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1. Introduction

Reducing energy consumption is an urgent need because 
the great development in technology requires large amounts 
of electrical energy in addition to the costs and efforts made 
to produce this energy [1–4]. Lighting began to appear on 
the streets decades ago, as it was initially dependent on 

street lighting through torches, which is considered one of 
the main factors of pollution due to its accompanying emis-
sions [5]. The development continued to search for ways to 
light the streets, and renewable energies were among the 
most important elements of this revolution, as they were 
pure energies [6–8]. In order to light the streets, it needs 
many lamps and electric energy that feeds these lamps. 
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Street lighting is very import-
ant now-days especially at dangerous 
areas and highways but it consume 
a lot of power and it became chal-
lenging for many researchers in the 
past few years. Enormous efforts have 
been placed on the issue of reducing 
power consumption in illuminating cit-
ies and streets, researchers had various 
approaches and methods in tackling 
this challenging matter, till now there 
is no ideal system that has been devel-
oped to reduce the electricity usage. In 
this paper intelligent controller based 
on deep learning proposed to control 
the light at the street from sunset to 
sunrise, the system will decrease the 
light used to illuminate the streets in 
the absence of movements, the network 
trained based on deep learning with 
several image of different objects to 
help the system detecting any moving 
objects in the street to provide the street 
with the exact amount of light needed 
in order to reduce the waste of electri-
cal energy resulting from street light-
ing and to help reduce accidents hence 
high percentage of criminal activity 
and life threatening conditions occur 
in the absence of light. The system was 
trained with a vast and diverse dataset 
to assure the accuracy and efficiency of 
the proposed system, the trained sys-
tem showed a result of 90 precision of 
detecting moving objects, the proposed 
system was tested with a new dataset to 
assure the reliability and dependency 
of the system and reducing the errors to 
the minimum, the system shows promis-
ing results in detecting movements and 
objects, after the detection being com-
plete, the system will send a pulse width 
modulation causing a 20 % light dim-
ming, leading to enormous reduction in 
the power consumption, adding to that 
the proposed system is easy to use
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Street lighting begins when the sun goes down and until the 
sun rises. Street lighting systems were used for a few acci-
dents that occur due to lack of visibility and other negative 
aspects. When installing street lighting, one of the most 
important obstacles that accompany the proposed systems is 
energy consumption in large quantities at times when there 
is no need for street lighting where there is no traffic. 

A vast amount of power consumption worldwide is due 
to the necessity to lighten cities, streets and highways to 
avoid many threatening conditions faced in daily life due to 
many risks and dangerous situations that occur in absence of 
light [9, 10], therefore the balanced controller between pow-
er consumption and street lightening is essential for saving 
lives and reducing illumination cost. 

2. Literature review and problem statement

In the past years researchers focused on solving the prob-
lem of street lighting via proposing many approaches and 
methods, many lighting grid had spread worldwide, causing 
a great challenges regarding power consumption hence glob-
al warming. 

Many systems have been proposed that solve the prob-
lem of street lighting as much as possible. The paper [11] 
discussed the benefits of streetlights in Sheffield and how 
different councils address the issue through various light-
ing strategies. To explore various proposed method used 
in ‘smart’ street lighting infrastructure, a study of current 
implementations of information and communication tech-
nologies (ICT) such as Internet of Things (IoT) in street-
lights will be required. Nevertheless, in order to establish its 
full capacity, its suggested approach will need to be further 
investigated. 

The paper [12] main objective was to investigate the light-
ing networks quality of high-power based on LED and lamps 
of high-pressure sodium. Both electromagnetic and dimmable 
electronic ballasts, which can dim the lamp output smoothly 
and uniformly, have been used in conjunction with high-pres-
sure sodium lamps. High-pressure sodium lamps connected 
to electronic equipment were evaluated with various levels 
of arc power utilizing dimming on a 230 V of power supply, 
the researcher only tackle the issue of dimming the lights 
without going further into any mechanism of dimming ac-
cording to movements detection. The paper [10] conducted a 
concentrated research on lighting systems adaptive behavior, 
an appropriate software domain was used to propose a smart 
street light control system that is based on adaptive behavior 
rules. The results demonstrate that when the lighting system 
implements a desired behaviors rather than a rigid, predeter-
mined behavior, energy savings of up to 35 % can be realized, 
the paper discussed only the matter of adapting street lights 
to the environmental conditions while providing information 
about the time that each lamppost spends in each intensity 
state, without discussing or trying to find a new approach 
for developing a system that could be trained to be adaptive 
to any movement. The paper [13] proposed an intelligent 
system for controlling street lighting and improving energy 
efficiency. It is designed to detect the movement of a vehicle 
on the road and switch on a block of street lights ahead of 
the vehicle. The system switches off the trailing lights as the 
vehicle passes by. As a result, there is a reduction in energy 
consumptions while ensuring long-term street lighting, but 
the system is based on sensors that detect movements without 

knowing what kind of objects is passing by, hence any object 
or obstacle could change the condition of the lights, further-
more, the system is restricted to “on” and “off” status only, the 
researcher didn’t take into consideration the importance of 
dimming the lights to assure the safety of the streets. The pa-
per [14] focused on using IOT technology to monitor a smart 
street light system. It was connected to a sensor device called 
“Ultrasonic” then it was linked to a microcontroller device via 
Wi-Fi. Furthermore, it is using cloud storage services and an 
application of mobile to supply the administrator of the sys-
tem with required system information, the researcher tackle 
the issue of reducing the power consumption via turning “on” 
and “off” the lights by using sensors, the system is considered 
rigid because it doesn’t detect moving objects in the street 
and also it doesn’t provide any kind of flexibility in changing 
the intensity of lights according to movements. The paper [15] 
goal was to suggest a system in which street lights can be au-
tomated and information from the lights can be transmitted 
via the internet. The lights in this smart street light system 
can be turned on and off automatically based on the weather 
conditions. An artificial power source, including solar panels, 
can power the entire system. The researcher used sensors to 
detect the weather, humidity and temperature of the envi-
ronment then change the lights of the streets accordingly, the 
system also turn “on” and “off” the lights according to the 
environment, the researcher didn’t solve the issue of reducing 
power consumption based on the exact need of the objects 
in the street. The paper [16] focused on solving the issue of 
traffic using supervised feed-forward neural networks and 
Particle Swarm Optimization The results of the two methods 
was able to control the traffic light that allows the vehicles on 
each street to be moving or waiting its turn without focusing 
on the power consumption of traffic lights, the researcher 
main focus was on traffic lights of smart streets without 
tackling the issue of street lights or objects detection, hence 
the researcher didn’t dim the lights according to the detected 
objects in the streets. The paper [17] used an ANN model to 
reduce energy consumption of street lights. It is determined 
for various possible inter-distances offered by International 
Commission on Illumination, the paper focused on volumes 
on the road with minimum mean square error. The results of 
the proposed approach was promising but it didn’t focus on 
dimming the lights or to build a controller to detect and rec-
ognize the passing objects, the system main concentration on 
traffic loads. The paper [18] focused on smart cities scenarios 
to reduce the power consumption of the street lighting, an 
ANN based energy efficient smart street lighting systems was 
proposed, the system was implemented and executed only in 
a residential area and Hosur, the proposed model used only 
five levels of scenarios without focusing or paying attention 
to objects detection, different streets and lights dimming 
process. The paper [19] developed a data model for optimiz-
ing, analyzing the ability of different artificial neural network 
(ANN) architectures to simulate a simple public lighting 
design, the measuring of performance with respect to the 
fitness function, training speed, and goodness of fit was done 
with a dataset generated with different conditions. The exper-
iments focused on identifying the most appropriate number 
of iterations required without tackling the issue of detection, 
illuminating and dimming the lights of the streets. The pa-
per [20] discussed the costs of energy consumption in any 
project especially in terms of effective operating time; staff 
salaries; the volume of output; calculation of the prime cost 
of products; prices for products and energy resources, which 
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should all be taken into consideration to improve the manage-
ment of the energy. The paper [21] listed and illustrated the 
challenges and social responsibility during Covid-19, which 
lead to the emphasized necessity of reducing the consumption 
of electricity to light streets and countries that applied curfew 
on their citizens. The paper [22] examined the minimization 
of the total consumption of energy resources and operating 
costs, especially in renewable energy sources, which could be 
used to examine the economic benefits of the proposed system 
in terms of sustaining the life cycle of batteries in solar street 
lights due to the less operating hours and the intensity of light 
in the absence of movement. 

The papers above used vast techniques and approaches 
to reduce the power consumption of street lights via turning 
lights “on” and “off” using rigid sensors that detect move-
ments without having the ability of detecting the kind of 
objects and changing the intensity of lights accordingly. Re-
searchers didn’t tackle the issue of detecting moving objects 
and dimming the lights accordingly, the technique of dim-
ming the lights is essential to assure safety of people, turning 
lights off could promote many life threating conditions. 

3. The aim and objectives of the study

The aim of this study is to design an intelligent controller 
for street lighting and power consumption. This will make 
it possible to reduce energy consumption of street lighting 
in the absence of movement, which will have a significant 
impact on the economical aspect of reducing the costs of 
lighting the streets. 

To achieve this aim, the following objectives are accom-
plished:

– collecting dataset images;
– training the system with the dataset to enhance the 

system ability to detect objects;
– testing the accuracy and reliability of the trained 

model;
– investigate a dimming process based on pulse width 

modulation.

4. Materials and methods of research 

The objective of the research is to street lighting and 
power consumption. 

The main hypothesis of the study is to intelligent con-
troller for street lighting and power consumption will make 
it possible to reduce energy consumption of street lighting 
in the absence of movement, which will have a significant 
impact on the economical aspect of reducing the costs of 
lighting the streets. 

The method of the research was conducted by going 
through three stages, each stage has its own criteria and 
procedures so that the proposed model will be accurate and 
agile, the method conducted was based on collecting dataset 
then training the model with the dataset, then testing the 
artificial intelligence capabilities in detecting object, finally 
sending a pulse width modulation signal to control the in-
tensity of the street illumination. The proposed model could 
be divided into three stages:

First stage, Camera: in this stage a camera has been used 
to provide the system with real-time images of various types 
of streets and alleys. 

Second stage, artificial intelligence: artificial network 
based on deep learning has been trained with a vast dataset 
to assure the agility and accuracy of the proposed system, af-
ter the training is completed, the trained network will have 
the ability to detect any movement and decision making 
process will be achieved accordingly

Stage three: using Pulse width modulation signal for 
power reduction that will dim the lights according to the 
decision obtained by the trained network in stage two. 

When the trained system detect an identified object it 
will send a Pulse Width modulation signal that effect the 
applied electrical current, through which it can control the 
intensity of the street lighting, if there is a lot of movement in 
the street, the proposed system will be provided with PWM 
to fully illuminate the street, and if there is no movement 
in the street, the proposed system reduces the intensity of 
street lighting to 20 % by equipping the LED with PWM to 
keep the intensity of lighting dim in the street. 

The three stages of the system is shown in Fig. 1. 
The system shown in Fig. 1 will be able to detect any 

movement, and the smart controller based on trained artificial 
network will send signals to the illumination controller to raise 
and reduce the intensity of the street lighting accordingly. 

In order for the use of deep learning to be good, the system 
must be provided with many high-quality images. In this re-
search, deep learning was provided with images of more than 
10,000 images of cars, people, bicycles, and other objects that 
could be necessary for street lighting, so that the designed 
system can capture any movement in the street during sunset 
and until sunrise. A code in python programming language 
was developed to adjust the dimensions of the images used for 
training the proposed model, the images size were 640×640. 

5. Research results of design an intelligent controller

5. 1. Dataset preparation
The efficiency of deep learning increases rapidly based 

on the size of the dataset being used to train the proposed 
model, hence increasing number of images in dataset will 
increase the accuracy of the results after training, and in the 
proposed model the dataset being used have a vast diversity 
of images that simulate actual cities and street, example of 
the images being used in the training is shown in Fig. 2. 

All images of the dataset will go through an annotation pro-
cess that will help the system to label each object in the dataset, 
the process of annotation will start by boxing shapes that con-
tains a recognizable objects, and then .txt files will be obtained 
from the annotation process to be used for training purposes. 

Fig.	1.	The	proposed	system
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A dataset consist more than 10,000 images were gath-
ered from the internet and real-time images to cover most 
objects’ states, viewing angles, percentage of appearances, 
and aspect ratios so that the proposed model could be ad-
equately subjected and prepared to most angles and condi-
tions. The dataset was divided into three training folders: 
training, validation, and test. 80 % of the images were used 
for training purposes, while 10 % were used for validation 
and the remaining 10 % were used for testing the system. 

5. 2. Trained network
The network was trained with the dataset, 100 epoch 

was done to achieve the best results, each epoch has its own 
benefit in increasing the training precision and recall, it was 
observed that the number of epoch has a direct effect on in-
creasing the precision and recall, the training continuous un-
til the results show 90.26 precision and 82.91 recall, which 
is considered as a good result to deal with in such system as 
shown Table 1. 

Table	1

	The	training	results	

Classes Precision Recall

All 90.26 82.91

The percentage of the precision and recall were reached 
after the continuous training of the network, the precision 
and recall increased rapidly after each training process as 
shown in Fig. 3, a, b. 

There are many aspects in deep learning that should be 
considered so that the system could be certified as accurate 
and efficient, the first aspect is precision which is shown 
in Fig. 3, a, the second aspect is recall, which is shown in 
Fig. 3, b, while Fig. 3, c shows the relation between preci-
sion and recall. 

Intelligent system accuracy increases within iteration, in 
the proposed system 100 epoch have been used to train the 
intelligent network to work as a controller to manage street 
lighting, as shown in Fig. 4, a which represent box losses of 
training, while Fig. 4, b shows the object loss of training, 
Fig. 4, c – the results of precision, Fig. 4, d – the results of 
recall, Fig. 4, e – box loss validation, Fig. 4, f – objective loss 
of validation, Fig. 4, g – mAp-0.5, Fig. 4, h – mAP 0.5:0.95. 

The model was continuously trained with epochs, 
through which the model started to enhance gradually after 
each epoch, the targeted results was achieved after several 
training reaching to epoch number 100 as shown in Fig. 4. 

Reaching a precision of (90.26) means that the system 
has a high ability of detecting objects in the training dataset 
without identifying the nature of the object, hence the recall 

process reaching (82.91) which means that the system is also 
highly accurate om identifying the type of object located in 
the images of the dataset.  

Fig.	2.	Dataset	annotation

Fig.	3.	Simulation	result	of	training:	a –	precision	curve;		
b	–	recall	curve;	c	–	precision	and	recall	curve

a

b

c
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5. 3. Testing of trained network
After training the proposed model with the dataset, a 

new set of data has been used to test the model to figure out 
the reliability of the trained model, Fig. 5 shows the ability 

of the trained model in detecting cars in the streets hence the 
system is reliable and easy to use. 

The trained model is detecting, recognizing, and boxing 
objects based on the annotation process the network went 
through during training. The testing process used 10 % of 
the dataset, the mechanism were introduced to the train 
system to check the ability of the system in boxing hence 
recognizing objects. The results was promising in detecting 
and recognizing all type of object even when there are many 
objects in the same image. 

5. 4. Dimming process based on pulse width modulation
When the trained system detect an identified object it 

will send a PWM, through which it can control the intensity 
of the street lighting according to the quantities required for 

Fig.	4.	The	results	of	training	and	validation:	a –	box	losses	
of	training;	b	–shows	the	object	loss	of	training;		

c –	the	results	of	precision;	d –	the	results	of	recall;		
e –	box	loss	validation;	f –	objective	loss	of	validation;		

g –	mAp-0.5; h – mAP	0.5:0.95

a b

c d

e f

g h

Fig.	5.	The	trained	model	detecting	cars	in	streets:	a –	set	of	
images	used	for	testing;	b	–	different	set	of	testing	images

a

b
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the lighting, only depending on the nature of the movement 
accompanying the street.  If there is a lot of movement in 
the street, the proposed system will be provided with PWM 
to fully illuminate the street, and if there is no movement 
in the street, the proposed system reduces the intensity of 
street lighting to 20 % by equipping the LED with PWM to 
keep the intensity of lighting dim in the street, an example 
of timed simulation is shown in Fig. 6. 

The timed simulation shows a variation in PWM inten-
sity based on the movement detected in real time manner. 

6. Discussion of intelligent controller for street lighting

A vast and diverse dataset containing more than 
10,000 images was collected, the dataset covered most types, 
point-of-view, and conditions of objects, the diversity of the 
dataset assured the efficiency of the system. The example of 
the images being used in the training is shown in Fig. 2. 

The dataset was introduced to the system, and the system 
accuracy start increasing rapidly according to each training 
epoch, until the training reached 100 epochs, the training 
results were sufficient and reliable (Table 1, Fig. 3, 4). 

As illustrated in the paper, about 10 % of the dataset was 
isolated to be used in the testing process, and the isolated 
images were introduced to the trained network, the testing 
asserted the ability and the efficiency of the trained network 
in detecting objects (Fig. 5). 

Since the testing process assured that the trained net-
work is reliable, the decision-making process will take con-
trol of providing the sufficient amount of power to change 
the intensity of street lights and dimming them according to 
the detected objects. 

The results of the system is very promising especially in 
terms of accuracy and reliability of the proposed system add-
ing to that, the system is easy to install and use, the system 
can be implemented into any existing street illumination 
infrastructure. 

When comparing with existing models that has been 
discussed in the literature review, the methods used in this 
intelligent system is novel, especially in terms of simplicity of 

installation, real time detection, the number of epoch used to 
train the model and the decision making process of the system 
is fast, agile and accurate, since the system can be installed in 
any street lighting infrastructure however the implementation 
of the proposed system may face some difficulties with outdate 
cameras that has limited resolution, the detection and decision 
making process of the system must rely on up to date camera 
infrastructure. Also for the system to be more efficient a larger 

dataset must be used that contains an enormous im-
ages of objects conditions with high resolution. 

There is an infinite number of objects and ob-
jects angel of detection to be considered, intensive 
and more thorough training could be used if nec-
essary to get an even better results, this disadvan-
tage can be overcame via increasing the number 
of objects that the system will be trained with to 
assure that much more accuracy and reliability 
will be introduced which will later help in making 
the system fully automated without any kind of 
dependency. 

The proposed system is expected to have some 
limitations, especially in the conditions of sand 
storms which will reduce the camera capabilities to 
the minimum and will cause some challenges to the 
detection process, but this short-come won’t affect 
the necessity and benefits of the proposed system 
since the need of street lights in sand storms is not 
essential. 

The proposed model can developed via inte-
grating facial and car plate number recognition 
system that could be used to calculate the con-

sumption power used to illuminate a certain alley for the 
residence and frequent passers in the alley. The difficulties 
could be faced in such system development is that ethical 
and social issues could be raised from our work, especially in 
terms of people privacy. 

The proposed model can also be developed, used and ap-
plied in many aspects of object recognitions, such as security 
recognition purposes and checkpoints, by sending a signal of 
opening or closing a gate base on the object detected, this 
employment method could vast the uses and necessity of the 
model. 

7. Conclusions 

1. The dataset used to train the model was collected from 
the internet and real-time images, more than 10,000 images 
were gathered to cover most objects’ states, viewing angles, 
percentage of appearances, and aspect ratios so that the pro-
posed model could be adequately subjected and prepared to 
most angles and conditions. 

2. The dataset was divided into three training folders: 
training, validation, and test. The image sets of training and 
validation were used in the process of training the model, 
the training continued till reaching a 100 epoch to assure 
the model’s accuracy. 

3. The image sets of testing were introduced to the 
trained model to check the reliability and accuracy in de-
tecting objects, the test showed promising results in terms of 
detection, recognition, and decision-making process. 

4. The training process led to successfully tackling the 
challenges of reducing power consumption in street lighting, 
the intelligent controller was able to dim the lights and illu-

Fig.	6.	Pulse	width	modulation	results
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minate the streets according to needs and types of objects 
detected, the system is reliable and automated and can be 

implemented Easily, the precision is about 90 % which means 
that the system is self-dependence and accurate. 
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