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Travels within the city are done in different ways, by vehicle or on foot. Thus, inevitably, a part of the
travel is always done on foot. Since intersections as traffic nodes are determinant factor in
transportation network capacity, any disruption in them leads to severe reduction in network capacity.
Unfortunately, pedestrian behavior has received little attention in Iran. While this is a very important
and effective part of traffic engineering. In some cases, pedestrians are the main cause of increasing
road users’ delay, therefore, the most important action before anything, is identifying the
characteristics of pedestrians. Identifying issues such as speed, volume and density of pedestrians are
necessary to control the traffic flow and delay, and can lead to better design of facilities associated with
pedestrians. Cases that are studied in this study are: the relationship between speed, density and
pedestrians’ flow rate while crossing the street. In this study, the data was collected by filming four
intersections in Rasht Metropolis for 15 hours, and the number of pedestrians crossing that were
studied was 8489. Two intersections had traffic lights and the other ones had no traffic lights. Then, the
relationship between speed, density and volume of pedestrians were obtained by determining the
variables of speed, density and volume of pedestrians and using linear and nonlinear regression method
and finding the correlation coefficient between the variables. The results showed that for pedestrians,
there is a relationship between the flow rate and density with a high correlation coefficient in crossing
through crosswalk (R?=0.99) and outside the crosswalk (R?=0.99). But the relationship between speed
and flow rate was not significant (crossing through crosswalk, R?=0.29 and outside the crosswalk,
R?=0.24); furthermore, speed and density had no significant relationship (crossing through crosswalk,
R?=0.36 and outside the crosswalk, R?=0.28).

doi: 10.5829/ije.2017.30.12c.01

1. INTRODUCTION

affected by their attitudes, beliefs and expectations.
Consequently, understanding the beliefs and attitudes

Walking is one of the modes of transportation that can
communicate a private environment, the environment
and the community in the absence of other means of
transportation, especially motor vehicles [1]. One of the
important issues in the discussion of the pedestrians is
their impact on the transportation network which refers
to chaotic presence of pedestrians on the streets and at
unauthorized times when crossing the intersection. Both
urban and rural roads safety is significantly dependent
on the actual behavior of the users. This behavior is
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may contribute to understanding the traffic behavior [2,
3]. According to the diverse habits of walking,
pedestrian behavior difference due to individual
characteristics such as gender, age [4], number of
people in a group [5], clothing, even the cultural and
economic level of the individual, we will have a huge
variety of items such as the type of decision to cross the
intersection, walking speed and people’s volume in the
day hours; but cars behavioral diversity is much less
than pedestrians. The volume and capacity of
intersections and behavior of drivers have been studied
over and over again; but the issue is less about
pedestrians. So, controlling vehicles is much easier than
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pedestrians, because vehicles have less specific diverse
behavior than pedestrians.

The number of studies in the field of pedestrian is
very low compared to other issues of traffic and most of
the studies about pedestrian behavior were focused on
the sidewalks, walking systems design, and also
pedestrian safety and less focus was conducted on the
pedestrian behavior, and concepts such as speed,
density, volume, crossing through crosswalk and outside
the crosswalk, etc. However, worthwhile researches
have been done in various countries in order to better
understand the behavior of pedestrians and create more
facilities for these groups of users. In this paper, the
relationship between speed, density and flow for
different states is obtained by studying the behavior of
pedestrians, crossing through crosswalk and outside the
crosswalk and the time of crossing (either pedestrian
green time or red time for crossing) thereby using linear
and non-linear regression analysis. Finally, it was
observed that there is a relationship with a high
correlation coefficient between flow rate and density.

2. LITERATURE REVIEW

Hughes [6] provided a model based on differential
equations which analysed the pedestrians’ movement in
a whole scale and based on a goal of the movement of a
big group of them. This group of the pedestrian moved
constantly and their flow was described as speed and
density. The place and time were also modelled by the
independent and constant variables. In this model, the
flow relations, density, and speed were determined like
the fluid mechanics and other similar physical systems.
In a broad community, the pedestrians formed a range
of motion, like particles in a fluid, which had the
qualities similar to the qualities of the fluids.

In a study on the pilgrims’ movement in Mecca in
2007, Helbing et al. [7] proposed a figure density of the
pedestrians based on simulation. This figure was based
on a modelling of the pedestrians’ movement on the
basis of the social force, and it was used to compare the
density values in the simulation.

Liu et al. [8] obtained the density-speed and density-
flow relations in some functions by gathering data of the
characteristics of the pedestrians' flow in the staircases
of some pedestrians' distributional centers in China,
such as Shanghai Subway and Shanghai Train station.
They also compared the pedestrians' flow in the
staircases with the vehicles' flow.

Chen et al. [9] investigated the longitudinal flow of
pedestrians in roofed passages and to collect data, they
studied flat surface, descending staircase, ascending
staircase and two-sided staircase in Shanghai Metro
Station which has a large volume of passengers. They
obtained walking flow parameters including speed,

density and volume in low and high density conditions
using a video capture and then analysed the information
to find the relationships between the data. Finally, they
used statistical regression and reality compatibility to
determine pedestrian traffic flow model of the speed-
density and volume-density and relationship in order to
use all observed facilities.

Plaue et al. [10] examined the density of pedestrians.
They filmed the pedestrians in a roofed building to
collect information and then used mathematical models
and experimental data for numerical simulation and
finally suggested a method for calculating the density of
pedestrians.

Plaue et al. [11] proposed a method to calculate the
density of pedestrians. They discussed different ways to
calculate the density and compared them for different
population and geometric conditions. Eventually, they
provided an algorithm to calculate the density.

Tang et al. [12] compared the speed and density of
pedestrians in Japan and China to illustrate the different
characteristics of pedestrians behaviour in different
cultural backgrounds. They stated that the relationship
between speed and density of pedestrians is a key point
in walking. The necessity and importance of pedestrians
behaviour is also noted in this paper and finally it was
concluded that the speed and density are low in leisure
time, and high in rush hour, speed in stepped passages is
lower than flat ones and finally it was concluded that in
China, people use shortcuts to reach their destinations
faster but in Japan, people move faster.

Shafabakhsh et al. [13] simulated the pedestrians to
estimate the impact of elderly population on pedestrian
movement flow in the sidewalk using micro-simulation
method.

Rastogi et al. [14] by collecting the pedestrian
movements in 19 locations in 5 cities in India and
classifying the pedestrians based on the width found that
the relationship between speed and density in sidewalks
with various widths is an exponential relationship. They
also suggested that the narrowness of the sidewalks
leads to the reduced free flow speed.

Bargegol et al. [15] with modeling of 8541
pedestrians' flow data in two sidewalks and a walkable
street in Rasht found that the optimal density and the
capacity of the flow rate in all facilities of the sidewalks
and walkable streets of Rasht are 2.83 (Ped/m?) and 96
(Ped/m/min), respectively.

In this paper, "free crossing conditions" means
conditions in which the pedestrians in green time and
without any interference caused by cars, cross the street;
while "crossing with interferences in pedestrians green
time", are conditions in which, despite green traffic
light, pedestrians are affected by the vehicles
interferences when crossing the street. Interferences of
vehicles include: turning right, stopping on the
crosswalk (while pedestrians are crossing through
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crosswalk), stopping behind the lines (while pedestrians
are crossing outside the crosswalk or among the cars)
and movements of cars leaving the intersection at the
end moment of the phase and at the last moment when
they face with phase change before the full exit. Also,
"pedestrians crossing when it is red" (green for cars), is
a condition in which the pedestrians crossed the street
with severe impact of passing vehicles. Meanwhile,
according to the Highway Capacity Manual, 15th
percentile speed, is considered the speed equal to the
cumulative frequency curve for pedestrians.

3. METHODOLOGY

In this study, we used library method to achieve goals;
then we applied field method using camera for video
recording in order to collect data which includes
pedestrians’ different behavioral characteristics such as
gender, age, type of dressing, type of movement (group,
non-group), direction (through crosswalk, out of
crosswalk), crossing time (the pedestrian green time,
pedestrian red time) and the crossing conditions (in
conditions of free and without interference impact from
vehicles, in conditions with the impact of interfering
vehicles). Next, 8489 pedestrians were evaluated by
statistical tests. The wused statistical tests were:
correlation test with Spearman correlation coefficients
and the linear and nonlinear regression.

3. 1. Case study This study was conducted in the
metropolis of Rasht. This city is one of the Iranian
metropolises and the capital of Guilan province in north.
Rasht is located at 49°36> E and 37°16° N and its
distance from Tehran (Capital of Iran) is 325 km. This
city with 180 square kilometre area is located in a flat
and level land and is 5 meters over international waters
and 7 meters above sea level. According to the official
census in 1390, its population is 639,951 and the
population density was announced 4340 people per
square kilometre. Its climate is temperate and very
humid and annual rainfall is about 1500 mm [16].
In this study, four important and busy intersections of
the city were selected, two of which had traffic lights
and the other two intersections were without traffic
lights. After filming, statistical record was started. First,
the pedestrians were to count as the following outline:
- The number of people crossing through the
crosswalk,
- The number of people crossing outside the
crosswalk and regardless of the crosswalk,
- The number of people crossing at the pedestrians
green time,
- The number of people crossing at the pedestrians
red time and regardless of the traffic lights,

- The number of people crossing at the pedestrians
green time but with interference of vehicles
turning right, cars left from the light in the
intersection and cars stopped on the crosswalk line,

- The number of two-member, three-member or
rarely four-member groups considering the 5
conditions above.

3. 2. Statistical Analysis Method In many cases,
researchers conduct study to examine the relationship
between two random variables. In these circumstances
of the relationship between two quantitative variables,
measures called Pearson Correlation Coefficient were
used. Usually in investigating the correlation between
two variables, the values are dependent on each other.
In analysing the correlation between two variables one
may not select any of the two variables as the reason for
the other. Primarily for the study of harmony between
two variables, researcher looks for measures having the
following features:

- Does not depend on the unit of tow community.

- Is bounded.

The data set used in a correlation test including values
obtained from the two variables X and Y can be in the
form of a bivariate random sample (X1,Y1),..., (Xn,Yn).
Study of the relationship between variables is performed
by correlation analysis, which indicates that there is a
linear relationship between two variables. The
correlation coefficient formula is as Equation (1):

_Cov(XyY) _

_ T, (=) (=)
R Rt e )

The correlation coefficient is always a value between
zero and one (-1 < r < +1) and according to the value of
r in different states will have different interpretations of
the relationship between X and Y.

- r =1, in this state: correlation is complete and
direct, and increasing the value of x, the value of y
definitely increases.

- r = -1, in this state: correlation is complete and
inverse, and increasing the value of x, the value of
y decreases.

- -1 <r <0, in this state: correlation is incomplete
and inverse, and increasing the value of x, the
value of y partially decreases.

- 0 <r <1, in this state: correlation is incomplete
and direct, and increasing the value of x, the value
of y partially increases.

- r =0, there is no linear relationship (For example,
the relationship may be a quadratic).

Zero correlation coefficient does not mean there is no
relationship between two variables, but there is no linear
relationship between two of them. The reason for this is
that the formula for the Pearson correlation coefficient
only measures the linear relationship. In one-way
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correlation test, the following assumptions are examined
as Equation (2):

{Ho:r =0 {Ho:r =0 @)

Hyi:r >0 Hi:r <0
The direction of inequality is determined according to
estimates for sample r. If r is positive, we use test (1)
and if it is negative, we use test (2). The value of
Pearson correlation coefficient, indicates the severity of
the relationship, this measure evaluates the strength of
linear relationship between the variables x and y. If the
Pearson value is between zero and 0.3, it is weak,
between 0.3 and 0.6, it is medium and above 0.6 it is
strong. This measure is conventional, but it is usually
used in interpreting the results and different studies. It
was first introduced by Karl Pearson, an English famous
scientist, that's why it's called the Pearson coefficient.
This coefficient is defined as Equation (3):

Sxy

SexSyy €))

In the context of regression, the purpose is to obtain a
mathematical relationship between one or more
independent variables and a dependent variable in order
to predict the dependent variable value using the
value(s) of the independent variables. Therefore, in
regression, not only is the correlation between several
independent variables and a dependent variable is
evaluated, but also the type and shape of the
mathematical relationship is determined. In simple
linear regression, the relationship between the
independent variable x and the dependent variable vy is
in the form of a straight line and the equation is written
as y = ax + B. o and B are called the regression
parameters, o is constant and [ is the slope of the line.
Estimation of o indicates the predicted value of y for x =
0 and estimation of 3 indicates the extent of y change if
X increases for one unit. In the linear regression, it is
assumed that y is normally distributed.

In the linear regression, dependent variable yi is a
linear compound of coefficients (there is no need to be
linear to the independent variables). For example, the
following simple regression analysis with N points,
dependent variable of xi and coefficients of By and B; is
linear as Equation (4):

yi=p0+plyi+ei, i=1,..N (4)

r =

In both cases, € i is the error value and footnote i shows
the number of each observation (each pair of xi and yi).
Having a set of these points, the model can be obtained
as Equation (5):

yi=p0+plyi+ei, i=1,..,N (5)

Parameter ei is the residual. ei = y;) — y-1): The
common method to obtain parameters is the method of
least squares.

In this method, the parameters are obtained by
minimizing Equation (6):

SSE = Ye? (6)

In the case of simple regression, the parameters of this
method will be equals to Equations (7) and (8):

_ Lxi-x)(yi-y)
p = B0 ©)
Bo=y—Pix (8)

Regression is the most widely used statistical methods
for the measurement and representation of the
relationship model between two variables. Linear
regression estimates the coefficients of the linear
equation that has the closest match to the observed data.
Using the equation of the back line, prediction of
subsequent values is also possible. In regression
equation, we have an independent variable and a
dependent variable and in the multiple regression
equation the number of independent variables is more
than one. In this study, drawing the scatter plot and
curve fitting, the required equations by regression were
obtained in SPSS.

4. RESULTS AND DISCUSSION

In this study, the mean crossing speed and 15"
percentile of the people crossing in two intersections
with traffic lights, in the morning, afternoon and
evening, and in two intersections without traffic lights at
the peak, according to gender, type of dressing, and
single and group movements were taken in accordance
with Tables 1 to 3. In two intersections with traffic
lights, crossing conditions were divided into three
categories:

- Free crossing at pedestrians green time (without
being affected by vehicles interferences).

- Crossing at pedestrians green time, so that
pedestrians move from among the cars (for
pedestrians who cross the areas without crosswalk
lines).

- Crossing at pedestrians red time and with the
severe impact of vehicles interferences.

At the intersection without traffic lights at the peak of

crossing, the condition of crossing were almost identical

for all the pedestrians and it was not possible to classify
the crossing conditions, because at intersections without
traffic lights, there is no specific and safe time for
pedestrians to cross. All units in Tables 1 to 3 are based

on m/s.

The main purpose of this study is to determine the
relationship between speed, density and flow rate of
pedestrian that have been addressed in this section. To
determine these relations, first, the number of people
crossing each intersection through crosswalk or out of
crosswalk per minute was obtained by recorded videos.
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TABLE 1. Results of the study of signalized intersections in free crossing

Number Mean

Standard

Lowest speed Highest speed

Classification Type of movement of people speed deviation Median Vis observed observed
Through crosswalk 1380 1.29 0.181 1.29 1.03 0.53 222
Males
Out of crosswalk 322 1.28 0.172 1.29 1.02 0.86 1.90
Women with Through crosswalk 619 1.19 0.155 1.20 0.94 0.75 1.67
regular Islamic
dressing Out of crosswalk 148 1.20 0.189 1.18 0.94 0.65 1.72
Women with Through crosswalk 242 1.10 0.152 111 0.84 0.61 1.54
Islamic veils
dressing Out of crosswalk 43 1.09 0.178 111 0.80 0.79 1.45
Through crosswalk 833 111 1.132 111 0.88 0.91 1.67
Group movements
Out of crosswalk 139 1.09 0.158 1.10 0.83 0.74 1.53

TABLE 2. The results of signalized intersections when crossing with vehicles interferences

Classification Type of movement Number Mean Star)dz?\rd Median Vis Lowest speed Highest speed
of people speed deviation observed observed
Through crosswalk 994 1.09 0.180 1.08 0.83 0.41 222
Males
Out of crosswalk 614 1.07 0.184 1.06 0.78 0.62 1.74
Women with Through crosswalk 428 1.03 0.151 1.01 0.78 0.64 1.54
regular Islamic
dressing Out of crosswalk 267 1.02 0.176 1.02 0.74 0.65 1.82
Women with Through crosswalk 153 0.99 0.148 0.97 0.74 0.64 1.50
Islamic veils
dressing Out of crosswalk 48 0.94 0.127 0.95 0.70 0.57 1.18
Through crosswalk 514 0.97 0.136 0.95 0.74 0.62 1.54
Group movements
Out of crosswalk 395 0.92 0.169 0.91 0.66 0.52 1.54

TABLE 3. The results of pedestrian’s crossing with the impact of vehicles interferences at un-signalized intersections

Number

Mean

Standard Lowest speed  Highest speed

Classification Type of movement of people speed deviation ~ Median Vis observed observed
Through crosswalk 192 1.13 0.198 112 0.84 0.70 1.82
Males
Out of crosswalk 250 1.15 0.138 1.14 0.88 0.83 1.74
Women with Through crosswalk 133 1.04 0.129 1.05 0.80 0.67 1.33
regular Islamic
dressing Out of crosswalk 167 1.05 0.136 1.04 0.82 0.77 141
Women dressing in Through crosswalk 25 0.99 0.125 1.00 0.74 0.75 1.29
Islamic veils Out of crosswalk 35 0.94 0.095 0.92 0.76 0.71 1.26
Through crosswalk 162 0.99 0.109 0.98 0.76 0.80 1.25
Group movements
Out of crosswalk 452 0.99 0.107 0.99 0.75 0.75 1.33

Then, using the stopwatch, the time for all pedestrians
crossing the intersection (8489 pedestrian) were
obtained and by dividing the distance traveled by the
crossing duration, the speeds of movement of persons
(S) were provided. Then, using the relation (v =pxS)
proposed by the HCM (2000, 2010) [17, 18], the density
for each minute was calculated. At the end, the graphs

of density-flow rate, speed-flow rate and speed-density
were drawn by the data obtained for all the intersections
in conditions of crossing through crosswalk or out of
crosswalk (Figures 1 to 6).

Finally, the mathematical relationships between
variables were calculated using regression analysis and
its formula is visible on the graph. The amount of R



1819 I. Bargegol et al. / IJE TRANSACTIONS C: Aspects Vol. 30, No. 12, (December 2017) 1814-1821

(Pearson  correlation  coefficient)  shows  the
compatibility of the forecast graph with real data. As
can be seen in the graph, the highest relationship
between the variables is observed in the density-
flowrate graphs.

Flow rate - Density

30 v =59.0784 0.1912
R? = 0.9797

Flow rate (Ped/min)

0 007 0.4 021 028 035 042 049 0.56
Density (Ped/m?)

Figure 1. The relationship between flow rate and density
when crossing out of crosswalk (all intersections)

Flow rate - Density

33 v =62.334P+ 0.463
R>=0.9828

Flow rate (Ped/min)
o

0 007 0.14 0.21 028 0.35 042 0.49 0.56
Density (Ped/m)

Figure 2. The relationship between flow rate and density
when crossing crosswalk (all intersections)

Speed - Flow rate

Speed (m/nun)
3

8 = 0.028412 - 0.9695v + 67.45
R*=0.0497

0 3 6 9 12 15 18 21 24 27 30 33
Flow rate (pad/min)
Figure 3. The relationship between speed and flow rate when
crossing out of crosswalk (all intersections)

Speed - Flow rate

Speed (mimin)
=

5 =00102v? - 0.568v + 71 548
R*=0.08

(o} 3 6 9 12 15 18 21 24 27 30 33
Flow rate (ped/min)
Figure 4. The relationship between speed and flow rate when
crossing crosswalk (all intersections)

Speed - Density

110
lgg S = 35204 p +66.756
R2=0.0794

Speed (mymin)
3

0 0.07 014 021 028 035 042 049 056
Density (Ped/m)

Figure 5. The relationship between speed and density when
crossing out of crosswalk (all intersections)

Speed - Density

Speed (m/min)

Y] 008 016 024 032 04 048 0356
Density (Ped/m)
Figure 6. The relationship between speed and density when
crossing crosswalk (all intersections)

As shown in Figures 1 to 6, the highest relationship
between the variables is observed in density-flow rate
graphs.

To see the relationship between speed, density and
volume for all pedestrians (n=8489) that were evaluated
in this study, the equations for all intersections were
plotted. The results of all pedestrians crossing the
intersections through crosswalks were obtained as
Equations (9) to (11):

v =62.334p +0.463 R2 = 0.9828 )
$=0.0102,2-0.568, +71548  R?=0.08 (10)
S =-27.925p + 71.358 R2 = 0.1334 (11)

The results of the pedestrians crossing out of crosswalks
at all intersections are as Equations (12) to (14):

,=59.078p +0.1912 R2=0.9797 (12)
S=0.0284,2-0.9695, +67.45  R2=0.0497 (13)
S = -35.294p + 66.756 R2=0.0794 (14)

where, v is the flow rate, S denotes pedestrians speed
and p is their density.

Due to extensive data, collected from quiet to busy
time, Figures 3 to 6 are parabolic. This is due to the
changes in the speed of pedestrians in different
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conditions of saturated, half-saturated and unsaturated.
Thus, in these graphs, the peak value of the parabola can
be considered on the mean speed. The mean speed is
shown with solid lines in graphs 3 to 6. Due to the low
scattering data from the mean speed, the pedestrians
speed for Rasht can be considered constant and
regardless of the density.

According to Equations (9) and (12), the flow rate
and density values with a high correlation coefficient
follow the same linear equation of , =pxS. Replacing
the mean value, the constant S=67.97 m/min for
crossing through crosswalk and constant S=64.15
m/min for crossing out of crosswalk, this relationship is
transformed into Equations (15) and (16):

v=64.15%p (15)

v=67.97xp (16)

The thick solid lines in Figures 1 and 2, show these
equations, respectively.

Comparing Equations (9) and (12) to (15) and (16),
it is shown that the basic assumption of 1 univariate
linear relationship between flow rate and density is
correct and with a little neglect, we assign the mean rate
for all values of densities and obtain the flow rate
according to that.

5. CONCLUSION

The purpose of this study was to understand the

behavior of pedestrians crossing the intersection. With

studies conducted, many pedestrian behavioral
characteristics were identified:

- The intersections with traffic lights, pedestrians
crossing the street show such a behavior that
prevents the speed reduction by population growth.
Observations showed that in some cases when
pedestrians in crowd are waiting for the people in
front to cross the street through crosswalks, they
change their path to an area out of the crosswalk to
escape from the crowd and cross the street fast. At
intersections without traffic lights, it is observed that
accumulation of the population is less than
intersections with traffic lights due to scattering of
crossing out of crosswalks. For this reason, the
effect of flow rate and density on the speed in these
intersections will be far less. Obviously in the
relationship between flow rate and density, with
increasing flow rate and the number of pedestrians
crossing, the density will increase. Therefore, it was
concluded that in the city of Rasht, flow rate and
density have no great influence on the speed of
crossing, but the density increases with increasing
flow rate.

- Relations of speed, density and flow rate also
showed that in pedestrians crossing through
intersections, the flow rate and density are strongly
dependent on each other, but the two variables do
not have a great impact on the speed of pedestrians.
In other words, with crowd increase, the pedestrians
look for ways to escape and cross fast through
intersection. For pedestrians, there is a relationship
between the flow rate and density with a high
correlation coefficient in crossing though crosswalk
(R2=0.99) and out of crosswalk (R2 = 0.99), but the
relationship between speed and flow rate is not
significant (in crossing through crosswalk R2 = 0.29
and out of crosswalk Rz = 0.24). Also, there is no
significant relationship between speed and density
(in crossing through crosswalk Rz = 0.36 and out of
crosswalk Rz = 0.28).
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