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Abstract 

The sole aim of this work is to create a system which reduces energy consumption and create an automated system 

which eradicate manual input that often lead to mechanical faults and equipment collapse. Traditional street lighting 

methods are not energy efficient and reliable because the depend on the national power grid for power supply and 

fossil fuel in other cases. They also consume a lot of energy as a result of being constantly ON at 100% capacity 

even when no one is on the road. The IoT smart solar street light uses solar energy which is abundantly available as 

its power source and automates the system via the use of IoT, enabling the street light via the use of the sensors 

connected to the Arduino Uno, to shine at 100% capacity only when it detects pedestrians or vehicles on the road. 

LED is also used instead of other conventional light fittings such as High Pressure Sodium, because of its energy 

conservation efficiency. The result showed that this automated IoT smart solar street light using LED saves a great 

amount of energy when compared to the conventional street using HPS as its lighting fixture. Also this system is 

more reliable as it doesn’t depend on the epileptic national power supply but on solar energy which is renewable and 

readily available.  

Keywords: Lighting Fixture, Sensors, IoT, HPS, Auduino Uno 

Introduction 

Street light have become the most popular means of lighting highways in developing countries such as Nigeria. 

According to the Merriam Webster dictionary, a street light is a lighting system illuminating a road, typically 

mounted on a tall post. There are several benefits that can be acquired from mounting street lights for both motorists 

and pedestrians which include but not limited to easy flow of traffic, improved visibility while driving for motorist, 

reducing the rate of night time accidents, securing of lives and property during night time, visibility at adjacent 

routes, increase in safety of motorist & pedestrians particularly at intersections. According to (Planis, S. 2006), 50% 

of all motor vehicle accidents occurs during night driving, whilst 25% of travel occur at night. This are among the 

major reasons why a good street lighting system is necessary and important in any economy. However, the major 

problems of street lighting systems in most developing countries such as Nigeria is the poor maintenance culture 

The maintenance and serving of thousands of street lights scattered around the country is a cumbersome task, 

particularly bearing in mind that most developing countries like Nigeria engage in corrective maintenance instead of 

as opposed to preventive maintenance which is more effective and cheaper. Also, majority of the street lights in 

Nigeria are powered by hydroelectric power plants, which is insufficient to the general populace and the epileptic 

nature of electricity distribution, this results in load-shedding currently practised in most developing countries. In 

addition, the power consumption rates of sodium vapour, metal halide lamps used in conventional street lights are 

too high and not sustainable because of the dismal supply of power. The compounds used in making the electric 

bulbs contributes to air pollution and climate change due to Green House Gases (GHGs) emission such as carbon 

dioxide, Nitrous Oxide among others (Morakinyo, F. 2014). Also, the conventional street lights are manually 

operated i.e. they are switched off in the day and switched on during the night by an operator, which is a laborous 

effort thus prone to manual errors. The conventional street lighting system can be automated using internet of things 

(IoT) devices. With the recent advancement in information and communication technology(ICT), which has brought 

about GSM networks, sensors, actuators, radio frequency identification (RFID), wireless sensor networks and most 

important IOT. These innovations have shown that several operations, performed by humans can be automated, 

smart and intelligent. The street lighting system in Nigeria and several other developing countries can be automated 
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and made less prone to human erros, cheaper & most importantly environmental friendly. In this paper, we proposed 

IOT-based smart street lighting system which utilizes components such as Arduino UNO, light emitting 

diode(LED), WIFI module, Solar Charge Controller along side sensors such as LDR & PIR. These components are 

available at low cost and low maintenance. The smart street ligthing system will conserve energy and inherently 

energy efficient. It will conserve energy by dimming its light when the streets are empty but once a movement is 

detected, the lights are ON. Futhermore it would be fully automated, turning itself ON&OFF. A WIFI module would 

ensure the lamp is monitured closely. 

Literature Survey 

The first public street light recorded dates back to 10
th

 century Spain, where Cordoba, the capital of the Moorish 

Empire, positioned kerosene lanterns along its main streets. Since then street lights have undergone severally 

technology reforms (Barozzi. & Guidi, 1993). The past decade as seen the emergence of a new technology that can 

be applied to street lighting, the solid-state light emitting diode (LED). LED is super-efficient, long-lasting, compact 

and versatile source (Oladeji, Sule, & Balogun, 2015). The advent of LED came with Different frame works 

developed by researchers to control and manage street lights. 

Wu et al (Wu, Tang, & Huang, 2010) proposed a control core framework based on AT89S52 which controls street 

lights. This framework combines the various technologies of LCD, digital clock and a timer, photosensitive 

induction etc. The light is dim normally but would light up at full voltage when vehicles or pedestrians crossed by, 

conserving energy. With this technology a large amount of power can be saved. The details and information of 

spoiled lights are obtained by an auto-alarm function incorporated into this framework. 

Shentu et al  (Shentu, Li, Sun, & Gong, 2010) came up with a system with wireless sensor networks frame work to 

observe the progress. The system is calibrated based on latitude and longitude. Using the sunset and sunrise circle 

and the information of light intensity, the system controls the street lights being kept in automatic programming 

mode. The system in addition makes use of digital temperature humidity sensor to real time and temperature of 

street lights. 

Kauser et al (Kauser, Rafiya & E, & Gangatharan, 2012) applied a controlled arrangement of LED in their road 

lighting framework. They proposed disconnection of the road lighting framework from the mains during pinnacle 

load time, lessening its effect on the electricity power distribution. It reduces the administration cost and logs status 

data of every road lighting unit.  Bhuvaneswari (Bhuvaneswari, Rajeswari, & Kalaiarasan, 2013) put forward a solar 

powered efficient street light with auto-tracking capabilities, obtaining maximum energy from the sun and 

augmenting power yield from a solar system by the increasing the efficiency. Solar tracking increases the power 

yielded from the solar panels as the panels automatically track the movement of the sun across the sky 

automatically. This method is more cost efficient than buying extra solar panels to capture more energy from the 

sun.  

Lee et al (Lee, Nam, Jeong, Choi, & Kim, 2006) advanced the development of a Control System for street lights 

using Zigbee communication module. This system presented reduces the difficulties encountered in identifying 

faults and improves response time. This street light monitoring and control system can be programmed to make the 

street lights on and off automatically. 

 Rajput  (K.Y.Rajput, Khatav, Pujari, & Yadav, March, 2013) propounded an intelligent street lighting system to 

reduce the chunks of power wasted in the conventional street lightening system. This proposed system made use of 

different kind of sensors like the CO2 sensor, noise sensor, light intensity sensor etc. GSM module is utilized to send 

information between the field units and the control center. 
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Methodology of Proposed Smart Solar Led Iot Street Light 

Four main parts have been discussed under this section. Design architecture illustrates the main block function for 

the proposed design. While, the hardware specification of each component is given. Also the flow of the system is 

explained. 

Design Architecture: 

 

Figure 1: Block diagram of proposed system 

 

Hardware Specification 

Arduino UNO Micro controller  

Arduino Uno is one of the numerous boards produced by Arduino. Atmel Corporation is an open source computer 

hardware and software company that designs and manufactures microcontroller kits for building digital services all 

over the world. This microcontroller board is based on the ATmega328P which consists of 28 pins, each with its 

unique purpose and can be grouped as follows: 14 digital 14 digital pins on the Uno operates at 5volts, and by using 

different functions, is set as either an input or output. Each pin receives between 20-50 mA as the recommended 

operating condition and has an internal pull-up resistor of 20-50k ohms. A maximum value of 40mA must not be 

exceeded on any I/O pin to avoid permanent damage to the microcontroller (Blum, 2013). The LDR is connected 

across the 5v and GND of the Arduino Uno, the output from the LDR is feed to the analogue input A0 of the 
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Arduino. The output from the LDR is what initially turns the LED ON&OFF. The PIR is connected across the 5V 

and GND, the output from the PIR is connected to analogue input A1 and A2 which corresponds to the LEDs 

connect to ~3 and ~5 respectively. The diagram of an Arduino Uno board is shown in Figure 2. 

 

Figure 2: Arduino UNO 

Light Dependent Resistor (LDR) 

LDR operates on the principle of photoconductivity. Light absorbed by the material would reduce the material’s 

conductivity. At the point when the light falls on the LDR, the electrons in the valence band of the material move to 

the conduction band. But the photons in the incident light must have energy superior to the band gap of the material 

to make the electrons jump from one band to another (valence to conduction). LDR is an electronic sensor that 

senses the presence of light. The LDR changes with the intensity of light, with increase in light intensity the 

resistance offered by the sensor reduces. When light falls on the top surface of the LDR, its resistance becomes 

lower and when there is low light, its resistance becomes higher (Wojnicki, Ernst, Kotulski, & Sedziwy, 2014). LDR 

is responsible for Automation of the project prototype. The diagram for the LDR is shown in Figure 3. 

 

  

Figure 3: LDR RESISTOR DIAGRAM 

PIR sensor 

An IR LED, also termed as IR transmitter often referred to as PIR, is known for its special purpose LED that funnel 

infrared beams in the compass of 760 nm wavelength. Passive IR (PIR) sensors use a pair of pyroelectric sensors to 

detect heat energy in the surrounding environment. These two sensors sit beside each other, and when the signal 

differential between the two sensors changes the sensor will engage. Such LEDs are typically made of gallium 

arsenide or aluminium gallium arsenide. They, alongside IR recipients, are generally utilized as sensors. The 
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infrared radiation detected by the sensor generates an electrical signal that is used to activate the Full ON state in the 

system. The diagram for the PIR is shown in Figure 4. 

 

Figure 4: PIR Sensor 

LED 

A light-emitting diode (LED) is a PN junction diode, which emits light within visible range spectrum when 

activated. When a voltage is applied across its leads, electrons recombine with holes within the LED, releasing 

energy in the form of photons which gives light. Hence, it is a two-lead semiconductor light source. Light emitting 

diodes represents the lighting system and the amount of light emitted by it is directly related to the detection or non-

detection of motion which amounts to a Dim ON state or a Full ON state (Jin, D. et al., 2016). LED lamps having 

highest lifespan from 50,000Hrs to 1,00,000 Hrs and efficiency of of 100 to 120 lm/w (Patil, Tayade, Pattadkal, 

Nawale, & Bhute, 2017). This project design was done with 2 LED. The diagram of an LED is shown below in 

Figure 5. 

 

Figure 5: LED 
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Software Development 

The microcontroller requires a program to operate and execute the process associated with the proposed design. 

Arduino programming has been used to construct the program which much ease. Arduino programming interface is 

user friendly, simple to understand and a person knowing only C language can manipulate it. In this software 

development, sensors are integrated and the decision for every sensor will determine the process or operation of the 

system. It starts with analysing the signal gotten from the LDR sensor and then followed by the PIR motion sensor. 

The system starts by determining the level of ambient light, Day light and night have been set as two surrounding 

light level. During the day, as sufficient light falls on light sensor, the LED light is switched off. During the night 

time the light starts to operate with other sub conditions. If there is no motion detected, then the lamp will shine with 

30% of its maximum intensity. And after detecting the motion, light brighten up to 100% intensity. The flow chat of 

the system is further illustrated in Figure 6. 

 

     

 

Figure 6: Flow chart of the proposed system 

IOT Based Control 

The system can be integrated as application of Internet of things (IOT) by using low cost ESP Wi-Fi module, so that 

brightness of the LED can be set to any required value. And different parameters of street light can be monitored 

with the of internet such as charging percentage of charge in battery, what is battery backup for a selected intensity 

of light, power consumption, on/off condition etc. In coming years all cities will have internet access, so IOT control 

of streetlight can be easily used. 
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Coding 

#define L1 A0  //connect LDR to pin A0 

#define S1 A1  // PIR SENSOR-1 TO pin A1 

#define S2 A2  // PIR SENSOR-2 TO pin A2 

               //connect LED 1 and 2 

int ldrFlag  = 0; 

int ldrValue = 0;  

int ldrRef   = 500; 

 

// set the reference value  

int ref1 = 500; 

int ref2 = 500; 

 

int val1 = 0; 

int val2 = 0; 

 

void setup() { 

  // put your setup code here, to run once: 

  Serial.begin(9600); 

  pinMode(13,OUTPUT); 

  digitalWrite(B1,LOW); 

   

} 

 

void loop() { 

  // put your main code here, to run repeatedly: 

  ldrValue = analogRead(L1);  

  val1 = analogRead(S1); 
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  val2 = analogRead(S2);  

   

  Serial.print(val1);Serial.print("\t"); 

  Serial.print(val2);Serial.print("\t"); 

  Serial.print(ldrValue); 

   

  if(ldrValue > ldrRef)  ldrFlag = 0; 

  else                   ldrFlag = 1; 

   

  if(ldrFlag == 1)         // 10% glow if ldr is off 

  { 

      Serial.println(     "LDR OFF "); 

      digitalWrite(13,LOW); 

      analogWrite(3,30);  

      analogWrite(5,30); 

       

      //100% glow when obstacle is sensed 

    //  if(val1>ref1) analogWrite(B1,250); 

      if(val1<ref1) { digitalWrite(3,250);  } 

      if(val2<ref2) { digitalWrite(5,250);  } 

             

  } 

  else                      //switch off all LED when ldr is on 

  { 

    Serial.println(     "LDR ON "); 

      //analogWrite(B1,0); 

      digitalWrite(13,HIGH); 

      analogWrite(3,0); 
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      analogWrite(5,0); 

       

  } 

   delay(500);  

} 

 

Energy Utilization 

Using High Pressure Sodium (HPS) 

Total power consumed by 1 HPS     = 400W 

Number of working hours per day   = 12 

Power consumed per day   = 12 x 400  

= 4.8kWh 

= 4.8 units 

4.8 x 30 = 144 units per month  = 144 kWh/month  

 

 

Using LED (for street lighting automation system) 

Total power consumed by 1 LED = 10w 

Number of nodes =   2 (lights on when sensor detect movement) 

 

Number of working hours per day (for sensor):  

Assume :7.00 p.m. – 1.00 a.m. (heavy traffic) 

              = 6 hours 

:1.00 a.m. – 7.00 a.m.  

     = 3 hours    (within 30 minutes vehicles pass through)  

Total     :9 hours 

 

Power consumed per day = [(2 x 9) x 200  
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 =3.6 kWh  

 = 3.6 units 

3.6 x 30 = 108 units per month = 108 kWh/month 

 

Energy saved between LED for automation system with 

HPS for public street lighting:  

144 – 108 = 36 

(36/144) x 100%= 25% 

For the smart street light system, it is assumed that there is heavy traffic within 7:00pm to 1:00am during the night, 

meaning the street light would be turned on at 100% full capacity for 6 hours. It is also assumed that from 1:00am 

until 7:00am fewer people would use the road due to the fact that its late at night and that vehicles would pass every 

30mins. 

From the calculation, comparison of the energy saved between High Pressure Sodium (HPS) lamps and LED is 

obtained. About 25% energy can be saved when traditional street light using HPS is compared to automated Smart 

street lighting using IoT. The power consumed by the conventional street lighting system is quite high when 

compared with using LED with automation. 

Conclusion 

This system helps to reduce cost of energy consumption on street light. The SSL system conserves energy and also 

improves the efficiency issue of streetlight network. Integrating the system into the country’s streetlight network on 

a large scale will drastically decrease street light network consumption from the grid. More money would be saved 

once this system is implemented on a large scale. According to the analysis carried out, it can be seen that 

implementing the smart street lighting system is beneficial in numerous ways. The system can further be improved 

on by including a hybrid energy generation system rather than relying solely on the grid for power. Solar energy can 

also be implemented. The system altogether is a leap into the future trend of technology, thereby moving Nigeria 

forward in its bid for technological advancement. 
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