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1. Introduction to Computer Vision in Robotics

1.1 Definition of Computer Vision

Computer Vision (CV) is a field of artificial intelligence and signal 

processing that enables machines to acquire, process, analyze, and 

interpret visual information from the real world in order to make 

decisions or perform actions.

In robotics, computer vision acts as the visual perception system, 

allowing robots to:

Perceive their environment

Understand objects, scenes, and motion

Interact intelligently with the physical world
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1.2 Role of Computer Vision in Robotics

Computer vision enables robots to:

Localize themselves in an environment

Detect and recognize objects

Track moving targets

Navigate autonomously

Manipulate objects precisely

Interact safely with humans

Without vision, robots rely only on predefined trajectories or limited sensors. 

Vision provides adaptability, autonomy, and intelligence.
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1.3 Human Vision vs Robotic Vision

Aspect Human Vision Robotic Vision

Sensor Eyes (retina)
Cameras (CCD, CMOS, 

depth sensors)

Processing
Brain (biological neural 

network)

Algorithms and artificial 

neural networks

Adaptability High
Depends on models and 

training

Precision Moderate
Can be very high (pixel-

level accuracy)
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2. Image Formation and Cameras

2.1 Image Definition

 An image is a 2D representation of a 3D scene formed by 

projecting light reflected from objects onto a sensor.

Mathematically, a digital image is a discrete function:

I(x,y) where x and y are pixel coordinates and I represents intensity 

or color.
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2.2 Image Formation and Cameras

Image formation in camera may be termed as the process through which camera creates a 

visual representation of image which it captures. Light enters the camera through small 

opening called as aperture, which is directed by lens to focus on a sensitive surface such as 

film. The film then records this image allowing camera to capture and save the photograph 

of the scene. This process involves the precise control of light to produce accurate images.
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2.2 Camera Types Used in Robotics

2.2.1 Monocular Camera

 Single camera

 Provides 2D information

2.2.2 Stereo Camera

 Two cameras separated by a baseline

2.2.3 RGB-D Camera

 Provides color (RGB) and depth (D)

 Examples: Kinect, Intel RealSense

2.2.4 Event-Based Camera

 Asynchronous sensing of brightness changes

 High temporal resolution

 Used in fast robotics applications

Single camera

Stereo Camera

RGB-D 3D Imaging and Real-

Time Rendering Sensor Camera 

for SLAM and Robotic Navigation 

- DFRobot

An event camera, also known as a neuromorphic camera, silicon retina, or dynamic vision 

sensor, is an imaging sensor that responds to local changes in brightness. 

Event cameras do not capture images as conventional (frame) cameras do. Instead, each pixel 

inside an event camera operates independently and asynchronously, reporting changes in 

brightness as they occur, and staying silent otherwise.

https://www.dfrobot.com/product-2740.html
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Application of computer vision in robotics: robot-soccer  
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ROSBOT mobile robot as an use case
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Install opencv-python

To do that open the command 

prompt and tape the instruction :

Pip install opencv-python

You will see somrthing like the 

following picture:

OpenCV (Python) = a computer vision library 

used in Python to process images and videos.

More precisely:

•OpenCV = Open Source Computer Vision 

Library

•It provides ready-made functions for:

• Reading images and video

• Image filtering

• Edge detection

• Object detection

• Face detection

• Motion tracking

• Image transformations

Need of of opencv python library



A. LASSIOUI 11

The code used for the application (part1)
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The code used for the application (part2)
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The code used for the application (part3)
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1. The Initialization (The Hardware Link)
Before the robot can move, we have to tell Python how to talk to the Webots simulation.

Code explanation 
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Code explanation
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Code explanation
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Code explanation
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Variable What it represents Why we need it

cX Horizontal center of ball
To know if we should turn left or 

right.

area Size of the white blob
To know if we are close enough to 

stop.

center_error Distance from image center
To calculate how sharply we need 

to turn.

base_speed Forward speed
To keep the robot moving toward 

the target.

Code explanation
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Implémentation in webot


