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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.

• A camera is simply a light measuring device (CCD or CMOS sensor).

Image Processing



• Camera sensors are designed to capture RGB.

Images only contain three colour
components



RGB Example

Combined (RGB) Red Component Green Component Blue Component



Pixels and RGB values



Pixels and RGB values



Mitochondria



Mitochondrial events

An illustration of the different types of mitochondrial events



What we wanted to achieve



• Mitochondrial disorders are often presented 
as neurological disorders such as Alzheimer’s 
disease.

• Fission/fusion events play a critical role in 
maintaining functional mitochondria when 
cells experience metabolic or environmental 
stresses.

• Having a system that can automatically 
predict the number of mitochondrial events 
as well as their location will help researchers 
gain insights mitochondrial function which in 
turn could lead to improved treatment of 
neurological disorders. 

Why?



What we want to achieve

Algorithm?
Neural net

cGAN /
Pix2Pix /
Vox2Vox

?
We need the ground truth! 

But we can't generate it by hand… 



We need ground truth

• Use time-lapse sequence to generate ground truth
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Mitochondrial event localiser





Example output



What we want to achieve

Algorithm?
Neural net

cGAN /
Pix2Pix /
Vox2Vox

?



Gradient Descent

• Sometimes the objective function/loss function has more than one minima. 



Results







Virtual Learning Experience improves 
learning



3D pose estimation
4 camera views (new system) Reconstructed 3D pose



Reconstruction error for markerless system 



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
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