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[bookmark: _Toc205874873]3.1 	Design Requirements and Specifications
	The design of the anti-theft security gadget is driven by the need to create a compact, efficient, and reliable system capable of detecting unauthorized access or theft attempts and promptly notifying the user. The system integrates mechanical, electronic, and software components in a typical framework. Below are the detailed design requirements and specifications.
3.1.1 	Functional Requirements
	Motion Detection: The gadget must detect motion within a specified range using sensors such as PIR (Passive Infrared) or ultrasonic sensors.
Intrusion Detection: The system must identify unauthorized access or tampering through vibration or door contact sensors.
Real-Time Monitoring: The device must support real-time monitoring for immediate notification acquisition through a user interface.
Alert System: Upon detecting an intrusion, the system should send instant alerts via second alarm.
Power Supply: The system should operate on a rechargeable battery with solar charging options and include a power-saving mode.
Sound Alarm: A loud buzzer or siren must be activated during intrusion events to deter theft attempts.
3.1.2 	Non-Functional Requirements
Portability: The device must be compact, lightweight, and easy to install on various objects or locations on the fence/a mounted pole.
Durability: The housing should be resistant to environmental conditions like dust, moisture, and temperature fluctuations.
Low Power Consumption: Energy efficiency is crucial to ensure long-term operation on battery power.
User-Friendly Interface: The control and monitoring interface should be intuitive for end-users, whether it is a mobile app, LCD screen, or web interface.
Cost-Effective: The components should be affordable to ensure mass production and scalability for consumer markets.
3.1.3 System Specifications
Table 3: Showing the component parts of the system  
	Parameter
	Specification

	Power Supply
	5V–12V DC, rechargeable Li-ion battery supported

	Motion Sensor
	PIR Sensor, Range: 5–7 meters

	Vibration Sensor
	Piezoelectric or SW-420 vibration module

	Microcontroller
	Arduino Uno / ESP32 / Raspberry Pi (as applicable)

	Communication Module
	GSM Module (SIM800L) or Wi-Fi (ESP8266/ESP32)

	Alert Mode
	SMS, Call, App Notification, Buzzer

	SUser Interface
	Mobile App / Web Interface / LCD (16x2)

	Alarm Sound Output
	≥ 85 dB Buzzer/Siren

	Enclosure Material
	ABS Plastic or Aluminum Casing

	Operating Temperature Range
	-10°C to 50°C

	System Response Time
	≤ 1 second


3.1.4 Compliance and Safety
EMC Compliance: Ensure electromagnetic compatibility to avoid interference with nearby devices.
Electrical Safety: Protect circuits with fuses and ensure insulation of high-current paths.
User Safety: No exposed conductive parts or sharp edges; warning labels for battery charging.
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The block diagram represents the structural layout and functional relationship between the key components of the anti-theft security gadget. The system integrates sensing, processing, communication, power, and alert modules into a unified framework, typical of a mechatronic design.
3.2.1 System Overview
The system is composed of the following main subsystems:
· Sensor Module: Detects motion, vibration, or intrusion.
· Control Unit (Microcontroller): Processes sensor data and makes decisions.
· Communication Module: Sends notifications.
· Alarm Module: Activates buzzer or siren on threat detection.
· Power Supply Unit: Powers the entire system.
3.2.2 Block Diagram
Figure 1: Showing the flow of system components
Power Supply (Battery/Solar/Gridi)


Sensor Module
- PIR Sensor
	     - Vibration Sensor
	     - Magnetic Switch

    
Microcontroller
    (e.g Arduino)
User Interface
(App/web/LCD)
Communicator Module
   (GSM/WI-FI)
Alarm Module
(Buzzer/Siren)






3.2.3 Description of Key Blocks
Sensor Module: Detects unusual activities such as motion or forced entry.
Microcontroller Unit (MCU): Acts as the brain of the system, making decisions based on sensor input.
Communication Module: Sends alerts.
Alarm Module: Provides an audible warning to deter intruders.
Power Supply: Powers the circuit using rechargeable batteries, with solar or DC input.
3.3 	Hardware Components and Selection Criteria
	The hardware components used in this project were selected based on performance, availability, cost-effectiveness, and suitability for the intended security application. Each component plays a critical role in ensuring the effectiveness of the anti-theft security gadget.
3.3.1 Microcontroller (e.g., Arduino Uno / ESP32)
Function: Acts as the brain of the system, processes sensor data, controls outputs, and manages communication.
Selection Criteria:
· Adequate number of I/O pins
· Low power consumption
· Compatibility with sensors and modules
· Availability of onboard Wi-Fi (ESP32)
3.3.2 PIR Motion Sensor
Function: Detects movement by sensing infrared radiation changes.
Selection Criteria
Sensing range (typically 5–7 Area (m2)
Low power consumption
Easy digital output interface
3.3.3	 Buzzer or Siren
Function: Emits loud sound to alert surrounding area during intrusion.
Selection Criteria
Sound output ≥ 85 dB
Low current consumption
Compact design
3.3.4	 Power Supply Unit
Function: Supplies regulated power to all components.
Selection Criteria
Rechargeable Li-ion battery support
Optional solar input for off-grid operation
Voltage regulators (e.g., 7805)
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	The software logic governs how the hardware components interact, interpret sensor data, and respond to potential threats. It is developed using the Arduino IDE (or PlatformIO) and programmed in C/C++.
3.4.1 	Functional Overview
Initialize all modules
Monitor sensors continuously
Trigger alarm and send notification if intrusion is detected
Display status on interface (LCD or App)
Log events for future analysis
3.4.2 Software Tools Used
Arduino IDE
Embedded C/C++
Fritzing (for circuit simulation)
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Figure 2: Showing the flowchart of the system operation
3.5 	System Architecture
	The system architecture of the anti-theft security gadget integrates hardware and software components in a layered and functional design. It follows a modular architecture comprising sensing, processing, communication, actuation, power management, and user interaction. This structure allows for efficient threat detection, timely response, and ease of maintenance or upgrade.
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1. Sensor Layer
Components: PIR motion sensor.
Function: Detects physical changes (motion, unauthorized entry).
Output: Sends analog/digital signals to the processing unit.
2. Processing Layer
Component: Microcontroller (e.g., Arduino, ESP32).
Function:
Receives data from sensors.
Analyzes input using programmed logic.
Makes decisions based on predefined thresholds.
Communication with other layers: Sends instructions to the communication and actuation layers.
3   Actuation Layer
Components: Buzzer or siren, LED indicators.
Function: Activates alarms and visual warnings upon intrusion detection.
3. Power Management Layer
Components: Battery, voltage regulators, optional solar panel.
Function: Supplies stable and continuous power to the system.
Feature: Option for battery backup in case of power failure.
3.5.2 	Operational Flow Summary
Sensors continuously monitor for unusual activity.
Microcontroller interprets sensor inputs and identifies valid threats.
If an intrusion is detected:
An alarm is activated.
The system resets and resumes monitoring.
3.5.3 	Design Principles
Modularity: Each function is compartmentalized for easy debugging or enhancement.
Scalability: New sensors or communication protocols can be added without redesigning the entire system.
Reliability: Redundant power and error-handling mechanisms ensure robust operation.


3.6 	Operational Principle
	The operational principle of the anti-theft security gadget revolves around real-time surveillance, intrusion detection, and immediate alert generation. The system follows a structured sensing–processing–action loop typical of mechatronic systems.
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System Initialization:	
Upon power-up, the microcontroller initializes all connected components, including sensors, communication modules, and alarm units.
Sensor Monitoring
The motion sensor continuously scans for movement.
The vibration sensor detects any shocks or tampering.
The magnetic switch checks for unauthorized opening of doors/windows.
Signal Processing
Sensor inputs are interpreted by the microcontroller.
If an intrusion condition is met (based on thresholds or signal triggers), the system classifies it as a security breach.


Alert Generation
The system activates a buzzer or siren to deter the intruder.
System Reset
After the alert is handled, the system resets automatically or awaits manual input to resume monitoring.
3.7 	Safety and Security Considerations
	Ensuring user safety and system security is essential for the reliability of the anti-theft security gadget. The design incorporates multiple measures to mitigate risks and improve operational integrity.
3.7.1 	Electrical Safety
The device operates on low voltage (≤12V DC) to prevent shock hazards.
Proper insulation and enclosures are used to protect internal circuits.
Fuses and voltage regulators are installed to guard against short circuits or voltage spikes.
3.7.2 	Intrusion Resistance
The device is enclosed in a tamper-proof casing to prevent unauthorized access to internal components.
Alerts are sent in real-time to notify users of physical tampering attempts.
3.7.3 	Data Security
Communication protocols are secured with basic authentication or encryption (if Wi-Fi is used).
Logs of detected events can be stored or sent to a cloud server (optional) for traceability.
3.7.4 	System Reliability
The system includes a watchdog timer or reset logic to recover from faults.
Battery backup ensures functionality during power outages.
Components are selected for durability under varying environmental conditions.
3.7.5 	User Safety
Alarms are designed not to exceed harmful decibel levels.
Indicators and status updates prevent confusion during use.
Mobile or physical interface allows the user to disarm the system when necessary.
Sensor motion detection
Accelerometer, which measures movement
Accelerometer  (m/s2) 	
 (m/s2) -	-	-	-	-	-	-	-	-	(1)
Where   v = velocity (m/s), 	   t = time (s)		    
Actuator Control (solenoid & motor)	
Solenoid: Electromechanical device for locking/unlocking actions
-	-	-	-	-	-	-	-	-	(2)
F = Force (N),	I = Current (A), N = no. of turns, = permeability
 = Acceleration due to gravity 		
DC motor/stepper motor for actuating security features 	
	 	-	-	-	-	-	-	-	-	(3)
Where TTorque,  = Motor Constant,   = Current (A) 
Control System Equations
PID controller: This regulates system response to sensor inputs
-	-	-	-	-	-	(4)
	State machine: This manages system states like armed, disarmed, alarm
Power Supply Equations
Battery life: The calculation of battery life based on power consumption
Battery life = Battery Capacity / Average Current Consumption ​


Security Feature Equation					
Alarm Trigger: Logic for triggering alarm based on sensor inputs
Alarm =f (Sensor Inputs, Threshold Value) 










