QUALITY VARIATIONS OF DIFFERENT PRIORITY-BASED TEMPORAL VIDEO ADAPTATION ALGORITHMS

Michael Kropfberger, Klaus Leopold and Hermann Hellwagner

Department of Information Technology, University Klagenfurt, Austria {mike,klaus,hellwagn}@itec.uni-klu.ac.at

1. INTRODUCTION

Streaming multimedia data over networks is becoming increasingly important, not only for pure entertainment but also in the area of distance education. In best effort networks like the Internet it is often the case that the bandwidth consumption of a video exceeds the available bandwidth of the network link. In such a case it is not possible to transfer all the data timey and accurately. However, when reducing the quality of the video, the bandwidth consumption decreases and thus, it might be possible to fulfill the bandwidth constraints and to properly stream the video to the consumer. A lot of video adaptation approaches exist for controlled quality reduction to achieve the aim of bandwidth reduction. Temporal adaptation turned out to be a promising adaptation technique because it is fast and easy to perform. Applying temporal scalability on a video stream means dropping frames before transmission and thus, immediately decreases the needed bandwidth. The task to not transmit data is easy to perform and hence, it consumes little computational power. As a consequence, temporal video adaptation can be applied on network nodes which have to process a lot of network traffic and which have to follow soft realtime constraints like, e.g., routers or multimedia gateways.

Many approaches simply drop arbitrary frames without spending much effort on finding an intelligent dropping behavior. This usually leads to good adaptation results in terms of bandwidth reduction but also to suboptimal video quality. This paper presents various approaches for temporal video adaptation which consider the visual loss in quality when fulfilling given network bandwidth constraints. Futhermore, we come up with quality measurements of videos that are streamed and temporarily adapted in our network test environment.

2. TEMPORAL VIDEO ADAPTATION

In many state of the art video codecs like, for instance, MPEG-2 and MPEG-4, each video elementary stream consists of a sequence of different frame types which are: Iframes, P-frames, and B-frames [1]. I-frames are independent from any other frames, P-frames are based on prediction from the last reference frame, and B-frames are based on prediction from the previous and the following reference frame. A reference frame might be either an I-frame or a P-frame. No frame type needs B-frames for decoding and thus, they can be dropped at will without interfering with the decoding process of the video.

Semi-intelligent Network Nodes If a network node, e.g., a server or media gateway, detects that the video cannot be streamed due to bandwidth constraints, it can reduce the bit rate by dropping B-frames. We call such network nodes semi intelligent because they can distinguish between frame types. The easiest approach for bandwidth reduction is to stream as long as bandwidth is available and, if the allowed bandwidth portion is exceeded, the server blocks and drops frames until the bandwidth is available again. A possible frame dropping pattern for this behavior may look like this:

IBBBBPBBBBPBBBBPBBB-P----P----, where I, P,

and B are the frame types which are transmitted to the client and - means that the frame is dropped. One can see that the beginning of this frame pattern features no frame loss and at the end almost every frame is dropped. As the human eye and brain are trying to track smooth motion of objects [2], the visual perception of this dropping behavior is observed as very choppy.

Uniform Timely Distribution Based on the awareness that the human eye and brain are trying to track smooth motion, a uniform timely distributed dropping behavior might be more reasonable. The resulting frame dropping pattern may look like this:

I-BB-P-BB-PBB-BPB-BBP-BB-PBB-B.

QCTVA Assume a frame pattern of a video where the first images are almost identical like, e.g., a close-up of a person, followed by a pan shot where a lot of motion can be observed. The semi-intelligent adaptation node might transmit all almost identical images from the close-up scene and start dropping frames when the pan shot starts. This is obviously the worst scenario because frames are dropped when motion can be observed. Applying the timely distribution algorithm on the same scene will give better results because frame drops are uniformly distributed over highand low motion scenes. However, it would be even better if almost no frames were transferred in the close-up scene but as much as possible in the pan shot scene. Exactly this behavior can be achieved when analyzing the video stream with QCTVA (quality controlled temporal video adaptaion) [3]. QCTVA offers the qualitatively best temporal scalability by measuring the visual quality of possible frame dropping combinations based on the well-known PSNR value. The frame dropping pattern of QCTVA for the previously described two-phase scene may look like this:

I----P----P-BBBPBBBBPBBBBPBBBB.

3. MEASUREMENTS

For the measurements we implemented a test environment which is capable of streaming and temporarily adapting videos based on meta information about frame priorities [4]. Furthermore, the test environment features the extended RTP mechanisms immediate feedback[5] and retransmission[6]. The tests were conducted on CIF reference streams defined by the MPEG consortium. All video sequences where coded using the Microsoft MPEG-4 reference implementation with 30 fps and a fixed frame pattern of 4 B-frames between I- or P-frames.

The following PSNR comparisons consider the QCTVA BFE (best first expansion) as the best achievable result, QCTVA WFE (worst first expansion) as the lowest possible quality, both calculated in the uncompressed domain in a time-consuming video analysis process. Uniform timely distribution as an in-between prioritization algorithm, is easily achievable in terms of algorithmica complexity and can be performed in the compressed domain. See [3] and the final paper for a description of the adaptation methods. Figure 1 shows the quality reduction averaged over all really dropped frames in comparison to their original frames.

The available network bandwidth was set to 85% and 70% of the average bandwidth, respectively. Especially for the 85% case, QCTVA BFE is superior with highly optimal results for the correctly chosen frames. Still, the more adaptation is needed (eg. 70% or lower), the more QCTVA BFE and any other prioritization scheme converge to the base layer of I- and P-frames and therefore deliver more and more similar results.

For the test sequence ice at the 85% rate, uniform timely distribution marks nearly the middle of QCTVA BFE and QCTVA WFE. The video shows different motion patterns

Fig. 1. Quality loss due to dropped frames at 85% and 70% of the required average network bandwidth

within a frame for each person sliding over the ice. Since PSNR changes are inherent all over the video, but not directly related to frame-per-frame motion, a uniform timely distribution performs reasonably, though not perfectly.

For the football scene, QCTVA BFE outperforms uniform timely distribution even more, since the motion is unevenly distributed over the video in terms of unexpected camera pans.

For the all-time slow-motion video city, the average PSNR loss is very low for all three algorithms. Still, since the scene is recorded with a hand camera from within an airplane, there are some bumpy camera moves. Those are better detected and prioritized by QCTVA BFE than timely distribution.

4. CONCLUSION AND FUTURE WORK

Our measurements show that QCTVA, based on qualitative PSNR evaluations in the uncompressed video domain, always results in best possible quality. Note, that this is coupled with extra processing requirements and off-line analysis. If the focus is on fast preparation and decision taking, uniform timely distribution always offers at least a good compromise. The more adaptation is needed, the more QCTVA and uniform timely distribution converge to the same result, so timely adaptation should be only applied for 15 - 30% bandwidth reduction. After that, other means of adaptation should be used. Our future work will try to couple low-range temporal adaptation based on QCTVA with more coarse-grained switching to an alternative video stream as the network gets utterly congested.

5. REFERENCES

[1] C. Herpel and A. Eleftheriadis, “MPEG-4 Systems:

Elementary Stream Management,” Image Communication Journal. Tutorial Issue on the MPEG-4 Standard, vol. 15, January 2000.

[2] D. A. Robinson, “The mechanics of human smooth pursuit eye movement,” The Journal of Physiology, vol. 180, 1965.

[3] K. Leopold, H. Hellwagner, and M. Kropfberger, “QCTVA - quality controlled temporal video adaptation,” Proceedings of the SPIE International Symposium ITCom 2003 on Internet Multimedia Management Systems IV, vol. 5242, September 2003.

[4] M. Kropfberger and H. Hellwagner, “Evaluation of RTP Immediate Feedback and Retransmission Extensions,” to appear in the Proceedings of ICME 2004, 2004.

[5] J. Ott, S. Wenger, N. Sato, C. Burmeister, and J. Rey, “Extended RTP profile for RTCP-based feedback (RTP/AVPF).” draft-ietf-avt-rtcp-feedback-04.txt, October 2002. expires April 2003.

[6] J. Rey, D. Leon, A. Miyazaki, V. Varsa, and R. Hakenberg, “RTP retransmission payload format.” draft-ietf-avt-rtp-retransmission-04.txt, December 2002. expires May 2003.