
Machines that 
can see
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http://www.youtube.com/watch?v=7vbmOWVxGPU


Images and
videos 
We can make machines
understand our world visually 
● Facebook’s automatic photo 

captions for the blind
● iPhone X recognizes faces
● Instagram filters
● Medical imaging
● Gesture recognition
● SFU's Visual Computing M.Sc.

3APPLICATIONS

https://www.facebook.com/zuck/videos/vb.4/10102801434799001/?type=2&theater
https://youtu.be/7vbmOWVxGPU
http://www.sfu.ca/computing/current-students/graduate-students/academic-programs/visual-computing.html


Unit 5 Computer Vision
3/PROGRAMMING LANGUAGE
In Python 3, we’ll be learning the syntax and 
keywords to implement our algorithms.

4/DOCUMENTATION AND TESTING 
We will show how to tell if our program is any 
good or not!

1/APPLICATIONS
In this unit, we’ll learn about the computing 
science field of computer vision, that allows 
machines to process images and understand
them.

2/ALGORITHMS
We’ll learn about more advanced functions, 
tuples, embedded loops and more.
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Image Processing
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This week
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We’re going to make a program that can merge a green screen image 
with another background, using the following concepts:
● Colours in RGB space
● Pixel representations of images in 2D arrays, e.g. image[row][col]
● Review functions that return values
● Looking up and understanding module documentation



Working with images
● Install the Pygame and 

Numpy module
○ In VS Code, go to

Terminal > New Terminal
○ Install modules:

pip install pygame numpy
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Pygame module has some image 
processing modules we are going to use. 

Note: Runestone code doesn't work in 
replit.com, so the image processing 
syntax from the readings will differ here.

If you have troubles with this (possible 
"TK version" problem), then see last 
point on Resources page of website.



Download now:
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Save files into your VS Code folder for this week.
Put all .jpg images into a “images”
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Cmpt120image.py
Loads, shows, and 
saves images

Save this into your folder for this week 
inside VS Code



Working with images
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Image primer
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Images are represented by a 2-dimensional matrix or 
array of pixels.

col

row



Image primer
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Images are represented by a 2-dimensional matrix or 
array of pixels. Each pixel is represented by a colour.
A colour is represented by 3 values (RGB).

Green pixel

Blue pixel

c

r
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Colors as Red, Green, Blue (RGB) values

Try playing around with RGB values here: 
https://www.w3schools.com/colors/colors_rgb.asp

[255,0,0]

[0,0,0]

A red pixel

A black pixel

https://www.w3schools.com/colors/colors_rgb.asp


Image primer
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In this class, we will use an array representation of an 
image that looks like:

[   
[ [ ], [ ], …, [ ] ],
[ [ ], [ ], …, [ ] ],
...
[ [ ], [ ], …, [ ] ],
...
[ [ ], [ ], …, [ ] ]  

]img[row][col]

img
col

row
img[0] is 
the first 

row

img[row]



Image primer
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How do we calculate the height of the image?
→ Length of the whole img list, e.g. len(img)
How do we calculate the width of the image?
→ Length of one row, e.g. len(img[0])

[   
[ [ ], [ ], …, [ ] ],
[ [ ], [ ], …, [ ] ],
...
[ [ ], [ ], …, [ ] ],
...
[ [ ], [ ], …, [ ] ]  

]
img[row][col]

img
col

row



17

Let's explore an image

Try playing around with RGB values here: 
https://www.w3schools.com/colors/colors_rgb.asp

R      G      B

Interesting! Not exactly 0 for R & 
B… we'll come back to this later.

https://www.w3schools.com/colors/colors_rgb.asp
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Let's explore an image

Try playing around with RGB values here: 
https://www.w3schools.com/colors/colors_rgb.asp

[[15, 255, 21], [15, 255, 21], [15, 255, 21],... ]

img[0] 
contains 

the first row 
of pixels!

https://www.w3schools.com/colors/colors_rgb.asp
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Is this pixel green?

Try playing around with RGB values here: 
https://www.w3schools.com/colors/colors_rgb.asp

Note: 255 is the max here. We'll 
learn where this number comes 

from next week.

Do the values here make sense?

https://www.w3schools.com/colors/colors_rgb.asp


Functions
Functions that return something

20
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Fruitful functions review
Now you can define your own 
fruitful function! Just use the 
keyword return in your function 
definition.
This does 2 things: 
● Return a value
● Exit the function immediately

http://interactivepython.org/runestone/static/thinkcspy/Functions/Functionsthatreturnvalues.html

return

http://interactivepython.org/runestone/static/thinkcspy/Functions/Functionsthatreturnvalues.html
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Fruitful functions
In the case to the right, what 
will be printed if the argument 
to multiplier100 is 5?

What if the argument is -5? 

http://interactivepython.org/runestone/static/thinkcspy/Functions/Functionsthatreturnvalues.html

This line will not
be executed if 
number > 0

http://interactivepython.org/runestone/static/thinkcspy/Functions/Functionsthatreturnvalues.html


Fruitful 
functions!
We could return True or False
depending if the pixel is green. 
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http://interactivepython.org/runestone/static/thinkcspy/Functions/Functionsthatreturnvalues.html

http://interactivepython.org/runestone/static/thinkcspy/Functions/Functionsthatreturnvalues.html


24TESTING

Checking a 
pixel colour

img[0][0]

What goes here? 
We want to return True if the pixel is Green, 
False otherwise.
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Try it!

ALGORITHM + PROGRAMMING LANGUAGE

Complete the  
is_green function in 
Python. 

It should return True
if the red, green and 
blue channels are all 
within 30 of 0, 255, 
and 0 respectively.



26

Try it!

ALGORITHM + PROGRAMMING LANGUAGE

Complete the  
is_green function in 
Python. 

It should return True
if the red, green and 
blue channels are all 
within 30 of 0, 255, 
and 0 respectively.

Same meaning, the above is preferred style!



27TESTING

How might you move lines 21-24 
into the is_green() function? 

Checking a 
pixel colour

img[0][0]
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You can define functions as you like!

This formulation makes the main part 
of your program nice and short.



Let’s review some concepts
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In an image contained in a 2D 
array called awesome_image, 
how would you access the 
pixel located 5 pixels down, 
and 8 pixels in from the top 
left?

What can computer 
vision be used for?

What would the code below output?

import random

def random_animal(animals):
default = "cat"
animal = random.choice(animals)
return animal

pet = random_animal(["dog", "bird"])
print(pet)
print(default)
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