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1 EXECUTIVE SUMMARY (EN) 

The Flemish road infrastructure network is aging, and over 2500 bridges are a critical part of this 
network. In recent years savings from the government have reduced the means available for 
monitoring these bridges. In order to avoid catastrophic failure such as the collapse of two Italian 
bridges in the last few years in Belgium, the government  searches for innovative solutions that 
increase their monitoring capacity in a cost-efficient way. 

Through satellite monitoring it may be possible to increase the frequency of monitoring deformations 
from once every three to five years, to a check which can be repeated every year to multiple times per 
year for a majority of bridges in Flanders, significantly decreasing the risk for a structural health 
problem to occur undetected. 

Using Interferometric Synthetic-Aperture Radar (InSAR) analysis based on satellite imagery may hold 
the answer. Using InSAR, millimeter scale deviations can be measured at a nation-wide scale. 
Subsidence of a bridge is one of they key indicators for structural health, and the magnitude of critical 
subsidence should be  measureable from space.  

To evaluate whether InSAR analysis may indeed offer valuable insights for monitoring bridges, Xperta 
has started this innovation project in collaboration with the Program for Innovation Procurement of 
the Flemish government. The main findings of this preliminary study are listed below. 

• Multiple pilot projects by different international institutions have demonstrated the feasibility 
of monitoring bridge structural health for individual bridges. 

• Scaling up to a nation-wide monitoring service which aims to cover thousands of bridges will 
require significant innovations from the market. Major challenges are the amount of bridges 
covered, the different typologies and building materials of these bridges, as well as the 
changing nature of the road infrastructure network thanks to frequent repairs and new 
constructions. 

• A pilot study will be required to validate the value of InSAR analysis as a monitoring technique 
for bridges at this scale. To decrease the risk that this pilot study produces insufficient results 
for assessing the value, it is strongly recommended to acquire a sufficiently large data-set of 
images with a sufficiently high resolution for a specific region of interest in Flanders.  
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2 CONTEXT 

2.1 PROJECT CHALLENGE 

Monitoring the structural integrity of bridges is an important topic which has come into the spotlight in 
recent years due to structural failures of some European bridges, most notably the catastrophic 
collapse of the Ponte Morandi in Genoa in 2018, which resulted in 43 fatalities, and a second collapse 
of the Italian Caprigliola bridge in April 2020, where luckily there were no fatal injuries. 

In Belgium the road infrastructure network is aging as well, with many bridges being constructed 
around the same period as the Ponte Morandi. Combined with budget restrictions for bridge 
maintenance over the years this implies that there might be an increased chance of a critical 
infrastructure failure in Belgium as well, despite the high level of expertise of the engineers from 
Expertise Concrete and Steel (EBS). 

EBS engineers are responsible for assessing the structural integrity of over 2500 bridges in Flanders. 
One of the parameters to assess the bridge is the subsidence that has occurred on the bridge, mainly 
in the middle of the span and on the supports (piers or abutments). EBS engineers wish to deploy 
satellite images in two different ways, described further in this document. 

Although the focus of this project is on measuring deformations of bridges, it is also the ambition to 
monitor other infrastructure (e.g. quay walls, pipelines, etc.) based on these satellite images. This may 
allow, among other things, to possibly share the cost for the purchase of the images with parties 
responsible for the management of this infrastructure. 

Radar satellite images can theoretically determine displacements down to the millimeter level by 
measuring phase differences between consecutive images. This is done based on the processing of 
SAR data by various methods, such as an INSAR analysis. 

The project aims to follow up the movements of bridges with the help of such an analysis. The aim of 
the project is to find out whether INSAR can be used in the daily management of bridges and to 
investigate which type of satellites and analysis are best suited for this. 

 

2.2 PROJECT PARTNERS AND POSITIONING 

 FLEMISH DEPARTMENT OF ECONOMY, SCIENCE & INNOVATION (EWI) 

The Program for Innovation Procurement (PIP) of the Department of Economy, Science and 
Innovation (EWI) aims to use the substantial purchasing power of the Flemish government (and the 
broader public sector in Flanders) more strategically for innovation. To this end, the PIO wants to 
stimulate and help government organizations in Flanders to spend part of their purchasing resources 
on innovative public contracts, i.e. the development and / or purchase of innovative products and 
services with which they can optimize and improve their own operation and public services, 
responding to the many social challenges they face. In this way, the PIO wants to contribute to a more 
efficient government, more competitive companies and solutions for challenges of social importance 
(health, environment and energy, safety, ...). The PIO offers government organizations in Flanders 
guidance and co-financing in the development and validation of innovative solutions. These can be 
new or greatly improved products or services, but also new ways of working and organizing. 
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 XPERTA 

Four technical support services (Xperta) of the Department of Mobility and Public Works have bundled 
their services related to infrastructure works. They offer a catalog of various services, training and 
instruments. 

The service is mainly provided internally, for certain entities of the Flemish government involved in 
infrastructure works. The offer is also limited accessible to external parties (such as engineering 
offices), but they must request special access to the catalog. 

The service providers that provide these services are the following sections of the Department of 
Mobility and Public Works (MOW): 

• General Technical Support (ATO) 

• Expertise Concrete and Steel (EBS) 

• Geotechnics division (GEO) 

• Flanders Hydraulics Research (WL). 
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3 NEED DEFINITION 

Verhaert Masters In Innovation was appointed by the project owners, in particular Xperta in 
collaboration with PIO (EWI), to facilitate the preliminary process of ‘Monitoring structure health of 
bridges with INSAR’, in the context of the Program for Innovation Procurement (PIP). 

Verhaert's approach is based on the following: 

• A multidisciplinary approach in which user needs, technological possibilities and market 
requirements are combined into adequate innovations thanks to our more than 200 experts. 

• an integrated approach in which opportunities and risks are identified with a view to a good 
balance in terms of costs and benefits. 

• in-depth knowledge of the development, validation, incubation, acceleration and successful 
implementation of product and service innovations 

• We apply this knowledge in various sectors (FMCG, public services (individual / collective), 
medical, maritime, aerospace, consumer electronics, logistics, banking and insurance, etc.) 
and for various clients (start-ups, scale-ups, SMEs, multinationals and government 
institutions) 

3.1 USE CASE DEFINITION 

Through various rounds of interviews with different stakeholders within Xperta the use cases outlined 
in this chapter were defined. 

 USE CASE 1: PROVIDING ADDITIONAL INPUT FOR BRIDGE ASSESSMENT 

3.1.1.1 CHALLENGES 

Every 3 to 5 years a bridge needs to be inspected. Currently, in normal circumstances civil engineers rely on: 

a) Photographic images and measurements gathered during a general inspection (A-inspection) of the 
bridge 

b) The results of a leveling measurement, provided in an excel table 

Based on this data and experience, the EBS engineer assesses the condition of the bridge. However, this 
involves some difficulties: 

i. The A-inspection is not always performed at the same time as the leveling, which means that a direct 
link between both aspects might be missing. 

ii. There is often a lack of contextual information that could influence the engineer's judgment. E.g. 
Information about movements or works in the environment of the bridges (e.g. landslides, 
settlements). 

iii. The lack of reference features. The explorations serve as objective benchmarks for the 
measurement. However, these have sometimes been damaged over the years, making leveling 
difficult to compare. Currently, fixed reference features are no longer used (as these often turned 
out to be less well-founded than the bridge), but the levelling starts from fixed points on, for example, 
an abutment or pillar. 
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iv. For several years now, the majority of leveling adjustments have been outsourced to various parties. 
The quality of the leveling carried out by these parties varies, or for example the fixed points which 
are used as a reference vary. As a result, there is sometimes a suspicion of an error in the 
measurement or this makes it more difficult to interpret the measurement (e.g. uncertainty about 
the chosen fixed point, not performing a closed measurement or lack of information about it…). 

v. There is a certain subjectivity associated to the assessment of the measurements (e.g. which 
deformation leads to an actuel problem for the stability or use of the bridge). The allowable 
deformation depends on the type of bridge (steel or concrete), but certainly also on its dimensions, 
history ... EBS considers drawing up guidelines to quantify the allowable deformations. 

vi. Since the measurement is only carried out every 3 to 5 years (excluding bridges under enhanced 
supervision), it is often difficult to assess the period within which a subsidence has occurred, while 
this can also have an impact on the assessment. If some of the measuring points ares measured 
incorrectly, , it can even take 6 to 10 years before a correct value is available for interpretation. 

vii. External factors such as traffic and weather conditions can influence the quality of the 
measurement or the ability to perform it. Some bridges are currently not even measured 
topographically.  

3.1.1.2 MOTIVATION FOR THE USE OF SATELLITE IMAGES 

The wish is to compensate these deficiencies where possible by ensuring that high quality measurement via 
satellite image is available at the time of interprertation of the inspection. This offers the following 
advantages: 

a) An additional data source that can provide contextual information, including changes in the bridge's 
environment and horizontal shifts (related to point I and point ii above) 

b) The ability to compare the measurement with an objective data source. (point iii, point iv, point v) 

c) A higher frequency of measuring points available to monitor the course of subsidence (point vi, point 
vii) 

d) For some bridges, the time of measurement (season) certainly plays a role in the measured 
deformation. Distortions based on temperature could be better estimated with this technique and 
distinguished from other movements. 

Compared to the current leveling, the use of satellite images also has several disadvantages. It is therefore 
unlikely that this technique will completely replace leveling. Advantages that leveling offers are: 

• The exact location of the measured points is known, and therefore exactly which points are on 
the pillar and which are on the span (and even more, the location of the points within the span). 

• You can measure both the bridge deck above a pillar and the foundation of a pillar to see if there 
are any deviations. 

• There is a rich set of historical data, which has been recorded for every bridge since 
commissioning. 

3.1.1.3 REMARKS FOR IMPLEMENTATION 

1. The analysis of the images for each measurable bridge should be available to EBS engineers at 
any time through a link in the management application. This link must lead to a web interface 
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where the analysis of the bridge deformation in question is immediately accessible (up to and 
including the last analysis), preferably without manually searching for the bridge. 

2. From the management application, a list will eventually be available of the bridges and their main 
characteristics (location of center of each span, abutments and pillars), material (concrete or 
steel) and typology (arch bridge, truss bridge, slab bridge, beam bridge…). These will serve as input 
to import the correct coordinates of these exploratory marks for the analysis of the satellite 
images. This list will be available through the API of the management application or geo-portal 

Note: the Flemish Government is currently working on the switch from Bryggia to a new management 
application. This infrastructure management system will contain information about the bridges under its 
management. 

 USE CASE 2: AUTOMATED PROBLEM DETECTION 

3.1.2.1 CHALLENGES 

Due to the periodic checks only taking place every 3 to 5 years, there is a chance that a potential problem 
will only come to light a few years after it occurs. This entails safety risks. Once problems have been 
detected on a bridge, that bridge can be placed under increased supervision. 

In practice, there is, among other things, a risk of a “sudden” subsidence (> 10mm subsidence in less than 
one month), which is preferably detected as soon as possible after it has taken place. 

Note: For budgetary or traffic reasons it is not always possible to repair a defective bridge immediately. In 
this case, this bridge will be placed under increased supervision. This means, for example, that the frequency 
of leveling is increased (e.g. monthly, six-monthly…) or that special inspections or in-situ sensors are used to 
monitor the bridge. It is not the ambition to use satellite images for this increased control. These have a too 
low measuring frequency (or a deviation must be consistent across a number of measurements), and a risk 
of too much delay as a result. 

3.1.2.2 MOTIVATION FOR THE USE OF SATELLITE IMAGES 

Periodic analysis via satellite images would allow much faster detection of potential problems. However, as 
the area consists of more than 2500 bridges, it is not feasible to manually interpret the INSAR deformation 
analysis for all of these bridges several times a year. 

There is therefore a need for automation to detect large subsidence in this dataset. Based on criteria 
provided by the engineers of EBS, each bridge must be given a red, orange or green light. 

Example of a criterion: in the middle of the span of a steel bridge, the subsidence may not exceed 1 / 700th 
of the length of the span. As soon as this subsidence is exceeded with a high certainty, this bridge must be 
given a red light. 

3.1.2.3  IMPLEMENTATON 

1. Based on the bridge type and span length, a red, orange or green light must be generated 
automatically for each bridge. 

a. A red light if a stability problem has been detected with high certainty. 

b. An orange light if a user problem has been detected with high certainty. 
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c. A green light if, with high certainty, no subsidence that exceeds the standard has 
occurred. 

d. A white light if the measurement is insufficiently certain to give a different light. 

2. A report with an overview of all bridges and their assessment based on the traffic light 
system must be automatically generated on a periodic basis. This report must explicitly 
contain which bridges have received a red of orange light and for what reason (location and 
magnitude of the subsidence, longitudinal section along the bridge), as well as the reliability 
of the measurement. 

3. The parameters for exceedance must be manually adjustable by the engineers of EBS per 
bridge. 

Note: The parameters per bridge type will have to be determined by the engineers of EBS, but an early 
reference point could be a deformation of >10mm per year for a red light, and >5mm per year for a 
yellow light. Deformations <5mm per year would give a green light. 

3.2 STATE OF THE ART 

 REFERENCE PROJECTS AND INNOVATION POTENTIAL 

The advantages of the use cases described above can only be captured if the results of the analysis is of 
sufficiently high quality and reliability. Today there are many unknown aspects of this technology. Through 
desk research some questions can be answered. Others will have to be verified within the project. 

A reach out was done to various governmental and research institutions to examine projects on the same 
topic that have taken place over the last years, to see what could be learned from them. An overview of the 
most relevant projects is given below 

Project Description 

Early warning system 
for the detection of 
unexpected bridge 
displacements from 
radar satellite data 
(Brigital) 

A pilot study by Catapult and the National Research Council for Canada on 
creating a decision-support tool for asset maintenance decision makers. The 
study focused on a few hand-picked Canadian bridges 

More information on the case study is available via the following link: 
https://sa.catapult.org.uk/case-studies/brigital-infrastructure-monitoring-
from-space/ 

https://link.springer.com/article/10.1007/s13349-020-00446-9 

Deformation Monitoring 
of Posttensioned 
Bridges Using High-
Resolution Satellite 
Remote Sensing 

An American study focusing on two posttensioned bridges in Virginia. More 
information available via: 
https://ascelibrary.org/doi/10.1061/%28ASCE%29BE.1943-5592.0001479 

 

Combined InSAR and 
Terrestrial Structural 
Monitoring of Bridges 

A study on a London bridge that made use of corner reflectors to enhance the 
results of INSAR data. This was the precursor of the Brigital project. 

https://ieeexplore.ieee.org/document/9052688 

https://sa.catapult.org.uk/case-studies/brigital-infrastructure-monitoring-from-space/
https://sa.catapult.org.uk/case-studies/brigital-infrastructure-monitoring-from-space/
https://link.springer.com/article/10.1007/s13349-020-00446-9
https://ascelibrary.org/doi/10.1061/%28ASCE%29BE.1943-5592.0001479
https://ieeexplore.ieee.org/document/9052688
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MoSCI A study by IMDC and VITO which is ongoing as of December 2020. It focuses 
on the development of an online tool for satellite monitoring of critical 
infrastructure. https://imdc.be/en/reference/ecospace-service-tool-
monitoring-from-space-for-critical-infrastructure 

Demonstrators RWS The Rijkswaterstaat (NL) department of construction conservation and 
maintenance has participated in demonstrators for deformation monitoring 
for works of art and bridges  

 

Other projects were also discussed with market parties, but for confidentiality reasons these are not 
described in this document. The main conclusions of the state-of-the-art scouting were the following: 

• There has been a successful demonstrator for an automated early-warning system for bridges, 
however this technology was developed for specific bridges. It is currently not feasible to upscale 
this technology to multiple bridge types or a national scale without a significant, multi-year 
investment. 

• It is possible to do low-level monitoring of infrastructure elements at a national level. However, for 
bridges there have not been any such successful projects found in the market at this scale. 

For these reasons there is high potential for technical innovation in the project, specifically related to the 
challenge of upscaling solutions for analyzing bridges to a nation-wide level. 

 ON THE ACQUISITION OF IMAGES FOR INSAR ANALYSIS 

Both for a potential pilot study and an eventual operational roll-out, images will need to be acquired 
which can be analyzed using INSAR. There are multiple insights that came out of the state-of-the-art 
scouting: 

o There is a strong preference for purchasing the images as the Flemish government, so 
that they may be re-used in any future projects. An alternative is to rely on a market party 
with INSAR analysis expertise to purchase the images and retain ownership, but this is 
likely to lead to higher costs in the long term and is likely to permanently bind the 
government to specific software providers. Therefore, this alternative is not 
recommended. 

o High resolution data with a resolution of 3x3 meters and 1x1 meters have been used in 
multiple successful pilot projects for individual bridges. (See references in 3.2.1) 

o Using a 3x3 meter resolution, full coverage of Flanders would take about 13 images. 
Though this could likely significantly be reduced by focusing on key regions with critical 
infrastructure. 

o Exclusively making use of Sentinel-1 data (20x5 meters resolution, images provides by 
the Copernicus programme at no cost) for measuring bridge deformations will usually 
result in a point density which is too low for proper analysis of any but the largest of 
bridges. Furthermore, the location of deformation points obtained through an INSAR 
analysis based on sentinel data is most likely too low to be easily interpretable.  

o Sentinel data can be valuable for monitoring the surrounding area of bridges. 

https://imdc.be/en/reference/ecospace-service-tool-monitoring-from-space-for-critical-infrastructure
https://imdc.be/en/reference/ecospace-service-tool-monitoring-from-space-for-critical-infrastructure
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o As the resolution of an image becomes better, the amount of km² covered in one image 
decreases (as the image “zooms in”). For this reason, with a 1x1 resolution it is not 
feasible to cover all of Flanders in an economical way. 

o An available historical database of images over Flanders is recommended for full 
implementation and required for a pilot study. This is because otherwise there will be a 
long wait time of 2-3 years before sufficient images have been gathered to start a 
meaningful INSAR analysis for bridges in Flanders. Currently these image stacks are only 
available with COSMO-SkyMed, Radarsat-2 (5x5 resolution), Terrasar-X and Sentinel-1. 

Based on these insights, COSMO-SkyMed or Terrasar-X satellites with a 3x3 meter resolution seem to 
be the preferred high-resolution option for INSAR analysis. There is a slight preference for Terrasar-X 
due to the time of acquisition, because COSMO-SkyMed acquisitions of Belgium happens in the 
morning, and as a result there is the expectation that there will be slightly more interference from 
traffic. This was confirmed by a majority of opinions during the market consultation. 

It is also possible that Sentinel-1 images might still provide added value at a lower level. As these 
images are provided free of cost it may be beneficial to still utilize Sentinel-1 data for monitoring 
nation-wide, while using high resolution data to focus on specific areas within the country. 

 

3.3 MARKET CONSULTATION 

A market consultation was organized to ask the market for inputs about the use cases of the 
government. The aim in this phase was to find out to what extent potential providers already have a 
solution ready or still need to develop it, as well as which of the ambitions were the most innovative 
and challenging. The market consultation took place in two steps: 

• Interviews organized with market experts to gain more insights and prepare for the public 
market consultation. 

• A public market consultation. This public consultation was organized digitally, announced via 
TED and published on the PIO website. The public market consultation was attended by about 
40 participants with different expertise. The main groups present were INSAR analysis 
specialists, SAR image providers and Governmental parties. During the market consultation 
the needs of the government were presented, and participants were given the chance to 
provide feedback via the mentimeter.com application. Additionally, participants were given the 
chance to participate in a private discussion with Xperta. 

For confidentiality reasons the inputs from the interviews and private discussions with market experts 
will not be shared in this document. 

The main public conclusions of the market consultation are summarized in the table below. 

1. Attention needs to be paid that the INSAR analysis result does not merely show a slow trend or 
seasonal changes over time, but also sudden deformations can be detected swiftly. PS InSAR 
is the preferred technique for analyzing bridges. This technique should allow for “rapid” 
changes (>10mm in one month) to be accurately detected.  

2. For the initial pilot project trying to set up centralized pre-processing with the Flemish 
government seems undesirable, as this is not likely to result in any added value for the project 
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itself and will likely cause multiple delays/complications in the execution. To the question of 
whether the Flemish government should do this pre-processing in a centralized way or not in 
the future cannot be fully answered based on the insights of the market consultation, but as 
this pre-processing is becoming more and more commoditized and/or automated, and the 
European Ground Motion Service is launched it seems increasingly unlikely this will be valuable 
at the national level. 

3. The majority of market parties recommend a 3x3 meter resolution for the execution of the 
pilot. This will likely still not be sufficient to cover all bridges, but a majority, while still 
remaining feasible at a national scale. This resolution may be sufficient to link data points to 
specific points of interest on the bridge, such as abutments or pylons, but this will likely have to 
be validated within the project. 

4. At least 25 images would be required for a pilot, though 40 is the recommended amount for the 
point of diminishing returns. These images should be spread over a period of at least 2 to 3 
years. For the full project it is likely that 20 to 30 images per year will have to be acquired. 

5. Some bridges may be more difficult to detect. These are mainly bridges which are made out of 
concrete (which is significant because ~90% of bridges that are monitored are concrete, and 
more difficult to detect than steel bridges), or east-west oriented bridges. (Which are more 
difficult to detect than north-south oriented bridges due to the direction of the SAR beam.) 

6. Combining ascending and descending images may lead to an increased performance in 
measuring deformations accurately, as this allows the deformation to be separated in a 
vertical and a horizontal component. Most bridges only subside in one direction however, and 
as combining two directions also doubles the cost of image acquisition and processing, this 
may not provide sufficient added value for the government in the case of bridge monitoring. 

7. Besides the conclusions above, market parties were also asked on how close they were to 
providing a solution for several technical challenges which were stated by the government. 
These include: 

a. Automatic filtering of bad data points for specific images within the analysis. If a data 
point is “corrupted” because of f.e. presence of snow, a moveable bridge being open or 
traffic at the time of the image acquisition, this needs to be filtered out automatically 
without significant loss of data points in the INSAR analysis. Most companies 
indicated that this is currently already available or very close to available. 

b. A basic traffic light algorithm for bridges that gives an indication when the subsidence 
of a bridge is exceeding an allowable value. Most companies indicated they have a 
demonstrator available for this functionality or this could be developed with relatively 
low effort. 

c. Taking movement in the surrounding area into account for effects on the bridge. 
Multiple market parties have a working prototype or proof of concept available. 

d. Measuring a structure as part of a wider analysis after structural changes have taken 
place. For example, such as the resurfacing of a bridge, the construction of a new 
bridge etc. Based on the feedback from the market consultation this is not feasible 
with current technology. If an analysis of a bridge has to be made for a specific period 



 
 

 

 

   

 

13 
 

that differs from the wider scope, this requires a separate INSAR analysis to be run. An 
INSAR analysis cannot be sufficiently automated today to allow this to be done 
automatically. 

 

3.4 CONCLUSION 

Because of the limited means for monitoring this infrastructure there is a very strong need for an 
innovative solution to tackle the challenges of an aging road infrastructure network. Using SAR 
satellite images and INSAR analysis as tools for supplementing existing monitoring techniques is 
such a solution that may prove both cost-efficient and effective. As this has not been demonstrated at 
a large scale this assumption needs be tested further in a pilot project, to allow the civil engineers 
from Xperta to evaluate the added value of these techniques. 

There are several technical innovation challenges to overcome. These are mainly related to upscaling 
of existing techniques which have been demonstrated to work at the level of individual bridges. More 
specifically: 

• Doing the analysis for a large region. So far bridge deformations have only been measured in 
pilot studies with a small amount of bridges. Analyzing a larger region with the aim of 
monitoring over 2500 bridges is a big step up in performance which will put existing 
techniques to the test. 

• Algorithms for monitoring have been developed for specific bridge constructions and 
typologies, typically focusing on bridges which have a high point density. The majority of 
bridges in Belgium consists of concrete bridges and there are a lot of different typologies. The 
market needs to make sure that accurate measurements for the majority of different bridge 
types is possible. 

• Dealing with an operational, ever-changing road infrastructure network. Annually there is a 
significant amount of repairs, major renovations or new constructions taking place. Making 
sure these elements can also be monitored as part of a larger analysis in a cost efficient way 
was indicated by the market as a major challenge. 

Based on the need definition, the state of the art and the market consultation an advice was 
formulated for a pilot project for the Flemish Government. This advice was shared in a separate report 
and is not discussed further in this document. 


