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 Lighting is a fundamental need in daily life; however, conventional 

lighting systems that are still widely used today tend to be inefficient due to 

manual operation. This often leads to energy waste, especially when lights 

are left on during the day or in unoccupied rooms. This final project 

discusses the design and implementation of an automatic lighting system 

based on a light sensor (LDR) and motion sensor (PIR), aimed at improving 

energy efficiency in building environments. The system is designed to 

activate the lights only when two conditions are met simultaneously: the 

presence of a person in the room and low ambient light intensity, using an 

AND logic as the decision-making basis. Test results show that the system 

responds accurately, consistently, and reliably to environmental changes, 

and is capable of significantly reducing electricity consumption. By adopting 

this automation technology, the system not only supports energy savings and 

reduces operational costs but also contributes to environmental preservation 

through the reduction of carbon footprint. 
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1. INTRODUCTION  

Lighting is a fundamental need in human life, essential in various environments such as households, 

offices, and public facilities. Good lighting allows people to see objects clearly and contributes to a pleasant 

visual atmosphere, improving comfort and productivity [1]. Despite its importance, many existing lighting 

systems still operate manually, which often leads to inefficient energy usage. For example, lights may remain 

on during daylight hours or when rooms are unoccupied, resulting in unnecessary electricity consumption 

and increased operational costs. 

The building sector is one of the largest contributors to overall electricity consumption and 

environmental impact worldwide [2]. Within buildings, lighting systems, cooling units, and electronic 

equipment such as computers and printers consume the majority of electrical energy [3]. Many office 

buildings still rely on manual control for lighting without the support of sensors that can adjust lighting 

intensity automatically based on ambient conditions or occupancy. This lack of automation causes lights to 

be left on unnecessarily, leading to significant energy wastage [4]. The inefficient usage patterns not only 

raise operational expenses but also increase the carbon footprint, contributing to broader environmental 

challenges. 

Advancements in technology are pushing society towards greater modernization, where automation 

plays a crucial role in enhancing efficiency and convenience [5]. Automated lighting systems that use sensors 

can operate independently by adjusting to environmental factors such as natural light availability and human 

presence. Numerous studies have developed such smart lighting solutions aimed at energy savings. For 

instance, Deng [6] created the Smart Automatic Lighting System (SALS) to optimize energy use through 

microcontroller-based control. Aussat et al. [7] designed a system capable of monitoring the environment and 

self-calibrating for optimal power use, while Sun et al. [8] developed a classroom lighting system that adjusts 

brightness, color temperature, and light distribution according to different zones. 

Considering the urgent need to reduce energy consumption and the potential benefits of automation, 

this research proposes designing an automatic lighting control system using Arduino Uno R3. The system 

integrates a light sensor to detect ambient illumination and a motion sensor to sense room occupancy, 
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allowing lights to turn on automatically when the environment is dark or when movement is detected, and 

turn off when not needed. This approach not only reduces electricity consumption but also extends lamp 

lifespan and improves the overall operational efficiency of building lighting systems. 

 

 

2. METHOD  

This study applies the waterfall method, which is a systematic and sequential approach used in the 

system development process [9]. This method consists of five main stages, starting from user requirements 

specification, followed by design, implementation, verification, and finally maintenance. 

 

 
 

Figure 1. Stages of the waterfall metode 

 

In the requirements stage, the researcher identifies the parameters to be detected by sensors, such as 

human motion and indoor light intensity. This stage also involves determining the specifications of the 

necessary sensors and analyzing the requirements for devices and components. Next, during the design stage, 

the researcher develops the schematic design of the electronic circuit, creates a flowchart for the automatic 

building lighting system using Arduino Uno R3, and plans the layout of the components. 

The implementation stage involves assembling the hardware, programming the ESP32 microcontroller 

to read sensor data, and integrating all components into the automatic building lighting system based on 

Arduino Uno R3. Following this, in the verification stage, the researcher conducts sensor calibration tests and 

ensures the system operates in accordance with the programmed instructions. Finally, the maintenance stage 

includes regular calibration of the PIR and LDR sensors, cleaning of components, and replacing any worn or 

damaged parts to ensure the system remains functional and reliable over time. A block diagram is a system 

representation that displays the main parts or main functions of a system in the form of boxes connected by 

lines [10].  

 

 
 

Figure 2. Block Diagram 
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Block diagrams are used to describe the relationship between parts in a system. Block diagrams allow 

users to understand how the whole system works. Its main function is as a guide in arranging and connecting 

components in electronic circuits. The block diagram consists of three main parts:1) Input Block - The input 

block consists of four PIR sensors to detect human movement inside the room and four LDR sensors to 

measure the light intensity within the room. The data collected from these sensors are sent to the Arduino 

Uno for processing. 2) Processing Block - The data received from the sensors is processed by the Arduino 

Uno. The outcome of this processing determines the system's output behavior. 3) Output Block - The output 

block includes relays and lamps, where the relay functions as a switch to control the flow of electricity to the 

lamps, which act as the system's output components. When the sensors detect that the lights need to be turned 

on based on the PIR and LDR inputs, the relay activates (closes the contact), allowing electrical current to 

flow to the lamps. 

The circuit scheme ensures that each component is connected to each other so that the system can 

work according to its respective functions. In depicting the circuit scheme, each component can be depicted 

in its own form or represented with symbols. 

 

 
 

Figure 3. Circuit Schematic 
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Flowchart is a diagram or chart that describes the flow of processes or steps in a program, including 

the relationship between processes and statements involved in it [11]. Flowchart consists of several symbols 

connected by lines, with each symbol having its own meaning. Flowcharts are also used to represent the 

conceptual structure of complex software systems, serving as design documents used by system analysts to 

communicate, negotiate and represent the complexity of a process [12].  

 

 
 

Figure 4. Flowchart 

1) The process begins when the system is activated through a switch. Then, the LDR sensor and PIR 

sensor start working to measure the light intensity and detect movement in the room. The measurement 

results of these parameters will be processed by the Arduino Uno. 2) If the PIR sensor detects the presence of 

a person in the room, it is interpreted as logic 1. If the PIR sensor does not detect any presence, it is 

interpreted as logic 0. 3) The LDR sensor detects the light intensity in the room: dark condition (Lux = 0), 

dim condition (Lux < 300), and bright condition (Lux ≥ 300). The logic is 1 if the lux level in the room is less 

than 300, and 0 if it is 300 or higher. The value of 300 lux is used as a reference because the type of building 

for this final project is an administrative office, which requires a lighting standard of 300–500 lux according 

to SNI (Indonesian National Standard) [13]. 4) This system uses AND logic, where the output will be 1 only 

if both inputs are 1. If the AND logic condition is met (PIR = 1 and Lux < 300), the light will turn on. 5) If 

the AND condition is not met, the light will remain off, and the sensors will continuously re-measure the 

parameters in a loop. Hardware design is the process of designing, planning and developing the physical form 

of a system, including architectural design, component selection and technical specifications of the device to 

be made [14]. 
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(a) (b) 

 

Figure 5. Hardware Design (a) Component box design and (b) Miniature building design 

 

The component box, which houses the Arduino Uno and relay module, is also made of acrylic and has 

dimensions of 175 mm in length, 105 mm in width, and 60 mm in height. The building miniature consists of 

two floors, with each floor containing two rooms. The miniature is made of acrylic material, with a building 

length of 250 mm, a width of 200 mm, and a total height of 500 mm. Software design is a process that 

involves planning a software system that creates a framework to meet user needs [15].  

 

 
 

Figure 6. Software design on Arduino IDE 

 

The system’s programming algorithm was developed and implemented using the Arduino IDE, which 

is used to write, compile, and upload code to the Arduino Uno microcontroller. 
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3. RESULTS AND DISCUSSION  

The lighting system testing was conducted to ensure that the PIR and LDR sensors could work 

integrally to automatically control the lamp conditions. The PIR sensor functions to detect the presence of 

people in the room, while the LDR sensor detects the ambient light intensity. Based on the combination of 

these two sensors, the system decides whether the lamp should be turned on or remain off. The following 

table shows the test results from various possible conditions inside the room. 

Table 1. Lighting system testing 

 
 

The Table 1 shows the test results of the automatic lighting system using two sensors: a PIR sensor 

to detect the presence of humans and an LDR sensor to measure the light intensity inside the room. The 

system is designed so that the light only turns on when both the presence of a person is detected and the 

room's lighting is insufficient. There are four testing scenarios that combine two main conditions, namely 

human presence in the room and the room’s lighting level. Based on these results, the light will turn on only 

when the PIR sensor detects a person and the LDR sensor detects inadequate lighting (row 2). In other 

conditions, either due to no human presence or sufficient lighting, the light remains off, indicating that the 

system operates efficiently and according to the designed logic. 

 

 

4. CONCLUSION  

After the design, observation, testing, and data collection from each trial conducted on the automatic 

building lighting system device based on Arduino Uno R3, the following conclusions were drawn from this 

final project design: 1) The device is capable of automatically turning the lights on and off based on the 

detection of human presence in the room. 2) The device is capable of automatically turning the lights on and 

off based on the light intensity in the room. 
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