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Deep Learning vs Image Processing

The perception:

“Deep learning has made ‘traditional’ image processing obsolete.”

or

‘Deep learning needs millions of examples and is only good for classifying
pictures of cats anyway.”
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Deep Learning and Image Processing

The reality:

Deep learning and image processing are effective tools to solve different
problems.

and

Computer Vision tasks are complex, use the right tool for the job.
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What are real world problems like?
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An Example
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Take a picture = Solve the puzzle
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Breaking down the problem

Find the puzzle

Deep Learning Image Processing Deep Learning
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Find the boxes
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Step 1 - Find the puzzle

Find the puzzle

MATLAB EXPO 2018
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Step 1 - Find the puzzle

= Varied background and object of
Interest

= Uncontrolled image acquisition

= Good problem for deep learning
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Finding things with deep learning

Object detection Semantic segmentation

MATLAB EXPO 2018
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How do we train a semantic segmentation network?

= Manage input data and apply
pre-processing

=  Use a well established
network architecture
configured for our problem

= Set up training options

Train the network

MATLAB EXPO 2018

%% Input data

inputSize = [512, 512, 31;

train = pixellLabelImageDatastore (imagesTrain, labelsTrain,
'"OutputSize', inputSize(1l:2));

test = pixellabelImageDatastore (imagesTest, labelsTest,
'"OutputSize', inputSize(1l:2));
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An Example — Sudoku Solver

Find the puzzle

Deep Learning
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Find the boxes
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Step 2 — Find the boxes
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Step 2 — Find the boxes

- Well defined problem:
— 4 intersecting straight lines
— Dark ink on light paper
— Grid of 9 x 9 equally sized boxes

= Need good precision to localise
Individual boxes.

= Good image processing problem.

MATLAB EXPO 2018
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Step 2 - Find the boxes

MATLAB EXPO 2018

kOl\I =

[

Image processing pipeline

Adaptive thresholding
imbinarize
l
Morphological operations
imopen/imclose
l
Region property analysis
regionprops
l
Robust line detection
hough/houghpeaks
l
Geometric warping
fitgeotrans/imwarp
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An Example — Sudoku Solver

Find the puzzle

Deep Learning Image Processing

MATLAB EXPO 2018
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Step 3 — Read the numbers
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Read the numbers

41 ?
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Step 3 — Read the numbers
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How can we read numbers?

Optical Character
Recognition

(OCR)

MATLAB EXPO 2018

4\ MathWorks

29



How can we read numbers?

Deep Learning

MATLAB EXPO 2018
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We can make synthetic training data
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We can make (lots of) synthetic training data
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We can make (lots of) synthetic training data
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Debugging a network

s =

97.8% accuracy

MATLAB EXPO 2018
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Debugging a network

MATLAB EXPO 2018

activations ()

4\ MathWorks

37



Debugging a network with t-SNE
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An Example — Sudoku Solver

Find the puzzle

Deep Learning Image Processing Deep Learning
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Find the boxes
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Step 4 — Solve
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How can we solve a sudoku?

MATLAB EXPO 2018
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‘MathWorkS'* Products  Solutions Academia Support Community  Events

Documentation

=— CONTENTS Close
< Examples Home
< Optimization Toolbox i ]

< Mixed-Integer Linear Programming

< Optimization Toolbox

< Linear Programming and Mixed-
Integer Linear Programming

< Problem-Based Optimization

Solve Sudoku Puzzles Via Integer
Programming: Problem-Based

Initial Puzzle
Binary Integer Programming Approach

Express the Rules for Sudoku as
Constraints

Express Clues
Sudoku in Optimization Problem Form

Function to Draw the Sudoku Puzzle

Solve Sudoku Puzzles Via Integer Programming: Problem-Based

This example shows how to solve a Sudoku puzzle using binary integer programming. For the solver-based approach, see Si

You probably have seen Sudoku puzzles. A puzzle is to fill a 9-by-9 grid with integers from 1 through 9 so that each integer a
partially populated with clues, and your task is to fill in the rest of the grid.

Initial Puzzle

Here is a data matrix B of clues. The first row, B(1,2,2), means row 1, column 2 has a clue 2. The second row, B(1,5,3),

B = [1,2,2;
1,5,3;
1,8,4;
2,1,6;
2,9,3;
3,3,4;
3,7,5;
4,4,8;
4,6,6;
Sa-fe
5,5,1;
5,9,6;
6,4,7;
6,6,5;
7,3,7;
7,7,6;
8,1,4;
8,9,8;
9,2,3;
9,5,4;
9,8,2];

drawSudoku(B) % For the listing of this program, see the end of this example.
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Step 4 — Solve
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Back to puzzle Print another.

© Web Sudoku 2018 - www.websudoku.com
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Back to puzzle Print another.

© Web Sudoku 2018 - www.websudoku.com
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Back to puzzle Print another.

© Web Sudoku 2018 - www.websudoku.com
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An Example — Sudoku Solver

Find the puzzle

Deep Learning Image Processing Deep Learning
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Find the boxes
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Image Processing and Computer Vision with MATLAB

Both deep learning and image processing are great tools for computer
vision.

Use the right combination of tools to get the job done.

MATLAB makes it easy and efficient to do both image processing and deep
learning together.

- MATLAB helps you integrate a computer vision algorithm into the rest of
your workflow.

MATLAB EXPO 2018
51



Try out the example code
(Search for: Deep Sudoku Solver)
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File EXChGnge Search File Exchange File Exchange ~ Q

MATLAB Central +  Files  Authors My File Exchange  Contribute = About § Trial software

s3] [ 17 | 5
AN LGEE Deep Sudoku Solver 8728 Ralings
| 98 6 - 174,567 Downloads
8 3 3 version 2.3.2.0 (850 KB) by Justin Pinkney 5 °
4 8 3 1 - ; Updated 01 May 2018
7 3 6 Sudoku solver based on image processing, computer vision, and deep learning.
View License
6 28
419 5
8l | 170 + Follow |

Try what's new in Image Processing
and Computer Vision toolboxes

Talk to us about your (computer
vision) problems

MATLAB EXPO 2018

Overview  Video Processin g Geospatial Computing § Trial software &, Contact sales

Explore Products for Image Processing and
Computer Vision

Image Processing Toolbox

Image Acquisition Toolbox

Computer Vision System Toolbox

Statistics and Machine Leaming Toolbox
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