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INTRODUCTION

Slecht wegdek Haringvlietbrug
16 jumi 2017, 10:26 W Tweeten

Het verkeer moet de komende weken rekening houden met enige vertraging op de A29 bij de Haringvlietbrug.
Vanwege een slecht wegdek zijn ze daar bezig met werkzaamheden.

Hinder

De komende 2 a 3 weken is Rijkswaterstaat bezig met het repareren van het wegdek. Vanwege deze
werkzaamheden kan het verkeer ook na de spits enige hinder ervaren. Het wegdek wordt in beide richtingen
vernieuwd en daardoor moet het verkeer in beide richtingen dus rekening houden met files en vertraging.

Snelheidsbeperking

Vanwege de werkzaamheden geldt daar de komende weken een snelheidsbeperking.

L
ntroduction esearch approach Implementation Results Conclusion
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Cars are a popular mode of transport. Many of you here use them to get to 
work
Family appointments
Social arrangement

Lets 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 & availlability needs to
be guaranteed
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Contractor bears risks in maintenance phase -> if there are mistakes it is going to cost a lot of money
John needs additional information
John has a great idea how he can get this information
Let take a look
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A FUTURE SCENARIO
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Crowdsensing = using peoples smartphones as a potential sensor to collect data

John is wondering if this is possible -> lets look at some applications in crowdsensing


RELATED WORK = CROWDSENSING

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
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John sees these solutions, but these solutions do not cover the whole problem
They provide unconnected data, wat john just wants to know is which asset he needs to plan maintenance for



RESEARCH QUESTION

state

can the current

To what extent

and the degradation of a road pavement

measured using

be
mobile crowdsensing?

asset
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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 1s stationary

Future work

Implementation

Research approach

Introduction
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RESEARCH APPROACH

AR TR T
M T
b .....qoooonoono.o‘
098% ..s.oooo.op.....
-. 0 e o...o‘ao.o_.
08% 200805 00,

R
B S
BRI
..w..........u...u..o.
_...O.- o..%.. ..“.
20 TeoRegdes

Sessessiss
N
pashtisclel
R
RIIHIGE
Ieodsedsadss
SEEbeSontieds
setastesIatt



Multiple drivers using
crowdsensing
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Car drives over a road –

Connect to a location – asset – road section + hectometre post
Use info from asset like max speed as a weight 

Result needs to be validated by inspectors 
So John can …..
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Raw Events Virtual Asset Hectometre
measurements sensors posts

Rides

Future work

Implementation

Research approach

ntroduction
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I will explain what a virtual sensor is in the upcoming slides
Asset = road section
John knows where to direct his maintenance staff
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IMPLEMENTATION
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IN-CAR MOBILE CROWDSENSING

location

causes
movement

Future work

Implementation

Research approach

Introduction
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What is being measured
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DESIRED

location

BIRGIT LIGTVOET

IN-CAR MOBILE CROWDSENSING

SITUATION

Road

location
>

Car

Distress

causes

movement
4+ < <

Smartphone
Sensor

Future work

Implementation

Research approach
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What we really want
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THE VIRTUAL SENSOR

location

0 Location = X,Y

.

'ogr

Location = XY’

Future work

Implementation

Research approach

Introduction
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The direct link between distress and sensor makes linking to sensor standards easier

X’ y’ fix 
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DATA CAPTURE

Timestamp Accel_X Accel LY Accel_Z QuatX QuatY Quat.Zz Quatw
515758008.998631 0.487305 0.054138 -0.9882200.002185 0.035758 -0.486183 0.873123
515758009.008631 0.565353 -0.129547 -0.980057 0.002185 0.035758 -0.486183 0.873123
515758009.018706 0.569519 -0.111786 -0.884033 0.002185 0.035758 -0.486183 0.873123
515758009.029128 0.557892 -0.121658 -0.879868 0.002185 0.035758 -0.486183 0.873123
515758009.038610 0.542511 -0.107513 -0.910187 0.002185 0.035758 -0.486183 0.873123
515758009.047712 0.542511 -0.107513 -0.910187 0.002185 0.035758 -0.486183 0.873123
515758009.059124 0.551941 -0.113892 -0.930771 0.002185 0.035758 -0.486183 0.873123
515758009.068899 0.554184 -0.124146 -0.979355 0.002185 0.035758 -0.486183 0.873123
515758009.078653 0.566284 -0.125107 -0.9183350.002185 0.035758 -0.486183 0.873123

v

25 rides

Data consists of:

e Timestamp

e Z acceleration

e X,Y,Z Quaternion
e Position

Lat

51.840896
51.840896
51.840896
51.840896
51.840896
51.841132
51.841132
51.841132
51.841132

Long

4.713939
4.713939
4,713939
4.713939
4.713939
4.714005
4.714005
4.714005
4.714005



Presenter
Presentation Notes
Bus = A27 , A15, N3  25 rides
Car = N3  68 rides

Quaternion needed for comparing data between smartphones
Z acceleration for event detection – tell you more about that
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EVENT DETECTION

—m = = — - X+ a0

Use O tolerance for detection

Detect events regardless of

suspension

-
o
i

>

30 based on manual validation

Time

«—|PDeZ

Future work

Implementation

Research approach

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

measurements outside

Event
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Event  = measurements outside +-2.75 σ
Two events might describe a single distress
Dit 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
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EVENT DETECTION

Look at measurements around

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

“ Merge events 1nto one

.
.
++++++

Time

«—— |90 Y/

Future work

Implementation

Research approach

ntroduction
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If there is a clean connection or an overlap, then the events are merged together
How well events are merged depends on how much you look at nearby measurements
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VIRTUAL SENSOR CREATION

(®)Center A

(¢)Center B

(¢)Center C

Future work

Implementation

Research approach

Introduction
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Events near distress 
Find the center for each of these events
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VIRTUAL SENSOR CREATION

@ Custer

@ Virtual sensor

Future work

Implementation

Research approach

Introduction
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Centers which are near eachother are grouped together through a clustering algorithm
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CONNECT VIRTUAL SENSOR TO ASSET

" Road section (weggeg)

“ Hectometer post (nwb)

D B B o O S e O P ee St s S ST a ST ST ST, P TS S e e St e et testostotosvsdasdy [ SOOI,
R R S A i PO Rl R A e T S
Introduction Research approach Implementation Results Conclusion Future work
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From the weggeg dataset
Hectometer post from the national wegen bestand dataset
Puntjes zijn paaltjes
Lines zijn sections

Road section covers the whole of the Netherlands in a structured way. Used by rijkswaterstaat
Hectometer post are used to give a higher location resolution compared to road sections as the road sections are sometimes multiple kilometers
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CONNECT VIRTUAL SENSOR TO ASSET

Road section

4 Sensor azimuth * Connected asset

@ Virtual sensor

Future work

Implementation

Research approach

Introduction
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Presentation Notes
Connect to road section uses both distance to nearest road section and the average direction of the virtual sensor
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CONNECT VIRTUAL SENSOR TO ASSET

Hectometre post

@ Connected hectometre post

@ Virtual sensor * Connected asset

Future work

Implementation

Research approach

Introduction


Presenter
Presentation Notes
Per road section
Distance based
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RESULTS
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Car drives over a road –
Dump  = sent as an event

Connect to a location – asset – road section + hectometre post
Use info from asset like max speed as a weight 
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PRECISION

GPS precision events

Average distance to lane centreline:

I m

Standard deviation:

<4 m

=

Transversal precision of virtual sensor

El

S

=

Q

* py

-

8

P © ||
v STRISTARC
o) ol |o
o

-

®

o

=

®

-

n

..w)
&

S &

g 2
sd482
e BNV ol e N Ko'e)
T 2SS
&

mc

¢ ¢

A
A]

")

o

)

-

m

2 | |eo |
3) N[N |
e

@]

”

Z.

")

)

S

- olo|o
G — ||
Qo

~

Z.

Future work

d
L&
7
Implementation

o
Research approach


Presenter
Presentation Notes
Might cause problems when collecting data from multiple lanes
Event  = measurements outside +-2.75 σ 
Two events
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
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ACCURACY
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Event  = measurements outside +-2.75 σ 
Two events
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
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DATA FLOUW

Events Virtual Asset Hectometre
Sensors

Raw
measurements

3

Rides

posts

4922596 12662 526 38 221

108

Future work

Conclusion

Implementation

Research approach
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Event  = measurements outside +-2.75 σ 
Two events
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
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DATA FLOUW

m
Hectometre

Asset

0

4729653
96%

1:45580

| 5:1 25:1 1 4: |
Raw Events Virtual
Sensors

measurements

Rides

posts

4922596 12662 526 38 221

108

Future work
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Research approach
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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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MAPS

Future work

Conclusion

Results

Implementation

Research approach

Introduction
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Event  = measurements outside +-2.75 σ 
Two events
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


10-7-2017

36

BIRGIT LIGTVOET

MAPS

Future work

Conclusion

Results

Implementation

Research approach

Introduction
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Event  = measurements outside +-2.75 σ 
Two events
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
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CONCLUSION
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Car drives over a road –
Dump  = sent as an event

Connect to a location – asset – road section + hectometre post
Use info from asset like max speed as a weight 
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TO WHAT EXTENT CAN THE CURRENT STATE AND THE
DEGRADATION OF A ROAD PAVEMENT ASSET BE MEASURED
USING MOBILE CROWDSENSING?

Road pavement distresses are:
Detected by using multiple indications
Connected to assets

Enriched with additional information

O O e et g P e g P e e T o s TR T Pe T Po P TP oo et torCor o ton e Too: PorlPer Pos
S O R DO TN IO T T oty s e ) Ly 83 00 7 ot o X I e R I I 7 e A X L A
Introduction Research approac Implementation Result Conclusion Future work
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Detect road pavement distresses
By using multiple indications as a detection
Connect distress to asset
Multiple indications can give more information on the instance of road pavement distress
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RESEARCH LIMITATIONS

Average suspension for Dutch cars

Smartphone location 1in car

Hit direction of car on distress

Future work

Implementation

Research approach

Introduction
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Average suspension for Dutch cars
Smartphone location in car – did the reorientation but not repositioning
Hit direction of car on distress
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Future work

Conclusion

Results

Implementation

Research approach

Introduction


Presenter
Presentation Notes
Now john has new info
He can start planning his maintenance schedule
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FUTURE WORK
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Car drives over a road –
Dump  = sent as an event

Connect to a location – asset – road section + hectometre post
Use info from asset like max speed as a weight 
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WORK

FUTURE

Academic

Implementation

Average Dutch car

Local analysis

Relationship suspension -

App adoption by users

car

distress size

speed
welight

Cars as sensors

Low level info =-> high

level info

Future work

Implementation

Research approach

ntroduction
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Implementation
Implement local analysis in app
How to make people adopt app
The car as a data source


Academic
Research average Dutch car
Relationship suspension – speed – distress size – car weight
How to interpret information into higher level information 
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Car drives over a road –
Dump  = sent as an event

Connect to a location – asset – road section + hectometre post
Use info from asset like max speed as a weight 
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EVENT DETECTION

Introduction Research approach Implementation Results Conclusion Future work
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Based on manual counting it was established that sigma = around 3, but a little too strict

Tested 2.75 and 2.5
2.5 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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DATA FLOUW

Introduction Research approach Implementation Results Conclusion Future work
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Different proportions between the different steps.
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