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Image Processing

From Virtual Reality to Deep Learning
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Image Processing &) s

* |s the use of a computer to process digital images through an algorithm.

* A camera is simply a light measuring device (CCD or CMOQOS sensor).

15.436 s




forward together
sonke siya phambili
saam vorentoe

Images only contain three colour @I Siellenbosch
components
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* Camera sensors are designed to capture RGB.
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(A) Original image (B) Enlarged view from (A) (C) Pixel values from (B)
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Mitochondrial events @l Stellenbosch

Fission

=

Fusion

=

Depolarisation

=l

An illustration of the different types of mitochondrial events
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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 P
Fission

turn could lead to improved treatment of 2 Sy
neurological disorders.
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cGAN /

Pix2Pix /
Vox2Vox

® Fusion
Fission

N e u ra I n et Depolarization

o o We need the ground truth!
But we can't generate it by hand...

Depolarization
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Use time-lapse sequence to generate ground truth

4D mathematical
process flow
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Mitochondrial event localiser
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A z-stack of micrographs is
shown as a shaded volume
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Example output

D. Graphs

Average structure volume

Total number of structures Number of events

[voxels]

—e— Fusion —*— Fission —®— Depolarisation

15

10

130
120
1104
100+
90
80

1200

A. Full sample MIP

B. ROI MIP

Frame1 Frame2

MEL

C. MEL 3D ROI

D. Graphs

Stellenbosch

UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

1000
8004
600+
400+
200

50 100 150 200 250

Time [s]




What we want to achieve
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cGAN /
Pix2Pix /
Vox2Vox

Neural net
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Gradient Descent @?ﬁ?ﬂ?ﬂb"““

* Sometimes the objective function/loss function has more than one minima.
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Figure 6.8: Box plots of pre- and post-lesson test scores for the VLE and Slideshow
Group.
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4 camera views (new system) Reconstructed 3D pose

.




Reconstruction error for markerless system @Ii‘fﬂf?ﬁ‘”ch

Reconstruction error of keypoints in the hip line across time for sample SIA2DIR1
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View 2

View 4

Figure 5.4: Deadlift action exhibiting inconsistent localisation of the hip joints.
Ideally, the error should remain constant through the different phases of the action.
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Spatial-Temporal Graph Convolutional Networks @Iitsggggbosch
(ST-GCN) for metric learning
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Figure 6.4: The metric GCN model. Illustration of the GCN feature extractor as a
feature encoder in a metric learning paradigm.
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Figure 6.6: Confusion matrix for the final one-shot tests in the seven SU-EMD classes.



Improving Face Recognition of Individuals
with Highly Pigmented skin

* 545 individuals

e 5 different orientations

Table 4: Accuracy for a model with fine-tuned weights.

VGG16
Optimiser | Visible Infrared Full Spectrum
Accuracy AUC  Accuracy AUC  Accuracy AUC
Adam 97.3 0.986  99.7 0.993  99.1 1.000
SGD 97.6 0.985 99.7 0.986 99.4 1.000
AdaGrad 97.3 0.986  99.7 1.000  99.1 1.000
ResNet50
Optimiser | Visible Infrared Full Spectrum
Accuracy AUC  Accuracy AUC  Accuracy AUC
Adam 0.0 - 0.3 - 0.0 -
SGD 97.9 0.991  99.7 0.998 99.1 1.000
AdaGrad 97.9 0.994 98.4 0.988  99.1 0.990
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Conclusion: Using infrared light improves the accuracy of face detection algorithms
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(a) Original image. (b) Activation map. (c) Owverlaid activation map.

Figure 4: Example of activation map produced from a CNN model, and how it can be overlaid on the original image.

Non-tunable model Fine-tunable model

Figure 13: Comparison of average activation intensity values over facial regions.
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