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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.

Keywords : Context-Aware Application, Power Consumption, BMT, Testing, Mobile Context

BMT =% 7|4l mujd A3kel x|
ol Z g Alo] AL AH 4n] H7}

FYAA AT Acl A TR AAE ol§stel 4L FEHDE AY 27k Ax o)) BF AT Bk ANE ATHE ATE
vulehgick Ee s1Ee] A Lo uu 4 & s e aelsh) Raha @zﬂw 2 AT, WAL AL
SR LI EE %ﬂ—om AFA Fahddeh 297) wEel ARAsol
& gusk AFHA wghhe xﬂw itk LRSI 4HAA o B A o)A
ol W AT B Aok ATIIY, A S00E 2oldel FRAA AgAAol
Aol Abg A melstel FAA oAFelAc A A% A AHgHE

Mark Test) B9 A3, o]& B 4Ad B2k Aok AAEelA

I : HEOIX| 0{E2FH(0|M, M3 AH|, BMT, HAE, ZHIY AEQIX|

+
Ht
it

%

411

°

U h
o] wEL IGUE AR (u ATt Ao R sl Palthe] Sl g FES fste]l 9 AFF G AME o
21 9E o} e AU (NRF-2016R1A2B1014376). Q23517 =} ol u}A o] 3z o]l A Hlsl A& AlLzk
o] =EO 96U S HA e ekE] 27 GLAHLJEHﬂ A BMT 7]ut © ]’ ] ixﬂ‘nfoﬂ 2 U= d 01 efﬂ?ﬂ ]L_Oﬂ ]OH DL ]’o 6]
A o BelAol APy Bt A ABOE MR =R o 7t & el gltt
g9 A9l . .
T ERE OHWM Axzeia 4w Yy W W pAHel ko] i o 2o FaAldo] uA
X4§]o_] v 2| 7 Eofj 8} ,U;‘%Hﬂy;}ﬂ_;r_ou H X x]"1\__ T ] ﬂ/\q—l‘ ]'EHQ’]' B T':ﬂ\:l ] Eg
ZEX3) Y ol e x}x}lcﬂz e —{52]— _/’: (}3\}1\]:]_
Manuscript Received : July 4, 2016 - . ) _ _
First Revision : September 1, 2016 AA, FEAAA oAFYAolAL gt AME o] &3ith
Accepted : September 7, 2016 5 =
i Athor: AR o FE Al AL AWHARIl ofFe Aol e tf

Corresponding Author : Jung-Won Lee(jungwony @ajou.ac.kr)



412 ZEXNEE=2X/E7FH 2 S8 AL H5T HM11=(2016. 1)

Gt AAME o]tz HE Anyl A F WY 4| doithe A7 EATH3 28] ‘No-sleep bugs'l
SHelA Z&2R FFAA AZANAE MLy A el Aol ke AF7F AP ATAL o= o &z
A BEAA ofZYAelde] AHdeke b HEWETL Aol el Al 2+E ‘Wakelock’ &2 <18 =utd tlupo]~
e Aol W Hrh ARy st oo e 3 o g ZjE%jEﬁ AL Aesa oz g F74H<l
7b BRE aeetA] gtk o EeAoldel Adlshe A g 2nnks asiinh a2y 9] F =Ee StE=d
Hol g gee Jrpt Erbe stk of 8 azEdoHoRE MY £ gle TAHoE AT
A, 3EAA o Ee ol dY Ll wE Hvt Ag Zvle] g Agolh. %] el dubHll g
AR Aol dd AT vHlsith F&AA o E Al oA FFAA ojZeAelAe] A Ln|grt digt Fu
o] A8 Adle oA 7|7]elA FHEk=A, oW A £ Algsrlds AdetA &rh aga AvtEES TAE
£ oW F712 ARgsheA, 2ga AREATE oW R ARE: AL YE v ARUEY] dY 2uld Wd AT7F I
Ael o Abgeh=xo] we) Aoz AR 4R of | ATHS] vhAte 2 PowerTutors o] &3te] of2] Eofel
YAl g AME o] &t HolA st=solrt A dEA] =2 6749 ofEeTloldel anlshe HAHE
g Aol gk aefrh dasta o AAME o ZAse A7 AYHSATHEL 2y 919 F =g A
sto] AbgAte]l AgE FEITHE HAA AZETL & gA ojEAoldol AHgahE thgd AlA el tig iy
Hahs el gk ne] g desieh Wi, AeAE S A gt Aol dY anE grtshrldl= AAds)
o] Y &HIE aL#ste] FRAA ojZAeldS st A &
7] SteiM e vk 71719k A o] ARS-S argjstel BrkE
T s WHol dasith HE ofZgAeldE Hrtdehe= 22 2Hp Cldio|Ao] M2 4H| HE MBS
o] o] AARE o= Vel i W7 AFolRE, & w3 wud oupo] Ao A Au]gb x%éﬂoﬂ et ARE
glA ojZE Aol A Ln] bl AE3547] ot AZs A7t ZAET <ole] oWE ~EFYS o] &3}
AR, 2t EEL e ete A g o] &3tk A o] ojZE Aol A Au| e :‘EX(-)]S]-_TI_ SER EEE
L o e e e e B e b N R R B e B e L 2 ol= 2ol willd] AZae ATst AdEAeHT. 18
of dA AT TFdE AAE ol &8y Wil dubz<l U} o] AFoA oloje] oHIEE y|dlo Alg HES
o @Al wls] A AREFo] T4 el it T B AR AFgAe] ALE HES meEA ot ©
utebs GEAA o ZeAlold e ¥ AnH7E Bolxivtd, g ~nlEZ| A AuE AYS 24ste] Aule] AL,
Au| o] A &AZRe] AASHA AT 4 ATHLL aH] AEo] Fad A Ao A xu|ES A% u
ojAY A 2HE neste] FIAA oEIloldE o} Folsl= AEs} x]agglmq[g] 28 Abgrelx] o =g
MEstr] flal ol & 5 gl F7 ARE Aws] 9l Aol e E2a wutal tufo] o] whal A Az} &
A= AEsld =2 A2 Fr7eksE BMTBench Mark 24 2 9} Wb ged mus H],H—OE xd 2ob o]
Test)7} L4 X—.OE}. A~ Eg o] BMT d3H2lel maw, o et As Azer)e Exdol 9th wd AnfEZl]
e depl A emEdeld] e MATHAEE A weee) g@ gne Agehe d glo] Aesol~T) Fa
A= 9. stk A7k ABHATHIL olsh B Au AuAEol
mEba] F mel e Y anE aHd FEAA o F AE 2H2 wgste] Agelx o Ao de sty
g Aol RS Sfe WA HAES SF AEAA = o &3
ojFgAoldde]l Anlehe dHd W AHE LA
e @ 23 2z Egojof tfet H
B =g A vedt 2k 27eA 94 JdFAd Ael ano] ek AT o)o] AnPEE W o]Zg] Ao e

g 2 2 AR Aol ta ddra A= A4y

7l

all P rtet= W o 3 ol AULEZ 7|RA 7)o
24 H712 98 BMT 2498 Aokstt), 476 = BMT Feb= el Wigh Aol AvpEZe] 7 %50
= 4

ol

gk g ot digk AF7F EASH10]. 283 7]E9
‘ISO/IEC 9126 Software Product Quality Model[11] 3520l
A AZEgd] A4S Jﬂ7}°}7l A F4 5A4S A
At} o] ISO/EC 9126 B AZEG 0] F4< 27 67

= A o EE Al AS et} v o g 5%
A BMT 24l EAS Aysly &S A7LE A A st}

2 #H A3 A 2 :ILT':O}Oq AZEJ Y F4E Hrtshr] A TES

A ek, ek 919] ISO/IEC 9126 =] /I % ISO/IEC
2.1 Zdt Clajo|Ael M2 4| 25000 Systems and software Quality Requirements and
Xl tjupo] o] e Aule] digh Tl o

Z ol u} Evaluation(SQuaRE)[12] ¥Fo] EAIS o] 32 42X
g, mupe qu}ovﬂ /\H]z“,}t Ao digh A77F 7 Edlo]e] A4S 8/ EAHOR Fiste] AZEd ol F
Aok 2rtY tuepo] A7) AH 13} o Wg AF=EE, A& Hrlstr] s 7%°i Zﬂ’\lé}l At} &A kol
S0} Slstol 2ol A M4 g e 2 @ ars mEe vedl AZEdd 42 Dl 9

rlr
3
oAy
2



g A7) wiel FEdA ofZeAelde) AE LHE #H
7bat7lol = A dskA] S
9] AFES AFAA oZg Aol dY Aulel o

@ Ang Al AhaA o

>
T

AR, B tite] 28 T Qe AEAES )
s dgel W@ AFEe Adse] gk aey A%l
A ofBAelHe wutdl tutelze] J|E AEUESE
ohue e AAE olgakAm JEe ATEE olof
# BgH 12 S 9 gk

S, mub dutelzsh amlshe e B AR
AgA A AzenA s AT E@ AAHT 2o
ol AL AT frolvd Au B oheh 41 of
Fe)Aol8e QA AGT Be A9 neshd Ba

A, REEGol FAS WAt HE B QTEE
AgET 2t 44 o Bl A Thgd A
2 olgsy] witel oleld A ALgeh: Aol U@

B =RoAE thekgk mutd tlupolagh AEAE ALE
M-S aefstel A= e Brkshy] §1¢ BMT RS
Al ket

31 BMT 22 Heo|

o #EATM AFeYW ISOMEC 9126, ISO/IEC
25000 Alg]zelA AZEO Y] g8A4S FrtekA R 48
1A ojZgAloldel HE &M Hrlole HgtatA o)

gukstd 9] FEoAM AL = BEAC W Bt
FE2 SHAZ, WA, A vize] AFSEE 53 ol
FEAA ojZ Aol A 2o ARAeR AR
HA Fe @ Wb FEoy] ol FEUA ofEe
Alolde] 2Hlehs AH 2 ARgshs Enkd Hupol sl Al
Ao} doly 5 F71 2elal ARSATE o 9A AREehEA

LZEolo] Uig ne2A, ojud UYAEE ATz
Ao dgte] Felstdrt. Ao R A

Ho wel Ay At dEkd F 7] wie] o]E AR
HE[13]o 8 EFs9t) Fig. 19 W7t 712 BHE Eg=
Table 1, Table 2, Table 49| H7} 2d& Aotgic},

=
ofo
>
N
-~

>
=
ofo

ol
Qo
rir
£

BMT 22 VI8t ZHIY &&CIX] O1Z A0l ®3 ] HIF 413

Resource

Device .
e Basic —E Sensor

Communication
Context . Inner/Outer
o | L
BMT 22 (Software) Spatial Location

L Behaviroral — Exercise

Usage Pattern

(User) b Periodic —[ Normal Execution

Intensive Execution

L Aperiodic Normal Execution
Intensive Execution

One Time Execution

Fig. 1. Criteria of BMT Model
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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 Brightness @ 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
=P 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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Fig. 2. Categories of Context and Usage Pattern
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Table 4. Reference Values of Sensor, Communication
module, and CPU

Measurement Values Description
V 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/ posou Default value of power consumption

sk wi7lol whE 71eAE FE87] 91ske] th Equation
(25 ol&sith

)/ 255 2)

I/Re ference = (VEH/GHTNESS,%B - I/B/?/GHT/\/ESSJ

Table 5. Reference Value of Brightness

24 e
Reference value corresponding to the
V/sereence evaluation criteria
v Power consumption when the brightness
BRIGHTNESS 255 iS hlgh
v Power consumption when the brightness
BRIGHTNESS 1 iS 10W




416 JEXNEEe=2X/E7H 2 &

skele] Table 6& 9ol 7143
A9 B} 7|2 Aol

L=
5 e

A" ST AM11=(2016. 1)

WHH o 22 Nexusdol] w3k

Table 6. Reference Values of Power Consumption (Nexus4)

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 6 131 316
Cycle (ms) 200 67 20 5
Network
Cellular Bluetooth WiFi
Power (mW) 17 5 47
CPU
CPU (%) 11 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
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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 186.61 134.74 136.72 104.75
Total 605.84 506.97 568.95 476.98

2) AH 2 : Excercise
H7t 24L& g3 2o Networks WiFiTh <2319,
shd Wl 7P o AdEE AT Run/Walk o
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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 1 ek o ZA o)A
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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 341.96 237.28 402.46
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