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Currently, the urban road traffic congestion is serious and the traffic accident is happening at a high frequency; thus it has not
satisfied the travel needs of security and affects the quality of urban trips. In order to effectively relieve the confliction of people and
motor vehicle, to make sure of the safety of pedestrians crossing the road, and to improve the capacity of urban roads, this passage
focuses on studying the influence of pedestrians crossing the roads on the capacity of urban roads in three pedestrian crossing
approaches including freely crossing the street, uncontrolled crossing of the pedestrian crosswalk, and controlled crossing of the
pedestrian crosswalk. Firstly, it confirms the general formula of the road capacity when pedestrians are crossing the road based
on three preassumptions, combined with the survey data, and then constructs the empirical mathematical model of pedestrian
crossing on the capacity impact. Lastly, it takes the step of case calculation and simulation evaluation and calculates errors between
them, finding that the error between the model calculation and software simulation is small. The efficiency of the model is validated

and improved.

1. Introduction

With the rapid development of the social economy and
urbanization level, the inventory of motor vehicles in our
country is increasing sharply. Though the urban road network
has been greatly improved, it still cannot keep up with
the pace of growth of motor vehicles. And coupled with a
shortage of urban land, road network construction cannot be
carried out without restrictions. So how to let network come
into a fully play, avoid mutual interference of pedestrians
and vehicles, and rationally organize and mix traffic prevails
based on the existing road infrastructure has become a
necessary means to improve urban road capacity and ease
traffic pressure [1].

China, as one of the largest developing countries, has
a large population amount. With the rapid development of
China’s urban residents’ travel demand, the proportion of
mixed traffic on the road made by pedestrians and vehicles
is increasing too. Pedestrian crossing caused a great impact
on road capacity [2]. At present, the contradiction between
slow traffic whose representative is walk and fast traffic

whose representative is motor vehicle is getting increasingly
serious, and at the same time this contradiction is difficult to
change fundamentally in a short time, so pedestrian traffic
and machine moving car traffic must share the limited road
resources in the future for a long period of time together [3].
In China’s urban traffic accidents, more than half of all are
related to pedestrians. Due to the low rate of the crossing
pedestrian following traffic rules, the proportion of accidents
caused by pedestrians illegally crossing street and severity are
much higher than those in developed countries. Therefore,
further study of the impact of pedestrian crossing on urban
road capacity becomes urgent.

2. Pedestrian Crossing Behavior Description

According to the relationship between pedestrians and vehi-
cles in space, pedestrian crossing facilities can be divided into
two categories [4]: (1) plane crossing facilities: the facilities
can make pedestrians cross the road on the road plane; (2)
three-dimensional crossing facilities: the facilities can make
pedestrians cross the road at higher level or lower level,



such as pedestrian footbridge and underground pedestrian
passageway. This paper focuses on studying the behavior
characteristic of pedestrians who use plane crossing facilities

[5].

2.1. Free Pedestrian Crossing Behavior Description. Free
pedestrian crossing behavior [6] is the behavior that pedes-
trians cross the street without any crossing facilities and
traffic rules. Pedestrians will according to the actual road
conditions, vehicle flow, and vehicle space find reasonable
gaps between vehicles to achieve their need of crossing
streets when they cross street freely. Pedestrians cross streets
based on their own needs, and under most circumstances,
pedestrians cross streets alone. That proves the phenomena
that there are pedestrians all the time, so it is a way of crossing
street which is not recognized and with few security.

2.2. No Pedestrian Crossing Signal Control Behavior Descrip-
tion. Crosswalks at uncontrolled pedestrian crossing [7]
refer to the pedestrian crosswalk to reach sections of the no
signal at the control after the first observation of whether
there are vehicles on the road. If there is no vehicle, pedes-
trians cross the street immediately; if there are vehicles,
pedestrians need to judge whether there is a gap for safe pass;
if there is, pedestrian will quickly cross the road with caution;
if there is not, pedestrians will wait for it until it appears.

2.3. Pedestrian Crossing Signal Control Behavior Description.
Controlled crosswalk pedestrian crossing [8] refers to the
behavior that pedestrians cross the street at signalized inter-
sections, and when they arrive at destination, if the traffic
light is green, pedestrians cross the street directly; if the traffic
light turns red, pedestrians need to wait until the light turns
green. In most times, the countdown of the traffic light plays
a very important role when pedestrians cross streets. When
the time of red light is beyond pedestrians’ tolerable time,
there will be illegal behavior—pedestrians run the red light
and then pedestrians will grub spaces with vehicles to force
through the traffic flow [8].

3. Pedestrian Impact Modeling on
Urban Road Capacity

3.1. The Basic Concept Definition Model

3.11. The Impact of Pedestrian Crossing Zone. The impact of
pedestrian crossing zone this paper studied [9] was based on
the assumption that all pedestrians obey the traffic rules—
pedestrians cross streets by crosswalks. The essence of the
impact of pedestrian crossing zone is an area whose confor-
mation is verified with the different standards of crosswalk.
The proportion of impact area is generally regarded as the
length by the width of the crosswalk [10]. Figure 1 shows a
schematic affected zone.

3.1.2. The Impact of Pedestrian Crossing Time (T'). Pedestrian
impact time is defined as all vehicles’ lost time is caused by
pedestrian crossing within one hour [11]. Different pedestrian
traffic and street control make large differences in pedestrian
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FIGURE I: A schematic view of the impact of pedestrian crossing
zone.

impact time. According to the way pedestrians cross plain
roads, the impact of pedestrian crossing time can be divided
into three kinds: pedestrian impact free time, no pedestrian
crossing signal control affect the time, and pedestrian cross-
ing signal control affect the time.

3.1.3. Section Capacity C under Conditions of Pedestrian
Crossing. Is the city’s road capacity under the influence of
pedestrians crossing the street. The formula is

3600 - T
C=Cp(1-k)=Cp———. 1
P =R =Cr 00 W
In these formulas, C is section capacity under the impact
of pedestrian crossing (pcu/h); Cp is roads’ possible capacity
(pcu/h); k is occupancy rate of pedestrian crossing influenc-
ing time; T is pedestrian crossing influencing time.

3.2. Pedestrian Impact Modeling on Urban Road Capac-
ity. According to formulas (1), Cp can be obtained from
previous studies’ results; T can be got from establishing
pedestrian’s arrival frequency and their relationship and then
be translated into the relationship model between pedestrian’s
arrival frequency and section capacity. This section uses three
representative models of SPSS [10] data analysis software in
linear models, power model, and quadratic model, to deal
with the survey data. Establishing the relationship between
pedestrian impact time and pedestrian’s arrival frequency in
different crossing ways, then we can get the math model about
the impact pedestrian crossing exerts on the section capacity.

3.2.1. Establish the Model of Pedestrian Free Crossing That Has
an Effect on City Capacity. Taking the operability of data
collection into account, in the way of pedestrians crossing
streets freely, we limited the study objects as pedestrians
crossing streets freely and motor vehicles on a 200 m section
of a road. The sample data collection site is a typical one-way
road. We use video collection method to record the average
traffic condition about pedestrians and motor vehicles in the
survey area from 7:00 to 18:00 at five weekdays of crossing.
According to the collected data, we converted five min-
utes’ pedestrian flow rate into 1 hour. Establishing the rela-
tionship model about pedestrians average arrival frequency
A (person/h) and the impact of time T under the condition
of pedestrians crossing streets freely, then we can get a scatter
diagram between pedestrian’s arrival frequency and effect of
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TABLE 1: Pedestrian crossing under the freedom A, and T statistical
analysis table.

Fitting model Fitting formula R?
Linear model T = 0.1969A + 15.781 0.864
Power model T = 0.2233)%9%% 0.9237
Quadratic model T = -7 x107°A% + 0.31561 — 26.557  0.877
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FIGURE 2: A scatter diagram between A and T under pedestrian free
crossing.

time under processing data with SPSS as shown in Figure 2.
(A is the number of pedestrians crossing street successfully
hourly.)

From the scatter trend in Figure 2, in free pedestrian
crossing condition, there is a positive correlation between
pedestrian crossing street impact time and the arrival rate.
With the cumulative increase of pedestrian crossing, the
impact of pedestrian crossing time is increasing too, and the
increasing rate of the two variables keeps balanced roughly.
Now we use linear model, power model, and quadratic model
to take a regression about the collected data of pedestrian
crossing street impact time and the arrival rate. Correlation
statistical test results are in Table 1.

From the Table 1, by comparing various models R%, we
can know that power model’s test number R* is higher than
the other two models, so the power model is the best model to
describe the relationship between pedestrian arrival rate and
influence time under free pedestrian crossing. In summary,
we can get the mathematical model:

T = 0.22331%9%32, ()

So, in free pedestrian street conditions, city section
capacity empirical formula:

3600 — T
C=Cp,(1-k)=C,—
p( )=Cp 3600
02233199932 G)
=Cpl|1- [ttt
3600

3.2.2. Crosswalks at Uncontrolled Pedestrian Impact Modeling
on Urban Traffic Capacity. The sample data of pedestrian
and vehicle at uncontrolled crosswalks were collected in
an uncontrolled crosswalk on typical urban road sections.
Using video collection method, we can get the average traffic

TaBLE 2: Uncontrolled crosswalk, A and T statistical analysis table.

Fitting model Fitting formula R
Linear model T =1.3921) + 76.3742 0.975
Power model T = 2.6591\%1% 0.9849
Quadratic model T =6x107°A% + 1.38091 + 80.366  0.9891
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FIGURE 3: Relationship between A and T under uncontrolled
crosswalk.

condition about pedestrian and vehicle in the survey area
from 7:00 to 18:00 at five weekdays crossing.

According to the collected data, we converted five min-
utes’ pedestrian flow rate into 1 hour. Establishing the
relationship model about A and T under an uncontrolled
crosswalk, then we can get a scatter diagram with SPSS as
shown in Figure 3.

The scatter trend shown in Figure 3 indicated that there
is a positive correlation between pedestrian crossing street
impact time and the arrival rate in uncontrolled crosswalk
condition. With the increase of pedestrian crossing, impact of
pedestrian crossing time is increasing too, and the increasing
rate of the two variables keeps balanced roughly. Now use
linear model, power model, and quadratic model to take a
regression about the collected data of pedestrian crossing
street impact time and the arrival rate. Correlation statistical
test results are in Table 2.

From the Table 2, by comparing various models R*, we
can know that quadratic model’s test number R* is higher
than the other two models, so quadratic model is the best
model to describe the relationship between pedestrian arrival
rate and influence time under uncontrolled crosswalk. In
summary, we can get the mathematical model:

T =6x10"°A% + 1.3809 + 80.366. (4)

Therefore, in the noncontrol crosswalk, pedestrian cross-
ing conditions, traffic capacity of city road experience calcu-
lation formula is:

3600 - T

C=Cp(l-k) =Cp—_

(5)

6 x 107512 + 1.3809\ + 80.366
= CP 1- .
3600



TABLE 3: A and T statistical analysis table of controlled crosswalk.

Fitting model Fitting formula R?
Linear model T = 0.0567A + 784 0.585
Index model T = 784.99¢710°4 0.5847
Quadratic model T = —107A% + 0.0754A + 777.31 0.6083
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FIGURE 4: The A and T scatterplot of the controlled crosswalk.

3.2.3. A Controlled Pedestrian Crosswalk at the Effects of
Modeling on Urban Traffic Capacity. The sample data of
pedestrian crossing and vehicle at controlled crosswalks
were collected in a controlled crosswalk on a typical urban
road sections. Using video collection method, we can get
the average traffic condition about pedestrian and vehicle
in the survey area from 7:00 to 18:00 at five weekdays
crossing.

According to the collected data, we converted five min-
utes’ pedestrian flow rate into 1 hour’s. Establishing the rela-
tionship model about pedestrian average arrival frequency
A (person/h) and influence of time T under a controlled
crosswalk, and then we can get a scatter diagram with SPSS
as shown in Figure 4.

As the scatter trend shown in Figure 4 shows, in con-
trolled crosswalk condition, with the cumulative increase
of pedestrian crossing, there is a slight increase about the
impact of pedestrian crossing. This shows that in the place
of controlled signal crosswalks, the amount of pedestrians
crossing the street is not the main factor influencing the
pedestrian crossing effect time, but controlled by the road
lights timing. Now use linear model, power model, and
quadratic model to take a regression about the collected data
of pedestrian crossing street impact time and the arrival rate.
Correlation statistical test results are in Table 3.

Table 3 shows that by comparing the various models of
R* values, the quadratic model’s test of R” is higher than
the other two models, so using the quadratic model fitting
with controlled crosswalk pedestrian crossing condition of
the pedestrian crossing pedestrians arrival rate and the
influence of time is better. To sum up, in a crosswalk with
signal control, crossing pedestrian arrival rate and pedestrian
crossing influence time empirical mathematical model as
follows:

T = —-10"°A% + 0.0754\ + 777.31. (6)
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TABLE 4: Experience section capacity calculation under pedestrian
freely crossing.

A (person/h) 400 600 800 1000 1200
Ttree (8) 85.75 128.28 170.70 213.05 255.35
C (pcu/h) 1171 1157 1143 1129 1115
1200 pcu/h
1200 pcu/h

FIGURE 5: Schematic diagram of the pedestrian free crossing road
form.

Thus, in controlled crosswalk, under the conditions of
pedestrian crossing, urban road capacity empirical formula
is
3600 - T

C=Cp1-k) =Cp=

:cp<1_

3.2.4. Verify the Feasibility. In order to verify the feasibility
of the model, we were looking for a typical one-way road,
an uncontrolled crosswalk, and a crosswalk to collect sample
data on typical urban road sections, and the obtained results
are similar to the above conclusion. So three models in which
three cases are selected are rather accurate and effective.

7)

—107°A% + 0.0754A + 777.31
3600 '

4. Calculation and Simulation Evaluation

4.1. Under the Condition of Pedestrian Crossing, Urban Road
Traffic Capacity Calculation, and Simulation Evaluation

4.1.1. Under the Condition of Pedestrian Crossing and Urban
Road Traffic Capacity Calculation. In a city road, two-way
four lanes, each lane’s width is 3.25m, and the designed
speed is 50 km/h. According to field investigation and related
data, every lane’s possible capacity is 1200 pcu/h. Now please,
respectively, calculate the actual capacity of road section
under conditions of the pedestrians flow crossing the street
of the entire sections is 400 person/h, 600 person/h, 800
person/h, 1000 person/h and 1200 person/h and two-way
equal. Road form is shown in Figure 5.

According to the empirical formula (2), we can calculate
different influence time T, of pedestrian flow freely crossing
the street at the pedestrian crossing conditions and plug
Tt into formula (3) to obtain capacity values of different
pedestrian flow, the specific values in Table 4.

4.1.2. The City Road Capacity Simulation Evaluation Effect
under the Condition of Pedestrian Crossing. Simulation
parameters are selected according to the basic conditions
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FIGURE 6: The simulation screenshot of the city road traffic capacity under pedestrian free crossing.

TABLE 5: Main parameters of free crossing pedestrian traffic simula-
tion.

TABLE 6: Pedestrian crossing traffic capacity under the condition of
freedom.

The main parameters Numerical
Simulation time (s) 600
Lanes 4
Lane width (m) 3.25
Possible capacity (pcu/h) 1200
Design speed (km/h) 50

People crossing the street (person/h) 400, 600, 800, 1000, 1200

1200
1190
1180
1170
1160
1150
1140
1130
1120
1110
1100

200 400 600 800 1000 1200 1400

Pedestrian flow (per/h)

Capacity (per/h)

—e— Calculated values
—e— Simulation values

FIGURE 7: Pedestrian crossing traffic capacity under the condition of
free comparison chart.

of the research section, and the main parameters of the
simulation section are shown in Table 5.

Through the calibration of the simulation parameters, the
simulation of the city road traffic capacity under pedestrian
free crossing is shown in Figure 6.

By setting “Vehicle travel time” detector, click Run
VISSIM software [11]; we can get different simulation val-
ues of urban road capacity under conditions of different
pedestrian flow freely crossing the street. Thus, the value of
road capacity and the simulated result from software output
can be got from the model calculation and are shown in
Table 6.

According to Table 6, we can obtain the contrast curve of
the city road traffic capacity values under the condition that
pedestrians cross crosswalk freely and the result is shown in
Figure 7.

Pedestrian flow

400 600 800 1000 1200
(person/h)

Model calculation value
(pcu/h)

Software simulation
value (pcu/h)

1171 1157 1143 1129 1115

1182 1176 1158 1119 1047

|>

1000 pcu/h
%

1000 pcu/h

FIGURE 8: Schematic diagram of uncontrolled crosswalk road form.

4.2. Example Calculation of Urban Road Capacity and Simu-
lation Evaluation under No Control of Pedestrian Crossing

4.2.1. Example Calculation of Urban Road Capacity under
No Control of Pedestrian Crossing. In a city road for two-
way six lanes, each lane’s width is 3.5 m, and designed speed
is 40 km/h. According to field investigation and consulting
related data, we can get that each lane’s possible capacity
is 1000 pcu/h. Setting pedestrian’s walking speed is 1.30 m/s,
then, respectively, calculate the actual capacity of sections
under conditions of the pedestrians flow crossing the street
of the entire sections is 400 person/h, 600 person/h, 800
person/h, 1000 person/h and 1200 person/h and two-way
equal. The implementation of pedestrian crossing behavior
in the A-A section, and the section is uncontrolled crosswalk,
road form as shown in Figure 8.

According to the empirical formula (4), we can cal-
culate different street pedestrian flow freely cross the
street at the pedestrian crossing conditions affect the
time Ty controb PIUE Tuncontrol iNto formula (5) to obtain
capacity values of different people, the specific values in
Table 7.
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F1GURE 9: Simulation screenshot of uncontrolled crosswalk located under the condition of.

TaBLE 7: Experience link capacity control crosswalk pedestrian
condition calculation.

A (person/h) 400 600 800 1000 1200
Toconwol () 56524 784.86 124564 148321  1713.65
C (pcu/h) 843 782 654 588 524

TABLE 8: Main parameters of uncontrolled crosswalk section.

Main parameters Numerical
Simulation time (s) 600
Lane number 6
Lane width (m) 35
Potential capacity (pcu/h) 1000
Design speed (km/h) 40
Pedestrian speed (m/s) 1.3

Crossing number (person/h) 400, 600, 800, 1000, 1200

4.2.2. The Simulated Evaluation of Uncontrolled Crosswalk
Pedestrian Crossing under the Condition of City Road Traffic
Capacity. Simulation parameters are selected according to
the basic conditions of the research section, and the main
parameters of the section are shown in Table 8.

Through the calibration parameters we simulated the
traffic capacity of urban road under different pedestrian
flow. No pedestrians in the crosswalk crossing control effect
are shown in Figure 9 under the city road traffic capacity
simulation.

By setting “Vehicle travel time” detector, click Run VIS-
SIM software; we can get different simulation values of urban
road capacity under conditions of different pedestrian flow
freely crossing the street. Thus, the value of road capacity and
the simulated result from software output can be got from the
model calculation and are as shown in Table 9.

According to Table 9 data, we can obtain the contrast
curve of the city road traffic capacity values under the
condition of pedestrian crossing crosswalk without signal
control and the result is shown in Figure 10.

4.3. A Pedestrian Crosswalk Control under the Condition of
City Road Traffic Capacity Calculation and Simulation
Effect Evaluation

4.3.1. Pedestrian Crosswalk Control under the Condition of
City Road Traffic Capacity Calculation Effect. A city road,
two-way four lanes, each lane’s width is 3.25m, and the

950
900
850
800
750
700
650
600
550
500
450
400

200 400 600 800 1000 1200 1400

Pedestrian flow (per/h)

Capacity (per/h)

—e— Calculated values
—e— Simulation values

FIGURE 10: Section of uncontrolled crosswalk at pedestrian crossing
under the condition of capacity comparison chart.

;l

1200 pcu/h

1200 pcu/h
+
@

FIGURE 11: A schematic diagram of control crosswalk road form.

lo~]

designed speed is 50 km/h. According to field investigation
and related data, we can get that every lane’s possible capacity
is 1200 pcu/h. Setting pedestrian’s walking speed is 1.30 m/s.
Pedestrians cross the street in B-B section implementa-
tion. The section is a controlled crosswalk, signal cycle’s
length is 755, and the red light lasts 24s. As investigated
in the site, motor vehicle saturated headway distance is
2.05s. Now please, respectively, calculate the actual capacity
of crossing the streets under conditions of the pedestri-
ans flow about 400 persons/h, 600 persons/h, 800 persons/h,
1000 persons/h, and 1200 persons/h and two-way equality of
the entire sections. Road form is shown in Figure 11.
According to the empirical formula (6), pedestrian cross-
ing influence time T, .., can be calculated in different
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FIGURE 12: Simulation screenshot of crosswalk capacity under the condition of pedestrian crossing.

TABLE 9: Road crossing control under the condition of pedestrian
crossing traffic capacity.

TABLE 12: Section capacity under the conditions of pedestrian
crossing the controlled crosswalk.

Crossing number

400 600 800
(person/h)

1000 1200

Pedestrian flow

400 600 800
(person/h)

1000 1200

Model calculation value 843 782 654 588 504

Model calculation value 93] 927 923 919 916

(pcu/h) (pcu/h)
Software simulation 884 816 634 464 408 Software simulation 976 958 946 936 926
value (pcu/h) value (pcu/h)
TABLE 10: Section capacity experience value under the conditions of 980
pedestrian crossing the controlled crosswalk.
970

A (person/h) 400 600 800 1000 1200 ~ 960

=
) 80587  818.95 83123 84271  853.39 B
C (pcu/h) 931 927 923 919 916 f: 950

‘T 940

<

g
TaBLE 11: The main parameter to control the crosswalk traffic o 930
simulation. 920
Main parameters Value 910

B ; B 200 400 600 800 1000 1200 1400
Simulation time (s) 600 )
Pedestrian flow (per/h)

Lane number (per) 6
Lane width (m) 3.25 —o— Calculated values
Potential capacity (pcu/h) 1200 ~— Simulation values
Signal cycle length (s) 75 FIGURE 13: Section capacity comparison chart under the conditions
Red time (s) 24 of pedestrian crossing the controlled crosswalk.
Design speed (km/h) 50

People crossing the street (person/h) 400, 600, 800, 1000, 1200

pedestrian traffic at uncontrolled crosswalk; T, will be
substituted into formula (7) obtaining experience values of
capacity under different flow; specific values are shown in
Table 10.

4.3.2. Simulation Evaluation of Influencing the Urban Road
Capacity under the Conditions of Pedestrian Crossing the
Controlled Crosswalk. The main parameters of the simulation
section are the basic information of the road, and the main
parameters of the section are shown in Table 11.

Through the calibration parameters, the traffic capacity of
urban road under different pedestrian flow is simulated. The
simulation of city road traffic capacity under the influence
of pedestrian crossing the controlled crosswalk is shown in
Figure 12.

By setting “Vehicle travel time” detector, click Run VIS-
SIM software; we can get different simulation values of urban
road capacity under conditions of different pedestrian flow
freely crossing the street. Thus, the value of road capacity and
the simulated result from software output can be got from the
model calculation and are as shown in Table 12.

According to Table 12, we can obtain the curve con-
trasting the traffic capacity values of city road under the
condition of crossing pedestrian at crosswalks without signal
controlling and the result is shown in Figure 13.

5. Conclusion

According to contrasting and analyzing the model calculated
value and simulated value, and calculating errors between
them, the efficiency of the model is validated and improved.
(1) Under the condition of pedestrian crossing freely, the
error between the model calculation and software simulation



is small. When the pedestrian flow is less than 1000 people
per hour, the error between the model calculation and the
software simulation results is within 2%, so the capacity of
the fold reduction rate calculated values got is in line with the
actual capacity of the road roughly; when the pedestrian flow
is greater than 1000 people per hour, the capacity of the fold
reduction rate came from software simulation which is much
higher than that coming from the model calculated, which
indicated that the model cannot accurately calculate the road
capacity. Also as the Figure 7 shows, under the condition of
pedestrian crossing freely city, the road capacity of urban
section is greatly related to the amount of pedestrian flow:
the flow increases and road capacity decreases.

(2) Under the condition of uncontrolled crosswalk pedes-
trian crossing freely, when the traffic is less than 800/h,
the error between the model calculation and the software
simulation results is small and within 5%, so the model
calculation value is in line with the actual capacity of the road
roughly. Also as Figure 11 shows, city road capacity is greatly
related to pedestrian traffic: pedestrian traffic increases and
road traffic capacity decreases quickly.

(3) Under the condition of uncontrolled crosswalk pedes-
trian crossing freely, the error between the model calculation
and the software simulation is small, and the error between
the calculated value and the simulation value under different
pedestrian flow conditions is within 5%, so the model
calculation value is in line with the actual capacity of the
road roughly. Also as Figure 13 shows, city road capacity is
little related to pedestrian traffic in the crosswalk with signals
controlling; in a certain range of pedestrian traffic, traffic
capacity of city road does not reduce with the increase of
pedestrians but mainly depend on the signal timing phase.
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