‘CIRJIET

International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 9, Issue 12, pp 78-81, December-2025
https://doi.org/10.47001 /IRJIET/2025.912011

Laser-Guided Face Tracking System

*Dr. Seema J. K, 2V Santosh Varma, *Vignesh M, “Yashas M, *Shreejith H. J

*Assistant Professor, Department of Computer Science and Engineering, Dayananda Sagar Academy of Technology and
Management, Bengaluru, India
2345student, Department of Computer Science and Engineering, Dayananda Sagar Academy of Technology and Management,
Bengaluru, India

Abstract - This paper details the design, implementation,
and performance evaluation of a low-cost, real-time Laser-
Guided Face Tracking System. The system successfully
integrates computer vision principles with mechatronic
actuation to maintain continuous surveillance on a
detected human face. The core architecture is a split-
control model: a host computer executes a Python
application utilizing the OpenCV Haar Cascade classifier
for live face detection and coordinate extraction from a
camera feed. These two-dimensional pixel coordinates are
dynamically mapped to angular commands for the
actuator. Communication is handled via a serial protocol
that transmits the mapped angles to an Arduino Uno
microcontroller. The Arduino, functioning as the
embedded control unit, generates the necessary Pulse
Width Modulation (PWM) signals to drive two
orthogonally mounted servo motors in a pan-tilt
configuration. A low-power laser diode, fixed atop the
assembly, visually confirms the tracking lock. The system
achieves a mean steady-state tracking error of less than 5
pixels and a latency below 150 milliseconds, demonstrating
a viable, accessible solution for applications requiring real-
time directional control. This work validates the
synergistic approach of combining high-level vision
processing with simple, effective embedded hardware.
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I. INTRODUCTION

Automated object tracking is a cornerstone technology in
modern  robotics, surveillance, and human-computer
interaction systems. The rapid advancements in computational
power and the accessibility of open-source computer vision
libraries have significantly lowered the barrier to entry for
developing effective tracking platforms. This project addresses
the need for a precise, low-latency, and cost-effective face
tracking solution by leveraging readily available components.
The system developed, the Laser-Guided Face Tracking
System, serves as a proof-of-concept for applications ranging
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from automated directional
systems.

lighting to targeted camera

The motivation for this work stems from the desire to
seamlessly blend high-level machine perception (computer
vision) with low-level physical actuation (embedded control).
The system’s primary goal is to achieve reliable, continuous
tracking of a human face within a camera’s field of view. The
design  methodology  focuses on  delegating  the
computationally intensive tasks—image processing and
coordinate mapping—to a host PC, while reserving the crucial
task of signal generation and motor control for the dedicated
microcontroller. The remainder of this paper details the system
architecture, the methodologies employed for detection and
actuation, the specific contributions of this work, and the
performance analysis of the integrated system.

Il. RELATED WORK

The field of real-time object tracking has seen substantial
development over the last two decades. Early work often
focused on background subtraction and simple feature
tracking, limited by computational resources. The introduction
of the Viola-Jones framework marked a significant
breakthrough, enabling robust, real-time face detection
through the use of Haar-like features and the AdaBoost
classifier. This methodology, due to its low computational
overhead, remains a popular choice for resource-constrained
applications.

Recent related projects often utilize systems involving a
camera and a pan-tilt mechanism for tracking. Previous
implementations have explored systems where the entire
vision processing stack resides on a single embedded platform,
such as the Raspberry Pi, or specialized microcontrollers.
While these offer a fully embedded solution, they often
necessitate compromise on the speed or complexity of the
vision algorithm. In contrast, this work employs a distributed
architecture, where the complexity is managed by a high-
power host PC, allowing for a higher frame rate and faster
response time than purely embedded solutions utilizing simple
microcontroller platforms like the Arduino. Furthermore,
research into coordinate mapping and servo control has
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explored various methods, including basic linear scaling, as
utilized here, and more advanced PID control loops to
minimize steady-state errors and dampen mechanical jitter.
Our system differentiates itself by providing a foundational,
distributed control model that is highly accessible and
scalable, serving as a base for future control system
refinements.

1. METHODOLOGY

The system methodology is governed by a closed-loop
control cycle that involves four primary stages: image
acquisition, vision processing, communication, and actuation.

A. Hardware Architecture

The system is built upon three main hardware
components: the sensor, the actuator, and the controller. The
sensor is a standard PC webcam connected to a laptop,
providing a 640 x 480 pixel video stream. The actuator unit
consists of two SG90 or similar servo motors configured in an
orthogonal pan-tilt assembly. The pan servo controls the
horizontal axis, and the tilt servo controls the vertical axis,
with the laser diode mounted rigidly on the tilt axis. The
controller is the Arduino Uno microcontroller, which is
responsible for receiving commands and generating the
precise PWM signals to set the angular position of the servos.
The components are wired on a prototyping breadboard,
ensuring a common ground and reliable signal transmission.
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B. Software Implementation

The software is divided into two modules: the PC-side
Python module and the embedded Arduino module.

1. PC-side Python Module: This module uses the
OpenCYV library to interface with the camera. The video
feed is converted to grayscale to optimize detection
speed. The Haar Cascade classifier XML file
(specifically haarcascade_frontalface_default.xml) is
loaded and applied to the grayscale frame to detect the
face bounding box (x, y, w, h). The central pixel
coordinates (x., y.) of the face are calculated as:

X, =x+wl2 ; y.=y+h/2

2. Coordinate Mapping: The pixel coordinates are linearly
mapped to the target angular range of the servo motors
(e.g., 0° to 180°). The mapping function is given by:

T % 180° ;
w,

max

Opan = Oriie = 77— X 180°
Where Wy and Hp. are the camera's width and
height resolutions, respectively.

3. Serial Communication: The calculated angular values
are formatted into a delimited string (e.g., "P100T90\n")
and transmitted via the USB serial port using the pyserial
library at a high baud rate 115200 to minimize latency.

4. Arduino Control Module: The Arduino code
continuously reads the serial buffer. Upon receiving the
delimiter (\n), the string is parsed using custom functions
to extract the integer values for 6p,, and O These
values are then passed to the servo.write() function to
physically reposition the corresponding motors.
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The proposed solution focuses on maximizing the
system's responsiveness and precision within the constraints of
low-cost hardware. The novelty of the proposal lies in the
explicit separation of computational load to optimize the speed
of the control loop. By offloading complex vision processing
(OpenCV) to the high-performance PC, the Arduino is utilized
purely for time-critical, low-level signal generation. This
architecture effectively bypasses the computational limitations
typically associated with embedded devices in vision
applications.

The specific proposal includes:

1. Dedicated Pan-Tilt Assembly: Ensuring the servo
motors are mounted with minimal mechanical backlash
to preserve angular accuracy.

2. High-Speed Serial Protocol: Utilizing a baud rate of
115200 to ensure that the control commands are updated
at a frequency that matches or exceeds the camera's
frame rate, thus achieving real-time performance.

3. Error-Mitigating Mapping: Incorporating basic bounds
checking and a minimal averaging filter on the Arduino
side to smooth the servo movement and prevent erratic
jitter caused by noisy pixel data or communication
artifacts. The use of a laser diode provides immediate
visual feedback, allowing for rapid parameter tuning and
validation of the mapping function against the real-world
physical position.

V. FUTURE WORK

To advance the capabilities of the Laser-Guided Face
Tracking System, several key enhancements are proposed for
future work:

1. Advanced Control Implementation: Replacing the
current basic linear mapping and simple averaging with a
Proportional-Integral-Derivative (PID) control
algorithm. This control scheme will be implemented in
the Python module, calculating the error (difference
between target pixel and center pixel) and generating a
refined angular command to minimize steady-state error
and eliminate overshoot.
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2. Enhanced Vision Algorithm: Migrating the face
detection from the classic Haar Cascade to a lightweight
Deep Learning (DL) model, such as Tiny YOLO or
MobileNet-SSD. While requiring more initial processing
power, these models offer superior robustness against
lighting variations, partial occlusion, and variations in
face orientation, significantly increasing the system's
operational reliability.

3. Standalone Embedded System: Re-architecting the
system onto a single, powerful embedded platform, such
as a NVIDIA Jetson Nano or a high-end Raspberry Pi.
This transition would make the device entirely self-
contained, eliminating the dependency on the host laptop
and moving the project fully into the domain of loT
devices.

4. 3D Tracking Integration: Implementing stereoscopic
vision (two cameras) or a depth sensor to enable true 3D
localization of the face. This would allow the system to
compensate for the perspective distortion inherent in 2D
mapping and track a face moving in depth, providing
highly accurate spatial data for more complex
applications.

VI. RESULT

The developed system successfully executed the core
objective of real-time face tracking. The integration of
Python's OpenCV and the Arduino proved to be reliable,
establishing a control loop that operated at approximately 30
frames per second, limited primarily by the camera's frame
rate and the serial communication overhead.

A. Tracking Performance

The system demonstrated a reliable tracking lock
immediately upon face detection. Quantitative evaluation was
performed by measuring the difference between the face
center coordinate and the camera's center coordinate when the
laser was actively pointed at the face. The results showed:

= Mean Horizontal Error: £3.1 pixels
= Mean Vertical Error: +4.8 pixels

The slight increase in vertical error is primarily
attributed to the increased mechanical stress and potential
backlash in the tilt servo assembly.

B. Latency Analysis

The time delay between face movement and laser
repositioning was consistently measured to be under 150
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milliseconds. This low latency confirms the effectiveness of
the high-speed serial protocol and the efficient processing split
between the host PC and the microcontroller.

Ll l
Real-time data in
terminal

Face detected by
camera

VII. CONCLUSION

The Laser-Guided Face Tracking System provides a
successful, accessible, and robust solution for real-time target
tracking. The project validated the distributed control
architecture, leveraging the computational power of a PC for
vision processing and the precision of the Arduino for
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immediate actuation. The system effectively translates
complex two-dimensional visual data into accurate physical
angles for a pan-tilt mechanism. The performance metrics
confirm the system's ability to maintain a consistent tracking
lock with low latency, positioning it as a strong foundational
model for advanced mechatronic applications. The future
implementation of PID control and a transition to a fully
embedded system will further refine the tracking precision and
expand the utility of this technology.
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