
[the academy_of_code]

Grade 7

Unit 3

Welcome to The Academy of Code, and for returning students, welcome back!

In this block of lessons we will explore Computer Vision. It’s a field of study that deals with training 
computers to analyze images of the real world and recognise features in those images (or videos!)

The coding for this unit will require a solid foundation of Processing experience but there is nothing 
overly complicated that will trip you up. The most important thing is to understand the concepts and 
know what the code is actually doing. In the first lesson you are given demonstration code to play 

around with, so that is a good opportunity to get a solid understanding of what Computer Vision is all 
about.

Happy coding!
Diarmuid



Learning outcomes
What we will learn in this lesson 

Expert Tip
Top Advice from the Pro’s 

Thinking Time
Think about what is asked

Think and Talk
Discuss with a partner

To Do
Lets Get Coding

Mouse
Click/Double Click

Ask your Tutor
Put up your hand when you need

Design
Time to get Creative

Checklist
Check over your work

Challenges
Extra work or Top Marks

Save
Save your work - MOST IMPORTANTLY



Lesson 1 - Introduction to Computer Vision

Learning Outcomes:

● Gain an insight into what computer vision is and how it is 

used.

● Learn about the different colour spaces that computers 

use.

REMEMBER: Put up your hand. We love to help!

Revision topics before starting:

✅ Functions

✅ Loops

✅ Image loading
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What is Computer Vision?

“Computer vision is an interdisciplinary field that deals with how computers can 

be made for gaining high-level understanding from digital images or videos.”

David Marr (1982). Vision. W. H. Freeman and Company.

Computer vision aims to automate things that the human visual system can do. 

For example, let’s say you have a factory that manufactures nuts & bolts. It’s 

pretty easy for humans to tell the difference between the two. However, let’s say 

you have an automated assembly line that needs to split up the nuts & bolts. A 

camera would be placed over the assembly line and the video stream would be 

analyzed by a computer. Using computer vision methods, the computer must be 

‘trained’ to know the difference between a nut and a bolt.

Why is Computer Vision Important?

In today’s society, computer vision is 

becoming a lot more widely used in 

everyday life. Whether it be self-driving 

cars that use computer vision to analyze 

the road, traffic, road signs, etc. or the 

latest smart phones able to be unlocked 

using facial recognition.

We often hear of self-driving cars getting into accidents on the road, so clearly 

modern computer vision is far from perfected and still has a long way to go. 

Maybe one of you could stumble upon the next big breakthrough in computer 

vision?
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https://en.wikipedia.org/wiki/Interdisciplinarity
https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Video


HSB Colour Space

Up to now, we have used the RGB colour space, however, a lot of the time in

     computer vision we will be using the HSB (Hue, Saturation, Brightness) colour

space.

Hue is a number between 0 and 360 that is measured in degrees (just like a

circle). If you imagine a colour wheel like in the image below, hue is just where

you are on the colour wheel.

This hue wheel ignores how dark or bright or rich or pale the colour is (that’s why 

we have Saturation and Brightness). Here’s a list of where the RGB colours are 

on the hue wheel:

● Red is 0°

● Green is 120°

● Blue is 240°

● Red is also 360°, which is the exact same as 0°

So when I’m thinking of what colour to use, just type a number that is pretty 

close to the right hue, just by thinking about where those three points are.
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Saturation is a number between 0 and 100. So, no matter what hue you’ve 

picked, a saturation of 100% will be the richest possible version of that colour 

and a saturation of 0% will be the gray version of that colour.

Brightness is a number between 0 and 100. Like saturation, it’s sometimes

written as a percentage.

Now that we have a basic understanding of the HSB colourspace, let’s now

have a look at the code for the demo!
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     Let’s get coding!   

            

   Go to http://www.theacademyofcode.com/resources and download the 

“Computer Vision” folder. Extract the folder to your USB and open the 

“Demonstration” sketch.

Go through each of the nine demos and change the values where possible.

Each demo will be briefly explained in the next section. There are three 

images to choose from in the demonstration. Use the numbers 1-9 keys to 

change the demo and the arrow keys to change the images.

Find an image that you would like to use and add it to the list of images 

included in the demo.

To do this, place the image in the project folder and add the image name to 

the image file name array:
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Install the OpenCV library in Processing. Go to Tools -> Add Tool… -> 

Libraries -> OpenCV for Processing -> Install.

http://www.theacademyofcode.com/resources
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The Demonstration

1. Hue Selection

This demo deals with detecting features based on their colour. An image is

thresholded based on it’s hue value. The hue value can be changed by moving

the mouse left & right. The hue range can be changed by holding down the 

spacebar and dragging the mouse left & right.

2. Erode & Dilate

Eroding and dilating are known as morphological operations. Eroding will 

cause bright regions of an image to become thinner. 

Dilating is the opposite and will cause bright regions of the image to become 

grow larger.

3. Blurring

This demo blurs an image symmetrically by a given number of pixels.

Essentially, it increases the size of the pixels in the image to create a new image

with a lower resolution.

The colour can then be put back 

into the threshold mask so the 

selected colour can be seen in 

the image.



4. Thresholding

Thresholding produces a binary image with white pixels where the original

image was above the threshold and black where it was below.

5. Adaptive Thresholding

Conventional thresholding uses a global threshold for all pixels, whereas, 

adaptive thresholding changes the threshold dynamically over the image. This 

more sophisticated version of thresholding can accommodate changing lighting 

conditions in the image.

6. Contours

Contours can be explained simply as a curve joining all the continuous points

(along the boundary), having the same colour or intensity. 

Contours are a useful tool for shape analysis, feature detection and recognition.
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http://homepages.inf.ed.ac.uk/rbf/HIPR2/threshld.htm


7. Edge Detection

There are a few different edge detection algorithms in use today. The most 

common algorithms include Sobel, Canny, Prewitt, Roberts, and fuzzy logic 

methods.

8. Brightest Point

This demo will convert the image to grayscale and calculate the brightest point 

in the image. It then draws a circle around the brightest point.

9. Colour Channels

The image can be split up into it’s different colour channels (red, green, blue, 

hue, saturation, brightness).

Edge detection is a 

technique for finding the 

boundaries of objects within 

images. It works by 

detecting discontinuities in 

brightness. 
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Extra Challenge

Copy the image “shapes.png” from the “Computer Vision” folder and 

write code to draw contours around the shapes in the image.

Extra Challenge

Write code to draw the edges of the shapes in the image.

Use Canny edge detection. You must decide on the right threshold range 

to find the edges of the shapes.
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Extra Challenge

Copy the image “colour_bird.jpg” from the “Computer Vision” folder and 

write code to identify the brightest point in the image

At this point, you should know how to:

● Understand the basic concepts around computer vision.

● Draw the contours in an image.

● Detect the edges in an image.

● Identify the brightest point in an image.
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Congratulations

You have made your 
computer vision 

programs!

Now would be a great time to save

your sketch if you haven’t already.



Lesson 2 - Feature Detection

Learning Outcomes:

● Learn the basics of object detection using Haar 
Feature-Based Cascade Classifiers.

● Write a program to detect different features in images.

● Improve the accuracy of the detection algorithms.

REMEMBER: Put up your hand. We love to help!

Revision topics before starting:

✅ Functions

✅ Loops

✅ Image loading
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What is Feature Detection?

Haar feature-based cascade classifiers is an effective feature detection 

method. It is a machine learning based approach where a cascade function is 

trained from a lot of positive and negative images. It is then used to detect 

features in other images.

If we take the example of face detection, initially the algorithm needs a lot of 

positive images (images of faces) and negative images (images without faces) to 

train the classifier. We then need to extract features from the image we are 

working with. 

Much of the theory behind this approach is beyond the scope of this lesson. 

However, visit this link if you are interested in learning more: 

https://docs.opencv.org/2.4/modules/objdetect/doc/cascade_classification.html.

How do we perform Feature Detection?

Here are the steps involved in performing feature detection (nose detection in 

this example):

1. Import the OpenCV module and the Rectangle module.

2. Declare all of the relevant variables.
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https://docs.opencv.org/2.4/modules/objdetect/doc/cascade_classification.html


3. In your void setup() load the image and resize it to the size of the screen.

4. Initialize OpenCV and load the Haar-Cascade for whatever you are trying 

to detect.

5. Detect the features in the image and store the location of their bounding 

rectangles in the rectangle array variable you have previously declared.

6. In your void draw() display the image on the screen.

7. Iterate through all of the detected features in the image and draw a 

rectangle around them.

8. Stop your void draw() from looping. In this case, there is nothing moving or 

changing state, so you don’t need your void draw() to run more than once.
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     Let’s get coding!   

            

   Create a new Processing sketch and save it as “NoseDetection”.

Using the steps that were outlined previously as an example, write a program 

that will detect a nose in an image of a face looking at the camera.

Copy the image “Face.jpg” from the “Computer Vision” folder you 

downloaded and paste it into your project folder that you just saved.

Expert Tip

There are two ways of iterating through your detected features:

1. for (int i = 0; i < noses.length; i++) {
    rect(noses[i].x, noses[i].y, noses[i].width, noses[i].height);
}

2. for (Rectangle nose : noses) {
    rect(nose.x, nose.y, nose.width, nose.height);
}

Choose whichever method you are most comfortable with!

       

If you’ve done the steps correctly, 

you should get the same result as 

the image to the right.
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Congratulations

You have made your 
first object detection 

program!

Now would be a great time to save

your sketch if you haven’t already.

Extra Challenge

Extend the program to switch between nose, eye and mouth detection 

using user input, e.g. ‘n’ for nose detection, ‘e’ for eye detection, ‘m’ for 

mouth detection. 

Hint: There are several different ways to do this, however, the most 

efficient way would be to use booleans!
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Extra Challenge

See how robust your algorithm is by using an image of your choice. 

Obviously, the image must include peoples’ faces ( preferably facing the 

camera).
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Improving Our Results

As you may have noticed from the challenge above, sometimes you will get 

false positives (the program identifies an eye where no eye actually exists) 

and false negatives (the program does not identify an eye where an eye 

actually exists). 

Many factors can influence this such as lighting, angles, shadows, clothing, 

etc. It should now be clear that although it is second nature to humans, the 

ability to interpret images is not easily taught to a computer!

A way that we can improve the accuracy of our results may include setting a 

minimum/maximum limit on the size of the bounding rectangle if we know 

whether we are looking for something relatively large or relatively small in the 

image.

Another method of improving the accuracy of our results would be looking for 

common features, e.g. if you are trying to identify a face, also try to detect a 

nose within the face’s bounding rectangle. If you find a nose then you can be 

more sure that you are identifying the face correctly.
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     Let’s get coding!   

            

   Create a new Processing sketch and save it as “ClockDetection”.

Write a program to detect all of the clocks in the image.

Copy the image “Clocks.jpg” from the “Computer Vision” 

folder you downloaded and paste it into your project folder that 

you just saved.

Be Careful!

Ensure that the size of your sketch has an equal width and height, 

e.g. 800x800 or 1000x1000 etc.

If they are different then the images will become distorted and the 

accuracy of your results may be impacted.

Improve the accuracy of your results by setting limits on the size 

for the bounding rectangle of the clocks. It is up to you to decide 

what the limits should be.

Hint: Trial and error!



At this point, you should know how to:

● Detect certain features in images using Haar Feature-Based Cascade 

Classifiers.

● Improve the accuracy of your results.

20

Now would be a great time to save

your sketch if you haven’t already.

Extra Challenge

Change your algorithm from the previous step to eliminate falsely identified 

clocks if they have been found inside larger identified clocks. For this case it is 

safe to assume that if a clock has been falsely identified, it will more than likely 

be inside a larger bounding rectangle of a positively identified clock. Therefore, 

we can eliminate these cases. This is a more robust algorithm than the 

previous step. You can use the following function to test if a rectangle is inside 

a bigger rectangle:

Too call this function, you will need to pass in the two features. Hence, you will 

need nested for loops to iterate through the two lists of features.



Lesson 3 - Background Subtraction

Learning Outcomes:

● Learn how to load and display a video in a sketch.

● Learn how to separate moving objects from static objects 
in video frames.

REMEMBER: Put up your hand. We love to help!

Revision topics before starting:

✅ Loading & displaying a video.
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What is Background Subtraction?

Background Subtraction (or Foreground Detection) is a technique used in 

computer vision for detecting changes between video frames so the moving 

objects in the video can be separated from the static background.

This is accomplished by analysing the current frame and the previous frame to 

see what the difference is between them. A white foreground mask can then be 

produced to show the moving objects in the video. We can then use this 

foreground mask to draw the contours for the moving objects in the video frames.

This approach can only be used with static cameras.

How do we perform Background Subtraction?

Here are the steps involved in performing Background Subtraction:

1. Import the OpenCV module and the video module.

2. Declare all of the relevant variables.

       Thinking Time

Why do you think 
this is?
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3. In your void setup() load the video file that you want to use and set the 

video to loop so it will play continuously.

4. Initialize OpenCV and start the background subtraction. 

For the startBackgroundSubtraction() method, use the values that are in 

the example above. If you want to know what each parameter is then 

navigate to:

Help -> Libraries Reference -> OpenCV for Processing -> OpenCV ->  

startBackgroundSubtraction

5. In your void draw() load the current video frame into OpenCV and update 

the background for the background subtraction to take place on that frame.

6. Dilate and erode the foreground mask to fill in holes.

7. Display the current video frame.
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8. Draw the contours around the moving objects in the current video frame.

9. After your void draw() you will need the function seen below to read the 

video file.

     Let’s get coding!   

            

   Create a new Processing sketch and save it as “BackgroundSubtraction”.

Using the steps that were outlined previously as an example, 

write a program that detect the moving objects in the video and 

draw a contour around them.

In your project folder create a folder called “data”, copy the 

video “CameraHighway.mp4” from the “Computer Vision” 

folder and paste it into the “data” folder”.

Be Careful!

Ensure that the size of your sketch is equal to the size of the 

video. In this case, the size should be 1280x720. 
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Congratulations

You have detected 
your first moving 

objects in a video!

Now would be a great time to save

your sketch if you haven’t already.

Extra Challenge

Change the program to show the white foreground mask rather than the 

original video.

Extra Challenge

Change the program to show the moving objects in the video with their 

original colour. See the image below as an example.

Hint: Use the blend() function. Look this up if you are unsure how it’s

used.
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Extra Challenge

If you have access to a webcam (ask the tutor for a webcam or a laptop 

with a webcam if you do not have one), deploy the algorithm to a live 

video feed.

Visit https://www.processing.org/tutorials/video/ if you are unsure about 

how to display a live cam feed.

At this point, you should know how to:

● Load and display a video to the screen.

● Detect moving objects in a video using background subtraction.

● Blend the colour from the original video into the foreground mask.
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https://www.processing.org/tutorials/video/

