
JOINT SOURCE CHANNEL CODINGWITH HYBRID FEC/ARQ FOR BUFFERCONSTRAINED VIDEO TRANSMISSIONRohit Puri, Kannan RamchandranDept. of Electrical and Computer Engg.University of Illinois, Urbana-ChampaignUrbana, Illinois Antonio OrtegaIntegrated Media Systems CenterUniversity of Southern CaliforniaLos Angeles, CaliforniaAbstract - We propose an Automatic Repeat Request (ARQ) / For-ward Error Correction (FEC) scheme for synchronous transmission ofvideo over a binary symmetric constant rate channel. The approachconsists of jointly allocating source and channel rates to video blocksfrom a given admissible set subject to the bu�er or equivalently end-enddelay constraints. The channel codes used are the popular class of pow-erful FEC codes known as Rate-Compatible Punctured Convolutional(RCPC) Codes. The method used involves independent coding of thevideo units and optimization of the end-to-end expected delivered videoquality. The existence of a return channel is assumed through which thedecoder informs the encoder about the success/failure of the transmis-sion. In the event of a failure, incremental parity information is sentto the decoder for correcting errors and a reallocation performed at theencoder. The simulations done point out the e�cacy of the proposedscheme.INTRODUCTIONVariable bit rate methods for source coding of video have received signi�-cant attention in the past in view of their compression e�ciency and networkbandwidth utilization. The problem of optimal allocation of rates for delayconstrained video has been solved for both the cases of noise free [1] and noisychannels [2]. In [2], the channel considered was a burst error wireless channeland the error control technique employed was conventional Automatic Re-peat Request (ARQ) wherein based on feedback from the decoder, packetsreceived in error are retransmitted.In this paper, we employ a hybrid ARQ/FEC scheme using Rate-CompatiblePunctured Convolutional (RCPC) codes [3] and investigate the potential ad-vantages of integrating it into an ARQ based scheme to improve the deliveredvideo quality at the receiver. RCPC codes are a family of e�cient channelcodes with rate compatibility restriction which implies that all the code bitsof a high rate code are used by the lower rate codes. Such schemes have beenconsidered for image transmission [4]. However there has been no treatment



in literature on the use of these codes in the context of delay constraints(which result in equivalent bu�er constraints). Intuitively, a hybrid schemebased on RCPC codes has an edge over conventional ARQ in the sense thatduring retransmissions following an error, there is no need to resend the entirepacket but only incremental parity information as proposed in [3]. Because ofthe rate compatibility of the channel codes, any parity sent previously (as aforward error correction component or as a retransmission), can be combinedwith the incremental parity to facilitate error removal at the cost of lesserbandwidth.SYSTEM, PROTOCOL AND CHANNEL DESCRIP-TIONThe proposed video transmission scheme has applications in video on de-mand and other storage and video server applications. The system consists ofan encoder (�gure (1)) which also performs the role of a rate controller. Therate distortion characteristics of each of the video units are assumed availableto the encoder. Based on this knowledge, the encoder allocates source ratesand then channel rates to the video units. The transmission units are variablelength packets. A typical packet consists of a source-channel code for a videounit and an outer error detection code such as a 16-bit CRC for the sourcecode and �nally a header.
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Figure 1: Encoder: Rate Control using hybrid FEC / ARQOn receiving the bits, the decoder attempts to correct the channel errorsand recover the packet. The success or failure in correcting the channel errorsis determined by the error detection mechanism (assumed to be perfect) andthe result is conveyed back to the encoder through the feedback channel.Upon success the encoder proceeds with the transmission of the next unit.Else, the encoder, optimally switches to a stronger channel code and transmitsonly the incremental bits needed for the chosen code. The decision to sendmore bits is taken only if the deadline for the display of the unit has not beenreached and the procedure goes on.The channel model used is that of a constant bit rate, stationary, binary



symmetric channel with instantaneous feedback. The rate allocation algo-rithm developed is particular to this simple model. However, it still highlightsthe salient features of the bu�er constrained joint source channel optimiza-tion and can serve as a �rst step towards analysis of the problem using morecomplicated channel models. The framework can however, be easily extendedto the case of feedback with delay.PROBLEM FORMULATIONDe�nitions and NotationsVideo Sequence: (Vn)n=1;:::N is the sequence of transmission units tosend. The units may be video frames, or subbands of a frame, or groups offrames; the only assumption being that each unit being sent is coded inde-pendently of others.Source/Channel Rates: Sk(i) and Cj(i) denote respectively the source andchannel rates in bits for the ith unit of quality k and strength j respectivelywhere k = 1; ::::K and j = 1; ::::J . From the Rate-Distortion characteristicof the ith unit, Sk(i) is associated with mean squared Distortion Dk(i). Forconvolutional channel codes, code strength j is associated with a rate factorr(j) (so that Cj(i) = r(j):Sk(i)) and with a probability of bit error pb(j). Thechannel codes used are convolutional codes so that for j1 � j2, r(j1) � r(j2)and pb(j1) � pb(j2). The probability of bit error for a particular code strengthdepends only upon the signal to noise ratio in the channel. For our schemewe assume that the channel is stationary and the signal to noise ratio andhence pb(j) for each code strength j is known to the encoder.Expected Distortion per Transmission Unit: De�ne probability of frameerror pf (i) for the ith unit as:pk;jf (i) = 1� (1� pb(j))Sk(i); (1)The Expected (Mean) Distortion for the ith unit is de�ned as:EDk;j(i) = (1� pk;jf (i)):Dk(i) + pk;jf (i):E(i) (2)where E(i) denotes the energy of the ith unit i.e. the mean square distortionencountered when zero rate is assigned to the ith unit. This is clearly apessimistic view since here a unit received in error is considered as lost fully.Rate Constraints: Time is measured in terms of video unit times. Let Nbe the total number of units to be sent. LetRk;j(i) = Sk(i) + Cj(i) (3)denote the rate assigned to the ith unit. Then if C denotes the channelbandwidth in bits per video unit time and L is acceptable latency of theapplication then at time n if unit m is currently being transmitted and R0(m)bits of it are present in the encoder bu�er we need:



R0(m) + iXl=m+1Rk;j(l) � (L+ i� n):C for i = m+ 1; :::::N (4)Statement of the ProblemFormulation (For the case of instantaneous feedback): Let the currenttime be n and the unit being transmitted be m. Let R0(m) bits of unit m bein the encoder bu�er. Now if the mth unit is lost before time n+1, then theoptimization problem can be formulated as:For all i 2 m+ 1; :::N obtain k(i) and j(i) such that k(i) 2 1; ::::K andj(i) 2 1; ::::J and thatNXi=m+1EDk(i);j(i)(i) +EDk(m);jhighernew (m) (5)is minimized subject to the constraints (4) where R0(m) in (4) is replaced byR0(m) + I(jlow; jhigher) where jhigher 2 jlow; :::J . The latter term is theincremental parity term for the mth unit. For the case of delayed feedback,additional terms appear in (4).Every time an error occurs, the encoder tries to send an incremental chan-nel code for the unit in error so that (5) is minimized. So there is a dynamicreallocation for all the units which are yet to be transmitted. Since all theunits up to n (current time) will already have been encoded, and there is apossibility that during the reallocation lesser number of bits are made avail-able for them than the current assignment, we see that implementation ismost elegantly supported if all the units are source coded in an embeddedform. In this case taking away bits is equivalent to \chopping" o� some bitso� the source code.Optimization FrameworkThe solution to the above problem is found using Dynamic Programming.In the trellis generated the stages represent the time in terms of video unittimes and the states are the encoder bu�er occupancy states (Be) (related atsuccessive time instants by: Be(i + 1) = Be(i) + R(i + 1) � C) as shown in�gure 2. The constraints in (4) are implemented by restricting the number ofstates in each stage to L:C. The cost associated with a branch from node a instage n to a node b in stage n+1 is given by the expected distortion associatedwith the rate r(n+ 1) for the (n+ 1)th unit (r(n+1) = s(n+ 1)+ c(n+ 1))where r(n+1) = b+C�a. Because of independent coding of the video unitsand the fact that the channel is a binary symmetric channel (memoryless)the cost of a branch is independent of the path it came from and hence wecan use dynamic programming techniques. The metric in (5) represents the



total cost of a path from the initial to the �nal stage and is to be minimizedover all possible paths.
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jkFigure 2: Trellis representing encoder bu�er occupancy at di�erent stages.EXPERIMENTAL RESULTSFor the simulations, Said and Pearlman's (embedded) SPIHT coder [5] wasused in the intraframe mode and the family of RCPC codes used (memoryM=4 and puncturing period P=8) was obtained from [3]. The rate distortioncharacteristics used were a parameterized version of those for the \Footballsequence" when coded as a sequence of images using the SPIHT coder. Thesimulations were run for 100 frames with end-end latency L=1. The valueof L chosen was motivated by a desire to obtain representative performancefor practical sequences (which typically have much larger lengths so that theend-end latency would typically be a small percentage of the playing time).The video units (obtained after subdividing the output frames from thevideo player) and their sizes were chosen so that after source coding thevideo units the average transmission packet size was close to that needed formaximum throughput for the ARQ scheme for each value to signal to noiseratio in the channel. This would o�er a conservative comparison. The hybridscheme consistently outperforms the ARQ scheme for all ranges of bit errorrates (�gure (3)) with a striking di�erence for bit errors in the range (10�3to 10�5). A reason for large gains at high BERs is that because of the strictbu�er size used (L=1), the ARQ scheme at high BERs is unable to get muchthroughput across.CONCLUSIONS AND FUTURE WORKWe formalized the problem of optimal joint source-channel rate controlfor stored video and presented an algorithm to compute the optimal controlwhich can be trivially extended to real time transmission. We considered
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