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Abstract—TrafTic light controller holds an important role in
maximizing traffic flow. However, normal traffic light
controller with fixed phase duratiop is ineffective to handle
traffic with variable density. Therefore, this paper proposes a
fuzzy logic controller to improve the flexibility of traffic light
controller in handling variable traffic density. Furthermore,
the fuzzy logic controller is optimized using Harmony Search
algorithm. The proposed fuzzy logic controller is marked by its
capability to decide which lane will have green phase. Also, it is
capable to extend and terminate a green phase or a red phase.
An observation on an intersection at Bekasi, the fifth largest
city in Indonesia, is done to provide a real case simulation for
comparing the proposed fuzzy logic controller and the existing
controller. The simulation shows that the optimized fuzzy logic
controller outperforms the existing fixed-duration controller.

Keywords-traffic light controller; fuzzy logic; Harmony
Search algorithm

I: INTRODUCTION

The increasing number of vehicles in Indonesia has led to
traffic congestion problem especially in major cities. Travel
time, environment quality, and road safety are adversely
affected as the result of traffic congestion. It may be caused
by a number of factors such as density of vehicles on the
road, driving habits, social behavior, and traffic light system.
The traffic light system is in turn highly influenced by the
control scheme applied into it. In Indonesia, the traffic light
controller commonly implemented is a fixed-duration one.
This kind of traffic light controller allocates a fixed time for
greed phase and red phase, which is rather ineffective during
the ume interval in which the traffic density is low. The
fixed-duration traffic light controller keeps the programmed
phase duration in a lane even when there are no vehicles
coming to it. Therefore, a new traffic light controller based
on fuzzy logic is designed to improve the fixed-duration
traffic light controller. Furthermore, the Harmony Search
algorithm 1s employed on the purpose of optimizing the
membership function of the fuzzy logic controller.

This paper has been organized as follows: first a brief
explanation about the proposed fuzzy logic controller will be
presented. Afierwards, the lane modeling is discussed. The
application of Harmony Search algorithm to optimize the
fuzzy membership function follows in the next section.
Finally, the simulation results using artificial data and
observation data are presented.
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1. Fuzzy LoGIC CONTROLLER

In traffic light control using fuzzy logic, there are several
approaches introduced by researchers. 'One considers the
number of cars to decide the extension time for green phase
[1]. Sensors are placed behind the traffic light and at a
certain distance away from the traffic light. The number of
cars coming during a green phase is named arriva/ while
during a red phase denoted as quewe. The extension of green
phase 1s decided based on arrival and queue.

Another approach uses multi-level signal control [2]. The
first level is the fuzzy green phase extender function and the
second level acts as the fuzzy phase selector. The fuzzy
green phase extender decides whether to extend or 10
terminate the current green phase. If the decision is 10
terminate the green phase, the lane which will be given the
next green is decided by the fuzzy phase selector. based -
the average queuing length of all lanes with red phase.

The new fuzzy logic controller proposed in this paper has
IwWo main parts. The first part is the Urgency Module, which
processes the inputs from each lane to become the urgency
level using fuzzy logic. The second part 1s the Decision
Module, which decides whether 1o extend or terminate the
current green phase and give it to another lane. ba-ed on the
urgency level of each lane. The general overview of the
proposed fuzzy logic controller can be seen in Fig. 1.
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Figure 1. General scheme of the proposed fuzzy logic traffic light
controller

The inputs for the Urgency Module are the number of
queuing cars (OC) and the duration of the current traffic light
signal from each lane. The number of queuing cars of each
lane cuntﬁbme_ﬁ with identical weight to the urgency level of
the lane. The Increasing number of queuing cars increases
the urgency Ievel_ of the particular lane. For lanes currently in
red phase, the Increasing duration of traffic light signal
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increases the urgency level, while it will decrease the

urgency level for the lane currently in green phase. Therefore,

there are two fuzzy logics emploved in the urgency module,
RedPhase Fuzzy and GreenPhase Fuzzy.

The RedPhase Fuzzy processes the urgency for all lanes
currently mn red phase to become the urgency level of each of
the lanes. The GreenPhase Fuzzy evaluates the mnputs from
the lane currently in green phase. Afier evaluating each
lane’s urgency level, the Decision Module dacides which
lane will be given a green phase for the next turn. If the lane
selected 1s the lane curmrently in green phase, this means
extending the green phase for 1 second. On the other hand. if
the selected lane is the lane currently in red phase, the
decision means giving the green phase to the respective lane
and holds 1t for the next 15 seconds.

The RedPhase Fuzzy has two inputs and one output.
They are Queuing Car Number (OC) and Red Time (RT) of
all red lanes. The GreenPhase Fuzzy also has two inputs,
Queuing Car Number (OC) and Green Time (GT) of the
lanes currently m green. The output for both the RedPhase
Fuzzy and GreenPhase Fuzzy is the urgency level (UR).

For RedPhase Fuzzy, OC refers to the numbers of cars
remaining on a certain lane during a red phase. The lane with
higher OC value has higher urgency level. A certain lane
might keep getting the highest urgency level when the traffic
on that lane is high. Therefore, a second input RT is needed,
which refers 1o the duration of red phase. The urgency level
of a lane will increase as the RT increases.

In GreenPhase Fuzzy., OC refers to the numbers of car
that remain on a lane during a green phase. The second
parameter is GT, which refers to the duration of green phase.
In opposite to R7, the increment of GT will result in the
decrement of urgency level of the particular lane.

In the proposed Fuzzy Logic controller, each fuzzy
variable are composed of five linguistic variables which are:
Zero (Z), Small (S), Medium (M), Large (L), and Huge (H).
Their initial membership functions arrangement follows the
arrangement shown in Fig. 2.

The Decision Module conducts the decision making of
which lane will be given the next green phase. The controller
checks the lane condition every second. If the lane decided to
be the next green is currently in red phase, the controller
lerminates the present green phase, gives it to the chosen
lane, and hold the green phase for at least 15 seconds before

the cycle of checking the urgency level is repeated.
o
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Figure 2. The initial arrangement
of the fuzzy membership functions

The next step is to set the rule of the fuzzy logic
controller. A total of 20 linguistic rules are developed for

both RedPhase Fuzzy and GreenPhase Fuzzy, as shown in

Table 1. and Table 2.
In some case, it is possible to encounter more than one

lane in red phase having the highest urgency level. When
occurs, the Decision Module will choose the nearest tum
based on a predetermined cycle afier the current green lane.
For example, consider a 4-way ntersection: A, B, C, and D.
The cycle of green phase i1s set to be A - B - C - D, and back
to A, while the lane that currently holds green phase is C.
Assume that the urgency levels of both B and D are equal

and also higher compared to the other two, A and C. Then,
decision module will gives D the next green phase based on

the given cycle.

TABLE L ‘RL"LE‘E OF THE REDPHASE FuZZY
Rule oC impats = ﬂ?:m Weicht
1 Z none Z I
2 S none S I
3 M none M |
4 L none L 1
5 none H 1
6 none Z 74 ]
7 none | S S 1
8 none M M ]
9 none L IS |
10 none H H |
TABLE II. RULES OF THE GREENPHASE Fuzzy
Rule = Inputs — ﬂI::;l.I! Weight
| Z: none 24 I
2 S none S |
3 M none M 1
4 L none L ]
3 H none H |
6 none Zz H 1
[ none S 1. |
8 none M \S| 1
9 none L S ]
10 none H . |

I11. LANE MODEL

In order to show the effectiveness of the proposed fuzzy
logic controller, a lane model is developed. A venture to
exactly model a real lane is actually very complex. There are
many factors that affect the lane condition, such as weather
condition, driver habit, and car dimension.

Considering the complexity possessed by the real lane,
several simplifying assumptions are taken:

1. All cars queue in order.

2. The speed of cars is constant.

3. The dimension of cars is identical.

4. The traffic ight signal will be only red and green.
5. No motorcycles are on the road.

6. All car drivers have the same driving behavior.

The developed lane model is represented by a group of
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lane with 4 rows and 10 columns, which is used in this paper.
One cell 1s designed only to be only occupied by one car at a
time. Therefore, the lane capacity is 40 cars,

Every car coming to the lane will occupy the last
columns first. The next second, it will move forward for one
column. If the next column is fully occupied, the car will
stay on the current column,
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Figure 3. Lane model

The concept for the lane model during a green phase can
be explained as follows: when a green phase is issued. the
cars will start moving from a stop position. In order to
emulate the reality, the movement of cars in green phase
follows several rules as follows:
|. If a green phase issued at 1 = 0, then there will be no car

going out in the first 5 seconds, until 7= 5 s.

2. For the next 3 seconds after rule 1 is applied, the car will
move forward through the lane with the velocity of
2/3 cell per second.

3. For rest duration of green time, the car will move with
the velocity of 1 cell per second.

4. If the next column is fully occupied, the car will not
move and wait for | second.

IV. HARMONY SEARCH ALGORITHM

The performance of a fuzzy logic controller depeads on
factors such as fuzzy rules, fuzzy membership functions, and
fuzzy logical operators. In order to obtain the most suitable
fuzzy membership functions for the Fuzzy Logic controllcr
proposed In this paper, they are optimized using the
Harmony Search Algorithm. The overall optimization
process is shown in Fig. 4,

The Harmony Search (HS) algorithm has 5 steps [3].

Step 1 Initialization of optimization parameters: In
this paper, the objective function f(x) is the average waiting
time where x is the vector of fuzzy membership function
parameters. Each fuzzy variable has three parameters, as
shown in Fig.5 for RedTime. The three parameters are
adequate to define the five membership functions. Since the
number of all fuzzy variables is 6, then the total number of
parameters to be optimized is 18.

After setting the objective function, the parameters of HS
algorithm are defined. The values of HS parameters chosen
are HMS =5, HMCR = 0.7, PAR = 0.45, and Bw = 5.
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Figure 4. The overall optimization process

Step 2 Initialization of harmony memory (H_M); In this
step, HS generates a set of solution vectors as the initial HM.
Each solution vector is sorted based on a certain criterion.
The criterion is the value of the first parameter of a fuzzy
variable must be less than the second and the second must be
less than the third. Then, the HM is sorted based on the result
given by the objective function.

Step 3 Improvise a new solution vector: In this step,
HS generates a new solution vector based on the three rules:
memory  considerations,  pitch  adjustments, and
randomization. The possibility that x; will be chosen from
HM is determined by HMCR while (I-HMCR) 1s the
possibility of randomly choosing the solution from feasible
candidates. If the selected solution is from the memory, it
will be pitch-adjusted with probability of PAR. The boundary
for every parameter is [0,100].

Step 4 Update the HM: In the beginning of this step, the
generated new solution vector is transferred 1o the variable of
the objective function. Then, the objective function processes
the solution vector and returns the average waiting time of
car. It is then compared with the worst result stored in the
HM. 1f the new result is better than the worst stored resul,
then the new solution replaces the worst solution. Afier that.
HM is sorted again based on the objective function results.

Step 5 REpeat'step 3 and 4 until the stopping criteria
are reached: In this step, HS checks the stopping criteria. If
the Improvement of the objective function is saturated for a
certain lleration cycles. then the search algorithm will be
stopped. In this paper, the HS algorithm will stop if the

'mprovement of the objective function is less than 0.01

second for 300 successive iterations.
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TABLE III. RESULT OF HS ALGORITHM FOR SOME ITERATION NUMBERS DURING A TEST WITH ARTIFICIAL DATA

]r:flzll':: HM X1 e X3 T4 Xg Xg Xy Xa Xg X3p X33 X33 X33 X449 Xas X6 X33 "”4 fix)
s 1 25 NIV BT MIETRAST WSS DA 25 0000 A8 92,5 08 86T 65 5 07720 W S 34222
2 DAUHEE. § [ I T JIRREC )i 206 80 M 8 46, 20 19 A5, B2 / 31 B8 | 35462
Initial value 3 | 20 45 2 62 79 16 89 9] 33 3B 76 50 56 77 48 T8 2 35.94%
4 33 B4 88 48 56 62 62 66 69 5] ydes o f 6] g2 97 J3° Y 39 18.017
2 IR0 S 470 SBISE 0 7158 68 1T 04 B ey I8y S5Ol (3L AgoMNTAS\N Va2 ¥ 39" V13 17 22 | 52693
] 24.7 46.5 64.1 646 745 99 103 367 651 712 712 856 618 924 947 284 839 9].) 26.247
R 187 204 46 49.1 667 733 1 105 489 651 11 879 S18 B2 921 32 123 77 | 26267
100 3 | 201 459 667 783 839 938 05 147 367 489 62 875 S0 85 886 331 454 776| 26330
4 0.9 714 743 783 783 879 82 28] 357 626 712 875 603 7.1 718 123 213 716| 26765
5 459 629 657 667 668 735 05 149 315 489 753 879 785 85 997 123 399 498 263
| 45.9 614 625 681 79.7 99 59 103 446 523 712 B88 733 917 947 284 297 783 | 25457
2 319 47.8 593 613 776 955 0S5 79 489 584 SB9 BSS 492 740 947 237 413 987 | 25.508
562 3 285 463 536 547 65 654 05 1.1 435 ©03.5 873 9.1 382 733 99.1 237 36.7 915 25.511
B 459 508 625 74 716 982 36 79 464 584 741 990 267 £9.7 100 302 342 738 25552
5 332 593 654 70 759 984 04 05 446 712 793 855 733 741 100 284 367 957| 25553

V.  RESULTS AND DISCUSSIONS

A. Controller Feature

The graphs in Fig. 6 show the information of green phase
cycle and the number of queuing cars. The upper graph
shows the lanes allocated with green cycle, “1” for north, “2”
for east, “3” for south, and “4” for west. The lower graph
shows the number of queuing cars on each lane, thin dotted-
line for north, thin solid line for east, thick solid line for
south, and thick dotted line for west. It can be seen that the
cycle of the green phase is flexible to the lane condition. As
an example, ior the time between 7= 100's and 1= 200 s, the
cycle does not follow a certain repetitive order. This occurs
because the fuzzy logic controller makes decision based on
the lane conditions.

Another feature of the controller is that it will give a lane
a green phase regardless the number of queuing cars, if the
lane 1s already in red phase for a long duration. West lane
already got red phase since =116 s. Although the number
of queuing cars on it is significantly smaller compared to the
other lanes, it is given a green phase at 1=202s. The
decision is based on the magnitude of red time. This

guarantees that no lane will go red all the time.
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Figure 6. Test result of fuzzy logic traffic light controller
with artificial traffic flow

B. HS Algorithm Test

The HS algorithm is devised to optimize the membership
function of the fuzzy logic controller. The chosen objective
function is the average waiting time of each car. A lane
model with artificial car density is developed to demonstrate
the ability of this algorithm, with the data comprised in CJ;.

Table 3 shows the progress of an optimization. HM is
initially filled with randomly generated solution vectors
within the aforementioned bounds. The vectors in HM are
sorted according to the values of the objective function that
they produce. Nexi, a new harmony vector is generated
based on three rules. Their probabilities are distributed as
follows: memory considerations with 38.5% (0.7x0,55 =
0.385), pitch adjustment with 31.5% (0.70.45 = 0.315) and
randomization with 30% (1-0.7 = 0.3).

As the iteration continues, the solution becomes better.
After 562 iterations, the improvement of the best memory of
HM 1s less than 0.01 second for 300 successive iterations and
the stopping criteria are reached. The best solution vector in
HM 1s then considered as the optimized solution.

The optimized membership function of the fuzzy logic
controller 1s validated using completely new sets of data,
since the optimized fuzzy logic controller must also perform
well in dealing with unseen data. Table 4 shows the
validation results. The data in column CJ, is the result using
the known optimization data, while Ch, CI;, and CI; using
unseen data. The thick frames mark the lowest average
waiting time for each data set. It can be concluded that the
optimized parameters also perform well with unseen data.

TABLE 1V. AVERAGE WAITING TIME (IN SECONDS) FOR DIFFERENT
SETS OF DATA USING OPTIMIZED MEMBERSHIP FUNCTIONS
I::: sl ar\ar; Cl,
203 | 26.247 | 24.711 | 24.906 | 26.533
214 | 25.945 | 26.178 | 25.288 | 25.922
225 | 25.851 | 24.060 | 23.850 | 25.507
261 25.736 | 26.613 | 26.909 | 25.5%6
562 23.893
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C. Case Study

A casc study was conducted on a 3-way intersection in
Bekasi, the fifth largest city in Indonesia, as shown 1n Fig. 7.
The existing traffic light controller at the intersection 13 a
fixed-duration one. During a low traffic density, this fixed-
duration type is not effective in controlling the traffic l_'lﬂw-
This condition is observed at around 13:00 — 14:30 during a
Tuesday, a Wednesday, and a Thursday.

The leftmost lane of each road is an always-can-2o0 type.
Thus, the data collection for CI will not consider the cars
passing through that lane. The data from three observation
days are denoted as Clys, CIS»., and Clzs, wWhere Cl;s are
used in the optimization. Each CI data consists of the data of
incoming cars from the three ‘ways. The observation on each

day was done for 1 hour.
R T - 1Il Jai
e H

Figure 7. A 3-way intersection in Bekasi, Indonesia

1) Lane Model. Here the existing lane model is tuned to
re(lect the real traffic flow on the intersection. Data from
five consecutive cycle is used. First, when the traffic light
turns green, the time needed for the initially queuing cars 1o
start moving is measured. Then, the number of cars queuing
in the lane when the traffic light tumns red again is counted.
The lane model is then tuned based con the collected data.
The result of the tuning process is shown in Table 5. Afier
the tuning the lane model becomes almost identical to the
actual lane. This confirms the validity of the lane mode to
be used in the case study.

2) Simulation Result. Furthermore, the model was used

‘in a simulation with the duration of one hour. Both fixed-

duration traffic light controller and fuzzy logic traffic light
controller were tested under the same lane model ang the
data of C/ was recorded from each observation.

The fuzzy logic traffic light controller is optimized using

HS algorithm. The optimization parameters are chose :
HMS = 5, HMCR =07, PAR = 0.45,and By = 5. " =

The optimized fuzzy logic traffic light controller ;
tested to handle the other two unseen observation fj;:: I—][];g

results are compared with the result of the fixed-durac:
traffic light controller, as shovin in Table 6. ed-duration

V1. ConcLusion

This paper discussed the opumization of -
traffic light controller through its membership ﬁ.ﬁ:,ﬁ,?'ﬂl.:; gt:;

using the Harmony Search Algorithm, The resy
the traffc light with optimized fuzzy logic controyar
far, handle the traffic better than the fixed-duration

]

traffic
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ht controller. Moreover, the fuzzy logic controller with

membership function 1s designed to haye

additional features such as flexibility in determining which
lane to be given green phase and for how long while at the
same time avoiding the monopoly of green phase for by

certain lane.

A case study was conducted on an intersection in Bekag)

to provide a real data to test the controller, by firg
developing a lane model that can reflects the real traffic
condition. The simulation shows that the optimized fuzzy
logic controller outperforms the existing fixed-duration
controller. Thus, the further implementation of the proposed
fuzzy logic traffic light controller can be definitely endorsed
in an attempt to resolve traffic problem.

TABLE V. COMPARISON BETWEEN OBSERVATION
AND SIMULATION
Item No. Real | Maodel | Error
] 18 18 0
> 2 39 39 0
Lr}lzlfgs?c (number 3 a4 15 =
4 3 37 0
3 40 40 0
] 16 15 i
Time needed 10 2 25 25 0
start moving 3 29 29 0
(seconds) 4 24 25 1
5 23 25 ~2
1 8 7 |
Car stays when red N 3 3 0
again (number of 3 2 4 -2
cars) 4 5 5 0
3 5 .l |
TABLEVI.  COMPARISON OF AVERAGE WAITING TIME (IN SECONDS)
Controller Clis Gl Clys
Optimized fuzzy logic | 17371 21549 | 18453
Fixed-duration 41.211 68.15 42195 |
% of reduction 57.85%, 68.38% 56.27% |
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