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MopentoBaHHs CEPHO3HOCTI 31TKHEHB BIAITPae BaXKIIH-
BY POJIb B TOCTIKEHHSX 13 OC3IEKH JOPOKHLOTO pyXxy. B
il CTaTTi 3MOJEIbOBAHO CTYIIHb CEPHO3HOCTI TpaBMY-
BaHHS BOJisl NpPU JIOOOBHX 3ITKHEHHSX MIBOX PI3HUX
aBTOMOOLTIB, y SKMX € 10 OJHOMY Macaxuposi. Hecy-
MICHICTh TPAHCIIOPTHHUX 3acO0IB — I HEBIAMOBIAHICTD i
BiIMIHHOCTI MDXK TpPaHCIOPTHHUMHU 3aco0aMH 3a Baroro,
BEJIUYMHOI0, (JOPMOIO, pO3MipaMH, MIIHICTIO Ta MOTYX-
HicTI0. PO3BHUTOK pPI3HOMAHITHUX TEXHOJOTIH HPOEKTY-
BaHHS TPAHCIOPTHHUX 3acO0iB CIPHYMHUB PO30i’KHOCTI B
CTaHmapTaxX JUisl TPAHCIIOPTHUX 3acO0IB 1, AK HACIIJIOK,
iXHIO HECYMiCHICTb. Y WiHl CTaTTi PO3IISIHYTO PONib PyH-
JIAMEHTAJIbHUX XapaKTEePHCTHK MNaca)XUPChKUX aBTOMO-
OLTiB, TAaKMX SIK CTATHUYHI Ta JMHAMIYHI XapaKTEPUCTUKH
(Bara, BUCOTa, IIMPHUHA Ta IIBUJIKICTB) 1 3ac00M OE3MeKH y
TPAHCIOPTHUX 3aco0ax (MOBITpsAHA MOIYIIKa OE3MeKH,
peMiHb O€3NeKH, BHIITOBXYBaHHS BOJisl) IIPH Pi3HUX
CTYNEHSIX CepHO3HOCTI JIOOOBUX 3iTKHEHb. Meron moje-
JIIOBaHHS TaKWX 3ITKHEHb € MOABiHHMI. Bopiii omHOro 3
aBTOMOOLTIB Moke Oyt Oinbin TpaBMoBaHuM. OTXKe,
JIOTiICTHYHA perpeciiiHa MoJellb 3aCTOCOBYETBCS 3 METOIO
nepei0AYeHHs CTYIICHsI TPaBMYBaHHS BOJIIS TP JIOOOBHUX
3iTkHeHHsAX. [IpoanamizoBano 458 crocrepexeHb 3a
J000BMMH 3ITKHEHHSIMH 3a pomnomoroto Fars (Cucremu
aHanizy cMepTHOCTi). KiHIleBa Moz 3/JaTHA MPAaBUIBHO
nependaunty 80,6 % BuMaiKiB. AHATI3yOYN THYYKICTB 1
BIUIUB TOOIYHUX YHMHHHKIB, BHSBJIEHO DPIi3HI CTYyIEHI
CepHO3HOCTI JI0OOBUX 3ITKHEHb. BCTaHOBIICHO, II10:

1. Bucoka Bara TpaHCIOPTHHX 3ac00iB, peMeHi Oe3reKu
Ta TIOBITPSHI MOMYIIKK OS3MEKH € HAWBAXIUBIIIMMY YHHHH-
KaMH 3MEHIIIEHHS PU3UKY TpaBMyBaHHs BOJIIL.

2. Baxui macaxupchKi aBTOMOOLII MEHIIE MOIIKOJ-
JKEH1 IpH JT0OOBUX 31TKHEHHSIX.

3. Po3Mipu TpaHCIOPTHUX 3acO0iB HE MAarOTh BEIH-
KOro BIUIMBY Ha CEpHO3HICTh JOOOBHX 3iTKHEHb. Tomy
pi3HHIS y Ba3l TPAHCHOPTHHX 3aco0iB € HaWOUIbII
HeOe3IeYHUM aCIeKTOM TXHBOI HECYMICHOCTI.

4. Bucoka IIBHUAKICTh 1 BUKMIAHHA BOJIIS € YHUHHU-
KaMH, SIKi MOXXYTh 30UIBIINTH MOMJIUBICTH CEpHO3HOTO
TpaBMYyBaHH;I.
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Abstract — In this study, the driver injury severity of head-
on accidents considering the vehicle mismatch is modeled. For
this purpose, logigtic regresson method is applied. Using this
method determines which driver is more injured. According to
final results, seat belt, air bag and weight of vehicles are most
effective variables in injury prevention of driver. High speed
and driver gection are the factors that can increase the
probability of injury severity. Furthermore, the vehicle
dimensions have not a powerful effect on severity of head-on
accidents. Therefore, different weight of vehicles is most
dangerous aspect of vehicle mismatch.
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[. Introduction

The number of traffic accidents is considerably
growing in Iran. The number of injuries and the value of
damages impose a high cost to the country. So, attention
to traffic safety has always been among the basic programs of
the Iranian governments and car companies. On the one hand,
to study the effect of various parameters in enhancing the
safety, researchers utilize statistical models to modeling the
real world observations. On the other hand, the experts
investigate the effect of different parameters by simulation
software or accident reconstruction in vitro. Researchers are
recently studying factors which the real-world data have not
given this possibility in the past few years. Variables such as
static and dynamic characteristics of the vehicles are such as
these parameters.

Development of different technologies in design of the
vehicles has caused variety vehicles standards. For example,
the standards related to reduction of fuel consumption made
new cars lighter. In order to optimize utilization of urban
spaces, the dimensions of new vehicles have been decreased
which lead axes to be closer to each other. Based on
aerodynamic principles, the new vehicle’s chassis and the
height of body have been shorter. There are different
opinions among analysts and designers about the properties
of the vehicles. Manufacturers have not yet succeeded to
evaluate many features of vehicle characteristics according
to experts' opinions of different technologies. They could not
achieve an optimal characteristic for the best designs. Thus,
many automotive companies still suffer from multiple
policies in designing. The vehicle mismatch is one of the
most complex problems of these companies. As analysts of
different sciences are moving in line of automotive
technology advances, traffic experts have had the new
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achievements in this case. Cars safety has always been the
most important matter for traffic researchers and experts.

[l. Literature Review

Traffic accident is one of the main reasons of the people
death. Scientists expect that traffic accident will be third cause
of unnatural death until 2020. Investigation of effecting factors
to injury severity of occupants is important for researchers,
governments and companies. Vehicle mismatch is one of the
most dangerous reasons in increasing of severity. Vehicle
mismatch is an incompatibility and dissimilar of vehicles in
weight, dimensions, shape, size, stiffness and power (1, 2).
Significantly increasing sport utility vehicle (SUV) and pick-
up trucks (PU) registration, many studies have addressed the
more hazardous to lighter and smaller vehicle. The fatality rate
for 900-kg passenger cars is 50% greater than the fatality rate
for 1800-kg passenger cars. Occupants of smaller cars appear
to be at greater risk than larger car occupants in many types of
collision scenarios (3, 4).

The European Commission (EC) has stated that if all cars
were designed to be equal in standard to best car currently
available in each class, then an estimated 50% of all fatal and
disabling injuries could be avoided (5). Desapriya et al (6)
analyzed vehicle mismatch crashes. They investigated on
general severity and types of injuries, crash characteristics and
information on restraint use and driver age and gender. They
demonstrated the changing composition of vehicle fleets has a
considerable effect on crash types and injury severity. Kahane
(7) estimated that a 100 pound reduction in the average weight
of light trucks, defined as PU, vans and SUVs, results in a
reduction of 40 fatalities per year in US. Importantly, Kahane
shows that decline of 100 pounds in the average weight of the
typical passenger car results in an estimated increase of 302
more fatalities per year. The results also indicate that 80% of
the injuries/fatalities associated with car-light truck collisions
are occupants of passenger cars.

Braitman (8) examined changes in the mix of passenger
vehicles between 1988 and 2004 and concurrent changes in
driver fatality rates and vehicle incompatibility. He argued the
driver death decreased but it was considerable for SUV divers.
In a research by Fredette et al (9), they examined the effects of
vehicle incompatibility on the risk of death or major injury to
drivers involved in two-vehicle collisions. Utilizing logistic
regression to model the risk of driver death or major injury
(defined has being hospitalized), their analyses show that
pickup trucks, minivans and SUVs are more aggressive than
cars for the driver of the other vehicle and more protective for
their own drivers.

lll. Data Description

In this study, head-on accidents have been
investigated. Fig. 1 shows different type of crashes.
According to NHTSA data center (FARS') (10), code 2
recognizes as head-on accident.

Comparison basis for surveying the severity of accident is
assumed according to the driver injury severity. In many
previous studies, it is pointed out that driver injury severity is
the best factor to represents the crash severity. First of all,
whole vehicles are the same in having one driver and the place

! Fatal Analysis Reporting System

for seating the driver in the car is same in all passenger cars.
Secondly, study on driver injury allows that factors such as
seat belts and air bags be evaluated. FARS database has
provided the following table for the severity of injuries.

Fig. 1. Different Crash Types Based on FARS

Tablel
Injury Severities
I njury Severity Variable
No Injury (O) 0
Possible Injury (C) 1
Non-incapaciting Evident Injury (B) 2
Incapaciting Injury (A) 3
Fatal Injury (K) 4

Modeling method of this type of accidents will be binary.
The driver of first or second car might be more injured.
Logistic regression model is designed for this purpose and its
accuracy of prediction will be surveyed.

Head-on Accidents

N

More Injury
Severity of Driver 2

Fig. 2. Binary Modding of Head-on Accidents

More Injury
Severity of Driver 1

In this research, 458 head-on accidents of the year 2008
will be studied. The accidents have been selected somehow
that the drivers are the only occupants in both passenger cars.
This makes the comparison of intensity easier according to the
driver injury severity. Logistic regression model will be
estimated for 80 percent of observations and then will be
controlled by 20 percent of observations. Analyzing the
coefficients of the estimated model for the first section of
observations, we will investigate the studied variables. Finally,
using control set of observations, prediction accuracy of the
model will be assessed.

Speed at the moment of crash (mile/hr), vehicle weight
(Ibs), external height (inches) and external width (inches) of
both vehicles are used in modeling as continuous variables. A
reasons of selecting the injury severity of driver as an indicator
of accidents intensity, was that the effect of factors such as seat
belts and airbag can be studied. Ejection of the driver’s body
out of the vehicle is very dangerous. Avoiding from this
happening has been analyzed as one of the car capabilities.
Application of these variables in the modeling can also be
useful.
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IV. Methodology

Logistic regression models are appropriate for the
conditions in which prediction of a variable’s occurrence
is the main objective. Head-on accidents are divided to
two categories; more injury severity of first vehicle’s
driver (Z;) and more injury severity of second vehicle’s
driver (Z,). The logistic probability function (11, 12) can
be expressed as Egs. (1) and (2).
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On the other hand:
P, =1-P, )

In which: le : The probability of more injury severity of
first driver; PZz : The probability of more injury severity
of second driver; U z, " The utility function of more injury

severity of first driver in head-on accident; UZZ : The

utility function of more injury severity of second driver in
head-on accident.
The utility function can be expressed as follow:

U =a +a,x, tL+a,x, te )
In which: X; :The value of variable j for alternative i.
And j=1,2,..., n; a; The utility function coefficient. And

=1, 2,...,n; € : The error term

Modeling is a repetitive process which aims to develop
better models. Logistic Regression is a model as type of
Maximum Likelihood Function which is defined as:

=N AN .
L(b)=0,., p.(1HO . p.() (6)
In which: L(b): Maximum likelihood functions for b
coeficients The target is to find some s which maximum
the forementioned function.

Goodness of fit (p?) is a value that determines the
model quality of observation’s fitting. This parameter
varies between 0 and 1. The more closed value to 1,
shows better fitting.

2. LLb)
LL(0)
LL(0): Log-likelihood function for zero coefficients;

LL(b): Log-likelihood function for estimated b
coefficients

™)

V. Results

80 percent of the observations are considered for model
estimation and 20 percent of them are for evaluation of

model prediction. Table 2 shows the coefficients of logit
model.

Table 2
L ogistic Regression M odel
Variable Coefficient t- Elasticity Mean
Statistic (Marginal Eff.)
Constant -0.101 -0.02 (-0.02) -
Airbagl -1.000 -3.07 -0.276 (-3.07) 0.68
Ejectionl +0.252 +0.42 +0.007 (+0.42) 0.06
Beltl -1.040 -3.28 -0.250 (-3.28) 0.58
Speedl +0.014 +1.34 +0.299 (+1.34) 50.10
Weightl -0.001 -3.62 -1.563 (-3.62) 3663.9
Heightl -0.003 -0.13 -0.098 (-0.13) 62.73
Widthl -0.064 -1.37 -1.978 (-1.37) 72.29
Airbag2 +0.727 +2.05 +0.239 (+2.05) 0.76
Ejection2 -0.465 -0.53 -0.006 (-0.53) 0.03
Belt2 +1.127 +3.23 +0.355 (+3.23) 0.74
Speed2 -0.012 -0.96 -0.255 (-0.96) 49.05
Weight2 +0.001 +2.02 +1.098 (+2.02)  3634.1
Height2 +0.085 +2.72 +1.310 (+2.72) 63.55
Width2 +0.030 +0.65 +0.926 (+0.65) 72.26

Variables that their names have No.1 are related to the
first vehicle in two-car head-on accident, and variables
that their names have No.2 are related to the second
vehicle in two-car head-on accident. No matter in a head-
on accident which vehicle is marked by No.1 or No.2, but
the important matter is that the vehicle No.l
characteristics in driver injury severity are considered for
the car No.l and vice versa. In this study, 458
observations of head-on accidents have been investigated;
each accident separately has 14 independent variables
(seven independent variables for each vehicle) and two
dependent variables (driver injury severity). Whereas, the
dependent variable has been as 0 and 1 (indicates more
injury of car No.1 driver or car No.2 driver). In the first
part, the models have been calibrated with 80 percent of
observations (366 crashes). The values indicate statistical
significance of studied variables in model and whatever
the t-Statistic is more, the variable has the higher level of
confidence. The coefficients column represents
coefficient of variables in estimated utility function.

Table 3 indicates the main characteristic of model. As
can be seen, this model has accurately predicted 295
(168+127) cases of accidents. In fact it can predict 80.6
percent of observations correctly of total 366 crashes.

Table 3
Main Characteristics of M ode
I ndexes Predictions
Pseudo R-squared  0.3853 Predicted
LL(B) -154.83 5 :
-251.91 =

LL(0) _ 51.9 : ST 3%
Correct Prediction  80.60% g 33 168

Also, the model predicts 78 percent of 92 accidents
which have been considered for evaluation of the model
precision. The Pseudo R-squared is equal to 0.38 that
indicates a proper ability to fitting data.

Elasticity and marginal effect functions are used to
evaluation the role of variables in the model. These
functions are used to analysis the importance of each
variable in utility functions. Also, the value of these
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functions helps to examine the relative importance of
variables. Table 2 shows elasticity and marginal effect
values of the variables, too.

Positive coefficients mean that the variables cause
more injury severity probability of driver of car No.1. The
negative coefficients mean that the variables cause more
injury severity probability of driver of car No.2. Higher t-
values show statistical importance of variables. According
to the results, weight, height, air bag, seat belt and speed
have the acceptable importance in estimated model.
Consideration to variable unit and type of variable is basic
points in analysis of the coefficients. Seatbelt, airbag and
driver ejection are Dummy variables and the others are
continuous. In fact, increasing one unit in these two types
of variables has different meanings. So, the coefficient of
weight in table 2 is less than the coefficient of driver
ejection. Mean of variables in the last column of Table 2
clarifies this difference. To prevention of such errors in
analysis of parameters, both elasticity and marginal effect
functions are calculated.

According to Table 2, air bag, seat belt and vehicle
weight are the most important parameters in driver safety.
However, the variables of vehicle height and width are
somehow effective in reducing the risk of driver injury.
Speed and driver ejection are the only variables which
increasing the probability of injury severity. For example,
positive coefficient for Speedl variable indicates that
more speed of car No. 1 can increase the probability of
injury severity of its driver. While negative coefficient of
Weightl means the reducing of risk of injury in him/her.

Conclusion

This study surveys the role of fundamental features of
passenger cars such as static and dynamic characteristics
(weight, height, width and speed) and vehicle safety
equipment (air bag, seat belt, driver ejection) in the
severity of head-on accidents. Logistic regression model
is applied to prediction of driver injury severity of head-
on accidents. Finally, importance of the studied variables
is analyzed based on elasticity and marginal effect
functions. 80 percent of the observations are considered
for model estimation and 20 percent of them are for
evaluation of model prediction. Model accurately predicts
295 (168+127) cases of accidents. In fact it can predict
80.6 percent of observations correctly of total 366
crashes. Also, the model predicts 78 percent of 92
accidents which have been considered for evaluation of
the model precision. The Pseudo R-squared is equal to
0.38 that indicates a proper ability to fitting data.
Elasticity and marginal effect functions are used to
evaluation the role of variables in the model. These
functions can analyze the importance of each variable in
utility functions. According to final results:

1. High weight of vehicles, safety belts and air bags
are the most important factors result in reducing the risk
of driver injury.

2. Heavier passenger cars have safer performances in
head-on accidents.

3. Vehicle dimensions have not a powerful effect on
severity of head-on accidents. Therefore, different weight
of vehicles is most dangerous aspect of vehicle mismatch.

4. High speed and driver ejection are the factors that
can increase the probability of injury severity.
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