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Although numerous studies have attempted to use vehicle motion data for real-time vehicle crash prediction, many driver behavior
and road/environment factors (e.g., driving intention and pavement condition) have not been considered. In order to cope with
increased complexity and extent crash risk assessment with the consideration of factors like driving intention and pavement
condition, this paper (a) combines driver intention, vehicle motion, and dynamic tra�c environment into the assessment of the
con�ict risk in real time, (b) establishes a hierarchical analysis model for quantitatively describing driving safety based on an Analytic
Hierarchy Process (AHP), and (c) applies aMatter Element (ME)Model to takemultiple factors, which are heterogeneous in terms of
nature of analysis (quantitative or qualitative) and measure units, into account, and provide a comprehensive evaluation of vehicle
crash risk. Finally, a set of simulation cases are used to compare the detection e�ciency of the proposed method with ANN and SVM
for vehicle collision. �e example analysis shows that the proposed AHP-MEmodel can more accurately predict the collision risk of
vehicles. Moreover, the proposed AHP-ME model provides an e�ective solution to unify multi-factors (driver intention, vehicle
motion, and dynamic tra�c environment) into an integrated decision-making framework.

1. Introduction

Advanced Driver Assistance System (ADAS) can be used to
identify dangerous scenarios and provide timely warning
and reaction in case of emergency, where a driver makes a
mistake or may not be consciously aware of such a mistake.
�e ADAS uses advanced sensor and information tech-
nologies to enhance driver’s awareness to road, tra�c, and
safety. Such information is synthesized by the system to
identify safety hazard and potential risks in real time.

Crash risk assessment models are of vital importance for
ADAS to provide better prediction and analysis of driving
safety in emergency. Jin et al. analyzed the reliability of the
uncertain fractional-order dynamic system with a state
constraint，the sensitivity analysis is also presented for the
numerical examples [1]. Xu et al. proposed a novel non-BP
learning algorithm based on the di�erential evolution

algorithm is proposed, by fully incorporating the feedback
information from evolving population and individuals, the
proposed algorithm signi¤cantly outperforms the other ten
state-of-the-art non-BP algorithms and BP in terms of the
classi¤cation accuracy [2]. Jin et al. proposed a new com-
peting failure model for a fractional-order RC circuit system
that is presented and analyzed for reliability, which is proved
to be of practical importance by numerical simulations [3]. Jin
et al. investigated the optimal control problem of the un-
certain second-order circuit based on ¤rst hitting criteria;
analytic expressions of the optimal control for the reliability
index model are obtained [4]. However, a literature review
carried out for this study indicates that few, existing crash risk
assessment models developed have taken driver behavior into
consideration, although it has been long recognized as one of
the most important factors that should be considered in
vehicle crash risk assessment. In this paper, the Analytical
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Hierarchical Process (AHP) and a Matter Element (ME)
model are combined to establish a vehicle collision risk sit-
uation assessment model. On one hand, our proposed
method constructs the system of vehicle crash risk assessment
by a hierarchical model, which could consider more driving
safety related factors (driver intention, vehicle motion, and
dynamic traffic environment) into a decision-making
framework. On the other hand, the proposed AHP-MEmodel
can effectively quantify the vehicle crash risk.

+e main contribution of this paper is that our proposed
hierarchical analytical model can comprehensively consider a
set of driving safety related factors, both quantitative (e.g.,
vehicle motion and road surface [5]) and qualitative (e.g.,
driving intention, driver fatigue, andweather [6]). It should be
noted that a significant heterogeneity exists in the data used to
develop the proposed hierarchical analytical model, when
integrating all these factors to evaluate crash risk. In order to
cope with this heterogeneity and the increased complexity, an
AHP-ME model is proposed to extend crash risk assessment
with the consideration of multi-factors. +e proposed hier-
archical analysis model combines driver intention, vehicle
motion, and dynamic traffic environment into the assessment
of the crash risk in real time, which can quantitatively describe
driving safety based on the Analytic Hierarchy Process and
apply a Matter Element Model to evaluate vehicle crash risk.
Finally, a group of simulation cases are used to compare the
efficiency of crash detection of the proposed AHP-ME model
with that of a classic Safety Distance Model. +e simulation
results show that the AHP-ME model proposed in this paper
can reflect the current driving safety conditions more real-
istically, to effectively predict vehicle collisions. +e research
results can provide a basis for traffic safety analysis.

+is paper is organized as follows: Section “Literature
review” presents a review to research in the field of safety
distance and TTC (time to collision) model, the critical zone
model, and the risk identification model based on multiple
information fusion. In Section “Methodology”, the proposed
AHP-ME model and its application in vehicle crash risk
assessment are described. +en, a group of simulation cases
are used to analyze the efficiency of crash detection of the
proposed AHP-ME model with that of the Safety Distance
Model in Section “Evaluation results”. Finally, Section
“Conclusions and recommendations” presents the conclu-
sions and recommendations of this study.

2. Literature Review

+is review provides an examination to the research de-
velopment in the field of safety distance and TTC (time to
collision) model, the critical zone model, and the risk
identification model based on multiple information fusion,
which is subsequently detailed in the following sections,
respectively.

2.1. Safety Distance Model. Approaching vehicles should be
maintained a safety distance between the front vehicle and
behind vehicle, which can effectively prevent the collision
accident between the two vehicles [7, 8].

Safety distance model can be divided into workshop
safety distance model and headway safety distance model.
Hou et al. improved the shortcomings of the original
workshop distance model by calibrating the safety distance
model based on a group of driving test, the improved model
can be effectively applied in vehicle active collision avoid-
ance system and reflected the driver characteristics [7, 9].
Based on the established safe distance model of following
and changing routes, the results show that the actual col-
lision avoidance process of the vehicle is well simulated in
the virtual environment, and the controlled vehicle is in an
active safe driving state [10]. He used millimeter wave radar
to set up vehicle safety distance in vehicle collision avoidance
system, which can shorten the safety distance between ve-
hicles, guarantee vehicles safety, improve the highway
transportation efficiency, and promote the rapid develop-
ment of the economy. +is study finds that the influence of
the workshop safety distance are the main factors affecting
the driving speed, the driver’s reaction ability, road con-
ditions, weather, load, and the frequency of vehicle braking
[11]. Jamson et al. based on the safety distance between
vehicles, the driver driving simulator, analyzed the safe
driving of the drivers of time, thus established the early
warning scheme is different, to ensure the safety of the
travelling [12].

Headway refers to the ratio of distance and the vehicle
speed; based on safety distance model, the author established
a relatively small follow driving velocity; the characteristics
and the distance between the front vehicle and vehicle speed
have a linear relation [13, 14]. Tian et al. analyzed the design
requirements of automobile rear end collision warning
system, based on safety distance algorithm, combined with
the kinematic analysis of automobile braking process,
established an improved headway and the safe distance of
vehicle dynamics mathematical model based on [15]. Tang
proposed a safety distancemodel based on brake process and
based on the safety distance model from the workshop,
established the calculation model considering the safety
distance of vehicle motion state [13]. Sweden used the
headway of safety on the highway which is evaluated and
pointed out the shortcomings as well as the improvement of
safety distance model [16]. Ayres et al. focused on the safety
distance model of the time headway based on, the method
for extracting the representative headway data from a large
number of the actual highway in the study, after applied to
traffic safety guide [17].

2.2.CriticalZoneModel. +e safety distance model vehicles
from the workshop or workshop based on distance,
conflict risk identification method have low accuracy, the
key parameter is not easy to obtain, on the driver’s sub-
jective factors into the problems such as inadequate. Risk
identification vehicle conflict therefore safety distance
model is mainly suitable for single round, not suitable for
longitudinal and transverse. At present, for the increas-
ingly complex road environment, a full range of auto-
motive collision risk assessment has become a research
trend.
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In order to improve the inadequate existed in safety
distance model, someone has put forward the risk identi-
fication method of vehicle based on the definition of conflict
area, this method can consider the vehicle around the degree
of conflict adjacent vehicles, pedestrians, obstacles, and
itself. Guo et al. proposed a critical conflict area and calculate
the critical radius based on vehicle motion status, the motion
characteristics, and risk perception of regional conflict ve-
hicle closely is more practical and more universal [18, 19].

2.3. Risk Identification Model Based on Multi-Information
Fusion. All the above two methods not consider the driving
intent which impacts on traffic safety status, in the actual
road traffic, the driver intention has great influence on the
driving safety status of automobile. According to the sta-
tistics, driver is the main cause of road traffic accidents, these
accidents account for more than 80% of the total [20].
Germany Daimler-Benz company points out in his study, if
the driver gets the warning before 0.5 seconds when the
accident happens, 60% rear end accidents can be avoided, if
can add a second time 90% rear end accidents can be avoided
[21]. +e Swedish scholar Sonja E. Forward analyzed the
reasons causing the driver illegal operations from the
mechanism, found that even under traffic environment
constraints, the driver still tends to find space to achieve the
purpose of speed, and this tendency in the main street is
more than the main road [22]. Ren through a questionnaire
and mathematical statistics to get the driver’s reaction time
data, such as depth perception, attention and concentration
distribution, the driver specific reaction time by driving
simulation test, the reaction time model is established by
linear regression method, results show that the credibility of
this model to express the responding time of the driver and
the factor has a linear relationship with up to 95%, the
effective rate of the classification which is used to predict is
up to 79% [23].

+erefore, the “human - vehicle - road” multi-infor-
mation identification car conflict risk technology is put
forward, such as neural network method, AHP, fuzzy
evaluation method, the cellular automata method, and
multiple information fusion technology, in this regard, at
home and abroad have carried out relevant research. Shi
et al. used fuzzy neural network to identify and analyze
driver proficiency, fatigue, comprehensive active safety, and
quantitatively analyze the influencing factors of active
driving safety [24]. Li et al. based on neural network eval-
uation method, considering the influence of driver, vehicle,
environment and management factors on vehicle safety
state, established evaluation system of vehicle safety state,
provides a new method for vehicle risk identification [25].
Song et al. made safety assessment using analytic hierarchy
process on the machine running safety, and through the
locomotive rash advance signal as an example, discussed that
the feasibility of the application of analytic hierarchy process
as a safety evaluation method is convenient and effective to
the locomotive operation safety evaluation [26]. Liu et al.
made safety assessment on the safety conditions of freeway
traffic accident using cellular automata [27]. Liu et al. made

the comprehensive detection for the driving state using
multi-source information fusion technology, which con-
struct traffic safety rules, and make detection, analysis, and
judgment on vehicle real-time risk and potentially dan-
gerous, obtain the collision reliable warning, the reaction
time, relative distance, relative velocity can be optimized
control, so as to avoid vehicle collision accident [28]. Liao
et al. proposed a dynamic object tracking algorithm based on
multi-sensor information fusion to realize the collision
avoidance system of information acquisition, established the
automobile environment state features model, on the basis
of this, using the fuzzy integral information fusion method,
determine the safe operation mode should be adopted,
implement active safety collision avoidance decision-making
[29]. Zhou makes a fusion of radar and infrared sensors for
automotive anti-collision system based on multi-sensor
fusion technology [30]. Tian et al. established driving safety
evaluation index system based on the principle of fuzzy
comprehensive evaluation [31]. Chang et al. analyzed the
driver fatigue driving safety process, and propose a fuzzy
evaluation method to study the collision warning system
[32]. Toledo-Moreo and Zamora-Izquierdo take research on
collision time and distance in the traffic safety incidents
based on the information fusion method [33]. Lu proposed a
crash risk prediction method based on Kalman Filter and
Bayesian network; it can sense the environment around the
subject vehicle [34]. Kaempchen et al. used situation as-
sessment of the braking time collision process of the
emergency brake is improved, to make it better in collision
avoidance [35].

Although the studies reviewed above integrates the
“driver-vehicle-road” multiple heterogeneous data to eval-
uate the vehicle crash risk, the key technology of how to
eliminate the heterogeneity results from the related factors is
still an unresolved problem in the current study. Aiming at
the deficiency in the existed literature, a proposed method in
this paper combines the Matter Element analysis method
and the Analytic Hierarchy Process, considering the impact
of driver, vehicle motion, and road environment factors on
driving safety status.

3. Methodology

3.1. TrafficConflict Risk Evaluation Index System. At present,
the research for the dynamic state of vehicle safety evalu-
ation system has not yet formed a unified standard.
American scholars TREAT’s research results show that in
the road traffic accident, the effect of people, vehicles, and
road factors on the vehicle safety status is interrelated, the
relationship between the statistical results as follows: person,
vehicle, road, vehicle, vehicle, vehicle, road in road accident
cause ratio were 57%, 2%, 3%, 2%, 37%, 1%, and 37% [10].
According to the ministry of public security traffic man-
agement bureau in 2012 national road traffic accident sta-
tistics show that the state of vehicle safety influence factors,
the main driver factors, followed by the vehicle factors, in
addition to environmental factors and management factors
also cannot be ignored. According to the above information,
this article selects the road vehicle conflict mainly involved
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in the accident to the driver factors (state of fatigue, driving
behavior and intentions, etc.), vehicle running status (speed,
shape, etc.), and road traffic environment (weather, road,
obstacles, etc.). +ese three factors establish traffic conflict
risk evaluation index system, as shown in Figure 1.

3.2. Evaluation Index. Vehicle traffic safety status identifi-
cation and evaluation should follow the principles of com-
prehensive, independent and easy to quantify and operate,
aspires to direct effects and indirect effects, can more ob-
jectively reflect the driver state, vehicle running status, and
road traffic environment on the influence of road safety
situation [13]. In view of this, based on the literature [13, 18],
as well as six indexes in Figure 1, the road safety situation
characteristic indexes and the evaluation grade division
standard are explained. +is paper is divided into four grades
for the vehicle safety status, and determines the value range
for the characteristics of each level, as shown in Table 1.

3.3. Construction of AHP-ME Evaluation Model. In this
section, an AHP-ME model is introduced into vehicle crash
risk evaluation. A relative integrated evaluating index which
combines with the condition and characteristics in vehicle
collision accidents and their values are considered in this
model. +e proposed model aims to exactly evaluate the
comprehensive level of driving safety.

3.3.1. Matter Element Analysis Model. Matter Element
analysis theory was created byWen Cai, a Chinese professor.
It is a new subject that between mathematics and experi-
mental science and its study focused on the contradiction
problems of real world. +ings have a variety of features and
every attribute has a corresponding value. Set N as the name
of things, and its value is named V about feature of C. R �

N, C, V{ } is named matter element. If things have N attri-
butes, then it can be expressed as follows:

R �

N C1 V1

C2 V2

⋮ ⋮

Cn Vn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�

R1

R2

⋮

Rn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (1)

R is named as N dimensional matter-element. +e
concept of matter-element provides a new way for solving
the problem that how to judge the extent things belongs to a
set according to the value about a feature. Correlation
function makes identification more refined. By using ex-
tension set and correlation function, a new way can be set up
to identify ambiguous things [11]. At present, matter-ele-
ment has been widely used in many fields.

A Matter Element Model is built based on a set of
Classical field, controlled field, and evaluated matter ele-
ment, which are defined as follows:

Definition 1. Classical field Nj represent the j th level
evaluation index, it can be described as follows:

Rj � Nj,Cj,Xj􏼐 􏼑 �

Nj c1 aj1, bj1􏼐 􏼑

c2 aj2, bj2􏼐 􏼑

⋮ ⋮

cn ajn, bjn􏼐 􏼑

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, (2)

where Nj(j � 1, 2, . . . , n) means jth level
Cj(j � 1, 2, . . . , n) is the subindicator, represents the feature
of corresponding evaluation hierarchy. Xji � (aji, bji) rep-
resents the attribute value of cji at the jth level evaluation
index.

Definition 2. Controlled filed describes the value range of all
attribute, it can be described as follows:

Rp � Pj,Ci,Xp􏼐 􏼑 �

P c1 ap1, bp1􏼐 􏼑

c2 ap2, bp2􏼐 􏼑

⋮ ⋮

cn apn, bpn􏼐 􏼑

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, (3)

where Pj represents all of evaluation hierarchy, and Xpi �

(api, bpi) represents the attribute value of ci at the every level
evaluation index.

Definition 3. For the scheme to be rated, all subindicator can
be expressed by R0, it can be described as follows:

R0 �

N0 C1 x01

C2 x02

⋮ ⋮

Cn x0n

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, (4)

where R0 represent the matter element to be rated,N0 means
the scheme to be rated.

3.3.2. Attribute Weight Determining Based on Analytic
Hierarchy Process (AHP). In this section, the Analytic
Hierarchy Process (AHP) is applied to determine the weight
of attributes representing each of their corresponding effect
on the driving safety. Related factors (driver behavior, ve-
hicle motion state, weather, road surface, and driver fatigue)
are comprehensively considered and evaluated by practiced
driver, and the investigated results are recorded through a
group of questionnaires.

Analytic Hierarchy Process (AHP) is a decision-making
method that had been developed and designed to solve
complex multi-criteria decision problems [36]. AHP re-
quires the decision maker to provide judgment about the
relative importance of each criterion, and then to specify a
preference for each decision alternative using each criterion.
AHP allows better, easier, andmore efficient identification of
selection criteria, their weighting, and analysis. AHP allows a
logical mixture of data, which could be quantitative, qual-
itative, experience, insight, and intuition in its algorithmic
framework. It enables decision makers to find the weight of
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each criterion, as shown in Figure 2. In order to get the
decision, we need the following steps:

(1) Identify the alternatives, the criteria and subcriteria.
Subcriteria may not be available for all criteria, which
means that only criteria should be identified.

(2) Building the pairwise comparisons by establishing
the priorities for the available criteria and then
compare between each pair based on the most im-
portant criterion. +en, constructing a matrix of the
pairwise comparison rating to determine the pri-
orities for all criteria.

(3) After constructing the pairwise comparison matrix,
then it must calculate the priority of each criterion in
terms of its contribution to the overall goal of
selecting the best among the alternatives. +is step is
called synthetization. In order to achieve a good
approximation result that should be followed, there
are three steps as follows:

(1) Finding the sum of each column in the matrix.
(2) Dividing each element in the pairwise comparison

matrix by its column total. +e resulting matrix
refers as Normalized pairwise comparison matrix.

(3) Compute the average of elements in each row of
the normalized pairwise comparisonmatrix.+is
average shows the priorities for each criterion.

Finally, deciding whether the pairwise comparison is
consistence or not.+is operation is called consistency. AHP
provides a measurement of consistency for pairwise com-
parisons by computing the Consistency Ratio. If the result of
the Consistency Ratio is greater than 0.1, it indicates an
inconsistency in the pairwise comparison. +erefore, if the
Consistency Ratio is 0.1 or less, the value of the consistency
of the pairwise comparison is considered as reasonable. +e
steps are as follows:

(1) Multiply each value in the first column of the
pairwise comparison matrix by the priority of the
first item, multiply each value in the second column
of the pairwise comparison matrix by the priority of
the second item, and so on. +en, sum the values
across the rows to obtain a vector values which is
called “weight sum”. Compute the average values of
the weight sum by priority for each criterion. If the
eigenvalue and eigenvector of the attribute judgment
matrix are λi and wi, set:

Table 1: Index of driving safety related factors.

Attribute Index
Safety grade

Dangerous
(grade 1)

Less dangerous
(grade 2)

Less safe
(grade 3) Safe (grade 4)

Traffic environment

Time to collision (s) (1, 2) (2, 3) (3, 4) (4, 5)
speed (km/h) (80, 100) (60, 80) (40, 60) (20, 40)
Visibility (m) (0, 50) (50, 100) (100, 150) (150, 200)

Pavement slippery (adhesion coefficient) (0.1, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 0.9)

Driver Driving intention Accelerate Constant speed Lane change Decelerate
Driver fatigue (0, 3) (3, 6) (6, 9) (9, 12)

Driving safety A

Driver B1 Vehicle motion B2 Road traffic B3
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Figure 1: Architecture of collision risk assessment.
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�yi �
yi

1/n 􏽐
n
1 yi

, i � 1, 2 . . . n,

Wi �
􏽐

n
1 �yi

n
.

(5)

where yi is the elements before normalization, �yi is
the elements after normalization, n is the number of
indicators, Wi is Weight.
+en, the biggest characteristic root for pairwise
comparison matrix is:

λmax � 􏽘
(BW)i

nWi

. (6)

(2) Compute the Consistency Index CI by the following
formulas:

CI �
λmax − n

n − 1
. (7)

(3) Compute the Consistency Ratio CR by the following
formulas:

CR �
CI
RI

, (8)

where RI is the consistency index of a random generated
pairwise comparison matrix. +e value for RI depends on
the number of items being compared, as shown in
Table 2:

3.3.3. Dependent function. Dependent function is used to
determine the dependent degree of the evaluated matter to
the certain evaluation characteristics.

+e distance in AHP-ME theory is different from
classical mathematics. Suppose that x0 ∈ X(a, b) is any
point, and ρ(x0, X) represent the distance between point x0
and interval X, which can be described as follows:

ρ x0, X( 􏼁 � x0 −
a + b

2

􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌
− 0.5(b − a) �

a − x0, x0 ≤
a + b

2
,

x0 − b, x0 ≤
a + b

2
.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(9)

+e dependent function Kj(xi) of xi regarding intervals
Xji and Xpi can be described as follows:

Kj xi( 􏼁 �

ρ x0i, Xji􏼐 􏼑

ρ x0i, Xpi􏼐 􏼑 − ρ x0i, Xji􏼐 􏼑
, x0i ∈ Xji,

−ρ x0i, Xji􏼐 􏼑

Xji

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌
, x0i ∈ Xji,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(10)

where the ρ(x0i, Xji) is the distance between point x0i and
interval Xji, and the ρ(x0i, Xpi) is the distance between point
x0i and interval Xpi.

+us, the dependent degree can be calculated as follows:

Kj N0( 􏼁 � 􏽘
n

i�1
aiKj xi( 􏼁. (11)

Suppose the class level of evaluation object is j (j� 1,2,
. . ., m). Where ai represent the weight of each attribute,
Kj(N0) is dependent degree of N0 belonging to the jth level.
If Kj(N0) � maxKi(N0)(i � 1, 2, . . . , m), then N0 belongs
to the jth level.

3.4. Evaluation of Vehicle Crash Risk. If Kj0 � MaxKj(N0),
then N0 belongs to j0th. Direct using the standard of the
level of risk which has made directly, Kj (xi) as the foun-
dation, the correlation degree is used to identify the level,
overcoming the different index range conversion. In addi-
tion, the size of the correlation also reflects to a review of the
state of vehicle safety degree of a level standard; the greater
the numerical, in line with the higher degree; for all the j0,
Kj(xi)≤ 0, said the state of vehicle safety has not in the level
divided, should be to identify again.

4. Evaluation Results

Based on vehicle crash risk evaluation indices, certain traffic
scenarios can be regarded as an evaluated matter element,
thus, each vehicle running state evaluation indices can be
expressed with the quantitative values.

In this section, a case of vehicle driving safety status is
evaluated assumed under the environment of vehicular
cyber physical system. Combined with the related factors
presented in Table 1, it explains the matter-element analysis
model on the application of the safety evaluation of road
traffic vehicle driving. Subject vehicle in running state can be
detected by infrared/millimeter wave radar and the vehicles
workshop interval, and visibility, tire-road friction coeffi-
cient can be obtained by indirect wheel speed sensor, the
vehicle speed can be observed on the dashboard. We choose
a traffic scene and study the driving safety evaluation under
different driving intention (driving at constant speed, taking
acceleration, taking deceleration, and lane change). In this
case study, all the related factors are assumed to be detected
by vehicular cyber physical system, and the corresponding
value are shown in Table 3.

With the equations described in section “Dependent
function”, the dependent function can be gained eventually.
Each evaluation indices weight is gained based on analytic
hierarchical process method, and the results are shown in
Table 4.

Considering each evaluation indices weight and de-
pendent degree, we can distinguish the current condition of
driving safety with certain class level and put forward some
improved measures. +e dependent function and dependent
degree of driving safety status under different driving in-
tention (driving at constant speed, taking acceleration,
taking deceleration, and lane change) are shown in
Tables 5–8 respectively [37, 38].

In this study case, the headway between the evaluated
vehicle and preceding vehicle is 1.98 s, the vehicle speed is
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53.3 km/h, the adhesion coefficient of pavement surface is
0.62, and the visibility in traffic environment is 175m. +e
index weights calculated based on AHP obtain the pa-
rameters, i.e., TTC� 0.3825, Speed� 0.1006, Vis-
ibility� 0.0641, Adhesion coefficient� 0.1596, Driving
intention� 0.2504, Driver fatigue� 0.0428 were obtained.
+en, the evaluation results of driving safety under driving
intention of “driving at constant speed” are shown in Table 5,
the study case results show the driving safety status takes the
maximum dependent degree 0.1661 with the “Less dan-
gerous” (grade 2), as a result, the current driving safety status
belongs to less dangerous. +e evaluation results of driving
safety under driving intention of “taking acceleration” are
shown in Table 6, the study case results show the driving
safety status takes the maximum dependent degree 0.1218
with the “Dangerous” (grade 1), as a result, the current
driving safety status belongs to dangerous. +e evaluation
results of driving safety under driving intention of “taking
deceleration” are shown in Table 7, the study case results
show the driving safety status takes themaximum dependent
degree 0.0048 with the “Safe” (grade 4), as a result, the
current driving safety status belongs to safe. +e evaluation
results of driving safety under driving intention of “taking
lane change” are shown in Table 8, the study case results
show the driving safety status takes themaximum dependent
degree 0.1873 with the “Less safe” (grade 3), as a result, the
current driving safety status belongs to less safe. +e results
show that it will lead to maximum crash risk if driver take
acceleration under the setting conditions, it is consistent
with the practical situation in real traffic environment.

Furthermore, we selected ANN and SVM models as
comparison models. Considering data accessibility and
model characteristics, traditional Back Propagation Neural

Network and linear SVM with hard margin are adopted.
Hidden layer of ANN is set to be 3 and abnormal value
penalty factor of SVM is set to be 0.5. +e scoring process is
conducted based on the receiver operating characteristics
(ROC) curve, as shown in Figures 3(a) and 3(b), which can
evaluate how competent the model is at predicting vehicle
collision or noncollision risk scenarios through a true
positive rate (TPR) versus false positive rate (FPR) graph. In
this study, we classify the low vehicle crash risk into a
negative set, whereas the high and moderate crash risk is
classified into a positive set. +e scoring results in
Figure 3(b) show that the overall accuracy of the proposed
model for vehicle crash risk prediction is approximately
95.1%, whereas the ANN and SVM models achieved overall
accuracies of 91.9% and 88.7%, respectively.

+ese findings partially demonstrate that the proposed
model framework can more accurately capture hiding
patterns from a series of vehicle motion data. We take
advantage of the ROC curve for this research because the
overall accuracy and error rate of the model performance
will be suspicious if the collected samples were strongly
biased to the majority class. Under this situation, we use
ROC curve indexes to evaluate the vehicle collision risk
assessment models for different sample distributions. +e
TPR represents the percentage of risky driving cases that are
correctly predicted as such, and the true negative rate
(TNR� 1− FPR) represents the portion of safety driving
cases that are correctly forecasted as having such a condition.
+us, a balance between TPR and TNR in the ROC graphs
will be consistent with the ground truth even if the positive
and negative cases collected are highly skewed. +e overall
accuracy indicates the total ratio of correctly predicted
driving safety status, and the area under each ROC curve
(AUC) shown in Figure 3(b), that is,
ACUPropodedmodel � 0.8967ACUANN � 0.8883 and
ACUSVM � 0.745 compares the general usefulness and
overall performance of each model. Consequently, the
proposed model is consistently superior to other benchmark
models according to its area under the curve (AUC) in the

Table 2: Consistency index of random number.

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.58 0.9 1.12 1.24 1.38 1.41 1.46

Start
Establish

evaluation
indicators

Constructing
judgments matrix

Judgment Matrix
Normalization

If CR<0.1

Output WiEnd

Determine the
priority of
indicators

Yes

No

Wi

Figure 2: Weight determination based on AHP.
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Table 5: Dependent degree of driving safety with driving at constant speed.

Attribute
Safety grade

Dangerous (grade 1) Less dangerous (grade 2) Less safe (grade 3) Safe (grade 4)
Time to collision (s) 0.0200 −0.0149 −0.3422 −0.5062
Speed (km/h) −0.3646 −0.1271 0.3367 −0.2217
Visibility (m) −0.4167 −0.3000 −0.1250 0.4990
Pavement slippery (adhesion coefficient) −0.4571 −0.2400 0.4211 −0.1915
Driving intention 0 1.0000 0 0
Driver fatigue 0.1667 −0.1935 −0.5902 −0.7253
Dependent degree −0.1216 0.1661 −0.0631 −0.2456

Table 6: Dependent degree of driving safety with taking acceleration.

Attribute
Safety grade

Dangerous (grade 1) Less dangerous (grade 2) Less safe (grade 3) Safe (grade 4)
Time to collision (s) 0.0200 −0.0149 −0.3422 −0.5062
Speed (km/h) −0.3646 −0.1271 0.3367 −0.2217
Visibility (m) −0.4167 −0.3000 −0.1250 0.4990
Pavement slippery (adhesion coefficient) −0.4571 −0.2400 0.4211 −0.1915
Driving intention 1.0000 0 0 0
Driver fatigue 0.1667 −0.1935 −0.5902 −0.7253
Dependent degree 0.1288 −0.0843 −0.0631 −0.2456

Table 7: Dependent degree of driving safety with taking deceleration.

Attribute
Safety grade

Dangerous (grade 1)> Less dangerous (grade 2) Less safe (grade 3) Safe
(Grade 4)

Time to collision (s) 0.0200 −0.0149 −0.3422 −0.5062
Speed (km/h) −0.3646 −0.1271 0.3367 −0.2217
Visibility (m) −0.4167 −0.3000 −0.1250 0.4990
Pavement slippery (adhesion coefficient) −0.4571 −0.2400 0.4211 −0.1915
Driving intention 0 0 0 1.0000
Driver fatigue 0.1667 −0.1935 −0.5902 −0.7253
Dependent degree −0.1216 −0.0843 −0.0631 0.0048

Table 4: Attribute weight of driving safety related factors.

Attribute Time to collision Speed Visibility Adhesion coefficient Driving intention Driver fatigue
Value 0.3825 0.1006 0.0641 0.1596 0.2504 0.0428

Table 3: Value of safety indices for driving motor vehicle

Attribute Time to collision (s) Speed (km/h) Visibility (m) Adhesion coefficient Driving intention Driver fatigue
Value 1.98 53.3 175 0.62 1 2.5

Table 8: Dependent degree of driving safety with taking lane change.

Attribute
Safety grade

Dangerous (grade 1) Less dangerous (grade 2) Less safe (grade 3) Safe
(Grade 4)

Time to collision (s) 0.0200 −0.0149 −0.3422 −0.5062
speed (km/h) −0.3646 −0.1271 0.3367 −0.2217
Visibility (m) −0.4167 −0.3000 −0.1250 0.4990
Pavement slippery (adhesion coefficient) −0.4571 −0.2400 0.4211 −0.1915
Driving intention 0 0 1.0000 0
Driver fatigue 0.1667 −0.1935 −0.5902 −0.7253
Dependent degree −0.1216 −0.0843 0.1873 −0.2456

8 Mathematical Problems in Engineering



ROC graph. +e ANN model is relatively lower than the
proposed model but still provides a satisfactory perfor-
mance, whereas the SVM model ranked the lowest on these
measures.

5. Conclusions and Recommendations

+is paper attempts to promote the use of multiple infor-
mation and multi-level analysis in crash prediction models,
since factors from driver, vehicle, road, and environment
can all affect the driving safety. However, traditional colli-
sion prediction models, such as the widely used safe distance
model, cannot take into account many types of information.
In order to take the multiple factors above into account, a
model structure, which can provide multi-level analysis for
coping with the heterogeneity amongmultiple pieces of data,
is required. For this, a three-level, AHP-ME model is in-
novatively proposed in this paper to integrate multi-level
factors into traffic crash analysis.

To appropriately model the potential cross-group het-
erogeneities in multi-level data, a methodological frame-
work is proposed and then established. In this framework,
hierarchical models that allow multi-level data structure to
be explicitly specified and estimated are employed. Analytic
Hierarchy Process (AHP) and Matter Element (ME) Model
is introduced and recommended to calibrate the proposed
hierarchical models.+e practicality of the proposedmethod

is illustrated through the severity analysis of simulated crash
data. +e illustrative example shows the flexibilities and
effectiveness of the AHP-ME hierarchical method in
modeling multi-level structure existing in multiple crash
factors. Meanwhile, the ANN and SVM models are selected
as the comparison models. +e accuracy of the model
proposed in this paper is always better than that of the ANN
and SVMmodels, which can predict the vehicle collision risk
more accurately.

+e proposed AHP-ME analysis has a great potential in
comprehensively assessing crash risk and therefore can be
integrated into an ADAS. While most of previous studies
cannot cope with the multi-level structure existing in
multiple factors, this study suggests the importance of ac-
counting for the cross-group heterogeneities in reliable
estimation of various risk factors as well as accurate pre-
diction of crash risk. In the future intelligent network en-
vironment, the model can be further expanded to consider
the collision problems of more complex scenes in actual
driving, such as continuous overtaking and long downhill
and further improve the accuracy and real-time perfor-
mance of the driver intention recognition model.

Data Availability

+e data used to support the findings of this study are
included within the article.

0.0
False Positive Rate

0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

Tr
ue

 P
os

iti
ve

 R
at

e
0.8

1.0
Results of training

ANN
SVM

Baseline
Proposed method

(a)

Results of validation

0.0
False Positive Rate

0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

Tr
ue

 P
os

iti
ve

 R
at

e

0.8

1.0

ANN
SVM

Baseline
Proposed method

(b)

Figure 3: Overall performance of vehicle crash risk assessment models compared to observed dataset in model training procedure (a) and
testing procedure (b), the vertical axis is the TPR, which indicates the correctly predicted crash cases, whereas the horizontal axis is the FPR,
indicating the incorrectly predicted crashes.
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