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A “smart” world

Air Pollution

Cantral of COL, emissions of factories, pollution

Smartphones Detectio

Detect iPhone and Android devices and in
general any device which works with Wifi or
Bluetooth interfaces.

Electromagnetic Levels

Measurement of the energy radiated
by cell stations and and WiFi routers

Smart Roads

Warning messages and diversions
according to climate conditions and
unexpected events like accidents or
traffic jams

Smart Lighting

Intelligent and weather adaptive lighting

emitted by cars and toxic gases generated in
farms.

in street lights.

Traffic Congestion

Access contral to restricted areas and detection Monitoring of vehicles and pedestrian
of people in non-autharized areas. affluence to optimize driving and walking
routes.

Intelligent Shopping

Getting advices in the point of sale
according to customer habits, preferences,
presence of allergic components for them
or expiring dates

Noise Urban Maps

Sound monitering in bar areas and
centric zones in real time

Forest Fire Detection

Manitering of combustion gases and preemptive
fire conditions to define alert zones.

Distributed measurement of radiation levels
in nuclear power stations surroundings to
generate leakage alerts

Wine Quality Enhancing

Monitoring soil moisture and trunk diameter
in vineyards to control the amount of sugarin
grapes and grapevine health

Offspring Care

Control of growing conditions of the offspring in
animal farms to ensure its survival and health

Sportsmen Care

Vital signs monitoring in high performance
centers and fields.

Structural Health

Monitering of vibrations and material conditions
in buildings, bridges and histarical monuments,

Water Leakages

Detection of liquid presence outside tanks
and pressure variations along pipes.

Vehicle Auto-diagnosis
Information collection from CanBus to
send real time alarms to emergencies
or provide advice to drivers

Waste Management

Detection of rubbish levels in containers
to optimize the trash collection routes,

Smart Parking Item Location

Monitoring of parking spaces availability Search of individual items in big surfaces

in the city. like warehouses or harbours.
Quality of Shipment Conditions Water Quality Golf Courses )
Monitoring of vibrations, strokes, container openings Study of water suitability in rivers and the Selective irrigation in dry zones to A R )
or cold chain maintenance for insurance purposes. sea for fauna and eligibility for drinkable reduce the water resources required in llbellm‘
use the green www.libelium.com
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The Internet of Things Moves In

! The 2014 U.S. edition of Deloitte’s Global Mobile Consumer Survey reveals that smartphone owners overindexed in their Would find value in
smart HOME solutions desire for Internet of Things (IoT) solutions for the home and car. connected CAR solutions

tee B - | CONNECTED cAr [
consumers willing to pay 71 % , ,',, % of most Va,ued technologies

o i consumess willing 1o pay 60”*
for smart home solutions r— for connected car solutions

Home Control
lights, heating and burglar alarms
controlled by smartphone

Traffic/Weather

400/0 real-time traffic and weather updates
displayed on in-car screens

Navigation
'] mapping and
route optimization

2

Home Monitoring

n-home camera footage viewed

and controlled by smartphone

Entertainment
entertainment systems display
social media postings

0 Maintenance
8 /o automated diagnosis and

tracking of vehicle’s systems

Appliance Control

sensors in appliances send

Access

remotely locl

k and traci

vehicle

notifications to smartphone

via Internet-connected device

Landscape Control

landscape sy:

Entertainment

music streaming to

s measure plant
moisture, watering only when necessary

ar entertainment system
o

Younger Generations (18-24)
17% Compared to other consumers surveyed, the youngest

generation valued landscape control the most. Do they not want
to do their chores?

Fuel Tracking

fuel efficiency tracking

Automation %
driverless operation
While the least valued connected technology is the self-driving car,

60% of all consumers would be willing to pay for one

16% Surprisingly, the youngest generation is also the age group most
interested in self-driving cars. Would they rather text than get
behind the wheel?

Deloitte.

For additional insights from the 2014 Global Mobile Consumer Survey: U.S. edition, visit www.deloitte.com/us/mobileconsumer @DeloitteTMT
“% of most valued technologies” refers to smartphone owner data. Respondents could select more than one option.
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Figure 1.  The Internet of Things Was "Born™ Between 2008 and 2009

Popu\l’:?i:)l:: 6.3 Billion 6.8 Billion 7.2 Billion 7.6 Billion
Connected 554 Million 12.5 Billion 25 Billion 50 Billion
Devices :
Connected
Devices 0.08 3.47 6.58
Per Person , . :
2003 2015 2020

Source: Cisco 185G, April 2011
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The Intemet of Things
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>1M km: A truly interconnetted world
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Introduction: the “capacity crunch” issue

Amplifier A
A, _WDM WDM 1
A A
_ta _r
— —
A An
SMF SMF
Sources " ssion Ii s ssion I to
ransmission iine ransmission i1ine
detectors
10" o2®
10%
105 ] Capacity limit for .
101/1,,?,U,rr,',er,‘t,t,?c,hr,'g!ogy,,,, e N -
i; 101 P ¢ .S.pm e d!vmug«l{j}
£ 102 WDM— multy[(ﬂlg
E; 10" 4 - -
9 10 | . ~— High il °
5% ]89 & N eﬂkﬁini%%fgding :!:‘C,:l-:;7‘
. EDFA =~ °
107 & Improved CapaCIty
Not enough 10 transmission
¢ e crunch
s
1980 1990 2000 2010

Year
Wuhan, 13 November 2015

D.J. Richardson, Nature Photonics 7, 354-362 (2013) 9
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Introduction: Space Division Mux

A WDM Amplifier WDM % 1
— >

Ao Ay
—c > —c >
5 [ | E )k | B

° IIII Illll °

A An

Sources Multlc.or.e SMF Multlc.or.e SM.F to
transmission line transmission line d
etectors

N cores: capacity x N

Wuhan, 13 November 2015 10
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Introduction: Mode Division Mux

@ WDM Amplifier WDM % 1
2

V ?@635323515 Ay
—- | e
A, Ay

Sources 11009 to

transmission line transmlssmn line detectons

( LPy (%)

—

LP, (A
< ﬁ) N modes: capacity x N

LPo.z (A1)

X LPn:n(K]) WDM??

Wuhan, 13 November 2015 11
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- Modal Mux/Demux: Photonic lantern
many modes simultaneously

Il | |Single-mode
R libwes

Low-index jacket A Multimode
kY

- Phase plate: free space launching, a .
ali g n m ent iS S u e S S.C. Leon-Saval, Opt. Expr. 18(8), 8430 (2010)

SIingIemr::de ﬁbT
LP11a 1 l LPy4p

- Can we have all fiberised solution? 00 o 11 e S

Singlemode

fiber YI ﬂ

Wuhan, 13 November 2015 12
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Optical Microfibres

Wuhan, 13 November 2015

OM are optical fibre tapers

They have a size orders of magnitude smaller than OFs

Micro/Nanofibre
Core

@ 1.

Optical fibre Optical fibre
Transmon
regions
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Fabrication (1): mass conservation

Hot

———————

_______ _—
l
bl | ——

Mass conservation: elongating fibres above T, diameter decreases

Wuhan, 13 November 2015 14
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Fabrication (2): microheater

Stages

Microheater

Optical
fibre

Wuhan, 13 November 2015 15
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Mode Propagation

Uniform waist region

Transition
regions

Wuhan, 13 November 2015 16



UNIVERSITY OF

EPSRC Centre for Innovative Manufacturing 2 Southampton

74
Poncering research 1) Photonics * Optoelectronics

Research Centre

Weakly-fused multimode coupler

MF FMF coupler
' output

Input LPg; to the
SMF port

Output from the
TME/FMF port

Los Angeles, 23 March 2015 17
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Weakly-fused coupler

Strongly fused coupler Weakly fused coupler

n> n;

Power coupling for symmetric coupler .
1 P = —[1+cos(Cy + Cy).Lcos(C, — Cy).L]
P = 5[1 + cos(Cyp + Cy).Lcos(C, — C)) . L] 2

2

27/2(ny12 — no? %Ur -
o +C 37 Lo 1 Co+ 0y = 20 ani =
V= = | — . R nyay/mV 2
: Y 32n9a? [ (1 + )2 1+ %%)2 95/2(ny M1p,.2
#(n1° —no=)2U0"
3rA 1 no? Co = Cy = 3 re
C,—Cy=——(1——= ﬂla\/m"'2
! Y 16n9a? V( 7‘112)

Weakly fused coupler can be treated as
two axisymmetric waveguides in contact!

The two waveguides need to phase match to maximise coupling: same 3 == same n

Los Angeles, 23 March 2015 18
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Phase matching

e« Microfibres in air

rr(8)=4.410256 Effective mode index=1.438915 (2)
rface: Electric field, y component (V/im)

A 4.6334x10’
%10’

4.5
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1
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0
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AL bAEON S ORNWSEOO v
c

X [pm]

—TMF LP11
—SMF LPO1

rr(14)=7.333333 Effective mode index=1.438556
Surface: Electric field, y component (V/m)

| A 21476x10
1 %107

/ 1.5
af 4
/ B
2 “\' ““ \
\ ‘ 0.5
0 | 4
\ ‘ tio
) B .05
-4 4
1
-6 4
- 1.5
8| o
2
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©

Mode effective index

=
~
N
(&)

1.42

doyr<dyr ™ SMF needs pretapering!

Los Angeles, 23 March 2015 19
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Index Difference

Research Centre

Four mode fibres

RI profile ode ng
0.007 -
——S14 measurements for the SMF 1.445
0.006 - N\
[\ — 514 measurements for the TMF % 1.44
00057 O\ A £ 1435 —SMF LP01
0.004 - WA - A 2e —FMF LP11
/fM d l{\f\ﬂ\ /1/" F". W\ sz 143 FMF LP21
0.003 - | |' : '. \ % 1.425 —FMF LP02
0.002 - ."I l'l I'. 3 142
l" = 1415 -
0.001 ." \ 1.41
[ __j’l \ - T T
0 b NN 0 10 1 20
e Y, \\___ - Radius [pum]
-0.001 - T T
-DDOE T T T T T T T 1
20 15 -10 5 0 5 10 15 20
Diameter [pm]
n,~1.437623 . N~ 142 76 10 n=1437651 . n,~1.437644
LP,, LP, — - » [LP, o LP,

y[Hm]

y[pm]
-3 0 3
" y [blm] %

0
X[um] x[Mm]
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Power output from SM and MM

TMF Coupler ports during fabrication

-10
-15 - [ T O

2 I
—SMF
TMF

Transmission [dBm]
)
=)
|

20 30 40 50 60
Pulling length [mm]

Input LPg, to the
SMF port

Spectral purity >95%

Los Angeles, 23 March 2015
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FMF couplers

Input LPyg, to the

Los Angeles, 23 March 2015 22
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Broadband operation

2=1530nm 2=1540nm A=1550nm 2=1560nm

Broadband operation is strongly dependent on couple diameter.
Larger fibre diameters allow for broadband operation.

Los Angeles, 23 March 2015 23
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Polarization discrimination

For circularly symmetric waveguides high order modes are degenerate.

Couplers have £=0.5.

12

Spatial Direction

“ ]‘ LPii@ LPi1w

1 Y

L. . (P &

Propagation constants in orthogonal @
oy

directions X and Y are significantly different

¥

can be discriminated

Polarization Direction

Los Angeles, 23 March 2015 24
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Polarization discrimination (2): experiment

L=50mm, €~0.5

Polarization 0°

S t Laser Diode 1550nm
Polarization 90"
LP,
o Polarizer
SMF
CCD Camera

Coupler %
a_ —_

FMF
v/ ‘ LPy1, LPy,,
Coupler discriminates LP, ) from LP ), R e e
A L
2@ T |
Launch Output 2 — -
0° LP 11x(2) ’ (P 110ty Ner=1.43666
900 LPuﬂm

LP,3q6) Ner=1.436835

o .---l

q:::::;’ q:::::’
2 2 4 2 0o 2

o N

Coupler selectively excites LP,,q,

/VluT‘

Los Angeles, 23 March 2015

0 -4
x[u]

4
x[u]

25
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Conclusions

e IOT requires more and more data to be carried through the
fibre backbone system

e Novel fibres (multicore and multimode) have been
proposed to overcome the growth bottleneck

e In modal multiplexing add drop multiplexers are the
greatest challenge, yet.

« Weakly-fused couplers can be the solution and provide
large asymmetry and discriminate different components of
high order mode LP,,,, from LP, ),

Los Angeles, 23 March 2015 26
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