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Abstract
This document contains the report of the Q6/21 ad hoc group on the coding of medical and general waveform data.
Introduction
This document reports on the activities conducted by the Q6/21 AHG on coding of medical and general waveform data. The chairs of the AHG are Jonathan Pfaff (Fraunhofer HHI/Germany) and Christof Fersch (Dolby Laboratories/US). The AHG will report to Q6/21 and will be reconfirmed at each RGM and SG meeting and will not be renewed when its mandate is completed.
The mandates of the AHG are:
· Update the H.BWC algorithm description document
· Improve the draft specification of H.BWC
· Update the H.BWC reference software with coordination by the H.BWC software coordinators
· Identify additional candidate test data for experimentation, including additional types (PPG, multimodal, seismic data, etc.)
· Communicate informally with DICOM on the status and plans of H.BWC
· Coordinate with DICOM to engage medical experts in evaluations of H.BWC's compression performance
· Produce anchor encoding results using the latest version of reference software and the CTC configurations
· Conduct tool assessment of existing coding tools in the test model and report the assessment results
· Study complexity trade-offs and define associated configurations of the test model in support of envisioned use cases
Activities
Updates of Reference Software
The reference software for the first H.BWC test model was updated. This software is continuously published and maintained under https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc#. The latest tag is “BWC-4.0”.
Communication with DICOM
Q6/21, a.k.a. Video Coding Experts Group (VCEG) experts participated in the meetings of DICOM WG 32 and reported to DICOM about the status of the development of H.BWC. DICOM WG 32 expressed its interest in the project and its willingness to study the H.BWC test model with respect to its suitability for clinical applications. In particular, DICOM WG 32 expressed interest in assessing whether biomedical signals that were compressed with the H.BWC test model in a near lossless mode reveal any clinically significant compression artefacts.
There have been two DICOM WG-32 meetings and two WG-32 AhG meetings, which have been dedicated to continue working on the DICOM Transfer Syntaxes and DICOM file format. 
Coordination of Core Experiments
The work related to conducting the Core Experiments has been coordinated. It has been agreed to work towards the following schedule:
[bookmark: _Ref210653495]Table 1: Timeplan for the coordination of Core Experiments
	CE-Test
	Tester
	Cross-Checker
	Package available
	Report available
	Annex

	CE 1 (Removal of the DST and removal of a combination of sample-wise prediction-modes with the DCT)
	Fraunhofer HHI
	Dolby
	2026-01-08
	2026-01-12
	A

	CE-2 (Splitting of the template sum in the middle of the spectrum and resetting of the quantization state for the LMS half split mode)
	Fraunhofer HHI
	Dolby
	2026-01-08
	2026-01-12
	B

	CE-3 (Presence of the LMS flag conditioned on the last scan position)
	Fraunhofer HHI
	Dolby
	2026-01-08
	2026-01-12
	C

	CE-4 (Combination of CE1, CE 2 and CE 3)
	Fraunhofer HHI
	Dolby
	2026-01-08
	2026-01-12
	D

	CE-5 (Modifications of the coding of the last scan positions)
	Fraunhofer HHI
	Philips
	2026-01-08
	2026-01-12
	E

	CE-6 (Signal Rereferencing)
	Philips
	Dolby
	2025-12-19
	2026-01-12
	F

	CE-7 (Inter-channel averaging and inter-block LMS)
	ETRI
	Fraunhofer HHI
	2026-01-08
	2026-01-12
	G


The crosschecks of the respective Core Experiments can be found in the Annexes of this document, as indicated in Table 1.
Cross-check report of the proposal presented in VCEG-BZ20
As part of the AhG, Dolby has reviewed the changes proposed in https://www.itu.int/wftp3/av-arch/video-site/2601_Tel/VCEG-BZ20-Mean-Removal-v1.docx (related MR https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc/-/merge_requests/60), and concluded that the proposed modifications look reasonable and correct. No experimental results are available at the time of writing this report. 
Recommendations
The AHG recommends studying the information and results regarding the ongoing Core Experiments. In addition, the AhG recommends to continue working with DICOM in defining the way H.BWC can be integrated into the DICOM standard.
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Annex A to Report of AHG on coding of medical and general waveform data:
CE-1 (Removal of the DST and removal of a combination of sample-wise prediction-modes with the DCT) Crosscheck Report
CE-1 investigates the effect of removal of DST and the removal of sample-wise prediction modes in combination of DCT. Table 2 and Table 3 show the results of the experiments that Dolby has carried out. Only non-Independent Channel Coding (non-ICC) operation points were tested. The values highlighted match with the results shared by the proponent. Note that there are deviations in encoding and decoding times, because the infrastructure used to run the experiments have other simultaneous jobs that can affect the processing times. The cross-check results for the datasets with “N/A” in the tables were not available at the time of writing this report. 
[bookmark: _Ref218860389]Table 2. Results of the cross-check for CE-1, lossy compression and non-ICC channel coding.
	
	Lossy Compression

	
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-0.70%
	-0.70%
	99%
	96%

	INCART (ECG)
	-0.70%
	-0.70%
	81%
	84%

	CHBMIT (EEG)
	-0.13%
	-0.13%
	90%
	81%

	NMR55 (EEG)
	-0.09%
	-0.09%
	102%
	96%

	NMR57 (EEG)
	-0.07%
	-0.07%
	100%
	96%

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

	Ozdemir (EMG)
	-0.04%
	-0.04%
	99%
	95%

	PTT (PPG)
	-0.46%
	-0.42%
	101%
	97%

	WristPPG (PPG)
	-0.08%
	-0.09%
	100%
	97%

	Overall 
	-0.28%
	-0.28%
	97%
	93%


[bookmark: _Ref218860429]Table 3. Results of the cross-check for CE-1, lossless compression and non-ICC channel coding.
	
	Lossless Compression

	
	Over BWC-3.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	0.00%
	100%
	98%

	INCART (ECG)
	-0.11%
	95%
	95%

	CHBMIT (EEG)
	-0.01%
	101%
	101%

	NMR55 (EEG)
	0.00%
	98%
	101%

	NMR57 (EEG)
	0.00%
	96%
	95%

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

	Ozdemir (EMG)
	-0.35%
	200%
	133%

	PTT (PPG)
	0.00%
	120%
	114%

	WristPPG (PPG)
	0.00%
	99%
	103%

	Overall 
	-0.06
	114%
	105%


It is concluded that the results of the cross-check match well with the results shared by the proponent. Hence, it is recommended that CE-1 is adopted to the next version of the BWC codec.


Annex B to Report of AHG on coding of medical and general waveform data:
CE-2 (Splitting of the template sum in the middle of the spectrum and resetting of the quantization state for the LMS half split mode) Crosscheck Report
CE-2 proposes splitting of the template sum in the middle of the spectrum and resetting of the quantization state for the LMS half-split mode. Table 4 and Table 5 show the results of the cross-checking experiments Dolby has carried out. Only non-Independent Channel Coding (non-ICC) operation points were tested. The values highlighted match with the results shared by the proponent. The value that does not match with the result reported by the proponent deviates only by 0.01%. Note that there are deviations in encoding and decoding times, because the infrastructure used to run the experiments have other simultaneous jobs that can affect the processing times. The cross-check results for the datasets with “N/A” in the tables were not available at the time of writing this report.
[bookmark: _Ref218863404]Table 4. Results of the cross-check for CE-2, lossy compression and non-ICC channel coding.
	
	Lossy Compression

	
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0.07%
	0.07%
	103%
	100%

	INCART (ECG)
	0.33%
	0.37%
	69%
	76%

	CHBMIT (EEG)
	0.06%
	0.06%
	101%
	102%

	NMR55 (EEG)
	0.05%
	0.06%
	101%
	101%

	NMR57 (EEG)
	N/A
	N/A
	N/A
	N/A

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

	Ozdemir (EMG)
	0.01%
	0.01%
	123%
	113%

	PTT (PPG)
	0.08%
	0.08%
	101%
	100%

	WristPPG (PPG)
	0.04%
	0.03%
	100%
	101%

	Overall 
	0.09%
	0.10%
	100%
	99%


[bookmark: _Ref218863413]Table 5. Results of the cross-check for CE-2, lossless compression and non-ICC channel coding.
	
	Lossless Compression

	
	Over BWC-3.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	0.00%
	103%
	97%

	INCART (ECG)
	0.01%
	82%
	80%

	CHBMIT (EEG)
	0.00%
	99%
	96%

	NMR55 (EEG)
	0.00%
	99%
	100%

	NMR57 (EEG)
	N/A
	N/A
	N/A

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

	Ozdemir (EMG)
	0.00%
	179%
	146%

	PTT (PPG)
	0.00%
	99%
	105%

	WristPPG (PPG)
	0.00%
	102%
	103%

	Overall 
	0.00%
	109%
	104%


It is concluded that the results of the cross-check match well with the results shared by the proponent. Hence, it is recommended that CE-2 is adopted to the next version of the BWC codec.


Annex C to Report of AHG on coding of medical and general waveform data:
CE-3 (Presence of the LMS flag conditioned on the last scan position) Crosscheck Report
CE-3 investigates the LMS flag being conditioned on the last scan position. Table 6 and Table 7 show the results of the cross-checking experiments Dolby has carried out. Only non-Independent Channel Coding (non-ICC) operation points were tested. The values highlighted match with the results shared by the proponent. Note that there are deviations in encoding and decoding times, because the infrastructure used to run the experiments have other simultaneous jobs that can affect the processing times. The cross-check results for the datasets with “N/A” in the tables were not available at the time of writing this report.
[bookmark: _Ref218863513]Table 6. Results of the cross-check for CE-3, lossy compression and non-ICC channel coding.
	
	Lossy Compression

	
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-0.02%
	-0.02%
	99%
	100%

	INCART (ECG)
	-0.01%
	-0.02%
	103%
	99%

	CHBMIT (EEG)
	0.00%
	0.00%
	91%
	84%

	NMR55 (EEG)
	-0.01%
	0.00%
	92%
	93%

	NMR57 (EEG)
	N/A
	N/A
	N/A
	N/A

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

	Ozdemir (EMG)
	0.00%
	0.00%
	105%
	103%

	PTT (PPG)
	0.00%
	0.00%
	96%
	98%

	WristPPG (PPG)
	0.00%
	0.00%
	90%
	94%

	Overall 
	-0.01%
	-0.01%
	97%
	96%


[bookmark: _Ref218863519]Table 7. Results of the cross-check for CE-3, lossless compression and non-ICC channel coding.
	
	Lossless Compression

	
	Over BWC-3.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	0.00%
	100%
	102%

	INCART (ECG)
	0.00%
	102%
	103%

	CHBMIT (EEG)
	0.00%
	104%
	99%

	NMR55 (EEG)
	0.00%
	80%
	77%

	NMR57 (EEG)
	N/A
	N/A
	N/A

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

	Ozdemir (EMG)
	0.00%
	100%
	101%

	PTT (PPG)
	0.00%
	98%
	101%

	WristPPG (PPG)
	0.00%
	74%
	74%

	Overall 
	0.00%
	94%
	94%


It is concluded that the results of the cross-check match well with the results shared by the proponent. Hence, it is recommended that CE-3 is adopted to the next version of the BWC codec.


Annex D to Report of AHG on coding of medical and general waveform data:
CE-4 (Combination of CE1, CE 2 and CE 3) Crosscheck Report
CE-4 combines the proposals from CE-1, CE-2, and CE-3. Table 8 and Table 9 show the results of the cross-checking experiments Dolby has carried out. Only non-Independent Channel Coding (non-ICC) operation points were tested. The values highlighted match with the results shared by the proponent. The value that does not match with the result reported by the proponent deviates only by 0.01%. Note that there are deviations in encoding and decoding times, because the infrastructure used to run the experiments have other simultaneous jobs that can affect the processing times. The cross-check results for the datasets with “N/A” in the tables were not available at the time of writing this report.
[bookmark: _Ref219116604]Table 8. Results of the cross-check for CE-4, lossy compression and non-ICC channel coding.
	
	Lossy Compression

	
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	-0.73%
	-0.73%
	89%
	86%

	INCART (ECG)
	-0.71%
	-0.72%
	95%
	88%

	CHBMIT (EEG)
	-0.13%
	-0.13%
	82%
	74%

	NMR55 (EEG)
	-0.10%
	-0.09%
	90%
	87%

	NMR57 (EEG)
	N/A
	N/A
	N/A
	N/A

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

	Ozdemir (EMG)
	-0.04%
	-0.04%
	93%
	93%

	PTT (PPG)
	-0.46%
	-0.42%
	100%
	100%

	WristPPG (PPG)
	-0.08%
	-0.09%
	72%
	81%

	Overall 
	-0.32%
	-0.32%
	89%
	87%


[bookmark: _Ref219116614]Table 9. Results of the cross-check for CE-4, lossless compression and non-ICC channel coding.
	
	Lossless Compression

	
	Over BWC-3.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	0.00%
	89%
	93%

	INCART (ECG)
	-0.12%
	95%
	96%

	CHBMIT (EEG)
	-0.01%
	84%
	81%

	NMR55 (EEG)
	0.00%
	79%
	78%

	NMR57 (EEG)
	N/A
	N/A
	N/A

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

	Ozdemir (EMG)
	-0.35%
	109%
	94%

	PTT (PPG)
	0.00%
	79%
	83%

	WristPPG (PPG)
	-0.01%
	57%
	63%

	Overall 
	-0.07
	85%
	84%


It is concluded that the results of the cross-check match well with the results shared by the proponent. Hence, it is recommended that CE-4 is adopted to the next version of the BWC codec.


Annex E to Report of AHG on coding of medical and general waveform data:
CE-5 (Modifications of the coding of the last scan positions) Crosscheck Report
	Abstract:
	This document presents the results of the cross-check of CE-5 – “Modifications of the coding of the last scan position”


1 Introduction
In CE-5, proposed in SG21-C502R2, modifications to the use of differential coding for the last scan position of small block sizes was proposed. This report presents results of the cross-check of these modifications.
2 Cross-check results
The code provided by the proponent was reviewed using the full CTC conditions, for both independent and combined channel coding. The proponent provided results in [1], and our results are in agreement with those results. Note that due to the random allocation of encoding / decoding tasks to nodes in the compute cluster, encoding and decoding times should be taken as indicative only. A number of files were processed individually on a single system such that encoding and decoding complexity could be assessed, and no significant change was observed.
CTC – Combined Channel Coding
	
	Lossy Compression
	Lossless Compression

	
	Over BWC-3.0
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BR-R
	EncT
	DecT

	MIT (ECG)
	-0.33%
	-0.33%
	97.59%
	94.43%
	0.00%
	100.88%
	92.97%

	INCART (ECG)
	-0.09%
	-0.10%
	95.96%
	88.63%
	-0.19%
	96.52%
	89.29%

	CHBMIT (EEG)
	0.00%
	0.00%
	95.27%
	79.21%
	0.00%
	94.49%
	77.09%

	NMR55 (EEG)
	0.00%
	0.00%
	98.29%
	88.43%
	0.00%
	97.97%
	89.99%

	NMR57 (EEG)
	0.00%
	0.00%
	84.06%
	74.17%
	0.00%
	82.42%
	72.67%

	TILT ILLUSION (EEG)
	0.00%
	0.00%
	89.52%
	81.96%
	0.00%
	90.35%
	75.37%

	Ozdemir (EMG)
	0.00%
	0.00%
	88.46%
	85.47%
	0.00%
	85.22%
	81.97%

	PTT (PPG)
	-0.47%
	-0.45%
	96.76%
	91.00%
	-0.01%
	95.21%
	92.82%

	WristPPG (PPG)
	-0.38%
	-0.38%
	88.89%
	83.63%
	-0.01%
	88.37%
	83.98%

	Overall 
	-0.14%
	-0.14%
	92.76%
	85.21%
	-0.02%
	92.38%
	84.02%



CTC – Independent Channel Coding
	
	Lossy Compression
	Lossless Compression

	
	Over BWC-3.0
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BR-R
	EncT
	DecT

	MIT (ECG)
	-0.30%
	-0.30%
	99.42%
	94.90%
	0.00%
	102.30%
	93.84%

	INCART (ECG)
	-0.17%
	-0.17%
	97.50%
	88.76%
	-0.01%
	97.63%
	88.20%

	CHBMIT (EEG)
	0.00%
	0.00%
	97.98%
	82.60%
	0.00%
	93.31%
	74.12%

	NMR55 (EEG)
	0.00%
	0.00%
	102.08%
	89.75%
	0.00%
	99.20%
	86.75%

	NMR57 (EEG)
	0.00%
	0.00%
	87.90%
	74.43%
	0.00%
	87.76%
	65.86%

	TILT ILLUSION (EEG)
	0.00%
	0.00%
	92.31%
	78.51%
	0.00%
	93.56%
	74.93%

	Ozdemir (EMG)
	0.00%
	0.00%
	89.51%
	85.62%
	0.00%
	86.46%
	80.20%

	PTT (PPG)
	-0.34%
	-0.34%
	99.39%
	91.51%
	-0.01%
	98.22%
	92.04%

	WristPPG (PPG)
	-0.39%
	-0.39%
	89.88%
	84.50%
	0.00%
	86.24%
	77.58%

	Overall 
	-0.13%
	-0.13%
	95.11%
	85.62%
	0.00%
	93.85%
	81.50%


3 Conclusion
This report presents results from a cross-check experiment for core experiment CE-5
The results were found to be consistent with those reported by the CE proponent, confirming that the implementation was successfully reproduced.
4 References
[1] Tung Nguyen, Sophie Pientka, Jonathan Pfaff, Heiko Schwarz, Detlev Marpe, Thomas Wiegand, “Report of CE-5”, January 2026 Teleconference.


Annex F to Report of AHG on coding of medical and general waveform data:
CE-6 (Signal Rereferencing) Crosscheck Report
CE-6 investigates signal re-referencing. Table 10 and Table 11 and show the results of the cross-checking experiments Dolby has carried out for input bit depths 16 and 24 bit, respectively. The values highlighted match with the results shared by the proponent. Note that there are deviations in encoding and decoding times, because the infrastructure used to run the experiments have other simultaneous jobs that can affect the processing times. The cross-check results for the datasets with “N/A” in the tables were not available at the time of writing this report.
[bookmark: _Ref219118419]Table 10. Results of the cross-check for CE-6, lossless compression and non-ICC channel coding.
	
	Lossless Compression

	
	Over BWC-3.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	5.20%
	110%
	112%

	INCART (ECG)
	16.00%
	105%
	124%

	CHBMIT (EEG)
	1.78%
	93%
	98%

	NMR55 (EEG)
	N/A
	N/A
	N/A

	NMR57 (EEG)
	-2.53%
	91%
	127%

	Ozdemir (EMG)
	1.12%
	100%
	101%

	PTT (PPG)
	32.19%
	106%
	142%

	WristPPG (PPG)
	10.29%
	103%
	109%

	Overall 
	9.15%
	101%
	116%


[bookmark: _Ref219118556]Table 11. Results of the cross-check for CE-6, lossless compression and non-ICC channel coding when the input bit depth is specified as 24 bit.
	
	Lossless Compression

	
	Over BWC-3.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	0.01%
	103%
	103%

	INCART (ECG)
	0.00%
	103%
	101%

	CHBMIT (EEG)
	-0.05%
	96%
	96%

	NMR55 (EEG)
	N/A
	N/A
	N/A

	NMR57 (EEG)
	-0.03%
	101%
	100%

	Ozdemir (EMG)
	0.00%
	102%
	99%

	PTT (PPG)
	0.00%
	102%
	99%

	WristPPG (PPG)
	0.01%
	102%
	102%

	Overall 
	-0.01%
	101%
	100%


It is concluded that the results of the cross-check match well with the results shared by the proponent. Hence, it is recommended that CE-6 is adopted to the next version of the BWC codec.


Annex G to Report of AHG on coding of medical and general waveform data:
CE-7 (Inter-channel averaging and inter-block LMS) Crosscheck Report
	Abstract:
	A cross-check evaluation of the core experiment CE-7 as described in VCEG-BZ17-v1 by ETRI was carried out. The experimental results of the cross-check are in line with the revised results corrspondig to VCEG-BZ17-v1.


1 Description of the verification experiments
The cross-check was performed for CE7-ce7_branch as described in VCEG-BZ17-v1 [1]. The experimental results provided by VCEG-BZ17-v1 [1] are verified by this cross-check. Those Experimental results were provided for a subset of the common test conditions (CTC [2]), namely lossy, joint channel coding of the datasets MIT_ECG, INCART_ECG, Wrist_PPG, PTT_PPG, Ozdemir_EMG, CHBMIT_EEG, NMR55_EEG and NMR57_EEG. 
We ran experiments with the software provided by ETRI using the configuration files provided:
· CE7-ce7_branch : https://vcgit.hhi.fraunhofer.de/vceg-bwc-ce/2510_gen-ce-7/bwc/-/tree/ce7?ref_type=heads
ETRI has provided the following revised results:
	
	
	
	



	
	
	




	Dataset
	BD rate #1 (%)
	BD rate #2 (%)
	EncT (%)
	DecT (%)

	MIT_ECG
	0
	0
	99.9
	98.6

	INCART_ECG
	-0.34
	-0.346
	114.3
	96.2

	PTT_PPG
	-0.069
	-0.068
	110.3
	96.3

	Wrist_PPG
	-0.017
	-0.022
	111.3
	100

	Ozdemir_EMG
	-0.007
	-0.007
	106.7
	97.9

	CHBMIT_EEG
	-0.009
	-0.01
	110.9
	97.8

	NMR55_EEG
	-0.04
	-0.038
	109.6
	97.5

	NMR57_EEG
	-0.4
	-0.398
	108.1
	89.7


Those revised results are compared to our cross-check results.
1.1 Experimental cross-check results CE7-ce7_branch
	
	Lossy Compression

	
	Over BWC-3.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0.00%
	0.00%
	99%
	100%

	INCART (ECG)
	-0.32%
	-0.33%
	112%
	100%

	CHBMIT (EEG)
	-0.01%
	-0.01%
	110%
	100%

	NMR55 (EEG)
	-0.04%
	-0.04%
	110%
	100%

	NMR57 (EEG)
	-0.40%
	-0.40%
	108%
	96%

	TILT ILLUSION (EEG)
	-0.47%
	-0.47%
	109%
	94%

	Ozdemir (EMG)
	-0.01%
	-0.01%
	106%
	100%

	PTT (PPG)
	-0.08%
	-0.07%
	111%
	100%

	WristPPG (PPG)
	-0.02%
	-0.02%
	112%
	100%

	Overall 
	-0.15%
	-0.15%
	109%
	99%


Our cross-check results are in line with the revised results provided by ETRI, apart from small rounding errors.
2 Conclusion
Based on the experiments carried out, it is concluded that the results are reasonable and in line with what is described in [1]. Minor differences between experimental results in [1] and in this document may occur at times due to rounding issues.
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