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Introduction

In 3GPP TSG-SA4#72 meeting, the HEVC test plan was updated and corresponding test cases, test conditions, test sequences, software and quality metrics were dicussed and agreed for the evaluation of HEVC compared to AVC for 3GPP multimedia services [1]

 REF _Ref352055134 \r \h 
[2]. Besides the test sequences (Class B/C/D) used by JCT-VC for development of HEVC, additional test sequences were added to Class C, D and E as shown in Table 1. The Class E test sequences are down-sampled from Class B 1080p test sequences using the same downsampling filter as currently being used by JCT-VC to generate the anchor sequences for the scalable extension of HEVC. The additonal test sequences in Class C and Class D were also downsampled from Class B 1080p test sequences, but with different downsampling filters [3]. Due to the fact that the the picture aspect ratio (PAR) was changed which may impose negative impact for the subjective evaluation of HEVC, an alternative method to generate the test sequences was discussed and agreed in TSG-SA4#73 Video SWG, the relative test plan was also updated in [4]. A new set of test sequences were generated after TSG-SA4#73 meeting. 

Table 1. New test sequences
	Class
	Sequence
	Spatial resolution
	Frame rate

	Class-C
	Kimono_480p
	832x480
	24 fps

	
	ParkScene_480p
	832x480
	24 fps

	
	Cactus_480p
	832x480
	50 fps

	
	BasketballDrive_480p
	832x480
	50 fps

	
	BQTerrace_480p
	832x480
	60 fps

	Class-D
	Kimono_240p
	416x240
	24 fps

	
	ParkScene_240p
	416x240
	24 fps

	
	Cactus_240p
	416x240
	50 fps

	
	BasketballDrive_240p
	416x240
	50 fps

	
	BQTerrace_240p
	416x240
	60 fps

	Class E
	Downsampled 1080p sequences will be used. The filter used for downsampling is the same as currently being used in JCT-VC for scalable extension of HEVC.


Description of Downsampling Filters
According to the fundamentals of digital signal processing, ideal impulse response [image: image2.png]h(n)



 is shown in (1),
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where a is the cut-off frequency with the value in [0, 1], Sinc(.) is defined in (2), and [image: image6.png]N/M



 is equal to the downsampling ratio, i.e., 1.5 for 1.5X downsampling and 2 for the 2.0X case. 
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, which has unlimited length, can be clipped by a window function to limit the filter size. The types of the window functions include but are not limited to the commonly used, such as Hanning, Hamming, triangular, Gaussian, and Blackman windows. The downsampling filter is the product of the ideal impulse response [image: image12.png]h(n)



 and the window[image: image14.png]win)



, as in (3).
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Downsampling Filters
The filters used to generate Class C/D/E test sequences support both 1.5x and 2x down-sampling ratio. The filters are Cosine windowed Sinc function with cut-off frequency at 0.9π in the downsampling domain to preserve high frequency details. The filters were designed in odd-length symmetric such that the down-sampled videos have zero phase shift compard with the original videos[5].

The coefficients of 1.5x downsampling filter, are shown in Table 2. The corresponding impulse and frequency responses are shown in Figure 1. 

The coefficients of 2x downsampling filter, are shown in Table 3. The corresponding impulse and frequency responses are shown in Figure 1. 

The details of the downsampling filters can also be found in [6].
Table 2. 1.5X downsampling filter

	Phase
	Filter Coefficients

	Integer
	[ 0
	5
	-6
	-10
	37
	76
	37
	-10
	-6
	5
	0
	 0] /128

	1
	[-1
	5
	-3
	-12
	29
	75
	45
	-7
	-8
	5
	0
	 0] /128

	2
	[-1
	4
	-1
	-13
	22
	73
	52
	-3
	-10
	4
	1
	 0] /128

	3
	[-1
	4
	1
	-13
	14
	70
	59
	2
	-12
	3
	2
	-1] /128

	4
	[-1
	3
	2
	-13
	8
	65
	65
	8
	-13
	2
	3
	-1] /128

	5
	[-1
	2
	3
	-12
	2
	59
	70
	14
	-13
	1
	4
	-1] /128

	6
	[ 0
	1
	4
	-10
	-3
	52
	73
	22
	-13
	-1
	4
	-1] /128

	7
	[ 0
	0
	5
	-8
	-7
	45
	75
	29
	-12
	-3
	5
	 0] /128


Table 3. 2.0X downsampling filter
	Phase
	Filter Coefficients

	Integer
	[2
	-3
	-9
	6
	39
	58
	39
	6
	-9
	-3
	2
	0] /128

	1
	[1
	-1
	-8
	-1
	31
	57
	47
	13
	-7
	-5
	1
	0] /128

	2
	[1
	0
	-7
	-5
	22
	53
	53
	22
	-5
	-7
	0
	1] /128

	3
	[0
	1
	-5
	-7
	13
	47
	57
	31
	-1
	-8
	-1
	1] /128
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Figure 1. (a) Impulse response and (b) frequency response of the 1.5X downsampling filter
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Figure 2. (a) Impulse response and (b) frequency response of the 2X downsampling filter
Down-sampling and cropping Process
It is quite straightforward to generate Class E test sequences by applying 1.5x down-sampling filter on Class B 1920x1080 sequences to obtain 1280x720 test sequences. 
While for Class C 832x480 test sequences, additional cropping process is required in order to maintain the original picture aspect ratio (APR). As shown in Figure 3, the original 1920x1080 video sequences are first down sampled 2x into 960x540 sequences, and then additional cropping is used to crop 64 luma samples from left/right and 30 luma samples from top/bottom evenly to get 832x480 Class C test sequences.
Class D (416x240) test sequences can be generated by further applying 2x down sampling filters on the corresponding Class C (832x480) test sequences without additional cropping process..
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Figure 3. The process to generate Class C test sequence from Class B sequences with same PAR
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