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Cars are a popular mode of transport. Many of you here use them to get to workFamily appointmentsSocial arrangementLets imagine you are going going on a holiday and suddenly you are stuck 
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PROBLEM STATEMENT 

 

Contracts shift to performance based 
contracting 

 Contractors bear risks 

 

Reliability & availability needs to 
be guaranteed 

 Additional information is needed 
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Contractor bears risks in maintenance phase -> if there are mistakes it is going to cost a lot of moneyJohn needs additional informationJohn has a great idea how he can get this informationLet take a look
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Crowdsensing = using peoples smartphones as a potential sensor to collect dataJohn is wondering if this is possible -> lets look at some applications in crowdsensing
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 Roadroid  calculates road roughness per road length and 

classifies it 

 Nericell pothole detection  sends detection – multiple 

detections define a hole 

 Streetbump  sends detection + data – multiple detections 

define a hole 

 

RELATED WORK - CROWDSENSING 
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John sees these solutions, but these solutions do not cover the whole problemThey provide unconnected data, wat john just wants to know is which asset he needs to plan maintenance for
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To what extent can the current state 
and the degradation of a road pavement 
asset be measured using  
mobile crowdsensing? 

RESEARCH QUESTION 
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Ie. People who are in no way connected to you are collecting data
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SCOPE 

 

 Collect data through premade app 

 Along the Dutch highway system 

 Focus on Single lane  

 Phone is stationary 
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Car drives over a road –Connect to a location – asset – road section + hectometre postUse info from asset like max speed as a weight Result needs to be validated by inspectors So John can …..
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I will explain what a virtual sensor is in the upcoming slidesAsset = road sectionJohn knows where to direct his maintenance staff
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The direct link between distress and sensor makes linking to sensor standards easierX’ y’ fix 
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DATA CAPTURE 

Introduction  Research approach  Implementation  Results  Conclusion  Future work 

Data consists of: 
• Timestamp 
• Z acceleration 
• X,Y,Z Quaternion 
• Position 

25 rides 

68 rides 
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Bus = A27 , A15, N3  25 ridesCar = N3  68 ridesQuaternion needed for comparing data between smartphonesZ acceleration for event detection – tell you more about that



 Use σ tolerance for detection 
 Detect events regardless of 
suspension 

 aσ based on manual validation 
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Event is een opvallende spike in de data die wordt veroorzaakt door distressUse tolerance to detect event – use sigmaWhy? Because it allows the detection of events regardless of suspensionaσ  is calculated based on manual validationBetter to detect a little bit too much during the research – can be validated by daily inspectors -> better value for sigma



 Event  = measurements outside 
2.75 σ  
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Event  = measurements outside +-2.75 σTwo events might describe a single distressDit is vanwege suspension – het gevoel But we all know that experience when you drive over a hole you first go down and then slightly up – you get the reverse if you reach the end of a hole



 Look at measurements around 
events 
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How can the events be stitched together? By using the measurements around the events as contextFor example you look at the two measurements before and after the event and look if there is overlap or a clean connection



 Merge events into one 
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If there is a clean connection or an overlap, then the events are merged togetherHow well events are merged depends on how much you look at nearby measurements
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Events near distress Find the center for each of these events
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Centers which are near eachother are grouped together through a clustering algorithm



 Road section (weggeg)  

 Hectometer post (nwb) 
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From the weggeg datasetHectometer post from the national wegen bestand datasetPuntjes zijn paaltjesLines zijn sectionsRoad section covers the whole of the Netherlands in a structured way. Used by rijkswaterstaatHectometer post are used to give a higher location resolution compared to road sections as the road sections are sometimes multiple kilometers



 Road section 
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Connect to road section uses both distance to nearest road section and the average direction of the virtual sensor



 Hectometre post 
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Per road sectionDistance based
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Car drives over a road –Dump  = sent as an eventConnect to a location – asset – road section + hectometre postUse info from asset like max speed as a weight 



 GPS precision events  

 Average distance to lane centreline: 3 m 

 Standard deviation: 2.4 m 

 Transversal precision of virtual sensor  
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Might cause problems when collecting data from multiple lanesEvent  = measurements outside +-2.75 σ Two eventsBut we all know that experience when you drive over a hole you first go down and then slightly up – you get the reverse if you reach the end of a hole
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Event  = measurements outside +-2.75 σ Two eventsBut we all know that experience when you drive over a hole you first go down and then slightly up – you get the reverse if you reach the end of a hole
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Different proportions between the different steps.108 rides to in the end 38 assets and 221 hectometre posts
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Event  = measurements outside +-2.75 σ Two eventsBut we all know that experience when you drive over a hole you first go down and then slightly up – you get the reverse if you reach the end of a hole



10-7-2017 BIRGIT LIGTVOET 

MAPS 

Introduction  Research approach  Implementation  Results  Conclusion  Future work 

36 

Presenter
Presentation Notes
Event  = measurements outside +-2.75 σ Two eventsBut we all know that experience when you drive over a hole you first go down and then slightly up – you get the reverse if you reach the end of a hole
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Car drives over a road –Dump  = sent as an eventConnect to a location – asset – road section + hectometre postUse info from asset like max speed as a weight 



 

 

Road pavement distresses are: 

 Detected by using multiple indications 

 Connected to assets 

 Enriched with additional information 
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TO WHAT EXTENT CAN THE CURRENT STATE AND THE 
DEGRADATION OF A ROAD PAVEMENT ASSET BE MEASURED 
USING MOBILE CROWDSENSING? 
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Detect road pavement distressesBy using multiple indications as a detectionConnect distress to assetMultiple indications can give more information on the instance of road pavement distress



 

 Average suspension for Dutch cars 

 Smartphone location in car 

 Hit direction of car on distress 
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Average suspension for Dutch carsSmartphone location in car – did the reorientation but not repositioningHit direction of car on distress
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Now john has new infoHe can start planning his maintenance schedule
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Car drives over a road –Dump  = sent as an eventConnect to a location – asset – road section + hectometre postUse info from asset like max speed as a weight 
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FUTURE  WORK 

 

Implementation 

 Local analysis 

 App adoption by users 

 Cars as sensors 

 

 

 

Academic 

 Average Dutch car 

 Relationship suspension – 

speed – distress size – car 

weight 

 Low level info -> high 

level info 
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ImplementationImplement local analysis in appHow to make people adopt appThe car as a data sourceAcademicResearch average Dutch carRelationship suspension – speed – distress size – car weightHow to interpret information into higher level information 
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Car drives over a road –Dump  = sent as an eventConnect to a location – asset – road section + hectometre postUse info from asset like max speed as a weight 



       3.0 σ       2.75 σ          
2.5 σ 
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Based on manual counting it was established that sigma = around 3, but a little too strictTested 2.75 and 2.52.5 too much, events are sort of blurring together. It is important that events are sort of grouped together – because an algorithm is used later which uses grouping
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Different proportions between the different steps.
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