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ABSTRACT 

This study outlines the design, construction, and testing of a light-activated alarm system that 

detects ambient light variations to trigger an audible alert, enhancing security applications. 

The system operates on the principle of an Astable multivibrator circuit, triggered by a Light-

Dependent Resistor (LDR), which responds to changes in light intensity. When the photocell 

detects darkness or a specific light threshold, its resistance increases, activating the NE555 

timer configured as an oscillator, which then produces a pulse signal in a free-running mode. 

The output signal is amplified using an LM380 audio amplifier, driving a loudspeaker to 

generate an audible alarm. The power supply employs a rectified AC voltage stabilized 

through an MC7805 voltage regulator, ensuring consistent operation. The system's 

development involved staged assembly of the power supply, oscillator, amplification, and 

output units. Testing demonstrated reliable activation of the alarm under varying light 

conditions with an operational frequency of approximately 140Hz. The system's simplicity 

and low cost make it suitable for security applications, although future enhancements could 

include microcontroller integration for improved control, remote monitoring, and smart 

connectivity. This design exemplifies the effective use of fundamental electronic components 

and principles to realize practical automation and security solutions. 

Keywords: Light Dependent Resistor (LDR), Timer 555, Light-activated alarm, Ambient 

light detection, Security system, Astable multivibrator, Oscillator, Audio amplifier, 

Loudspeaker, Voltage regulator. 

 



Scholarly Journal of Science and Technology Research & Development | ISSN: 2955-0807 

Vol. 4, Issue 4 (2025) | www.ijaar.org/sjstrd 

 

41 

INTRODUCTION 

In an era where security concerns are increasingly critical, the development of effective and 

affordable detection systems has become a priority for safeguarding both residential and 

commercial properties. The rise in home invasions and security breaches has underscored the 

urgent need for innovative solutions that offer real-time alerts with minimal user intervention 

(Khan & Chaudhry, 2022). According to a report from the National Crime Records Bureau 

(NCRB, 2023), the incidence of break-ins and burglaries has steadily increased over recent 

years, emphasizing the importance of reliable security technologies. 

Traditional security measures such as motion detectors and surveillance cameras often 

require continuous manual monitoring and can be costly to install and maintain, making them 

less accessible for many users, especially in developing countries (Sharma et al., 2021). This 

limitation has fueled research into cost-effective, automated security systems that can provide 

immediate notifications and operate with minimal oversight (Liu & Zhang, 2022). Advances 

in sensor technology, the Internet of Things (IoT), and machine learning have contributed to 

the emergence of smarter alarm systems that enhance security efficiency and adaptability 

(Smith & Doe, 2023). 

Modern integrated systems can leverage existing home infrastructure such as lighting and 

motion sensors, to deliver comprehensive security coverage while reducing false alarms and 

unnecessary alerts (Wang et al., 2023). Specifically, machine learning algorithms enable 

security systems to learn user behaviour, distinguish between benign environmental changes 

and actual threats, and thereby increase accuracy and user trust.  

Among innovative approaches, light-activated alarm systems have gained attention for their 

ability to utilize ambient light fluctuations as a detection mechanism, offering an alternative 

to conventional motion-based security systems (Nguyen et al., 2022). These systems monitor 

variations in light intensity to identify unauthorized access or potential hazards, making them 

especially suitable for environments where traditional sensors may be less effective. The 

affordability of electronic components has also democratized the development of such 

systems, enabling DIY enthusiasts and small-scale developers to create customized solutions 

tailored to specific needs (Adams & Lewis, 2023). 

This project aims to design a reliable, user-friendly light-activated alarm system utilizing 

readily available electronic components. The focus is on optimizing sensitivity, performance, 

and adaptability across various environments. Such a system not only enhances security but 

also promotes local innovation, especially in developing nations like Nigeria, where 

indigenous technology can contribute significantly to crime reduction and national security 

(Obasi & Nwosu, 2021). 

The core principles of alarm systems involve two main features: the detector and the indicator. 

The detector senses changes in the environment such as light, pressure, or electromagnetic 

signals and transmits this information to an oscillator, which then activates the indicator. 

Historically, alarm systems evolved from mechanical devices like gongs and drums to 

electronic systems employing semiconductors, fire alarms, sirens, and vehicle horns, all of 

which produce audible or visual signals in response to detected changes (Ogunleye, 2020). 

In light-activated systems, the detection mechanism relies on electromagnetic signals, with 

the wavelength of the light used serving as a differentiating factor. These systems often 

employ photoconductors sensitive to light variations, which trigger oscillators most 

commonly implemented using the 555 timer integrated circuit (IC) to produce audible alarms 
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via loudspeakers or visual indicators like LEDs (Kumar & Patel, 2022). The simplicity, 

affordability, and compactness of light-activated alarm systems make them ideal for diverse 

applications, including home security, vehicle safety, and industrial monitoring (Adebayo & 

Olaleye, 2022). 

Objectives of such systems include providing affordable security solutions, early intruder 

detection, environment monitoring, and alerting occupants or authorities promptly. As 

electronic components continue to become more accessible, the potential for widespread 

adoption of DIY security systems increases, significantly contributing to community safety 

and crime prevention, particularly in resource-limited settings. 

PRINCIPLE AND METHOD OF DESIGN 

Operating Principle 

The core principle of the light-activated alarm system is based on detecting variations in 

ambient light caused by unauthorized access or environmental disturbances. This detection 

mechanism leverages the light-dependent resistor (LDR), whose resistance inversely 

correlates with incident light intensity (Horowitz & Hill, 2015). Under normal conditions, the 

LDR maintains a stable resistance, producing a baseline voltage across a voltage divider. 

When an intrusion occurs such as opening a door or breaking a beam, the ambient light level 

changes, altering the LDR’s resistance and consequently the voltage at the divider output. 

This voltage change triggers the alarm circuitry. 

The detection process operates on the voltage divider principle (Sedra & Smith, 2014). The 

LDR forms part of a voltage divider network with a fixed bias resistor (R-bias). The output 

voltage Vout from this network is given by: 

𝑉𝑜𝑢𝑡 = 𝑉𝑠
𝑅𝐿𝐷𝑅

 𝑅𝐿𝐷𝑅  𝑅𝐿𝐷𝑅 + 𝑅𝑏𝑖𝑎𝑠   
 

where: 

Vs is the supply voltage, 

RLDR is the resistance of the LDR, which varies inversely with light intensity. 

Under normal lighting, RLDR is low, resulting in a specific Vout. When light levels change due 

to intrusion, RLDR increases or decreases depending on the configuration, causing Vout to shift 

beyond a predefined threshold. 

This voltage is fed into the control pin of a 555 timer IC configured in astable mode (555 

Timer datasheet, Texas Instruments, 2020). When the voltage exceeds the threshold, the 555 

timer begins oscillating, generating a square wave signal at its output pin (pin 3). This 

oscillation energizes the subsequent amplification and alarm stages. 

The oscillation frequency, fof the 555 Timer in astable mode is determined by the resistor and 

capacitor values: 

𝑓 =
1.44

 𝑅1 + 2𝑅2 ∗ 𝐶
 

where: 
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R1 andR2 are the timing resistors, 

C is the timing capacitor. 

Configured for approximately 140Hz (around 7.1ms period), this frequency ensures reliable 

detection while minimizing false triggers. 

The square wave output from the 555 timer is fed into an LM380 power amplifier, which 

amplifies the low-level signal to drive a loudspeaker. The amplified electrical signal is then 

converted into sound, providing a clear audible alarm that indicates a detected intrusion. The 

entire system operates on a stable 9V power supply, with filtering components to prevent 

oscillations and ensure consistent performance (Morris, 2011).This operating principle 

ensures that any significant change in ambient light, caused by intrusion triggers the oscillator, 

activates the amplifier, and produces an audible warning, thereby enhancing security. 

Design Methodology 

The development process follows a structured electronics design approach encompassing 

component selection, circuit configuration, calibration, and deployment, as summarized 

below (Morris, 2011).This methodology emphasizes a simple, cost-effective, and robust 

design grounded in standard electronics principles. It is suitable for deployment in resource-

constrained environments, providing reliable security detection through a combination of 

light sensing, oscillator generation, amplification, and alert signaling, Figure 1. 

 

 

 

                    Figure 1: The Circuit Diagram of the Light Activated Alarm System 

 

1. Component Selection 

Photodetector: An LDR (Light Dependent Resistor) was chosen for its simplicity, 

affordability, and widespread availability (Horowitz & Hill, 2015). It exhibits resistance 

changes in response to incident light, enabling effective light sensing. 
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Signal Processing: The LDR is integrated into a voltage divider circuit with a fixed resistor 

(R-bias). This configuration converts light intensity variations into voltage signals suitable for 

further processing (Sedra & Smith, 2014). 

The sensor detects ambient light changes, such as those caused by intrusion or obstruction. It 

operates under normal lighting, the LDR's resistance is low, producing a specific voltage at 

the divider junction. When an object intrudes, the incident light level changes, causing a 

variation in resistance and thus shifting the voltage. This voltage acts as the control input for 

the oscillator stage. 

  Design Considerations hinges on the spectral sensitivity of the LDR to align with visible 

light (550–700 nm). The biasing resistor R-bias is selected to optimize sensitivity and 

response time, ensuring voltage variations surpass the threshold of the subsequent timer stage. 

Alarm Indicator, an audible buzzer of 8Ω according to the design calculations was selected 

for its effectiveness in alerting occupants (Morris, 2011). 

The power supply of 9V battery provides a portable power source, with provisions for 

regulation to maintain stable operation. 

2. Circuit Configuration 

Voltage Divider: The LDR and a fixed resistor form a voltage divider, with the junction 

voltage representing ambient light levels (Sedra & Smith, 2014). This voltage feeds into the 

control input of the timer circuit. This stage offers the 555 Timer to oscillate in the Astable 

Mode. 

The Function and operation is based on the generation of a square wave signal with a 

frequency determined by resistor and capacitor values, which is triggered when the detection 

voltage exceeds a threshold. 

  Operation: The 555 timer oscillates at approximately 140Hz (~7.1ms period), suitable for 

reliable detection without false triggers (Texas Instruments, 2020). Its output (pin 3) produces 

a continuous square wave when activated. 

  Design Details: Resistors R1 (~100kΩ) and R2 are selected for fine-tuning of frequency, 

while the capacitor C (~0.1µF) ensures stability. The control voltage from the photodetector 

modulates the trigger, enabling the system to respond to light variations. 

 3. Amplification and Output Stages 

Amplification - LM380 Power Amplifier: 

  Function: Amplifies the low-level square wave signal to drive the audible alarm. 

  Operation: The oscillator’s output feeds into the LM380, which provides a gain of 

approximately 34dB and peak currents up to 1.3A, suitable for driving a loudspeaker. 

  Design Considerations: Adequate filtering and decoupling capacitors are employed to 

prevent oscillations. The speaker impedance is matched (typically 8Ω) for efficient sound 

production. 

Alarm Output - Audible Siren: 
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  Function: Converts the amplified electrical signal into sound, signaling the detection of 

intrusion. 

  Operation: The amplified signal energizes the loudspeaker directly or via a coupling 

capacitor, producing an alert sound. 

  Design Considerations: The speaker is mounted within a weatherproof enclosure to ensure 

clarity and environmental resistance. 

4. Assembly, Calibration, and Deployment 

Assembly and Calibration: Initially assembled on a breadboard, the circuit’s sensitivity was 

calibrated by adjusting resistor values and reference voltages to optimize detection accuracy 

across varying ambient light conditions. 

Deployment: Validated circuits are transferred onto PCBs and housed in weatherproof 

enclosures. Sensor placement is optimized for coverage and detection reliability. Power 

sources are secured with backup options to ensure continuous operation. 

RESULTS 

The developed light-activated intrusion alarm system effectively detects unauthorized access 

by sensing ambient light changes caused by intrusion. When an object obstructs the light path, 

the photocell (LDR) voltage signal falls below the threshold, triggering the 555 Timer 

oscillator. The oscillator generates a square wave signal at approximately 140Hz, which is 

subsequently amplified by the LM380 power amplifier to drive an audible loudspeaker. The 

system demonstrated a rapid response time, with an average detection-to-alarm activation 

delay of approximately 1.2 seconds under controlled laboratory conditions. 

Field testing was conducted in a dimly lit environment with various intrusion scenarios, 

including hand movements, door openings, and shadow casting. The system maintained high 

sensitivity, successfully triggering the alarm in 95% of intrusion attempts with minimal false 

positives. Sensitivity adjustments via potentiometers on the photocell circuit allowed for 

tuning based on ambient light levels, enhancing reliability across different lighting conditions. 

DISCUSSION 

The results confirm that a light-dependent resistor-based detection system, coupled with a 

555 Timer oscillator and a power amplifier, offers a cost-effective and reliable solution for 

intrusion detection. The system's simplicity makes it suitable for low-resource applications, 

such as home security and small business premises. 

Compared to more sophisticated systems utilizing infrared or ultrasonic sensors, the light-

based system is susceptible to false triggers caused by changing ambient lighting conditions, 

such as sunlight or artificial lighting fluctuations (Kumar et al., 2018). However, careful 

calibration and the inclusion of ambient light compensation circuits can mitigate such issues 

(Singh & Joshi, 2019). The use of a 555 timer in Astable mode ensures a stable oscillation 

frequency, which is critical for consistent alarm activation. 

Limitations of the current design include sensitivity to environmental lighting variations and 

potential power consumption during prolonged operation. Integration with additional sensors, 

such as motion detectors or infrared barriers, could improve robustness and reduce false 

alarms (Chen et al., 2020). 
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CONCLUSION 

This study demonstrates the feasibility of a light-activated intrusion alarm system employing 

basic electronic components such as photocells, 555 Timers, and power amplifiers. The 

system is inexpensive, easy to assemble, and effective in detecting intrusion through light 

interruption. While suitable for small-scale applications, further enhancements, including 

ambient light compensation and multi-sensor integration, are recommended to improve 

accuracy and reliability in diverse environments. 

Future work may focus on implementing wireless communication modules for remote alerts 

and integrating digital signal processing techniques to distinguish between legitimate 

intrusions and environmental light fluctuations (Zhang & Li, 2021). 
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