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« Constantly being developed to meet the needs of companies a
people.
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Why

Technology?




Medical

Healthcare of the future (HoF) and the
requirements for its wireless connectivity

as part of Interner of Medical Things
(IoMT)
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HoF - Will be Mostly

« Digital and wireless
« Exploit widely artificial intelligence and big data
« Connecting patients
— Healthcare professionals
— Management and operational staff
— Patients
— Visitors
— Sensors and wearable devices
— Computers and medical devices
— Public spaces
« Home or remote healthcare

» Real-time monitoring of patients, remote control of robots, implants or
actuators, etc.

1- J. Ehrich, E. Molloy, R. Kerbl, M. Pettoello-Mantovani and A. Gerber-Grote, Conceptual design of future children’s hospitals in Europe. The role of public and private stakeholders as transferors of new concepts from
theory into practice, Journal of Pediatrics, Vol. 183, pp. 1-2, 2017.

2.J. D. Zajac, The public hospital of the future, Medical Journal of Australia, Vol. 179, No. 5, pp. 250-252, 2003.

3. M. Hensher, N. Edwards and R. Stokes, International trends in the provision and utilisation of hospital care, BMJ, Vol. 319, No. 7213, pp. 845-848, 1999.

4. A. M. Mokhtar, The future hospital: a business architecture view, The Malaysian Journal of Medical Sciences: MIMS, Vol. 24, No. 5, p. 1, 2017

6. S. Landers, E. Madigan, B. Leff, R. J. Rosati, B. A. McCann, R. Hornbake and T. Lee, The future of home health care: a strategic framework for optimizing value, Home Health Care Management & Practice, Vol. 28,
No. 4, pp. 262-278, 2016.

7. G. Lopez, V. Custodio and J. I. Moreno, LOBIN: E-textile and wireless-sensor-network-based platform for healthcare monitoring in future hospital environments, IEEE Transactions on Information Technology in
Biomedicine, Vol. 14, No. 6, pp. 1446-1458, 2010.

8. W. Noonpakdee, Adaptive wireless optical transmission scheme for health monitoring system, in 2013 IEEE Third International Conference on Consumer Electronics? Berlin (ICCE-Berlin), IEEE, pp. 161-64, 2013.
9. R. Murai, T. Sakai, H. Kawano, Y. Matsukawa, Y. Kitano, Y. Honda, and K. C. Campbell, A novel visible light communication system for enhanced control of autonomous delivery robots in a hospital, in 2012 IEEE/SICE
International Symposium on System Integration (SlI), IEEE, pp. 510-6, 2012



"™ Northumbria
University
NEWCASTLE

ele wi=

Business — The Needs

 Improved efficiency — Higher
data throughput within

businesses and  between MOBILE INTERNET TRAFFIC AS SHARE OF TOTAL
partners and customers. GLOBAL ONLINE TRAFFIC

« Better coverage and 51.65%
flexibility — Working without
sitting at dedicated computers

and working away from the MOBILE SHARE OF TOTAL DIGITAL MINUTES IN THE
office. BYOD (Bring Your Own e T A
Device) 77%
« Cost savings and improve
productivity
- Virtual try-on technology - B s e
help in-stor mer
ko abolll oo

would look like on them before

they buy

* Free wireless - Access to the
Internet on the go

https://www.statista.com/topics/779/mobile-internet/



https://www.statista.com/topics/779/mobile-internet/

Northumbria
University
NEWCASTLE

Business — The Needs

Smart shelves

An augmented reality
application on the
smartphone -  that
triggers when one enter
a store and guiding
him/her directly to the
shelf where the items
are.

E: The Retail Store Tech Market Map
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Global Data

__Active mobile social media penetration in
__Middle East and North African countries in
January 2017

59%
52%

49%  49%

34%  33%

29%
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24% 21%
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Mobile social network penetration
rate- January 2019, by region
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Global Data
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__Most popular payment methods for everyday
transactions according to internet users
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128.08

Order value in U.S. dollars

Desktop Tablet Mobile phone Other

Average value of global online shopping
orders as of 2nd quarter 2019, by device
(in U.S. dollars)

statista ”a
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Global Data

Mobile Backhaul Traffic Growth (per Access Cluster)
3.0

2.5

2.0

1.5

1.0
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2014 2015 2016 2017 2018 2019 2020
Projected MBH traffic growth from 2014 to 2020 LR

Provisioned Bandwidth in Gbps

https://www.ciena.com/insights/articles/5G-wireless-needs-fiber-and-lots-of-it_prx.html
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Internet of Things

Internet

of Things Y

' Smart health

Y
o X _ii

Industrial Internet

. . wearables

_[3.

-

i’

iy S
Smart Home - o v—m Y e " {
2 b §

Appliances Smart Cities

}""\“-ﬂ

TH W

Service Industries
1

Smart spaces

More device & More Data - Higher channel bandwidth - More problems
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Martin Cooper’s law

Status

The number of simultaneous voice/data
connections has doubled every 2.5 years (+32%
per year) since the beginning of wireless

OCRG

Wireless Communications — Current -

Network Throughput = Cell density x Available spectrum x Spectrum efficiency

| (bit/s in area)

(Cell/area)

(Hz)

(bits/s/Hz/Cell)

36

* Designed for voice | * Designed for
* Improved coverage w:th some d v

and capacity ( hd =k ' '
mulhimex

ir
standards (GSM, nternet)

* First mobile
broadband

A A

@ [

46 . All Radio Frequency based

* Designed primarily
for data

* IP-based protocols
(LTE)

technologies
« Limited data rates

 As the world continues to move,

broadband

04 -

2,000

&‘ so does the improvement of
J] technology.
— |
100 000 <=
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University Global Data Traffic - So What Is the o
Real Problem?

*Entrepreneurship & innovation

* Productivity

*Local & global
interconnectedness

SMART *Green buildings
ENVIRON *Green energy
*Green urban planning

* 21st century education
*Inclusive society
*Embrace creativity

Massive
Data

*Enabling supply &
demand side policy

*Transparency &
open data

*ICT & e-government

*Mixed-modal access

*Prioritized & non-
motorized options

*Integrated ICT

*Healthy
*Safe
*Culturally vibrant & happy

Smart Cities - promote the interaction
between the human and the environment,
enhance the reliability, resilience, operational
efficiency, and energy efficiency.

e 2015 - 1.1 billion connected things
e 2020 -9.7 billion?

[1] Gartner Inc.
!

b

https://techzine.alcatel-lucent.com/smart-cities-are-built-smart-networks Spectrum (frequen cy) congestion
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How to Overcome the Spectrum
Congestion? [1/2]

Increased Cell Density
« Divide cell radius by x =x2 more cells
« Expensive: Rent and deployment cost

New short-range services

Higher Frequenc_ies | — ——
 Above 5 GHz: High propagation losses
* Mainly short range WiFi?
Higher Spectral Efficiency 300 MHz 70-100 GHz
* No big improvements in the past 2G/3G/4G/Wifi

« Can it be the driving force in future networks?

Sharing Resources
« Spectrum hopping
« Spectrum borrowing

Parallel Communication
b,

YYYYYYYY
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How to Overcome the Spectrum
Congestion? [2/2]

Target:

* Very high dense deployment

« Very high capacity: 10-100 Gb/s

» Very low latency; Distributed access; Scalability

cornolementary zrnc disruptive enabling technologies when confronting the
ever-serious challenge of the balance of spectrum- and energy-efficiency:

« Massive MIMO

» Super-dense meshed cells/macro-assisted small cells

« Enhanced VolP

 New modulation/coding
« mmWave - 15 GHz; 28 GHz; 60 GHz; > 70 GHz, etc.

« VLC?

- L. Hanzo, et al, “Wireless myths, realities, and futures: From 3g/4g to optical and quantum wireless,” Proceedings of the IEEE , vol. 100, pp. 1853-1888, May 2012.
-Wu S, Wang H, Youn C H. Visible light communications for 5G wireless networking systems: from fixed to mobile communications. IEEE Network, 2014, 28(6): 41



ENA Northumbria

il 3

Ve Global Carbon Emissions — ITC =
Contributions
ICT’s Global CO, Emissions
3.3% World-
wide Energy

http://climatechange-theneweconomy.com/green-chemistry-braskem/ https://solarimpulse.com/enerqgy-crisis-solutions
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" Visible Light Communications — Optical
Camera Communications

10 nm +
10* nm T

104 nm + Rays
« Concept e L
- Typical Applications e~
yp pp _ ]:)Z:: “ | Ultraxviolet ‘
e Qur contributions g i TS
. . % i | . Infrared \\}sible
* QOthers contributions 5 o -

Concluding Remarks

B Microwaves
/‘ ’ S\

|

Q Radio waves

10X ms 1 km+
10km+
100 km +

Prof Z Ghassemlooy
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General Lighting Sources
‘ ’  LEDs - 30,000 to 100,000 hours - 6 to 30 years
, * Incandescent bulbs - 1000 to 5000 hours
7 ap + CFLs - 8,000 to 10,000 hours
' .J * Fluorescent tubes - 20,000 to 50,000 hours
Incandescent Halogen
LED Benefits by 2025
SO Im/Ne S2z23miN, * Lower electricity demands for lighting by 62%.
LE=7.2 LE=32 .. epye .
e Reduce carbon emissions by 258 million metric
tons.
e Diminish amount of materials in landfills.
* Prevent construction of 133 new power plants.
¥ * Save $280 billion.
CH
Market: Expected to grow 30.8% compound
205 iW. 60~-90 Im/W_ 11h
SEToae e annual growth rate (CAGR) from $13 billion
(2012) to $ 86.08 billion (2019).
PE: Power efficiency 1The U.S. Department of Energy

LE: Luminous efficiency

s LEDs offer much faster SWITCHING speed!
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What To Do With LED Switching?
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oot OWC - Transmission Windows & Power ™
Spectra of Ambient Light Sources

P ave)amb-light > Pavejsignal (TYpically 30 dB with no optical filtering)

1.2 -
Above 1400 nm -
1 Incandescent almost completely
7 absorbed by the
eye cornea
0.8 4 Below 1400 nm: ~ &
Fluorescent focused onto the
Ir-etina, power levels
0.6 - must be limited for
eye safety

o
~

o
N

2"d window IR

Normalised power/unit wavelength

= = = L
N w EEN o1

Wavelength (um)
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VLC - The Concept

IEEE 802.15.7 and 802.15.7r1

Streammgl Li-Fi Internet Architecture
Content |

‘ | ’ / LED LAMP

G Lamp
I Internet |— Driver L .l :‘! L l
Power

button

| Photo DetectorI ik D D D Li-Fi
: | Dongle
&
Received Amplification
App.Data & Processing

Internals of Li-Fi Dongle .
[EERNS

Person#l Person#2 Person#3
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Data rate (Mbps)

1000
100
A A
10
1.0
0.1 Flexible Widely used - Balancing? - Small & compact

micioLED

Blue LED

rubor, Jelena, et.al, 33rd European Conf. and Exhibition of , vol., no., pp.1-2, 16-20 Sept. 2007.
sonev, H. et al, A 3-Gb/s single-LED OFDM based wireless VLC link using a gallium nitride LED, IEEE Photonics Technology Letters, vol. 36, pp. 637640, Apr. 2014.
Haigh, Z. Ghassemlooy, et al , Visible light communications using organic light emitting diodes, IEEE Communications Mag., 51, 8, pp. 148154, 2013

LT
LA
. A. Haigh et al., "Hybrid Super-Nyquist CAP Modulation based VLC with Low Bandwidth Polymer LEDs," 2019 IEEE 30th PIMRC, Istanbul, Turkey, 2019, pp. 1-6.
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Light Source — OLED

* Next generation luminary

© 0.8 |
nnE ——OQOLED1
5 ——QLED2
@ 0.6 —-—OLED3 |.
= ——QLED4
£ —=—WPLED
2 04} ——R
—E—G
+B
0.2 ' - '
Home 0 0.2 0.4 0.6 0.8 1
entertainm Normalised IB

ent

 LEDs tested - Reached 80% B
within 17-35 % of I;.
e OLEDs tested - Reached 80%

Vehicular technology Bpnog Within 47-61 % of lg.

mod
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VLC — Detectors

“ PIN photodiode h
‘“ * low cost, large area Issue with a single-
!  limited sensitivity element PD
— - cannot be used
Avalanche photodiode (APD) eﬁec“Ve'l}’ 'rf]‘td'reCt
. 3  higher sensitivity SUITIINT:
—  smaller area |

* high reverse bias - higher cost

Image sensors
i « CCD type: low cost, slow due to serial read-out
e array type: pixels are operated like parallel photodiodes
—> fast but high price, mass market would be revolutionary
for optical wireless
« ability to separate sources spatially

J. Rufo et al.: Experimental Evaluation of Video Transmission Through LED Illumination Devices, 2013
N. Bani Hassan et al., "Non-Line-of-Sight MIMO Space-Time Division Multiplexing Visible Light Optical Camera Communications,"
in Journal of Lightwave Technology, vol. 37, no. 10, pp. 2409-2417, 15 May15, 2019.
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s Optical Camera Communications —
A Camera (IS)
Sly_/ztnesm Aperture Shutter || Sensor || 1SO 8232:] DeBayering Cccirarrengzgn
R o ’

/1.4

81 91 5)

I/

~

J.

0

J/1

J/16

J/22

B. Lin, Z. Ghassemlooy, C. Lin, X. Tang, Y. Li, and S. Zhang, "An indoor visible light positioning system based on optical camera communications," IEEE Photonics Technology Letters,
vol. 29, no. 7, pp. 579-582, 2017.
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Ve Optical Camera Communications —
Why?

Massive MIMO Mobility Available

Data Rate
Diversity

Spatial
Division

N. Bani Hassan, Z. Ghassemlooy, S. Zvanovec, M. Biagi, A. M. Vegni, M. Zhang, and P. Luo, "Non-Line-of-Sight MIMO Space-Time Division Multiplexing Visible Light Optical
Camera Communications," IEEE/OSA J. Lightwave Technol. 37, 2409-2417, 2019.
Chowdhury, M.Z.; Hossan, M.T.; Islam, A.; Jang, Y.M. A comparative survey of optical wireless technologies: Architectures and applications. IEEE Access 2018, 6, 9819—

N AN
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OCC - Concept
IEEE 802.15.7r1 Dare rates: A few kbps

e Global shutter
* Rolling shutter

TX (LED, | Image
Optical sensor/

LCD, Channel Camera
etc.) (RX)

N N 4
| * Spatial - Decoding
Flicker free: (Position/ . Etc
« Encoding Coordinate)
* Modulation « Colour
* Intensity
» Shape

N. B. Hassan, Y. Huang ; Z. Shou ; Z. Ghassemlooy; A. Sturniolo; S. Zvanovec; P. Luo; and H.-Minh, "Impact of Camera Lens Aperture and the Light Source Size on Optical
Camera Communications," 2018 11th Intern. Symposium on Communication Systems, Networks & Digital Signal Processing (CSNDSP), Budapest, Hungary, 2018, pp. 1-5
Luo, P.; Zhang, M.; Ghassemlooy, Z.; Le Minh, H.; Tsai, H.M.; Tang, X.; Png, L.C.; Han, D. Experimental demonstration of RGB LED-based optical camera communications.
IEEE Photonics J. 2015, 7, 1-12.
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o OCC - Concept

Global shutter cameras - The entire frame is exposed at one
time; therefore, it captures either the ON or OFF state of an LED.

Rolling shutter cameras

« The image is captured using row-by-row exposure.

« Demodulation — Is done by measuring the widths and
thresholding of strips.

For a fixed frame rate:
 The camera exposure time needs adjusting to deal with LED’s
ON-OFF status and capture a black and white striped image.

« However, the widths of these strips depend on the frequency
of modulation.

Issues:
« Low frame rates
 Focusing

» Real time processing in smartphone

Lee, H.Y.; Lin, H.M.; Wei, Y.L.; Wu, H.l,; Tsai, H.M.; Lin, K.C. RollingLight: Enabling line-of-sight light-to-camera communications. In Proceedings of the Thirteenth Annual
International Conference on Mobile Systems (ACM MobiSys), Florence, Italy, 18-22 May 2015.

N. B. Hassan, Y. Huang ; Z. Shou ; Z. Ghassemlooy; A. Sturniolo; S. Zvanovec; P. Luo; and H.-Minh, "Impact of Camera Lens Aperture and the Light Source Size on Optical
Camera Communications," 2018 11th Intern. Symp. on Communication Systems, Networks & Digital Signal Processing (CSNDSP), Budapest, Hungary, 2018, pp. 1-5
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VLC-OCC - Features

High Data §
Rates

& Compatible
= with OFC

Ubiquitous No EMI
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VLC — OCC - Applications

Where LED and IS are used for illumination and vision can be employed in:

Smart

lighting
Hospital
Finance

nghway

. leraryw

Airplane

Home
access
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VLC - OCC - Projects

1. Last meter access network
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VLC — OCC — Access Network

Oh Chin Wan, et al, Low-crosstalk Full-duplex All-optical Indoor Wireless Transmission with Carrier Recovery,
IEEE PTL, 2016, Eindhoven University of Technology

LOCAL
EXCHANGE

 Connected to indoor network
via central communication
controller (CCQC)

 Data routed to different rooms
via optical cross-connect and a
fiber-backbone network.

« Still no decision been made
« WiFi - typically offers a lower channel capacity, but highly mobile
IR —Mature technology
« VLC - LED and Laser
— Broad beam profile of LEDs - a trade-off between the link budget and bandwidth

— Laser source - The need for beam steering, which leads to latency and complex
receiver hardware.

 Hybrid

K. Wang et al., "Experimental Demonstration of Full-Duplex Optical Wireless Personal Area Communication System with 16-CAP Modulation," in Proc. OFC, Los Angeles,
2015, paper M2F.7
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VLC — OCC — Access Network
Hybrid VLC - IR (down link) Hybrid Dimmable VLC - IR

PWM_p(t) 1:6
VL Tx v
f AC
PWM Zsa_Zy
LEQ AR al) coupled
generator aray |73 n7_) P
and LPF PWM_ex(t) _r n X
IR Tx 4
- |
s(t) RTO
AWG
OOK NRZ
0 T T H 80 Mbps
1 ; ! ! —e— 90 Mbps
B SN M. N SO —o— 100 Mops
i ; —+— 110 Mbps
20 % FEC limit Y
= 2} S S I L s -
E 7 % FEC limif
22 : ;
o
o 3F T
o
&
@ A T b
I, SCRTIRUIT WOORIRIU SOIIOTNIN JETDISOOONY SO b
0 B : i . -—
0 02 04 06 08 1

PWM Duty cycle

m
© .3t
©
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©
£ 6
= —+— Bias low uneq

—— Bias high uneq g

—— Bias low fulleq 2

—— Bias high fulle <

-10} : gn e
1 10 70 b 0 0
Time {ns} Time ins) Time (ns)

Frequency (MHz)
Burton, A., Bentley, E., Le Minh, H., Ghassemlooy, Z., Aslam, N., and Shien-Kuei L.: “Experimental demonstration of a 10BASE-T Ethernet visible light

communications system using white phosphor light-emitting diodes,” IET Circuit, Devices and Systems, 8 (4), pp. 322-330, 2014
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VLC — OCC — Access Network

OLEDs wrl

DSO

(@) (b)
Pulse
generator
. ; Optical
* nghly flexible | -, receiver
« As bright as standard Ay | °
LEDs 5V pk-pk  Test schematic and
Pulsed signal DUT
* Wide applications
* Lower mOdUIatlon Reference pulse signal
bandwidth — a few
hundred KHz. Signal Q-factor Statistical BER
1 Mbps 2 1 Mbps 2 Mbps
Mbps
Non 3.14 1.72 8.38e- 4.24e-2
equalised 04
Equalise 3.40 2.00 3.35e-4 2.26e-2

A Burton, A Minotto, P A Haigh, Z Ghassemlooy, et al, Optoelectronic Nddelling, Circuit Design and Modulation for Polymer-Light Emitting Diodes for Visible Light
Communication Systems, ICT Conf. 2019
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. \ILC - Defocused RGB MIMO

Newcastle G N,

De-multiplexing R, G and B streams out of the cumulative white beam to recover the

data on each colour without using tunned optical filters. S _
bSO Demultiplexing via ZF

o ;120 Ml algorithm on H matrix
y ¥ 00 ; . .
. L channel state information.
TIA
" n
Plano 'Qy 6; ))Z . . . .
Convex lens > Diversity required by H is
achieved via electro-optical
= | LaN conversion of LEDs, PD
] array wavelength-
It o dependent responsivity
: 3
; g ||Zusmm ® and the defocused beam
< g | spot on PD array:.
504 -g o 2 —Red LED g 1
a :0-4 b ~ GreenLED | & 469 nm
3 0.2 2 § ok —Blue LED EO.B 645 nm
2 =0.2 £ 3
E g-1 iy o06 529 nm
5 ., 8.8 MHz~_ g
0 4(;0 6(;0 8(;0 1060 z 00 1(;0 2(;0 3(;0 460 5(;0 E = ;,0'4
Wavelength, nm Diode current, mA Téz 7 MHz /\\\\ éo.z
2 7.6 MHz \ £
1 10 z° 200 500 600 700
log(Frequency), MHz Wavelength, nm
(a) —Blue LED (b)
o | neaten
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|
|
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|
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Normalised power

(c) (d)
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2. Medical

VLC - OCC - Projects
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HoF - Digital Technology
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 With the world going mobile and more
connected, the use of 10T and Al
(Machin Learning) are making the big
leap in healthcare sector.

« Telemedicine - promotes continuity of
care, decreases the cost of care, and
Improves patient self-management and
overall clinical outcomes
* In the past, telemedicine was strictly

limited to doctor and nurse
consultation.

 However, proliferation of smart mobile
devices capable of transmitting high-
guality videos has opened up avenues for
virtual healthcare services from
specialists to patients straight in their
homes.




A Northumbria
University
NEWCASTLE

ind Ind

Data
rate

Inpatient 2-5
care

Ambulato 2-5
ry care

Diagnosti 4-5
c/
treatment

Support 4-5
services

Public 34
spaces

Outpatien 1-3
t care (at
home)

Outpatien 1-3
t care (on
the
move)

Reliabili
ty

HoF - Requirements

Mobility

1-2

1-2

1-3

1-3

1-2

2-5

Security

4-5

4-5

4-5

4-5

4-5

4-5

Latenc
y

1-3

1=3

1-3

24

2-4

2-4

Sensitivity

(interference)

3-4

34

3-5

3-5

1-2

1-2

1-2

5: very-high; 4: high; 3: moderate, 2: low; 1: very-low

Sensitivity
(exposure
to RF)

24

24

Capacity
(supported
devices)
3-5
2-4

24

3-5

3-5

3-5

3-5
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HoF - Requirements

 Enhanced performance

e Security

 Interference generation and tolerance &
. Safety and privacy RN
e Spectrum usage
* Energy efficiency

So, which technologies? -
* RF
« VLC

« Hybrid optical-RF:
— efficient
— high-performance

— dynamically reconfigured to transmit and receive optical,
RF or both signals, depending on the requirements of the
application.

C.X. Wang, F. Haider, X. Gao, X. H. You, Y. Yang, D. Yuan and E. Hepsaydir, Cellular architecture and key technologies for 5G wireless communication networks, IEEE
Communications Magazine, Vol. 52, No. 2, pp. 122—130, 2014.

H. Thimbleby, Technology and the future of healthcare. Journal of Public Health Research, Vol. 2, No. 3, 2013.

Ahmed, I., Karvonen, H., Kumpuniemi, T. et al. Int J Wireless Inf Networks (2019).

Jon
B>
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« Well-developed, flexible, inexpensive and widely standardized.

« Two major approaches:
— Centralized cellular networks: wide area coverage — 5G Pico-cell

— Short-range: shorter than few hundred meters
« Wireless local area networks (e.g., Wi-Fi)

« WIiGig: High-speed wireless 802.11ac, 1Gbps using the 40 GHz increasing to 10
Gbps at 60 GHz

* Bluetooth smart

« ZigBee: low-power, low-cost wireless sensor and control networks

Inpatient healthcare

« Apple iBeacon: Retail-oriented

+ Cisco Intelligent Proximity: Content Sh.
» Wireless sensor networks (WSN)

» Wireless personal area networks (WP/

Outpatient healthcare

WLAN
\ WPAN
|~ J wean

WSN
/ 1oT / loMT

* Wireless body area networks (WBAN). M_mw,é B o,
But é S s
« Interference with medical equipment  smamecn
° S ecur I ty Outh::tpvi:::kr:obile ln-ho:g:i::llo ,:,'::u“,

 Range - May need repeaters or additional access points
 Speed - Slower than the slowest common wired networks.

Alemdar and C. Ersoy, Wireless sensor networks for healthcare: a survey, Computer Networks, Vol. 54, No. 15, pp. 2688—2710, 2010. 22.

A. Mainwaring, et al, Wireless sensor networks for habitat monitoring. Proce. of the 1st ACM Intern. Workshop on Wireless Sensor Networks and Applications, ACM, pp. 88—97, 2002. 23.
V. Jones, R. Bults, D. Konstantas, and P. Vierhout, Healthcare PANs: Personal Area Networks for trauma care and home care, 2001..24.

S. Ullah, et al, A comprehensive survey of wireless body area networks, Journal of medical Systems, Vol. 36, No. 3, pp. 1065—-1094, 2012._25.

H. Zhane. et al. Connecting intellieent thines in smart hosnitals usine NB-10T. IEEE Internet of Thinas Journal. Vol. 5. No. 2. DD. 1550—1560. 2018.
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HoF - 5G with VLC — OCC

e Cover small areas

« For expansion of both preventative and
monitoring practices via wearable devices. For
track everything from sleep to blood glucose levels to
physical activity, .

 Remote diagnoses — Using microscopic cameras to
provide real-time video in and out of patients’ bodies.

 Wearables devices - Tracking patients for more
personalized monitoring and care without visiting a
hospital.

* Robotic surgery - To expand the ability of doctors
to bring critical and specialized care services to

patients worldwide.
 No eavesdropping
* Reduced RF radiation exposure to patients
* Localization and positioning — Staff, patient,
equipment
W. Noonpakdee, Adaptive wireless optical transmission scheme for health monitoring system, in 2013 IEEE ICCE-Berlin, pp. 161-64, 2013.
R. Murai, et al, A novel visible light communication system for enhanced control of autonomous delivery robots in a hospital, in 2012 IEEE/SICE SlI, pp. 510-6, 2012.15.

C. Huang and X. Zhang, Impact and Feasibility of Darklight LED on Indoor visible light positioning system, in 2017 IEEE 17th International Conf. on Ubiquitous Wireless
Broadband (ICUWB), IEEE, pp. 15, 2017.
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e~ The data from lifesaving
devices transmitted via VLC
with high throughput and for

VLC in RF sensitive area.

A number of sensing devices are connhected to a

patient and data is observed in real-time to make [e=]
decisions.



Northumbria

University OCRG
[ ] [ ] '-
RSt HoF - Hybrid Optical-RF Access
Points
v v v Optical link
Reconfigurable == Radio link
optical-radio Ovticalradi
access points AP Soehe
reconfiguration = ,
decision Optical-radio
WBAN node
Reconfigurable Algorithm inputs
optical-radio Reconfiguration - Type of scenario
WBAN Algorithm - Channel condition
(RORWBAN) WBAN - Local policies
reconfiguration - Service provider
decision decisions
- User decisions
- Etc.
Reconfigurable optical-radio wireless networks Inputs
for the hospital of the future
Inpatie  Ambulatory Diagnostic/  Support Public Outpatient Outpatient
nt care care treatment services  spaces care (home) care (on the
move)
RF 34 34 2-3 4-5 4-5 3-4 4-5
VLC 3-5 3-5 4-5 4-5 2-3 3-5 1-2
VLC+ 4-5 4-5 4-5 4-5 5 4-5
RF

5: very-high; 4: high; 3: moderate, 2: low; 1: very-low

Ahmed, I., Karvonen, H., Kumpuniemi, T. et al. Int J Wireless Inf Networks
(2010)
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Challenges:

« VLC with no LOS path — Use hybrid systems in a
seamless way in real-time to ensure
communications without sacrificing security and
reliability.

« A smooth handover mechanism - To ensure
seamless communications

 Latency

 Robust decision making algorithm - Users
moving around.

 Load balancing - To maximize the throughput
In crowded hybrid network.

« Eavesdropping - Parallel optical-RF
transmission

 Optimize the hybrid system performance -
Collecting information on network nodes
behaviour and communication related parameters
and using machine learning and Al.
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Request Measurement
J+—Mecasurement Data

\_chucsl Measurement————y

NMeasurement Dala—_
——Request l\'leasurcmcntﬁ

——Measurement Data

rf Request Measurement
[

Request Measurement

Measurement Data g4—

HoF - Optical loT

\—Mcasurcmcnl Dam—_{— -
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Sensors are
periodically
synchronized with the
mobile node, which
sends data sequentially
and securely to the
femtocell and
subsequently to the
cloud.

This sequence is
directly related to the
patient’s situation and
Is predefined by the
medical consultant
section.

Hindia MN, Rahman TA, Ojukwu H, Hanafi EB, Fattouh A (2016) Enabling Remote Health-Caring Utilizing loT Concept over LTE-Femtocell Networks. PLoS ONE 11(5):

€0155077. https://doi.org/10.1371/journal.pone.0155077

G
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HOF - MIMO VLC
VISION § b
MOTOL hospital

(Prague, Czech
Rep.) — children
neurosurgery
operational
room

S. Maravanchery Mana, P. Hellwig, J. Hilt, K. Lennert Bober, V. Jungnickel, K. Hirmanova, P. Chvojka, R. Janca, S. Zvanovec, LiFi Experiments in 47
a Hospital, The Optical Networking and Communication Conference, OFC 2020, submitted...



Y 5 oF — VCL-0CC for Electroencephalography “a

(EEG)

RGB LED 9pﬁca| Path

N EEG
e Signal LED Driver |! : Selection Lo
P T Proces: circul : ' Combini
= kil 1]
| '
lemms & R :
Color filters Photodiodes (PD)
ECG, panent
= Patient mformation and hean
. !uﬂ:x:::tim. rate monitoring
2 RAY VLC + OCC
I |‘ [
1| Camer — Ex |
{| a
= Personal
Pekent Computer Amp .
+ LED array
LE ()
. . . . array 2-3 stage "y
Li-Fi transmission of amplification (
electrocardiogram O__)D ) [>_) NIEx
readi ngs[l] Electrode LED driver
———— ’ T I. &

[1] Yee Yong Tan; et al, "Real time biomedical signal transmission of mixed ECG Signal and patient information using visible light communication," Engineering in Medicine and Biology Society, 2013
35th Annual International Conference of the IEEE , vol., no., pp.4791-4794, 3-7 July 2013
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O]

MED:I robot to comfort patients
e To see
« To communicate
« Todo
 Etc.

Robotic nurses in Bangkok
hospital

Mobile laboratory robot

& e

Robots for surgery 49
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VS5 \LC with Fluorescent Concentrator -

.
Imperial College

London Endoscopy

Developing LED sources for a range
of application including Medical

Using blue LEDs ﬁ S——

50
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Medical

loT

. Smart environments
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. VLC-OCC - D2DC for loT

Alternative to NFC for short range communications
Software based

— Android-based object recognition requires fast learning from a pre-trained model,
classification, and detection from a real-time video.

— Deep neural network-based detection for real-time video processing - Faster region-
convolutional neural network (R-CNN) and mask R-CNN

Rolling shutter - in CMOS cameras for image capturi
— CMOS cameras capture rate: 20 - 30 frame

extra processing time.
— For a 20 fps each frame requires additional 20 ms

100

100 [ taad - D = H’“*wﬂ-—._\
Fe———— r""'"""“"""f 90 N NN - 4
w0 "-"“l.....,.-.-‘-.._lr--"" - D -\q on On
g s0 ~‘, N
= - - e —
60 -\
% 70 ™
» = - \n
40 B Seie, -
—— Back g S
> = A- Back HT == Back ST "m
20 Front n = B = Front HT == Front ST
Sony 0 .o- Sony HT =—@=— Sony ST
° 0 60 120 180 24210 3(i)O 360 40 I I I
. ¢ *° * 0 a0 % ®®  Boubezari, R., Le Minh, H., Ghassemlooy, Z., and Bouridane,
) Angle 8 (°) Tilting angle o (°) A.: "Smartphone camera based visible light communication,”" J.
Bit success rate Bit success rate of Lightwave Technology, 34 (17), pp. 4121-4127, Sept.1, 1

against rotation angle against tilting angle 2016.
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VLC — OCC - Relay Assisted

z(m)

28

y (m)

reflections

-270 -220 -170 -120 -70
azimuth

-20

)

30 80

&
<)

4.8 Office room
Relay
E ~a
>
Tx
1.5 OW¥ Obstacle
'y I X
o ¢
0 User | y
1.8 4“ m)

Rx placements

Tx LED array

Based on observations
of 1300 people using
their MPs on the street,
airports, on trains and
buses:

* 49 % used MPs with

only one hand
* 90 % held it vertically
facing upwards [1].

Based on our own tests,
people were reading
messages and surfing
the internet by holding
MP typically with the
elevation angle within
the range of 5° - 65°.

[1] “How Do Users Really Hold Mobile Devices? :: UXmatters.” [Online]. Available: http://www.uxmatters.com/mt/archives/2013/02/how-do-users-really-hold-
mobile-devices.php. [Accessed: 02-Feb-2017].

Mobile User Connectivity in Relay-Assisted Visible Light CommunicationsP Pe&ek, S Zvanovec, P Chvojka, MR Bhatnagar, Z Ghassemlooy, ...

Sensors 18 (4). 1125
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GlECH »
ulsua\\

« Transmitter - A bright 40
COB-LED

* Receiver - Atelescope
camera composed of 2
concave mirrors with a narrow
the field of view (FoV) of
~0.5°,

 Frame rate: 25 fps and the
number of received data bits

aER T '
LA I

:
3
3
|
3
3
:
:
:
. .
e
.

—O—800ps I
S ooel®  perframe is 18.
P 200ps ° .
2oowe Range: 150 to 400 m.
A
£ i
g) Hoy \\\
& iy I T
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o 0 Higy

150 200 250 300 350 400
Link span (m)
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Refs.

[6]

[7]

[8]

Our work

OCRG

VLC-OCC - Long Range (400 m) .

Tx (size)

18.7x3.8 cm?

48 x 48cm?

2.5 x 2.5cm?

Link span

2m

120 m

328 m

400 m

Bit rate

68 bit/frame

< 200 bps

200 bps @4 m
15bps

450 bps

& 1
& Ve ol A= ¢ 7 /‘
e
3 o]
ﬁ // f,? (; o
o) NP

BER Shutter
type
Error free RS
>102 RS
~0.04 Global
shutter

Error free RS

[6] W.C. Wang, et al, “Long distance non-line-of-sight (NLOS) visible light signal detection based on rolling shutter

patterning of mobile-phone camera,” Opt. Express 25, 2017

[7] P. Chavez-Burbano et al., “Optical camera communication system for Internet of Things based on organic light
emitting diodes, Electron. Lett. 55, 334-336, 2019.
[8] P. Chavez-Burbano, et al., IEEE/CIC, (ICCC Workshops) pp. 22-2,. 2017.
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VLC — High Speed Data Transmission
(8 Gbps)

& ah
z 2R '®
S /) W] d
° °

7 PR AG\)@

Aillincrease tg 16 Gbps using
nolarization

Micro LED

Composed of RGB LED chips

But red LEDs are made from AllGaP
which is more challenging and
perform lower efficiency compared
to blue and green LEDs made by
InGaN.

Outpaces OLED in terms of

brightness,
contrast,
durability and more

But, higher production cost.

To reduce cost, the miniaturize
process of LED might lead to
efficiency degrease.

10 ym Micro LEDs chip is able to
achieve 42% EOE.
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4. Smart environments
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VLC for Smart Environm

4“5‘7

ptical

Rx(

Data Rate
Diffuse LED Panel

Receiver

Distance
Post-equalization

> 5 Mb/s OOKNRZ

3900014-WW-EU, 1200 Im, 3000K,
0.6x0.6m

192 LEDs, Beam angle 120°
Bandwidth 400 kHz

[llumination level 300 lux@1.5 m

PIN Photodetector
Tans-impedance amplifier
1.5 meter

LMS adaptive equalizer

&—; -
| Team |

Northumbria
University

CZECH
TECHNICAL
UNIVERSITY
IN

PRAGUE

Research

Use standard light emitting diodes (LEDs) lights —
with over 40% energy efficiency compared to the
traditional bulbs

To design efficient time-domain or frequency-domain
based equalizers of reasonable complexity to
increase the data rate of Visible Light
Communications, which is limited by the LED
bandwidth

To mitigate multipath induced inter-symbol
interference considering features and characteristics
of indoor/outdoor channel and bandwidth limiting
components

E—

Team

Prof Zabih Ghassemlooy (NU—-Newcastle)
Prof Stanislav Zvanovec (CTU-Prague)
Xicong Li (NU-Newcastle) — ESR1

58
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UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA

VLC — Diffuse LED Panel lighting A

Data Rate > 5 Mb/s OOK NRZ

Diffuse LED 3900014-WW-EU, 1200 Im,
Panel 3000K,
0.6 Xx0.6 m
192 LEDs, Beam angle 120°
Bandwidth 400 kHz
[lumination level 300

lux@1.5 m
PIN Photodetector

Receiver
Tans-impedance amplifier
| Distance 1.5 meter

Post- LMS adaptive equalizer
T | equalization

=@ sow

,../"""//" il o ;#‘l"“‘ yh P‘. ,”ur'j!m fﬁ M M. i ;'Mg (‘ h‘ / ‘ﬁ‘ A MM
For smart environments: A A R VAL
Home '
Office
Hospital

Public places, etc.
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Normalized footprint of the LED

A collaborative work between: A normalized footprint of the
*  Optical Communications Research Group, Northumbria University, Newcastle-upon-Tyne, UK LED on the floor plane

*  Department of Electromagnetic Field, Czech Technical University in Prague, Czech Republic

. Research Department of HiSilicon, Huawei Technologies Co., Ltd, Beijing, P. R. China

*  Dep. of DIET engineering, Sapienza University of Rome, and Department of Engineering, Roma Tre University, Italy

*  State Key Laboratory of Information Photonics & Optical Communications, Beijing Univ. of Posts & Telecom, Beijing, China '0 20 40 60 %0 100 120 140 160 150 200

X Direction (¢m)

Y Direction (cm)

N. Bani Hassan, Z. Ghassemlooy, S. Zvanovec, M. Biagi, A. M. Vegni, M. Zhang, and P. Luo, "Non-Line-of-Sight MIMO Space-Time Division Multiplexing Visible Light

Optical Camera Communications," IEEE/OSA J. Lightwave Technol. 37, 2409-2417, 2019. 60
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VLC-OCC - Motion Detections
VISION W oppes®”

Conventional motion detection (MD) schemes - Complex detection
algorithm

Complexity increases with complex motions (shapes).
Neural network (NN) based MD at the receiver side.

Why NN?
Motion includes some pattern
NN is ideal in pattern recognition.

Principle of NN: Artificial neurons in the hidden layers of the network
receive multiple input samples to train the network.

Conventional NN: Based on images that represent the patterns.

NN based MD in OCC.: based on the motion represented by data samples
In the form of the centroids.



Northumbria

Y olcge
VLC-OCC - Motion Detections
***** %: /"\S%ég

VISION gt
Synchronization Anchor LEDs b 9995@5&3},;;&;&&; ______ \
/ 9_C_C_ T[a_“}["_lt_“ir ____________________ ) i Demodulation D relc):\t:ry i
st [ | ostaon | B e T — ]
: Post ‘(" Motion Hidden Output Motion | |
N GUATLAB) | aﬁi‘;‘;‘.’,‘.‘;}}D[@o "JD[( H‘Ziizm)]M by J
SO
> The user’s finger movement is R :
captured using the front camera 5 ) :
of a mobile phone. . :

» Communication is performed . . . 4
simultaneously along with motion eees :
detection. J

> Data is obstructed due to motion. @) (b)

Circular and linear motion centroids.
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VCL - IOT - Manufacturing

The manufacturing is becoming smarter and reaching a new level of
flexibility, allowing fabrication of personalized products in a software-defined
manufacturing process.

Replaced cables/wires with wireless links
Optical waves
« Confined
« Security (no wiretapping or jamming)
« Safety
For short range
» Distributed MIMO to ensure link at all times
For long range
* Optimization of PHY and upper-layer under low SNR
» Closed-loop adaptation of data-rate and the power
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VCL - IR - Outdoor Wireless Access

IR diffuser

multi-LED TX

terminal
/

Diffuse Infrared as the key technology of future (5G and beyond-5G) high-
speed wireless access to the end-user in certain application areas (plazas,
café, restaurants, sport venues, concert halls, train/bus station, airports, etc.).

HELLENIC REPUBLIC

. D ZYEG_i N_ ™ Northumbria
—{INIVERSITESI— HE“V:/‘S';ST':EY
ARIgTLE ? .
UNIVERSITY OF wnfoscope ~ FraunhOfer - trl a a

THESSALONIKI hellas Heinrich Hertz Institute
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VLC - OCC - Projects
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V' rencins VLC - Indoor GPS 2
University of Santiago, Chile, Northumbria Univ. UK
& o :
®@® BRITISH -

L[4 eecouna. A ,’E‘Sr‘{ém" Picarte

LEDs broadcast their location ID (LID) based — **"
on multi-access techniques: WDM; FDMA,; = @
CDMA (is more robust to noise) - @ - E

VI g

analytics
engine

- 8 SDMGLEAT WAF MR . FOSTONTIANSTTERS 108 ]
3 B H 0000000000
b 3 LAVAEETIAN ORDER DMMSON WO .0.....'0.
e obitss 'O 0000000000
= L 9900000000
: e P 9000000000

' ge

NUMEROF LiDs
§ 00

e There are many techniques to locate a mobile

node inside a room based on GPS assisted =

Techniques that could be use in VLC . it I
— Time of Arrival (TOA), émm J
— Angle of Arrival e
— Received Signal Strength (RSS) < ’ ,g

[1] J. Kahn; J. Barry, Wireless infrared communications, Proceedings of the IEEE , vol.85, no.2, pp.265,298, Feb 1997.

[2] S. De Lausnay; et al, Design of a visible light communication transmitter for the evaluation of a wide range of modulation technigues, Optical Wireless Communications (IWOW), 2013 2nd
International Workshop on , vol., no., pp.30,34, 21-21 Oct. 2013.

[3] H. Ghafouri-Shiraz and M.Karbassian, Optical CDMA Networks: Principles, Analysis and Applications, ISBN: 978-0-470-66517-6, 432 pages, Wiley-IEEE Press, March 2012.

[4] T. Do, J. Hwang and M. Yoo, TDoA Based Indoor Visible Light Positioning System, Ubiquitous and Future Networks (ICUFN), 2013 Fifth International Conference on, 2013

[5] Lin, Bangjiang, Z Ghassemlooy, et al. "An Indoor Visible Light Positioning System Based on Optical Camera Communications." IEEE Photonics Technology Letters 29.7(2017):579-582.
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6. Internet of Vehicles (loV)
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Vislon Project - VLC for Intelllgent Transportation

NU, UK, Tech. Univ. of Prague Czech Rep., and Beijing Post and Telecommunications Univ, China

R - A T\
1B \\’ ™ M=
' Vehicle-to-
w4 ! mfrastructure (V2l) %

Vehicle-to-network (V2N) HF
} |
m :

Vehicle-to-pedestrian

(V2P) O

Vehicle-to-
vehicle (V2V)

Gartner Research - forecast that new vehicles equipped with data
connectivity will increase from 6.9 m/year in 2015 to 61 m/year in 2020.
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VISION

Wireless Technology:
 Radio Frequency
* Visible Light
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Spatial Division

Time Division

Frequency Division

Wavelength J
Division

Code Division

Orthogonal Frequency J
Division
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VLC — OCC - Multi-hop Vehicular
Communications

Modes: SISO; SIMO; MISO and MIMO

*

VISION

]
QC;G

P. Luo, T. Jiang, P. A. Haigh, Z. Ghassemlooy and S. Zvanovec, "Undersampled Pulse Width Modulation for Optical Camera Communications," 2018 IEEE International
Conference on Communications Workshops (ICC Workshops), Kansas City, MO, USA, 2018, pp. 1-6.
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VLC-OCC - Vehicular Communications VISION

NU, UK, Tech. Univ. of Prague, Czech Rep., and Beijing Post and Telecommun. Univ, China

@g== 1ED1 LED2 Two Modulated

s — S signals 10
193 £l

—— 16-PAM PRC
—4&— 32-PAM PRC
-l - 16-PAM POC
- Ak - 32-PAM POC

.i*“‘k~‘*“‘k

Cree XLamp r:

% MC-E RGB | 10 15 20 25 30 35 40

J RIL (Ix)
LED o4 g
c LN
- h
10°F
Canon 3
< 700D 10
<4
=
m
10.4 |
PC with
Matlab
: 107 F

20 30 40 50 60 70 80
Distance (m)

(©) (d)

Luo, P., Zhang, M., Ghassemlooy, Z., Zvanovec, S., Feng, S., and Zhang, P.: "Undersampled-based modulation schemes for optical camera
communications," in IEEE Communications Magazine, vol. 56, no. 2, pp. 204-212, Feb. 2018.

P. Luo, Z. Ghassemlooy, H. L. Minh, H. M. Tsai, and X. Tang, "Undersampled-PAM with subcarrier modulation for camera communications," in Opto-Electronics and
Communications Conference (OECC), 2015, pp. 1-3.

LUO, P., Ghassemloot, .Z, et al. Performance analysis of a car-to-car visible light communication system. Applied Optics. 2015, 54.7: 169-1706.
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« Road surface
« Air pollution
« Water quality
« Etc.

VLC-OCC - Sensing

Fog lamp LED

Focusing lens

Three

a

30 cm

YPFEF
o
"’4 TIONAL“

Ambient
illuminance
measurement

|||||

Liquid

container

water levels .,

Asphalt block

7 lux

e

dry barely Water
wet puddle
<1mm

‘ time ’

15mm
water water
puddle puddle
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VLC - OCC - Projects
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‘ Panasonic
«\
)
.
@

LinkRay

Delivers mobile content using
smartphones to read IDs sent from
LEDs

Effective
Fast and _
— Intuitive even in
- crowds
‘%@ [ e
; [— ] =)
ID Inquiry Irzz"?;taci(;:tems m
Light source device v -Contem Server

Download
! contents

Receive ID | ol yow . Export contents
: smartphone ' destination

g ROSE

30%0FF

https://www.youtube.com/watch?v=7IvuGXr3DPE V| d eo
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" Internet of Things — Hybrid Cloud

Q Public cloud - Traditional cloud computing

Global Cloud

e ) ﬂt"ﬂ % Local cloud - A private cloud deployed at the

Local Cloud Local Cloud Local Cloud Local Cloud ed ge of the network

LiFi LiFi LiFi LiFi
Communication Communication Communication Communication

?

Infrastructure layer

- The physical layer consists of
data producers and end users

- Use Li-Fi between loT devices
and local cloud nodes.

Smart Transportation Smart Industry

LiFl (VLC) Node
- Uses LED as the Tx and the Rx

Pradip Kumar Sharma, et al, Li-Fi based on security cloud framework for future IT environment, Hum. Cent. Comput. Inf. Sci. (2018) 8:23
Vercellone et al. Demo Abstract: Using LEDs for Visible Light Communication and as aWake-up Mechanism in the IoT, SenSys’17, Nov.6-8, 2017
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Internet of Things — Smart Cities

The importance of social support for individuals with visual impairment.

= According to the World Health Organization, globally we have ~ 1.3 billion people
with some form of vision impairment.

= Old people not going out due to vsision problems, etc.

Pedestrian support systems:

» Localization infrastructures (radio marker,
infrared markers, IC tag, QR code tag, and
positioning techniques) and GPS:

« GPS walking assistance accuracy is
deteriorated in the shadow of a building or
indoors [1].

« VLC-OCC:

* Provides user safety information in the
neighborhood or the route information,

* Receives a request from the user and traffic
information.

« Data rate: 125 kbps

* Range: A few meters

S. Oshiba et al., "Visibility evaluation experiments of
optical wireless pedestrian-support system using self-
illuminating bollard," 2016 IEEE/ACIS 15th
International Conference on Computer and
Information Science (ICIS), Okayama, 2016, pp. 1-6.

http://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
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VLC — OCC = An Overview
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Wireless — Technology and Standards
(short range)

Technology

Wireless — Current

wla wia

WiFi (IEEE 802.11N) 150 Mbps *
Bluetooth 3 Mbps *
IrDa 4 Mbps e
Wi-Gig (IEEE 802.11ad) 2 Gbps @ 60 GHz; *x

10 m within a room
White WIiFi (IEEE 802.11af 24 Mbps @54 and * (across huge areas

& |IEEE 802.11ah, 790, 900 MHz a few km)
Giga-IR 1 Gbps e
VLC > 10 Gbps; a few i

meters within a room
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Wireless Technologies

&

Wireless fidelity — {=f
FULL FORM
RF antenna & w
ro u t e r OPERATION
Yes G
-\.\\
WLAN 802.11a/b/g/nfac/ad &
Interference is high; High power use m
HI gh m Oblllty MERITS (ADVANTAGES)
Low
150 Mbps (WALN-11n)
1-2 Gbps (WIGlg/GIQa_IR) nmr;;ﬁ;ﬁnsrzfn
2.4 GHz, 49 GHz, GHz
: N
Less dense areas (interference) =

-30-40 m (depends on power & antenna)

COVERAGE DISTANCE

OCRG
-

L2

Light fidelity
Uses LEDs and photodetectors

None

IEEE Standard 802.15

Interference is low; Low power use
Low mobility

High
> 1 Gbps
375 THz

High dense areas

Up to 20 m (No. of

LEDS) -
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VLC — Commercial World

LIGHTPOINTE *"’ CVLC imimanrustommes pure PHILIPS

GE . b Supreme ®
Lightiﬂg ‘l"tEl ARCHITECTURE CASIO WMYL(;(;W

INFSBFT GEMENS  VICUI  rwy  cenesas

C“ KINETICS

IEEE 802.15.7 |re=nc |  EEEHSSEN

LiFi Consortium

<L

I Nakagawa Laboratories, Inc. I IBSENtelecom System £ ceiess nerWONS

@ FIRE 13.3

optical telecom designed with people in mind

Light

%7 VICA iaimaii:  ONSINGNONCCHDIOOMOOMEEN NEC Corporation

Thomas Little, Boston University Prof 7 Ghassemloo
y
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W s Global Research On Visible Light g
Communications (VLC)

»=

Arctic

Ocean The VLC
(or LiFi)
journey

started in
late 1970 in

North

Pacific

North
Pacific

Ocean Ocean

A truly green

communications
Pacific

Ocean

Atlantic
Oceapn

84


http://soe.northumbria.ac.uk/ocr/
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VLC-OCC - Final Comments

* A new revolution in wireless communications
* A complementary technology to RF
 |deal for Smart Environments (Medical, business,

others)

Future Challenges

VLC OCC

 LED bandwidth and * The same application - cannot
nonlinearity be used in all smart devices,

« Coverage and distance since smartphones come with

« Dimming and no light various operating systems

» Blocking (Android, Windows, or i0S)

* Mobility * Low data rates

« Uplink
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Further Reading

Our Contributions:

®~ PC Py

Optical Wireless

Communications

System and Chaonnel Modelling
with MATLAB®

tsater Udvary Ediors

Optical Wireless
Communications

An Emesging Technolegy

Principles and Applications
of Free Space Optical
Communications

A few hundred papers

OCRG
|

VIBIBLE LIGHT GOMMONIGATIONS
(HEDRY AND APPLIGATIONS

Y

® "

Tabih Ghassemlooy © Luis Nero Alves
Stanislav Zvanovec = M. Ali Khalighi
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VLC - OCC - International Forum

. s N it

Visible light communications (VLC) is seen as a potential wireless technology for the 5" Generation and beyond wireless
networks. VLC systems using an image sensor-based detectors (i.e., cameras) are best known as Optical Camera
Communications (OCC). In OCC systems, the communication function of cameras is supplementary to their primary
function of capturing images. OCC aims to expand the potential of VLC by using the cameras in smart-devices in smart
environments for data transmission, localization and sensing. The existing and future infrastructure will be an advantage
of OCC for the market acceptance, and there are growing research interests and activities in this area. The aim of OCC
Forum is to bring together researchers from academia and industry working in this field to further enhance
understanding, knowledge and skills in the emerging field of OCC by coordinating research activities, exchanging
information, sharing knowledge and experties and promoting it at the global level. Research groups are encouraged to
join, and there are no official formalities. If working in this field and interested to join please let us know.

O C R G @ ”::’::l;l::ty)l’la n UNI\"EI_%SI[}!\[.I DE LAS PALMAS
° @ NEWPASTLE DE GRAN CAMARIA
~ g
AL v 55255:-
) b 5 W
%,amwé :',_ k "v““r:":m'f» ’°:; o \ V PRAZE
|‘ = S|
\\
ﬁt W ANs- ki
V : | é." //
Founding Members —
= Prof Zabih Ghassemlooy, Northumbria University, United Kingdom;
z.ghassemlooy@northumbria.ac.uk
= Prof Rafael Perez Jimenez, Universidad de Las Palmas de Gran Canaria, Spain;
rafael.perez@ulpgc.es
= Prof Stanislav Zvanovec, Czech Technical University in Prague, Czech Republic;
xzvanove @fel.cvut.cz
= Dr Luis Nero Alves, University of Aveiro/Instituto de Telecomunicagdes, Portugal; nero@ua.pt IEEE 802.15.7m std., 2018, includes OCC
= Prof Yeon Ho Chung, Pukyong National University, Busan, Korea; ychung@pknu.ac.kr modes

= Prof Zhengyuan Xu, University of Science and Technology of China, P R China;

xuzy@tsinghua.edu.cn . . . .
= Dr Trang Nguyen, the University of Edinburgh, UK; Trang.Nguyen@ed.ac.uk ' Who can join: Anyone working in VLC and OCC |
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The 3™ West Asian Symposium on Optical &7
Millimeter-wave Wireless Communications
(WASOWC 2020)

21-22 April 2020
Tarbiat Modares University, Tehran, ltan,

All organic visible light communications (VLCs):

y
Diversity techniques, dimming, data communications and localisation in VLCs;
Froe spaca optics (FS0), outdoor and under water - Last meter to last mile;

Hybrid
Hybrid IR/VLC tochnology:

various noises in y
Modulation, coding and detection schemes:

OWC, MMW, and THz novel devices and components ;
owe

g cross-layer design;
(VLC, FSO) and MMW for: Devi
. Intelligent
and vehiclo-to-infrastructure communications, trains, aircrafts, etc.), Underwater,
ng, Inter and Internet-of-Things (loT).

pos
Maodical, Space, Manufacturing, Wireless seasor networks;
Next generation OWC and MMW networks;

OWC and MMW transceiver design and optimization;
Uttraviolet communications;

Massive MIMO for optical and MMW links:

Others.

The 3" West Asian Symposium on Optical and

illir Wireless C ications
(WASOWC2020) is hosted at the Tarbiat
Modares University (TMU), Tehran, Iran. It
follows the successful previous events held in
Isfahan University of Technology (2018) and
Shahid  Beheshti  University  (2019).
WASOWC2020 aims to bring together
researchers from academia and industry to
share their latest findings in the field of
optical & millimetre-wave wireless
communications as part of the 5th Generation
and beyond wireless networks. The 3rd
Symposium will also include workshops,
invited and keynote speakers. High quality
and original technical papers are welcome to

Events

OCR

' Call for Papers E

be presented at WASOWC2020.

http://wasowc2020.modares.ac.ir,

| Keynote Speakers Invited Speakers

Prof Beatriz Ortega Prof Murat Uysal - Ozyegin Univ., Turkey
Tamarit X Prof Abdolali Abdipour - Amirkabir Univ. of
Universidad Politécnica de V'

: Technology, Iran
Aléncia, Spain Proflsmael Soto Gémez — Univ. of Santiago, Chile

Prof Min Zhang DrWasiu O Popoola - Edinburgh Univ., UK 15 Dec. 2019
Beijing University of Posts DrHamdi Torun - Northumbria Univ., UK Notification of acceptance:
& Telecommunications, Dr Hamzeh Beyranvand - Amirkabir Univ. of 25 Feb, 2020

Important Dates:
Paper submission deadline:

Submission of final papers deadline:
10 March 2020

China Technology, Iran

C i - Prof Z. ia Univ., UK, General Chair; Prof V. Ahmadi, Tarbiat Modares Univ., Iran, Local Chair; Dr M-A. Khalighi, Ecole Centrale Marseille-Institut Fresnel, France;
ProfS. Zvanovec, Czech Technical Univ. in Prague, Czech Republic; Dr A. Gholami, Isfahan Univ. of Technology, Iran; DrM. S. Sadough, S 8 Univ., Iran; Dr L. N. Alves, Univ. of Aveiro, Portugal

jennial since 1998

i.ICSNDSP The 7t Biennial Colloquium on Optical Wireless Communications

2020 12! IEEE/IET International Symposium on Ct ication Sy , Networks, and Digital Signal Processing
20-22 July 2020, Porto, PORTUGAL - https://csndsp2020.av.it.pt/
Venue: Fundacdo Dr. Anténio Cupertino de Miranda m
Technical Co-sponsors L 0N L f S eV ISION

Organising Committee

9IEEE ¥
I E T imtrom il S

e Pl

Prof Zabih Ghassemlooy (Gen.
Chair)
Northumbria University, UK
Prof Anh T Pham
The University of Aizu, Japan
Dr Mohammad-Ali Khalighi
Institut Fresnel, France

Sponsors Prof Stanislav Zvanovec
s Czech Technical University of
/ “ ,{g !l/z\ Sletate Prague, Czech Republic
(./ o) = Dr Hoa Le-Minh
Northumbria University, UK
A Prof Luis Nero Alves
\:/lDeTIC HEpaN University of Aveiro, Portugal
c Prof Zhengyuan Xu
University of Science and
; V FRESNEL Technology of China, China
FLSEVIER Dr Wasiu O. Popoola
The Univ. of Edinburgh, UK
E&S;ﬂfiip f’l or Prof Rafael Perez Jimenez

Universidad de Las Palmas de Gran
Canaria, Spain

Full Paper by 16 Feb.
2 |

Suture internet

- i Voted the European Best Destination in 2017, Porto, is the 2" largest city in Portugal. Located in the
north of the country by the outlet of the Douro River, it has a unique atmosphere of elegant
neighbourhoods and large villas sitting on narrow cobbled streets. One of the older cities in Europe
(dating back to 300 BCE), this soulful city was classified as a World Heritage Site by UNESCO in 1996.
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Thank You!

Would be happy to
take a few questions!




