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l  IBM: Smarter Planet 
l  By 2020 24B objects 

l  Cisco: Planetary Skin 
l  By 2020 50B objects 

l  Intel: IoT Inside 
l  By 2020 31B objects 

 
• Myriad technology 
problems dealing with 
protocols, scaling, security 
etc  
 
• But real issue is making 
sense of all this data: 
 

hGp://en.sap.info/internet-­‐of-­‐things/11109	
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  IoT	
  



Volume,	
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  Velocity	
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  data	
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  there	
  



Smart	
  ci9es	
  and	
  the	
  IoT	
  

•  Canonical	
  exemplars	
  
– Mul*ple	
  stakeholders	
  

•  ci*zens	
  
– Complex	
  and	
  varied	
  data	
  
–  Lots	
  of	
  entrenched	
  work/data	
  prac*ces	
  

•  No	
  standards	
  



 

• Smart Streets (UK) 
•  Highways/Transport  focused 
•  3 large civil eng partners 
•  40k roadside sensor 
•  Running since spring 2013 
•  TSB: 8 IoT hubs 

 

• Urban Opus (Canada) 
•  City wide – citizen focused 
•  3 cities, 30+ city orgs 
•  More open data + citizen data 
•  Running since spring 2014 

Smart	
  City:	
  Deployments	
  



News Events 

Video feeds 

Recycle 

City Talk 

Citizen centric apps 

Air Quality 



Others 

Location based 
games 
 

Street trees 
 

Bike Racks 
 



App examples 

● junction analyser 
● explore traffic behaviour 
as junction load increases 
● Visualize patterns 
● Drill down on specific 
data points 



App examples 

● Drain/Gully silt level 
● Snapshot of region 

● Heat map highlights 
‘problem areas’ 
● Explore by Gully 
type, status etc 



 

• Hub Centric approach 
•  Hub provides common access 
•  Well defined data upload & sensor APIs 
•  Set of user API 
•  Hub to Hub API (interoperability) 

• Cloud - PaaS 
•  Implemented as a PaaS 
•  Lifecycle and resource mngt 
•  Hub API generalised as part of PaaS 
•  Framework for city services 
•  Exposes interoperability API 

#4	
  Organiza9onal	
  Boundaries:	
  
Hub	
  Centric	
  Approach	
  

City	
  Infrastructure,	
  Ci*zen	
  and	
  other	
  data	
  
sources	
  

Core Cloud resource 
Services – data,  
compute and  
messaging 

Smart City PaaS  API 

Real-time data Open data 

IoT gateway/connectivity 

Multi-tenant services: 
Lifecycle, billing, etc 

Transport 
application 

311 
application 

Other 
applications 



•  Viz, APIs 
•  Web centric toolkit and service for 

rapid IoT application development 
•  Search and visualize raw sensor 

data 
•  User configurable dashboards 
•  Mash-up engine for rapid 

development of IoT applications 
•  Web centric – browser based and 

internet accessible. 

•  Time series core 
•  Core platform aggregating data 
•  Integration framework aggregating 

data from multiple sources, 
physical sources, web data, social 
network feeds etc 

•  Core APIs to submit, search, 
access and manipulate data. 

Sensors Actuators Sensors 

WoTCore 

Gateways 
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Management 

Processing 
Engine 

Data Source REST API 

App API 
(RESTful) 

Gateways 

Sensors 

Applications Applications Applications 

Web 
Apps 

Mobile  
Apps 
 

#3	
  Time	
  series	
  data:	
  Core	
  IoT	
  
plaJorm	
  

External 
Data 
 



 Dataset Portal 
Storage & API 

Hub Interop API 
Proxy Hub Landing Site  

Billing System 

API 
Usage 
Logs 

External 
Static 
Data 

Sensor 
Networks 

& Real 
Time 

Updates 

Uploaded 
Files 

Sensor 
Gateways 

WoTKit Sensor 
Data Portal and 

API 
Application 
Container 

API Usage 
Information 

External Apps 

#1	
  Diversity	
  of	
  data:	
  CityHub	
  =	
  	
  
IoT	
  plaJorm	
  +	
  OpenData	
  repository	
  



#5	
  Interoperability:	
  minimal	
  
standardiza9on	
  

o  UK project 

o  8 IoT projects funded by UK govt 
o  Foci: Transport, health, schools, energy … 

o  Manchester, London, Newcastle, Bristol, 
IBM, BT, Intel, Carillion, Balfour …… 



	
  	
  	
  	
   
Fig. 3. Example HyperCat catalogue. 
 

• HyperCat  
•  JSON-based hypermedia catalogue 
•  Collection of URIs 
•  any number of URIs, each with any 

number of RDF-like triple statements 
about it.  

•  Exposes interoperability API 
•  Query, search, set etc 

• Catalogue 
•  Catalogue describing hub resources 
•  Hub resources described as generic 

set of values and properties 
•  Exposes interoperability API 

'IoT  Interoperability: a hub based approach", In proceedings of: IEEE IoT 2014 - Fourth International Conference on, Boston, USA 



Interoperability:	
  lessons	
  

o  Less is more 

o  you can’t reach agreement on standards, eg 
APIs, protocols, data format etc 
o  So don’t try – focus on absolute minimum 
o  Ensure it is flexible 
o  Allow it to evolve 



Development:	
  lessons	
  

o  Time series data – drives a lot of the 
application issues 
o  Hub API’s across diverse data, but also 
external systems – connectivity/data massage 

o  Varied set of developer skills 

o  Visual programming tool 
o  Data flow model 



Implementa9on:	
  
Node-­‐RED	
  based	
  



Lessons	
  recap	
  

 
•  IoT systems are complex ecosystems 

•  ‘external’ data hub 
•  no one world view will dominate 

•  Real-time/real-world data 
•  Time series capability at core of Hub 

•  Interoperability – it’s the wild west out there 
•  less is more - flexibility is key 

•   App development framework 
•    integration, time series 



Open	
  Issues	
  

 
•  Data brokerage 

• Data contracts: buy and 
sell data 
•  Citizen data – trust 
models 



 
• Urban Opus: urbanopus.net 
• Node-RED: fred.sensetecnic.com 

rlea@sensetecnic.com  
@rodgerlea 
 

Thanks	
  !	
  


