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Image Processing

From Virtual Reality to Deep Learning



• Is the use of a computer to process digital images through an algorithm.

• Digital images could be from many sources, such as a camera, medical imaging devices 
like MRI or CT scanners, satellites, etc.

Image Processing



• Camera sensors are designed to capture RGB.

Images only contain three colour 
components



Pixels and RGB values





Mitochondria



Mitochondria



Mitochondrial events

An illustration of the different types of mitochondrial events



What we wanted to achieve



We need ground truth

• Use time-lapse sequence to generate ground truth

P
re

-p
ro

ce
ss

in
g

D
at

a 
p

re
p

ar
at

io
n

4
D

 m
at

h
em

at
ic

al
 

p
ro

ce
ss

 f
lo

w

Frame 1

Frame 2



Example output



Visual Image Processing Pipeline  

• Video here: https://www.dropbox.com/s/h4w7frxq2rdx9md/VIPP.mp4?dl=0

https://www.dropbox.com/s/h4w7frxq2rdx9md/VIPP.mp4?dl=0


Virtual Reality Cell Analysis and Teaching

• Video here: 
https://www.dropbox.com/s/0us9u1ejb9kw0mo/VR%20Minishowcase_small.mp4?dl=0

https://www.dropbox.com/s/0us9u1ejb9kw0mo/VR%20Minishowcase_small.mp4?dl=0


Virtual Learning Experience improves 
learning



Virtual Reality Tracking

• Video here: https://www.dropbox.com/s/1eyjb98hrqupu3f/VR_tracking.mp4?dl=0

https://www.dropbox.com/s/1eyjb98hrqupu3f/VR_tracking.mp4?dl=0




Spatial-Temporal Graph Convolutional Networks 
(ST-GCN) for metric learning



One-shot action recognition on 7 never 
before seen classes

UMAP



Improving Face Recognition of Individuals 
with Highly Pigmented skin

• 545 individuals

• 5 different orientations

Conclusion: Using infrared light improves the accuracy of face detection algorithms





Internally developed PPG
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