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User Experience Study for Oblique Pro's Website
Student - Aidan Smith, Supervisor - Miguel Morales
Context: Oblique Pro is a small company looking to
combine high fidelity sensors with machine learning
technology to animate and identify scooter tricks. They
are looking to use their website to increase their brand
presence before launching their new technology.

Objectives: A usability analysis needed to be conducted
on Oblique Pro's website. Ultimately, this needed to
provide recommendations on ways they could improve
their user's experience.

Method: Participants performed one of two experiments. In both experiments participants were
shown 17 screenshots of the website. They were then asked questions about what they thought
that page was for and any details that stood out to them.

Experiment 1 - Five Second Test

Experiment 2 - Greeked Text

Partcipants performed five second tests where each of the
17 screenshots was shown for 5 only seconds. In addition,
their gaze was being recorded through eye tracking
technology. They attempted to describe the main purpose of
the page. Many understood this screenshot.

Participants were shown 17 screenshots where all the text
was changed into nonsense words (or greeked). They were
ten asked about the main purpose of the page, as well as
other smaller details. Only a few were able to understand
this screenshot.

What do you think this website does?

What do you think this page is for?

Eye Tracking

The Results

Participants' gaze was tracked and recorded. Participants
understood what they looked at and didn't understand what
they missed. In addition, they were not easily distracted by
irrleveant details.

• The results were very different between the five second
tests and the greeked text. Participants only understood
forum screenshots when they could read the titles.
• No one understood the statistics shown in the screenshots.

How do you scan this screenshot?
• Search results were expected to be shown in the same
page as the search bar.

1. Remove the forum side of the website.
Replace this with comments for community
engagement with videos. For company
interaction with users, create a sub-reddit.

3. Make the home page return search results.
Search results should not be placed on a
separate page. In addition, ensure that the
2. Remove the misunderstood statistics, they
search is maintained in the search bar for
only serve as a distraction. More meaningful
reference.
statistics can always be added later.

Recommendations

You can find their website at https://obliquepro.com/
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DEVELOPING ALGORITHMS TO GENERATE FLIGHT
PATHS FOR AN AUTONOMOUS DRONE
Team Members: Alan Brook, Jack Hay, James Morritt, Lachlan Brewster
Supervisor: Richard Green
Industry Supervisor: Edwin Hayes
Senior Research Engineer: Kelvin Barnsdale

Background

Objectives

Wilding pines are an invasive pest in New Zealand, especially in the high
country. Wilding pines have become a pest because they use large
volumes of water from their environment. This means farms and native
bush are heavily impacted by wilding pines. To combat wilding pines a
solution was proposed to use autonomous unmanned vehicles (UAVs) to
find and spray the the wilding pines. By automating this process we
believe the expansion of wilding pines can be combatted and their
damage to the environment decreased.

1. Research/develop potential algorithms that create a route between all
of the pines found from a survey.
2. Devise a heuristic that takes into account the specifications of the
drone to be used.
3. Provide an overlay of the route onto the survey picture.

TSP

Given a list of cities and the distances between each
pair of cities, what is the shortest possible route that
visits each city and returns to the origin city? The
Travelling Salesman problem (TSP) describes the
question above, and for this project the cities are
represented by the yellow squares (pines) on the
survey image. It is not solvable in polynomial time (x
squared), and has a worst case of factorial time (x!).
Usually giving the algorithm more time leads to a
shorter route being found, however whether the
shorter distance is worth the extra time depends on
the context in which said algorithm is used. The two
algorithms in the graphs, are Christofides and
Simulated Annealing.

Drone
Specifications
The algorithm will be limited by the drone that is
used. Specifications such as the weight of the
craft, the weight of the spray and the battery life
of the drone need to be taken into account within
the algorithm through the use of a heuristic. The
Aeronavics ICON drone was used as the closest
physical example to what the final drone may be
like, as it is yet to be built.

Potential Solution
The solution produced is written in Python3 using
modules such as pygame to present a visualization of
how the algorithm is working. Simulated Annealing is
used as an optimization technique. Additional provided
algorithms are Christofides and Brute-Force to provide
a broad range. To check if the given route is viable, the
heuristic checks the current route against the average
flight speed and time taken above each tree to
recognize and then spray. These variables are assumed,
as the project has no current knowledge of what they
may be like. Once more knowledge is gained in this
area, the heuristic can be refined further. The overlay of
the route onto the survey image is shown.
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AU TO MATED MEASU R EMENT O F

BLOODSTAINS

ALEX TOMPKINS | SUPERVI SOR: RICHARD GREEN

WHY MEASURE BLOODSTAINS?
Bloodstain pattern analysis is a forensics technique often used when
investigating a bloody crime scene. By measuring properties of
bloodstains within the scene, experts can estimate the trajectories of
spattered blood droplets and determine their potential area of origin. This
method can provide crucial evidence about what took place, and where,
at a crime scene.
Investigators often carry out their analysis by laying physical strings to
represent droplet trajectories, visually reconstructing the spatter event
within the scene to find an area of origin. Although reliable, this method
is cumbersome and time-consuming.

IMAGE PROCESSING PIPELINE
To solve this problem, I developed an application that automatically processes images
containing bloodstains. Using computer vision techniques including Otsu thresholding
and morphology, the program finds edges of likely bloodstains within an image. Since
images often contain other objects such as markers or text, the shape, colour and size of
potential stains is evaluated to discard unlikely candidates. Ellipses are then fitted to the
remainder, allowing their width, height and angle to be measured, mimicking the manual
process carried out by forensics experts.

Input
Stage

Binary
Stage

Ellipse fitting
Stage

RESULTS
Accuracy of results is crucial in forensics, as
bloodstain pattern analysis is often used as
evidence in court cases.

WEB SERVER
A simple web server, written in Python, allows
immediate processing and long-term storage of
images, results and associated documentation.
This server works in tandem with the AR app (see
below) to process a pattern containing several
bloodstains and display the results.

The automated method described was
compared with manual measurements taken
by experienced forensic scientists on several
training datasets. The results (shown right)
placed the
accuracy of the automated
approach well within the bounds of the
manual measurements.

AUGMENTED REALITY APP
An iOS app (developed by Evans Taylor Digital) displays the bloodstain analysis
in real-time, allowing the user to capture an image of a bloodstain and
immediately send it to the server for processing. The app makes use of
augmented reality technology to visualise the resulting 3D droplet trajectories
placed within the scene in much the same manner as the string method. The
tool also allows a 3D reconstruction of the scene to be viewed at a later date.

Analysing an entire bloodstain pattern and manually determining trajectories
usually takes a forensic scientist over an hour. The automated method allows
a stain to be measured and displayed in a matter of seconds.

IN PARTNERSHIP WITH
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ER status 2+

ER status 3+

Extracted eosin stain

Thresholding

Nucleus recognition

Holes are filled,
small/large and
border touching
objects are
removed

Binarization

Object detection

Clean up

Blurring

For machine learning to work effectively, information about the features effecting ER
status must first be extracted from the breast cancer tissue slides. Extracting handpicked features allows the machine learning classifier to learn much faster, as it is only
given the relevant information instead of the entire raw image. The flow chart below
shows the process that I designed to extract relevant features from tissue slide
images.

Process

Andrew Davidson
Supervised by Ramakrishnan Mukundan

The goal of this process is to extract features that can be used to
classify the ER status of patients using machine learning. The features
that are extracted at this final stage are:
• The texture and concentration of the hematoxylin and eosin stains
around each nucleus
• The shape of each nucleus
• The variance in shape of nuclei
• The density of nuclei

Features

Extracted hematoxylin stain

Stain separation

A digital breast cancer tissue slide (97608x69881
pixels), stained with hematoxylin (indigo) & eosin
(pink) to make cell nuclei more distinct. [3]

More about breast cancer hormone therapy can be read at:
[1] https://www.breastcancerfoundation.org.nz/breast-cancer/treatment-options/hormonal-therapy
Source for 70% agreement between pathologists on ER status:
[2] https://www.ncbi.nlm.nih.gov/pubmed/19661080
Breast cancer slide images were obtained from the Cancer Genome Atlas Program using the Genomic
Data Commons Data Portal:
[3] https://portal.gdc.cancer.gov/repository

Further Reading

• 4109 nuclei and their features were extracted from 180 512x512 pixel image
patches
• A machine learning classifier was trained using these features
• 93.78% accuracy when classifying the ER status of a nucleus
• 100% accuracy when classifying the overall ER status of a whole 512x512
patch
• Single source of truth that can be tweaked and refined, eliminating
pathologist bias as a factor in ER status classification
• Entire process is automated apart from selection of region of interest to extract
patches from

Outcomes

ER status 1+

Within the last decade, the availability of digital pathology scanning technology
and data has increased. Now, large repositories of high-quality breast cancer tissue
slide images are available online and can be used to build a machine learning
classifier that will increase speed of ER status tests, and decrease the bias involved.

The estrogen receptor status (ER status) is one of the most important hormone
statuses in determining the treatment of breast cancer patients. A breast cancer
tumour with a higher ER status grows more in response to estrogen. It can be 1+,
2+, or 3+ (using the immunohistochemistry 3-point scale). Currently, classification
of ER status is done manually by pathologists, with the consensus rate between
pathologists deliberating on the same sample being only around 70%. [2]

Machine learning classification could be used as a faster and less biased
replacement of the current, manual hormone status classification method
employed by pathologists. Knowing the hormone status of a breast cancer patient
is vital, because it determines whether hormone therapy is able to slow or stop the
growth of the cancer. [1]

Background

Machine Learning Classification of
Breast Cancer Hormone Status

PASSION PROJECT SOCIAL PLATFORM
TRACK YOUR

SHARE YOUR

PROGRESS. PASSION.
ANDREW FRENCH

PROBLEM

WHO WILL USE IT

THE NEED FOR A GENUINE
SOCIAL SHARING PLATFORM
FOR INDIVIDUALS TO SHARE
THEIR PERSONAL PASSION
PROJECTS WITHOUT A FOCUS
ON MONETIZING IT.

MEET GARY

WE ASKED

Gary LOVES to-do lists. He wants
to tick-off all his goals and show
the world that they are completed.
He is competitive and loves the
sense of personal achievement.

"I have a list of goals. I use
these goals as my primary
motivation to complete
tasks."

MEET STAN

WHY?
I WANT TO SHARE MY
PASSION.
SOCIAL MEDIA IS TOXIC.
WHERE IS MY DATA?

Stan doesn't have set goals. He
just loves to tinker away at a
project when he has the time, but
would love to have a place to
document all his hard work.

48% AGREED
AND...
"I don't have any particular
set goals. I often just chip
away at projects."

62% AGREED

SOLUTION
Projects are the
cornerstone of this
application. Users can
create projects with a
name, description,
associated tags and any
predefined tasks.
Users can break down a
project into smaller
individual tasks, which
define the basic steps to
make progress on a
project. Tasks can be
completed and
reordered to match the
user's needs.

Project Families allows
larger projects to be split
into smaller concise subprojects. For example, a
House Renovation project
can be split into smaller subprojects for each room or
part of the renovation.

Families

Projects

Timeline

Tasks

The Project Timeline shows
the latest updates of the
project as a timeline,
showing a snippet into the
progress of the project and
its next steps. It also shows
the next upcoming tasks to
be completed.

MOTIVE.
WHAT'S YOUR
MOTIVE?

Updates are the basic
sense of Social Media in
the application. These are
bite-sized posts that allow
others to see the most
recent progress with the
project and where it may
be heading.

Highlights

Updates
TECHNOLOGIES

REACT

Frontend Framework

C#

Backend API

Supervisor
Dr. Moffat Mathews

NEO4J LINUX
Database

Hosting
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Highlights are reserved for
those special moments in a
project. Users can mark an
update as a highlight of the
project, meaning it is a
particularly special
milestone in the project. It
even has a beautiful love
heart!

Team
Matilda Porterfield
Matthew Knight

PiP IoT Device Installation
Improvements
PiP IoT create a range of devices installed in the
world around us. You probably interact with some
of these devices already. Ask me which ones!

PeopleSense

LevelSense

GeoSense

Context
PiP IoT is a start up specialising in the
manufacturing of sensor devices. These
devices collect data from the environment
around them to assist in the day to day activities
of PiP clients. Software is required for
installing and tracking the devices.

DigiSense

Objective

My key objective was to improve the
installation process. This project
aimed to research, optimize and
implement a way to remove manual
serial number entry for device
installations.

Take the initial photo.

2
3

Implementation
The chosen solution was Optical
Character Recognition, shown left.
After the solution was completed, a
usability study was conducted to
find the best UI for the system.

1

Separate dark and light colours.

5

Identify the most common colours.

4
Perform edge detection.

Technologies
Classify the numbers and
overlay the result!

of study participants said that the use of
the system would increase their
enjoyment.

of study participants said that they
would use the system over manual entry,
even if it was imperfect.

Industry Partner

PiP IoT
Partnering Students

Project Lead

Univeristy Supervisor

Braden Alsford

Fabian Gilson

Joshua Bernasconi - Morgan English - James Toohey
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Outcome

After a positive usability study, the
following simplistic design was most
preferred. It was implemented into the
mobile application.

PROTOCOL ARCHITECTURE IN
WIRELESS NETWORK OF UAVS
BENNY SCHMIDT, BROOKE RAKOWITZ AND TOM KEARSLEY
SUPERVISOR: ANDREAS WILLIG

WHAT'S THE OBJECTIVE?
To implement a solution that allows for the reliable transmission of high quality video feed from a source drone to a home
base station through a network of relay drones. To achieve this three components are required: the establishment of a
camera stream, the reliable transmission of the camera stream through the relay drones to the base station, and the
placement and movement of all drones in the UAV network. The key objective of the protocol architecture implemented
in the drones is to find and maintain a good quality route between the source UAV and the ground station.

SOLUTION
To achieve a good quality route between the source drone and base station
through the relay drones, multiple protocols have been defined in the network
stack. The wireless communication between drones is simulated in OMNeT++
over a WiFi medium using the IEE 802.11 standard. Access to this medium is
managed by CSMA. Drones carry out CSMA to determine whether transmission
is possible. This is achieved by listening to the medium to determine if it is free to
begin their own transmissions.
IPv4 is the implemented network layer protocol, allowing 32-bit network layer
addresses to be assigned to each drone and the base station. UDP is the
transmission protocol. Combined with IPv4, these two protocols are
connectionless and do not guarantee successful transmission. AODV is used by
drones to maintain good quality routes to all other drones in the network as well
as the base station. This is for the purpose of maintaining and updating drone
positions.
CTP is implemented with the purpose of maintaining a good quality route
between the camera drone and the base station through the relay drones. This
is with the main objective of performing reliable video transmission. It is a
hierarchical protocol, each drone maintaining the shortest route to the base
station.

FUTURE PLANS
The effectiveness of this solution is purely theoretical and based off of related research into these individual protocols in
the network stack. Future steps would be to define performance metrics and run simulations to evaluate the solution
based on these. This would allow for validation of the solution and subsequent optimizations to be made. Following this,
integration of the video quality and mobility sub-projects would be carried out.
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GATHERING AND INTERPRETING DATA FROM
SENSORS AND VIDEO TO AID PHYSICAL
REHABILITATION
CAMERON AULD - ELIZABETH WILSON - MOFFAT MATHEWS (supervisor)

CONTEXT

5

3
1

2

4

Recovery from brain injury is a challenging process where
many patients struggle with repetitive drill based therapy
and access to necessary treatment resources.
The aim of this project was to send motion data from
custom built wearable sensors and a motion-sensing
camera to a web application and develop methods for
comparing movements of the user to give them meaningful
feedback about their progress.

IMPLEMENTATION

Kinect v2 Camera

Wireless clicker sends
commands over
Bluetooth to web app

2.

Custom Wearable Sensors

1.

3.

Web
Socket
Server

Web
App

Web socket
server
serialises the
Kinect joint
position data
to JSON and
sends to the
web app via
web socket.

BNO055
Absolute
Orientation
Sensor

NRF5840
Bluetooth Low
Energy
Dev Board

LiPO
battery

Custom 3D
printed case

MOTION COMPARISON

4.
5.

The four wearable sensors
on the arms (2-5) send their
orientation data to the main
wearable worn on the waist
(1), which then bundles the
data and sends it directly to
the web app using the Web
Bluetooth API.

Motion
Comparison
Module

EVALUATION STUDY
A pilot study was
undertaken with 12
student volunteers.
Each was shown
and attempted five
movements within
the web application.
These were then
compared to each
model movement.

The motion comparison module scores the users
movement against the corresponding model
movement. It does this using Dynamic Time
Warping (DTW) which is a pattern recognition
algorithm for finding an optimal match between
two numerical series. Crucially it can be applied
to a series of data that is distorted in time, such as
if the user moves faster or slower than the model.
The result is the sum of the distance between the
matched pairs. A lower distance indicates a
better match, such as two similar movements.
This can be displayed to the user as a score.

Movements gave higher
distance when compared to
different models (red).

The distance between correct
and incorrect was much lower
for sensor data than Kinect.
Movements gave lowest
distance when compared
to same models (blue).
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Software that uses
artificial intelligence to
mimic human-tutors.

Intellig
ent
Gamification
Tu to r ing
S ys tem

Inclusion of
game elements
in a non-game
context.

Gamification

The study results
were inconclusive,
however, research
and qualitative data
indicate potential for
future work.

Outcome

Make EER-Tutor
more effective for
student learning.

Objective

EER-Tutor is developed
by the University of
Canterbury and used in
COSC265.

Determine the feasibility of gamifying
EER-Tutor, and how best to do so.

Objective

Research

Gamification increases motivation,
enjoyment and satisfaction. The design
needs to be user-centered. The
preferred game elements are badges,
points and leaderboards, which should
encourage problem completion, time in
the system and self-testing.

Have a
gamified
version of
EER-Tutor.

EER-Tutor now has
badges! Earned for
logins, completing
problems and
learning. The main
page summarizes
the earned badges.
There is also a
more detailed view
with all badges and
descriptions.

Outcome

Supervisor
tanja.mitrovic@canterbury.ac.nz
University of Canterbury

218

137

IFIC
INSIGN

Experimental
Improvements

Control
Improvements

ANT

0.57

0.42

U - value P - value

Determine if
EER-Tutor
gamification is
worthwhile for
COSC265 students.

Objective

The study gave no
conclusions.
Comparisons
between the two
groups showed no
significant
difference in
learning,
knowledge or
motivation. Yet,
positive comments
reiterate the
potential benefits
of gamification.

Outcome

Evaluation Study

SENG402 Student
cgh31@uclive.ac.nz
University of Canterbury

Implementation

EER-Tutor
Gamification

rotuT-REE esu
stneduts fo

Context

serutaef
noitacifimag eht
tuoba evitisop
erew stneduts fo

noitacifimag
htiw stneduts rof
esaercni ytivitca

Outcome

NIKSOH YENTRUOC

Objective

CIVORTIM AJNAT
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USING SONARQUBE TO IDENTIFY
BADLY DESIGNED CODE
By Eiran Ling supervised by Fabian Gilson
WHAT DOES CODE LOOK LIKE?
When we think of code, we think of huge amounts of text all working
harmoniously to create software with nice shiny interfaces. In
reality, software is made up of many small bits of text, interacting
with other small bits of text.
However, when we have thousands of small bits of text interacting
with each other, we often end up with something on the right, where
each coloured circle is one bit of text. This is what we call badly
designed code.
This problem exists with a lot of the systems that exist today, and is
very difficult to detect with the tools that exist today.

WHAT IS SONARQUBE?
SonarQube is a popular tool that tries to find issues
in code that might lead to errors in the software
being made. While this is useful, it also fails to
identify bigger issues in the code like how well it is
designed.

THE SOLUTION
The solution to this problem is surprisingly simple. By
making a visual aid to show developers the state of their
code, it becomes a lot easier to tell when an entire code
base is badly designed.
The solution does two things:
1. Shows what each bit of code depends on
2. Shows which bits of code are 'stuck' together
It does this by building on top of SonarQube to scan for
dependencies between code, and to display the graph
shown above in the SonarQube application. More details
can be seen in the diagram on the left

TECHNOLOGIES
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WEB-BASED PHYSICAL
REHABILITATION
ELIZABETH WILSON, CAMERON AULD
MOFFAT MATHEWS (SUPERVISOR)

MOTIVATION

SOLUTION

Brain injury patients often struggle with repetitive drill
based therapy and access to treatment. Beginning
physical therapy early and often gives patients the
best chance at recovery.

A web application based rehabilitation system allows
users to complete some treatment from home. This
allows more frequency in their treatment.

Major challenges to recovery:
Disparity - Socioeconomic differences mean that
not everyone has access to treatment resources
Slow progress - Patients can struggle to see their
progress, affecting engagement with the treatment

Tracking movement data helps both physicians
and patients to monitor their progress over time
Record users movement and score against a model
movement
Real time feedback and scoring to increase
engagement

SOME HEADING...

SYSTEM
ARCHITECTURE

USABILITY STUDY
FINDINGS

Sensors
Web app

92% of participants
were motivated by
the scoring, and
were interested in
how their scores
compared to others
A clearer view of the
session flow would
be beneficial to aid
users understanding

Camera

Server

FEEDBACK AFTER
SESSION

DURING A SESSION
Users can complete rehabilitation
routines using the web app
Model movement - shows the
ideal exercise
Your Movement - shows the
users movement in real time

After completing a
session, users receive
a summary of their
scores

PROGRESS OVER TIME
Users can see their progress
on the History page, which
shows graphs of exercise
scores over time
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W H I T E

C R O W

HAYDEN TAYLOR
supervised by

MIGUEL MORALES

P M

What is WHITECROW?
White Crow PM is an educational board game that was adapted from a
Russian game called "Belaya Vorona". The game simulates the economic
life of a software project with the goal of maintaining wealth to deliver a
product at the end of the month, all while making important decisions
regarding risk management.
This project was aimed at digitising the existing physical board game in
order to reach a larger audience through the convenience of technology
and to investigate, through a case study, the effectiveness of using this
game as a supplement to students learning.

Method
In order to analyse the effect the game had on players knowledge
surrounding risk management in software projects, students studying
courses such as Software Engineering, Computer Science and Project
Management from universities in Mexico and New Zealand were invited
to participate in the study.
After development of the game was complete, students were asked to
complete a pre-test, play a few rounds of White Crow and complete
a post-test. These tests consisted of questions based on scenarios with
real risks, where students needed to classify, rank and suggest mitigations.
As a last step, students were asked to complete a survey in order to
gather feedback on the game, the level of engagement with the games
content and also the their preception of games effect on their learning.

Results
Analysing the differences in the scores between
the pre-test and post-test of each student
indicated a shift of approximately 10% in the
normal distribution of the grades. In order to
assess the true nature of this relationship, the
number of participants would need to increase.
Majority of the students enjoyed playing the
game and thought the cards were a rich source
of content regarding risks. In future, the level of
interactivity and the players impact towards
winning will be improved.

TECHNOLOGIES
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Whole Slide Image Pre-Processing
Algorithms for Applications in Digital
Pathology
Imas Neupane
Ramakrishnan Mukundan (Supervisor)
INTRODUCTION

OBJECTIVES
The main objective of my project were as follows

In the field of Digital Pathology, whole slide image analysis refers to
analysing digitised versions of whole slide tissue samples captured using
high power electronic microscopes.
These slides are composed
by taking numerous
images at varying zoom
levels, and stitching them
together to produce a
single highly detailed
image.

1. Produce a program capable of accurately identifying key regions
within a large whole slide image. These Regions of Interest (ROIs)
would have to be scored and compared with all other ROIs; allowing
us to produce multiple output tiles based on a calculated score.
2. Optimize this process and make use of graphics programmable
pipelines to greatly speed up the processing by simply offloading it
onto a GPU. Given certain technical difficulties that arose during
development, I had to resort to simply performing these operations in
parallel on the CPU.

Since these images are often Gigabytes large, fully analysing them is
infeasible; as such, my application set out to pre-process this large image
and break it down into several smaller tiles.

METHOD
1. Scale the image to a lower resolution (1024 x 1024) for
further breakdown as attempting to analyse the original
image (46000 x 23000) is too ineffecient. This effectively
blurs the image and also helps reduce random noise in it,
which could interfere with the tile scoring later.
2. Divide the image into multiple subsections (based on the
number of CPU cores) and repeat the remaining steps for
each subsection on a seperate thread.
3. Use colour detection to remove certain pen/highlighter
colours used for marking the slides. We use this operation
to also remove certain colours in the background(red,
green and blue) below a certain threshold.
4. Threshold the background colour away using Otsu’s
threshold[1,2]. We combine this with another technique
to remove small objects that are leftover after these
filters have been applied to obtain just the tissue sections.
5. Subdivide the remaining image into tiles (100 x 100 each)
and score each tile from 0 to 1 based on the overall
quality of the tile. This method factors in the staining
method used to highlight the tissue, the quantity of tissue
present in the tile, and the proximity to nearby nuclei
which is calculated using simple contour detection of
nearby tiles.
6. Collate together tiles from each subsection (From step 2)
and output tiles that scored above a certain threshold
(0.8).

1.

2.

Fig 1: Downscaled slide image

3.

Fig 2: Image subsections

4.

Fig 3: Slightly modified image after pen removal

5.

Fig 4: Image after background removal

6.

Fig 5: Image with tile overlay

RESULTS & CONCLUSION
In conclusion, my program successfully breaks down an entire Whole Slide Image (WSI) and
produces multiple high-scoring tiles whilst being highly configurable and incredibly
efficient. Is is capable of filtering, subdividing, scoring and outputting 10 tiles for a 1GB
image in under 4 seconds. Due to technical difficulties, I was unable to measure the
performance gain when using GPU optimization, however based on similar projects, I would
expect a performance gain of up to 300%. [3, 4]
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Fig 6: Top scoring tile retrieval

REFERENCES
1. Otsu, N. (1979). A Threshold Selection Method
from Gray-Level Histograms
2. OpenCV: Image Thresholding. (2019)
3. Bowley, J. (2019). OpenCV 3.4 GPU CUDA
Performance Comparison (nvidia vs intel).
4. Developer, IBM. (2019). Whole-slide image
preprocessing in Python

DETECTING WILDING PINES USING
DEEP LEARNING
Team Members: Jack Hay, Alan Brook, James Morritt, Lachlan Brewster
Supervisor: Richard Green
Industry Supervisor: Edwin Hayes
Senior Research Engineer: Kelvin Barnsdale

Background

Objectives

Wilding pines are an invasive pest in New Zealand, especially in the high
country. Wilding pines have become a pest because they use large
volumes of water from their environment. This means farms and native
bush are heavily impacted by wilding pines. To combat wilding pines a
solution was proposed to use autonomous unmanned vehicles (UAVs) to
find and spray the the wilding pines. By automating this process we
believe the expansion of wilding pines can be combatted and their
damage to the environment decreased.

Detect pines in a range of images to demonstrate versatility in the
solution.
Seamlessly process images that are larger than 200MB.
Detect the most central pine in an image in under 1 second for an
image no larger than 5MB so that the drone does not shift while
processing.

Tools
Two deep learning frameworks were used in
this research; PyTorch, based on the Torch
framework and supported by Facebook,and
TensorFlow by Google. Both libraries were
open source and provide extensive
documentation on how to setup a deep
learning environment.
The annotation software used assisted in
efficiently annotating a dataset of pine trees
by predicting and automatically annotating the
objects in the image before they are manually
annotated.

Performance
The software was configured for a nuc that could
be used on-board an Aeronavics drone. 4 images
ranging in size from 1MB to 5MB were analysed 3
times each to get the average time taken to
identify the most central pine in each image. The
average time taken over the 4 images was 0.79
seconds per image.
To get the closest pine to the centre of the image,
the Euclidean distance of each pine to the centre
pixel of the image was calculated, with the
shortest one being the most central.

Accuracy
The accuracy of the software when run on the 3
images is 95%, with the lowest accuracy being on the
larger survey image. The inaccuracy on the largest
image is not surprising as the accuracy of a
convolutional neural network decreases when the
object has fewer pixels. Most of the missed pines in
the least accurate image were small saplings.
The pine detection software has shown promising
results when analysing images where pines overlap,
pines are in shadow and sun, and where pines are
casting a shadow on the ground.
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RECORDING DESIGN DECISIONS
JACK STEEL
ON-THE-FLY FROM SLACK
SUPERVISOR: FABIAN GILSON

WHAT'S THE PROBLEM?
Software development is a team activity between many different developers and other stakeholders.
A shared understanding between these parties as software evolves is critical to success.
Understanding of software architecture and its design is considered to be a strained part of the development process.
Formal steps such as recording design decisions are often skipped in current methodologies such as Agile.
As software evolves, it is common for the architecture and design decision knowledge fall out of date.
Stakeholders and developers alike are left without a clear overview of the current state of the software.

OUR SOLUTION

STRUCTURE

Reduce the barriers for developers when recording decisions.
Allow developers to express decision making in natural language.
Embedded alongside existing discussion tools such as Slack.
Converted to formal models allowing for later analysis.

When considering natural language, we must
introduce some required structure to be able
to extract a formal design.
We currently require decisions to be described
using the Y model as pictured below.

Produce a single source of truth for decision making.

Y-Statements
In the context of <use case uc>
/record: In the context of The add users use case, facing
non-functional concerns speed and reliability, we chose a
relational database, and neglected an in memory
datastore and a NoSQL database, to achieve rapid
lookups and schema validity, accepting the extra effort
required and the need for vertical scaling.

User records a decision
using /record in Slack

We chose <option o>

Server processes the
request and sends
it to the natural
language processor

...facing <non-functional concern c>,

Y

and neglected <options o...>

...to achieve <quality q>
...accepting downside <consequences c...>

TECH STUFF
Server built using Kotlin + Spring Boot framework.

Server notifies
the Slack channel
of the result

Natural language
processor converts
the message to a
formal design decision

Natural language processing in Python using spaCy
natural language library.
Communication between the two via REST interface.
Data stored in a relational database using Hibernate.

Server converts the
formal design decision
to human readable form
and outputs it to a wiki

FUTURE PLANS
Designed for extensibility for paralell development using shared core.
Use natural language to identify potential conflicts between decisions as they
occur, helping developers ensure their decisions stay consistent.
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AUTONOMOUS DRONE SURVEY
AND IMAGE STITCHING
Team Members: James Morritt, Jack Hay, Alan Brook, Lachlan Brewster
Supervisor: Richard Green
Industry Supervisor: Edwin Hayes
Senior Research Engineer: Kelvin Barnsdale

Wilding pines are an invasive pest in New Zealand, especially
in the high country. Wilding pines have become a pest
because they use large volumes of water from their
environment. This means farms and native bush are heavily
impacted by wilding pines. To combat wilding pines a solution
was proposed to use autonomous unmanned vehicles (UAVs)
to find and spray the the wilding pines. By automating this
process we believe the expansion of wilding pines can be
combatted and their damage to the environment decreased.

2

The next step was to create a single orthorectified image from all of the survey images.
This was done using OpenDroneMap, a drone
mapping software that can be used to create
3D models, point clouds and maps from drone
images. This process has been automated
from start to finish, so the user only has to
copy the survey images into an image dump
folder and the process automatically starts and
produces the ortho-rectified image and
archives the survey images.

The objectives of my part of the project were:
Create a path for a UAV to follow to conduct a
survey
Create a single ortho-rectified geotagged image
from all of the survey images
Automate this process of creating ortho-rectified
geotagged images

1

3
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The first step in this process is to create a
path for the UAV to follow. This was done by
using ArduPilot. ArduPilot allows us to
outline the area to survey on a Google maps
like interface and it automatically creates a
path that will cover the entire area. This is
calculated based on the height that you want
the drone to fly at, the camera that is on the
drone and how much of an overlap that you
want for the images.

OpenDroneMap allowed for the creation of an
ortho-tiff from the survey images. An ortho-tiff
allows every pixel in the image to have a
corresponding GPS coordinate. This meant
that any wilding pines found in the image can
easily be found by the spray drone from the
GPS coordinates extracted from the ortho-tiff.
This also allows this images to be overlaid on
to google maps, which allows the user to gain
a clearer understanding of where the survey is
situated and how to get there.

Decision trees consist of split nodes and leaf nodes. Split nodes
perform a test on a single sample of data in order to decide which
child to send the sample to (in Scikit-learn, left is True, right is False).
For example using the tree in Figure 1 a petal with width <= 0.8 cm
is classified as being of the species setosa. Larger petals go to the
right branch and classification continues.

Figure 1. A decision tree generated by Scikit-learn trained on the built-in iris
dataset.

Decision trees are fitted to training data and can be used to make
predictions about unseen samples of the same type of data. Figure 1 shows a decision tree generated by Scikit-learn trained on a
dataset of flower petals.

Decision Trees

2https://en.wikipedia.org/wiki/Decision_tree_learning#Metrics

1https://cython.org/

For efficiency, Scikit-learn’s tree module is developed in Cython1,
a ’superset’ of Python which allows developers to write programs
using C types.

Cython

Figure 2 shows decision trees generated from data with only numerically encoded categorical variables which could be improved
with native support for categorical data and non-binary splits.

Figure 2. Decision trees generate with a small dataset encoded with ordinal
(left) and onehot (right).

All three columns represent the same data. Ordinal encoding however introduces ordering into the feature which doesn’t make logical sense (the test colour > blue is nonsense), while onehot encoding introduces new columns, making the data more complex and
harder to understand.

Categorical
Ordinal Onehot
(as is)
Colour
Colour c1 c2 c3
red
0
1 0 0
1
0 1 0
green
2
0 0 1
blue

[3] J. R. Quinlan.
C4.5: programs for machine learning.
Morgan Kaufmann Publishers, San Mateo, Calif, 1993.

[2] F. Pedregosa et al.
Scikit-learn: Machine learning in Python.
Journal of Machine Learning Research, 12:2825–2830, 2011.

[1] Stefan Behnel, Robert Bradshaw, Dag Sverre Seljebotn, Greg Ewing, et al.
Cython: C-extensions for python.
Cython, 2008.

Notice the new tree contains only two split nodes where the previous ones have four each.

Figure 3. The new system generates trees with fewer splits when trained on
the same data as in Figure 2.

The solution proposed extends the Scikit-learn tree module to support both categorical and numerical data types natively and in addition, allows non-binary splits to be made on such data. Using the
same data used to train the trees shown in Figure 2 a new tree was
generated:

Solution

Tree learning algorithms make splits which minimise impurity2.
Impurity metrics include entropy (number of bits required to
identify a sample) and Gini impurity (the probability of misclassifying a random sample based on the class distribution).

Scikit-learn only supports tests on numerical features. Categorical
features, like colour for example, must be encoded numerically. The
table below shows example encoding schemes.

cikit-learn is a machine learning library for Python. While it
provides a comprehensive set of tools for developers, its decision tree module only supports numerical data, a shortcoming
which can cause a variety of issues in terms of the complexity and
understandability of the generated models, especially when these
effects are not fully understood by the developer.

S

Impurity

Numerical vs Categorical Data

Kourosh Neshatian - supervisor

Introduction

James MacKay

Supporting Categorical Data in Scikit-learn Decision Trees
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James Toohey

Scan. Install.
Monitor.

The perfect tool to connect
your dashboard physically to
the outside world.

Solution
A cross-platform app has been created for
both Android and iOS devices. Fully-fledged
functionality provides PiP customers the ability to connect real-time sensor data to their
network of assets. The simple and intuitive
design gives a great user-experience with
easily learnable features.

PiP IoT Mobile App
The new on-field tool for installing and
managing sensor devices.

Features
Install Devices

Realtime Data

Sensor Health

Batch Installs

Scan your devices and connect
them to your network.

Monitor that devices are always
transmitting messages.

Client
PiP IoT

Supervisor
Fabian Gilson

Team

Joshua Bernasconi, James Toohey,
Morgan English, Braden Alsford

pipiot.com
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View live data of your devices
measurements.

Automate and speed up installing sets of devices.

THE FASTEST AND MOST
ACCURATE SQL GUN IN THE WEST
JENNIFER HALVORSEN SUPERVISED BY MIGUEL MORALES

PROJECT MOTIVATION

CONTEXT

Maintaining motivation and consistently
practicing can be difficult for students learning
SQL for the first time. This lack of motivation
can be detrimental to how well a student will
perform in future tests and assignments that
require knowledge of the given language.

QueryCompetition is a website that has been
used in the university of Mexico to assess
students that are learning SQL in database
courses. The website encourages students to
practice SQL by participating in query-based
competitions. However, one issue the universities
encountered was a lack of engagement with the
website which led to infrequent use by students.

PROJECT GOAL AND
SOLUTION

WHAT IS
GAMIFICATION?
Gamification is the application of game
mechanics or design to non-game environments
in order to engage and motivate users to achieve
their goals.

Increase student engagement with
QueryCompetition by using gamification
To achieve this, this project included the
development of an improved version of
QueryCompetition with the addition of two
very common gamification elements - a
leaderboard and badges.

BADGES

LEADERBOARD

Creates a sense of
competition between
students
Encourages students to
practice SQL more in order
to climb higher on the
leaderboard

USABILITY STUDY
In order to validate that the new version of
QueryCompetition would be useful, a usability study
was conducted through a survey on students who had
previously taken a database course learning SQL. The
responses included mostly positive feedback for the
addition of gamification elements, as well as a
discussion of some improvement opportunities to make
the website more intuitive.
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Shows recognition for students
skills and efforts
Sense of achievement motivates
student to keep learning

PiP IoT Device Management System
PiP IoT is a start-up company
manufacturing various devices
that take and report
measurements continuously and
automatically.

The Problem

PiP’s devices include:

The Solution

LevelSense

GeoSense

PeopleSense

DigiSense

The existing DMS has a few shortfalls
and a complete redesign was necessary.

A new web application dedicated to
back-office and administrative
tasks.

Key Features:
• Search for devices
• View device information
• Edit installed device details
• Batch creation and modi ication
• Manage users
Joshua Bernasconi

Tech

University Supervisor

Student Team

Fabian Gilson

Braden Alsford
Joshua Bernasconi
Morgan English
James Toohey

Industry Partner

PiP IoT
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Research Group Dashboard
Contributors
Supervisor:
Tim Bell

Author:
Joshua Meneghini

Product Owner:
CSERG

Computer Science
Educational Research
Group (CSERG).

Understand how to
and then develop an
effective public
display DASHBOARD.

That is FREE and
OPEN SOURCE.

MONITOR repository branches and jobs.
CSERG are developing many educational websites. Their
master, development branches and their jobs are monitored
in case any recent changes breaks the project build.

Collects important
INFORMATION
from:

Stay ahead of DEADLINES coming up on
calendars.

CSERG have many calendars with deadlines and events. The
nearest 10 calendar events are collected to be displayed on the
dashboard.

Keep NOTIFIED on important team
notices.

The team uses a collaboration software tool called Slack. The
latest message from their #news channel is collected to be
displayed on the dashboard.

Using these
TECHNOLOGIES:

Continuously LEARN Māori words and
phrases.

Since the CSERG is an educational research group, the
requirements specification included having a word of the day
and the date in Māori with its English translations.

PERSONALISED integration of key
components displayed.
All key components were integrated with the users'
continuous feedback to personalise the dashboard for the
team and its environment as much as possible.
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DETECTING WILDING PINES USING
DEEP LEARNING
Team Members: Lachlan Brewster, Alan Brook, Jack Hay, James Morritt
Supervisor: Richard Green
Industry Supervisor: Edwin Hayes
Senior Research Engineer: Kelvin Barnsdale

Background
Wilding pines are an invasive pest in New Zealand, especially in the high
country. Wilding pines have become a pest because they use large
volumes of water from their environment. This means farms and native
bush are heavily impacted by wilding pines. To combat wilding pines a
solution was proposed to use autonomous unmanned vehicles (UAVs) to
find and spray the the wilding pines. By automating this process we
believe the expansion of wilding pines can be combatted and their
damage to the environment decreased.

Objectives
Create a self contained, reliable and fully automated system
that controls a Drone, this involves:
Being able to move the drone to a given coordinate.
Being able to independently and accurately guide itself
directly above the Wilding Pine tree found at the given
coordinate.

Simulation
Before the software was tested/used on a real
drone, it was first tested in a simulation
environment using Gazebo. Gazebo can accurately
emulate/simulate the real world and allows us to
safely develop and test the drone without worry of
destroying or losing an expensive drone.
Even better, we can 'paint' the floor of the
simulation with the surveyed images of pines, so
the drone in theory, using its webcam acts exactly
how it would in the real world above the surveyed
area

Tools/Tech
MAVROS, a ROS package was used, which
allows us to communicate with and control
the drone. The drone itself is a Aeronavics
Navi, using PX4 on its flight controller with an
attached web cam to 'see' the trees.
The drone moves to the approximate location
of a Wilding Pine tree, then positions itself
directly above the tree. Constantly being
guided by deep learning annotation. The
drone will, eventually, spray the tree with
poison.

Final Result
Combining the four separate components of this
project; we end up with a self contained system, that
can survey an area infected with large amounts of
Wilding Pine trees, create a detailed survey where the
location of each tree is known, then plot the most
effective route between all trees, and then finally visit
each tree and accurately move directly above it.
This can all be done in a completely automated
process, with very little human input required.

22

23

.

Users can also earn points by earning badges, with the
number of points added dependent on the badge’s “tier”.
Points, along with badges, can be viewed on a user’s
dashboard, as shown below.

Users can earn points by solving Python problems. For
every question answered correctly, users gain 10 points.
Additionally, if the user gets the question right on the ﬁrst
try, they can earn an extra two points.

Points

A solution to this problem is the CodeWOF website
which encourages teachers to maintain their
programming skills by solving daily problems in Python.
In this project, we improve the CodeWOF website by
adding elements of gamiﬁcation. Gamiﬁcation is where
elements of gameplay are applied in an effort to increase
user interactions. Two elements of gamiﬁcation, a point
system and badges, were added to CodeWOF to
motivate teachers to practice their Python programming
skills. These elements encourage regular use of the
CodeWOF website.

The Solution

A new initiative from The Ministry of Education
mandates that New Zealand schools provide Digital
Technologies education in primary and secondary
school. It follows that, in order to teach the new
curriculum, teachers should possess basic programming
skills. As these teachers may not specialise in
programming, they would beneﬁt from maintaining their
programming skills over the course of the school year in
order to teach the required modules to their students.

The Problem

Parsons problems involve users dragging and
dropping lines of code to build a specified
function.

A user can view their current points and badges earned on their dashboard.

● Parsons: Dragging and
dropping pre-generated
lines of Python code to
build a function or program

● Debugging: Finding the
error in a given Python
function or program

● Program: Writing a Python
program (no function
deﬁnition)

● Function: Writing a Python
function

Users solve Python problems on the CodeWOF website to
maintain their skills. These questions come in four main
categories:

Questions

{code:WOF} Exercises

codewof.co.nz

Badge tiers can be identiﬁed by the colour of the icon,
or the number displayed for the consecutive day
badges. Tiers are coloured monochrome, bronze, silver,
and gold in ascending order, as shown below.

● Consecutive Days Badge: Badges
awarded for the number of consecutive
days the user has answered questions
on. These badges are awarded after 2,
7, 14, 21, and 28 days.

● Questions Answered Badge: Badges
awarded on the number of attempts the
user has made to solve questions.
Thresholds for these are 1, 5, 10, and 100
attempts for each badge tier.

● Attempts Made Badge: Badges awarded
on the number of attempts the user has
made to solve questions. Thresholds for
these are 1, 5, 10, and 100 attempts for
each badge tier.

● Account Creation Badge: A badge awarded
when a user creates a CodeWOF account.

Users can earn badges for their dashboards in
CodeWOF. Some of these badges come in multiple
“tiers” depending on how difﬁcult they are to obtain.
There are four types of badge available to users:

Achievements

Project by: Maree Palmer
Supervisor: Tim Bell

COLLABORATE ON YOUR PASSION
PASSION PROJECT SOCIAL PLATFORM

MOTIVE.
THE PROBLEM

THE SOLUTION

Everyone needs a genuine social platform
to share their personal passion projects.

SOCIAL MEDIA

MOTIVE. creates a unique intersection of social media, project
management, and crowdfunding sites; combining the best features
and leaving the rest on the outside.

PROJECT
BACKBONE

Sharing &
Connection

Toxic focus
on the
individual

PROJECT MANAGEMENT

This project focuses on the collaboration pillar of MOTIVE.
Complex &
Technical

WHAT IS YOUR MOTIVE?

Project
visualisation

GROUP
FOCUS

CROWDFUNDING

Stan chips away at
projects when he
finds spare time.
You can catch him
working in his
garage at the
weekend or
brewing craft beer
after work.

STEADY
STAN

Ursula focuses on self
improvement. She loves to learn
new skills such as a foreign
language or public speaking.

62% OF PEOPLE RELATED
TO STEADY STAN, WHO
ARE YOU?
Gary wants to get things done. He
has a list of goals to achieve and you
can often find him crushing a new PB
in the gym or even completing a 20
day soduku challenge.

Tony works to a deadline and
loves to operate in a team.
Tony enjoys hackathons or
small business challenges.

Focus on
monetization

MOTIVE.

URSULA THE UPSKILLER

TIMEBOXED TONY

Public
facing

SECURE
DATA

GOAL DRIVEN GARY

COLLABORATION FEATURES
FEATURE 1

FEATURE 2

FEATURE 3

GROUP PROJECTS

TASK FORUM

TASK STATUS

Add others to your project
to work together!

Discuss tasks privately with
your group.

Use a status to track
progress on a task within
the team.

FEATURE 4

TASK PRIORITY
Use priority to focus your
efforts in the right areas.

SOCIAL SHARING SHARON
Sharon loves to post on social
media to share her daily hobbies
like gardening or home renovation
with her friends and family.

CARRIE THE CREATOR
Carrie likes to use social media as a
creative outlet. She loves to post
highlights of her work such as her
photography, writing, or make up art.

FEATURE 6

COMMENTING
Give feedback to others by
commenting on their posts.

FEATURE 5

TASK ALLOCATION
Assign team members to
tasks to keep the project on
track.

A SPIDER WEB OF RELATIONSHIPS
TEAM
Matilda Porterfield, Andrew French,
Matthew Knight

SUPERVISOR
Dr. Moffat Mathews

VISIT THE SITE HERE
csse-s402g2.canterbury.ac.nz
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PASSION PROJECT SOCIAL PLATFORM:

MOTIVE.

WHERE IS YOUR DATA?
S E C U R I T Y

&

P R I V A C Y

MATTHEW KNIGHT

People only can access your content
after you've explicitly instructed
Motive to give them access. They
cannot give access to others.

Whenever you upload media to
Motive, it is only accessible to you
and anyone you share it with.

You always hold the key to your
personal data.

Even we cannot see the contents of your files. Your
password is the key to sharing it with others
securely.

85% of survey respondents are strongly concerned with how their personal
information is stored on social media

BROWSING

DATA PRIVACY

DATA STORAGE

How is your communication to Motive
secure?

Who can see what you create and upload on
Motive?

How will Motive keep your data safe in
storage?

Security starts right from you logging in

You choose who has access to your content

Your password is the master key

When you create a project, or upload
anything, it is only available to you, using
your master key.
Not even we can see what you have created.
Every project has its own password, that is
locked with your master key, like a key
within a safe.
You can unlock this safe and share an
uncopyable key to others, even without us
seeing it, using RSA.

Your token:
d412d57a-3b0e4be8-8fc9b9cd16617e56

When you log in, we give you a token that
describes your identity, so we know who you are.

You

Content key locked
with your key

SHA-256 Hash

Your password:
thisisabadpassword

What we store:
95ca395ead5bff48f

When you sign up to Motive, we create a
special key you cannot see, this key locks
your projects and media.
This key is locked with your password, which
we do not know because...
We do not store your password in plain-text,
we hash and salt it!

Your secure content

User with no access
Your secure project

You
When you share this content key with others,
they lock it in their own safes, and cannot give
away the key inside!

Your
friend

What will be your next motive?

SUPERVISOR: DR. MOFFAT MATHEWS
TEAM MEMBERS: MATILDA PORTERFIELD
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ANDY FRENCH

HiVo
Recording past and future audio on your phone
1. Problem

3. Solution

4. Design

When you hear something that you want
to save, for example, an interesting
segment on the radio, a baby's first word,
or a rare bird call, it is often too late to
record it. Unless someone was recording,
that audio is lost forever.
The aim of this project is to create a
mobile solution that provides DVR-like
functionality for audio on a mobile
device.

This project addresses the project’s aim
using an Android phone's ability to record
audio. After installing the HiVo app on
their phone and turning it on (to "listen"),
the app will store the last user-specified
duration of audio. The user can then
select segments of audio the device has
listened to, saving them for future use.
The user can also schedule recordings to
start and end at a set time.
The HiVo app is compatible with the vast
majority of Android devices, so it can be
installed on an old phone rather than
consuming the processing power and
battery of the user's main device.
By default, it uses the phone's internal
microphone. However, if there is an audio
input device plugged into the phone, such
as an FM radio or an external
microphone, it uses that instead.

The app has four screens. The main
screen shows the audio-stream
visualisation, and from here users can
save chunks of audio. Past Recordings
has a list of past recordings. Scheduled
Recordings has a list of scheduled
recordings, and gives users the ability to
add more. Settings allows the user to set
how far into the past the app keeps audio
that was “listened to” before discarding it,
and the filename format.

2. Existing solutions
There are several varied existing
solutions to different use cases of this
app, but none provide all the functionality
of this project: keeping the last few hours
recorded, and allowing the user to save a
segment of it, along with scheduling
recordings for the future.
There are several apps that constantly
record audio, then allow the user to save
some part of it. I analysed three.
Past Recorder allows the
user to save one of six set
amounts (such as the last 30
seconds, or the last 15
minutes), up to 30 minutes,
then crop and play back the
result.
Snipback allows the user to
save either one of three
predefined amounts (which
they can choose from eleven
set amounts, up to 30
minutes, before they start
recording), or the whole
recording.
Rewind allows the user to
save one of six set amounts,
up to three hours, which they
choose before
they start
recording.
CinixSoft's Schedule Voice
Recorder app allows the user
to schedule audio recordings.

MHz
−

+

5. Implementation
When recording is started, an empty WAV
file is created in internal storage with the
WAV headers, then the audio data is
added onto it. Amplitude data is sent to
the main activity using intents, which
renders it on the canvas by moving all
existing lines left and adding the new
amplitude to the very right. When
recording is stopped, the two size
headers are updated. To save all the
audio, this file is copied into external
storage. To save a section of audio, a
new WAV file is created with the headers,
and the relevant samples are copied over
from the original file, then the size
headers updated.
This file is then
moved into
external storage.

6. Future work

Download it now!
olliechick.co.nz/hivo

There are several more features that
could be implemented. The
biggest is the ability for
users to play back the audio
as the app is listening to it,
scrubbing through it to find
the segment they want to
save. This would greatly
improve the app’s usability.

Ollie Chick
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Supervised by Andy Cockburn

The browser testing suite must be ﬂexible, easy to
learn, and easier to extend. These three principles
will allow for an easy transition for the developers
while also encouraging it to be further developed.

Automated testing has the core purpose of ensuring
that existing and future behaviour demonstrated by
the product is acceptable. By focusing on these
following principles the groundwork provided by this
browser testing solution will allow for the developers
within the Computer Science Education group to
achieve this goal for their user-facing components.

What Makes a Testing
Suite Effective?

Check out both of these websites at
csunplugged.org and csﬁeldguide.org.nz

To remedy the situation, a way of simulating user
interactions with the websites was required. The
answer is an automated browser testing suite.

Selenium provides the foundation for performing the browser tests.

Two websites hosted here at the University of
Canterbury by the Computer Science Education
Research Group provide learning material to school
students and above that wish to learn about
computer science. The two sites, “CS-Unplugged”
and “Computer Science Field Guide”, have good test
coverage for much of their back-end operations, but
the web pages themselves do not. This has resulted
in regular bug reports and lower user satisfaction.

Developers

Code
pushed

Github
k

ac

Feedback

Manual tests

b
ed
Fe

Commit triggers build
and tests to be run

BrowserStack
testing platform

Build sends
Selenium actions
to BrowserStack

Travis Continuous
Integration
Tests are run
on multiple
virtual devices
simultaneously

Test framework distribution

See the ‘Test framework distribution’ diagram below for an idea of how these different
systems interact.

This solution can be integrated in to the existing Travis CI build cycle and project structure to
run alongside the existing test suites. It also assists the developers by allowing them to
shortcut the build process when quick feedback is required on test behaviour. This means
more time can be spent writing tests to improve the end-user experience.

BrowserStack has been speciﬁcally designed to function well with Selenium
commands and allows for the tests to be run remotely, removing the need for a local
device to be put out of action. The golden feature of BrowserStack is it allows for any
conﬁguration of operating system, browser type, and browser version to be tested
despite the settings available to the developers locally. It also allows for up to ﬁve
devices to be run concurrently, effectively reducing the testing time by 80%.

This is then linked to the BrowserStack testing platform.

Selenium is a portable framework for testing web applications that provides
web interactions that simulate how a user would interact.
This includes mouse movement, clicks, and more complex actions like
dragging elements.

Proposed Solution

Motivation

Using BrowserStack and Selenium

Complex puzzles such as
this parity grid can also be
tested using the framework!

Web elements such as
these binary cards can be
identiﬁed and clicked with
selenium. The effect this
has can then be checked.

This interactive from the
Field Guide required
automated drag-and-drop
Mechanics.

Selenium Testing Examples

Written by Oscar Stockill, Supervised by Tim Bell

Creating a Browser Testing Suite
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The developed iOS mobile application replaced the need to use
multiple analogue tools which streamlined the overall process. A planar
geological structure can be described by recording its dip, dip direction
and location. This would have roughly taken a minute and needed a
compass (adjusted for the local magnetic declination), inclinometer
and a GPS device. The same amount of information can be captured in
an instant by resting the phone on the structure's surface and pressing
a button.

Geological mapping is a process that results in the creation of a map
which details the geological features of the area. Geological maps have
various applications ranging from assessing the ground-water quality to
predicting mineral deposits at candidate excavation sites. Structural
geologists are currently burdened by the need to carry multiple tools
into the field. The use of these analogue tools to capture accurate data
requires an extensive amount of time which results in a compromise
between the quality and quantity of the recorded information. In
addition, the manual recording and post-trip processing of data is
subject to human error.

Evaluation
The accuracy of the mobile application was evaluated by comparing the
captured values to a SILVA compass and inclinometer. Different
sections of a geological structure was measured at Halswell Quarry,
Christchurch. The results are shown in the table below. The captured
dip direction at point D was considered invalid since the phone was not
properly calibrated.

Implementation Overview
Swift

SnapKit & GeoPackage

Programming Language

External Libraries

(B)VIPER
Architecture

Considering the analogue compass and inclinometer had a resolution
of ± 2° the captured dip was considered to be a good representation of
the geological structure. The same could not be said for the dip
direction with residuals as high as 13°, whereas the limit for field
orientation measurements is approximately ± 5°. This was due to the
inaccuracy of the reported bearing, relative to true North, provided by
Apple's Core Location framework.

Industry Relations
From the very start of the project there has been plenty of support
provided by the Seequent team. Special thanks to everyone involved,
your involvement has been greatly appreciated.
Tim Schurr
Product owner and main company contact for the project.
Ryan Lee, Mike Stewart, and Zachary Hynd
Geologists who have provided their expertise about the domain when
answering questions and during Rapid Application Development (RAD)
sessions when designing the mobile application.

An alternative capture method with post-processing was investigated.
The phone was rotated on the structure's surface to capture
measurements at varying orientations. A sample of the measurements
were taken and outliers were removed before the measurements were
averaged.

Matthaus Woolard and David Knight
Senior developers that have provided technical guidance and who have
performed code reviews throughout the course of the project.

Patrick Ma - Student
xjm10@uclive.ac.nz

Andy Cockburn - Supervisor
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CAPIT

A capitalisation and
punctuation ITS developed
by the Intelligent Tutoring
Computer Group for
children.

A simplified version of
AutoTutor developed as an
open-source alternative. It
shares the same dialoguebased feedback system as
AutoTutor.

Intelligent tutoring systems
built around constraints,
special rules which model
student knowledge and
determine whether a solution
is marked right or wrong.

An intelligent tutoring
system developed by the
Intelligent Computer
Tutoring Group which
teaches enhanced entityrelationship modelling. This
system served as the starting
point of the project.

GnuTutor

Smart e-learning software
that allows students to solve
problems. Each interaction is
recorded and shapes the next.

Intelligent
Tutoring
Systems

Constraint
Based
Tutors

A constraint based intelligent
tutoring system developed by
the Intelligent Computer
Tutoring Group. It teaches
students about Structured
Query Language.

A dialogue-based ITS
developed at the University
of Memphis. The system
holds a conversation with its
users during the problem
solving process.

EER-Tutor

SQL-Tutor

AutoTutor

Modified
GnuTutor

EER-Tutor
Server

The chatbot is activated whenever a student
violates a constraint. When communicating
with the chatbot, a student’s message is sent
from a client on their web browser to the EERTutor server via the internet. It is then passed
to the chatbot - a modified version of
GnuTutor. The chatbot’s response is sent back
to the student through the EER-Tutor server.

System Design

Control
Experimental
Mean (Standard Deviation) Mean (Standard Deviation)
Participants
17
14
Learning Gain
-0.43 (0.60)
-0.07 (0.16)
Problems Attempted
8.00 (4.37)
9.50 (4.38)
Problems Solved
7.53 (4.52)
9.21 (4.05)
Solved Per Minute
0.08 (0.05)
0.10 (0.04)
Messages Seen
29.12 (38.83)
33.29 (27.46)

Both groups saw a similar number of feedback messages. This indicates that the chatbot
group did not converse with the chatbot on many occasions.

If significance is ignored, the experimental group demonstrated a greater normalized
learning gain. This was calculated from test scores before and after EER-Tutor use. The
group also attempted and solved more problems in a shorter period.

No statistically significant difference was encountered between the control (standard
feedback) and experimental (chatbot) groups on the first day of the study. A technical issue
prevented the collection of relevant data on other days and restricted group size.

Findings

The
Internet

Server Machine

EER-Tutor
Client

Client Machine

The project aimed to evaluate the impact of adding a chatbot to
EER-Tutor. By default, EER-Tutor provides feedback in the
form of a static message when a student violates a constraint.
We hoped that the chatbot would be capable of holding a
conversation with a student, as a human tutor might. The
original feedback system was compared to the chatbot system
in a study conducted at the University of Canterbury.

Project Goals

Robert Bruce, Tanja Mitrovic

Investigating the Effect of
Adding a Chatbot to EER-Tutor
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DYNAMIC ROUTER UAV
PLACEMENT
TOM KEARSLEY, BENNY SCHMIDT AND BROOKE RAKOWITZ
SUPERVISOR: ANDREAS WILLIG

WHAT'S THE OBJECTIVE?

SOLUTION

Drones are incredibly useful tools for numerous different applications
specifically, camera drones can be used in a wide variety of different
scenarios from capturing landscape footage to providing assistance in
search and rescue operations. The objective of this project is to allow the
movement of a camera UAV, while maintaining a quality connection to a
series of relay drones and a ground station. The camera UAV should be able
to freely move around and the intermediary drones should autonomously
adjust their distance from the camera UAV while maintaining a good
connection between each other and the base station.

The final product was built
within a simulation
framework known as
OMNeT++, this is a C++
simulation library and
framework used for building
network simulators. This was
used in conjunction with
Veins, built for running
vehicular network
simulations, and SUMO a
road traffic simulator. This
allowed routes to be created
for the drone network to
travel along and had prebuilt traffic collision
simulation and detection.
The system can be
configured to have as many
drones as necessary and it
designed to have the camera
UAV broadcast its position
when it changes to the relay
drones which in response,
move to a new location that
provides a better connection.

RESEARCH
The main component of research involved investigating
various different mobility models to decide how the drones will
reach their destination location. This involved looking at a
variety of different algorithms varying from critically damped
springs to PID controllers. There was also significant time
spent on deciding on a simulation framework that would
provide the necessary network communication and be
programmable in C++. Eventually, it was decided to build the
simulation using OMNet++ and use a vehicular network
simulation framework known as Veins to simulate the drones
movements and interactions.
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