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ABSTRACT

Urban expressway is the main framework of urban road, it can relieve traffic congestion pressure and improve the
overall traffic efficiency of urban roadsto a certain extent. However, thenumber of traffic accidentson urban expresswvays
isincreasing with the increase of motor vehicles. Therefore, it isnecessary to identify accident black spots on urban
expressways and analyzethe causes, so asto providetheoretical basisfor relevant management departments. First of
all, the paper analyzed the factors that affect the occurrence of accidentsfrom the four levels of human, vehicle, road
and environment. Secondly, according tothedefinition of accident black spots at homeand abroad, the paper determined
the black spot criterion and used the cumul ative frequency method to get the black spot of the studied section. Then,
the paper used rough set theory to analyze the importance of the cause of black spots and obtained the main and
secondary factors. Finally, we put forward the corresponding rectifi cation suggestions from the perspective of improving

road conditions.
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INTRODUCTION

With the sustained development of economy, people's
traffic demand isincreasing, and traffic problems are
becoming moreand more serious. Fecing theincreasingly
prominent contradiction between traffic demand and
road, traffic managers are also trying to find various
solutions. Identifying black potsand analyzing the causes
of accidents are the main research directions of road
problems nowadays, which can implement remedial
measuresto solvethe problemsexisting inroads.
Urban Expressway refersto atwo-way lanewith
morethanfour lanes. The entrance and exit are partially
or totally controlled by athree-dimensional intersection
with acentra partition zone, which enables vehiclesto
move quickly(Peng Xinlin,2008).Because the
expressway hasthe advantages of fast driving speed, it
can effectively relievetraffic congestion pressure and
improve traffic efficiency. Therefore, the smooth and
efficient operation of expresswayswill have animpact
onthe overall situation of urban road traffic. Once an
accident happenson the expressway, thetraffic capacity
of theroad will bereduced and theoverdl traffic Stuation
of thecity will be affected to acertainextent. Therefore,
it isnecessary to find out the black spotsof the accident

onthe expressway and anadlyzethe causes so asto carry
out the corregponding rectification.

It isof great practicd significanceto identify black

gpotsand andyze their causes.

1) Accident black spot itself occupies a shorter
mileage but gathersmodt traffic accidents, which
is harmful. Judging the accident black spot and
carrying out targeted renovation can achieve the
greatest renovation effect withless personnd and
capital investment, and maximize economic and
socid benefits.

2) After identifying the causes of black spots, we
can find out the main and secondary factors,
which can provide a theoretical basis for the
relevant management departmentsto formulate
remedial measures.

Traffic safety problem hasalways beenthefocus of
researchersall over theworld. According to the actual
Situation, using reasonable and scientific methods to
identify the black spots of road accidents, and
compar ative andysis of the causes of frequent accidents,
study its mechanism, which hasgreat significance for
solving traffic problems.
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LITERATUREREVIEW

Thelevel of economic development of each country is
different fromthat of lawsand regulaions, theremust be
differencesinthe understanding of black spotsinroad
traffic accidents. The criteriafor judging black spotsin
accidentsand the analysis of factorsaffecting accidents
aredso different, but theideaof sudying black spotsin
accidentsisthe same.So far, researchersat home and
abroad have made alot of research results, including
various methodsof identifying accident black spotsand
cause anayssmethods. These methodshavetheir own
advantages and disadvantagesand scope of gpplication,
which must be carefully considered in the application.
There are many methods to identify black spots in
accidents, asfollows:

1) Accident number method

According to the actual situation to determine a
gandard, whenthenumber of accidentsinacertain period
of timeonaroad sectionexceedsthat value, itisablack
gpot(Jdang Hugping& XuHongguo,2001). The advantage
issimple that the black spot can be obtained only by
statistics of accident number.But only the number of
accidentsistaken asthe identification index, and the
influence of other factorsisignored.

2) Accident rate method

According to the actual situation to determine a
gtandard, when the accident rate of the studied section
exceedsthat vaue, it isablack spot(Guan Manquan&. Li
Qiangwel,2012).It issuitableand convenient for sections
with smilar traffic volume and road conditions. But it is
possibleto get theillusonthat the accident rateisvery
highinthe section with very smdl traffic volume.

3) Accident Number-Accident Rate Method

Firg, thesection withlower accident rateisexcluded
by accident ratemethod, and thenthe remaining sections
areidentified by accident number method(Xiao Shen,
Guo Xiucheng, Song Junmin,2003).It overcomesthe
shortcomings of accident number method and accident
rate method, and the calculation resultsare accurate.But
therequirement of dataquantity isvery high, so alarge
amount of datais necessary to ensure the accuracy.

4) Accident coefficient method

By multiplying the relative safety factor of road
conditionfactors, therisk factor isobtained. If therisk
factor exceeds the standard, it will be a black
spot(L ufeng,2003).1ts advantageisthat thereisno need

for statistical accident data. But thejudgment of relative
safety factor of each factor issubjective.
5) Qudlity control method

Firstly, it isassumed that the number of accidentsin
the study section obeys Poisson distribution, and then
compared withthe average accident rateof other smilar
sections, and then statistical analysisiscarried out(Pei
Yulong,2006).The results obtained under satisfying
conditionsare moreaccurate and reliable.However, the
roads studied do not necessarily satisfy the hypothetical
conditions, and need similar sections of road conditions
asareference, the use conditionsare harsh.

6) Trafficamulation method

The decision model of accident-prone sectionsis
used to segment roads, count the number of accidents,
vehicle statusand other parameters, and then carry out
computer smulation(Lian Petkun,2016).1tsadvantages
are convenience, reproducible, economy, and the key
parameters such as speed can beobtained. However, its
modding isdifficult, datademand islarge, and parameter
calibrationis affected by other factors.

7) Safety factor method

Judging by the speed change, the section wherethe
speed often changes sharply is the black spot(Xiang
Haifeng,2004).The analysis of road conditions is
omitted.But wecan't analyssthe cause of black spots.

In additionto theidentification of black spots, many
achievements have been made in the cause analysis of
black spotsin accidents.

J.A.Stoop obtained basic data by investigating the
scene of the accident and analyzed it
systematically[9].But he did not classfy and compare
the causes of the accident.

GregoriadesAndreas(2018) used SOM to analyze
accident data and mine knowledge.But the scope of
applicationisnot wide.

Hahaut(2004) proposed aspatia integration model
and used logarithmic regressonto andyzetheimpact of
road and environment characteristics on spatial
integration of accidents.However, he only considered
the impact of road and environment on accident
integration, without analyzing other factors.

Wei Qingyao(2005) constructed some accident
databases in China and proposed a hierarchical
corrdaion andysismethod to andlyzetheweght of eech
factor.But he only analyzed a single factor and did not
condder it systematicaly.
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Chen Yanmei(2008) used multiple correspondence
analysis to analyze the main causes of black spotsin
accidents.But the amount of accident data needed is
large, otherwisetheresult isnot accurate.

Lin Zhong(2006) used the principal component
andysistheory to anadyze the main factorscausing black
spotsinaccidents.But he only analyzed the main causes
of theaccident, not the mechanism of thefactors.

INFLUENCING FACTORS OF TRAFFIC
ACCIDENTS

Road traffic sysem isadynamic system composed of
four elements: human, vehicle, road and environment.
Road safety isclosdly related to thesefour ements. Any
factor change will have animpact onroad safety. Serious
factorswill easlly lead to traffic accidents Therefore, it is
necessary to elaborate how these factors affect the
occurrence of accidents. Thispaper isbased onthe basic
traffic accident data of K10+500-K42+872
Expressway inacity from 2016to 2017.

3.1 Human Factors

Human factorsincludedriver’sviolation and pedestrian’s
violation. Comparatively speaking, the proportion of
driver’sviolation and the damage caused by driver’s
violationarelarger. Speeding and fatiguedriving arethe
most common violations. Pedestrian violations are
generdly not waking inaccordance withtraffic rulesand
crossing theroad indiscriminately.
1) Speeding

Driversusually chooseto drive at high speed when
they think the conditions permit, so speeding is very
common, and speeding will increase the probability of
accidentsand aggravate the severity of accidents. The
reasonsareasfollows:

(1) Itiseasyto causemechanical faultssuch astire

burst and braking failure.

(2) When speeding, thedriver can’t take effective
measuresin case of emergency.

(3) The braking distance is elongated. Once the
deceleration istoo late, it is easy to catch up
withtherear end.

2) Fatiguedriving
Whenthedriver istired dueto lack of degpor driving
for along time, hewill feel dull and hisability to process
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information will be weakened, which will reduce the
accuracy of theaction, especidly intheaspectsof braking
and steering, such asincreasing decelerationtime and
untimely steering.So fatigue driving isalso animportant
factor causing accidents.
3) Pededtrianviolation

Walking is an important part of traffic mode, so
pededriantraffic behavior will also haveacertainimpact
on road traffic.Once pedestrians have psychological
characterigicssuchasluck and conformity, they areliable
to violatetraffic rules, crosstheroad and rushwithmotor
vehicles, which easlly lead to traffic disorder and affect
traffic sfety.

3.2 Vehicle Factors

Vehiclefactor refersto the performance and technica
condition of the vehicle. If the vehicle keeps good
technica conditioninthe course of driving, it can avoid
the accident or reduce theloss of the accident in some
cases.

Automobile safety technology includes active and
passive parts. Active safety technology includes brake
anti-lock, autometic anti-collison, drive anti-skid control
and so on.Passive safety technology refers to the
performance of automobilesthat canalleviateinjuries
after accidents, such as seat belts, bumper airbags,
etc.Whenthese safety technologies are insufficient, the
incidenceand severity of accidentswill increase. Smilarly,
when avehicle bresksdown or goesontheroad withits
ownillness, theaccident ratewill increase significantly.

3.3 Road Factors

Road is the basis and carrier of traffic, which has an
important impact ontraffic safety. Road factors mainly
include geometric alignment, cross-section, road
condition, etc.
1) Road geometric dignment

Thequdlity of alignment isrelated to the safety and
smoothness of traffic flow. Plane, vertical and cross-
section dignment should beconddered indesign. Straight
lineisthemost common plane aignment, which hasthe
advantages of clear direction and short distance.But the
long straight line section easily makesthe driver driving
monotonous, distracted, fatigue increased, affecting
driving safety. Asfor thelongitudind aignment, if the steep
slope is too long, the car will climb slowly and



12 Qingging Shao,Xn Xu

powerlesdy, and eventhe enginewill gdl, causing traffic
accidents.In addition, the sight distance is aso an
important factor ingeometric desgn. Enoughsafety sght
distanceisan important guaranteefor driving safety.

2) Pavement evenness

Flatness is one of the important indicators of
pavement quality. When the pavement flatnessislow
(such aspits, bulges or waves), the driving resistance
increasesand the vehicdleis proneto bump, which directly
affects the driving stability and comfort, reduces the
driving efficiency and easlly leadsto accidents.

3) Skidresstance

Road materialsand surface characteristics (fineand
rough) will affect the anti-skid performance of pavement.
When the anti-skid performance of pavement is
insufficient, vehicle brakingisproneto sdedip and out
of control, especidly in bends, dopesand intersections,
whichisproneto skid accidents.

3.4 Environmental Factors

Traffic environment is the basic condition and key
eement of traffic activities, which hasasgnificant impact
ontraffic sfety. Traffic environment factorsmainly include
traffic conditions, traffic facilitiesand road landscape.
1) Westher conditions

Different climatic conditionswill haveanimpact on
road safety. For example, in rainy and snow weather,
theanti-skid performance of roadsispoor, and the sight
isblocked; infoggy weether, the sght isblocked more
serioudy; whenthetemperatureistoo high, thetiresare
explosive; when the temperatureistoo low, the engine
power isinsufficient. Theseclimatic factorsare proneto
traffic accidents.

2) Lighting conditions

The main reason for the high severity of night
accidentsisthat thevisua informetion providedto drivers
isinsufficient.Road lighting facilitiesarethemog effective
measuresto ded with this problem. Reasonablelighting
facilitiescan provide driverswith information about the
direction and dignment of theroad ahead, whichhasa
good inductive effect. When set up improperly, it iseasy
to causetraffic accidents.

3) Roadlandscape

Scientific and rationa road landscape can not only
beautify thetraffic environment, but also play apostive
roleinassisting theroad safety environment. For example:

dleviate driver fatigueand tension, play therole of line
of gght guidance, clear road linearity and so on.However,
unreasonable road scenery may inhibit road safety, such
asdigtracting drivers, blocking sight, visual misleading
and so on.
4) Trafficagnsand markings

The setting of traffic signs and markings must be
reasonable so that driverscan get correct information
and operate according to instructionsto ensuretraffic
order, improve traffic efficiency and reduce traffic
accidents.

IDENTIFICATION OF ACCIDENT BLACK
SPOTS

4.1 Definition of Accident Black Spot

Every country in the world isstudying accident black
spot, but up to now, there isno uniform definition of
traffic accident black spot. This is because different
countries and different regions have different road
conditions, so thecriteriafor judging black spot areaso
different.In fact, there is no need for a completely
consistent standard. It should be judged according to
thelocd road traffic conditions.This paper aso defines
theaccident black spot beforeidentifying it. It isgenerdly
believed that accident black spot iscommonly referred
to as the accident-prone point and dangerous zone,
whichmeansthat thereisaggnificant densedigtribution
in a statistical sense,it is the road space with certain
consequences and quantity inacertaintimerange.
Thedefinition of black spot inthis paper isthat ina
certain statistical period (1-3 years), the number or
characterigticsof traffic accidentson acertain section
areobvioudy prominent compared with other sections.

4.2 Selection of Identification M ethods

Through the introduction of various methods for
identifying black spotsat home and abroad, we have a
basic understanding of the research resultsat home and
abroad, and will use the cumulative frequency curve
method to identify black spots, mainly for two reasons.
Firgtly, thereisno gandard reference valuefor the sudy
of road accidents in China, such as accident number
method or accident rate method. In addition, foreign
research methodsare aimed at their own countries, and
their parametersand standards may not be applicable
to our research. Secondly, the level of economic
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development indifferent regions of Chinaisdifferent and
the road conditions are different. It isnot realistic to
formulate unified sandards According to the abovetwo
points, thecumulative frequency curve method can avoid
the above drawbacks, and adapt to the actua situation
of our country, canidentify the road sectionswith high
accident rate, so asto achieve better governance effect
withlesscapita investment.

The cumulativefrequency curve method isamethod
based on mathematical statistics(Wang
Longjian,2015).The stepsare asfollows:

1) Thestudy sectionisdivided into many sections
of unit length (usually 1 km).

2) Statigticsthenumber of accidents per unit length
section, find out the same number of accidents
section and summarize.

3) Hndout thefrequency and cumulativefrequency
of the total number of road sections with the
same number of accidents.

4) Taking the number of accidentsper unit length
asthe abscissaand the cumulative frequency of
accidentsasthe ordinate, the chart isdrawn for
andyss.

4.3 ExampleAnalysis

This paper takes the urban Expressway K10+500-
K42+872 asan example.
1) Sectiondivisonand gatistics

Frstly, starting fromresearching the tarting postion
of the section K10+500, it divides each section
according to thelength of 1 km, and counts the number
of accidents happened on each section.

Thetotal length of K10+500-K42+872is32.372
km, whichisdivided into 33 sectionsaccording to the
length of each section being 1 km. A total of 81 traffic
accidentsoccurred in the sudied sectionsinthestatigtica
time. Among them, K15+500-K 16+500 and K16+500-
K17+500 havethe highest number of accidents, which
are 8 and 13 respectively. In addition to these two
sections, K18+500-K19+500, K21+500-K22+500
and K27+500-K28+500 also have more accidents,
whichare7 accidents.

2) Cdculatecumulative frequency and plot

After dividing sections and counting the number of
accidents one by one, it is necessary to find out the
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sections with the same number of accidents and sum
them up, and find out the corresponding accident
frequency and the accumulative accident frequency of
different accident incidents.Accident frequency refersto
theratio of the number of sectionscorresponding to the
number of accidentsto thetotal number of sections. The
cumulative frequency isthe sum of frequenciesbelow or
aboveacertain value. Accumulation fromonedirection
with smdl variable valueto the onewith large variable
valueiscaled upward accumulation, and conversely is
caled downward accumulation.

(1) Upward cumulativefrequency

Theupward accumulativeaccident frequency refers
to the accumulative frequency lessthan or equal to the
number of accidents. For example, the accumulative
accident frequency of 2 accidentsis equal to the sum of
accident frequenciesof 0, 1 and 2 accidents.In order to
maketheidentificationresult moreredistic and improve
the standard of black spot identification, the section
corresponding to the number of accidents whose
cumulativefrequency ismorethan 0.95 upward issdlected
astheblack spot.According to the caculation results,
the upward cumulative frequency curve is drawn as
showninFigure 1.

Accordingto Fgurel, it can be seenthat the number
of accidents corresponding to the cumulative frequency
of 0.95is8, so the section with the number of accidents
greater than or equal to 8 isthe accident black spot.

Figure 1: Cumulative upward frequency curve

(1) Downward cumulativefrequency

Downward cumulative accident frequency refersto
the cumulativefrequency greater than acertain number
of accidents. For example, the cumulative accident
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frequency of 11 accidentsis equal to the sum of the
accident frequency of 12 and 13 accidents.Accident
black spot identification standard is generally the
corresponding section of the accident frequency between
15% and 20%.According to the calculation results, the
downward cumulativefrequency curveisdravnasshown
inFgure2.

According to Figure 2, we can seethat the curve
fitting functionis: thefitting degreeis0.9878.1t can be
seenthat it isrelatively high.Accumulative frequency
between 15% and 20% of the " sudden change point” of
the number of accidentsis4, so thenumber of accidents
greater than or equal to 4 isthe accident black spot.

.........

Figure2: Downward Cumulative Frequency Curve
3) Identification resultsand andysis of black spots

Comparing the results of the two kinds of
accumulative frequencies mentioned above, because
there aretoo many black points of accidents calculated
by the downward accumulative frequencies, which do
not meet the actual needs very well, we choose the
sectionsthat canbeidentified by both methods asblack
spotsof accidents.

Through theabove analys's, we canknow that the
black spots of accidents are K15+500-K16+500 and
K16+500-K17+500, thetotal length of whichis2 km,
accounting for 6.18% of thetotal length of the section,
whilethe number of accidentsat the black gpotsaccounts
for 25.93% of thetotal. It can be concluded that black
spotsdo great harmto roads, and theinfluencing factors
need to be analyzed to improveroad safety.

CAUSEANALYSIS

The occurrence of traffic accidentsis accidental and
uncertain, but within a certain period of time, the

occurrence of accidents at black spots is
regular.Accidents are caused by many factors, such as
weather, road, traffic environment, etc. Thesefactors
have different effects on accidents. How to distinguish
themain and secondary factorsfrom thesefactorsisthe
primary problemof black spot remediation.Inthe past,
expert consultation was often used to judge the main
factors and put forward remediation proposals.
However, thereisobvious randomness and subjectivity.
Oncethe subjectivejudgment iswrong, it will result in
thelossof personnel and fundsinvested. Therefore, it is
necessary to explore a new objective and accurate
method of cause analysis.

5.1 The Concept and Algorithms of Rough Set
Theory

Rough Sets Theory, originaly proposed by Polish
mathematician Z. Pawlak in 1982, is a mathematical
theory for dedling withincompleteand uncertaindata(Yao
Zhisheng, Shao Chunfu, Long Delu,2005).The
advantage of Rough Set Theory isthat it doesnot need
prior knowledgeand can get decisionrulesonly from
exising data.

Main concepts: Decision table is an important
knowledge representation systemin rough set theory.
Suppose a knowledge representation system is
represented by s=(@u,cUp,v,f), in which
U ={x,X%,, -, X, representsthe non-empty finite set
of objects, called universe of discourse. A=CUUD
representsanon-empty finite set of attributesysubsets

c and p represent conditional attribute sets and
decision attribute sets, respectively.And

cno=w;V = UVayWhereV, representstherange

of attribute values of attribute a. f :U xA—V isan
information functionthat assgnsvauesto each attribute
of each object,vVae A xeU, f(x a)eV,.Knowledge
representation system can be expressed as a two-
dimensiond table. Eachrow isaneement inthe universe,
and each columnisan attribute value. Thistableiscaled
adecisontable(Zhang Wenxiu, Wu Weizhi, Liang Jiye,
et a,2001).

Assuming auniverse y , for any subset X U , it
can be called the conceptsor categoriesin U . These
concepts constitute the classification of the universe.
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Generally, the concept of classificationisreplaced by
equivalencerdation.Now R isdefined asan equivalence
relation. When x can beexpressed by the unionof some
basic categoriesof R, itissaid that x can bedefined by
R, and viceversa, it can not be defined. g definable set
isalsocaled R exact set,undefinableset iscalled rough
set. Rough set can be approximated by its upper
approximation set and lower approximation set(Deng
weibo&LiuYuzeng, 2010).

R (X)={X cU:[X];=x}

@
R (X)={X cU:[X];NX =2} @)
Formula(2) representsthe lower approximation set
and Formula(2) representsthe upper gpproximation set.
POS; (X) =R (X) iscalled the R-positivefield of
Simply speaking, istheset of ementsthat can betotally
classified into set in according to knowledge. isaset of
elements based onknowledge that cannot excludethe
possihility that they belong to set (Zhang Peng& Zhang
Jing,2007).The measure of gpproximete classficationis
defined asy

anlcard(R_ (X))

w(F) =" card(U)

3

1) Datapreprocessing

Completion, discretizationand reduction. Sometimes
theoriginal datacollected fromtraffic accidents can not
be directly applied and need to be processed. The data
selected in this paper are neat and need not be
supplemented.Asfor discretization, because rough sets
can not be applied to continuous values, it is necessary
to dividethe continuousvauesinto aseriesof intervals,
and thevaluesof eachinterval areregarded asequd. In
thispaper, thediscretevauesaredividedinto threevalues:
0, 1 and 2.Asfor reduction, this paper only needsto
caculatetheimportance of attributes, so it only needsto
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eliminatethe reductive calculation of repeated rows.
2) Attributelmportance Calculation

Remove some attributes from the table. If the
condition attributeschangegreatly inthe support degree
of decisonattributesafter removing, thentheattributeis
of high importance, and conversely, it is of little
importance(Xi Jianfeng, Wang Xiaoyan, Wang
Shuangwei et a,2009).Calculate classification and the
dependence of attributeon attributeis obtained. Calculate
classification ,and got the dependence of attribute on
attribute.

5.2 ExampleApplication and Result Analyss

Accident black spots have been obtained:
K15(K 15+500-K 16+500) and K16 (K16+500-
K17+500).Eight and thirteen groups of accident data
were collected at the black spot K15 and K16
respectively, and their causeswereprdiminarily andyzed,
including vehicle speed, road geometric alignment,
weather conditions, lighting conditions and pavement
conditions. Thesereasonscan beregarded asconditiona
attributesin the decision table, and the severity of the
accident asthe decison attribute, and recorded as:

C={X.% % X %} D={y} 4

Settings:vehicle Speed (0 means no overspeed, 1
means overspeed);geometric alignment of theroad (0
for graight, 1 for curved);weether conditions(Oindicates
good, 1 indicatesbad);illumination condition (0 means
sufficient daylight, 1 meansillumination a night, 2 means
no illumination at night);road condition (O meansflat, 1
means uneven);the severity of the accident (O for minor
accidents, 1 for general accidents, 2 for serious
accidents)(Wang Ling, 2011).

1) CauseAnalysisof Black Point K15Accident

Eight groupsof accident datawerecollected at the
black spot K15. The datawere discretized according
tothesettings. The satistical resultsareshownin Table
1



16

Qingging Shao,Xu Xu

Tablel Decision Table for Cause Analysis of Black Point K15 Accident.

Condition Attributes

Accident

number 1, 7 X,
a 1 0 0
a 1 1 0
da; ] ] 1
a, 1 0 0
d 0 0 0
a, ] 0 0
a 1] 1 1

Now calculatethe importance of attributesin Table
1.Thecdculation processisasfollows:

C={x% % %%} D={y}
uic={{a}.{a}.{&} {as}.{as} . {ac}. {a } {ae]}}
U |D:{{al,a4,a5,a7},{a2,a8},{a3,a6}}

POSC(D)={alaazya3’a4v35vaﬁva7’38}
r.(D)=8/8=1

Ul(Cc-{x})={{a} fa.} {as}. {au.a} . {as} far. a0}
POS. , (D)= {3 2.2

o (D)=4/8=05

o (D)~ Ty (D)=1-05=05

According to the same caculation geps, theinfluence
degrees of the other factors are 0, 0, 0.25 and O,
repectively.Fromtheresultsof caculaion, it can beseen

that at the black point K15, conditional attribute x, has
the greatest influence on decision attribute y, and
conditional attribute x, takesthesecond place. That is

Decizion
Attribute

X; X5 ¥

0 Q 1

0 1 2

0 Q 0

1 0 1

2 0 1

1 Q 0

0 1 1

0 1 2

to say, at the black spot K15, the speed is the main
factor affecting the severity of the accident, and the
lighting condition isthe secondary factor.

2) CauseAnalysisof Black Point K16 Accident

According to the analysis process of black spot
K15, we can know that at black spot K16,condition

atribute x; hasthe greatest influence on decisonttribute

,and condition attributeand attribute have the second
influence. That isto say, at the black spot K16, theflatness
of theroad surfaceisthe mainfactor affecting the saverity
of the accident,while the speed and geometric dignment
of theroad arethe secondary factors.

REMEDIATION PROPOSALS

According to the cause analysis of the accident black
spot, thefactorsthat have great influence onthe two
accident black spots have been determined, which are
vehicle speed, lighting conditions, road smoothnessand
road geometric dignment. Inview of thesefactors, some
suggestionsare put forward for reference.
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1) Speed

inthispaper can bring practical help to decison makers,

In view of speed, speed limit signs can be set to  Which can besummarized asfollows:

remind drivers to decelerate and set aside a certain
operating time; speed reduction markingscan be set to
reducethe speed; roadside cameras can be increased,
monitoring and punishment for speeding can be
increased, and driver’'s safety awareness can be
improved; traffic police can strengthen management and
grict during pesk traffic period. Pedegtriansareforbidden
to crossthe road, especialy at intersections, so asto
prevent driversfromovertaking a Expressway entrances
and exits.
2) Lighting conditions

Inorder to ensurethat thedriver can clearly identify
the road condition ahead, theillumination required by
road brightness should be given to avoid accidents.
Lighting fadilitiesarethe most effectivemeansto prevent
night accidents. Inlighting design, besdestheillumingtion
to be achieved, they should also have good lighting
qudlity.For example, the brightnesslevel of the roadway
isgppropriate; the brightnessisuniform, theroad surface
does not appear bright spots; coordinateswith theroad
landscape; saves power and so on.
3) Road alignment

As for the road linearity, warning signs such as
accident prone should be set up; theroad outside the
bend should be widened to adjust superelevation and
avoid inertiarollover; theguardrail should bereformed
to increase its strength; the convex mirror should be
ingtalled at the bend so that the driver can observethe
traffic coming fromthe opposte side.

CONCLUSION

The purpose of this paper isto find out the accident-
prone points of the study section and analyze the causes
of theaccidentsaccording to the collected accident data,
find out the main factors affecting the accident black
spots, and finally put forward some suggestions for
policymakersto refer to.Inthis paper, the cumulative
frequency method isused to find out the two accident-
prone pointsinthe study section, and thenthe rough set
theory is used to analyze the causes of the two black
gpots, and then determine the maininfluencing factorsof
the two black spots respectively. Finally, some
suggestions are put forward to remedy the main
influencing factors |t ishoped that theconclusonsdrawn

1) Driversand pedestrians traffic behavior, vehicle
condition, road alignment, road surface
condition, lighting conditionsand other factors
will affect road safety, so improving road
conditions and strengthening management can
improve road safety.

2) Accordingto theactud situation of the study
section, the cumulativefrequency curvemethod
ischosento identify the black spots. Findly, two
accident black spots, K15 and K16, are
identified.

3) Rough set theory isused to analyzethe causes
of the black spots, and the main influencing
factorsare obtained.

4) According to the actual situation, the
corresponding remediation suggestionsare put
forward.
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