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Introducing myself

QUALIFICATIONS

Å Business Administration
Å Civil Engineering

EXPERIENCES

Å 1995-2001 Municipality of Rotterdam
Consultant in civil structures: Erasmus Bridge Rotterdam, Metro line tunnel, High Speed Rail

Å 2001- 2010 Arcadis 
Project manager in Urban infrastructure, Area and Site development, Water, Dikes and Sewers

Å 2007-2012 Arcadis 
Team manager Urban Infrastructure, Water hydraulics, Site Development

Å 2013-now Arcadis 
Head advisory Group Asset Management Roads

WHAT I LIKE

Å Mountainbiking in a country without hills

Å Driving an English classic car left hand drive

Robert van de Krol
Head Advisory Asset Management Roads
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70+
COUNTRIES WHERE ARCADIS 

DELIVERS PROJECTS

~ 28,000

ú 3.3 bn

PEOPLE WORLDWIDE

2018 GROSS REVENUE

GROSS REVENUE BREAKDOWN

BY SEGMENT

Americas

Europe & Middle East

Asia Pacific

CallisonRTKL

Global market position: Top-3 in Design & Consultancy
Recognized in Buildings ïEnvironment ïWater ïInfrastructure

31%

46%

14%

9%

Arcadis Global ïAt a Glance
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Business in Operate & Maintain ï3 service delivery models

Consulting & Technical Advise

ÁWorking as a trusted consultant or 

technical advisor for clients on the basis 

of a fixed fee, time & material or on the 

basis of value (success fee)

1

ÅCollaborate with contractors in a joint 

venture for O&M related work, with focus 

on the asset management part

ÅContract time frame 3-10 years

Partnering with contractors2 As delegated asset manager

ÁTake (full) responsibility or act as an 

asset manager between the asset owner 

and the contractor, including contracting 

the work to subcontractors

ÁContract time frame 3-10 years

3

Consulting:

Invest portfolio for

airports (TotEx) 

Value framework for

ports

Technical advise

Multi-year program for 

bridges including 

inspection, risk analysis, 

programming, planning of 

maintenance and long-

term investments

Sherpa: 

Performance-based 

maintenance contract 

for Rijkswaterstaat 

(bridges, locks, 

barriers)

AssetRail: 

Performance-based 

maintenance contract for 

ProRail (rail system, 

landscape)

Waterwolf Tunnel:

Performance-based contract for operation 

and maintenance of 3 tunnels in the 

province of Noord-Holland



2. Operate & Maintain, Asset 
Management Roads, motivation
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- Asked by client (Contractor) for Performance based contract of motorway maintenance.

- good position at clientôs side on 4 Performance Based Maintenance Contracts of motorways ( > 1000 km)

- to determine road surface quality could be a giant job

- usual way was inspectors on the road: expensive and safety issue

- to be cost effective Ą use footage and utilize our Global Excellence Center

Start development digital inspections
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- Challenge: learn deterioration skills to foreigners 

- instruct - educate ïprocedures ïameliorate ïtravel - redefine

- after 4 years: experienced team, 6 fte, 8 months a year.

- consistent and efficient product

- contributes to our asset management approach Ą asset condition is the base for programming maintenance

digital road inspections

Our journey



3. Digital Road inspections
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Road defects

1) Guard rails
ÅCrooked position

Å Corrosion

Å Sag

Å Deformation

Å Surface damage

ÅObstacle

Å Parts missing

ÅFunction absent

2) Asphalt 
ÅRavelling 

Å Cracks 

Å Crackles 

Å Rutting 

Å Unevenness 

ÅEdge damage

ÅPotholes

Å Surface damage 

ÅWeed growth

Å Sag

Å Puddles

Å Fauna victim

Å Pollution 

Å Function absent

3) Markings
ÅMarking incorrect

4) Portals
ÅCorrosion

Å Posters

Å Graffiti

Å Surface damage

Å Parts missing

Å Algae

ÅObstacle

Å Deformation

5) Shoulders
ÅDense growth by tree/bush

Å Holes

ÅObstacle

Å Puddles

Å Driving tracks

ÅWash-out

Å Pollution by litter

Å Damage by wildlife

Å Grass vegetation damaged

6) Road signs and 

furniture 
ÅPosters

Å Function, absent

Å Graffiti

Å Surface damage

Å Crooked position

Å Dirt

Å Lamp posts



4. Development of Data analytics
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- a perfect structured approach and procedures

- upward trend of machine learning

Ą lets combine it!

Moving on
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Start Ą progressĄ machine learning

First step with a Youtube movie

Second step with own car and GoPro-camera

Result of second step

Result of second step with professional footage
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Step 1. with a Youtube movie
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Step 2. With own car and GoPro-camera
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Step 3. Result of second step
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Step 4. Result of second step with professional footage
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Á Data Augmentation (>25000 pictures)

Á Labelling the defects by hand

Machine learning

Defect in normal image

Rotate image

-1°, -2°, -3°, >°, +1°, +2°, +3°, >

Flip image

horizontal

Crop image

Random cropping and zooming

Add blur

Gaussian blur, add noise

Train the model
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Labeling example



5. Automated recognition of defects
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NOW| Image recognition & object detection

Automatic detection up to 7 classes of defects for a single asset
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NOW| Image recognition & object detection

Automatic detection other asset classes

Markings Lamp Posts Road Signs



6. Regulations and requirements
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Automatic recognition of defects

Á sort

Á position

Á size

Á severity

Regulations and requirements

Dutch regulations for local authorities

Dutch regulations for highways

Combine process and content



7. Predictive model of asphalt 
deterioration
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Next step with acquired knowledge
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Better prediction, more stable prognosis

ÅMain goal: the clientôs management needs a substantiated and stable prognosis of the 

required costs for capital maintenance in the coming years.

a. It appears to be difficult to schedule capital maintenance tasks in an early and reliable manner

b. Existing degeneration models are insufficiently location-specific and to high level

c. Inspection results are inconsistent and contradict each other (ñself-healing waysò?)

d. Many measurements are performed and require large investments, the added value is not 

always clear. Which measurements can be remediated?
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Image recognition

Predict deterioration

Available data wasnôt consistent. Too 

many distinctions in types and ways of 

measuring, non-consecutive years.

Using multiple years of footage 

provides consistent insights of 

surface defects
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Visual defects road 2018 Visual repairs road 2018

IR for the Visual Condition and Maintenance

Many data sources added with 9 years of detected

surface defects

Easy to determine moments of completed maintenance:

- when no/less defects and new repairs: small maintenance took place, 

- when no/less defects and no repairs capital maintenance took place
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Visual defects by year visualized in ArcGIS to assess visual condition

VISUAL DEGENERATION

20182017201620152014

Just a couple 

ó1 defect per 5 

meterô segments

Many ó1 defect 

per 5 meterô 

segments

Many ó2 defect 

per 5 meterô 

segments

A few ó1 defect 

per 5 meterô 

segments

A few ó2 defect 

per 5 meterô 

segments

3 2 % 5 3 %

27
19 %

44

30%

78

52%

Amount of defects % segments with defects
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Degeneration Seaport Road
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required

Model predicts when maintenance is needed 

theory

Reality 2019
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automated prediction of road defects and deterioration

What we have learned

1. Image recognition can be used in addition to other data sets.

Data sets are multivariable and have to be consistent, otherwise garbage in = garbage out. 

2. Predicting deterioration and required maintenance is possible.

3. Gives quick insights, no road investigations needed. Many cost savings.

4. Safety risk of human inspections eliminated.

5. Predicting the moment of small and capital maintenance - in combination with a risk based 

maintenance approach - ensures a stable forecast of the required costs



8. Other assets
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Automated Image Recognition of Rail Assets in the USA
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Wildspotter


