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1 Introduction

In the testing conditions for SVC Core Experiment 1 defined in Redmond, extraction paths with five FGS rate points per spatio-temporal resolution were defined [3]. The proposed codecs for SVC were required to reach these test points to allow for performance comparisons at randomly selected rate points. For the JSVM-0 software, a set of configuration files was provided, that enables encoding the test sequences in order to reach the defined rate points [4]. Since the encoder configuration for the scalable layered scheme of the JSVM strongly influences the rate-distortion behaviour of the codec, it is crucial to provide a common set of configuration files for testing and development of the SVC scheme. 
The introduction of new tools into the JSVM software may have influence on the rate consumption of the different layers of the bit stream. This can lead to the situation that using the original configuration not all rate points can be reached anymore. This is e.g. partly the case with the modified quantizer weighting factors proposed in [2]. 
In this contribution we discuss some aspects of finding new configuration files and the impact of these changes on the rate distortion (RD) behaviour of the JSVM software. Two criteria shall be fulfilled by the encoder configuration settings

1. The lowest target rate point of each spatio-temporal resolution shall be reached

2. The RD performance of the scheme shall be maximized.

According to some simple rules, the configuration of the encoder is modified to meet these target conditions. Modified configuration settings for the JSVM-1 software are developed and compared to the performance of the JSVM-0 under the same conditions. A set of configuration files for the JSVM-1 is provided that better matches the target rate points than the original configurations. It turns out that the layered JSVM scheme is very sensitive to configuration changes on some sequences. Interdependencies between the spatial layers of the stream may lead to drastic changes in the RD performance, even for very small changes in the configuration. In the following, we will first present and discuss the criteria for the parameter selection. Then, simulation results for several configurations are presented and conclusions are drawn from the presented results.
2 Performance Criteria

The rate point criterion is controlled by checking the actually extracted bit rate at the appropriate target rate point. Here, we require the lowest bit rate at the lowest temporal resolution of the current spatial layer to be met (Criterion A). An adjustable tolerance (e.g. max 4%) was added to the target rate value in the simulations (see discussion later-on).
While the rate point criterion can be easily assessed, the evaluation of the RD performance on multiple temporal layers is not easy in the MCTF framework. It has been reported that the PSNR measurement is not valid for performance evaluation on coarser temporal layers of the MCTF decomposition [6]. The reason for this problem is related to the influence of the update step on the reconstructed sequence. 
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Figure 1: PSNR of ‘un-coded’ temporal low-pass frames of the JSVM-1 against the original sequence. Blue: Low-pass sequence at 15 Hz. Red: Low-pass sequence at 7.5 Hz.
Due to the update step, the signal that is available at a lower temporal resolution does not necessarily correspond to the original input sequence. An example for this is given in Figure 1. The PSNR of the low-pass frames of the MCTF that are available at the encoder against the original input sequence is shown for the CIF sequences of the test set. Note that no quantization was applied on the depicted level. It can be seen that the difference between the original and the low-pass sequence increases with the decomposition depth. Furthermore, it can be observed that in parts of the sequences with slow or regular motion, the difference increases (because MCTF works and the update step is used) while the difference decreases if strong and irregular motion occurs (i.e., the update step is turned off).

For simulations, the reliability of PSNR measurements against the original sequence at coarser temporal levels of the MCTF is questionable since the wrong reference is applied. Note that this problem does not occur if the update step is completely switched off, e.g. in case of hierarchical B frames. 
To circumvent this problem, we omit the assessment of the RD performance at temporal resolutions lower than the frame rate of the original input sequence. We would generally recommend that PSNR measurements are not used on these layers. 
As a consequence, only the RD performance at the highest frame rate for the current spatial resolution is considered when searching for the new configuration settings. The criterion for the evaluation is chosen to be the maximization of the sum of the PSNR values at the five rate points of this spatio-temporal resolution (Criterion B).
3 Modification of the Configuration Settings
The RD performance of the JSVM codec is mainly driven by two configuration parameters. The residual QP (QPR) that defines the quantizer step size at the quality (or SNR) base layer of the current spatial resolution, and a set of mode QPs (QPM) that determines the Lagrangian weighting factor for motion estimation and mode decision [1]. All other parameters are left unchanged. In the configuration files for the spatial layers, the mode QPs can be individually given for 6 MCTF levels. An example from a layer configuration file is given below:

[image: image2]
In order to meet the configuration criteria the following procedure is applied:
· For each spatial layer SL from QCIF to CIF (to 4CIF):

· Determine QPR such that Criterion A is met
· Maximize Criterion B by modification of the QPM values. Here, the QPM values are varied using identical step sizes (QP for all QPM[i], and the best QPM set is determined.
· Refine the QPR setting by re-applying Criterion A if necessary. The lowest rate point might not be met anymore after changing QPM.
By the application of this procedure all minimum rate points defined in the test conditions are met by the resulting configuration settings. 
The determination of the QPR values is performed on an integer QP basis. The rate criterion is met if the achievable rate is just below or equal to the required target rate plus the tolerance mentioned above. Fractional QPR values to exactly meet the target bit rates are not considered. 
The settings of the QPM values are varied by a constant (QP for all decomposition levels, based on the settings predefined in the JSVM-0/1 configuration files. This step could be further improved by separately optimizing the QPM values for each decomposition level. In the original configuration files the QPM value for decomposition level 0 already differs from the values for the other levels for some sequences.
4 Simulations
4.1 Testing Conditions

Simulations were performed on the SVC test sequences with the Redmond FGS testing conditions [3]. To assess the effect of the procedure presented in section 3 on the RD performance of the JSVM, the following settings are compared:

· JSVM-0 with the configuration settings originally provided (JSVM-0 orig cfg)
· JSVM-0 with new configuration settings according to the presented procedure (JSVM-0 new cfg)

· JSVM-1 with the configuration settings originally provided (JSVM-1 orig cfg)

· JSVM-1 with new configuration settings according to the presented procedure (JSVM-1 new cfg)

As discussed in section 2, RD plots are shown only for the temporal resolutions that correspond to the original frame rate of the employed reference sequences, and for layers that employ hierarchical B frames. These are referred to as reference resolutions in the following. 
	kbit/s
	Bus
	Football
	Foreman
	Mobile

	QCIF 7.5Hz 
	64
	128
	32
	48

	QCIF 15Hz 
	96
	192
	48
	64

	CIF 7.5Hz 
	128
	256
	64
	96

	CIF 15Hz 
	192
	384
	96
	128

	CIF 30Hz 
	256
	512
	128
	192


	 kbit/s
	City
	Crew, Harbour, Soccer

	QCIF 15Hz 
	64
	96

	CIF 7.5Hz 
	128
	192

	CIF 15Hz 
	192
	256

	CIF 30Hz 
	256
	384

	4CIF 15Hz 
	512
	768

	4CIF 30Hz 
	768
	1024

	4CIF 60Hz 
	1024
	1536


Table 1: Minimum target bit rates for the defined spatio-temporal resolutions of each test sequence.

4.2 Results

The RD curves for the reference resolutions and the rate plots for all minimum target rates as shown in 
Table 1
 are given in Figure 3 – Figure 6. RD plots are given for JSVM-0 and JSVM-1 with the original configuration and a configuration generated by the method described above. Besides the RD plots, graphs are given that show the resulting lowest bit rate for each spatio-temporal resolution at the target rate points defined in the testing conditions. The rate and distortion numbers for these curves are given in the accompanying Excel file [xls]. 
The RD plots reveal that for many rate points, the RD performance of the JSVM-1 scheme with the new configuration settings is equal or slightly better than the JSVM-0 scheme under the same conditions. Gains of ~0.5dB can be observed e.g. for FOOTBALL CIF 30Hz or CREW 4CIF 60Hz. For some sequence (e.g. BUS CIF 30Hz), the performance of the JSVM-1 is a bit worse than that of JSVM-0. 
An analysis of the rate points for JSVM-0 reveals that not all target points required by the FGS conditions are met already with the original configuration settings. For some sequences, rate overshoots of more than 4% can be observed for the original JSVM-0 rates. 

The achievable lowest bit rate at lower temporal resolutions may have strong impact on the RD performance at the higher resolutions. To demonstrate this effect, additional plots are given for the CIF sequences. Here, only the minimum bit rate at the highest temporal resolution had to be achieved (JSVM-1 alt cfg CIF30Hz), while arbitrary rate overshoots were permitted on the lower temporal resolutions. It can be seen that with this configuration the RD performance on the highest temporal level can be improved (e.g. ~0.9dB on FOREMAN and MOBILE, CIF 30Hz).
The sensitivity of the RD performance for the lowest target bit rates is demonstrated in Figure 2. In this plot an additional curve is shown that results from the application of the method in section 3 under the constraint to meet the CIF 7.5Hz target bit rate with zero tolerance. It can be seen that under this condition, the RD performance at 30Hz frame rate drops by ~0.3 dB or more.
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Figure 2: RD plot for BUS CIF 30Hz. The dashed block curve shows the RD performance of JSVM-0 with modified configuration such that the CIF 7.5Hz target bit rate is met.
For the test sequence FOREMAN, some results are not available for JSVM-0 new cfg. This is due to a bug in the JSVM-0 software (CABAC term bit, fixed in JSVM-1).

The QPM values as used in the original configuration files of JSVM-0 and JSVM-1 and for the new settings are given in the Excel sheet [xls].
5 Conclusions
The presented results reveal that the RD performance of the JSVM codec over the spatial layers is very sensitive to the achievable bit rates on the various temporal resolutions.  Even slight changes to the minimum bit rate may result in a significant drop in the RD performance for the succeeding layers. 

With respect to these results, it has to be discussed how to evaluate results that are presented for proposals and within core experiments:

· The tolerance of target rate points should be clearly defined in the testing conditions. Proponents should report on meeting these rate points in their results

· An official set of configuration files should be used in all tests

· If modifications to the configuration settings are necessary for a proposal (e.g. because target rate points are not met anymore), the impact of this modification on the performance of the original JSVM codec and the performance of the tool should be stated clearly.

The configuration files for the JSVM-0 and JSVM-1 simulations in this document are attached to this document.
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Figure 3: RD plots for QCIF 7.5 Hz, 15Hz, and CIF 30Hz and minimum rates for each spatio-temporal resolution. Test sequence BUS and FOREMAN. (Ordering and colors of rates plots according to ordering and colors in RD plots)
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Figure 4: RD plots for QCIF 7.5 Hz, 15Hz, and CIF 30Hz and minimum rates for each spatio-temporal resolution. Test sequence FOOTBALL and MOBILE. (Ordering and colors of rates plots according to ordering and colors in RD plots)
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Figure 5: RD plots for QCIF 15Hz, CIF 30Hz, and 4CIF 60Hz and minimum rates for each spatio-temporal resolution. Test sequence CITY and CREW. (Ordering and colors of rates plots according to ordering and colors in RD plots)
[image: image28.emf]1400160018002000220024002600280030003200

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

Rate [kbit/s]

PSNR [dB]

HARBOUR 704x576 60

JSVM-0 orig cfg

JSVM-0 new cfg

JSVM-1 orig cfg

JSVM-1 new cfg

 [image: image29.emf]1400160018002000220024002600280030003200

33.5

34

34.5

35

35.5

36

36.5

37

37.5

Rate [kbit/s]

PSNR [dB]

SOCCER 704x576 60

JSVM-0 orig cfg

JSVM-0 new cfg

JSVM-1 orig cfg

JSVM-1 new cfg

 [image: image30.emf]350400450500550600650700750800

28.5

29

29.5

30

30.5

31

31.5

32

32.5

Rate [kbit/s]

PSNR [dB]

HARBOUR 352x288 30

JSVM-0 orig cfg

JSVM-0 new cfg

JSVM-1 orig cfg

JSVM-1 new cfg

 [image: image31.emf]350400450500550600650700750800

33

33.5

34

34.5

35

35.5

36

36.5

37

Rate [kbit/s]

PSNR [dB]

SOCCER 352x288 30

JSVM-0 orig cfg

JSVM-0 new cfg

JSVM-1 orig cfg

JSVM-1 new cfg

 [image: image32.emf]80100120140160180200

31

31.5

32

32.5

33

33.5

34

34.5

Rate [kbit/s]

PSNR [dB]

HARBOUR 176x144 15

JSVM-0 orig cfg

JSVM-0 new cfg

JSVM-1 orig cfg

JSVM-1 new cfg

 [image: image33.emf]80100120140160180200

34

34.5

35

35.5

36

36.5

37

37.5

38

Rate [kbit/s]

PSNR [dB]

SOCCER 176x144 15

JSVM-0 orig cfg

JSVM-0 new cfg

JSVM-1 orig cfg

JSVM-1 new cfg

 [image: image34.emf]96192256384

96

192

256

384

HARBOUR QCIF,CIF

Target Rate [kbit/s]

Resulting Rate [kbit/s]

76810241536

768

1024

1536

HARBOUR 4CIF

Target Rate [kbit/s]

Resulting Rate [kbit/s]

 [image: image35.emf]96192256384

96

192

256

384

SOCCER QCIF,CIF

Target Rate [kbit/s]

Resulting Rate [kbit/s]

76810241536

768

1024

1536

SOCCER 4CIF

Target Rate [kbit/s]

Resulting Rate [kbit/s]


Figure 6: RD plots for QCIF 15Hz, CIF 30Hz, and 4CIF 60Hz and minimum rates for each spatio-temporal resolution. Test sequence HARBOUR and SOCCER. (Ordering and colors of rates plots according to ordering and colors in RD plots)



...


#============================== CODING (MCTF) ==============================


1                                                 # Max. absolute delta QP


37.0                                              # Quantization parameters (QPR)


0.00                                              # Number of FGS layers ( 1 layer - about delta QP = 6 )





#============================== CONTROL (MCTF) ==============================


30.00                                             # QP for motion estimation / mode decision (stage 0) (QPM[0])


34.00                                             # QP for motion estimation / mode decision (stage 1) (QPM[1])


34.00                                             # QP for motion estimation / mode decision (stage 2) (QPM[2])


34.00                                             # QP for motion estimation / mode decision (stage 3) (QPM[3])


34.00                                             # QP for motion estimation / mode decision (stage 4) (QPM[4])


34.00                                             # QP for motion estimation / mode decision (stage 5) (QPM[5])


...





(Quantizer section of a layer configuration file) 
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