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Abstracc Pedestrian's traffrc safety in a local street is influenced not only by passing
automobiles, but also by the objrrts for habitant's daily life established on road such as electric
light pole, post bx, auto-sale machine and so on. In this study, pedestrian's behaviors to avoid
the danger when person and automobile pass each other are described as to safety irdices to
aralyzn raffic safety. Using this kind concept of road safety, a model to de.scribe pedestrian
behavior is constructed, in which the behavior is rasponded to the level of danger by extemal
situations compared with a threshold by intemal property of pedesrian to avoid danger. It is
applied to study the effects of on-street establishing obj*ts on pedesrian traffic safety ard give
an outline ofpedestrian behaviors in a local street for evaluating road safety degree.

l.INTRODUCTION

As a type of public space, local street in community area is directly related to habitant's daily
life and accommodates many establishing obj:cts such as electric light poles, post box, autio-sale
machine and so on. It is also an effective space for traffrc functions whereas is used for
pedesrian walking and bicycle travelling. However, with the increase of automobiles, much cal
tramc penetrates this space, too. The objects established on a street becorne a big fauh to the
p:Nsage of both of pedestrian and bicycle, and car, make the safety of road space declhe.
Therefore, in a local street, not only passing automobiles, but also establishing oblects on road
has an influence on traffrc safety.

This paper discusses pedestrian's traffic safety in the sneet according to the conditions of
passing automobiles and on-sreet oblrts. In order to analyze the influence of establishing
oblrts on pedestrian's traffic safety, electric light pole is picked up as the representative of
establishing ob!:cts on road in this study.

In the past study conceming traffic safety of local area, the emphasis is mainly placed on the
mutual interference between automobile and pedastrian or bicycle on the sEeel Relevant
measues such as Woonerf Plan and community road are used to improve the safety of
pedestrian and bicycle in district traffrc. Road hump, chicane and so on are used to restrain
automobiles traffic as hard means. On the other hand, the safety of bicycle travelling and the
complicaM phenomenon :rmong automobiles and pedestrian in the crossing of road are

Journal of the Eastern Asia Society for Tlansportation Studies, Vol.3, No.2, September, 1999



Guoquan LI, Tomonori SUMI, Eizi INOUE and Qiang LI

analyrjy., too. However, on a local street of actual situation, various establishing oblects for

numerous puposes exst and have a serious influence on traffic safety' Therefore, 
-tlre

establishing ob!*ts on street are also considered as influencing factor on pedestrian traffic safety

in a local streer

Tlrc corrcept of pedasuian raffc safety in this study is not directly tinte!.yittt traffic accidents'

ffip"d*i*r's behaviors to avoid thi danger when person and automobile pass each-other are

ao.liU"A as to safety indices to analyze Laffic safety. The- behavior is a reflex of person's

r""ognition to the danger surrounding 
-hirn/her 

t3sed on road actual environrrents such as on-

rtr""i oU:."t conditionsl traffic volumi, automobile velocity, nearing degree of automobiles and

pedestrian's property etc. Using this_concept of rafrc safety, pedestrian behaviors to keep away

hon, tt" puirlrig iutomobiles- ar different places with and without establishing oblrts are

investigated, anJ' relevant influencing factois are analyzed. A model -to 
describe pedestrian

behavi6r is constructed, in which the-behavior is responded to the le-vel of dangcr,bf otgry1
;il;ti;;"rrpared with a threshold by internal ptoqetty of pedesuian to avoid danger. It is

ffir, a rtoOy tfr" effects of on-street establishing oUixa on pedesrian traffic safety and give

"i'ootfin" 
ofpedestrian behaviors in a local street for evaluating safety degree ofstreet.

2. INVESTIGAIIONS ABOUT PEDFSTRIAN'S BEHAVIORS ON A LOCAL STREET

WTIII TIIE ESTIBLISHING OBJECTS

Tio analyze whether or not establishing objr:cts on a street have an influence on trafrc safety, it is

,*"..-y to investigate the actual-situation of street, traffic conditions and behaviors of

p"d;,r6. Therefori an electric light pole is picked up as a represen?tive of establishing

i6jo1. ;" $re€r- Wirh the help of viieo camera, the movement of pedestrians and automobiles

wJre observed in November iqgl. Th" observation lasted for one hour in the moming (7:3G

f,iOl, ln noon (12:00-13:00), in the evening (17:0G18:00), fParatgly. The contents of

lnre.igation include pede.strian behaviors whilameeting automobiles 
-and 

passing each other.at

th" pffi *iO o. without the ob!rcts in the nearing on streeJ. When pedestrian meets automobile

and passes each other with automobiles, the main responsive.actigns to selne a situation around

ilygall b" described as lowering walking speed, more nearing the road side to waXr, stopping

tt" i".t andkeeping previous staie to waf. fn *ris study, the responsive actions, except keeping

F;6o3 rtx" t6'*ili, are defined as the behaviors to avoid danger. Figure 1 shows relevant

influencing factors on a local street, and moving state of pedastrian and automobiles, and

relevant artributes to be considered in this study-

To exclude the influence of interference of nvo-way cal traffic and easily observe p"ATOi-

behavior to avoid danger while passing each other with automobile, a straight section gf 4..
width in a local street with *ot" Urff" of pedesfian and automobiles is taken up for the

investigation.

The place influenced by the irutallation of on-street objrxts is considered as the neighborhood

and ite opposite siae of establishing objects (electric light pole) on road space' But, with-.the

increase of am-"" where leave oUp"i tt 
" 

influence degree to be undergone will decline.

Therefore, the sueet is divided into four parts (ellipse partial in Figure f), that is, neighborhood

CpOnl-ffjof establishing object on theiame s.rde and its opposite side (POINT2), where are

air""tfy inn*nced by establis-hing objects, and the place !P_O_.II\il:) 
where there is not ob]:cts on

the sa;e side of electric light pole and its opposite side (POINT4), as to tJp spot of observation'
pOINT3, 4 are separated o'f -a set from pOm"f t, 2 to more than 12 m. Also, to consider ttrat

the passage movement (position and speed) of pedestrian and automobile changes in different

time, tfui time zones as stated previously to each POINT are observed separately'

tlere arc differences of passage movement in each time zone can be judged ttrough variance
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analysis.

Based on this, tlree transversals (making the a, b, c spot respectively) which did the scale of lG
cm unit in each observing pafi are installed to exactly investigate pedestrian behavior when

passing each other wittr automoUile. In the same time, relevant data of influencing factorsg$
.r p6iing time of pedasrian and automobile, car speed, walking speed, position of human body

(the distairce l"^ui"g the wall of building) and carts position (ttre distance leaving ttn wall) atp

also found out by viieo camera. 'the interval distance between automobile and pedestrian' ry,_o'
the distance from the centerline of human body to the side of automobile can be cabulated. As

forthe attribute ofpedestrian, it is defined as the aged and non-aged.

Ftgurc 1. Situation of the Obsenation on Road Section

3. ANALYSE OF RELEVANT EACTORS TO INTLTJENCE PH)ESIRIAN'S
BEI{AVIOR

The faffic of automobiles and pedastrians, the number of times that pedestrians pass each other

with automobiles, the number of times of pedestrian's behavior to avoid danger wben meeting

automobiles observed at four observing spots in three time zones are showu as in Table l- The

otal trafrc of automobiles and pedesrians observed is 370 car and 195 perso& respectively-

There are 45 times for the passing each other of pedestrian and car, 29 tirnes for pedastrian

behaviors for avoiding drngir in ivtrictr mostly is more nearing the road site to walk while

T4

T3

establishing object

distance from wall to car
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lowering speed, and only two times of stopping walk was observed. Also, the percenlage of
behaviois io avoid danger by the place of passing each other is 92.37o in POINT 2,83.3?o n
POINT I , 50oib in POINT 3 and 28 .6Vo in POINT4 separately.

The relevant factors directly related to pedestrian behaviors, such as position of human

and car while passing each other, interval distance between human and car, walking speed

of pedestrian and running speed of car while passing each other or not will have some

fluctuation according to different observing spot based on time zone. Thmugh variance

analysis as shown io faft" 2, it is known that there are significant differences in these

factors according to different spot. But, the differences based on differcnt time zone ale not

found.

Thble l. Traffic of Automobile and Pedestrian at Each Observing Spots

in Three Time Zones

Timezone

Observing

POINTI POINT2 POINT3 POINT4

Autmrobile
(vehicle)

ledestian
(oersoo)

Automobile
(vehicle)

Pedestian {utomobile
(vehicle)

Pedestrian
(rrsm)

Autmrobile
fvehicle)

Pedestrian
(pcncn)

7:3G8:30 & 26 32 3r 4 24 43 31

l2:0G13:00 21 8 27 l5 26 t2 26 13

l7:0G18:00 19 l0 22 9 20 8 26 t7

ltxal 104 4 8l 45 90 45 95 6l

Number of passing
Each other

t2 l3 6 t4

Number of avoidance
behaviu

10 t2 J 4

Table 2. Variance Analysis Based on the Time Zone and Obsen'ing Spot

ItenB
Interval
distance
between
car ud

pedesriur
(cm)

Distance from the wall
(cm)

The speed while
Passing each other
(rdminute)

Thes@whilenot
passing earnotu

(n/minute)

pedesriut AutonDbile Pedesriut autonnbile pedesrian Autonnbile

Mears 84.2 69.9 107.7 79.36 296.89 87.21 383.01

Variance 32.O 82.7 46.6 201.13 5829.4 20r.18 7412.4

Influence
ofplace o (J o X o

Inlluence of
tinp zorp x x X X X X X

Note: F-test in tlr-bvel of 5Vo, O: there are influence.
X : there are not influence.

Through the comparisons with pedestrian and automobile positions while passing each other or

not at the street (table 3, 4), it is found that at observing spot POINT 1,2,3, there are all the

differences, but, at POINT 4, there are only differences in pedestrian positions and not in
automobile positions.
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Similarly from Thble 5,6, at POINT l,2,ttr, walking s@ of pedestrian passing each other
with automobiles is different from that not passing each other, and the running speed of
automobile, too. But, at POINT 3, 4 there are all not the differences.

Table 3. Position of the Car Running at the Sfreet

Note : O: Distance between car and wall when passing each other with pedesrian

@: Distance between car and wall when not passing each other with pdestrian.

C: There is the difference in 57o-test level
X: There is not the difference in 57o-test level.

Table 4. Position of Pedesrian Walking at the Street

Note : O: The distance between pedestrian and wall when passing each other with car.

@: The distance between pedestrian and wall when not passing each other with car.

C: There is the difference in 57o-test level
X: There is not the difference in 57o-test level.

Thble 5. Speed of Car Running at the Street (rn/ minute)

Place POINTI POINT2 POINT3 POINT4

Speed o @ c @ o @ o @
Means ?B524 3f2:63 x7K 35&45 3/7tr, mll 3tnt ,1.10

Variance ru.| 74G.8 3539 61755 6155:t trnr sD.1 ffi.1
t-test o o o x
F-t€st X o X x

Note : C: There is the difference in 57o+est level.
X: There is not the difference in 57o+est level

Place POINTl POINT2 POINT3 POINT4

Poeition o @ o @ o @ o @

Means
(lOcm) 7.83 9.65 4.I5 7.46 3.67 6.53 3.86 7.tt

Variance 5.79 6.83 6.83 t.97 4.25 1.87 4.03 10.01

t-test o o o o
F-test x o o o

Place POINTI POINT2 POINT3 POINT4
Pmition o a) AD @ a) @ a) @

Means
00qri 14.G 1231 ra62 G53 1283 95 l{Jt lo87

Variance z8t 1.6 4.42 zt5 337 33 684 3v
t-test o o o X

F-test x o X x
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Thble 6. Speed of Pedastrian Walking at the Street (nr/minute)

Place POINTI POINT2 POINT3 POINT4

s@ o @ o @ o @ o @

Means 8394 %.17 74.8 &Z8l. 74fi ufi 8192 8757

Variarrce 21835 tr,,43 zrLl) %5 lB,5 13&15 163.64 217!X

t-test o o X x

F-t€st x x X x

Note : C: There is the difference in 57o+est level
i: There is not the difference in 57o-test level'

And also, in this study, the relationships between human position and walking speed. of

pedestrian, and between;;;;;i[p"9ition gd rururing speed-of automobile at each observing

spot are analyzed by *;r"*ril; airatysis. .From 
Table i, 8, it can be derived that when

automobile passes each oiher with human, the coefficients of correlation between position ard

running speed of automo;id;;;;th* at all observing spoq' on t{r9 gther hand' at PoINT 1'

2, there are some conelation between walking speed of fdestrian and his positioo in whictU the

coefficienrs of coneration i. o.zzq and 0.gga, respe&vety, but, at PoINT 3,4, this kind of

correlation is very low.

Table 7. Relation between Position and Each Speed of Pedastrian at observing spot

4.614 (9.114)

9.n4(2410)

Note: Position is the interval distance between pedestrian and wall

Tl" value of parenthesis is the t-value to describe the variation of position'

Table 8. Relation between Position and Each Speed of Automobiles at observing spot

Note: Position is the interval distance between automobile and wall

Tlr" value of parenthesis is the t-value to describe the variation of position'

From the observed data the accumulation disUibution of interval distance between automobile

ard @estrian according a *.f, tpo, *nif" their passing each other are investigated as shown in

Figure 2. It is meant that the interval benveen car and futton u POINT 1. with an elecuic light

;-;"rd i" opporit".u" ionrr 2, tends ro becorne narow compared with P9INT 3, 4.

-25.631(-1.498)-17.936 (2.72)-14.777 (-1.964)
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These analysis results as staled-previously show that all influencing factors directly related to
pedestrian behavior are influenced by the on-sueet ob!:cts. Ard also, the attributes of pedestrian
such as the aged or the non-aged shall be taken into accounts in the behaviors.

2 1 4 5 6 7 t 9 l01l t2 r:

interval diSt4ce bet\rv€eo car and 6grrnn (10 c@

Flgure 2. Accumulative Distribution of tre Interval lXstance
between Automobile and Pedestrian

4. PEDF^STRIAN'S BEHAVIORAL MODEL TO AVOID DANGER WTTII THE
INfl.UENCE BY TIIE ESTABLISHING OBJECTS IN A LOCAL STREET

Pedestrian behaviors are inlluenced by many extemal and intemal factors when he/she passes

each other with automobiles in a local street. Generally, the extemal factors include road
conditions, running speed of car, interval distance between pedestrian and car, position of
pedestrian walking in the street. The internal factors can be described as human's own
conditions such as the aged or the non-aged. Pedestians choose their behaviors to avoid the
danger through comparing the external condition with the intemal factors and judging ttn
dangerous level ofthe surrounding nearing body.

A pedesuian who are walking on a road with some individual characteristic will measure the

speed of coming car with his/her eye and consider the surrounding condition and hiJher own
position In the meantime, the dangerous level nearing body will be computed in hiVher brain. If
the dangerous level when keeping hiMrer walking speed and position just as previously exceeds

a certain thrqshold value, the pedestian will tries to lower the dangerous level by the behavior to
avoid danger. That is, whether to start an avoidance behavior is decided by comparing and
distinguishing the extemal dangerous level with a threshold value by the intemal factor of
pedestrian attribute. Therefore, A model of distinguishing and judging the size between the
dangerous level ofexternal situation and threshold value ofpedestrian can be used as to describe
pedestrian behavior. This kind of distinction model is often used in psphophysics. A kind of
disaggregate model which is used for traffrc behavioral analysis can also be called as the
distinction model with the use of utility difference among choice routes. Therefore, in this study,
the disaggregate logit model is adopted as to describe pedasrian behaviors for the avoidance of
danger.

Based on the point of view as mentioned-above, the dangerous level function by the external
factors is defined as:

H 0.e
otr o-8

/ o.t
D'

E o.o

€ o.t

E 0.4

H o.r

9 o.z

0.t

0

"""'PCTNTI

- 
PCINT2

----'PCTNT3..... 
PCINI4
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(i=1,2,3,4,5,6) (1)

Where, a i are parameters of all variables, which is estimated from the observed data wr, w4 w
are tlp variabies to express running speed of automobiles, interval distance between car and

pedestrian and position ofpedastrian respectively. Also, because the dangerous level is related to

tt" pla* where pedestrian passes each other with automobile, and the probability of occulrence

of pedestrian's behavior to avoid danger is directly influenced by the place pa.ssing each other

based on the analysis of previous chapter, some dummy variables (w4, wi, wo) are intnoduced to

indicate the place, in which wo=l, w=o and wo={ is meant for POINTI, w{, w=l and wo{
for POINT 2 , w.{, wd and wc=l for POINT 3, wo{, wH) and wo{ for POINT 4.

Also, supposing that the ttreshold value of pedestrian by the internal factor is the following
formula:

Yz=Bo+Bz Q)

Where, F o F , is variable parameters estimated. z is dummy variables which show the attribute

ofpedesrian, in which z{ (the aged) and I (the non-aged).

Based on the analysis as mentioned above, tlrc probability that Vrexceeds Vz is:

Pr=exp( Vr/( exp( V,)+ exp( V,)) (3)

Based on the dua observed, these parameters of each function can be estimated. Table 9 shows

each kind of parameter of pedestrian behavioral model for avoiding danger. The values in
parenthesis are the t-value based on the variation of each variable. Although the number of data

is not adequatg the likelihood ratio under the adjustment of the free degree is 0.483. And also

ttr rate of goodness of hit reaches to 84.4V0. So, it is derived that the reproducibility of the

modelis verygood.

Table 9. Pedestrian Behavioral Model to Avoid Danger

Explanation variable Parameter (fvalue)

Rumins sDeed of automobile ( o 
')

0.0r54 (l.5966)

tnterval disunce between car and pedestian ( a J -t.2997 (-1.67U)

Walking position of pedestrian ( a r) -1.4980 (-2.2791)

Dummy variables of POINT

w.(ao) 7.2634 (2.43U)

w,(aJ 3.6877 (2.0307')

w. ( a.) 1.2323 (0.8519)

Threshold

Value

Constant ( 0.) -12.1882 (-1.7095)

Attributes ( B r) 2.2A8 02s71)
Number of samples 45

Number of alternative choice 2

Likelihood ratio adiusted 0.483

Hitrate 84.Q%
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5. INfl,UET{CE OF ON.SRIEET OBJECTS ON ROAD TRATTIC SATETY

In a local street of community area, pedestrian and bicycle is indispensable. In the rneantime,

with the increase of automobiles, when car nms on the street, the interference among car,

pedestrian and bicple will increases. The establishing obFcts on a street increase road danger in

the interference because they make the space ofroad decrease.

E!
d
E(t

p=
5€
do
opo5

0co
o

r0)zmffi-ffi

Figurc 3. the ASed Fedestrian Behavior to Aroid Danger

o6
D
ET

5C
6: 9.

ODo5
0e
G

phce

0.4

0.1

0.

t@zoo;h;;

Figure 4. the Non'Aged Pedestrian Bdravior to Avoid Danger

Using the behavioral model built-above, the influence of on-street oblrts on mad safety will be

inueJtigatea. In this papeC assuming that interval distance between car and pedasrian is 65 cm
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and the distance between pedestrian and wall (the walking position of pedestrian) is 70 cm.

Under this kind of situations of assumption, the probability of dangerous avoidance of
pedastrian in each place with or without on-sUeet objrcF can be-calculated with the changes of
vehicle speed. From the resut of computing the model, the influences of on-strest oblxts on

road safety through the index of dangerous avoidance can be derived. Figure 3 shows the

situations of tfre ageA pedestrian on the street. It is found that POINT 1,2 are very easier to cause

the behaviors to avoiddanger while the pedestrian passing each other with automobile.

Figure 4 shows the situations of the non-aged pedastrian on the street. And also it can be known

ttir pOntrft,2 is more dangerous than POINT3, 4 from the probability of causing the

dangerous avoidance. Furthermore, it is derived that behavior of the aged pedesrian-to avoid

danger while passing each other with automobile is more easily caused under the same

conditions, by the comparing Figure 3 with Figure 4.

In order to keep road safety within a certain degree, it is necessary to control vehicle speed and

reduce automoLile traffic by using some traffrc regulations. Therefore, in a local street with on-

street objects, we can use the index of pedestrian behavior to avoid danger as to regulate the

maximum speed of automobiles.

In this study, it supposes a threshold value to the danger oftraffrc is supposed when pedestrian

passes eacti other with car on a local street where the establishing ob!:cts exist. By comparing

ihe darrge.ous level (V,) which was given by the road situation to this threshold value, the

ffiuences of establishing oblocts on the street are discussed and the model of occturence

estimate of pedestrian behavior of dangerous avoidance is constructed. The concept of faffic
safety in case of this study is not directly related to traffic accident and so on, but" make the

pedestrian's behavior to avoid danger where there is a sense from the externd environment a

iafe inde*. It was possible to estimate and analyze the influence of on-street oblects on road

safety by using the pedestrian behavioral model

In these factors which influences pedestrian behaviors, the inclination of road and plain of
pavement and so on should be considered. In this stage of the snrdy, all factors are not still
ienecteA only in the data of the investigation. However, it is thought that ttre basic influence of
the on-street objrxts on road traffic safety can be suggested. The establishing oblxts on a streeJ

include not only electric light pole, but also other objects such as on-street pa*ing car, auto-sale

machine and so on. We will proceed relevant investigation and analysis to other astablishing

oblrts. In addition to pedestrian safety, bicycle safety on a local street shall be considered in the

bCal street, too. This study has gone only for the local street of 4m width. Road width is also

related to otlrcr factors of safety. Therefore, all factors shall be synthetically analfd, and have

some values to continue this kind of study in the future.

6. CONCLUSIONS

Road safety is a very important issue of automobile society. It is not only directly related to the
problem of uaffrc accidents, but also to human daily life. This paper discusses the traffic safety
hom pedestrian behavior when walking on a local street, considering the influences of road

condition such as on-street ob!:cts on traffic safety. The relevant research results have been

concluded as follows.

(1) As an index of trafic safety, this study does not directly take up the data such as traffic
accident, but uses occurrence ratio of pedestrian to avoid danger while passing each other

with automobiles, considering the pedestrian's internal conditions and surrounding situation

such a.s whether or not the on-street ob]:cts exist.
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(2) A model to describe pedestrian behavior for traffic safety is constructe4 using disaggregate

logit model In ttre ieOastrian behavioral model, pedestrian behavior !o avoid danger is

ca:used by comparing the threshold value of human to ttrc dangerous level of sunounding

situation on a street:The sunounding situations are decided by many influencing fagtgrs

such as running speed of car, interv-al distance between human and car, human position

walking on 
^.t 

*t, and the place where human passes each- otlrer with automobile and so on

ttre ttristron vatue is derived from the intemaltactor (attribute) of pedastrian So, the model

can also be called as a process ofthe distinction ofdangerous level

(3) From pedestrian behavioral model, This study investigated the ffiuence of establishing
'-' oUi*ti on roaO t um" safety. And also, based on the occunence ratio of pedestrian.behavior

to 
"avoid 

danger, the regulation speed of car on the street with the on-street oblects was

discussed.

As the 2nd step of this study in the future, we will consider the evaluation of road safety and the

accident percentage on the road where establishing objects exists.
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