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Abstract 

Road and railway bridges play a crucial role for the infrastructure network in Sweden to work smoothly 

and keep the traffic flowing. Damage to a bridge can have catastrophic consequences if they are not 

corrected properly and in due time. Trafikverket in Sweden is responsible for inspection and maintenance 

of approximately 20 600 bridges throughout the country. This huge number of bridges require large 

resources in the form of machinery and experienced bridge inspectors who assess the state of the bridges 

on the spot. At present, the state of a bridge is to a large extent determined by a visual inspection and by 

manually taking measurements to assess the condition of the bridge. This approach means that the 

assessment of the condition of the bridge to a large extent is subjective and shifting between different 

cases depending on the inspector’s experience. New approaches that both could make it easier for 

inspectors to make more objective decisions and facilitate and reduce the risk concerning the inspection 

work are therefore under research. 

 

In this thesis Close Range Photogrammetry is evaluated as a mean for assessing deflection on concrete 

bridges and for creating as-built BIM:s for documentation and visualization of the actual condition of a 

bridge. To evaluate the technique both laboratory experiments and field work are conducted. Laboratory 

tests are conducted on concrete slabs that are subjected to pressure to inflict deflection on them. The 

concrete slabs are photographed using close range photogrammetric techniques for different values of 

deflection. The photographs are later processed into a point cloud in which measurements of deflection are 

taken and compared to what is measured using displacement transducers during the tests. The field work 

conducted is in form of photographing a railway bridge using close range photogrammetry and building a 

point cloud out of the photographs. This point cloud is then used as a basis for evaluating the process on 

how a point cloud generated through close range photogrammetry can be used to create as-built Building 

Information Models. 

 

Results from the laboratory experiments show that changes in deflection can be visualized by overlapping 

point clouds generated at different loading stages using the software Cloud Compare. The distance i.e. the 

deflection can then be measured in the software.  

The point cloud generated through the field work resulted in a as-built BIM of the railway bridge 

containing the basic elements.  

 

No hard conclusions can be drawn as to how well the method in this thesis can be used to measure 

deflection on real concrete bridges. The test basis is to small and the human factor can have affected the 

results. The results though show that millimeter distances can be measured in the point clouds which 

indicates that with the right approach, Close Range Photogrammetry can be used to measure deflections 

with good precision. 

 

Point clouds generated through Close Range Photogrammetry works good as a basis for creating as-built 

BIM:s. The colored point cloud is beneficial over other techniques that are generated in gray scale because 

it makes it easier to distinguish elements from each other and to detect any deficiencies. To create 

complete as-built BIM:s more than just a point cloud are needed as it only visualizes the shell of the 

captured object. 
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1. Introduction 
 

Bridges are an important part of the infrastructure network and it is therefore important that they are 

continuously monitored to detect damages that occur on them at an early stage and remedy them to avoid 

long downtime and high costs that serious damage can cause. (Alani, et al., 2013) 

Traditionally, inspection work is largely performed by visual inspection and manual measurements by 

trained personnel. This is a time consuming work in which the human factor plays a crucial role in the 

assessment (Valenca, et al., 2017). 

Graybeal et al (2002) Conducted a study were the results of visual inspection carried out by 49 different 

bridge inspectors was compared. They concluded that condition ratings are assigned with significant 

variability and that local deficiencies, such as indication of cracks, often are missed. 

It is also often a problem to carry out inspection of hard-to-reach parts of the bridge, such as the top of 

pillars and the underside of the bridge deck. For inspection of such areas a special under bridge truck are 

often used, which entails high costs, pose a risk in the inspection work and can result in that parts of the 

road need to be shut down during inspection. (Valenca, et al., 2017)  

 

In Sweden, Trafikverket is responsible for the maintenance of approximately 20 600 bridges around the 

country and for each of these, inspection is carried out at intervals of at least 6 years (Trafikverket, 2018). 

It is therefore of great interest to implement techniques that can facilitate and automate inspection work of 

bridges. Non-contact techniques like photogrammetry and laser scanning are subject to much research 

regarding health monitoring of both civil infrastructure and buildings.   

 

Photogrammetric measurements allows one to determine the size, shape and position of objects by 

measuring in images. Through photogrammetric measurements a point cloud can be generated. The point 

cloud is considered as the most primitive 3D model that permits obtaining 3D measurements and 

drawings. The final model that can be obtained through the point cloud is though usually a solid 3D model 

that can be beneficial for many purposes. (Riveiro & Solla, 2016)  

 

The main focus in this master thesis will be to evaluate if photogrammetry can be used to measure 

deflections that occur on concrete bridges during their lifetime. The report will also address the topic of 

as-built BIMs generated with the help of point clouds generated through Close Range Photogrammetry. 

The process of how point clouds are used for as-built BIM modelling and what the pros and cons of using 

the point cloud as a basis while modelling in Autodesk Revit are evaluated. 

 

Research conducted have found many areas were an as-built BIM could be of great use for facility 

management. The model can act as valuable as-built documentation, it can contain information on 

maintenance and service, act as a quality control, for assessment, monitoring and quality control, energy 

and space management etc. (Volk, et al., 2014) 
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1.1 Aim and objectives 

The aim for this master thesis is to evaluate if point clouds generated through Close Range 

Photogrammetry (CRP) can be used to measure deflections occurring over time on reinforced concrete 

(RC) bridges. The procedure of how point clouds can be used for as-built BIM modelling and the pros and 

cons of using the point cloud as a basis in Autodesk Revit are also evaluated. 

 

For evaluating the possibility to measure deflections through photogrammetry, laboratory experiments on 

RC-slabs will be conducted. The slabs will be subjected to loading to inflict a deflection on the slab and 

photographs will be taken before loading and for different loading stages. These photographs will then be 

post processed and a point cloud will be generated for each loading stage. The change in deflection will 

then be evaluated by measuring in the point clouds. As for the as-built BIM modelling, one span of a 

three-span railway bridge will be photographed and processed to generate a point cloud that is later 

imported into a BIM-software. The research questions are as follows. 

 

• Can close range photogrammetry methods capture small changes in deflection? 

• If possible, with what margin of error can deflection measurements be made using this approach, 

compared to deflection measurements conducted with displacement transducers? 

• From point cloud to BIM: procedures, advantages and disadvantages. 
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1.2 Research questions 

The goal of the research conducted in this master thesis is to evaluate the possibility to create as-built 

BIMs and measure vertical deflections from point clouds generated through photogrammetry. The 

objectives that will lead to a conclusion if this is possible are the following. 

1. Conduct a literature study to get a better understanding of relevant techniques concerning Close 

Range Photogrammetry and how it can be used to create as-built BIM. 

2. Test out the equipment and get familiar with software’s to be able to conduct experiments with 

satisfactory results. 

3. Conduct photogrammetric measurements on a three span railway bridge. 

4. Import the photographs into Agisoft Photoscan software and construct a dense point cloud out of 

them. 

5. Import this point cloud into a BIM software and evaluate how it can be used to facilitate the 

construction of an as-built BIM. 

6. Conduct photogrammetric measurements on four RC slabs during different loading stages. 

7. Build dense point clouds of the generated photos for each loading stage. 

8. Evaluate the deflection by overlapping and measuring in the point cloud using the software 

CloudCompare. 
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1.3 Limitations  

Due to limited time, resources, equipment and skill, some limitations to the research study are presented 

here. 

 

• The camera used for the photogrammetric measurements is a Canon EOS 5D. This camera hit the 

market in 2005 and can therefore be classified as rather old. There are better cameras out on the 

market now with higher resolution that could have provided a better image quality. A higher 

resolution would have resulted in denser point clouds and possibly more accurate measurements. 

• The author has no prior experience with the hardware or software used to conduct the experiments 

(except for Autodesk Revit). This limitation is handled in the best way possible by conducting a 

theory study and testing out the equipment and software’s prior to the experiments. 

• For generating large point clouds computer power can be an issue. 

 

1.4 Structure of thesis 

Chapter 1: This chapter is the introduction to the thesis which describes the background to why the thesis 

is conducted and what the aim and research questions for the thesis are. It also states what the goal of the 

thesis are and what the objectives that will be done to achieve the goal. Limitations to the work are also 

presented here. 

 

Chapter 2: This is the theory chapter. It is conducted through literature review and the material in this 

chapter is gathered from previous works like journal articles, books and other reliable and relevant 

sources. It is conducted to get a better understanding of the subjects that are of importance in this thesis. 

 

Chapter 3: The methodology chapter explains how field work and laboratory experiments were 

conducted. The chapter starts by going through the equipment that are used for the field and laboratory 

work.  

Chapter 3.2 describes how tests of the equipment and software’s are conducted prior to photographing the 

bridge.  

Chapter 3.3 describes how the field work for photographing the bridge and the laboratory experiments for 

photographing the slabs are conducted. 

 

Chapter 4: This chapter presents the results obtained through the experiments conducted explained in 

chapter 3. The results contains to a large part of generated point clouds from the CRP measurements. 

 

Chapter 5: In chapter 5 the results from the experiments are analyzed and discussed. In chapter 5.1 

analysis is done by evaluating how point clouds can be useful for modelling as-built BIMs. Chapter 5.2 

analyses the results from the conducted laboratory work by comparing deflections measured in point 

clouds with deflections measured with LVDT. 

 

Chapter 6: Conclusions are drawn and future work concerning the subject is proposed in this chapter.  
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2. Literature review 
 

2.1 Inspection of concrete bridges at present 

At present, inspection of concrete bridges is carried out by trained personnel doing visual inspection and 

manual measurements. (Niezrecki & Wicks, 2016) 

During the inspection, data is gathered regarding the bridge geometry, concrete deterioration, possible 

corrosion of the reinforcement, water seepage, concrete cover delamination, spalling, deflection, 

settlements and cracks. (Valenca, et al., 2017) 

There are four types of bridge inspections carried out in Sweden: Overview-, general-, main- and special 

inspection. 

 

The purpose of the main inspection is to detect and assess defects that may affect the operation of the 

facility or road safety within a period of ten years. The inspection also aims at detecting deficiencies that 

can lead to higher management costs if they are not resolved within this ten-year period. At the inspection, 

all design elements must be inspected. It also includes connecting structures such as road bays, slings, 

fillings and more. The main inspection is done with a maximum time interval of six years and the first 

main inspection of a facility must be done before it is put into operation. (Trafikverket, 2015) 

 

The purpose of a general inspection is to follow up the assessments of damages that were detected during 

the main inspection. The inspection should also aim at detecting and assessing damages which would 

result in inadequate capacity, road safety or that would lead to increased management costs if they were 

not detected until the next main inspection. The scope of the general inspection is the same as for the main 

inspection. There is no given time for when the general inspection is to be carried out in relation to the 

main inspection. The assessment of when a general inspection is to be carried out is based on the damage 

that was documented at the previous main inspection. (Trafikverket, 2015)  

 

In addition, a specific inspection will carry out investigations and follow-up of identified or suspected 

shortcomings found in previous inspections. The inspection refers to individual design elements that show 

deficiencies. When a specific inspection should be performed is determined during the regular inspections 

and depends largely on the severity of the damage. (Trafikverket, 2015)   

 

An overview inspection is performed by a maintenance contractor at least once a year, how often 

inspections are to be carried out and what construction parts that should be inspected is regulated in the 

contract of the employment. The overview inspection shall be carried out by staff with good knowledge of 

the measurement methods used and knowledge of the bridge structure and mode of operation. 

(Trafikverket, 2015) 

 

For all inspections with exception for the overview inspection, the information gathered at the inspections 

shall be documented in Trafikverkets digital tool BaTMan, see section 2.3 for more information about 

BaTMan. Regarding the overview inspection, what shall be documented is stated in the employment 

contract. (Trafikverket, 2015) 

 

Following the inspection, an object planning for the design is produced with the purpose of finding the 

action strategy that leads to the lowest cost for society to maintaining, restoring or improving existing 
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functional standard for the design. The planning and the chosen action strategy form the basis for the 

short-term planning and the requirement specification needed for implementation of physical measures. 

Figure 2.1 shows the approach that Trafikverket is working from, for maintenance of structures. 

(Trafikverket, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Today's approach for bridge inspections, where the outcome largely depends on the human factor has both 

advantages and disadvantages.  

Advantages connected to doing visual inspections and manual measurements are related to the physical 

and close contact with the structure, which can prevent false detections of anomalies that could occur 

using more automated approaches. (Valenca, et al., 2017) 

A limitation associated with visual inspection is that many areas of the bridge are difficult to access for 

visual inspection and require access to an under bridge truck. This entails additional costs for the 

inspection and may cause that lanes need to be shut down during inspection work. (Valenca, et al., 2017) 

It also means an increased risk for those who perform the inspection to work at high altitude from the 

basket of an under-bridge truck. 

Another limitation with visual inspection is that it may be difficult to detect minor defects in the form of 

small cracks and anomalies occurring inside the concrete. (Niezrecki & Wicks, 2016) 

 

Many of the techniques used today for measuring the vertical deflection of bridges is in the form of 

transducers and sensors. These transducers often require personnel to access the bridge from underneath. 

(Yoneyama & Ueda, 2011) 

   

Figure 2.1: Trafikverkets workflow for maintenance of structures 
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Linear variable differential transformers (LVDTs) and dial gauges are examples of traditional structural 

displacement sensors. These sensors are flexible and can measure the deflection in any direction meeting 

the requirements needed for structural testing. Using these sensors require direct access to the bridge in the 

form of a stationary platform for fastening the sensors and as a reference point. These sensors measures 

the deflection at a certain point of the bridge. (Lee & Shinozuka, 2005) The concept of the technique is 

shown in Figure 2.2. 

 
Figure 2.2:LVDTs mounted on tripods (Bridge Diagnostics, 2018) 
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2.2 Trafikverkets digital system BaTMan for documenting data 

BaTMan stands for Bridge and Tunnel management and is a bridge management tool used for 

documenting data of bridges, tunnels and other structures. The system is used daily by administrators, 

consultants, planners and others seeking information or updating information about a specific facility. The 

system has over 1 000 active users and has over 30 000 bridges and 10 000 other structures in its database. 

The system has operated since 2004 with the aim of increasing road safety and reducing costs of managing 

bridges and other structures. (Trafikverksskolan, 2018) 

 

When a new structure is registered in the system, mandatory data like the identity number, the structures 

designation, who owns and manages the structure, in what county and municipality the structure is located 

and what role the structure has in the infrastructure network shall be documented in BaTMan. Beyond the 

mandatory information, additional information about the structure can be added as well e.g. if there is any 

environmental decisions regarding the structure. (Trafikverksskolan, 2018) 

 

The system also contains 2D-drawings on the design and technical specifications that apply to the design 

e.g. general data and design components. Carrying capacity data shall be available for all structures that 

are intended to carry traffic loads, the data for the carrying capacity shall mirror the facility’s actual state 

at every given time. Data obtained during inspection regarding the physical and functional state of the 

facility and how the permit is estimated to develop over time is also included in the system. BaTMan also 

provides support for establishing documentation for procurement of measures e.g. a list of quantities can 

be created from the planned measures based on inspection of the facility. (Trafikverksskolan, 2018) 
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2.3 BIM 

Building Information Modeling (BIM) is a technology that can present an accurate digital 3D model of a 

building or facility, with the main purpose to manage digital representations of all information related to a 

built asset during its entire life cycle. (Eastman, et al., 2011) (Davila Delgado, et al., 2017) 

Barlish & Sullivan (2012) states that there are many publications related to BIM and in which the 

definition of BIM varies greatly due to the various stakeholder’s perspective. Owners, facility managers, 

architects, engineers and constructors will have different views on what BIM are and what benefits the 

utilization of BIM can bring due to their different perspective and usage. 

Aranda-Mena et al 2009) concluded the same thing through empirical studies. From their studies they also 

concluded three different approaches to BIM: “For some, BIM is a software application, for others, it is a 

process for designing and documenting building information and for others, it is a whole new approach to 

practice and advancing the profession which requires the implementation of new policies, contracts, and 

relationships amongst project stakeholders”. 

 

The interest in using BIM for public buildings and infrastructure projects is increasing as the technology 

develops; this is confirmed by the development of numerous commercial software’s that considers the 

different requirements of specialists needed to construct a detailed BIM. These software’s (e.g. Revit, 

ArchiCAD, Bentley Systems, Tekla etc.) considers the needs for architects, engineers, designers, planners, 

construction and facility managers, that are involved in the construction process. (Oreni, et al., 2017) 

(Barazzetti, et al., 2016) 

 

BIM enables documentation of building elements with smart parametric reusable objects containing 

valuable information about the objects use. Information about the object like semantics, topology, spatial 

relationship and relationships with other objects etc. can be introduced in the model. Objects in the model 

is either described according to user defined parameters or by the relation to other objects in the 3D 

environment. (Dore & Murphy, 2017) 

 

There are many different uses where a BIM can be a valuable tool, some of the purposes of a BIM is listed 

below. (Azhar, 2011) 

• The ability to visualize a building / facility in 3D before it is built. 

• Generate drawings for various in-house building systems 

• Possibility to make cost estimates based on the input components of the building/facility. BIM 

programs have built-in features to make cost estimates that updates as the model evolves. 

• To establish delivery schedules and coordination for material orders. 

• The model can be used to control conflicts between building components. For example, check 

that no pipes are modeled to cross steel beams. 

• The model can be adapted to graphically illustrate potential damage, leakage, evacuation plans, 

etc. 

• Facility management departments can use it for renovations, space planning and maintenance 

operations. 

 

 

The usage of BIM have been most widely implemented in the design and construction phase of an assets 

life cycle. The models used are called as-designed BIM and is a digital representation of the asset to be 
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constructed. As-designed models are used as the basis for implementing the BIM approach in a 

construction project. (Davila Delgado, et al., 2017) 

BIM processes are mainly used for new constructions with regular geometry; this is due to that BIM 

software’s comes with a predefined library with basic objects with known material properties and has very 

limited tools and pre-defined libraries for modelling existing structures. (Oreni, et al., 2017; Dore & 

Murphy, 2017)  

 

Working with a BIM approach in the design and construction process can, if implemented correctly, 

improve the production efficiency, increase the quality and performance of the end products, reduce 

conflicts, increase predictability of the design and construction processes, reduce material waste and 

contribute to faster construction delivery; due to extended sharing of information and collaborative 

working amongst project participants. The easier collaboration using the BIM approach is due to the 

ability to store and share the information of all involved participants in a shared, single data repository. 

This data repository develops throughout the assets life cycle and makes the building model rich in 

information. (Cheung, et al., 2012; Davila Delgado, et al., 2017)  

 

Even though the development of BIM's software has come a long way in recent years, there are still 

limitations that make it difficult to implement the BIM technology for certain projects. Restrictions arise 

when complex and irregular geometries are to be modeled. This is because today's BIM modeling 

software only contains object libraries with commonly used objects with standard dimensions. 

So when an object with irregular geometry, inhomogeneous materials, variable morphology, alterations 

and damages is to be modeled this results in several challenges in the digital modeling process. (Oreni, et 

al., 2017) 

 

Bryde et al (2012) wrote an article regarding project benefits gained for implementing BIM in 

construction projects. They collected secondary data from 35 construction projects where BIM had been 

utilized. From their criteria’s they found that 30 out of the 35 projects in some way had benefitted by 

using BIM, and only two of the projects were found to have had negative effects of BIM usage. The most 

common benefits among the projects were a better cost- and time reduction control. Other benefits scoring 

high were communication improvement, coordination improvement and an increase in quality control. 

Negative effects of implementing BIM was for the most part regarding software issues, particularly 

connected to interoperability between BIM packages.   
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2.4 As-built BIM 

While as-designed BIM is created to show the facility to be constructed, an as-built BIM is created to 

show the actual condition of a built facility. There are two major steps for creating an as-built BIM: data 

collection and data modelling, the main steps in the process is seen in Figure 2.3. (Patraucean, et al., 2015) 

To create an as-built BIM it is necessary to first create a three dimensional representation of the facility 

based on objects. This is necessary to be able to connect different information in the model so it can be 

used for documentation, archiving and management of the building or facility. (Oreni, et al., 2017) 

The goal with the as-built BIM is to produce a semantically rich 3D model of the facility. The model 

should be composed of objects characterized by geometry, relations and attributes. (Patraucean, et al., 

2015) 

 

 
Figure 2.3:As-built modelling process (Patraucean, et al., 2015) 

 

To acquire geometric data to generate accurate as-built BIM:s the most common surveying techniques are 

laser scanning and photogrammetry (Dore & Murphy, 2017).  

These methods have been developed at a rapid pace recently and can be used to create 3D imagery of 

objects with high precision; the generated 3D representation is in form of a 3D point cloud (Dore, et al., 

2015). 

A 3D point cloud consists of data points with an average spacing between them. What density that should 

be chosen for the point cloud depends on what level of details is required for the project. The density of 

the point cloud will determine how small objects can be modelled. (Macher, et al., 2017) 

Both laser scanning and photogrammetry requires a number of pre-processing steps to generate products 

that can be used to create 3D BIM models. The outputs acquired with the two techniques are similar and 

consists of orthographic images, point clouds, triangulated surface models and textured surface models. 

(Dore & Murphy, 2017)  

The main difference between the two techniques is that laser scanning automatically captures 3D point 

clouds directly where photogrammetry needs post-processing of captured images to generate 3D point 

clouds. (Dore & Murphy, 2017) 
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The pre-processing of the generated 3D point cloud includes removal of outliers, reducing noise and 

compensation of missing data. This whole process is called registration and is a prerequisite to be able to 

use the 3D point clouds as a basis for the as-built BIM. In the case of really large point clouds an initial 

segmentation of the point cloud into smaller parts which can be registered parallel to each other are 

possible. Another alternative is to down sample the point cloud through e.g. voxelisation. That means to 

partition the point cloud according to a 3D grid and replace all points within a cell with the centroid of the 

cell. Voxelisation is also useful for density estimation of elements and to gain adjacency information 

between points. (Patraucean, et al., 2015) 

 

When the registration of the point cloud is completed, the actual modelling of the input elements can 

begin. The most common 3D representations used are Constructive Solid Geometry (CSG) and Boundary 

Representation (BRep) (Patraucean, et al., 2015). CSG uses solid primitive shapes to represent objects and 

can be combined using Boolean operations such as union, subtract and intersect for creating more 

complicated shapes. Representation of objects for BRep on the other hand is conducted by describing the 

face, edge, vertices and topology of the object. BRep also allows the creation of 3D shapes from 2D 

outlines by operations like extrude, sweep and revolve. (Dore & Murphy, 2017) 

For CSG the most attractive features are conciseness and simplicity, where the strength for BRep lies in 

high flexibility and high representation power. Which representation that is best suited differs from each 

project and depends on the complexity of the scene elements and the applications needs. (Patraucean, et 

al., 2015) To provide greater flexibility for modelling complex objects, many CAD software platforms 

incorporate both CSG and BRep modelling (Dore & Murphy, 2017). 

 

In turn, these models rely on geometric representations. There are a number of geometric representations 

that can be used for 3D modelling. The difference between the different representations is their 

completeness, compactness and uniqueness and which one to choose depends on the complexity of the 

elements and what applications that is needed for the model. Complete representations fully describes the 

geometry of an object and can be either explicit or implicit. Explicit representations can be divided into 

parametric and non-parametric. Lines, circles, planes, spheres, cylinders and general quadrics can be seen 

as simple shapes and admit both explicit and implicit representation. Due to their compactness a low 

number of parameters allows for relatively efficient detection and fitting methods. This makes this a 

normal first step in as-built modelling. Explicit parametric representation (e.g. B-spline and NURBS) can 

still be applied for more complex shapes but are mostly used as design tools. 

Parametric models can-not be used for highly complex shapes, for this, non-parametric representations are 

used e.g. polygonal meshes. 

A reasonable tradeoff is therefor to use a combination of parametric and non-parametric representations 

when a complete representation is required. (Patraucean, et al., 2015) 

 

The process of generating a complete geometric model for a facility without an existing AD BIM is a 

complicated problem. As facilities generally are quite large, the generated point cloud will also be very 

large and contain a large number of elements that needs to be identified. The core of as-built modelling is 

to detect and recognize predefined elements and to model the relationships between the elements. 

(Patraucean, et al., 2015) 
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The Sydney Opera House is an example on that it is possible to create as-built BIMs for complex 

structures. For more complex surfaces, as the acoustic paneling, 3D laser scanning was used to generate 

the geometric data for the model. From the digital model they were able to run various building 

simulations for comparison and analyze different design proposals in a more efficient way. The BIM is 

also useful for facility management and is used for visualization for management of e.g. the infrastructure 

and assets. The model is also used for tracking scheduled and unscheduled maintenance activities and 

provides information about the lifecycle of the facility. (Woo, et al., 2010) 
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2.5 Close Range Photogrammetry 

Photogrammetry is defined as “the art, science, and technology of obtaining reliable information from 

non-contact imaging and other sensor systems about the Earth and its environment, and other physical 

objects and processes through recording, measuring, analyzing and representation”. (Riveiro & Solla, 

2016) 

 

Photogrammetry allows one to determine the size, shape and position of objects by measuring in images. 

Photogrammetric measurements can be performed from a single image, from an image pair or from a 

block of images (Lantmäteriet, 2013). These images can then be used to reconstruct 3D objects in digital- 

or graphical form. Close range photogrammetry can be applied to objects ranging from 0,5-200 m, with 

accuracies under 0,1 mm for the smaller end and around 10 mm at the larger end. 

Whenever a physical object can be photographically recorded, photogrammetric methods can be applied. 

The photographs or images then serves as the data source. (Luhmann, et al., 2014)  

 

The digital photographic camera is the basic element for close range photogrammetry, the sensor in the 

camera is the instrument that makes it possible to acquire the images that will be used throughout the 

photogrammetric process (Riveiro & Solla, 2016). A photogrammetric measuring camera is characterized 

by its stable and accurately measured inner geometry, meaning the camera is calibrated. The lens is either 

firmly mounted in the camera or have a number of fixed, well defined modes. The digital image sensor 

provides a digital image in the form of a tight network of pixels i.e. an image matrix. The digital image 

can then be transferred to a computer, stored in a memory, displayed on a screen or printed out on paper. 

(Lantmäteriet, 2013)  

 

Photogrammetry is a three-dimensional measurement technique, where shape and position of an object are 

determined by reconstructing a bundle of rays. For each camera position, an image point, together with the 

corresponding perspective center, defines the spatial direction of the ray to the corresponding object point. 

Every image ray can then be defined in 3D object space, provided that the imaging geometry within the 

camera and the location of the imaging system in object space are known. The development of digital 

imaging systems and digital image processing changed the photogrammetric procedure fundamentally. 

The digitalization has led to faster image recording and processing which in turn have made it possible to 

make complete measurements of an object directly on site. In multi-image photogrammetry the number of 

images involved in creating the 3D object is, in principle, unlimited. (Luhmann, et al., 2014) 

 

Prior to the measuring task for a photogrammetric project an initial project plan should be developed that 

specifies the features of the task. The following features should be considered before the measuring task is 

performed. (Luhmann, et al., 2014) 

 

• Number and type of objects to be measured, description of the object, situation of the object and 

measuring task requirements. 

• Dimensions of the object. 

• Specified accuracy in object space, what tolerance and measurement uncertainty is accepted. 

• Smallest object feature. 

• Environmental conditions e.g. variations in temperature, humidity, pressure. 

• Different options for object targeting 
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• Definition and implementation of the object coordinate system. 

• Determination of scale and reference points. 

• Online or offline measurements. 

• Alternative or supplementary methods. 

• Acceptance test procedure or verification of accuracy. 

• Available time for work on-site. 

• Maximum time permitted for analysis and evaluation. 

• Output of results. 

 

In extension to this initial project plan, a detailed planning regarding the image acquisition system and 

imaging configuration, as well as the type of image and data processing, should be defined. The listed 

criteria should be defined in detail. (Luhmann, et al., 2014) 

• Estimation of average image scale. 

• Selected processing system (analogue/digital, monoscopic, stereoscopic, multi-image) 

• Camera stations (number of images, network design, ray intersection geometry) 

• Required image measuring accuracy 

• Selected image system (image format, focal lengths) 

• Method of camera calibration (in advance, simultaneously) 

• Optical parameters (depth of focus, resolution, exposure) 

• Amount of memory for image data (type and cost of archiving) 

 

Generally, the highest priority in project planning is to meet the accuracy requirements. The accuracy in 

image measurement depends on the performance of the camera i.e. stability and calibration, what accuracy 

the image processing system has i.e. target image quality, measurement algorithm and instrumental 

precision and the positioning capability i.e. identification and targeting. Selecting the right camera for 

each project is crucial as it defines the quality of image acquisition and processing and by choice of lens 

defines image scale and configuration. (Luhmann, et al., 2014) 

 

When photographing, fixed focal length is recommended. For shooting close distance objects an aperture 

of f8 or f11 is recommended to ensure a good depth of field. For a bright day ISO 100 is appropriate, if the 

lightning is low a higher ISO should be used. The shutter speed should be at least 1/200 of a second and 

the file format used RAY+FINE or RAW and autorotation mode should be disabled. (Matthews, 2008)  

 

CRP does not automatically produce 3D point clouds. To generate 3D point clouds from images captured 

on site some post-processing is necessary. How much post-processing that is necessary depends on the 

number of images. (Dore & Murphy, 2017) 

Methods toward full automation of post-processing is under development. As of now there is though no 

automatic method for post processing that can match the results of manual or semi-automatic processing. 

(Gruen, 2012) 

 

Advantages of using photogrammetry for recording the 3D geometry of an object is the resulting high 

quality imagery and color information to the resulting data. The process using photogrammetry is also 

rather cheap as it can be carried out with low-cost digital cameras. (Dore, 2017)  
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Though photogrammetry is a very beneficial and user friendly technique to use, there are some aspects 

that has to be considered before measurements are conducted. 

The object that is going to be photographed have to be prepared with targets for recognition of identical 

points later in the post processing stage. Targets can be either natural or artificial. Natural targets can e.g. 

be corners, discolored patches, bolts etc. Artificial targets can be used if there is not enough natural points 

that can be used for targeting. For establishing the measurement scale, horizontal and vertical bars of 

known dimensions can be used. The measurement scale can also be established through measurement 

between targets. (Jauregui, et al., 2006) 

To get the best out of the camera and lenses, a dome lightning with minimal shadows is preferable. This is 

very similar to the lightning occurring on a bright and cloudy day outside. If the photogrammetric 

measurements are performed indoors this can be achieved using 3 light sources, Figure 2.4. (Agisoft, 

2018) 

 
Figure 2.4: Lightning setup to achieve dome lightning. (Agisoft, 2018) 

Plain, monotonous and glittering surfaces should be avoided in photographs. For surfaces of this kind it is 

best to cover the surface with something that gives the surface some texture. For example if a car is to be 

photographed, spreading some talc over it will change the surface from glittering to dull. It is also 

important that the photos have at least 60 % overlap. (Agisoft, 2018) 

 

2.6 CRP and health monitoring of structures 

CRP have been used since the 1970s for determining the 3D geometry and deformations of bridges. 

(Hilton, 1985) Performed deflection measurements using photogrammetry with good results as early as 

1985. He performed measurements on two bridges under construction. He was able to take photographs 

prior to the placement of the concrete bridge deck and could therefore measure the dead load deflection 

that was induced on the steel girders by the concrete deck. Targets were placed on the underside of the 

steel girders supporting the concrete bridge deck. Photographs were taken standing under the bridge and 

shooting upwards. Because of the fact that steel girders will deflect upward when the top flange are hotter 

than the lower flange, photographs were taken at several different times during the day to evaluate if this 

could be observed with the technique. The results from the photogrammetric measurements showed an 

downward deflection at 8:10 a.m. and an upward deflection at 10:08 a.m. when the top flange were heated 

up by the sun, as expected. (Hilton, 1985) concluded that deflection of the steel girders using 

photogrammetric measurements with the used camera could be done with an accuracy of approximately 

3,2 millimeters. 
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Though the technique have been used in some manner since the 1970s it wasn’t until the late 1990s when 

digital image acquisition and computer processing systems became commercially available it began to be 

used on a larger scale. (Jiang & Jauregui, 2010) 

Using CRP for health monitoring of civil infrastructure systems can be very beneficial compared to 

traditional techniques; as CRP is a remote sensing technique and no direct contact with the object being 

monitored is needed. For structures with elements that are hard to access with traditional techniques, using 

CRP can save both money and time, and reduce the risk of injuries for inspection workers performing the 

health monitoring tasks. (Detchev, et al., 2012) 

 

Several journal articles discuss the subject about CRP and health monitoring of civil infrastructure. Jiang 

& Jauregui (2010), for example did a field test for a steel girder bridge with seven simple-support spans. 

One span with length 14.9 m that had six steel girders supporting a reinforced concrete deck was chosen to 

evaluate the deflection using photogrammetric measurements compared to traditional dial gauge 

measurements of the deflection. The bridge span was loaded with two fully loaded trucks (each weighing 

250 kN) side by side with the rear wheel axis in the middle of the span. They used two different cameras 

for the measurement procedure, one camera with a 36 x 24 mm, 13.85 million pixel CMOS sensor and the 

other one with a 27 x 18 mm, 6 million pixel CCD sensor. Jiang & Jauregui (2010) also compared two 

different calibration methods for the cameras. One which they call classroom calibration where a artificial 

object image is projected onto a flat surface. Then “Photographs are taken around the image and targets on 

the image are marked and referenced to calculate the distortion parameters of the camera”. The second 

method was self-calibration where real environment variables such as object size, brightness, temperature, 

humidity, camera-to-object distance, and surrounding obstacles are applied for both the calibration and the 

actual measurement. The results from the field measurements showed that self-calibration played a crucial 

part for getting fair deflection measurements. The average error was reduced to half for both cameras 

when using self-calibration instead of the “classroom” calibration. After both laboratory experiments and 

field measurements the results they got was a difference within 1 mm for photogrammetric measurements 

compared to dial gauge measurements of the deflection, and within 2 mm compared to deflection 

measurements from level readings. (Jiang & Jauregui, 2010) 

 

Detchev et al (2012) performed an experimental lab test on a concrete beam to evaluate if 

photogrammetry could be used to measure vertical deflections both under static and dynamic loading. A 

total of eight digital cameras and 2 projectors were used during the experiment, cameras and projectors 

were mounted on a steel frame above the beam, Figure 2.5. The projectors were used to project a random 

pattern on the homogenous surfaces for pattern recognition in overlapping images during the image 

processing. Thirteen aluminum plates were attached to the bottom surface of the beam to serve as offset 

witnesses to the bottom surface and additional surface to observe, Figure 2.6. 
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Figure 2.6:Test beam with attached aluminum plates. (Detchev, et al., 2012) 

Detchev et al (2012) measured the beam deflection for two static loadings, one for a displacement of 

approximately 3 mm and one with a load of 60 kN. One dynamic loading test were performed at a rate of 

1 Hz and loading cycles from 24 kN up to 96 kN for one hour, and after that with a rate of 3 Hz until 

failure. The displacements were measured by averaging the Z coordinate for each aluminum plate from 

the generated point clouds before and during the different loading stages. From that they got the centroids 

of each plate before and after loading. The Z values of the centroids of each plate prior to loading where 

then subtracted from the Z values generated after each loading stage. This yielded the deflection for each 

plate, which correspond to the deflection of the beam, for all different loading stages. Their conclusion is 

that this setup achieved sub-millimeter precision for the beam deflection in object space.  

 

 

  

Figure 2.5:Cameras attached to steel frame. (Detchev, et al., 

2012) 
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3. Method 
 

To evaluate how photogrammetric measurements can be used to construct as built BIM:s of existing 

structures, one span of a railway bridge is photographed using a single digital camera. After 

photographing, the photos are imported and processed in Agisoft Photoscan. From the processed photos a 

point cloud of the bridge span is generated. This point cloud is then imported into Revit Autodesk where 

the as-built BIM is constructed with the point cloud as reference. 

 

For evaluating how photogrammetric measurements can be used for measuring deflections on bridges a 

simply supported slab is tested in different load increments. The testing is conducted by photographing the 

slab prior to loading and for six loading steps. A point cloud is produced in Agisoft Photoscan for each 

loading step. Each point cloud for the six loading steps are then compared to the point cloud produced of 

the slab prior to loading. The comparison is done by overlapping the point clouds for each loading step to 

the point cloud prior to loading in the software CloudCompare. With the point clouds overlapped the 

distance between the point clouds is measured. The measuring is conducted manually in the software and 

in the middle of the slab and then compared to the deflection measured using LVDT:s during the 

experiment.  

 

3.1 Equipment 

The crucial equipment to conduct the experiments is a digital 

camera, artificial targets for point recognition and scaling and a 

stationary computer strong enough to handle the post processing 

of the point clouds.  

For the photogrammetric measurements a Canon EOS 5D camera 

mounted on a tripod is used, see Figure 3.1. The camera has a 

resolution of 12,8 megapixel and a CMOS optical sensor. Two 

different lenses are used during the experiments. A Canon EF 35 

mm f/2 IS USM wide angle with fixed zoom and one Canon EF 

24 mm f/2,8 IS USM wide angle with fixed zoom. For all the 

photogrammetric measurements the picture quality will be set to 

the highest possible and in RAW format and the resolution for the 

images are 4368x2912 pixels. 

 

 

 

3.1.1 Markers and targeting 

For point recognition in the photos both artificial and natural targets are used. Artificial targets consist of a 

white paper with a coded black sign and are downloaded from Agisoft Photoscan (Anon., 2018) and then 

printed out. The marker type is 12 bit with centre point radius of 10 mm and dimensions 105 x 99 mm. 

The markers are placed with a known distance from each other and from the object being photographed. 

The distance between the markers are measured from centre to centre using a folding ruler or a measuring 

tape. 

 

Figure 3.1: Camera with tripod used for 

photogrammetric measurements. 
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3.1.2 Computer and Software 

The computer used for post processing the point clouds is a Dell Precision T7810 with two Intel Xeon E5-

2637 processors each with 3,50GHz, 64 GB RAM and two NVIDIA Quadro M2000 graphic cards each 

with 4 GB GPU memory. 

 

Agisoft Photoscan Professional 64-bit is the software used for building the dense point clouds. Identical 

points occurring in the photos is detected by the software. The above mentioned artificial markers are used 

for easy identification of identical points in the photos. The software then aligns the photos to the position 

from which it is taken and creates a 3D model of points. For aligning photos, important settings are key 

point limit and tie point limit. Key point limit indicates the upper limit of feature points that are considered 

for each image when aligning and tie point limit indicates the upper limit of matching points for every 

image. If the software is unable to align some of the photos this can be done manually as well. For manual 

alignment between photos at least two photos that already aligns correctly is needed. Furthermore, these 

two correctly aligned photos and the photo that are incorrectly aligned need to share four identical points 

for the software to recognise the right position for the photo. Markers are then manually placed on the four 

identical points in each image so they can be aligned correctly. (Agisoft, 2018) There is also a function in 

the software called masking that allows you to mask out parts of a photo and delete all points lying outside 

of the masked area. This function is useful for masking out blurred part of an image and helps getting a 

better texture for the point cloud. It is also very useful when the point cloud is cleaned during post 

processing. (Agisoft, 2018) 

 

When the photos are aligned it is possible to manually scale the model to the real dimensions by inputting 

the measured values between markers. After alignment and scaling are done the software can build a 

dense point cloud from the images. The quality for generating the point cloud has five options ranging 

from lowest to ultra-high where the latter generates the densest cloud. Depth filtering can be chosen as 

mild, moderate or aggressive; where aggressive sorts out most of outlying points. If very small or detailed 

objects are processed, depth filtering should be set to mild so that important features are not sorted out. 

The point cloud generated can then be adjusted by deleting outlying points manually. The point cloud can 

then be saved and exported in different formats (e.g. OBJ, PLY, XYZ, DXF, PDF etc.) to be further 

processed in other software. (Agisoft, 2018) 

 

Autodesk ReCap is a software for scan conversion, editing and viewing of point clouds (Autodesk, 2018). 

ReCap is used to convert point clouds of different formats to be compatible with other Autodesk 

software’s. 

In this thesis ReCap is used to convert point clouds from .txt-format to .rcs-format. This is necessary to be 

able to import the point cloud into Autodesk Revit. The point clouds are imported and indexed with 

intensity clipping set to 100 % and decimation grid is set to 0 mm, this is for generating the densest point 

cloud possible. 

 

Autodesk Revit is the BIM software used in this thesis. The software allows importing point clouds in 

different formats. It comes with a predefined library of building elements and the possibility to build your 

custom shaped elements using the “Model in Place” function. For the skilled Revit user there is no limit to 

what can be modelled.  

 



21 

 

CloudCompare is an open source project, free for everyone to use. The software allows one to compare 

two point clouds to each other by overlapping them. The differing distances between the point clouds are 

visualised by a colour scaling. There is also the possibility to measure distances between the point clouds. 

(CloudCompare, 2018) 

 

3.2 Training and laboratory trials 

Because the author has no prior experience with the technique, photogrammetric measurements are 

performed on two test objects before the actual experiments are performed. The purpose is to get familiar 

with the equipment and software’s, so that accurate measurements can be made during the experiments. 

 

3.2.1 Photogrammetry training on a small concrete specimen 

First, photogrammetric measurements is performed on a small concrete specimen with dimensions 

300x240x300 mm. The specimen is placed on top of a wooden block so it can easily be distinguished from 

the concrete floor when building the 3D model in Agisoft's software. A total of 8 markers are placed and 

taped to the floor for identification of identical points in the photos during image processing. 

 

Three sets of photos are taken. At the first two sets, the camera is placed at 8 different positions around the 

specimen with a distance of 1.5 m from the specimen to the camera lens. Photographs are taken straight 

against the four flat sides and against the four corners of the specimen. At the first set, the lens of the 

camera is 47 cm above floor level and at the other set 100 cm above floor level. The third set is taken at 

four positions to capture the top of the specimen with the lens approximately 100 cm above the surface. A 

total of 20 photos was taken for the test. An overview of the test setup is seen in Figure 3.2 and camera 

settings and input values for the images are listed in Table 3.1. 

 
Figure 3.2: Test setup for photogrammetric measurement of a specimen with dimensions 300x240x300 mm. 
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The photos were then imported to Agisoft Photoscan and a manual scaling between the markers were 

performed. Background information in the images was cleared with the "mask" function in Agisoft 

Photoscan. The point cloud was generated with both high and ultra-high quality. Settings for generating 

the dense point cloud are listed in Table 3.2. The point cloud was then saved and exported in .las-format to 

be further processed in CloudCompare.  

 

Table 3.1: Camera configuration and input values for photos; photographing the small concrete specimen. 

Camera 

mode 

Focus Focal lens  ISO Shutter speed Aperture Number of images Time consumption 

Manual Auto 35 mm 160 1/3,33-1/10 F/8 20 45 min 

 

Table 3.2: Settings and result of point cloud generation for the small concrete specimen. 

Quality Depth filtering Aligned images Number of points Time to generate 

High Aggressive 20 1 431 513 37 sec 

Ultra high Aggressive 20 5 848 342 1 min 49 sec 

 

Figure 3.3-3.5 shows the resulting dense point cloud of the small concrete specimen. 

  
Figure 3.3:Dense point cloud of the concrete specimen, in Cloud Compare. 

 
Figure 3.5:Dense point cloud with dimensions, in CloudCompare. 

Figure 3.4:Dense point cloud in Agisoft showing camera positions. 
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Figure 3.6: Photographed slab on supports. 

3.2.2 Photogrammetry training: Slab test 

Photogrammetric measurements was also conducted 

on one of the slabs prior to the deflection 

measurements. This was done to ensure a good 

camera setup for the actual experiments. The slab 

has the dimensions 4300x1000x300 mm and lays 

on two supports 1200 mm above the ground level, 

Figure 3.6. Prior to taking the photographs a camera 

setup plan were produced to ensure a 60 % overlap 

between the photos. This is the minimum 

requirement to guarantee a successful completion of 

the reconstruction in Agisofts software (Agisoft, 

2018). The distance between the camera positions 

was determined by using PIX4D Ground sampling 

distance calculator (PIX4D, 2018). The camera 

parameters and the flight height (which in this case 

were set to 1,5 m, as this is the distance from the 

camera lens to the slab surface) were inputted and 

the single image footprint was received. From this 

information the camera setup plan was produced, 

Figure 3.7. The camera positions 1,5 m from the 

slab was for capturing the face of the slab and the 

camera positions 0,7 m from the slab was for 

capturing the top and underside of the slab. A total 

of 51 markers were placed on and around the slab to 

ensure identical points for recognition in each 

photo. 

 

  

Figure 3.7: Camera setup plan for slab test . 
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Camera configuration and input values for photos are listed in Table 3.3. 

 

Table 3.3: Camera configuration and input values for photos; photographing slab test . 

Camera 

mode 

Focus Focal lens  ISO Shutterspeed Aperture Number of 

images 

Time consumption 

Auto Auto 35 mm 160 0,6-3,2 F/8 81 1 hr 15 min 

 

When the photos was imported and aligned in Agisoft photoscan, only 50 out of 81 images aligned and the 

camera positions for several of the photos were off. No point cloud could be generated for this test setup 

because of this and therefore no results are presented. 

 

The main reasons why no point cloud could be generated for this test setup was insufficient overlapping 

between adjacent photos and blurry images. The distance between camera positions was taken straight 

from the results from the PIX4D Ground sampling calculator. Therefore there was no margin for error, so 

a slight move or angling of the camera from the calculated position meant that there would be insufficient 

overlapping between adjacent images. Several of the images of the top of the slab were of poor quality as 

well, which makes it harder for the software to find identical points between images and therefore fails to 

align them in the right position. The blurry images were due to that the top of the slab was photographed 

with the camera hand held without support of the tripod. 

 

With these lessons learned a new camera setup plan was produced, Figure 3.8, where the distance between 

camera positions were tightened to have a margin of error if the camera was moved or angled.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the new setup only one long side and the bottom of the slab was photographed. As only the vertical 

deflection in the middle of the slab will be measured, it will not be necessary to capture the whole slab for 

each loading stage for this purpose. 

Figure 3.8: New camera setup plan for slab test. 
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The camera positions close to the slab edge are for shooting the soffit of the slab and camera positions 1.5 

m away from the slab are for shooting the long side of the slab. For each camera position at least three 

photographs was taken. Most of the photos are taken with autofocus mode. For camera positions where 

taking the picture in autofocus is not possible a sharp focus is first set in autofocus mode and then the 

camera is switched to manual focus for taking the picture. This switch to manual mode does not change 

the focus of the lens. Taking pictures in autofocus mode is not possible if there is no sharp distinguishing 

point for the camera to fixate on, which was the case for many of the photos taken of the slabs soffit. 

Camera configuration and input values for the photos are presented in Table 3.4 

 

Table 3.4: Camera configuration and input values for photos; slab test with new camera setup plan. 

  

The photos were then imported to Agisoft Photoscan for post processing and building the point cloud. 

Table 3.5 shows the settings for the point cloud generation. 

 

Table 3.5: Settings and result of point cloud generation for slab test with new camera setup plan.. 

Quality Depth filtering Aligned images Number of points Time to generate 

High Aggressive 53 14 307 151 5 min 44 sec 

 

With this camera setup there was no problem for the software to align the images correctly and generate 

the point cloud. The resulting dense point cloud was exported to CloudCompare and dimensions was 

added, Figure 3.9 

 
 

Figure 3.9:Point cloud of the slab with added dimensions, in CloudCompare. 

With these results and lessons learned from the experiments, the author felt sufficiently prepared with the 

equipment and approach to continue with the actual tests. 

Camera 

mode 

Focus Focal lens  ISO Shutterspeed Aperture Number of images Time 

consumption 

Auto Auto/Manual 24 mm 160 1,3-5 F/8 53 30 min 
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3.3 As-built BIM modelling of a railway bridge in Boden, Sweden. 

3.3.1 Photographing the bridge 

To evaluate how point clouds generated by photogrammetric measurements can be used for as-built BIM 

modelling, one span of a railway bridge is photographed, Figure 3.10. Only one span of the three-span 

bridge is photographed, this is foremost due to heavy traffic under two of the spans and the traffic would 

need to be interrupted during photographing. Photographing only one span of the bridge will also be 

sufficient to fulfil the purpose of the experiment. 

 
Figure 3.10: Photographed bridge span used for as-built BIM modelling. 

The bridge is located in Boden, Sweden; it is a three span RC railway bridge. This bridge is chosen 

because strain measuring experiments are conducted on it as a research project at Luleå University of 

Technology. The plan is to incorporate these strain readings for the reinforcement in the as-built BIM. 

 

Prior to going to the bridge and photographing, a rough camera setup plan is produced, Figure 3.11. The 

setup plan is produced by reviewing the setup plans that (Gärdin C & Jimenez, 2018) used for 

photographing bridges in their master thesis. For each camera station several photos are taken down to up, 

this is for creating a panoramic view of the bridge and get enough overlapping between images. 

 

The photographing took place 2018-04-17 between 09-12 am. Photographing is performed during daylight 

time with a clear sky and sunny weather. The photographs were taken with the camera in AV-mode with 

ISO for the photographs set to 160. The aperture is manually set to f/8 to get a good field of depth. The 

lens is set on autofocus as the shooting distance is irregular and the shutter speed is set to automatic as the 

weather are sunny and light conditions changing. For camera positions where photos could not be taken in 

autofocus mode the setting was switched to manual focus and the picture was taken, this is the same 

procedure that was explained in chapter 3.2.2. 

 



27 

 

The 24 mm lens are used to photograph the soffit and the pillars of the bridge where distance from the 

camera lens to the object is short. The 24 mm lens gives a wider angle and therefore more of the object is 

captured in a single photo. This is preferable in this case to get the necessary overlap between photos with 

the least number of camera positions.  The 35 mm lens was for photographing the face of the bridge where 

the distance from lens to object was longer. The 35 mm lens was chosen for these photographs as it does 

not capture as much of the background i.e. irrelevant information that are deleted during post processing 

of the photographs. The camera configuration and input values for the photographs are listed in Table 3.6. 

 

 
               Figure 3.11: Camera setup plan for photographing the railway bridge span. 

A total of 14 artificial markers are used for identification and scaling during post-processing. The markers 

are taped to the four pillars supporting the span, Figure 3.12. A total of 511 photographs were taken of the 

bridge span. No photographs were taken for the top of the bridge span due to limited access. Figure 3.13 

shows the sparse point cloud in Agisoft with added camera positions. 

Camera mode Focus Focal lens 

mm 

ISO Shutterspeed Aperture Number of 

images 

Time consumption 

Auto Auto/Manual 24 and 35 160 1/30-1/800 F/8 511 3 hr 

 

Table 3.6: Camera configuration and input values for photos; photographing the bridge. 
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3.3.2 Point cloud processing 

The photographs were then imported into Agisoft Photoscan for processing and building the dense point 

cloud. The photographs were aligned and a manual scaling between the markers was performed. All 511 

images aligned automatically which implies that there is a good overlapping between images and that the 

image quality is sufficient. When the generation of the point cloud was completed, the point cloud was 

“cleaned” by removing outlying points. The cleaned point cloud were then saved in .txt-format. Settings 

and results for the generated point cloud are seen in Table 3.7 below. 

 

Table 3.7: Settings and result of point cloud generation for the bridge span. 

Quality Depth 

filtering 

Aligned images Number of 

points 

Time to generate Post processing 

High Aggressive 511 38 965 009 16 hr 32 min Ca 2 hour 

 

 

The point cloud was then imported into Autodesk ReCap. This is necessary to be able to convert the point 

cloud into .rcs-format, which later can be imported into Autodesk Revit. The point cloud were imported in 

ReCap with the point decimation set to the lowest possible value. After the indexing of the point cloud 

was completed it was exported in .rcs-format. 

 

Figure 3.12: Pillars with taped targets. Figure 3.13: Sparse point cloud with added camera positions. 
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3.3.3 BIM modelling in Revit 

Figure 3.14 shows the point cloud imported and positioned with elevations added in Autodesk Revit.

 
Figure 3.14: Point cloud imported to Revit with added elevations. 

The scale of the point cloud was controlled by measuring elements of the bridge, Figure 3.15 and 3.16, 

and comparing with existing drawings. The basic elements, visible in the point cloud were then modelled 

with the point cloud working as a reference, Figure 3.17 shows modelling of the slab. The reinforcement 

for the slab and the slab edges was also modelled. The point cloud and the resulting simple as-built BIM is 

seen in chapter 4.3. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

Figure 3.16: Measurement of the underside of the bridge deck. Figure 3.15: Measurement of a pillar. 

Figure 17: Modeling the slab of the bridge using the point cloud as reference. 
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3.4 Deflection measurements on RC slab 

The experiments are conducted at Luleå University of Technology. The slabs are photographed prior to 

loading and for different loading stages. The slabs were tested in flexure using a three point bending setup, 

Figure 3.18. The load was applied using servo-hydraulic actuator, acting on a spreader beam. The spreader 

beam rested on two rollers one meter apart. Steel plates were used to distribute the applied load over the 

width of the slab. The contact between the steel plates and the concrete slab was ensured through cast-in-

place gypsum. The total weight of the load distribution structure was 340 kg, equivalent to 3.4 kN force, 

was not considered in the following analyses. 

 

The slab was loaded in displacement control at a rate of 0.1 mm/min, up to a maximum displacement of 

30 mm, at which point the yielding of the reinforcement already occurred. The loading sequence show 

in Figure 3.19 was used. Breaks during the loading of the slab were made at displacement values of 5, 10, 

15, 19, 25 and 30 mm to take additional pictures of the slabs, after which the loading was resumed. After a 

30 mm mid-span displacement was achieved the load was removed. 

The deflection is measured in the middle of the slab, on each side, using wire displacement transducers 

with wires fastened under the slab with anchor bolts, figure 3.20. Figure 3.21 shows the test setup for the 

slab. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.20: Displacement transducers. 

Figure 3.18: Loading setup with hydraulic actuator. Figure 3.19: Loading sequence used for the experiment. 
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The lightning conditions when photographing are shifting when moving around the slab. This depends on 

large windows on one side of the laboratory. For this reason the images are captured using manual settings 

on the camera and the shutter speed is configured to capture as sharp images as possible.  

 

After photographing, the images are imported to Agisoft Photoscan and a point cloud is generated for each 

loading stage.  

 

The point clouds are cleaned using the mask function, Figure 3.22 and 3.23, so they are as equal as 

possible to be able to make a fair comparison between them and to be easier to overlap to each other. If 

two or more photos contain the same information e.g. the same background information, the mask 

function only needs to be used on one of the photos as the function deletes points from the merged point 

cloud independently from what is shown in the photos. The cleaned point clouds are then saved and 

exported in either .pts or .las-format and imported to CloudCompare. Figure 3.24 shows an example of a 

cleaned point cloud. 

  

Figure 3.21: Test setup for deflection measurements of the slabs, south side is seen in the picture. 
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In CloudCompare, the point cloud prior to loading acts as the reference and the point clouds for each 

loading stage is one by one overlapped to the reference cloud for comparison to see if the deflection can 

be measured and visualized. When imported the scale of the point clouds are controlled by measuring 

between markers Figure 3.25. Three pair of markers are fastened on each concrete block supporting the 

slab. Measurements are made between all six pairs of markers for all point clouds to check scale.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.25: Markers measured on reference and loading stage 6 point cloud, distance was 

measured to 503 mm during tests. 

Figure 3.22: Masking out the background. 

 

Figure 3.23: Masking using snap function. 

 

Figure 3.24: Point cloud cleaned using masks. 
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Outlying points are then removed using the statistical outlier filter in CloudCompare. When the point 

clouds are cleaned from outliers they are first manually overlapped as good as possible so the software is 

able to automatically overlap the point clouds, Figure 3.26. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After the automatic overlapping a manual overlapping using point picking is conducted to get the best 

possible result, the targets placed on the concrete block supports holding up the slab is used for point 

picking, Figure 3.27 shows a completed overlapping using point picking. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.26: Automatic overlapping between two point clouds completed. 

Figure 3.27: Completed manual overlap using point picking. 
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With the point clouds overlapped the thickness in the middle of the slab is measured on both sides for both 

the reference cloud and for the overlapped cloud, Figure 3.28. This is done to get as accurate values as 

possible for the deflection as it is possible points are accidently removed when masking and cleaning the 

point clouds in Agisoft Photoscan. The difference in thickness between the overlapped and the reference 

cloud are then either added or subtracted to the measured deflection. When measuring in the point clouds 

the point size is increased to get more accurate measurements, Figure 3.29. The function compute 

cloud/cloud distance is used to get a good visualization of distances between the overlapped point clouds, 

Figure 3.30. 

 

 

  

Figure 3.28: Thickness measured in the point cloud. Figure 3.29: Increased point size for more 

accurate measurements. 

Figure 3.30: Cloud/Cloud distance visualizes distances between points for the overlapped point clouds. 
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For measuring the deflection the colour of the point clouds are chosen to easily distinguish them from 

each other. The measurement is then taken as close as possible of the middle of the slab, Figure 3.31. The 

results of these measurements are summarized in table 4.2 in chapter 4.4. To evaluate if this method could 

be used for measuring deflections on concrete bridges, the measured values are compared to what is an 

accepted deflection at serviceability limit state according to Eurocode 2, Figure 3.32. The actual l/d should 

be calculated as l= span length / d=250, according to Eurocode 2. (Bungey, et al., 2012) 

 

 

           

Figure 3.31: Deflection measured in the middle. 
Figure 3.32: Assessing deflection according to 

Eurocode 2. 



36 

 

Slab 1 

The first slab was photographed prior to loading and for six different loading stages using the camera 

setup seen in Figure 3.33 Targets was placed on the concrete block supports for identification of identical 

points between images and for scaling the point cloud; a total of 26 targets was used. Table 3.8 shows the 

camera configuration for photographing slab 1. 

      

 
Figure 3.33: Camera setup plan for slab 1, 64 positions. 

 

Table 3.8: Camera configuration and input values for photos for each loading stage; photographing slab 1. 

Camera mode Focus Lens focal 

lenght 

[mm] 

ISO Shutterspeed Aperture Number of images  Time 

consumption 

Manual Auto/Manual 24  160 0,6 - 2,5 F/8 128 35 min 
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When the images was imported to Agisoft for post processing to build the point clouds there was problems 

aligning some of the image sets. The biggest problem had to do with alignment between images taken for 

the elevation with those taken of the soffit of the slab. Because of this the point cloud was built from the 

images only showing the elevation of the slab. Table 3.9 shows the settings and result of the generated 

point clouds for slab 1. 

 

As seen in table 3.9 the time to generate the point clouds differ even though all point clouds is built from 

the same amount of photos. For the longer time frames e.g. for the reference point cloud, more 

information have been processed. This is due to that the boundary box around the sparse point cloud that 

is generated when first aligning the images is over sized during generation of the dense point cloud and 

therefore more points of the background are processed. Point clouds for all loading stages were not 

generated due to complications with alignment between images. 

 

  

Loading 

stage 

Quality Depth 

filtering 

Aligned 

images 

Number of 

points 

Time to generate Post 

processing 

Reference Ultra high Aggressive 80 55 519 609 1 hr 18 min 42 sec Ca 40 min 

1 Ultra high Aggressive 80 54 543 641 36 min 15 sec Ca 40 min 

2 Ultra high Aggressive 80 52 438 824 50 min 41sec Ca 40 min 

3 Ultra high Aggressive 80 55 870 169 35 min 53 sec Ca 40 min 

4 - - - - - - 

5 - - - - - - 

6 Ultra high Aggresive 80 50 496 926 1 hr 3min 16sec Ca 40 min 

Table 3.9: Settings and result of point cloud generation for deflection measurement on slab 1. 
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4. Results  

4.1 Point cloud and as-built BIM model of railway bridge in Boden, Sweden. 

As-built BIM modelling of a railway bridge in Boden, Sweden. 

Figure 4.1 shows the generated point cloud when imported to Autodesk ReCap software and Figure 4.2 

shows how the point cloud was used for building the as-built BIM. 

Point clouds from different angels and the as-built BIM is seen in Appendix A. 

 

 
                         Figure 4.1: Point cloud view for the south side of the bridge span. 

 

  

Figure 4.2: 3D model of the bridge with overlapping point cloud. 
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4.2 Point clouds showing deflection measurements on RC slabs 

Here the results of the laboratory work to measure deflections using CRP are presented. The measured 

deflection in CloudCompare is compared to the deflection measured using displacement transducers 

during the tests. Results are in form of point clouds showing the measured distance between the clouds, 

these measurements are then summarized in tables. To the left in Figure 4.3 the point cloud for the firsts 

loading stage overlapped with the point cloud for the unloaded slab is shown. The colored point cloud is 

the one with loading and the grey one is the unloaded one. The colors of the loaded point cloud represent 

the distance between the two point clouds. In the middle of Figure 4.3 the numbers of the color scale bar is 

enlarged and to the right shows how the deflection is measured. Note that the unloaded point cloud is set 

with an intense red color when measuring the deflection to easier distinguish the points between the two 

clouds from each other. 

 

This same approach was used for all loading stages where a point cloud could be generated. The results 

from the measurements are summarized in Table 4.1 below.  

 

Table 4.1:Comparison between deflections measured in the point cloud to LVDT. 

Loading 

stage 

Deflection 

North 

with 

LVDT 

[mm] 

Deflection 

North in 

the point 

cloud 

[mm] 

Difference 

[mm] 

Difference 

[%] 

Deflection 

South 

with 

LVDT 

[mm] 

Deflection 

South in 

the point 

cloud 

[mm] 

Difference 

[mm] 

Difference 

[%] 

1 4,84 4,77 -0,07 1,5 5,19 3,73 -1,46 28 

2 10,20 6,90 - 3,30 32,5 11,00 10,08 - 0,92 8,5 

3 15,73 14,71 -1,02 6,5 16,41 14,74 - 1,67 10 

4 19,98 - - - 20,88 - - - 

5 24,74 - - - 25,58 - - - 

6 32,22 33,87 + 1,65 5 33,49 33,62 + 0,13 0,5 

 

Maximum deflection in serviceability limit state according to Eurocode 2 (Bungey, et al., 2012). The span 

length between the supports are 3800 mm for the test setup, thus, the admissible deflection is 15.2 mm 

Figure 4.3, Left to Right: Point cloud for loading stage 1 compared with reference, values on the color bar, close up showing the measured 

deflection, North side. 
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5. Analysis and discussions  

5.1 As-built BIM modelling using point clouds  

Figures 4.1-4.2 in the results chapter 4.1 and additional figures in Appendix A showing the as- built BIM 

with overlapping point clouds supports that a point cloud can be of great benefit when a BIM of an 

existing structure are generated. With the point cloud working as a reference in the background, the user 

that is doing the modelling can feel safe that the actual geometry of the structure is captured. The user is 

able to turn the visibility of the point cloud on and off to make sure that the geometry of the elements is 

modelled as-built. With the point cloud activated inspection of the as-is concrete surface is also possible. 

It must though be noted that a point cloud only visualizes a shell of the captured object and that additional 

information will be needed to build complete as-built BIMs. Additional information that will be needed to 

build a complete as-built BIM will differ between objects. Foremost such information will be drawings of 

structure elements that is not visible above ground and drawings of imbedded features such as 

reinforcement, ventilation and electricity. For the simple as-built BIM in this thesis all the concrete 

surfaces visible in the generated point cloud was modeled using only that, without additional drawings. 

But as there was no possibility capturing the top of the bridge in this photo session, drawings were used to 

find out the depth of the slab edges. Drawings were also used to model the pillar foundations located 

below ground level and to find out the location and dimension of the reinforcement embedded to the 

concrete members. 

 

The point cloud is also helpful for making measurements of visible input elements of the structure. If no 

drawings are available for the structure that is being modelled, using the point cloud is a good way for 

measuring elements that is hard to reach for manual measurements. It is of course important to have some 

control points to first measure between to ensure that the cloud is in scale before modeling elements, 

relying on measurements from the point cloud. For the most part 2D drawings are available for existing 

structures, point clouds can then work as a control that built elements and drawings match.  

 

Seen from a qualitatively point of view the generated point cloud of the railway bridge was fairly good. It 

could have been better both in term of density and range. For density, this would have been better if the 

point cloud had been generated with ultra-high quality setting in Agisoft Photoscan (Agisoft, 2018). An 

attempt to generate the point cloud in ultra-high quality in Agisoft was made, however with no success. 

The lengthy computational time to generate the point cloud (approximately 200 hours) was considered to 

be unfeasible and therefore the generation was cancelled. 

 

There is a possibility that other software’s for generating point clouds does not need as much computer 

power due to better algorithms, and therefore are better suited to generate high quality point clouds. 

However, this was out of scope of the current thesis. As for range of the point cloud, the upper part of the 

bridge span could not be photographed due to limited access. As accessing the rails without closing down 

the traffic impose a great risk, the best possible way to capture this part would probably be using a drone 

equipped with a camera. Some parts of the pillars were also missing points due to heavy vegetation and 

snow covering them, this though did not affect the purpose in this thesis but is something that has to be 

considered where complete models are required. 

As for the part of incorporating the strain readings conducted on the reinforcement on the bridge I didn’t 

find any good way of doing this and had little time investigating it. Therefore, it will be mentioned in 

chapter 7 as something to investigate further in the future. 



41 

 

5.2 Deflection measurements using point clouds 

From chapter 4.4 showing the results of deflection measurements in the point clouds compared to the 

measured deflection using displacement transducers, it is seen that the deflection was only measured at 

four loading stages. For loading stage 4 and 5 the images could not be aligned with the right camera 

positions and scale in place. This was due to that some images were to blurry for the software to align 

automatically. Trying to align these images manually, was still not possible to get them to align at the 

right camera position and therefore they destroyed the geometry of the model. For the four loading stages 

that was measured for deflection, the biggest deviation from that measured with deflection transducers 

was 3,3 mm. There are though several factors that can have affected the measurements shown in table 4.3. 

 

First of all these measurements are done by manually picking points in the point clouds. Such manual 

measurements will always be affected by the human factor, and deviations between measurements will 

occur depending on who is doing the point picking in the point clouds as it is a subjective evaluation on 

how to conduct the measurements. The measurements are also affected by the scale of the point clouds, if 

the scaling between the reference cloud and the overlapping cloud is not exactly the same, measurements 

will not be exact either. 

 

Another thing that can affect the results of the 

measurements is the overlapping between the point 

clouds in CloudCompare. As I found out working in the 

software the automatic overlapping feature did not 

overlap the point clouds perfectly. One thing that can 

have affected the overlapping is that the point clouds 

weren’t cleaned in the exact same way regarding the 

concrete blocks supporting the slab. This can though be 

solved by using point picking and manually overlap the 

point clouds if there is enough identical points that can 

be identified in the point clouds. The more points the 

better but at least 4 points are needed to be able to use 

this function. In this thesis only the manual approach by 

picking points was used after this discovery. Even 

though this gave a better overlapping between the point 

clouds it was not perfect as the point picking is done 

manually and it is nearly impossible to pick the exact 

same position in both clouds. 

 

Another factor why any hard conclusions cannot be drawn is that the test basis is too small as only one 

slab was photographed. 

The basic idea was that I would test four concrete slabs using this method. However, as the schedule in the 

laboratory was very tight and the tests did not go as smooth as planned, I only had time to test one of the 

slabs. On top of that the camera setup for testing the first slab turned out to be no good so I could not 

generate useful point clouds for loading stage 4 and 5. The problem had to do with aligning the images in 

Agisoft Photoscan. This was both due to insufficient overlapping between images and poor image quality. 

The biggest problem was aligning between images showing the face of the slab and the underside of the 

Figure 4.31: Enlarged point size for point picking. 
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slab. I should have taken at least one more set of photos from a different height capturing more of both the 

underside and the face in the same image for better results.  

A very similar camera setup as this one was used successfully for the second slab test, see Figure 3.8 in 

Chapter 3.2.2. This camera setup was tested the day before the actual testing as well, with good result. 

One parameter from that setup was though changed, which was that instead of photographing the soffit of 

the slab from only one side with three overlapping images, the soffit was instead shot from both sides but 

only with 2 photographs for each position. The author have not figured out why this made such a big 

difference but maybe it has something to do with the order in which the images are aligned in the 

software. The space in the laboratory where the slab was tested was very narrow. As a result, the move 

between camera positions had to be small to get enough overlap between the images. This made that every 

photographing set for the different loading stages were time consuming and took longer time than 

expected. 

 

As mentioned, the quality was not on point either, much due to changing lightning conditions moving 

around the slab and lack of skill from me as a photographer to make the right camera adjustments. Blurry 

images make it harder for the software to identify identical points to adjacent images. Sometimes this can 

be solved by masking out the blurred part of the image and try to align them again. There is also the 

possibility to try to manually align the image by placing markers on four points that can be recognised in 

at least two other already aligned images. From experience working with this I know that one image with 

poor quality can affect the alignment of the whole model, this is one reason why it is so crucial to have a 

good overlapping between images so that it can be removed and still have the possibility to generate the 

point cloud because that part of the object is captured in other images as well.  
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5.3 General discussion 

One certain experience after working on this for the last 5 months with no prior knowledge of working 

with photographing, is that it is not as easy as just to go out and put the camera up and click a button to get 

high quality pictures. It sure takes some training to be able to shoot sharp images in different 

environments with changing lightning conditions. In chapter 1.4 I stated the lack of experience as a 

limitation that would be solved by reading theory and doing test photographing prior to the real tests. It 

sure helped to get started and for basic knowledge it was great. Still many of the camera setups tried in 

this study showed a lack of overlapping between images when imported and aligned in Agisoft Photoscan. 

For slab test 1 the problem was a mixture of overlapping between adjacent images and poor image quality. 

The camera setup plan for this test was produced so that the adjacent overlap between images would be 

exactly 60 %. This is obviously not a good way to produce a camera setup plan as just the slightest 

movement from the camera position or angling of the camera will produce an image set with insufficient 

overlapping. This combined with shooting a concrete slab that has a rather shiny surface with little texture 

makes it hard to get a good camera alignment in the software. One other experience is that when an object 

is to be depicted using Close Range Photogrammetry it is good if the whole object can be captured in one 

image as a basis. The photographing of the railway bridge was conducted using this approach where one 

shot was taken from far away covering the whole side of the bridge and then moving in closer to capture 

more details. As a result, the aligning process for this set of images went smoothly. This was not possible 

during the laboratory experiments due to the narrow spacing in the test area, which resulted in problems 

with alignment between images. 
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6. Conclusions  
Conclusions regarding point clouds generated through Close Range Photogrammetry used for as-built 

BIM modelling is that it sure is a valuable tool for visualization and taking measurements while creating 

the model.  As point clouds through Close Range Photogrammetry comes with full scale color, this is 

beneficial compared to point clouds generated through laser scanning that only comes in gray scale. A 

colored point cloud makes much easier to distinguish any deficiencies occurring on the object. 

For building complete as-built BIMs more information than a point cloud is though needed as it only 

visualizes a shell of the captured object. If Trafikverket has plans to update their BatMan system to 

contain either just 3D-models for visualization and measurement purposes or create full scale as-built 

BIMs of the structures they facilitate, point clouds generated through Close Range Photogrammetry could 

work for that purpose.  

 

Looking at the results for the deflection measurements it can be said that it is possible to measure small 

differences between the point clouds which conforms with theories that claim that Close Range 

Photogrammetry can reach accuracies of 0,1 mm for short distances between the camera lens and the 

object. The method used in this work for measuring deflections does not meet those accuracies although 

the photographing is conducted at very close range. This is much due to the topics discussed in chapter 5 

and mainly because the measurements are manually preformed with shifting scale between the point 

clouds.  

The results however indicate that Close Range Photogrammetry could work for measuring deflections on 

real bridges and get a good visualization for where movements of the structure has occurred. The 

technique though must be tested and evaluated further to be able to draw definitive conclusions on how 

accurate it can be when it comes to measuring deflections. The method also has to be automated to a 

greater extent, so results in measurements are less sensitive to human error.      
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7. Future work 
 

As Close Range Photogrammetry is quite a new technique for health monitoring of structures a lot of 

future work is probably going to be conducted in this area. Potential future work are listed below in bullet 

points. 

 

• Conduct Close Range Photogrammetry on the two remaining slabs at Luleå Univeristy of 

Technology with a better camera setup plan so that the whole slab is captured in the model to 

further evaluate the technique. 

 

• Conduct loading tests on a real bridge to see if the technique can work in the field with good 

enough accuracy. 

 

• Automated methods using Close Range Photogrammetry for measuring deflection and creating as-

built BIM:s. 

 

• Investigate the possibilities to connect elements in a BIM to real time data, such as strain 

measurements conducted on reinforcement on the railway bridge in Boden. 

 

• Evaluate other software’s for generating point clouds.  

 

Before testing the technique on a real bridge to measure deflection, the author thinks that more tests in 

laboratory environment should be conducted. This to establish a larger basis for determining how well 

close range photogrammetry can be used for the purpose of seeing changes in deflection over time in 

bridges. Further laboratory tests, together with the results in this report, could be used as a basis for 

evaluating whether it is worth spending time and resources on real load tests in the field on a real bridge. 

 

Furthermore, the author believes that a method that is more automated with regard to post processing and 

measurement in the point clouds had been preferable. The manual approach used in this report is time 

consuming and the result is to some extent affected by who is performing the post processing and the 

measurements. A more automated work process would reduce the risk of human error during processing 

and measuring in the point clouds. An evaluation of various software that exists to handle point clouds 

would also be good to implement. This to evaluate the different software's capacity for generating point 

clouds and to compare the tools available for post processing. 

 

Being able to connect measurement data taken out in the field to different elements included in an as-built 

BIM would make the model an even more powerful tool. The more data that can be linked to the included 

elements in the model contributes to a more realistic overall picture. Which in turn could contribute to that 

some planning of maintenance could be done by examining the constituent elements directly from the 

BIM instead of making on-the-spot checks. 

 

One part of the process that could be automated is generation of the point clouds. This could work in the 

same way as it does for IR-scanning with Matterport cameras. With Matterport the images are uploaded to 

a cloud service where a 3D space is created. (Matterport, 2019) When the 3D space is generated a point 
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cloud can be downloaded and post processed further. This approach would be useful for CRP as well, 

foremost where large objects that demands many images and therefore much computer power is needed. 

As for automation when it comes to edit out unwanted points from the cloud the author does not see any 

good step for how this could be done.  

There is the possibility to outsource this step to a second party that has this as a profession, that would at 

least minimize the risk of human error. Measuring the deflection comparing two point clouds as it is done 

in this thesis could be automated by developing the CloudCompare software. With two clouds well edited 

with no outlying points in either of the clouds and with a perfect overlap between them, the maximum 

distance between the two clouds could be calculated automatically which should occur where the 

deflection is greatest. 

 

The possibility of connecting measurement data taken out in the field to a BIM should not be too far away 

according to the author's opinion. It would of course require some software development from those 

providing the software e.g. Autodesk. Wirelessly transferring data from the field to a connected computer 

and connecting that measurement data to a specific element in the BIM would probably not require too 

much development of the software. With such input data for critical elements of a structure, as-is stability 

would also be possible to assess and visualize directly from the as-built BIM. This would require 

development of software’s that combine the tools from both BIM- and FEM software’s. 
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Appendix 

Appendix A – Point cloud and as-built BIM of railway bridge in Boden.  
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Appendix A 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 Point cloud view of the underside of the bridge span. 

Point cloud view for the north side of the bridge span. 

Point cloud view from above the bridge span. Point cloud view from the east of the bridge span. 
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Point cloud view from the west of the bridge span.  3D model of the bridge. 

Figure 4.13: Model of the bridge seen from north. Figure 4.14: Model of the bridge with overlapping point cloud 

seen from north. 

Model of the bridge seen from south. Model of the bridge with overlapping point cloud seen from south. 
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3D-view showing modelled reinforcement. Section view showing modelled reinforcement. 

Model of the bridge seen from west. Model of the bridge with overlapping point cloud seen from west. 

Model of the bridge seen from east. Model of the bridge with overlapping point cloud seen from east. 

 

 


