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Abstract

This contribution provides five new screen content test sequences for future video coding standardization activity. These test sequences can be categorized as TGM (text and graphics with motion) content. It is reported that the five test sequences represents a wide range of typical screen content commonly seen in cloud/cloud-mobile computing, remote desktop, PC-over-IP, interactive TV and so on. It is also reported that this new content exhibits different coding characteristics when compared with the existing SCC test sequences and thus are useful to evaluate future SCC tools. It is reported that the five sequences are difficult to code and using the HEVC-SCC CTC AI lossy coding configurations and HM16.6-SCM5.2 reference software, the total compression ratio and average PSNR of the five sequences are 46.7 and 45.26dB, respectively. On the other hand, the total compression ratio and average PSNR of the eight TGM sequences in HEVC-SCC CTC are 69.6 and 46.96dB, respectively, which are 49% and 1.7dB higher than that of the five new sequences. It is also reported that the five sequences have coding mode distribution statistics quite different from the eight TGM sequences in HEVC-SCC CTC.
1 Introduction

Although SCC standardization has made significant progress in the past few years, emerging and growing application areas such as mainstream cloud-computing platform and interactive TV have significantly raised the bar for SCC standard to a new level. New requirements for SCC include the following ones:

1) ultra-high quality, 
2) ultra-high efficiency, 
3) human-computer-interaction (HCI)-oriented, thus, crisp system response time, including encoding time and decoding, is required and AI performance is far more important than RA and LB performance,

4) enable ultra low CPU usage in encoder for software implementation in the cloud.

To meet these challenges which are different from traditional video coding, first of all, new SCC test sequences from these new application areas are desperately needed to evaluate new SCC tools. 

This proposal provides five new SCC test sequences that are difficult to compress (have low compression ratio) and commonly seen in these new application areas.
2 Descriptions of the test sequences
A typical frame of the five new test sequences is shown in Figures 1~5, respectively. The new test sequences are available for review in this meeting.
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Figure 1 80th frame of CircuitLayoutPresentation, 1920x1080, 30 fps
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Figure 2 100th frame of ClearTypeSpreadsheet, 1920x1080, 30 fps
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Figure 3 100th frame of BitstreamAnalyzer, 1920x1080, 30 fps
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Figure 4 100th frame of EnglishDocumentEditing, 1920x1080, 30 fps
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Figure 5 100th frame of ChineseDocumentEditing, 1920x1080, 30 fps

The resolution, fps, no. of frames, and description of the four SCC test sequences are listed in Table 1.
Table 1. Four new SCC test sequences
	Resolution

FPS, Duration
No. of frames
Bit-depth

Color format
	Sequence name
	Description

	1920x1080

30, 10 sec.
300
8-bit

RGB/YUV
	CircuitLayoutPresentation
(CLP for short)
	Content from digital integrated circuit layout, analog integrated circuit layout, and printed circuit board layout. A series of common window object manipulation actions such as switching between different layouts and moving objects. Visual effects like showing window contents while dragging and showing translucent selection rectangle.

	
	BitstreamAnalyzer

(BSA for short)
	A bitstream analyzer display window shows three layers of images translucently blended: 1) original image being coded, 2) CU structures of the coded bitstream, 3) coding modes such as IBC or PLT or Intra in different colors, with a series of actions like switching between different bitstreams, turning on and off display of some coding modes.

	
	ChineseDocumentEditing
(CDE for short)
	A Chinese Powerpoint editing window and a Chinese Word editing window are displayed side by side with a series of actions like switching between different slides or pages, scrolling a window, highlighting, selecting, or deleting texts, changing fonts. The Powerpoint slide has a commonly used background of a default light yellowish color.

	
	EnglishDocumentEditing
(EDE for short)
	An English Powerpoint editing window and an English Word editing window are displayed side by side with a series of actions like switching between different slides or pages, scrolling a window, highlighting, selecting, or deleting texts, changing fonts. The Powerpoint slide has a commonly used background of a default light yellowish color.

	
	ClearTypeSpreadsheet

(CTS for short)
	Three BD-rate calculation spreadsheet windows are displayed side by side and overlapped by RD-curve charts with a series of actions like resizing and moving windows and charts. ClearType is turned on.


The original color format is 8-bit RGB. RGB sequences are captured from the frame buffer of a GPU card in Windows 7 environment and “best appearance” option is selected in “Computer->Properties->Advanced system settings->Advanced->Performance Settings->Visual Effects” setting. The RGB version is converted to ITU-R Rec. BT. 709 YCbCr 8-bit format version using the following formulas:

t = 0.2126*R + 0.7152*G + 0.0722*B

Y   = floor (16 + 219 * t / 255 + 0.5)

Cb = floor (128 + 112 * (B – t) / (255 * (1 – 0.0722)) + 0.5)
Cr  = floor (128 + 112 * (R – t) / (255 * (1 – 0.2126)) + 0.5)
where t is a floating-point variable; R, G, B, Y, Cb, and Cr are integers, floor(x) is the largest integer of x, and single-precision floating-point processing was used in all calculations.

The RGB as well as YUV versions were both saved in 8-bit planar format.
For reference, the following formulas should be used to convert the above YCbCr back to RGB:

t = floor ((Y - 16) * 255 / 219+0.5)

R = clamp [t + (V-128) * 255 * (1-0.2126) / 112 + 0.5]

B = clamp [t + (U-128)*255*(1-0.0722)/112 + 0.5]

G = clamp [( t - 0.2126 * R - 0.0722 * B) / 0.7152 +0.5]

where clamp [x]= ( (x < 0) ? 0: ( (x > 255) ? 255: floor (x) ) ), and all calculations should be done in single-precision floating-point.
3 Coding performance evaluation

YCbCr format version of the five test sequences are coded using the AI lossy coding configurations of HEVC SCC CTC [1] and HM16.6+SCM5.2 [2] software. 
The following table shows the uncompressed byte, compressed byte, compression ratio, and average PSNR of the five sequences. The byte number is the sum of 4 QPs’ number. The average PSNR is the average of Y, U, V and 4 QPs.
	Five new sequences
	Uncompressed Byte
	Compressed Byte
	Compress
ion Ratio
	Average PSNR

	ClearTypeSpreadsheet
	7,464,960,000 
	81,617,599 
	91.46 
	43.73 dB

	BitstreamAnalyzer
	7,464,960,000 
	221,215,172 
	33.75 
	45.55 dB

	EnglishDocumentEditing
	7,464,960,000 
	131,464,100 
	56.78 
	44.27 dB

	ChineseDocumentEditing
	7,464,960,000 
	228,337,834 
	32.69 
	44.28 dB

	CircuitLayoutPresentation
	7,464,960,000 
	136,113,132 
	54.84 
	48.46 dB

	Total
	37,324,800,000 
	798,747,837 
	46.73 
	45.26 dB


For comparison, the following table shows the uncompressed byte, compressed byte, compression ratio, and average PSNR of the eight TGM sequences in HEVC SCC CTC.
	HEVC-SCC TGM sequences
	Uncompressed Byte
	Compressed Byte
	Compress
ion Ratio
	Average PSNR

	sc_flyingGraphics_1920x1080_60_8bit
	7,464,960,000 
	106,902,251 
	69.83 
	44.30 dB

	sc_desktop_1920x1080_60_8bit
	14,929,920,000 
	137,738,344 
	108.39 
	48.04 dB

	sc_console_1920x1080_60_8bit
	14,929,920,000 
	122,903,253 
	121.48 
	51.00 dB

	ChineseEditing_1920x1080_60_8bit
	14,929,920,000 
	412,212,988 
	36.22 
	44.98 dB

	sc_web_browsing_1280x720_30_8bit
	3,317,760,000 
	23,287,498 
	142.47 
	47.75 dB

	sc_map_1280x720_60_8bit
	6,635,520,000 
	120,246,531 
	55.18 
	45.85 dB

	sc_programming_1280x720_60_8bit
	6,635,520,000 
	114,139,162 
	58.14 
	43.23 dB

	sc_SlideShow_1280x720_20_8bit_500
	5,529,600,000 
	30,931,782 
	178.77 
	50.49 dB

	Total
	74,373,120,000 
	1,068,361,809 
	69.61 
	46.96 dB


It can be seen that the total compression ratio and average PSNR (69.61 and 46.96 dB) of the existing TGM sequences is 49% and 1.7 dB, respectively, higher than the total compression ratio and average PSNR (46.73 and 45.26 dB) of the new sequences. Therefore, the existing sequences are much easier to compress than the proposed new sequences.
The following table shows the percentage of pixel coded by intra, IBC, and Palette, respectively, for AI lossy coding. The numbers are collected from 4 QPs.
	Sequence Name
	Intra
	IBC
	PLT

	ClearTypeSpreadsheet_1920x1080_30_8bit_444
	3.61%
	84.83%
	11.56%

	BitstreamAnalyzer_1920x1080_30_8bit_444
	1.98%
	53.22%
	44.80%

	ChineseDocumentEditing_1920x1080_30_8bit_444
	8.04%
	67.77%
	24.19%

	EnglishDocumentEditing_1920x1080_30_8bit_444
	7.39%
	78.51%
	14.10%

	CircuitLayoutPresentation_1920x1080_30_8bit_444
	18.03%
	51.22%
	30.75%


One observation is that the intra coded pixels are much less than that observed in the existing TGM sequences shown in the following table. The numbers are also collected from 4 QPs.
	Sequence Name
	Intra
	IBC
	PLT

	sc_flyingGraphics_1920x1080_60_8bit_444
	11.58%
	72.31%
	16.10%

	sc_desktop_1920x1080_60_8bit_444
	14.55%
	67.35%
	18.10%

	sc_console_1920x1080_60_8bit_444
	9.97%
	68.54%
	21.49%

	ChineseEditing_1920x1080_60_8bit
	16.48%
	46.41%
	37.11%

	sc_web_browsing_1280x720_30_8bit_300_444_r1
	23.11%
	66.96%
	9.93%

	sc_map_1280x720_60_8bit_444
	60.25%
	20.47%
	19.29%

	sc_programming_1280x720_60_8bit_444
	40.13%
	45.44%
	14.44%

	sc_SlideShow_1280x720_20_8bit_500_444
	77.46%
	16.09%
	6.45%


A small percentage of intra coded pixels mean that traditional coding tools do not work well to code the content, thus there are a lot rooms for new coding tools to play with.
In conclusion, the proposed test sequences exhibit very different coding characteristics when compared with the existing SCC test sequences and thus are quite useful to evaluate new SCC tools.
4 Recommendation
It is recommended that

1) Add a screen content class (class S) of test sequences including the five new test sequences to the jvet test sequence suite to explore and evaluate new SCC tools: 
· add the five new sequences to the existing HEVC SCC test suite
· remove the three sequences with high percentage of Intra coded pixels from the existing test suite
· for sure, the new test suite will greatly help exploration and evaluation of new SCC tools
2) Screen content includes everything, we need to have focuses at a time to make good progresses
3) Focus on ultra-high quality for common desktop content

4) Focus on ultra-high efficiency for common desktop content

5) Focus on AI performance for human-computer-interaction

6) Focus on ultra low CPU usage in encoder for software implementation in the cloud
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6 Conditions of Use – Copyright and Release Notes
The sequences have been generated by Tongji University and Futurewei Technologies, and all intellectual property rights remain with Tongji University and Futurewei Technologies. The material shall be used for research, development, experiment, publication, and demo of video coding technologies purposes only under the following conditions of use: 1) do not alter any picture of the test sequences except to resize and/or clip it; 2) do not use only portions of any picture alone; 3) any publication or demo using the test sequence must mention or display the acknowledgement of “by courtesy of Tongji University and Futurewei Technologies”.

This copyright and permission notice shall be duplicated whenever the data are copied or distributed. 
The material cannot be distributed with charge. Tongji University and Futurewei Technologies make no warranties with respect to the material and expressly disclaims any warranties regarding its fitness for any purpose. Unless the above conditions are agreed to by the recipient, no permission is granted for any use, copying, modification, and distribution of the data. By using the sequence the user agrees to the conditions of this copyright and disclaimer.
7 Availability of the Sequences

Tongji University and Futurewei Technologies agree to donate the five test sequences to the video coding community and to upload the test sequences to JVET website under the Condition of Use set forth on 6 of this document. Contact email: vlsi@tongji.edu.cn.
8 Patent rights declaration(s)

Tongji University does not have any current or pending patent rights relating to the technology described in this contribution.
Futurewei Technologies does not have any current or pending patent rights relating to the technology described in this contribution.
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