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Introduction



Many time-varying systems embed recursive filters (IIR)




Lack of low-level differentiable operators
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Frame-wise frequency-sampling introduces mismatch
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Contributions

1. Efficient time-domain training of time-varying recursive filters without
approximation

2. No mismatch between training and real-time inference conditions

3. More accurate modelling of time-varying analog audio circuits




torchlpc
An all-pole filter and low-level operator

pip install torchlpc




The all-pole filter
[a(0), a(1),...,a(N)]
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Previous outputs

The minimal form of a recursive filter.

y(n) = f(a(n),z(n)) | i
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Time-varying filter coefficients




Efficient solution

1. Implement all-pole filter in compiled language using Numba
2. Derive equations for gradient backpropagation
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Linear filters as matrix multiplications
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[a(0), a(1),....a(N)]




Gradients of a(n)

or __ oL s
Ja;(n) Ox(n) y(n ?’)

Bonus: Check out the github repository for gradients of the initial
conditions y(n)| <o
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Virtual Analog
m Od EI I | N g 1. Phaser (Small Stone)

2. Synthesiser (TB-303)
3. Compressor (LA-2A)

White-box DDSP approach




Phaser (Electro-Harmonix Small Stone)

Time-varying /\{]
2(n) {} APF | AHmes | 4pp -{} s BQ > y(n)

x(n) fom) "1 fam y(n) —




Table 2: Phaser evaluation results. “Method” refers to the train-

ing method; whereas the ESR was computed over the test dataset
using both FS and TD at inference.

Phaser evaluation

Dataset L/F; Method ESR (%)

FS=f D) =

° = “19))
requency L), sSA  1oms B 146 153
sampling TD 134 136
e TD =time-domain Target B 40 FS 137 149
. 1) ] ms TD 135 134

using torchlpc E\
e Rows = training . $5-C 160ms }E ;;22 573‘3’

e Columns = inference FS 2247 2347

_ S5-D 10ms TD  21.64 23.33
For most settings, TD e 10 . 1543 1660
outperforms FS no matter ) e TD  13.63 13.87
the inference condition. FS 879  9.83

SS-F 160 ms D 783 8.79
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Roland TB-303 Acid Synth

Sound matching
48 kHz and 32 sample hop size
Modulating low-pass filter as
time-varying biquad

e Configurations

o TD (ours) vs. FS
o Low-pass vs. general biquad coefficients

o end2end LSTM

Yrarget (n)
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Synthesise
r evaluation

e MSS
o TD + Biguad Coeff.
performs the best
e FAD
o Biquad Coeff. + FS
training + TD inferenc

Target Coeff. TD LSTM
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Table 3: Synth evaluation results (FS = frequency sampling, TD =
time domain) with 95% confidence intervals for FAD scores.

MSS FAD VGGish

Filter Method Nwim FS TD FS TD
4096 166 178 262+0.09 270+0.13
2048 1.64 1.65 2184+0.07 2354+0.11
FS 1024 1.53 158 257008 227+0.12
Coeff. 512 1.57 1.57 287+0.10 2464+ 0.10
256 1.49 148 225+0.08 198+ 0.06
128 1.53 155 337014 273+0.12
TD - - 1.38 - 249 +0.21
4096 196 198 2594006 2.09+0.07
2048 1.95 204 262007 4521017
FS 1024 1.89 215 259+008 418+0.14
LP 512 1.83 292 213006 3.38+0.08
256 1.82 2890 2174+006 336+0.12
128 1.84 270 2344009 393+0.12
TD - - 1.56 - 251 +£0.10
LSTM64  TD - - 176 - 3.24 007




LA-2A Leveling Amplifier

= feed-forward compressor from the DAFx textbook. | ae W
target
xtt} . - Delay | & "’{f]' l
cT Ccs

T |
L linlog Té}—*é}ﬁi min || log/lin [—+| AT/RT —_— MAE

Figure 4.15 Block diagram of a compressor/expander [Z61035].
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Differentiable attack/release

decision flag of attack/release phase
B(n) = ag{nﬁ

at Ir:':‘1'1;

g(n) = B(n)g(n) + (1 — B(n))g(n — 1)

—
ATRT | =5

[ \ pip install torchcomp
torch.autograd.Function
x(n) » | torchcomp > y(n)
>Z (n)|
V.L «—— torchlpc ——T—— VL

. J




Compressor
Table 5: Summary of compressor ESR (%) evaluation.

evaluation
Method FF-A FF-B FF-C LA-D LA-E LA-F
e Methods FS 2362 0.00780 4.649 1129 9485 7.783
o FS (attack time = VFF  0.015 0.00785 0.017 10.58 9.356 7.639

release time
) Table 6: The learned parameters for matching a LA-2A.

o VFF (time-
domain) Method Data R CT(B) Attack  Release  ayms 7 (dB)
. D 9.1  -11.66 489.43 ms 0.008  0.69
e Conditions FS E 2311  -19.08 44.62 ms 0.606  0.34
F 2. -26. . 002 -(.81
o Feed-forward ) 26% 0.00ms e o8
D 390  -2658 99.4lms _ 0.06ms __ 0703  0.74
compressor (FF) VFF E 13.1 -1241 |568ms  420.56ms | 0.978 0.54
F 54 -2014 [2.24 229.15 0973  -0.13
o LA-2A (LA) — —

e 2-3times faster fast attack, slow release
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Future Works

Differentiable initial conditions

Forward-mode automatic differentiation

Higher-order gradients for advanced optimisation

Extending to other effects, such as flanger, chorus, FDN, etc.




Q&A

1
[=]

Sound samples Code Neutone plugin

d )
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