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e In many applications (e.g., SHM) the network is required to
run for decades

e Nodes are powered by batteries
— Limited lifetime (a few days on 2xAA batteries if always on)

25

0 | « Communication is

expensive!
e >10x w.r.t. MCU on
e 3 orders of magnitude w.r.t.
| sleep
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e Periodically cycle the radio AT Ry
between ON/OFF states —
— OFF = save energy, but no 75% duty cycle

communication

— ON = high energy, but data can

be transmitted and received e
LPL Packet Target address
arrival :
. |
Sender f Long preamble - Send Data ¥ s
Receiver Recv Data

/

' Time

R wakes up Listen for additional data |
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6= them self-sustain based on such energy? -
4 e =,

CTP without LPL

Latency: 33ms

2 ('\ Lifetime: <5 days -
0{ 1 1 1 1 1

0.2 0.4 0.6
Network Lifetime [years]

0.8

1.0

1.2



SAPIENZA

UNIVERSITA DI ROMA

e Pose the basis for very long lasting operation
e Energy Neutral protocols have been proposed
for several applications

» Changes also what a WSN can do
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e Pose the basis for very long lasting operation
e Energy Neutral protocols have been proposed
for several applications

» Changes also what a WSN can do
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* Energy predictions to mitigate uncertain energy availability
* Plan energy usage in advance: proactive vs reactive energy allocation
* Exploit available energy at best:

I.  Minimizing the likelihood of running out of energy and missing high
priority tasks

II.  Minimizing the waste of energy (energy buffers are limited in size and
time)

lll. Enable operations which were not considered feasible

Energy surplus
energy wasted
if not used

Max storeable energy

FRD
e

Cloudy day

no support to
critical tasks

I Low energy
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e Keep track of energy profiles observed during D typical days
e Store traces representative of different weather conditions (sunny, windy, ...)
e Predict future energy intake by looking at the most similar stored profile

Current observation Stored profile
12 ¢ / i STORED PROFILES
e —
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Ei1=a-C + (1—a)-E, 2)

where:

E,,1 is the predicted energy intake in timeslot ¢ + 1 of
the current day;

E¢. ; is the energy harvested during timeslot t+1 on the
stored day d;

C;  is the energy harvested during timeslot ¢ on the
current day C;

o is a weighting factor, 0 < a < 1.

The weighting parameter, a, allows to combine the value
reported in the stored profile with the current energy obser-
vation, i.e., the energy observed in the last slot, C}.
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Figure 2. Pearson autocorrelation coefficient for (a) solar ORNL Dataset and (b) wind Bologna Dataset.

a-(1-%), ifi<@ e
0 Fise THlEER

is the weighting factor defined in Equation (2);

is the it" timeslot in the future, with respect to the
current slot, ¢;

is the number of timeslots in the future which show
a correlation above a given threshold with timeslot
t;

is the number of future timeslots for which Pro-
Energy is delivering energy predictions.

Medium term energy
prediction
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Solar Wind
40 55
=3 Pro-Energy —1 WCMA —— EWMA 5 | === Pro-Energy ——— WCMA —— EWMA
_ 35 ] L ] u I u _ 45| [ ] ] ] ] ]
g 30 | g 40 -
L L
o 9 SO
2 25 © 30 |
25
20 __-]_l 20 _-]_l
30 min 1h 1h 30m 2h 2h 30m 3h 30 min ih 1h 30m 2h 2h 30m 3h
Prediction horizon Prediction horizon

Solar: Pro-Energy performs up to 75% better than EWMA and 60% better than WCMA
Wind: Pro-Energy performs up to 55% better than EWMA and 10% better than WCMA
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Vibrating Wire Strain Gauges

Monitor concrete and steel
deformations to evaluate stability
of the underground tunnel

Micro wind turbines

Energy harvesting from
wind generated by trains

SISGEO OVK4200VC00
Dedicated interface board for TelosB mote
Energy consumption: 720 mJ

Why air-flow energy harvesting?
» SHM sensors are power-hungry
* required lifetime of decades or more

» battery-powered WSNs last only a few years
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Site plan courtesy of Roma Metropolnane and Tre Esse Engineering (FP7 project GENESI).

220 meter of instrumented tunnel
6 energy-harvesting nodes
33 days of data collection
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Mean enargy per train passage jmJ]
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Up to 133 mJ harvested per train passage
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Humidity and temperature sensing

Humidity e

Temperature I
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Node

3

Collect hundreds of humidity
and temperature samples

20

10

:'J L

Amount of data sent/recaived [KB]

Data Tx =

Data Rx s I
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Node

Transmit/receive tens of KB

Strain maasureaments paerdormad par day

Strain maasuramants e——
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Node

Up to 36 strain measurements
per day
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Timer-based contention:

e random jitter computed based
| on harvesting rate, energy
<2 reservoir, and hop count

| « Higher priority given to nodes
experiencing energy peaks

Source

S
L
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Timer-based contention:

e random jitter computed based
on harvesting rate, energy
reservoir, and hop count

2\ « Higher priority given to nodes
experiencing energy peaks

Source
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Timer-based contention:

e random jitter computed based
on harvesting rate, energy
reservoir, and hop count
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e Higher priority given to nodes
experiencing energy peaks

Source Qink
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Timer-based contention:

e random jitter computed based

B on harvesting rate, energy
N2 reservoir, and hop count
| « Higher priority given to nodes
experiencing energy peaks
Source Sink
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Y i
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Timer-based contention:

e random jitter computed based
on harvesting rate, energy
reservoir, and hop count

e Higher priority given to nodes
experiencing energy peaks

Source Qink
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Sensor node

GreenCastalia features Btk
Support for multi-source harvesting
Support for multi-storage devices Communication
Support for energy predictions i I
Easily customizable A
Based on Castalia /| OMNET++

— 1

SensorManager

KE Input gate
D Output gate

=P Message flow
— Signal subscription

PP signal emission

MobilityManager

ResourceManager

EnergySubsystem

|

EnergySource(s)

TraceEnergySource module: allows to
feed the simulator with timestamped
power traces collected through real-
life deployments, or with energy
availability traces obtained by data
repositories or meteorological

stations
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Simulation settings
120x120 meters field (7x7 grid deployment)

Nodes with heterogeneus energy harvesting capabilities:
solar, wind both, none

5pm with shadow zone

48 ﬁ 43 44 as 6 a7 ag|

58

E—r 5 el

E & N @ &

Self-adaptive behaviour: nodes experiencing energy peaks are
selected with higher priority as next hop relays
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Task allocation

Sensing tasks (missions) arrive in
the network dynamically over time
at different locations

Multiple missions active at the same
time, competing for the sensing
resources of the network

Decide which sensor(s) should be
assigned to each mission

b SAPIENZA
UNIVERSITA DI ROMA
*? taskkA 0O
O
O
e I,‘E,
task B A
g
17
»
| Sensing task C |
O O
O
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« Missions have different priority (profit) and require different

amount of resources (demand)
« Assigments are not all equal..

| Sensing task |
A

'

u'>ul

 Nodes contribute to different missions 0
with different utility (quality of e -
information) u : ke
 Achieved profit depends on allocated :
demand *l Sensing task |
: GOAL -

Fraction
of profit

Minimum
satisfaction)

threshold
—_— 0 —— L

Maximize the profit obtained by

the network for missions
execution within a given target

lifetime

Fraction of demand
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En-MaSSE

Distributed heuristic for task allocation in WSN with energy harvesting
Nodes make independent decisions about task execution
Decision based on:

Partial I:l. Profit of the mission

profit 2. Potential contribution to the mission
Tune 3. Target network lifetime
eagerness

4. Current energy level of the node (fuel cell + supercap )
Classify Energetic cost of the mission
missions 6. Future energy availability

o
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A new mission arrives check energy requirements and
energy availability

Fuel cell/battery required not enough energy in
the supercapacitor to execute the mission; use
energy from the fuel-cell

Capacitor sustainable mission energy cost
More . :
. sustained by supercapacitor
willing to

accept Recoverable mission energy cost sustained by
supercapacitor AND energy cost recovered through
harvesting before the next mission arrives

Free mission energy cost expected to be fully
v  sustained by energy harvesting
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A new mission arrives check energy requirements and
energy availability

Fuel cell/battery required not enough energy in
the supercapacitor to execute the mission; use
energy from the fuel-cell

Capacitor sustainable mission energy cost
More . :
. sustained by supercapacitor
willing to

accept Recoverable mission energy cost sustained by
supercapacitor AND energy cost recovered throug
harvesting before the next mission arrives

Free mission energy cost expected to be fully
v  sustained by energy hc REQUIRE ENERGY

PREDICTIONS -
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o Expected partial profit of a mission

Elu] 5 E_[p]7 Always for free missions

P=FEa ™ P

P maximum achievable profit: E[u],E[d],E[p] expected
utility, demand and profit of a given mission

e Partial profit achievable by a node participating to a
mission
D= % ¥ % X w

w weight which depends on mission classification. Bid if
p*>=expected partial profit

29



§ SAPIENZA (7 Task-Allocation
EN-MASSE-In summary

A decentralized harvesting-aware heuristic

T uvivenania Ul ROMA

Key features:

e Uses short and long term energy predictions for pro-active energy
allocation

 Takes into account missions arrival statistics to make sustainable
allocation decisions

- Considers the impact of executing a mission on node energy
Higher priority to less-impacting missions ' g, 9

1. Free: fully sustained by harvesting Haf;_ﬁﬂstﬂ
2. Recoverable: sustained by supercapacitor v
and recovered before next mission Supercapacitor JJ s;njm
3. Capacitor-sustainable: sustained by >
supercapacitor

4. Battery-required: sustained by battery Battery I




Power [mW]

Non-ideal

supercapacitors
1.
2.

- N — N . - N
T

Finite size

Charging\discharging
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efficiency < 1

Leakage\self-discharge

Photovoltaic cells

Modeling real

@E’SAMUWM.
UNIVERSITA DI ROMA

harvesting systems

10

- ==22F |1
8r N e 33F |
Leakage | ‘== BOF |
Power 6| ' — 100F | |
[MW] 4} i ; |
L 1 - i
1 z
27 Y z \ i
i | : ~"i :r, \ i
400 300 200 100 0

Remaining Energy [J]

Real-life energy traces

5 B~k

Harvested power - Solar - Rome
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Turbine Voltage [mV]

7000
6000
5000
4000
3000
2000
1000

I

Time
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LR  Performance evaluation

12 -—=-- Basic Scheme -+ -+ - - Energy-Lifetime Aware Scheme
ZZs2 Basic Energy Aware Scheme —+— EN-MASSE
o7 . == Energy Aware . g
©' | ooomo Energy-Lifetime Aware I ]
mmmm EN-MASSE E
0.65 |- | o
{ T
S
0.6 g
....... Ny
| o
0.5 |
Total profit achieved (fraction of max) 0 @0 40 60 80 100 12(
Time (days)

Profit: up to 60% higher than SoA Stable profit: 70-80% of maximum
1.2

i I Implementation [ Simulation
|
0.8 r
06 +
Al 1 04
Yol
0

Total profit achieved (fraction of max)

II‘I-fIEl_d te_stbed Gap between simulations and testbed:
— validation — less than 3% of maximum profit —
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10 T 1 1

il Can we overcome this latency vs.
Energy consumption trade-off?

6=

4

CTP without LPL
Latency: 33ms

2 i/ ™~ Lifetime: <5 days

Lifetime: >1 year

CTP LPL=2s
Latency: 10s

0.0 0.2 0.4 0.6
Network Lifetime [years]

0.8
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e Enable on-demand communication

O Low-power dedicated hardware, continuously monitoring the
channel

O Nodes keep their main radio OFF unless data communication is
needed

O Virtually eliminates idle listening on the main radio

O Based on the architecture, possibility to selectively wake-up only
specific nodes

e Terrific energy saving especially in event-based
applications
e No latency vs. energy trade off
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"y | Vi
sTep 1,
Wake-up mode
MCU H WuTsg f=—-!
A node employs its Wake- b After WuC address recognition,
up Transmitter (WuTx) to (- the WuRXx generates an
selectively activate the WM]RX{ interrupt to node'’s
Wake-up Receiver (WuRXx) l g b MicroController Unit (MCU),
ofa remotg sensor node which gets activated to perform
by transmitting a Wake-up its function, e.g., measure
Call (WuC). humidity and temperature,

perform data aggregation, etc.

STEP 2,
Data communication

9 The freshly activated node
switches on the data
transceiver to send back
the measured data.

\l/

In out-of-band WuR systems, 0 : After data communication, the
wake-up and data node/s may return to wake-up
communication modes employ mode in order to sleep for
separate transceivers. In in- maximum energy savings.

band WuR systems, the
transceiver is shared and input

RF paths are controlled by
means of an antenna switch.
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Passive WURs
e Harvest power from the
radio signal
e No external power supply
e Low sensitivity = short
wake-up range (3 m)
e Prone to interferences

RFID-based
e Shifts energy toll to the
transmitter
e Unsuitable for P2P
networking

Semi-active WURs

e External power is needed

e Higher sensitivity = longer
wake-up range

e Sensitivity: -35 to -47 dBm

e Power consumption: 2.3 to
10 uW

Nano-power WURs

e Power consumption:
08-270 nW
e Wake-up range <= 10m
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rMatching network | - Passive rectifier Interrupt generator / addressing
u u H L | HSMS285X —I—l_L- Vee Data | Ultra-low-power
N

L124n €2 100p U1 LPV7215

microcontroller

[
[ [
e 4 L. |
Antenna| i} L y IR 4R ReIK Wake-up
J_ i R1 100k —‘Dun 3
f. x ! 1 ! A s x Wake-up interrupt
5 & q! s ! T < e Communication
2 3 4 i ' 8 [& SPI - 12C
L = [ {3 |
. J T I I
1 [
= [
[ ; I Sensor node
Envelope detector 1 Comparator with ' Preamble detector
\_ +  adaptive threshold Interrupt and data

Collaboration with L. Benini and M. Magno, ETHZ

e OOK modulation
e \ery low power consumption
(< 1.3uW)
e High sensitivity (up to -49dBm)
e Fast reactivity (wake-up time of
130us)
e Selective addressing

~
e —\[ |




e TICC1101 used to
transmit WRXx requests
e on-board PIC
microcontroller to
perform addressing while
keeping the MagoNode in
deep-sleep

ATTENENUATOR
(0-99dB)

TRANSMITTER

WAKE UP RADIO PROGRAMMER
PC-INTERFACE




Wake-up time [ms]
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|
100 100 100
50
80
-y 80 @
g §
_é‘ =
= g 60
g 60 |- g 1
5 8
= %" - 40
$ 4o 3
el =
s 20
20 -
P 1 kbps
s 10 kbps i -20 -25 -30 -35 -40 -45
1 1 1 1 1
3 16 ; 110 112 114 A 0 - 10 15 20 25 30 Received power [dBm]
Wake-up range [meters] (c) Wake-up probability vs. received power

Address lenght [bits]

b) Wake- babili . distan
(a) Wake-up latency ®) e-up probability vs. distance

e Sensitivity: -49 dBm
e Maximum wake-up range: 42 m (no addressing)
e Wake-up probability depends on WTx data rate and distance
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e Key idea: Semantic wake up addressing
e use WRx addresses to wake up a node or a group of

nodes based on their state
— selectively wake up only good potential relays
— e.g., relays ranked based on advance toward the sink, traffic and
channel conditions
— WRXx addresses have a semantic meaning
— each node dynamically changes its own WRx address to reflect its
state
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Wake-up-enabled communication stack

» Exploits proposed WuR to addresses latency vs. energy consumption
tradeoff

» Both interest dissemination and convergecasting primitives

» Key idea: use wake-up addresses to wake up a node or a group of
nodes based on certain properties

Interest dissemination
» Transmission of commands from sink to nodes
» Goal: avoid reception of duplicated packets

» Use current wake-up address to indicate whether a packet was
already received
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FLOOD-WUP

addresses: w; and wp

» Initially in sleep, wake-up radio active with

» Nodes are assigned shared wake-up broadcast .
address = w;,
wa
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FLOOD-WUP

» Nodes are assigned shared wake-up broadcast
addresses: w, and w;

» Initially in sleep, wake-up radio active with
address = w;,

» Sink broadcasts first interest packet preceding
it with wake-up sequence w;,

wn
5
=

wa I Interest packet

wad
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FLOOD-WUP

addresses: w,; and wp

» Nodes are assigned shared wake-up broadcast ‘ wa [ Interest packet
o’

P e A [ [P]
» Initially in sleep, wake-up radio active with 1
e

address = w;, @EI

» Sink broadcasts first interest packet preceding
it with wake-up sequence w;, [P]

» Nodes with address w; wakes up, sets main Wa'
radio to RX, receive packet
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FLOOD-WUP

» Nodes are assigned shared wake-up broadcast
addresses: w, and wp

> Initially in sleep, wake-up radio active with
address = w;,

» Sink broadcasts first interest packet preceding
it with wake-up sequence w;,

» Nodes with address w,; wakes up, sets main
radio to RX, receive packet

» Then change broadcast wake-up address to wy
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FLOOD-WUP

» Nodes are assigned shared wake-up broadcast
addresses: w, and wp

» Initially in sleep, wake-up radio active with
address = w;

» Sink broadcasts first interest packet preceding
it with wake-up sequence w;,

» Nodes with address w, wakes up, sets main
radio to RX, receive packet

» Then change broadcast wake-up address to wy

» After a random time, nodes re-broadcast
packet preceding it with w;

Sink

[P]

wa " Interest packet
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FLOOD-WUP

» Nodes are assigned shared wake-up broadcast
addresses: w, and wp

» Initially in sleep, wake-up radio active with
address = w;,

» Sink broadcasts first interest packet preceding
it with wake-up sequence w;,

» Nodes with address w,; wakes up, sets main
radio to RX, receive packet

» Then change broadcast wake-up address to wy

» After a random time, nodes re-broadcast
packet preceding it with w;

» No duplicates, only nodes with address w;,
wake up
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Converge Casting: GREEN-WUP

» Multi-hop data transfer to sink
» Energy harvesting scenario: nodes scavenge power from environment
» Key idea: Selectively wake-up only good potential relays

» Ranked based on hop count, residual energy, energy intake
(harvesting-aware)

» Wake-up addresses have a semantic meaning

» Nodes dynamically change their wake-up addresses over time to
reflect their state

o

» Energy class depends on harvesting and residual energy
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GREEN-WUP

HC: 3
» Example: energy classes o

max battery level > threshold Thign and excess HC: 2
energy from harvesting
2 battery level > Thigh
1 Tiw < battery level < Thign
0 battery level < Tiow

Sink
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GREEN-WU
HC: 3
» Example: energy classes o
max battery level > threshold Thign and excess HC: 2
energy from harvesting e

2 battery level > Thign
1 Tiow < battery level < Thign
0 battery level < Tiow

» Node B has a packet to transmit G HC: 1

HC: 1
st %

®
3
o~

Sink
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GREEN-WUP
o HC: 3
» Example: energy classes
max battery level > threshold Thign and excess HC: 2
energy from harvesting e i
2 battery level > Thign ™ —
1 Tiow < battery level < Thign A;ggéf‘%
0 battery level < Tiow
» Node B has a packet to transmit G & 1

» Sends RTS only to nodes with hopcount =1 24
and energy = max. Then it goes to sleep Qﬁ£3

Sink
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GREEN-WUP

HC: 3
» Example: energy classes Q

max battery level > threshold Thizn and excess HC: 2
energy from harvesting

2 battery level > Thign
1 Tiow < battery level < Thig .,;\,v-ﬁ
0 battery level < Tiow

» Node B has a packet to transmit G HC: 1

» Sends RTS only to nodes with hopcount = 1
and energy = max. Then it goes to sleep =8

HC=1 EC=max ||RTS

» Only node D wakes up. Other nodes
continues to sleep G H

Sink
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GREEN-WUP

HC: 3
» Example: energy classes 6

max battery level > threshold Thizn and excess HC: 2
energy from harvesting e
2 battery level > Thign P
1 Tiow < battery level < Thigh J—
0 battery level < Tiow

» Node B has a packet to transmit G HC: 1

» Sends RTS only to nodes with hopcount = 1
and energy = max. Then it goes to sleep =T

HC=1 EC=max ||RTS

e

» Only node D wakes up. Other nodes
continues to sleep e % T

> |terate on energy class if no relay found .
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GREEN-WUP

HC:3
» Example: energy classes o

max battery level > threshold Thizn and excess HC: 2
energy from harvesting 9 e e
(= 4

2 battery level > Thign
1 Tiw < battery level < Thign
0 battery level < Tioy

» Node B has a packet to transmit G Eﬁ 1

o
Il
&

» Sends RTS only to nodes with hopcount = 1 34
and energy = max. [hen it goes to sleep =0

» Only node D wakes up. Other nodes

continues to sleep G % -4

» |terate on energy class if no relay found .
» CTS, DATA, ACK.. Sink
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Different concept of wake up radio sty bine. ond Bacs acslidsion

- ACtivel hlgher energy Consumption > Prototype with 4 channels at 2410, 2435, 2455 and

+ Semantic WUP radio addresses - i4i0h:,Hmt sensitivity of -83 dBm

+ Only one transceiver (TX) s et e i
Key feature of the proposed WuR > Varying distance up to 120 m

» TX node sends 4 different wake-up sequences (8

» Selective addressing of nodes combining frequency-domain and Sjinbole) 100/ titxes

time-domain addressing space » Wake-up statistics recorded by RX node

» Wake-up signal: sequence of continuous-wave pulses OOK > False positive and false negative both < 1%

modulated over ¢ |IEEE 802.15.4 channels (2.4 GHz ISM band) » Simulation for power consumption scaling: 168 W
per filter, 1.6 mW overall (including LNA)

ADDRESS: 02110123 . . .
OB | 5\ mbol duration — Green Castalia simulations
Ch2 | ﬁ (e 4
= | Chiara Petrioli, Dora Spenza, Pasquale Tommasino, Alessandro Trifiletti
Chl | [ = P
A Novel Wake-Up Receiver with Addressing Capability for Wireless

Cho0 P / Sensor Nodes. IEEE DCOSS 2014: 18-25
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FLOOD-WUP, 100-450 nodes
Coverage time [s] Energy spent at coverage time [J]
T T 35

7 | |

| | | | | | | |
-« - Flooding - dc=5% - -0~ - Flooding - dc=5%
—— Flooding - dc=10% —#— Flooding - dc=10%
6 |- —e— Flooding - dc=100% 1 30 I —e— Flooding - dc=100%
—&— FLOOD-WUP —o— FLOOD-WUP

5 | 2?25
o --9--®
al 4 20
=0
e
3}.- 4 15
L7
2;/./.’E—I//./-.10
1+ 4 s

o F——t——t——t=t—t—9 H—

100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450
number of nodes number of nodes

Coverage time similar to Flooding with 100% DC
Energy consumption reduced of up to =~ 96%
vs Flooding10%: -24x coverage time, -8x energy
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GREEN-WUP, network of 100 nodes

Average packet latency [s]

1
25 -CTP.noLPL :
CTP.LPL=50ms
CTP.LPL=100ms [
CTP.LPL=500ms mmmm
, | GREEN-WUP  mmm

15

05 -

o Ll
1 3 5 10

Percentage of sources

10000

1000

100

Energy spent by the network [J]

1] 1]
CTP.nolLPL
CTPLPL=50ms ===
CCTP,LPL=100ms I E
_ CTP,.LPL=500ms mmmmm ]
-GREEN-WUP s

= —

Lkkkk

Percentage of sources

Average latency 100 ms higher than CTP without LPL
Energy consumption reduced of up to ~ 33x!
vs CTP+LPL=500ms: latency -16x, -45% energy
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6 Let's remember how 9 9

0 ALBA was working

Red nodes forward packets to
red or nodes farther e
away from the sink

; B

Blue nodes forward

packets to blue or

red nodes closer to
0 the sink

nodes forward packets

to nOdeS Beyond duty cycling: Wake-up radio with selective
0 closer to the sink awakenings for long-lived wireless sensing
systems. IEEE INFOCOM 2015 522-530
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e ALBA-R: The best relay is selected among the nodes that
are awake

e ALBA-WUR: We wake up good potential relays when we
need them

e Semantic addressing: WUR addresses reflect
fundamental parameters—color, available queue space
and QPI
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e When a node has a packet to send, it wakes up only good
potential relay

Color = Red Burst size = 2 Target QPI = 1

e Each node maintains a pool of WUR addresses, each
corresponding to a request it can serve

e GPI is taken into account when answering to WUR requests
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e Recejver:

— Color: Red; queue occupancy: 1 (of 3);moving average of recent
transmissions: 2, and maximum number of packets that can be
sent in a burst: 2

Color = Red Burst Size = 1 QPI =1

Color = Red Burst Size = 2 QPI =2

Color = Blue Burst Size = 1 QPI =1

Color = Blue Burst Size = 2 QPI = 2
e Sender:

Color = Blue Burst size = 1 Target QPI = 1
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-

Simulation framework: Green Castalia

Developed extensions: MagoNode, WUR, module, WTx
module

Realistic energy and WUR models based on actual
measurements and experiments

Comparison with ALBA-R with duty cycles:100%, 10%,
3%, 1%

120 nodes distributed randomly and uniformly over a
200x200m field

Data traffic: A packets per second (Poisson process)
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60
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E

60

—&— ALBA-WUR, 5kpbs —&— ALBA-WUR, 5kpbs

- -0~ - ALBA-WUR, 1kpbs - - - ALBA-WUR, 1kpbs ;(

—®— ALBA-R, dc=100% 50 | —®— ALBA-R, dc=100% n
= - @ - ALBA-R, dc=10% - - - ALBA-R, dc=10% .
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S -~ ALBA-R, dc=1% - 3¢ - ALBA-R, dc=1% ,
% w40 | X
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e Energy consumption reduced by up to three orders
of magnitude

e Latency comparable to that of ALBA-R with 100%
duty cycle
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ALBA-WUR, 5kpbs s
ALBA-WUR, 1kpbs s
ALBA-R, dc=100% s
38 ALBA-R, dc=10% I
ALBA-R, dc=3% .
ALBA-R, dc=1% mmmm
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0.01

60 30 10 9) 2 1
Packet inter-arrival time [s]

o Lifetime of several decades!
e Network with 1% duty cycle and no traffic = less than 2 years
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e For applications (shorter range/dense deployments) in
which wake up radio enabled sensor networks can be
adopted WUP-WSNs allow to achieve very long lasting
networks at the same time allowing real-time data
communications.

e Wake up radio with semantic addresses: Paradigm shift
introduced by our recent works
+ Opens up a lot of research directions
+ much still to investigate
— Technology still under development

e Best students in the class could join the group of PhD and
master students working on this reasearch@SENSES!




