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Recap

Opus 1.6 includes a number of enhancement algorithms, LACE and NoLACE
for improving wideband speech, and BBWENet for blindly extending
wideband speech to fullband speech

Enhancement methods break Opus conformance and present ID updates
RFC6716 with additional requirements for allowing SILK enhancement
(allowing future algorithmic improvements)

03->04 draft update aims at completing requirements for qualifying current
and future SILK enhancement algorithms



Overview

e Draft update (03->04) fills in missing pieces for complete proposal

e Completed qualification criteria of extending and non-extending SILK enhancement methods,
including new test vectors and explicit pass criteria

e 04 does not consider enhancement with side information anymore (early attempts were not
promising and we do not have proposed algorithms to test on)

e (04 opts for SDP for conveying information about enhancement, Opus extension format not
considered anymore

e 04 adds Security Considerations

e (04 adds a few missing details like prohibiting to train on test data and mandating delay
compensation for testing

e For testing: bad models now derived from good models by adding noise to weights (10 dB SNR)



Overview of Requirements for SILK enhancement
Algorithms

Type Subjective | Lowband Highband | Approx. No No Iterop
Evaluation | Test Test phase Training Training
preservati | on Test on Source
on Data Datasets
non-exten | SHOULD | MUST X SHOULD | MUST SHOULD | MUST
ding

extending | SHOULD | MUST SHOULD | SHOULD | MUST SHOULD | MUST



Lowband Test

e Same as before: Compares MOC distance between original and enhanced to MOC
distance between original and unenhanced signal

e Comparison metric now implemented C
(https://gitlab.xiph.org/xiph/opus/-/blob/osce ietf126/src/osce _compare.c) for reference

e VO test vectors failed for latest opus_demo (even without enhancement)
o PLC in SILK->CELT transition led to clipping
o  Clipping handling changed with 24-bit interface
o  => highlights dependency on non-standardized decoder behavior

e /1 uses more conservative normalization (-12 dB) and drops reference MOC scores

e Comparison now always against a reference decoder and every conforming decoder is
admissible



Lowband Test Results (good/bad)

bitrate WB LACE g/b WB NoLACE g/b BBWE g/b BBWE+LACE g/b BBWE+NoLACE
g/b
6000 24 /14 24112 247114 24112 24112
9000 24/0 24/0 24 /3 24/0 24/0
12000 24/0 24170 24171 2470 2470
15000 2410 2410 24 /2 2410 2410
18000 2410 2410 24 /1 24 /0 2410
24000 24 /0 24 /0 2410 2410 2410
32000 24 /0 24 /0 2410 2410 2410
switching 24 /0 24 /0 2412 2410 24170




Highband Test

e The draft has been updated to include the highband test presented at IETF 123
e |dea: ‘bwe should not be worse than doing nothing’

e Compares per-band distortions between reference and extended enhanced signal to
per-band distortions between reference and a lowpass anchor (osce_compare)

e Test clips now from VCTK dataset (released under ODC-By and CC BY 4.0)

e Fundamental problem remains: blind BWE algorithms like BBWENet solve the
find-a-plausible-bandwidth-extension problem and plausible bandwidth extensions
can violate the comparison test

e Test is still useful for identifying issues (and surfaced a bug in Opus 1.6.1) but the
draft requirements is relaxed to SHOULD pass



Highband Test Results (20-ms frames)

bitrate BWE (c5) BWE + LACE (c6) BWE + NoLACE (c7) | bad BWE (c5)
6000 21.70% 98.80% 98.70% 2.40%

9000 95.40% 98.60% 98.90% 40.80%
12000 98.70% 98.80% 99.20% 53.60%
15000 99.50% 98.70% 99.20% 59.00%
18000 99.70% 98.90% 99.60% 60.80%
24000 99.70% 99.00% 99.50% 64.10%

PASS criteria: >90% success for bitrate >= 9 kb/s for 20-ms frames
and >90% success for bitrate >= 12 kb/s for 10-ms frames




A high-bitrate Failure Case for lllustration

Original BBWENet Distorted BBWENet

Plausible but Audible noise in
different highband



New SDP Parameters

e (Goal: convey to sender side

o By how much enhancement lifts quality
o How much enhancement extends wideband speech

Introducing two new optional fmtp parameters for opus media subtype

e speechenhancement: an integer from 0 to 40 indicating the
effectiveness of the receiver's speech enhancement. If the enhanced
decoder at 6 kb/s achieves the quality of an unenhanced decoder at X
kb/s, the value is round(10 * (X - 6) / 6).

e extendedbandwidth: an integer giving the upper limit, in kHz, of the audio
bandwidth the receiver's decoder produces after blind bandwidth extension.



Security Considerations

Memory safety: Enhancement operates on attacker-influenced input (decoder
output, bitstream-derived parameters). Implementations MUST handle
degenerate/extreme values without out-of-bounds access and MUST run in
bounded memory.

Bounded complexity: LACE, NoLACE, and BBWENet have fixed size — constant
per-frame cost independent of packet content. Future models SHOULD avoid
data-dependent unbounded work to prevent crafted streams from causing excessive
CPU usage.

Model integrity: Weights are part of the implementation, not signalled in the
bitstream (not attacker-controlled). External model artifacts should be
integrity-checked (e.g. verified hash). A corrupted model can only degrade audio
quality, not compromise memory safety, if inference is bounds-checked.



Next Steps

e Collect and incorporate feedback
e Have evaluation results cross-checked (volunteers?)
e Latest test suite on osce_ietf126 branch -> land on main

e Find location for test vectors (~ 4GB)



Thank You!



