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1. Collecting data in geographicatgmoteregions with limited
energy availability and network connectivity

U Water pollution
U Forest fires
U Avalanches, landslides, etc.
2. Using connected loT systems to gain4teak insights
remotely
U Sensing equipment (sensors, loT devices, MEMS, )
U Communication equipment (sensor to gateway)
U Processing equipment (from Raspberigto massive DCS)
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Examples of REM

Rural Environmental Monitoring Systems

|—> Pollution Monitoring L» Disaster Warning L» Industrial ToT
Air Quality —» Seismic Activity Agriculture
Water Quality —» Avalanche Oil and Gas Well

—» Nuclear Explosion
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MEGASENSE

IScalable reatime 5G air pollution
sensing as a service for megacities

Use ML to calibrate many lamst
sensors (e.g., wearables) with a few
highly accurate measurement
stations.

Vhttps://helsinki.fi/en/researchgroups/
sensingand-analyticsof-air-quality
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WATERLINE
/IRemote sensed data
/Historical data
Vin-situ data
ICrowdsourced data

Vhttps://waterlineproject.eu/
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Felt reports received for M6.4 earthquake Felt reports received for M5.4 earthquake
in CROATIA in PORTUGAL
on 2020-12-29 11:19:54 UTC on 2024-08-26 04:11:39 UTC

ey

EMSC

IMore than 2500 sensors

/ISubminute measurement

areas

Vhttps://emsc.eu/
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CTBTO

11337 facilities
worldwide

IHourly
measurements

/IHomogenously |
distributed around:
the earth

Mhttps://ctbto.org/
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Summary
Rural Environmental Number of Real-Time Proximity to Potential for Potential for Safety Data
Monitoring Use Case Stations Dispersion Constraint Urban Areas Electricity Access Internet Access Risk Sensitivity
Air Quality (GEMS/Air) 10s of 1000s Global Hour Any Moderate Moderate Moderate Low
Water Quality (SWAIN) 30 to 75 Regional Minute Any Low Low High Low
Seismic Activity (EMSC) > 2500 Continental =~ Minute Any High Moderate High Low
Avalanche (SLF IMIS) 186 Regional Hour Mid to Far Low Low High Low
Nuclear Explosion (CTBTO) 337 Global Hour Mid to Far Low Low High High
Agriculture ~ 1per 2ha Local Hour Near to Mid Low Low Moderate Low
Oil and Gas Well ~ 1 per well Local Minute Mid to Far High Low High High

Aral, A. 2024. The Promise of Neuromorphic Edge Al for Rural Environmental Monitoring.
Environmental Data Science. Cambridge University Press. (to appear)
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Sustaining the Monitors

IMonitoring is crucial for environmental sustainabilit A&

Utrack environmental changes
Uinform or automate actions
Uprovide better understanding

IHow can we make sure that monitoring systems
themselves are sustainable?
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Sustainability beyond Energy Efficiency

Challenges

VIEnergy / network availability
/IBattery life and disposal
IHardware obsolescence andnaste
IPhysical disruption to ecosystems

ICarbon footprint of manufacturing and
Installation

Solutions

VIEnergyharvesting

IFewer sensors / sites
VLess frequent communication
IMore efficient processing
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Optimizing the number of sensors / gateways

Ahmad,S,3 Q9 Hh@atmanT.,1 9 F < b, MA90@Maio,V.,, J 9 FI<&AA€IA (2023. Sustainableesnvironmental
monitoringviaenergyandinformationefficientmulti-nodeplacement IEEHnternetof ThingsJournal,10(24).

SWAINProject(0320215 062024 funded~1.2M EURFWF~41K EUR}hroughH2020EICCHISTERA
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Ahmad,S, 3 Q9 FHh@vatman T, 1 9 F < b,GICT9 @Maio,V, J 9 FISSARIA

60% to /3% fewer lIoT nodes deployed

Almost the same number of detected pollutan

Up to 60% energy savings

The first comprehensive evaluation of energy
sumptionfor multitype 10T nodes

Unique Micropollutants

(2023. Sustainableenvironmentalmonitoring via energyand information efficient multi-

§\$L“i\§:,":7% 1 1 ~
% ; LNIVETSI tat nodeplacement IEEEnternetof ThingsJournal 1024).
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Optimizing the communication frequency

Aral A, ErolKantarcjM,, & J 9 F1.€2820 Stalenesgontrolfor edgedataanalytics SIGMETRICBroceedingsfthe ACM
onMeasuremerdand Analysi®f ComputingSystems4(2), 1-24.
Aral,A, & Brandig I. (201§. Consistencyf the fittest: Towardsdynamicstalenessontrol for edgedata analytics In Eurc

Par2018pp. 40-52).
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Edge Intelligence (Edge Al) N

. . . . or shorten path of
Y = < Romputing with machine learning and | s ofioscing -

advancedhetworking 9 H9 : ADAL AKEK

ol
U' F Kdf en®retyrelyingon the cloud, EdgeAl -
makesthe mostof the widespreacedgeresources _ on the cloud
to gainAlinsightA y Zhouetal. (2019 _
o
IEdge servers atecated much closer to the data * Cloud Inteligence
sources Compared tO Cloud Training and inference on the cloud

) ngher data transmission rate Zhou, Z., Chen, X., Li, E., Zeng, L., Luo, K., & Zhang, J. (2019). Edge

- I intelligence: Paving the last mile of artificial intelligence with
Lower ComPUtatlonal pOW@f edge computingProceedings of the IEE&{8), 1738.762.

07.10.2024 Sustainable loT and Edge Al for Remote Monitoring Page24



g7b Lniversitat
o wien

IDAY

IDAY

DSS >

Streaming Data

07.10.2024 Sustainable 1oT and Edge Al for Remote Monitoring Page25



7 wniversitat
. wien

IDAY

@'(\
‘o Ted
./f)Local Updates pe) 1’«-&
DS;

A S g _ - 4
- _ _ _ ,./ i

7/

- s

IDNY: >

07.10.2024 Sustainable 1oT and Edge Al for Remote Monitoring Page26



a2 universitat
./ wien

DS, <-

./ * _Model Broadcast ¥
- 7

7 g /

/7
7

07.10.2024 Sustainable 1oT and Edge Al for Remote Monitoring Page27

IDAY

D55




Lniversitat
wien .

I
0 I— |
:
|
I
|

o0

O U | T —

O 0

(0] (0]
100
80
g
> 60
8
>
S 40
<
4+—————re¢t—— >
20 Iteration i1 Iteration i Iteration i1 Iteration i
0

Option 1

* Update arrival

I
I
I
I
I
I
I
! times to the PS

0

* Accuracy of local
prediction models

Iteration -1 Iteration i

Option 3

07.10.2024 Sustainable loT and Edge Al for Remote Monitoring

Page28



Staleness Control Problem 100

80
S
t; T g 00
maximize U1 (x)dx + [ U (x)dx 3 40
J to L < - P »

Iteration i1 Iteration i

N
o

subjectto i,je€Z 0<i 0<j<m,.

IHypothesisThere exists aimconstanioint to broadcast within each
iteration that yields the optimum accuracy.
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Staleness Control Problem
Markov Decision Process:

(S, A, P, (s,8"),R,(s,s))

s=W-aVWn-2... V... W,

Aral, A.ErolKantarcj M., & J 9 FI<(208D). Staleness control for edge data analyti
Proceedings of the ACM on Measurement and Analysis of Computingd&}s t@#hs

U(s;), a=push
Ry (54, 8041) =30, a = wait A ;41 # Sy
D, a=wait A s;41 = Sy

ny is delayed

otherwise

= {Sr+1 : (d(St,S041) = LA Spp1 > 8¢) V (Sp41 = 5¢) }
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Staleness Control Problem o= _
1 + visits (s;, a;)

OnlineDelayedl-Learning: Q(spa;) — (1—a)Q(ss,a:) +a|r + yz Pr (s | s az) mng (s, a)

J —— I QRUM THOLD PRIOR

- _ = 7000 i o
IDelay Q updates until a - i :

statistically significant number ¢ 000 I 9

of experiences is reached. é" 2000 I E
- _ £ 1000 i =

o 0t .

I/lTheoret|Ca.| bound on 0 30 60 90 120150180 2) 3‘0 6‘0 9‘0 léOIéOIgO 0 30 60 90 120150180

convergence (PARDP) Time (min) Time (min) Time (min)
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PerformanceComparable accuracy to core Al,
yet with realtime responsivenes#l< 10s)

EfficiencyLow communication overhead of
model updates (< 1 per minute)

The first staleness control mechanism, where the synchronization perio
learned from / adapted to the environmental changes

07.10.2024 Sustainable 10T and Edge Al for Remote Monitoring




g Lniversitat
. _Jwilen

Optimizing the energy consumed

Aral A, DeMaio,V,, & Brandig I. (2021. Ares Reliableand sustainableedgeprovisioningfor wirelesssensometworks IEEE
Transaction®n SustainableComputing,/(4), 761773

Luger,D., Aral A, & Brandig I. (2023. Costawareneuralnetworksplitting and dynamicreschedulingor edgeintelligence
In Proceeding®f the 6th InternationalWorkshopon EdgeSystemsAnalyticsand Networking(pp. 42-47).
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DNN Partitioning (NeuroSurgeon
. .»[2.41,0.87] . _
‘ % > 72087 ™

Joo @

Kang, YHauswald J., Gao, QRovinski A.Mudge T., Mars, J. and Tang, L., 2017.

Neurosurgeon: Collaborative intelligence between the cloud and mobile edge.
ACM SIGARCH Computer Architecture News, 45(1);6#9615
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