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Abstract: Traffic shaping in transmitter reduces burden of network. For transportation of video, it is efficient that traffic is shaped in video encoder. This contribution proposes ideas to lower the maximum bitrate of video bitstream encoded with the spatial scalability of the version 2 of the ITU recommendation H.263. The maximum bitrate is lowered by about 30% compared to normal single layer encoding with the same image quality. 


1	Introduction


Transportation of digital video traffic becomes popular as network becomes more broader and more and more people want multimedia service. Video traffic is more troublesome than the other kinds of traffic. Because it requires broad bandwidth and it shows much fluctuation. Mostly, it is unpredictable when and how large fluctuation occurs. This fluctuation is handled in different ways according to types of network.


There are various networks considered as vehicle to transport video traffic. Some networks are synchronous and others are asynchronous such as TCP/IP, ATM, LAN, etc. In synchronous network, the fluctuation in bitrate is handled in two ways, such as flattening with buffering and allocating large enough bandwidth. This causes channel waste while that causes jitter. Asynchronous networks are better suited for variable bitrate(VBR) traffic. VBR bitstreams can be statistically multiplexed. But, even asynchronous networks do not provide total freedom. In ATM, a traffic source makes appointments, described in the traffic descriptors, such as PCR(peak cell rate), SCR(sustainable cell rate), CDVT(cell delay variation tolerance), etc. A switch polices whether the source keeps the appointment during service or not. Experts in ATM Forum are struggling for VBR MPEG-2 service over ATM.[7] 


There are two kinds of fluctuation, short term and long term.[4] Long term fluctuation is caused by the difference in complexity among scenes only for variable bitrate encoding with fixed quatization index. Short term fluctuation is caused at intra frame and the first frame of each scene. Fluctuation in bitstream is, actually, matter of duration of integration of bitstream. Mostly, we use frame bitrate, which is integrated for a frame duration i.e. 40ms for framerate of 25Hz and 33ms for that of 33Hz. The longer the duration is, the lower fluctuation becomes, the longer a bitstream is delayed. Allowable delay depends on types of video service. Broadcasting service is less sensitive to delay than teleconferencing. G.114[9] tells that delay less than 150ms satisfies most applications. This contribution is concerned about smoothing the short term fluctuation without inducing any additional delay. This is an effort to reduce channel delay defined in [10].


The following section describes what problems fluctuation in video traffic makes. In Section 3, two techniques are proposed for lowering peak in bitrate without inducing any delay. Corresponding simulation results are then presented. Conclusions are drawn in the last section.


2	Background 


Video transportation over synchronous and asynchronous channels are reviewed. It is focused that fluctuation in traffic makes transportation difficult in any kind of network.





2.1	CBR Transportation and Peaks in Bitrate


Bitstream of encoded video intrinsically is variable while most communication channels support constant bandwidth. CBR channels include PSTN, PCS, N-ISDN, etc. W-CDMA of IMT-2000 may be synchronous or asynchronous. When a video encoded in typical GOP based MPEG encoder is transported over fixed bandwidth channel, there are two ways as shown in Figure 1.
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Figure 1 Transportation of VBR traffic over CBR channel without any loss, (a) allocating large bandwidth, (b) using an infinite size buffer





When calculated from the traces provided by Rose[2], ratio of average number of bits for Intra frame, predictive frame, and bi-directional frame is 8:3:2. This means that flattening bitstream results in about 70 ms delay. In the ATM Forum Living List[7] for VBR MPEG-2, the piecewise CBR is recommended, where a piece means a GOP, which is about 500ms long. In the extreme case, flattening during a GOP results in more than 200ms delay because of intra peak.[5]





2.2	VBR Transportation and Peaks in Bitrate


The most popular networks which support VBR channels are ATM and IP. Rationale of VBR transportation is the concept of statistical multiplexing. That is, ratio of variation to mean bitrate becomes smaller and smaller as multiplexing more and more VBR bitstreams. The theoretical limit of the ratio is zero, which is the same as that of CBR bitstream. There exists, however, the possibility that resulting bitrate of multiplexing bitstreams overflows the endurable limit of a channel. 
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Figure 2 GCRA(T/1,�symbol 116 \f "Symbol" \s 11�t�) is equivalent to the leaky bucket algorithm. The maximum drain rate is 1/T[1/sec]. Water poured when bucket is full will be overflowed.  





ATM supports both CBR and VBR. ATM is classified as a connection-oriented protocol. Network and user make a promise on traffic parameters and QoS parameters. Among them, peak cell rate, PCR, is accompanied by CDVT. CDVT is comparable to the duration of integration of bitrate. In order to test whether user keeps the promise or not, network uses GCRA(1/PCR,CDVT) which is a leaky bucket as shown in Figure 2. For VBR, additionally, GCRA(1/SCR,BT) is used. SCR, sustainable cell rate, is smaller than PCR while BT, burst tolerance, is mostly much larger than CDVT. Since PCR determines how much allocate resources to a service, cost of a service will be proportionally dependent on PCR.
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Figure 3 Packet lossrate(PLR) vs packet size. PLR is much dependent on packet size when network is congested(11AM, the solid line), while it is not dependent when network is not congested(11PM, the dotted line). 





 Let’s consider video service over Internet. Video streaming is, mostly, accomplished by unreliable UDP/IP rather than reliable TCP/IP with ARQ, automatic repeat request, which may cause very much delay. When network is congested, loss rate of IP packets is much dependent on packet size as shown Figure 3. At the time of peak in bitrate, one could use small packet size while generating more packets per unit time. When network is congested, packets may be lost at receiver because span between arrival time of packets is sometimes too short to read before being overwritten.





2.3	Spatially Scalable Encoding


Section 2.1 and 2.2 described why fluctuation in video traffic is troublesome regardlessly of types of network. This contribution proposes two techniques to reduce heights of peaks by using spatial scalability encoding.  Let’s look into the characteristics of spatial scalability encoding, first.


In Table 1, mean bitrates of single layer is compared to both base and enhancement layers of spatial scalability encoding. We used the CIF format for enhancement layer and the QCIF format for base layer.   





�
�
Quantization Index�
Bitrate


(Mbps)�
Bitrate


Ratio(%)�
Ratio of  Base Layer Bitrate to Total �
�
�
Enhance Layer�
Base Layer�
�
�
�
�
Single�
13�
0.87�
100�
NA�
�
Spatial�
13�
4�
1.66�
191�
66.9%�
�
�
�
8�
1.35�
155�
46.9%�
�
�
�
13�
0.96�
110�
31.4%�
�
�
�
24�
0.87�
100�
15.9%�
�
Table 1 4 Comparison of average bitrate of single layer to those of two layers of  spatial scalable encoding at different quantization values. “Football” converted to CIF. Encoded by TMN3.1[11]





At best, how good CIF images can be recovered from QCIF images of base layer? The upper limit can be calculated by ideal low pass filtering of CIF images to avoid aliasing when sampled as QCIF. 


Salesman�
31.65dB�
Football�
30.29dB(30.43dB)�
�
Table 2. The upper limit of image quality of base layer compared to enhancement layer. 


3	How to lower the peaks


Scalable encoding is useful, at first, when networks or receivers are heterogeneous and, at second, when channel is error-prone. This contribution suggests another benefit. It can be used to lower the peaks in bitrate of a video traffic. There are two kinds of peaks. One is the peak at every intra refresh frame and the other is the peak at almost every scene change. 


3.1	I and EI not at the Same Frame
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Intra refresh is required to help random access and to cut error propagation. In Annex O of H.263[8], Figure O.5 shows that frame number of EI is the same as that of I picture. The numbers of bits for EI and I are much larger than those of EP and P, respectively. For spatial scalability encoding, but not for the other scalability modes, we propose to place EI at different picture from I picture. The black line in Figure 5 corresponds to total number of bits of scalable encoding as proposed while the gray line corresponds to that of normal single layer encoding, resulting in image sequence of the same quality. The maximum number of bits of a frame(MBR) for the proposed becomes less by 35%. The MBR of the proposed is 55351bits while that of normal encoding is 84816bits. The proposed encoding shows better performance on sequence of low activity than sequence of high activity.


Figure 5 Intra peak at every 12 frames has been lowered by the proposed technique.  ‘Salesman’(Frame31-60, 81-100) and ‘Football’. The black line is total number of bits of each frame encoded with the proposed method while the gray line is for normal single layer encoding.


 


The proposed technique works worse at random access than the normal encoding, since image of normal quality cannot be recovered before a decoder meets both I and EI. The proposed technique can not lower peaks at scene changes as shown at Frame 61 in Figure 5.  


3.2	Peak at Scene Change


Since most macro blocks of the first picture at each scene change are encoded in intra mode, number of bits at the picture becomes a peak if there is no proper rate control. We propose a simple technique to lower the peak.


Skip enhancement encoding if total number of bits for a picture is larger than allowable limit. (Here, we used 60,000bits).


The enhancement frame of the next picture is encoded as EI with QP of (32+EQP)/2 where EQP is the QP for enhancement layer. 


Except for these two pictures, all the other frames use the same EQP.
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When the proposed technique is applied, quality of the first two pictures become worse. We argue, however, that human being can not perceive this degradation, because 3 dimensional (x,y,t) perception capability of human being is bounded within a certain limit. Scene change results in much energy in the direction of temporal frequency axis in the 3 dimensional spectrum. Therefore, spatial resolution may be ignored to a certain extent. 





Figure 6 Peaks at scene change at Frames 21, 61, and 81 are smoothed by the proposed techniques(the black line). Football and Bicycle(Frames 21-40, 61-80), without any intentional intra refresh. 





Peaks at scene change are lowered about 25%. The highest peak was 80,744bits in the normal encoding, which is reduced to as many as 59,448bits. It may be helpful to increase quality of base only picture by reducing quantization parameter of base layer.


4	Conclusion


This contribution proposed two techniques to lessen short term fluctuation caused by intra peaks. One technique is to lower periodic intra peaks of every GOP as defined in MPEG-2. The other technique is to lower intra peak at each scence change. Both techniques are simply applicable at encoder and do not affect decoder. Simulation results show that both techniques lower height of intra peaks by 30%. For both simulation experiments, the encoder of TMN3.1 is modified.  


This contribution is concerned only about short term fluctuation of video traffic. For delay sensitive services, short term fluctuation imposes much burden on network, while it does not cause much trouble for delay insensitive services. If a service allows end-to-end delay of more than 200ms, the proposed techniques are useless. Because intra peaks can be flattened to be average bitrate by just buffering, which results in delay of about 100-200ms. 


Our experiments are limited to the case when quantization parameters are kept constant, that is, when no rate control is performed. Rate control may help to reduce height of intra peaks.
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6	Abbreviations


CBR: Constant Bit Rate  cf) VBR


GCRA : Generic Cell Rate Algorithm


GOP: Group of Pictures (normally 12-16 pictures following an intra picture)


EQP : Quantization parameter for enhancement layer


MBR : maximum in number of bits for a frame


PCR: Peak Cell Rate (ATM terminology)


VBR: Variable Bit Rate


