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Abstract

:

Among smart construction technologies, 3D laser scanning technology is used in a variety of applications, including progress measurement, quantity management, reverse engineering (RE), health monitoring, mechanical electronic plumbing (MEP), and so on, using point clouds data (PCD) in the architecture, engineering, and construction (AEC) field. This technology is one of the important data acquisition technologies in construction status to perform active project management through the complete and accurate three-dimensional and visual judgment of building acts. The surveying work for setting out a building is the first step in constructing a building; the location of the building must match the design plan for a building to be sustainable. This is because, if a location deviation exceeds the permitted range, the building must be demolished and rebuilt. When this happens, sustainable construction management is impossible due to delays in the construction schedule, increased construction costs, waste generation, and so on. The purpose of this study is to investigate a case where the accuracy of setting out a building was measured in the construction stage of a building and the building layout design was modified by RE. Although the foundation construction of the case building was in progress, it was confirmed that the setting out of the building measured using a 3D laser scanner did not match with the building layout plan. Therefore, there was no legal problem even if the layout plan is modified according to the measured results, so the building layout plan was modified through RE. Consequently, it was confirmed that a case building under construction became sustainable through RE, and that sustainable construction management was possible by preventing construction schedule delays, increased construction costs, and waste generation.
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1. Introduction


As is known, obtaining authorization from municipalities on as-built buildings is based on meeting minimum requirements defined by laws, regulations, standards, etc. And, in addition, the detailed projects must comply with a set of markings and minimums defined by the customer and/or local regulations [1]. Therefore, it is necessary to check whether various requirements are met as the project progresses. Construction engineering and management requires field structural dimension measurements for a variety of purposes, including project progress management, construction quality assessment, non-structural component development design, assembly, installation, and so on [2]. Akinci et al. [3], in their study, suggested 3D laser scanning technology as a crucial data acquisition technology to execute active project management by the complete and correct three-dimensional and visual judgement about building acts in construction status. The 3D laser scanners can be divided into three categories depending on the operating platform: the terrestrial laser scanner (TLS), mobile laser scanner (MLS), and airborne laser scanner (ALS) [3].



TLS is an efficient and reliable method to collect point clouds with diverse applications in the architecture, engineering, and construction (AEC) domain [4,5]. The 3D laser scanners can be placed on construction sites or inside buildings and data points are recorded just like a typical monitoring instrument. Here, the field data acquired are digitally converted through sophisticated software to complete the required picture. This helps architects, contractors, surveyors, civil engineers, CAD specialists, plant designers, and so on work faster and more accurately than other traditional methods [6]. The main advantages of TLS over traditional measurement technologies include having a high speed, large sampling capacity, much more information, high automation, no need for contact, and relatively high accuracy [5]. A study by Wu et al. [6] suggested that the five major applications of TLS are 3D model reconstruction [7,8,9,10,11,12,13,14,15,16,17,18,19], object recognition [1,18,20,21,22], deformation measurement [23,24], quality assessment [2,3,21,23,25,26,27,28,29,30,31,32,33,34,35,36,37], and progress tracking [18,22,38,39,40,41,42]. Additional applications to these applications could be included, such as urban area [43,44,45], quantity management [46], reverse engineering (RE) [47,48,49,50], health monitoring [32,51,52,53,54,55], mechanical electronic plumbing (MEP) [50,56,57], and so on.



Setting out a building on a site, which serves as a layout process, is a process to ensure that work elements such as building corners, wall lines, or boundaries are constructed at the correct location and level according to the design plan [58]. That is, setting out can be defined as setting marks and lines to define the location and height of key points so that construction can be carried out [59]. The surveying work for setting out is the first step in constructing any building. This work was carried out using specialized and expensive surveying instruments to minimize deviations in the constructed area from the information provided in the design plans [60]. If the design plan and the location of the constructed building do not match and the deviation of the building location exceeds the permitted limit, this building is illegal, which means it cannot be used and must be demolished. Therefore, in order to be a sustainable building, the location of the building must coincide with the design plan.



Walker and Awange [59], in their book, suggest that the two main purposes for setting-out surveying are: (a) to place the building structure in the correct relative and absolute location—this means that the structure must be the correct size, in the correct planning location, and at the correct level; and, (b) In order to minimize construction costs and delays, construction must be carried out quickly in an efficient manner, but must be thoroughly inspected. As stated in the results of a questionnaire survey conducted in South Korea in November 2023 about the importance level of setting out a building on the contractor’s field engineers and construction managers, 71 out of 91 (78%) field engineers and 66 out of 87 (77%) construction managers responded that it is important. In addition, after the initial phase of the setting-out survey of the site was completed, 87 out of 91 (95.6%) field engineers and 81 out of 87 (93.1%) construction managers responded that they directly confirmed the building location. Moreover, when asked whether an instrument such as a 3D laser scanner that they can directly handle is necessary, 75 out of 87 (86.2%) construction managers and 87 out of 91 (95.6%) field engineers responded that it is necessary. However, there was no way for the contractor’s field engineers to directly confirm the main setting-out line of the building after the surveyor marked the reference point for indicating the location of the building on the site. The method of confirming the main setting-out line of the building depended on the help of a surveyor or the reconfirmation by a foreman of the frame carpenter. Therefore, the contractor’s field engineer directly confirms whether the building location on the site matches the layout plan drawing, and, if it does not match, rearranges the building location or, if building construction is already in progress, determines whether it is legally permissible and modifies the layout plan drawing to match the actual building location. Thus far, in the construction field, there has been research conducted on RE on structural deformation for defect inspection and structural construction precision for finishing. However, there has been no research conducted on RE that uses a 3D laser scanner to confirm the setting out of a building on site, and then modify the layout design drawing using the scanning results.



Therefore, this study aims to measure the accuracy of the setting out of a building in the construction stage and investigate a case where RE was performed when the building layout design was modified because the permitted deviation legally exceeded to allowed amount. The structure of this study is as follows: Section 2 reviews three fields that are strictly connected to this study, that is, 3D laser scanning technology, RE using 3D laser scanners, and the application of 3D laser scanners to setting out a building; Section 3 presents a situation that applies a 3D laser scanner to a real project for checking the accuracy of setting out a building and RE that reflects the results in the building layout design; in Section 4, we discuss how a sustainable building can be achieved by ensuring the accuracy of setting out a building, which is one of the most important processes in the early stages of building construction through a case study; and, finally, Section 5 discusses the results, future research, and limitations of this study.




2. Literature Review


2.1. 3D Laser Scanning Technology


In particular, the rapid increase in the application of building information modeling (BIM) in recent years has suggested ways to apply various reality capture technologies to the construction field. These applications range from monitoring and managing construction projects to preparing as-built/as-is documents, and more [4]. The 3D laser scanner, which is a ground-based 3D reality capture technology, is the technology used to create detailed and accurate 3D building models. The 3D laser scanner can scan from multiple directions inside and outside the target building by adjusting the laser beam and record target points’ information including the X, Y, and Z co-ordinates, as well as information such as color, lighting, and so on [2], and utilizes time-of-flight or phase-based distance measurement principles to generate dense 3D point clouds of its surrounding [4], as shown in Figure 1.



As shown in Figure 2, 3D laser scanning uses a spherical co-ordinate system built inside the laser scanner along with the laser distance measurement method to achieve the measurement goal. Typically, the laser ranging beam has two mutually perpendicular axes around which it rotates and measures. The intersection of the rotation axes is the origin of the internal co-ordinate system, the horizontal rotation axis of the ground is the Y-axis, the X-axis is perpendicular to the Y-axis in the horizontal plane, and the Z-axis is perpendicular to the horizontal scanning plane, forming a right angle as shown in Figure 2. Considering an individual spatial point P, the distance between point P and the built-in co-ordinate origin O could be captured easily. The built-in laser scanner co-ordinate system is based on this; the absolute position of point P in the geodetic co-ordinate system that is expressed by (Xp, Yp, Zp) can be calculated by the co-ordinate transformation.



The 3D laser scanners are divided into three categories depending on the operating platform: the terrestrial laser scanner (TLS), mobile laser scanner (MLS), and airborne laser scanner (ALS) [3]. Among the three laser scanners, TLS is an efficient and reliable method for collecting point clouds which have a range of applications in the architecture, engineering, and construction (AEC) domain [4]. MLS can greatly improve the scanning efficiency and secure more data coverage, but the disadvantage of MLS is that it has a lower precision than TLS [3]. Due to complex indoor environmental problems, ALS is generally not used for data collection within buildings, but rather is utilized for large-scale data collection [46].



Therefore, Aryan et al. [5], in their study, suggest that the single-point accuracy of TLS is at the mm level and below, and the technology can measure millions of points in a matter of minutes. Moreover, TLS is suitable for the many fields of application, which include as-built/as-is documentation, construction activity monitoring dimensional quality control, asset monitoring, RE, cultural heritage recording, and urban planning, in the architectural, engineering, construction, and facilities management (AEC/FM) sector.




2.2. RE Using 3D Laser Scanner in Construction


Geng and Bidada [60] defined that RE is a systematic process that extracts design information from an existing product. Moreover, Bradley and Currie [61], in their study, presented that RE technology creates digital models using data collected from existing objects. Their interesting application areas of RE include the fields of computer arts, medical, dentistry, design/product development, manufacturing/product validation, and cultural heritage.



To obtain design information, accurate geometric data collection, also known as digitization, is always considered the starting point for any RE process [60]. Geng and Bidada [60] divided RE technologies into three types: the contact method, non-contact method, and hybrid method. Contact methods were subdivided into manual measurement, the co-ordinate measuring machine, and the numerical control-based machine; non-contact methods were subdivided into active and passive; and hybrid methods were subdivided into contact integrated with non-contact, and non-contact integrated with non-contact. As mentioned earlier, 3D laser scanners are an efficient and reliable method for collecting point clouds which have a range of applications in the AEC domain and, compared to traditional measurement technologies, 3D laser scanners are instruments with the advantages of having a high speed, large sampling capacity, much more information, high automation, no need for contact, and relatively high accuracy. Therefore, the 3D laser scanner can be said to be the most suitable instrument for RE technology.



Works of research have been conducted on RE using 3D laser scanning technology in the construction industry by applying it to quality control [62], structural diagnosis and evaluation [47,48,49], and pipes in plant construction [50], Even though plant construction projects must deal with complex 3D piping information, Korean construction companies rely on 2D CAD drawings for construction and quality control, which often causes serious problems such as construction delays and reduced productivity. Therefore, Lee et al. [51] proposed an RE algorithm that can measure the precision of pipes by comparing 3D shape information obtained from the 3D laser scanner and the 3D CAD model. Helle and Lemu [62] surveyed the literature to map the possibilities and challenges associated with methodologies and technologies using 3D scanning for RE and production control. Their case study on RE using a portable 3D laser scanner is performed, to be compare with the results from the existing literature. The case study results in that using 3D scanning for RE purposes have been shown to be best suited for components with complex geometries, such as free-form surfaces that are difficult to measure manually. Jang et al.‘s study [49,50] introduced an evaluation system utilizing RE using a 3D laser scanner. The advantage of the proposed system was that it allows the rapid and extensive inspection of structures for defects. Moreover, the proposed technology could secure data objectivity for emergency inspection technology compared to existing technologies. In a study by Lee et al. [51], a method to derive accurate building condition grading results was proposed because the evaluation results differ depending on the inspector’s judgment, have low objectivity, and lack reliability. Building defect data were collected using a reverse-engineered 3D model, and then compared with actual evaluation results to verify the accuracy of the results. The results showed a time savings of 50% over the same area with an approximately 90% accuracy. As mentioned earlier, the RE research using 3D laser scanning technology performed so far includes quality control, structural diagnosis and evaluation, pipe application in plant construction, the measurement of parts with complex shapes, structural defect inspection, a method to derive accurate building condition grading results, etc. There is no research on fundamental issues such as whether the building can continue to be constructed or whether it is legally unsatisfactory and must be demolished and rebuilt. In the future, RE using 3D laser scanning will be able to realize sustainable buildings in the construction industry by reducing costs, manpower, waste, and material losses by using building designs suited to site conditions, precise construction fitted to the building design, and building maintenance.




2.3. Application of 3D Laser Scanner to Setting out a Building


Setting out a building is the first step in constructing any building. This complex task has been carried out using specialized and expensive surveying instruments to minimize deviations in the construction area from the information provided in the design plans [63]. But, according to a questionnaire survey, which has been mentioned previously, conducted on construction field engineers and construction managers in South Korea, 82.5% of respondents responded that an architectural field engineer or a surveyor of a professional surveying company should check the accuracy of the building layout. Although the range of instruments currently available to the engineer or surveyor is very wide, the traditional surveying instruments such as the theodolite and level and steel tape would not be completely removed from the construction sites due to technical and cost considerations.



Figure 3 shows the RE procedure of checking the setting out of the building using a 3D laser scanner proposed in this study and making decisions by comparing the scanned 3D model with the building layout plan or BIM model and the flow of various data. The processes of checking the setting out of a building using 3D laser scanning is explained in detail as follows: First, the owner or client stores the data about the building created by the architect and surveyor in a database. Second, the operator prepares to perform 3D laser scanning. A plan should then be established, including selecting a 3D laser scanner suitable for the construction site environment and building characteristics and selecting an appropriate position for scanning. At this time, various data, such as the design drawings and topographic surveying drawings to be compared with the scanning results and control surveys and benchmark locations for scanning, should be checked. Third, the building data in the form of point cloud data (PCD) are acquired through scanning, and PCD for each 3D laser scanner position are combined to create a complete 3D model. When a complete 3D model is completed, if the building drawing is in the form of a 2D drawing in the database, the 2D drawing is extracted from the 3D model and compared, and, if it is in the form of a BIM model, the result is derived by comparing it with the 3D model. Fourth, if the deviation tolerance is within the permitted range, we proceed with construction as is, and, if corrections in the construction site are needed because the deviation exceed the permitted range, it is communicated to the construction site for correction. However, if construction is in progress, the building under construction is demolished and restarted from initial surveying stage, or, if RE is legally possible, the comparison results are delivered to the owner or client so that RE can be performed.





3. Field Application


3.1. A Case Description


Checking the setting out of a building on the site is ideally carried out at the beginning of construction, but, in this case, it was carried out after the foundation construction of the building was completed. Therefore, it was easy to check whether the setting out of the case building was different from the building layout drawing, because 3D laser scanning made it possible to see the building under construction. When checking whether the setting out of the case building was accurate, the 3D laser scanning results were compared with the topographic surveying drawing of the site and the case building layout plan. If the deviation exceeded the permitted range, the building foundation constructed will be demolished or RE will be executed to reflect the current location of the case building. At this time, it must be confirmed that the building layout plan that has been changed has no legal violations. The building of this case study is shown in Table 1.



In this case study, 3D laser scanning work was performed using Trimble’s TLS instrument, X7, and the specifications of the 3D laser scanner used are shown in Table 2. In addition, in consideration of the compatibility between the collected data, the software used was Trimble’s Realworks (version is 12.2) [64], which is provided by Trimble as the 3D laser scanner used in this study. Since the design drawings of the case building were drawn using Autodesk’s AUTOCAD, the 3D laser scanning results were extracted into 2D drawings and compared with the reference 2D drawings.




3.2. Scanning Process of Setting out the Case Building


To compare the building layout plan and the setting out of the case building under construction, the 3D laser scanning process was as shown in Figure 4, and the position of the scanner instrument scanned was as shown in Figure 5. In this study, a total of 73 scanning operations were conducted on construction sites using a 3D laser scanner to build 3D models. The time required for the 73 scanning station points was approximately 3 h, with each station taking about 1–2 min for the measurement. Additionally, the measurement range of the 3D laser scanning equipment was from 0.6 m to 80 m. When the minimum measurement range is 0.6 m, the lower shooting range of the equipment is limited to 270°. Therefore, considering the measurement range of the equipment, as well as factors such as columns, walls, and obstacles to measurement, the scanning operations were repeated at 73 scanning points around the construction site using the same process at multiple locations. Although the scanning time of 73 points is lengthy, it increases the overlap between multiple point cloud datasets, aiding in the alignment of the generated 3D model, enhancing accuracy, and reducing scanning shadows. Accuracy, in this context, refers to the combination of point cloud datasets generated for each scanning station point to create one complete point cloud dataset, i.e., one complete 3D model, with fewer errors. Although capturing multiple data from the same location for 3D model construction can affect the number of points constituting the 3D model, it does not contribute to improving the accuracy. This is because the accuracy of the 3D model is determined by the density of laser points transmitted and received in the same area, rather than the number of operations. Furthermore, unnecessary data collection from the same location was not performed within the designated operation time for 3D laser scanning. Therefore, in this study, 73 operations were performed at various locations around the construction site, collecting 5 million points per operation as the precision of laser points transmitted and received by the 3D laser scanner. This process is explained in detail as follows: First, various materials about the case building are collected, that is, design drawings, control surveying, bench marks, and topographic surveying drawings. Second, we make a preparation plan for the 3D laser scanning operation; that is, we make a preparation plan by considering the construction site schedule, including the position of the scanner for scanning and the scanning schedule and so on. This is because, at a construction site, as various types of work are executed in a complex manner, many materials, temporary works, and equipment used in the work are distributed on the site, and these objects create shadow areas that obscure data during the 3D laser scanning operation and this area may deteriorate the data quality. In addition, we set the scanner according to the time required to collect the data and the purpose of the data usage. If there is a lot of data collection time or there is a need to minimize errors such as flatness and verticality, we set the data collection density of the 3D laser scanner to be higher, and vice versa for if there is little data collection time, or if there is a need to approximate the building’s layout on the site or the identification of building members, etc. When used to analyze information about the shape, the data are acquired quickly by lowering the data collection density of the 3D laser scanner.



Third, the data are acquired through 3D laser scanning using the planned position and path and the scanner’s set values. During the data acquisition process, the co-ordinate points for analysis can be set as needed. The reason for this is that, if the position point cannot be set, such as the loss of the traverse point on site as shown in Figure 6b, secondary position points are marked at the center or corner of the column, the wall of the existing surrounding building, and secondary position points that can be confirmed in the drawing, as shown in Figure 6a. It can be used as a reference point in the comparing process. Fourth, registration is performed to produce point cloud data (PCD), one 3D model, of point clouds collected from multiple scanning positions.




3.3. Results of 3D Laser Scanning


In this study, the results of applying the 3D laser scanning technology to a construction site are shown in Figure 6. The point cloud was collected from a total of 73 scanning positions, and the collected data were registered using Auto-Registration provided by Trimble’s Realworks. Figure 7 showed the noise generated in PCD for a moving object (tower crane) during 3D laser scanning. Although efforts have been made to improve the quality of the result of 3D laser scanning (Figure 7), it revealed that clear identification is difficult to achieve due to limitations in the software’s ability to accurately identify objects in their true colors.



As a result of the combination of each PCD, the combining error between the point clouds of each position was found to be 3.42 mm. It was confirmed that this combining error was similar to the instrument error of 3.5 mm. In addition, the reason for the combining error may be that the movement of tower cranes, workers, vehicles, etc. in the data collected during construction occurred while operating the 3D laser scanner, causing errors in the points used for registration.



In order to utilize the PCD created using the 3D laser scanning technology in this study, it is essential to set reference co-ordinates between the drawing and the PCD. However, the traverse point, which is mainly used for comparison, was lost during construction, so a reference point was created at the center of the column, as shown in Figure 6a, and a comparison between the drawing and the PCD was performed. Accordingly, when a comparison was conducted with the center of column inside the building, it was confirmed whether the location of the building or roads that had already existed matched the locations on the layout plan.



As shown in Figure 8, the topographic surveying drawing was compared with the PCD, and the layout plan was compared with the PCD as shown in Figure 9. As a result of the comparison, it was confirmed that the topographic surveying drawing was consistent with the PCD collected from the site, but the layout plan showed that the road on the east side of the site and the existing building on the north side of the site was different from the drawing. As a result of comparing the layout plan and the PCD, it was found that there was a minimum difference of 881.90 mm and a maximum of 1570.31 mm based on the center of the road, as shown in Figure 10. This shows that, when comparing the center lines of the road, the buildings under construction in the east moved to the west in the layout plan. As a result, the topographic surveying was performed normally and the topographic surveying drawing was created, but it is believed that the building layout plan was created without comparing the building layout plan and the topographic surveying drawing, and the setting out of the building for construction work is wrong because the building layout plan was created incorrectly.




3.4. RE of Building Layout Design


It was confirmed that the setting out of the case building did not match the location of the building layout plan by checking the error through overlapping the building layout plan drawing and the 3D model of the building and site obtained through 3D laser scanning, with the result that it was moved an average of 1226 mm to the west of the site. Therefore, in a situation where the building had to be demolished and rebuilt, it was inevitable that demolition costs, waste disposal costs, and construction schedule delays would occur. Therefore, whether the location of building currently under construction was outside the site boundary or violated the building act was checked firstly. Fortunately, it was not the worst-case scenario as it did not deviate from the boundary line of the site or violate the building act, and it was judged that continuing construction would be sustainable construction. The reason is that preventing construction delays, increases in construction costs, and waste generation can all be considered sustainable construction. Therefore, the plan to modify the building layout plan according to the results of checking the setting out of the building using a 3D laser scanner was presented to the client, and RE was performed to modify the building layout plan. The RE results are presented in Figure 11. As shown in Figure 11, the road location and the location of the existing building shown on the building layout plan was also modified. Furthermore, regarding the costs, detailed comparisons were not feasible due to the absence of data based on cost estimation. However, considering factors such as the number of instruments used and the involvement of professionals, it is estimated that the costs incurred would be similar to or lower than those of traditional methods.





4. Discussion


In this study, the accuracy of the setting out of the building on a site was confirmed using 3D laser scanning, and, if it exceeded the permitted range, the process of solving it through RE was studied. The analysis of the case presented in this study revealed that errors occurred not during the surveying phase but during the design phase in the initial construction of the building. This was confirmed by comparing the PCD acquired from the construction site with the surveying drawing, where errors were not found in the topographic surveying drawing but were found when compared to the building layout plan. As a result, by modifying the layout drawings to achieve an alignment between the design and construction, this study facilitated the co-ordination between the design and construction phases and demonstrated the potential of the 3D laser scanning technology proposed herein in addressing issues arising in construction projects. Therefore, utilizing 3D laser scanning technology from the early stage of construction, such as building layout verification, can contribute to the realization of sustainable buildings. And it was possible to confirm that sustainable construction management and a sustainable environment could be achieved by preventing construction delays, increased construction costs, and waste generation.



To date, many studies have already shown that 3D laser scanning technology can be used in a variety of ways in the construction industry. In addition, it could be applied in a variety of ways in the field of RE, but, in this study, it was confirmed that it is also useful for setting out buildings on a site in the early stages of building construction or checking whether the setting out of a building matches the building layout plan. In addition, it is not limited to the setting out of the building, but can be applied in a variety of ways, such as checking the base lines in the building construction, checking the location of members such as columns or walls that have completed construction, or checking the location of pipes.



The most important thing here is that the existing surveying method or GPS confirms a specific point, and the 3D laser scanning method allows for a comparison with the CAD drawing in a three-dimensional method at once. In addition, while existing surveying methods and GPS methods require expert knowledge of surveying, anyone can use the 3D laser scanner as long as they know how to operate the scanner and the related software. Especially, Gimeno et al. [63] conducted a study on applying augmented reality techniques (ARTs) to the setting-out management and stated the efficient quality/cost trade-off for setting-out purposes in actual construction sites. It can be said that the setting-out management by applying ART has limitations when an actual building is constructed. In other words, it is judged to be just appropriate for marking the building layout on site.



It is believed that various surveying tasks performed after control surveying can be performed using a 3D laser scanner. It is believed that these tasks can be performed without error even if architectural engineers or construction managers are not professional surveyors, if they know how to operate a 3D laser scanner and the related software, so errors in the field can be minimized. However, the price of 3D laser scanners and the related software is quite high; it is quite expensive to own and operate the instrument at each building construction site, and it takes a lot of time to learn how to operate them, so there is a limit to their spread. Consequently, it would be necessary to compare the cost of applying a 3D scanner to the building construction project and the costs that may arise due to errors in the setting out of the building, etc.; here, the costs that may arise due to errors in the setting out of the building are quite difficult to measure. This is because the costs range from re-establishing the main base line of the building, to demolishing the constructed building in the worst case, and then rebuilding the building. However, anyone can see that, if the problem is resolved early, by using a 3D laser scanner to confirm initially, and then resetting out the building or implementing RE in building layout plan drawing, the cost is extremely low, and they can determine and select which option could lead to a sustainable building and sustainable construction management.




5. Conclusions and Future Research


In this study, a case study was conducted to use a 3D laser scanner to check whether the setting out of a building under construction matched with the building layout plan, and to resolve the deviation of the setting out of the building through RE when the deviation exceeded the permitted range. The 3D scanning technology is very effective in checking the setting out of the building because, if there is a BIM model of the building, it can be checked by comparing the BIM model with a 3D point cloud model, and, if there is only a 2D drawing of the building, it can be checked by comparing the 2D drawing with a 2D drawing which is be extracted from the point cloud data.



Although the 3D laser scanner and the related software have the disadvantage of being quite expensive and requiring learning to operate them, architectural field engineers or construction managers can handle them even if they are not professional surveyors, and they can be useful in various fields such as progress measurement, quality control, and so on, until the building construction project is completed. Ultimately, construction costs, construction time, manpower, and waste can be reduced by reducing construction management errors using 3D laser scanning technology, which will play a major role in sustainable construction management.



In future research, the scope of the application of 3D laser scanners will be able to be expanded even further if research is conducted not only to confirm the setting out of a building but also to check the location or size of each member of the building and use it to create as-built drawings.
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Figure 1. Generating 3D point clouds by 3D laser scanning. 
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Figure 2. Local co-ordinate of the 3D laser scanner. 
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Figure 3. Proposed RE procedure of setting out a building. 
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Figure 4. 3D laser scanning process. 
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Figure 5. 3D laser scanning position for scanning. 
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Figure 6. Set a secondary position and primary position: (a) marking the secondary position on column; and (b) primary position on road. 
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Figure 7. Result of point cloud adjusted to real color through 3D laser scanning. 
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Figure 8. Comparing the topographic surveying drawing with point cloud data. 
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Figure 9. Comparing the building layout plan with point cloud data. 
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Figure 10. Detail of comparison between the building layout plan and PCD: (a) maximum difference detail; and (b) minimum difference detail. 
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