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Introduction

Document [1] describes of the purpose and conditions for the video codec simulation that were done within the VSG group of ARIB in early 1999. Although the document describes the simulation conditions for multimedia, only the quality of the decoded video has been evaluated.

The bulleted list below summarizes the more interesting points found in [1].

1. Video Codecs 
· MPEG-4 error resilient mode

· H.263 with Annex N

2. Bit rates of the bearer channel

· 32 kb/s

· 64 kb/s

· 128 kb/s

3. Bit error rates of the bearer channels

· 10-3
· 10-4
· 10-6 

4. Interleaving of the bearer channels

· 10 ms

· 20 ms

· 80 ms

5. All 12 codec implementations used H.223 to multiplex audio and video

6. FEC in the H.223 multiplexer

· Without FEC 

· Convolutional Coding (H.223 Annex C)

· Reed-Solomon Coding (H.223 Annex D)

7. With and without optimization for the QoS of the bearer

8. Sequences

· Australia (more critical)

· Overtime (less critical) 

Observations from the Simulation Results

In Annex D of [2] the complete list of results from the simulations is presented. The same results can be found in a graphical form in the Appendix to this document. The results are in the form of MOS (Mean Opinion Score) ranging from 1 to 5. For our observations below we have used the criteria that when at least one result of a codec implementation is above the 3 mark including its 95% confidence interval then it is possible to build a system that deliver acceptable quality.

· The more critical sequence required 64 kb/s and a 10-6 channel or 128 kb/s and 10-4 channel or better.

· The less critical sequence required 64 kb/s and a 10-4 channel or better. 

· All results for the 10-3 channels produced unacceptable quality. All MOS scores were below 3.

· All results for 32 kb/s produced unacceptable quality (below 3 on the MOS scale).

· For the Australia sequence at 64 kb/s, acceptable quality could only be achieved on the  10-6 channel.

· For the Australia sequence at 128 kb/s, acceptable quality could only be achieved on the 10-6 channel. 
· No significant and consistent difference could be found between the results using MPEG-4 video and H.263 with Annex N.

· Regarding the use of FEC in the multiplexer, we could not find that Annex C nor Annex D of H.223 consistently produced superior results compared to the case when no FEC was applied.

In summary we think that the simulations performed within the VSG of ARIB have been very useful to get a grip on the requirements on the bearer channels in order to provide acceptable video quality using H.324/M.
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APPENDIX – Plots of the results from [1]
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64k, Overtime

		Company										Mean MOS		Confidence Interval		SQRT(15)		95% T-distribution constant		Standard Deviation

		B		2.3765280009		0.4234719991		0.4234719991				2.8		0.4234719991		3.8729833462		2.13		0.77

		C		1.9855360012		0.5444639988		0.5444639988				2.53		0.5444639988		3.8729833462		2.13		0.99

		G		1.3290225462		0.3409774538		0.3409774538				1.67		0.3409774538		3.8729833462		2.13		0.62

		H		1.6770167278		0.2529832722		0.2529832722				1.93		0.2529832722		3.8729833462		2.13		0.46

		J		1.5180232735		0.3519767265		0.3519767265				1.87		0.3519767265		3.8729833462		2.13		0.64

		L		1.3195185461		0.2804814539		0.2804814539				1.6		0.2804814539		3.8729833462		2.13		0.51

		D		1.5180232735		0.3519767265		0.3519767265				1.87		0.3519767265		3.8729833462		2.13		0.64

		L		1.1195185461		0.2804814539		0.2804814539				1.4		0.2804814539		3.8729833462		2.13		0.51

		L		1.2535229098		0.3464770902		0.3464770902				1.6		0.3464770902		3.8729833462		2.13		0.63

		B		1.5180232735		0.3519767265		0.3519767265				1.87		0.3519767265		3.8729833462		2.13		0.64

		C		1.2440189097		0.2859810903		0.2859810903				1.53		0.2859810903		3.8729833462		2.13		0.52

		G		1.0605178188		0.2694821812		0.2694821812				1.33		0.2694821812		3.8729833462		2.13		0.49

		H		0.9375127277		0.1924872723		0.1924872723				1.13		0.1924872723		3.8729833462		2.13		0.35

		J		1.3195185461		0.2804814539		0.2804814539				1.6		0.2804814539		3.8729833462		2.13		0.51

		L		1.1180232735		0.3519767265		0.3519767265				1.47		0.3519767265		3.8729833462		2.13		0.64

		D		1.2535229098		0.3464770902		0.3464770902				1.6		0.3464770902		3.8729833462		2.13		0.63

		L		0.9455214553		0.3244785447		0.3244785447				1.27		0.3244785447		3.8729833462		2.13		0.59

		L		1.1195185461		0.2804814539		0.2804814539				1.4		0.2804814539		3.8729833462		2.13		0.51

		B		2.9890225462		0.3409774538		0.3409774538				3.33		0.3409774538		3.8729833462		2.13		0.62

		C		2.3640334557		0.5059665443		0.5059665443				2.87		0.5059665443		3.8729833462		2.13		0.92

		E		3.2740261827		0.3959738173		0.3959738173				3.67		0.3959738173		3.8729833462		2.13		0.72

		G		2.4460320011		0.4839679989		0.4839679989				2.93		0.4839679989		3.8729833462		2.13		0.88

		H		2.4135301828		0.4564698172		0.4564698172				2.87		0.4564698172		3.8729833462		2.13		0.83

		J		3.1180232735		0.3519767265		0.3519767265				3.47		0.3519767265		3.8729833462		2.13		0.64

		L		2.99302691		0.40697309		0.40697309				3.4		0.40697309		3.8729833462		2.13		0.74

		A		2.3450254554		0.3849745446		0.3849745446				2.73		0.3849745446		3.8729833462		2.13		0.7

		D		2.4260247281		0.3739752719		0.3739752719				2.8		0.3739752719		3.8729833462		2.13		0.68

		L		2.2440189097		0.2859810903		0.2859810903				2.53		0.2859810903		3.8729833462		2.13		0.52

		L		2.2535229098		0.3464770902		0.3464770902				2.6		0.3464770902		3.8729833462		2.13		0.63

		B		2.2460320011		0.4839679989		0.4839679989				2.73		0.4839679989		3.8729833462		2.13		0.88

		C		2.5860320011		0.4839679989		0.4839679989				3.07		0.4839679989		3.8729833462		2.13		0.88

		E		2.9340261827		0.3959738173		0.3959738173				3.33		0.3959738173		3.8729833462		2.13		0.72

		G		2.3450254554		0.3849745446		0.3849745446				2.73		0.3849745446		3.8729833462		2.13		0.7

		H		2.6445367285		0.5554632715		0.5554632715				3.2		0.5554632715		3.8729833462		2.13		1.01

		J		2.99302691		0.40697309		0.40697309				3.4		0.40697309		3.8729833462		2.13		0.74

		L		2.6830341829		0.5169658171		0.5169658171				3.2		0.5169658171		3.8729833462		2.13		0.94

		A		2.3195185461		0.2804814539		0.2804814539				2.6		0.2804814539		3.8729833462		2.13		0.51

		D		2.3765280009		0.4234719991		0.4234719991				2.8		0.4234719991		3.8729833462		2.13		0.77

		L		1.5420349102		0.5279650898		0.5279650898				2.07		0.5279650898		3.8729833462		2.13		0.96

		L		2.46302691		0.40697309		0.40697309				2.87		0.40697309		3.8729833462		2.13		0.74

		C		3.2190298192		0.4509701808		0.4509701808				3.67		0.4509701808		3.8729833462		2.13		0.82

		B		3.0555360012		0.5444639988		0.5444639988				3.6		0.5444639988		3.8729833462		2.13		0.99

		G		3.9435301828		0.4564698172		0.4564698172				4.4		0.4564698172		3.8729833462		2.13		0.83

		H		3.2870385467		0.5829614533		0.5829614533				3.87		0.5829614533		3.8729833462		2.13		1.06

		J		2.9255360012		0.5444639988		0.5444639988				3.47		0.5444639988		3.8729833462		2.13		0.99

		A		2.7765280009		0.4234719991		0.4234719991				3.2		0.4234719991		3.8729833462		2.13		0.77

		D		3.2740261827		0.3959738173		0.3959738173				3.67		0.3959738173		3.8729833462		2.13		0.72

		C		3.099533092		0.500466908		0.500466908				3.6		0.500466908		3.8729833462		2.13		0.91

		B		3.1750327284		0.4949672716		0.4949672716				3.67		0.4949672716		3.8729833462		2.13		0.9

		G		3.8790298192		0.4509701808		0.4509701808				4.33		0.4509701808		3.8729833462		2.13		0.82

		H		3.4900290919		0.4399709081		0.4399709081				3.93		0.4399709081		3.8729833462		2.13		0.8

		J		3.3450254554		0.3849745446		0.3849745446				3.73		0.3849745446		3.8729833462		2.13		0.7

		A		2.2535229098		0.3464770902		0.3464770902				2.6		0.3464770902		3.8729833462		2.13		0.63

		D		3.7455214553		0.3244785447		0.3244785447				4.07		0.3244785447		3.8729833462		2.13		0.59

		C		2.9855360012		0.5444639988		0.5444639988				3.53		0.5444639988		3.8729833462		2.13		0.99

		B		3.9435301828		0.4564698172		0.4564698172				4.4		0.4564698172		3.8729833462		2.13		0.83

		G		3.9340261827		0.3959738173		0.3959738173				4.33		0.3959738173		3.8729833462		2.13		0.72

		H		3.46302691		0.40697309		0.40697309				3.87		0.40697309		3.8729833462		2.13		0.74

		J		3.46302691		0.40697309		0.40697309				3.87		0.40697309		3.8729833462		2.13		0.74

		A		2.72302691		0.40697309		0.40697309				3.13		0.40697309		3.8729833462		2.13		0.74

		D		3.1750327284		0.4949672716		0.4949672716				3.67		0.4949672716		3.8729833462		2.13		0.9

		C		2.8350327284		0.4949672716		0.4949672716				3.33		0.4949672716		3.8729833462		2.13		0.9

		B		3.0555360012		0.5444639988		0.5444639988				3.6		0.5444639988		3.8729833462		2.13		0.99

		G		3.2740261827		0.3959738173		0.3959738173				3.67		0.3959738173		3.8729833462		2.13		0.72

		H		3.2830341829		0.5169658171		0.5169658171				3.8		0.5169658171		3.8729833462		2.13		0.94

		J		3.3255360012		0.5444639988		0.5444639988				3.87		0.5444639988		3.8729833462		2.13		0.99

		A		2.1780232735		0.3519767265		0.3519767265				2.53		0.3519767265		3.8729833462		2.13		0.64

		D		3.4885338193		0.5114661807		0.5114661807				4		0.5114661807		3.8729833462		2.13		0.93
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32k, Overtime

		Company										Mean MOS		Confidence Interval		SQRT(15)		95% T-distribution constant		Standard Deviation

		C		1.0605178188		0.2694821812		0.2694821812				1.33		0.2694821812		3.8729833462		2.13		0.49

		J		1.2535229098		0.3464770902		0.3464770902				1.6		0.3464770902		3.8729833462		2.13		0.63

		C		1.5840189097		0.2859810903		0.2859810903				1.87		0.2859810903		3.8729833462		2.13		0.52

		C		0.8440189097		0.2859810903		0.2859810903				1.13		0.2859810903		3.8729833462		2.13		0.52

		J		0.96		0.02		0.02				1		0		3.8729833462		2.13		0

		A		1.1840189097		0.2859810903		0.2859810903				1.47		0.2859810903		3.8729833462		2.13		0.52

		C		1.9340261827		0.3959738173		0.3959738173				2.33		0.3959738173		3.8729833462		2.13		0.72

		J		1.6775127277		0.1924872723		0.1924872723				1.87		0.1924872723		3.8729833462		2.13		0.35

		A		1.0605178188		0.2694821812		0.2694821812				1.33		0.2694821812		3.8729833462		2.13		0.49

		C		1.7780232735		0.3519767265		0.3519767265				2.13		0.3519767265		3.8729833462		2.13		0.64

		J		1.4920203643		0.3079796357		0.3079796357				1.8		0.3079796357		3.8729833462		2.13		0.56

		C		2.2440189097		0.2859810903		0.2859810903				2.53		0.2859810903		3.8729833462		2.13		0.52

		A		1.9745149096		0.2254850904		0.2254850904				2.2		0.2254850904		3.8729833462		2.13		0.41

		J		1.9890225462		0.3409774538		0.3409774538				2.33		0.3409774538		3.8729833462		2.13		0.62

		C		2.1180232735		0.3519767265		0.3519767265				2.47		0.3519767265		3.8729833462		2.13		0.64

		A		1.5450254554		0.3849745446		0.3849745446				1.93		0.3849745446		3.8729833462		2.13		0.7

		J		1.6770167278		0.2529832722		0.2529832722				1.93		0.2529832722		3.8729833462		2.13		0.46

		C		2.0605178188		0.2694821812		0.2694821812				2.33		0.2694821812		3.8729833462		2.13		0.49

		A		2.2535229098		0.3464770902		0.3464770902				2.6		0.3464770902		3.8729833462		2.13		0.63

		J		1.6055214553		0.3244785447		0.3244785447				1.93		0.3244785447		3.8729833462		2.13		0.59

		C		2.12302691		0.40697309		0.40697309				2.53		0.40697309		3.8729833462		2.13		0.74

		A		1.6770167278		0.2529832722		0.2529832722				1.93		0.2529832722		3.8729833462		2.13		0.46

		J		1.5180232735		0.3519767265		0.3519767265				1.87		0.3519767265		3.8729833462		2.13		0.64
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64k, Australia 

		Company										Mean MOS		Confidence Interval		SQRT(15)		95% T-distribution constant		Standard Deviation

		F		0.9735156369		0.2364843631		0.2364843631				1.21		0.2364843631		3.8729833462		2.13		0.43

		G		1.2935229098		0.3464770902		0.3464770902				1.64		0.3464770902		3.8729833462		2.13		0.63

		H		1.2140189097		0.2859810903		0.2859810903				1.5		0.2859810903		3.8729833462		2.13		0.52

		D		1.2140189097		0.2859810903		0.2859810903				1.5		0.2859810903		3.8729833462		2.13		0.52

		I		1.5890225462		0.3409774538		0.3409774538				1.93		0.3409774538		3.8729833462		2.13		0.62

		F		0.9735156369		0.2364843631		0.2364843631				1.21		0.2364843631		3.8729833462		2.13		0.43

		G		1.1025309101		0.4674690899		0.4674690899				1.57		0.4674690899		3.8729833462		2.13		0.85

		H		1.2125236371		0.3574763629		0.3574763629				1.57		0.3574763629		3.8729833462		2.13		0.65

		D		0.9735156369		0.2364843631		0.2364843631				1.21		0.2364843631		3.8729833462		2.13		0.43

		I		1.2125236371		0.3574763629		0.3574763629				1.57		0.3574763629		3.8729833462		2.13		0.65

		F		1.7290225462		0.3409774538		0.3409774538				2.07		0.3409774538		3.8729833462		2.13		0.62

		G		2.0725236371		0.3574763629		0.3574763629				2.43		0.3574763629		3.8729833462		2.13		0.65

		H		2.0725236371		0.3574763629		0.3574763629				2.43		0.3574763629		3.8729833462		2.13		0.65

		K		2.2140189097		0.2859810903		0.2859810903				2.5		0.2859810903		3.8729833462		2.13		0.52

		D		1.7290225462		0.3409774538		0.3409774538				2.07		0.3409774538		3.8729833462		2.13		0.62

		I		2.2935229098		0.3464770902		0.3464770902				2.64		0.3464770902		3.8729833462		2.13		0.63

		F		1.4710210916		0.3189789084		0.3189789084				1.79		0.3189789084		3.8729833462		2.13		0.58

		G		2.4710210916		0.3189789084		0.3189789084				2.79		0.3189789084		3.8729833462		2.13		0.58

		H		2.1495185461		0.2804814539		0.2804814539				2.43		0.2804814539		3.8729833462		2.13		0.51

		K		1.6685265463		0.4014734537		0.4014734537				2.07		0.4014734537		3.8729833462		2.13		0.73

		D		1.5285265463		0.4014734537		0.4014734537				1.93		0.4014734537		3.8729833462		2.13		0.73

		I		1.6670312738		0.4729687262		0.4729687262				2.14		0.4729687262		3.8729833462		2.13		0.86

		K		3.1495185461		0.2804814539		0.2804814539				3.43		0.2804814539		3.8729833462		2.13		0.51

		G		2.9545221826		0.3354778174		0.3354778174				3.29		0.3354778174		3.8729833462		2.13		0.61

		H		2.8910210916		0.3189789084		0.3189789084				3.21		0.3189789084		3.8729833462		2.13		0.58

		I		2.1495185461		0.2804814539		0.2804814539				2.43		0.2804814539		3.8729833462		2.13		0.51

		K		3.0135229098		0.3464770902		0.3464770902				3.36		0.3464770902		3.8729833462		2.13		0.63

		G		2.6260247281		0.3739752719		0.3739752719				3		0.3739752719		3.8729833462		2.13		0.68

		H		2.5890225462		0.3409774538		0.3409774538				2.93		0.3409774538		3.8729833462		2.13		0.62

		I		2.1495185461		0.2804814539		0.2804814539				2.43		0.2804814539		3.8729833462		2.13		0.51

		K		2.8250254554		0.3849745446		0.3849745446				3.21		0.3849745446		3.8729833462		2.13		0.7

		G		2.8250254554		0.3849745446		0.3849745446				3.21		0.3849745446		3.8729833462		2.13		0.7

		H		2.4710210916		0.3189789084		0.3189789084				2.79		0.3189789084		3.8729833462		2.13		0.58

		I		2.2125236371		0.3574763629		0.3574763629				2.57		0.3574763629		3.8729833462		2.13		0.65

		K		2.7455360012		0.5444639988		0.5444639988				3.29		0.5444639988		3.8729833462		2.13		0.99

		G		3.2140189097		0.2859810903		0.2859810903				3.5		0.2859810903		3.8729833462		2.13		0.52

		H		2.6135301828		0.4564698172		0.4564698172				3.07		0.4564698172		3.8729833462		2.13		0.83

		I		2.0725236371		0.3574763629		0.3574763629				2.43		0.3574763629		3.8729833462		2.13		0.65
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128k, Australia

		Company										Mean MOS		Confidence Interval		SQRT(15)		95% T-distribution constant		Standard Deviation

		B		2.0850181824		0.2749818176		0.2749818176				2.36		0.2749818176		3.8729833462		2.13		0.5

		F		1.2140189097		0.2859810903		0.2859810903				1.5		0.2859810903		3.8729833462		2.13		0.52

		I		1.8485192734		0.2914807266		0.2914807266				2.14		0.2914807266		3.8729833462		2.13		0.53

		B		1.2895185461		0.2804814539		0.2804814539				1.57		0.2804814539		3.8729833462		2.13		0.51

		F		0.9735156369		0.2364843631		0.2364843631				1.21		0.2364843631		3.8729833462		2.13		0.43

		I		1.3650181824		0.2749818176		0.2749818176				1.64		0.2749818176		3.8729833462		2.13		0.5

		B		2.6135301828		0.4564698172		0.4564698172				3.07		0.4564698172		3.8729833462		2.13		0.83

		F		2.2895185461		0.2804814539		0.2804814539				2.57		0.2804814539		3.8729833462		2.13		0.51

		K		1.8980305465		0.4619694535		0.4619694535				2.36		0.4619694535		3.8729833462		2.13		0.84

		I		2.8980305465		0.4619694535		0.4619694535				3.36		0.4619694535		3.8729833462		2.13		0.84

		B		2.4050254554		0.3849745446		0.3849745446				2.79		0.3849745446		3.8729833462		2.13		0.7

		F		2.0820276373		0.4179723627		0.4179723627				2.5		0.4179723627		3.8729833462		2.13		0.76

		K		1.0850181824		0.2749818176		0.2749818176				1.36		0.2749818176		3.8729833462		2.13		0.5

		I		2.95302691		0.40697309		0.40697309				3.36		0.40697309		3.8729833462		2.13		0.74

		K		3.7290225462		0.3409774538		0.3409774538				4.07		0.3409774538		3.8729833462		2.13		0.62

		B		3.4365280009		0.4234719991		0.4234719991				3.86		0.4234719991		3.8729833462		2.13		0.77

		I		3.1425236371		0.3574763629		0.3574763629				3.5		0.3574763629		3.8729833462		2.13		0.65

		K		3.5710283646		0.4289716354		0.4289716354				4		0.4289716354		3.8729833462		2.13		0.78

		B		3.3375345466		0.5224654534		0.5224654534				3.86		0.5224654534		3.8729833462		2.13		0.95

		I		2.8885265463		0.4014734537		0.4014734537				3.29		0.4014734537		3.8729833462		2.13		0.73

		K		3.3800363648		0.5499636352		0.5499636352				3.93		0.5499636352		3.8729833462		2.13		1

		B		3.5685192734		0.2914807266		0.2914807266				3.86		0.2914807266		3.8729833462		2.13		0.53

		I		2.8335301828		0.4564698172		0.4564698172				3.29		0.4564698172		3.8729833462		2.13		0.83

		K		4.2125236371		0.3574763629		0.3574763629				4.57		0.3574763629		3.8729833462		2.13		0.65

		B		3.3650181824		0.2749818176		0.2749818176				3.64		0.2749818176		3.8729833462		2.13		0.5

		I		3.2125236371		0.3574763629		0.3574763629				3.57		0.3574763629		3.8729833462		2.13		0.65
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