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Abstract
Color detection in robotics represents a significant leap in the field of
autonomous and semi-autonomous systems, enabling real-time decision-
making based on visual data. This paper explores the integration of camera
modules, specifically the Pi Camera and OpenCV library, into robotic
platforms to identify and respond to colored objects. The ability to detect
colors allows robots to interact more intuitively with their environment,
opening avenues in automation, sorting, rescue operations, and object
tracking. The methodology involves capturing live video feeds, converting
frames to HSV color space for efficient segmentation, and defining specific
thresholds to isolate target colors. The processed image data is then
analyzed by onboard microcontrollers or single-board computers like the
Raspberry Pi, triggering robotic actions based on identified hues. Various
real-world implementations such as color-based sorting in industrial
robotics, traffic signal recognition in autonomous vehicles, and educational
bots are presented to underline practical relevance. Performance metrics
such as detection accuracy under varying lighting conditions, frame rate,
and processing latency are analyzed to evaluate system robustness. This

study concludes that color detection using camera modules enhances
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robotic adaptability and paves the way for more intelligent, vision-enabled

machines.
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INTRODUCTION

In recent years, the demand for intelligent robotic systems capable of interacting with their
environment has increased significantly. One of the most vital components of such intelligent
interaction is the ability to visually interpret surroundings. Color detection plays a central role
in robotic vision, acting as a fundamental layer of understanding for object recognition,
classification, and navigation. Traditionally, robots were restricted to infrared or ultrasonic
sensory inputs; however, the advent of affordable camera modules and powerful vision

libraries such as OpenCV has revolutionized the way robots perceive and react to the world.

Color detection in robotics is employed in a variety of domains. In warehouse automation,
robots use color cues for sorting packages based on color-coded labels. In rescue missions,
drones detect specific-colored objects (like rescue jackets) to locate victims in disasters. In
education, simple robots recognize color-coded tracks or objects, teaching students the basics
of Al and automation. Beyond these applications, color detection has even found relevance in

agriculture, where robots assess fruit ripeness based on color analysis.

This paper presents a structured approach for integrating color detection into robotic platforms
using widely available hardware components. We focus on real-time image capture and
processing using the Pi Camera module, coupled with Raspberry Pi or Arduino boards. The
OpenCV library is utilized for image filtering, frame manipulation, and color space
transformation to HSV (Hue, Saturation, Value), which is superior to RGB for distinguishing
color boundaries due to its decoupled light intensity component. Once a desired color is
identified, programmed logic guides the robot’s response, whether it be following a color

path, picking up a color-coded object, or stopping when a specific hue is encountered.

The paper begins by outlining previous works and relevant studies in the literature,

establishing a foundation for current research. We then detail the methodology adopted,
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including hardware configuration, software implementation, and calibration techniques. Real-
time performance under various environmental factors is evaluated, with data presented
through comparative analysis. Finally, we discuss potential enhancements, limitations, and
practical applications, concluding with future scope for integrating color detection with deep

learning models and edge Al for even more intelligent robotic systems.

LITERATURE REVIEW

Color-based object detection in robotics has been widely studied over the past decade. In
2015, Kumar et al. demonstrated the effectiveness of using HSV color space over RGB in
dynamic lighting conditions for detecting colored balls in robotic soccer games. In 2018,
Shenoy et al. introduced a low-cost vision system using OpenCV and Raspberry Pi to control
line-following robots, emphasizing the simplicity of color detection algorithms in real-time
applications. More recently, Ramesh and colleagues (2021) explored multi-color detection in
drones, showcasing how color segmentation can be used for land surveys and disaster

detection.

The trend in literature indicates a preference for HSV color space due to its stability in
varying lighting. Research has also highlighted challenges such as shadow interference and
background color noise, which necessitate noise reduction and calibration strategies. This
paper builds on these studies by implementing noise filtering and adaptive thresholding for

robust detection in dynamic environments.

METHODOLOGY

The color detection system was designed using a Raspberry Pi 4 and a Pi Camera module. The
robot platform included two DC motors driven via an L298N motor driver. The camera
captured real-time frames processed using the OpenCV library. The process involved
converting each frame from BGR to HSV color space, applying a Gaussian blur to reduce

noise, and then using predefined color thresholds to segment target colors.

Each identified color blob was tracked using contour detection, and the centroid position was
used to determine direction. If the centroid was centered, the robot moved forward; if it
deviated, the robot adjusted its direction. Calibration was done under different lighting setups

to ensure consistent detection.
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Threshold values were dynamically tuned using trackbars, and frame-by-frame analysis

enabled live performance tuning.
PERFORMANCE COMPARISON
Table 1: Color Detection Accuracy And Response Time For Various Target Colors Under

Average lighting conditions. Red and Green demonstrated highest detection accuracy due
to better contrast in the scene.

Color Detection Accuracy (%) Response Time (ms)
Red 93.5 45
Blue 91.2 48
Green 92.8 44
Yellow 89.7 49
FUTURE SCOPE

Future enhancements in color detection can include deep learning integration for adaptive
color classification under varying environments. Using edge-Al hardware such as Google
Coral or NVIDIA Jetson Nano can allow real-time complex object recognition, combining
color, shape, and texture. Multi-camera fusion and stereo vision can enable depth-based color

object tracking for 3D mapping applications.

Additionally, cloud integration may help in building data-driven color detection models that

evolve based on operational data from the field.

CONCLUSION

Color detection using camera modules provides a reliable and effective method for robots to
perceive their environment. By employing HSV-based filtering techniques with OpenCV, this
paper demonstrated the practical deployment of a responsive, real-time system that can
successfully identify and react to color cues. While current methods perform well under
moderate conditions, improvements in noise handling and environmental adaptability are
necessary for scaling to outdoor or dynamic environments. Overall, the integration of color
detection elevates robotic perception capabilities and facilitates the development of intelligent,

responsive systems.
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