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Outline

-+ Introduction
. * Power Measurement System
~ + Using DAQ System to Build Power
Measurement Modules
- Power Analysis of an Actual PDA

- Power Behavior of Software Algorithm
- Power Analysis of Wireless Communication

- Conclusion
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Introduction

Embedded computer systems are used in a diverse
range of products such as PDAs, cell phones ...

Understand power behaviors of embedded systems is
necessary for EE and CSE students.

We devise a laboratory course to provide the basic
concepts of low power design and system power
management starting with power management system
construction.

Three experiments are introduced in this course:
- Power analysis of various power modes in an actual PDA
- Power behavior of running real game on a PDA
- Power analysis of wireless Internet telephony
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Power Measurement Flow

oy AN

R RREARRE

Y I=E —

P

Y

DAQPad6016

PDA
7 The Core Proces<or



geT SWoaSAg

R_cpu_core
1 3

_|_

Battery

V_Rbatt

R_batt

Vmain batt.

CFU
Vcore Y1 core
Converter Vepu_core CPU
I/0s
v sD
5L a Card
F_ 33w
3 3V ! 2] 9
Converter
CF
V3. 3v i
- Card
25"
Ra25
2.5v Sy .| SDRAM
Converter 5
2. 5w
j7 iﬁgv | Flash
m% " | Memory
R_audio_3 3v
3.3V LDO ! L & 9 Audio
Codec
audio_3.3v
ﬂ% b Rudio
R lcd back light Bmplifier
i 2 I
BackLight Eh
led back light
Converter j7 . ] LCD
Backlight

Power rails of Dell AXIM X50 PDA system

Ptotal = PCPU + I:)2.5v + I:)3.3v + PAud_3.3 + PLCD + P

NTUST ET LPS LAB

Power Measurement of an Actual PDA
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Average Power Consumption Breakdown for
Different Modes of PDA
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Power Analysis of Computer
Games Algorithms

* Power Analysis of Computer Games Algorithms

- The table summarizes the results from both factors
of the study - load bitmap image size and the
graphic frame rate of the game sef.

The grapluc operation umpact

Bittmap mage Size 32*32 Bitrmap Image Size 64*64 Bitrmap Iimage Bize 192*192
Actua frame  Avg Battery Arctual frame  Awvg Battery Arctual frame  Awg. Battery
Benchimark
rate(fps) Power (W) rate(fps) Powert{ W) rate(fps) Power (W)
Frame ratel 1 425,33 | 431.61 | 434,61
Framme rates S~A 435,36 5 45149 3 49514
Frame rateil 20 487,29 15~19 473.66 3 45947
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Power Behaviour in General Board

Game AL

Depending on the game types the core processor of PDA
consumes power in some regular behavior. The power behavior

A
O
= of various games can also be analyzed in the same way.
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Power Behaviour in Different

~+ AT used in shoot games such as

) sprites, collision detection, and game
= rules produced plenty of workload

tn and caused the processor always in

high power state.
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Power Comparison of Different Games
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Power Analysis of a 2.4GHz
Wireless Skype Phone (1/3)

- * The wireless Skype phone is designed and

implemented by our research group for
education.

- Features

- Our wireless Skype phone can also dial out by its
hand-set device.

- Using Nordic nRF2401 as the RF transceiver

- output power and frequency channels are easily
programmable

- Frequency hopping technology is used to avoid
radio interference.
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ower Analysis of a 2.4GHz

T Wireless Skype Phone (2/3)
PC |<— ims —>|
i3 r 3 :—_ms ' Resend e e
t ‘ g us j L Base Stationj 1 |§|
i g || sain Handset
. j% - |« 300us
g Handset . IEI
(‘D |<— 625us —>|
l_,i Bluetooth -
The architecture of the developed system The communication protocols
éo ) 50517330 MCU T e
n
il
(D
=
n
SR o Connect to the PC
audio controller
- .
) Base station Handset
Q NTUST ET LPS LAB



qeT SWolSASG oMU N REEY. N8

Power Analysis of a 2.4GHz
Wireless Skype Phone (3/3)

Students can learn about how to improve the example
program and compare with bluetooth products.

Students can compare the power behaviors between
hopping and non-hopping versions

Students begin with the default communication
system, they can try to improve the framework of
the example protocol and apply other possible
techniques to reduce power consumption.

* The speech compression, fault-tolerance, advanced

data transmission mechanism or other method about
power reduction can be the project topics.
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Conclusions

* The primary objective of the laboratory is to deliver

the understanding of system-level power analysis.

+ We provide student with the methodology for finding

the characteristics of the power consumption and
the power behavior of a system.

+ It is very useful for them to engage on further

research projects related to low power system
design.

Students can observe the power behavior of an
embedded system and find out the key factors of
the power consumption through three experiments.
- Power measurements of an actual PDA

- Energy effect by different algorithms running on a PDA

- Power analysis of wireless Skype phone

NTUST ET LPS LAB






	Development and Analysis of Power Behavior for Embedded System Laboratory
	Outline
	Introduction
	Power Measurement Flow
	Power Measurement of an Actual PDA
	Average Power Consumption Breakdown for Different Modes of PDA
	Power Analysis of Computer �Games Algorithms
	Power Behaviour in General Board Game AI
	Power Behaviour in Different Computer Games (1/2)
	Power Comparison of Different Games
	Power Analysis of a 2.4GHz �Wireless Skype Phone (1/3)
	Power Analysis of a 2.4GHz �Wireless Skype Phone (2/3)
	Power Analysis of a 2.4GHz �Wireless Skype Phone (3/3)
	Conclusions

