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1.           Introduction
The IVAS Codec Candidate of the “IVAS Codec Public Collaboration” provides all features required by the IVAS design constraints (IVAS-4 [1]). Beyond that, the IVAS Codec Candidate offers additional functionalities that are provided based on insights into market needs and opportunities. While part of the IVAS Codec Candidate and described in the High-Level Description [2], this functionality has not been assessed in the IVAS selection tests.

This document provides as additional information the results of in-house quality assessments and of complexity evaluations of such functionality that could not be considered in the IVAS selection tests.  
2.	Additional information on functionality not considered in IVAS selection tests
2.1	Stereo operation with EVS compatible mono downmix stream 
2.1.1	Quality assessment results
For dynamic downmix tool for interoperable EVS the following in house listening test has been conducted. The results are shown in Fig 2.1.1.
 
· P.800 DCR 48 kHz  stereo input
· Direct, MNRU, SDRU
· CuT1: average (static downmix) + EVS
· CuT2: trunk (dynamic downmix) + EVS
· CuT3: tandem: mono output of IVAS stereo + EVS
· Bit rate
· 13.2 kbps, 24.4 kbps, downmix only
· Input items:
· Japanese speech with some music 60 items.
· Including non-overlap, overlap talkers
· Including 6 types of speaker and microphone position
· Listeners: 24 (naïve)

 

 

 

According to the results, dynamic downmix could provide better or not worse than static downmix and tandem coding. Note that tandem coding consists of EVS encoding of the mono output of IVAS stereo coding with additional delay.
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Fig. 2.1.1  MOS scores of P.800 DCR test for downmix tools and tandem coding.


2.1.2	Complexity evaluation results
Complexity and memory requirements of stereo downmix tool are summarized in the following tables. They are based on a specific audio test sequence used in the scope of the IVAS Public Collaboration.
 
Table 2.1.1 Summary of maximum computational complexity (WMOPS) at encoder
	function
	16 kHz
	32 kHz
	48 kHz

	Stereo_dmx
	5.75
	14.07
	21.30

	EVS_enc
	59.33
	80.71
	94.75


 
 
 Table 2.1.2 Summary of maximum memory requirements (Word) for downmix+ EVS encoder
 
	Program ROM (enc)
	93744

	Program ROM (com)
	47402

	Table ROM (enc)
	12314

	Table ROM (com)
	152318


 
Table 2.1.3 Summary of maximum RAM requirements (Word) due to downmix operations
 
	 
	Downmix
+EVS_enc
	EVS_enc only
	Increase 
due to downmix

	RAM (stack+heap)
	63940
	59626
	4314

	Stack size
	24649
	24649
	0

	Intra-frame heap
	0
	0
	0

	Inter-frame heap
	39289
	34977
	4312


 
Stereo operation with EVS compatible mono downmix requires worst-case complexity of about 21.3 WMOPS (on top of about 128.9 WMOPS for EVS encoder+decoder) and  4.3 kWords of RAM (on top of 60 kWord of RAM for EVS). ROM and PROM are not provided here as the downmix tool is not isolated from the overall IVAS candidate. Formal evaluation of complexity and memory requirements should be conducted as part of IVAS characterization based on the latest IVAS source code.

2.2         Combined ISM and SBA operation
IVAS provides a combined format mode to code ISMs and an SBA scene in a single instance of the codec. At low bitrates, the objects are pre-rendered into the SBA scene, which is then coded and reproduced as usual. At high bitrates, a high-quality mode exists, which allocates extra downmix channels for the objects and codes their metadata separately. 
2.2.1	Quality assessment results
This high-quality mode can be shown to exhibit a strong quality benefit over both the separate coding of the two formats by separate instances of IVAS and pre-rendering. This is demonstrated by the results of a MUSHRA listening test plotted in Fig. X. The high-quality mode (osba_256kpbs) scores significantly higher than the separate-coding (ism_128kbps_sba_128kbps) and the pre-rendering (prerendered_256kbps).

Figure X – Comparison between combined vs. Separate operation of ISM + SBA at 256kbps
[image: ]

Further benefit can be observed at 512 kbps by the results of a separate MUSHRA listening test (6 expert listeners), shown in Figure X. The high-quality mode (osba_512) scores significantly higher than the separate-coding (base_2x256kbps) and the pre-rendering (prerend_512), bringing the average quality into the excellent range.

Figure X – Comparison between combined vs. Separate operation of ISM + SBA at 512kbps[image: ]



2.2.2	Complexity evaluation results
In Tab. X, the WMOPS for encoder and decoder in the high-quality OSBA mode at 256 kbps are shown. All supported object counts (1-4) are considered. One can see that in this mode there is a dependence of complexity on the number of objects.

	Max WMOPS/No. Of objects
	1
	2
	3
	4

	encoder
	321.784
	338.225
	379.864
	393.066

	decoder
	411.654
	441.561
	479.540
	509.058



Tab. X show the RAM requirements of the encoder and decoder for 4 objects.
	RAM words / task
	encoder
	decoder

	Maximum RAM (stack + heap) size
	276719
	470508

	Maximum stack size
	61481
	57613

	Maximum inter-frame heap size
	215238
	412895






2.3         Combined ISM and MASA operation
Combined ISM (objects) and spatial capture with MASA provide an efficient way to, e.g., capture and transmit the environment and talker(s) at the same time. Combined coding of ISMs and MASA provides both increased coding efficiency and reduced complexity and memory usage compared to separate codec instances. Combined ISM and MASA operation is possible with 1 to 4 ISMs at all bitrates from 13.2 to 512 kbps. At the lowest bitrates ISMs and MASA are pre-renderer into MASA format and with increasing bitrate objects are parametrically presented, most important object separately coded, and finally all ISMs separately coded with the accompanying metadata in addition to the spatial MASA signal. The combined format coding automatically distributes allowed bit budget optimally between ISMs, MASA, and spatial metadata.
2.3.1	Quality assessment results
When comparing to separate coding of ISMs and MASA, combined coding (labeled ‘oMASA’ in figure below) provides significant quality improvement especially at lower bitrates.

[image: ]
2.3.2	Complexity evaluation results
When comparing to separate coding of ISM and MASA, combined coding provides significant complexity and memory savings. Memory figure shown is the maximum stack and heap used. WMOPS figures correspond to the average WMOPS. 

	3 objects
	Encoder + Decoder
	
	
	3 objects
	Encoder + Decoder
	

	 
	bitrate
	WMOPS
	Memory kB
	
	 
	bitrate
	WMOPS
	Memory kB

	ism_masa
	48 k
	341,4
	297,3
	
	ism_masa
	64 k
	316,5
	305,6

	masa
	24.4 k
	211,3
	202,8
	
	masa
	32 k
	210,9
	202,8

	ism
	24.4 k
	225,5
	230,5
	
	ism
	32 k
	225,1
	230,6

	Diff
	 
	-95,4
	-136,0
	
	Diff
	 
	-119,6
	-127,8

	
	
	
	
	
	
	
	
	

	4 objects
	Encoder + Decoder
	
	
	4 objects
	Encoder + Decoder
	

	 
	bitrate
	WMOPS
	Memory kB
	
	 
	bitrate
	WMOPS
	Memory kB

	ism_masa
	80 k
	335,2
	308,5
	
	ism_masa
	128 k
	519,8
	523,5

	masa
	32 k
	206,9
	202,8
	
	masa
	64 k
	204,2
	219,0

	ism
	48 k
	348,9
	353,7
	
	ism
	64 k
	375,4
	353,8

	Diff
	 
	-220,6
	-248,0
	
	Diff
	 
	-59,8
	-49,3




2.4         Binaural reverb operation
Room acoustics synthesis is essential for producing highly immersive experiences in virtual acoustic environments. This can be achieved by applying reverberation and spatialized early reflections. Reverberation and early reflections are available in binaural output modes of IVAS and can be controlled using parameters describing acoustic (late reverb) and physical (early reflections) room properties. These parameters can be used for modelling a large variety of room characteristics, as might be required by different applications, e.g., gaming or teleconferencing.
In the case of gaming, VR, and XR applications room acoustics should match the visual environment. For teleconferencing, users often prefer to apply room acoustics too, especially while using headset microphones resulting in dry input signal.
IVAS provides efficient implementation of late reverberation and spatialized early reflections algorithms that take listener position and orientation into account for realistic immersive effect.

2.4.1	Complexity evaluation results
The complexity figures below compare reverb synthesis against BRIR room acoustic synthesis. Both maximum and average WMOPS figures are provided. The memory figures indicate maximum stack and heap.

	
	48 kHz
	32 kHz
	16 kHz

	
	WMOPS
	RAM kB
	WMOPS
	RAM kB
	WMOPS
	RAM kB

	
	avg
	max
	
	avg
	max
	
	avg
	max
	

	HRTF
	113.3
	125.0
	215672
	86.2
	94.2
	213372
	41.9
	54.7
	211075

	BRIR
	169.8
	181.4
	285284
	142.4
	151.3
	259780
	79.4
	96.1
	235079

	Late reverb
(diff vs BRIR)
	140.4-29.4
	184.5
3.1
	230323
 -54961
	110.2
-32.2
	156.2 4.9
	224197-35583
	53.2
 -26.2
	85.4
 -10.7
	218104
 -16975

	+ Early reflections
 (diff vs BRIR)
	164.8
-5.0
	211.8
30.4
	240907
-40377
	126.6 -15.8
	175.3 24.0
	231531 -28249
	61.5
 -17,9
	96.2
 0.1
	222188
 -12891



2.5         6 DoF Rendering and Directivity
For enriched 6 Degrees-of-Freedom (6 DoF) use cases, an extended metadata format is supported, adding source orientation (yaw and pitch) and radius distance from the origin. This optional feature is enabled for discrete ISM operations for bitrates equal to or higher than 64 kbps. When the extended metadata parameters are present, a source directivity and distance attenuation modeling is enabled. The rendering mode is suitable for 6 DoF applications, allowing the user to move away from one source and closer to another. An example use case scenario is a VR teleconference, where the listener may move from one conversation to another.

  

[image: ]
Figure 1: Example directivity pattern illustrated in the azimuth plane.
2.5.1	Quality assessment results
A demo file is provided to show a use case with 4 sources. Default settings locate all sources on a unit circle as shown in Figure 2.a. Enabling the additional metadata parameters allow the sources to be located at different distances and orientations. Furthermore, this feature allows the listener to move between different sources as seen in Figure 2.b with the inclusion of additional head tracking parameters.
[image: 0017 - TD renderer extended metadata for 6 DoF rendering - Adobe Acrobat Reader (32-bit)]                


                                                    
2.5.2	Complexity evaluation results
A worst-case scenario was tested with the maximum number of objects (ISM 4) at 48 kHz, with a high bitrate of 64 kbps and metadata changing constantly in all directions. The complexity evaluation results for that case are presented in the following table.

	WMOPS
	CuT-BSL

	Operating Point
	Encoder
	Decoder
	Total

	ISM4@64 kbps FB
	0,021 
	1,098 
	1,119



6.           Conclusion/Summary
This additional information on the IVAS Codec Candidate of the IVAS Codec Public Collaboration demonstrates the added value of features not considered in the IVAS selection tests. Based on the evaluation results, it is believed that these features bring additional quality benefit or increase the versatility of the IVAS Codec Candidate at moderate complexity cost. Thus, they make the Candidate Codec even more attractive for future IVAS services. 
7.           References
[1] 3GPP S4-231032, IVAS Design Constraints (IVAS-4) v1.2.0
[2] 3GPP S4-23xxxx, High-Level Description of the IVAS Codec Candidate of the “IVAS Codec Public Collaboration”


 
 


image1.png
tandem

dynamic

static

SDRU





image2.png
........





image3.png
MUSHRA Score

100

70

30

20

10

——

ref
base_2x256
prerend_512
osba_512

7k





image4.png
95% Cl Score

100

80

a0

20

3

1Direct  2Mono 3 oMASA 4 0MASA 50MASA 60MASA 7MASA 8MASA 9MASA
MASA + NB 48k B4k 80k 128k 244K+ 32k+ 64k +
ISM ISM244 ISM32k ISM 64k

Kk




image5.emf
0°

30°

60°

90°

120°

150°

180°

210°

240°

270°

300°

330°

-20

-15

-10

-5

0


image6.tmp
Demo: Move from one conversation to the other

BSL example file without extended features: CUT Demo file:
moving_ btw_conv_bsl.wav moving btw conv_cut.wav
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