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Abstract
Core experiment CE 1 on the use of the preLPC tool for lossless waveform coding, as described in VCEG-BZ28, effectively proposes the usage of H.BWC’s linear predictive filtering (LPF) tool with discrete cosine transform (DCT) coding of the LPF residual block signals. This contribution notes that H.BWC’s entropy coding stage is suboptimally designed for the block signal statistics resulting from a transform coding of linear-prediction residuals, and proposes a simple extension of the DCT residual specific entropy coder to address the shortcoming. On top of H.BWC version 5.0, extended by a simple LPF + DCT encoding decision, the proposal reportedly results in both significant rate reduction and encoding as well as decoding time reduction in lossless coding mode, in cases when LPF + DCT coding is frequently chosen by the encoder. Compatibility with preLPC CE 1 is ensured.
This contribution is intended as a supplementary proposal to CE 1, for the case that the aspect of entropy coding optimization is not addressed in the CE. CTC performance is virtually unchanged.
A summary of the dataset-wise mean rate reduction due to the proposed improvement is as follows. All reference encodings are using H.BWC 5.0, extended by a combined LPF + DCT coding mode. Due to an efficiency improvement of almost 0.3% and codec time reduction, adoption is requested.

	Dataset, Condition
	Compression Ratio
	Encode Time Ratio
	Decode Time Ratio

	CTC without proposal
	–0.12%
	124%
	99%

	ACoM without prop.
	–2.67%
	117%
	117%

	CTC with proposal
	–0.13%
	122%
	98%

	ACoM with proposal
	–2.95%
	112%
	97%



1 Summary of Issue
The preLPC lossless coding tool proposed in core experiment (CE) 1, as described in VCEG-BZ28 [1], effectively applies a combination of H.BWC’s existing linear predictive filtering (LPF) sample predictor, operating on the block prediction residual, and H.BWC’s DCT-II based transform coding method, operating on the output of the LPF analysis filter, i.e., on the LPF sample residual signal. For entropy coding, H.BWC employs for this case the trigonometric-transform specific coding me-thod, as if no LPF had been applied prior to the DCT-II (i. e. DCT of only block prediction residual).
This contribution notes that said trigonometric-transform specific coding method is suboptimally designed for the preLPC scenario since such a coding scheme was not envisioned during its design.
2 Proposed Change
To address the suboptimality described in Sec. 1, the combination of the LPF coding tool and DCT coding of the LPF block residual was implemented, as an additional test candidate during RDO, in the H.BWC version 5.0 encoder (the decoder already supports such combined coding). This basic preLPC variant is automatically allowed when LPF coding is enabled using encoder configuration option --UseTrafoSignalAdapt =1, which is the case in all lossless cfg files used in H.BWC’s CTC.
The resulting encoder will be referred to as H.BWC 5.0, extended by simple LPF + DCT encoding. Note that this modification to the H.BWC software closely reflects, or simulates, the preLPC design in CE 1, as explained in the CE crosscheck document. The proposal herein is, therefore, completely compatible with the software changes described in CE 1. For details see the crosscheck document.
The mentioned suboptimality originates from the fact that the statistical sample value model of the trigonometric-transform specific entropy coding stage in H.BWC was developed neither with the expectation of high inter-frequency quantized coefficient variance, nor for a larger value range and higher relative recording noise floor generally exhibited by 24-bit (compared to 16-bit) recordings. More specifically, the magnitude of the transform coefficients to be entropy coded may vary quite strongly across frequency for some waveform types, particularly (as was observed by the authors) on such signal input which benefits most from preLPC coding. Moreover, the signal-to-noise ratio of most digital recordings is, contemporary analog-to-digital converters assumed, much closer to the theoretical range of 16-bit PCM (near 100 dB) than it is to 24-bit PCM (150 dB). In other words, the lower 8 bit of 24-bit recordings often contain only recording noise but rarely actual signal data.
To address these observations, it is proposed to extend, in the H.BWC draft specification text, table 6.3.3.2.6 (quan_res_sample_data syntax) as follows for the case of LPF and DCT coding enabled:
…	QState = QStateTransTab[ QState ][ QuantIndices[ k ] & 1 ]
        }
        if ( SamplePredMode == SPRM_LPF ) {
	lsbSR  = 	0, subSR	= 0
	qAcc   = 	0, offset	= 9 – ( ( BitDepthMax – NumZLSB ) >> 2 )
	for ( k = LastScanPos; k >= 0; k = k – 1 ) {
	        decCoeffMSB = QuantIndices[ k ]
	        if ( lsbSR > 0 ) {
		read an lsbValue with lsbSR bits, EP coded						u(lsbSR)
		QuantIndices[ k ] = ( ( QuantIndices[ k ] * ( 1 << lsbSR ) ) | lsbValue ) – subSR
 	        }
	        qAcc = ( Abs( decCoeffMSB ) + 15 * qAcc ) >> 4
	        if ( qAcc >= ( 1 << (offset + lsbSR) ) && lsbSR < 8 ) { increase lsbSR and subSR }
	        else if ( qAcc == 0 && lsbSR > 0 )	{ otherwise, decrease lsbSR and subSR }
	}
        }
where QuantIndices[ k ] with 0 <= k <= LastScanPos are the entropy-decoded LPF-residual DCT samples affected by the proposal and LastScanPos is the highest-frequency decoded sample index. The increase and decrease are realized as:  subSR = 1 << (lsbSR+ +) and  subSR >>= 1, lsbSR– –.
In other words, the proposal adaptively, in frequency direction based on previously decoded sample magnitudes, guides a variable number of sample LSBs (with the number varying across frequency) around the context adaptive engine and, instead, EP-encodes and EP-decodes these LSBs with an equi-probability (EP) model. Given that both encoder and decoder operate in a synchronized and, thus, reversible fashion, the above decoding process can, for each QuantIndices[ k ] with a nonzero LSB count, left shift the CABAC-decoded “MSB” sample value (or multiply by an equivalent 2^... scalar) and append, via a binary-OR operation and offset subtraction, the EP-decoded “LSB” data.
Three aspects regarding this proposal are worth noting. First, the extension to the decoding process occurs entirely in the syntax definition of quant_res_sample_data(ch); no other changes to the text of the H.BWC specification or the code of the reference software are required. Second, given that a certain number of LSBs (depending on proposed leaky accumulator qAcc) are routed around the existing CABAC stage and EP-(de)coded instead, a slight codec runtime decrease can be expected. Third, the proposal automatically addresses both the high LPF-residual DCT sample variance and greater relative noise floor in 24-bit vs. 16-bit recordings noted above, by proper threshold tuning.
3 Performance Evaluation
On top of H.BWC version 5.0, extended by the simple LPF + DCT encoding decision described in Sec. 2, the proposal reportedly results in the following changes to the lossess coding performance:

Lossless, VCEG H.BWC CTC:
	Dataset
	Compression Ratio
	Encode Time Ratio
	Decode Time Ratio

	MIT (ECG)
	 0.00%
	100%
	100%

	INCART (ECG)
	 0.00%
	100%
	100%

	CHBMIT (EEG)
	 0.00%
	99%
	99%

	NMR55 (EEG)
	–0.01% 
	99%
	99%

	NMR57 (EEG)
	–0.01% 
	100%
	99%

	Tilt Illusion (EEG)
	–0.02% 
	96%
	98%

	Ozdemir (EMG)
	 0.00%
	98%
	99%

	PPT (PPG)
	 0.00%
	99%
	100%

	WristPPG (PPG)
	 0.00%
	95%
	99%

	Overall Mean
	–0.005% 
	98%
	99%



Lossless, VCEG/MPEG ACoM:
	Dataset
	Compression Ratio
	Encode Time Ratio
	Decode Time Ratio

	UC1
	–0.45% 
	93%
	(73%)

	UC3
	–0.17% 
	93%
	(unreliable)

	UC5
	–0.63% 
	94%
	93%

	UC9-Circor
	–0.01% 
	94%
	98%

	UC9-CoughVID
	–0.16% 
	100%
	93%

	UC9-KAUH
	–0.05% 
	99%
	96%

	UC10
	–0.36% 
	96%
	82%

	UC11
	–0.23% 
	97%
	83%

	UC12
	–0.47% 
	95%
	76%

	Overall Mean
	–0.283% 
	96%
	89%



The decode time ratios in (brackets) are considered outliers and were excluded from the averaging. Further results are provided in a portable document file accompanying this contribution document. Results for independent channel coding (ICC) will be provided in a later revision of this document.
Informal experiments on 24-bit waveform content, where the 24-bit data were generated by adding rectangular or triangular-PDF pseudo-randomly generated eight least significant bits to the initial 16-bit PCM recordings, revealed performance improvements beyond 1%. In view of these findings and to ensure greatest possible flexibility and versatility of the H.BWC standard, it is requested to adopt the proposed change into the next version of the H.BWC software [2] and draft specification.
An accompanying software merge request, illustrating the proposed changes, is made available [2].
It is worth noting that, on the biomedical waveform datasets of the H.BWC CTC, the preLPC-like LPF + DCT coding mode added to the encoder RDO decision is rarely chosen and, as such, yields only limited benefit while increasing the encoding runtime considerably. For this reason, the CE 1 proponents had, at the previous VCEG meeting, suggested to disable this coding mode in the CTC, and such a configuration will, evidently, also disable for the CTC the proposal of this contribution. However, for completeness of the discussion, the lossless coding performance of the combination of LPF, DCT and associated entropy coding improvement proposed herein, relative to the unaltered H.BWC 5.0 in fully CTC compliant joint-channel coding configuration [3], is summarized below.

Lossless, CTC, over H.BWC 5.0:
	Dataset
	Compression Ratio
	Encode Time Ratio
	Decode Time Ratio

	MIT (ECG)
	 0.00%
	119%
	100%

	INCART (ECG)
	 0.00%
	118%
	99%

	CHBMIT (EEG)
	–0.27% 
	131%
	97%

	NMR55 (EEG)
	–0.20% 
	133%
	100%

	NMR57 (EEG)
	–0.11% 
	121%
	97%

	Tilt Illusion (EEG)
	–0.04% 
	123%
	97%

	Ozdemir (EMG)
	 0.00%
	122%
	98%

	PPT (PPG)
	–0.21% 
	117%
	99%

	WristPPG (PPG)
	–0.30% 
	115%
	98%

	Overall Mean
	–0.13% 
	122%
	98%
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