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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 [1, 2], effectively proposes using H.BWC’s linear predictive filtering (LPF) tool with discrete cosine transform (DCT) coding of the LPF residual block signals, along with a signalling of associated control parameters. This contribution reports the crosscheckers’ analysis and results of performance evaluation according to the H.BWC common test conditions. In light of the nearing completion of the H.BWC standard, a thorough investigation of the changes to the H.BWC software and specification text, as proposed in CE 1, is conducted, and simplifications are suggested. These simplifications result in both fewer changes to the software and in improved coding performance.
The performance results provided by the CE 1 proponents 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 worst and best dataset-wise performances being: 0.7% (INCART), –3.4% (UC9-KAUH):

Lossless, joint channel coding (JCC) configuration:
	Dataset, Condition
	Compression Ratio
	Encode Time Ratio
	Decode Time Ratio

	CTC, CE proponent
	  0.13%
	109%
	99%

	ACoM, CE proponent
	−1.00%
	86%
	109%

	CTC, crosscheckers
	
	
	

	ACoM, crosscheckers
	
	
	



Lossless, indep. channel coding (ICC) configuration:
	Dataset, Condition
	Compression Ratio
	Encode Time Ratio
	Decode Time Ratio

	CTC, CE proponent
	  0.01%
	129%
	96%

	ACoM, CE proponent
	−0.86%
	62%
	109%

	CTC, crosscheckers
	
	
	

	ACoM, crosscheckers
	
	
	



The respective results for the suggested improvements to the preLPC related software changes are provided in Sec. 3, and a source file illustrating the crosscheckers’ software changes is appended. Advantageously, the changes cause the worst-case performance to be improved from 0.7 to 0.01%.
1 Summary and Analysis of Changes to Specification Text
The preLPC coding technique, signalled by an additional 1-bit flag named cgps_allow_prelpc_flag in the channel_group_parameter_set( ) and, on a block and channel level, by a prelpc_flag in the prediction_trafo_data_block( ), is implemented independently from the existing linear predictive filtering (LPF) processing, despite being almost identical; see the following two sections for details. The cgps_allow_prelpc_flag is signalled inbetween .._allow_zero_lsb_flag and .._allow_lms_flag. Moreover, in linear_predictive_filtering_data( ), signaling of existing flags lpf_prev_ch_flag and lpf_delta_coding_flag are prevented in case of prelpc_flag > 0 and, subject to the same condition, a new 1-bit flag named prelpc_direction_flag is signalled instead. The specification text does not state that, when not being signalled due to the preLPC proposal, the two flags are inferred to be 0.
While being syntactically and semantically correct, it is unclear to the crosscheckers why the LPF related flags lpf_prev_ch_flag and lpf_delta_coding_flag must be “de-activated and not signalled”.
2 Summary and Analysis 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 3d417f2b. According to the Git interface and accounting for purely editorial whitespace changes, 2200 lines of code (LoC) are added and 80 lines of code are removed by the proponents.
Two new configuration files combinedPresetACoM_..._lossless.cfg, one for JCC and one for ICC, were added to the code base. It is worth noting that these contain LMS_ORDER : 32, despite an LMS related change adopted at the last VCEG meeting. The crosscheckers recommend LMS_ORDER : 8. The crosscheckers performed ACoM evaluation with that value, to stay in sync with the EMG set.
An encoder command line option cgps_allow_prelpc_flag, corresponding to the syntax element of the same name, was added. When not specified, this encoder option seems to be enabled by default. In addition, four C++ source files, IntLPCAnalysis.cpp/.h and IntLPCSynthesis.cpp/.h, were added and nine tuning constants for, apparently, empirically optimized encoder speedup were introduced.
In accordance with the specification text changes proposed by the CE proponents, two block-level and equi-probability (EP) coded syntax elements, prelpc_flag and direction_flag, were introduced. The preLPC filter parameters are coded independently. Apparently, when preLPC coding is applied in a block and channel, time-differential coding of LPC (or, possibly, LPF) parameters is disabled.
On the encoder side, when preLPC coding is enabled via the command line, a hysteresis is being activated which modifies the behavior of the block matching (BM) encoder RDO-presearch stage. Similar changes can be found regarding the linear modelling (LM) prediction presearch stage, with in both cases the apparent objective of reducing encoding time, as reflected in the evaluation data.
Finally, the encoder, in its RDO search loop, evaluates the preLPC coding mode in addition to the existing linear predictive filtering (LPF) mode. Although the two share most processing stages, the former appears to be newly and independently implemented, by way of the four added source code files and avoids time-differential coding of the LPF-like LPC parameters (i.e. delta_time_flag = 0). The exact operation in case of direction_flag > 0 seems somewhat unclear; see also the appendix.
3 Some Suggestions for Simplification and Improvement
Overall, the changes to the H.BWC reference software match the documented changes to the draft specification text, and the additional parameters signalled in the bitstream appear reasonable to the crosscheckers. However, some changes to the software code base are questionable, and the overall amount of code changes is, in the crosscheckers’ opinion, unnecessary and avoidable. To address these issues and to achieve a minimally invasive set of software changes allowing the CE 1 proposal to be potentially adopted, five changes to the CE 1 code and specification text are suggested below:
· modifications to allow reusing H.BWC’s existing LPF filtering process, incl. delta_time_flag
· avoidance of empirical, hysteresis driven encoder speedups principally unrelated to preLPC
· usage of only configuration files combinedPresetACoM_..._lossless.cfg and LMS_ORDER :8
· entropy (de)coding of syntax elements prelpc_flag and direction_flag with context adaptation
· improvement to software implementation and specification text in case of direction_flag > 0.
Details on the first two aspects and respective lossless coding performance data are provided below. Despite a reduction in LoC changes by about 95%, further coding gains are observed. The last two aspects are discussed in the appendix, but due to time constraints, implementations aren’t available.
On top of H.BWC v5.0 [3], the suggested improved preLPC version reportedly yields these results:

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

	MIT (ECG)
	 0.00%
	119%
	100%

	INCART (ECG)
	 0.00%
	119%
	99%

	CHBMIT (EEG)
	–0.27% 
	132%
	97%

	NMR55 (EEG)
	–0.19% 
	135%
	101%

	NMR57 (EEG)
	–0.10% 
	121%
	98%

	Tilt Illusion (EEG)
	–0.02% 
	128%
	99%

	Ozdemir (EMG)
	 0.00%
	124%
	99%

	PPT (PPG)
	–0.21% 
	118%
	99%

	WristPPG (PPG)
	–0.30% 
	121%
	98%

	Overall Mean
	–0.12% 
	124%
	99%



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

	UC1
	–0.46% 
	118%
	132%

	UC3
	  0.00% 
	113%
	(unreliable)

	UC5
	  0.00% 
	111%
	98%

	UC9-Circor
	  0.01% 
	121%
	101%

	UC9-CoughVID
	–5.81% 
	114%
	(unreliable)

	UC9-KAUH
	–5.98% 
	114%
	(unreliable)

	UC10
	–2.71% 
	117%
	125%

	UC11
	–4.56% 
	123%
	131%

	UC12
	–4.54% 
	124%
	116%

	Overall Mean
	–2.67% 
	117%
	117%



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.
Suggested preLPC implementation:
While analyzing the preLPC proposal in full detail after the last VCEG meeting, the crosscheckers noticed 1) that algorithmically, CE 1 is almost identical to the combined usage of H.BWC’s existing LPF sample-wise prediction mode and residual transformation by means of the DCT, and 2) that the H.BWC software decoder and specification already support such combined usage, by signalling TransformMode = TM_DCT as well as SamplePredMode = SPRED_LPF in a block and channel.
In light of this finding and before the CE 1 software changes had been published, the crosscheckers started an independent implementation of the preLPC concept, in a variant which is fully compliant with the H.BWC 5.0 revision, i. e. without the requirement for decoder-side changes in either draft specification text or software. Apart from signalling of the high-level control parameters – namely, cgps_allow_prelpc_flag as mentioned in Sec. 1 and an encoder option to enable the desired mode in the RDO search loop – only one source file, EncoderLib/PredictionEnc.h, had to be modified. In particular, the existing linear predictive coding functionality used by the sample-wise LPF mode was reused to add, when preLPC coding is desired and the coder operates in lossless mode, a further RDO candidate to the encoder’s search loop, and simple additional calls to the codec’s forward and inverse DCT routines to obtain a spectral representation of the block-wise LPF residual for entropy coding when RDO-evaluating that preLPC candidate. Given that the independently implemented preLPC variant relies on the existing LPF tool, option --UseTrafoSignalAdapt :1 must be specified in addition to the newly added preLPC flag during encoding; in lossless coding this is usually done.
The modified source file PredictionEnc.h, activating a preLPC-like encoding behavior compliant with H.BWC 5.0 and resulting in the lossless compression performance tabulated above is provided as an auxiliary file in this contribution. To simplify the demonstration, compile-time define (macro) LPC_DCT_EC_FIX is used instead of a run-time encoder option to activate the preLPC-like mode.
Implementing the preLPC proposal as suggested herein has, in the crosscheckers’ view, some merit facilitating adoption of the CE. First, only about 110 (instead of 2120) LoC, and no files (instead of 4), must be added to the code. Second, no changes to the behavior related to flags lpf_prev_ch_flag and lpf_delta_coding_flag are required, and no issues are observed with nonzero flag values. Third, by avoiding preLPC-unrelated changes to the encoder’s speed-performance tunings, no significant overall performance degradations arise on any dataset (but runtime increases a bit). Fourth, since H.BWC already supports preLPC-like signalling on a block and channel level, usage of prelpc_flag becomes unnecessary, thus saving rate. Finally, as a desirable side-effect, implementing the above suggestions avoids the necessity for changes to the independent-frame( ) syntax specification text.
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