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Abstract

The objective of this research is to propose an Artificial Intelligent method to optimize the performance of street lightings. The method
proposed in this research is by using the Electromagnetism-Like Mechanism (EM) global optimization algorithm. The proposed EM is
designed to minimize the power consumption and maximize the life span of the lamps by different switching configurations and by adjust-
ing the intensities of the lights. Simulation results indicate that the proposed algorithm can significantly reduce the power consumption of
the system and drastically increase the projected life span of the lamps used. The main power savings can be found in the early stages of
the graph. This shows that the evening sun rays and twilight help illuminate the street, rendering full intensity of street lights a waste. This,
in turn, significantly prolonged the lifespan of the lamps used in the street lightings. It can thus be concluded that the proposed algorithm
gives significantly positive impact in optimizing the performance of a street lighting system. The search speed and accuracies of the EM
can be further improved by modifying or incorporating other search mechanism into the EM in future extension of the research.
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1. Introduction

Street lighting is a crucial facility to ensure the safety on the road
especially during night time or bad weather [1]. Studies show that
well-lit city streets also helps reducing the criminal incidences [2].
However, the performance of a street light can be limited by several
different reasons [3, 4]. The conventional design of street lighting
systems always pivot on two major issues, namely the energy con-
sumption and the life span of the lamps. The maintenance of con-
ventional street lightings alone can cost a huge bill to the township
[3]. Smaller towns with lesser populations even opt out the instal-
lation of street lights due to the cost that comes along with it. Fur-
thermore, the power demand from the street lightings proves to be
a burden to utility companies, especially during high peak hours
such as 7pm to 10pm. It is reported that street light takes up to
3.19% of the worldwide electricity consumption [3].

A time-based, fixed on-off conventional street lighting facility op-
erating at maximum intensity will only add on to the power supply
issue at hand. Several approach has been proposed in the literature
to refine and enhance the street lighting control systems, making it
smarter and more dynamic. Kostic and Djokic conducted a study on
the correlation between the rate of lighting and the energy saved
[5]. Kotulski et al. proposed the optimization of street light energy
efficiency via the photometric data obtained [6]. Gutierrez-Escolar
et al. discussed some issues regarding the implementations of de-
vices such as lamps, ballasts and street light globes based on the
regulations on street lighting [7]. They then suggested several im-
provements and changes in the technology supply, lighting arrange-
ments and the illumination levels from the street light.

Literature also shows that some studies aimed to improve on spe-
cific areas or issues instead of the overall integrated system. Most
of them tend to improve and enhance the supply side of the system

while neglecting the controller aspect of the lighting system. Sev-
eral studies proved that the load power consumption shows signifi-
cantly impact on the supply performance and energy consumption
[8-10]. Thus, lighting switching and control that regulates the end
load power consumption can have huge impact on the load demand
and the overall performance of the street lighting system [11].

This paper proposed a new intelligent method to optimize the con-
trol and switching of street lighting systems. The contribution of
this paper is two-fold and can be summarized along the lines as fol-
lows. Firstly, a global optimization algorithm known as the Electro-
magnetism-Like Mechanism (EM) algorithm is proposed to opti-
mize the power consumption of street lightings by automatically
switching and dimming the light arrays. Secondly, the proposed op-
timization algorithm also significantly prolonged the life span of the
lamps used in the street lighting. The structure of the paper begins
with the introduction and some research background in chapter one.
Chapter two shows the details of the EM optimization algorithm
proposed in this research. The setups of the experiments and the
results obtained are discussed in chapter three. The final chapter of-
fers some conclusions on the research findings.

2. The Electromagnetism-Like Mechanism

(EM) Algorithm

The EM is a population based global optimization search mecha-
nism first designed in [12]. The EM mimics the attraction-repulsion
feature of electromagnetic charges in the theory of electromag-
netism to reach a best optima point. The proposed algorithm con-
siders all solutions as particles with different electromagnetic
charges in the search space. The magnitude and polarity of the
charges correlate with the value of the objective function of each.
Particles that found relatively better solutions apply relatively at-
tracting forces. Particles with relatively worse solutions, on the
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other hand, will push other particles away [13]. The magnitude of
the forces varies with the difference of the objective values. The
particles move at the end of each iteration based on superposition
theorem. An example of the total force calculation is shown Figure
1. The total force on Qa (marked as Fa) is the combination of the
pushing force from Qb and pulling force from Qc. In this research,
the EM is implemented to optimize the street lighting control by
minimizing the power consumption and maximizing the life span
of the lights, while keeping the illumination on the road to be above
8 lux [14].

[

Fig. 1: F, generated from Fy, and Fe,

A conventional EM is made of 5 main operations. The algorithm
begins with the initialization, follows by the local search, the charge
calculation, the force calculation, and finally the movement of all
the particles except the best. Figure 2 shows the mechanism of the
algorithm in each iteration.

Initialization

!

Local Search

Charge Calculation

Force Calculation

Particle Movement

Fig. 2: EM mechanism in each iteration

The EM begins with the initialization stage, where random feasible
solutions within the range of the tuning parameters are assigned to
a pre-determined quantity of particles. Each of these particles now
carries an N dimensional hyper-solid. In each of the dimension now
lies uniformly distributed solution within the feasible upper and
lower bound [15]. In this research, the optimization task required is
to minimize the power consumption and maximize the life span of
the lamps. For power consumption evaluation, the particle with the
lowest function value is marked as the best particle. On the other
hand, for lamp life evaluation, the best particle will be the particle
with the highest function value.

In every global optimization algorithm, the local search is a crucial
step to scrutinize the search in the local area for any possible solu-
tions. The original local search procedure in a conventional EM em-
ploys a random line search within the feasible range of a solution.
This simple line search involves a particle being tuned along its di-
mensions one by one, restricted by a step in random direction of the
setting (brighter or dimmer as shown in Table 1). Each of the dim
level will cause corresponding changes in other aspects, such as
power consumption, lamp life, and illumination levels. Each itera-
tion employs a new random size of step. The iteration loop ends
immediately with any better objective value achieved.

Table 1: The settings of different lighting intensities and the corresponding
arameters

Lamp Lamp Illumina- Lamp
Volt- Power(W) | tions Life (H)
age(V) (Im)
Level 5 140 199 4774 9826500
Level 4 160 244 7498 1620000
Level 3 180 293 11165 330330
Level 2 200 345 15941 79657
Level 1 220 400 22000 22000

The charge of each particle is calculated by comparing the objective
value obtained by the particle to the best particle in the iteration.
Each particle therefore effects all other particles based on the cal-
culated objective value. By taking forces generated by all other par-
ticles into consideration, the total force vector exerted onto a parti-
cle can be determined using the Coulomb’s Law. A force, be it at-
tractive or repulsive, is determined by the calculated charge of a
particle, g/, in comparison to that of the others. The charge of a par-
ticle is determined based on equation (1)
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where n denotes the total dimension of the particle and m refers to
the population size. f(x**) is the objective value of the best particle.
Upon completing the charge calculations, the total forces generated
onto a particle can now be determined. Based on the electromag-
netic theory, the force of one particle onto another is correlated to
the distance between the two particles and the charge values [16].
Thus, the total force vector can be calculated by using equation (2),
where f(xj) < f(xi) refers to attraction force calculation and f(x;) >
f(xi) denoted to repulsion force calculation.
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The search mechanism is then followed by the movement of parti-
cles to ensure a global search feature which grants the algorithm the
ability to avoid local optima traps. In this stage, all the particles ex-
cept the best are relocated to a new space to continue the search.
This drastic relocation gives the algorithm a better exploration of
more possible solutions with better settings. The movement of each
particle is calculated based on equation (3), where A denotes the step
of the particle movement. It is a step in random direction of light
on-off setting, in which the combinations are shown in Table 2.

xt « xt+ AFL (ue— xL) ;FL =0

xp « xt+ AFL(xb— 1) ;Fi<0 (3)
Table 2: The setting of the on-off combinations
Setting A Setting B Setting C
Switching All lights Every other One in three
Setting ON light ON lights ON

The best particle of the iteration does not move as it holds the ab-
solute attraction force to all other particles [17]. After a pre-fixed
number of iterations, the best optimized settings produced by the
search algorithm is then fed into the actuator system set the light-
ings accordingly.

3. Experimental Results

The proposed algorithm was evaluated in a simulation for a group
of 30 lights with of 400 watt each, luminous flux of 22000 Im each,
and the life span of the lamps of 22000 hours each. The simulated
streets are of fifteen meters width with 50 meters gap between poles.
Light detecting sensors placed in between all the lighting poles. Av-
erage values of a zone of three sensors will be calculated and taken
into consideration. A constant value of 0.5 is set for light loss factor
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and utilization coefficient. The street lights are set to operate from
1800H to 0700H the next day. The simulated sunlight and ambient
illuminations are as shown in Table 3. They are assumed to be uni-
formly distributed in the simulations. The EM was set to search for
the best optimum values with 10 solutions particles. Simulations
were carried out using an Asus X552L 64-bit laptop with Intel
CORE i5 processor and 4 Gbh RAM.

Table 3: Simulated ambient illumination from 1800H to 0700H the next
day

Time Illumination (lux)

1800H 20
1830H 15
1900H 10
1930H 5
2000H 2
2030H- 1
0600H

0630H 2
0700H 7

Figure 3 shows the comparison of the power consumption before
and after the implementation of the proposed optimization algo-
rithm. It can be observed from the graph that the algorithm has sig-
nificantly reduced the energy needed to light up the streets, espe-
cially from 1800H to 1930H, when the ambient is still illuminated
by the natural sun light during the twilight period. Even during the
night, it is found that power saving is still possible by adjusting the

switching and dimming levels of the street lights.

Power Consumption
oo

Fig. 3: Comparison on before and

the power
after the implementation of the proposed optimization algorithm

consumption

Figure 4 shows the comparison of the projected lamp life before and
after the implementation of the proposed EM. Note that the scale on
the Y-axis is in logarithmic scale, which means that the optimiza-
tion algorithm has significantly improved the life span of the street
lights by dimming them of even switching them off when not
needed. This, in turn, will significantly reduce the maintenance cost
of the street light.

T

Fig. 4: Comparison on the projected lamp life before and
after the implementation of the proposed optimization algorithm

4. Conclusion

In this research, an Electromagnetism-Like Mechanism algorithm
(EM) is proposed as an intelligent mean to optimize the efficiency
of street lighting systems. The proposed EM was set to minimize
the power consumption and maximize the life span of the lamps
while meeting the criteria of street illuminations. Based on the read-
ings from light intensity detecting sensors, the algorithm search for
the best optimum settings by different switching configurations and

different levels of dimming. Simulations results show that the algo-
rithm significantly reduces the power consumption and drastically
increase the life span of the lamps. We can thus conclude that the
proposed algorithm performs well in optimizing the performance of
street lighting arrays. Improvement on the local search mechanism
of the algorithm and implementation in the actual system are con-
sidered for the extension of this research in time to come.
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