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This study is the extension of the previous study about “Traffic Service Quantitative
Analysis Method under Developing Country” in 2018 International Conference on
Advances in Computing, Communications and Informatics (ICACCI). In the previous study,
it is introduced how to make quantitative calculation for traffic congestion by traffic
parameters and its characteristics curve such as traffic volume (q) to inverse of vehicle
average speed (=1/v). In order to identify the traffic congestion condition, it is focused on
vehicle speed ratio which is average speed (vVave) to its free speed (vy. And the threshold
level is 2/3 (=Vave/Vy). This 2/3 value comes from Viscous fluids model between parallel flat
plates by using similarity of the viscous fluids flow and the traffic flow in India which is
introduced at the CODATU XVII and UMI Conference 2017. This threshold value definition
needs more traffic theory back up because its similarity between viscous fluids flow and
traffic flow comes from the basis of traffic flow measurement results. In this extension study,
it focuses on the occupancy of one of typical traffic parameter for traffic congestion. When
it is compared between the traffic occupancy measurement data and Speed Ratio, the Speed
Ratio 2/3 is the level of the occupancy 30%, which is used as traffic congestion condition.
According to daily based traffic volume and average vehicle speed, the congestion
condition is occurred by not only those traffic parameter, it is also considered about time
zone traffic condition and its actual traffic condition. One of measurement point is always
congested in the early evening even if its traffic volume is smaller than the morning traffic
congestion. Therefore it is important to analyze traffic condition by time zone. As the result,
it clarifies the relationship between Speed Ratio and occupancy. As the result, there are two
types of traffic congestion in Ahmedabad city traffic.

1. Introduction

introduces the unique traffic characteristics which is useful for
using Envelopment Observation method because there is clear

This study focuses on traffic flow and congestion analysis
especially in the under developing country (India). In the previous
study, it is proposed the traffic service quantitative traffic
congestion analysis method in the International Conference on
Advances in Computing, Communications and Informatics
(ICACCI) [1]. From the actual measurement traffic data study
during more than one month in Ahmedabad city of Gujarat State
in India, the major traffic parameters are extracted from the traffic
fundamental diagram such as traffic density (k) to vehicle average
speed (v) and traffic density (k) to traffic volume (g), which
introduced at the International conference CODATU 2017 [2].

As for obtaining the traffic parameters and analysis, the detail
is explained in the next section. The previous study of CODATU
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boundary in those characteristic and it is appropriate way to define
the traffic parameters from their unique measurement data. The
another phenomenon from the measurement data is vehicle speed
ratio which is the ratio of average vehicle speed (vave) to free speed
(ve). The value of this speed ratio (SR) is valid for understanding
congestion level of each road. When S.R. becomes lower than 0.65,
the condition of road becomes congested. Author found similarity
of this phenomena between the Indian traffic flow model and
viscous fluids model between parallel flat plates.

In this extension of the research, more detail analysis is added
between SR and occupancy of traffic parameter which is used as
traffic congestion level judgement from traffic engineering. In
addition, the relationship between parameter occupancy and traffic
density is described in order to understand traffic congestion
condition. As for the traffic congestion analysis, it also describes
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the time zone base analysis in this paper. From this time zone base
analysis, we found there are two patterns for Ahmedabad traffic
congestion condition. One is heavy traffic density congestion
which follows the traffic flow theory and the other is unheavy
traffic density congestion which is unique in India. Therefore it is
important for considering what is the traffic congestion definition.
when the traffic information is provided from the traffic
information sign board so called VMS or Various Message Sign
on the road.

2. Related Studies

2.1. Traffic Flow Theory and Measurement Analysis of
Ahmedabad city

In the previous study for Ahmedabad traffic flow analysis at
CODATU conference, the traffic fundamental diagram is
introduced such as k-v curve (traffic density (k) to average vehicle
speed (v)), k-q curve (traffic density (k) to traffic volume (¢)), and
g-v curve (traffic volume (g) to vehicle speed (v)). This analysis
has been continued since Ahmedabad ITS or Intelligent Transport
Systems business project from October 2014. The project is
providing Ahmedabad city to provide its traffic condition for the
drivers through VMS. The ITS system consist of four VMSs and
14 traffic monitoring cameras. The traffic flow condition is
captured by the traffic monitoring cameras and its result of analysis
is shown at the VMS for considering change route or using other
transportation choice. The Ahmedabad ITS system configuration
is shown Figure 1.

Traffic Information input Traffic management Traffic Information output

Dual data.
transmission

Dual Data
Transmission

Map data base & ‘
Road link info.

Figure 1: Ahmedabad ITS system configuration

In the CODAU study, authors found the unique characteristics
of Ahmedabad traffic flow measurement data. There is clear
boundary in each traffic fundamental diagram. The k-v curve and
k-g curve at Camera#1 are shown in Figure 2.

K-V curve @Camera#1(2015.6) K-V curve @Cameratti (2015.6)
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Figure 2: Traffic Flow Characteristics at Camera#1

From Figure 2, there is clear boundary in each characteristics
curve by envelop observation. The other characteristics at other
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location are similar results which are omitted in this paper. When
these boundary are taken as traffic flow characterizes, it is able to
adjust traffic flow characteristics curve from traffic flow equation
to the envelop line. The Figure 3 shows the example of adjustment
result between traffic flow theoretical curve from its equation and
the measurement data at Camera#1.
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Figure 3: Traffic Flow Characteristics at Camera#1

In terms of traffic equation form the theory, traffic density (k) to
traffic speed (v) equation is given by (1) and traffic density (k) to
traffic volume (g) equation is given by (2). The equation (1) is so
called Greenshields [3] curve.

k
v=vf<1—k—j> 1

ve: free speed

ki : jam traffic density

2
N A @
" k,-< 2) T2

The theoretical curve illustration is shown in Figure 4.

V7« free speed A e critical traffic volume
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Figure 4: Theoretical Traffic Flow Curve

In the advanced country traffic flow, the actual measurement
plots including Japan [4] are aligned with theoretical curve and or
near boundary in Figure 4. Therefore the traffic characteristics
curve from measurement in Ahmedabad is quite different from
those of the advanced countries (refer to Figure 2).

2.2. Quantitative Traffic Congestion Study in Ahmedabad

The traffic congestion problem in developing countries
become more serious situation these days, especially in India.
Therefore it is crucial to establish for analysis method about the
traffic congestion quantitatively. In the International Conference
on Advances in Computing, Communications and Informatics or
ICACCI, T.Tsuboi proposes quantitative traffic congestion
analysis based on the actual traffic measurement in Ahmedabad.
In this paper, it is introduced the traffic congestion by vehicle
speed ratio (SR) which is the ratio of the average vehicle speed
(Vave) to the free speed (vr). In ICACCI paper, it is defined that the
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threshold level of traffic congestion is 0.65. The comparison SR
at each traffic camera location is shown in Figure 5. According to
Figure 5, the Camera#2 is most small value. And the actual daily
traffic flow (traffic volume and average vehicle speed) at
Camera#2 in June 2015 is shown in Figure 6 (a) and (b). From
Figure 6(b), the average vehicle speed is lower than 20km/h,
which shows the traffic congestion occurred [5].
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Figure 5: Traffic Speed Ratio Comparison in Ahmedabad
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Figure 6: Daily Traffic Flow condition at Camera#2

From Figure 6 (b), it is a clear difference that Camera #2
vehicle velocity ratio is lower than other locations. According to
traffic flow theory, most of measurement data of g—k curve is
located at shadow area in Figure 7. And free traffic flow area is
bottom part of ¢ — k curve; jam traffic flow area is top of ¢ — &
curve. But our measurement data of ¢ — k curve in Camera # 2 is
located inside g — k curve (refer to Figure 7). The speed ratio of
inside curve area is lower than 0.65 which means that its traffic
condition becomes congested.
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Figure 7: ¢ — k Curve at Camera#2

In order to identify that inside curve area is under congested
condition, we divide between two areas. One area has speed ratio
equal and less than 065 and the other area has speed ratio more
than 0.65. Figure 8 shows those two areas. According to Figure 8,
the speed ratio equal and lower than 0.65 (= 2/3) is inside envelope
line area. According to the previous traffic flow analysis, the
threshold between free flow and congested flow occurs at the
average vehicle velocity (vave) < 2(v) /3 [2]. Therefore the traffic
flow capacity is able to obtain by our envelope data analysis and
it is able to be described by the traffic flow equation. This is the
first time to show emerging countries traffic analysis and brings
basic traffic flow parameters by boundary traffic analysis. And
vehicle velocity ratio of average speed by free speed is good
reference of explaining traffic jam condition; the critical value of
speed ratio is 0.65 in this paper.
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Figure 8: g — k measurement data by vehicle Speed Ratio at Camera#2

In terms of traffic congestion analysis, the congestion social
loss analysis theory [6] is used. From the traffic flow theory,
traffic volume (gq) is mathematical product by vehicle velocity (v)
multiplying to traffic density (k) shown in (3).

q=vXk 3)

Since the vehicle velocity (v) is inverse of travel time (¢), then
the vehicle velocity is described as v = 1/¢£. Therefore traffic
volume (gq) is a function of travel time (f). Assuming that the
traffic user’s opportunity n per unit time is constant, travel time
() is proportional to the cost of traffic congestion. In another word,
the relationship between traffic volume (¢) and travel time (7)
means the traffic supply curve of the relationship between traffic
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service supply and cost. In order to analyze traffic volume (g),
differentiating e (3) by (¢) provides (4).

dq dk 1
= mr)e @)
When vehicle velocity (v) becomes large volume (travel time
becomes small value), traffic density (k) becomes small value and
then dk/dv < 0. Therefore he value in parenthesis of (4) is negative
and then dg/dt becomes positive value. This relationship is
illustrated in Fig.8. The supply curve line rises to the right from
travel time (1/v¢) to (1/v¢), which means private cost curve for
transportation. And when (v) becomes small value (travel time (¢)
becomes large value), the value in parenthesis of (4) becomes
positive and the supply curve drops to the right, which
corresponds to private cost curve drops to the right.
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Figure 8: Road Traffic Service Market

In Figure 8, the point A is called hyper congestion condition at
critical traffic volume (g.) when traffic volume becomes larger
beyond point A, travel time takes longer because of traffic
congestion. There are two travel time (f) except point A. For
instance, there are point E and point B at a certain traffic volume
(Ox). In case of point B, the travel time takes longer than that of
at point E. If traffic demand curve D-D is given, the point E is
cross point between demand curve D-D and supply curve which
provides balance condition between traffic demand and supply. If
social cost curve is given, the point E* becomes balance point
between traffic demand and social cost. Then area CE*E provides
traffic service cost loss caused by traffic congestion because
infrastructure should cover at the level of traffic volume (Qx) at
the point E and social cost rises at the point C where its traffic
volume (Qy) is same as that of at the point E. Therefore area CE*E
is defined as the public welfare loss which means traffic
congestion social loss.

In order to calculate the public welfare loss from measurement
data, it is necessary to define condition for each curve of Figure 8
from the actual measurement analyzed data. The condition of
traffic congestion social loss is as follows:

e  Supply curve is g— v curve form envelopment observation.

e  The critical speed (vc) is used at SR=0.65 because this
point is congestion threshold.
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. Demand curve D-D is used from actual measurement
traffic data.

. The social cost curve is unknown under this condition.
Therefore BE* liner curve is taken.

e The congestion social loss is defined as area BE*E
instead of area CE*E.

The Figure 9 shows the congestion social loss calculation
example at Camera#2 with this quantitative social loss analysis.
The result of Social loss analysis at all locations shows in
Table 1. According Table 1, it is clear relationship between
Speed Ratio (SR) and Social loss value.

Road Traffic Service @#Cam2 (2015.6)
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Figure 9: Road Traffic Service Market at Camera#2

Table 1: Social Loss and Speed Ratio

Location SR(vave/ve) | Social Loss
Camera#1 0.66 3.3
Camera#2 0.57 8.1
Camera#3 0.66 3.1
Camera#4 0.69 3.2
Camera#5 0.69 2.0
Camera#6 0.63 2.2
Camera#7 0.69 1.3
Camera#8 0.73 0.2
Camera#9 0.69 1.6
Camera#10 0.67 2.4
VMS#3 0.72 0.7

3. Traffic Congestion Analysis

In the previous section, the envelopment observation method
is used for getting traffic flow equation from its measurement.
Based on the each traffic flow equation, new quantitative social
loss of traffic congestion analysis is introduced. In terms of traffic
congestion judgement, the average vehicle speed is used. This
average vehicle speed is different at each road and its condition.
Therefore it is necessary to have some relative vehicle speed
compared with normal driving speed which is taken as free speed
in this paper. As for traffic congestion judgement, the average
speed is not only parameter but also the traffic occupancy for
example.

3.1. Traffic Occupancy

The traffic occupancy is used for one of parameters which
shows the level of traffic congestion condition. There are two
traffic occupancies in the theory, time occupancy and space
occupancy. In real traffic management, time occupancy is often
used for the freeway [7]. In this section, time occupancy is used.
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The time occupancy is defined the percentage ratio between total
measurement time (f) of the vehicles to a certain block of road
section under certain time frame. The formula of time occupancy
is provided by (5).

1
0C = ?Z £, x 100 (%) )
13

where T is time of measurement, (#;) is detected time of vehicle
(1)I8].

When number of existing vehicle a certain section is (N),
average length of vehicle is (1) in (6) is given.

q- -
0C =100—1 =100kl

- ©6)
Therefore occupancy (OC) is proportional to traffic density (k)

and traffic volume (g).

From the one month measurement data of Camera#1 and #2 in
June 2015, traffic density (k) to occupancy (OC) relationship are
shown in Figure 10. According to Figure 10, the relationship
between (k) and (OC) is proportional.
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Figure 10: Example of k£ — ¢ curve at Camera#1 and Camera#2

From Figure 10, it seems that the measurement data is plotted
into two groups. In the section 3.3, time zone analysis is introduced
because traffic congestion is dependent with time of a day (refer to
Figure 6) [9].

3.2. Daily Traffic Condition

In this section, a daily traffic changes of traffic volume and
velocity is described. In Figure 11, there are two cases of daily
based traffic condition at Camera#1 and #2. The graph shows one
month traffic volume changes from 7:00 am to next day 6:00 am
and average vehicle velocity changes. There are two peaks of
traffic volume in each case. One peak occurs between 7:00 am to
10:00 am and the second peak occurs between 18:00 to 20:00.
When vehicle average speed is concerned, there is not so much
changes of velocity in Camera#1 but different speed at Camera#2.
In case of Camera#2, there is a drop during the second peak
volume of traffic. And each graph shows classification by four
cases—total one month average, weekday, Saturday, and Sunday.
According to Figure 11, there is traffic jam in Camera#2 between
18:00 to 20:00 and the average vehicle speed goes down to less
than 20 km/h which is confirmed the speed under heavy traffic
congestion through the recorded traffic monitoring video data.

WWwWw.astesj.com

Traffic Volume @ Camera#1(2015.6)

——Qave ~B—Queek

Velocity @ Camera#1 (2015.6)

Qm —<Qm ——Vawe B=Vweek —a-Vsa ==Vsu

T . R
3 1500 - g W
g / . & .

e / - y E30 =

£ 1000 3 <

El 2 220

: TR\ x| g

g™ g

& 0 0

78 910111213141516171819202122230 1 2 3 4 5 6 7 8 910111213141516171819202122230 1 23 4 5 6

Time Zone Time Zone

(a) Daily Traffic Condition at Camera #1
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(b) Daily Traffic Condition at Camera#2
Figure 11: Daily Traffic Condition at Camera#1 and Camera #2
3.3. Occupancy and Traffic Density

As described in section 3.1, time zoning is adapted into Figure
10. In this section, six time zone is defined as shown in Table 2

Table 2: Social Loss and Speed Ratio

Zone Name Time Zone
Tl 7:00 — 10:59
T2 11:00 — 14:59
T3 15:00 — 18:59
T4 19:00 — 22:59
T5 23:00 — 2:59
T6 3:00 — 6:59

There are 6 time zones such as T1 is defined time frame from
7:00 am to 10:59 am which is most congested time frame as we
see in Figure 11. And T4 is defined time frame from 19:00 to 22:59
which is the second congested time frame. In case of using this
Time Zone classification for k - OC curve, Time Zone based k -
OC curve is shown in Figure 12. In this paper, we focus on the
characteristics at Camera#1 and #2.

K -OC chart @ Camerag1 K -OC chart @ Camera#2

Oovuoansy %)
Dzeupancy (%)

“Traffc Deneity (peasken)

“Trafic Density (pastm)
Figure 12: Time Zone based k — OC curve at Camera#1 and Camera#2
When the Time Zone based analysis, it is clear two groups data
plot in Camera#1, where there is no traffic congestion condition

compared with that of Camera#2. From the result of Camera#1
analysis, the upper group in k£ — OC curve comes from majority of
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T4 (19:00-22:59). The lower group in £ —OC curve comes from
T1, T2, and T3. In another words, upper part of T4 is relative lower
density compared with lower part of T4. This means there are two
types of traffic congestion condition. Therefore one type of traffic
congestion is defined as low density traffic congestion (herein after
it is called as Low density Congestion) and the other one is higher
traffic density congestion (herein after it is called as High density
Congestion).

The next section describes traffic volume to occupancy and
average vehicle speed to occupancy in order to understand the
traffic congestion condition with other traffic parameters.

3.4. Occupancy and Traffic Volume and Speed

In Figure 11, it is shown about the daily traffic condition by
traffic volume and average vehicle speed. In this section, it adapts
Time Zone basis analysis for g-OC curve and v-OC curve in order
to understand relationship between traffic volume to occupancy
and average vehicle speed to occupancy.

The Traffic volume (g) to Occupancy (OC) Time Zone basis
relationship at Camera#1 and #2is shown in Figure 13.

Q-0C chart @ Camera#1 Q-0C chart @ Camerafi2
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Figure 13: Time Zone based ¢ — OC curve at Camera#1 and Camera#2

From the ¢ — OC curve at Camera#1 in Figure 13, it shows
more clear about difference between Low density congestion area
and High density congestion area. The Low density congestion
occurs in T4. It looks same trend of characteristics at Camera#2
but there is no clear two groups separation between Low density
congestion and High density congestion.

The next Figure 14 shows average vehicle speed (v) to
Occupancy (OC) relationship.

V-0C chart @ Camera#t V-0OC chart @ Cameras2

Corugaray ()
Corurney ()

Velocityfate)

Figure 14: Time Zone based v — OC curve at Camera#1 and Camera#2

From Figure 14, it is clear that traffic congestion at lower than
30km/h occurs above 30% Occupancy condition.

Here is a question why Low density congestion occurs. It is
considered at the next discussion section.
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4. Discussion of Low density congestion

According to all traffic measurement location in Ahmedabad,
the location Camera#2 is the most congested condition location
(refer to Figure 5). And traffic condition during T4 time zone
becomes most congested as described in previous section. The
traffic volume at T4 of Camera#2 is the second peak of traffic
volume in a daily condition as shown in Figure 6 (b) and Figure 11
(b). The highest peak of traffic volume occurs at T1 and T2.
Therefore it is possible to define that High density congestion
occurs at T1 and T2 and Low density congestion occurs at T4.

There is one more traffic parameter which is called Headway.
The Headway is defined the distance between the front of driving
vehicle group and the front of the second driving vehicle group
(refer to Figure 15).

Headway (hn) Headway(hn+1

— mm m

Figure 15: Headway definition

It is relative true the relationship between the small value of
Headway and traffic congestion because its traffic density is large.
The Headway (h) and the traffic density relationship is described
(7) from the theory.

E—l—v 7
where h is average of headway. From (7) and (6), (8) is given.
7= 1 1001
kT~ oc ®)

From (8), the headway (h) is inverse proportional to occupancy
(OC) with the average of vehicle length (1). The average of vehicle
length is difficult to get from real measurement. Therefore the
relationship between the average headway (h) to occupancy (OC)
is not exactly inverse relation. The Figure 16 shows h - OC curve
at Camera#1 and #2. The vertical axis is legalism for clear display.
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Figure 16: Time Zone based

From Figure 16, the traffic congestion occurs at T4 Time Zone
and its Occupancy is above 30%. In this analysis, it is difficult to
clarify between Low density congestion and High density
congestion. The difference of Low density congestion and High
density congestion becomes clear from traffic volume to
occupancy or traffic density to occupancy relationship.

When it check the Time Zone of Low density, T4 and time
period is from 18:00 to 22:59. After discussion with local traffic
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police, they observe that the Low density congestion may be
caused by limitation of parking space in the city. In the evening
after work, the residents of Ahmedabad stop by restaurants and or
shopping place and they make parking their vehicle at not
permitted place such as along the street. Therefore this parking
issues have potential for creating Low density congestion. If so,
there is a solution for Low density congestion by preparing
appropriate parking space for restaurant and shopping. The reason
why the Low density congestion is detected by the traffic
monitoring cameras is assumed that the collecting data is based on
number of driving vehicles, not parking vehicles. For the traffic
monitoring cameras, they take the vehicles as a part of side roads,
which means parking vehicles make roads just narrow path and is
unable to count the vehicles number as their traffic density. This
situation tells that it is important to judge the traffic monitoring
data by not only numerical data from the monitoring camera but
also actual visual data.

In terms of quantitative social loss analysis method, the
demand curve in Figure 9 is used from the measurement data,
which is described as the condition of the quantitative social loss
analysis method. When Figure 9 is mapped by time zone, it
becomes Figure 17.
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Figure 17: Time Zone based ¢-1/v curve at Camera#2

From Figure 17, Low density congestion area at T4 is located
inside the demand curve. Therefore it is able to confirm proposed
quantitative social loss analysis is valid.

5. Summary

In this study, there are three features for Indian traffic flow
analysis.

e  Feature 1: Introduce envelop observation method based
on traffic flow data to provide traffic flow fundamental
characteristics by traffic flow equation. It is able to get
traffic flow parameters from this equation i.e. jam
density (k;), free speed (vr).

e  Feature 2: Propose quantitative social loss of traffic
congestion method by only using traffic measurement
data. As for critical speed (v.), it is defined by Speed
Ratio (SR)—average speed (vave) to free speed (v)) —0.65
or 2/3 of (vf), which is based on traffic flow analysis in
India.

e Feature 3: There are two types traffic congestion
condition in India, Low density congestion and High
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density congestion. It is presumed that Low density
congestion mainly is caused by parking vehicle problem.
Therefor Indian Traffic congestion occurs not only by
large number of vehicles but also other infrastructure
issues.

All this study analysis is based on one month of real traffic
flow data in Ahmedabad city. It is necessary to have more
different timing, location i.e. place, city, country. It is also
important to have traffic video data in order to evaluate traffic
congestion condition and understand congestion reason. The
above all research items are future work.
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