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Data explosion and IoT/CPS-driven world (1)

ÅThe rise of the need 
for big data 
management in the 
IoT-dominated 
environment where 
majority of the data 
is collected by 
connected sensing 
devices.

Source: IBM Corp., New York, 2012



Data explosion and IoT/CPS-driven world (2)

ÅThe rise of the need 
for big data 
management in the 
IoT-dominated 
environment where 
majority of the data 
is collected by 
connected sensing 
devices.



Data acquisition under limited battery power (1)

ÅSmart tablets and smartphones will be the data acquisition interfaces 
in the IoT/CPS driven big data era

ÅThese devices are constrained to battery power

ÅPossible solutions: GPS-less data acquisition

Sensing scheduling protocol  
between sensing server and 
provider
X. Sheng, J. Tang, X. Xiao, and G. Xue, 
ά[ŜǾŜǊŀƎƛƴƎ gps-less sensing
ǎŎƘŜŘǳƭƛƴƎ ŦƻǊ ƎǊŜŜƴ ƳƻōƛƭŜ ŎǊƻǿŘ ǎŜƴǎƛƴƎΣέ 
IEEE Internet of Things
Journal, vol. 1/4, pp. 328ς336, Aug. 2014.

EMCSS Scheduling policy:
Objective: Maximum Coverage under battery 
limitation

FMCSS Scheduling policy:

Objective: Address trade-off between 
coverage and fairness among sensing service 
providers



ÅClassify sensing tasks as delay tolerant and delay intolerant
ÅL. Wang, D. Zhang, and H. XiongΣ άeffSense: Energy-efficient and cost-effective 

data uploading in mobile crowdsensingΣέ ƛƴ Proceedings of the ACM Conference 
on Pervasive and Ubiquitous Computing Adjunct Publication, 2013, pp. 1075ς
1086.

ÅExploit the times when smart phone users place phone calls or use mobile 
apps so that energy required for sensing is reduced
ÅN. D. Lane, Y. Chon, L. Zhou, Y. Zhang, F. Li, D.nKim, G. Ding, F. Zhao, and H. Cha, 
άtƛƎƎȅōŀŎƪ crowdsensing(PCS): Energy efficient crowdsourcing of mobile sensor 
data by exploiting smartphone app opportunitiesΣέ ƛƴ Proceedings of the 11th 
ACM Conference on Embedded Networked Sensor Systems, 2013, pp. 1ς14.

Data acquisition under limited battery power (2)



ÅSmartphones need to be localized for data acquisition 

ÅGPS drains significant battery power

ÅLocalization has to be managed in an energy efficient manner

ÅProtocol proposals are available

ÅBeacon-based protocols

ÅRelative location-based protocols

Data acquisition under limited battery power (3)



ÅAd Hoc Localization System  (AHLoS) for sensing devices
ÅEvery node contributes to process

ÅSmall fraction of nodes (beacons) are initially aware of their locations

ÅDistributed
Å Robust to surrounding environmental changes

Å Scalable

Å ENERGY EFFICIENT

Å Inter-node ranging uses (RSSI, ultra-sound)

ÅAtomic multi-literation is the base case
Å A node uses three anchors in its communication range

Data acquisition under limited battery power (4)



ÅAdopting compressed sensing in smartphone sensing
Å find a weighted linear combination of samples also called projections in a basis different from the one in which signal 

is sparse.

ÅCompressed distributed sensing

Data acquisition under limited battery power (5)
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Sartipi, M.; Fletcher, R., "Energy-Efficient Data Acquisition in Wireless Sensor Networks Using Compressed 
Sensing," inData Compression Conference (DCC), 2011, vol., no., pp.223-232, 29-31 March 2011



Research group on energy efficient data acquisition 

ÅRecruitment for data acquisition

ÅGPS-less sensor recruitment

Potential efforts of a possible research group

Define protocol standards 
for energy efficient data 
acquisition
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Big Data ecosystem

Big Data characteristics

ÇVolume

ÇVelocity

ÇVariety

ÇVariability



Big Data in Energy Domain (1)

Ç Various application domains exist and each one of them has its own 
characteristics /requirements and demands different technological and 
data assets

Target fields 

×Electricity production, transmission and distribution

×Distributed production and smart grids

×Renewable energy production

×Energy saving

×Energy policy planning



Big Data in Energy Domain (2)

Ç Data used in Energy Domain

×Monitoring/optimizingcomplex electro-mechanical systems (health monitoring)  
or energy management systems (optimization based on historic data)

×Monitoring of energy flow on transmission and distribution grids (smart 
metering)

×Forecasting of energy demand and renewable energy production (localized 
weather, access and analysis of historic data)

×Monitoring/optimizing/control of Internet connected distributed systems or 
components 

×Monitoring/optimizing energy management systems 

×Market data Source: http://www.big-data-europe.eu

http://www.big-data-europe.eu/


Big Data in Energy Domain (3)

Ç Electricity production, transmission and distribution

×Utilities/Operators (system monitoring and control, forecasting)

×Transmission System Operators (grid/substation monitoring, energy flow, 
smart grids in transmission level, forecasting)

×Distribution System Operators & aggregators (grid/substation monitoring, AMI 
automated metering infrastructure, historical data management and 
forecasting)

Ç Renewable energy production

×Manufacturers (fleet monitoring, siting & forecasting)

×Wind Farm operators (system monitoring, resource forecasting/day ahead 
bidding) Source: http://www.big-data-europe.eu

http://www.big-data-europe.eu/


Big Data in Energy Domain(4)

Ç Distributed production and smart grids

× Aggregators (grid/substation monitoring, energy flow and balancing, smart 
metering, forecasting, demand side management)

Ç Energy saving

× Industrial sector (energy, large distributed installations)

× Building & commercial sector (building envelope, audit data, user preferences 
and behavior)

Ç Energy policy planning

× Resource estimation (wind atlases, climate effects etc)

× Exploitation of socioeconomic/geospatial/legislation data from various sources 
and formats

Source: http://www.big-data-europe.eu

http://www.big-data-europe.eu/


Challenges of Big Data in Energy Domain

Ç Competitive low-cost energy production via lower operational and 
management costs 

Ç Accurate forecasting and grid management

Ç Expansion and optimal operation of smart grids  

Ç Robust decision making via accessing and processing large data sources

Ç Exploitation of latest ICT innovation in BD field



Smart Grid and Big Data

Ç Main applications: Energy management, smart meters, Vehicle-to-Grid (V2G)

Ç Targets:

×Forecasting user demand and optimizing energy 

×Shaping customer usage patterns and enable customers to have more control 
over their energy usage

×Obtain better understanding of customer segmentation

× Incorporate distributed generation resources

×Ensure reliable energy supply and prevent outages

Ç Challenge: If one reading per 15 minutes is performed in a smart meter we easily 

reach 96 million reads per day for every million meters 



Internet of Things (IoT) is everywhere 


