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ABOUT ME

» I've always had a passion for Computing:

» As a child, | started out programming BASIC on a BBC
Micro Computer.

» As a teenager, | was making web sites and Flash games.

» Now, | enjoy being able to use computers to solve
real-world problems to improve quality of life.

» Application areas include:
» Medical analysis
» Sports and Entertainment
» Cyber security

» ... but always interested to explore more!
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DATAVISUALIZATION
VISUAL ANALYTICS

COMPUTER GRAPHICS IMAGE PROCESSING

VISUAL COMPUTING e
COURSE MATERIAL: e

* Using OpenCV, WebGL, and D3
* 3D transformations

* Modelling 3D objects

* Lighting and rendering

* Image enhancement

* Image feature extraction
* Object recognition

» Stereo imaging

* Theory and application of
visualization




DATAVISUALIZATION

VISUAL ANALYTICS
COMPUTER GRAPHICS IMAGE PROCESSING

VISUAL COMPUTING B
ASSESSMENT: ‘- ~ I
* Coursework: — 5 | -

*  Webcam object / pose / \ﬁ ‘B

recognition. gy 1\
* WebGL game. ?jm :

Examination:

Matrix transformations.
Applying image enhancement
techniques.

Visualization best-practice.

SLO image Registered Image (checkerboard overlay)

MatchPad Rugby

=




INFORMATION SECURITY
MALWARE ANALYSIS

Alice’s
public key

o

Encrypt

6Eb69570

Decrypt

-

Alice’s
private
key




INFORMATION SECURITY
MALWARE ANALYSIS

A CRYPTO NERD'S

I MAGINATION ¢

HIS LAPTOPS ENCRYPTED.
LETS BUILD A MILLION-DOLLAR,
CLu:;'rER T CRACK 1T

NO GOOD! TS
L0%6 -BIT Rﬁa\
ELPﬁT' OUR
EVIL PLAN
1S FOILED! ™~

WHAT WOULD
ACTUALLY HAPPEN:

H'S LAPTOP'S ENCRYPTED.
DRUG HIM AND RIT HIM WITH

THIS $5 WRENCH UNTIL
HE. TELlS U5 THE. PASSWORD.

GOT I,

%R"“/Q




MACHINE LEARNING DATAVISUALIZATION
VISUAL ANALYTICS

DATA ANALYTICS
COURSE MATERIAL:

* Foundations of data analytics.

* Data mining.

* Multi-variate data analysis.

 Statistical analysis.

* Classification and clustering.

* Supervised and Unsupervised
learning.

* Semi-supervised and Active
learning.

* Precision and recall.

Parallel coordinate plot, Fisher's Iris data

Sepal Width Sepal Length Petal Width Petal Length
—— setosa -~ versicolo— virginica



MACHINE LEARNING DATAVISUALIZATION
VISUAL ANALYTICS

d](o])(0]) @

DATA ANALYTICS e [ s o
ASSESSMENT: L
« Coursework: S ) ﬁ%
« “Kaggle”-based exercises for B
large data analytics. | .
* Use of machine learning and b k
visualization for data .
exploration.
* Examination:
* How can we make sense of
data using visualization?
* How can we improve
machine learning using

visualization?

Sentiment Analysis on Movie Reviews
[« ntiment of sentences from the Rotten Tomatoes On the Forums

Finding Elo
Predict a chess player's FIDE Elo rating from one game

Forest Cover Type Prediction




MOBILE SOFTWARE DEVELOPMENT
HUMAN-COMPUTER INTERACTION

MOBILE APPLICATION ' -

DEVELOPMENT @ kY ( R

COURSE MATERIAL: | |

| - 1 B

* Fundamentals of mobile device | g - -
development | 7 5 . _

* iPhone and Objective-C [ e N

* Android Development Toolkit e Swanea "

* Web-based development (Python c,om::,m e Tos =
/ Flask / Javascript) 1 B.4m

. Games development g || e E—|
(Cocoas2d, Box2d)

* Mobile sensors

(GPS / accel. / camera) | \_____— _/ \ /




VISUAL ANALYTICS OFTWARE DEVELOPMENT

MOTOROLA

The Rotunda photographed in the
afternoon at the corner of Swan

Passage and St Martin.
Carrier % 10:57 AM e '

PocketCoder T

Cardiff Castle photographed in the
early afternoon at the corner of
Queen Street and Kingsway in Central
Cardift, Cardiff, United Kengdom

National Museum of Wales
photographed in the early afternoon
near Park Place in Central Cardiff,
Cardit, United Kingdom.

Symphony Hall and Hyatt
photographed in the afterncon near
Centenary Square in Birmingham,
United Kingdom,

National Indoor Arena photographed
in the afterncon near Xing Edwards
Road in Birmingham (Region). United
Kingdom.

Millennium Stadium and Millennium
Stadium in Riverside, Cardd!, United
Kingdom.

[
Editor  Coder




CONCLUSION

» A brief overview of my research interests to date.

» Discussion of how my research activities could contribute towards the
final year undergraduate degree:

» Visual Computing

» Information Security

» Data Analytics

» Mobile Application Development

» Discussion of topics that could be incorporated for each course, along
with possible coursework and examination areas.

» Keen to deliver stimulating courses that would inspire undergraduates
to pursue further study to postgraduate level.




Thank you

for listening.

Dr. Phil Legg
email@plegg.me.uk




Append

EXAMPLES OF PREVIOUS WORK

—



INSIDER THREAT DETECTION

0.10

005

Can we identify anomalous
behaviour from large employee
records!?

0.00 e )
0 5 10152

Can we relate anomalous ° a5 ——— B

0.10

behaviour to threatening s |-
behaviour? ‘
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SPORTS VIDEO VISUALIZATION

Rugby (Welsh Rugby Union)
» Glyph-based Visualization

Snooker (Terry Griffiths)
» 3D Scene Reconstruction

» EventVisualization




RUGBY EVENT CLASSIFICATION

» Notational analysis generates mass T : e @
of ‘training’ data. = “‘7/, & *‘1 ~
» PHOW features (dense SIFT) B 4
extracted from video frames. 1‘;1\ ;’ ' ~
» SVM used to generate classifications sy - - :’
(lineout, scrum, ruck, maul, none). Vo e —

Work conducted in collaboration with
Jelena Mojasevic and
Prof. Dave Marshall (Cardiff)




SPORTS STATISTICAL ANALYSIS

» Football premier league B e g et vt s
(Opta) data mining.

» Can we identify interesting
patterns in this large
dataset!?

» Player contributions to game.

» Winning/losing trends.

» Weka analysis software
Input parameters determine a numerical ‘impact’ value

that each player has had on the match.
Could define a set of rules from this learnt data to

Work conducted in collaboration with characterize player performance over a full season.
Alex Thomas (MPhil Student, Swansea)

» Machine Learning toolkit




MULTI-MODAL RETINAL IMAGING

Feature Neighbourhood formation regl stration
Mutual Information B

+ We aim to find the rigid registration that can successfully align the floating image
(SLO) to the reference image (fundus).

. .
- Simplex algorithm used to search for correct translation and rotation parameters. rlty mea’su re’ Featu re
+ Multi-resolution pyramid used to improve search time using coarse-to-fine approach. B e e e e e
- Rotation range between 13 degrees at coarse level — restricted at each lower level.
- Result at each level acts as initialization for next level down in pyramid.

At each possible transformation:

- For each pixel within the registration area, we create a vector consisting of the pixel
and its 8 neighbours for the original image and the feature images for both modalities.
- The collection of vectors makes up a matrix that represents the current registration.

« This matrix is reduced to a covariance matrix to show the relation between elements.
- FNMI can then be defined as: entropy(Ca) + entropy(Cs) — entropy(C)

Covariance matrix (size d x d)

P
‘ C4
l c<

Green = pixel of interest Y
Light Blue = feature pixels (Template)
Dark Blue = feature pixels (Reference)

mxn

s=4 s=8
Template image and its corresponding region in reference image, along with feature images taken at multiple scales.

Original s=1 s=2



REGISTRATION OPTIMIZATION

» Possible transformation space is
too large to search brute force.

» Exploration of how to search
transformation space optimally to
find registration that maximizes
the similarity measure.

» Nelder-Mead Simplex algorithm.
» Simulated Annealing

» Gradient Descent.

————

]

Figure 5.7: Registration surface plots. Top: FNMI (L,, 0=2), FMI (L,, 0=2),
MI (16 bins). Bottom: RMI (r=1), RMI (r=3), RMI (r=5).




3D STEREO DISPLAY PRO (SDPRO)

» Registration of intra-modal
images for 3D stereo display.

» Emphasizes retinal curvature, and
blood vessels.

» Software deployed with
University Hospital Wales and '
NHS. | %




CHINESE CHECKERS
INTELLIGENT OPPONENT

» Undergraduate Final Year Project.

» Mini-max algorithm usedto

determine ‘best’ move. @

weight vaue (ply
mplemencacion).

» Alpha-beta pruning disregards
poor path results




MOBI

Carrier & 10:57 AM ]
PocketCoder .
T
Editor Coder

11:25 AM Carrier &

Issued 15 August 04:05 UTC

Cromarty

Wind: Southeast 4 or 5, increasing 6 or 7.
Sea State: Slight or moderate. occasionally rough later.
Weather: Rain later. fog patches at first.

Visibility: Moderate or good, occasionally very poor.

MOTOROLA

The Rotunda photographed in the
afterncon at the corner of Swan
Passage and St Martin.

Cardeff Castie photographed in the
early afternoon at the cormner of
Queen Street and Kingsway in Central
Cardift, Cardiff, United Kengdom.

National Museum of Wales
photographed in the early afternoon
near Park Place in Central Cardiff,
Carddll, United Kingdom.

Symphony Hall and Hyatt
photographed in the afterncon near
Centenary Square in Birmingham,
United Kingdom.

National Indoor Arena photographed
in the afternoon near Xing Edwards
Road in Birméngham (Region) United
Kingdom.

Mallennium Stadium and Millennium
Stadium in Riverside, Carddf, United
Kingdom.

Score: 2




MOBILE APP DEVELOPMENT

\

1 PocketCoder [ Q
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. SE Iceland

1 |

Bailey

Hebrides

A Music Films TV Programmes App Store v

Top Paid iPhone Weather Apps

Weather+ 2. ., Tide Times

Weather 7 Weather

Updated 08 April 2011 Updated 02 August 2011
£0.69 BUY ~ g DOWNLOAD v

Celsius - Weather & T... . AccuWeather.com Q...

Weather Weather

Updated 26 May 2011 P )@ Updated 23 June 2010
£0.69 BUY ~ % £0.69 BUY ~

Fahrenheit - Weather ... - Wind Meter

Weather Weather

Updated 26 May 2011 Updated 24 September...
£0.69 BUY ¥ £0.69 BUY ¥

eWeather HD . Thermometer & Weat...

Weather Weather

Updated 23 June 2011 Released 24 July 2011
£1.49 BUY ~ £0.69 BUY ~

Carrier F 10:57 AM = Carrier & 11:25 AM

\

o

N. Utsire :g.

Fair Isle vViking R
B

Eromarty
-

_Forth

Books

Forties

8. Utsire
.

Fisher

Podcasts

Carrier 7

iTunes U Ping

WeatherPro

Weather

Updated 12 April 2011
£2.49 BUY ¥

Weather

Weather

Updated 21 June 2011
£0.69 BUY ¥

RainAlarm Extended

Weather

Updated 28 June 2011
£1.49 BUY v

ShipMate
Weather
Released 08 August 2011

DOWNLOADED v

10:58 AM

\
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IPHONE APP STORE

[ & Apple Inc. V) ]
Favorites iTunes Connect ar
B hillegg@hotmail.com v
iTunes Connect Sales and Trends ~ e Lo
20K
15K
10K
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0
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0 [
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Territory Platform Category

Africa, The Middle East, and India

UsA and Canada ]

Asia Pacific I

Latin America and The Caribbean

Content
Tide Times Pphil Legg
App

Ship Forecast Phil Legg
App

Ski Season Phil Legg
App

Face Bounce! Phil Legg

App

SportsViz TangSooDo  Phil Legg
App

PocketCoder Phil Legg

App

Desktop .
iPod touch .

Top Content: 2003 - 2014

cames 1

Sports I

1D Units
449869637 26.6K
455201486 4.46K

482978156 1.99K
536181040 867
526360290 230
459091458 150



WEBGL GAME COURSEWORK




PUBLIC KEY ENCRYPTION EXAMPLE

A worked example [edit]

Here is an example of RSA encryption and decryption. The parameters used here are artificially small, but one can also use OpenSSL to generate and examine a real keypair.
1. Choose two distinct prime numbers, such as
p=~6landgq = 53
2. Compute n = pq giving
n =61 x 53 = 3233
3. Compute the totient of the product as ¢(n) = (p - 1)(g — 1) giving
©(3233) = (61 — 1)(53 — 1) = 3120
4. Choose any number 1 < e <3120 that is coprime to 3120. Choosing a prime number for e leaves us only to check that e is not a divisor of 3120.
Lete =17
5. Compute d, the modular multiplicative inverse of e (mod ¢(n)) yielding,

d = 2753

Worked example for the modular multiplicative inverse:
e xd mod p(n)=1
17 x 2753 mod 3120 =1
The public key is (n = 3233, e = 17). For a padded plaintext message m, the encryption function is
c(m) =m'" mod 3233
The private key is (n = 3233, d = 2753). For an encrypted ciphertext ¢, the decryption function is
m(c) = ™ mod 3233
For instance, in order to encrypt m = 65, we calculate

¢ = 65" mod 3233 = 2790
To decrypt ¢ = 2790, we calculate

m = 2790°™3 mod 3233 = 65
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