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ABSTRACT

Context-aware application has a lot of power consumption because it creates context by using a number of smartphone’s sensors.
Furthermore, only few kinds of researches have been conducted that provide information for the evaluation result of power
consumption in the aspect of applications. In addition, evaluation of power consumption do not consider user’'s usage pattern or provide
only total amount of power consumption, and inform developers power consumption of sensors undistinguishable. It makes developers
hard to develop a power consumption—-considered application. If developers could get information for power consumption of
context-aware application in detail, a development of power-considered context-aware applications would be possible. Consequently,
this paper proposes a BMT(Bench Mark Test) model which is able to inform developers useful evaluation criteria and result about

power consumption of smartphone’s components and sensors with usage pattern considered.
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Table 1. BMT Basic Model for Evaluating Power Consumption

. Evaluation . e
Category | Factor |Evaluation Item Criteria Evaluation Description
(D Modify Android OS
@ Open 'LocationManager.Java’
- @ Extract 'minTime’ in 'requestLocationUpdate()’ method as the cycle of data gathering
(JPS ) N > s : ’ syt
@ Confirm the cycle by inserting 'Log.i("",”");
. (5 Measure the power consumption corresponding to the cycle using PPAM(Portable Power Analysis
| Cycle of Data
Sensor Gatheri and Measurement Tool)
athering — - - )
Accelerometer (D Modify Android OS
@ Open 'SensorManager.Java’
@ Decide the sensor in 'registerListener() method’ and the sampling cycle in 'PeriodUs’
Rotation @ Confirm the cycle by inserting 'Log.i("","");’
(5 Measure the power consumption corresponding to the cycle using PPAM
Basic (D Stop the unnecessary processes on Android OS
Display Brichtness @ Confirm the brightness using Test applications
Brightness & ) (3 Measure the power consumption corresponding to the level of brightness(min. & max.) using
PPAM
Resources — .
(D Execute the dummy application
cPU CPU Load @ Execute a task enable to increase the CPU load (Ex.: 10000 X 10000 matrix computation)
@ Confirm the CPU load using Google instruction (adb top)
@ Define the math formulation from the CPU load
Cellular (D Stop the unnecessary processes on Android OS
Communi— WiFi Power @ Set the Airplane Mode and measure the default power consumption
cation Consumption | @ Measure the power consumption corresponding to the communication modules(Cellular, WiFi,
Bluetooth  |per Unit Time Bluletooth) by turning on them using PPAM
@ (the result of @ - @) = Power consumption of 'Cellular’ module per unit time
Table 2. BMT Context Model
Category Meaning Detail Context Factor Evaluation Item Evaluation Criteria
GPS Cycle of Data Gathering
Sensor Accelerometer Cycle of Data Gathering
Spatial Inner/Outer Rotation Cycle of Data Gathering
ob Location Resource Display Brightness Brightness
SO ces
¢ CPU CPU Load
Context Communication Communication Cellular / WiFi / Bluetooth
. GPS Cycle of Data Gathering
Sensor -
Accelerometer Cycle of Data Gathering
Behavioral Exercise Resources Display Brightness
) CPU CPU Load
Communication Communication Cellular / WiFi / Bluetooth
Table 3. BMT Usage Pattern Model
Category Periodic Execution Time Evaluation Item Evaluation Criteria
4~ H
the Number of Use 3 M
Normal Execution 2 L
. . 5 ~ 10 min H
Execution Time g
Periodic ~ omn M
4~ H
Intensive the Number of Use 3 M
Execution 2 L . .
Execution Time 10 min~ H Criteria of Evaluation Item
4~ H can be modified and
Us Patt, the Number of Use 3 M parameterized as the
sage Fattern Normal Execution = 120 . II:I experimental conditions (the
. — 1o i 1
Execution Time -5 H]EH M number of use, execution time
4~ H and so on).
Non-Periodic Intensive the Number of Use 3 M
Execution 2 L
Execution Time 10 min~ H
the Number of Use 1 L
One*Time ~ 5 min H
Execution Execution Time 5 ~ 10 min M
10 min~ L
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Table 4. Reference Values of Sensor, Communication
module, and CPU

Measurement Values Description
% Reference value corresponding to
Reference the evaluation criteria
GPS . .
Power consumption corresponding
Accelerometer .
- to the cycle of data gathering
Rotation
Cellular .
Vra,ge — Power consumption when use only
WiFi
one module
Bluetooth
CPU Power consumption as the level of
CPU load
V/ poau Default value of power consumption

sk wi7lol whE 71eAE FE87] 9ske] th Equation
(25 ol&s3th

)/ 255 2)

I/Re ference = (VEH/GHTNESS,%S - [/E/?/GHT/\/ESSJ

Table 5. Reference Value of Brightness

24 I
Reference value corresponding to the
V/ereence evaluation criteria
v Power consumption when the brightness
BRIGHTNESS 255 iS hlgh
v Power consumption when the brightness
BRIGHTNESS 1 iS 10W
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Table 6. Reference Values of Power Consumption (Nexus4)

Table 7. Evaluation of Power Consumption for Applications
Using “Outer Location”

MapA MapB MapC | Navigation D
GPS 247 247 247 247
Accelerometer 76 76 76 X
Rotation 47 X 60 76
Brightness 2.23 2.23 2.23 2.23
WiFi 47 47 47 47
CPU 186.61 13474 136.72 104.75
Total 605.84 506.97 568.95 476.98

2) AH 2 1 Excercise
H7t 24L& g3 2o Networks Wik dZ2319 3,
shd Wl 7P ofF dEE A Run/Walk o

Accelerometer
Normal Ul Game Fastest
Power (mW) 40 43 76 145
Cycle (ms) 200 67 20 5
Rotation
Normal Ul Game Fastest
Power (mW) 47 76 131 316
Cycle (ms) 200 67 20 5
Network
Cellular Bluetooth WiFi
Power (mW) 17 5 47
CPU
CPU (%) 1 43 56 69
Power (mW) 12391 689.88 1038.23 1527.52
P=10.2628z" +3.122x 4 59.69
Display Brightness
Levd mW) | 223 | 2%3mw) 57
GPS
Power (mW) ‘ 24TmW
42 "ot 24
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Table 8. Evaluation for “Exercise” Applications
Ex. A | Ex B Ex. C Ex. D Ex. E
GPS 247 247 247 247 247
Accelerometer X X X 76 76
Rotation X X 43 131 X
Brightness 2.23 2.23 2.23 2.23 2.23
WiFi 47 47 47 47 47
CPU 85.02 92.95 119.70 | 12345 81.87
Total 381.25 | 389.18 | 45893 | 626.68 454.1
3) Akl 3 ¢ ARk o ZA o)A
F7b 23L& gL 2o Wikt 94 3 ¥ g BE
B89 Z2A~E FRE Fo FAHsAh =g sid
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Table 9. Evaluation for “Video Player” Applications

Video App. A Video App. B Video App. C
WiFi 47 47 47
CPU 294.96 190.28 355.46
A 341.96 2317.28 402.46
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