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1
General
This contribution reports on a subjective test evaluation of H.265/HEVC in the context of the HEVC Work Item [1]. This is in addition to the subjective test already reported and agreed in S4-130702 at SA4#74 [5]. In particular, the goal of this test was to observe expected quality and coding efficiency of H.265/HEVC with typical real-time video communication content reflecting the 3GPP MTSI (Multimedia Telephony Service over IMS) service context. 

Viewers were using tablets and smartphones to grade selected real-time communication type video sequences encoded and decoded by H.265/HEVC and H.264/AVC at various bit rates. The test was performed by Telefon AB LM Ericsson in January 2014. 

Based on those test results we expect the H.265/HEVC video codec to enable implementations providing significant gains in coding efficiency in 3GPP real-time video communication services like e.g. video over LTE. 

The source proposes that this test report be agreed and added to the TR 26.906 “Evaluation of HEVC for 3GPP Services” [4]

2
Report

2.1
Introduction


The video quality when displayed on a smartphone and a tablet was evaluated by naïve test subjects. No formal test methods on how to do tests on mobile terminal exist, but the test followed ITU-T P.910 [2] as close as possible. The main task was to evaluate the video quality of H.265/HEVC vs. H.264/AVC on mobile devices. Other tasks considered were:

· The quality at different bit rates.

· The quality of different format (854x480 and 1280x720 were included).

· The quality on different device types (smartphone and tablets)
2.2
Test setup

2.2.1 
Test material

The source content for this test was selected to be typical examples of real-time communication content. The original source sequences used here are:

· C2hoffice (1920x1080@25fps)

· Johnny (1280x720@60fps)

· FourPeople (1280x720@60fps)

· Konf1_Jacob (1920x1080@50fps)

· Konf3_Beatriz (1920x1080@50fps)

· Konferans3Sofa (1920x1080@25fps)

10 sec of the original source sequences are selected and used as source files in this test. “Johnny” and “FourPeople” are standardization sequences, while the other four are Ericsson sequences.
The processing of the content was selected for a fair comparison of performances regarding average bit rate, and to have the same quality within the whole clip. 


Figure 1. Complete processing chain. * Video was upscaled to full-screen by the respective terminal (no cropping).

Examples of processing steps are:

· Pre-processing: Resizing to 1280x720 and 854x480 and frame rate conversion to 25 fps

· Scaling of resolution and frame rate were done using ffmpeg. Command line as follows:
· ffmpeg.exe -y -vcodec rawvideo -pix_fmt yuv420p -r <original frame rate> -s <original size> -i <input file.yuv> -vcodec rawvideo -pix_fmt yuv420p -vframes 250 -r 25 -s <1280x720 alt. 854x480> <output file.yuv>

· Note: no other pre-processing than resizing and frame rate conversion took place
· Video encoding & decoding. The ~10 sec contents are mirrored to 20 sec before encoding to avoid initial quality variations in the test clip, where the last ~10 sec is used as test clip. The bit rates were calculated by summing the bits spent for coding the last 10 seconds of each clip:

· H.264/AVC(x264): Constrained Baseline Profile level 1.2 
· H.265/HEVC(HM): Main profile 

· Encoding to <H264>.mp4: H.264-encoding at ~20 Mbps in *.mp4-for play-out on mobile device

· Video upscale and rendering by terminal. The upscale should keep the Pixel Aspect Ratio (PAR) format i.e. the 16/9 format of the video.

2.2.2
Video codecs
H.264 encodings were performed with x264. HEVC encodings were performed with HM. Both using low-delay settings without picture reordering which also were real-time settings.
Note: Strictly speaking it is not fair to compare a real-time H.264 encoder (x264) and a several times slower HEVC encoder (HM). The purpose of this is to evaluate the potential improved coding efficiency of using HEVC in 3GPP MTSI. It is reasonable to assume that HW implementation will eventually be close to HM performances in the future.

2.2.3
Display by terminal

Since terminals normally upscale videos to full screen this was used also in this test. The upscale is performed by the respective terminal.

The files were played out on smartphones and tablets having a screen resolution of at least 1920x1080. The video aspect ratio (16:9) was not affected during play-out on the screen.
2.2.4 
Test conditions

The parameters varied in the test were:

· Codec

· Content

· Bit rate

· Resolution

Two different types of devices were used, smartphones and tablets, and two different brands per device type. The screens were capable to display video in Full HD (1920x1080) resolution.

The same test files were used on the two different device types.

Five bit rates were selected for each video resolution to span the quality range from “Excellent” to “Bad”.

The frame rates were 25 fps only. 

The average encoding bit rate for a file is used in this document if nothing else is stated.
2.2.5 
Subjective test procedure

Same procedure as in [5].
2.2.6 
Test methodology

Same methodology as in [5].
2.2.7 
Test environment

Same environment as in [5].
2.2.8 
MOS test tool

Same tool as in [5].
2.2.9 
Test devices

The test was performed using one Sony Xperia Z and one HTC One smartphone, and one ASUS TF701 and a Google Nexus 10 tablet. All devices have a screen resolution of at least 1920x1080 i.e. FullHD.
2.2.10 
Test subjects 

38 naïve viewers employed at Ericsson performed the test, 19 on each device type. A naïve viewer is here defined as a person not having good knowledge or experience about video coding and video coding artifacts. The test subjects were compensated for their effort.
No test subject results were post screened.
2.3 
Results

2.3.1 
Smartphone results

All smartphone MOS (per condition) are displayed in Figure 1.
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Figure 1. Smartphone all MOS
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Figure 2. Quality vs. bit rate for c2hoffice.
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Figure 3. Quality vs. bit rate for FourPeople.
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Figure 4. Quality vs. bit rate for Johnny.
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Figure 5. Quality vs. bit rate for Jacob.
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Figure 6. Quality vs. bit rate for Beatriz.
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Figure 7. Quality vs. bit rate for Sofa.

The bit rates required to achieve MOS=3.5 (in between “Fair” and “Good”) are estimated (estimated using a log-log  estimation) and corresponding average bit rate gains are summarized in the Table 2: 
	
	
	Estimated bit rate (kbps) to achieve MOS 3.5

	Content
	Format
	HM
	x264

	Conf2_Home_office
	854x480
	137
	330

	FourPeople
	854x480
	444
	693

	Johnny
	854x480
	113
	413

	Conf1_Jacob
	854x480
	237
	675

	Conf3_Beatriz
	854x480
	185
	691

	Conf3_Sofa
	854x480
	554
	1062

	Conf2_Home_office
	1280x720
	107
	465

	FourPeople
	1280x720
	501
	912

	Johnny
	1280x720
	93
	577

	Conf1_Jacob
	1280x720
	212
	959

	Conf3_Beatriz
	1280x720
	299
	1048

	Conf3_Sofa
	1280x720
	430
	1446

	Average
	854x480
	278
	644

	Average
	1280x720
	274
	901


Table 1. Minimum bit rate [kbps] to achieve MOS=3.5 for smartphones.
2.3.2 
Tablet results

All tablet MOS (per condition) are displayed in Figure 8.

[image: image14.png]5,0

Tablet all MOS

|
D
.
*HM
mx264
1000 1500 2000 2500 3000 3500 4000 4500

Bit rate [kbps]





Figure 8. Tablet all MOS.
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Figure 9. Quality vs. bit rate for c2hoffice.
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Figure 10. Quality vs. bit rate for FourPeople.
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Figure 11. Quality vs. bit rate for Johnny.
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Figure 12. Quality vs. bitrate for Jacob.
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Figure 13. Quality vs. bit rate for Beatriz.
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Figure 14. Quality vs. bit rate for Sofa.

The bit rates required to achieve MOS=3.5 (in between “Fair” and “Good”) are estimated (estimated using a LOG-LOG estimation) and average gains are summarized in the Table 2: 
	
	
	Estimated bit rate (kbps) to achieve MOS 3.5

	Content
	Format
	HM
	x264

	Conf2_Home_office
	854x480
	237
	401

	FourPeople
	854x480
	624
	931

	Johnny
	854x480
	266
	564

	Conf1_Jacob
	854x480
	407
	798

	Conf3_Beatriz
	854x480
	520
	869

	Conf3_Sofa
	854x480
	842
	1398

	Conf2_Home_office
	1280x720
	198
	512

	FourPeople
	1280x720
	637
	1191

	Johnny
	1280x720
	225
	671

	Conf1_Jacob
	1280x720
	359
	993

	Conf3_Beatriz
	1280x720
	496
	1166

	Conf3_Sofa
	1280x720
	690
	1588

	Average
	854x480
	483
	827

	Average
	1280x720
	434
	1020


Table 2. Minimum bit rate [kbps] to achieve MOS=3.5 for tablets.
2.3.3 
Summary results

In summary, everything else being equal, to achieve a MOS = 3.5 (i.e. in between “Fair” and “Good”) 
· on smartphones, 
· At 480p: H.265/HEVC (HM) requires 278kbps on average whereas H.264/AVC (x264) requires 644kbps on average.

· At 720p: H.265/HEVC (HM) requires 274kbps on average whereas H.264/AVC (x264) requires 901kbps on average.

· On tablets, 
· At 480p: H.265/HEVC (HM) requires 483kbps on average and H.264/AVC (x264) requires 827kbps on average.

· At 720p: H.265/HEVC (HM) requires 434kbps on average and  H.264/AVC (x264) requires 1020kbps on average.
Based on those test results we expect the H.265/HEVC video codec to enable implementations providing significant efficiency gains in 3GPP real-time video communication services like e.g. video over LTE. 

3 
Proposal
The source proposes that this test report be agreed and added to the TR 26.906 “Evaluation of HEVC for 3GPP Services” [4]
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