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Abstract—This paper describes how a Logitech USB camera can be combined with simple artificial intelligence (AI) techniques
to detect shapes and colors in real time. It then shows how this approach can be integrated into the Botball robotics system using the
KIPR Wombat controller. The methods presented are accessible for students with basic programming knowledge and enable robots

to interact with their environment based on visual information.
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I. INTRODUCTION

Modern robotics competitions, such as Botball,
increasingly require robots to respond to their visual
environment. The ability to recognize objects by their color
and shape gives a robot a major advantage, because it can
locate targets and react without manual input from the
operator.

In Botball, the standard controller is the KIPR Wombat,
which runs a Linux-based operating system and supports
C/C++ programming. A standard Logitech USB webcam can
be connected directly to the Wombat. Combined with the
OpenCV computer vision library, it becomes possible to
process camera images in real time and extract useful
information such as color and shape.

This paper explains the necessary steps in a clear and
structured way. First, the hardware setup is described. Then,
the basic concepts of color detection and shape recognition
using OpenCV are introduced. Finally, a sample
implementation for Botball is presented, showing how the
robot can use this information to make decisions.

II. STATE OF THE ART

Computer vision for mobile robotics has been an active
research area for several decades. OpenCV, originally
developed by Intel and later maintained as an open-source
project, has become the standard library for real-time image
processing on embedded systems [1]. Its HSV-based colour
segmentation and contour-detection algorithms are well suited
to constrained hardware such as the KIPR Wombat.

Our previous Botball team has relied mainly on infrared
and touch sensors for object detection. Vision-based
approaches have been reported in related educational robotics
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contexts, demonstrating that even low-cost USB cameras
combined with simple colour thresholding can achieve reliable
object localisation under controlled lighting [3]. The Logitech
C270 in particular has been validated in similar single-board-
computer deployments due to its plug-and-play UVC
compatibility [6].

III. CONCEPT / DESIGN

The overall system design follows a three-stage pipeline:
image acquisition, visual processing, and motor control. A
Logitech USB webcam captures frames which are analysed on
the KIPR Wombat using OpenCV. The result — object colour,
shape, and screen position — feeds directly into the motor-
control layer.

A. The Logitech Camera

A Logitech USB webcam (for example, the Logitech C270
or C920) is a good choice for Botball because it is compatible
with Linux and recognized automatically by the KIPR
Wombat. The camera captures images at resolutions of up to
1280x720 pixels. For real-time processing on the Wombat, a
lower resolution such as 320x240 or 640x480 is recommended
to reduce computation time.

The camera is connected to one of the USB ports of the
KIPR Wombat. No additional drivers are needed. The
OpenCV library, which is available on the Wombat, accesses
the camera using the standard Video for Linux (V4L)
interface.

B. KIPR Wombat Controller

The KIPR Wombat is the standard controller used in
Botball. It runs a custom Linux distribution and is
programmed in ANSI C via the KISS Web IDE, accessible
over Wi-Fi from any browser. Table II gives an overview of

Page 1 of 3



its key specifications that I could find (it is most likely not the
one used for this year's competition because it has only 2 USB
ports, but the current one has 4). For performance estimation
and optimisation this data is used. (most likely it runs better in
the bots actually used)

TABLE I. KIPR WOMBAT CONTROLLER SPECIFICATIONS

Property Value

Processor Quad-core ARM Cortex-A53
RAM 1GB

Storage microSD card (8 GB+)

Operating System Custom Linux (wombat-os)

Programming Language ANSI C (via KISS Web IDE)

USB Ports 2x USB-A (camera, peripherals)

Connectivity Wi-Fi 802.11 b/g/n, Ethernet

Display Built-in touchscreen LCD

Motor Ports 4 DC motors, 4 servo outputs

Camera Library libkipr (HSV blob tracking +
OpenCV)

IV. IMPLEMENTATION

C. Color Spaces

Digital cameras capture images in the RGB (Red, Green,
Blue) color space. However, RGB is sensitive to changes in
lighting conditions. For robust color detection, it is better to
use the HSV (Hue, Saturation, Value) color space. In HSV:

e Hue (H) describes the actual color (e.g., red, green,
blue) as an angle from 0 to 180 deg in OpenCV.

e Saturation (S) describes how strong or pale the color is.
e Value (V) describes how bright or dark the color is.

By filtering on the Hue channel alone, the detection
becomes much more stable under different lighting conditions.
Table I shows typical HSV ranges for common Botball object
colors.

TABLE L TABLE I. TYPICAL HSV RANGES FOR COMMON COLORS
(OPENCV SCALE)
Color H (min-max) S (min-max) V (min-max)
Red 0-10 / 170- | 120-255 70-255
180
Green 40-80 50-255 50-255
Blue 100-130 100-255 50-255
Yellow 20-35 100-255 100-255

D. Creating a Color Mask

To detect a specific color, a binary mask is created. All
pixels within the defined HSV range are set to white (255),
and all other pixels are set to black (0). This mask can then be
used to find the location and size of the colored object in the
image.

The following code shows how to detect a green object
using OpenCV in C++:

#include <opencv2/opencv.hpp>

using namespace cv;

int main() {
VideoCapture cap(0);
Mat frame, hsv, mask;
cap >> frame;
cvtColor (frame, hsv, COLOR BGR2HSV) ;
Scalar lower (40, 50, 50);
Scalar upper (80, 255, 255);
inRange (hsv, lower, upper, mask);
return O;

}

Fig. 1. Fig. 2. Pipeline: raw camera frame (left), HSV conversion (center),
binary color mask (right).

V. SHAPE RECOGNITION

E. Finding Contours

Once a colour mask has been created, the next step is to
find the outlines (contours) of the detected regions. For this
purpose, we will use an Al model trained specifically on the
shapes we want to recognize, so the model stays relatively
small and is confident.

Currently we are not sure if noise from stray light will
cause a problem but if it does, we will need to make a dynamic
filter for the minimum size of the conure to try to eliminate
noise.

F. Identifying Basic Shapes

The model will also be trained on the names of the parts,
so it can directly relay that information to the targeting system
(if it isn’t the correct part, we can ignore it and tell the Al to
look elsewhere).

G. Connecting Vision and Robot Control

The KIPR Wombat API provides functions to control
motors and read sensors. By combining the vision code
described above with the robot control functions, a robot can
take actions based on what it sees. For example, a robot could:

e Drive forward until it detects a red circle.

e Turn left when it sees a green rectangle on the left side
of the image.

e Stop when no colored object is detected in the frame.

The position of an object in the image can be determined
by computing the centroid (center of mass) of the detected
contour. If the centroid is to the left of the image center, the
object is on the left side. If it is to the right, the object is on the
right side.
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Sample Botball Main Loop
The following pseudocode illustrates a simple decision

loop that drives the robot toward a detected green object:

while (true) {
capture frame;
detect green mask;
find largest contour;
if (no contour found) {
motor (0, 50); motor(l, 50); // search
} else {
cx = centroid x of contour;
if (cx < image width/2 - 20)
turn left();
else if (cx > image width/2 + 20)
turn_right();
else

drive forward();

}

I Performance Considerations

Processing camera images requires significant

computation. To achieve a stable frame rate on the KIPR
Wombat, the following optimizations are recommended:

e Use a low capture resolution (320x240 pixels).

e Process only every second or third frame if the robot
moves slowly.

e Limit the detection to a region of interest (ROI) within
the image, for example only the lower half where
objects on the floor are typically located.

¢ Avoid using floating-point operations in the inner loop
where possible.

VI. RESULTS AND CONCLUSION

The described system is currently in development as it is a
crucial part of our bot. In addition, we are currently
experimenting with a self-trained model using TensorFlow,
but development is slow because the KIPR Wombat uses a
Raspberry PI which runs on a Linux and we use Windows.
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