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ABSTRACT

In this paper, we consider the problem of optimal bit allocation for wireless video transmission over fading chan-

nels. We use a newly developed hybrid scalable/ multiple-description codec that combines the functionality of both
scalable and muttiple-description codecs. It produces a base layer and multiple-description enhancement layers.
-~ Any of the enhancement layers can be decoded {in a non-

g hierarchical manner) with the bage layer to improve the
© reconstructed video quality. Two different channel coding schemes (Rate-Compatible Punctured Convolutional
. (RCPC)/Cyclic Redundancy Check (CRC) coding and, product code Reed Sol

omon (RS)+RCPC/CRC coding)

-+ are used for unequal error protection of the layered bitstream. Optimal allocation of the bitrate between source

and channel coding rates. Experimental

" results are presented for a wide range of chanmnel conditions. Also, comparisons with classical scalable coding
“show the effectiveness of using hybrid scalable/ multiple-deseription coding for wireless transmission.

Keywords: Hybrid scalable/ multiple-description video coding,

Wireless video transmission, Optimal bit allo-
. cation, R-D optimization, Unequal error protection

1. INTRODUCTION

~ channe] coding over wirele

‘ 8s systems. In this paper we consider the
.. hvbrid scalable/multiple-

description video transmission over wireless channels.
‘ Layered video coding has been classified into two
* . Description Coding (MDC).8-

- @ hierarchal structyre.
enhancement layers tend to i

o ‘.E‘I.SMDC) - 13,14, which is aimed to combine the advantages of both SC and MDC.
L Bs_mg HSMDC, the encoded bitstream consists of
- __Here., any of the multiple-description layers can be
Hality, Again, this is due to the added redundancy within the enhancement layers,
‘ _f i S ‘I?Dt(};ls pape_r, We propose & wireless transmission system for layered video over a flat-fading Rayleigh channel.
- R : lcoclec Is used for video coding and two different schemes for forward error correction (FEC) coding using,
. .-'T;:_)ri g*;?-_compatzble ‘punctured codes {RCPC)*® /Cyclic redundancy check (CRC) code,'® and, ii) the product
. CtHicture tonsisting of RCPCYCRE and erasure-correction systematic Reed-Solomon (RS) codes.’™ These
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channel coding methods provide unequal error protection (UEP) among different layers of the encoded video.
However, it 18 important tO mention here that in the first scheme proposed here, even s single error (after
channel decoding) in the received packet would result in the loss of the corresponding layer of that frame.
This will adversely affect the decoded video quality. To address this, in the second scheme we use the erasure-
correction capabilities of the RS codes in a product code structure. In this coding scheme, the Yow code consists
of CRC and RCPC code while the column code is an erasure-correction gystematic RS code. Each layer (of the
corresponding frame) is first divided into packets of equal size and is encoded using RS codes. Al packets are
subsequently protected using RCPC/ CRC code giving unequal protection among all the layers. At the recebver,
row-wise Viterbi decoding is done and erroneous video packets after CRC detection are marked as “erased”,
as opposed to the immediate loss of the corresponding layer as in the previous scheme. After receiving all the
packets (for a layer of the corresponding frame), the column-wise RS decoding is performed. 1f the number of
“erased” packets in & layer is more than 2t =n— K the layer 8 dropped. The decoded bitstream is then source
decoded to get the reconstructed video sequence.

The problem of video transmission over wireless channels under a bandwidth constraint is challenging due to
the inherent multipath fading characteristics. Also, the distortion of the decoded video is a function of both the
channel errors and the lossy compression. Tor all of the above reagons, it is not trivial how to allocate the bit
rate between sOurce and channel coding. The problem is even rnore complex if lavered video is considered, where
layers are of different importance. Then, besides bit sllocation between sOUrce and channel coding, bits should
be allocated between the video layers for both source coding and channel coding. Tn this paper, we formulate
this problem as & constrained optimization problem and solve it using the Lagrangian muitiplier method for &
given set of source rates and channel rates and channel conditions.

Tn related work, joint source-channel coding for motion»compensated DCT-based SNR scalable video is studied
in Ref. 18,19,1n which an algorithm is proposed to allocate the available rate between scalable layers, and within
layers betweer source and channel. H263+ is used as the source codec and results are ghown for two and three
scalable layers. Tn Ref. 20, it is shown that, in scalable subband coding combined with channel coding. excellent
results will be obtained if UEP is applied to different bits in the compressed bitstreald. An algorithm for
distortion minimization using she universal distorgion-rate characteristics 18 presented in Ref. 21. Different
algorithms axe proposed in Ref. 22, to allocate bit rate between SOUFCE and chamnel coding of scalable video:
over a noisy channel. The problem of joint source /channel {ransmission over lossy channel 8 studied in Ref. 23
for MPEG-4 video codec. The advantage of decoding any of the multiple-description enhancement layers using
HIMDC and its performance a8 compared to gC is studied In Ref. 13. However in this work, we examine the
application of HSMDC for wireless video transmission and propose a joint source-channel coding framework for
optimal bit allocation.

The rest of the paper is organized as follows. Section 2 gives an overview of the hybrid scalable/ multiple
description video codec used in this work. Section 3 presents ani overview of the channel model and channe
codes used heve. Gection 4 discusses she optimal bit allocation for both the channel coding techniques usged here
and section B presents the experimentai resulte. Section 6 concludes the papet-

2. HYBRID SCALABLE /MULTIPLE—DESCRIPTION CODEC

There are two main paradigms for layered video coding: Sealable Coding (sC) and Multiple Descriptiol
(MDC). A scalable codec produces a bitstream that can be partitioned into layers that form a hierarchy.
the layers is called the base layer and is required for video reconstruction. The other layers. called enhancml“‘“‘
Javers. can be decoded along with the base layer and improve the decoded video quality. However, i1 order for i“fj
enhancement layer to be useful in decoding: the base layer and all hierarchically higher enhancement fayers 1
peeded at the decoder. In contrast with scalable codecs. multiple-description codecs proguce 1'10;1-11'101"':“(‘}“‘7"‘[
lavers that can be decoded independently and produce a video sequence of a certain quakity. Therefore: 'jm?_
laver that 38 received by the decoder js used in the reconstruction. 1 order for this to be possible: the n“ﬂ”f""'f
description layers need to share some information, thus the layers are correlated. This correlation canses *
decrease in coding efficiency.

T this work, we have used 2 Hybrid Scaiable./Nlultipie—Descript1011 Codec (HS‘-:_\{DC-} as propo
13, HSMDC combines the advantages of both the 5C and MDC paradigms, such that it produces &
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Figure 1. Partitioning of DCY coefficients for SNR, scalability

that consists of 5 base layer and several muitiple-description enhancement layers. As in SC, the base layer
Is required for video feconstruction. In addition to the base layer, ope O more received multip]e-description
enhancement layers can be used in the decoding and improve video quality. Thus, in contrast with SC, here any
received enhancement layer is usefu} in decoding (in a non-hierarchical manner) as long ag the base layer hag
been successfully received, This is due to the added redundancy within the muitipleudescription enhancement

due to the fact that in HSMDC only the enhancement layers need to pe correlated and the correlation between
enhancement layers doesn’t need to be ag high as in the case of MDC since base layer needs not be correlated
with any other layers, Thus, HSMDC relaxes the hierarchy of §C by only requiring the base layer, containing
the most important information to be successtully received and provides non-hierarchical enhancement layers
At the expense of a small reduction in compression efficiency. The Proposed codec in Ref 13 Is based on the

architecture of the H.263 video Compression standard, However, any motion-compensated DCT-based coder can
be used gy 5 basis.

The Hybrig Scalabie/Multiple—Descriptioz} algorithm operates in two steps. It is first assumed that the DOT
of the Displaced Frame Difference (DFD) (or the intensity for intra blocks) is taken angd quantized. Then, during

-“f;'ﬂ-ilar' to the algorithm jn Ref. 9. The experimental results iy Ref. 13 clearly demonstrate the functionality
! having multiple description enhancement layers that comes at the expense of g slight decrease of the PSNR

w 3 . N . . .
_";ngll.sng all lavers i the decoding. Tn thig work, HSMDC performance over wireless channels js compared
With H'Clg . .
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3. CHANNEL MODEL AND CODING
3.1. Channel Model

Binary phase shift keying (BPSK) is used for signal modulation and a fat-fading Rayleigh channel with additive
white gaussian noise (AWGN) and perfect interleaving (i.e., we assuIne that the samples of the Rayleigh random
process Py are independent identically Jistributed (1i-d.)} is modeled for the ¢ransmission. The discrete-time
equivalent rnodel 18

T = PrSk T Nk (1)

where 1 Is the received sample for she kth symbol, sk 1 the transmitted symbol {\/E ,—\/E;,} where Ey is
the transmitted bit energy Wy 5 2 complex Rayleigh distributed random variable and ny is complex AWGN.

N(0, %ﬂ'). The SNR of the channel is defined as %E {W)klz}, where E{.} is the expectation operaior.

3.9. Forward Error Correction

We have used two channel coding technigues employing, 1) ROPC codes*® /[CRC code,’® and, i) the product
code structure consisting of RCPC/CRC and systematic RS code.}” These coding schemes are used to provid

UEP to the layered video bitstream. ; ,,%

3.2.1. RCPC Codes | e

ey
In both the channel coding schemes mentioned above, RCPC codes'® are used to provide the UEP to. th E
bitstream. The rate of a convolutionel code is defined as k/n where k 18 the number of input bits and 7 is
number of output bits. For variable rate coding, & higher rate code can be obtained by puncturing the ou
of a “mother” code of rate 1/n. For rate compatibility, higher rate codes are chosen to be subsets of the'lo
rate codes. Decoding of the convolutional codes is carried out by the Viterbi algorithm. o

3.2.2. RS Codes

Reed-Solomon?’ codes are & subset of BCH codes and are linear block codes. RS code is specified as RS(
with s-bit symbols. This means that the encoder takes I data symbols of s bits each and adds parity syrrbo
make an n symbol codeword. There are 72—~ | parity symbols of 8 bits each.  An RS decoder can COrrec ‘
t errors and 2t erasures, where 2t =n — k. For the second scheme proposed here, erasure-correction systel
RS codes are used to provide UEP for different layers.

3.2.3. CRC Codes

CRC codes are used in this work for error detection. Details on CRC codes can be obtained from Ref. 16

4. OPTIMAL BIT ALLOCATION FOR WIRELESS VIDEO TRANSMISSION
4.1. Scheme LIFEC Using RCPC/CRC
4.1.1. System Setup

Under this scheme, the source codec produces 2 layered video bitstreamn with L layers, ie., & base lay
I, — 1 enhancement layers. Here, each layer {of every frame) is considered as one packet and is then
coded using RCPC JCRC code with UEP from a given set of channel rates. The packets are transmi
a flat-fading Rayleigh channel with AWGN. At the receiver, each channel-coded packet, is decoded’
Viterbi decoder and any erroneous packets are dropped after CRC detection. The decoded bitstreant is
to the source decoder t0 et the reconstructed video sequence.
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4.1.2. Optima)l Bjt Allocation

min Ds+c s.1. Rs—{-c =< Rbudget; (2)

where Ry, is the total bitrate available for both source and channel coding for al) layers. The distortion cansed
by the source coding is due to quantization and is deterministic while the distortion due to channel errozs is
stochastic. Therefore, the total distortion is also stochastic and the expected value of it is used.

For L layers, Aoy is defined ag

L
Rs-i—c == Z Rs—+c,[: (3)
Le=1
where Ry, is the combined source and channel rate for layer I and is defined by
R
Rs-iwc,l = ‘RE"Z::’?E’ (4)

where R, ; and R are the individual source and channe] rates for layer I, respectively, taken from a discrete set

of admissible rates . It should be emphasized that R,y isin bits/s and R.; is dimensionless. Now, (2) can be
rewritten as follows

L
. R
min D, . g, E Fs"; = Ryudget. (5)
=1 "%

For the hybrid codee {HSMDC) used in this work, the total expected distortion Do is a function of the total
rate allocated to each layer and the barameter o that determines the added redundancy. It can be expressed as

Ds+c = Ds+c,B (Rs+c,B) + Ds+c.E (Rs+c,B= Rs+c,E, 0‘) i (6)

where D¢, » and Ryicp are the expected distortion and the total rate for the base layer, respectively. Dyyer
is the expected differential distortioni® due to multiple-description enhancement layers which is a function of

s+e, By enhancerment layer rates Bopep and a. In the absence of channel errors, only the distortion for base
layer would be bositive and the distortions for all other layers would be negative since inclusion of these layers
reduces the mean squared error (MSE).

However, for the scalable codec (SC) used here, the total expected distortion is dependent only on the rates
allocated to aij the layers and can be written as

Ds-i—c = -Ds+c.B (Rs-§~c,3) + Ds-&«c.E (Rs~5-c,Bs Rs+c,E‘} . (7)

The problem jn {2) is a constrained optimization problem and is solved as an unconstrained one by using the
Agrangian method ag follows

J(A) = Dyso o+ ARy, (8)

where A iy the Lagrangian multiplier. The solution to this problem, Ry, . and hence Do, is also the solution to
;; :{j’{lllﬁjcr'«:%ined problem of (2)' if‘and only if RY, = Ryyager. In practice, since there is' only a finite set ?f cI'loices
i ;mr{r(; clﬂ.d channel rates, it is nc?t alv\fays possible to exactly meet Rg?udget. In this case, the solution is the
e That s clogest to Ryudger while being lower than Ryudger. By varying A from zero to o, the result of (8)
' ‘1 Uace out the Operational rate-distortion curve for the system. For each combination of available source and
el rateg o all layers, a set of operating points are obtained. The convex hull of these operating points ig

eliter I . :
terd fy D that is,

D:—;-c (Rs+c.1s'"- X Rs-i—c,L) == C(Ds+c (Rs—%c,i: vees Rs»ﬂ-C,L)) s (9}

:,"\:.“:nr(_» ("() re

Presents the operational rate-distortion function {ORDF).
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One way to proceed is to experimentaily obtain the expected distortion for all possible combinations of source
and channel coding rates and all possible channel conditions. However, this may become prohibitively complex
for even a small set of admissible source and channel rates and chanmel conditions. Thus, we choose to solve this
in a two step process as described below.

1. Given a set of parameters for the channel SNREs and channel coding, the probability of bit error, Py,

is calculated for the set of channel rates of interest. Tt establishes & -eference as to the performance of

the channel coding over the particular channel with the given parameters. Furthermore, this channel
performance analysis needs to be done only once.

9. Towards calculating the impact of the errors due to both source coding and channel transmission on a set

of data, it is realized that the total distortion Dsies given & particular set of source coding rates for all

the layers, is a function of bit-error rate, Fo (obtained as above for a particular channel condition and a
channet coding rate) and size of the layer. Thus, Dsc i8 obtained experimentally by corrupiing each layer
with independent erTors with the probability given as

IP;=1-(- P (10)

where LP, ; is the probability of losing (dropping) layer I of frame f and Ny 5 is the size (bits) of layer I of
frame f. The bitstream is then decoded and the mean squared error (MSE) is computed. The experiment
is repeated many times (in our case, 20 times).

4.2. Scheme 2: FEC Using Product Code RS+RCPC/CRC
4.2.1, Setup

As compared to the scherne proposed In the previous section, this scheme differs only in the channel coding
structure. This method employs a product code structure which can be described as a two-dimensional code
constructed by encoding a rectangular array of data with one code along TOWS and with another code along
columns. In the product code used here, the row code consists of CRC and RCPC code while the column code
is an erasure correction gystematic RS code. The structure of the product code i8 depicted in Fig. 2. Here the
product code is applied on & frame-by-frame basis. Each layer (of the corresponding frame) is first divided into
packets of equal size and is encoded using RS codes. All packets are subsequently protected using RCPC/CRC
code giving unequal protection among all the layers. In this work, we have used a fixed as well as variable RS
rates for all layers.

Ag in the previous section, & layered video is produced which is protected using the product code RS+RCPC/CRC

At the receiver, row-wise Viterbi decoding for RCPC codes is done and erroneous packets after CRC detection
are marked as “erased”. After receiving all the packets (for alayer of the corresponding frame), the column-wise
RS decoding is performed. As we know, block of data encoded using {n. k) RS code can correct up to 2t = n—k
erasures, hence if the number of “erased” packets in a layer are more than 2t, the layer is dropped. The decoded
bitstream is then source decoded to get the reconstructed video sequence.

4.2.2. Optimal Bit Allocation

Again, the objective here remains the same, i.e., to optimally allocate the resources and to minimize the averas®
distortion (MSE) under a ¢ ransmission Tate constraint and given channel conditions, as given in (2) and (8)-

To obtain the expected distortion for the given set of source and channel rates and channel conditions. wo
use the same two step Process of first getting the bit error probability Py and then obtaining the total distortio?
Deve experimentally using simulations as described in the previous section. However, t0 calculate Dsser
the packet loss probability is ca}cuiated as given below.

PLPj=1-(1- )N /R At

where PLP, j is the probability of 2 packet of layer I of frame f being erroneous (and hence being mafkf‘d;: JI
“erased” ) after Viterbi and CRC decoding. Also, as all the packets of the corresponding laver and frame ™
¢
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[ Source bits CRC RCEC codin RCPC/CRC code
| Source bits CRC [—REPC codin RCPC/CRC code
| Source bits CRC  |—REPC codin RCPC/CRC code
Source bits CRC MLL RCPCICRC coge
L C ] i
5 Souree bits CRC REPC codin RCPC/CRC code
o RCPC codin
1 Source bits CRC RCPC/CRC code
g8 RCPC coding
s Source bits = e T s TP,
W= . RCPC codin
| Sourcetis M RCPC/CRC code
__________ |l ,
[ RS check bits CRC RERC codin RCPC/CRC code
RS check bits CRC RCPC codig RCPC/CRC code
#[_RSchecbis || cnc|-RBCPC cotin RCPC/CRC code
RS check bits CRC RCEC codin RCPCICRC code
RS encoded by columns Transmitted by rows

Figure 2, Structure of R§ ang RCPC/CRC product code

protected equally, this Probability is same for all of them. Nyz is the size {bits) of layer { of frame fandkis
the number of packets that a layer is divided into.

Further the bitstream ig corrupted with independent errors with the probability now given ag

(3
ths= 3 ) PLRY (- prp, s (12)
=41

where LP, 7 18 the probability of losing {dropping) layer ! of frame fand § = f o L...,nis the number of
Packets out of n, RS Packets detected as “erased”. The bitstream is then decoded and the MSE is computed.
The experiment is repeated many times (in our case, 20 times),

5. EXPERIMEN TAL RESULTS

In this section we present experimenta) results using the “Foreman” and “Akiyo” color Sequences (QCIF format).
The performance of HSMDC ig compared with SC, i.e., optimal single-pass SNR scalable codec as proposed jn
Ref. 5. Both the source codecs are used to encode the video Sequences into three layers, a bage laver and two

SR = {Ry,e. (B3, Ryz)y, ..., (R, Rz},

where Roase is the source rate (kbps) for the base layer, Ry and Ry are the source rates (kbps) for the two
i‘ﬂﬁancen'lent layers and 7 is the tota] number of enhancement layers source rates considered here, To encode
the videq Se(uence using HSMDC‘, two sets of admissible source coding rates used are

SRHl = {32 (16, 16)1, {24, 24)2, (32, 32)3, (48 48)4, (64, 64}5} B
SRys = {60.(15,15),. (25,25),. (30, 30)3, (34, 34)¢. (44, 44);, (60, 60) },

:’”'“ﬂal”i.\'-_ Using optimal SC, the admissible gets of Source rates used are

SBsy = {32.(16,16),. (24, 24)2.(32,32)3. (43.48), (64, 64), 3,
SBsz = {60, (25.20),, (30, 24). (41,16)3, (41, 40),, (60, 48);. (50, 605},

SPIE-IS&T/ Vot 6077 60770D-7




PC/CRC), the admissible channel coding rates used for the two en-

For the first channel coding scheme (RC
hancement layers are {5 Z, 2, 2} These cates are also used for the product code (RS+RCPC JCRC) scheme

along with a fixed RS rate {T%} or variable RS rates (%, 5 =}
of optimal rate-distortion (R-D) functions is shown for the “Foreman”

uence using the RCPC/CRC channel coding scheme and different sets of source rates. It is shown that

In Figs. 3,4, 5 and 6, & COMPAIIsOn
seq
HSMDC with a =1 and o = 1.2 outperforms the scalable codec for a1l the transiission rates and channel SNR

values under consideration. However, HSMDC with a = 1.4 shows quite gimilar rate-distortion performance
5. 7 and 8 where the “Akiyo”

as compared to the scalable codec. Qirpilar observations can be made from Fig
sequence is nsed for comparison.

Using product code (RS+RCPC/ CRC) scheme with fixed RS rate:%, Figs. 9, 10 and 11, show the BRI
RCPC/CRC scheme, L.e., HSMDC witha =1 and o = 1.2 still outperforms the scalabl

performance similar to
codec for all the given ¢ransmission parameters. Figs. 12,13, 14, 15 and 16 present the optimal R-D curves using

product code with variable RS rates, i.e., both RCPC and RS are used for UEP. It is shown that HSMDC fo
1.4) under consideration outperform scalable codec. Also, for gNR={10,12} dB, th

all o values (including & =
product code scheme proves to give & better R-D performance a8 compared to RCPC/CRC acheme. The reaso

for this is the erasure correction capability of the RS codes. However for SNR={16,18} dB, higher PSNR value

(after decoding) can be obtained for the same given rate using RCPC/CRC as compared to the product cot

scheme. Thus, we can Say that using product code is more beneficial when transmitting video over low BN
channels. This can be observed clearly in ¥igs. 17 and 18.

B4
et ST et S0
- @ ~HEMDU 1 — @ -HEMDC1
e HSNMDG 12 e sl |- w HEMDG 12
235F | -m- HSMDG 14 ' . fpe - MSMBG 14 .
5 P

33

PSHR @B}

32

38

256 ] 50 100 180
Tolal Enh, Layers Rate {Kbps)

[} 50 00
Total Enh Layers Rale {Kbps)
Figure 3. Comparison using “Trgreman” seguence with Figure 4. Comparison using sTpreman’ SeqUENCe
ROPC/CRC scheme for {SRHz,SRSz} and SNR=12 RCPC/CRC scheme for {SRHZ}SRQQ} and SNH
dB.

dB.

6. CONCLUSIONS

Tn this work, we have proposed error-Tesilient techniques and optimal bit allocation for the transmissi
HSMDC coded video over wireless channels. We have shown that using the functionality of having mu
from HSMDC improves the performance (in the R-D sense) of & wireless ©
al results clearly dernonstra
e

description enhancement layers

transmission system as compared to scalable coding (SC). The experiment
effectiveness of the: préposed systemn for different channel coding schemes and channel conditions.
developed an optimal strategy for selecting the source and channel coding rates over & given munber of :
given the characteristics of the SOUCe and channel. Given a target overall bitrate, the channel, and the

codee, this algorithm provides appropriate breakdown of the rate into the subrates guch that the overall &
end distortion is minimized. ‘ "
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Figure 7. Comparison using “Akiyo” sequence with Figure 8, Comparison using “Akiyo™ sequence with
RC'PC/CRC‘ scheme for {SRm\SRm} and SNR=14 RCPC/CRC scheme for {S’Rm,S’Rs]} and SNR=16
dB. dB.
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