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Abstract

:

Augmented reality (AR) in 3D has been proposed as a way to overcome the shortcomings of 2D drawings. In particular, marker-based AR is known to be more accurate in implementation, but it is not easy to use on construction sites because it requires more time and effort to create corresponding markers for information. Therefore, the purpose of this study was to develop a building information modeling (BIM)-based AR construction work support system that can be applied to construction sites by automatically generating markers. The system algorithm consists of three modules. The first module classifies and groups the objects of the BIM-based 3D model by work order. The second is used to reconstruct the 3D model by groups and automatically generate the corresponding individual markers for each object. The third specifies the marker position and implements AR by automatically matching of 3D model objects to the corresponding markers. To verify this system, a case study was implemented by projecting the BIM-marker-based AR of a 3D model on an existing building. The results show that the developed system provides 3D models and work-related information in AR at the correct scale, size, and location.
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1. Introduction


1.1. Research Background and Purpose


Augmented reality (AR) can visualize information in the real world by overlaying virtual 3D graphics on reality to give the impression that the resulting images actually exist [1]. In the case of modeling using AR, because the observer receives information in the background of reality, it is easier to understand the relationship between reality and augmented virtual reality (VR) [2]. This enables inexperienced workers to be trained in a faster and less expensive manner, and it is easier for skilled workers to correct their mistakes and misinformation [3]. Similarly, by projecting the shape information and attribute information of the building information modeling (BIM)-based 3D model onto the actual object, it is possible to reduce errors related to the interpretation of drawings that may occur at the construction site [4]. Therefore, there can be a markerless method and a marker method for implementing a 3D model in AR [5]. The markerless method is a method of augmenting a virtual object using methods such as GPS. In this method, AR can be executed without a separate marker production and installation process in the field; therefore, the additional time or effort is relatively small. However, such problems as slow recognition of objects in AR or shaking of augmented objects when implemented indoors have occurred [6]. In contrast, the marker method employs the ID concept that implements AR by superimposing a 3D model on the location of a unique marker (QR code, picture, etc.) attached to a specific location (a drawing or a specific surface of a facility) [7]. Such a marker method can be used as a tool to overcome the disadvantages of the markerless method and to reduce drawing interpretation errors and construction errors by superimposing and visualizing a 3D-modeled object on a construction site. For example, in case studies for inspecting rebar assemblies using AR at a construction site, it was found that the times required for the inspection of each case were 1.8 and 2.4 times shorter than the general inspection times [8]. However, the marker method has the following limitations: (a) significant time is required to generate the information of each object of the 3D model and match the information to markers [9,10,11,12], (b) it is cumbersome because markers must be installed in advance, and maintenance is difficult because they are easily damaged by external factors (weather, dust, etc.) on a dynamic construction site [13,14,15], (c) it is very difficult to reuse the object information of the 3D model implemented with AR [2], and (d) the position and direction of the augmented 3D model objects change according to the position and direction of the marker [16].



Therefore, this study focused on developing system modules that improve the limitations of existing studies by automatically abstracting the information of 3D model objects designed with BIM, automatically generating associated markers, and then matching these two. In addition, the main purpose of this study was to develop a BIM-marker-based AR work support system that can solve such problems as work errors that can occur when working with 2D drawings at a construction site using the developed system modules.




1.2. Research Method and Scope


Figure 1 shows the research method and scope for developing a work support system that can apply BIM-marker-based AR to construction sites. This research process proceeded in the following order: reviewing existing research trends and the literature, developing the system, verifying the system, and presenting results. First, the need to increase the usability of the BIM-marker-based AR in construction sites was identified, and four major problems were derived through the analysis of related studies. Next, a BIM-marker-based work support system consisting of three modules was designed to solve these problems. The Autodesk Revit, Dynamo, 3ds Max, and Unity programs were used for the algorithm configuration and program development to operate the three modules. To correct algorithm errors for automation and accuracy improvement in the system development process, a part of the building was modeled as a BIM-based 3D model and used as a test bed. The level of detail (LOD) of 3D modeling was LOD300, which makes accurate analysis possible by specifying the material information and specifications of various members based on building drawings. Finally, the newly created BIM-based 3D model using the system was implemented as marker-based AR. The usability of the system developed was verified by comparing the positions of each projected 3D model object with the actual structure. In the verification process, a solution to the problems presented above was obtained, along with a comparative analysis with the existing technology implementation process.





2. Research Trends and Literature Review


2.1. Enhancement of Applicability of 3D Digital Model to Construction Site


Owing to the enlargement, complexity, sophistication, and irregularity of construction projects, methods of sharing information using 2D drawings have limitations. Accordingly, the use of BIM-based 3D modeling or VR to deliver visual information more effectively is under consideration. Han, M.Y. et al. stated that it is possible to improve collaboration and efficiency among construction project participants through visual understanding when BIM using a 3D model is introduced [17]. In their study, such benefits as significant time savings, fewer errors and omissions, and improved construction productivity were identified. Similarly, Lee, M.J. et al. found that 3D models based on BIM can suppress errors in the construction phase that may occur because of differences in the interpretation of 2D paper drawings [18]. Figure 2 shows AR application case presented in their article. Methods for utilizing digital 3D drawings or AR/VR have been reviewed and studied. In this regard, Schiavi B. et al. pointed out that the BIM data processing method is different for each project, and the hard-coding method makes it difficult for users to combine BIM with AR, because the user should have constants or variables directly in the source code for each project [19]. Lee K.H. et al. examined the problem of the occurrence of errors in the positions of augmented objects [20]. Therefore, Pham, H. et al. argued that it is not easy to find examples of using AR on actual construction sites [21]. For this reason, AR is effective in several construction applications, but most research has been conducted in confined environments [22,23,24,25,26]. Therefore, in this study, we attempted to develop a construction-site work support system for the visualization of BIM-based 3D models using marker-based AR to help solve the above-mentioned problems.




2.2. Case Studies of BIM Application Using Revit Dynamo


Autodesk’s Revit software suggests that the digital 3D model and various useful pieces of information contained in the model can be utilized throughout the building life cycle through the parameters configured for each object. Here, the parameters include property information such as the position, size, and material of the object, and new types of parameters can be added and utilized as needed. Dynamo, one of Revit’s plugins, can be easily utilized to create new parameters using built-in nodes and Python scripts, and can also modify the object information of 3D models created based on BIM. Using this, Shin J.S. et al. created a design bases information layer when modeling the Advanced Power Reactor 1400MWe (APR1400-class) next-generation nuclear power plant based on BIM [27]. Park S.H. et al. added schedule information to a BIM-based 3D model using Excel and Dynamo [28]. As shown in Figure 3, Lee et al. proposed a framework for optimizing and dividing the freeform surface of a 3D model created by parametric design using Dynamo [29]. Using this framework, free-form surfaces were divided into 36 surfaces based on geometric properties (size, flatness, and length) and divided into six colors depending on whether each surface fits the flat panel. Yoon J.W. et al. also developed a Dynamo algorithm that classifies 3D models according to work schedules and helps create initial schedules using room functions and parameters [30]. Therefore, the purpose of this study was to develop an algorithm for automatic marker creation and 3D model reconstruction of BIM using Dynamo, which enables various functions to be performed using BIM data.




2.3. Marker-Based AR Studies


As Lee Y.J. et al. found, markers in marker-based AR are used as anchors to specify the exact location of the 3D model in the AR visualization phase [31]. Jad C. et al. found that the position of the 3D model was augmented by placing the marker image at coordinates (0,0,0) in marker-based AR, and the size and direction of the augmented 3D model were also changed according to the size and direction of the marker. [32]. Taking advantage of such marker-based AR, Kim S.Y. et al. developed and tested a marker-based rebar measurement application, as shown in Figure 4 [8]. Kieran W.M. et al. showed that the marker-based augmented BIM-based 3D model is more accurate than markerless AR. However, it was also discovered that it is difficult to use the marker at an actual construction site because each object of the augmented 3D model must be augmented at a precisely specified position from the matching position of each marker, and the corresponding markers should be installed at the exact construction site location [33]. Therefore, as Moon S.Y. et al. indicated, the limitations of marker-based AR are that more time and effort are required for marker production because there are more objects [6]. Furthermore, as Kwon, O.S. et al. concluded, significant effort must be devoted to the reconstruction of the 3D model corresponding to each marker [34]. Therefore, this study attempted to solve the indicated limitations and increase the accuracy and usability of BIM-marker-based AR.




2.4. BIM-Based AR Implementation by Unity


Unity is a game engine that supports the development of AR and VR content. Kun Chi W. et al. created an application that provides BIM and AR system information by utilizing Unity and the C# programming language, and they proved that the icon BIM model is augmented with the marker when the marker icon and BIM model share the coordinates (0,0,0) of the application [35]. Liu Y. et al. presented a method for extracting a 3D model generated by Revit into Unity [36], and James G. et al. developed a multi-user collaboration system that supports design and construction using this method [37]. Figure 5 shows the BIM-based member information visualization system developed by Jeon, H.I. et al. [38]. In this study, Unity was used to develop an automatic matching module between the created marker and 3D model, and the developed system was verified through the implementation of BIM-marker-based AR in the case study.





3. BIM-Marker-Based AR CWSS


3.1. CWSS Overview


The construction work support system (CWSS) is a system that enables workers to view information on the work to be performed during a day at the construction site and the 3D model corresponding to the work at the designated work location using BIM-marker-based AR. Figure 6 shows a conceptual diagram of the composition and utilization of the CWSS. Each of the four main software packages included in this system performs the following functions.



First, a 3D model constructed using Autodesk Revit software version 2019.2 is ordered by the construction work manager according to the construction performance plan by zone and object. Here, “zone” means using Revit’s Room function to divide the 3D model into spatial units, and objects contained in one zone must be independent in terms of work relationships with objects contained in another zone.



Second, Dynamo version 1.3.4 is utilized as software for processing object-related data and automatically generating corresponding markers according to the order of works assigned by zone and object. A number of nodes are clustered using the user node functionality to facilitate the use of Dynamo by nonexperts.



Third, 3ds Max version 2020.3.6 is used to designate the reference coordinates of the reconstructed BIM-based 3D model. When AR is used at a construction site, the coordinates of each object in the 3D model are arranged with the actual position of the marker as the reference coordinates (0,0,0).



Fourth, Unity version 2020.3.12 is used to implement the AR application with the 3D model with coordinate values, corresponding markers, and related work information. The application is built on an Android-based device to make a flexible response possible with the development of a new AR device.



To this end, AR Foundation Version 4.1.10 and the ARCore XR Plugin 4.1.10. are used. The generated application is provided to the workers, and each worker can recognize the marker installed at a specific location before performing the work and then check the 3D model and the instructions for the work to be performed at the worker’s work location with AR. In this study, a Samsung Galaxy S9, an Android-based smart device, was used to generate AR applications and recognize markers. Table 1 lists the versions and functions of each the software and hardware used in the system development in this study.




3.2. Work Support System Algorithm


As shown in Figure 7, the CWSS in this study was developed based on an algorithm composed of three modules. They consist of classification of BIM-based 3D model objects, 3D model reconstruction and automatic marker generation, and AR field application through application production.



The sub-modules constituting each module include the following processes.



(1) The 3D model created based on BIM is first divided into zones, and then the parameter “order” is added to Revit to determine the order of work for each object. In this process, the data input to the 3D model are loaded into Dynamo for each zone, and the attribute information for each object is extracted. The extracted information includes attribute information such as an object ID, a shape, a location (coordinate), and material.



(2) Objects are distinguished again by assigning a daily work ID that combines the object ID and work code based on the material data of the object, and a work list is generated based on it.



(3) In the 3D model, by replacing the “Family Type” name of each object with a daily work ID, a 3D model with a daily work ID classified for each object is created in *.fbx format.



(4) In addition, based on this work list, individual markers corresponding to each object are automatically generated in *.jpg format and entered into Unity. The generated marker is printed to implement AR at the construction site.



(5) The 3D model in the *.fbx format is extracted in the *.fbx format from Unity after the reference coordinates of the model are designated in the 3ds Max program.



(6) Markers with the 3D model extracted in *.fbx and *.jpg formats are matched in Unity based on the daily work ID and are built on smart devices in the form of applications created in *.apk format.



(7) When a marker is recognized at the marker installation location specified through 3ds Max by running the built application, a 3D object with the same ID as the marker is implemented as AR at the designated construction site location. However, because of the characteristics of marker-based AR, the marker should be installed so that it can be read in a specific direction and position.



(8) Construction workers can visually check the 3D model and text-based work contents to be done after moving to a designated workplace through an AR application. Details of the three modules constituting the system are described in more detail in the next section.



3.2.1. Object Classification by Construction Work Order


To visualize the work to be performed by workers at the construction site with BIM-based AR, the 3D model must be classified by object according to the order of work. Among the attribute information of the object constituting the 3D model of BIM, an object containing a specific parameter value may be called and modified through Dynamo. In this system, the 3D model was selectively visualized according to the work order by giving the work schedule and the related information of the object in advance using zone, the ‘order’ parameter, and “code block”. The order of construction work to be performed was first determined by dividing the BIM-based 3D model by zone, and the order of work to be performed on the day was secondarily classified through the ‘order’ parameter. After this information was loaded into Dynamo, “Work Code” and the material name of each object were entered using Dynamo’s code block node to classify attribute information for each object by work. The reason for calling an object with a material name is to distinguish the name when creating a 3D object in AR with markers by considering that the construction work is generally performed according to each construction material contained in the object. Figure 8 shows a method for classifying objects constituting BIM data by the work order.




3.2.2. BIM-Based 3D Model Reconstruction and Automatic Marker Generation


The marker automatic generation module generates *.fbx files and individual markers with respective work IDs for each object of the 3D model classified according to the work order. Figure 9 shows a module for the reconstruction of 3D models and automatic generation of markers developed based on Dynamo. In particular, five ‘user nodes’ clustered according to their functions perform the process of generating work lists, reconstructing 3D models, and automatically generating markers. Each node performs the following functions.



(A) The “Room Slice” node extracts internal objects from the zone and processes them in the form of a list consisting of parameter value included in the objects. Next, the “Substationing material ID” group consists of a “Code Block” node that enters information related to work and (B) an ”Activity Through Material” node. The list of objects organized through the room slice node and the work-related information entered through the code block are entered into (B) an Activity Through Material node to change the ID of the 3D object and generate a marker. The Activity Through Material consists of a total of three user nodes.



The (2) ”Information Classification” node extracts “Order” data, distinguishing the construction order of each object among the parameters of the internal objects by zone, and combines them with a work code based on the material ID to create a daily work ID group named “Object ID_Work Code_’Order’ data value”. Objects and daily work IDs placed in the group are entered in the “Family Change” node and “Create Marker” node in the form of a list. The (3) Family Change node is a user node that automatically changes the object ID placed in the previously created group to the daily work ID. In this process, the other parameters (shape, coordinates, etc.) of the object remain constant. The BIM-based 3D model is reconstructed by replacing only the object ID, and an *.fbx file including information for each object formed. The (4) “Create Marker” node is a user node that automatically generates a marker of the same name with the entered daily work ID and outputs it in the form of a *.jpg file.




3.2.3. Creating an Application for AR Execution


To solve the issue of installing markers, which is one of the problems of the existing BIM-marker-based AR, the CWSS proposed uses 3ds Max. To recognize markers by utilizing 3ds Max, a specific fixed position is designated as the reference coordinates of the 3D model and the 3D model is augmented based on the corresponding coordinates. The 3D model with reference coordinates specified by 3ds Max in the *.fbx format is loaded back into Unity. The method proposed by Liu. Y. et al. is utilized to transfer files consisting of a daily work ID group in *.fbx format to Unity [36]. Markers with the same name as each daily work ID are also loaded into Unity. Each object in the 3D model and its corresponding marker are automatically matched on the software based on the daily work ID and are built in the form of an application on a smart device.






4. BIM-Marker-Based Work Support System Verification


The system developed was tested for operability by substituting it into the existing BIM-marker-based AR application process. The verification of this system mainly focused on verifying whether 3D model objects and work information can be visualized in AR at the correct location based on the markers. To this end, an experiment was conducted to compare the positions of the real objects of the previously constructed building and those of the objects of the BIM-based 3D model in AR. The experiment consisted of comparing the members constituting the classroom of a building and the 3D model objects created based on BIM by implementing them into marker-type AR using the work support system developed. The results derived by sequentially executing the three modules constituting the system are as follows. The results of Module 1 are as shown in Figure 10, and the results of classifying the BIM-based 3D model according to the object classification method presented in Figure 8 are shown. Through this module, the 3D model was divided into Zones 1 and 2, and all objects constituting each zone were extracted. In addition, after the parameter Order was added, the work order was assigned for each object.



As explained in Figure 9, Module 2 used Dynamo, and the result of executing this module is shown in Table 2. (A) The objects extracted through Module 1 were loaded into Dynamo through Room Slice, and (B) the following results were derived through user nodes constituting Activity Through Material. (2) First, through the Information Classification node, parameter data values such as object IDs, material names, and the Order of the objects constituting Zones 1 and 2 were extracted, and a daily work ID group with the name of “Object ID_Work Code_’Order’ data value” was created. (3) Next, the BIM-based 3D model was reconstructed after automatically changing the IDs of objects placed in each group to daily work IDs while maintaining other parameters of objects through the Family Change node. Through this, an *.fbx file containing all the information for each object was formed. (4) In addition, markers for each group were automatically generated through the Create Marker node.



Module 3 is configured as described in Section 3.2.3, and the results of executing this module are as shown in Figure 11. (5) The 3D model in the *.fbx format was loaded into 3ds Max to specify the reference coordinates of the model. The origin coordinates, which are the basis for the 3D model in Revit, were calibrated and designated as having x1, y1, and z1 values of 62.37, 71.94, and 0 m, respectively, based on their distance from the marker, and the coordinates of the marker were designated as having x2, y2, and z2 values of 0, 0, and 0.8 m, respectively.



As shown in Figure 11b, when a marker is installed and recognized at a designated location through an application, the three interfaces are visualized along with a 3D model corresponding to the marker. When a marker is recognized, an interface in the form of a 3D coordinate system is added to the center to indicate the installation direction of the marker. The objects in the 3D model are viewed as AR at the location of the relative coordinates designated for this interface. Therefore, when a construction worker moves to the designated coordinate position of the object through 3ds Max, the object can be seen by AR through the application of a smart device.



Figure 11c shows the screen displayed in the application after the experimenter moves. The objects are augmented 1C1_0104_1 and 1B1_10104_3, and they are augmented in a location equivalent to the existing structure. To construct a building without mistakes, not only visualized information but also information that cannot be visualized is necessary. Therefore, two interfaces are added to this module to solve these problems and improve construction worker convenience. Each interface has the following functions. The user interface, which performs the “check the notice” function displayed on the upper right side of the smart device, consists of buttons that can select the type of information that cannot be visualized entered in advance and turn on/off the visualized information as necessary. The daily work ID corresponding to the marker, technical requirements, and safety precautions for building construction of building are added to the application, and each content is displayed in the lower left corner. In addition, the work support system divides one BIM-based 3D model into multiple object groups according to the work, and automatically generates markers that match the group. Therefore, because of the nature of marker-based AR, the object being augmented varies depending on the marker, and the possibility of incorrect recognition of the marker generated in a random form may arise. To address this problem, an interface capable of removing all augmented objects without restarting the generated application is added.




5. Discussion


The algorithm constituting the construction support system using BIM-marker-based AR developed in this study provides a methodology to solve the problems in the existing system through three modules. In the first module, the room function on the 3D model created in Revit is used, and an Order parameter is added to zone the 3D model according to the construction schedule. The second module uses Dynamo to reconstruct a 3D model based on grouped objects and to creates corresponding markers automatically. The third module was developed to position markers on a construction site using 3ds Max and to align each object to that marker automatically using Unity. Through the process of specifying coordinates, markers can be recognized in an environment in which external factors that hinder marker recognition are controlled. Furthermore, the system provides a methodology to respond flexibly without coding when using BIM-marker-based AR at construction sites. In addition, the location and direction of the marker, which is composed of a simple pattern, are provided accurately through the 3D coordinate system that appears when a marker is recognized in the user interface of the application.



The system developed has automated several processes to reduce the time and effort required to implement BIM-marker-based AR. Nevertheless, there are several limitations to utilizing the system at construction sites. First, to utilize this system, a number of construction tasks should be entered into Dynamo in the form of nodes in the system. Therefore, it is necessary to reduce the work of field engineers in connection with the existing work scheduling programs. Second, because the process of creating individual markers is composed of Dynamo scripts, there is a difference in data processing time depending on computer specifications. Therefore, it may be possible to reduce the data processing time by continuously simplifying the Dynamo script. Third, the system is configured to utilize Autodesk’s Revit, Dynamo, 3ds Max, and Unity rather than a single software package. As a result, there is a possibility that some information may be missed in the processing of compatibility data for each software. The system developed in this study can observe the results of each module in the process of transmitting information between each software. However, if the data flow between different software is automated in future system development, it might be necessary to check each result in the process of inputting the output of each module into the next module. In addition, users such as field engineers should have some basic knowledge about the software such as Unity or 3ds Max to increase their utilization of the system. On the other hand, users such as construction workers need to understand how to use the application created through CWSS. If these users recognize a marker installed at a specific location once by using the application, the corresponding 3D object always will appear as an AR at the location where they should work.




6. Conclusions


AR is a technique that can make information in the real world more visible by adding virtual 3D graphics to real world images. Research has continued to be used as a communication tool between project participants through a combination of AR and BIM-based 3D models including construction project information. However, due to the various limitations caused by the characteristics of the construction site, paper drawings are still widely used as the main communication tool between participants. Therefore, in this study, a method for automatically generating a marker corresponding to the information of a 3D model designed with BIM was developed. Based on this, a BIM-marker-based AR CWSS was designed that is applicable to construction sites to improve the utilization of the BIM-based 3D model.



The algorithm for the work support system developed in this study is composed of three modules. The first classifies group configuration objects of the BIM-based 3D model by work. The second reconstructs the 3D model for each group and automatically generates individual markers corresponding to each object. The third utilizes 3ds Max to specify the marker position and Unity to implement AR through the automatic matching of 3D model objects and markers. The field applicability and accuracy of the developed system were verified by projecting BIM-based 3D model objects of the building and related work information about the existing building into the developed marker-based AR. It was confirmed that the system operates properly and that the 3D model and work-related information are shown in AR on an accurate scale at an accurate location.



In the process of developing the three modules constituting the proposed algorithm, the following research results were obtained. First, by using a methodology for zoning BIM-based 3D models to suit the direction of construction projects, it is possible to distinguish the objects to be worked on in detail according to the order of work easily and efficiently. Second, one can reduce the time and effort spent on the processes of the reconstruction of BIM-based 3D models and generation of individual markers, which are limitations of the BIM-marker-based AR implementations in previous studies, through automation. Third, the utilization of BIM-marker-based AR was enhanced by specifying the physical installation location of the marker at the construction site using 3ds Max. In addition, the existing process, which requires substantial time and effort, was improved through automatic object-marker matching through Unity, and the communication effect between project participants was enhanced through visualization of information that cannot be visualized through the interface. The development results of this system are expected to increase the possibility of expanding the application of BIM-marker-based AR not only in the construction process but also in the entire building life cycle.
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Figure 1. Research procedures and scope. 
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Figure 2. AR application in earthwork stage [18]. 
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Figure 3. Graphical scripting for surface classification with Dynamo [29]. 
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Figure 4. Rebar measurement by marker-based AR [8]. 
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Figure 5. Visualization of member information using Unity [38]. 






Figure 5. Visualization of member information using Unity [38].



[image: Sustainability 15 03222 g005]







[image: Sustainability 15 03222 g006 550] 





Figure 6. Overview of BIM-marker-based CWSS. 
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Figure 7. BIM-marker-based AR system algorithm. 
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Figure 8. Classification method by the work order of each object. 






Figure 8. Classification method by the work order of each object.



[image: Sustainability 15 03222 g008]







[image: Sustainability 15 03222 g009 550] 





Figure 9. Three-dimensional reconstruction and automatic marker creation system by Dynamo. 
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Figure 10. Divide 3D model by zones through Module 1. 
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Figure 11. (a) Implementing a BIM-based AR application, (b) marker recognition through application, and (c) AR visible in the application. 
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Table 1. System configuration of software and hardware.
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Application Software and Hardware

	
Version

	
Function






	
Software

	
Autodesk Revit

	
2019.2

	
Classifying objects




	
Autodesk Revit, Dynamo

	
1.3.4

	
Reconstructing BIM 3D model

Generating markers automatically




	
Autodesk 3ds Max

	
2020.3.6

	
Designating reference coordinates




	
Unity

	
2020.3.12.f1

	
Creating an application




	
Hardware

	
PC

	
CPU

	
AMD Ryzen 5 3600

	
Driving system




	
RAM

	
16.00GB




	
GPU

	
NVIDIA GeForce GTX 1660 SUPER




	
Smart Device

	
More than Android 7.0

	
Testing system




	
Samsung Galaxy S9

	
Android 10.0
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Table 2. Reconstructed BIM and auto-generated markers through Module 2.
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Schedule of Object & Corresponding Markers






	
(2)

	
(3)

	
(4)




	
Zone

	
Object

	
Order

	
Count

	
Work Code

	
Object ID

	
Marker




	
Before

	
After




	
Zone 1

	
Column

	
1

	
4

	
0104

	
 [image: Sustainability 15 03222 i001]

	
 [image: Sustainability 15 03222 i002]

	
 [image: Sustainability 15 03222 i003]




	
1C1

	
1C1_0104_1




	
Beam

	
3

	
3

	
0104

	
 [image: Sustainability 15 03222 i004]

	
 [image: Sustainability 15 03222 i005]

	
 [image: Sustainability 15 03222 i006]




	
1B1

	
1B1_0104_3




	
Girder

	
2

	
2

	
0104

	
 [image: Sustainability 15 03222 i007]

	
 [image: Sustainability 15 03222 i008]

	
 [image: Sustainability 15 03222 i009]




	
1G1

	
1G1_0104_2




	
Zone 2

	
Column

	
5

	
2

	
0104

	
 [image: Sustainability 15 03222 i010]

	
 [image: Sustainability 15 03222 i011]
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2C1

	
2C1_0104_5




	
Beam

	
7

	
3

	
0104
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2B1

	
2B1_0104_7




	
Girder

	
6

	
2

	
0104
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2G1

	
2G1_0104_6
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