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MOTIVATION 

 

How to evaluate energy footprint of apps 
on emerging IoT / wearable / mobile 
devices? 

Å No direct access to power source 

ÅDifficult to separate overall power draw vs 
power consumed by software  
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Hardware power monitors 

ÅHighly accurate for instantaneous power 

consumption 

ÅRequire connection between power source 

and device (detachable battery / power 

source) 

Å Bulky and limited to fixed contexts 

Power profiling 

ÅMathematical models of energy, can be 

constructed through software or hardware 

sampling 

Å Vulnerable to biases (testbed, sampling 

method, measurement context, é) 

Å Limited generality and better at relative than 

absolute estimates 

CURRENT SOLUTIONS 
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THERMAL IMAGING 

ÅOff-the-shelf devices with thermal cameras 
increasingly available 

Å Smartphones: Caterpillar S60 and S61 

Å Attachable: FLIR One range of thermal cameras 

ÅRelies on forward looking infrared (FLIR) 

Å Measures thermal radiation, not temperature 

Å Off-the-shelf devices uncooled making them 
sensitive to heating of the device  
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THERMAL ENERGY-
EFFICIENCY 

ÅGeneral idea simple: take thermal image of device running an 
app and convert that into an energy estimate 

ÅConversion from thermal energy to power governed by Stefan-
Boltzmann law: P = ƠƬ AT4 

Å A = surface area  

Å Ơ = emissivity of material 

Å Ƭ = Bolzmann constant 
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2312 mW 
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SOUNDS HOT,  
DOES IT ACTUALLY WORK? 
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EXPERIMENTAL SETUP 
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Augment: augmented 

reality application that 

allows manipulating 

and viewing virtual 

objects 

Chess: puzzle game 

that allows playing 

against a computer 

opponent (minimax 

algorithm) 

Face: application that 

allows device to 

identify a person 

based on facial 

recognition 

YouTube: used for 

separate discharge 

experiments 
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EXPERIMENTAL 
SETUP 
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Samsung Galaxy S5 

Nexus (i9250) 

Monsoon as 

baseline 
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RESULTS: FEASIBILITY 
ANALYSIS 

Experiment Setup: 
Discharge experiment where 
constant charge (YouTube) 
applied until device empty  

Results: avg. temperature 
difference 0.77 across all 
battery levels 

Č Thermal footprint is 
sufficiently stable over time 
when load is constant 
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26.04  28.42  28.4  

28.1  27.1  27.83  



Matemaattis-luonnontieteellinen tiedekunta 

RESULTS: ENERGY 
FOOTPRINT 
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æ1.25  æ 1.41  æ 1.47  

æ1.82  æ 1.26  æ 2.07  
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CHALLENGES: 
ABSOLUTE ESTIMATES 

ÅAbsolute estimates sensitive to accuracy of emissivity and 

surface area estimates 

ÅRelative estimates for same device insensitive against 

inaccuracies in these estimates 
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CHALLENGES: 
MEASUREMENT AREA 

ÅThermal footprint varies 
across apps depending on 
which components they 
utilize 

ÅAccurate thermal estimation 
requires region-based 
thermal estimates that take 
into account different system 
components 
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