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OUTLINE

Matrices and Images

Image Restoration
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THE 
MATRIX

https://commons.wikimedia.org/wiki/File:Digital_rain_animation_medium_letters_shine.gif
https://screenrant.com/matrix-4-original-movies-look-different-comparison-upgrades/
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You know what I’m talking about? 

THE MATRIX (1999)
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Matrix is Everywhere 

Nay        What’s that?      Yep
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What is a Matrix
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entry-wise addition

entry-wise subtraction

Matrix Addition and Subtraction
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Nay  What’s that?   Yep
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Why Entry-wise Addition and Subtraction?
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Why not 
entry-wise?

Matrix Multiplication
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reactionaction

matrix

Matrix Multiplication and Division

reactionaction
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Heat Equation

Image credit: https://www.sciencenewsforstudents.org/
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What is an Image?
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Image as Matrix
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Color Images
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OUTLINE

Matrices and Images

Image Restoration
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Image Restoration
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Removing Random Noise



19Department of Mathematics, City University of Hong Kong

Averaging Out the Noise
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Removing Background Noise
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Contrast Enhancement
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Linear Scaling to Increase Contrast
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image due to 
motion to 
the right

true, 
sharp 
image

Motion blur

Deblurring
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The Blurring Process
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The Blurring Matrix
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another blurring 
matrix

Out-of-Focus Blur
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Ground-based Astronomy
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How to Determine Atmospheric Blurring?

100km

Image credits: National Geographic, European Southern Observatory

Artificial 
Guide Star
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Restoration of Satellite Image

https://faculty.sites.wfu.edu/plemmons/a-clear-view-of-forever
https://faculty.sites.wfu.edu/plemmons/congressional-testimony
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Computed Tomography (CT) Scan

https://www.imaginis.com/ct-scan/how-does-ct-work

https://global.medical.canon/
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Lee et al., Cancer Biotherapy, 2016

Jasczcak Phantom
https://www.nuclear-shields.com/
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Why need Math?

Know how

https://nuscimag.com/the-rosetta-stone-of-mathematics-8c15ea14652d/

vs              
Know why
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Ground-based Astronomy Revisit
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Multi-frame Super-resolution

Chan, Shen, and Xia, Applied Computational Harmonic Analysis, 2007
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displacement

Aligning the Frames
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Super-resolution for Ground-based Astronomy

https://www.sciencealert.com/here-s-a-mind-blowing-reminder-of-how-big-the-european-extremely-large-telescope-is-going-to-be
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Super-resolution of Satellite

Chan, Yuan & Zhang, J. Opt. Soc. Am. A, 29 (2012).

Ke, Wagner, Ramlau, & Chan, SIAM Journal on Imaging Science (2020).
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Video source: https://users.soe.ucsc.edu/~milanfar/software/sr-datasets.html

Video Still Enhancement
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or

Let us solve the quadratic equation:

AI algorithms are invented by homosapiens!

Solution is

Who solved it?

Artificial Intelligence or Human Intelligence

Calculator BrainComputer Math
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Do CNNs solve the CT inverse problem? Sidky, Lorente, Brankov, & Pan, ArXiv, 2020.

ErrorZoom-inBreast CT Phantom

Convolution 
neural 

network

Mathematical 
method

Plug-and-Play or Plug-and-Pray ? 

Plug-and-Play Deep Neural Network 



STEM Initiatives

• CityU Science Challenges – mock 
HKDSE assessments (Jan, 2021)

• Popular Stem Talks by our Professors

https://www.cityu.edu.hk/csci/new-
programmes-and-stem-initiatives

Years 3 & 4  
@ partner U

Years 1 & 2 @ CityU

New Programmes

• JUPAS option (JS1200) — Global 
Research Enrichment and 
Technopreneurship (GREAT)

• Double-degree Joint Bachelor’s 
Programmes — with Columbia 
University, University of Edinburgh, and 
University of Manchester

• Double-degree Bachelor’s Programme 
— Law and Math (confirm by Nov, 20)

Graduation Ceremony @ Columbia U (2019)
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Thank You!

http://staffweb1.cityu.edu.hk/rhfchan/

Raymond Chan: 
No. 1 on Google Search


