilize this repository as a library 
for Godot’s construction equipment. 

Additionally, future research can focus on miscellaneous functions such as reading text-based project 
plans automatically and more intuitive ways for users to assign construction elements and equipment to 
each operation on a project plan. 

References 
Al-Hussein, M., Athar Niaz, M., Yu, H. and Kim, H. (2006) Integrating 3D visualization and simulation for tower crane 

operations on construction sites, Automation in Construction, 15(5), 554-562. 
Anthes, G. (2016) Open source software no longer optional, Communications of the ACM, 59(8), 15–17. 
Bille, R., Smith, S., Maund, K. and Brewer, G. (2014) Extending Building Information Models into Game Engines, 1-8. 
Blender Game Engine (2020),Wikipedia. 
Bonsang, K. and Fischer, M. (2000) Feasibility Study of 4d Cad in Commercial Construction, Journal of Construction 

Engineering & Management, 126(4), 251. 
Bosche, F., Abdel-Wahab, M., & Carozza, L. (2016). Towards a Mixed Reality System for Construction Trade Training. 

JOURNAL OF COMPUTING IN CIVIL ENGINEERING, 30(2). https://doi.org/10.1061/(ASCE)CP.1943-5487.0000479 
Frédéric, B., Mohamed, A.-W. and Ludovico, C. (2016) Towards a Mixed Reality System for Construction Trade 

Training, Journal of Computing in Civil Engineering, 30(2), 04015016. 
Charrieras, D. and Ivanova, N. (2016) Emergence in video game production: Video game engines as technical 

individuals, Social Science Information, 55(3), 337-356. 
Dhakal, R., Rashid, M., Bhatta, J., Sullivan, T., Macrae, G., Clifton, G., Jia, L. J. and Xiang, P. (2019) Shake Table Tests 

of Multiple Non-Structural Elements in a Low -Damage Structural Steel Building. 



414 

 Thai Phan, Shahab Ramhormozian, Charles Clifton, Gregory MacRae, Rajesh Dhakal, Liang-Jiu Jia, 
 and Stefan Marks 

Dong, C., Shaopeng, D., Ming, C. and Chenyue, S. (2019) The Simulation and Research of Steel-Work Construction 
Based on Fuzor, E3S Web of Conferences, 136, 03023. 

Godot Engine - Features. Available from: <https://godotengine.org/features>. 
Godot Engine - License. Available from: <https://godotengine.org/license >. 
Godot Engine documentation. Available from: <https://docs.godotengine.org/en/stable/index.html >. 
Han, S. H., Al-Hussein, M., Al-Jibouri, S. and Yu, H. (2012) Automated post-simulation visualization of modular 

building production assembly line, Automation in Construction, 21, 229-236. 
Huang, T., Kong, C. W., Guo, H. L., Baldwin, A. and Li, H. (2007) A virtual prototyping system for simulating 

construction processes, Automation in Construction, 16(5), 576-585. 
Importing 3D scenes. (n.d.). Retrieved October 22, 2020, from 

https://docs.godotengine.org/en/stable/getting_started/workflow/assets/importing_scenes.html 
Joint. (n.d.). Retrieved October 20, 2020, from 

https://docs.godotengine.org/en/stable/classes/class_joint.html?highlight=joint#joint 

Kamat, V. R. and Martinez, J. C. (2004) General-purpose 3D animation with VITASCOPE, Winter Simulation 
Conference, 1691–1697. 

Li, H., Chan, G., Skitmore, M. and Huang, T. (2015) A 4D automatic simulation tool for construction resource 
planning: a case study, Engineering, Construction and Architectural Management, 22(5), 536-550. 

Lin, Y.-C., Chen, Y.-P., Yien, H.-W., Huang, C.-Y. and Su, Y.-C. (2018) Integrated BIM, game engine and VR technologies 
for healthcare design: A case study in cancer hospital, Advanced Engineering Informatics, 36, 130- 145. 

OBJ export has wrong scaling factor. (n.d.). Retrieved October 20, 2020, from https://developer.blender.org/T24959 

Olawale, Y. A. and Sun, M. (2010) Cost and time control of construction projects: inhibiting factors and mitigating 
measures in practice, Construction Management and Economics, 28(5), 509-526. 

Ovadia, S. (2014) Linux for Academics, Part II: The Advantages of Free and Open-Source Software, Behavioral & 
Social Sciences Librarian, 33(1), 47-51. 

Park, C.-S. and Kim, H.-J. (2013) A framework for construction safety management and visualization system, 
Automation in Construction, 33, 95-103. 

Phan. (n.d.). Thai_Phan_godot_PEPM_repository. GitHub. Retrieved October 20, 2020, from 
https://github.com/wonbinbk/godot_PEPM 

Rashed, M. G. and Ahsan, R. (2018) Python in Computational Science: Applications and Possibilities, International 
Journal of Computer Applications, 46(20), 26-30. 

Rohani, M., Fan, M. and Yu, C. (2014) Advanced visualization and simulation techniques for modern construction 
management, Indoor and Built Environment, 23(5), 665-674. 

Scenes and nodes. (n.d.). Retrieved October 20, 2020, from 
https://docs.godotengine.org/en/stable/getting_started/step_by_step/scenes_and_nodes.html 

Unity vs Godot - 2019 Complete Game Engine Comparison (2020),The Ultimate Resource for Video Game Design. 
Wang, H.-W., Hu, Z.-Z. and Lin, J.-R. (2020) Bibliometric review of visual computing in the construction industry, 

Visual Computing for Industry, Biomedicine, and Art, 3(1), 1-15. 
Yan, Z., Bagheri, H., Clifton, G., Quenneville, P., Ramhormozian, S., Macrae, G., Dhakal, R., Zhao, X., Jia, L. J. and 

Xiang, P. (2019) Shaking Table Test of a Near Full Scale Low Damage Structural Steel Building: Structural Aspects. 




