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What is the most nerve-wracking concern in your

The Inconvenience in using Smart Phones

Frequent breakdown
Uncomfortable keyboard

Complicated directions

Communication quality

Fast battery discharge —D

WebSite AppStore : a field study (2860 users)

The biggest complaint is Fast battery discharge.
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Solution for Fast Battery Discharge problem ?

Need for power consumption analysis
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The external equipment need to be installed.

Measurement setup is complicated and entangled.
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Manually generate power model

In order to generate a power model, the following three tools are necessary.
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Manually generate power model

In order to generate a power model, the following three tools are necessary.

v" Performance Counter : to store the counts of hardware-related activities

within computer systems

v" Training Suite : program for keeping one power state

v' Power Meter : external device for measuring power consumption
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Two options for Power Consumption Measurement :
Second, indirect measurement
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This type of manually generated power model is
accurate only for one type of smart phone.
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This technique relies only on knowledge of the battery discharge curve
and access to a battery voltage sensor

This technique requires training software to control phone component
power and activity states.

But it has two limitations(1 and 2 in the figure)
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Automatic Power Model Generation :
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Automatic Power Model Generation :
= Current State-of-the-Art [L. Zhang, 2010 CODE/ISS]
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This technique relies only on knowledge of the
and access to a battery voltage sensor

This technique requires to control phone component
power and activity states.

But it has two limitations(1 and 2 in the figure)
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Research Objectives

This research suggests more feasible automatic method from
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Two advantages more than previous automatic methods.
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Research Objectives

This research suggests more feasible automatic method from
the use pattern than previous automatic methods.

Two advantages more than previous automatic methods.
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Our automatic power model generation method

. Using Android system-provided data.

ll. logged activity and power consumption data.
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What we did
1. We propose new automatic power model generation method s
based on use pattern analysis ¥
Power Doctor

2. We developed Android application named PowerDoctor.
Collect valid patterns and compute power model

3. Verify the accuracy of power models. |
Compare with the power model from prior project. -—

P P P Proj E vs N m't

d A d A
Power Doctor Power Tutor

Model Model

4. Verify the feasibility of this research.
Power Model generation of HTC Nexus one and HTC Desire ;-:—:
> 1
HTC Des?re

HTC Nexus one
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Our Framework

\Y[o)o[<]

) + Smart Phone Usage = Power Model
Generation
Power Model
Mod.el : + Real Application Set = e tP.OWf.r

Power Doctor

Model Generation
« Collect the phone’s usage pattern and generate the power model.

Model Verification
« Generated power model is verified with the proven PowerTutor

« Compare estimated power with the measured value
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Power model generation procedure
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step 1

generation procedure

Step 1 : Collect Chunks
Collect use pattern and power consumption
with PowerDoctor

Build Chunks from them
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generation procedure

step 2

Step 1 : Collect Chunks
Collect use pattern and power consumption
with PowerDoctor

Build Chunks from them

Step 2 : Build reliable chunk group
Group chunks into each hardware
component.

Remove unreliable chunks.
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Power model generation procedure

Step 1 : Collect Chunks

component.

with PowerDoctor

Build Chunks from them

Group chunks into each hardware

Remove unreliable chunks.

Collect use pattern and power consumption

Step 2 : Build reliable chunk group

Step 3 : Compute power model.

step 3 | Ophonent .“P'“O';‘;gf"‘ Perform regression analysis on the reliable
Model Model

chunks
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PowerDoctor Structure
PowerDoctor
August 3, 2011 Qs ¢ ©omoa B 1132

@ 290 Power: 383.594mW

CPU LOAD : 60.3666% SD:2.05921

CPU Freq : 339375hz SD:235106

LED TIME AVG: 0 TOTAL TIME:491sec
LED BRIGHT AVG : O(max:255) SD:null
VOLTAGE : 3.737V sD:0

@ 291 Power: 273.789mW

@ 292 Power: 424.523mW

CPU LOAD : 70.3846% SD:2.80377

CPU Freq : 341134hz SD:227644

LED TIME AVG : 0 TOTAL TIME:442sec
LED BRIGHT AVG : O(max:255) SD:null
VOLTAGE : 3.723V sD:0

@ 293 Power: 294.105mW

USB connected

Select to copy files to/from your computer.

USB debugging connected

Select to disable USB dek

1=, CPU: 50% , 59%, MEM:242,308K

1=, L:1475 R:25 B:6375 F:11658400
Time

B €

Misc Network

A

Process Message
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PowerDoctor’s two components.
v Chunk pattern analyzer(left),

v Power analyzer(right).
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Phones

CPU : 1Ghz Qualcomm CPU : 1Ghz Qualcomm

Snapdragon Snapdragon

Display : 3.7 OLED Display : 3.7 OLED

Battery : Standard battery, Li-lon Battery : Standard battery, Li-lon
1400 mAh 1400 mAh

GPS:Y GPS Y
14
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Accuracy of power model is compared to PowerTutor[L.
Zhang, 2010]
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Feasibility of our method

Accuracy (%)
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I Conclusion

* We have Generated power model without external
equipment or explicit training programs.

= We verified power model through comparing with the
actual measurement values

= Our method has better applicability than the previous
Works.
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Limitations

Conclusion

Experiment

What we did

Collect user’s usage patterns and power model generation.
2

1.

2. User verifies the accuracy of power models based on usagejjig=s

patterns.

Development of Power Doctor

Development of Power Doctor

3. Verify the accuracy of power models.

Compare with generating power model from prior project.

4. Verify the portability of this research.

Power Model generation of HTC Nexus one and HTC Desire

HTC Nexus one

9.

Power Doctor

m.: VS RS m.t
d k d k
Power Doctor Power Tutor
Model Model
;_’,:
', ,
HTC Des?re
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Power Doctor Structure

Power Doctor consists of

two parts

v'User usage pattern analyzer
that collects user activity log into
multiple chunks.

v'Power analyzer that computes
power consumption of the
chunks related to the interested
hardware components.

PowerDoctor’s two components.
v" Chunk pattern analyzer(left),
v" Power analyzer(right).
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Power Model Is extracted as the following three steps are shown below.

Step 1 : Collecting pattern and Building Chunk

Collect user usage pattern by using our power doctor.

Step 2 : Set up high reliability chunk group.

Group chunks into each accessed hardware

chunk/ ‘\chunk components.

I
I
1
I . N
I Chunks with small standard deviation are selected for
I
I the next step.

I

1

Others are discarded due to the unreliability of the

sampled values.

Only the chunk groups containing more than 3

SIEP S — o 4
Component Component
Power Power

Model Model

reliable chunks are combined for further processing.

Step 3 : Generate power model. -

Perform rearession analvsis and movina averaae



| I Power Model

Method of Collecting chunk and Defining chunk

\imng/Y“‘— First time Flag = 1

»lo v’ Saving user’s usage pattern

R i _Batterycapacty ™, v Building chunk using user’s usage

decreased?

pattern and then saving chunk into

databases

average power

average cpu utilization

Building chunk using user ' s cpu utilization standard deviation
pattern

average battery voltage

chunk length
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Experiments to evaluate power model
generated method the following two.

v' First: Evaluating impact on the power model accuracy of
the model along the number of chunk.

v' Second: Evaluate accuracy of power model through
comparing with prior model.

v Third: Evaluate portability of power model generated

method.
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Evaluating impact on the power model accuracy of the model along the
number of chunk

-m-PowerDoctor 11 PowerDoctor 21 —=PowerDoctor45 B

50 100 150 200 250 300 350 400 450 500 550 600 650 700

Time(second)

Power estimation error between current sensor
and three versions of Power Doctor.

Our models show 7.2%, 6.2%, 5.7% average errors respectively.
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