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ABSTRACT 

 Pedestrian walking is a major 

mode of transportation in Indian cities and 

also effective mode of transportation for 

short trips. In this study pedestrian 

sidewalk data was collected from three 

locations in India. The obtaining three 

locations data was bi-directional flow 

unsteady. These data was analyzed for 

finding pedestrian characteristics like 

speed, flow and density as well as to draw 

the fundamental diagrams.  

 Pedestrian fundamental diagrams 

and pedestrian characteristics are depends 

on gender of the pedestrian, age of 

pedestrian and type of facilities 

(sidewalks, wide sidewalks and 

prescient’s). “ pedestrian characteristics, 

fundamental diagrams for uni-directional 

flow as well as bi-directional flow, 

comparison of pedestrian fundamental 

diagrams between uni-directional and bi-

directional flow, capacity and level of 

service (LOS) for above three sections” 

was done in this study. Hypothesis testing 

was conducted for compare the pedestrian 

speed between different sections and 

different combinations was done in this 

study. 

Keywords: pedestrians, sidewalks, 

pedestrian characteristics (speed, flow and 

density), hypothesis testing, capacity and 

level of service. 

INTRODUCTION 

 Pedestrian walking is a mode of 

travel to a given destination on foot. In 

transportation this type of mode are 

effectively used for short trips. Walking is 

a major mode of transportation in middle 

and low class cities. In transportation 

many trips are originated and ended 

walking only. Developing country like 

India pedestrian walking is a major mode 

of transportation. The urban population in 

India was increased year by year; in 2001 

the urban population was 27.81% after 10 

years in 2011 this population reached to 

31.16% because better facilities for 

pedestrians have been provided by us. One 

study told that Tiruchirapalli city 64.7% of 

the total trips are made on foot (arasan et 

al., 1994). Another study conducted in 

Mumbai they can told that all persons 

walk in a day irrespective of their income 

(Montgomery, 2006). Because better 

facilities have been provided for 

pedestrians are important criteria in urban 

areas. Now a day the local authorities are 

interested to provide good pedestrian 

facilities to encourage walking. 

According to modal split study conducted 

in Mumbai in India told that out of nearly 

2.85 million trips, 52.4% trips are walking 

trips (MMRDA 2008). African cities have 

more walking trips comparatively Asian 

and Latin-American cities. The average 

walking trips percentage of Africa, Asia 

and Latin-America cities are 57, 37and 

22% respectively (Montgomery 2006). 

Pedestrian movements are classified into 

two types they are pedestrian sidewalk and 

pedestrian crosswalk. In this report 

pedestrian sidewalk has been considered 

by me. The sidewalk facilities provided 

and improved was more important in 

urban areas. They have different types of 

sidewalks in urban areas they are 

sidewalks, wide-sidewalks and precincts. 

In this report pedestrians capacity and 

level of service (LOS) will be considered. 

If we can consider capacity, “it means the 

maximum no of pedestrians passing 

through a point per unit of time”. Level of 

service (LOS) is a quality measure for 

sidewalks in terms of speed, flow, comfort 

and convenience. Capacity and level of 
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service of pedestrian sidewalk are depends 

on pedestrian speed, density and flow. 

Pedestrian walking speed was depends on 

age of pedestrian, gender and type of 

facilities. Pedestrian walking speed is 

more on wide-sidewalk less on precincts. 

Male pedestrians walking speed is more 

compare to female pedestrians walking 

speed. Elder pedestrians speed is less 

compare to younger pedestrians speed. 

The thesis has been divided into four 

chapters, in these four chapters 

introduction is first one. The second 

chapter considered past work done on 

pedestrian sidewalk characteristics, 

pedestrian dynamics, and models of 

pedestrian behavior. It can be seen in 

literature review after this chapter. These 

literatures have been prepared by reading 

of many papers and reports of these topics. 

In chapter 3, I have been describing, 

experimental set-up, data collection and 

data decoding in detailed. In this chapter 

experiments conducted on fundamental 

diagrams of pedestrian sidewalk and 

comparison between male and female 

pedestrians. And also use Z-test to 

compare between different sets of data 

collecting from three locations. Next, it 

concentrates how to affect fundamental 

diagrams on different pedestrian flows. 

In chapter 4, presents the results obtained 

from above analysis and also have graphs 

obtained from above data analysis. These 

results are told that how to change 

pedestrian characteristics like flow, speed 

and density in different sidewalks and 

different conditions (age, gender and 

facilities). In this chapter results and 

conclusions have been considered by this 

topic. 

METHODOLOGY 

 In this section trust that the 

principal factors that affected by 

pedestrian flow along sidewalks are the 

gender of pedestrian and direction of 

pedestrian flow. In this study two types of 

experiments are conducted. The first type 

of experiment has conducted the impact of 

gender on pedestrian characteristics like 

speed, flow, density and their relations 

along sidewalks. This study gives the 

fundamental diagrams between speed, 

flow, density and distance headway. 

Section 3.1 presents the experimental set-

up and data collection. 

In this chapter methodology for 

calculating pedestrian sidewalk 

characteristics like pedestrian speed, flow, 

density and their relations will be 

explained by me. Interest to study about 

this area will be more scope for further 

research purpose. Till now many 

researchers have been conducted many 

studies on this area but further more scope 

to research in this area. After choosing this 

study area, experiment will be conducted 

many places. First of all select different 

places after that choose which places have 

more pedestrian crowed. After found this 

area select a location for data collection. In 

this section 

3.1 present experimental set-up and data 

collection. Data collection will be 

conducted in working days only. 

Experiments on impact of pedestrian 

gender on pedestrian characteristics 

In this section, experiments conducted and 

designed to develop fundamental diagrams 

for pedestrian flow along sidewalks. It 

may be mentioned here that similar 

experiments were conducted before this 

study to develop the fundamental diagrams 

for different places in India as well as 

different places in the world. The next 

subsection will be explained about 

experimental set-up and details on how 

data is collected. 

Experimental set-up and data collection 

The data collection section size and shape 

as shown in figure 3.1, 3.2 & 3.3 is 

considered on a paved sidewalks, these 

data will be bi-directional pedestrian flow 

data. This section will be collected 

pedestrian uni-directional flow data. After 

collecting those data some more places 

data will be collected for future work, the 

sections are Ambagan and sector2. Mainly 
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the data has collected from three locations 

in city, first location at daily market. The 

length of first section, l = 3.0 m and the 

width of first section w = 1.8 m. these 

proposed section will be used for data 

collection. The camera is set at a distance 

of 2.1 m from the inner edge of the 

observed section. The camera is fixed 

above the tripod at proper location, where 

is the place to cover all four corners of an 

observed section. The length of second 

section, l = 3.0 m and the width of second 

section w = 

2.3 m. the length of third section, l = 2.5 m 

and the width of third section, w = 2.7 m. 

we select location and fix the experiment 

area by marking with chalk. The length of 

the section is 3m and width of section is 

same as width of sidewalk. Pedestrian 

speed will be vary less comparatively 

vehicle speed because data collection 

section have been taking vary small 

length. Width of section will be taken 

same as width of sidewalk. The video 

camera has rested on tripod, in before 

tripod will adjust horizontal levelling. 

After fixing the camera we can write-down 

the timing after that power on the video 

camera. 

In this study data collection will be done 

with the help of digital camera (mode: 

HXR-NX30/NX30P, Make: Sony), Frame 

rate (25 frames/s) with resolution 

(640×480) is placed on side of the 

sidewalk where data collection was done. 

After data collection put off the video 

camera after that take data from this video 

camera. 

RESULT AND DISCUSSIONS 

 The results of this thesis have been 

dividing into four parts. In this first part 

results on free flow speed will be 

presented. In this second part the results on 

the fundamental relations of pedestrians 

will be presented. In the third part 

pedestrian capacity and level of service 

(LOS) will be presented. In the fourth part 

influence of pedestrian flow (uni-

directional flow and bi- directional flow) 

on fundamental relations of pedestrian 

flow will be presented. 

Study on free flow speed 

In this thesis pedestrian free flow speed 

will be calculated in different locations in 

city. The free flow speeds will be 

mean speed of total pedestrians at location 

1 (daily market) is 1.17m/s, mean speed 

of male pedestrians at location 1 is 

1.24m/s and mean speed of female 

pedestrians is 1.09m/s. 

mean speed of total pedestrians at location 

2 (daily market) is 1.24m/s, mean speed 

of male pedestrians at this location is 

1.34m/s and mean speed of female 

pedestrians at this location is 1.14m/s. 

The above two locations are in the same 

area but mean speeds of first location have 

very low comparatively second location. 

In the first location they have some 

obstruction are present because pedestrian 

speeds will be less. In the second section 

they have no obstruction because 

pedestrian speeds will be more. Mean 

speed of total pedestrians at nala road is 

1.30m/s, mean speed of male pedestrians 

at this section is 1.40m/s; mean speed of 

female pedestrians at this location is 

1.21m/s. 

Mean speed of total pedestrians at 

Ambagan market is 1.24m/s, mean speed 

of male pedestrians at this section is 

1.27m/s, mean speed of female pedestrians 

at this location is 1.20m/s. 

Mean speed of total pedestrians at near 

sector 2 circle is 1.22m/s, mean speed of 

male pedestrians at this section is 1.26m/s; 

mean speed of female pedestrians at this 

location is 1.17m/s. 

Pedestrian speed will be more in nala road 

after that daily market. In maximum mean 

speed of total pedestrians is 1.30m/s 

minimum mean speed of total pedestrians 

is 1.17m/s. maximum mean speed of male 

pedestrian is 1.40m/s at nala road. 

4.1.1 Study on comparison of pedestrian 

speeds by hypothesis testing 

Hypothesis test was conducted to show the 

pedestrian speed comparisons between 
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different combinations in above three 

locations in. In this study first hypothesis 

test was done to illustrate the pedestrian 

speed difference between male and female 

in above all three sections. The 

combinations was male and female 

pedestrians at section1 (m1&f1), same as 

section2 and section3 (m2&f2; m3&f3), 

male pedestrian speeds between different 

sections (m1&m2; m2&m3; m3&m1), 

female pedestrian speeds between different 

sections (f1&f2; f2&f3; f3&f1), total male 

speeds in all three locations and total 

female speeds in all three locations 

(M&F), all pedestrian speeds between 

these three locations (section1&section2; 

section2&section3; section3&section1). In 

this study speed will be compared in above 

all combinations in the three sections. The 

results will be found after hypothesis 

testing is present in bellow tabular form. In 

the results m2&m3 combination was got 

Zobserved value is less than Zcritical value 

because cannot reject the null hypothesis 

H0. 

Z-test results for all combinations in above 

all three locations 

 

combinati

on 

z(Observ

ed value) 

|z| 

(Critic

al 

value) 

p-

value(Tw

o-tailed) 

alph

a 

f1&f2 -2.128 1.96 0.033 0.05 

f1&f3 -9.015 1.96 <0.0001 0.05 

f2&f3 -3.89 1.96 0 0.05 

m1&m2 -3.519 1.96 0 0.05 

m1&m3 -7.104 1.96 <0.0001 0.05 

m2&m3 -0.95 1.96 0.342 0.05 

m1&f1 10.882 1.96 <0.0001 0.05 

m2&f2 5.237 1.96 <0.0001 0.05 

m3&f3 4.499 1.96 <0.0001 0.05 

T1&T2 -3.329 1.96 0.001 0.05 

T2&T3 -3.341 1.96 0.001 0.05 

T1&T3 -10.431 1.96 <0.0001 0.05 

M&F 11.622 1.96 <0.0001 0.05 

 

Study on fundamental relations 

The speed(u)-density(k), flow(q)-

density(k), speed(u)-flow(q) curves will be 

plotted data obtaining from above three 

locations (fig 3.1, fig 3.2, fig 3.3). 

 
 

 
Figure 4.1: (a) speed-density (u-k) (b) 

speed-distance headway (u-h) (c) flow-

density (q-k) 

 

speed-flow (u-q) these fundamental 

diagrams are drawn data obtaining from 

location 1 at daily market in. 

As a flow versus density data, this plot is 

shown in figure 4.1 (c), a visual 

inspection of the 

flow versus density curve to give capacity 

of this section. In the diagram where curve 

reaches the peak point after reach the 

peak point curve will be fall down, that 

is the point give capacity for this location 

1. Using the above speed verses distance 

headway diagram we can calculate slope 

and intercept, the value of slope is 3.6489 
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and intercept is 0.4548m. The relationship 

of the form h = a+b*u is fitted to the data. 

The value of a and b obtained are 0.4548m 

and 3.6489, a represents the minimum 

personal space and b denotes the 

sensitivity of h to u. From the above 

fundamental diagram speed versus density 

curve represents density of pedestrian flow 

increase at the same time pedestrian speed 

will decrease, at which place pedestrian 

speed will be zero at that place density will 

be jam density (kjam). In the same time 

where the density will minimum, at that 

place speed will maximum. 

 

 
 

 
Figure 4.2: (a) speed-density (u-k), (b) 

speed-distance headway (u-1/k), (c) flow-

density (q-k) and (d) speed-flow (u-q) 

curves data are obtaining from location 2 

at daily market in city. 

From above flow versus density data as 

shown in figure 4.2 (c) have used to find 

capacity of the section. These capacity will 

be using in the construction of better 

pedestrian facility in city. Speed versus 

distance headway data plot is shown in 

figure 4.2 (b). The plot has shown it is 

more suitable for description through a 

linear relationship. Relationship of the 

form h = a+b*u is fitted to the data. The 

value of a, b obtained are 3.3434m and 

0.9149s. 

 

 

 
Figure 4.3: (a) speed-density (u-k), (b) 

speed-distance headway (u-1/k), (c) flow-

density (q-k) and (d) speed-flow (u-q) 

curves data are obtaining from location 2 

at daily market in city. 

From above flow versus density data as 

shown in figure 4.3 (c) have used to find 

capacity of the section. These capacity will 

be using in the construction of better 

pedestrian facility in city. Speed versus 

distance headway data plot is shown in 

figure 4.3 (b). The plot has shown it is 

more suitable for description through a 

linear relationship. Relationship of the 

form h = a+b*u is fitted to the data. The 

value of a, b obtained are 2.4215m and 

1.4111s. 

The above all fundamental diagrams are 

representing to pedestrian characteristics 

in section 1, 2 and 3. Pedestrian speed has 

more at section 3 and speed has less at 

section 1, these points are concluded with 

using speed verses distance headway 

diagrams in above all three sections. From 

speed verses distance headway diagram 

intercept at section 1 is 3.6489m, at 

section 2 is 3.3434m and at section 3 is 

1.4111m because intercept has been 

increased at that time pedestrian flow will 

be increased at that time pedestrian speed 

will be increased. 

The bellow table was shown pedestrian 

characteristics (speed, flow and density), 

slope and intercept in above three sections. 

Table 4.2 slopes and intercepts for three 

locations 
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locat

ion 

Avg.sp

eed 

 

(m/s) 

Max.flow/ca

pacity 

 

(ped/min) 

Dens

ity 

 

(ped/

m) 

Slop

e 

Interc

ept 

1 1.17 24 0.42 
3.64

89 

0.454

8 

2 1.24 26 0.36 
3.34

343 

0.914

9 

3 1.30 30 0.44 
2.42

15 

1.411

1 

 

Study on Pedestrian Uni-Directional 

and Bi-Directional Flow 

In this study how pedestrian fundamental 

diagram was influenced due to pedestrian 

uni- directional and bi-directional flow has 

been explained. In this study collect two 

different types of data sets, first data set 

have been taken above three locations data 

(bi-directional) next second data set have 

been taken L. A. data (uni-directional). 

After collecting data calculate pedestrian 

characteristics like speed, flow, and 

density after that fundamental diagrams 

also calculated individually for two types 

of data sets, after that these two 

fundamental diagrams are drawn in one 

sheet. In this study uni-directional flow has 

more capacity and pedestrian 

characteristics (speed, flow and density) 

comparatively bi-directional flow. 

4.4.1 Comparison of pedestrian 

fundamental diagram between uni-

directional and bi- directional flow at 

daily market (section 1). 

 

 
 

 

 

 
Figure 4.4.1 flow-density (q-k); speed-

distance headway (u-1/k); speed-density 

(u-k); speed- flow (u-q) curves data are 

obtaining from daily market and L. A. Hall 

The above figures data are obtained from 

pedestrian uni-directional flow and 

pedestrian bi- directional flow in city. The 

above all diagrams have been explained 

pedestrian speed, flow and density values 

are more in uni-directional flow 

comparatively bi-directional flow. 

Pedestrian flow versus density curve have 

been explained, initially uni-directional 

and bi-directional flow curves will be 

coincide, after that uni-directional flow 

will be more comparatively bi-directional 

flow. Pedestrian speed versus density 

curve also represents uni- directional flow 

line will be present above the bi-

directional flow line, in this figure at any 
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specific density values speed of 

pedestrians in uni-directional flow will be 

more comparatively speed of pedestrians 

in bi-directional flow. Figure 4.4.1 (b) 

speed versus distance headway diagram 

represents intercept of bi-directional flow 

will be 0.2097 and intercept of uni-

directional flow will be 0.1464. 

4.4.2 Comparison of pedestrian 

fundamental diagram between uni-

directional and bi- directional flow at 

daily market (section 2). 

 

 

 

 

Figure 4.5 flow-density (q-k); speed-flow 

(u-q); speed-density (u-k); speed-distance 

headway (u-1/k) curves data are obtaining 

from daily market and L. A. Hall. The 

above figures data are obtained from 

pedestrian uni-directional flow and 

pedestrian bi- directional flow in city. The 

above all diagrams have been explained 

pedestrian speed, flow and density values 

are more in uni-directional flow 

comparatively bi-directional flow. 

Pedestrian flow versus density curve have 

been explained, initially uni-directional 

and bi-directional flow curves will be 

coincide, after that uni-directional flow 

will be more comparatively bi-directional 

flow. Pedestrian speed versus density 

curve also represents uni- directional flow 

line will be present above the bi-

directional flow line, in this figure at any 

specific density values speed of 

pedestrians in uni-directional flow will be 

more comparatively speed of pedestrians 

in bi-directional flow. Figure 4.4.2 (d) 

speed versus distance headway diagram 

represents intercept of bi-directional flow 

will be 0.0134 and intercept of uni-

irectional flow will be 0.1464. Slope of bi-

directional flow will be 2.1748 and slope 

of uni-directional flow will be 1.3802. 

4.4.3 Comparison of pedestrian 

fundamental diagram between uni-

directional and bi- directional flow at 

nala road (section 3). 
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Figure 4.6 flow-density (q-k); speed-

density (u-k); speed-flow (u-q); speed-

distance headway (u-1/k) curves data are 

obtaining from nala road and L. A. Hall 

The above figures data are obtained from 

pedestrian uni-directional flow and 

pedestrian bi- directional flow in city. The 

above all diagrams have been explained 

pedestrian speed, flow and density values 

are more in uni-directional flow 

comparatively bi-directional flow. 

Pedestrian flow versus density curve have 

been explained, initially uni-directional 

and bi-directional flow curves will be 

coincide, after that uni-directional flow 

will be more comparatively bi-directional 

flow. Pedestrian speed versus density 

curve also represents uni- directional flow 

line will be present above the bi-

directional flow line, in this figure at any 

specific density values speed of 

pedestrians in uni-directional flow will be 

more comparatively speed of pedestrians 

in bi-directional flow. Figure 4.4.3 (d) 

speed versus distance headway diagram 

represents intercept of bi-directional flow 

will be 0.0894 and intercept of uni-

directional flow will be 0.1464. Slope of 

bi-directional flow will be 2.1086 and 

slope of uni-directional flow will be 

1.3802.The above three sets of graphs 

represents the comparison of pedestrian 

fundamental diagrams between uni-

directional flow and bi-directional flow. 

Flow verses density diagrams in above all 

sets will be look like in the same pattern, 

the pattern will be initially both uni-

directional and bi-directional flow curves 

coincides up to some portion after that uni-

directional curve present above the 

bidirectional curve. 

The above comparisons of uni-directional 

and bi-directional pedestrian flow 

fundamental diagrams will be classified in 

to three sets, in the first set fundamental 

diagram was drawn data obtaining from 

L.A.Hall versus location1 data obtaining 

from daily market. Second set fundamental 

diagrams was drawn data obtaining from 

L.A.Hall verses location2 data obtaining 

from daily market in similarly third set 

was obtaining from L.A.Hall data verses 

nala road data in city. 

Bellow table was shown slope and 

intercept of uni-directional and bi-

directional pedestrian flow obtaining from 

above three sets (fig 4.4; 4.5; 4.6) of 

pedestrian fundamental diagrams. 

Table 4.4 slopes and intercepts for uni-

directional and bi-directional flow 

Fundame

ntal 

diagram 

sets 

Uni-directional 

flow 

Bi-directional 

flow 

slop

e 

interc

ept 

spe

ed 

slop

e 

interc

ept 

spe

ed 

1 
1.38

02 

0.146

4 

1.0

2 

1.29

2 

0.209

7 

1.0

7 
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2 
1.38

02 

0.146

4 

1.0

2 

2.17

48 

0.013

4 

1.2

5 

3 
1.38

02 

0.146

4 

1.0

2 

1.77

85 

0.443

3 

1.2

1 

CONCLUSIONS 

 In this study experiments 

conducted on pedestrian flow behaviour 

along the sidewalks in different places in 

city and also experiment conducted on 

pedestrian characteristics variations in 

pedestrian uni-directional flow and 

pedestrian bi-directional flow. From this 

study results male pedestrian speeds are 

more, comparatively female pedestrian 

speeds in above all three sections. In this 

study pedestrian average speed are more in  

nala road (section 

3) less in daily market (section1). Nala 

road has more pedestrian sidewalk width 

comparatively remaining sections and also 

sidewalk surface will be even because 

pedestriansidewalk will be more in nala 

road. Hypothesis test will be conducted in 

different combination of pedestrians in 

different sections, male pedestrian speeds 

at section2 and section3 will be similar 

because Z-observed value is in between Z-

critical value, this combination will be 

significant. In this study pedestrian uni-

directional flow will be get maximum flow 

(capacity) comparatively pedestrian bi-

directional flow. Pedestrian flow versus 

density graph initially these two (uni and 

bi-directional flow) lines will be coincides 

after that uni-directional flow line has 

above the bi-directional flow line. 
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