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1) LCs research in my lab: Applications for training and teaching
purposes.

2) Technologies for Enhanced Training Experience: XR in engineering
education.

* Teaching real-world engineering challenges + Hands-on
experience in a controlled environment.

* People learn better collaboratively. AR/VR can bring people
together in the same environment.

* Physiological real-time data from participants to understand
engagement in the VR environment.
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Society

Lead the Engineering Design
Research Group at Glasgow
University.

Scotland Chair of the IEEE
Education Society.

Chair of UK:iLRN Chapter

Recently interested in developing
interactive technologies that have
a measurable impact on the way
we learn.
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PROIJECTS

CURRENT RESEARCH THEMES AND PROJECTS:

Energy Harvesting Design for Learning Sensing & Signal Processing

Energy scavenging from light, motion and RF Improving the design and delivery of curricula Our work has focussed on hand and eye gesture
sources. using technology. recognition.



Energy Harvesting
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Energy Harvesting Y rlasgon
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Gesture Recognition
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Liquid crystal devices

Pros: Cost and power consumption Pros: high-resolution, contrast and
Cons: Viewing Angle, Screen Door resolution.
Effect, Slow response time Cons: More expensive, bulkier and

lower brightness.

Yin, K., Hsiang, EL., Zou, J. et al. Advanced liquid crystal devices for augmented reality and virtual reality displays:
principles and applications. Light Sci Appl 11, 161 (2022). https://doi.org/10.1038/s41377-022-00851-3

LC planar optics
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LC SLMs in holographic displays.
Pros: Resolution enhancement, field-of-

view widening for AR and VR systems.
Cons: Cost, brightness.



University

) of Glasgow

Sectors Most Likely to be Disrupted by XR Adoption

Commercial Real Estate |

Logistics/Transportation

Automotive Industry

Workforce development and training |

Retail/e-commerce

Education [

Marketing and Advertising |

Healthcare and Medical Devices |

0 5 10 15 20 25 30 35
Percentage of Experts (%)

statista¥a
Source: https://www.statista.com/statistics/1185060/sectors-disrupted-immersive-technology-xr-ar-vr-mr/
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100.77

Market size in billion U.S. dollars

2021 2022 2023 2024 2025 2026

Note(s): Worldwide; 2021 to 2023
Source(s): ARtillery Intelligence

statista%
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Meta was the leading extended reality (XR) headset vendor in terms of shipments in 2023, occupying 49 percent of the market in the third quarter of the year. Meta's device range includes the Quest pro and Quest 3, with the latter released in 2023. Sony ranked
second among vendors, accounting for around 32 percent of shipments.
Source: Counterpoint Research

statista%
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Price in U.S. dollars

Apple Vision Pico5Pro Max Meta Quest Pico5Pro PlayStation VR2 Meta Quest 3 Pico 5 Pico 4 DPVR P2
Pro Pro

Meta Quest 2

statista’a
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LC Alignment - What do we mean?
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(2021) Reconfigurable surfaces using fringing electric fields from
nanostructured electrodes in nematic liquid crystals. Advanced Theory
and Simulations, 4(7), 2100058. (doi: 10.1002/adts.202100058)
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Reconfigurable Devices - Defects
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(2021) Hydrodynamics of fringing-field induced defects in nematic liquid crystals. Journal of
Applied Physics, 130, 134701. (doi: 10.1063/5.0062532)
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Ghannam, R., Collings, N., Crossland, W. and Wilkinson, T. (2006) Topological Alignment
of NLCS Using Nanoscale Metallic Grooves. In: SPIE Optics and Photonics 2006, San Diego,
CA, USA, 13-17 Aug 2006, 63320H. (doi: 10.1117/12.680299)



Fringing Field Effects in LCoS
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LC Alignment
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Fringing Field Effects in LCoS iy ey
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Varation in Light Intensity for Different Metal Tracks
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Task 2 - Involves finding a bridge and

cross it. The bridge consists of a wire L S\ ' 1005 Programming

mesh. \ N e 1008 Microelectronic Systems

>/ 2004 Embedded Processors
Task 3- Once the rover has crossed the / o o ' _
bridge, it should find an arch, go 7 I Z, 2022 Circuit Analysis & Design
through it and stop. /‘v % 3001 Dynamics & Control

3003 Electronic System Design

Task 4 - In this task, the rover should ,' ‘ o
demonstrate that it can carry and ' 3018 Comm. Principles & Systems
release an item. 3020 Digital Circuit Design

Task 5 - The rover should stop and | | 3022 Power Electronics

transmit a radio message at 433 MHz / 3029
to a laptop. The message must include

the team number, team member

names and time of day (24-hour clock).

Communication Circuit Design
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Team Design Project: A Case Study

Engineering students invited to work in
teams to develop an electronic system




TDPS Module
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Comparison between
British and Chinese
student experiences

Students
Free Riding Students disliked
group
& projects

GROUP PROJECT

Hard Working Students

(2023) Teaching undergraduate students to think like real-world systems engineers: a technology-

based hybrid learning approach. Systems Engineering, 26(6), pp. 728-741. (doi:
10.1002/sys.21683)

m Individual Team m Splitting up the work Working together
49 49 50
CHINA % CHINA %
m Love it Don't mind m Hate it mAgree Disagree mUnsure

- 7 8 |
16

CHINA % CHINA % UK %

(c) (d)




Students & Teamwork iy ey

Reflections:
- Students disliked working in Teams - Unfair grading, -
free riding students, lack of communication, poor Written

organization, ..., etc.

Electronic Chat

« Supervisors found difficulty in assessing individual

contributions to group projects properly. "=
> |5E —
Simplex Duplex
« Students needed to submit a lab notebook. é R

Telephone Call,
Real-time Audio
or Video Call

Pre-recorded
Audio or Video

« Decided to investigate whether Electronic Lab @ -
@

Notebooks (ELNs) can be used to facilitate
teamwork and collaboration between students.

Spoken

(2023) Teaching undergraduate students to think like real-world systems engineers: a technology-
based hybrid learning approach. Systems Engineering, 26(6), pp. 728-741. (doi:
10.1002/sys.21683)
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Students wanted quick, short and relatively Responsive to questions
Provides encouragement
frequent responses or feedback.

Knowledgeable
Friendly
Collaborative
As long as it takes to solve my queries 0 10 20 30 40 50
30 minutes — 1 hour 2) Responses
15-30 minutes
>1 hour Weekly
Twice every month
"
0 10 20 30 40 Randomly, whenever necessary
Responses
Monthly
b)
Every 3 months
(2020) Remote supervision of engineering undergraduates in a transnational programme
between Scotland and China. International Journal of Engineering Education, 36(4), pp. 1333- 0 10 20 30
13309. Responses

(2023) Interdisciplinary project-based learning: experiences and reflections from teaching
electronic engineering in China. IEEE Transactions on Education, 66(1), pp. 73-82. (doi:
10.1109/TE.2022.3186184)
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e Students wanted to “see” their
SUpervisors.

* They wanted to use something

similar to a social engagement
tool.

(2020) Remote supervision of engineering undergraduates in a transnational programme

between Scotland and China. International Journal of Engineering Education, 36(4), pp. 1333-

1339.

(2023) Interdisciplinary project-based learning: experiences and reflections from teaching

electronic engineering in China. IEEE Transactions on Education, 66(1), pp. 73-82. (doi:
10.1109/TE.2022.3186184)

Voice messages
Face-to-face

Email

Chat

Audio conference call

0 10 20 30 40

Responses

Tools provided by the
university (e.g. Blackboard,
Moodle

Social media tools (e.g.
WeChat, Facebook, Skype)

0 10 20 30 40

Responses
b)

50

50
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hSCINOTE

OneNote }
$ labarchives 3 o

@ RSpace

Data Acquisiti
eLabFTW S Instructors

—0 Data Access

Computer

ELNs and their accessibility from any location and device. They enable students to

o
E=E Be n C h ll n g exchange information and to collaborate in real time. They also enable instructors
- : - .

to provide feedback and assess student work as it is being performed.



Tools: ELNs

1a| Universit
7 of Gl asgowy

Project Results

“Which ELN software product did
you use for this project?”

“What would be your major
selection criteriar”

Other Other Jz
SciNote eeting the specific
}quirements of my 12
project
RSpace
f
eLabFTW Ease of use F?
OneNote 22
Data security 10
LabArchives
Cost 10
Benchling 11
—r——————————— e Tt —
10 15 20 0 10 20 30 40 50 60 70
Niimher Percentage Responses (%)

(2023) Interdisciplinary project-based learning: experiences and reflections from teaching electronic engineering
in China. IEEE Transactions on Education, 66(1), pp. 73-82. (doi: 10.1109/TE.2022.3186184)
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Excellent
_ Very Good
H d t
notetaking skills with Good
ELNs as compared to the Falr
T Poor
How do rate the software Ve ry Poor
in terms of collaboration?

How would you rate the
software in terms of user
experience?

How would you rate the
software in terms of
flexibility and adaptability?

How do rate ELNs in
terms of ease of use?

How do rate your
skillfullness with the ELN
product?

0] 20 40 60 80 100
Responses (%)
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Fig. 2 Lab work ought to be recorded in a well
maintained notebook. (a) An extract from a
student’s paper notebook.

Owner: TDPS_ImageProcess_Labl Page:2

Title: Raspber
Experiment D.
Experimenter:
Purpose:

up. Camera Interaction

Programming Environment (OpenCV) for later image processing

2.To
Material and Method:

nera and test its performance

about Raspberry Pi

Experimental Components (Devices): Raspberry Pi 3B+, laptop, camera
Procedures:
@ Raspberry Pi Environment Setup:
1. Burn the Mirror System
Detail Information
1) The Ras

s0 we need to download the corresponding image and bum it on SD, and then start the system

erry Pi development board does not have FLASH since it supports SD card startup.

2) Use the bum tool Win32DiskImager to bum the system image to the TF card

. Configure SSH Protocol
Detail Information
1) Insert the TF card with bumt mirror image, connect the monitor with HDML power on, and wait
for the system to start
2) When using SSH to log in Raspberry Pi remotely. first open the command terminal in the
graphical interface and enable the root permission:
i nput sudo passwd root and input the passport of root twice
ii.  input sudo passwd unlock root
3) Switch the root user
1) Enable SSH service: Type sudo raspi-config into the Raspberry PI system configuration screen

on the command line terminal of the HDMI display

Figure 1 the Raspberry PI system configuration screen

3. Configure the Vim Editor

Detail Information

Fig. 3 An extract from a student lab notebook,
which was developed using a dedicated ELN
software product.




PV System Design

Solder

Leads -\, )
El. insulator \\1

Thermal interface -\

100 1000
Concentration

MCM Performance @
-»* =
Fluid inlet ~~C0Id plate ” Outlet different concentrations and

$ 1 temperatures

Alignment stage

ta| University
2 of Glasgow

Assembled Multichip Module (MCM) with CPV System in Zurich
9 PV Cells

Design and simulation process is complicated
and requires expert domain knowledge. It
also requires working together in teams
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Eliciting Feedback
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Tel.: +44 141 330 3718
Julie.Williamson@glasgow.ac.uk
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s Glasgow, May 10, 2023
Application Number: 300220144
Project Title: Teaching Al to Undergraduate Engineering Students Using MATLAB
Lead Researcher: Dr Rami Ghannam
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Satisfied 4.44 0.73
Engaged 4.67 0.50
Excited 3.67 0.71




Mean = SD

Mean + SD

Some Results
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Heart Rate Pupil Dilation
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Blinking Rate Number of Fixations
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Scene# Scene#

2024. Solar Energy Systems Design using Immersive Virtual Reality: A Multi-Modal Learning

Approach. Under Review
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Increased engagement or excitement in 3D
environment in comparison with 2D
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CAIRO'S VR EMPATHY HACKATHON:
TACKLING CLIMATE CHANGE WITH VR

JURY #7H, 814, & 7Tk

diverse disciplines come together to learn, design-and build
VR experiences focused on key United Nations Sustainable
Development Goals

This year, we're tackling Quality Education (SDG 4), Affordable
and Clean Energy (SDG 7), Sustainable Cities and Communities
{SDG 11), and Climate Action {(SDG 13)

Harness the power of VR to raise awareness, educate and
propose solutions to these global issues

Located at the AUC New Campus

Open to all university students, irrespective of the major

For more information, please contact
Zahrwia and Sullan:
zahwaelsayed@aucegypt.edu
abdelrahmansultan@aucegypt.edu

>

REEDA s developed by o consortium of premier institutions from both the UK and Egypt to help raise owareness around 4 important UN
Sustainable Development Goals (S06s) using the "metoverse”!

Hackathon Video link:
https://youtu.be/oByg9jLqul
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REEDA Project - Hackathon *g}gﬁesrgség

m Before the Hackathon After the Hackathon

8

: 63.6%
N 6
=
g s
2 36.4%
wn 4
5 27.3%
. 3
8, 182% 18.2%  18.2%
5 I 9.1% 9.1% I I
Z 1

0 0
0 O
1 2 3 4 5

Students’ responses

m | now understand the
interconnected nature of the SDGs

and how they relate to each other. 5 45.5%
18.2%
| gained insights into the real-world *
implications and challenges of g 4
achieving the SDGs. T
&3 ® VYes
| have a better understanding of the 5
role of technology (e.g., VR/AR) in 5 2 No
advancing the SDGs. <2
s S 1 9.1%  9.1%

45.5% I have not noticed a significant =
improvement in my understanding
of the SDGs. 0

1 2 3 4 5
Rating from 1to 5

(A) (B)

(2024) Empathy, education and awareness: a VR hackathon’s approach to tackling climate
change. Sustainability, (Accepted for Publication)
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Count of Which of these UN SDGs have you chosen to work on?

SDG 10 - Reduced Inequalities 7 T 1 % , SDG 1 - No Poverty

SDG 3 - Health & Well-heing

/ , SDG 15- Life on Land

SDG 5 - Gender Equality SDG 7 - Affordable & Clean

fF SDG 9 - Industry, Innovation &

SDG 2 - Zero Hunger

SDG 6 - Clean Water

SDG 14 - Life Below Water

Y SDG 13- Climate Action

SDG 12 - Responsihle

SDG 11 - Sustainable Cities
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Deliverable Contribution

SEMESTER 1

Initial concept ‘pitch’ Week 8 Individual/Group

SEMESTER 2

Week 7
Group showcase + Demo Group

mFinaI Report Week 8 Group

n Week 9

Self-Reflection Evaluation
report

Individual

-- TOTAL --

The meeting has come to order... The battle has begun...
The verdict impacts eternity.
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Team 23
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Figure 10 -VR screenshot of fne underwater é.".‘viro.".r‘ﬂem‘ developed for the MVP.
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Figure 11 VR screenshofs of the informative areas developed for the MVP
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Lediming = '
S Existing user? Signin ~ E
VOT K

About iLRN2023 Initiatives Your iLRNetwork Resources Volunteer iLRN Store Search...

Home > iLRN2024 Call for Papers and Proposals All,

ILRN 2024

10th International Conference of the Immersive Learning Research

Network
Call for Papers and Proposals

Conference theme: “Tech4Good” o

June 3 -5,2024 Online &in Virtual Reality e h‘w fgi 4
June 10 - 13,2024 Glasgow, Scotland; University of Glasgow T

= immersivelim org/iLIN024

https://www.immersivelrn.org/iLRN2024
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