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consumption of the H.263 encoder, the Reed-Solomon chan- Decoder Decoder PA(r,Rs,Eb)
nel encoder and the transmitter. Simulation results show Dv(B.p.) pL(r,Eb)

that source and channel coding parameters and transmit enl—:ig 1. The wireless communication system considered in
ergy per bit should vary based on channel conditions. Op_this. péper

timized settings can reduce the total power consumption
by a significant factor compared to fixed parameter settings

applies to other video compression standards employing the
which do not match with the channel conditions. bp P ploying

block based hybrid coding framework.
2. We studied the optimal power allocation problem

1. INTRODUCTION among the video coder, the channel coder and the transmit-
ter in a wireless communication system.
Efficient use of power in portable multimedia communica-  1h€ Paper is organized as follows: Section 2 describes

tion devices is becoming more and more critical and com- the models employed in a wireless communication system.
plex, particularly when video signal processing is integrated, POWer consumption models and measurements are intro-
Traditionally, research and development for efficient use of duced in Section 3. Section 4 presents our formulation of
power have focused on separate components. Recently, rel€ Optimization problem for power allocation among sys-
searchers started to explore the problem of power allocation€™M components and simulation results. Section 5 concludes
among source coder, channel coder and transmitter [1, 2hiS paper and proposes future work.

3, 4]. Our previous work [3] recognized that the optimum

operating points of source coding and transmit energy de- > PERFORMANCE MODELS FOR SYSTEM

pended on the mobile unit’s location. We considered trans- COMPONENTS
form coding on first order Markov sources and we modelled
the channel error by the additive white Gaussian noise. |n this section we describe the performance models used to

Inthe present work we consider a practical wireless videacharacterize various components in the transmitter side of
communication system that uses the standard H.263 videa wireless communication system considered in this paper.
codec [5] and the Reed-Solomon (RS) channel codec. Theas illustrated in Fig. 1, the system consists of the H.263
channel is characterized by a two-state Markov model [6]. codec, the RS codec and the two-state Markov channel.
We focus on the uplink application where a mobile sends  The distortion and power consumption of the H.263 en-
Compressed video to a base station, in which only the mo-coder are described respective|ylﬁy(ﬁ7 RQ) andP, (5’ Rs),
bile is power-limited. Our goal is to find the optimal operat- which depend on théNTRA rate3 and the encoding rate
ing points for source and channel coding as well as trans-R_. The channel is characterized py; (the probability
mission which minimize the total transmitter power con- that a symbol is at bad state B)s.¢ (transition probability
sumption while keeping a constant end-to-end distortion.  from State B to G).No.z and Ny ¢ (noise powers at dif-

The main contributions of this work can be summarized ferent states) and, the distance between the mobile unit
as follows: and the base station. The power consumed byhién, k)

1. We developed a simple model for the power con- channel coder with a block size aefsymbols and: infor-
sumption of the H.263 source encoder. The model was val-mation symbols is given b¥.(r, Rs), wherer = % is the
idated by measurement data. The same methodology als@éhannel code rateThe transmission power & (r, R, Ej),



which depends om, R, and Ej, the radiated energy per 2.4. Distortion at the Video Decoder
transmitted bit. The residual symbol error rate after channel

decoding ispy,(r, Ep). The distortion at the video decoder
caused by transmission errors is describedIhyg, py,).
The overall distortion and power consumption are denote
by D;,; and P,,; respectively.

While motion compensation yields significant gains in cod-

ing efficiency, any residual transmission error will cause in-
dten‘rame error propagation. Stuhlitter et al. [7] proposed

a model for distortion introduced by transmission errors:

T-1
2.1. Rate-Distortion Performance of the Source Encoder D, (B,p1) = 02yp1 Z
t=0

1- 6t
1+t

3)
Stuhlmiller et al. [7] derived a Rate-Distortion model for an

H.263 compliant coder based on simulation data. The IN- whereleakagey describes the efficiency of loop filtering to
TRA update scheme forces a macroblock (MB) to be codedremove the introduced error, ang, describes the sensitiv-
in the INTRA-mode after every” — 1 MBs. The distortion ity of the video decoder to an increase in error rate.

model derived in [7] is: The overall distortionD,,; at the video decoder is then

_ 0(6) Dtot = Ds + DU.
Dy(8, Rs) = m + Do (5), Q)

whereg = % is theINTRA rate R, is the encoding bit rate
in kbits/second and, is the distortion in terms of the mean
square error (MSE) per source sample.

3. POWER CONSUMPTION MODELS AND
MEASUREMENTS

3.1. Power Consumption Model of the Source Encoder

2.2. Two-state Markov Channel Model We derive the power consumption model of the H.263 en-
coder based on several assumptions. For an INTRA MB, we
model energy consumption Bt = Epct + Eq, whereEpcr
denotes the energy consumed by DCT, &hgdby quanti-
zation and variable length coding (VLC). For an MB coded
in INTER mode, the energy consumption is modelled by
Ep = Epcr + Eq + Emg, WhereEy g denotes the energy
consumption of motion estimation. We assuBR-r and
EnmEg are constants. While the computations for quantiza-
tion is independent of the bit rate, with small quantization
step size, we need more computation for VLC due to the in-
creased number of nonzero coefficients. Hence we assume
Eq is proportioned td?,, i.e.,Eq=C, R,. Then the average

In order to describe the wireless channel, we use the well-
known two-state Markov model. The two states are denoted
as good (G) and bad (B) states. The transition probability on
the symbol level from State B to G jsz . The probability
that one symbol is at State B jg;. Furthermore, we use
Ny, and Ny g to denote the noise power spectral density
at good and bad states, respectively.

For binary DPSK, the probability of bit errors at state
is given byp, ; = e 5N®i whereSNR; denotes the signal
to noise ratio at the receiver at stateSince the received
energy is proportional tds,d—“, wherea depends on the
propagation medium, we ha#\R; = -2, Thus be-

. d*No,; * power consumption is:
sidespp andpp ¢, No.¢, No,g andd are another parame-
ters modelling the channel condition. E;+(T-1)E
Ps(67Rs) = 6e,s]cr‘Z\/vMB%
2.3. The Channel Codec = €es(as — b3+ csRs)(watts), (4)

The RSn, k) channel coder converts evekyinformation
symbols into am-symbol block by appendin@: — k) par-
ity symbols. Any error pattern with less than = L”;’“J
symbol errors can be corrected.

The residual symbol error ratev;, which is the prob-
ability that a block cannot be corrected after the channel
decoder can be calculated as:

where N5 is the number of MBs in one framg),. is
the frame rate, and;, = f,Nyp(Epcr + EmEg),bs =
frNupEME, cs = frNupCq. The weighting factoe.
is introduced to allow scaling of the model based on the ac-
tual power consumption by a particular implementation.

n 3.2. Verification of the Power Consumption Model
pr(r, Eyp) = . Z pa(n, k), @ We measured the power consumption for encoding “fore-
=to+1

man.qcif”, using a software H.263 encoder at differgist
where theblock error density,(n, k) denotes the probabil- andR,’s on an IBM Thinkpad with a 360 MHz Pentium Il

ity of k& symbol errors within a block ofi symbols, which processor. We then used the least-square-error fitting tech-
depends om, E; and channel parameters. The derivation nique to determine the parameters in Eq. 4, setting= 1.

of py, can be found in [7]. Fig. 2 shows the fitting result, which is quite good.
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- ‘ ‘ ! ‘ ‘ ‘ The channel is parameterized by, pg.¢. No,c, No,B

T=32 andd. Instead oz ¢, we use the burst lengthp = Pt

sof T Usually, L g is large for indoor environments and small for
/ outdoors. In this paper, we show the optimization results ob-

tained for both situations, by settidgs = 8 andLp = 32

respectively, but keepingp fixed at 1%. Furthermore, we
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ol | we fix pp, Lp, No.¢, and vary the distancé, so that we
can evaluate how the optimal operating parameters change
0 ‘ ‘ ‘ ‘ ‘ ‘ when a mobile moves away from a base station.
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actual implementations of the source and channel coders
and the power amplifier efficiency of the radio transmitter.
From the measurement of the actual power consumptions
by the software source and channel coder, we findEhad

The energy consumption per bit of an (n,k) Reed-Solomon negligible to P,. We believe this is also true when they are

Fig. 2. Power consumption for coding “foreman.qcif”

3.3. Power Consumption Model of the Channel Coder

encoder can be modelled by [2]: implemented in hardware. Therefore, we&et = ﬁe&s,
essentially ignoringP. in our total power calculation. To
E, = ee’c%(joules/bit), (5) sete. . ande, ;, we consider two scenarios, one in whieh
m

roughly equals t@, simulating a case that video encoder is
wheree. . is a constant that depends on the actual imple- implemented in ASIC or DSP; another in whiéh is much
mentation. Thus, the power consumption of the RS encoder@"9er thanr, assuming the video coder is implemented in
acting on a compressed stream with bit r&teis software by a general CPU.
n(l —r)R;

P.(r,Rs) = E.Rs; = ee,cT(watts). (6) 4.2. Results

_ _ First, in Fig. 3 we show the results when the weighting
3.4. Power Consumption of the Transmitter factors are set so tha®, roughly equals taP, for Lz=8
andL =32, respectively. Power consumption is normalized

The total transmission power is given by such that the minimum power is 1 whdiy = 8. Each

Py(R,, E}) = €. REp, @) point in the solid curve represents the combinationof
' R, E) that yields the lowesP,,; for the given distance.
whereR, = RT is the total bit rate, ane. ; is a scaling fac- We observe that when the mobile is far away from the
tor that translates the radiated energy into the actual powerbase station, we need to adopt higligrfor each transmit-
consumption for transmission in a wireless device. ted bit to send them reliably. At the small distances, source

coding takes significantly more power than transmission.
Therefore, in this range, it is better to use a hitto reduce
the source coding powéts (50% is the highest value in the
range ofg we considered). As the distance and hence the
noise power increases slightly, it is not effective to reduce
the channel error rate, by increasifif to keep the same
SNR at the receiver or reducing Rather, it is better to re-
Pyt (B, Ry, 7, Ey) = Py(B, Ry) + Pu(r, Ry) + Py(Rs, Ep) d_uce source coding _distprtion b_y increasifRg. _F_or large
8) distances, the trend is slightly different. Now it is more ex-
is minimized subject to pensive to send each bit correctly to guarantee a particular
video quality, so the source coder tries to reduce the bit rate

Dyoi(B, Ry, 7, Ey) = Dy(3, Ry) + Dy (B, pr) < Do (9) by using a lowey3, and the channel coder adds more redun-
dancy to reduce channel errors. Hence at large distances,
as the distance increasds;, 5 andr all decrease to get
minimal power consumption.
We set the total allowed distortion to e, = 60. The On the same plot we also show two scenarios in which
block length for the RS coder is = 222 symbols, where R, r andj are fixed. We varyF, to reach the sam®,.
each symbol is represented hy—= 8 bits. As expected, fixed higl, performs well when the mobile

4. POWER OPTIMIZATION AND ALLOCATION
For a given channel environment, i.e., gives ps.¢.No.c,

Ny, andd, the power allocation problem is to find the best
set of parameter§s, R, r, E}, } so that

4.1. Choice of Parameters



Lg=8,D,,=60

N
kS

—+— Optimized
RS:122kpbs. r=0.91,B=50%,without optimization

RS= 54 kbps, r=0.64,=3%, without optimization

I
N

[
T

o
©

(0.55,3, 51, 3.12)

log(Total power)
o
o

(0.55,3, 53, 1.79)
(0.64,3, 54, 1.11)

©
IS
T

(0.64,3, 54, 0.52
(0.64,6, 56, 0.20)

o
N

|(nROO.R(KDPS).E /Ny o) s
o (0.91,50,105,0.0002)(0.91,50,135, O, (0.91,50,122, 0.08)
0 0.5 1 1.5
log(Distance)
(@)
L,=32,D, =60

1.8

—— Optimized
R_=106kpbs, r=0.91,=50%, without optimization

1.6r s
RS= 84 kbps, r=0.55,8=11%, without optimization

[
T

(055,11, 84,3.54)

o
©
T

(055,11, 84,2.07)

log(Total power)

(055,11, 84,1.11)

0.4r (0.55,11, 84,0.52)
(0.73,50,142,0,20)

2(EBO0.R (KbpS)EN, I 2
(0.91,50,105,0.000: ‘da- ,50,152,0.0, ,(0.91,50,162,0.08)

0 05 1 15
log(Distance)

(b)

Fig. 3. Power minimization for a wireless communication

system.

is close to the base station. Conversely, a Bwis better

suited when the mobile is far away from the base station.
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Fig. 4. Total power consumption when the weighting fac-
tors are chosen so th& roughly equals td0P;

transmission errors, we can increase

5. CONCLUSION AND FUTURE WORKS

In this paper we have provided a framework for minimizing
total power consumption of a mobile video transmitter sub-
ject to a given end-to-end distortion. We observe that opti-
mum operating points are channel quality dependent. Sim-
ulation results show that the optimized parameter settings
can reduce the total power consumption significantly.

We mainly focus on the power consumed in the trans-
mitter in an uplink mobile-to-base-station scenario. Future
work will consider receiver power which is important in a
base station to mobile downlink scenario.
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