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Abstract
This document contains a report of the Ad Hoc Group on the coding of medical and general waveform data. The AHG was requested to do the following:
· Perform gap analysis
· Study requirements
· Collect example signal data for experimentation
· Produce a draft A.1 justification for development of a Recommendation on the subject
· Communicate with DICOM on the above goals

1 Background
This AHG was established following receipt of a liaison statement TD 103/Gen from DICOM WG32. The liaison statement reported a need for the coding of time-based neurophysiology signal data. It noted that there is no well-accepted codec for biomedical waveform data such as electrocardiography (ECG), electroencephalography (EEG), and electromyography (EMG) signals.

2 Activities
The VCEG email reflector was used for communication related to the AHG.
Relevant publications [1]-[4] have been mentioned either on the reflector or by other means. 
Results on lossless compression experiments with different state-of-the-art codecs for compressing data from the PTB-XL electrocardiography (ECG) dataset (https://physionet.org/content/ptb-xl/1.0.3/) [5][6] have been reported in DICOM. Compression gains range from 35% to 71% bitrate reduction for the three general purpose compression schemes GZip, LZMA, and BZip2, as well as the audio compression scheme FLAC and the ISO/IEC 15938-17 Neural Network Coding (NNC) standard.
Other experts confirmed that these results are in line with their own observations for compression of EEG data and suggested to additionally conduct compression experiments using lossy audio codecs.
As a response, it was suggested to define common test conditions regarding distortion measure, datasets and reporting formats on the upcoming VCEG meeting before conduction lossy compression experiments.

3 Gap analysis
Waveform data can be encoded using audio compression technology while disabling the use of psycho-acoustic masking and potentially overcoming limitations on channel number and block size. However, the following aspects are noted:
· There is a need for very high quality coding, with near-lossless and potentially lossless coding capabilities
· Lossless coding for audio is typically achieved by having a special mode of lossless operation (e.g. MPEG-4 ALS or FLAC), and the bit rate savings (relative to the bit rate of PCM input data) for lossless operation is modest
· Some audio formats already support large numbers of channels, a variety of input bit depths, arbitrary sampling rates, etc. (again MPEG-4 ALS)
· Lossless coding can instead be achieved with a scalable approach, where a basic signal representation is enhanced with a lossless residual signal. MPEG-4 SLS is one such approach.

4 Requirements
The following requirements are suggested:
· Support for 16 to 24 bits per sample (possibly higher)
· Support for various sampling rates (clinically usually up to 500–2000 sample/s, up to 40k samples/s for research)
· Support for a large number of channels (up to hundreds)
· Near-lossless and lossless capability; a lossless approach will not produce better than a 2-3X compression ratio, which is not sufficient.
· The use of mutual information between channels to improve compression performance may be considered.
· Blocking and indexing is necessary for rapid access within large datasets. Block size should be optimized for the type of compression. Index to blocks can be stored outside of encapsulated bitstream (such as in fragments/frames encoding in DICOM).
· All channels will probably have the same (fixed) sampling rate and reference timeline, but this will need to be discussed.

5 Example signal data for experimentation
PTB-XL electrocardiography (ECG) dataset (https://physionet.org/content/ptb-xl/1.0.3/) [5][6]; others to be identified.
Creation of a testing dataset composed of scalp EEG, intracranial EEG, ECG, and EMG data is desired. The testing dataset should include approximately 30 datasets from each category that contain signals with relevant features (such as epileptiform discharges and seizures for EEG).

6 Draft A.1 justification
An initial draft A.1 justification for a proposed draft new ITU-T Recommendation on this topic is attached as an annex to this report.
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A.1 justification for proposed draft new ITU-T B.xyz "Coding of Neurophysiology signals and similar waveforms"

	Question:
	Q6/16
	Proposed new ITU-T Recommendation
	Online or Venue, day-day month year

	Reference and title:
	Neurophysiology Waveform Codec

	Base text:
	SGy-Cnnn or SGy-TDnn[/WPn]
	Timing:
	YYYY-MM

	Editor(s):
	Name, membership, e-mail address
	Approval process:
	AAP

	Scope 

A compressed coding format for neurophysiology data which can be used by DICOM and possibly other organizations


	

	Summary (provides a brief overview of the purpose and contents of the Recommendation, thus permitting readers to judge its usefulness for their work):

	An impediment to advancing standardization for neurophysiology and electrocardiography data is the lack of a codec designed for these types of biomedical signals. Current audio codecs have significant limitations when applied to biomedical waveform data due to application of psychoacoustic masking approaches and limitations on channel number and block size. An option for a lossless and near-lossless codec/transmission-syntax specifically for biomedical waveform data is almost certainly needed.
Neurophysiology data currently consists of 16-24 bit data with between 21 and several hundred channels sampled at between 256 and 40K Hz. Clinical scalp EEG is typically 21 channels sampled at between 256 and 1000 Hz. Clinical intracranial EEG consists of between 64 and several hundred channels sampled with a bit depth of 16 or 24 bits at around 2000 Hz. Research intracranial EEG (human and animal neurophysiology) involves up to several hundred channels sampled at a bit depth of 16 or 24 bits and a sampling rate up to approximately 40K Hz.
The codec will require:
1. Lossy or near-lossless design to optimize compression. A lossless approach will not produce better than a 2-3X compression ratio, which is not sufficient.
2. Blocking and indexing is necessary for rapid access within large datasets. Block size should be optimized for the type of compression. Index to blocks can be stored outside of encapsulated bitstream (such as in fragments/frames encoding in DICOM).
3. Optional use of mutual information between channels to improve compression performance
4. All channels will probably have the same sampling rate, but this will need to be discussed.


	Relations to ITU-T Recommendations or to other standards (approved or under development):

	TBD

	Liaisons with other study groups or with other standards bodies:

	DICOM WG32

	Supporting members that are committing to contributing actively to the work item:

	List names of supporting Member States, Sector Members, Associates, Academia
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