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Agenda

e Brief intro to Hazardous Road Locations
 The Method briefly

* Floating Car Data

« Scientific background

e Data sources

o First results

 Next step
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Hazardous Road Location: a definition

 Hazardous Road Location (HRL) is also known as Black Spot

A location which is more accident-prone than it it should be
expected due to traffic level, road furniture and road design.
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Hazardous Road Location: a definition

« Based on police-reported accidents
o 3-5years periods normally
 Challenges:
 Few accidents are reported
* Biased reporting (soft road users under represented)
« Significant black figure
« Black figure is growing (at least in Denmark)
o <14% of the injury accidents are reported (2007)
« HRL identification is highly uncertain
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Hazardous Road Location: a definition

 Hazardous Road Location (HRL) is also known as Black Spot

A location which is more accident-prone than it it should be
expected due to traffic level, road furniture and road design.

ICTCT Hasselt 2012 Niels Agerholm, Traffic Research Group, Aalborg University Nr. 5 of 37



T PR g
UNIVERSITET TRl ]l . www.aau.dk

The Method briefly

e In principle it is an area-based conflict study technique

e Based on Floating Car Data (FCD)

 The idea is that HRLs induce more abrupt hard decelerations
than else

 Too many decelerations in one location indicates a HRL

 Small scale studies indicate that the jerk gives a more clear
pattern (the derived of the deceleration)

e A Forward-looking approach (don’'t wait until the accidents
appear)

 Hence required for Vision Zero
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In principle it is an area-based conflict study technique

’ O Serious Jerks
Acmdents

\

Fatal acudents - Moderate Jerks
Injury acmd<<nts /\ \A ) \/
L\

Normal driving

I

Inspired by Svensson & Hydén 2006
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Conflict indicator?

 Awoidance can be made in three
ways:
e Decelerate '
» Accelerate
e Sideways z
» Decelerations (and jerks) are
selected:
e Intuitively
« Swerving data might be difficultto ...
distinguish from quick turns (in an
analytic perspective)
e Support from literature: 72-98% of
all accident avoidance activities
(Horst 1984, Hydén 1987, Hantula
1994, Nygard 1999)
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Floating Car Data

e Data from vehicles carrying out their ‘normal’ purpose on the
road network
e Location can be detected by GPS or/and GPRS network
(mobile phone network)
e Data can be collected by:
* On board units (special developed for e.g. research)
e Smartphones
* Navigation units
« Units made for fleet management

e Etc.
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Data example

F A | B |[CID|E|F |G| H | 1 | ] | K [ L | M | N | @ | P |
L |nr vy m dd hh mm ss |km/h dir lat lom no obs acc mfsh2 sideways mfs*2 x y

g | 12012 2|20 9 51 15 34,56 270,792 570181737 959763972 10 1,3238 0,260577 559283 6319832
I 22012 2200 9 51 17 37296 270,007 570181684 5,9760785 10 12121 -0,659007 559264 6319831
L 32012 2 20 9 51 18 38808 271,78 570181724 5,59758998 10 0,681562 -0,505042 555253 6315832
3| 42012 2 20 9 51 1% 37,368 274,547 570181783 9,9757254 10 0,415557 -1,88655 559243 £315832
3 | 5/2012 2 200 9 51 200 38448 282,351 570181967 959755536 10 0,358804 -1,69001 559232 £315834
(i g 2012 2 200 9 51 21 37544 286,023 570182233 95,9753853 10 0,836367 -1,11796 559222 63198317
LI 72012 2 20 9 51 22 38,124 285397 570182551 5,975224 10 0611281 -0,516484 5559212 6315840
e 82012 2 20 9 51 23 36,936 288,487 57018289 99750642 10 0,889953 -0,430267 559202 6315844
o | g/ 2012 2 20 9 51 24 36| 288,107 57018332 95,5748994 10 0,141751 -0,152449 559152 £3159849
1] 10 2012 2|20 9 51 25 35,1 284,057 570183605  9,9747277 100 -0,0228822 -0,477257 559182 6319852
ra 11 2012 2 20 9 51 26 32,364 282,727 57,01839 9,9745714 10 -0, 887502 0,0833565 559172 6319455
S 12 2012 2 20 9 51 27 27,828 282,457 570184148 5,9744334 10 -0, 761977 -0,538385 559164 £3159857
ﬁ 132012 2 200 9 51 28| 22,572 2585746 570184445 95743239 10 -0,BB5867 -1,04604 559157 6315861
5 | 14 2012 2|20 9 51 29 19,652 315,928 570184837 9,9742502 10 -0,201036 -2, 17708 559153 6319865
6 | 15 2012 2 20 9 51 30 16,344 325,887 570185238 5574208 100 -0,0343233 -0,676659 559150 6315869
ra 1 2012 2 20 9 51 31 15,84 0,16563 570185666 9,5742028 100 -0,0931632 -1,71126 559150 £3159874
8 | 172012 2 200 9 51 32| 20,268 26,3693 570186295 95742504 100 -0,0294159 -2,81451 559152 £315821
= 18 /2012 2 200 9 51 33| 23,976 61,4711 570186635 9574331 10 0,371427 -3,43478 559157 £315835
L 19 2012 2/ 20 9 51 34 25,344 71,8997 570186841 95,9744405 10 0887502 -3,14793 559164 6319887
1 | 20 2012 2 20 9 51 35 31,824 71,563 570187098 95,9745835 10 1,44746 0906134 5559173 6315850
ra 21/2012 2 200 9 51 36| 35964 66,536 57018728 9,5747417 10 1,12286 1,40235 559182 5315892
3 | 22/ 2012 2 200 9 51 37| 38412 55,3544 570187722 9.5745014 10 0,698724 1,83139 555152 6315897
8 | 23 2012 2|20 9 51 3B 38,952 50,8411 570188278 9,9750519 10 0456009 165242 555201 6315904
3 | 24 2012 2 20 9 51 3% 38448 43,5301 570188985 59751806 10 0,13238 2,25553 555208 6315912
b | 25 2012 220 9 51 40 36504 36,8527 570189756 95,9752905 100 -0,0980665 1,34841 555215 6315921
ra 26/2012 2 200 9 51 41| 33,048 36,9876 570150525 95753797 10 -0,912018 -0,0245166 559220 6315529
8 | 27 2012 2|20 9 51 42 28,52 445769 57019119 95754734 10 -0,926728 -1,4808 559226 6315937
9] 28 2012 2 20 9 51 43 25,34 53,1259 570151673 9,59755766 10 -0,0452314 -2,29896 559232 6315942
0 | 29 2012 2 20 9 51 44 28,116 69,1704 570191962 95,9756939 10 0,308909 -1,78971 555239 £319945

1_ 30/ 2012 2 200 9 51 45/ 29988 73,713 570152192 95758249 10 0,127486 0,853179 559247 £3199428
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Decelerations and jerks (theoretical connection)

m/s m/s"2 m/s"3
12
12 0
10 -2 -2
6 -4 -2
1 5
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Speed, Decelerations, and Jerks
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Speed, Decelerations, and Jerks
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Scientific background

(Salusjarvi 1981)

Nygard (1999)

Svendsen et al. (2008)
(Bagdadi & Varhelyi (2011))
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Salusjarvi: on society level

e Finland 1981

o Studied the association between speed variation and accident
risk

e Based on a number of Finnish experiments with speed limits in
the period 1962 to 1978

 When average speed increases the speed variation increases
significant

« The higher speed variation the more serious accidents
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Nygard

e Finland 1999

e To find serious conflicts on the basis of FCD

o 70 drivers

« Each drove atrip of 50 km with GPS registration and a trained
conflict observer in the car

 Compared the size of decelerations and jerks with the
observations of conflicts

* Found that jerks gave more clear results than decelerations

e Found that serious conflicts resulted in jerks that differed
significant from jerks in case of voluntary braking
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Svendsen et al.

 Denmark 2008

o Data from the Danish ISA trial Pay As You Speed

« Tested the HRL identification on a small scale

« Supported Nygard's jerk-based approach

e 94 drivers, 1,097 jerks, and found 12 locations with = 4 jerks

o Used (relatively) low frequency data (1 Hz)

 He also found that the frequency of data affected the threshold
values markedly

ICTCT Hasselt 2012 Niels Agerholm, Traffic Research Group, Aalborg University Nr. 17 of 37
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(Bagdadi & Varhelyi)

« Sweden 2011

e Based on FCD from the ISA trial in Lund (1999-2001)

« Data from 166 cars included

* Questionnaire data (among others about accident data)

 Found a connection between the number and seriousness of
jerks and the the accident risk

e Connections from jerks to risk, but no connection to locations!
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Data sources (and results)

« Pay As You Speed (PAYS)
e |ITS Platform
« TAC Safecar project (Melbourne)

ICTCT Hasselt 2012 Niels Agerholm, Traffic Research Group, Aalborg University Nr. 19 of 37
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Pay As You Speed (PAYYS)

Forsginn :‘jU

* North Jutland
* Intelligent Speed Adaptation

 Informative, warning and recording ISA + ik
Incentives (up to 30% discount on
insurance rate) R e AN, -
e Field trial April 2006 to January 2009 nnaﬂl:? w%?l
« 153 18 — 70-years-old car owners TR ) -
e 12 to 32 months % Kl
e To test if economic incentive in Ham:;%ec;mg::““
combination with ISA can reduce the oo e
participating drivers’ speeding Bremer
LM G
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Total FCD from PAYS

e 153 vehicles

e Distance driven: 2.8 million km
e 380 million records

e 1Hz

 No acceleration data

ICTCT Hasselt 2012 Niels Agerholm, Traffic Research Group, Aalborg University Nr. 21 of 37
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Individual threshold

=

 Each driver had an
Individual threshold for jerks

o Jerks |>| the threshold were
supposed to be included

e O3drivers included

e 9,500 hours

e 1,097 jerks included

o 1jerk/8:40 hours

-3, 88684

[ ] [ [
s = ~J E [0 = Pt} b=l -

=
(=]

One driver: distribution of jerks and threshold level
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ITS Platform
 North Jutland Parking
« 2010-2013 "'
 On board Unit, Backend Server and a no. of applications
e 400 cars
« Driving for 1 — 1.5 years Driving log

 |s scheduled to continue on commercial basis after 2!

Traffic Information

Traffic Statistics

ICTCT Hasselt 2012 Niels Agerholm, Traffic Research Group, Aalborg University Nr. 24 of 37
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FCD from ITS Platform

e 10Hz

500 cars

e Acceleration data included

e 8-12 billion records on
accelerations are expected

o Simplification will be used

ICTCT Hasselt 2012

. f? Serious Jerks
Acci e/nts\ e

\ Moderate Jerks

Fatal accidents = Vi
Injury accidénts /‘\A >\/
\ \
\\ ~ o
Normal driving
\ /
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ITS Platform FCD: first results

« Challenge: long distance
driven/serious jerk = very few =
jerks so far

e 6 carsin 3 months

2 million observations with 10 o
accelerations each

e 38,000 km driven

Peak-to-peak Jerk

o Jerk types: I
 Jerk based on speeds L
« Jerk per 0.1 sec.  pape
o |Jerk . tojerk . | e e e e

Bagdadi & Varhelyi 2012
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Eksamples of reliable jerks

o Significant jerk before AND after a deceleration
 Delays compared to change in speed

HRL
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Eksamples of reliable jerks

o Significant jerk before AND after a deceleration
 Delays compared to change in speed

HRL
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Eksamples of reliable jerks

o Significant jerk before AND after a deceleration
 Delays compared to change in speed

HRL
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Pitfalls with FCD

Speed bump
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Pitfalls with FCD

Bad GPS data
City Canyons

HRL
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Pitfalls with FCD

Speed bumps again

HRL
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Identification procedure (November 2012)

 Significant differences |Jerk,,., to jerk.,|
* Unique size or individual size?

e Explicit reduction in speed

 To avoid effects from vertical accelerations
e Bumps
 Railway crossings
e Bad road surface

o Speed before jerk > a threshold (4-5 m/s — has to be defined)
e Start-up and stop activities can cause significant jerks
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Next step

e Late 2012:
e 6 months of driving from +50 cars
 Comparison of decelerations and jerks
* Finding first HRL — hopefully®©
 Mid-2013:
* Full-scale study
e Refind results
 HRL identification
e Reporting
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Summary

 l|dentification of HRL on the basis of FCD

e Jerk seems to be the most reliable approach

« Also info about the speed and change in speed is required
 Few reliable jerks found so far

o Large-scale data study will be initiated in late November 2012
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Aalborg University and traffic safety research

Two research projects with different approaches to find
HRLs:

*Based on identification of jerks from FCD
eBased on road characteristics

fo Serious Jerks
Acmdents

—_——l

Fatal acc de ts < \ Moderate Jerks

Injury acciddnts _/\\/\ )\/
/ \ \
A P

Normal driving
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