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Abstract - Every day starts and ends as a walk trip the
authorities concentrating on the core problems like
congestion, delay are neglecting the pedestrian traffic
which is of great concern in present days. As per IRC
design guidelines the street vendors are excluded from the
design for footpath. So far there are no studies regarding
integrating street vendors in footpath design guidelines.
This paper tries to suggest improvement for the present
conditions of footpaths facing worst pedestrian level of
service in Indian cities by carrying a case study in
Bengaluru city selecting suitable areas such as avenue
road, Sampige road and K R Market with street vendors
the present condition data is collected, analysed and used
to prepare the micro-simulation model in VISSSIM
software so that it is validated for present conditions of
the selected areas and design proposal for improvement of
pedestrian level of service without altering the pedestrian
volume and number of street vendors in footpath.

Keywords: Pedestrian traffic, VISSIM, Level of service,
Footpath, Simulation and Integration.

I. INTRODUCTION

Population is increasing day by day as it can be seen in
many metropolitan city that there is considerable rise in
traffic and as well as urbanization. This has led to more
space covering per each indusial as compared to
previous years. It is a common tendency that the amount
of traffic and commuters playing and using on the road is
reaching its peak as seen in present trend. All this aspect
has led to various troubles and difficulties in a
metropolitan cities lading to huge problems which need
to be addressed at the earliest. Concerned authorities
concentrating on the core problems like congestion,
delay and neglecting the pedestrian traffic which is of
great concern in present days. More amount of
pedestrians can be seen in today’s market places and
important CBD areas where more amount of traffic is
effected due to pedestrians moving around in that
particular area. For example it has been choose CBD
areas like majestic, Gandhinagar to name a few
commuters are the main cause of difficulties arising in
the traffic. The area which have been chosen for study is
in Bengaluru city they are as named Avenue road, KR
market and Sampige road these where the areas
considerate with keeping in main aspect of pedestrian

behaviour pattern and its effect on to the other
parameters. Street vendors are to be Given a due
concern since they area encroaching a considerable area
of the footpath. Objectives of this study To study the
present condition of the street vendors and pedestrians
facilities and study the area occupied by them in
different localities like (residential, commercial, etc.) To
find out the LOS of the existing condition due to both
commuters and vendors in selected stretch. To study the
difficulties faced by both carrying out opinion survey. To
suggest some improvement measures to combine both
vendors and pedestrian in footpath and carry out a micro
simulation for the existing condition and validating the
same and suggesting the improvement measures.

Selection of study area

o

Collection of raw data
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Pedestrian survey, geometrical details of

study area, characteristics of street vendor

> _4

Data extraction and Analysis

¥

Pedestrian microscopic simulation in
VISSIM software

> 4

Calibration and validation of the model
based on present condition

~-

WVISSIM results and design proposal for
improvement of LOS in study area.

Fig- 1: methodology of the study
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2. DATA COLLECTION

To prepare any micro-simulation model in VISSIM
software it is very necessary to collect the detail data
related to the study area for this study data collection is
done in three different stages

1. Collection of geometrical details
2. Pedestrian survey
3. Questionnaire survey

2.1 Collection of Geometrical details

The geometrical measurements of study area are
measured manually by visiting to the location using tape.
Details like width of the carriageway, width of the
footpath, surface condition, length of the study stretch,
width on carriageway pedestrian opened up to use,
number of street vendors are noted.

Table-1: Geometrical details of different locations

Avenue Sampige KR
road road market
Width of the
footpath (m) 2.13 4 2
Length of the
study stretch 275 305 270
(m)
Width of the 11.16 ( 10.18 ( 7.6 (one-
roadway (m) one-way ) one-way ) way )
Width on
carriageway 15 05 2
used by ' '
pedestrian (m)
Number of 18 15 27
vendors on
footpath
across both
side of the
road

2.2. Pedestrian survey

Both videography survey and manual pedestrian volume
count is carried out in the study locations at peak hours.
It was very difficult to carry out videography survey
because owners of buildings surrounding the study area
were not willing to give permission to place camera on
their buildings not getting a correct location due to
obstacles but anyhow 1.5 hours of video data is collected
at Sampige road and 3 hours at avenue road. Manual

pedestrian volume count was carried morning and
evening peak hours.

Before carrying videography survey the 15m area trap
longitudinally is marked so that area of trap is used
further to calculate speed and density

Length of walkoway

 —

Pedestrian Trap Width of walkway

Walkway

Fig-. 2: Trap used to find out parameters

Initially the survey was carried out by mounting the
camera on a higher location to cover the maximum area
of study stretch. Pedestrians and number of vendors
where found out manually in the field. Video was played
on the large screen to obtain data like speed, density,
flow rate and dwell time. Speed movement of
pedestrians was found out by tracing a rectangular box
on to certain stretch in an application named kinemaster
with a rectangular box of width 15 m in longitudinally
and width of the box is similar to width of footpath or
area covered by pedestrians.

2.3. Questionnaire survey

In order to know the real difficulties faced by the both
the persons playing on this road stretch a need of
questioner survey was carried out to know the exact
cause or what was there suggestion for the same .
Keeping all the parameters in mind a set of questions
were prepared to know the opinion of the same.

3. DATA EXTRACTION

Initially the survey was carried out by mounting the
camera on a higher location to cover the maximum area
of study stretch. Pedestrians and number of vendors
where found out manually in the field. Video was played
on the large screen to obtain data like speed, density,
flow rate and dwell time. Speed movement of
pedestrians was found out by tracing a rectangular box
on to certain stretch in an application named kinemaster
with a rectangular box of width 15 m in longitudinally
and width of the box is similar to width of footpath or
area covered by pedestrians
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3.1. Determination of speed

It is very essential to find out the speed of the
pedestrians playing on that particular area since it is key
parameter to find out the certain LOS of that selected
stretch.

Steps involved are explained below

e A boxis traced in the recorded video by using it
in the application as required

e Rectangular box since it is drawn the random
person is selected for the entry of starting of box
and time is noted for the same to cross the
desired distance

e Based on the time required to cross the selected
stretch distance travelled to the time taken gives
the speed of the required person.

e Itis carried out for a stated duration period of 1
hour to obtain 10 number of samples required

e Values are noted down for different junctions
and used for further calculation of LOS

* 4 24 213
W Madeviti N I INE VI AS LEK:

Fig-4: Noting Pedestrian Exit Time

3.2. Determination of density:

Density can be defined as number of pedestrians
occupying per square meter of a particular area steps
involved in calculation are

e The required tape is played on large screen once
the selected person enters the traced area and is
in the middle of the box then it is paused to
calculate number of persons in to obtain density

e Total no pedestrians in the selected box to the
area of the trap gives the relevant density

e Same is carried out for 10 number of sample
both during peak and off peak hours and it is
utilised based on the relevant requirement.

e Pedestrian space = 1 / density m? / pedestrian

macewin KINEMASTER

o Wl

Fig-5: Number of pedestrian to find out Density
3.3. Determination of flow rate

Flow rate tends to change throughout the day it does not
remain constant or same since during peak hour more
number of people tends to be present thus leading to
higher flow rate whereas during off peak hours it is
relatively less. Pedestrian flow rate is number of people
required time to travel a unit length or unit area same is
used for 15 minutes or more intervals. Collection of same
parameter is described below

e Number of people crossing for every certain
interval of time say 15 minutes interval is noted
down in prescribed format

e Highest volume observed throughout the day is
selected for the calculation of the flow rate and
it is divided by the width of footpath used by
pedestrians for obtaining flow rate per metre or
required units can be extracted.
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3.4. Determination of pedestrian dwell time

This parameter is an important aspect since maximum
number of people to spend little time with the adjacent
vendors on the street to purchase certain items time
spent for which is called as dwell time . Dwell time may
not be as considerably low because as observed in the
field it was nearly 10 seconds minimum - 30 minutes
maximum spent by certain commuters based on type of
vendor it does vary and based on requirement.

3.5. Analysis of real time data

It can be seen that from the (Table no 2) different values
of pertaining to selected junction is obtained during peak
hours both during morning and evening 9.30-11.30 am
and 4.30-6.30 pm data was extracted for the further
determination of parameters like LOS which gives us a
brief idea of present condition and same came be used
for further improvement to overcome the same by
suggesting some alternative. All the obtained values are
taken by considering movement in both directions. It
was a tedious work since video has to be played
numerous times to obtain relevant data in this project.
No Particular IRC guidelines are given hence HCM
manual is used to determine the LOS for different section
based on selected data.

Table-2: values of different parameters obtained

PARAMETE STUDY AREA
RS Avenue Sampige road KR
Road pig market
Speed
1.15 1.25 1.07
(m/s)
Density 0.52 0.53 0.52
Flow rate
. 175/3.63 _ 200/3.5
(ped/min/ | “1,0% " | 215/45=47.7 | S,
m)
Dwell
time(Min- | 10”-20° 30"-30’ 25”-20’
Max)
Pedestrian
LOS D D E

Table-3: table used to find out LOS from HCM manual

The above (figure no 6) is referred form HCM 2000
manual to calculate the present pedestrian level of
service of study. Even though all the parameters are not
considered for calculating the LOS at least two
parameters are matched due to the presence of obstacles
and vendors according to the data obtained. Mainly
concentrating on the flow rate so that flow rate is
calculated pedestrian/minute/meter the maximum flow
rate for peak 15 min is calculated and the LOS is decided.

3.6. Results of Questionnaires Survey

A small part of questionnaires survey was carried out in
this study to know the opinion of the pedestrians
regarding street vendors based on their requirements.
The format of questionnaires survey was prepared
according to the study it includes total five questions in
that 3 questions were asked to pedestrians, one question
for vendors and one for both. The sample size was taken
150 including all three study area.

The information obtained from the survey is plotted by
using graphs. The results include all the three study
areas pedestrian and vendor opinion according to the
format set.

whether street vendors are
required in this particular
stretch

12%

M YES
NO

Fig- 6: Percentage of vendors required

To what extent street
vendors are useful

4%
. AVERAGE FLOW LOS CRITERIA FOR WALKWAYS AND SIDEWALKS H very useful

LOS Space (m%p) | Flow Rate (p/min/m) Speed (m/s) v/c Ratio d

A >56 <16 5130 <021 W moderate

B >31-56 >16-23 >121-130 >0.21-031 not at all useful
c >22-31 >23-33 >122-121 >0.31-044

D >14-22 >33-49 > 114122 > 0.44-065

E >0.75-14 > 49-75 > 0.75-1.14 >0.65-1.0

F <0.75 variable <0.75 variable

Fig-7: Percentage of usefulness of vendors
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Do you feel relocation of Choose the Best alternative
street vendors will improve proposal for improvement by
the present condition vendors
0%%
So% M relocation to
6 mVES one particular
area
NO

Fig-11: Percentage of alternate proposal by vendor
choice

Fig-8: Percentage of improvement

4. PEDESTRIAN MICROSCOPIC SIMULATION IN

VISSIM SOFTWARE

Is vending main sourse of
income or is there any 4.1. General
alternative bussiness

VISSIM software is used in transportation system for
microscopic traffic simulation which can be visualized in
2% 3D including all modes of traffic such as motorized
private transport, public transport, goods transport,
H only vending pedestrian movement and bicycle travel. It is widely
used for analysis by giving specified inputs to get
required result. This software helps to know the present

therpatlve situation of the study area and also helps in providing
usSsIness different types of improvement methods for study area.
H PTV Vissim 7.00-05 Student Version
File Edit View Lists BaseData Traffic Signal Control Simulation Evaluation Presentation Scripts Help
IDBP.iAARG. »HE,
. . . B s 10 A fseetiaout., -PBOORD QR BAQ e WHTIRE
Fig-9: Percentage of source of income of a family B osesspeaness I
Reduced Speed Area
ﬂ Confiict Areas I
Choose the Best alternative e ]
. k|  Stop Signs
proposal for improvement B s
- m Detectors D
by pedestrians N o |
a Vehicle Routes | |
ﬂ Parking Lots D
X 0y PoicTasportso [
M relocation to iy PwicTasportline ]
7% . 5
one particular A ooes O
area M Data Collection Point |
@ Vehicle Travel Times
Queue Counters
. . Sections I:l
. eXtra Wldenlng m Background Images M
and arranging Network Oh.. Levels Sackgrounds
street vendors
systematically ¢
Gy
Fig-10: Percentage of alternate proposal by pedestrian i Smatie

choice
Fig-12: Main Page of Vissim Software

© 2017,IRJET | ImpactFactorvalue:5.181 | IS0 9001:2008 Certified Journal | Page 226



’l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 04 Issue: 07 | July -2017

www.irjet.net

p-ISSN: 2395-0072

Metwork Objects X
- Links il
E Desired Speed Decisions
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u Priority Rules | |
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- Signal Heads |
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a Vehicle Inputs |
Vehicle Routes | |
ﬂ Parking Lots |:|
Iu Public Transport Stops |:|
Public Transport Lines | |
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E Vehicle Travel Times
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sections I:I
m Background Images
= Pavement Markings
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49 Areas -
EEd  Obstacles I I
T Ramps & Stairs [
i Pedestrian Inputs L
i. Pedestrian Routes = .
6 Pedestrian Travel Times Oo

Metwork Objects  Levels Backgrounds

Fig-13: Network Objects for Simulation

4.2. Generation of Pedestrian Microscopic Simulation
Model

To prepare pedestrian microscopic simulation model it is
required to take number of variables. The different
parameters which are used for simulation are
measurements of study area, pedestrian volume, number
of street vendors are included for generation of model. It
is necessary to know the effect of street vendors on
pedestrian flow and also the time spent by different
pedestrian on different vendors which are depend on
their personal behaviour and characteristics which affect
the parameters like speed, flow, density. However there
are no standards for such factors but anyhow by field
observation the model is prepared for existing condition.
Important network objects for simulation of pedestrian
in Vissim are:

1. Areas

2. Obstacles

3. Ramp and stairs

4. Pedestrian inputs

5. Pedestrian routes

5. Pedestrian travel time

Importing background image of study area

Placing of footpath areas and links

Setting of time distribution and placing of vendors area

Pedestrian inputs and pedestrian routing

Pedestrian simulation and evaluation results

Fig-14: steps for preparation of simulation model
4.3. Validation Results

The results obtained from real time data analysis using
HCM 2000 manual is validated to the results obtained by
running simulation after preparation of simulation
model so that the model matches the present condition
of study area and further the model is used for
improvement of the pedestrian LOS by following
required design considerations.

The results obtained from vissim that is the average
travel time required by a pedestrian to travel to a
required stretch of study area as prepared in model. The
total stretch of study area is divided by average travel
time obtained after simulation results the average travel
speed of pedestrian in m/second is obtained and this
travel speed result is taken to calculate pedestrian LOS
referring the below table from HCM manual.
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Table-4: Table used to find out Pedestrian LOS from
HCM Manual

L5 CRITERIA FOR PEDESTRIAN SIDEWALKS ON URBAN STREETS

L0S Travel Speed ()
A 10

B 2113

C > 100117

0 0831100

t 2058083
f <058

4.3.1. Avenue Road

Travel speed in m/s is calculated as total length of
stretch is divided by average travel time obtained after
simulation 275/280 = 0.98 m/s which falls under
category LOS ‘D’ by referring (figure no 6.1) since the
LOS results obtained from manual calculation and results
from vissim software of study stretch of avenue road is
LOS ‘D’ hence the results are validated.

PedesfrianNetworkPerformanceMeasurement

I Pedesinanhctwort PerforranceMlessurement

Chart-1: Graph obtained for avenue road existing
condition after simulation run

4.3.2. Sampige Road

The travel speed m/s is obtained as 305/309 = 0.98 m/s
this depicts the condition of LOS ‘D’ as mentioned in the
above table. LOS results of calculated manual and
results from vissim software of study stretch of Sampige
is ‘D’

BRCTb

| it

i

[ arpe—
-

e
=

| N M v nwr e
L e, T g S

ki

Chart-2: Graph obtained for Sampige road existing
condition after simulation run

4.3.3. KR Market

The travel speed m/s is obtained from calculation
270/346 = 0.78 m/s the value calculated indicates the
LOS ‘E’. Since the LOS results obtained from manual
calculation and results from vissim software of study
stretch of K R market road is seen under the same
condition hence the results are validated.

PegestiaremorkPemancelezs rment

n W sl etz

Chart-3: Graph obtained for K R Market existing
condition after simulation run.

5. DESIGN PROPOSAL FOR IMPROVEMENT OF LOS

Improvement of pedestrian LOS is done by suggesting
the different proposals without neglecting the vendors
on footpath. In this project the improved LOS is gained
by developing a another simulation model in vissim by
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altering the existing condition of footpath such as
widening of the footpath and arranging the vendors in
proper manner without changing the speed and

Table-5: Details of street vendors for Sampige road

pedestrian volume. Size of vendor | Spacing of | Number of
Since the traffic flow in all the three study stretch is in stall  (length X | vendors @ (m) | vendors
one particular direction (one-way) widening of footpath breadth) (m) @ 2m spacing
will not affect the traffic flow however in present
condition the pedestrians are using the carriageway 41 From | -
based on the field observation. The footpath is designed starting point
for widening and proper arrangements of vendors are 45 2
done to attain the improvement in pedestrian LOS. 30 2

12 1
5.1 Sampige Road 34 2

(45-55)X1.25 |19 2

Extra 0.5m carriageway is used by pedestrian since the 13 from End | -
width of the carriageway is 11.3m (one-way) any how point
this width is covered by pedestrian widening of footpath 13.7 from Start | -
will not affect the present traffic. point
Vissim result after simulation run travel speed = 9 1
305/300 =1.101 m/s which takes LOS ‘C". 18.5 1

52 2

55 2

35 -

32 From end | -

point
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Chart-4: Graph obtained for Sampige road after

. . improvement
Fig-15: Systematic arrangement of street vendors for P

Sampige road
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Fig-16: size and spacing of vendors stall using Auto cadd
5.2 Avenue Road

The existing footpath width of avenue road is 2.13m
facing the worst condition of pedestrian LOS. Hence the
extra carriageway used by pedestrian is 1.5m is included
in the design proposal by preparing new improvement
simulation model in vissim and without decreasing the
number of vendors they are included in the design.

After preparation of new improvement model the
simulation results obtained the average travel speed =

p-ISSN: 2395-0072

275/243=1.13m/s which comes under LOS'C’ at least
one level improvement is obtained.

"End

, : Stakl
“
«a

Fig-17: systematic arrangement of street vendors for
avenue road

e

PedestianNetworkPerfomanceMeasurement

Il Pecestranlleboor?

Chart-5: Graph obtained for avenue road after
improvement

Table-6: Details of street vendors for avenue road

Number of street
vendors

Spacing of
vendors @ (m)

Size of vendor
stall (length X
breadth) (m)

15 from start

22
29
49
(2-4)X0.90 30

23
33

8 One at each total

6.5 18 in number
20 from End

point

11 from
point

19

18

31

38

13

32

35

23 from end point

start
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Fig-18:size and spacing of vendors stall using Auto cadd

5.3 KR Market

The present width of carriageway of k r market is 7.6m
in which 1m is used by the pedestrian movement so 1m
widening of footpath on both side will not affect the
traffic flow since the traffic flow in this location is one
particular direction. Proper set up of vendors in
improvement model results travel speed = 270/ 304 =
0.88 m/s which comes under LOS ‘D’

Fig-19: systematic arrangements of street vendors for K
R Market

BRR 1A

Denshugidl) SpeetiogAl) Fowhigl) Trsmivgidl] FewTedestiogdl] SpeedTedistingll) Sepstigdl) S Tmbegial

Pedtrn Network Peismance xaaion sl

" " [: )
GRS LARE T FERUR- 5 3 Rt

EEBaENa>H

Fig-20: Values generated for avenue K R Market after
improvement
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Chart-6: Graph obtained for K R Market after
improvement

Table- 7: Details of street vendors for K R Market

N S 8

Size of vendor | Spacing of | Number of
stall (lengthX | vendors @ (m) | streetvendors
breadth) (m)

9.5 from start
point

14.5

21

20

20

27

22

24

12.5
(1.5 - 25) X 29 One at each

0.75 16 total 27

6 from end
point

13 from start
point

19.7

20.5

17.5

20.5

17.3

12

15

25

20

13

7.5

7.5

12.5

6.3

7.5 from end

]
|
]
]

15

Fig-21: size and spacing of vendors stall using Auto cadd
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Fig-22: 3D View during Simulation Run

6. CONCLUSIONS AND FUTURE SCOPE
6.1 Conclusion:

It can be seen that after obtaining all the relevant data
and analysing the same it can be drawn to certain
conclusion as follows:

» It is seen in the above literature review that no
much work is being carried out on this area in
Bengaluru city

» Presence of street vendor in all the selected
stretch have effect on the pedestrian movement
and it has led to effect on LOS

» LOS obtained for existing condition in all three
selected area where Same can be improved by
arranging the street vendors in proper manner
or relocating them from present location

» Micro simulation model was prepared for the
same condition existing in the field and same
was analysed to obtain LOS

» Validation of the results where compared with
the value obtained in the field and validated for
the same.

» Alternate proposal was made for present
condition in the fields to improve the present

scenario and it is evident from above values that
LOS is improved from

» Same can be used in calculation of different
junction and suggesting guidelines which can be
used in different junction to improve the overall
parameters of that particular junction.

» This study is required according to the
questionnaires survey.

6.2 Future Scope:

There are very few studies are carried out on a study of
effect of street vendors for pedestrian level of service.
Hence it is required to study and to provide
improvement for footpath design guide lines. The same
study can be carried for different states of India and IRC
has to prepare generalize design guidelines for the
design of footpath integrating street vendors for
required areas. The more studies have to carry out using
vitalization software like viswalk and compare the
results and propose best design guidelines.
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