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Abstract

This paper evaluates crash severity of unsignalized intersection using Conflict Index. Crash and Conflict Severity
Model is developed to show the relationship between Crash Index and Conflict Index. The validity and reliability of this
model are proved by comparing the Model Ranking and Wisconsin Statewide Ranking of unsignalized intersections’
safety. The results indicate that the Model Ranking and Statewide Ranking match well. Based on intersections’ conflict
data in Wisconsin, this paper offers unsignalized intersections’ crash severity classification using probabilistic
computing. Visual software is developed for calculating unsignalized intersections’ crash severity intelligently based on
this model. Overall, CCS Model can serve for intersection crash severity evaluation in real time system and be a
theoretical basis for decision support system of unsignalized intersections crash prevention.

Keywords: unsignalized intersection, crash severity evaluation, probabilistic computing, decision support system, real

time system.

1. Introduction

Intersection safety is a crucial component of highway
safety; intersection crashes compose of nearly 40% of all
reported crashes in 2008'. For signalized intersections,
signals can usually operate vehicles go through
intersections safety and efficient, however, for
unsignalized intersections, traffic control signs could not
operate vehicles orderly than signals, more attention
should be paid to unsignalized intersections for safety.
Besides that, the number of unsignalized intersections is
more times than signalized intersections, it is necessary to
do more researches about the safety prediction and
evaluation for unsignalized intersections.

Traditional methods for predicting and evaluating the
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safety of intersection focus on calculating and comparing
Safety Performance Function (SPF)*’, which associates
crash frequency (based on reported crash data) with
geometrics, speed, weather or spatial and land use
factors®'’. These methods based on crash data can
express intersection safety directly; therefore have been
used widely for the last 30 years. During this period, most
improvements are about the tools for developing
predictive models, such as the application of
random-effect models’, the Generalized Estimating
Equations (GEE)", and Markov Chain Monte Carlo
(MCMC)*"> methods for modeling crash data. Traditional
methods fit several situations well, but in some cases, the
lack of good and reliable crash data collected have
hampered proper analyses of these crash data based


Administrateur
Texte tapé à la machine
Received 22 August 2011

Administrateur
Texte tapé à la machine
Accepted 29 November 2011


Rui Li et al.

methods.

As a safety characteristic shows the potential trend of
intersection crash, Traffic Conflict Technique (TCT) was
introduced to evaluate intersection safety recently.
Comparing with crash data, conflict data can be observed
or simulated simply and frequently; conflict data based
intersection safety prediction methods have been a
surrogate method of the crash data based ones. In the late
1960s, observing conflicts between vehicles was studied
at General Motors (GM) Research Laboratories'’, and
some advances research'”>'® was proposed later. Svensson
made a convincing argument that crashes are the most
extreme form of observed serious conflicts'’. Saunier and
Sayed presented a framework for automated analysis of
interactions between road users'®. Gettman et al.
constructed Normal Linear and Nonlinear Regression
Model for crashes as a function of conflicts which can
prove a significant quantitative relationship with the
calculated number of conflicts'’. Such methods mainly
use the number of conflict to evaluate intersections crash
severity, some other conflict parameters can also be used
to indicate unsignalized intersection crash severity.

This paper uses conflict data to systematically predict the
safety of unsignalized intersections. Firstly, Crash Index
(Cil) and Conflict Severity Index (C¢l) are defined and
calculated based on Wisconsin unsignalized intersections’
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crash and conflict data. Secondly, the relationship
between Crash Index and Conflict Index is constructed
based on statistic model. At last, the model proposed is
evaluated by comparing the Crash and Conflict Severity
Model (CCS Model) Ranking and Wisconsin Statewide
Ranking of unsignalized intersection safety. Because
conflicts occur more frequency than crash, using conflict
data can evaluates real time crash severity of intersection,
therefore, CCS Model can be helpful to intersection crash
severity evaluation in real time system. Besides that, CCS
Model can also be a theoretical basis for decision support
system of unsignalized intersections crash prevention.

2. Methodology

Fig.1. is the methodology flow chart of this paper. In this
chart, it can be found that unsignalized intersections’
crash and conflict data of Wisconsin State, U.S. are used
in model calibration and evaluation, these data are
divided into two part random, one part are used for model
calibration and the other part are used for model
evaluation.

2.1. Model Construction

2.1.1. Model Overview Introduction

Intersection Crash I
Index Model |

Intersection Conflict
Index Model I

Intersection Crash
Index Calibration
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Weights of Different
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Index Calibration Based on Intersections’
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State, U.5., 2009

Weights of Differant
Conflict Types)

Intarsaction Conflict |

Compare This Paper's Model Ranking
and Wisconsin Statewide Ranking of
Unsignalized Intersections’ Safety Based
on Unsignalized Intersections' Crash and
Conflict Data of Wisconsin State, U.S,

Fig.1. Methodology Flow Chart

Published by Atlantis Press
Copyright: the authors

1326



For getting the severity of intersection safety more
realistic and credible, this paper uses crash and conflict
severity model (CCS Model) to evaluate unsignalized
intersection crash severity using conflict data. CCS
Model is the relationship between Crash Index and
Conflict Index (see Eq.(1)). Crash index and Conflict
Index will be different for unsignalized intersection with
different type, number and severity weight of crash and
conflict, therefore, Crash Index and Conflict Index can be
calculated based on Eq.(2) and Eq.(3). m;, m, are the
number of crash and conflict type; N, N, are the number
of type i crash and conflict; C,Tjj, CTjj are the serial j of
type i crash and conflict; CW;, C{W; are the weight of
type i crash and conflict.

C.1=f(C,I) (1)
CrI :ZIZI(CrTij >kCrWi) (2)
i=0 j=0
Cfl :ZZ(CfTij*CfWi) (3)
i=0 j=0

2.1.2. Category of Crash and Conflict

Crashes are categorized mainly based on their damage,
they are classified into no injuries crash (PDO, N for
short), possible injuries crash (C for short),
non-incapacitating injuries crash (B for short),
incapacitating injuries crash (A for short) and fatal crash
(K for short). Taking this category of unsignalized
intersection crash into account, Eq.(4) can be obtained to
calculate Crash Index from Eq.(2).

C.1 =N *W, +A*W, + B*W, +C *W, + K *W, (4)

Wy, Wa, Wa, W and Wy, are the weights of N, A, B, C
and K.

Traditional conflicts classification based on TTC. TTC is
the time to a collision with a vehicle that is in front (on
road sections) or conflicting (in intersections) if neither
vehicle changes its course or speed”. Lu et al., in their
study of TTC in intersections, distinguished three
accident risk classes based on three critical TTC values, if
these are translated into the minimum TTC value of
conflicts, three different conflict levels result*'. But TTC
can not be acquired easily and exactly for large amount of
traffic crash and conflict data, this paper uses conflict
angle to classify traffic conflict instead of the TTC.

Crash Severity Evaluation

Conflict angle is calculated for each pair of conflicting
vehicles, based on the angle at which these vehicles
converge to a hypothetical collision point. Conflict is
divided into three main types in this paper including
Frontal Conflict (F for short), Lateral Conflict and
Rear-End Conflict (R for short), in which Lateral Conflict
can be divided into three subtypes consist of Small-angle
Lateral Conflict (L; for short), Vertical Lateral Conflict
(L, for short) and Wide-angle Lateral Conflict (L; for
short) (Table 1.). The threshold angles (30 °, 80 °, 100 °
and 150 °) are determined by limited experimentation,
though there are cases where classification is difficult.
Fig.2. shows the conflict types classified by conflict angle:
conflict between vehicle A and vehicle F is Small-angle
Lateral Conflict, conflict between vehicle B and vehicle
D is Wide-angle Lateral Conflict, conflict between
vehicle D and vehicle E is Vertical Lateral Conflict and
conflict between vehicle B and vehicle C is Rear End
Conflict. Frontal Conflicts seldom break down around
intersections.

Table 1. Contflict Classified by Conflict Angle

Conflict type Conflict Angle Range

Frontal Conflict 150 ° <Conflict Angle<180 °

Small-angle o . o
Lateral Conflict 30 ° <Conflict Angle<<80
Lateral Vertical Lateral o . o
Conflict Conflict 80 ° <Conflict Angle<<100
Wide-angle o . o
Lateral Conflict 100 ° <Conflict Angle<<150
Rear End Conflict 0 ° <Conflict Angle<<30 °
Minor
Line
D] Major
[C T[> [(B>—1AT> Line

[ >

Fig.2. Conflict Types in Unsignalized Intersection

Taking this category of unsignalized intersection conflict
into account, Eq.(5) can be obtained to calculate Conflict
Index from Eq.(3).

Published by Atlantis Press
Copyright: the authors

1327



Rui Li et al.

Cil =F=We + L =W, + L, W, + Ly #W; + R=We
®)

WF, W|_1, W|_2, W|_3 and WR, are the weights of F, Ll, Lz, L3
and R.

2.2. Model Calibration

2.2.1. Crash Severity Index Calibration

Based on Eq.(4), Crash Index is determined by number of
crash and their weights. The number of each type of crash
can be acquire from WisTransPortal Database of TOPS
Lab, and the weights for each type of crash have already
been proposed by several researchers’>> (Table 2.), the
weights of different damage are calculated based on
equivalent property damage only (EPDO).

Table 2. Used-in-practice Crash Severity Ranking
Methods with Applied Weights

Ranking Method NJTA|B]|C K
North Dakota DOT 1 3 3 3 12
Illinois DOT 1 2 5 9 10

Xiao et al. about Wisconsin 1 2 5 9 40

Because the crash data occurred in Wisconsin, this paper
uses the weights proposed by Xiao et al (Eq.(6)) to
calculate Crash Index.

Cl=N+9*A+5%xB+2*C+40*K (6)

2.2.2. Conflict Severity Index Calibration

This paper uses Surrogate Safety Assessment Model

( SSAM ) * software to simulate unsignalized

intersections  (these intersections contain Type-422

(4-legged intersection, Major and minor line have two

lanes), Type-442, Type-322 and Type-342, unsignalized

intersection, because these four kinds of intersection are

the widely used unsignalized intersection) in Wisconsin

State, U.S. Before simulation, some assumptions are

proposed:

® For major and minor arm of unsignalized
intersection, distributing the AADT equally to up
and down of arms;

®  Transferring AADT to peak hour volume (SSAM
simulation needs peak hour volume of every
directions) by Multiplying AADT by a parameter,
choosing 0.1 as the parameter by experience;

® For 4-armed intersections, major line traffic flow
were distributed to left-turn, right-turn and straight
for 15%, 10% and 75% of the whole flow

respectively, minor line traffic flow were distributed
to left-turn, right-turn and straight for 30%, 30% and
40% of the whole flow respectively;
® For 3-armed intersections, major line traffic flow
were distributed to left-turn (right-turn) and straight
for 15% and 85% of the whole flow respectively,
minor line traffic flow were distributed to left-turn,
and right-turn for 50% and 50% of the whole flow
respectively.
According to observing the traffic video simulated by
SSAM for unsignalized intersections, the number of five
different types of conflicts for each intersection during
the peak hour is recorded, these conflict data are used to
calculate Conflict Index.
Because traffic conflicts have not any damage like crash,
it is hard to analyze and evaluate the severity of traffic
conflict directly. For traffic conflicts, if no remedial
measurements are implemented, conflicts may turn into
crashes, it can be said that traffic conflict is the original
format of traffic crash and crash is the potential trend of
conflict. Based on the analysis above, conflict severity is
strongly related to crash severity. This paper uses crashes
(crash angle is the same as conflict angle) severity rate
(Eq.(4)) as the weights of conflicts.
The crash data for calculating Conflict Index Rate (C{R)
is Wisconsin’s crash data in 2009 (Part B crash data)
introduced above. Comparing with crash angle and
conflict angle, it can be found:
® The conflict angle of Frontal Conflict, Vertical
Lateral Conflict and Rear End Conflict are nearly
the same as the crash angle of Head On Crash,
Angle Crash and Rear End Crash respectively;
® The crash angle of Wide-angle Lateral Conflict is
range between the crash angle of Head On Crash
and Angle Crash;
® The crash angle of Small-angle Lateral Conflict is
range between the crash angle of Rear End Crash
and Angle Crash.
Based on the results above, the weights of Frontal
Conflict, Vertical Lateral Conflict and Rear End Conflict
can be represented by Conflict Index Rate (calculating by
means of Eq.(7) for independent crash, the first line) of
Head On Crash, Angle Crash and Rear End Crash
respectively; the weights of Wide-angle Lateral Conflict
can be represented by Conflict Index Rate (calculating by
means of Eq.(7) for multiple crash, the second line) of
Head On Crash and Angle Crash; the weights of
Small-angle Lateral Conflict can be represented by the
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Conflict Index Rate (calculating by means of Eq.(7) for
multiple crash, the second line) of Rear End Crash and
Angle Crash. The weights of these five types of conflicts
are showed in Table 3. At last, Conflict Index can be
calculated based on Eq.(6) using simulated conflict and
their weights.

C:r I Conflict Index (Per Hour) Conflict Index (Per Hour)
Type-322 Intersecti Type-342 Intersection
- Number of Crash (7) . ype ntersection . ype-3 ersectic
e Cal +C;l 207 Crash Index ; 207 Crash Index
Number Of CraSh(A+ B) 154 {Per Year) 154 (Per Year)
104 104 —
Table 3. Weights of Five Type of Conflict - \
54 & 5
. Crash Type Based Weight of ' ’ \ ¢
Conflict Type on Conflict 0 e o , N ]
Frontal Conflict Head on Crash 4.376 o u;r:_ 1;m 300 400 500 600 0 100 200 300
Wide-angle Lateral | Head on Crash & " "'][“""._;;“I‘:‘;l ['J’;'\'f;‘i‘g']  Conflcttndex (er Hour)
Conflict Angle Crash 2.673 ype Crseclior T'vpe-442 Intersection
Vertical Lateral . . . .
Conflict Angle Crash 2.614 Fig.3. Crash and Conflict Severity Model Matching Curve
Small-angle Lateral Angle Crash &
ma Ca(l)lfﬂei cta e ReI;gr-%n fgrash 2310 Table 4. Five Kinds of Regression Models for Four
Rear End Conflict | _Rear-End Crash 1.626 Types of Unsignalized Intersections
C(l=4376 *F +2.673 xL, +2.614 *L, (g) Type-322 Intersection :
R ion Model Square of Correlation
+2.310 * L, +1.626 *+ R egression Mode Cocfficient
Linear Regression 0.0192
2.2.3. Crash and Conflict Severity Model Calibration Logarithmic Regression 0.0693
) ) ) Exponential Regression 0.0163
After calculating Crash Index and Conflict Index, this Quadratic Curve Regression 0.5405
paper uses SPSS software to develop the relationship Cubic Curve Regression 0.5412
between them for four types of unsignalized intersections. Type-342 Intersection
Linear Regression, Logarithmic Regression, Exponential Regression Model Squargoc;ffggrer;latlon
Regression, Ql.ladratlc Curve Regression and Canc Lincar Rogrossion 0.1288
Curve Regression (Table 4 shows these regression Logarithmic Regression 0.2661
methods’ matching square of correlation coefficient (R?), Exponential Regression 0.4411
X, y are conflict and crash index of unsignalized Quadr_atic Curve Regre_SSiOIl 0.6665
intersection) were acted to match Crash Index and Cubic Curve Regression ___0.7826
Conflict Index relationship. Type-422 Intersection -
. . . Reoression Model Square of Correlation
After analysis and comparison these five regression g Coefficient
model showed in Table 4, it is easy to find that Cubic Linear Regression 0.3512
Curve Regression Model matches crash severity and Logarithmic Regression 0.3989
conflict severity best in these five regression model. This Exponential Regression 0.2518
aper chooses Cubic Curve Regression Model to simulate Quadratic Curve Regression 0.5452
pap . ) g . Cubic Curve Regression 0.7033
Crash fmd Conflict SeYerlty Model. (CCS Mo.del) (Flg._’a.) Type-442 Intersection
and this model for Wisconsin unsignalized intersections ] Square of Correlation
. Regression Model .
showed in Table 5. Coefficient
Linear Regression 0.1090
Logarithmic Regression 0.1693
Exponential Regression 0.0230
Quadratic Curve Regression 0.4137
Cubic Curve Regression 0.5036

127 Crash Index

LT

104 (Per Year)

i) S, z
0 100 200 300 400 500 600 700 0

Crash Severity Evaluation

| Crash Index

(Per Year)

T : -
1000 1500 2000

S00
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Table 5. CCS Model for Four Types of Unsignalized
Intersections
Intersection Type Regression Model Equation
3
Type-322 C,I=-13E-08*C,I° -
Intersection 47E—05*C, 1% +0.0354*C, | —0.0859
3
Type-342 Crl :—6.3E—09*Cf| +1
Intersection E—05*C,1?+0.003*C,1 -0.0735
3
Type—422 Crl =—5E—07*Cf| +
Intersection 0.00026*C, 1% +0.00372*C, | +0.4809
3
Type-442 Crl :—1.7E—06*Cf| +
Intersection 0.00047C, 1% +0.0262*C, | —1.0958

Crash Index is calculated using intersection crash data
annually, Conflict Index is calculated using intersection
conflict data in peak hour.

3. Evaluation

A simple approach to identifying black spots is to rank
locations according to the reported number of accidents
per vehicle mile or vehicles entered into an intersection,
computed for each location without use of data from
other locations”. The methods available to identify
unsafe intersections could be presented in several
categories: Counts, Rates, Composite, Empirical Bayes
2628 or uses a score that is a composite of the factors
before™.

This paper evaluates the validity and reliable of the CCS
Model by comparing the Model Ranking and Wisconsin
Statewide Ranking of unsignalized intersection safety.
Firstly, using the other half of Part A crash data to
calculate the four type of intersections’ Crash Index based
on the regression model equation showed in Table 5 (The

60
Model

Rarking
50

) T AN
e W] ]

L)

10 $ 7

0 10 20 30 40 50 60
Statewide Ranking

Fig.4. Model Evaluation for Type-322 Intersection
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Rarking f

3 5 7
Statewide Ranking
Fig.5. Model Evaluation for Type-342 Intersection
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Fig.6. Model Evaluation for Type-422 Intersection
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Nodel //
A8 Ranking Q /
. [\/ ¥

8 +

1 3 5 7 9 11 13
Statewide Ranking

Fig.7. Model Evaluation for Type-442 Intersection

circle in Fig.4. is intersections match badly). Secondly,
ranked these unsignalized intersections based on the
Crash Index calculated. At last, comparing the rank
calculated and Statewide used (Fig.4 — Fig.7). From Fig.4
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— Fig.7, it can be found:

® For Type-322 intersection, Type-342 intersection
and Type-442 intersection, this Model Ranking and
Wisconsin Statewide Ranking match quite well, no
more than 20% of these three types of signalized
intersections match badly;

For Type-422 intersection, this Model Ranking and
Wisconsin Statewide Ranking match not well as
other three types of intersections (there are 25% of
Type-422 intersections match badly), but most
Type-422 intersections based on Model can rank
consistent with Wisconsin Statewide Ranking;

All four types of dangerous (ranking forward)
unsignalized intersections match quite well.

Based on the evaluation above, the CCS Model proposed
in this paper can show the safety of unsignalized
intersections well especially for dangerous intersections
and be available for different region, therefore is
promising.

4. Model Visual Application

Unsignalized intersection crash severity can be evaluated
using probabilistic computing based on CCS Model. This
paper classifies the unsignalized intersections crash
severity into four levels including Level A (danger),
Level B (medium), Level C (safety) and Level D (quite
safe) based on Wisconsin’s data, these four levels are
chosen 15%, 40%, 60% and 85% of Wisconsin’s
intersection Crash Severity Index cumulative frequency
responsibility (Fig.8). Crash Severity Index range of each
level can be observed based on calculating unsignalized
intersection Crash Index of Wisconsin. The range of
Crash Severity Index for different dangerous levels can
be used for other unsignalized intersections’ crash
severity evaluation.

100
85

40

Cumulative Frequency

i

| SRS VS W i
Crash Severity Index
Fig.8. Crash Severity Cumulative Index Curve

Crash Severity Evaluation

Based on CCS Model, this paper develops visual
software for analyzing unsignalized intersection crash
severity intelligently relies on Visual Basic Software. The
interface of the crash severity evaluation software is Fig.9.
After choosing intersection type and inputting the number
of F conflict, L, conflict, L, conflict, L; conflict and R
conflict, the software can calculate this unsignalized
intersection’s crash severity index and severity level
automatically. This software can be a shortcut to evaluate
crash severity of unsignalized intersections.

= Onaigralized Intersection Ceash Seversly Analysia Software

Input
Number of F Conflict

Number of L-1 ConyTict

Intersection Type Choosing

I‘\- pe-422 Lntcrsection
Type-442 Intersection
Type-322 Intersection
Type-342 Intersection

Number of L-2 ConyfTict
Number ¢f L-3 Conflict |

Number of R ConyTict

Quiput

Intersection Crash Severity Index Intersection Severity Level

Calculate |

Fig.9. Crash Severity Analysis Software Interface

5. Conclusion and Future Work

A method of safety evaluation for unsignalized
intersection using conflict data is proposed. To show the
crash severity of unsignalized intersection, Conflict Index
(Cil) is presented. Conflict Index is calculated by
weighing different types (classified based on conflict
angle) of conflicts. Because conflict severity is strongly
related to crash severity, this paper uses crash severity
rate as the weights of conflicts, where crash angle is the
same as conflict angle. In order to evaluate crash severity
of unsignalized intersection using conflict data, the
relationship between Crash Index and Conflict Index is
developed based on Wisconsin’s crash and conflict data.
The Crash and Conflict Severity Model (CCS Model) can
well match a Cubic Curve where Conflict Index is X-axis
and Crash Index is Y-axis. The CCS Model is calibrated
using the crash severity weights of Wisconsin, North
Dakota and Illinois. The CCS Model Ranking and
Wisconsin ~ Statewide  Ranking for unsignalized
intersection safety are compared to show the validity of
this model. The results indicate that the CCS Model can
show the safety of unsignalized intersection well
especially for dangerous intersections. Conflict data can
be used to evaluate the safety of unsignalized intersection
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and the CCS Model can support the safety evaluation for
unsignalized intersection. Overall, CCS Model can serve
for unsignalized intersection crash severity evaluation in
real time system and be a theoretical basis for decision
support system of unsignalized intersections crash
prevention.

Future work may include applying this model for
signalized intersections and using observed conflict data
to calibrate the model between Crash Index and Conflict
Index The difficulty will be how to evaluate the efforts of
signals and control devices contributing to intersections’
conflict.
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