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62%	
  of	
  our	
  people	
  hold	
  
university	
  degrees	
  	
  
2000	
  doctorates	
  	
  	
  
500	
  masters	
  

With	
  our	
  university	
  
partners,	
  we	
  develop	
  
650	
  postgraduate	
  
research	
  students	
  

Top	
  1%	
  of	
  global	
  research	
  
ins9tu9ons	
  in	
  14	
  of	
  22	
  research	
  
fields	
  	
  	
  
Top	
  0.1%	
  in	
  4	
  research	
  fields	
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Setting the scene  
- IoT & Big Data	
  



based	
  	
  on	
  	
  
standard	
  &	
  	
  

interoperable	
  	
  
communicaJon	
  	
  

protocols	
  

A	
  dynamic	
  	
  
global	
  network	
  	
  	
  
infrastructure	
  	
  

with	
  self	
  	
  
configuring	
  
	
  capabiliJes	
  	
  

are	
  	
  
seamlessly	
  	
  

integrated	
  into	
  	
  
the	
  informaJon	
  	
  

network.	
  

virtual	
  	
  
personaliJes,	
  	
  	
  
use	
  	
  intelligent	
  	
  
interfaces,	
  	
  

and	
  

where	
  	
  
physical	
  &	
  

virtual	
  “things”	
  	
  
have	
  idenJJes,	
  	
  

physical	
  	
  
aXributes,	
  	
  

Internet	
  of	
  
Things	
  
IoT	
  



Rather	
  :	
  a	
  network	
  of	
  converging	
  networks	
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Internet : 
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The	
  Internet	
  of	
  Things	
  is	
  composed	
  of	
  Smart	
  
Objects	
  (SO)	
  Or	
  Internet	
  Connected	
  Objects	
  (ICO)	
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Smart	
  Objects:	
  abstract	
  vision	
  

Objects	
  that	
  are	
  able	
  to	
  sense	
  
the	
   environment,	
   interpret	
  
the	
   environment,	
   	
   self-­‐
configure,	
   interact	
  with	
  other	
  
o b j e c t s	
   a n d	
   e x c h a n g e	
  
informa9on	
  with	
  people.	
  

Smart Refrigerator 

www.samsung.com 



The	
  Internet	
  of	
  Things	
  is	
  composed	
  of	
  Smart	
  
Objects	
  (SO)	
  Or	
  Internet	
  Connected	
  Objects	
  (ICO)	
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Smart	
  Objects:	
  implementa-on	
  vision	
  

Ø Objects	
  have	
  communicaJon	
  capabili9es	
  
Ø Objects	
  have	
  storage	
  capabili9es	
  
Ø Objects	
  have	
  unique	
  ID	
  
Ø Objects	
  can	
  be	
  addressable	
  on	
  Internet	
  	
  

	
  (URI/IP)	
  

Internet	
  



Smart Spaces à Ecosystems of Smart 
Objects 
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E n v i r o n m e n t s 
(apartments, offices, 
museums, hospitals, 
schools, etc) that are 
e n a b l e d f o r  c o -
operation of smart 
objects and provide 
advanced context-
aware functionalities 
to the visitors.. 



 
 
Devices connected through the Internet: Internet of Things 
Today the idea of devices with computing capabilities able to process data in real time is a reality, 
 

IoT	
  ConnecJvity	
  



 
 
Different Data Sources for Integration: 
There is a need for combining information sources into easy to use data resources for applications.  

Smart Applications 



 
 
The world goes Interconnected: IoT, M2M, E2E. 
 else daily-life objects or virtual sensors, the common feature is to share and exchange information.  
 

Exchange of Information 



CSIRO	
  Things	
  –	
  Sensors,	
  cameras,	
  nanosensors	
  on	
  the	
  
ground,	
  ocean,	
  autonomous	
  vehicles	
  &	
  airships	
  



Other	
  Things	
  –	
  Other	
  Smart	
  Internet	
  
Connected	
  Objects	
  

Nike	
  shoe	
  sensor	
   CSIRO	
  virtual	
  	
  fence	
   S9ck	
  on	
  RFIDs	
  

Olinda	
  radio	
   Smart	
  meter	
   Proteus	
  pill	
  



Where is The Internet of Things	
  

(c) Luca Bedogni 2012 16 

Fo
nt

e:
 G

ar
tn

er
, 2

01
2 



▶ Main IT trends 

Important economic and IT trends are shaping a 
“new transformation" 
 

Mobility	
  
and	
  

Internet	
  of	
  
Things	
  

Social	
  
Networks	
  
and	
  Media	
  

Cloud	
  
CompuJng	
  Big	
  Data	
  

Tech	
  drivers	
  

Users	
  &	
  applicaJons	
  

▶  Main economic trends 

Economic	
  power	
  changing	
  
towards	
  emerging	
  

economies	
  

The	
  debt	
  crisis	
  leads	
  to	
  cost	
  
pressure	
  

The	
  IPR*	
  are	
  more	
  valuable	
  
than	
  ever	
  to	
  keep	
  the	
  
compe99ve	
  advantatge	
  

* Intellectual Property Rights 



The	
  “ZeXaflood”	
  is	
  just	
  the	
  Beginning	
  of	
  the	
  IoT	
  Traffic	
  

Total	
  IP	
  Traffic	
  on	
  the	
  global	
  Internet:	
  
•  2003-­‐1.8	
  Petabytes	
  
•  2007-­‐	
  161	
  Exabytes	
  
•  2009-­‐	
  487	
  Exabytes	
  
•  2010-­‐	
  ½Ze]abyte	
  
•  2011-­‐	
  1	
  Ze]aByte	
  (540,000	
  X	
  increase	
  from	
  2003)	
  

Expected	
  to	
  double	
  over	
  the	
  next	
  18	
  months	
  

2012-­‐	
  91%	
  expected	
  to	
  be	
  video	
  
	
  
Source:	
  VentureBeat,	
  IDC,	
  C|Net,	
  TheGuardian,	
  UK	
  



Some	
  predict	
  that	
  the	
  Internet	
  of	
  Things	
  will	
  soon	
  produce	
  a	
  massive	
  volume	
  and	
  
variety	
  of	
  data	
  at	
  unprecedented	
  velocity.	
  hXp://Jnyurl.com/ahytzdf	
  

Welcome to the new information age 

http://tinyurl.com/ahytzdf 



What	
  Makes	
  it	
  Big	
  Data?	
  

VOLUME VELOCITY VARIETY VALUE 

SOCIAL 
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The	
  large	
  Hadron	
  Collider	
  at	
  CERN	
  
produces	
  so	
  much	
  data	
  that	
  
scienJsts	
  must	
  discard	
  most	
  of	
  it,	
  
hoping	
  they	
  haven’t	
  thrown	
  away	
  
anything	
  useful.	
  
	
  

Weather	
  predicJon	
  combines	
  data	
  
from	
  mulJple	
  earth	
  satellites	
  with	
  
massive	
  compuJng	
  power.	
  

Most	
  of	
  the	
  satellites	
  belong	
  to	
  the	
  
U.S.,	
  but	
  the	
  Europeans	
  have	
  a	
  more	
  
powerful	
  computer.	
  
Our	
  weather	
  satellites	
  are	
  old.	
  hXp://
Jnyurl.com/cvpz5qe	
  

Harry E. Pence 2013 

17 miles 
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Internet of Things: Big Data is coming 

Units Installed Worldwide (millions) 
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Internet of Things: Big Data is coming 

Units Installed Worldwide (millions) 
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IoT:	
  Really	
  Big	
  Data	
  

▶ Data	
  generaJon	
  rate	
  and	
  storage	
  needs	
  is	
  rising	
  faster	
  than	
  net	
  bandwidth.	
  	
  
▶ Video-­‐on-­‐demand	
  services	
  occupied	
  30%	
  of	
  Internet	
  bandwidth	
  in	
  December	
  2012.	
  	
  
▶ YouTube	
  received	
  72	
  hours	
  of	
  new	
  video	
  every	
  minute,	
  which	
  required	
  17	
  petabytes	
  of	
  
new	
  storage	
  in	
  2012.	
  

▶  Mobile devices will both consume and 
generate much of this data. By the end 
of 2012, mobile devices generated 25% 
of Internet traffic.  

▶  According to Cisco, video will account for 
86% of all wireless traffic by 2016.  

▶  Mobile devices also generate lots of 
sensor data, such as GPS location data. 
Thus, they are the primary source of the 
machine-to-machine (M2M) traffic that 
comprises the Internet of Things.  

▶  An IDC report forecasts that machine-
generated data will represent 42% of all 
data by 2020 (up from 11% in 2005). 

 



Gerd Leonhard!



Motivating scenarios 



•  Strategic	
  relevance	
  
-  Improve	
  produc9vity	
  of	
  the	
  salmon	
  and	
  oyster	
  

aquaculture	
  industry	
  through	
  provision	
  of	
  
real-­‐9me	
  awareness	
  of	
  cri9cal	
  environmental	
  
variables.	
  	
  

-  Build	
  supply	
  chain	
  resilience	
  to	
  natural	
  events	
  
(e.g.	
  harmful	
  algal	
  blooms)	
  that	
  may	
  force	
  
temporary	
  closure	
  of	
  some	
  produc9on	
  
facili9es.	
  

•  Impact	
  
-  Tasmanian	
  aquaculture	
  industry	
  groups	
  

(Oysters	
  Tasmania	
  and	
  Tasmanian	
  Salmon	
  
Growers	
  Associa9on)	
  

-  Tasmania	
  Department	
  of	
  Human	
  and	
  Health	
  
Services	
  

	
  

Aquaculture	
  monitoring	
  and	
  decision	
  support	
  
	
  



What	
  Phenonet	
  can	
  do	
  for	
  its	
  customers	
  and	
  
stakeholders	
  

CSIRO.	
  	
  Sensor	
  Cloud	
  and	
  the	
  Internet	
  of	
  Things	
  



OpenIoT & other 
CSIRO solutions 



IoT 
Platform 
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Cloud 
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Data 
Stream 

Processing 

Real time  
Data  

Analysis 

Sensing2Info 
as a  

service 

Open	
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-­‐	
  

© Copyright 2012 OpenIoT Consortium 

 
 

OpenIoT Project 
 

FP7 ICT-2011 1.3: Internet-connected Objects 

Open Source Cloud Solution 
for the Internet of Things 

National University of Ireland (NUIG), 
Digital Enterprise Research Institute 
(DERI), Ireland 
 
Ecole Polytechnique Fédérale de 
Lausanne (Switzerland 
 
Fraunhofer Institute of Optronics, 
System Technologies and Image 
Exploitation IOSB, Germany 

Research and Education Laboratory 
in Information Technologies - Athens 
Information Technology, Greece 
 
Commonwealth Scientific and 
Industrial Research Organization, 
Australia 
 
SENSAP S.A (SME), Greece 
 
AcrossLimits (SME), Malta 

http:\\www.openiot.eu  



The	
  OpenIoT	
  ObjecJves	
  
Open-­‐source	
  middleware	
  plaiorm	
  for	
  IoT	
  
•  	
  Support	
  of	
  a	
  broad	
  range	
  of	
  internet-­‐connected	
  objects	
  
•  	
  Automated	
  configura9on	
  of	
  filtering/fusion/reasoning	
  mechanisms	
  

	
  Fusion	
  of	
  Cloud	
  Compu9ng	
  and	
  IoT:	
  Sensor	
  Clouds	
  
•  	
  Support	
  of	
  cloud	
  paradigms	
  for	
  internet-­‐connected	
  objects	
  
•  	
  Enable	
  user	
  to	
  configure,	
  deploy,	
  use	
  IoT	
  based	
  services	
  
Ontologies	
  and	
  annota9ons	
  of	
  internet	
  connected	
  objects	
  (ICOs)	
  
•  Enable	
  seman9c	
  interac9ons	
  and	
  interoperability	
  

	
  Data	
  privacy	
  and	
  security	
  
•  Audi9ng/assessing	
  privacy	
  of	
  IoT	
  apps	
  in	
  the	
  Cloud	
  
Towards	
  Web	
  3.0	
  
•  Offering	
  access	
  to	
  compu9ng	
  environments	
  including	
  “things”	
  or	
  ICOs	
  

	
  



OpenIoT Architecture: Design & Implementation  

The	
  OpenIoT	
  Architecture	
  specifies	
  a	
  blueprint	
  solu9on	
  for	
  
IoT	
  /	
  Cloud	
  integra9on	
  
OpenIoT	
  will	
  implement	
  the	
  blueprint	
  based	
  on	
  specific	
  
(Open	
  Source)	
  technologies	
  e.g.:	
  
•  Sensor	
  middleware:	
  GSN	
  
•  Directory	
  Service:	
  W3C	
  SSN/	
  LSM	
  
•  Real	
  9me	
  data	
  analysis/visualisa9on:	
  SensorDB	
  (CSIRO	
  proprietary)	
  
•  User	
  Interface:	
  JSF	
  PrimeFaces	
  
•  U9lity	
  &	
  Metering:	
  jBilling	
  

Other	
  Integrators	
  or	
  solu9on	
  providers	
  could	
  implement/
extend	
  the	
  architecture	
  based	
  on	
  alterna9ve	
  
implementa9on	
  technologies	
  
	
  



Main Elements and Functionalities  

Cloud	
  Compu9ng	
  Infrastructure	
  
•  Directory	
  Service	
  
•  Linked	
  Sensor	
  Data	
  
(Global)	
  Scheduler	
  	
  
Service	
  Delivery	
  &	
  U9lity	
  Manager	
  
Sensor	
  Middleware	
  
•  Local	
  Scheduler	
  	
  
User	
  Interface	
  
•  Request	
  Defini9on	
  	
  
•  Request	
  Presenta9on	
  	
  
•  Configura9on	
  and	
  Monitoring	
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Typical OpenIoT Service Lifecycle 



OpenIoT	
  is	
  an	
  Open	
  Source	
  project	
  

https://github.com/openiot 



CSIRO	
  Phenonet	
  –	
  A	
  case	
  
study	
  illustraJng	
  the	
  
applicaJon	
  of	
  our	
  IoT	
  
plalorm	
  to	
  agrofood	
  
producJon	
  increase	
  in	
  
Australia	
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CSIRO	
  Phenonet	
  	
  
A	
  case	
  study	
  for	
  OpenIoT	
  in	
  agriculture	
  

	
  Increase	
  crop	
  yield	
  using	
  
• novel	
  sensor-­‐based	
  monitoring	
  
• sophis9cated	
  data	
  analysis	
  
•  interac9ve	
  assessment	
  of	
  crop	
  performance	
  
•  Improve	
  yield	
  by	
  improving	
  crop	
  selec9on	
  process	
  

“It is really hard for me to comprehend that in the next 50 years, we will 
need to produce as much food as we have ever produced in the entire 
human history.” Dr Megan Clark, CEO CSIRO 
  



Why	
  Increasing	
  Crop	
  Yields	
  MaXers	
  	
  

Australian	
  Agriculture	
  
•  12%	
  of	
  GDP	
  ($155	
  billion);	
  1.6m	
  people	
  
•  Fourth	
   largest	
   wheat	
   and	
   barley	
   exporter	
   aser	
   US,	
  
Canada	
  and	
  EU	
  

•  Climate	
   change	
   forecast	
   to	
   cause	
   decreased	
  
precipita9on	
  in	
  Australia	
  

•  $1.2	
  billion	
  spent	
  annually	
  for	
  agriculture	
  research	
  
	
  
Australia	
  is	
  facing	
  drought,	
  water	
  scarcity,	
  low	
  soil	
  
fer9lity,	
  climate	
  change	
  caused	
  by	
  global	
  warming	
  



Why	
  a	
  new	
  approach	
  is	
  needed	
  

Current	
  prac9ce	
  is	
  expensive	
  and	
  osen	
  inaccurate	
  
• GDRC	
  plants	
  1	
  million	
  10m2	
  plots	
  annually	
  
•  Informa9on	
  gathered	
  from	
  site	
  visits	
  and	
  BOM	
  
•  Site	
  visits	
  are	
  expensive	
  and	
  9me-­‐consuming	
  (e.g.,	
  400km	
  
away)	
  

• Gathering	
  “golden	
  measurements”	
  is	
  difficult	
  
– Data	
  does	
  not	
  have	
  the	
  required	
  resolu9on	
  
– Missing	
  key	
  performance	
  indicators	
  

Lack	
  of	
  accurate	
  informa9on	
  limits	
  the	
  quality	
  of	
  results	
  



CSIRO	
  Phenonet	
  	
  
PresentaJon	
  &	
  visualisaJon	
  portal	
  
	
  

Online	
  data	
  analysis	
  and	
  visualizaJon	
  available	
  at	
  hXp://phenonet.com/	
  	
  



CSIRO	
  Phenonet	
  	
  
First	
  plalorm	
  for	
  crop	
  selecJon	
  globally	
  
	
  •  helps	
  farmers	
  to	
  iden9fy	
  varie9es	
  suitable	
  for:	
  

– Poor	
  quality	
  soils	
  	
  
(e.g.,	
  salt	
  tolerance)	
  

– Drought	
  tolerance	
  	
  
(e.g.,	
  efficient	
  water	
  use)	
  

– Seasonal	
  weather	
  forecast	
  	
  
(e.g.,	
  next	
  year’s	
  weather	
  )	
  

– Adapta9on	
  to	
  climate	
  change	
  
•  By	
  be]er	
  u9lizing	
  land	
  and	
  water	
  resources:	
  

– Phenonet	
  increases	
  crop	
  yields	
  
–  In	
  Australia	
  1%	
  improvement	
  in	
  wheat	
  yield	
  =	
  $50M	
  export	
  
earnings	
  (2010)	
  

“Phenonet	
  …	
  will	
  have	
  a	
  major	
  impact	
  on	
  Australian	
  wheat	
  breeding	
  and	
  in	
  the	
  
longer	
  term	
  on	
  global	
  food	
  security	
  Dr	
  Bob	
  Furbank,	
  Director	
  of	
  High	
  Resolu9on	
  Plant	
  Phenomics	
  Centre	
  



•  Joint	
  research	
  and	
  open	
  	
  
source	
  development	
  	
  
addresses	
  the	
  	
  
big	
  data	
  	
  
issue	
  in	
  IoT	
  

	
  

•  Case	
  	
  
study/impact	
  	
  
in	
  agriculture	
  	
  
	
  

CONCLUSION	
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  you	
  !	
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