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Abstract: Manual lighting systems in residential and public facilities often lead to significant 

electrical energy waste when lights remain active in unoccupied areas. To address this issue, this 

research aims to develop an automatic LED lighting system using an infrared sensor based on the 

Arduino Uno microcontroller to optimize energy consumption through automation. The research 

methodology involves hardware integration, software development using the Arduino IDE, and system 

functional testing.] Experimental results demonstrate that the system successfully detects object 

presence with high precision, triggering the LED to turn on instantaneously and deactivate when no 

object is detected. The study concludes that the infrared-based automation system is stable, responsive, 

and provides an effective, low-cost solution for improving energy efficiency in smart building 

applications. 
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Abstrak: Sistem penerangan manual di fasilitas perumahan dan umum sering kali menyebabkan 

pemborosan energi listrik yang signifikan ketika lampu tetap menyala di area yang tidak berpenghuni. 

Untuk mengatasi masalah ini, penelitian ini bertujuan untuk mengembangkan sistem pencahayaan 

LED otomatis menggunakan sensor infrared berbasis mikrokontroler Arduino Uno untuk 

mengoptimalkan konsumsi energi melalui otomatisasi. Metodologi penelitian meliputi integrasi 

perangkat keras, pengembangan perangkat lunak menggunakan Arduino IDE, dan pengujian 

fungsional sistem. Hasil eksperimen menunjukkan bahwa sistem berhasil mendeteksi keberadaan 

objek dengan presisi tinggi, memicu LED untuk menyala secara instan dan mati ketika tidak ada objek 

yang terdeteksi. Penelitian ini menyimpulkan bahwa sistem otomatisasi berbasis infrared ini stabil, 

responsif, dan memberikan solusi efektif berbiaya rendah untuk meningkatkan efisiensi energi pada 

aplikasi bangunan pintar. 

 

Kata kunci: arduino uno; sensor infrared; LED; mikrokontroler; sistem otomatis 

 
 
 
 
INTRODUCTION 
 

The development of microcontroller 

technology has encouraged the creation of 

various automated systems aimed at improving 

efficiency and comfort in daily life. One of its 

main implementations is an automated lighting 

system that can operate without manual 

operation. Although Light Emitting Diode 

(LED) technology has been widely adopted due 

to its energy-saving and durable nature, manual 

use often leads to energy waste due to 

negligence in turning off lights when not 

needed.  

Electrical energy waste in manual lighting 

systems is a significant problem. Globally, 

lighting accounts for approximately 20% to 30% 

of total energy consumption in residential and 

commercial buildings (Bolton, 2006). Research 

shows that manual operation often leaves lights 

on in unoccupied rooms, which contributes to 

energy waste of 10% to 40% of the total  
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building lighting budget. This efficiency 

is crucial because the use of highly efficient 

LEDs will still be wasted if the duration of use 

is not properly controlled. In the State of the Art 

(SOTA) of automated lighting system research, 

several common sensors have been used, such as 

Light Dependent Resistor (LDR) and Passive 

Infrared (PIR) sensors.  

LDR sensors are effective for outdoor 

lighting because they respond to ambient light 

levels, but they lack the ability to detect the 

presence of specific objects indoors. On the 

other hand, PIR sensors detect motion through 

heat radiation and are widely used in large 

rooms; however, these sensors often fail to 

maintain the “lights on” state if the subject 

remains still (static) and are susceptible to false 

triggers from changes in ambient temperature 

(Sedra & Smith, 2015).  

To overcome these limitations, this study 

designed an automated LED system using an 

Arduino Uno-based Infrared (IR) sensor. Unlike 

LDRs, infrared sensors work by emitting 

infrared waves and detecting reflections from 

nearby objects without relying on the room’s 

light intensity. Compared to PIRs, the IR sensors 

in this system offer more stable and precise 

proximity detection for small-scale applications 

or transition areas such as entrances and 

corridors of public facilities.  

Arduino Uno acts as the main controller 

that processes input signals from the sensors to 

regulate the LED output in real-time. This 

approach enables a more responsive automation 

concept and is a simple yet effective solution in 

improving the efficiency of electrical energy 

use. 

 

Theoretical Basis: 

Arduino Uno 

Arduino Uno is a board microcontroller based 

on the ATmega328P which has 14 digital pins 

and 6 analog pins. Arduino Lots used in 

embedded systems because convenience 

programming And support broad community . 

 
Image 1. Arduino Uno  

Source: google 

Infrared Sensor 

Infrared sensor working with emit wave 

infrared And detect reflection from object . 

When object detected , the sensor produces 

HIGH or LOW digital signal that can read by 

microcontroller . 

 
Image 2. Infrared Sensor 

Light Emitting Diode (LED) 

LED is component emitting 

semiconductor light when flowing current 

electricity . LEDs have efficiency tall And 

consumption Power low so that suitable used in 

system automatic . 

 
Image 3. Light Emitting Diode (LED) 

Source: ResearchGate 
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System Lighting Automatic 

System lighting automatic is control 

system light based on condition certain using 

sensors and microcontroller as data processor . 

 

 

METHOD 
 

This research methodology is 

systematically structured to ensure the 

successful design and testing of the automated 

LED system. The research stages follow a flow 

consisting of component preparation, hardware 

design, software development, and system 

testing procedures. 

 

Tools and Materials 

The main components used in this 

research include: 

Arduino Uno: An ATmega328P-based 

microcontroller that functions as a central 

processing unit (CPU) to control input and 

output. 

Infrared (IR) Sensor: Functions as an 

object presence detector through infrared wave 

emission and reflection detection. 

Light Emitting Diode (LED): Serves as an 

efficient lighting output component. 

Jumper Wires and Breadboard: To 

connect components in a circuit without 

permanent soldering. 

 

Hardware Design 

This system is designed by connecting the 

IR sensor to the Arduino's digital input pins and 

the LED to the digital output pins. The VCC and 

GND pins on the sensor are connected to the 5V 

and Ground lines on the Arduino. The sensor 

data pin is connected to digital pin 2, while the 

positive LED pin is connected to digital pin 13, 

with a resistor added as a current limiter in 

accordance with microelectronic circuit 

principles (Sedra & Smith, 2015). 
 

Software Programming 

The control logic is implemented using 

the C++ programming language within the 

Arduino Integrated Development Environment 

(IDE) (Rohmanu, 2018). The system's main 

logic uses if-else conditional instructions: 

If the sensor signal is LOW (an object is 

detected), the Arduino applies a HIGH voltage 

to the LED pin. 

If the signal is HIGH (no object is 

present), the Arduino applies a LOW voltage to 

turn off the LED. 
 

Testing Procedure and Data Collection 

The testing process was carried out by 

placing objects at various distances in front of 

the sensor to validate the system's response. The 

collected data included sensor detection status 

and LED on status, which were then analyzed to 

ensure system stability according to the research 

flowchart (Image 1). 

 
Image 4. Flow Diagram Study 

 

Table 1. Sensor Test Data 

No 
Condition 

Testing 

IR Sensor 

Response 

LED 

Condition 

1 
No There 

is object 
No detected 

Off 

 

2 

Object 

near with 

sensor 

Detected 
Light up 

 

3 

Object 

avoid 

from the 

sensor 

No detected 
Off 

 

4 
Object is 

at in range 

Detected 

 

Light up 
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RESULT AND DISCUSSION 

 
The operational success of this automated 

LED system depends on the harmonious 

integration of hardware components and digital 

logic execution within the microcontroller. 

Based on test results (Image 2), the system 

demonstrated stable performance in responding 

to object presence in real time. 

Mechanism Analysis 

This system operates based on the 

principle of active infrared reflection. The 

sensor module continuously emits infrared 

waves into the surrounding environment; when 

an object enters the detection range, the waves 

are reflected back and captured by the receiving 

photodiode. This signal change is then processed 

by the ATmega328P on the Arduino Uno. The 

use of LEDs as outputs is ideal in this automated 

system due to their low power consumption and 

high switching speed, which supports overall 

energy efficiency (Bolton, Sedra & Smith, 

2024). 

 

System Limitations and Weaknesses 

Although the system operates according 

to its designed logic, several technical factors 

can affect sensor accuracy in the field: 

 

Sunlight Interference: The sunlight spectrum 

contains a broad range of infrared radiation. 

This can cause saturation of the sensor receiver, 

triggering "false positives" where the LED 

remains lit even though no physical object is 

present (Sedra & Smith, 2015). Therefore, this 

system is more effective when operated indoors 

with controlled natural light exposure. 

 

Object Color Absorption:  
Detection accuracy is also affected by the 

physical characteristics of the object. Dark or 

black objects tend to absorb infrared waves 

rather than reflect them (Margolis, 2011). This 

can cause the sensor to fail to detect an object 

even when it is within range. 

 

Distance Limitations: 
The standard infrared sensors used in this 

study have a limited effective range (typically 

below 30 cm), so their current application is 

more suitable for small-scale applications such  

 

as automated systems at entrances or 

workbenches rather than large rooms. 

For further development, the use of 

modulated infrared signals or combining them 

with ultrasonic sensors could be considered to 

overcome environmental interference and 

extend the detection range of this automated 

system. 

 
Image 5. Testing data graph 

 

Based on Image 2 (Automatic LED 

System Analysis Graph) contained in your 

research document, here are the results of an in-

depth analysis that you can use to strengthen the 

Results and Discussion chapter: Automatic LED 

System Analysis Graph. This graph represents 

empirical validation of the performance of the 

microcontroller-based lighting control system. 

The following are the main points of the 

analysis: System Binary  

 

 

Logic Validation: 
The graph shows the movement of the 

LED status in binary, namely between 0 (Off) 

and 1 (On). This proves that the program 

embedded in the Arduino Uno successfully 

translates the digital signal from the infrared 

sensor into precise automatic switch actions 

according to the designed if-else logic.  

 

Direct Correlation of Object Detection: 
There is a consistent positive correlation 

between the presence of an object and the output 

status. In the "No Object" and "Object Away" 

conditions, the LED status is at 0, indicating that 

the sensor is not receiving infrared wave  
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reflections. In the "Object Near" and "In Range" 

conditions, the LED status instantly rises to 1, 

indicating that the infrared wave reflections 

have reached the threshold specified to trigger 

the microcontroller.  

 

Operational Stability: 
The sharp "valley" and "peak" pattern of 

the graph indicates high system stability and fast 

response time. There are no floating points 

found between 0 and 1, indicating that the 

electronic circuit is quite stable and has minimal 

noise during data collection.  

 

Conclusion Based on the Graph: 
This visual data effectively proves that 

this automatic lighting system operates 

according to the research methodology plan. The 

system successfully eliminates energy usage 

when there is no activity (condition 0) and only 

consumes power when needed (condition 1), 

which theoretically supports the electrical 

energy efficiency efforts that are the background 

of this research. 

 

 

CONCLUSION 

 
This research successfully designed and 

implemented an automatic LED lighting system 

based on Arduino Uno microcontroller and 

infrared sensor. Based on the results of system 

testing, it can be concluded that: System 

Integration Success: Arduino Uno is effectively 

able to process input signals from infrared 

sensors to control the LED output according to 

the designed program logic, where the lights 

turn on instantly when an object is detected and 

turn off when there is no object. Stability and 

Accuracy: The results of data testing show that 

the system works very stably and has a high 

level of precision in responding to the presence 

of objects within the specified sensor range. 

Energy Efficiency: The implementation of this 

automation technology provides a practical 

solution to minimize the waste of electrical 

energy in manual lighting systems, so it is very 

suitable for application in residential 

environments and public facilities. As a 

suggestion for further development, subsequent 

research can integrate sensors with a wider 

range or use signal modulation methods to  

 

overcome sunlight interference, so that this 

system can be implemented in more complex 

outdoor areas. 
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