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Introduction

At the 3GPP TSG SA4 #29 meeting in Tampere, Finland, 24-28 November 2003, in Tdoc S4-(03)0858 the issue of how to define compliance with the normative decoder specification by 16-bit fixed point and/or floating point ANSI C-Code of Rel6 PSS / MMS Audio Decoder was addressed. It was found that requiring bit-exactness as the only allowed compliance method is not desirable. It was thus agreed that 3GPP needs to work on alternative methods for measurement of implementation accuracy for compliance testing of the PSS / MMS decoder. Further, a feasible value of accuracy needs to be determined. For specification of the accuracy, it is important to understand the relationship between the accuracy measured by the selected method and the corresponding deviation in subjective audio quality. Ideally the selected method and accuracy values could be used for compliance testing of fixed-point and floating-point implementations. This document discusses methods and proposes according accuracy values to achieve the above goals.

Finally it should be mentioned that 3GPP may also consider using compliance criteria defined by other standard bodies, if they have specified the same decoder algorithm.

1. Objective accuracy measurement tools 

Goal of any compliance testing method should be to allow for automated and as easy as possible testing. Thus objective and simple measurements that can be defined and implemented by some simple lines of code are obviously advantageous. 

For the following tools it is assumed that a test time domain signal 
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shall be compared with a reference time domain signal 
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. The difference between the two signals shall be measured, where each of the signals is defined by a vector of 
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 digital samples
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 . To allow analysis on a more focused temporal spot rather than looking at the entire test vector, it is also possible to divide the test vector in chunks of certain lengths, i.e. comparing the test vectors on a “per frame” basis, with a frame length of 
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, with 
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It is further assumed that the time domain signals consists of 16-bit PCM coded samples with values in the range of –32768 to 32767. 

1.1 Maximum difference

The maximum difference between the two vectors can be defined by:
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1.2 Root Mean Square
The root mean square error between the two vectors can be defined by:
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1.3 Maximum Root Mean Square per frame
The maximum root mean square error per frame of length 
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, can be defined by:
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2. Discussion of proposed measurement tools

Since the objective measurement tools do not take any psychoacoustic principles into account, it is important to specify compliance criteria values to be as small as possible. To be able to judge what is “small”, the following formula to translate the (linear) RMS error as defined above into dB can be given:
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e.g. a linear RMS error of 3.28 translates to -80dB.

On the other hand the errors typically introduced by implementation bugs will usually trigger high deviations when using the above objective measurements. When porting a floating point code to a fixed point code, differences in the decoded output that are related to different rounding, replacing transcendent functions or divisions by table-look-ups etc. will also occur. Such optimisations usually trigger a significant maximum difference value, however only result in a small RMS error.

Thus it should be possible to define values that are small enough to ensure no audible audio quality difference without giving up some flexibility on how to implement efficiently on a specific fixed point platform. It is expected that a combination of a more demanding small RMS value and a more relaxed maximum difference value could be a good solution. Moreover using a frame based maximum RMS value in addition could be considered to achieve an even more demanding compliance criterion. Ideally any values that 3GPP decides on should be verified against several fixed-point implementations.

3. Proposed compliance criterion
Using the above defined objective measurement tools, it is proposed to introduce one of the following compliance criteria:

A 3GPP audio decoder implementation can be denoted as compliant if:

· Above measurement tools are used to compare the implementation under test to the reference  floating point decoder, and

- the maximum difference error for a specified set of test vectors does not exceed 64, and
- the linear RMS error for a specified set of test vectors does not exceed 1.0, and
- the maximum linear RMS error per frame for a specified set of test vectors does not exceed 8.0

or

· It meets compliance criteria applicable to the standardized 3GPP audio decoder that are available at other standard bodies.
4. Justification of proposed compliance criteria

For the purposes of this argument, two different fixed point implementations of an MPEG-4 aacPlus decoder (available at Coding Technologies) were examined against the test criteria. The table below shows the results of the objective measures as defined above, when using the allcat.wav item (i.e. all 3GPP testing material concatenated) as a test vector at various test cases. The frame length for the RMS error per frame has been chosen to be 2048 samples since this value matches the frame length of the aacPlus codec. In listening tests no audible difference for any of the tested items occurred (float vs. 16-bit or 24-bit fixed point)
. 

In addition the table below includes the difference of achieved PEAQ Objective Difference Grade (ODG) scores with the PEAQ Basic Model [2], using the original as the reference and any of the decoder implementations output as test item. PEAQ is a measurement tool that models human hearing and is thus an objective measurement tool taking psychoacoustic matters into account. The difference in ODG score for float vs. fixed point decoder implementations is looked at here to give additional information and is understood as a good verification for the neglectable psychoacoustic relevance of the introduced errors at the present magnitudes of the fixed point implementations. Within the table the most critical (i.e. highest) values are highlighted.

	Test Case
	Maxdiff
	RMSlin
	RMSlin/frm
	Diff. ODG

	
	16-bit
	24-bit
	16-bit
	24-bit
	16-bit
	24-bit
	16-bit
	24-bit

	14 kbit/s, mono
	27 (5 bit)
	16 (5 bit)
	0,60
	0,50
	6,02
	3,55
	-0,04
	-0,04

	18 kbit/s, stereo
	60 (6 bit)
	19 (5 bit)
	0,62
	0,48
	6,80
	2,84
	0,00
	0,00

	24 kbit/s, mono
	21 (5 bit)
	11 (4 bit)
	0,51
	0,42
	5,94
	3,72
	0,00
	0,00

	24 kbit/s, stereo
	30 (5 bit)
	20 (5 bit)
	0,56
	0,47
	5,46
	3,07
	0,00
	0,00

	32 kbit/s, stereo
	32 (6 bit)
	15 (4-bit)
	0,54
	0,45
	5,72
	3,48
	0,00
	0,00

	48 kbit/s, stereo
	25 (5 bit)
	13 (4-bit)
	0,52
	0,40
	5,70
	2,52
	+0,01
	0,00


Table 1: Max diff, linear RMS, linear RMS per frame and difference of ODG between the floating point reference and a 16-bit resp. 24-bit fixed point MPEG-4 aacPlus implementation

5. Conclusions

A proposal how to achieve easy and reliable compliance testing for any type of 3GPP audio decoder implementation (including fixed point and floating point) is being presented. Two options are suggested. The authors kindly ask 3GPP to consider and decide on those during the next 3GPP SA-4 meeting or by email-communication on the reflector.
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� The test material can be made available to any interested party upon request.
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