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 

Abstract: This paper aims to present an Intelligent Street 

Light System which is used to control the intensity of  street  

lights based on  motion  detection  of  people  and  vehicles  and 

to turn on the LED lights only when required. The system 

provides a cost-effective and an energy efficient solution for 

street lighting applications. The system operates in two modes, 

Bright state and Dim State. Passive Infrared (PIR) Sensors are 

used for motion detection. On detection of motion, the LED 

Bulbs are put into BRIGHT state, which otherwise remain in 

DIM state. The change in intensity levels from DIM to BRIGHT 

and vice-versa is achieved by a dimmer circuit. Detection of 

motion is also communicated to neighboring street lights, over 

WiFi, which also then change their state to BRIGHT state. The 

microcontroller used is ESP8266. 

 

Keywords: Dimmer Circuit, Motion Detection, Intensity 

Control, Microcontroller, Embedded Systems 

I. INTRODUCTION 

Intelligent street lighting system is an automatic street 

lighting technology where the intensity of  the  street  lights 

are controlled based on detection of motion of vehicles and 

people. The present system used for street light control, in 

India,    is timer based. Lights are turned on at dusk and 

turned off       at dawn. Hence they remain on for the entire 12 

hour period. However, this is wasteful in terms of power 

since the lights are powered throughout the night when 

pedestrian movement and vehicle density is at its least. This 

paper, thus aims to provide a more efficient system which 

conserves power and reduces wastage by turning on the lights 

to full intensity only when motion is detected. At all other 

times, the lights are maintained in dim state (twenty percent 

of full intensity) 

II.  SYSTEM DESIGN 

The block diagram of the system is shown in Figure 1.  

Each unit in the system comprises of a Passive Infrared (PIR) 

sensor, a microcontroller (ESP8266) and a dimmer circuit 

connected to a LED bulb. The LED lights operate in two 
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brightness states – DIM state and BRIGHT state.  

Initially when the system is powered ON, all LED bulbs 

are maintained in DIM state. When the microcontroller 

(ESP8266) receives an input from the PIR sensor or from a 

neighboring Node MCU, indicating presence of motion, the 

LED bulbs are put into BRIGHT state. This is done as 

follows. A timer is started for a reconfigurable amount of 

time, say two minutes. If a timer is already running, this 

timer is reset. A pulse is sent by the microcontroller to the 

dimmer circuit, which triggers the gate of the TRIAC and 

puts the LED bulbs into BRIGHT state. At the same time, all 

neighboring microcontrollers also receive a signal to change 

the state of their corresponding bulbs to BRIGHT state. The 

LED Bulbs remain in BRIGHT state as long as the timer 

value is non-zero. When timer value reaches zero, another 

pulse is sent to the dimmer circuit to put the LED Bulbs into 

DIM state. The bulbs remain in DIM state till the 

microcontroller receives an interrupt from the PIR Sensor or 

a signal from the neighboring microcontroller. 

 

Fig. 1. Block Representation of the System 

A. Dimmer Circuit Design 

The dimmer circuit, as shown in Figure 2, is used to 

control the intensity of the LED bulbs. An AC voltage 

controller is implemented using a TRIAC. The dimmer 

circuit comprises of a zero crossing detector which takes the 

Line and Neutral voltages as 

input and produces a pulse 

Energy Efficient Street Lighting System Based 

on Microcontroller 

Deepa Sivaram, Kala Bharathan, D.Vaithiyanathan
 



 

Energy Efficient Street Lighting System Based on Microcontroller 

 

28 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: A10071191S19/2019©BEIESP  

DOI: 10.35940/ijitee.A1007.1191S19 

 

every half cycle of    the input (i.e. at every zero crossing). 

The output of the zero crossing detector is fed as an interrupt 

to the microcontroller, ESP8266. The microcontroller also 

receives an  input  from the PIR sensor or a neighboring 

microcontroller indicating presence of motion.  

When the microcontroller ESP8266, receives an input 

indicating detection of motion, a pulse, delayed by the 

appropriate value, is sent to the opto-coupler MOC3023 

which in turn triggers the gate of the TRIAC. This causes the 

TRIAC to switch to ON state and hence a part of the ac 

voltage is chopped off. This results in dimming of the LED 

bulb which is connected in series to the TRIAC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Controller Circuit 

B. Communication between Microcontrollers 

Each NodeMCU is assigned a static IP address. On power 

ON, all the NodeMCU’s find out their static IP’s from their 

unique MAC addresses. After finding out their static IP’s, 

they locate the number of peers connected and the IP 

addresses    of their immediate neighbors. When the 

NodeMCU receives an input from the PIR Sensor, indicating 

presence of motion, a UDP packet is formed and sent to all 

the  peer  nodes.  The NodeMCU also continuously checks for 

incoming UDP packets from other NodeMCU’s. When a 

UDP packet is received from a neighboring node, the 

ESP8266 verifies the contents and calls the appropriate 

function to put the LED Bulbs into BRIGHT state. 

III. RESULTS AND DISCUSSIONS 

The final system implemented is as shown in Figure 3. To 

demonstrate the final outcome, the system was tested using 

three nodes. Each node has a PIR sensor (interfaced with a 

NodeMCU), a dimmer circuit and a dimmable LED bulb. 

Node 1’s NodeMCU was configured to act as an access point 

where it creates its own Wi-Fi network to which other node 

NodeMCU’s, configured as stations, connect. 

Whenever the PIR sensor connected to the first node 

detected any motion, the LED connected to that node 

changed to bright state. This was also communicated to its 

neighboring nodes (node 2 in this setup) and the LED at node 

2 also changed to bright state simultaneously. When node 2 

detected motion, LED at node 2 changed to Bright state along 

with the neighboring node LED’s - node 1 and node 3. When 

node 3 detected motion, LED at node 3 along with its 

neighboring node (node 2) changed to bright state. Once the 

LED’s were turned ON, they remained in BRIGHT state for a 

certain amount of time after which  they  returned  to  DIM  

state  if no more motion was detected. If there is continuous 

motion detected, the LED lights stay on as long as there is 

motion.  This system is configured to work in both directions 

- forward and reverse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Prototype of the implemented system 

IV. CONCLUSION 

This system effectively demonstrates the change in 

brightness levels (dimming action) of LED Bulbs on motion 

detection and the communication, of the same, between 

NodeMCU’s. It is shown that, on motion detection, the LED 

Bulb corresponding to the node at which motion was 

detected, changes to BRIGHT state. At the same time, its 

neighboring node’s LED Bulb’s also change to BRIGHT 

state. It is seen that, once the LED Bulbs change to BRIGHT 

state, they remain in the BRIGHT state for a certain amount 

of time (re-configurable) after which they change back to the 

DIM state. The DIM state is 20 percent of full brightness 

level. Thus, an energy-efficient and cost-effective solution 

has been effectively implemented. 
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