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Abstract— Efficient utilization of the limited available 

energy in developing countries is a practical solution to the 

present challenges facing the power sector in the region. 

Automation of lighting systems in both residential and 

industrial buildings is one of the strategies for energy efficiency 

towards a sustainable economic development. In this paper, the 

authors developed an intelligent lighting system using 

occupancy control. The prototype consists of an Arduino uno 

microcontroller, Infrared module, Liquid Crystal Display 

(LCD), relay, buzzer, and a light bulb. The infrared module 

senses human presence in a room and transmits a 

corresponding electrical signal to the Arduino. The relay was 

connected to the Arduino to act as the control unit. The 

programmable microcontroller was also used to keep track of 

the number of people in the room while the information is 

displayed on the LCD. The system achieved a significant 

energy saving by switching ON the light bulb only when it is 

really needed. A large-scale implementation of this smart 

application in residential and office buildings will encourage 

energy efficiency, making electrical energy available for other 

areas which are yet to be connected to the power grid.  

 

Index Terms—Internet of Things; smart lighting system; 

Infrared sensor; arduino; energy efficiency 

 

I. INTRODUCTION 

HE supply of electrical energy in most developing 

countries is relatively low when compared to the high 

demand for the essential commodity [1]. For instance, the 

power generating capacity required to adequately meet the 

load demand in Nigeria is above 140,000 MW but the 

currently installed capacity is only about 8039 MW [2]. 

Efficient utilization of the limited available energy in 

developing countries will help in handling the present 

challenges facing the power sector in the region. 

Automation of lighting systems in both residential and 

industrial buildings is one of the strategies for energy 

efficiency towards a sustainable economic development. 

Energy savings achieved from smart lighting control will 

reduce costs and eliminate the need for the commissioning 

of additional power stations. On the other hand, energy 

saved can be made available to areas which are yet to be 

connected to the power grid. In addition to these benefits, 

energy efficiency also encourages environmental 
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sustainability. 

The contribution of lighting to the total energy expended 

globally is approximately 20% [4]. 18% of the total energy 

consumed in commercial and office buildings are expended 

on lighting [5]. The range of energy consumed in office 

building per annum is between 100 and 1000 kilowatt-hour 

per square meter [6]. The value depend on several factors 

which also include the period of use. Therefore, savings of 

energy consumed by lighting when it is not needed will 

reduce the annual consumption rate drastically. 

Recent development in solid state Light Emitting Diode 

(LED) technology is a great opportunity for the rapid 

penetration and adoption of smart lighting systems [3]. LED 

lighting is known for its energy efficiency and long lifespan. 

It can be easily controlled, unlike the conventional halogen 

and fluorescent lamps. Occupancy sensing obtains feedback 

from electronic sensors which are nitrated into an embedded 

system [7, 8]. Occupancy control-based smart lighting is an 

energy-efficient method for lighting control. In this 

approach, the artificial lighting of the indoor environment 

depends on the number of people in the room. A sensor is 

deployed to detect human presence. This information is then 

used to actuate the smart lighting system. The main 

advantage of this approach is that energy is consumed only 

when it is needed, thereby reducing cost and making energy 

available to others. It is also effective as it requires no 

human intervention to operate.  

In this paper, the authors developed an intelligent lighting 

system using occupancy control. The prototype consists of 

an Arduino microcontroller, Infrared module, Liquid Crystal 

Display (LCD), relay, buzzer, and a light bulb. The infrared 

module senses human presence in a room and transmits a 

corresponding electrical signal to the Arduino. The relay 

was connected to the Arduino to act as the control unit. The 

programmable microcontroller was also used to keep track 

of the number of people in the room while the information 

is displayed on the LCD. 

The remaining of this paper is organized as followed: 

Section II states the materials used and explains the 

methodology employed; Section III discusses the design 

implementation and testing procedure of the prototype; and 

Section IV concludes the paper. 

II. MATERIALS AND METHOD 

The smart lighting system consists of the sensing unit, the 

controlling unit, the display unit, and the relay driving unit. 

These units interface with one another to achieve the 

objectives of this work. 

In this work, a 9-volt DC power is needed to efficiently 

operate the smart lighting system. The transformer used is a 
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center-tapped step down transformer. This is meant to step 

the mains voltage to produce two sets of 12-volt AC output 

that can be harnessed into 24-volt AC. A 220-volt AC mains 

voltage was supplied to the transformer. A switch and a fuse 

were placed on the ‘live’ wire to protect against over-

voltage. The AC output of voltage transformation was 

converted into DC using the full-wave rectification process. 

Due to the pulsating nature of the DC output, the pulsating 

voltage was filtered to eliminate AC ripples. An electrolytic-

type capacitor was used to achieve a smooth DC output. 

Also, a fixed positive linear voltage regulator was used to 

obtain a steady output of 15-volt DC output.  

The prototype smart lighting system comprises of the 

Arduino microcontroller, the Infrared module, the Liquid 

Crystal Display (LCD), the relay, the buzzer, and a light 

bulb. The lighting system is controlled automatically based 

on room occupancy. The relay was connected to the 

Arduino to act as the control unit. The infrared module 

senses human presence in a room and transmits a 

corresponding electrical signal to the Arduino. The infrared 

module is sensitive to the direction of incoming object. The 

programmable microcontroller was also used to keep track 

of the number of people in the room while the information 

is displayed on the LCD. When the limit of people that can 

access the room is reached, the buzzer connected to the 

Arduino is activated.  

The Arduino coordinates the activities of the infrared 

module, the relay, and the LCD. This allows the relay to 

respond adequately to the signal sent by the infrared 

module. The infrared sensor module has a pair of infrared 

transmitter and the receiver tube. The infrared emits 

electrical signals at a certain frequency. The infra-red 

module is shown in Figure 1. When an obstacle is 

encountered, it acts as a reflecting surface, and the signal is 

reflected back to the receiver tube. Based on comparator 

circuit processing, a digital signal output is produced. The 

effective distance range is between 2 cm and 80 cm. The 

detection range of the sensor can be adjusted by the 

potentiometer with little interference. A 16 x 2 LCD unit 

was used. 

 

 
Figure 1: Infrared Module Circuit 

 

The sensing unit is made up of the IR sensor, the 

potentiometer, the comparator (Op-Amp), and the Light 

Emitting Diodes (LEDs). The potentiometer was used to set 

the reference voltage at the comparator while the IR sensor 

senses the object or person that is in the detection zone, 

providing a change in voltage at the second terminal of the 

comparator. The comparator then compares both voltages 

and generates a digital signal as output. In this work, two 

comparators were used as the sensors while LM358 was 

used as a comparator.  

 

 
Figure 2: Transistor Relay Circuit 

 

Arduino uno microcontroller forms the heart of the 

controlling unit. It coordinates the activities of the other 

units of the smart lighting system. The outputs of the 

comparators were connected to the digital pins 14 and 19. 

Arduino reads the input signal and sends corresponding 

commands to the relay driving circuit which controls the 

light bulb. The transistor relay circuit is shown in Figure 2. 

Figure 3 represents a comprehensive methodology of the 

design of the smart lighting system. 

  

 
 

Figure 3: Flow Chart of Smart Lighting System 

 

 

 

 
 

Figure 4: System Design Circuit 
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The Arduino microcontroller is powered through the DC 

input jack using 9-volt DC supply obtained from the 7809 

voltage regulator. The infrared module was powered by the 

5-volt output of the Arduino circuit. The LCD unit is also 

powered by the Arduino circuit. 

III. DESIGN IMPLEMENTATION AND TESTING 

The design of the smart lighting system was successfully 

implemented on Vero boards. Various components of the 

system were carefully soldered and appropriate tests were 

conducted to ensure proper functionalities of each unit.  

A 9-volt DC power is supplied to the Arduino. The power 

supply was connected to the Arduino through a 7809 

voltage regulator. The Arduino was programmed using the 

Arduino Integrated Development Environment (IDE). Also, 

the infrared modules were connected to the Arduino using 

connecting wires. The digital output pins of the infrared 

modules were connected to pins 6 and 7 of the Arduino 

while the VCC was connected to the 5-volt pin of the 

Arduino. 

The buzzer was soldered to the Vero board with the pins 

connected to the GND and pin 14 of the Arduino. The relay 

unit was soldered on a small strip Vero board where a 

BC547 transistor was used as the switching element and the 

input signal pin was connected to pin 2 of the Arduino. The 

LCD was connected to the Arduino using the headers pins 

and wires. The internal connections of the complete system 

is shown in Figure 5. 

 

 
Figure 5: Internal Circuitry of the Smart Lighting System 

The system was tested for workability. The output 

voltage from the power supply was measured to be 8.5 

volts. Some kind of electromagnetic interference was 

experienced in the LCD display due to the interaction 

between the AC load and the DC relay. This affects the 

efficiency of the LCD display unit. The LCD was powered 

from a separate DC source to mitigate this adverse effect. 

At the start of the system, the count is initialized to zero 

and the LCD displays “Nobody in room, light is OFF”. But 

when an object crosses the line of sight of the ‘in’ infrared 

module, the count is incremented by one and a delay is 

implemented to allow the person pass before the next count. 

On the other hand, as soon as an object crosses the line of 

sight of the ‘out’ infrared module, the count is decremented 

by one and the delay is implemented. Meanwhile, the count 

is consistently displayed on the LCD. At a count of 1 and 

above, the system automatically switches ON the light. The 

room is considered to be full when a count of 10 is reached, 

and the system displays “Room is full”. 

The smart lighting system was well packaged in a plastic 

enclosure with the LCD on top, as shown in Figure 6, for 

ease of access. Also, power cables were connected using 

terminal blocks. 

 
Figure 6: Final System Product 

 

IV. CONCLUSION 

This work has demonstrated that significant amount of 

energy can be saved by automating the control of the 

lighting systems at homes and offices. The prototype system 

achieved a significant energy saving by switching ON the 

light bulb only when it is really needed.  

In future work, we plan to design and implement an 

intelligent lighting system using wireless networks of 

Internet of Things (IoT)-enabled sensors. The 

programmability of the IoT devices will allow device-to-

device communication over the Internet.  By this, the 

lighting system may be flexibly adapted and reconfigured to 

specific requirements of different use cases. A large-scale 

implementation of this smart application in residential and 

office buildings will encourage energy efficiency, making 

electrical energy available for other areas which are yet to 

be connected to the power grid. 
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