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ABSTRACT: 

 

In this paper we proposed a methodology that describes the major steps of a scan-to-BIM process. The methodology includes six 

steps: (1) classification of considered elements, (2) definition of required level of detail (GI), (3) scan data acquisition, (4) point 

cloud registration and segmentation, (5) as-built BIM creation and (6) analysis. The examples of the application of the proposed 

methodology are demonstrated by creation of as-built BIM models for existing industrial sites and historic buildings. As the results 

of these case studies have shown, the proposed methodology can be used for as-built BIMs without any prior information. 
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1. INTRODUCTION 

Building information modelling (BIM) became very popular 

technology in the civil engineering and asset management 

industries in recent decades (Ghaffarianhoseini et al., 2017). 

BIM helps civil engineering specialists and asset managers to 

support all information/knowledge about the assets throughout 

its lifecycle, from beginning to demolition, which allows talking 

about the emergence of digital assets (Volk et al., 2014; Roberts 

et al., 2018). Accurate graphic and adequate attribute 

information in BIM-models are the key factors to successful 

BIM implementation especially in operation and maintenance 

phase of asset lifecycle (Kivits and Furneaux, 2013). Most of 

the existing assets do not have any BIM-model, which for 

existing building is known as as-built BIM-models (Tang et al., 

2010). To resolve such a problem of a digital model absence, 

the laser scanning technologies have been widely adopted in the 

as-built BIM creation industry (Pärn et al., 2017; Badenko et 

al., 2018a, Badenko et al., 2018b). Thus, creation of the as-built 

BIM-models can be based on laser scanning data used to obtain 

accurate building parameters, primarily geometric, and this 

process is called as the scan-to-BIM process (Bosché et al., 

2015). 

The main advantages of the laser scanning technologies are 

characterized by high geometric accuracy (up to millimetres) 

and very fast measurements (up to one million points per 

second) in comparison to traditional optical and satellite 

geodetic methods. The output from laser scanning is similar to 

the data obtained from photogrammetric surveys and includes 

high resolution images, 3D point clouds with triangulated 

surface models and textured surface models. All type of laser 

scanning technologies (terrestrial, mobile and airborne) 

provides an accurate, efficient and easy to use solution for 

acquiring 3D data required for as-built BIM-models. Thereby 

laser scanning technologies have great prospects for use in the 

creation of as-built BIM-models. However, the relatively high 

cost of the laser scanning technologies for as-built BIM 

application should be considered. Mentioned perspectives are 

especially clearly recognized when analyzing widely 

represented in the literature (Dore and Murphy, 2017; Pocobelli 

et al., 2018; Fateeva et al., 2018) results of the creation of the 

BIM-models for an historic buildings (HBIM). Also, at present, 

the importance of as-built BIM-models for creating digital twins 

or digital assets for existing industrial plants is increasing due to 

the downward trend in the cost of laser scanning technology 

(Whyte et al., 2016; Son and Kim, 2017; Nguyen and Choi, 

2018; Roberts et al., 2018). 

Various studies have been conducted on the as-built BIM-

modelling of industrial objects. For example, an improved 

technique for the on-site dimensional inspection of the piping 

systems of an industrial plant have been proposed (Nguyen and 

Choi, 2018). However, despite the high recognition rate some 

objects remained unrecognized due to poor scan station 

planning. 

The related works review showed that the research is mainly 

focused on specific technology stages of as-built BIM 

technology, for example the pipe recognition, but the whole 

BIM-modelling process is not clearly described because of 

missed specification of important steps. 

Therefore, the objective of our research is to propose an 

adaptive method for modelling existing facilities and analysing 

obtained models, which can be easily repeated. The method can 

bridge some gaps in existing technologies. The study would 

outline opportunities and challenges for the use of BIM in both 

industrial and heritage practices. Also scan-to-BIM 

methodology adapted for different application including 

creation of as-built BIM-models for existing industrial sites and 

historical buildings is demonstrated. 

 

2. METHODS  

Figure 1 shows proposed methodology including six steps:  
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(1) classification of elements that will be considered when 

creating an as-built BIM-model for an existing building/asset; 

(2) definition of required level of details for elements 

considered including level of geometry accuracy and attributes 

information fullness (GI);  

(3) definition of scanning parameters including type of scanner, 

optimization of the number of scan positions for scan-to-BIM 

procedures, and acquisition of laser scanning data;  

(4) these scans acquired (several specific point clouds) must be 

combined and registered in the same coordinate system to 

obtain the complete united point cloud that is a point model of a 

real building/asset;  

(5) processing of this laser scanning point cloud, with 

information about the 3D coordinates of the points, the intensity 

of the reflected laser beams and RGB colour, for the generation 

of an as-built BIM-models using number of specific software; 

(6) analysis and usage of the BIM-model obtained. 

 

 

Figure 1. Six steps of the proposed methodology 

Some comments for each step of the proposed methodology are 

following below. 

The result of the first step is a description of the elements of 

building in a standardized form. These considered elements of 

existing building are elements that should be included in the as-

built BIM-model on the fifth step. A list of types of such 

element should be identified using a certain building element 

classification system. There are numbers of such classification 

systems, for example: MasterFormat, UniFormat, Uniclass, etc. 

(Volk et al., 2014; Antón et al., 2018; Wang et al., 2019). We 

decide to use OmniClass classification system because it is 

incorporated inside a number of 3D BIM authoring software 

e.g. Revit (Saleeb et al., 2018). Figure 2 shows example of 

OmniClass classification (OmniClass, 2019). 

 

 

Figure 2. Example of OmniClass classification 

OmniClass is designed to provide a standardized basis for 

classifying information created and used by the North American 

architectural, engineering and construction (AEC) industry, 

throughout assets lifecycle and encompassing all of the different 

types of asset. OmniClass is intended to be the means for 

organizing, sorting, and retrieving information and deriving 

relational computer applications. OmniClass consists of 15 

hierarchical tables, based on ISO 12006-2 (Organisation of 

Information about building Works – Framework for 

Classification) each of which represents a different facet of 

construction information. The depth of levels of the tables 

varies from two to eight levels of hierarchy and each table can 

be used independently to classify a particular type of building 

information (Leite and Akinci, 2011).  

In the second step, the specific level of model details (LOD) is 

determined. The concept of LOD is widely discussed in 

publications and is used in applications (Volk et al., 2014; Anil 

et al., 2013; Badenko et al., 2018c; Brumana et al., 2018; Wang 

et al., 2019). The traditional concept of the LOD applied to the 

BIM management in the case of new construction is based on a 

linear building lifecycle process progressively enriching the 

BIM-model across the different lifecycle stage. It should be 

noted that there is even a different accent in the letter "D" in the 

abbreviation LOD, as the level of detail and as the level of 

development (Brumana et al., 2018). LOD100 represents a 

conceptual model, LOD200 represents a model with 

approximate geometry, LOD300 represents a three-dimensional 

model in the executive design phase with precise geometry, 

LOD400 represents the model implemented for the construction 

(fabrication) phase and LOD500 represents the as-built 

updating after the construction phase. Consequently, all 

elements in scan-to-BIM process should be classified as LOD 

500 (as-built BIM-model). As it can be seen, additional 

classification is needed. We have proposed a useful 

specification on the base of two important parameters of the 

elements considered: geometry accuracy and information 

fullness of elements attributes (Table 1). Here we must point 

out, that the extended notion of attributes is used, which 

includes not only numerical values, but also images, documents, 

etc. 

 

 Information fullness, I 

1 2 3 

Geometry 

accuracy, 

G 

1 GI 11 GI 12 GI 13 

2 GI 21 GI 22 GI 23 

3 GI 31 GI 32 GI 33 

Table 1. Possible combinations of information fullness and 

geometry accuracy in scan-to BIM process 

The meaning of the presented gradation for the geometry 

accuracy (G) of the elements is following: 

1 – a schematic representation of the elements to display the 

overall dimensions of the elements, with taking into account 

only its shape modeled by a set of simple surfaces; 

2 – middle precision geometry with accuracy for shape till 50 

mm, all elements are solid-state; 

3 – precise geometry of solid-state elements with an accuracy of 

up to 5 mm, which allows modeling of the complex 

architectural shapes. 

The meaning of the presented gradation for the information 

fullness (I) of the elements considered is following: 

1 – minimum of attribute information, including RGB color; 

2 – attribute information about the materials and the structure of 

the elements are adequate for various numerical simulation, 

including thermal and finite elements strength calculations; 

3 – all information available on the object are integrated into the 

model. 

Possible combinations of G & I may be corresponding to 

following applications: 

GI 11 – large-scale visualization of the external forms of 

historic buildings is required; 

GI 12 – a preliminary design scheme is required for a 

preliminary static strength analysis; 

GI 13 – the creation of a database of the object without exact 

binding to the geometry is required; 

GI 21 – insolation standards verification for building; 
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GI 22 – detailed finite element analysis of the bearing capacity 

of building structures; 

GI 23 –feasibility study of investment projects; 

GI 31 – checking location and passage of construction 

equipment near the building for possible collisions; 

GI 32 – engineering network design; 

GI 33 – preparation of the project of restoration/reconstruction 

of the cultural heritage object. 

The result of third step is a set of laser scanning point clouds. 

These clouds are obtained with required scanning parameters 

including selection of appropriate equipment and a plan of 

scanning with specific quality and resolution. 

The result of preprocessing of the point cloud in the fourth stage 

is a registered and segmented united point cloud, which have 

been converted to the required coordinate system and can be 

processed in the BIM software. 

In the fifth and sixth stages of the methodology, a large number 

of options arise that depend on specific applications. In section 

3 (Results and Discussions) some specific examples of 

applications are presented, and the content of these steps will 

became more clear. Here we confine ourselves to few general 

comments. 

While processing point clouds with complex geometry, like for 

cultural heritage, it is necessary (for some objects) to create a 

spherical mesh. It is convenient to build such mesh in the 

3DReshaper software and then export the mesh in Revit for 

creation specific families. After creation of as-built BIM-model 

within Revit software, it is possible to analyse it in Autodesk 

Robot Structural Analysis. 

On the other hand, when solving a different type of problem, for 

example, when creating a BIM-model at an industrial site, 

where such elements are metal structures, reinforced concrete 

columns and beams, a different approach is used. In this case, 

one can use the Faro Focus 3D phase terrestrial laser scanner 

and other software for processing laser scanning data, such as 

Leica Cyclone. After as-built BIM-model creation it is also 

possible to analyse model in Navisworks software. 

 

3. RESULTS AND DISCUSSIONS 

Two case studies are presented for processing a laser scanning 

point cloud for a cultural heritage building and an existing 

industrial site. Both case studies have a great practical value. 

 

3.1 Case study 1. Mansion of Spiridonov N.V. 

The efficiency of our scan-to-BIM framework is confirmed by 

the example of its application for historical building. According 

to local authority regulations this object of research is included 

in the list of cultural heritage buildings in St. Petersburg. The 

objective of this case study is creation as-built BIM-model 

including a comprehensive survey, collecting a database of the 

building, updating the current paper documentation and creating 

the basic database for the reconstruction project design. The 

specific implementation scheme of the proposed methodology 

for this case study is presented in the figure 3. 

The priority elements were exterior walls, floor construction, 

roof construction, exterior windows, exterior doors and grilles. 

In accordance with our classification of possible combinations 

of information completeness and accuracy of geometry in the 

scan-to-BIM process (Table 1), we chose the combination GI 

33. This index is determined by the future BIM application (the 

technical and economic rationale of investment projects for 

historical building). Required accuracy of measurement for each 

element was adopted 5 mm for size, shape, and location. The 

phase terrestrial laser scanner Riegl VZ-400, which allows to 

effectively scanning at a distance of 50-70 meters with an 

accuracy of determining distances up to 1 mm was used to 

perform the filed works. Indoor & outdoor scanning was 

performed from 265 stations/places with 1/4 resolution and 3x 

quality. Figure 4 shows the historical building under 

examination. 

 

 

Figure 3. Scheme of the proposed methodology for historical 

heritage case study 

Raw clouds of laser scanning points were obtained as a result of 

laser scanning. These point clouds were processed in Autodesk 

ReCap software and registered into a unite point cloud 

(Figure 5). Further, this cloud was manually segmented, as a 

result of which some unnecessary points were removed and 

total number of points was reduced by 5%. 

After processing, point cloud was imported into Autodesk Revit 

software, where as-built BIM-model (Figure 6) was generated 

with necessary accuracy (5 mm) and level of detail. Relatively 

simple elements, such as floors and walls, were created by hand, 

which took a lot of time due to the large number of elements 

and the amount of information. Then all elements were 

manually classified according to OmniClass Classification 

System for quick information management. 

The process of generation complex structures was completed by 

segmentation and meshes creation within 3DReshaper software. 

Then meshes obtained were converted into Revit families with 

the addition of the required information. It should be noted that 

working with polygonal geometry requires high computer 

performance. Therefore, during generation of such a large BIM- 

model, some decelerations were occurred, that increased the 

duration of the project. 
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Figure 4. Historical heritage case study 

 

Figure 5. Processed point cloud for historical heritage case 

study 

 

Figure 6. As-built BIM-model for historical heritage case study 

In this case, it is recommended to use specialized commercial 

add-ons software like PointCab, PointSense, etc. for semi-

automatic generation of simple elements. Also, in this case it 

was necessary to use NURBS (Barazzetti, 2016) geometry due 

to the fact that the model has different levels of floor in the 

rooms and vaulted ceilings. Moreover, NURBS geometry is 

processed faster and allows us to flexibly adjust the shape of the 

element, adjust its faces if necessary. Therefore, non-standard 

architectural elements inherent in the historical building of 

Saint-Petersburg, Russia were created as Revit families. 

 

3.2 Case study 2. SPbPU Future Factory 

he second example of application of the methodology is focused 

on creating an as-build BIM-model for an existing industrial 

site. The objective of this case study was to create as-built BIM-

model for support of decisions making during design of a 

reconstruction of an existing industrial site, including insolation 

and new industrial technology allocation (Future Factory 

projects). According the objective of this example, first of all 

we are interested in dimensions of the existing facilities, as well 

as the position and properties of the main existing support 

structures. These elements are crucial for choosing positions of 

elements/equipment of a new industrial technological process, 

relative to already existing elements. Thus, the elements of the 

as-build BIM-model were selected. It should be noted that the 

existing metal structures that serve as supporting elements were 

of special interest. The specific implementation scheme of the 

proposed methodology for this case study is presented in the 

figure 7. 

Despite the fact that GI11 (Table 1) level should be sufficient 

for determine the size in accordance with the design 

requirements, the need for examination and analysis of metal 

structures imposes a restriction on the allowable error of 

geometric measurements and the informational completeness of 

elements that require analysis. Therefore, we chose the GI 22 

level (Table 1) to build a relatively accurate model of metal 

trusses, dimensions and openings of the premises. Since it 

requires only indoor scanning, the relatively simple and 

inexpensive Leica BLK 360 laser scanner was used. This 

scanner allows to effectively scan at a distance of 20 meters 

with an accuracy of determining distances up to 8 mm. Indoor 

scanning was performed from 10 stations/places with medium 

resolution. One useful feature of the Leica BLK 360 is that, 

when scanning, you can automatically register sequentially 

received scans using the embedded software in the Autodesk 

ReCap mobile app on the iPad. Figure 8 shows the resulting 

combined laser scanning point cloud for the existing industrial 

site.  

Then the point cloud was exported into CloudCompare and 

segmented inside this software. The existing industrial site has a 

large number of metal structures that had to be analysed in the 

BIM environment. After registration and segmentation, the 

point cloud was imported into Leica Cyclone software for 

processing and digitising metal structures profiles of the 

structures. 

As the as-built BIM software the Autodesk Revit was used. Pre-

processed point cloud was imported into Revit software, where 

the final as-built BIM-model was generated with achieved 

accuracy of 50 mm. Metal structures were exported to Robot 

Structural Analysis to form a finite element mesh and static 

calculation. Insolation analysis was performed using the add-on 

for Revit, Autodesk Insight, which requires specifying the exact 

location of the object on the earth's surface. Geolocation and 

orientation of the building were set using registered satellite 
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images with an insignificant error for this task: within two 

meters for coordinates and 5 degrees for direction. For a 

complete simulation, the outlines of nearby buildings were 

constructed with the same permissible error. A subsequent 

analysis of the design decisions on the admissibility of the 

proposed new equipment/facilities positions and checking for 

collisions absence was performed in Navisworks (Figure 9). 

According to the results of a comprehensive survey and 

analysis, a number of shortcomings were identified in the 

proposed reconstruction project. Modeling of a large-size 

vehicle transit showed that the design arrangement of partitions 

and equipment prevents the movement of cargo and 

construction equipment inside the premises. The control of the 

design marks of the erected structures showed the lack of the 

necessary height margin. Insolation analysis at Autodesk Insight 

showed that there is relatively a lot of sunlight coming into the 

room, but not enough for industrial use (Figure 10). It requires 

the placement of additional lighting equipment in order to meet 

the requirements of safety standards for industrial premises. 

Static calculation of metal trusses showed that the loads and 

deflections do not exceed the allowable values. 

 

 

Figure 7. Scheme of the proposed methodology, which is tuned 

for the case study for existing industrial sites 

 

 

Figure 8. Point cloud for existed industrial site case study 

 

 

Figure 9. Navisworks assembly: as-built BIM-model of the 

existing industrial site and analyzed renovation project 

 

Figure 10. Cumulative insolation analysis 

 

4. CONCLUSIONS 

Scan-to-BIM framework adapted for different application was 

demonstrated. The framework proposed is easy to replicate. 

Useful specification system (GI index) was applied. Point cloud 

processing and as-built BIM generation was made according to 

proposed methodology with necessary accuracy and level of 

detail. This study demonstrated that the main difficulties for 

users are related to the lack of universal software for the 

creation of as-built BIM-models. Therefore, in the proposed 

framework it is necessary to carry out numerous export / import 

operations, which greatly affects the efficiency of projects. 

However, our experience has shown that proposed adaptive 

method for modelling existing facilities and analysing obtained 

BIM-models has great potential for widespread use in the AEC 

field. 

We can say that the modelling part was complicated by the 

excessive density of the processed cloud and a large number of 

artefacts. Thus, in future works it is necessary to take into 

account this factor and make pre-processing of the clouds first. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-5/W2, 2019 
Measurement, Visualisation and Processing in BIM for Design and Construction Management, 24–25 September 2019, Prague, Czech Republic

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-5-W2-1-2019 | © Authors 2019. CC BY 4.0 License.

 
5



 

For example, we can use random and space sampling in Cloud 

Compare for automatically remove unnecessary points or 

reduction in the number of points. 

During case study the data mostly have been processed 

manually, which was very labour-intensive, but some gaps in 

existing technologies have been bridged. It can be said with 

confidence that with an appropriate level of automation of this 

process, the technology will become profitable and will be 

widely adopted. Automation today can be enhanced by the 

integrated and skilful application of a variety of software and 

technologies. For semi-automatic generation of elements like 

the floor, flat ceiling and walls, some specialized add-ons are 

needed. Scenarios for the parameterization of complex 

geometry are also widely used through visual programming 

platforms like Dynamo and Grasshopper. With a complex 

survey of a number of structures of the same historical period 

and architectural style, it is advisable to use the appropriate 

library of parametric elements. 

The direction of future research is the study and testing of all 

the above-listed technologies, the assessment of their 

applicability and the impact on labour costs and accuracy. 

Using the example of an industrial site, we proved that as-built 

BIM technology allows solving a wide range of professional 

tasks in the shortest possible time and with maximum accuracy. 

We face the problem that used BIM design software doesn’t 

have the capability to convert geometric primitives created with 

reverse engineering tools in Leica Cyclone into BIM objects. 

The need to re-model the geometry within a BIM design 

environment using the reverse engineering model as guidance 

characterizes the current interoperability problem. Justification 

of design decisions, control of transport passage, checking for 

collisions, and calculation of insolation and static finite element 

analysis of load-bearing structures are only part of the possible 

application scenarios. In future studies, we will try to expand 

this range of tasks, cover new areas and correct the 

shortcomings identified at the previous stage. 

In this study, Autodesk BIM software was primarily used 

because of its popularity in AEC professional community. 

However, we also use other software, including non-commercial 

ones. In future studies we will explore their applicability and 

compare where it is more convenient to solve certain problems. 

Open software can make the technology more open, transparent, 

cheap and cost-effective, increasing its popularity. 
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