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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:
· 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
· Coordinate the definition of integration of H.BWC into ISOBMFF, using VCEG-BZ09 as starting point.
· Investigate an appropriate configuration of SLS as an anchor for lossless coding and compare it to H.BWC
· Coordinate updates on the H.BWC algorithm description document
Activities
Updates of Reference Software
The reference software for the 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-5.0”.
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/T.261. DICOM WG 32 expressed its interest in the project and its willingness to study the H.BWC/T.261 test model with respect to its suitability for clinical applications. 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 various DICOM WG-32 meetings and WG-32 AhG meetings, which have been dedicated to continuing working on the DICOM Transfer Syntaxes and the DICOM file format.
In the WG-32 AhG meeting on Friday, April 10th, representatives of the Department of Engineering of the University of Messina, Italy, reported on their experiments using H.BWC/T.261. They introduced an encoder patch based on the H.BWC software tag “BWC-4.0”, that introduces a --MaxMAE parameter to guarantee a maximum absolute reconstruction error while preserving decoder compatibility. Experimental results show that the MAE bound is consistently enforced with a lower compression ratio and modest encoding‑time overheads (except at very low MAE where a fallback activity significantly increases the computational cost). Their next steps include integration with “BWC-5.0” and further analysis of SS/MaxMAE trade‑offs and cross‑channel behavior.
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: Time plan for the coordination of Core Experiments
	CE-Test
	Tester
	Cross-Checker
	Package available
	Report available
	Annex

	CE 1 (CE on preLPC tool for ACoM use cases and lossless audio)
	ETRI
	HHI
	2026-04-10
	2026-04-25
	A

	CE-2 (CE on group-wise inter-channel LMS)
	ETRI
	Dolby
	2026-04-10
	2026-04-25
	B

	CE-3 (CE on montage-based graph coding)
	ETRI
	Philips
	2026-04-10
	2026-04-25
	C


The crosschecks of the respective Core Experiments can be found in the Annexes of this document, as indicated in Table 1.
Additional changes
In addition to the changes introduced as part of the Core Experiments, the results proposed in the following input contributions have been cross-checked:
[bookmark: _Ref227921949]Table 2: Time plan for additional proposals
	Proposal
	Proponent
	Cross-Checker
	Package available
	Report available
	Annex

	VCEG-CA12, VCEG-CA13 and VCEG-CA14
	HHI
	ETRI
	2026-04-17
	2026-04-25
	D


The crosschecks of the respective Core Experiments can be found in the Annexes of this document, as indicated in Table 2.
Recommendations
The AHG recommends studying the information and results regarding the ongoing Core Experiments. In addition, the AhG recommends continuing working with DICOM in defining the way H.BWC/T.261 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 (CE on preLPC tool for ACoM use cases and lossless audio) Crosscheck Report
Please see VCEG-CA11: https://www.itu.int/wftp3/av-arch/video-site/2604_StE/VCEG-CA11-CE1-preLPC-Xcheck-v1.docx


Annex B to Report of AHG on coding of medical and general waveform data:
CE-2 (CE on group-wise inter-channel LMS) Crosscheck Report
Abstract
Core experiment CE 2 on a group-wise inter-channel LMS (GIC-LMS) predictor as described in [1, 2] aims to share inter-channel LMS weights within each bin group consisting of a predefined number of DCT bins. The GIC-LMS aims to improve lossless coding efficiency while preserving computational complexity by performing LMS prediction and weight updates on a group-by-group basis rather than on a bin-by-bin basis, as in BWC-5.0 [3].
The performance results provided by the CE 2 proponent can, reportedly, be reproduced with very high accuracy by the crosscheckers. On top of H.BWC version 5.0 [3], the results are as follows, with the average performance of -0.04% having small differences in the average computational complexity. The best performance is achieved on one database: -1.08% (INCART) but with 14% additional decoder complexity.
 
GIC-LMS results over BWC TM-5.0 (joint channel coding):
	
	Lossless Compression 
(category-independent application)

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	 
	BWC

	MIT (ECG)
	0.01%
	102%
	101%

	INCART (ECG)
	0.62%
	103%
	91%

	CHBMIT (EEG)
	-0.08%
	100%
	90%

	NMR55 (EEG)
	0.02%
	102%
	96%

	NMR57 (EEG)
	-1.08%
	99%
	114%

	TILT ILLUSION (EEG)
	-0.03%
	99%
	101%

	Ozdemir (EMG)
	0.00%
	102%
	100%

	PTT (PPG)
	0.04%
	102%
	98%

	WristPPG (PPG)
	0.13%
	98%
	98%

	Average
	-0.04%
	101%
	99%



When the proposal is deactivated for non-EEG signals, the following results are obtained (yellow highlighted). An average improvement of -0.13% is observed.

	
	Lossless Compression
(category-dependent application)

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	 
	BWC

	MIT (ECG)
	0.00%
	96%
	102%

	INCART (ECG)
	0.02%
	99%
	94%

	CHBMIT (EEG)
	-0.08%
	100%
	90%

	NMR55 (EEG)
	0.02%
	102%
	96%

	NMR57 (EEG)
	-1.08%
	99%
	114%

	TILT ILLUSION (EEG)
	-0.03%
	99%
	101%

	Ozdemir (EMG)
	0.00%
	101%
	102%

	PTT (PPG)
	0.00%
	101%
	98%

	WristPPG (PPG)
	0.00%
	97%
	110%

	Average
	-0.13%
	99%
	101%



Note that we did not manage to obtain 0% performance with INCART database, and identified an issue with two test streams, I46 and I62. All other streams in the dataset are working correctly, and their encoding and decoding results are as expected. The root cause for the non-zero BR-R was not clear at the time of writing of this document.
1 Summary of Changes to Specification Text
The GIC-LMS predictor is signalled by an additional 1-bit flag named cgps_allow_groupwise_cc_lms_flag in the channel_group_parameter_set( ) and, on a block and channel level, by a giclms_flag in the lms_data( ).
The crosscheckers confirm that these changes are syntactically and semantically correct.
2 Summary of Changes to H.BWC Software
The CE proponents provided a Git merge request with the required changes on top of H.BWC 5.0 in commit c9a88c7b. According to the Git interface 18 files are affected with 268 lines of code (LoC) are added and 52 lines of code are removed by the proponents.
Three modified configuration files were provided: combinedPresetECG_lossless.cfg, combinedPresetEEG_lossless.cfg, and combinedPresetEMG_lossless.cfg. The flag cgps_allow_groupwise_cc_lms_flag is only set to 1 in the EEG one, indicating that the target application is aimed at EEG signals.
The crosscheckers do not observe any additional command line options since it has been sufficiently signaled in the configuration files.
3 Conclusion
The crosscheckers successfully confirm the results reported by the proponents of CE-2 emphasizing the successful implementation of this proposal.

References
[1]	C. Fersch, J. Pfaff, “CE descriptions for H.BWC (planned T.261),” ITU-T document VCEG-BZ28-v1, Jan. 2026.  https://www.itu.int/wftp3/av-arch/video-site/2601_Tel/VCEG-BZ28-CE-Descriptions-v1.docx.
[2] J. Sung et al., “Core experiment report and proposal,” ITU-T document VCEG-CA06 (v1), April 2026.  https://www.itu.int/wftp3/av-arch/video-site/2604_StE/VCEG-CA06-CE2-GIC-LMS-v1.docx.
[3]	VCEG,  https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc, code tag BWC-5.0.


Annex C to Report of AHG on coding of medical and general waveform data:
CE-3 (CE on montage-based graph coding) Crosscheck Report
1 Introduction
In CE-3, proposed in VCEG-BZ22, montage graph coding was proposed to reduce the number of channels to be encoded for bipolar EEG recordings.
2 Cross-check results
The code provided by the proponent was reviewed using the full CTC conditions, and combined channel coding only, the CE does not support independent 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. 
It should be noted that the CHBMIT dataset contains two channels that are duplicated, T8-P8 is included twice, while T7-P7 is included also as the phase-inverted P7-T7. This is due to them existing in both the Longitudinal Bipolar and Subtemporal Chain montages. These channels do not need to be included twice, and could be removed from the recordings entirely without impacting the clinical usefulness.
CTC – Combined Channel Coding
	
	Lossy Compression

	
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0.00%
	0.00%
	96%
	95%

	INCART (ECG)
	0.00%
	0.00%
	94%
	88%

	CHBMIT (EEG)
	-2.06%
	-2.06%
	84%
	75%

	NMR55 (EEG)
	0.00%
	0.00%
	97%
	87%

	NMR57 (EEG)
	-1.05%
	-2.04%
	77%
	68%

	TILT ILLUSION (EEG)
	0.00%
	0.00%
	89%
	82%

	Ozdemir (EMG)
	0.00%
	0.00%
	84%
	83%

	PTT (PPG)
	0.00%
	0.00%
	94%
	91%

	WristPPG (PPG)
	0.00%
	0.00%
	87%
	84%

	Overall 
	-0.35%
	-0.46%
	89%
	84%



	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	MIT (ECG)
	0.00%
	100%
	100%

	INCART (ECG)
	0.00%
	100%
	100%

	CHBMIT (EEG)
	-3.18%
	93%
	98%

	NMR55 (EEG)
	0.00%
	100%
	100%

	NMR57 (EEG)
	-5.63%
	91%
	97%

	TILT ILLUSION (EEG)
	0.00%
	99%
	99%

	Ozdemir (EMG)
	0.00%
	98%
	100%

	PTT (PPG)
	0.00%
	99%
	100%

	WristPPG (PPG)
	0.00%
	98%
	101%

	Overall 
	-0.98%
	98%
	99%



3 Observations
As noted above, the CHBMIT dataset contains 2 channels that are duplicated, out of a total of 23 channels this represents ~8.7% of the data as redundant before any montage coding is applied. It is not clear whether the MGC removes any further channels, or only these duplicated channels.
The CE works in one of 2 modes, either mode 1 – Direct Reconstruction, where the removed channel can be perfectly reproduced at the decoder without any further information, or mode 2 – where an additional residual signal is encoded in place of the original channel. It is not clear what the relative activation rates are of these two modes from the data provided, even whether both modes are used.
4 Conclusion
This report presents results from a cross-check experiment for core experiment CE-3
The results were found to be consistent with those reported by the CE proponent, confirming that the implementation was successfully reproduced.
5 References
[1] Sooyoung Park, Byeongho Jo, Jonmo Sung “Report of CE-3 (CE on montage-based graph coding for redundant channels)”, VCEG-CA07-v1, 79th Meeting, April 2026, Santa Eulària, Spain.


Annex D to Report of AHG on coding of medical and general waveform data:
VCEG-CA12, VCEG-CA13 and VCEG-CA12 Crosscheck Report
1 Crosscheck results of VCEG-CA12
VCEG-CA12 [1] proposes an improvement to the entropy coding stage for the preLPC-related LPF + DCT coding path.
Table 1. CA12 results of independent channel configuration.
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	　
	BWC

	MIT (ECG)
	0.00%
	112%
	100%

	INCART (ECG)
	0.00%
	112%
	97%

	CHBMIT (EEG)
	-0.41%
	122%
	97%

	NMR55 (EEG)
	-0.21%
	124%
	98%

	NMR57 (EEG)
	-0.48%
	115%
	90%

	TILT ILLUSION (EEG)
	-1.32%
	114%
	81%

	Ozdemir (EMG)
	0.00%
	112%
	99%

	PTT (PPG)
	-0.19%
	112%
	96%

	WristPPG (PPG)
	-0.27%
	113%
	97%

	Average
	-0.32%
	115%
	95%

	　
	ACoM

	UC1
	-0.91%
	109%
	90%

	UC3
	-0.18%
	106%
	86%

	UC5
	-0.63%
	107%
	81%

	UC9-Circor
	-0.01%
	110%
	95%

	UC9-CoughVID
	-5.97%
	108%
	82%

	UC9-KAUH
	-6.62%
	110%
	91%

	UC10
	-3.22%
	110%
	95%

	UC11
	-5.14%
	109%
	99%

	UC12-SongDescriber
	-5.29%
	110%
	84%

	Average
	-3.11%
	109%
	89%

	Overall 
	-1.71%
	112.02%
	92.26%


Table 2. CA12 Results of joint channel configuration.
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	　
	BWC

	MIT (ECG)
	0.00%
	117%
	100%

	INCART (ECG)
	0.00%
	117%
	101%

	CHBMIT (EEG)
	-0.27%
	135%
	99%

	NMR55 (EEG)
	-0.20%
	135%
	101%

	NMR57 (EEG)
	-0.11%
	126%
	102%

	TILT ILLUSION (EEG)
	-0.04%
	127%
	102%

	Ozdemir (EMG)
	0.00%
	120%
	100%

	PTT (PPG)
	-0.21%
	115%
	104%

	WristPPG (PPG)
	-0.30%
	115%
	99%

	Average
	-0.13%
	123%
	101%

	　
	ACoM

	UC1
	-0.91%
	110%
	87%

	UC3
	-0.17%
	106%
	78%

	UC5
	-0.64%
	109%
	83%

	UC9-Circor
	-0.01%
	113%
	94%

	UC9-CoughVID
	-5.83%
	110%
	85%

	UC9-KAUH
	-5.84%
	110%
	98%

	UC10
	-3.17%
	111%
	94%

	UC11
	-4.91%
	117%
	97%

	UC12-SongDescriber
	-5.23%
	119%
	83%

	Average
	-2.97%
	112%
	89%

	Overall 
	-1.55%
	117.29%
	94.81%


From the cross-checkers' perspective, the proposal addresses a specific interaction between preLPC-related LPF + DCT coding and the entropy coding stage. The proposed change is localized to the residual sample coding process, with limited impact on the overall codec structure. This is beneficial from an integration perspective, since the impact on the overall codec structure is limited.
The observed coding gain is consistent with the encoder behavior and tested content characteristics. Therefore, the observed coding gain should be interpreted in connection with the encoder configuration and the tested content characteristics.
The cross-check results are in agreement with the results reported by the proponents. The observed behavior is consistent with the contribution, and no issue was identified.
2 Crosscheck results of VCEG-CA13
VCEG-CA13 [2] proposes a limitation of the number of context-coded bins per residual transform block together with associated modifications to reduce the coding-efficiency loss caused by this limitation.
Table 3. CA13 Results of independent channel configuration.
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	　
	BWC

	MIT (ECG)
	0.01%
	103%
	102%

	INCART (ECG)
	0.62%
	100%
	100%

	CHBMIT (EEG)
	1.49%
	96%
	95%

	NMR55 (EEG)
	4.72%
	90%
	96%

	NMR57 (EEG)
	2.18%
	92%
	86%

	TILT ILLUSION (EEG)
	1.06%
	82%
	70%

	Ozdemir (EMG)
	1.54%
	96%
	96%

	PTT (PPG)
	3.13%
	100%
	96%

	WristPPG (PPG)
	4.44%
	81%
	71%

	Average
	2.13%
	93%
	90%

	　
	ACoM

	UC1
	-1.04%
	76%
	51%

	UC3
	-1.39%
	61%
	46%

	UC5
	-1.69%
	66%
	35%

	UC9-Circor
	-0.33%
	89%
	87%

	UC9-CoughVID
	-0.06%
	97%
	92%

	UC9-KAUH
	-0.09%
	98%
	98%

	UC10
	-0.57%
	88%
	75%

	UC11
	-0.37%
	92%
	90%

	UC12-SongDescriber
	-0.72%
	88%
	80%

	Average
	-0.70%
	84%
	73%

	Overall 
	0.72%
	88.53%
	81.53%


Table 4. CA13 Results of joint channel configuration.
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	　
	BWC

	MIT (ECG)
	0.01%
	102%
	103%

	INCART (ECG)
	0.14%
	100%
	106%

	CHBMIT (EEG)
	0.87%
	100%
	112%

	NMR55 (EEG)
	4.89%
	94%
	102%

	NMR57 (EEG)
	1.29%
	102%
	123%

	TILT ILLUSION (EEG)
	0.64%
	95%
	96%

	Ozdemir (EMG)
	1.64%
	92%
	98%

	PTT (PPG)
	3.38%
	99%
	108%

	WristPPG (PPG)
	4.67%
	77%
	73%

	Average
	1.95%
	96%
	103%

	　
	ACoM

	UC1
	-1.04%
	75%
	49%

	UC3
	-1.39%
	60%
	41%

	UC5
	-1.69%
	62%
	36%

	UC9-Circor
	-0.33%
	89%
	87%

	UC9-CoughVID
	-0.06%
	97%
	95%

	UC9-KAUH
	-0.08%
	98%
	102%

	UC10
	-0.57%
	87%
	74%

	UC11
	-0.32%
	92%
	89%

	UC12-SongDescriber
	-0.69%
	87%
	83%

	Average
	-0.69%
	83%
	73%

	Overall 
	0.63%
	89.35%
	87.70%



The proposal introduces a practical complexity-control mechanism by limiting the number of context-coded bins. Such a constraint is relevant for implementations targeting low-power or real-time devices, where the number of sequential context updates can be a limiting factor.
The cross-checkers note that the proposal includes additional measures intended to compensate for the coding-efficiency loss caused by the limitation. The reported trade-off between coding efficiency and reduced context-coded-bin usage appears technically reasonable, and the cross-check did not reveal inconsistencies with the proponents' results.
The cross-check results are in agreement with the results reported by the proponents. The observed behavior is consistent with the contribution, and no issue was identified.
3 Crosscheck results of VCEG-CA14
VCEG-CA14 [3] provides the accompanying draft specification text for the proposal related to limiting context-coded bins and transform-skip coefficient coding.
Table 5. CA14 Results of independent channel configuration.
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	　
	BWC

	MIT (ECG)
	0.00%
	101%
	104%

	INCART (ECG)
	-0.19%
	102%
	105%

	CHBMIT (EEG)
	-0.10%
	104%
	104%

	NMR55 (EEG)
	-0.22%
	102%
	106%

	NMR57 (EEG)
	0.08%
	100%
	101%

	TILT ILLUSION (EEG)
	-0.08%
	97%
	96%

	Ozdemir (EMG)
	-0.27%
	102%
	107%

	PTT (PPG)
	-0.77%
	102%
	108%

	WristPPG (PPG)
	-0.24%
	94%
	80%

	Average
	-0.20%
	100%
	101%

	　
	ACoM

	UC1
	-1.05%
	84%
	53%

	UC3
	-1.40%
	69%
	47%

	UC5
	-1.70%
	73%
	35%

	UC9-Circor
	-0.30%
	94%
	90%

	UC9-CoughVID
	0.15%
	97%
	92%

	UC9-KAUH
	0.20%
	98%
	94%

	UC10
	-0.51%
	92%
	76%

	UC11
	-0.27%
	95%
	94%

	UC12-SongDescriber
	-0.45%
	91%
	81%

	Average
	-0.59%
	88%
	74%

	Overall 
	-0.40%
	94.14%
	87.35%


Table 6. CA14 Results of joint channel configuration.
	
	Lossless Compression

	
	Over BWC-5.0

	
	BR-R
	EncT
	DecT

	　
	BWC

	MIT (ECG)
	0.00%
	101%
	105%

	INCART (ECG)
	-0.04%
	103%
	103%

	CHBMIT (EEG)
	-0.07%
	106%
	105%

	NMR55 (EEG)
	-0.22%
	104%
	108%

	NMR57 (EEG)
	-0.06%
	105%
	105%

	TILT ILLUSION (EEG)
	-0.37%
	101%
	100%

	Ozdemir (EMG)
	-0.28%
	103%
	108%

	PTT (PPG)
	-0.78%
	103%
	111%

	WristPPG (PPG)
	-0.39%
	93%
	81%

	Average
	-0.25%
	102%
	103%

	　
	ACoM

	UC1
	-1.05%
	83%
	50%

	UC3
	-1.40%
	67%
	42%

	UC5
	-1.70%
	70%
	37%

	UC9-Circor
	-0.30%
	95%
	89%

	UC9-CoughVID
	0.14%
	96%
	94%

	UC9-KAUH
	0.15%
	97%
	99%

	UC10
	-0.51%
	91%
	76%

	UC11
	-0.33%
	94%
	92%

	UC12-SongDescriber
	-0.52%
	90%
	82%

	Average
	-0.61%
	87%
	73%

	Overall 
	-0.43%
	94.48%
	88.12%



The text attachment was reviewed with respect to its consistency with the corresponding technical proposal. The proposed draft text appears to reflect the intended coding process and associated syntax and semantics changes.
As VCEG-CA14 is a specification-text contribution associated with VCEG-CA13, the cross-check considered both the consistency of the draft text and the reported coding behavior.
The proposed text appears aligned with the corresponding technical proposal in VCEG-CA13 [2]. The cross-check did not identify any issue.
4 Summary
For VCEG-CA12, VCEG-CA13, and VCEG-CA14, the cross-check results are consistent with the corresponding HHI contributions [1]-[3]. Overall, the cross-checkers consider the proposed changes technically consistent with the reported results. The observations above are intended to clarify the interpretation and integration aspects of the proposals, and do not indicate any cross-check issue.
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