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Abstract

Mobile computers typically have limited energy for com-
puting and communications due to short battery lifetimes.
Encoding, decoding, and transmission of video informa-
tion require significant computing and communication re-
sources. Low power encoding and decoding schemes have
been researched extensively. In this paper, we focus on
processing encoded video for transmission under low bat-
tery power conditions. Such processing, while conserving
battery power, attempts to reduce deterioration of video
quality.
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I. INTRODUCTION

To meet the growing demand for anytime, anywhere,
anymedia communications, next generation portable de-
vices must have computing and communications support
for multimedia information exchange. Video processing
and transmission is a key component of multimedia in-
formation exchange. Hence, it is expected to be an inte-
gral part of next generation portable devices. To support
mobility, portable devices communicate with the network
over a wireless link. They also often operate on battery
power. Since batteries have limited energy, conserving
power is crucial in portable devices.

Most prior work on power conservation in video process-
ing has focused on low-power circuit design. That is, the
emphasis is on designing low power integrated circuits for
encoding and decoding of video streams {1], [2]. Some of
the suggested techniques include variable clock speed pro-
cessors [3], reducing supply voltage [1], and use of flash
memories [4]. Although these techniques prolong the life-
time of batteries, a portable device is still likely to en-
counter situations where its battery power levels are low.
In this paper, we focus on techniques for reducing energy
consumption in video processing and transmission under
low battery power conditions. The techniques proposed in
this paper can be incorporated along with low power cir-
cuit design techniques to further prolong the time between
battery recharges and, thereby enhance mobility.
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The basic idea of the proposed techniques is to decrease
the number of bits transmitted over the wireless link to
relay a given video stream. The challenge is to accom-
plish this goal while preserving or minimally degrading
the video quality. Decreasing the number of transmitted
bits reduces the energy consumption because considerable
energy is expended in transmitting the bits over a wireless
link. In fact, several studies have shown that transmission
accounts for more than a third of the energy consumption
in video processing and exchange in a portable device [5].

Prior work on decreasing the number of bits in video
streams have mainly focused on different compression
techniques (see Section II for a review of these techniques).
Although techniques with higher compression ratio can be
used as part of our approach, a choice of compression tech-
niques is often not available to an application in a portable
device. For instance, if the compression algorithm is im-
plemented in hardware, then the flexibility available to
an application is usually limited. Also, the portable may
be transmitting a pre-recorded video stream under low
battery conditions, in which case, the compression has al-
ready been performed. Therefore, the proposed approach
also relies on discarding selected packets from compressed
video streams in order to reduce the effective number of
transmitted bits.

The rest of this paper is organized as follows. Section II
review video processing techniques. Section III discusses
the proposed approach. The paper concludes with Sec-
tion IV.

II. VIDEO PROCESSING SCHEMES

A video stream is a sequence of image frames sent a spe-
cific rate. For example, the rate for a NTSC-compatible
stream is 30 frames per second whereas that for video tele-
phony is 10 frames per second [6]. Generally, there are
two encoding types for compression of video information:
intraframe and interframe coding [7], [8]. Intraframe cod-
ing exploits the spatial redundancy within a frame, while
interframe coding exploits temporal redundancy between
frames. Figure 1 depicts both intraframe and interframe
encoding schemes in MPEG-1 and MPEG-2 standards. In
the spatial domain, each video frame is divided into blocks



with 8 x 8 pixels. Discrete cosine transform (DCT) is ap-
plied to these blocks, and the DCT coefficients are quan-
tized to a user-defined level. Four blocks are grouped to
create a macroblock (MB). A number of adjacent MBs
are grouped to create a slice. A slice is the basic trans-
mission and resynchronization unit for the video stream.

In the temporal domain, there are three types of frames
in MPEG-1 and MPEG-2: intra (I), predictive (P), and
bidirectional (B) frames. The encoding for I-frame is based
on spatial redundancy and is described above. The pur-
pose of P-frame is to reduce temporal redundancy by mo-
tion estimation. This is accomplished by searching for a
best-match MB from the previous I-frame, for every MB
in the current frame. The motion compensated predic-
tive error, the difference between this MB and the best-
match MB, is then stored. For a B frame, the best-match
MB from both the previous and the next I or P frame is
searched for. Both forward prediction and backward pre-
diction can be used as the motion compensated prediction.
Since a B frame needs the information from the previous
and next the I or P frames, the processing order is differ-
ent from the natural sequence of the video frame. Figure 1
shows the processing order for encoding and decoding of
the frames, and the displaying order at the receiver. Video
sequences are sent as a group of pictures (GOP) which
contains several frames. The figure shows how the set of
seven frames constitute a GOP.

A number of other algorithms for video encoding have
also been developed. The JPEG standard [9] defined for
encoding still images can be used for video by treating
each frame as a still image. The coding scheme for each
frame in JPEG is similar to intraframe coding of MPEG.
The resulting video coding is often called Motion JPEG
(MJPEG). The H.261 [10] standard is developed for video-
phone and video conferencing. It is similar to MPEG-1
but only has I and P frames. Both MPEG-1 and MPEG-2
define I, P, and B frames, and the coding algorithms are
similar. MPEG-2, however, has some enhanced features,
such as interlaced video manipulation, scalability, com-
patibility, error resilience, etc. Like MPEG-2, the H.263
standard is a hybrid of interframe prediction to reduce
the temporal redundancy and intraframe coding. How-
ever, additional frame modes are defined for coding. The
frame types are: intra (I) mode, predictive with one mo-
tion vector (P) mode, predictive with four motion vectors
(P4) mode, predictive-bidirectional (PB) mode, and un-
coded (U) mode. The I- and P-modes are similar to those
in H.261 and MPEG-2.

Video encoding can done in either software or hardware.
Some freely available software for video encoding can be
found in [11], [12]. Since the coding of video generally
requires intensive computation, custom hardware is also
available. VLSI chips have been designed specially for
DCT, motion estimation, or entropy coding which can be
used as the auxiliary for video codecs. An overview of
the hardware implementation and commercially available
products can be found in [13].
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III. PROPOSED APPROACH

The key components in a portable unit responsible for
video processing and transmission are the Video encoder
(VE), the Video decoder (VD), and the Wireless Network
Interface Card (WNIC). The VE converts uncompressed
video bit-stream into a compressed video stream and sends
it to the WNIC for transmission. The VD receives com-
pressed video stream from WNIC and converts it into an
uncompressed video stream for display. As stated earlier,
in this paper, we focus on reducing the energy consumed
when a video stream is sent by the portable device under
low battery power conditions. Therefore, the components
of interest are the VE and the WNIC.

The proposed approach works as follows. The portable
device runs a daemon in the background which periodi-
cally monitors the battery power level. If the power level is
judged to be almost full, then the daemon does not impose
any energy conservation mechanism on the video stream-
ing applications. When the battery power level drops,
the daemon requests a reduction in the number of bits
transmitted over the wireless link to reduce energy con-
sumption. The amount of reduction requested depends on
the battery power level. For example, the battery power
level can be considered to be in one of the following four
distinct levels: almost full, half-full, low-power, and nearly
empty. For each one of these levels, the daemon can asso-
ciate a reduction factor r by which the application must
reduce its transmitted bit rate. More specifically, if the
application transmits at A bits/second when the battery
level is almost full, then the application must transmit at
a rate (1 —r)A bits/second when the requested reduction
factor is r.

The value of r corresponding to a battery power level
can be chosen by the daemon based on its knowledge of
the energy consumption profile and the traffic character-
istics of the video streaming application. For example,
suppose the WNIC in the portable device is a 915 MHz
WaveLAN card. Then, studies have shown that energy
consumption for transmitting a packet is directly propor-
tional to its length and approximately 0.367 pwatt-second
energy is required to transmit a bit in this WNIC card
[14]. This profile information along with current battery
power level, estimated battery power prolong time and the
desired average bit rate of the application can be used to
determine the reduction factor. Specifically, due to the
linear relation between the energy consumption and the
transmitted bit rate, a 20% savings in energy consump-
tion can be achieved by using a reduction factor of 0.2.
In this paper, we refer to the reduced bit rate when the
battery is at a given power level as the target bit rate of
the application.

Note that, a reduction in the number of transmitted bits
may result in some loss of video quality at the receiver.
The objective is to keep the deterioration in the video
quality as small as possible. The reduction in the number
of bits can be achieved in one of two ways: (i) reduce the
number of bits in the compressed video stream generated
by the VE, and (ii) discard selected packets at the WNIC



Group of Pictures (GOP)

macroblock

Intraframe
(spatial)

Interframe (temporal)

Fig. 1. Video coding in intraframe and interframe.

and reduce the number of bits transmitted over the wire-
less link. The first reduction approach is possible only if
the following two conditions are satisfied: (i) the portable
device must be encoding the video stream as opposed to
transmitting a stored video, and (ii) the encoding param-
eters in the VE can be modified by the application. The
second reduction approach is possible if WNIC is flexible
and sensitive to battery power conditions. In the rest of
this section, we assume that both reduction approaches are
possible in the portable unit. If one of these approaches is
not possible, then the techniques discussed in the relevant
paragraphs are not applicable in that portable.
Reducing number of bits in the compressed video
stream: The techniques for reducing the average bit rate
of the compressed video stream depends on the compres-
sion scheme. For example, if only intraframe encoding is
being used (e.g., MJPEG), then the average bit rate can be
reduced either by reducing the frame rate or by increasing
the step sizes in the corresponding quantization matrix.
On the other hand, if the VE uses an interframe encoding
technique such as in MPEG-1 and MPEG-2, then the aver-
age bit rate can also be reduced by changing the encoding
pattern. For instance, in MPEG-2, VE can change the en-
coding pattern from IBBPBBPBBI to IBBPBBPBBPBBI
and decrease the average number of bits required to encode
the stream. However, this may involve more computation
at the VE, which in turn will increase its energy consump-
tion. This increase in energy compensation will most likely
be compensated by the reduced power consumption in the
WNIC due to the fewer number of bits that have to be
transmitted over the wireless link.

Discarding packets at the WNIC: Selection of the
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packets to discard in the encoded frame sequence has sig-
nificant impact on the quality of the video stream. The
type of the packets discarded and their relative location
affects the quality. For example, video encoding standards
like MPEG-2 allow for layered encoding where packets are
prioritized for discards. Specifically, discarding packets
from higher numbered layered has less impact on the qual-
ity than those containing lower numbered layers. For such
algorithms, WNIC can maintain statistics on the average
bit rate of each layer in the stream and use that statistics
to discard minimum number of layers to approximately
meet the target bit rate. Of course, WNIC will discard all
packets from a higher numbered layer before discarding
packets from a lower numbered layer.

If layered encoding is not being used in the video stream
but interframe encoding is being used, then the proposed
strategy for discarding packets is shown in Figure 2. For
ease of presentation, Figure 2 assumes that the video
stream contains I, P, and B frames. The strategy can be
easily modified to deal with streams which contain other
types of frames (e.g., PB, P4, U). The basic idea of this
strategy is to first discard as many B frames as necessary
to achieve the target bit rate. If discarding B frames is
not sufficient to meet the target bit rate, the P frames
are discarded. If discarding all B and P frames does not
achieve the target bit rate, then I frames are discarded. In
each case, the discarded frames are equally spaced over a
specified N frame interval.

The rationale for discarding frames in| ‘this order is as
follows. If a B frame is discarded, then only the infor-
mation contained in that frame is lost. The decoder at
the receiver can use interpolation techniques to estimate



DiscARD_FRAME (N, r) /* Reduce average bit rate by factor r over N frames */

A = fp - Bave + fP - Pave + f1 - Iave;
kp =1-A- N/Bgye;
If kg < fp - N then

Else {
Discard all B frames;
r-A-N—fg-N-Baye
Pm ’
Ifkp < fp- N then

kp =

/*
IB: Fraction of B frames in the video stream;
fe: Fraction of P frames in the video stream;
fr: Fraction of I frames in the video stream;
Baye: Average number of bits in a B frame;
Pyye: Average number of bits in a P frame;
Live: Average number of bits in a I frame;
A: Average number of bits in the video frame;
*

/

/* Number of B frames to be discarded */

Discard one out of every fg - N/kp B frames;

/* Number of P frames to be discarded */

Discard one out of every fp- N/kp P frames;

/* Number of | frames to be discarded */

Else {
Discard all P frames;
Er = r-A-N-fg-N-Bae—fp-N-Fyye_
I = T ’
ave
Discard one out of every f; - N/k; I frames;
}
}
End.

Fig. 2. Proposed strategy for discarding video frames.

the contents of that frame. For example, the decoder can
once again display the previous frame in place of the dis-
carded frame. On the other hand, if a P frame is discarded,
then information contained in the associated B frames are
also not recoverable along with the contents in P frame.
Therefore, the decoder in the receiver will have to interpo-
late information in several successive frames. This usually
causes more severe deterioration in video quality than the
loss of an isolated B frame. Likewise, if an I frame is dis-
carded, then the information in the associated P and B
frames are not recoverable. In other words, the decoder
must interpolate more frames in this case than when a P
frame is discarded. Consequently, it is better to discard
B frames when possible, followed by P frames, and then
I frames. The rationale for equally distributing the dis-
carded frames over an interval is as follows. It is usually
much easier for the decoder to interpolate the contents
of an isolated discarded frame than successive discarded
frames.

Based on this rationale, the discarding strategy in Fig-
ure 2 can be explained as follows. Let fg, fp, and f;
respectively denote the fraction of B, P, and I frames in
the video stream. Also let B,ye, Pave, and Iye denote the
average number of bits in a B, P, and I frame in the en-
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coded video stream. Initial values for fg, fp, fr, Bave,
P,ye, and I, are provided to WNIC by the application.
WNIC can periodically update these values based on the
statistics it maintains for the video stream. If frames need
to be discarded, the application specifies a parameter N
representing the number the frames over which the reduc-
tion in average bit rate is to be performed. WNIC then
computes, kg, the number of average size B frames which
must be discarded to achieve the target bit rate. If kp
is larger than the expected number of B frames in a win-
dow of N frames, then WNIC computes kp, the additional
number of P frames which must be discarded to achieve
the target bit rate. Once again, if kp is greater than the
expected number of P frames in a window of N frames,
then WNIC computes ky, the number of I frames which
also need to be discarded in additional to all the P and
the B frames.

IV. SUMMARY

Energy conservation is critical in portable devices.
Video processing in portable devices is gaining consider-
able importance because of the growing demand for mobil-
ity and multimedia communication. In this paper, we dis-
cussed energy conservation techniques for video process-



ing under low battery power conditions. These techniques
conserve energy by reducing the number of transmitted
bits in a video stream with minimal degradation in qual-
ity. Work on experimental evaluation of the techniques
discussed in this paper is in progress.
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