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اٌؼوثٝ : اٌٍّقٔ   

ا١ٌّْلح. ٠ٛفو اٌَّؼ  ٌٍّْٕئبد( FM( ػٍٝ ٔطبق ٚاٍغ فٟ ئكاهح اٌّوافك )BIMزُ اٍزقلاَ ّٔنعخ ِؼٍِٛبد اٌجٕبء )٠

ثب١ٌٍيه صلاصٟ الأثؼبك ِؼٍِٛبد صلاص١خ الأثؼبك ٍو٠ؼخ ٚكل١مخ ّٚبٍِخ ِٚفٍٖخ ف١ّب ٠زؼٍك ثبٌّْب٘ل اٌَّّٛؽخ ٙٛئ١بً. 

ِٓ ث١بٔبد اٌَؾبثخ إٌمط١خ اٌزٟ ٠زُ ئْٔبؤ٘ب ِٓ اٌَّؼ ثب١ٌٍيه صلاصٟ الأثؼبك ِّٙخ ٕؼجخ.  ٙبئٍخاٌى١ّبد اٌرؼزجو ئكاهح 

ِؼٍِٛبد اٌجٕبء ٚرم١ٕبد اٌَّؼ ثب١ٌٍيه فٟ  ِٕٙغ١خ ّٔنعخ ٠َؼٝ ٘نا اٌجؾش ئٌٝ رؾل٠ل الأٍبً إٌّطمٟ لاػزّبك اٍزقلاَ

 الاٍب١ٍخ ٌٍّْٕأ ثب١ٌٍيه ػٍٝ اٌّىٛٔبد ا١ٌٙى١ٍخ ِؼٍِٛبد اٌجٕبء ٚرم١ٕبد اٌَّؼ ي ِٕٙغ١خ ّٔنعخوورِْبه٠غ اٌجٕبء. 

اٌغل٠لح رؾل٠ل اٌؼل٠ل ِٓ ِىٛٔبد اٌّجٕٝ ِضً أٔظّخ إٌٙلٍخ اٌىٙوثبئ١خ ٚا١ٌّىب١ٔى١خ. رُ  إٌّْئبد٠ٚزطٍت اٌزؾىُ فٟ 

ؼٕبٕو اٌ فٟ إٌَٛاد اٌم١ٍٍخ اٌّب١ٙخ. ٠ؼل اٌزؼوف ػٍٝ ٌٍّْٕئبداٌؼٕبٕو اٌوئ١َ١خ ٌٍزؼوف ػٍٝ الزواػ ِٕب٘ظ ِقزٍفخ 

ح فٟ ٘نا س ِؾلٚكبثؾارُ ئعواء أٗ فٟ ّٔنعخ ِؼٍِٛبد اٌجٕبء ِّٙخ ٕؼجخ ؽ١ش ٌٍّْٕئبد اٌىٙوثبئ١خ ٚا١ٌّىب١ٔى١خ 

ِؼٍِٛبد  ِٕٙغ١خ ّٔنعخ٘ٛ رم١١ُ وفبءح ِفَٙٛ  PCMesher اٌّمزوػ زطج١كاٌؽزٝ ا٢ْ. اٌٙلف اٌوئ١َٟ ِٓ  اٌّغبي

ٚاٌزؾىُ ف١ٙب. رُ ػوٗ ٌٍّْٕئبد اصٕبء اٌزٕف١ن ؼٕبٕو اٌىٙوثبئ١خ ٚا١ٌّىب١ٔى١خ ٌااٌجٕبء ٚرم١ٕبد اٌَّؼ ثب١ٌٍيه ٌززجغ أػّبي 

 ِٕٙغ١خ اٌجؾش اٌّمزوؽخ ثبٍزقلاَ كهاٍخ ؽبٌخ فؼ١ٍخ.

Abstract: 

Building information Modelling (BIM) has been widely utilized in the Facility 

Management (FM) of constructed facilities. 3D laser scanning provides quick, accurate, 

comprehensive and detailed 3D information regarding scanned scenes. Manage massive 

amounts of point cloud data that is generated from 3D laser scanning is considered a 

challenging task. This research seeks to establish the rationale for the BIM adoption and laser 

scanning technologies in the construction projects. Scan-to-BIM focused on structural 

components and the control of new facilities requires the identification of numerous building 

components such as MEP systems. Various approaches for the recognition of main elements 

of facilities have been proposed in the last few years. The recognition of MEP facilities 

elements in BIM models is a challenging task on which limited research has been carried out 

to date. The main aim of the developed PCMesher application is to assess the efficiency of the 

Scan-to-BIM concept to track and control the MEP ceiling works. Modelling of required 

facility elements includes geometric modelling that seeks to model the facility geometry 
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element from the laser scan obtained data, such as ceiling MEP ducts from laser scan data. 

The proposed research methodology is demonstrated using an actual case study. 

Keywords: 3D Laser Scanning, High Density Point Cloud, Facility Management, Building 

information Modelling 

1. Introduction 

The most important implementation of the concept of Scan-to-BIM in the operation and 

maintenance phases is that, the documentation of the facility geometries and textures. BIM 

based documentation allows better preservation and centralization of historical records and 

guidelines to facilitate the facility maintenance and repair. As-is BIM concept is implemented 

for the analysis of the facilities performance including structural analysis, accessibility 

diagnosis and energy performance. In addition, BIM-based facility performance analysis is 

used to improve and study the facility performance. Also, for the existing facilities, as-is BIM 

models are beneficial to various facility management functionalities because of the ability of 

the superior of the 3D visualization and organized facility data in the BIM. The operation and 

maintenance of the facility elements have been improved with the BIM-based processes. BIM 

concept enables the efficient localization of the facility elements and real-time access to the 

related data, thus reducing the time and cost for maintenance phase. This research presents the 

methodology that has been developed in this research to address the research objectives and to 

provide the answers to the research questions. 

2. Facility Management 

Facility Management (FM) for the most part is troublesome and confused work. Usually, 

the facility team use paper or data sheet to record the facilities maintenance tasks. 

Nonetheless, it is difficult for facility staff to utilize the conventional 2D CAD-based data 

delineation in the facilities maintenance. Additionally, the data of same facilities maintenance 

needs to repeat the record and cause burden for facility staff. On the other hand, the BIM 

approach is connected and created for overseeing and maintaining the facilities in the review 

as 3D information models. With the combination of the BIM model with the facilities 

maintenance related data, the facility stakeholders may enhance the productivity of 

maintenance and administration work of the facilities [1]. FM has grown in the real-estate 

industry and development. To maximize profit, the organizations have to comprehend that 

they educate customers in dealing with their facilities and properties. Nonetheless, following 

and overseeing facility adequately are to a great degree troublesome attributable to the 

different facilities. 

The expected augmentation in computational cutoff points has contributed to the 

Architectural Engineering Construction (AEC) and FM industries for making and completing 

all the most compelling office and field developments. These join multi-dimensional CAD 

showing on the workplace side and 3D identifying advancements, for instance, the global 
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positioning system, total stations, radio frequency identification, ultra-wide band tracking 

systems and 3D laser scanning. It is worth noting that the most promising and recent 

development is 3D laser examining [2]. The performance control tasks in many projects 

require the 3D as planned and as assembled data composed at the object level such as floor, 

wall, column, beam, and ceiling systems. These tasks incorporate: 

 construction advance following; 

 efficiency following; 

 construction quality evaluation; 

 quality control and 

 lifecycle 3D wellbeing checking. 

On one-part, the multi-dimensional CAD packages and more recently facilities, 

infrastructure, and building information models such as BIM and ISO have been produced for 

project and facility lifecycle management [3]. 

3. 3D Laser Scanning 

Present day production lines, buildings and assembling lines can't be considered without 

various imaging frameworks for observing and controlling their mechanical procedures. These 

assignments must be robotized since the maximal dependability accomplished by people in 

the evaluation of items through dull perceptions crests at 80% [4]. Accordingly, mechanized 

visual examination frameworks have been generally utilized since the late 1980s [5]. From 

that point forward, machine vision-based examination and quality control in industry has 

developed strongly [6], and also handle control, parts distinguishing proof and mechanical 

direction and control [7]. Starting late, estimation, quality control and review in the industry 

benefitted from the implementation of the 3D strategies for portrayal and imaging [8]. The 

machine vision advancement contraptions at diminished expenses and also their scaling down 

and joining in modern procedures, have animated the usage of 3D imaging frameworks in 

industry [9].   

3D data collection systems have been conventionally requested into contact and 

noncontact methods. Contact devices must touch the protest surface with the mechanical 

sensor, for instance, Coordinate Measuring Machines (CMM), rolls or computerized arms 

using mechanical tests. On the other hand, noncontact devices depend on attractive, acoustic 

or optical principles to gain the 3D required data from the scanned elements. Noncontact 

methods are ordinarily separated into idle and dynamic [10]. The previous methods, which use 

common or encompassing illuminate the scene, incorporate strategies, for instance, stereo 

vision and photogrammetry, among others. Instances of dynamic 3D imaging methods 

incorporate the laser scanning, time of flight, interferometry, shape from shadows, and 

photometric stereo. A momentous number of the imaging methods have shown proper 

implementation in a wide arrangement of the industrial projects‘ procedures [10]. 
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The most regularly utilized 3D imaging frameworks in industry depend on dynamic 

strategies, particularly when these frameworks are required to be implemented in cruel 

conditions where latent techniques are contrarily influenced by surrounding or ambient light. 

The 3D imaging strategies for the industry quality examination give arrangements in the 

investigation of the surface, dimensional, basic and operational quality [11]. 3D imaging 

framework is a noncontact device which is used to quantify the range as well as the 3D 

directions of an object. 3D imaging techniques normally require the following phases to give 

an exact virtual portrayal of a protest which are [11]: an information catch arrange which tests 

the 3D world, an information enlistment organize which adjusts the different 3D views [12] 

and an information blend arrange which disentangles the adjusted perspectives into parametric 

models [13]. In industry, this portrayal is normally the contribution of strategies responsible 

for quality investigation and control, since it is achievable to get elements of the item under 

assessment. 

Assessing the execution of a 3D imaging system is a hard and tedious undertaking. 

Gaging the presence and the repeatability of predisposition in the system involves various 

estimations of a similar element under similar circumstances [14]. Endeavors have been done 

to create the standards to assess the range errors [15], which could be characterized as a 

component of elements, for example, target reflectivity, distance and edge of occurrence. 

Execution assessment of the 3D imaging framework in view of these standards utilize surely 

understood elements to acquire their profile and process the contrasts between the real 

measurements and the virtual portrayal. The 3D laser scanning advances have been displayed 

in the field of surveying and can get 3D data about physical objects of diverse shapes and 

sizes in a cost and time compelling way. Laser scanners allow a huge number of points to be 

recorded in a few minutes. As a result, these scanners perhaps are broadly utilized as a part of 

the field of archeological, architectural, and environmental surveying [16].  

3D prototyping in assembling has been done for little questions, for example, car seats. 

Notwithstanding, a similar idea has not yet been connected in the built environment 

effectively. Progressed advanced mapping instruments and innovations purported 3D laser 

scanner are empowering agents for powerful arranging, discussion and correspondence of 

clients' perspectives during the arranging, plan, development and lifecycle procedure of 

assembled and human situations. The recovery and change of urban areas from industrial age 

to knowledge age is basically a complete lifecycle prepare comprising of; arranging, 

advancement, operation, reuse and restoration. So as to improve the execution of construct 

and human condition arrangements during the recovery and change of urban areas, progressed 

computerized applications can have a significant effect [17]. 

This development is noteworthy on the grounds that it can possibly tackle the issues 

which dependably been related with the design and build of the current structures. It gives 
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better quality, speedier and more exact investigation and highlight location for the facility 

study [17]. Within the fabricated condition, the utilization of the laser scanner empowers 

computerized documentation of sites, structures and physical items for recreation and 

reclamation including social legacy. It empowers the making of instructive assets inside the 

constructed condition, and in addition the remaking of the fabricated condition. Additionally, 

it can possibly precisely record difficult to reach and conceivably risky ranges. The laser 

scanner is engaged to the physical elements to be checked and the shaft is composed over the 

obstacle in an immovably spaced points grid. The situation in 3D space of each scanned point 

of the element is set up by estimating the time of laser flight. The time of the laser flight is 

calculated as the time of the laser go from the laser device to the physical protests and back 

again to the laser device. The result is a surge of centers which involves in a huge number of 

focuses in three dimensional spaces which are a dimensionally exact depiction of the present 

object. Then, this data would be able to be changed via 3D CAD show which can be 

controlled using CAD programming, and the arrangement of the new gear can be incorporated 

[18]. 

To calculate the coverage, the area of interest has to be separated into several small zones 

with horizontal and vertical grids. The zone is considered as covered if at least one scan within 

this zone is occurred. A small zone is deemed as covered if multiple scans are conducted and 

if at least one scan delivers points with the spatial resolution at this zone and required ranging 

accuracy. The grid size has to be designed to be close to the required spatial resolution of the 

scanned data. When occlusions exist among facility elements, the parameter of coverage is 

particularly important and the required area of interest is completely covered by the scan. So, 

the scanned data spatial resolution is equal to/or higher than the needed modelling accuracy. 

The essential coverage of the scanned data relies on the facility objects and the desired level 

of details. For objects with irregular shapes and numerous details such as MEP objects. 

4. Research Methodology 

This research has been developed to understand the concept of the role of BIM with the 

consideration of the economic aspects within the construction sector during the construction 

phase. The study queries stress principally on the understanding of the method, 

methodologies, related structure of data, applications on implementing the technology, and 

integration of tools. 

4.1 3D Laser Scanning Information Requirements  

The BIM applications involve different dataset that need to be mapped in the BIM 

models. Gathering too much data is a waste of effort and time consuming and collecting 

inadequate data renders the BIM model that will be useless for the required application. So, it 

is mandatory to specify the required data for the exact BIM application before gathering the 

scan data. Identification of the data requirements contains the following requirements: 
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 Facility components. 

 Level of detail. 

 Non-geometric items. 

For the facility components that need to be modelled, the required level of details of each 

element has been identified. The level of detail term describes the degree to which the facility 

component is detailed and specified. 

4.2 Required 3D Laser Scanning Data Quality 

Recent research focused entirely on structural elements like floors, walls, beams, columns 

and ceilings. This research focuses also on other vital facility elements and particularly 

mechanical components like Mechanical, Electrical and Plumbing (MEP) ducts and pipes. 

MEP systems represent a huge amount of the construction costs and the facility value and 

therefore conjointly need to be properly managed and tracked. Knowledge of the MEP as-built 

current status is crucial for earned value management and for progress measurement. 

However, the tracking of the MEP elements has a critical and specific challenges compared to 

other structural works. First, the MEP elements could be delivered in packed configurations 

and this increase the risk of occlusions and generally produce more identification and 

recognition errors. Specially pipes and ducts, their installation in practice appears more 

flexible with respect to the positioning of the individual elements and routes compared to the 

structural elements.  

As a result, one of the main objectives of this research is to assess throughout a real and 

challenging case study the efficiency of the Scan-to-BIM system to control and track the MEP 

systems. Although the Scan-to-BIM methodology establishes some robustness and benefits, 

its performance remains challenged by the MEP element installation variability. The research 

builds a further contribution that leverages the strengths of Scan-to-BIM techniques within a 

proposed framework. Reverse engineering may be used for several applications such as 

redesign, inspection, maintenance, verification and historical archive. There are two typical 

situations for the need of re-engineering: 

 The first situation is when the documentations of the facility in service are 

unavailable, incomplete or in an incompatible form with manufacturing and CAD 

software and the required redesign and maintenance.  

 The second is when as-built shape of the complete facility or other desired parts 

are required.  

In general, the main aims of the 3D modelling form reverse engineering is to ensure that, 

the production quality control and to optimize the performances. For instance, despite the fact 

that the facility currently under construction are designed based on 3D data, they suffer the 

same lack of documentation of their accurate as-built drawings. There is always a mismatch 

between design and as-built data due to an inherent inaccuracy of the facility process and the 

tolerances of engineering techniques involved. The as-built of the facility obtained from the 
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3D model to the layout of internal features such as piping might not accurately reflect the 

design data. Therefore, the accurate implementation of reverse engineering process offers the 

stakeholders the way to ensure whether their facilities are built correctly from the very 

beginning to the end and this ultimately save time and cost. On the other hand, simulation-

based facility design approach is taking a big share at early stage of the facility design process 

while build-and-test approach comes at the last stage. After identification of the data required 

for the building objects, the quality of the required scanned data that fulfils these needs has 

been determined. In the developed framework, the following parameters have been 

implemented to measure the quality of the scanned data including; accuracy, spatial resolution 

and coverage. 

To calculate the coverage, the area of interest has been separated into several small zones 

with horizontal and vertical grids. The zone is considered as covered if at least one scan within 

this zone is occurred. A small zone is deemed as covered if multiple scans are conducted and 

if at least one scan delivers points with the spatial resolution at this zone and required ranging 

accuracy. The grid size has been designed to be close to the required spatial resolution of the 

scanned data. When occlusions exist among facility elements, the parameter of coverage is 

particularly important and the required area of interest is completely covered by the scan. So, 

the scanned data spatial resolution is equal to/or higher than the needed modelling accuracy. 

The essential coverage of the scanned data relies on the facility objects and the desired level 

of details. For objects with irregular shapes and numerous details such as MEP system objects 

such as the systems exist in the ceiling of the admin building. As presented in Figure 1, a 

higher coverage has been applied to obtain the desired model level of details. In general, the 

scan coverage should be higher to obtain more information of the facility components when 

the desired 3D model level of details is higher. 

4.3 3D Laser Scanning Data Acquisition 

The scanning factors including scanning locations, scanning instrument, the angular 

resolutions have been predefined before the scanning data acquisition. The scanning data 

coverage influence by the scanning device, the scanning locations and the angular resolutions. 
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Figure 1: Admin building Ceiling MEP system elements 

The required areas in the admin building have been covered with the spatial resolution 

and required accuracy by scan data. The scanning device contains the necessary instruments 

such as a camera to capture red, green and blue colors in order to capture other properties. In 

addition, the locations of scanning have enabled a sight line from the scanning device to the 

target required to be captured these properties. The option to enable or disable a sensor by 

setting scanning parameters has been determined according to the system components 

priorities. Having more scanning locations with shorter distances, higher angular resolutions 

and lower incident angles satisfy the desired scanning data coverage, accuracy, and spatial 

resolution. However, this scanning process causes more efforts, time consuming and produces 

redundant scanning data. So, based on Construction Engineering Technology Lab (CETL) 

team expert judgment, site study has been conducted to find the near optimum scanning 

parameters with the minimum number of scans and also satisfying the required scanning data 

quality. For a specific scanner position, the amount of horizontal and vertical repetitions 

which determine the laser scanner positions is considered to be from range 2 to 20 repetitions. 

The constraint of the max spacing is utilized to range between 4 and 6 millimeters and 60° is 

the max used incidence angle and the scanning resolution is considered to be the final 

optimization parameter [19]. 

4.4 As-Is BIM Reconstruction 

The as-is BIM model is reconstructed from the scanned data after scanning data 

acquisition. The reconstructed as-is BIM addresses all the required data that has been 

identified in the pre-scanning phase. As-is BIM reconstruction phase includes facility element 

geometric modelling and non-geometric modelling characteristics such as: 
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 The spatial relationships for the facility components. 

 The required materials. 

 The facility components surface characteristics.  

The surface characteristics of the facility objects have been associated with each laser 

scan point. Automated as-is BIM reconstruction application has been developed to replace the 

process of traditional as-is BIM reconstruction. The automated methods of as-is BIM 

reconstruction are discussed with respect to the developed framework in the following section. 

5. Results and Discussion 

BIM is rapidly penetrating the Architecture, Construction, Engineering (ACE) and 

Facilities Management (FM) sectors. However, this increase in use has been predominantly 

for new builds, as well as on the design stage of those new constructions. Yet, it has been 

argued that, the most significant value of BIM will be delivered during Facilities Management 

stage. The efforts made for Scan-to-BIM modelling, to date, been focused on large 

architectural and structural components. It is clearly necessary to extend automatic Scan-to-

BIM beyond these large components to other smaller ones, such as MEP systems components. 

MEP systems constitute a large portion of construction costs and asset value, and thus these 

systems need to be appropriately tracked and controlled. Knowledge of their as-built status is 

critical for control and earned value measurement. Tracking MEP components presents 

specific challenges compared to structural works. The strategies and developed code to model 

facility elements illustrated clearly in the next sections. 

Visualization Toolkit (VTK) is an open-source scientific visualization and computational 

geometry algorithms library. It is stable, reliable and widely used. It has been developed by 

Kitware and other parties like Los Alamos Labs and has been used in many commercial and 

open-source applications like ParaView. Point Cloud Library (PCL) is an open-source library 

specialized in 3D surface construction from a point cloud in addition to pre and post 

processing of point clouds including noise elimination and refinement. The following sections 

discuss the detailed proposed framework components. VTK has been built on Windows using 

Visual Studio and the developed code has the following components: 

• VTK Module. 

• .stl file exportation. 

• Graphics stuff creation. 

• Setting the background and size. 

• Generation of an interesting view. 

• Model Viewer. 

• Visualization. 
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The main aim of PCMesher application is to assess the efficiency of the Scan-to-BIM 

concept to track and control the MEP ceiling works of the admin building in the case study. 

Automated modelling of required facility elements includes geometric modelling that seeks to 

model the facility geometry element from the laser scan obtained data, such as ceiling MEP 

ducts from laser scan data. The application is not limited to MEP work and has been 

implemented for generating 3D model for the duct as in Figure 2. 

 
a) Point cloud of the Duct              b) Generated 3D model of the Duct 

Figure 2: Generating 3D model for the Duct 

The code implements the iso-surface extraction in the context of mesh simplification. The 

Euclidean Distance Transform (EDT) of the input mesh has been calculated and the octree has 

been adapted to the data and sampling the transform more finely near the surface of the mesh. 

The input mesh is watertight with the accurately oriented triangles. The output of this process 

is a polygonal representation and a triangulation has been obtained as well by enabling the 

flag that computes the minimal area triangulation. The 3D model has been created from the 

raw point cloud through the framework developed PCMesher application. The generated 3D 

model is used for creating as built shop drawings during operations and maintenance stages. 

The expected input is a point cloud file and the output will be .stl 3D model. The 

programming language used for this application is C++ and Windows Platform. 

PCMesher application simply use a console terminal and run the command that identifies 

the path to input point cloud file and the path to output 3D file as follows: 

 PCMesher.exe duct.obj duct.stl. 

The Mesher generates the surface mesh and invokes a window to visualize the generated 

model. PCMesher is able to compute the vertex normals defining the orientation and topology 

of the geometry, and if the input file has normals data, the PCMesher reads the normals data 
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from the input point cloud file. To visualize the model after generating it, the end user can use 

the model viewer separately using a minimal model viewer. The end user can also use a model 

viewer to visualize the model like MeshLab or simply import .stl file to AutoCAD. As 

presented in Figure 3, PCMesher use the command prompt terminal to run the viewer using 

the following command: 

VTKModelViewer.exe (path to 3D file). Ex: VTKModelViewer.exe ducts.stl  

 

Figure 3: Generated 3D model for All ceiling ducts 

Conclusion 

The critical task to perform the facility management is the lack of availability of the as-

built drawings and related documents. The investigation of multiple cases, the use of BIM 

facilitates the required maintenance work order and the faults that leads to decreasing the costs 

of the facilities management by removing the extra labor costs. Therefore, BIM supports 

bridging gap by permitting the ongoing process of transferring the data from project progress 

time to hand over phase. BIM is considered a powerful tool to manage accurate facility data 

over the engineering phase and it is adequate to support the maintenance and deconstruction 

phases data. The operational phase of the facility has been considered as the major contributor 

to its lifecycle cost. The facility management is complete in nature that covering everything 

from the preliminary study, financial management, maintenance till deconstruction. This 

research presented the PCMesher application to generate 3D model from a raw point cloud 

input. The generated 3D model is used for creating as-built shop drawings during operation 

and maintenance stages. The proposed method has been applied on a case study to illustrate 

the benefits of using laser scanning and BIM technologies in the facility management. 



48 
 

References: 

 

1. Bosche, F., Haas, C. T., & Akinci, B. (2009). Automated recognition of 3D CAD 

objects in site laser scans for project 3D status visualization and performance control. 

Journal of Computing in Civil Engineering, 23(6), 311-318. 

2. ISO Standard, ISO 29481-1:2010(E): Building Information Modeling — Information 

Delivery Manual — Part 1: Methodology and Format, 2010. 

3. Wong, J., & Yang, J. (2010). Research and application of building information 

modelling (BIM) in the architecture, engineering and construction (AEC) industry: a 

review and direction for future research. In Proceedings of the 6th International 

Conference on Innovation in Architecture, Engineering and Construction (AEC) (pp. 

356-365). Department of Civil and Building Engineering, Loughborough University. 

4. Newman, T. S., & Jain, A. K. (1995). A survey of automated visual inspection. 

Computer vision and image understanding, 61(2), 231-262. 

5. Malamas, E. N., Petrakis, E. G., Zervakis, M., Petit, L., & Legat, J. D. (2003). A 

survey on industrial vision systems, applications and tools. Image and vision 

computing, 21(2), 171-188. 

6. Golnabi, H., & Asadpour, A. (2007). Design and application of industrial machine 

vision systems. Robotics and Computer-Integrated Manufacturing, 23(6), 630-637. 

7. Blais, F. (2004). Review of 20 years of range sensor development. Journal of 

electronic imaging, 13(1), 231-243. 

8. Sansoni, G., Trebeschi, M., & Docchio, F. (2009). State-of-the-art and applications of 

3D imaging sensors in industry, cultural heritage, medicine, and criminal investigation. 

Sensors, 9(1), 568-601. 

9. Ahlers, R. J., & Lu, J. (1990, April). Stereoscopic vision-an application oriented 

overview. In Optics, Illumination, and Image Sensing for Machine Vision IV (Vol. 

1194, pp. 298-308). International Society for Optics and Photonics.  

10. Bi, Z. M., & Wang, L. (2010). Advances in 3D data acquisition and processing for 

industrial applications. Robotics and Computer-Integrated Manufacturing, 26(5), 403-

413.  

11. Sharp, G.C., Lee, S.W. and Wehe, D.K. (2002). ICP registration using invariant 

features. IEEE Transactions on Pattern Analysis and Machine Intelligence, 24(1), 

pp.90-102.  

12. Salvi, J., Matabosch, C., Fofi, D., & Forest, J. (2007). A review of recent range image 

registration methods with accuracy evaluation. Image and Vision computing, 25(5), 

578-596.  

13. Keller, Y., & Averbuch, A. (2008). Global parametric image alignment via high-order 

approximation. Computer Vision and Image Understanding, 109(3), 244-259.  



49 
 

14. Franaszek, M., Cheok, G. S., & Saidi, K. S. (2010). Gauging the repeatability of 3-d 

imaging systems by sphere fitting. IEEE Transactions on Instrumentation and 

Measurement, 60(2), 567-576. 

15. Cheok, G. S., Saidi, K. S., & Lytle, A. M. (2007, September). Evaluating a ranging 

protocol for 3D imaging systems. In Proceedings of the 24th International Symposium 

on Automation & Robotics in Construction. 

16. Singh, V., Gu, N., & Wang, X. (2011). A theoretical framework of a BIM-based multi-

disciplinary collaboration platform. Automation in construction, 20(2), 134-144. 

17. Arayici, Y. (2007). An approach for real world data modelling with the 3D terrestrial 

laser scanner for built environment. Automation in construction, 16(6), 816-829. 

18. Arayici, Y. (2010). Use of the 3D laser scanner technology in the Built Environment. 

19. Metawie, M. and Marzouk, M. (2020) ―Optimizing Laser Scanning Positions in 

Buildings Exteriors: Heritage Building Application‖ Journal of Civil Engineering and 

Management, 26(3), 304-314. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




