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Digital devices…!

… and why we called!
it an ecosystem!
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Mobile devices!
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Cellular model!

5	
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1G	
 2G	
 3G	
 4G	
2.5G	


CDMAone->CDMA2000 
EGDE: Enhanced Data Rates for GSM Evolution 
UMTS:Universal Mobile Telecommunications System (W-CDMA) 
 

Evolution of Cellular 
Networks!
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(some) key technologies!

Higher order 
modulation and 
adaptive modulation!

Multiple antenna 
systems, MIMO!

Multi-flow/Cell 
system!
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More throughput in near 
future!!
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Towards 802.22 WRAN!

uses	
  white	
  spaces	
  in	
  the	
  television	
  (TV)	
  
frequency	
  spectrum.	
  	
  
	
  
using	
  cogniAve	
  radio	
  (CR)	
  techniques	
  to	
  
allow	
  sharing	
  of	
  geographically	
  unused	
  
spectrum	
  allocated	
  to	
  the	
  television	
  
broadcast	
  service.	
  

Wireless Regional 
Area Networks!
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Cognitive radio wireless 
mesh networks !

Cognitive, 
opportunistic, 
multi-channel 
radio for large-
scale wireless 
infrastructures 
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Everything, everywhere!

Take into 
account that in 
a near future, 
we will have 
more 
throughput with 
our  mobile 
wireless 
devices than 
our wired home 
internet access 
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More digital devices!!
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Wireless autonomous 
sensor!

q  Wireless Sensor Nodes or embedded Linux 
still remain the main IoT development 
platform!

q  In general: low cost, low power (the battery 
may not be replaceable), small size, prone to 
failure, possibly disposable!

Radio Transceiver 

Data Storage 
Battery Power Processor 
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Micro-controller vs 
micro-processor!

Input voltage between 0 and 
Vref (e.g. 3.3V). ADC usually 
have 10-bit resolution: 
 
0 is for 0V 
1014 is for 3.3V 
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Beyond Sensor Networks: 
Communicating Objects!!

q Native communication:!
!
q Added communication!

q Active communication!

q Passive communication !
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Wireless Communication 
made easy!
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Summary of Wireless 
technologies!
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IEEE 802.15.4!

•  Low-power radio in the 2.4GHz band 
offering 250kbps throughput at 
physical layer!

•  Power transmission from 1mW to 
100mW for range from 100m to about 
1km is LOS!

•  CSMA/CA (beacon & !
non beacon)!

•  Used as physical layer!
in ZigBee!
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Spectrum band!
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Energy consideration!

18720 Joules!

TX power 0dbm: 17.4mA 
 
P = I x V = 17.4 x 3.3 = 57.42mW 
 
E = P x t -> t = E/P 
 
326018s or 90.5h 

Haven’t considered: 
 
-  Baseline power consumption of 

the sensor board 
-  RX consumption: 18.8mA! 
-  Event capture consumption 
-  Event processing consumption 
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Are you I-o-T or WSN?!

IP integration, WWW 
IPv6 
Inter-operability 
Interactions (all 
kind) 
Semantic, Ontology 
Data representation 
Data logging 
WebServices, RDF, 
OWL, … 
 

Organization 
Programmability 
Energy saving  
Scheduling 
Efficient MAC, 
routing 
Congestion control 
Data transmission 
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Interaction can takes 
many (unexpected) forms!!
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control, optimize & 
instrument !!

PEOPLES,  INFRASTRUCTURES, 
BUILDINGS, VEHICULES!

Sensing!

Pervasive Systems!

DATA ANALYSIS, OPTIMIZATION & 
CONTROL!
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Monitoring/Surveillance!
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Search&Rescue, security!
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Smart Cities!

http://www.libelium.com/top_50_iot_sensor_applications_ranking/#show_infographic!
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SmartSantander!
www.smartsantander.eu!
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A real business model in 
SmartCities!

http://www.postscapes.com/internet-of-things-examples/ 
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Control, optimize & 
Instrument!

PEOPLES,  INFRASTRUCTURES, 
BUILDINGS, VEHICULES!

Sensing!

Pervasive Systems!

DATA ANALYSIS, OPTIMIZATION & 
CONTROL!
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Mass-market sensors!

Libelium WaspMote 

Cost:!
~100€ 

8MHz Atmega1281 
8kB SRAM, 128kB Flash  
Xbee radio 
 
 

Arduino Mega2560 

Cost:!
~80€ 

16MHz Atmega1281 
8kB SRAM, 128kB Flash  
Xbee radio 
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Sensor’s HW&SW!

Arduino Mega2560 

Libelium WaspMote 

Xbee 802.15.4 

UART-based 
connection to 
micro-controller 
 
Default speed is 
usually 38400 
bauds 
 
Higher baud rate 
are possible 
but… 
 

Arduino-based IDE!
!
With C++-like!
language Optimized Libelium’s API 

 

A. Rapp’s XBee lib & API  
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MICAz	



« Academic » sensors!

iMote2	



iMote2 with IMB400 ���
multimedia board	



TelosB	



AdvanticSys CM5000 & CM3000	


TelosB-like mote	



8MHz Atmega128L 
4kB SRAM, 128kB Flash 
CC2420 radio 
 
 

8Mhz MSP430F1611 
10K SRAM, 48K flash  
CC2420 radio 
 
 

13-416MHz PXA271 Xscale 
Wireless MMX DSP 
256kB SRAM, 32MB Flash, 
32MB SDRAM 
CC2420 radio 
 
 

Radio module 
CC2420 is 
connected 
through SPI bus 
 
SPI speed is in 
the order of 
several 
hundredth kbps 

Motes are programmed under the 
TinyOS operating (NesC, component-
based C-like language) system & lib or 
Contiki (C language) 
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From custom 
developments…!
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…to commercial 
products!
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Deployment in practice!

•  1 to 50 sensor 
nodes per cluster 

•  Gateway can 
interconnect 
clusters 

•  Communication 
needs: 

•  Sensor <-> Sensor 
•  Sensor <-> Gateways 
•  Gateways <-> Internet 
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1-hop communication!
(cellular model)!

Only issue is to process 
data, and… 
 
…cost & energy  

16!

Big actors for big data!

http://readwrite.com/2010/12/15/top_10_internet_of_things_developments_of_2010!

HP CeNSE 

IBM Smarter Planet 

Pachube/Cosm 

20!

!  open source middleware for getting 
information from sensor clouds, 
without having to worry about what 
exact sensors are used.!

!  explores efficient ways to use and 
manage cloud environments for IoT 
“entities” and resources (such as 
sensors, actuators and smart devices) 
and offering utility-based, pay-as-you-
go, IoT services.!

!  enables the concept of “Sensing-as-a-
Service”, via an adaptive middleware 
framework for deploying and 
providing services in cloud 
environments!

Most of telemetry systems 
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Multi-hop to gateways!

MAC & Routing issues, well-
known to WSN community… 
 
…but can we interoperate? 
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From ad-hoc to standardized 
protocols!
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The benefit of IP!

From ArchRock “6LowPan tutorial” 

Don’t reinvent the wheel! 
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IP need IP addresses!!

q IPv4 has no more addresses!!
q IPv6 gives plenty of addresses!

q 128bit address=16bytes!!
q 6LowPan adapts IPv6 to 

resource-constrained devices!
q Compressed IPv6 header!

40 bytes	



7 bytes !	
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Internet for things!

6LowPan 
802.15.4 

 

RPL 
Routing Protocol for Low 
power & Lossy Networks 

 

CoAP: Constrained 
Application Protocol 

 

IPv4, IPv6 

Internet Routing 
Protocols: RIP, OSPF, 
BGP,… 

 

HTTP 

 
TCP, UDP 

 
UDP 
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Using IP protocols!

End-to-end IPv6 connectivity. 
UDP or CoAP can be used to 
transport sensor data in an 
HTTP-like fashion 

IPv6 egde router	

RPL	



RPL	



RPL	


RPL	



CoAP	

UDP	
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Internet!

mobile Internet!

Pervasive 
systems!

Digital Wireless World!

!
!

sensors!

RFID!
Tag!

In 2025!
!

Internet!
of!

Things!
!

Machine-to-Machine!
Communications!

!
!


