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Abstract
This document summarizes reference software development for biomedical and general waveform coding (T.261) between the last and 80th VCEG meetings and presents anchor results for version 7.0 of the reference software, the first version after completion of the T.261 standard development.
1 Introduction
The T.261 reference software is a common framework which enables testing of new coding technologies in a unified environment and provides an exemplary implementation conforming to the specification of T.261 / BGWC, formerly referred to as biomedical waveform coding (H.BWC).

This document reports on the progress of reference software development and it provides anchor results for BWC-7.0, the first version of the reference software after completion of the standard.
2 [bookmark: _Ref200969885]Software Development
Development of the T.261 reference software was continued on the GitLab server located at:
https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc

The registration and development workflow are documented at:
https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc/-/wikis/BWC-Software-Development-Workflow

The latest software model version before the start of the meeting was BWC-7.0 (October 9):
https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc/-/tags/BWC-7.0
Software Development Progress
The progress in software development before the current meeting can be summarized as follows:
· Aligned the software with the T.261 specification [1]
· Several bugfixes as well as code improvements and cleanups
· LPF: encoder-side improvements for better coding efficiency
· EDF: call computeRedundancy() after wps_RerefChannel set
· WAV format and auxiliary metadata (AM) related corrections
· High-level syntax (HLS) and core coding related maintenance
· Implemented main profile conformance check
· Updated context initialization values after standard completion
· Updated Excel reporting templates for common test conditions
[bookmark: _Ref219391544]Anchor Results
Anchor results have been generated according to the common test conditions (CTC) described in [2] based on tag BWC-7.0. For each dataset, there are two configurations. The first configuration realizes a joint coding of the channels whereas the second configuration realizes an independent coding of the channels.

Summaries of the results are shown in Table 1 to Table 4, and detailed results are attached to this document as Excel (xlsm) files. One Excel file is provided for joint channel coding and one for independent channel coding (ICC) configuration. The two files are based on the respective Excel reporting templates which can be found in directory eval of the software repository (see Sec. 2). Each Excel file reports mean number of bits per sample (BPS), PSNR1, PSNR2 and Bjøntegaard Delta (BD) rates based on PSNR1 and PSNR2 for each test sequence and dataset as defined in [2].

Remark: While preparing this contribution, it was observed that, for lossless coding of the EMG (Ozdemir) dataset, better coding performance can be achieved by the T.261 reference software if option LOG2_MAX_BLOCK_SIZE is set to 10 instead of 9. We therefore recommend changing the cfg file accordingly.
[bookmark: _Ref201047540]Table 1 - Lossy compression results for joint channel coding
	
	Lossy Compression

	
	Over BWC-6.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-0,37%
	-0,37%
	97%
	101%

	INCART (ECG)
	-0,33%
	-0,32%
	99%
	101%

	CHBMIT (EEG)
	-0,12%
	-0,13%
	99%
	101%

	NMR55 (EEG)
	-0,17%
	-0,22%
	99%
	101%

	NMR57 (EEG)
	-0,09%
	-0,09%
	99%
	101%

	TILT ILLUSION (EEG)
	-0,06%
	-0,06%
	99%
	103%

	Ozdemir (EMG)
	-0,03%
	-0,04%
	99%
	100%

	PTT (PPG)
	-0,12%
	-0,12%
	98%
	102%

	WristPPG (PPG)
	-0,06%
	-0,15%
	98%
	100%

	Overall
	-0,15%
	-0,17%
	99%
	101%



[bookmark: _Ref201047545]Table 2 - Lossy compression results for independent channel coding
	
	Lossy Compression

	
	Over BWC-6.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-0,37%
	-0,37%
	96%
	103%

	INCART (ECG)
	-0,30%
	-0,31%
	97%
	100%

	CHBMIT (EEG)
	-0,11%
	-0,11%
	97%
	100%

	NMR55 (EEG)
	-0,21%
	-0,25%
	97%
	100%

	NMR57 (EEG)
	-0,07%
	-0,07%
	98%
	100%

	TILT ILLUSION (EEG)
	-0,07%
	-0,07%
	98%
	100%

	Ozdemir (EMG)
	-0,05%
	-0,05%
	97%
	100%

	PTT (PPG)
	-0,18%
	-0,17%
	97%
	100%

	WristPPG (PPG)
	-0,16%
	-0,15%
	99%
	100%

	Overall
	-0,17%
	-0,17%
	97%
	100%



Table 3 - Lossless compression results for joint channel coding
	[bookmark: _Ref218848822]
	Lossless Compression

	
	Over BWC-6.0

	
	BR-R
	EncT
	DecT

	
	BWC

	MIT (ECG)
	-0,13%
	92%
	96%

	INCART (ECG)
	-0,25%
	92%
	99%

	CHBMIT (EEG)
	0,00%
	95%
	98%

	NMR55 (EEG)
	-0,17%
	95%
	98%

	NMR57 (EEG)
	-0,03%
	97%
	100%

	TILT ILLUSION (EEG)
	-0,05%
	97%
	102%

	Ozdemir (EMG)
	0,07%
	90%
	97%

	PTT (PPG)
	-1,26%
	95%
	99%

	WristPPG (PPG)
	-0,65%
	96%
	94%

	Average
	-0,27%
	94%
	98%

	
	ACoM

	UC1
	-0,05%
	92%
	97%

	UC3
	0,07%
	91%
	99%

	UC5
	0,00%
	93%
	98%

	UC9-Circor
	0,05%
	93%
	99%

	UC9-CoughVID
	-0,17%
	91%
	97%

	UC9-KAUH
	-4,71%
	92%
	81%

	UC10
	-0,10%
	92%
	98%

	UC11
	-0,02%
	92%
	98%

	UC12-SongDescriber
	0,03%
	92%
	97%

	Average
	-0,54%
	92%
	96%

	Overall
	-0,41%
	93,2%
	97,1%



Table 4 - Lossless compression results for independent channel coding
	
	Lossless Compression

	
	Over BWC-6.0

	
	BR-R
	EncT
	DecT

	
	BWC

	MIT (ECG)
	-0,14%
	91%
	97%

	INCART (ECG)
	-0,13%
	91%
	98%

	CHBMIT (EEG)
	-0,02%
	95%
	98%

	NMR55 (EEG)
	-0,44%
	95%
	97%

	NMR57 (EEG)
	-0,07%
	96%
	99%

	TILT ILLUSION (EEG)
	-1,11%
	94%
	87%

	Ozdemir (EMG)
	-0,30%
	92%
	94%

	PTT (PPG)
	-1,30%
	91%
	98%

	WristPPG (PPG)
	-0,69%
	92%
	95%

	Average
	-0,47%
	93%
	96%

	
	ACoM

	UC1
	-0,05%
	93%
	97%

	UC3
	0,07%
	106%
	100%

	UC5
	0,00%
	101%
	98%

	UC9-Circor
	0,05%
	93%
	98%

	UC9-CoughVID
	-0,17%
	91%
	97%

	UC9-KAUH
	-5,26%
	91%
	77%

	UC10
	-0,10%
	92%
	97%

	UC11
	-0,10%
	92%
	98%

	UC12-SongDescriber
	-0,16%
	92%
	97%

	Average
	-0,64%
	95%
	96%

	Overall
	-0,55%
	93,9%
	95,8%



Audio Anchor Results
In addition to the performance results presented in Sec. 4, the compression performance of BWC-7.0 is evaluated with respect to an MSE optimized Extended HE-AAC audio encoder (exhale) [4] configured for lossy compression of biomedical waveforms (analogous to [5]) and with respect to an MPEG-4 Audio Scalable to Lossless (SLS) [6] encoder for lossless compression. Summaries of the results are shown in Table 5 to Table 8, and detailed results are attached to this document as Excel (xlsm) files. There are two xlsm files reporting results for the joint channel coding and the independent channel coding (ICC) configuration, respectively.

Remark: For some sequences it is not possible to compute BD-rates since there is no overlap in the PSNR values.

[bookmark: _Ref219397694]Table 5 - Lossy compression results for joint channel coding with respect to the audio anchor
	
	Lossy Compression

	
	Over Audio

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-50,01%
	-49,36%
	N/A
	N/A

	INCART (ECG)
	-81,65%
	-81,10%
	N/A
	N/A

	CHBMIT (EEG)
	-38,04%
	-37,46%
	N/A
	N/A

	NMR55 (EEG)
	-51,83%
	-54,25%
	N/A
	N/A

	NMR57 (EEG)
	-65,33%
	-59,08%
	N/A
	N/A

	TILT ILLUSION (EEG)
	N/A
	N/A
	N/A
	N/A

	Ozdemir (EMG)
	-53,84%
	-52,27%
	N/A
	N/A

	PTT (PPG)
	-40,11%
	-40,66%
	N/A
	N/A

	WristPPG (PPG)
	-40,21%
	-38,49%
	N/A
	N/A

	Overall 
	-52,63%
	-51,58%
	N/A
	N/A



Table 6 - Lossy compression results for independent channel coding with respect to the audio anchor
	
	Lossy Compression

	
	Over Audio

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-50,03%
	-49,39%
	N/A
	N/A

	INCART (ECG)
	-70,30%
	-69,29%
	N/A
	N/A

	CHBMIT (EEG)
	-19,87%
	-19,21%
	N/A
	N/A

	NMR55 (EEG)
	-44,92%
	-48,46%
	N/A
	N/A

	NMR57 (EEG)
	-46,35%
	-36,65%
	N/A
	N/A

	TILT ILLUSION (EEG)
	N/A
	N/A
	N/A
	N/A

	Ozdemir (EMG)
	-52,25%
	-50,69%
	N/A
	N/A

	PTT (PPG)
	-44,93%
	-45,26%
	N/A
	N/A

	WristPPG (PPG)
	-37,27%
	-35,26%
	N/A
	N/A

	Overall 
	-45,74%
	-44,28%
	N/A
	N/A




Table 7 - Lossless compression results for joint channel coding with respect to the audio anchor
	
	Lossless Compression

	
	Over Audio

	
	BR-R
	EncT
	DecT

	 
	BWC

	MIT (ECG)
	-20,54%
	565%
	17%

	INCART (ECG)
	-48,03%
	652%
	16%

	CHBMIT (EEG)
	-17,63%
	495%
	20%

	NMR55 (EEG)
	-29,22%
	361%
	16%

	NMR57 (EEG)
	-28,78%
	1051%
	25%

	TILT ILLUSION (EEG)
	-11,40%
	788%
	23%

	Ozdemir (EMG)
	-6,48%
	1135%
	20%

	PTT (PPG)
	-33,60%
	845%
	16%

	WristPPG (PPG)
	-14,63%
	736%
	21%

	Average
	-23,37%
	736%
	19%

	 
	ACoM

	UC1
	-7,27%
	1317%
	26%

	UC3
	-18,35%
	431%
	25%

	UC5
	-7,04%
	1626%
	25%

	UC9-Circor
	-9,26%
	1327%
	27%

	UC9-CoughVID
	-25,70%
	1975%
	18%

	UC9-KAUH
	-22,40%
	1190%
	22%

	UC10
	-4,79%
	1836%
	30%

	UC11
	-11,05%
	2317%
	31%

	UC12-SongDescriber
	-3,53%
	2231%
	35%

	Average
	-12,15%
	1583%
	26%

	Overall 
	-17,76%
	1159,93%
	22,92%



[bookmark: _Ref227681072]Table 8 - Lossless compression results for independent channel coding with respect to the audio anchor
	
	Lossless Compression

	
	Over Audio

	
	BR-R
	EncT
	DecT

	 
	BWC

	MIT (ECG)
	-20,48%
	734%
	17%

	INCART (ECG)
	-25,36%
	701%
	19%

	CHBMIT (EEG)
	-6,52%
	89%
	24%

	NMR55 (EEG)
	-25,99%
	84%
	17%

	NMR57 (EEG)
	-19,24%
	96%
	40%

	TILT ILLUSION (EEG)
	-3,45%
	97%
	37%

	Ozdemir (EMG)
	-5,97%
	792%
	21%

	PTT (PPG)
	-33,15%
	701%
	18%

	WristPPG (PPG)
	-13,61%
	625%
	23%

	Average
	-17,08%
	436%
	24%

	 
	ACoM

	UC1
	-7,27%
	1260%
	26%

	UC3
	-18,36%
	380%
	24%

	UC5
	-7,03%
	1283%
	25%

	UC9-Circor
	-9,25%
	1174%
	27%

	UC9-CoughVID
	-24,16%
	1657%
	19%

	UC9-KAUH
	-22,38%
	1090%
	22%

	UC10
	-4,77%
	1634%
	30%

	UC11
	15,72%
	1931%
	37%

	UC12-SongDescriber
	0,41%
	1848%
	36%

	Average
	-8,56%
	1362%
	27%

	Overall 
	-12,82%
	898,79%
	25,60%
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