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camera!



ROB 102 (Project 4): We will perform a computer 
vision task using machine learning algorithms.
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Goal for ROB 102 Project 4: Perform image classification 
with machine learning algorithms.

? ? ? ? ? ?

Image: CC4.0 (link) 

https://en.wikipedia.org/wiki/MNIST_database#/media/File:MnistExamples.png


Machine Learning Terminology

Supervised 
Learning

Unsupervised 
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Reinforcement 
Learning



Supervised Learning

Given input data 𝑋𝑋 and labels for that data 𝑦𝑦, learn a function to 
perform prediction on new data:

𝑓𝑓 𝑋𝑋 = 𝑦𝑦. 



Supervised Learning



Unsupervised Learning

Given unlabeled data, learn a function over the input.

Source: Pineau, 2017 (link)

https://www.cs.mcgill.ca/%7Ejpineau/comp551


Reinforcement Learning

An agent learns a policy that maximizes a reward.

Beat the world Go champion in 2017.

DeepM
ind (link)

https://deepmind.com/research/case-studies/alphago-the-story-so-far


Reinforcement Learning
Outperforming humans at Atari games

Agent57: Outperforming the human Atari benchmark. [Puigdomènech, 2020] 
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What is in this picture?

“shark”

Im
age: Alastair Pollock Photography/Getty Im

ages
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Solve the following equation:

10230823.5849 × 3729.2201 + 19420186 = ?



Humans are very good at reasoning about images:

Computers are very good at doing arithmetic:

10230823.5849 × 3729.2201 + 19420186 = ?

“shark” “shark” “shark”
“dog”
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Goal for ROB 102 Project 4: Perform image classification 
with machine learning algorithms.

? ? ? ? ? ?

10230823.5849 × 3729.2201 + 1942018

⋮

Image: CC4.0 (link) 

https://en.wikipedia.org/wiki/MNIST_database#/media/File:MnistExamples.png


Image Classification Esteva et al., Nature, 2017

Galaxy Zoo, Hart et al., Monthly Notices of the 
Royal Astronomical Society, 2016

Skin Cancer Detection

Galaxy Classification

Handwriting classification

MNIST Dataset

Im
age: M

att Young  (link) 
Im

age: CC4.0 (link) 

https://news.stanford.edu/2017/01/25/artificial-intelligence-used-identify-skin-cancer/
https://en.wikipedia.org/wiki/MNIST_database#/media/File:MnistExamples.png


Image Classification: A Building Block

Redmon et al., CVPR 2016

Image Recognition Image Segmentation

He et al., ICCV 2017



How does a computer process an image?

An image is a grid of pixels. Each pixel has a numerical value.
For a greyscale image, the value corresponds to the intensity of that pixel.



How does a computer process an image?

The image has size HxW.

H

W



How does a computer process an image?

A color can be represented by 3 values at each pixel: red, green, blue (RGB)
A full-color image can be represented by HxWx3 numbers.

H

W
3



We could try to code up a classifier…

Catari 2600



Challenges: Viewpoint Variation

Pixels change values when 
the camera movesCatari 2600
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Challenges: Variation within Classes

Credit: Justin Johnson, EECS 498 F20 (link)

https://web.eecs.umich.edu/%7Ejustincj/teaching/eecs498/FA2020/


Challenges: Background Clutter

Credit: Justin Johnson, EECS 498 F20 (link)

https://web.eecs.umich.edu/%7Ejustincj/teaching/eecs498/FA2020/


Challenges: Lighting Changes

Credit: Justin Johnson, EECS 498 F20 (link)

https://web.eecs.umich.edu/%7Ejustincj/teaching/eecs498/FA2020/


Challenges: Deformation

Credit: Justin Johnson, EECS 498 F20 (link)

https://web.eecs.umich.edu/%7Ejustincj/teaching/eecs498/FA2020/


Challenges: Occlusion

Credit: Justin Johnson, EECS 498 F20 (link)

https://web.eecs.umich.edu/%7Ejustincj/teaching/eecs498/FA2020/


Data-Driven Approach

Idea: Use (lots & lots of) data to learn to classify images.

1. Get a bunch of labelled data.
2. Use Supervised Learning to train a classifier.
3. Use the classifier to label new images.

This will take lots and lots of data and compute power.



Computers have gotten very fast.

Great Lakes GPU Cluster 
@ UM



Huge open-source datasets are increasingly common.
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COCO Dataset (link)

https://cocodataset.org/


Huge open-source datasets are increasingly common.

KITTI Vision Benchmark Suite (link) (video)

http://www.cvlibs.net/datasets/kitti/
https://youtu.be/KXpZ6B1YB_k


The MNIST dataset of images

MNIST contains 70k images of 
handwritten digits. All of them are 
labelled as a digit from 0 to 9.

The images are 28x28 pixels (tiny!).

Image: CC4.0 (link) 

https://en.wikipedia.org/wiki/MNIST_database#/media/File:MnistExamples.png


Machine Learning Algorithm

Training time: 
Learn a prediction model by optimizing over a labeled dataset.

Testing time: 
Use the model to perform prediction on new data.



Machine Learning Algorithm

Training time: 
Learn a prediction model by optimizing over a labeled dataset.

Testing time: 
Use the model to perform prediction on new data.

We have to pick the data, the model, and the optimization method. 



Training & Testing Datasets

Training set: Labelled data used for training a machine learning 
algorithm.

Test set: Data used to test the accuracy of the machine learning 
algorithm.

• Usually smaller than the training set
• Also has labels, only used for measuring how good the algorithm is (no 

cheating!!)
• We don’t look at this during training, so we are testing on images the 

algorithm has never seen before.

In MNIST, there are 60k training images and 10k test images.



Project 4: Machine Learning

Implement three machine learning algorithms to classify images from 
the MNIST dataset.

1. Nearest Neighbors
2. Linear Classifier
3. Neural Network

Image: CC4.0 (link) 

https://en.wikipedia.org/wiki/MNIST_database#/media/File:MnistExamples.png


Julia & Jupyter Notebooks



Next time…

Implement three machine learning algorithms to classify images from 
the MNIST dataset.

1. Nearest Neighbors
2. Linear Classifier
3. Neural Network

Image: CC4.0 (link) 

Next lecture!

https://en.wikipedia.org/wiki/MNIST_database#/media/File:MnistExamples.png
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