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Abstract—Over the last decade, large cities have experienced haphazard industrialization and country-wide
urbanization. As a result, the urban population must travel longer distances in the shortest amount of time. To manage
travel demand, the intersection should provide the least amount of barrier to traffic flow in order to reduce travel time.
These days, efforts are being made all over the world to safeguard the environment and save the planet. In this research,
an attempt is made to investigate numerous crossings in order to reduce delays at these intersections and, as a result,
enhance the level of service. Traffic signals can be synced such that a vehicle leaving from one end of the street and
proceeding at a predetermined speed can reach the opposite end without stopping at a red light. Existing traffic has been
estimated at each intersection, and then signal designs have been created. Optimized signal has been synchronized and
assessed the benefits to improve the level of service at junctions and to minimize delay.

IndexTerms— Signal timing, Synchronization, Delay

l. INTRODUCTION:

The study stretch selected along the major intersection (SHARDA CHOWK TO TELIBANDHA- 3.13KM) serves the huge
traffic community in Raipur city making the need for proper signal design a mandatory need. The synchronization of these major
intersections of the city will be benefited not only by time and money but also in terms of safety and violation against traffic
rules. Thus, synchronization of traffic signal timing at the selected study stretch will allow the smooth functioning of traffic flow.
Webster method is used for the optimization of traffic timings thus more efficient signal timings can be achieved. The journey
time is then calculated by floating car method to calculate the required journey speed through which synchronization can be

done.
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network.

I11. STUDY SPECIFICATIONS & APPROACH FOR SYNCHRONIZATION:

The study area consists of major intersections of Raipur city accommodating in the total length of 3.13 km. The study area
comprises of 6 intersections namely Sharda Chowk, Jaistambh Chowk, Kutchery Chowk, Ghadi Chowk, Bhagat Singh Chowk
and Telibandha Chowk. Each intersections have a four phase signalized traffic system. The reason behind selecting these
intersections is as these intersections possess a large traffic volume of Raipur city.

Fig. 1 Locations
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Fig.2 Study route

130m

KUTCHERY CHOWK

5 BHAGAT SINGH CHOWK ’

3.1 Traffic survey procedure and approach for data collection and designing:

The study consists of the collection of preliminary data and traffic survey analysis. Traffic volume has been recorded during their
peak hours (10:00 AM to 12:00 AM and 6:00 PM to 8:00 PM) for 4 days which consists of 2 weekdays and 2 weekends at each
intersection. The type of traffic i.e., whether the vehicles are light or heavy commercial, decides the type of PCU values to be
adopted as per the IRC. After computing the normal flow rate, these values were converted to PCU per hour.

Saturation flow rates are estimated for each flow direction from 20 minutes of recording during a green time and average data is
calculated by averaging morning and evening data. Cycle lengths are then estimated for each intersection by Webster’s method
and green time is also then calculated for each phase.

Journey time is then estimated by conducting the floating car method. 6 trips were made throughout the study stretch with 3-3
trips in each direction (Sharda chowk to Telibandha chowk - Telibandha chowk to Sharda chowk). The synchronization was then
done for each intersection signal after the calculation of journey speed and time needed for travelling within the intersections.

1 2 3

« Intersection Survey «Conversion into +Signal timing
+Recording of traffic suitable PCU thus calculation by
during peak hours estimated normal Webster method

«Counting of flow «Journey time
vehicles «Saturation flow estimation by
calculation Floating Car
method

+Synchronization

fig.3 flow chart
3.2 Design Calculation Utilized for Traffic Signal
The optimum signal cycle is given by relation:

_ 1L5L+5
_ °T 1-Y
Where, L= total lost time per cycle, sec = 2n+R
n= number of phases
R=all-red time or red-amber time
Y=y1+ V.

Here,
yl =ql/sl and y2 = (2/s2
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Then, GL=T(C,—Lyand G2=32(C,—L)

IV. DATA CALCULATION:
following are the data of traffic signal timing from each intersection

Table 4.1 Traffic design data of Sharda Chowk

SHARDA CHOWK
Type
Intersection ((352?? A(\Srgtt:).(;r Red (sec.) Cytc::lgrlrj;tgth Road Width sig(g)rial
system
Sharda Chowk to Tatyapara Chowk 43 3 104
Sharda Chowk to Jaistambh Chowk 43 3 104 150 seconds 3.75m Fi_xed
Sharda Chowk to Banjari Chowk 36 3 111 ' Time
Sharda Chowk to Gurunanak Chowk 19 3 128
Saturation
Normal flow(PCU/hr) flow Plow | Leznal I%%’;'tﬁ g | AT | Green | Red
(PCUT/hr)
2%4+(2*4) A=31=2
1307 5651.21 0.23 16 120 32 3 31 86
1737.2 6362.8 0.27 16 120 38 3 37 80
500.2 3850 0.13 16 120 19 3 18 99
261.2 2173.81 0.12 16 120 17 3 16 101
Table 4.2 Traffic design data of Jaistambh Chowk
JAISTAMBH CHOWK
Current Type of
Intersection Green Amber Red (sec.) Cycle Road Width s)i/gnal
(sec.) (sec.) Lenath t
g system
Jaistambh to sharda 37 5 108
Jaistambh Chowk to Kutchery Chowk 37 5 108 Fixed
Jaistambh Chowk to Gol Bazar 25 5 120 150 seconds 3.75m Time
Jaistambh Chowk to Moudhapara 22 5 123
Saturation *
Normal flow(PCU/hr) flow f;?ivg Lr_efj tri]r;i” I(; r):;!cﬁ g | Amber | Green Red
(PCU/hr)
1764.9 8042.7 0.22 16 100 27 3 26 71
1346.8 7145.85 0.19 16 100 23 3 22 75
979.9 5463.8 0.18 16 100 22 3 21 76
1000.5 8678.72 0.12 16 100 15 3 14 83
Table 4.3 Traffic design data of Kutchery Chowk
KUTCHERY CHOWK
Current Type of
Intersection Green Amber Red (sec.) Cycle Road Width s)i/gnal
(sec.) (sec.) Lenath t
g system
Kutchery Chowk to Jaistambh Chowk 22 8 90 Vehicle
Kutchery Chowk to Ghadi Chowk 19 8 93 120 6m Actuated
Kutchery Chowk to Moti Bagh 27 8 85 seconds Controls
Kutchery Chowk to Mekahara 17 8 95 (VAC)
Saturation - Cycle
Normal flow flow ';z;(t)ivg Lr_eii tri]r:\?e” Ie%gt g | Amber | Green Red
(PCU/hr) h
1068.15 5086.43 0.21 16 110 | 27 3 26 81
966.5 5685.29 0.17 16 110 | 22 3 21 86
814.5 4072.5 0.2 16 110 | 26 3 25 82
860.35 5735.67 0.15 16 110 | 20 3 19 88
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Table 4.4 Traffic design data of Ghadi Chowk

GHADI CHOWK

Type of
Intersection ((BSreeCe.? A(\sne]sgr Red (sec.) Curlr_eer:]tgilhycle Road Width s)i/gnal
system
Ghadi Chowk to Kutchery Chowk 27 5 78 Vehicle
Ghadi Chowk to Bhagat Singh Chowk 30 5 75 Actuate
Ghadi Chowk to Raj Bhavan 7 5 98 110 seconds 6m d
- T Controls
Ghadi Chowk to Civil Court 12 5 93 (VAC)
Saturation
Normal flow(PCU/hr) flow f;‘t’l"c‘)’ '-r;z*t?r;ae" Er):;ltﬁ g | Amber | Green | Red
(PCU/hr)
615.4 2930.48 0.21 16 100 25 3 24 73
746 3390.91 0.22 16 100 27 3 26 71
237.2 1976.67 0.12 16 100 15 3 14 83
314.9 2099.33 0.15 16 100 18 3 17 80
Table 4.5 Traffic design data of Bhagat Singh Chowk
BHAGAT SINGH CHOWK
Current Type of
Intersection Green Amber Red (sec.) Cycle Road Width s)i/gnal
(sec.) (sec.) Length system
Bhagat Singh Chowk to Ghadi Chowk 19 3 98 Vehicle
Bhagat Singh Chowk to Telibandha Chowk 35 3 82 Actuate
Bhagat Singh Chowk to C M House 23 3 94 120 seconds 6m c c: |
Bhagat Singh Chowk to BTI Ground 22 3 95 (S,'Xg)s
Saturatio *
Normal flow(PCU/hr) n flow f;?ivg Il_r_ezd '3:;1ae| Icé r{;ﬁ g | Amber | Green Red
(PCU/hr)
918.7 3674.8 0.25 16 120 | 35 3 34 83
897.45 5609.06 0.16 16 120 22 3 21 96
1073.35 8256.54 0.13 16 120 18 3 17 100
812.6 3869.52 0.21 16 120 29 3 28 89
Table 4.6 Traffic design data of Telibandha Chowk
TELIBANDHA CHOWK
Current Type of
Intersection Green Amber Red (sec.) Cycle Road Width s)i/gnal
(sec.) (sec.) Lenath t
g system
Telibandha Chowk to Bhagat Singh Chowk 44 5 88
Telibandha Chowk to Gurudwara 28 5 104 137 6m Fixed
Telibandha Chowk to Canal Linking Road 28 5 104 seconds Time
Telibandha Chowk to Katora Talab 20 5 112
Saturation - Cycle
Normal flow(PCU/hr) flow E;?ivg Lr_ei-i tri]r;?a” Ie%gt g Arrrlbe Grr1ee Red
(PCU/hr) h
1335.8 4947.41 0.27 16 120 | 38 3 37 80
624.85 4463.21 0.14 16 120 | 20 3 19 98
1071.3 8927.5 0.12 16 120 | 17 3 16 101
1092.55 4966.14 0.22 16 120 | 31 3 30 87

Flow data converted into Passenger Car Unit (PCU)

Pedestrian timings:
Since pedestrian movement has been majorly obtained at Sharda Chowk and Jaistambh Chowk thus pedestrian green times has to
be designed for these two intersections. The widths of these junctions are 7.5m.
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Pedestrian green = 7.5/1.2 + 7 = 13.25 sec say 14 sec.
Therefore, pedestrian green time for pedestrian movement of 14 seconds is provided.

V. PHASE DIAGRAM :
In the phase diagram the timing of each signal colour will be present into the graphical form.

Sharda Chowk

Sharda Chowk to Gurunanak
Chowk

Sharda Chowk to Banjari

Chowk

Sharda Chowk to Jaistambh
Chowk

Sharda Chowk to Tatyapara
Chowk

= SHARDA CHOWK Green (sec.)
® SHARDA CHOWK Amber (sec.)
SHARDA CHOWK Red (sec.)

Fig. 4.1 Sharda Chowk Phase diagram

Jaistambh Chowk

Jaistambh Chowk to
Moudhapara
Jaistambh Chowk to Gol
Bazar
Jaistambh Chowk to Kutchery

Chowk

Jaistambh to sharda

= JAISTAMBH CHOWK Green (sec.)
® JAISTAMBH CHOWK Amber (sec.)
JAISTAMBH CHOWK Red (sec.)

Fig. 4.2 Jaistambh Chowk Phase diagram

Kutchery Chowk

Kutchery Chowk to Mekahara | |

Kutchery Chowk to Moti B
Bagh
Kutchery Chowk to Ghadi ]
Chowk

Kutchery Chowk to Jaistambh B
Chowk

® KUTCHERY CHOWK Green (sec.)
® KUTCHERY CHOWK Amber (sec.)
KUTCHERY CHOWK Red (sec.)

Fig. 4.3 Kutchery Chowk Phase diagram
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Ghadi Chowk

Ghadi Chowk to Civil Court

Ghadi Chowk to Raj Bhavan

Ghadi Chowk to Bhagat Singh
Chowk

Ghadi Chowk to Kutchery
Chowk

= GHADI CHOWK Green (sec.)
® GHADI CHOWK Amber (sec.)
GHADI CHOWK Red (sec.)

Fig. 4.4 Ghadi Chowk Phase diagram

Bhagat Singh Chowk

Bhagat Singh Chowk to BTI
Ground

Bhagat Singh Chowk to C M
House

Bhagat Singh Chowk to
Telibandha Chowk

Bhagat Singh Chowk to Ghadi
Chowk

® Green (sec.) ™ Amber (sec.) Red (sec.)

Fig. 4.5 Bhagat Singh Chowk Phase diagram

Telibhandha Chowk

Telibandha Chowk to Katora
Talab

Telibandha Chowk to Canal
Linking Road

Telibandha Chowk to
Gurudwara

Telibandha Chowk to Bhagat
Singh Chowk

= Green (sec.) ™ Amber (sec.) Red (sec.)

Fig. 4.6 Telibandha Chowk Phase diagram

V1. SYNCHRONIZATION OF TRAFFIC SIGNAL TIMINGS:

After designing appropriate signal timings for each junction under consideration, they must be synchronized to achieve
maximum trip efficiency by eliminating delay. Because it is almost difficult to synchronise traffic from all approaches to the
junctions, synchronization is performed primarily on all main routes of the junctions to achieve optimum efficiency on
synchronization. The synchronization allows traffic on main routes to flow without stopping at study intersections owing to Red
signal encounters.. All cars travelling along key roads are instructed to travel at a certain pace, and junction signal timings are
changed such that none of the vehicles on main roads of the research stretch experience the Red signal, allowing seamless transit of
vehicles along the study stretch.
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Fig. 4.8 Synchronization chart of the signal timings

VIl. EVALUATION BY FLOATING CAR METHOD:

In order to the evaluate the effectiveness of the project existing Journey speed, Running speed and Delays at the study stretch is
examined by floating car method during the peak hour of traffic flow were journey time, number of vehicle met with opposite
direction and number of vehicles overtaking and overtaken by the test vehicle are noted and analysed as below.

ny = Average no of vehicles overtaking the test vehicle minus the no of vehicles overtaken when the test is in the direction of q
na = Average no of vehicles counted in the direction of the stream when the test vehicle travels in the opposite direction
tw = Average journey time, in minute when the test vehicle is travelling with the stream g
ta = Average journey time, in minute when test vehicle is running against the stream g
g = Average volume= (na + ny)/(ta + tw)
t = Average journey time=tw - (ny/q)
Journey speed = Journey length/Journey time
Table 4.7 Along Sharda to Telibandha

Average no of vehicles overtaking the test vehicle 14
Average no of vehicles overtaken by the test vehicle 15.33
ny -1.33
Na 161.67
tw 5.13 min
ta 6.37 min
Average volume q 13.94 veh/min
Journey length 3.13km
Average journey time, t 5.22 min
Average journey speed 36 kmph
Average delay 1.4 min
Average running time = Average journey time - Average delay 3.82 min
Average running speed 50 kmph
Table 4.8 Along Telibandha to Sharda
Average no of vehicles overtaking the test vehicle 23
Average no of vehicles overtaken by the test vehicle 23
Ny 0
Na 186
tw 6.37 min
ta 5.13 min
Average volume g 16.17 veh/min
Journey length 3.13 km
Average journey time, t 6.37 min
Average journey speed 29.5 kmph
Average delay 1.74 min
Average running time = Average journey time - Average delay 4.63 min
Average running speed 41 kmph

[JSDR2209030| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 176


http://www.ijsdr.org/

ISSN: 2455-2631 September 2022 IJSDR | Volume 7 Issue 9

As aresult, the trip speed from Sharda to Telibandha and Telibandha to Sharda is 36 kmph and 29.5 kmph, respectively, with an
acceptable delay of 1.4 minutes and 1.74 minutes. After synchronisation, the travel speed rises by about 39% from Sharda to
Telibandha and 39% from Telibandha to Sharda, with no vehicle stops at any point throughout the study length. Since the
synchronisation has been completed, the static delay caused by encountering the Red time signal is ideally zero. The
synchronisation is done at 50 kmph for more efficient flow and a shorter trip duration. The table below displays the time necessary

to go between each junction when traffic flows at the design speed of 50 mph.

Table 4.10.3 Time required between two Intersection

Intersection | Distance, km | Time, sec
Sharda Chowk
| 0.13 | 9.36
Jaistambh Chowk
| 0.7 | 50.4
Kutchery Chowk
| 0.25 | 18
Ghadi Chowk
| 17 | 122.4
Bhagat Singh Chowk
| 0.35 | 25.2
Telibandha Chowk

VIIl. MATLAB SIMULATION:

MATLAB is a programming environment designed primarily for engineers and scientists to research and develop systems and
products that will alter the world. At the core of MATLAB is the MATLAB language, a matrix-based language that provides for
the most natural description of computer mathematics.Simulink is a block diagram environment for creating multidomain models,

simulating them before deploying them, and deploying them without writing code.

e Block Diagram:

Studying Traffic Patterns at an Intersection e
Controlled by a Traffic Light b el

t=|

oUTp—iIN @ i : exit w': =[}

Inters ecton Destination
Crossing Delsy

Traftc Sgral Destination - Route 9 East

Intersecion

e = yellowlime + |

Fig. 8.1 Traffic patterns at an intersection Fig. 8.2 Date input block

Teafic Signal Switch
a = h :

obktd.... so XRTTTEY o . 3 - X so o <4 3 - X so o ¥ 3 0 X so XRCTTEY o |

o &0 o0

Fig 8.3 Traffic signal switching be"f;veen the phases of Sharda chowk
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Traflic Signal Switching

Fig 8.4 Traffic signal switching betwg:en the phases of jaistambh chowk

i T T T i ¥ T inm|
o 3 o 50 6 e o)
Fig 8.5 Traffic signal switching between the phases of Kutchery Chowk
i | . .
|
‘ | |
| |
S 25 5 ek 25 5 =
Fig 8.6 Traffic signal switching between the phases of Ghadi Chowk
At T T T I““""‘*‘ “““““““““ i
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Fig 8.7 Traffic signal switching between the phases of Bhagat Singh Chowk
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Fig 8.8 Traffic signal switching betwégn the phases of Telibandha Chowk
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|X. CONCLUSION :

Webster's technique optimizes signal timings, resulting in shorter cycle durations and fewer stoppages.

Why Low red time stoppages result in less mental irritation and a lower probability of red light running.

By synchronizing the route signal timings, travel time is decreased.

When travelling at the design speed of 50 kmph, the timings at each of the six junctions are synchronized.

A 39% improvement in travel speed is recorded once synchronization eliminates waits at crossings.

There will be no idling of automobiles since there will be no delay. As a result, the idle fuel consumption of traffic flow is
minimized, resulting in cost savings for transportation users.

Because there is no idling, there are fewer gas emissions, demonstrating synchronisation to be an ecologically friendly
strategy.

There would be no traffic congestion even at the narrow junctions of Sharda Chowk and Jaistambh Chowk.

The necessity for pedestrian timings was identified at Sharda Chowk and Jaistambh Chowk, for which a 14-second green
pedestrian time was given.

X. FUTURE SCOPE:

The study length chosen provides transportation for a vast community in Raipur, making effective signal design a must.
The synchronisation of these significant crossroads will benefit road users not only in terms of time and money, but also in
terms of safety and avoidance of traffic rule infractions.

The designation of signals leads in reduced congestion at junctions and a lower accident rate since the smooth flow of
traffic is maintained.

Drivers will be less annoyed as a consequence of fewer stops, resulting in fewer red light infractions.

Changing the stopping and accelerating of cars repeatedly leads in a large amount of fuel consumption and therefore
increased pollution; this problem will also be mitigated to a larger extent if fewer stops are made.
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