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SUMMARY 

The aim of the current project is to digitalize inspections and monitoring of structures’ health 

using drones in order to identify and allow for easier inspection of damages in transport 

infrastructure. The objectives set are to perform aerial photogrammetry to recreate the as-is 

condition to enable off-site inspection of difficult to reach areas in structures and identify 

damages – e.g. cracks, spalling, corrosion. The drone is controlled either autonomously or with 

the use of a remote control by a pilot from the ground. The drone can carry a wide range of 

imaging technologies including still, video and infrared sensors. The high flexibility and 

accessibility of drones in hard-to-reach or risk exposed areas makes the airborne 

photogrammetry a better alternative to the ground-based method. Given the potential of 

UAVs to help bridge inspectors performing inspections off-site, the Swedish Transport 

Administration developed a demonstration project to evaluate the effectiveness and future 

opportunities within inspection field. Five bridges of varying sizes and types were selected as 

demonstrators. Data collection including the 3D model creation has been performed by three 

different contractors while the model-based inspection for all bridges was performed by the 

same team. It has been shown that the 3D models could serve as a tool for bridge inspectors 

from which measurements could be extracted and certain damages identified. A full off-site 

inspection is currently not feasible as some areas of the bridges were difficult to capture. The 

models are only providing near-surface information, and therefore, in-depth inspection should 

not be overlooked. The difficulty to capture local defects such as delaminations and narrow 

cracks also reduces versatility. The main conclusion from the study is that drones cannot be 

used independently to conduct inspections. Currently, they can only be used as a complement 

to traditional inspections. The added value of a 3D model derives from the possibility of using 

it as tool to better plan large inspections in the field and/or future maintenance work. 

  



 

7 

Introduction 

Regular inspections of existing bridges are usually scheduled during their service life to 

evaluate their health and as part of proactive maintenance where future deterioration is 

anticipated. In Sweden, the main inspection is performed every 6 years. Typically, a routine 

inspection consists of field measurements and visual observations made by a bridge inspector. 

The main purpose is to gather information such as geometry, concrete deterioration, steel rebar 

corrosion, water seepage, concrete cover delamination, spalling, deflection/settlements and 

cracks (Phares, Washer et al. 2004, Alani, Aboutalebi et al. 2014, Riveiro and Solla 2016). The 

way such data are documented is through field inspection notes, freehand sketches and 

photographs. Oftentimes, the data is stored in different systems and data collection and 

visualization still relies on paper-based record keeping processes. For this purpose, the Swedish 

Road Administration (Trafikverket) developed an in-house bridge management system called 

Batman (Bridge and Tunnel MANagement). 

The procedures are highly dependent on the inspector’s experience (Phares, Washer et al. 

2004), and knowledge of the structural behavior and material properties of the system being 

investigated. The method has its limitations in the sense that only accessible parts are 

investigated due to the difficult terrain in which the structure is sometimes located. This is 

especially true for large structures, such as bridges, where investigating the whole area would 

be highly time-consuming and potentially unsafe (Abu Dabous, Yaghi et al. 2017) - see Figure 

1. 

 

Figure 1. Typical inspection works: subjective evaluation, creates traffic delays, unsafe work conditions. 
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Honfi, Williams Portal et al. (2018) noted that the inspection’s duration is highly dependent on 

the bridge span (less than 10m can amount to 0.5 days and bigger than 100 m can amount to 

20 days). Defects can only be detected when their presence is visible to the naked eye, so they 

may already affect the life of the structure. Graybeal, Phares et al. (2002) noted that routine 

inspections have relatively poor accuracy, with the following factors affecting the reliability of 

these results: inspector fear of traffic, near visual acuity, color vision, accessibility and 

complexity. However, the study evaluated the US methodology and their limitations, and 

thus, not all factors will be representative in other countries. Furthermore, knowledge transfer 

from one inspection period to another becomes difficult when different inspectors carry out 

the investigation. Therefore, there is a strong need to identify new inspection and monitoring 

techniques for infrastructure that reduce disruption and improve the efficiency and reliability of 

the acquired data. 

Emerging technologies are now becoming more and more common in the civil engineering 

field. One such example is the use of optical methods – arguably a more advanced visual 

inspection – where the imaging characteristics of an object are recorded using high precision, 

high sensitivity cameras. According to Fathi and Brilakis (2011), optical-based sensors are 

classified as active or passive sensors. Active sensors obtain depth information by emitting 

energy and recording the reflected signals [e.g. terrestrial laser scanning (TLS), infrared 

scanning (IS) – Red-Green-Blue-Depth (RGB-D) cameras]. Passive sensors make use of 

ambient light to capture the surrounding environment and, with the use of post-processing 

techniques, range data are obtained [e.g. close-range photogrammetry (CRP)]. The main 

outcome of such methods is a point cloud, which is considered to be the most primitive 3D 

model that allows 3D measurements and drawings (Belen Riveiro and Solla 2016). 

Background 

Photogrammetry-based reconstruction of 3D digital models can be used as basis for off-site 

inspection of bridges. The photogrammetry is divided in two main categories: ground-based 

and airborne photogrammetry using e.g. an Unmanned Aerial Vehicle (UAV). An Unmanned 

Aerial Vehicle (UAV) is defined as an aircraft flown with no pilot on board. UAVs are 

sometimes referred to as drones and the name can be used interchangeably. The drone is 

controlled either autonomously or with the use of a remote control by a pilot from the 

ground. The drone can carry a wide range of imaging technologies including still, video and 

infrared sensors. The high flexibility and accessibility of drones in hard-to-reach or risk 

exposed areas makes the airborne photogrammetry a better alternative to the ground-based 
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method. Given the potential of UAVs to help bridge inspectors performing inspections off-site, 

the Swedish Transport Administration developed a demonstration project to evaluate the 

effectiveness and future opportunities within inspection field. The following bridges were 

selected for the study: 

Table 1. Bridges included in the study 

Package Object no. Name Type Location 

1 22-669-1 Bridge over Alnösundet (Alnöbron) vid 

Alvik i Sundsvall 

Road bridge Sundsvall 

2 22-1105-1 Högakusten Bridge, over Ångermanälven 

between Veda and Hornö 

Road bridge Kramfors 

3 3500-1953-1 

100-2270-1 

100-2272-1 

3500-1973-1 

Piteå river in Älvsbyn, km 1098+917 

Noise barrier Boden S C 

Noise barrier Boden S C 

Noise barrier along the bridge 

Railway bridge 

Noise barrier 

Noise barrier 

Noise barrier 

Älvsbyn 

Boden 

Boden 

Boden 

4 3500-1766-1 Indals river Ragunda, km 600+30 Railway bridge Ragunda 

5 3500-1851-1 Ångerman river in Forsmo, km 661+647 Railway bridge Sollefteå 

Aim and objectives 

The aim of the current project is to evaluate the capabilities of the UAVs within bridge 

inspection. The case studies involved the investigation of five bridges and about 600m of noise 

barrier. The project is divided in three parts: (1) reconstruction of digital models using airborne 

photogrammetry; (2) performing off-site inspection using digital models created in the first part 

of the project; and (3) compare the outcome with traditional inspections. 

The current report is a compilation of results produced by different firms selected to perform 

the work. Thus, the current report is based on the available documentation provided and 

presented in bullet points below: 

 Raw photos from each flight 

 3D digital model of each bridge 

 The supplier’s brief report including: 

o Date and time of the flight 

o Weather conditions during the drone flight 

o Technology used, e.g. drones, cameras and other aids 

o Photogrammetry software for creating the 3D model 

o Intended distance to the structure during flight 

o Difficulties in the form of non-inspectable parts of the structure 
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o Difficulties in the form of photogrammetry model creation 

o Reflection and evaluation of one's own work both in terms of flight and model 

creation. 

o Discussion regarding the method in comparison with a traditional inspection 

o Suggestions for changes / improvements 

 Inspection protocol similar to main inspection (type of damage, quantification, 

condition class and image). If parts of the bridge are not inspectable based on the model 

not being complete or of poor quality, will not be registered as damage. 

The quality conditions set by the Swedish Transport Administration were: 

 The resolution must be of such quality that the inspector can identify cracks with a 

crack width of 0.2 mm with a length of 100 mm. This should be achievable using a 

good quality camera in combination with good lighting conditions. The pixel size on 

the surface should not exceed 1mm. Deviations from the specified pixel density may be 

allowed for the surface if the traffic situation makes the flight difficult. 

 The flight must be carried out when the structure is dry. 

 Flexibility regarding the flight in order to be able to wait for the proper weather 

conditions. 

 The entire construction must be documented externally and internally in accordance 

with TDOK2018:0179 unless otherwise stated. Note that for most constructions it is 

required that the drone has a camera that can be pointed upwards in order to be able to 

document the entire construction. It should be noted that underwater constructions are 

not included in the report. 

Bridge inspection enablers 

Bridge inspections are performed using a variety of methods to access areas of bridges that are 

inaccessible from the ground or bridge deck.  Different methods work well in different 

conditions and with different bridge types. For example, under-bridge inspection vehicles 

require snoopers, lifts, and bucket-trucks, etc. as equipment for accessing difficult to reach areas 

of a bridge. Rope access is another accepted form of access for bridge inspections. However, 

there are certain disadvantages of using these methods such as safety of inspector and public, 

may require lane closures and high costs. Using UAVs as enablers for data collections (high 

quality photos and videos) possess certain advantages as specified in Table 2. By converting the 

images captured by UAV into a photorealistic 3D model of the bridge, inspectors can perform 
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a visual inspection on a computer without the safety risks and time constraints of the field 

environment. 

Table 2. Advantages and disadvantages of Aerial Vehicles 

Advantages Disadvantages 

Automation Training Requirements 

Data documentation Qualified Operator Required 

Lane closures not required Poor quality of the 3D model if data is collected in 

unfavorable weather conditions 

Data quantification Only surface inspection (not possible to check closer 

the extent of damage) 

Portability  

 

Current technologies for commercial use include both fixed wing and rotor aircraft.  Among 

the UAVs, rotor aircraft is more suitable for bridge safety inspections. There are numerous 

UAVs on the market that are potentially suitable for inspection work.  While technologies and 

capabilities differ, the most common UAVs share these general features: 

 Powered by rechargeable batteries. 

 Controlled either autonomously or with a remote-control device. 

 Contain 4-8 rotors. 

 Have the ability to use GPS to track location. 

 Contain fail safes such as return to home technology. 

 Includes a camera with both video and still image capabilities. 

Field deployment and selected bridges 

Package 1 and 3 

Package 1 include a road bridge while package 3 include a railway bridge and three noise 

barriers, as specified in Table 1. To simplify the naming system in the report each structure 

scanned will be referred to Location followed by the type of object. For example, the road 

bridge located in Sundsvall (part of Package 1) will be referred to as “Sundsvall Bridge”. 

Package 1 & 3 has been prepared by Swedish Air Command company. The end product of the 

project is a coordinated/georeferenced, photogrammetric model externally (and in specific 

cases also internally) of the respective object and an evaluation. 
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The Sundsvall Bridge is a road bridge built in 1964. The bridge is a cantilever reinforced 

concrete (RC) bridge with a span of 60,5 + 126,8 + 134,0 + 134,0 + 134,0 + 126,8 + 60,5 m 

and a width of 1,2+7+1,2 (1,2 for pedestrians) m located in a rural/urban area with low/high 

traffic. Älvsbyn Bridge was built in 1980 and is a continuous box girder prestressed concrete 

bridge in three spans with span lengths 32.5 + 45.5 + 30.0 m. 

Table 3 shows the basic details (location, date of UAV scanning and weather at time of 

scanning) of the studied structures together with hardware and software used to reconstruct its 

digital models.  

Table 3. Implementation package 1 and 3 

 Noise barrier 

(Boden) 

package 3a) 

Railway bridge 

(Älvsbyn) 

package 3 

Road bridge 

(Sundsvall) 

package 1 

Time 19 August 2020 19 August 2020 20 August 2020 

Weather Cloudy 

2-3 m/s 

Partly cloudy 

1-2 m/s 

Varied weather 

8-18 m/s 

Hardware DJI M300 RTK 

DJI Phantom 4 RTK 

GNSS/GPS 

DJI M300 RTK 

DJI Phantom 4 RTK 

GNSS/GPS 

DJI M300 RTK 

DJI Phantom 4 RTK 

DJI Mavic 2 Pro 

Flyability Elios 2 

GNSS/GPS 

Software Context Capture 

Pix4D 

Metashape 

Context Capture 

Pix4D 

Metashape 

Context Capture 

Pix4D 

Metashape 

Distance to 

construction 

4-15 m 4-15 m 5-30 m 

Object -

specific 

difficulties 

encountered 

Power lines 

(disturbances) 

Thin surfaces 

 

Power lines + 

reinforcement 

(disturbances) 

Surrounding water 

 

Reinforcement (disturbances) 

Weather-exposed (wind) 

Turbulence 

Dust (inside) 

Surrounding water 

General 

difficulties 

No possibility of 3D grid 

No full access 

Disturbing vegetation 

Autonomous flight not possible 

a) 3D models not evaluated in the current report  
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The 3D model available for inspection is shown in Figure 2. 

 
Figure 2. Photogrammetric model of the Älvsbyn Bridge 

Package 2 

Package 2 include a road bridge - Högakusten Bridge - as specified in Table 1. Package 2 has 

been prepared by WSP company. The Högakusten Bridge is a road bridge built between 1993 

and 1997. The bridge is a is a suspension bridge crossing the river Ångermanälven. The total 

length is 1867 m, the span is 1210 m, and the column pillars are 180 m tall. The bridge is part 

of the highly trafficked European route E4. Table 4 shows the basic details (location, date of 

UAV scanning and weather at time of scanning) of the studied structures together with 

hardware and software used to reconstruct its digital models. The result of the project is a 

coordinated/georeferenced, photogrammetric model externally (and in specific cases also 

internally) of Högakusten Bridge. 

The interior part of the bridge was surveyed with an Elios 2 drone while for the exterior a DJI 

Phantom 4 Pro drone was used. The Topcon PS-3 total station and nRTK-GNSS were used 

to measure the support points for a Leica P40 scanner. The point cloud from the scanner was 

georeferenced according to measured control points. The point cloud was then used to geo-

reference the model. The digital model was generated in Bentley ContextCapture and aligned 

by SWEREF99TM, RH2000. Table 4 shows the basic details (location, date of UAV scanning 

and weather at time of scanning) of the studied structures together with hardware and software 

used to reconstruct its digital models.  
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Table 4. Implementation package 2 

 Högakustenbron (Kramfors) 

Package 2 

Time  6-8 July 2020 

 Outer parts were photographed late afternoon and evening on the 6th, 

until 21. Also, during both days on the 7-8th, between kl. 9-20. 

 Inner parts surveyed mainly in the afternoon on the 7th 

Weather  6th & 7th July was cloudy 

 8th July it was cloudy in the morning which turned to intermittent 

clouds with elements of sun in the afternoon. 

 Generally low wind strength at ground level 

Hardware  Elios 2 drone, with a 12 MP camera and lighting device 

 DJI Phantom 4 Pro was used, with a 24 MP camera 

 Topcon PS-3 total station and nRTK-GNSS 

Software  Bentley ContextCapture Master Update 15 

Distance to construction  For the inside was between 1.2 to 3.5 meters. 

 For the outside the distance was 4 to 6 meters. 

Difficulties encountered  Uneven light in indoor environment 

 Fast-changing lightning conditions outside 

 Large structure 

According to the surveying team, the biggest challenge flying the drone inside were the 

narrow and irregular space, poor light conditions and weak/lack of GPS coverage. Besides 

difficulties in flight control, narrow spaces add more complexity to fulfill the overlapping 

requirement to create complete coverage of the studied areas. Therefore, video footage was 

selected instead of still images. Three still images per second were later extracted from the 

video files and used in the reconstruction. The procedure yields a lower quality than usual, i.e. 

image resolution of the images is lower due to motion blur. 

Lamps were evenly spaced at ledges, they both help and disturb, because they give the images 

uneven contrast. Between them, there were dark areas where the drone's lighting device was 

used. A disadvantage is that the light is reflected on the wall like a ring, where the outer parts 

are dark in one lane, but illuminated in another (see Figure 3). This makes it harder for the 

program to stitch common images together automatically. 
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Figure 3. Image taken with Elios 2 drone using its lighting device 

The lack of GPS coverage was reportedly the biggest challenge, as many of the other problems 

would have been alleviated if the images had contained metadata regarding their position and 

rotation. For the inside georeferencing, a Leica P40 scanner was used with a layout at road 

level. The point cloud itself was used as a support in the calculation and selected points from it 

as known points. The flight line started from the platform at road level and went to the top to 

then come down again and land at the same point with similar rotation. When the images are 

extracted from the videos, they end up in the position [0, 0, 0]. To remedy this, the flight line 

were calculated as a "Loop", i.e. the pictures taken at the beginning of the flight line should be 

associated with the pictures at the end of it. However, the program still failed to solve the 

calculation, see Figure 4. 

 
Figure 4. "Loop" calculation of the inside. 

In the end, all images were calculated along with as many support points as possible. This 

resulted in better results, however, only for a limited area of the lower part while for the 

remaining part it lost orientation. A combination of motion blur and the light condition is 

believed to be the main cause of the poor result. Because of the protruding ledges at a closer 

distance than the walls, the image overlap will be lower there. For better result it is preferable 
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to devote more time in field to obtain known support points both at the bottom and top, and 

preferably on the road. In addition, flying at lower speed to counteract motion blur as much as 

possible is necessary. 

For the outside, the biggest challenges were varying lighting on surfaces and uneven image 

overlap. This created issues in reconstructing the 3D geometry of the pylons (Figure 5). The 

approach taken was to divide the whole dataset in chunks for ease of handling. All parts, once 

reconstructed individually, were combined using common fictitious known points to obtain 

the correct orientation. The final model is calibrated against the known support points from 

the scanning point cloud. The drone-mounted camera could not take photos of the underside 

of the bridge deck.    

 
Figure 5. Initial computation of the entire block of the pylon to detect potential reconstruction issues. 

Package 4 & 5 

Package 4 and 5 include two railway bridges, Ragunda Bridge and Forsmo Bridge, 

respectively.  The UAV scanning and digital model reconstruction has been prepared by 

SkySmart company. The Ragunda Bridge is a concrete arch bridge built in the 1950s and has a 

span length of about 112 m. Its total length is about 255 m. Built in 1912, the Forsmo Bridge 

is a 263m long, 50m high riveted steel-truss-arch railway bridge which crosses the Ångerman 

River in Northern Sweden. The bridge consists of a main span with a length of 104 m and 

two side spans. Table 5 shows the basic details (location, date of UAV scanning and weather at 
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time of scanning) of the studied structures together with hardware and software used to 

reconstruct its digital models.  

Table 5. Implementation package 4 and 5 

 Ragunda (Package 4) Forsmo (Package 5) 

Time 7-8 August 2020 8-9 August 2020 

Weather cloudy weather both days 

warm around +25 C wind 4-5m/s 

cloudy weather both days 

warm around +25 C wind 5-7 m/s 

Hardware  a DJI Matrice 300 RTK with Zenmuse H20T camera 

 b Phantom 4 PRO RTK 

 c Parrot Anafi 

 d Sokkia GCX3 GNSS Receiver 

 e Chasing-Innovation M2 

Software  Pix4D folders 

 DJI Terra 

Distance to construction  maximum of 5 m from the bridge 

Difficulties encountered  Sunny weather causing “dark” images 

 Weak GNSS signal under the bridge 

 Vegetation in the vicinity of the abutments 

 

a Launched in May 2020, equipped with laser rangefinder, AI object recognition, thermal camera, gimbal, x200 times zoom 

with more. Offers unique and advanced functionality. 

b Widely used in the measurement industry with a high geographical accuracy for photogrammetry/GIS, volume calculations, 
BIM with more. 
c Small and flexible with the ability to take pictures straight up. No RTK. 
d Fully equipped GNSS equipment with high precision. 
e Launched at the CES trade fair 2020 and praised underwater drone ROV (not included in the assignment but Skysmart wants 
to test). Computer for 3D processing: HP Omen powerful gaming computer with high performance graphics. 

 

In order to meet the accuracy requirements, the drone had to take photos from a distance not 

higher than 5 m from the bridge. The flight was divided in three stages. During the first stage, 

DJI automatic mission planning for 3D modeling at an altitude of about 20-25 m above the 

bridge was performed. The second stage consisted of manual flight control at the sides of the 

bridge followed by the surveying of the underside of the bridge in the last stage. For Forsmo 

Bridge, collecting photos from inside the truss was also needed to be able to create a complete 

3D model. Six ground control points were planned to be retrieved in each case, however, due 

to local conditions (obscuring vegetation) only four points were successfully recognized by the 

PIX4D software. The bridge was initially planned to be scanned using a DJI Matrice 300 

RTK, however, due to technical issues (RTK application not functioning, failed gimbal 

control for the camera mounted on top of the drone) forced the team to change the 
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equipment to a DJI Phantom 4 PRO RTK drone. For the underside of the bridge Parrot 

Anafi drone was used. While the team strives to collect photos with an overlap of about 80% 

vertically and 65% horizontal, in manual flight mode this was found to be difficult. As a result, 

less photos than necessary were taken which meant that the team had to make a second trip to 

the bridge to supplement the available photos. In total after the second trip 5600 photos were 

taken of Ragunda Bridge and 2400 for Forsmo Bridge. While not being part of the project 

objectives, thermal images of the bridge were taken using thermal camera mounted on the 

drone (Figure 6). In addition, an underwater drone (ROV) was used to test the capabilities of 

conducting underwater inspections. With better planning, the submerged bridge elements can 

be reconstructed using the same photogrammetry principle, though a much careful planning 

will be needed. Moreover, the water must be clear enough for good quality images. An 

example is shown in Figure 7. For Forsmo Bridge the water was not sufficiently clear, and 

thus, closer phots are needed which makes the process more problematic. The 3D model is 

shown in Figure 9.  

Figure 6. Thermal image of Ragunda Bridge Figure 7. Underwater image taken with ROV Chasing M2 
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Figure 8. 3D model of Ragunda Bridge 

The task for Forsmo Bridge is particularly difficult considering the complex geometry in 

addition to unfavorable lightning conditions (see Figure 9). Some issues occurred during the 

reconstruction process, i.e. the ground control points were not recognized by PIX4D software 

meaning that photos from Parrot Anafi drone could not be used. However, the control points 

were recognized by DJI Terra. The point cloud resulted is shown in Figure 10. 

Figure 9. Sunny weather or too little light gives dark images like causes problems with 3D modelling 
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Figure 10. Point clouds generated by Pix 4D and DJI Terra of the Forsmo Bridge 

Model-based inspection of bridges 

The first step was to create a 3D model of each scanned bridge while in the second part of the 

project the aim was to use the 3D models to perform an off-site inspection replicating a similar 

methodology and scope as a traditional main inspection. To perform visual inspections off-site, 

bridge inspectors require 3D models that are detailed enough to identify certain defects. Model 

based inspection has been performed by WSP’s bridge inspectors on the following bridges: 

Älvsbyn Bridge, Högakusten Bridge, Ragunda Bridge, Forsmo Bridge and Sundsvall Bridge. 

The results of these analyses are summarized below. Ideally, all model-based inspections would 

be carried out without knowledge of the current condition. However, this was not possible for 

all bridges. When the entire model has been inspected and all detected damages have been 

noted, a comparison against damages registered in BaTMan has been performed. 

Älvsbyn Bridge 

The photogrammetric model has been created using Agisoft Metashape – Professional Edition. 

The inspection was carried out in directly in Agisoft Metashape. Once a defect was identified 

in the model, the software allows the retrieval of raw files in that respective area. Thus, the 

inspector has a better possibility in assessing the extent of damage (see Figure 11). The damage 

was then added in the inspection protocol together with a screenshot of the damage. 
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(a) (b) 

Figure 11. Damage identification (corrosion): (a) view from the 3D model; and (b) raw photo 

It was noted that certain parts of the bridge were missing in the model, and thus not being 

possible to be inspected. This includes the following areas: 

 Inside of the box girder (the hatch to the inside was welded and not possible to open at 

the time of inspection) 

 Top side of the bridge including top of edge beam and railing 

 Elements located in confined spaces at anchorages (support 1 and 4), e.g. gravel shift, 

back of drawer beam / end cross beam and upper sides of bearing pallets located below 

the drawer beam 

 Part of the eastern outside of the northern mooring (support 4) 

 The underside of the wing walls' edge strips is of poor quality 

 Part of the south-eastern wing wall edging is not included in the model.  

 Bearings cannot be inspected with the desired extent when its inside and back sides are 

not visible in the model, and because its exterior and front sides are displayed with poor 

quality 

 Parts of the underside of the box beam, mainly in the middle span between supports 2 

- 3, are of poor quality in the model and there is not enough source photos for affected 

areas 

 Brackets for overhead contact posts along the western edge beam are not included in 

the model 

 Parts of edge beam, underside of bridge deck slab and outside of box beam between 

supports 3 - 4 are lined with vegetation 

 Connecting cones and slopes around land anchors are not included the model. 

The damages identified in the model were cracks, reinforcement corrosion and weathering in 

various structural parts of concrete and corrosion damage. It has been reported by the bridge 

inspectors that the model offers mainly hints about the possible damages while the raw photos 
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offer a much better indication. This together with the lack of measurement tools made it 

difficult to quantify the extent of damage such as crack widths and lengths, area of damaged 

concrete, etc. Differences between damages identified in model-based inspection and those 

registered in BaTMan are highlighted in Table 6. Overall, the model could be easily handled 

(rotate, zoom in/out, easy retrieval of the source photos, annotate damages, etc.).  

Table 6. Comparison against damages recorded in BaTMan at Älvsbyn Bridge 

Damage type Recorded in 

BatMan 

Identified in 

3D model 

Bearings - Corrosion Yes Yes 

Edge beam - Drawstring crack Yes Yes 

Girder box bottom - Splitting / corroded reinforcement Yes Yes 

Pillar - Weathering Yes Yes 

Inspection hatch - Missing / welded with steel platesa) Yes No 

Intermediate joint - Attachment missing a) Yes No 

Top follower bandage - Attachment missing a) Yes No 

Erosion protection - Deviation from standard b) Yes No 

Edge beam: Leakage around railing posts No Yes 

Wing wall edging: Leakage around railing posts No Yes 

Bearing pallet edging: Corroded rebar No Yes 

Front wall / wing wall: Racist and sexist graffiti. No Yes 

Note 

a) not identified due to deficiencies in the model 

b) submerged elements not captured by UAV/not part of the study’s objectives 

Högakusten Bridge 

The photogrammetric model has been created using a web based OrbitGT software. The 

inspection was carried out in directly using a web-interface. The software allows measurement 

directly in the model in the form of length, area, volume and a function to mark damages to 

the structure directly in the model. The software also supports a feature with a link between 

source images and model so that it is possible to retrieve them to view high-resolution photos 

of the selected parts. The model that WSP Bridge & Water Construction has been provided 

contains only the outside of the northern pylon.  

Similar to the previous bridge inspected, certain elements were missing, and thus not 

inspected. The missing elements were: 

 Inside pylons between the lower crossbar and the bridge deck 

 The upper side of the lower crossbar 
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 Inside pylons just above the bridge deck 

 Top of the upper crossbeam 

 Steel details on the top of the pylons 

The identified damage was mainly cracking as well as splitting and weathering in the concrete. 

The measurement tool, although available in the software, could not be used at millimeter 

level, thus not being possible to measure crack widths. Once a defect was identified in the 

model, the software allows the retrieval of raw files in that respective area. Thus, the inspector 

has a better possibility in assessing the extent of damage. 

 

(a) (b) 

Figure 12. Damage identification (casting defect): (a) view from the 3D model; and (b) raw photo 

The bridge inspectors were able to identify a number of tensile cracks (11 locations), similar to 

those registered in BatMan. However, an extensive list with damages (20 locations) is reported 

as registered in BaTMan but not in the model. This is due to the fact that the 3D model 

consisted of only one pylon, thus, a large number of damages were missed. For a better 

comparison and understanding, it should have been compared only to the damages on the 

pylon provided in the 3D model. 

Overall, the 3D model was incomplete with many dark areas due to the natural lightning 

conditions. Performing the inspection in a web-based software has both advantages and 

disadvantages. An advantage is that all interested can open the model without a licensed 

software. However, this requires access to a good network connection. It has been noted a lag 

in the maneuverability of the model during peak working hours. 
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Ragunda Bridge 

The photogrammetric model has been created, as well as inspected, using the software DJI 

Terra. The software allows measurement directly in the model in the form of length, area, 

volume and a function to mark damages to the structure directly in the model. The software 

also supports a feature with a link between source images and model so that it is possible to 

retrieve them to view high-resolution photos of the selected parts. 

Similar to the previous bridge inspected, certain elements were missing, and thus not 

inspected. The missing elements were: 

 Landing 1 and 2, pillars 1-3 and 5-8 (difficult to fly due to vegetation). 

 Underside arch and parts of bottom edge plate 

 Railing (some parts can be inspected, however, parts of the railing are blurred and 

uneven in the model)  

 Parts of the southern edge beam (outside and underside of the edge beam ends) 

 Western transition structure over arch catcher and both transitional structures at 

moorings. 

The damages identified in the model were mainly splitting, cracks and weathering of concrete. 

The cracks can be detected on the model but the model lacks sufficient clarity to be able to 

measure the crack width. Even with sufficient accuracy of the model, the measurement tool 

available in the software allows only centimeter-level precision, thus measuring crack widths 

directly is not possible. The function of linking part of the model with raw phots is not 

effective as it shows a large amount of photos. 

  
(a) (b) 

Figure 13. Damage identification (crack pattern): (a) view from the 3D model; and (b) raw photo 

Differences between damages identified in model-based inspection and those registered in 

BaTMan are highlighted in Table 7. 
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Table 7. Comparison against damages recorded in BaTMan at Ragunda Bridge 

Damage type Recorded in 

BatMan 

Identified in 

3D model 

Pillars - Splitting Yes Yes 

Bottom plate – Crackle Yes Yes 

Support other – Crackle Yes Yes 

Support other – Splitting Yes Yes 

Bearings (paint) - Corrosion (refers to bearings on intermediate supports) Yes Yes 

Beam - tensile crack Yes Yes 

Arc surface treatment - Splitting Yes Yes 

Edge beam – Splitting, Weathering, crackle,   Yes Yes 

Railing (paint) - Corrosion Yes Yes 

Drainage system other - Corrosion Yes Yes 

Pillars – Crackle, crack Yes Yes 

Storage pallet - Crackle (visible in source images) Yes No 

Pillar – Splitting Yes No 

Pillar – Crack Yes No 

Bearings (paint) - Corrosion (bearings on anchors not visible in models) Yes No 

Support other – Crack (blurred model) Yes No 

Stands foot - steel - Corrosion (damage to railing - paint) No Yes 

Stairs – Deformation, corrosion No Yes 

Plate – Casting defects No Yes 

 

Forsmo Bridge 

The Forsmo Bridge, similar to Ragunda Bridge has been reconstructed using the DJI Terra 

software. Similar to the previous bridge inspected, certain elements were missing, and thus not 

inspected. The missing elements were: 

 Inside truss / arch, top and underside of the bridge (not flown). 

 Parts of exterior trusses. 

 Cones and slopes against front walls on supports 1 and 5. 

 Parts of the anchors and intermediate supports are blurred. 

 Bearings are difficult to assess as they are not visible all around.  

 Inventory cannot be read. Rulers are either missing or damaged.  

 The long sides of the cassettes on supports 2 and 3. The short sides of the cassettes on 

support 3 is blurred in model, but better on source images. 

 Connection bridges, length systems 1 and 4 (not flown).  
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 Hidden surfaces, for example between layers and gravel shifts and inside the caisson. 

 

 
Figure 14. Position of different damages on the Forsmo Bridge 

The damages detected in the model were mainly corrosion damage to steel or surface 

treatment, or otherwise dirt. However, the lack of sharpness in the model makes it difficult to 

differentiate between corrosion damages against dirt. Although no major parts of the bridge are 

missing in the model, the quality may be poor in some areas making it difficult to properly 

assess the damage. 

 
Figure 15. Screenshot from photogrammetry model: difficulties in identifying the correct anomaly – corrosion or 
dirt. 

 

 

 

(a) (b) 

Figure 16. Damage identification (corrosion): (a) view from the 3D model; and (b) raw photo 

Table 8. Comparison against damages recorded in BaTMan at Forsmo Bridge 



 

27 

Damage type Recorded 

in BatMan 

Identified in 

3D model 

Wing wall - Leaching Yes Yes 

Layer surface treatment - Peeling (difficult to assess in model if it 

is corrosion or flaking) 

Yes Yes 

Truss surface treatment - Peeling (difficult to assess in model 

about it is corrosion or flaking)  

Yes Yes 

Caisson - Weathering Yes Yes 

Caisson - Casting defects Yes No 

Sloping surface cladding - Movement (Blurred / distorted 

images in models) 

Yes No 

Bearing pallet bearing underlayment - Split (not sharp enough 

model) 

Yes No 

Turntable joint - Loose Yes No 

Bearings - Skew (not sharp enough model) Yes No 

Protective cover (not sharp enough model) Yes No 

Measuring ruler - Inclination (not sharp enough model) Yes No 

Top follower attachment - Missing (top, no data collected) Yes No 

Footbridge railing - Loose - (no data collected) Yes No 

Door locking device - Missing (Blurred / distorted images in 

model) 

Yes No 

Lattice floor - Deformation (top, no data collected) Yes No 

Grid floor attachment - Missing (internal truss, no data 

collected) 

Yes No 

Natural Bottom - Pollution (underwater, no data collected) Yes No 

Cross member fastening part - Fracture (internal truss, no data 

collected) 

Yes No 

Protective sheet cassette - Corrosion  No Yes 

Door mount - wood - Rotten No Yes 

 

Sundsvall Bridge 

The bridge is a prestressed box-girder bridge built in the Freivorbau technique. The model-

based inspection comprised the middle, high-elevated part in seven spans and associated six 

columns.  
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According to the project's original description, the model-based inspection would include both 

outside surfaces and interior spaces in the box and inside the columns. Due to difficulties in 

data collection of the internal surfaces, only models of the outside of the structure and inside of 

column support no. 8 were received. 

The starting point was that the model-based inspection should be performed without any 

knowledge of the status of the bridge. The approach was then changed as the models provided 

were considered to be of poor quality and it was considered difficult to detect damage. The 

latest registered inspection in BaTMan was therefore examined before the execution of the 

model-based inspection and a number of damages were then chosen to be followed up.  

The photogrammetry models for the current bridge were created in the software Agisoft 

Metashape - Professional Edition. The inspection was then performed in the software Agisoft 

Metashape - Standard Edition by navigating in the models in order to detect damages in 

selected construction parts. The function for displaying higher-resolution raw photos was also 

used here. All damages were registered in an inspection protocol and pictures were taken as 

screenshots from the models and the high-resolution pictures.   

The following damages were detected in the models and in higher-resolution raw photos: 

cracks, spalling, reinforcement corrosion and weathering in the concrete structures and 

suspected corrosion in parts of drainage systems.  

Some damages could not be discovered in the model but could be detected during inspection 

of the high-resolution raw photos. For example, surface cracks in beams. In some cases where 

damage occurs, only small color changes can be seen in the models, giving a hint of possible 

damage. An example is cracks in beams, see Figure 17. Other damages are slightly better 

indicated in the model. For example, spalling in an edge beam and in a bridge deck.  

(a) (b) 

Figure 17. Prestressed concrete beam - Tensile crack (a) Picture from model and (b) raw photo 
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Surfaces in the models and in raw photos are shown with varying quality. Some areas could 

therefore be inspected with a better result than others. Pictures of the underside of the bridge 

structure was taken from a longer distance, which impairs the image quality when zooming in. 

In addition, the lighting conditions varies, both in the model and in raw photos of the external 

surfaces of the bridge structure. The undersides of beams and bridge deck slabs are shaded and 

generally darker, which makes it difficult to detect deviations and defects. 

Agisoft Metashape - Standard Edition was easy to use. The model shows the drone's position 

when shooting pictures, which made it relatively easy to mark the current position and obtain 

raw photos with a higher resolution showing the desired area, see Figure 18.  

The model of the outside of the bridge structure was easy to navigate and movements as well 

as zooming in and out was performed without noticeable loading times or delays. The model 

that includes the inside of the bridge column was more difficult to navigate and handle as the 

user had to move within a narrow space. 

It was not possible to perform measurements in the model and reliably estimate parameters like 

crack widths, area loss of reinforcement bars and reduction of element height. This was mainly 

due to that the models and high-resolution photos did not have sufficiently good quality.  

Another reason was that there were no measurement tools in the software and no function for 

marking positions in the model. It was therefore not possible to verify the absolute size of 

damage and no quantities were included in the inspection protocol. A function for marking 

positions and damages in the model would have made the inspection work easier and given a 

better overview of identified damages. To obtain these functions, it is required that inspection 

is performed in the extended software version Agisoft Metashape - Professional Edition.  
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Figure 18. Screenshot from model - Position of drone and associated source photos. 

On overall, the models were judged to be of poor quality, because it is only possible to see 

indications of damage, and because there are deviations and color changes. Some damage 

cannot be seen in the model at all, but an indication or presence of damage could be 

ascertained during inspection in the raw high-resolution photo. Despite supplementary source 

photos, the assessment was not good enough. Also, when collecting data, it must be ensured 

that all the parts of the structure are included, and further focus should be placed on critical 

areas where a high level of detail is required for inspection. 

Table 9. Comparison with damages recorded in BaTMan for the Sundsvall Bridge 

Damage type Recorded in 

BatMan 

Identified in 

3D model 

Prestressed concrete beam – Spalling a) 

Prestressed concrete beam – Spalling a) 

Prestressed concrete beam – Surface cracks a) 

Prestressed concrete beam – Tensile crack a) 

Bridge deck (reinforced concrete) – Spalling) b) 

Edge beam (reinforced concrete) – Spalling a) 

Lower drainage (steel) – Corrosion and leakage b) 

Upper drainage (steel) – Corrosion b) 

Plinth foundation (reinforced concrete) – Tensile crack 

Plinth foundation (reinforced concrete) – Weathering  

Column (reinforced concrete) – Tensile crack c) 

Column (reinforced concrete) – Spalling a) 

Column (reinforced concrete) – Crushing a) 

 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 
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Notes 

a) In model only indication of damage. In the raw pictures damage was ascertained 

b) In model only indication of damage. Raw pictures shot from long distance 

c) Only the repaired surface is visible in the model.  

Discussion and lessons learnt 

UAV-scanning and model creation 

The limitations of the UAV technology encountered in this study are listed below: 

- The turbulence from the UAV rotors pulls up the dust in indoor environments, which 

greatly impairs visibility, places high demands on equipment and staff protective 

equipment. 

- Narrow and irregular spaces that are easier to reach with ground-mounted/suspended 

sensor technology. 

- The technology is sensitive to magnetic interference from heavy reinforcement and 

high voltage lines. 

- Flying close to water and vegetation exposes the equipment in significant risks. 

- The geometric complexity makes it difficult to automate the flight path. An automatic 

flight path would give the possibility of preselecting the amount of overlapping 

required for a complete photogrammetric model. In absence of automation, the flight is 

carried out manual, and thus, there is a higher risk of not gathering enough photos. 

The model creation using photogrammetry software poses also certain difficulties: 

- Dynamic environments such as water make the analysis work considerably more 

difficult, especially when thin objects to be examined. However, such elements may be 

masked-out in the analysis since they are not part of primary objects to be inspected. 

The vegetation and water in models while are beneficial to have an overall picture of 

the local environment, mainly for planning purposes, it makes the navigation on the 

model rather difficult. When the purpose is to inspect the primary elements of the 

bridge, the models should not contain unnecessary parts. It would also be beneficial if 

semantic segmentation could be performed to classify every pixel of the image to 

certain classes. In its basic form, a class represents a label that could include a bridge 

girder, a concrete deck, a pier, etc. 

- This technology generally requires a static light image. Large/time-consuming objects 

thus makes it difficult to model. Larger photogrammetric assignments thus have worse 

conditions for implementation during dark (winter) season. 
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- Large objects result in very heavy data - handling requires great computational power. 

For optimal results, the planning phase of a UAV scanning should not be forgotten. Clear and 

updated documents, descriptions and photographs provide the operator the opportunity to 

effectively plan and execute the inspection. The client should offer a tour of the object, and 

nearby terrain to ensure access to designated spaces; for example, clear shady vegetation and 

perform dust removal of interior spaces. Indoors should have good light conditions. Access 

should be facilitated to all parts of the object for marking.  

Model-based inspection 

The model-based inspection has been performed by the same contractor, WSP team, for all 

bridges. For all bridges inspected certain difficulties were reported that can be mainly attributed 

to: 

1. Certain areas of the bridges missing or of poor quality (blurred images) 

The missing elements would, in a typical on-site visit, be inspected thoroughly while in a 

model-based inspection it appears that quality varied significantly between certain areas. 

However, it should be mentioned that the teams performing the UAV scanning were 

instructed not to devote equal efforts on all bridge elements (e.g. top side of the bridge).  In 

addition, the missing parts were found in the processing phase, thus, returning to the site to 

collect additional photos was no longer an option considering both time and costs. 

Indeed, there could also be other reasons for the lack of quality or completeness of the bridge 

such as: obstructions due to dense vegetation, not being able to collect enough good-quality 

photos in un-favorable lightning/weather conditions. It may be necessary to combine ground-

based photogrammetry with UAV in narrow areas or areas with dense vegetation where drones 

cannot fly. 

It should also be noted that some of the requirements from Trafikverket could not be fully 

satisfied. One request was that resolution must be of such quality that the inspector can identify 

cracks with a crack width of 0.2 mm. In order to fulfill this criterion, one should have enough 

pixel density in all images. The drones used in this study are entry-level professional level with 

cameras that provide resolution of up to 24 MP, which depending on the distance to the 

object photographed can give a high ground sample distance. The Ground Sampling Distance 

(GSD) is the distance between two consecutive pixel centers measured on the ground. The 

bigger the value of the image GSD, the lower the spatial resolution of the image and the less 

visible details. The GSD is related to the flight height (distance to the scanned object): the 
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higher the altitude of the flight, the bigger the GSD value. For example, a standard drone with 

20 MP camera could give a GSD down to 1.4 mm/px, which means that any measurement 

between 1.4 mm would not be possible. To achieve accuracy down to 0.2 mm in crack widths 

one would need a full-frame camera with higher resolution. Another aspect is the accuracy of 

photogrammetry software used to create the 3D models. In general, one could select the 

degree of accuracy when creating the 3D model. However, one should keep in mind that high 

accuracy, given the large amount of photos taken, would need a significant computational 

time. This aspect has not been discussed by any of the teams performing the UAV scanning in 

their reports. Ideally, one would have a model that would not load the entire structure in full 

resolution. Depending on the purpose one should be able to zoom-in while the rendering 

improves the visualization by increasing the point-cloud density. 

Another condition was that the flight must be carried out when the structure is dry. Yet, drops 

of water coming from the underside of the bridge has touched the cameras lens, and thus, 

taking blurred images. Poor lighting conditions has been reported as another factor influencing 

the quality of the images. Ideally, the scanning should be performed with minimal shadow and 

consistent light. Flexibility regarding the flight being done in proper weather conditions has 

also been a criteria set by Trafikverket. This seems to be a significant disadvantage of the 

photogrammetry. Trafikverket manage geographically dispersed bridges, sometimes located in 

remote areas. It is believed that procurement of such services would be limited to local 

companies (close the bridge location) so one could be flexible if weather conditions changes. 

One option is to have local flight operators whereas the processing can be carried out 

elsewhere. 

2. Software ability to perform certain tasks (high-precision measurement tool, annotation 

of damages directly in the model, ease of manipulating the model in desktop-based vs 

web-based software version, effective linkage between damage areas in the model with 

raw photos for a more accurate visualization). 

Typical deliverables created as the end result of a close-range photogrammetry project could 

include 2D vector graphics (planimetric or elevation type CAD drawings), dense point clouds, 

3D polylines and facetized models (mesh). Because the diversity of possible end products and 

software packages associated with photogrammetry, it may be difficult to achieve a standard in 

terms exporting format while containing the accuracy. A platform-independent format would 

be needed so that one could import the model in a general-purpose point cloud software 
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handling for model-inspection. The OBJ format is the most common used for raw polygon 

data. 

3. Inability to inspect in-depth the damages identified (weathering depth, crack widths, 

steel area loss due to corrosion, corrosion occurring in the surface layer or deeper, loss 

of adhesions, etc.) 

The inspectors also report of not being able to quantify the area loss of reinforcement and 

possible loss of adhesion between reinforcement and concrete. Indeed, being able to quantify 

in an objective way the extent of damage such as crack widths, lengths and damage area should 

be, at least with improvement of software technology, possible in the future. However, 

investigations about loss of adhesion, delamination, crack depths, etc., although relevant for a 

full picture on the bridge condition, is out of scope of UAV inspection. The method is an 

optical method limited to surface damages. Depth information can also be obtained but the 

level of detail required to measure steel loss area may ask for additional focused scanning in the 

areas identified with damage. The conclusion should be that the inspection of a digital model 

would trigger an in-depth investigation in localized areas if damages are identified on the 

surface. 

Overall, the model-based inspection performed satisfactorily; the bridge inspectors were able to 

identify the main damages that could have a negative impact towards structural safety. A few 

other damages could not be identified in the 3D model simply because the model was not 

complete (missing or poor quality of some elements difficult to capture due to vegetation). In 

addition, some of these damages were located in parts not being the central focus of the UAV-

scanning. Interestingly, there were also damages identified in the model-based inspection but 

not recorded in BaTMan. The damages that were identified in either model-based or BaTMan 

could, to a certain extent, be attributed to subjectivity of the inspectors with some damages 

being intentionally omitted by inspectors.  In addition, these damages could be classified as 

non-critical with durability/aesthetics issues rather than structural safety. 

Conclusions and recommendations 

This study investigated the use of drones for creating digital models of bridges and use them for 

off-site inspections. It has been shown that the 3D models could serve as a tool for bridge 

inspectors from which measurements could be extracted. A full off-site inspection is currently 

not feasible as some areas of the bridges were difficult to capture. Although promising, 

attempting to virtually duplicate the bridge and its close environment was not without some 
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merit. The 3D models created would enable a preliminary inspection without the need for 

lengthy journeys to distant bridges. Once the data is gathered by a technician, the 3D model 

can be made available to all stakeholders (bridge managers, NDT technicians, bridge engineers, 

etc.) to make their own judgments regarding the scanned object and plan for further and more 

in-depth assessment activities. The models are only providing near-surface information, and 

therefore, in-depth inspection should not be overlooked. The difficulty to capture local defects 

such as delamination and narrow cracks also reduces versatility. Based on the results obtained 

the following conclusions were made: 

 Drones can be especially useful for large bridges where traditional inspections would 

become cumbersome due to accessibility. Cost savings can be achieved by eliminating 

the costs related to under-bridge inspection vehicles and lifts. 

 Drones-enabled inspections are not enough and can only be used as a complement to 

traditional inspections. A 3D model can also be used as a tool to better plan large 

inspections in the field and/or maintenance work. 

 Damages can be identified in the models, however, the level of accuracy is higher in 

the raw files used to build the 3D model. 

 Annotations and measurement tools are rather limited in the studied software. 

 Physical functions (e.g., hammering, measuring, and testing) equivalent to a hands-on 

inspection cannot be replaced by drones. 

 Flexibility in the time performing the data collection is crucial. Unfavorable lighting 

conditions is likely to create difficulties in generating the 3D models. 

Analyzing the study’s outcome, the following recommendations are made: 

 The requirements for the contractor performing the scanning of the bridge should be 

able to deliver a complete, and at the required quality, 3D model using the available 

technology. This means that both airborne and ground-based photogrammetry can be 

used to acquire all necessary photos to create the models. 

 Given the accuracy of laser scanning compared to photogrammetry, a model 

combining the strengths of both techniques would be desirable. The procedure in 

which the point clouds from photogrammetry are merged with those from laser 

scanning to create a complete model is well-established. There are also available drones 

that can carry laser scanner, thus, automating the whole process. One such example is 

mdLiDAR1000HRaaS drone. 
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 The resolution required to be able to detect cracks of 0.2 mm should be prescribed 

only for selected areas (i.e. focus areas). For other areas, cracks down to 0.5 mm should 

be enough, thus, lowering the heaviness of the 3D model. 

 The main inspections are performed every 6 years. The 3D models can provide pre-

inspection information for better planning and thereafter using drones to collect more 

data that updates the model. In this way, a follow-up inspection would be possible 

without the need of performing “blind” inspections or rely on drones to perform 

independent inspections. 

 Automatic defect detection based on machine learning would avoid reviewing images 

that do not contain defects. The manual work would only be focused on pre-

determined areas.   

Despite some drawbacks, 3D imaging technologies have many advantages that make them 

increasingly attractive to transport agencies. The use of remote and contactless technology to 

improve assessment procedures could significantly reduce track possession, avoid traffic delays 

and ultimately ensure people’s safety. These methods would also help to improve the accuracy 

and efficiency of bridge inspections by eliminating human error and provide opportunities to 

create historical records of the progress of deterioration. Beneficial future developments could 

include automated damage detection using artificial intelligence, and methods for enriching 3D 

models by incorporating additional information on variables such as material properties and 

inner geometry (reinforcement). Such enhanced 3D models would facilitate interpretation, 

analysis and data sharing between all stakeholders, including NDT technicians, bridge 

engineers and bridge managers. 
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