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Abstract: Traffic Congestion affects the urban cities very much. The daily life of the people is affected due to this traffic congestion. This
affects the economy of the country directly or indirectly. Therefore, there is a need of an automated traffic light controller to reduce the
traffic congestion so that the people have to wait less. In this paper, we introduce a traffic light controller for urban cities using fuzzy
approach.
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1. Introduction

Traffic Congestion is one of the real-life problems which is 2.1. Inputs:

based on the uncertainty and imprecision. A fuzzy set theory is e Number of Vehicles: This indicates the number of vehicles
applicable to solve the problem based on uncertainty and present in a particular lane of the intersection.
imprecision. The concept of fuzzy set theory is introduced by e Speed of Vehicles (in km/h): This indicates the speed of
Zadeh, Lotfi A. [1], [2]. In 1990, the concept of fuzzy logic is vehicles passing at the intersection.

introduced by Zadeh, Lotfi A. [3] and the application of fuzzy e  Weather Condition (in percentage): This indicates that
logic [4], [5] is introduced as a traffic signal controller. Jensen how is the visibility at the intersection, where traffic is
et al [6] provide the dataset with traffic lights and stereo vision congested. The visibility is affected by fog, generally in
to improve traffic light recognition. winter season.

Dharmendra Kumar and J.P. Tripathi [7] introduced a paper in 2.2. Outputs: The output is Traffic Flow Time. This
which the importance of fuzzification and defuzzification in indicates the time it takes for traffic to flow.

Traffic Light Controller (TLC) has been explained. They have

also studied the different Traffic Signal Controllers (TSLs) and 3. Linguistic Variables (LVs) of Input and
found the comparison between two recent TSLs [8]. They have Output

developed a TLC using Fuzzy Logic in 2023 [9]. Here we have selected four linguistic variables for each input

and output. The ranges of each linguistic variable of inputs and
2. Fuzzy Inputs and Output outputs are given in the Table — 1 given below;
The traffic light controller proposed in this paper is a fuzzy logic
controller based on three inputs and one output. The inputs and
output are given as follows

Input Output
No. of Vehicles Speed Olzr:,]/z:])ides (in Weatgee:;ﬁ?:sg?n (in Traffic Flow Time
Range LV Range LV Range LV Range LV
0-20 Very Less 0-20 Very Low 0-20 Very Bad 0-2 Very Less
15-60 Less 15-40 Low 15-50 Bad 01-Mar Less
50-110 Medium 30-70 Medium 45-75 Average 02-Apr Medium
90-150 High 60-100 High 70-100 Good 03-May High
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The membership functions for the first input “Number of
Vehicles” are defined as —
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The membership functions for the second input “Speed of
Vehicles” are defined as —

0 , x<0
ad 0<x<10
10 P USXS
upz(x) = 0—x e (5)
10<x<?2
10 , 10<x <20
0 s x> 20
0 , x<15
x—15 15<x <275
x .
() =d 125 ' T
ﬂL(x) - 4_0 —x 07 5 - - 40 (6)
125 P AT S XS
0 , x > 40
0 , x < 30
x—30
20 , 30<x<50
wig(x) = 70 — x oerer T @)
20 ’ sX=
0 , x>70
0 ) x < 60
® ";go , 60 <x <80
ug(x) = e (8)
& X 80<x <100
0 s x> 100

5. Fuzzy If — Then Rules:

The thinking process of traffic police to handle traffic
congestion can be converted into fuzzy If-Then rules. Here

The membership functions for the third input “Weather
Condition” are defined as —
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The membership functions (MF) for the output
“Traffic Flow Time” are defined as —

0 ) x<0
X
pyr(x) = 2 e (13)
1 , 1<x<2
0 ) x> 2
0 )
x-1 <
pr(x) = 31_x ......... (14)
- ) <x<3
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1
0 , x> 4
0 , x<3
[x—3
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Hﬁ(x)z{s e (16)
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1
0 , 5

we have constructed 64 fuzzy if-then rules on the basis of
three inputs to get the appropriate traffic flow time as
output, which are given below —
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Fuzzy Rule

Rules Input Outputs
No. No. of Vehicles Speed of Vehicles Weather Condition Traffic Flow Time

1. VL VL VB L
2. VL VL B L
3. VL VL A VL
4. VL VL G VL
5. VL L VB L
6. VL L B L
7. VL L A VL
8. VL L G VL
9. VL M VB VL
10. VL M B VL
11. VL M A VL
12. VL M G VL
13. VL H VB VL
14. VL H B VL
15. VL H A VL
16. VL H G VL
17. L VL VB L
18. L VL B L
19. L VL A L
20. L VL G L
21. L L VB L
22. L L B L
23. L L A L
24, L L G VL
25. L M VB L
26. L M B L
27. L M A VL
28. L M G VL
29. L H VB L
30. L H B L
3L L H A L
32. L H G VL
33. M VL VB H
34. M VL B H
35. M VL A H
36. M VL G H
37. M L VB H
38. M L B M
39. M L A M
40. M L G M
41. M M VB L
42. M M B M
43. M M A H
44, M M G H
45, M H VB M
46. M H B M
47. M H A L
48. M H G L
49. H VL VB H
50. H VL B H
51. H VL A H
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6. Fuzzy Logic Controller:

The proposed Traffic Light Controller (TLC) has been
developed by using mamdani FIS tool in MATLAB and
designed as given in Fig.1 —

Fuzzy Logic Designer: Untitled - X
|
File Edit View
XA}
-
' . -
No. of Vehicles - |
! 7: ; ; Untitled
‘ {mamdan)
Speed of vehides -1
— e e - -
" - o
i M Traffic_Flow_Time
| Westher Condition
[FIS Name: Uniited FIS Type mamdani ]
4| [ And method min v Current Variable
][ or metnog = || Traffic_Flow_Time
1 — Type output
Implication min .
: Range [01]
Aggregation max v
Defuzficaton m— ]

Renaming output variable 1 to "Traffic_Flow_Time" ]

Fig. 1. Mamdani FIS

6.1. (i) First Input (Number of Vehicles):

The membership Functions defined in the equations (1) to (4)
are plotted by using Membership Function Editor, which is
shown in Fig. 2.
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6.1. (ii) Second Input (Speed of Vehicles):

The membership Functions defined in the equations (5) to (8)
are plotted by using Membership Function Editor, which is
shown in Fig. 3.

~ Membership Function Editor: Untitled - X
[Flle Edit View

| FS Variables | Membershipfunctio‘nplots‘y T

VL L M H
il of Vehiclesitpitl
N
>
eed of Vehicles

ather Condition

05F

I I I I 1
W 20 3 40 50 60 70 BO 90 100
input variable *Speed of Vehicles'

Current Variable Current Membership Funcion (click on MF to select)

Name Speed of Venicl: || Name H

Type

Type input trimf v

Params .
50 80 100)
Range ] [ |

Display Range o100

=

{Chanqing parametrfor W o 5030100 ]

Fig. 2. Membership Function (Speed of Vehicles)

6.1. (iii) Third Input (Weather Condition):

The membership Functions defined in the equations (9) to (12)
are plotted by using Membership Function Editor, which is
shown in Fig. 4.
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File Edit View

1Membership Function Editor: Untitled - X
|File Edit View FIS Variables Membership function plots el 11
FIS Variables Membership function plots e 181 VB B A G |
1 VL L M H
o
Eo‘ of Vehiclestputl
ael | zed of Vehides 7
zed_of_Vehicles
ather_Condition
ather_Condition ) T T N & T
f T 0 10 21 30 4 0 60 70 80 90 100
; t T 1Y hl\ . =L ] Input variable "Weather Condition*
o v.ar\a £ 0.0 e Current Variable Current Membership Function (click on MF to select)
Current Variable Current Membership Function (click on MF to select) b
Name No._of Vehicles || Neme u Name Weather_Conditior || Name
Tyoe input Tiee trimf - Type i b timt v
Range o5 Params [90 120 150] Range 0400] Params
Display Range 19 45 l Display Range 19 ¢0p) l
Changing parameter for MF 4 to [90 120 150] l Changing parameter for MF 4 to [70 85 100] ]
Fig. 3. Membership Function (No. of Vehicles) Fig. 4. Membership Function (Weather Condition)
6.2. Output (Traffic Flow Time): Similarly; we can view the inserted rules graphically by going to
The membership Functions defined in the equations (13) to (16) the Rule Viewer section of FIS which are shown in Fig. 7.
are plotted by using Membership Function Editor, which is
shown in Fig. 5.
|Membership Function Editor: TLC —x| Rule Viewer: TLC -x|
File Edit View ‘ File Edit View Options |
FIS Variables Membership function plots REEl 131 | No. _of Vehicles=75  Speed_of Vehicles = 50 Weather_Condition= 50 Traffic Flow Time=4 |
T T

il W L M H

0, of VehitfiesFlow Time

eed_of Vehices

ather_Condition

O L

n
05 1 15 2 25 3 35 4 45 5

L T T T T T

10

11

12

13

14

15

16

17

2l \ 18

output variable 'Traffic Flow Time* -

Current Variable Cumrent Membership Function (click on MF to select) %%
23

Name Traffic_Flow_Time || Name w gg
Type oufput Tyee frimf v %
Params %

Range 09 012 %(lj

]
DiglyRence 115 l {\npm [75:5050] “P\Mpomts o ]Move: ]

Selected variable "Traffc_Flow_Time" l [O”E““ SREMNIECITE ] { ]
Fig. 5. Membership Function (Traffic Flow Time) Fig. 7. Rule Viewer

6.3. Fuzzy Rule:
We inserted all the 64 fuzzy If — Then rules by going to the Rule
Editor section of Mamdani FIS which are shown in Fig. 6.
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Rule Editor: TLC - X
File Edit View Options

Weather_Condition is B) then (Traffi *
ther_Condition is B) then (Traffi
ther_Condition is A) then (Traff

57. If (No._of_Vehicles is H) and (Speed_of_Vehicles is M) an
1l /58. 1f (Mo._of_Vehicles is H) and (Speed_of_Vehicles is M) an
59. If (No._of_Vehicles is H) and (Speed_of_Vehicles is M) an
4]/80. If (No._of_Vehicles is H) and (Speed_of_Vehicles is M) and (! ther_Condition is G) then (Traffi
61. I (Mo._of_Vehicles is H) and (Speed_of_Vehicles is H) and (Weather_Condition is VB) then (Trai
62. If (No._of_Vehicles is H) and (Speed_of_Vehicles is H) and (Weather_Condition is B) then (Traffi
63. If (Mo._of_Vehicles is H) and (Speed_of_Vehicles is H) and (Weather_Condition is A) then (Traffi
B4. If (No._of_Vehicles is H) and (Speed_of_Vehicles is H) and (Weather_Condition is G) then (Traffi
»

If and and Then
No._of_Vehicles ~ Speed_of_Vehich  Weather_Conditic Traffic_Flow_Tim
VL VL VB VL
L L B L
M M A 10l
H H G H
none none none none
not not not not
7| - Connection ‘Weight:
Clor
(®)and 1 [ Delete rule ] [ Add rule J [ Change rule ]
[The rule is added H ]

Fig. 6. Rule Editor

Results and Discussion:

After inserting the three inputs, we get the required output
according to the given fuzzy rules. Some examples are
given as;

e If No. of Vehicles =75, Speed of Vehicles=50,
Weather Condition=50, then the Traffic Flow
Time=4 min.

e If No. of Vehicles =7, Speed of Vehicles=70,
Weather Condition=55, then the Traffic Flow
Time=1 min.

e If No. of Vehicles =100, Speed of Vehicles=30,
Weather Condition=20, then the Traffic Flow
Time=3.5 min.

e If No. of Vehicles =120, Speed of Vehicles=50,
Weather Condition=90, then the Traffic Flow
Time=4 min.

e If No. of Vehicles =125, Speed of Vehicles=60,
Weather Condition=60, then the Traffic Flow
Time=4.5 min and so on.

Conclusion:

The proposed traffic light controller is more flexible and
give the better performance than all erstwhile controllers.
This TLC consists of three inputs to perform traffic flow.
This controller is applicable to provide the appropriate
traffic flow time so that traffic congestion can be reduced
with less waiting time. Thus; traffic congestion can be
handled by using this TLC in any case of visibility.
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