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Why Collision Prediction Modelling

Who, What, Where, When
and Why

Fridstrom et al. (1995) state that it is impossible to predict
collisions (where, when, and by whom a collision occurred)because
in nature collisions are random.

» Proactive rather than reactive [Safe System Approach]

Source: FRIDSTR@M, L., IFVER, J., INGEBRIGTSEN, S., KULMALA, R. & THOMSEN, L. K. 1995. Measuring the contribution of randomness, exposure, weather, and
daylight to the variation in road accident counts. Accident Analysis & Prevention, 27, 1-20.

P7 CIHT 4




History of Collision Prediction

» Linear Regression 10000
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Source: https://www.allaboutcircuits.com/technical-articles/normal-distribution-understanding-
histograms-probability/

Collision data is a variable that is “sporadic, discrete, and non-negative”, and the
data distribution is more similar to a Poisson distribution
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Continued

» Poisson Regression
o Variance equal to mean for incident data

> Negative Binomial (NB) Distribution, zero inflated NB, Gamma NB, etc..

o Variance is either greater or less than mean for incident data

Variable Min Max Mean Variance

Accident and HBI characteristics

(Dependent variable)
11 -year total accidents numbers 5 170 | //60.50 2061\
11 -year Truck accidents numbers 0 54 14.10 199
2 -year HBIs numbers 0 764 152.6 32472

Source: Kamla J. 2016. Analysing Truck Position Data to Study Roundabout Accident Risk.
PhD Thesis, University of Nottingham.
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What | often see

¢ Two-Lane OThree-Lane
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A Figure showing - or Visibility at <%
e tore e
g collision data 10
number of  or Accident |
vehicles using XTADC'I(':I etn VS 0
emergency , S1C..
services vs AADT

R'=0.14 two-lane, R°=0.17 three-lane

Source: Kamla J. 2016. Analysing Truck Position Data to Study
Roundabout Accident Risk. PhD Thesis, University of Nottingham.

P7 CIHT 7




What could go wrong

» Application of linear regression to

L - model count data (incidents) in the

o transport- related phenomenon is
k.- i
25 | not appropriate.
ég al » Count data is non-negative and
n‘jﬁ‘ ’ linear regression can predict values
28 [ with negative outcome
5':2 4|
) y=-088+15x R=098 » On the left is an example where Y

5 L .

has a negative value
-6 1 1 1 1 ] .
a2 4 0 I 2 v" We cant have negative

Slope of Pixel Intensity collision numbers
in Vertical Meridian

Source: Elise N. Harb, 2005, CHARACTERISTICS OF ACCOMMODATIVE BEHAVIOR DURING SUSTAINED PERIODS OF NEAR WORK IN HUMANS AND PRIMATES, MSc
thesis, The New England College of Optometry.
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Continued

Example:
We cannot have a model where Q is flow and A is
with just geometric variables accident
and another model with just .
traffic variables (although Ay =1.577 X107 X Qy

there are people that do
this, it is not correct
because you can easily
show that parameter
estimates will be biased
making any conclusions
incorrect)

A: =9% 1074 % Q5=

A, = 0.83 X 1072 x Q975

Source: Kamla J. 2016. Analysing Truck Position Data to Study Roundabout Accident Risk. PhD Thesis, University of
Nottingham.
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Literature NB Regression

~— / -

“Maycock and Hall (1984), Hauer et al. (1988), Brude and Larsson (1993), Bonneson and
McCoy (1993), Miaou (1994), Shankar et al. (1995), Poch and Mannering (1996), Milton
and Mannering (1998), Karlaftis and Tarko (1998), Carson and Mannering (2001), Miaou
and Lord (2003), Lord et al. (2005), EI-Basyouny and Syed (2006), Lord (2006), Kim and
Washington (2006), Lord and Mahlawat (2009), Malyshkina and Mannering (2010),
Daniels et al. (2010), Cafiso et al. (2010), Geedipally and Lord (2010), Lao et al. (2011),
Geedipally and Lord (2011), Lord and Kuo (2012), Meng and Qu (2012), Ye et al. (2013),
Aryuyuen and Bodhisuwan (2013), Qin et al. (2013), Vangala et al. (2015), Rahman

Shaon and Qin (2016), Naznin et al. (2016), Qin et al. (2016)” \

Source: Lord D, Qin X, Greedipally R.S 2021. Highway Safety Analytics and Modelling, Elsevier. ISBN: 978-0-12-
816818-9.
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Case study

The Uni.versitg of
' | Nottingham
Analysing Truck Position Data to Study
Roundabout Accident Risk

By
Jwan Jameel Shekh Mohammed Kamla

A Doctoral Thesis
Thesis submitted to the University of Nottingham for the degree of Doctor of Philosophy

October 2016
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Introduction

» Selected 70 roundabouts
(284 approaches)

» Selected Harsh Braking
Incidents (HBIs) and
Collisions within a 350m
radius from the center of
the roundabouts

» Used Random Parameter
Negative Binomial Model

113
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v'Both random- and fixed-parameters NB approach

used to predict HBIs, and collisions

v'"Random parameters used to account for

v’ unobserved heterogeneity

User's Guide
by

William H. Greene

v'i.e. independent variables that may change across the road segment or

intersections including roundabouts

v'"Marginal effects were computed

v" to give the change in the number of collisions given a unit change in any

independent variable
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Linear Regression Vs Negative Binomial

Using Random Parameter Negative

Binomial model- Linear Regression model

Traffic variables was found to have

significant positive influence on the g
number of e.q. harsh braking incidents 600 =
similar results identified for collision data = 543
Truck HBI Model Estimation Results. - 300
Roundabout category Variables NB Random-parameters model 200
Coefficient t-stat lw
Whole roundabout Consum!'c . -11.36 -4.80 0 150000
Arm number (1 if 3 arm;0 otherwise) 0.064 0.224
SD 1117 3.982
Circulatory lane width (m) -0.182 -2912
Entry width (m) 0.213 2937

Traffic signal (1 if signal;0 otherwise) -0.145 -0.492

0.945 5818
-0.017 0.06e
0.842 $
1.37
0.14 4.463
1.81 5.448
70

Log-likelihood at constant only —407.4612

Log-likelihood at convergence -396.8231

*** At 99% significance level.
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Some Results

Variables that Variables _tI?at fpund fo
found to have have positive influence on
negative influence , ,
on incidents: incidents:
| g /
| |
o AADT

Three-arm * % of HGVs

roundabouts  Partially signalised
compared to six
roundabouts compared to
signalised and un-signalised

» |Inscribed circle diameter
* Entry width

« Two-lane approaches
compared to three lane
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Statistical Measurements
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Regression Coefficient R-squared test (R?)

Table 4-16 ANOVA Results for Total and Truck Accidents with AADT Based on Different

Geometric Factors within Circulatory Lanes

- To!tal Accident with AAD Tr?ck Accident with AAQT

R p-value Sig R p-value Sig

Two-lane 0.39 0.000 yes 0.25 0.001 yes

Three-lane 0.03 0.325 no 0.04 0.273 no

Signalised 0.03 0.460 no 0.28 0.586 no

Un-signalised 0.04 0.275 no 0.011 0.583 no

Conclusions Partially signalised |/ 0.11 0166 |/ mo \ 0016 | 0019 yes
can ’t be Grade-separated 0.12 0.014 yes 0.10 0.022 yes
made based At-grade 0.09 0.211 no 0.22 0.041 yes

on low R?
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How to compare before and after studies?
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Answer

* You may have seen or have been trained
to use chi-square test )(2

* Achi-square test is used to help
determine if observed results are in line
with expected results .. usually useful for
survey or questionary data (categorical
variables).

» For before and after engineering studies

after applying treatment measures best to

use Source: https://bicycledutch .Wordpress.com;20 14/09/11/utrecht-straightens-out-
a-cycle-route/

After e

Paired T-test to identify if results
are different from each other

This can be easily identified in Excel
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Outliers: how to test it

“Cook’s distance is a measure of the
change in the regression coefficients that
would occur if this case was omitted, thus
revealing which cases are most influential
in affecting the regression equation”
(Stevens, 1984, p.109).”

120

80 R:=01121

Predicted value
3

0 20 40 60 80 100 120
Actual value

Mean Cook's Distance

As a rule of thumb if the Cook's
distance of the associated value
exceeds the cut-off value of (4/number
of observations) then it is considered
too influential (Nieuwenhuis et al.,
(2012), Van Der Meer et al. (2010),
Belsley et al. (1980)).
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Conclusions

Linear regression not suitable for count data
(incident/collision)

Poisson only suitable if mean and variance of count data
(incident/collision) are equals

Negative binomial used when variance is not equal to mean

Low R? not an indication of no relationship

Paired T-test for before and after studies

Outliers should be tested using proper statistical methods
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My publications

Contents lists available at ScienceDirec

Accident Analysis and Prevention

Journal homepage: v, slsevisr.comiozate/aap

Analysing truck harsh braking incidents to study roundabout accident risk @

Jwan Kamla', Tony Parry, Andrew Dawson

Natsrghary Traxqurnersn Iy Cene, Drversty af Nasnphan, NG IR0, UK

ARTICLE INFO

ABSTRACT

aceident

ik ver time. The results showed thl »
compared i fiued parametes midels and

of evenrs.

road acrident rates have been falling for many
Eranse

mainzin budgets for rad ety im
provements and these must be priocitised fo those locations where
sufety messures, nch ag junction improvements and resurfacing, will
be mast effecrive. In the past, priorisy coubd be given io sites with poor
accident records, or ‘black spets’. As accident mics have fallen, these
locatians have become bess apparent and additional methods arc 1.
quirsd tn prioritise expenditure an rosd safety.

Nowadays the vehicles using the rmad nenworks have became moee
saphisticated, incloding in the numbes of sensars recording data for
lagistics, engine management, and maintenance purpnses. It may be
feasible that, in some caves, these dsia could alsa be used by highway
authorities to provide Enformation abaot the mad networks. Amongst
these data, track fieet management companies odten callect recards of
the position of vehicles within their foet; ihis is wsed, primasily, for
lagistical reasons but can also be processed and combined with other
data {e.g. engine speed or gear selection) to provide information about

cident
. Howower, 4s seeident rases b

#pots’ have heen trestid i ey
previons aceldint histary s less refiable indiea
higher aceldin ik mght be 1o eatlly new

centisssd w0 fall, this sppeoach his becume problesatic s
ibest o aceidents at oy indvidsal st has Ballen, muking
3

g sibes with high aceidess ik Based
by Eraflic amd geamesric varisbles in 4

models provide hetter goadnis uf B
biles i S 10 beesignificant. giving & beter predictinn

driver bebaviour, for instance for use in driver training to improve fel
ecopamy (see for instance Microlse, 20606} During the years 201 1 and
212, a flest of appraximately 8000 trocks in the UK had the Global
Pusitioning System (GPS) and Contral Area Metwark (CAN) installed
and supervised by Microlise Lid. Position data can be processed 1o e
cord acceleration and identify harsh braking incidents (HBls). A large
mumber of HBls (195,297) were recorded over the UK mads and in.
tersections during the 2 years. These Hills can be seen t chuster at some
roundabauts. Fig. 1 shows a grade-separated roundabost, the red but-
tons indicste the 138 accidents recorded over an 1l.year period
{2002-2012), and the blue butions indicate the 728 HBls aver a 2.year
period (011-2012). The number of HBls is much higher than the
rumber of accidents. Where the HBIs are due to ansaie driving, they
may represent accident near-misses. The principal aim of this paper is
to analyze posentially unsafe truck driving conditians fram counts of
Earsh Braking Incidents (HEs) at roundshonts and compare the resulzs
o similar, previous siudies of accident numbers at the sme sites, o
explore if Hills can be studied a5 a surrogate for accidents,

10)

11)

%vr\]/an. Kamla (2016). “Analysing Truck Position Data to Study Roundabout Accident Risk “.
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Roundabout Accident Risk. Accident Analysis and Prevention, DOI10.1016/j.aap.2018.04.03.
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Extra Source

Mannering, F., Bhat, C.,
2014. Analytic methods in

accident research: i ano Economermie

Methodological frontier and MeTHoDS For ..., |
_ _ _ e TRANSPORTATIO-—-———-

future directions. Analytic i DATA, S

Methods in Accident e =
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