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Abstract:

This research presents the design and implementation of an interactive radar
system for a smart security turret based on Embedded Systems technology.
The research problem addresses the limitations of conventional static
surveillance systems in responding instantaneously to environmental changes.
Consequently, the project aims to develop an automated system capable of
autonomous detection, tracking, and deterrence.

The methodology relies on the Arduino Uno microcontroller as the central
processing unit, integrated with an Ultrasonic sensor for real-time distance
estimation, and a high-torque MG996R servo motor to ensure mechanical
stability during angular scanning. A software algorithm was developed to
distinguish between two alert levels: "Long-range Detection," which activates
intermittent visual and audible alarms (LED & Buzzer), and "Short-range
Deterrence," which triggers a laser aiming system with a continuous alarm to
ensure immediate protection.

Experimental results demonstrated high system efficiency in dynamic object
tracking within a 120-degree scanning range, with a significant response speed
when transitioning from periodic scanning to Target Lock mode. The study
concludes that integrating low-cost components with intelligent programming
provides effective security solutions that overcome the constraints of
traditional systems in terms of positioning accuracy and maintenance ease.

Keywords: Arduino, Smart Tracking, Ultrasonic, Embedded Systems,
Autonomous Sentry Turret.
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$include <Servo.hs

COnst
consat
const
Cconst
COnst
consat

Cconst
COnst
consat
const

COnst

const

Cconst

Servo

float

kool wasTargetDetected =

int TRIG_PIN
int ECHO PIN
int SERVO X PIN = §;
int LASER PIN = 5;
int LED PIN = &;

int BUZZER PIN = 7;

float SOUND SPEED = 0.034;
float MIN DISTENCE = 5.0;
float DETECTION RANGE = 100.0;
flpat TARGET LOCK RENGE = 50.0;

int MIN ANGLE = 73;
int MRX ENGLE = 110;
int 5TEF DELAY = 40;

FEFVOE;

currentDistance = 0

int currentingle = 90;
int stepDir = 1;

unsigned long lastMoveTime

1}
L ]
LT
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void setup() {
pinMode (TRIG PIN, CQUTEUT);
pin¥ode (ECHO PIN, INEUT);
pin¥od= (LASER PIN, OUTEUT);
pindode (LED PIN, CUTEUT);
pin¥ods (BUZZER PIN, OUTEUT);

gervoX.attach(SERVO X PIN);
servok.write (currentingle);
Serial.begin(9600);

void loop() |
currentDistance = measureDistance();

1f (currentDistance »= MIN DISTANCE && currentDistance <= DETECTICN RANGE) |

if (servol.attached()) {
gervoX.detach();

|

waslargetDetected = true;

1f (currentDistance <= TARGET LOCK RANGE) {
handleTargetLocked();

} else |
handleTargetTracking();

20



elae |
1f (wasTargetDetected) |
allSystems0Lff();
waslargetDetected = Zalse;

if (!servoX.attachad()) |
servoX.attach (SERVO X PIN);

}
handleScan();

float measureDistance() |
digitalWrite (TRIG_PIN, LOW);
delayMicroseconds (2);

digitalWrite (TRIG PIN, HIGH);
delayMicroseconds (10);
digitalWrite (TRIG PIN, LOW);

long duration = puls=In(ECHO PIN, HIGH, 25000);

float dist = (duration * S0UND SPEED) / 2.0;
return (dist <= 0) ? 9499 : dist;
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vold handleScan() |
if (millis(} - lastMoveIime »= STEP DELAY) |
lastMoveTime = millis();
gervoX.write (currentingle);

currentingle += stepDir;
1f (currentAngle »= MAX ANGLE || currentfngle <= MIN ENGLE) {
stepDir = -stepDir;

void handleTargetTracking() {

if (millis{) % 400 < 200) |
tone (BUZZER PIN, 1300, 50);
digitalWrite (LED PIN, HIGH);
} elae |
noTone (BUZZER PIN);
digitalWrite (LED PIN, LOW);
}

vold handleTargetLocked() |
tone (BUZZER PIN, 2000);
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digitalWrite (LED PIN, HIGH);
digitalWrite (LASER PIN, HIGH)
]

vold allSystemsOff() |
digitalWrite (LASER PIN, LOW);
digitalWrite (LED PIN, LOW);
nolone (BUZZER PIN);
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