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Abstract : Portable multimedia player (PMP) devices have been gaining in its popularity with
the emerging digital convergence of data, video, audio, etc. Since the PMP devicesare typically
equipped with DSP, bigger display, and a hard disk, e�cient power management has become
more crucial than the other portable devices. This paper establishesa hardware/software-
based power measurement system based on data acquisition devices. Next, it measures the
power consumed in commercial PMP devices under di�er ent types of events: the system boot
& shutdown, video playback, and the use of di�er ent video-coding types. Final ly, our analysis
of the measured power consumption patterns reveals useful information to design low-power
PMP devices.
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1 In tro duction

Portable multimedia player (PMP) deviceshave becomemore commonplacewith the emerging
digital convergenceand the technology advance in processors,wirelessnetwork, I/O peripherals,
video-coding techniques. The PMP devices were intro duced to serve high-quality multimedia
contents on mobile devices. However, they gradually add other services,such as car-navigation,
digital multimedia broadcasting,etc. The PMP devicesare generallyequipped with bigger display,
a hard disk (HDD), and various video-decoding modules supported by DSP.

E�cien t power management becomesmore crucial in the PMP devices that contain more
power-consuming hardware components than the other mobile devices. The previous research
in [1] reported that the LCD backlight and HDD in a PMP device respectively consumed35.5%
and 12.4%of the total consumedpower. Video (movie) playback is a key application in the PMP
devices. On average,the sizeof the video �le is about 1.6GB, and its running time is about two
hours. Considering the battery life of 4{5 hours with continuous video playback in most PMP
devices[2], userscan play two video �les without recharging the battery. The HDD is more widely
used than the 
ash memory to contain video �les, becauseof its cost-e�ectiveness.However, the
HDD consumesmore power, as it spins a motor at a high speed and moves read/write heads
mechanically.

Much research e�ort has been made to develop e�cien t power management techniques for
each of hardware components in the PMP devices. It has been known that the LCD backlight
and the HDD are major power-consuming hardware components [1]. Various techniques have



been studied to conserve the power consumption of the LCD backlight, such as the brightness
control for streaming video [3] and an e�cien t backlight power management framework (extended
DLS) for the LCD panelsused in multimedia applications [4]. The HDD has a few power-saving
modes each of which consumesa di�eren t amount of power. The ATA standard de�nes four
di�eren t power-saving modes that include active, idle, standby, and sleep. In the active mode,
the HDD requires the maximum power to read, write, and seekdata by moving the read/write
head mechanically. The idle mode compromisesthe active mode and the standby mode; that is,
the HDD simply spins and rotates. Typically, the idle mode consumes0.75{2 watts on average.
The standby and sleepmodesmake the HDD be spun down. The standby mode consumesabout
0.25 watts and requires no initializing command before serving next disk accesscommands. On
the contrary , the sleepmode consumesonly 0.1 watts on average,but it demandsa reset or power
cycle before the HDD will accept further disk accesscommands. Various power control schemes
were proposedto dynamically control the power state of the HDD for mobile device and server
systems[5, 6]. Gurumurthi et al. in [5] proposeda DRPM schemethat modulates the disk speed
dynamically to provide signi�can t power saving.

This paper investigates the power consumption patterns in commercial PMP devices with
di�eren t types of events that include the system boot & shutdown, video playback, and the use
of di�eren t video-coding types. Designing an e�cien t power management scheme requires to
understand the power consumption patterns in the PMP devices.However, little research work [1]
has beenconducted to understand the power consumption patterns.

2 Exp erimen tal Setup

We have chosenthree popular PMP devices(t ype A, B, and C) that are commercially available
in the market. Table 1 shows hardware and software speci�cations of each PMP device. Notice
that all PMP devicesare equipped with 5{30GB HDD devices. While type A and B have the
3.5-inch LCD screens,type C has OLED (Organic Light-Emitting Diode) display device. The
battery capacity ranges from 1,100mA through 2,700mA. Type A and B employ the embedded
Linux, whereastypeC contains no embeddedoperating system. Each PMP deviceprovidesvarious
typesof video-decoding techniques. Of these,the DivX is oneof the most widely usedvideo-coding
types. Assumingthat the battery capacity is normalizedto 1,000mA,typeA, B, and C respectively
provide 2.6-hour, 2.1-hour, and 2.7-hour running times for continuous video playback. The types
of chipsets for type A, B, and C are Sigma Design's EM8511, Texas Instrument's DM270, and
TexasInstrument's DM320, respectively.

Table 1: PMP speci�cations under evaluations

Type A Type B Type C

HDD capacity 30GB 20GB 5GB
size 1.8" 1.8" 0.8"
model MK3006 GAL MK2004 GAL Seagate

Displa y type LCD LCD OLED
size 3.5" 3.5" 2.2"

Battery capacity 2,700mAh 2,400mAh 1,100mAh
voltage 4.2V 4.2V 4.2V

Video running time 7hours 5hours 3hours
Playback type DivX/Xvid/MPG4 DivX/Asf/MPG4 DivX/Asf/WMV9
Embedded OS type Lin ux Lin ux None
Chipset type Sigma EM8511 TI DM270 TI DM320

Figure 1(a) shows the overall con�guration of the power measurement system that consistsof
the power data acquisition (DAQ) module, the logging module, the data analysis module, and
the real-time/repla y display module. We used a DC power supply to provide a constant DC
voltage (4.2 volts) and a digital multi-meter to verify the obtained power values. The power DAQ



module usesthe National Instrument's PCI-4070 DAQ devices to convert the measuredpower
(current) into the associate binary value. This module is con�gured to sample100points of power
values per second. Power measurement for multiple hardware components requires more than
one DAQ deviceswithin the power DAQ module. However, the current version contains a single
DAQ device. The power DAQ module measuresthe current (not voltage) value by connecting the
power supply to the DAQ device serially. The power value can be computed by multiplying the
measuredcurrent value with the DC voltage (4.2 volts). The consumedpower in each hardware
component is measuredindirectly becausea hardware circuit of each PMP deviceis not available.
The power measurement system logs the measuredpower (current) values for the data analysis
and the replay. The logged data can be displayed in real time via the GUI interface, as shown
in Figure 1(b). All the software modules are programmed by using LabVIEW. As mentioned,
we have been upgrading the current power measurement system by adding more DAQ devices,
synchronizing the power valuesobtained from di�eren t DAQ devices,and providing more features
to the GUI interface.
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Figure 1: Power measurement system: (a) systemcon�guration and (b) real-time & replay display
(GUI) interface interface

3 Analysis of Power Consumption Patterns

Weanalyzepower consumptionpatterns of each PMP devicewhile running di�eren t typesof events
that include the system boot & shutdown, video playback, and the use of di�eren t video-coding
types.

3.1 System Bo ot & Shutdo wn

We examine power consumption patterns from the system boot to the shutdown at each PMP
device. This experiment not only obtains the power consumed by the event of booting and
shutdown, but also measuresthe consumedpower by the LCD backlight indirectly . We con�gure
that the LCD backlight of each PMP device is automatically turned o� when the device remains
idle for 10 seconds.The event is divided into the �v e sub-events: (1) power-on, (2) system idle,
(3) LCD-backlight o�, (4) backlight on (with keystroke), and (5) power o�. Figure 2 shows the
variation of the power consumption patterns of each PMP device. for the �v e sub-events. To
begin, we can measurethe consumedpower of the LCD backlight indirectly by comparing the
power di�erence between the sub-events (2) and (3). The power consumption of LCD (OLED)
backlight in type A, B, and C are measuredas 50mA, 100mA, and 170mA, respectively. Recall
that type C employs the OLED devicethat generally consumesmore power than the LCD device.
The booting time of sub-event (1) shows a large variation among the PMP devices.While type C
provides the shortest booting time (12.5 secs), the type A gives the longest booting time (32.5



secs). Note that both type A and type B use the embedded Linux, whereastype C does not.
Similarly, the shutdown time of type C is shorter than the other devices. The averageconsumed
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Figure 2: Variation of the power consumption patterns of each PMP device for �v e sub-events:
(1) power-on, (2) system idle, (3) LCD-backlight o�, (4) backlight on (with keystroke), and (5)
power o�

power during the systemboot is measuredas 2.24watts, 2.36watts, and 2.77watts at type A, B,
and C. Type C consumesslightly higher power than the others. Table 2 summarizesthe obtained
results: The OLED consumes1.7{3.4 times higher power than the LCD device. The PMP device
(type C) having no embedded OS consumes2{3 times less energy than the other PMP devices
(type A and B) for the systemboot and the shutdown. For the low-power PMP design, the LCD
device is a better choice, comparedwith the OLED device. In addition, by consideringthat most
of recent PMP deviceshave embeddedoperating systems,considerablee�orts should be devoted
to the fast boot (shutdown).

Table 2: Summary of the power consumption patterns with the system boot and shutdown (yIt
represents a maximum number of the system boot and shutdown with the battery of 1000mAh
and 4.2V.)

Type A Type B Type C

Boot time(sec) 32.5 20.0 12.5
Shutdown time(sec) 10.0 10.0 4.5
Avg. boot power(W) 2.24 2.36 2.77
Avg. shutdown power(W) 1.49 1.34 0.34
Avg. boot-shutdown energy(J) 158.5 111.0 52.9
Max. # of boot-shutdown(times) y 94 136 286
LCD-bac kligh t power(mA) 50 100 170



3.2 Video Pla yback

We investigatepower consumption patterns in the HDD and LCD (OLED), while playing a DivX-
encoded video (more speci�cally , DivX(R) codec) �le at each PMP device. The video �le is
attributed by 320x240resolution, 24-bit sample size, 110kbpsdata rate, and 23 frame/sec. The
video playback (media player) readsthe video �le from the HDD, decodesthe DivX-encoded video
�le, and displays it onto the LCD device. Recall that both HDD and LCD have beenconsidered
the most power-consuminghardware components in the PMP devices[1]. In this experiment, we
minimized the power consumptionat audio-relatedmodulesby turning o� the soundvolume. Each
PMP deviceplayed the video �le for 25minutes by using its own mediaplayer. Table 3 summarizes
the experimental results: The 6{10 percent and 11{31 percent of the total consumed power were

Table 3: Summary of the power consumption patterns with the video playback: (zIt represents a
continuous running time of the video playback with the battery of 1000mAh and 4.2V.)

Type A Type B Type C

HDD(%) 10 9.4 6.2
Displa y(%) 11 22 31
Consumed power(W) 1.88 1.85 2.23
Running time(hours) z 2.23 2.27 1.88

respectively used in the HDD and the display device. As in the previous work [1], the LCD device
consumesmore power than the HDD device. As expected, type C consumesmore power in the
display device (OLED) than the other types (LCD). In result, type C exhibits the shortest running
time of the video playback with the battery of 1000mAh and 4.2V among the given PMP devices.
Note that the measuredrunning time of type C is di�eren t from its speci�cation (2.7hours).

Figure 3 shows the variation of power consumption pattern during the video playback at each
PMP device. Periodic pulsesin the �gures arecausedby the readactivities of the video �le from the
HDD. Interestingly, the three PMP devicesexhibit very di�eren t disk accesspatterns. In general,
a disk accesspattern is a�ected mainly by a bu�ering scheme of a media player to avoid jitter
e�ects or by a prefetching schemeof a �le system within an embeddedOS. Observethat the disk
accesspattern of type C is lessperiodic than the other types. Recall that type C has no embedded
OS. On the contrary, type B exhibits the most desirable disk accesspattern for the e�cient HDD
power management;that is, type B provides the longest idle time between adjacent disk accesses,
increasingchancesof savingpower. During this idle time, the HDD power management canchange
the power state of the HDD into a state that consumeslesspower, such as standby, sleep,etc.
Low-power PMP devicesrequire to generatedisk accesspatterns that encompassperiodic long
idleness. Even though type B producessuch a desirable accesspattern, it appears that type B
doesnot exploit the idlenessto save its power.

3.3 E�ects of Video-co ding T yp es

Finally, we study the e�ects of the video-coding types by replacing the previous video-coding
type (DivX(R) codec) with a slightly di�eren t video-coding type (DivX MPEG4 V3 codec). The
new video-coding type is chosen to provide a better video compressionratio (two times better
than the previous one); that is, 576x304resolution, 24-bit samplesize,147Kbps data rate, and 24
frame/sec. Figure 4 showsthe variation of the power consumptionpatterns with the video playback
by using the two di�eren t video-coding typesunder type A. In addition, Table 4 summarizesthe
obtained results: Observethat the new video-coding type reduces the amount of disk accessesdue
to the reduced �le size. In result, it savesthe power consumed in the HDD from 10 percent to 6.3
percent. In result, the new video-coding type improves the running time by 5% with the reduced
disk accesses.This result shows that a proper selectionof a video-coding type is crucial to design
a low-power PMP device.



0

200

400

600

800

1000

1200

0 60 120 180 240 300

Time (sec)

C
on

su
m

ed
 P

ow
er

 (
m

A
)

(a) Type A

0

200

400

600

800

1000

1200

0 60 120 180 240 300

Time (sec)

C
on

su
m

ed
 P

ow
er

 (
m

A
)

(b) Type B

0

200

400

600

800

1000

1200

0 60 120 180 240 300

Time (sec)

C
on

su
m

ed
 P

ow
er

 (
m

A
)

(c) Type C

Figure 3: Variation of the power consumption patterns during the video playback at each PMP
device

4 Concluding Remarks

With the prevalenceof PMP devicesand the needof e�cien t power management in mobile devices
having limited battery capacity, this paper analyzedthe power consumptionpatterns of commercial
PMP devicesunder three di�eren t events: the system boot & shutdown, the video playback, and
the use of di�eren t video-coding types. In order to measurethe consumedpower in real time,
we establishedthe power measurement system that consistsof the power data acquisition (DAQ)
module, the logging module, the data analysis module, and the real-time/repla y display module.
Currently , we have been upgrading this system to concurrently measurethe consumedpower at
multiple hardware component by adding more DAQ devices. The power pattern analysis of the
system boot & shutdown revealedthat the OLED consumes1.7{3.4 times higher power than the
LCD device. Besides,the PMP devices(t ype A and B) having the embeddedLinux consumed2{3
times more energy than the PMP device (t ype C) having no embedded OS for the system boot
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Figure 4: Variation of the power consumption patterns with video playback by using di�eren t
encoding typesat the PMP deviceof type A: (a) DivX(R) and (b) DivX MPEG4 V3 (new)



Table 4: Summary of the power consumption patterns with the video playback by using di�eren t
video-coding types( � It represents a continuousrunning time of the video playback with the battery
of 1000mAh and 4.2V.)

DivX(R) DivX MPEG4 V3 (new)

HDD(%) 10 6.3
Consumed power(W) 1.88 1.79
Running time(hours) � 2.23 2.34

and shutdown, stressingthe needof the fast boot(shutdown). The analysis of the video playback
showed that e�cien t power management should be focusedon the HDD and display devices,as
reported in the previouswork. In addition, we insisted that disk accesspatterns with periodic long
idlenessare desirableto the e�cien t HDD power management. Finally, we could seethat a proper
choice of a video-coding type is also tightly coupled with the design of low-power PMP devices.
Further to this work, we have beenmodifying a media player/�le systemto produceperiodic long
idlenessfor disk accesseswith video playback and devising a dynamic HDD power management
schemeto exploit the idleness.
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