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1. Introduction

The current video quality models which are being developed for Recommendations are provided just processed video sequences. However, it is also possible that an objective model may have access to transmitted bit stream video data. From bit-stream data, the objective model can extract information on transmission errors (e.g., delay, packet loss), codec (e.g., type, bit-rates, frame rates, codec parameters), etc. This kind of information can be used to develop more accurate objective models. 
Currently, ITU-T SG9 is developing hybrid perceptual/bit-stream models which use bit-stream data. It is expected that the hybrid perceptual/bit-stream models would be more accurate with reduced complexity.
The hybrid perceptual/bit-stream models are an attractive solution for quality monitoring in IPTV applications. In order to use the hybrid models in IPTV applications, an IPTV terminal should be able to provide bit-stream data to the hybrid models.

2. Summary of ITU-T J.bitvqm
Full-reference (FR), reduced-reference (RR), and no-reference (NR) implementations of the hybrid perceptual/bit-stream models are illustrated in Figures 1-3. By using additional information (codec parameters, bit rate, FPS, packet information, transmission error information), objective models can be made faster and more accurate.
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Figure 1- FR hybrid perceptual/bit-stream model.
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Figure 2 - RR hybrid perceptual/bit-stream model.
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Figure 3 - NR hybrid perceptual/bit-stream model.

Furthermore, for typical compressed video sequences, the video quality changes relatively slowly. Figure 4 shows how the video quality of a typical compressed video sequence changes. 
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Figure 4- Video quality scores obtained using SSCQE.

In fact, it has been known that if video quality measurements are made every half second, they will provide sufficient information on the video quality of the processed video sequence. Therefore, it would be possible to transmit video quality scores along with compressed video data with negligible bandwidth increments. If there is no transmission error, the video quality at the receiver would be the same as that of the transmitted video sequence. If transmission errors occur, the received video sequence includes both compression impairments and transmission error impairments. With video quality scores available, an objective model which measures the video quality of the received video sequence may be improved significantly, particularly for NR models. Thus, by providing this additional information on the video quality of the transmitted video data, it is possible to develop fast and effective objective video quality measurement methods. Figure 5 shows how video quality scores are computed and transmitted. The video quality scores can be transmitted as metadata. Alternatively, they can be transmitted using watermark techniques.
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Figure 5. Generating and transmitting video quality scores of compressed data.

Figure 6 shows a hybrid perceptual/bit-stream NR model which also uses video quality scores. This idea can be easily adapted for hybrid perceptual/bit-stream FR or RR models. 
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Figure 6. Hybrid perceptual NR model which uses the video quality scores of the compressed data.

3. Proposals
It is proposed that the following text should be included after “7.12.3 Quality monitoring using transmission error information at the head-end [ITU-T J.242]” of “Working Document: Aspects of IPTV End System – Terminal Device.”
* * * * *

7.12.4 Hybrid perceptual/bit-stream models [ITU-T J.bitvqm]
It is possible that an objective model may have access to bit stream data from which the model can obtain additional information on transmission errors (e.g., delay, packet loss), codec parameters (e.g., type, bit-rates, frame rates, codec parameters), etc. This kind of information is easily available from bit-stream data at the receiver. It is expected that such models may provide improved performance in terms of accuracy and speed compared to objective video quality models which use only processed video sequences.
If an IPTV terminal is to use such a hybrid perceptual/bit-stream model for quality monitoring, it should provide bit-stream data to the model (ITU-T J.bitvqm). The input requirements for hybrid perceptual/bit-stream models are shown in Figures 7-7 ~7-9.
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Figure 7-7: Input requirements for FR hybrid perceptual/bit-stream models.
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Figure 7-8: Input requirements for RR hybrid perceptual/bit-stream models.
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Figure 7-9: Input requirements for NR hybrid perceptual/bit-stream models.

In order to improve the accuracy of objective models, it is also possible to transmit video quality scores of the compressed video data which are transmitted (Figure 7-10). It has been known that if video quality measurements are made every half second, they will provide sufficient information on the video quality of the processed video sequence. If there are no transmission errors, the video quality at the receiver would be the same as that of the transmitted video sequence. If transmission errors occur, the received video sequence suffers from both compression impairments and transmission error impairments. With video quality scores available, an objective model which measures the video quality of the received video sequence may be improved, particularly for NR models. The video quality scores can be transmitted as meta-data. Alternatively, they can be transmitted using watermark techniques.
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Figure 7-10: Generating and transmitting video quality scores of compressed data.

If an IPTV terminal is to use these objective models for quality monitoring, the input requirements are shown in Figures 7-11 ~7-13.
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Figure 7-11: Input requirements for a FR hybrid perceptual/bit-stream model which uses the video quality scores of transmitted compressed video data.
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Figure 7-12: Input requirements for a RR hybrid perceptual/bit-stream model which uses the video quality scores of transmitted compressed video data.
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Figure 7-13: Input requirements for a NR hybrid perceptual/bit-stream model which uses the video quality scores of transmitted compressed video data.
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