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Abstract: The swift development of Internet of Things (IoT) technology has led to the expanded
application of sensor networks in smart cities. Streetlights, as a vital aspect of smart city infrastructure,
serve as a reflection of a town’s development. While streetlights are crucial for ensuring optimal
visibility, road security, and public space utilization at night, they contribute significantly to electricity
consumption. Governments across the globe are committed to reducing residential and industrial
electricity usage. Regarding electricity usage, the Intelligent Street Lights System based on LED lights
is a crucial concept today. This system functions by switching on the LED lights when a vehicle
approaches and adjusting them to a dimmed or off state when no vehicle is present. The primary
focus of this research paper, implementing an Intelligent Street Lights System based on LED lights,
has emerged as a critical approach to achieving energy efficiency and cost reduction. Experimental
findings demonstrate the potential for up to 80% energy savings compared to traditional streetlamp
systems. Additionally, the system enables remote monitoring and intelligent management of urban
street light conditions through terminal devices.

Keywords: Internet of Things; Intelligent Smart Street Lighting System; smart city; sensor network;
energy efficiency; intelligent management

1. Introduction

The idea of a “smart city” has gained popularity in recent years due to the rapid
urbanization that has taken place in large urban areas. This urbanization has led to the
implementation of various technological and intelligent systems to better serve the growing
population worldwide. In urban and suburban areas, street lighting plays an essential
role. The primary goal of urban lighting is to allow for continued economic activity in
the evenings by providing visibility along roadways and other thoroughfares used by
pedestrians and motorists. Nevertheless, this undertaking incurs substantial expenses,
amounting to around 13–14% of the yearly power output on a global scale. Around
363 million lamps will be installed around the world by the year 2027 [1]. Street lighting
in smart cities is reduced to an improved energy-intensive system, and its infrastructure
may be used to analyze and enhance critical urban factors. New-generation techniques
and novel system interventions can achieve this. Implementing a sensor network and
certain communication technologies can convert street lighting poles, also called columns,
into intelligent and versatile structures [2]. Some examples of this kind of monitoring and
management include environmental parameter monitoring [3], traffic management, and
the implementation of city safety rules. These requirements have played crucial roles in
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society, and thus much of the focus of modern science and industry has been on these [4].
According to a crucial message from the United Nations, the global population will exceed
8 billion in 2022 and over 10 billion by the 2080s. The phenomenon of population expansion
and rapid global civilization change has resulted in the need for more traditional urban
infrastructure to satisfy international standards in various major cities across the globe,
hence causing development and disruption. Smart cities have gained popularity due
to the proliferation of intelligent devices, the widespread use of Internet of Things (IoT)
applications, and the increasing global focus on enhancing quality of life [2]. The smart
city concept is characterized by six key attributes: smart government, smart living, smart
economy, smart people, smart transportation, and a smart environment [3,4].

Public lighting infrastructure is a significant power consumer, subject to many circum-
stances, including regulatory measures and control mechanisms. The implementation of
advanced communication and management technology has the potential to decrease energy
consumption significantly. The International Energy Agency (IEA) estimates that lighting
solutions can save between 133 and 212 TWh per year in global energy use. The resulting
CO2 emission reductions for IEA countries could vary from 86 to 137 MT/y [1]. According
to a recent study [2] by the European Commission, research into energy-efficient lighting
systems has the potential to cut the amount of electricity required for illumination by 30%
to 50%. It is recommended to use energy-efficient lighting systems, equipment, various
types of outdoor luminary lighting fixtures, and environmentally conscious methodologies
to generate electricity. This is not only a smart purchase but can also enhance the quality
of the illumination [5]. Worldwide electricity usage is reaching substantial levels and is
growing by nearly 3% annually. Outdoor illumination contributes to 15–19% of global
power consumption, while lighting consumes roughly 2.4% of humanity’s yearly energy
resources, resulting in 5–6% of greenhouse gas discharges into the air [6,7]. Roughly 66%
of public lighting systems depend on outdated and inefficient technologies, leading to
excessive energy use. This phenomenon has considerable potential for enhancing public
lighting infrastructure and mitigating energy usage [8]. Approximately 5% of the energy
consumed in the context of lighting is absorbed by general lighting, which is an integral
component of a city or town’s aggregate energy consumption. As a result, streetlights
consume a significant amount of energy, highlighting the necessity of addressing this issue
and developing strategies to mitigate streetlight consumption. The development of smart
and intelligent street lighting systems with integrated control mechanisms is a subject that
has garnered considerable attention among researchers on a global scale. Many researchers
worldwide are interested in developing smart street lighting with such a control system.
This kind of lighting control network improves street lighting. Deploying a control sys-
tem can improve safety and sustainability [5]. Smart street lighting systems with varying
specifications have been proposed to reduce carbon emissions and global warming by
saving electricity. These systems have sensors to manage light intensity and connectivity to
remotely record road traffic, weather, and lamp failure.

This research’s main focus, an Intelligent Street Lights System using LED lights,
is crucial to energy efficiency and cost reduction. Experimental findings demonstrate
the potential for up to 80% energy savings compared to traditional streetlamp systems.
Additionally, the system enables remote monitoring and intelligent management of urban
streetlight conditions through terminal devices.

The rest of the paper is organized as follows. An approach is proposed system in
Section 2. Section 3 highlights the most important case studies and the findings of energy
demand, smart lighting, and smart energy research as part of the smart city concept.
Conclusions are provided in Section 4.

2. Proposed Methodology

The proposed system under consideration is a cost-effective specialized hardware con-
figuration comprising an acquisition and transmission apparatus connected to a collection
of sensors. Primarily, we have designed and simulated the working theory for an automatic
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and adaptive street lighting system, as shown in Figure 1. Based on the simulation, we have
implemented and shown that the system works seemingly, along with conditional data-
based dimming. Secondly, we have arranged some specific data on vehicular movement
during lighting hours (dusk to dawn of the next day) in seven different types of heavily
trafficked streets within the urban area of Chittagong City, Bangladesh. We have collected
traffic datasets for 15 days and calculated the average value for each day. Thereafter, we
used the collected data to determine how long and when the LED bulbs for the proposed
street lighting system should be dimmed.
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Figure 1. Overview of Working Process of the Smart Street Lighting System.

The development of the proposed street lighting system begins with the system block
diagram, illustrated below.

The proposed street lighting system integrates Light Dependent Resistors (LDRs),
Ultrasonic Sensors, and Real-Time Clocks (RTCs) as crucial input components to ensure
optimal functionality. The LDR (Light Dependent Resistor) monitors variations in day-
light intensity and meteorological fluctuations, quantified in voltage units, to regulate
the illumination system correspondingly. Ultrasonic sensors can detect objects’ motions,
emphasizing automobiles’ facilitation of the implementation of adaptive lighting systems
in the presence of passing vehicles. The ESP32 board functions as the primary controller,
overseeing the regulation of the LED’s brightness through an intensity module and the
implementation of power-saving methods. The integration of solar energy has been found
to improve efficiency and reduce costs, since it is a supplementary power source to support
the system’s functioning, shown in Figure 2.
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3. Results and Discussion

In four different types of roads—Arterial (three lanes on both sides), Local, Collector
Roads (two or one narrow lane), and Transitways (two or one lane)—we have recorded
the rate of moving cars during nighttime hours (from twilight to dawn). To preserve
energy during off-peak traffic, we divided the data into peak (6:00 p.m. to 12:00 p.m.) and
off-peak (12:01 a.m. to 6:00 a.m.). Table 1 lists road traffic types. We determined the daily
average of vehicle traffic from twilight to dawn for all four streets from 15 days of data. The
number of vehicles was listed. Many autos ran on the Arterial road from dusk to daybreak.
The Local Road also experienced automobile pressure. Collector roads and transitways
experienced less pressure than other routes until 12 p.m. Table 1 shows that city vehicle
mobility decreased from 12.01 a.m. to 6 a.m.–midnight after 12 p.m. (AM: Anti Meridiem,
PM: Post Meridiem)

Table 1. Traffic Volume on Various Roads.

Time Period Arterial Local Collector Transitways

06 p.m.–07 p.m. 6228 2931 266 6
07 p.m.–08 p.m. 6998 2432 231 6
08 p.m.–09 p.m. 6358 1992 210 6
09 p.m.–10 p.m. 5890 917 206 6
10 p.m.–11 p.m. 5860 897 203 6
11 p.m.–12 a.m. 4460 652 176 6
12 a.m.–01 a.m. 1140 642 165 2
01 a.m.–02 a.m. 662 221 98 2
02 a.m.–03 a.m. 448 124 15 0
03 a.m.–04 a.m. 344 43 7 0
04 a.m.–05 a.m. 342 31 4 0
05 a.m.–06 a.m. 546 66 42 6

Table 2 displays vehicle movement-dependent LED streetlight brightness (green value
indicates dimming). This table shows that LED street light brightness is 10% for Arterial
roads from 2:00 a.m. to 5:00 a.m., Local roads from 1.00 a.m. to 6.00 a.m., and for Collector
Roads and Transitways is always 10%.

Table 2. Brightness of LED Street Light according to Vehicle Movement Rate in Different Roads.

Time Period
In Accordance with Vehicle Movement, the LED Street Light Brightness

Arterial Local Collector Transitways

06 p.m.–07 p.m. 100% 100% 10% 10%
07 p.m.–08 p.m. 100% 100% 10% 10%
08 p.m.–09 p.m. 100% 100% 10% 10%
09 p.m.–10 p.m. 100% 100% 10% 10%
10 p.m.–11 p.m. 100% 100% 10% 10%
11 p.m.–12 a.m. 100% 100% 10% 10%
12 a.m.–01 a.m. 100% 100% 10% 10%
01 a.m.–02 a.m. 100% 10% 10% 10%
02 a.m.–03 a.m. 10% 10% 10% 10%
03 a.m.–04 a.m. 10% 10% 10% 10%
04 a.m.–05 a.m. 10% 10% 10% 10%
05 a.m.–06 a.m. 100% 10% 10% 10%

Total power consumption for all four road types was calculated. All these routes use
Methyl Halide lighting now. We evaluated 10 m between lamp posts for Arterial, Local,
Collector, and Transitways roads.

In Table 3 we can see, per day, 1 km road (100 streetlights) power consumption of
streetlight (green value indicates dimming). In this table, we can see that methyl halide
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12 h power consumption is 120 kWh, LED is 28.8 kWh, and our proposed dimming LED is
19.68 kWh per day, which is less than the other two. Methyl halide and LED streetlights
run at 100% brightness with a consistent power consumption value for each road based on
the vehicle density per hour displayed in Table 3. Our proposed dimming mechanism is
compatible with methyl halide lamps and light-emitting diodes (LEDs). We can obtain less
power consumption from the other two mechanisms shown in Table 3.

Table 3. Power Consumption by LED Light (Dimming 10%) according to Vehicle Movement (for
1 km road).

Time Period
100% Brightness 10% Dimming

Methyl Halide LED Dimming LED

06 p.m.–07 p.m. 10 2.4 2.4
07 p.m.–08 p.m. 10 2.4 2.4
08 p.m.–09 p.m. 10 2.4 2.4
09 p.m.–10 p.m. 10 2.4 2.4
10 p.m.–11 p.m. 10 2.4 2.4
11 p.m.–12 a.m. 10 2.4 1.92
12 a.m.–01 a.m. 10 2.4 1.92
01 a.m.–02 a.m. 10 2.4 1.2
02 a.m.–03 a.m. 10 2.4 0.24
03 a.m.–04 a.m. 10 2.4 0.24
04 a.m.–05 a.m. 10 2.4 0.24
05 a.m.–06 a.m. 10 2.4 1.92

Total Power 120 kWh 28.8 kWh 19.68 kWh

Based on the data shown in Tables 3 and 4, it is evident that the power consumption
during dimming operations exhibits distinct patterns. Specifically, the recorded power
consumption occurs between 2:00 a.m. and 5:00 a.m. on Major Arterial roads, from 12:00
a.m. to 6:00 a.m. on Minor Arterial roads, and from 6:00 p.m. to 6:00 a.m. on Collector
roads. Green Value Indicate Dimming. The collected data exhibits a declining trend initially,
followed by an eventual increase in final time. The LED light exhibits reduced power
consumption during off-peak periods due to our proposed dimming implementation when
traffic volume is relatively low. When the LED light is dimmed, its power consumption
decreases, representing a reduction of 10%. During periods of intense demand, power
consumption will significantly reduce. There is a vast difference in power consumption
between methyl halide, LED, and the proposed LED. In methyl halide and LED, the power
load is more significant than power production from solar power, so if we use solar power
in Methyl halide and LED, we have to take some power from the national grid to fulfill the
load, shown in Table 5. In Methyl halide and LED, we can see that per day load is 120 kWh
and 28.8 kWh, while our production from solar is 25 kWh. The average per day shortage is
95 kWh and 3.8 kWh. On the other hand, in our proposed system, the power load per day
is 19.68 kWh. This can be fulfilled by solar power. This means that we can contribute an
extra 5.32 kilowatts of electricity daily to the national grid, because we generate more than
we need. So, our proposed system can bring about a significant positive change in the cost
of the lighting system.

Table 4. Power Consumption Without Solar Power.

Time Methyl Halide (kWh)
For 100 W

LED (kWh)
For 30 W

Dimming LED (kWh)
For 30 W

Per day 120 28.8 19.68

Per Month 3600 864 590.4

Per Year 43,200 10,268 7084.8
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Table 5. Power Consumption Comparison with Solar Power and Dimming LED.

Time Methyl Halide
(kWh) For 100 W

LED (kWh)
For 30 W

Dimming LED
(kWh) For 30 W

Solar Power with
Dimming LED (kWh)

Per day 120 28.8 19.68 25 − 19.68 = 5.32

Per Month 3600 864 590.4 750 − 590.4 = 159.6

Per Year 43,200 10,268 7084.8 9000 − 7084.8 = 1915.2

The cost analysis shown in Table 6 indicates that Dimming LED lighting is the most
economically advantageous option for short-term and long-term utilization. Although
Methyl Halide lighting is associated with the most significant daily and yearly prices,
LED lighting is a viable and economically advantageous alternative. It recommended that,
to decrease lighting expenses while upholding energy efficiency, transitioning to LED or
Dimming LED lighting solutions should be considered. We can see that, in our proposed
system, we have a revenue per day of 39.9 Tk. (1 kWh price in Bangladesh now costs
approximately 7.5 Tk.) by selling extra power of 5.32 kWh, because our load per day is
smaller than our power production from solar energy. So, our proposed system is more
beneficial than the other two systems.

Table 6. Cost Analysis of Proposed System.

Time Methyl Halide (Tk) LED (Tk) Dimming LED (Tk) Proposed System (Tk)

Per day 900 216 147.6 +39.9

Per Month 27,000 6480 4428 +1197

Per Year 324,000 77,010 53,136 +14,364

4. Conclusions

This research presents an IoT-Based Intelligent, Manageable Smart Street Lighting Sys-
tem. In summary, implementing this system can substantially reduce power consumption
by 70% to 85% power compared to the existing Methyl halide streetlights. This represents
the best solution for our current street lighting infrastructure. Furthermore, we can operate
these streetlights at zero cost by incorporating efficient solar panels and batteries. This
intelligent solar LED streetlight system provides superior illumination, optimizes electricity
usage, and reduces operational and maintenance expenses post-installation compared to
Methyl halide lamps and other similar options. We can control the number of streetlights
by establishing wireless communication through sensors.
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3. Bachanek, K.H.; Tundys, B.; Wiśniewski, T.; Puzio, E.; Maroušková, A. Intelligent Street Lighting in a Smart City Concepts—A

Direction to Energy Saving in Cities: An Overview and Case Study. Energies 2021, 14, 3018. [CrossRef]
4. Bellido-Outeiriño, F.J.; Quiles-Latorre, F.J.; Moreno-Moreno, C.D.; Flores-Arias, J.M.; Moreno-García, I.; Ortiz-López, M. Streetlight

Control System Based on Wireless Communication over DALI Protocol. Sensors 2016, 16, 597. [CrossRef] [PubMed]
5. Deepaisarn, S.; Yiwsiw, P.; Chaisawat, S.; Lerttomolsakul, T.; Cheewakriengkrai, L.; Tantiwattanapaibul, C.; Buaruk, S.; Sornlert-

lamvanich, V. Automated Street Light Adjustment System on Campus with AI-Assisted Data Analytics. Sensors 2023, 23, 1853.
[CrossRef] [PubMed]

6. Hannan, S.; Milton, G.B.; Kabir, M.H.; Uddin, M.J. A Case Study on a Proposed Adaptive and Energy Efficient Street Lighting
System for Chittagong City. In Proceedings of the 2019 1st International Conference on Advances in Science, Engineering and
Robotics Technology (ICASERT), Dhaka, Bangladesh, 3–5 May 2019; pp. 1–5. [CrossRef]

7. Quattrocchi, A.; Martella, F.; Lukaj, V.; De Leo, R.; Villari, M.; Montanini, R. Designing a Low-Cost System to Monitor the
Structural Behavior of Street Lighting Poles in Smart Cities. Sensors 2023, 23, 6993. [CrossRef] [PubMed]

8. Gagliardi, G.; Lupia, M.; Cario, G.; Tedesco, F.; Cicchello Gaccio, F.; Lo Scudo, F.; Casavola, A. Advanced Adaptive Street Lighting
Systems for Smart Cities. Smart Cities 2020, 3, 1495–1512. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/en13030630
https://doi.org/10.3390/su15076283
https://doi.org/10.3390/en14113018
https://doi.org/10.3390/s16050597
https://www.ncbi.nlm.nih.gov/pubmed/27128923
https://doi.org/10.3390/s23041853
https://www.ncbi.nlm.nih.gov/pubmed/36850451
https://doi.org/10.1109/ICASERT.2019.8934490
https://doi.org/10.3390/s23156993
https://www.ncbi.nlm.nih.gov/pubmed/37571776
https://doi.org/10.3390/smartcities3040071

	Introduction 
	Proposed Methodology 
	Results and Discussion 
	Conclusions 
	References

