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Abstract which applies some power control techniques in order to ex-
tend the device’s battery life to last for the specified play-
In this paper, we propose an battery-aware video stream- back duration.
ing system which can extend battery life of portable com-  Most of existing studies on power saving have focused
puting devices to a desired playback duration in streaming on low-power hardware design [1, 2, 3]. On the other hand,
video playback. The proposed system transcodes a videghere are some software based approaches to power sav-
stream from the content server to the lightweight streaming. In [4], power saving is achieved by a power control
to save power consumption. Our system includes anothemmethod based on channel condition of wireless LANs. In
power saving mechanism where video data is received and5], a power saving method which selectively discards video
stored in a buffer on the portable device at the maximum frames (I, P or B frames) to decrease the number of bits
transmission speed, and the wireless NIC is powered off un-transmitted over the wireless link is proposed.
til the buffer becomes empty. We define a power consump- |n this paper, we propose two methods to extend bat-
tion model on the portable device to determine several videotery life in video streaming for portable devices. In the first
parameters satisfying a user requirement. We have imple-method, we save power consumed for video decoding and
mented the system and carried out several experiments. Aglisplaying using a transcoding technique [6] which converts
a result, we have confirmed that our system can extend thehe original video stream to a lightweight stream (means
battery life up to 2.5 times and that the predicted battery life that the receiver can play it back for a longer duration than
can be estimated accuratery using our model. the original one). For the purpose, we introduce an interme-
diate node, calledranscoding proxybetween a server to
a client to relay video streams from servers to clients after
1. Introduction transcoding the video streams to lightweight streams in real
time. In the second method, we save power consumed for

Recent performance improvement of portable comput- wireless communicfa\tion by periodic bqlktransfer ofa\{ideo
ing devices (e.g., PDAs and cellular phones) is remark- data and by supplying power to the erelesg network inter-
able and they have now wireless communication capabili- face ca_lrd (cal_led WNIC, he_reafter) only during data trans-
ties. Moreover, wireless LANS are rapidly becoming popu- €7 While playing back the video stored in a bufer.
lar and available in many places as “hot spots.” These situa- W& have implemented the system and carried out several
tions encourage us to see video contents such as movies arfe<Periments. As a result, we have confirmed that our sys-
live sportscasts everywhere and whenever we want. How-{8M can extend battery life up to 2.5 times and that using
ever, portable devices consume a lot of battery amount for®Ur algorithm, we can estimate the battery life within 9%
video playback in real time streaming due to wireless com- accuracy.
munication and decoding of compressed video data. So, it
is difficult to play back a video for a long duration. 2. Low Power Video Streaming Method for

As a typical situation, let us suppose that a user is sud- DAS
denly given one hour free time and he/she want to play back
a short movie (within one hour, say, 57 min.) with his/her .
portable device by receiving the video stream via a wireless2-1. A Strategy for Power Saving
LAN. However, the device’s battery may not last for one
hour while playing back the video. For such situations, in ~ The power consumed by a portable device while playing
this paper, we propose a low power video streaming methodback a video stream delivered from a server consists of (1)



Power consumed by OS, (2) Power consumed by the back- (here, we assume thai,; is greater than the original
light, (3) Power consumed for the WNIC and for processing bit rateb, of the video) and stores the data in the buffer,
packets, and (4) Power consumed for decoding and drawing and7), plays back the video from the buffer.

video frames. In our method, we focus on saving power for (3) when the buffer is filled with the stream data, suspend

the (3) and (4). threadT,. and turn off the WNIC.
(4) when the buffer becomes nearly empty, turn on the
2.1.1 Power Saving Technique for Video Decoding and WNIC and resume thredd..
Drawing (5) repeat the steps from (3).

The power consumed for decoding and drawing video  Hereafter, we call the above playback mechanism as the
frames is proportional to the product of the frame rate (i.e., pyffered playback

the number of frames drawn per second), the picture size
(i.e., the number of pixels), and the bit rate of the video.
Therefore, it is possible to save the power by reducing the 4, rces, that is, video files stored in a server which can be
values of these parameters. _ o downloaded at the arbitrary transmission rate, for exam-
For such power saving, one of simple solutions is 0 e by HTTP. However, it is not straightforward to apply
prepare several files with the different parameters for eachy, o pifered playback to “push” type data sources since in

video in a server so that a user can select one depending 0g,,cy 5 data source, a video is transmitted in real-time as a
his/her portable device’s battery amount. However, this aP-stream whose transmission rate is the same as the original

proach is costly for content providers or may not control bit rate b; of the video. So, we introduce another inter-
the.playback duration minutely when only small number . jiate node called thieuffering proxywhich is located
of files are prepared. Therefore, we have adopted anothefeqyeen the transcoding proxy (or the content server) and
approach to use the transcoding technique where an intery, o hortaple device. The buffering proxy receives the video
mediate proxy node (called thenscoding proxyreceives  gyraam from the transcoding proxy (or the server) and stores
a video stream from a server, converts it in real ime into yq 4ata in its buffer (the size of the buffer is the same as the
a lightweight stream, and forwards it to the user's portable ,tapje device). When the buffer is filled, the portable de-
device. vice downloads the data from the proxy at the maximum
transmission ratés; ;. Note that the start time of the video

2.1.2 Power Saving Technique for WNIC playback at the portable device will be delayed fdy/b,
sec. We call the delay as theffering delay

In general, the transcoding proxy and the buffering proxy
can be executed on different nodes. Here, for the sake of
simplicity, we assume that those proxies are executed on a
single node.

The buffered playback can be used for “pull” type data

We have carried out some preliminary experiments to inves-
tigate the power consumed by the WNIC (an IEEE 802.11b
LAN card is used) of the portable device. Then, we have
confirmed that the WNIC consumes much power while it
is turning on, and that the power consumed does not vary
so much depending on the data transfer rate. When we let L i
a portable device play back a video stream from a remote2-2- Organization of the Low Power Video Stream-
server, usually the server transmits the stream at the same ing System

transmission rate as the originally encoded bit rate of the

video. In this case, the power must be supplied to the WNIC ~ We show the organization of the proposed low power
all the time during playback. When the available bandwidth Video streaming system in Fig.1.

of the wireless network is higher than the bit rate of the =~ Each user sends to the transcoding proxy a video deliv-
video, we can download a portion of the video stream at the €ry request including the location of the video, the desir-
maximum transmission rate in shorter time than the play- able playback duration, the preference for video quality, and
back duration of the portion. So, by using such bulk transfer the terminal information. From the above information, the
and by storing the downloaded portion in a local buffer of transcoding proxy converts the video stream received from
the portable device, we can stop supplying the power to thethe content server to the lighter stream with the appropriate
WNIC for the time difference in order to save power. The video parameters, and transmits the converted stream to the
detailed procedure to save power at a portable device base@ortable device.

on the above consideration is as follows: We call the following parameters as thattery-aware
parameters (1) the frame rate, (2) picture size, and (3) the
(1) allocate a buffer with the size éff bitsC bit rate of a video and (4) the buffer size for the buffer-

(2) turn on the WNIC, invoke two threads. and7), in ing playback. When the remaining battery amount of the
parallel wher€l’, receives the video stream &t ¢ bps portable device is sufficient for the playback of a video with
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Figure 1. Organization of the proposed video streaming system

the lowest quality, there may be multiple solutions consist- 5 The WNIC consume®V,, . of the electric power for the
ing of different battery-aware parameter values. On the time during suspending (the time taken to go into the
other hand, the battery amount is not sufficient, there may suspension mode from the normal mode) and resuming
be no solution. In the proposed method, one combination of (the time taken to go back to the normal mode from the
those parameter values is selected based on the user’s pref-  suspension mode).

erence. 6 The electric power consumed by the local storage device

(e.g., flash memory) is negligible.
3. Algorithm to Decide Battery-aware Param-

. . The fully charged battery amount of a portable device is
eter Values for Desired Playback Duration v enard y g

denoted byFy. Letry, fo andby be the number of pixels in
a frame, the frame rate and the bit rate of vidgprespec-

In this section, we define a power consumption model tively. We assume that the portable device can playbgck
consisting of battery-aware parameters for the portable de-without frame skipping.

vice. Based on the model, we compute the expected battery Hereafter, the time until a portable device is switched off

life for each combination of parameter values. due to battery exhaustion, is said to be tiatery life
_ Let Tsy v be the battery life while we played bael
3.1. Power Consumption Model by streaming on a portable device with battery amaduant

Let V, be the power consumed by decoding and displaying
Our power consumption model assumes that the follow- v,. Let IV, be the power consumed by wireless device when
ing conditions are satisfied as long as a movie can be playedeceiving data ofyy. Then, we have
back without frame skipping.
Ey = TSVN(SO + Vo + No) 3)
1 Total electric power consumed by a portable device is the
sum ofSy, V(r, f,b) and N (B), whereS, denotes the Let Tsy be the battery life while playing baclk from
sum of the power consumed by backlight and the op- the local storage device with battery amouiit Then, we
erating systeml/ (r, f, b) denotes the power consumed have
by decoding and displaying a movie whose picture size Eo = Tsy(So + Vo) (4)
(the number of pixels), frame rate, and bit rate arg
andb, respectively, andV (B) denotes the power con- Let Tsy be the battery life while only receiving, by

sumed by the WNIC, when the average transmission Streaming (i.e., do not playback) with battery amoiigt
rate isB. Then, we have

2 Sy is a constant.
3 V(r, f,b) is proportional to the product of, f andb.

That s, with a constanty , Let T}, be the battery life while the WNIC is turned on
and the portable device performs neither receiving, decod-

Ey = Tsn(So + No) )

V(r, f,b) = cv(rfb) @) ing nor displaying with battery amoutt,. Then, we have
holds.
4 N(B) is linearly increasing withB. Hence, with con- Eo = Thase(So + Nease) ©)
stantscy and Ny e, Let Ts be the battery life while the WNIC is turned off
and the portable device performs nothing. Then, we have
N(B):CNB+Nbase (2)

FEo=T 7
holds. 0 =Ts5 (7)



From Egs. 5, 6, and 7, and by usitd = Ny/Npgse,
we get
- Tyase(Ts — Tsn)
Tsn (TS - Tbase)

Also, from Eq. 2, we getXy = (cnbo + Npase)/Npase-
Rewriting it witha = by /(X — 1), we getNygse = acy.
Assigning the above equation to Eq. 2, we §étB) =
(e + B)cn.

Since

N() _Ct—f—b()
N(B) a+B

holds, rewriting it with3(B) = (o + bo) /(o + B), we get
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Figure 2. Variation of the data amount in the
buffer during buffered playback

(B) = ®)
B(B) T, — TsvnTsvB(b1) 15
P Toun(Bbr) — 1) + T (15)
The actual values of the above parameters SN SV
Tsvn,Tsv,Tsn,Trese and Tg can be measured for Hence, from Egs. 3, 12 and 14, we get
each combination of a portable device and a WNIC. With

those values, we propose a method to calculate the expected T — 1 16
. tr — 71 1 1 ( )

battery life. T T T T Torw

Expected battery life when only transcoding is used

Let r1, f1 and b, be the parameters of movig. Let
V1 be the power consumed by decoding and displaying
The expected battery lifé;,. of v; can be computed from
the following formula.

EWJM%+%+MM) 9)
SinceVy = ¢(ro fobg) andVy = ¢(ry f1b1), using
0 fobo
= 10
" 7”1f1bl ( )

Eq. 9 is transformed to

Vo No
Ey =Ty, — 11
0 t (S0+m+ﬁ(b1)) ( )
Introducing equation including;,,
Vo
Ey =T, (S0 + pro + No) (12)

and from Egs. 3 and 5, we get

TsynTsy m

Tm = 13
Tsyn(m —1)+Tsn (13)
Introducing equation includingj
No
Eo =Ts(S0 + Vo + m) (14)

and from Egs. 3 and 4, we get

Expected battery life when transcoding is used with the
buffered playback

Let By be the average transfer rate of the buffered play-
back. LetT:s be the expected battery life while movie
is played back with the buffered playback. L&}, be the
time while the WNIC is turned on and the buffer is filled,
and7,; be the time while the WNIC is turned off. We call
Ton + T,y ¢ the buffering period.

Let 7,, and7,¢s be the time until the WNIC goes into
the suspension mode from the normal mode and the time
until the WNIC goes back to the normal mode from the sus-
pension mode, respectively.

Let 7,1, be 7on + To5¢. The value ofr,, can be mea-
sured for each combination of a portable device and a
WNIC. When there are buffering periods duringl}y,

Ty = 1(Ton + Torr + Ton) holds.

We definen as follows.

Tn Toh
n= (Ton +Toff +7-oh)/( ; y >

B(Byr) — B(0)

Then, we get

) N ) N
EO = be(SO—’_Vl)JFZTonﬁ(TZf)—’_ZTOhWS)
\% N,
= be(So—F*O*F*O) (17)
m n

During the buffered playback, variation of the data
amount in the buffer (the maximum size /i bit) as time
progresses is shown in Fig.2.

We get from Eg. 2,



T,, = M _M (18) We show the algorithm to determine video parameters

- By —by’ Tors = b below.
With N 1. Letr, f andb be R/10, F/10 and B/10
Eo = Tn(So + Vo + 70) (19) respectivelyt.
we get from Egs. 3 and 4, 2.0:=1
3. r:=R,f, == F,by := BO
T, = - TSVNTfV - (200 4. M:= Db
svv(n—1)+Tsv 5. DetermineT; s using Eq. 21. Terminate and return
Hence, we get, from Egs. 3, 12, and 19, values ofrq, f1,by andM if T < T P.
1 6. 1 :=R—ire,fr:=F —ify
be =T T T 1 (21) b1 = (B - ZbZ)(Tlfl)/(RF)
Tm = In  Tsvm 7. ifr <0orf; <0orb; <0,terminate since there is
Thus, the battery life can be computed from values of pa- no solution.
rameterslsy v, Tsv, Tsn, Toases T's, Byy, Ton @and values 8. i:=1i+ 1, goto step 4.
of rg, fo, by Of the movievy. Note that these values can be
measured for each combination of a portable device and a For example, wher(R, F, B) = (49152,24.0, 300),

WNIC. (Tsvn,Tsv,Tsn, Trase, Ts) = (109,182,140, 148, 307),
(10, fo,bo) = (49152,24.0,300), Byy = 2.5, Ton = 3,
3.2. Algorithm to Decide Battery-aware Parameter  (z,y,2) = (1,1,0), P = 1 andD = 80, if " = 200, the

Values values are reduced as follows uriil< T3 is satisfied.

The desired playback duratidh must be less than or o (r1, f1,b1, M, Tiy) = (49152,24.0, 300, 2.86, 157)
equal toTs. Let R, F' and B be the picture size, frame rate o (r1, f1,b1, M, T,y) = (44236, 21.6, 243, 2.32,180)
and bit rate of a movie sent from a content server. o (r1, f1,b1, M, Tys) = (39321,19.2, 192, 1.83, 204)

Let 1, fi and b; be the parameter values of the
transcoded movie. Ledl/ be the buffer size used in the
buffering playback. Our method determines the values of
r1, f1, by andM foranyT < Tg. ) . )

When a movie is transcoded to that with half picture size Ve have implemented a video player for PDAs in C us-
or frame rate, the bit rate can also be halved without seriousind Berkeley MPEG Player[7]. We have also implemented
quality degradation. Thus, we reduce the bit rate in propor- & transcoding proxy in C using MJPEG Tools [8].
tion to the reduction ratio of the picture size and the frame
rate. 4.1. Performance of Transcoding Proxy

Parameters of our algorithm are as follows.

4. Implementation and Experimental Results

In our transcoding proxy, we first derive a sequence

1. Desired playback duratidh of plain pictures in YUV format by decoding a MPEG1

2. Parameters of the original video stre&nF’, andB. stream, reduce the picture size and/or the frame rate of those
3. Terminal information consisting of (i) constant values pictures, and then reencode them into the new MPEG1
(specific for each portable devic&ky n, Tsv, Tsn, stream.
Tyase, T's, By andr,y, andrg, fo andb, of the movie In order to evaluate the performance of our transcod-
vg, and (ii) remaining battery amouit(0 < P < 1), ing proxy, we have measured the processing time when a

whereP = 1 means that the battery is fully charged.  video (256x192 pixels, 24 fps, and 300kbps) is transcoded

4. Preference information consisting of (i) allowable to the reduced quality video (176x132 pixles, 12 fps, and
buffering delayD (in second) and (i) priorities;, y 75kbps) on a PC with general performance (Intel Pentium
and z for the video quality which corresponds to the 4 2.40GHz, 1.0 GB RAM, Debian GNU/Linux 3.0, Ker-
picture size, the frame rate and the bit rate, respec-nel 2.4.18). As a result, for the original video whose play-
tively. z, y andz are given as integers between 0 and back duration is 261 seconds, our transcoding proxy could
2 where 0 is the highest priority and 2 is the lowest transcode it in 27 seconds. Thus, our implementation has
priority. Note that the quality with priority 0 is never sufficient performance for real-time transcoding.
gegraded- At least one of y andz must be more than Lin general,r, f b may ber/m, f/m andb/m, respectively for any

. integerm.




Table 2. The actual battery life and the predicted battery life
picture size| frame rate| bitrate | buffer size | actual battery| predicted battery

Table 1. The actual val-
ues of the terminal infor-

. (pixel) (fps) (kbps) (MB) life (min) life (min)
mation (S L_C700) streaming playback of the video without transcoding
_ 256x192 | 24 [ 300 | - | 109 | 109
Tsvn 109 (m!n) buffered playback of the video without transcoding
Tsy | 182 (min) 256x192 | 24 | 300 | 30 | 155 | 157

Tsn 140 (min) buffered playback of the video with transcoding

Toase | 148 (min) 256x192 24 150 15 185 201
Ts 307 (min) 256192 12 150 15 210 224
Ton | 3(5) 176x132 24 150 15 225 225
Bes | 2.5 (Mbps) 176x132 12 75 0.75 274 257
4.2. Experimental Results of the transcoding proxy to an appropriate node in the net-
work.
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