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‘_L Aml enabling technologies: WSN

The smart environment must understand what is going on:

Wireless Sensor Networks  are the sensorial system of the
smart environment

A Flexible

AThe environment may change

ANodes may fail

AThe information required may grown
A Efficient

AFast

AReliable

ADeeply integrated with the environment (unobtrusiveness)
A Cheap

AEasy to deploy

AMinimum or no maintenance



Wireless Sensor Network

A Multiple sensors (often hundreds or thousands) form a
network to cooperatively monitor large or complex
physical environments

A Acquired information is wirelessly communicated to a
pase station (BS), which propagates the information to
remote devices for storage, analysis, and processing



‘_L Convergent WSNs

A Convergent
heterogeneous WSNs
have max. potential

A Hierarchical part of
other networks

A Ubiquitous embedded
devices go wireless

A Control & sensing
A Ubiquitous services

Mobile Gateways
(UMTS-WiFi-GPRS)



i WSN challenges

& Application specific (deployment, size, weight,
etc)

A System specific i the network is the SENSOR
i Distributed processing- system infrastructure
i Information extraction
i Scalability
i Robustness

4 Node specific T hardware
iIntegration/fabrication/packaging

AGaura, Brusey AIEEE Sensors 2008 (October)



WSN Market

A 2011-$1.6 bil. smart metering/ demand response

A |ndUS'[I’ia| MarketS' old and new; mostly

wired replacements; generally continuous monitoring
Ssyst ems wmatlehe afisdyadt & eat ur e s
connected

A Market forecast:

A 2014- $50bil. , $7bil in 2010 (2004)
A 2014- $5-7 bil. sales (conservative)

0]0)%4

A Prompted by regulations and drive towards process
efficiency or el see

f30mim Xsi |l ogy

come

A the Acement mot es o

warranty!

Research: mainly newly
enabled applications;
Amacroscopeso /
Aimicroscopeso ; adv e n tge
money savings ideas '

Connecting 466 foil strain gages to a wing

Invensys asked a
Nabisco executive
what was the most
important thing he
wanted to know. The
reply came without a
moment's delay: "l'd
like to know the
moisture content at

the centre of the
cookie when it
reaches the middle
of the oven."



i WSN vs. Wireless Networks

General-purpose design; serving many
applications

Single-purpose design; serving one specific
application

Typical primary design concerns are network
performance and latencies; energy is not a
primary concern

Energy is the main constraint in the design of all
node and network components

Networks are designed and engineered
according to plans

Deployment, network structure, and resource
use are often ad-hoc (without planning)

Devices and networks operate in controlled and
mild environments

Sensor networks often operate in environments
with harsh conditions

Maintenance and repair are common and
networks are typically easy to access

Physical access to sensor nodes is often
difficult or even impossible

Component failure is addressed through
maintenance and repair

Component failure is expected and addressed
in the design of the network

Obtaining global network knowledge is typically
feasible and centralized management is
possible

Most decisions are made localized without the
support of a central manager




* Wireless Sensor Nodes

A Complex systems made up of a large number of
sensor nodes -

A Communication —
A Sensing /
A Computing

A Power (batteries, scavengers)/

Power Supply




CUiRlIeL —

i WSN Products

A Accsense

A MicroStrain

A Sensicast pEacrs

http://en.wikipedia.org/wiki/List_of wireless_sensor_nodes



<500mV CMOS
ULP radio

Above IC MEMS, passives

Grain size packaging

Avg power



i Transcelvers

A Modern embedded communications chips are
transceivers: they combine half-duplex transmission and

reception.

A Transceivers integrate varying functionality, from a bare
analogue interface to the whole digital baseband and

key MAC functions.

Radio front-end<€— :
l Antenna

Interface

Modulator

Baseband
Processing

Demodulator

Low noise
amplifier

Intermediate frequency
and baseband processing



Radlo Interface

’_____________________________________________________§

RADIO
. SUBSTYSTEM
B DATA 1/0
= SPI
MCU TIMER

_______________________________________________________

A Radio only performs modulationZlemodulation
A SPI serial port for data interface



ﬁ Radio Subsystem

A Transceiver

AEase of communication with other devices

Iy 7/\ |EEE 802154
2 Zighee

|Bee

AConsumption (10 - 200mA)

AStart-up time and available bandwidth

A Antenna

. /? ~\ /)
AChip antenna W

APCB antenna

AExternal antenna



i REM TR1000

Proprietary radio at 916 MHz

OOK and ASK modulation

30 kbps (OOK) or 115.2 kbps (ASK) operation
Signal strength indicator 7"
Provides bit interface

Not included:

A Synchronization
A Framing

A Encoding

A Decoding

> > >

>

>

>

Sleep TX RXx

0.7 UA 12 mA 3.8 mMA




CC2420

IEEE 802.15.4 compliant radio
2.4 GHz band using DSSS at 250 kbps
Integrated voltage regulator

Integrated digital baseband and MAC functions

A

Clear channel assessment
Energy detection (RSSI)
Synchronization

Framing
Encryption/authentication
Retransmission (CSMA)

DIGITAL
DEMODULATOR

DIGITAL
MODULATOR

Serial
voltage
regulator

Current Consumption Characteristics 1

Operating voltage: 2.117 3.6 Vdc

Sleep Idle Tx

Rx

20€A 426 A 8.51 17.4mA

18.8 mA

11111




i Power Consumption

A To arrive to an energy efficient design all the components of a
WSNs have to be taken into account, in particular how they
Interact with each other. An isolated energy optimization in a
subsystem might not yield the overall expected savings.

A Power output level (transceiver)
A Limited savings effect
A Optimal power difficult
A Must be considered globally
A Transition times
A Each transition costs
A Power equal to RX mode
A Should be accounted for



i Power Consumption

Power Relations for CC2420

Output Power
Power (mW) Used (mW)
0.003 15.30
0.032 17.82
0.100 20.16
0.200 22.50
0.316 25.02
0.501 27.36
0.794 29.70
1.000 31.82

These numerical values suggest
that in order to minimize the
energy consumption there is no
need of a fine power control
mechanism since the power
used does not change
significantly for a large range of
RF output power levels.

Output power control however cannot be completely ignored. In a
multiple Tx and Rx scenario the power of the transmitted signal has
substantial effect on the network topology and consequently in related
Issues such as multiuser interference and end-to-end delay and

throughput.



iPower Consumption

F
Awake Sleep Awake | Sleep
....... —>
___________________ fime
fale Tx| | £x fate Tx| | Ax lale

Wake-up

Transition times between different transceiver modes need also to be
taken into account. During wake-up time and the turn-around times (from
Tx to Rx and vice versa), the radio consumes as much power as during a
receive mode.



i Radio subsystem architecure

(< chincon | g b

Digital Inteface

1.8V-3.8V power supply
=)
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v

AVDD 15
AVDD 14
RE_M 13
RF_P 12

AVDD 11

CC2588EM 1.9 |
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Radio module stand alone

Chip

antenna [ Matching

~

h 4

Balun &
- Filter

BlueCored4

AN AN NN

>

5

g MBit
Flash Memory

26 MHz
Crystal

WRAP THOR WT12

4
FEATURES:
Alntegrated chip antenna
& crystal

A Easy to connect

A Ready to use

A Internal MCU

A Stack protocol on board
A Flexible

A Internal Flash



i Radio module interface

48kB RAM Baseband MCU
YART ' HostI/O
Host 1/0 ' Radio
PCM

. PCM IO




* Wireless microcontroller

128kE Serial Flash
Memory

MO0 Option

| Ceramic Antenna -

External

Antenna anmr]—[ Balun ]7

101,03 Option

anmclm]—[ Balun ]—[m—

102,04 Option

128-bit AES
Encryption
Accelerator

-+ 1L 1L L4

Fower

‘e S
Benefits

ASingle chip integrates transceiver and microcontroller for wireless sensor networks
ACost sensitive ROM/RAM architecture, meets needs for volume application
ASystem BOM is low in component count and cost

AHardware MAC ensures low power consumption and low processor overhead
AExtensive user peripherals




User application, usually,
are built over Network layer

> User specific

WSN protocols define <

lower levels
A Physical . Protocols
4 Data Link (MAC) specific
A Network




i Physical layer

Provides mechanical, electrical, functional, and procedural
characteristics to establish, maintain, and release physical
connections (e.q. data circuits) between adata link entities

A Communication bands and number of channels
A Spreading and Modulation
A Data Rate

Cost T Power consumption T Reactiveness



i Basic Components

ADC/
Sensors [ Source L - el — | Modulator
Encoder
Encoder

N RF Front End J L Power

Voltage Amplifier/Filter/Mixer Amplifier

Channel Source Information
| Demodulator [— — —

Decoder Decoder Sink




Radio spectrum for
communication

Which part of the electromagnetic spectrum is used for communication

Not all frequencies are equally suitable for all tasks 7 e.g., wall penetration,
di fferent at mospheric attenuation (0>

twisted < coax cable R optical transmission
.pair . | | T
| | o

1 Mm 10 km 100 m 1m 10 mm 100 mm 1 mm
300 Hz 30 kHz 3 MHz 300 MHz 30 GHz 3 THz 300 THZ

VLF LF MF  HF VHF UHF SHF EHF infrared visible light UV
VLF = Very Low Frequency UHF = Ultra High Frequency
LF = Low Frequency SHF = Super High Frequency
MF = Medium Frequency EHF = Extra High Frequency
HF = High Frequency UV = Ultraviolet Light

VHF = Very High Frequency

© Jochen Schiller, FU Berlin



‘_L Freguency allocation

A Some frequencies are
allocated to specific uses
A Cellular phones, analog
television/radio
broadcasting, DVB-T, radar,
emergency services, radio
astronomy, é

A Particularly interesting: ISM
bands (Al ndustrtr
me di c i license)free
operation

Some typical ISM bands

Frequency Comment
13,553-13,567 MHz

26,957 1 27,283 MHz

40,661 40,70 MHz

4331 464 MHz Europe

90071 928 MHz Americas
AT 25 GHs C ' T WLAMPAN
57257 5,875 GHz WLAN

241 24,25 GHz




Modulation (keylng) examples

1 o 0 1 (¢} 0o 1
I |

A Use data to modify the
amplitude of a carrier

frequency: Amplitude
Shift Keying (eqg. OOK) /V\’ /W\/\’ | /V\’ | /\/\’

A Use data to modify the
frequency of a carrier
frequency: Frequency
Shift Keying

A Use data to modify the
phase of a carrier

frequency: Phase Shift _/l/ N/ N NN
Keying (e.g BPSK) e 7




i Recelver: Demodulation

A The receiver looks at the received wave form and matches
It with the data bit that caused the transmitter to generate
this wave form

A Necessary: one-to-one mapping between data and wave form
A Because of channel imperfections, this is at best possible for
digital signals, but not for analog signals

A Problems caused by

A Carrier synchronization: frequency can vary between sender and
receiver (drift, temperature cha

A Bit synchronization (actually: symbol synchronization): When does
symbol representing a certain bit start/end?

A Frame synchronization: When does a packet start/end?
A Biggest problem: Received signal is not the transmitted signal!



iTransmitted |

A Wireless transmission distorts any transmitted signal

A Received <> transmitted signal; results in uncertainty at receiver
about which bit sequence originally caused the transmitted signal

A Abstraction: Wireless channel describes these distortion effects
A Sources of distortion
A Attenuation T energy is distributed to larger areas with increasing distance
A Reflection/refraction i bounce of a surface; enter material
A DiffractionT st art nnew waveo from a sharp
A Scattering i multiple reflections at rough surfaces
A Doppler fading i shift in frequencies (loss of center)

B
\\/ T
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A

-~
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i WSN-specific channel models

Typlcal WSN properties

Small transmission range

Implies small delay spread (nanoseconds, compared to
micro/milliseconds for symbol duration)

Freguency-non-selective fading, low to negligible inter-

symbol interference

Some example
measurements

A

)

g path loss exponent
Shadowing variance s?

Reference path
lossat 1 m

Location Average  Average Range of
of 7 of 6?[dB] PL(1m)[dB]

Engineering Building 1.9 5.7 [—50.5, —39.0]
Apartment Hallway 2.0 8.0 [—38.2, —35.0]
Parking Structure 3.0 7.9 [—36.0, —32.7]
One-sided Corridor 1.9 8.0 [—44.2, —33.5]
One-sided patio 3.2 3.7 [—39.0, —34.2]
Concrete canyon 2 10.2 [—48.7, —44.0]
Plant fence 4.9 9.4 [—38.2, —34.5]
Small boulders 3.5 12.8 [—41.5, —37.2]
Sandy flat beach 4.2 4.0 [—40.8, —37.5]
Dense bamboo 5.0 11.6 [—38.2,—35.2]
Dry tall underbrush 3.6 8.4 [—36.4, —33.2]




i Noise and Interference

A Not only a single transmitter

A In reality, two further disturbances

A Noise T due to effects in receiver electronics, depends on
temperature

A Typical model: an additive Gaussian variable, mean 0, no correlation in
time
A Interference from third parties
4 Co-channel interference: another sender uses the same spectrum

» Adjacent-channel interference: another sender uses some other part
of the radio spectrum, but receiver filters are not good enough to fully
suppress it

A Effect: Received signal is distorted by channel, corrupted
by noise and interference

>



Some transceiver design
considerations

A Strive for good power efficiency at low transmission power
A Some amplifiers are optimized for efficiency at high output power

A To radiate 1 mW, typical designs need 30-100 mW to operate the
transmitter

A~ WSN nodes: 20 mW (mica motes)

A Receliver can use as much or more power as transmitter at these
power levels

A Sleep state is important
A Startup energy/time penalty can be high
A Examples take 0.5 ms and 60 mW to wake up
A Exploit communication/computation tradeoffs

A Might payoff to invest in rather complicated coding/compression
schemes

Ad hoc & sensor networs - Ch 4:
SS 05 Physical layer 34



Data link layer (MAC)

Network

Data Link
MAC Protocol

Physical

OSl

Layer 3
Layer 2

Layer 1

Data link layer:

A Mapping network packets
Aradio frames

A Transmission and
reception of frames over
the air

A Error control

A Security



i Data link layer (MAC) (2)

Control access to the shared medium
A Avoid interference and mitigate effects of collisions

Hidden terminal problem

C_6=8=9 >

Exposed terminal problem

(=@ @%® >




‘_L Energy efficient MAC

A Idle listening (to handle potentially incoming messages)
A collisions (wasted resources at sender and receivers)

A overhearing (communication between neighbors)

A protocol overhead (headers and signaling)

A traffic fluctuations (overprovisioning and/or collapse)

A scalability/mobility (additional provisions)



Overview

A The MAC layer assumes full control over the medium

A The main function of the MAC layer
A To decide when a node accesses a shared medium
A To resolve any potential conflicts between competing nodes

A To correct communication errors occurring at the physical
layer

A To perform other activities ---- framing, addressing, and flow
control
A Existing MAC protocols can be categorized by the
way they control access to the medium



jL Overview

Medium Access Control Protocol

/\

Contention—Free Protocols Contention—Based Protocols
Fixed Assignment Dynamic Assignment
FDMA Polling ALOHA
TDMA Token Passing CSMA
CDMA Reservation—Based MACA

MACAW



‘_L Overview

A Most MAC protocols:
A Contention-free protocols

AOnly one device accesses the wireless medium at any
given time
A Contention-based protocols

AAllow nodes to access the medium simultaneously

AProvide mechanisms to reduce the number of
collisions and to recover from such collisions

A Finally, some MAC protocols share characteristics of both
contention-free and contention-based techniques

A These hybrid approaches often aim to inherit the advantages of
these main categories, while minimizing their weaknesses



i Protocols MAC layer

Contention based protocols

7

él i sten before send
Objective: Multiple Access with Collision Avoidance (MA-CA)

Node sense the medium for special packets or energy in order
to understand when there are no communication.

Carrier Sense Multiple Access (CSMA)

AHow long device sense the channel?
AHow long device remain in idle listening State?



‘_L Hidden terminal problem

i @=@=® O

CS

— cS
DATA

sWwll

Carrier sense at sender
may not prevent DATA
collision at receiver



i Hidden terminal problem

Cemae >

Multiple Access -

Collision RTsS

Avoidance 4>CT\S»

(MACA): —
ARequest To Send DATA %
A Clear To Send | Ak T
A DATA — | T

A Acknowledge



i Exposed terminal problem

(@=8 @xo>

Parallel CSMA transfers
are synchronized by
CSMA/CA

Collision avoidance can
be too restrictivel

\>

- —
T

DATA
T

. —



‘_L Protocols MAC layer

Schedule based protocols

Communication is scheduled in advance
ANO contention
ANo overhearing

Time-Division Multiple Access

A Time is divided into slotted frames

A Access point broadcasts schedule

A Coordination between cells required Hard with WSN
A Need of global clock constraints



i Protocols MAC layer

Frame n Frame n+1 Frame n+2

BRI EEEEEEEE

ADedicated slot for transmission (no contention)

AEventually low power period when no transmission is
expected

ASynchronization hard if number of nodes explodes



i Digital processing vs. radio

‘. b

d
—_— N
Static Power, Power amp,

Digital Processing Receiver Sensitivity

Domination of Digital processing at short range

Sender Side Power Consumption

i Maximum
Radio a
bd"
2.4 KHz OOK
(REM TR1000 @ 916 MHz) | 4™ 3.1m
115.2 KHz ASK
(RFM TR1000 @ 916 MHz) 372nJ 65 nJ
1 Mbps Custom
(MIT MAMPS-1 @ 2.4 GHz) 570 nJ 740 nJ
11 Mbps 802.11b
(Cisco Aironet 350 @ 2.4 236 nJ 91 nJ
GHz)
54 Mbps 802.11a 48] s

(Atheros, ISSCC2002)




Radio Energy Management

Tx: Sender Parameter of interest:
energy consumption per bit

Incoming
_J Y P

information E =—
b|t T
bit
PTX P
elec RF
R | | I:)Total
> I |
o § o RF I Electronics
UCJ 8 I o Dominates | Dominates
L 2
L Lu L
Transmission time Transmission time
S, . | Transmission time

1
: !
1
. 1
. :
: 1
N Code scaling L/
1
i more heavily coded '
1 1



Dependence on TRX Range

Energy

- . I\/Ied.iumé—rangje~

Transmission time

A Long range: scale coding or modulation to use all the
available time

A Short range: transmit rapidly and shutdown



i Short Range Case: Shutdown

A Radio modes: active, idle, shutdown, transient
A Transient period
A Active/idle to sleep is short and can be ignored
A Sleep to active/idle period, Ty, IS NOt
A PLL in the frequency synthesizer takes time to settle
A Ptl’ : Z*Psyn
A Ton 1S O(10)-O(100) uS
A mixer & power amp startup can be ignored
A Problem: T, is significant fraction of packet duration
A Packet sizes small in sensor nets (reporting events)
A Leads to high energy per bit!
A Radios with fast start-up and acquisition



iThe nl dl e L1 st

AThe power consumpti on -pdweril s h
wireless communications devices is roughly the same whether
the radi o Is transmitting, r
potential reception

A Includes IEEE 802.15.4, Zwave, Bluetooth, and the many variants
A WIFI too!
A Circuit power dominated by core, rather than large amplifiers

A Radio must be ON (listening) in order receive anything.

» Transmission is infrequent. Reception U Transmit x Density
A Listening (potentially) happens all the time

Total energy consumption dominated by idle listening



* Resposiveness vs. Power tradeoff

Sleep Transmit
~10uA ~20mAx1-5ms
[20 - 100 uAs]

JE N N .

1—|—'T|me

Time

Listen Receive
~20mA ~20 mA X 2-6 ms




| Maximizing SD time
a Sensor-triggered node
wakeup

/

} -
S8 .. |
- y sensor network

& Path nodes need to be woken up
A Low power listening approaches

A Duty cycle the radio
A trade-off between energy and latency

.\"d

ZL

user

¢Z __ S
w
Radio mode | Power (mW)
Transmit 14.88
Receive 12.50
ldle 12.36
Sleep 0.016

A Wake-up circuit & protocols exploiting them
A Instantly wake up remote receiver radio when needed

A Mminimize spurious wake ups & interference, and their impact
A match destination address in addition to preamble

A cheap directional antennas




i Alternative: TDMA

A Allocation of time slots by base station
(BS)/cluster head (CH)

A Only one node Is allowed to transmit in a slot

A Timing and synchronisation provided by
BS/CH

A Normally require nodes to form clusters with
one node as CH/BS

A Communication between nodes and cluster
head; no peer to peer communication



i Pros and Cons

LPL (wakeup)

Scheduled
contention

TDMA

~ 10 times less expensive
than listening for full
contention period

Listening for full contention
period

Low duty cycle

Asynchronous

Synchronous

Synchronous -

Fine grained time
synchronisation

Sensitive to tuning for _
neighbourhood size and traffic
rate

Sensitive to clock drift

Very sensitive to clock drift

Poor performance when heavy
traffic (optimal for low traffic)

Improved performance with
traffic increase

Limited throughput and
number of active nodes

Receiver efficiency is gained at
a greater cost of senders
(wareup radio)

similar cost incurred by
sender and receiver

Require clustering >>cost
incurred more on Cluster
head

Challenging adapt to existing
standards (e.g. 802.15.4)

Scalable, adaptive and
flexible

Limited scalability and
adaptivity to changes on
number of nodes




i Network layer

Provides functional and procedural means to exchange
network service adata units between two transport entities
over a network connection. It provides transport entities
with independence from routing and switching consideration

A Organization of the network
A Network formation
A Joining/leaving the network

A Routing of packets through the network
A Shortest path
A Energy efficient

A Tracing of the status of the links
A Routing tables
A On demand path (e.g. AODV)



Single-hop vs. multi-hop
networks

One common problem: limited range of wireless communication
A Essentially due to limited transmission power, path loss, obstacles

Option: multi-hop networks
A Send packets to an intermediate node
A Intermediate node forwards packet to its destination
A Store -and -forward multi-hop network

Basic technique applies to
both WSN and MANET

Note: Store&forward multi-
hopping NOT the only
possible solution

A E.g., collaborative
networking, network

coding Source
4 Do not operate on a per-

packet basis

Obstacle



Energy efficiency of multi-

hopping?

A Obvious idea: Multi-hopping is more energy-efficient than direct
communication

A Because of path loss a > 2, energy for distance d is reduced from cd? to
2c(d/2)
A C some constant

A However: This is usually wrong, or at least very over-simplified

A Need to take constant offsets for powering transmitter, receiver into
account

A Details see exercise, chapter 2

Multi -hopping for energy savings needs careful choice



Optimization goal: Quality of
Service

In MANET: Usual QoS interpretation
A Throughput/delay/jitter
A High perceived QoS for multimedia applications

A In WSN, more complicated

A Event detection/reporting probability

A Event classification error, detection delay

A Probability of missing a periodic report

A Approximation accuracy (e.g, when WSN constructs a
temperature map)

A Tracking accuracy (e.g., difference between true and
conjectured position of the pink elephant)

A Related goal: robustness
A Network should withstand failure of some nodes



Optimization goal: Energy
efficiency

>

>

>

>

>

Umbrella term!

Energy per correctly received bit
A Counting all the overheads, in intermediate nodes, etc.

Energy per reported (unique) event
A After all, information is important, not payload bits!
A Typical for WSN

Delay/energy tradeoffs

Network lifetime

A Time to first node failure

A Network half-life (how long until 50% of the nodes died?)
A Time to partition

A Time to loss of coverage

A Time to failure of first event notification



Optimization goal: Scalability

>

Network should be operational regardless of number
of nodes
A At high efficiency

Typical node numbers difficult to guess
A MANETs: 10s to 100s

A WSNs: 10s to 1000s, maybe more (although few people
have seen such a network befor

Requiring to scale to large node numbers has
serious consequences for network architecture

A Might not result in the most efficient solutions for small
networks!

A Carefully consider actual application needs before looking for
solutions!



i Routing Protocols

A Network organization
A fl at: all nodes are nNnequal o

A - hi erarchical : di fferent nrol eso for
cluster members)

A location-based: nodes rely on location information
A Route discovery
A reactive (on-demand): find route only when needed
A proactive (table-driven): establish routes before they are needed
A hybrid: protocols with reactive and proactive characteristics
A Protocol operation
A negotiation-based: negotiate data transfers before they occur
A multi-path: use multiple routes simultaneously
A query-based: receiver-initiated
A Qo0S-based: satisfy certain QoS (Quality-of-Service) constraints
A coherent-based: perform only minimum amount of in-network processing



Many routing protocols!!

Protocol Characteristics

SPIN Flat topology, data-centric, query-based, negotiation-based
Directed diffusion Flat topology, data-centric, query-based, negotiation-based
Rumor routing Flat topology, data-centric, query-based

GBR Flat topology, data-centric, query-based

DSDV Flat topology with proactive route discovery

OLSR Flat topology with proactive route discovery

AODV Flat topology with reactive route discovery

DSR Flat topology with reactive route discovery

LANMAR Hierarchical with proactive route discovery

LEACH Hierarchical, support of MAC layer

PEGASIS Hierarchical

Safari Hierarchical, hybrid route discovery (reactive near, proactive remote)
GPSR Location-based, unicast

GAF Location-based, unicast

SPBM Location-based, multicast

GEAR Location-based, geocast

GFPG Location-based, geocast

SAR Flat topology with QoS (real-time, reliability), multipath
SPEED Location-based with QoS (real-time)

MMSPEED Location-based with QoS (real-time, reliability)




i Sensor Energy Consumption

A Energy for sensing cannot be neglected due to
A Use of active transducers
A e.g., sonar and radar

A Need of highly energy consuming A/D converters
A e.g., acoustic or seismic sensors

A Need for digital support
A Processing & storage

A Presence of sensing arrays
A e.g., CCD or CMOS image sensor

A acquisition time much longer than transmission time

Schemes for effective management of sensor
energy consumption must be devised



Management of sensor energy
consumption

Energy Efficient
Data Acquisition

Adaptive

Duty Cycling Sensing

Hierarchical Model-based Adaptive
Sensing Active Sensing Sampling

V. Raghunathan, S. Ganeriwal, M. Srivastava, Emerging Techniques for
Long Lived Wireless Sensor Networks, /EEE Communication Magazine,
April 2006.



Hierarchical Sensing

A Basic idea
A Using different sensors with different power consumption
and resolution properties
A Accuracy/energy consumption trade-off

A Triggered sensing

A~ Low-power low resolution sensors trigger high-power high-
accuracy sensors

A Multi-scale sensing
A Low-resolution wide area sensors are used to identify
areas of interests
A High resolution sensors are, then, switched on for more
accurate measurements



i Triggered Sensing: An example

A Low-power Low-cost Video sensor [DSD
2008]

AVideo surveill ance, traffi c coni
A CMOS video camera (550 mW)

A Pyroelectric InfraRed (PIR) sensor (2 mW)
A Bluetooth/ZigBee module (100 mW)

A Energy harvesting system (solar cells)



Multi-scale sensing: an example

A I-Mouse [Tseng 2007]

A Fire detection system
A Static sensor monitors the temperature

4 Anomaly detected in a given region C
4~ Mobile sensors are sent for deeper investigation
A They collect data (take snapshots)
4 Then, come back to the control center
A Appropriate actions are taken by the control center

Y.-C. Tseng, Y.C. Wang, K.-Y. Cheng, Y.-Y. Hsieh, iMouse: An Integrated Mobile
Surveillance and Wireless Sensor System, /EEE Computer, Vol. 40, N. 6, 2007.



i Adaptive Sampling

A Adapts the sampling rate to the dynamics of
the phenomenon under monitoring

A Exploits
A Temporal Correlation
A Spatial Correlation
A The available energy may also be considered

A Reduces at the same time the energy
consumption for data acquisition and
communication

A Lower amount of data to transmit
A Lower number of sensor nodes to activate



iAdapt Il ve Sampl |

Key Questions

A When to change?

A How to change?

A Example: Decentralized Adaptive Sampling [KhoO7]
A Sampling rate adapted on the basis of the available energy
A~ Nodes are powered by solar cells

A Goal: minimize the total uncertainty error, given that the sensor can
take a maximum number of samples on that day



‘L WSN: Barriers to adoption

Evaluation of generic WSN products (2008)

This is well understood by engineers —l

Reliability |
Standards Major Barriers
for AAL
Ease of Use

Power consumption
Development cycles

Node size

0% 20% 40% 60% 80%  100%



Sensor Webs

- All sensors reporting position - All readable remotely
- All connected to the Web - Some controllable remotely
- All with metadata registered

e web accessible sensor networks and archi
accessed using standard protocols and application program interfaces (APIs)0

From
72
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