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Power Model for Smartphones Considering Hardware Utilization and Power Delay
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Abstract: Understanding and optimizing the power consumption of smartphones has become an important research topic. It is necessary
to have a dynamic power estimation tool for hardware and software developers so that they can develop energy-efficient applications and
construct energy-efficient smartphone systems. Previous work has proposed various power models for estimating the power consumption.
However, these models lack granularity and accuracy. In this paper, a power model for smartphones considering hardware utilization and
power delay is proposed. The model makes each hardware component more fine-grained and includes the power delay. Therefore, it can
more accurately estimate the real-time power consumption. The model is based on a nonlinear regression structure. First, the model is
determined by making each system variable modular from the target device. Then, the specified model is identified by test cases and the
final coefficients concerning the power consumption are confirmed. Finally, the estimated power is compared with the actual power
measured. Experimental results demonstrate that the average absolute error of power model is less than 4.6% in common scenarios, which
obviously improves the accuracy of evaluation.

Key words: smartphone; hardware utilization; delay power; power model
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Fig.1 The delay power of WiFi
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FEUT L (0 22 2 Android HEZESRERER APT U, W R AT Android JT & A5, N FI A2 )P AR 05 A0 75 245 04, 38 R AR
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b LA PR 35 0K A S AN AR5 T S 8 000 60 G A 2L S8 A £ A 003 PR 451, 3 o A S 2R 45728 0 £ T
A9 18, 1510, 15 B CPU i 26 A 0~100% 32 3 388 0. 56 T3 86 47] 25 52 56, FRA T HE I 6 28 48 D RE 52 i 2 /N (V0 B 2R 412,
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1)  CPU:CPU Ty#E 4= 2 i JLAF FH e (util) Y.
2)  Screen: it Ft i (brightness) B4k gk 8 T L IhHE, B 1B S BE MR 4 5,395 B L.
3)  Memory: A7 DhFE R T AT H % (uti).
4)  Flash: [N 47 D HE (A B G048 1 9 8, 40 ) ok 1R BUE B (read Speed) Fll 5 N B (writeSpeed).
5)  WiFi:fii 5 WiFi DUFE BRI T LA T 4 D RS AR S B 2 (wifi_On). 5 558 5 (wifi_Rssi). &
T4 (linkSpeed) FI U4 il 5t (wifi_Traffic).
6)  Phone:ill 1A% bR (1) Th #E 35 Bl 15 R A (callState) F1IE 1 I A 15 558 5 (call_Rssi) ¥k 5E.
7y 3G:HHT 3G BN LI R AR T LN 3 AN EITRIRASBG on). GSM {F 55 E
(3G_Rssi)F i i (3G _Traffic).
8)  Audio:fE I IR (1 i o, AR B 1) Th R 2 SR LR 2 A5 APl (headset) F1 % 5K/ (volume) I,
9)  Camera: AL TAEIR A (camera_On) k& T HIh#E.
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10) GPS:GPS DAtk & T H LAEIRZE(GPS_On).
11) Bluetooth: ¥ 7 ¥ Uy #& B ¢ T~ H 42 75 FF /5 (blue_On).
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Table 1 The range of each system variable

Fz1 SPARGLARREGH

il {1 4 1 Z 478 5 (system_variable) St il A1 44 F 4178 i (system variable) 36
CPU util [0,100] Screen brightness [0,255]
Memory util [0,100] Flash readSpeed [0,00]
wifi_On 0,1 writeSpeed [0,00]

WiFi wifi_Rssi [-99.0] 3G_On 0,1
linkSpeed [0,12] 3G 3G_Traffic [0,00]
wifi_Traffic [0,00] 3G_Rssi [0,31]

callState [0,2] . headset 0,1
Phone call_Rssi [-299,0] Audio volume [0,13]

Camera camera On 0,1 Bluetooth blue On 0,1

GPS GPS On 0,1 System System On 0,1

.,,I .
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Fig.2 The change trends of delay power
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PRAE R G0, Wb R 0 5 58, e A% T o0 M BE ML N B = 07 WU, B AR A 1R R AR I 0 3R 2 B B2 $E 48 66 319B 1E
FE R AE A H AR 14 IR e TR, T & RE RS DL 4.0V R FEUR BRI H b e o5 b vl ) 6T A6 0 R A2E Fo A7 R OR
A1 518 R HEERET PC .

TR H i R AL AR RGHESL AN 1] 3 o, il 22 AR 0 R FEYE 66 319B 11 GPIB #: L 51 SHLE #2758
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Table 2 The smartphone hardware parameters

FT2 FReTFHUEMGSH
BT 5 AR S920
CPU BER B MT6589 1228MHz PU#%
W1F 4GB ROM+1GB RAM
BE % 5.3 ~F HLA il bR
) 24 A5 5 ¥ WCDMA. GSM. WiFi 7 %:3G WCDMA 2100MHz, 2G GSM 900/1800/1900
FALt 7% 2 250mAh
((9)
|
|
|
Si N hgne

Cable

Fig.3 The framework of data acquisition

K3 B RN R GUHE

FRAT R A P RE, — 2 T I 254 H D FEAH 5 28 51X 5 BRI g — 2 L™ 9 B 1
I 37 RAR K 22 98 AL B RUGS N ZyRE, H 7 96 TE DI R VP A5 AL RS 005 o 2 0 o 0 e T HL IR B AR AL R Ge A AR
AN IS PR SIS D FEAE A i, NG T 23 B KA SPSS U5 15 B H 5 B K D FEAH G ZR 50 ¢ B I D1 kG
FREc AR 3 HIH T H bR BT DIAEAT G R AL
Table 3 The coefficients concerning power consumption

R3 UFEHICRE

WEALE | REEE | ZcmW) | R¥ | WA | RETE | Flc@mW) | R
CPU util 10.624 N.A Phone callState 502.0 NA
Screen brightness 3.00 N.A call Rssi 60.0 .
Memory util 0.104 N.A . headset 44.0
o readSpeed 0.008 4 NA Audio volume 6.98 N.4&
writeSpeed 0.014 3G_On 765.6
wifi_On 95.44 3G 3G _Traffic | 17.56/byte | 1.933
- wifi Rssi 0.08 3G Rssi 2.0
WiFi linkSpeed 848.0 0.1958 GPS GPS_On 6.0 0.137 4
wifi Traffic 0.06/byte Bluetooth blue On 123.6 0.189 4
Camera camera On 1478.8 0.796 7 System System On 477.16 N.A

3.2 HBESH

B4, 0 B AR TFAUBAR S920 78 £ H /1 & 8 B 00~ BEAT I, )7) Phone. WiFi. 3G &4l 3755,

FE A% Pathak™ 45 AR H 0 41 R0 () D FEAR RN AR SCHE HH 1A ShRERSEAL S Dy RE VF A (¥ K i 132 ] 4 0 T A6 13k
P9 A DI AE AR AN S Bl RG22 8] (RS B 1, v 2o 2 3 s S DM Eh R A A, 5 €60 86 7 SCRR[8] 7 422 L (1 D RFEASE 20 1 1Y
it THFE, 21 (0 F IR AR SCHR H A T REASE TR (1 7 A5 K5 FE 6 32 40815 RATTTT I WIFi, 5248 AR SCI DAt Zh FE RN 523
RS A .

FRATA I D ARSI v S A5 H PR DAty ZhAE A S0 Dy A 2 18] ()~ 259 48 X35 2 SR DP Ak 5 7R (1RG£ 2 AR A 2 53X
(1), V55 H PPty D FE R0 5200 D)4 2 T ) 408 1 72 ,actual 27 S D 6 estimated 375 VFAG D AE.

actual — estimated <100%

error = (11)
actual

el UF B, BT A SCHR Y (10 DY REAR Y A0 0 2 fe KN 6.2%, 1T SCRIR[8] 7 412 Hh 1K) L FEAS 71 4 X 45 22 Vs [

e

i
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Fig.4 The comparison of estimated power for different power models
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Fig.5 The comparison of estimated power with actual power in common scenarios
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R PPAlT D FE A S DG 2 1] BT LR, 7R R AE 40 20 Bl A ZE RS I RE . e R . TR WiFi JT
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Fig.8 The influence of signal strength on different smartphones
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