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ABSTRACT tery lasts for each playback quality, since the battery consumption

depends on not only video playback but also other factors such as
OS, LCD, and so on. Besides it, these factors are device depen-

specified duration within the remaining battery amount. To save dent. Moreover, vyhe_n the remaining battery amount is small _and
power, we introduce techniques (i) to reduce playback quality of a (e Playback quality is reduced over the whole playback duration,
video at an intermediate proxy and (ii) to shorten working time of users may get frustrated. In order to mitigate such a situation, some

the network I/F card using periodic bulk transfer of the video data frg%rr;]gn;s of a \ll.ide(;] impoLtant forla user Sho#'? be played back
on the wireless LAN. To enable playback for the specified dura- With higher quality than others. - Also, to each fragment, a user
tion, we have developed a power consumption model for portable should be able to specify playback preferences such as balance of

devices using parameters on playback quality, playback duration, MOtion speed and vividness. _

battery amount, and so on. We have also developed an algorithm to, In this paper, we propose a ”_’eth"d for energy-aware video _stream-
assign different playback quality among multiple video segments ing and p[aybapk which ConS.'StS of (1) power-saving t.echnlques
based on the user’s preference. Our experiments using PDAs anofo_r streaming video playba_ck In porta_ble computm_g devices on the
laptop PCs on 802.11b WLAN show that our system achieves less Wireless LAN, (2) a technique to estimate the suitable parameter

than 6 % prediction error in playback duration while adapting play- Yalu€s (such as picture size, frame rate and bitrate) which enable
back quality among video segments. playback for the specified duration within the remaining battery

amount, and (3) a QoS control mechanism which enables playback

We propose an energy-aware video streaming system for portable
computing devices, in which the video can be played back for the

Categories and Subject DescriptorsC.3 [Computer Systems of multiple video segments with different playback quality based
Organization]: Special-purpose and application-based systems g the user’s preference.
General Terms: Experimentation For (1), we introduce two techniques: (i) reduction of video qual-

ity with a transcoder; and (ii) periodic bulk transfer of the video
data on the wireless LAN. For (i), we execute a proxy on an inter-
mediate node (or on the content server) in the network so that the
proxy receives the stream and forwards the transcoded stream to
1. INTRODUCTION the user terminal. For (ii), the user terminal receives each fragment
Owing to recent innovations in portable computing devices (such of the stream data at transmission rate as high as poss_ible, stores
as PDAs and smart phones) and wireless communication infrastruc-the data in the local buffer, and stops supplying power to its WNIC
ture (such as WLAN and wideband CDMA), we can watch video (Wireless LAN I/F card) until the buffer becomes empty.
contents using those devices every time and everywhere. In such FOr (2), we have developed a power consumption model for the
an on-demand video streaming and playback, however, the portable!Ser terminal, in whlc_h the parameter va_lues can auto_m_atlcally be
computing device consumes much more battery amount than otherdecided from the_deswed_pla_yback d_uratlon, the remaining battery
business applications, due mainly to video decoding and wireless @mount, and device specific information. o
communication. Consequently, there will be a demand to control ~ FOr (3), we have developed an algorithm to distribute the bat-
battery life depending on user requirements or situations so that €y @mount among multiple video segments based on each user's
the battery is not exhausted until the video playback finishes or the Preference. When a user specifies relative importance among video
specified amount of battery (e.g., 50%) is left after playing back the S€gments and preferred video property (proportion among picture
video content. size, frame rate and bitrate) for each segment, our algorithm deter-
In general, we can extend video playback duration by reducing Mines the playback quality of each video segment so that the video

video quality. However, it is difficult to estimate how long the bat- playback can last for the specified duration within the remaining
battery amount.

We have implemented the energy-aware video streaming system
based on the proposed method. From experiments using a PDA
and a laptop PC on IEEE 802.11b WLAN, we have confirmed that
the proposed power saving method is effective, and that the esti-
mation of playback quality based on the proposed model is accu-
rate enough. Moreover, we have confirmed that the proposed QoS
control method improves the playback quality of important video
segments much better than flattening the quality over the playback
duration.

Keywords: Energy-aware Systems, Video Streaming, QoS, Wire-
less LANs
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In the following Sect. 2, we briefly survey related work. Sect. 140%  x

3 presents the power saving techniques in playback of streaming x %

video and the power consumption model to derive parameter val- 120 ¢ X ox
ues to satisfy the playback duration and the battery amount. In Sect.
4, we introduce our energy-aware QoS control technique based on
relative importance among video segments. In Sect. 5, we show
evaluation of the proposed method through experiments and analy-
sis. Finally, we conclude the paper in Sect. 6.
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2. RELATED WORK 0

Power consumption when playing back streaming video on portable
computing devices via WLAN consists mainly of (i) decoding and
drawing video frames and (i) packet transmission on WLAN. ) ) o

For (i), we can use a transcoding technique. For example, [1] ~ Figure 1: Battery Life vs. Transmission Rate on WLAN
proposes a power saving technique which reduces the total data
size of the video by selectively dropping |, P and B frames when
streaming MPEG videos. For (ii), there are several approaches. [9] . . . .
proposes a power saving technique by regulating power for radio Power saving for decoding/drawing video frames
wave output in IEEE 802.11b WLAN. [8] proposes another power Since power consumed by video playback depends on the picture
saving technique which reduces power consumption by shorteningsize, the frame rate and the bitrate, it is possible to save power
time for communication using data compression. by reducing the values of those parameters. In the proposed sys-

These existing researches focus mainly on power saving tech-tem, we adopt to use a transcoder called tifa@scoding proxy
niques, but do not propose battery control depending on user re-which receives the video stream from the content server, converts
quirements such as the playback duration within the battery amount.the stream to the stream with the lower parameter values in real

In recent years, semantic transcoding techniques are paid muchtime and forwards the new stream to the user terminal (see Fig. 3).
attention. Here, the user’s satisfaction is improved by transcoding The transcoding proxy can be executed on any node (including the
a video according to the contents and semantics of each fragmentcontent server) reachable from the user terminal in the network.
of a video[2, 4]. In previous transcoding techniques which simply
reduce the picture size, objects in each picture frames becomes tod?ower saving for wireless communication

small and diﬁi?“'? to identify. [4] copes with this problem by spec- \ye have investigated how the battery life changes depending on the
ifying the user's interesting area in the picture with the MPEG-21 5 nsmission rate on the IEEE 802.11b WLAN. In the experiment,
DIA framework so that only the area is trimmed off and transcoded. ;o ysed the PDA and the WNIC in Table 2. The result is shown
In[2], a wdc_ao in MPEG-4 format is d_lVlded into objects of SeV- in Fig. 1. Fig. 1 suggests us that power consumed by wireless
eral categories such as foreground objects and background objectsgqmmuynication increases in proportional to the transmission rate,
Here, playback qualities of important objects are maintained while p i the minimum power consumed by the WNIC is much larger
qualities of other objects are degraded. ) . than the difference by transmission rate. So, if we can shorten the
_ The objectives of _these eX|st|_ng resgarches are to satisfy re_strlc—time to supply power to the WNIC, we can save the power.
tions of portable devices w.r.t. picture size and available bandwidth. |, general, when playing back a video stream whose bitrate is
However, they do not treat restrictions on the battery amount. b, the user terminal should receive the stream at transmission rate
b and its WNIC should be always turned on during the playback.
From the result in Fig. 1, we adopt the following periodic bulk
3. METHOD FOR ENERGY-AWARE VIDEO transfer to save the power: the user terminal (1) receives each frag-
STREAMING AND PLAYBACK ment of the strear_n gata at the maximum available bandwidth more
hi ) ) hni tor ol thanb, (2) stores it in the local buffer and (3) turns off the WNIC
In this SeCt'on' we present two power saving tec niquestor play- ypjje playing back the data in the buffer until the buffer becomes
back of streaming videos on portable computing devices, and thenempty. We call this scheme theiffered playback
intraduce the_power consumption model to de_te_rmlne th_e parame- g push type video sources which transmit video streams at their
ter values which enable playback for the specified duration within bitrates, sayb, the buffered playback cannot be applied as is even
the battery amount. when the available bandwidth is much larger thao, we let the
. . transcoding proxy to store the transcoded data in its buffer until the
3.1 Power Saving Techniques buffer is filled, and transmit the data at the available transmission
When playing back a streaming video on a portable computing rate (denoted b,...) to the user terminal. In this case, playback
device (called theiser terminal hereafter), the consumed power ~ Of the video is delayed fofd /b1 ) — (M /bma.) which means the
consists of (i) power consumed by wireless transmission of packets’tlme. until the buffer withM bit is f|||9d If the user SPEleleS the
(i) power consumed by decoding and drawing video frames, and Mmaximum tolerable delay, buffer sizé can be determined.
(iii) power consumed by other factors such as operating systems, .
LCD back-light and so on 3.2 Power Consumption Model
When playing back an MPEG1 stream (288L6 pixels, 24 frames We should be able to estimate the parameter values satisfying the
per second, 327 Kbps bitrate) on a PDA via IEEE 802.11b WLAN specified playback duration and the remaining battery amount, for
(the device names are shown in Table 2), the power consumed byany combination of portable computing devices and WNICs. So,
(i) and (ii) was more than 78 % of the whole power. So, it will be we construct an equation which represents the relation among the
effective to save the power for (i) and (ii). above parameters and device specific constants for user terminals.
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Let us denote the powers consumed by playing back video and
receiving video data by?, and Py, respectively. LetS denote
the power consumed by other factors (operating system, back-light,
memory and so on). Heré, is the device specific constant. Thus,
power P consumed by the user terminal is represented by the fol-
lowing equation.

P=S+P,+ Py (1)

3.2.1 Power consumed by video processing

Playback of MPEG-1 videos needs two operations: decoding and
drawing picture frames. The power consumed by drawing each
frame is proportional to the number of pixels. The decoding op-
eration consists of Huffman decoding, dequantization and inverse
discrete cosine transformation. The power consumed by Huffman
decoding is proportional to the bitrate of the video, and the power
consumed by other processes is proportional to the number of pix-
els. Accordingly, the total poweP, to play back a video is repre-
sented by the following equation.

Py(T,f,b):Oé’f'f+ﬂb

wherer, f andb denote the picture size (number of pixels), the
frame rate and the bitrate, respectively, andnd 3 are device
specific constants. Finally, we obtain a power consumption model
for playback of a video

Eo = (S +arf + Bb)T 3)

whereT and E, are the expected battery life and the remaining
battery amount.

Here, the actual values &f o and 3 can be calculated by mea-
suring the battery lives when playing backvideos with different
parameter§ (ri, f1,b1), ..., (rn, fn, bn)}, and using multiple re-
gression. Since we have 3 variables, we shoulduze3.

3.2.2 Power consumed by communication

From the result in Fig. 1, we assume that por consumed
by communication is represented by

P (b) = N + b

wherey and N are device specific constants. From equation (1),
we can derive

FEo = (S + N+ ’}’b)T (5)

representing a relation among battery life battery amountty
and transmission ratewhen the user terminal receives the video
stream ab (without decoding and drawing video frames). The val-
ues of N and~ can be calculated by measuring battery lives when
data are received at different transmission rates.., b,,, and us-
ing multiple regression.

3.2.3 Power consumed by buffered playback

Let b,nq. denote the maximum available bandwidth at the user
terminal. LetT,,, denote the time interval to fill up the buffer since
the buffer is empty. During this time interval, the WNIC is turned
on. LetT, s+ denote the time interval to consume all of the data in
the buffer since the buffer is full. During this interval, the WNIC is
turned off. Letr,,, andr, s denote the time intervals to resume the
WNIC and to suspend it respectively. Ledenotery, + Torf. T

<
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Figure 2: Time Chart of Buffered Playback

From Fig. 2, we obtaifl,,,, = #;b, Topr =% -1

The power consumed by receiving the stream data is equal to
Py (bmaz) While the WNIC is turned on, an@ while turned off.
So, the average powét,, ; consumed by receiving the stream data

(whose bitrate i%) is represented by

_ Ton
B Ton +Toff + 7

During time intervalr, the WNIC does not receive any data but
consumes power to negotiate with the WLAN access point for au-
thentication and address assignment by DHCP if necessary.

The average poweP,;, consumed during time intervalis rep-
resented by

Pbuf (b) Pn (bmafc) =

(N + "mea:c)

bmaz

_ T _ b(bmaz — )T
B Tan + Toff + TPN(O) N Mbmaa:

Finally, we can derive a power consumption model when using
the buffered playback.

Eo = (S +arf+ 8b+ Pouy(b) + Pon(b))T (6)

3.3 Algorithm for Deciding Parameter Values

Let (ro, fo,bo) denote parameter values of the original video
transmitted from the content server.

We assume that the desirable proportion among picturersize
frame ratef and bitrateb is given as follows.

r/ro: f/fo:b/bo=z:y:z ©)

Equation (7) means that for example,(if, y, z) are set to be
(1,2,1) and the picture size is reduced @3 by the transcoding
proxy, frame rate and bitrate are reduce@t8 and1/3, respec-
tively.

From equation (7)p and f can be represented by expression
consisting of- and constants.

Consequently, when desirable playback duraffgrremaining
battery amount, and the above proportion amongf andb are
given, we can calculate the valuesff andb by solving equa-

P, (b) N

is a device specific constant and can be easily obtained (the actuafion (6). In our implementation, we have used Newton’s Method to

value ofr in our environment was about 3sec).

Fig. 2 depicts the time chart of how the stream data is filled and
consumed in the buffer when using the buffered playback, where
M andb denote the buffer size and the bitrate of the video, respec-
tively.

solve the equation.

Calculation of appropriate bitrate

When we specify the ratio among f andb by hand, the value
of b may not be adequate due to quantization noise. We assume



that the bitrate is linear to the picture size when the frame rate is

However, the above algorithm may result in over/under assign-

fixed, and that the bitrate is linear to the frame rate when the picture ment of battery amount to some categories. We denote the proper-
size is fixed. From these assumptions, we can derive the following ties of videos with the maximum quality and with the minimum

equation to obtain the appropriate bitrate frerand f.

®

wherecy, ¢1, c2 andces are constants, and can be calculated using
multiple regression.

b=corf+cir+caf + cs,

qua“ty by (Tm(wcy fmaac, bmaac) and (Tmina fmin, bmin): respec-
tively. Here, the maximum quality’s video might be the video
with satisfactory quality or the maximum video which the device
can play back. The minimum quality’s video can similarly be de-
fined. So, we let our algorithm to adjust battery amounts in some

We have prepared 64 videos with different parameter values whicttategories so that restrictions of the maximum/minimum battery
have similar balances of playback quality, and obtained the above amount can be kept.

constants using multiple regression. As a result, wecget 7.9e-
5,c1 =4.2e-4,co = 13,¢c3 = —16.

4. ENERGY-AWARE QOS CONTROL

In this section, we propose an algorithm to assign different play-

back guality among multiple video segments based on the user’s P, (bmin))Ti(

preference, satisfying the specified playback duration within the

As explained in Sect. 3.3, battery amountonsumed by video
playback is represented by equation (6) including parameters
f, bandT. Consequently, ifF; > (armazfmaz + Bbmas +

Pbuf (bmaac)+Poh(bma:t))Ti(déf Emaw)y FE; is too much for play-
back ofc;. Similarly, if E; < (armin fmin+8bmin+Pous (bmin)+
def Erin), E; is too small for playing back;. In

those cases, we fi¥; = E,q: Ofr E; = E..., and distribute

remaining battery amount. Here, we assume that a video consistsremaining batteryE’(= E — E;) among remaining categories
of multiple segments and those segments are classified into someC' — {c¢;}. Consequently, we can obtain battery amo#itfor

predefined categorie§' = {ci,...,cn}, €.0., by using MPEG-7
labeling tools [5].

4.1 Specifying Importance among Categories

It is desirable for users to be able to specify what part of a video
will be played back with higher quality. So, we allow users to spec-
ify relative importance among categories iagportance degrees
Let p; denote the importance degree specified to categomhere
p; IS an integer number such that > 1.

Theplayback propertyf a video is decided by the balance of its

playback of category; as a constant value.

Using battery amounk;, playback duratioff;, and the propor-
tion (ri/ro : fi/fo : bi/bo) and algorithm in Sect. 3.3, we can
calculate parameter values f; andb; for each category;.

4.3 Bitrate Extension Algorithm for Low Band-
width Environment
When available network bandwidih,... at the user terminal
is low (e.g., 128Kbps), playback quality cannot be improved bet-
ter than this value even if its remaining battery amount is sufficient.

picture size, frame rate and bitrate. In general, users may have dif-To cope with this problem, we propose an algorithm to enable play-
ferent preferences for the playback property among categories. Soback of some video segments with higher bitrates thax..

we allow users to specify a preference to the playback property of

The proposed algorithm delays the start time of the video play-

each category by the proportion among the picture size, the frameback where the user terminal buffers enough amount of data before

rate and the bitrate/ro :

f/fo:

b/bop = x : y : z as explained in

starting video playback.

Sect. 3.3. Aninteger number 1 or more than 1 can be specified to  We assume that we play back video segments.., andwv,, in

z, y andz. When we use equation (8), we need not spefgify.

this order. Lep; andT; denote the importance degree and the play-

For example, suppose that a video of a soccer game consists obback duration of segment. Let P,..;,, denote the power consumed

video segments classified into three categof@mot, play, othékr.

A user may want to play back the video segments of catesjuopt

at as high quality as possible, and the segments of cat@dmyyt

the medium quality, while reducing the playback quality of the seg-
ments of categorgther. The user may have the preference for play-

back property such that both the motion speed and the vividness are

similarly important in categorghoot that the motion speed is more
important in categorylay, and that the vividness is more impor-
tant in categorther. In such a case, the user gives the following
preference.

category| importance degree r/ro | f/fo | b/bo
shoot 4 1 1 -
play 2 1 2 -
other 1 2 1 -

4.2 Algorithm for Determining Playback Qual-
ity among Categories

For each category; € C, the product of its importance degree
p; and playback duratioff; is called thevirtual playback timeof
c;. We denote it byl (= p;T;). Also, the total sum of the virtual
time of all categories is denoted by (= 3°_ . T7).

In our algorithm, we distribute the battery amouiit= Fo —
SZLi‘l T; among categories according to the proportion of each
category’s virtual tim&; /T". Thatis,E;(= ET;/T’) is allocated
for playback of each category.

by the playback of video segments with the minimum importance
degree. LeD denote the delay time to start the playback. Then the
following equation holds.

m

Eo—S-(D+>» T;) = D-Pn(bmaz) = Y Prin-pi-T: (9)
i=1 i=1

When battery amount assigned to segmenfrepresented by
Ppin - pi - T;) is determined, then we can obtain the corresponding
i, fi andb; using the algorithm in Sect. 3.3. On the other haid,
can be calculated by

i—1 i—1
D = Max(Y b; - Tj/bmaz — »_Tj);i=2,..,n+1 (10)
j=1 j=1

Consequently, we can represéhas the function of,,;,,. From
equation (9), we can calculate the valug®f;,, by using the New-
ton’s Method.

We have applied the proposed algorithm to a video 6480,
1150Kbps, 30fps, 2300sec) usihf as 50% of fully charged bat-
tery amount in the laptop PC environment in Table 2, where we
Setbmaes 10 be 384Kbps. The result is shown in Table 1. We see
that bitrates much higher thamp, ... are assigned to video segments
3 and 8 whose importance degrees are 4, while the delay time is
reasonable (59sec).



Table 1: Quality Improvement When Using Bitrate Extension Algorithm

video With bitrate extension (delay time=59sec)  Without bitrate extension
segment| duration| priority | picture size| frame rate bit rate picture size| frame rate| bit rate
(No.) (sec) (pixel) (fps) (Kbps) (pixel) (fps) (Kbps)

1 217 1 354x 265 9.2 210 419x 314 12.8 338.4

2 136 2 432x324 13.6 369.8 437x328 14 384

3 231 4 524x 393 20.1 655.3 437x328 14 384

4 132 2 432x324 13.6 369.8 437x328 14 384

5 530 1 354x 265 9.2 210 419x 314 12.8 338.4

6 276 1 354265 9.2 210 419x 314 12.8 338.4

7 232 2 432x324 13.6 369.8 437x328 14 384

8 138 4 524x 393 20.1 655.3 437x328 14 384

9 408 2 432x324 13.6 369.8 437x328 14 384

(1) URL of the video

(2) Desirable playback duration Table 3: Actual and Predicted Battery Life

(3) Terminal information , icture size| frame rate| bit rate | actual redicted

et ofplaybackually | Transcoding Proxy > el 05y | (kbps) | (miny | (min) (error %)
-------------- ) ™

TUsgr | r of Playback Quality streaming playback
ermina Original 288x216 24 327 | 120 | 122(1.6%)

<T-r;r;s-c-o.d:ea [ [~ stream [ buﬁ[ered play[back [

Stream 288x216 24 327 189 185 (2.3 %)
288x216 8 110 289 285 (1.3 %)
166x124 24 321 242 239 (1.1 %)

Figure 3: Energy aware video streaming system 166x124 8 109 340 323 (5.0 %)
laptop PC
streaming playback
Table 2: Experimental Environments 400x300 [ 24 [ 499 [ 6.67 [ 6.72 (0.8 %)
buffered playback
device type/ WNIC type/ name/ CPU/OS 400x300 24 499 6.90 7.23 (4.8 %)
PDA/ CE/ XScale 164x120 24 498 | 10.32| 9.85(4.6 %)
Sharp Zaurus SL- WN-B11/CF (/O PXA250/Linux 164x120 4 83 12.03| 11.78 (2.1 %)
C700/ Data)/ (Embedix)
brightness small  low power mode off
laptop PC/ PCMCIA/ PentiumIll
Toshiba SS GW-NS11S 750MHz/Linux )
S4/275PNHW (Planex)/ Kernel 2.4.24 environment, we have used the fully charged battery amouhtas
brightness small  low power mode off In the laptop PC environment, we have used the 10 % of the fully
charged battery amount &% to shorten measurement time.
5. EXPERIMENTAL RESULTS 5.1 Effectiveness of Power Saving Techniques
We have implemented an energy aware video streaming system and Power Consumption Model

as shown in Fig. 3. In the system, the user specifies the location In order to show effectiveness of our power saving techniques
of the video, the playback duration and the preference including and validity of our power consumption model, we have measured
importance degrees to categories and the proportien : f/fo : the actual playback durations when using the buffered playback,
b/bo to each category. The information is sent to the transcoding and calculated errors from predicted durations. We used 2.3 Mbps
proxy with the terminal information including the remaining bat- and 1.6 Mbps as the average transmission rates for the PDA and
tery amount and so on. The transcoding proxy calculates the ap-the laptop PC, respectively, and used a buffer with 5 Mbyte. The
propriate playback quality from the received information, receives experimental results are shown in Table 3. In table 3, prediction
the video stream from the content server, transcodes it to the streamerror defined ast. — t|/¢ is a difference between the predicted
with the playback quality obtained with algorithms in Sect. 3.3 and battery lifet. and the actual battery life
Sect. 4 and forwards the new stream to the user terminal. Table 3 shows that the buffered playback could extend the bat-
In order to evaluate the effectiveness of the proposed method, tery life up to about 1.5 times in the PDA environment. On the
we have carried out several experiments using two different envi- other hand, in the laptop PC environment, the effect of the buffered
ronments in Table 2. For both environments, we have used IEEE playback is not so much. This is because the ratio of the power
802.11b WLAN. To restrain the power consumption due to rotation consumed by the WNIC to the whole consumed power is small in
of HDD, we usechoflushd  for the laptop PC environment. the laptop PC environment. When using the transcoding with the
We obtained device specific constaiisV, o, 3 and v using buffered playback, the battery lives could be extended up to about
four videos with different quality and two different available band- 2.8 times (PDA) and 1.7 times (laptop PC), respectively. The pre-
width for each environment as explained in Sect. 3.2. In the PDA diction errors were within 5% in both environments.
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Figure 4: Quality Improvement

5.2 Effectiveness of QoS Control

In this section, we assume that the laptop PC environment is used

and that 30% of the fully charged battery amount is useasAn
MPEGL1 video with 326240, 29.97fps, 500Kbps and 1800 sec is
used as the original video denoteddy= (7o, fo, bo, T0)-

Playback quality in important categories

Using the algorithm in Sect. 4.2, we have investigated to what
extent the playback quality of important categories is improved and
the quality of the other categories is degraded.

We assume that video segmentggnare classified into two cat-
egories: important category and less-important categoey. We
assume that the preference to each categaryris: f/fo =1:1
(b is automatically calculated using equation (8)).

Let R denote the ratio of playback duratidi of ¢; to total

playback duratior?y + T» (i.e., R < T1/(Ty + ). Letps
andp- denote the importance degrees fgrandcz, respectively.

Let M denote the ratio op; 0 ps (i.e., M " py /p»). Using our
algorithm in Sect. 4.2, we have calculated the playback quality in
c1 andez by changingR from 0.1 to 0.3 by step 0.1 and from 1

to 4 by step 0.5.

The resulting graphs are depicted in Fig. 4, where the horizontal
axis and the vertical axis represemt and playback quality: /7o,
respectively. Herer/ro becomes 0.58, if all categories have the
same priorities, that ig3; = p2 (baseline quality).

Fig. 4 shows that wheiR is small (e.g., 0.1) and we specify
M > 3, the playback quality in important categories can be im-
proved significantly by slightly reducing the playback quality of
less-important categories.

Prediction Errors When using QoS Control

To investigate the prediction errors of the actual playback dura-
tion within battery amoung, from its original playback duration
1800sec, we played back videg at different playback quality cal-
culated from four different preferences as shown in Table 4.

For prefl, pref2, pref3andpref4, actual playback durations until

E, was exhausted were 1710sec, 1696sec, 1692sec, and 1727sec,

respectively. The prediction errors are less than 6%.

6. CONCLUSION

Table 4: Preferences and Playback Qualities

cat. (Ti,pi, fi,ri) | (r, £, D)
prefl | c;  (678,1,1,1) | (245 x 184, 17.60, 250K)
e (662,1,1,1) | (245 x 184,17.60, 250K
c3  (460,1,1,1) | (245 x 184,17.60, 250K
e (678,1,1,1) | (196 x 147, 11.26, 143K)
pref2 | ¢ (662,2,1,1) | (240 x 180, 16.91, 238K)
c3 (460,4,1,1) (293 x 219, 25.06,395K)
c1 (678,1,1,1) | (196 x 147,11.26, 143K)
pref3 | ca  (662,2,1,2) | (292 x 219, 12.47, 201K
c3  (460,4,2,3) | (320 x 240,21.61, 365K
c1 (678,1,1,1) (196 x 147,11.26,143K)
prefa | e (662,2,2,1) | (196 x 147, 22.48, 288K)
c3  (460,4,3,2) | (261 x 196,29.97, 439K)

based on the user requirement including the battery amount, the de-
sirable playback duration and the relative importance among video
segments. We have implemented the system and carried out some
experiments using a PDA and a laptop PC on IEEE 802.11b WLAN.

Through experiments, it is confirmed that (1) our system can
control the playback duration within 6% error even when control-
ling QoS dynamically, and that (2) the proposed algorithm can be
applied to various portable computing devices by obtaining several
device specific constants. We believe that our model is accurate
enough since some part of prediction errors is caused by the inac-
curacy of the APM mechanism.

In this paper, we assumed that the available bandwidth at the
user terminal is much larger than the bitrate of the video and that
the fluctuation of the bandwidth is small. However, when applying
the proposed method to the cellular phone environment, we must
consider the fluctuation of the available bandwidth and the dynamic
change of radio wave output depending on the location. In our
future system, those problems will be treated.
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