CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.1	Conclusion
This project successfully designed, constructed, and tested a smart scarecrow system capable of autonomously detecting intruding animals and deterring them using sound, all powered by a standalone solar energy unit. The integration of PIR sensors in all directions ensured comprehensive field coverage, and the use of an audio amplifier made deterrent signals loud and effective.
The solar-powered architecture and energy-efficient components allowed for continuous 24-hour operation, fulfilling the design goal of zero grid-dependence and sustainability.
5.2	Recommendations
Based on the performance of the system, the following recommendations are made for future improvements:
1. Use of Ultrasonic or RF Deterrents: In addition to sound, future systems may integrate ultrasonic emitters or flashing LEDs for multi-sensory deterrent effects.
2. Battery Upgrade: Incorporating a Lithium-Ion battery with built-in BMS could improve weight, efficiency, and lifecycle performance.
3. Wireless Monitoring: Adding a GSM or LoRa module can enable remote monitoring and alert functions for farmers.
4. Rain and Dust Protection: Encasing the electronics in IP65-rated enclosures will enhance outdoor durability.
5. AI-Based Detection: Incorporate camera and machine learning models for distinguishing between animals and human movement, reducing false alarms.
6. Mechanical arm: incorporating servo motors in the design to create a robotic arm will enhance more reliability in the chasing away birds and animals.
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APPENDIX I
CODE FOR THE MICRO CONTROLLER
#include <SD.h>
#include <TMRpcm.h>
#include <SPI.h>
#define SD_ChipSelectPin 4  // SD card module CS pin
#define motionPin 2         // PIR sensor 1
#define motionPin 3         // PIR sensor 2
#define motionPin 4         // PIR sensor 3
#define motionPin 5         // PIR sensor 4
#define speakerPin 9        // Speaker pin
#define ledPin 13           // LED pin
TMRpcm audio;
void setup() {
  pinMode(motionPin, INPUT);
  pinMode(ledPin, OUTPUT);
  Serial.begin(9600);
  if (!SD.begin(SD_ChipSelectPin)) {
    Serial.println("SD card initialization failed!");
    return;
  }
  audio.speakerPin = speakerPin;
  Serial.println("System ready.");
}
void loop() {
  int motionDetected = digitalRead(motionPin);
  if (motionDetected == HIGH) {
    Serial.println("Motion detected!");
    digitalWrite(ledPin, HIGH);  // Turn on LED
    playSound();
    delay(5000);  // Wait 5 seconds before detecting motion again
  } else {
    digitalWrite(ledPin, LOW);  // Turn off LED
  }
}
void playSound() {
  // Randomly select a sound file to play
  int soundChoice = random(1, 4);  
  switch (soundChoice) {
    case 1:
      audio.play("bird.wav");  // Bird distress call
      break;
    case 2:
      audio.play("pig.wav");   // Pig squeal
      break;
    case 3:
      audio.play("cow.wav");   // Cow moo
      break;
  }
  delay(3000




APPENDIX II
BILL OF ENGINEERING MEASUREMENT AND EVALUATION (BEME)
	S/N
	LIST OF ITEMS
	DESCRIPTION
	QUANTITY
	PRICE
	AMOUNT

	1
	PIR SENSORS
	SENSORS
	4 PCS
	#15,000
	#60,000

	2
	ATMEGA 328P
	MICRO CONTROLLER
	1 PCS
	#20,000
	#20,000

	3
	SOLAR PANEL
	PV MODULE (20W,12V)
	1 PCS
	#25,000
	#25,000

	4
	BATTERY
	LITHIUM (12V,10A)
	1PCS
	#65,000
	#65,000

	5
	SPEAKER HORN
	SOUND MODULE
	1PCS
	#30,000
	#30,000

	6
	PAM8403
	AMPLIFIER CIRCUIT
	1PCS
	#6,500
	#6,500

	7
	LM358
	OPERATIONAL AMPLIFIER
	1 PCS
	#8,00
	#8,00

	8
	IN4007
	DIODES
	6 PCS
	#100
	#600

	9
	PLASTIC BOX
	6 by 3
	1 PCS
	#6,500
	#6,500

	10
	GALVANIZED PIPE
	POLE
	1 PCS
	#45,000
	#45,000

	11
	BOLTS & NUTS
	SCREW MATERIALS
	2 PCS
	#500
	#1,000

	12
	MEMORY CARD
	MEDIA STORAGE
	1 PCS
	#5,000
	#5,000

	13
	CAPACITORS
	FOR CIRCUIT
	8 PCS
	#500
	#4000

	14
	CRYSTAL OSCILLATOR
	COMPONENT
	1 PCS
	#1,500
	#1,500

	15
	BLACK PAINT
	SPRAY PAINT
	3PCS
	#2,000
	#2,000

	16
	VERO BOARD
	CIRCUIT BOARD
	1 PCS
	#500
	#500

	17
	TRANSPORTATION
	
	
	#5,000
	#5,000

	18
	CONTIGENCY
	
	
	#5,000
	#5,000

	19
	TOTAL
	
	
	
	#283,400




