
Nyquist Matched SVF1 mixing based on Ivanstov's 

method
In this paper: https://ivantsovy.com/biquadratic_best_match_ivantsov.pdf , Yuriy Ivanstov derived 

super clean equations for generating a DF1 1 pole filter that matches various continuous domain 

analog filter prototypes. Looking at the symmetries in the coefficients I wondered if using a trape-
zoidal integrated mixing SVF would make the equations simpler. Below are my results. Please note 

that I’ve used t = σ and I’ve derived things in terms of the normalised cutoff f = cutoff/samplerate, 
instead of  ω = samplerate/cutoff used by Yuriy.

Trapezoidal integrated SVF 1-pole mixing implementation
Parameters:
  f = cutoff/samplerate
  t element [2, sqrt(2/3)*pi] = sigma
  m0 and m1 are the high pass and low pass gains
  lowpass m0=0 m1=1
  highpass m0=1 m1=0
  allpass m0=-1 m1=1
  highshelf m0=gain m1=1 and scale the cutoff by sqrt(gain)
  lowshelf m0=1 m1=gain and scale the cutoff by 1/sqrt(gain)
  

Clear:
  ic1eq = 0
  

Set:
  gn = 1/sqrt(1 + f^2*t^2)
  m0z = sign(m0)*sqrt(m0^2 + m1^2*f^2*t^2)*gn
  m1z = m1
  gz = pi*f*gn
  

Tick:
  v0 = (vin - ic1eq)/(1 + gz)
  v1 = ic1eq + gz*v0
  ic1eq += 2*(v1 - ic1eq)
  vout = m0z*v0 + m1z*v1



In[210]:=

eqn1z = {v0  vin - v1, 0  -gz v0 + v1 - ic1eq}
Solve[eqn1z, {v0}, {v1}]〚1〛 // FullSimplify
Solve[eqn1z, {v1}, {vin}]〚1〛 // FullSimplify
{vout  m0 v0 m1 v1}

Out[210]=

{v0  -v1 + vin, 0  -ic1eq - gz v0 + v1}

Out[211]=

v0 
-ic1eq + vin

1 + gz


Out[212]=

{v1  ic1eq + gz v0}

Out[213]=

{vout  m0 m1 v0 v1}
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Plots
In[180]:=

ClearAll["Global`*"]
PlotSweeps[pm0_, pm1_, func_, range_] := Block[{wp0, wp1},

wp0 = fs/500;
wp1 = fs/2;
Show[
LogLinearPlot[
Table[{func[hs1 /. {g  2 π 2^wc, s  2 π  wps, m0  pm0, m1  pm1}]},
{wc, wc0, wc1, wci}], {wps, wp0, wp1}, PlotStyle  Orange,

PlotLabel  "m0=" <> ToString[pm0] <> " m1=" <> ToString[pm1],
PlotRange  {range〚1〛, range〚2〛}]

, LogLinearPlot[Table[
func[(hz1 /. {m0z  m0zf[fz[wc], 2, m0, m1], m1z  m1zf[fz[wc], 2, m0, m1],

gz  gzf[fz[wc], 2], z  Exp[-2 π  wpz/fs]}) /. {m0  pm0, m1  pm1}],
{wc, wc0, wc1, wci}], {wpz, wp0, wp1}, PlotRange 

{range〚1〛, range〚2〛}], Frame  True]
]

hs1 =
g m1 + m0 s

g + s
;

hz1 =
(gz m1z + m0z) + (gz m1z - m0z) z

1 + gz + (gz - 1) z
;

fz[wc_] := 2^wc/fs
SignOf[x_] := If[x ≥ 0, 1, -1]

m0zf[f_, t_, m0_, m1_] :=
SignOf[m0] m02 + m12 f2 t2

1 + f2 t2

m1zf[f_, t_, m0_, m1_] := m1

gzf[f_, t_] :=
π f

1 + f2 t2

dB[x_] := 6 Log[2, Abs[x]]
fs = 44100;
wc0 = Log[2, 0.025 fs];
wc1 = Log[2, 4 fs];
wci = 0.5;
GraphicsGrid[
{{PlotSweeps[0, 1, dB, {-36, 6}], PlotSweeps[1, 0, dB, {-36, 6}]},
{PlotSweeps[0.5, 2.0, dB, {-12, 12}], PlotSweeps[-1, 1, Arg, {-π, π}]}}]
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Out[194]=
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Laplace and Z domain transfer functions
In[232]:=

CollectRational[f_, x_] :=
FromDigits[Reverse[Simplify[CoefficientList[Numerator[f], x]]], x]/

FromDigits[Reverse[Simplify[CoefficientList[Denominator[f], x]]], x]
"Laplace Equations:"
eqn1s = {v0  vin - v1, s v1  g v0, hs  (m0 v0 + m1 v1)/vin}
s1s = Solve[eqn1s, hs, {v0, v1}]〚1〛 // Simplify;
"Laplace Response:"
hs1 = (hs /. s1s)
"Trapezoidal Equations:"
eqn1z = {v0  vin - v1, 0  -gz v0 + v1 - ic1eq,

hz  (m0z v0 + m1z v1)/vin, ic1eq  z (ic1eq + 2 (v1 - ic1eq))}
s1z = Solve[eqn1z, hz, {v0, v1, ic1eq}]〚1〛 // Simplify;
"Trapezoidal Response:"
hz1 = CollectRational[(hz /. s1z), z]

Out[233]=

Laplace Equations:

Out[234]=

v0  -v1 + vin, s v1  g v0, hs 
m0 v0 + m1 v1

vin


Out[236]=

Laplace Response:

Out[237]=

g m1 + m0 s

g + s

Out[238]=

Trapezoidal Equations:

Out[239]=

v0  -v1 + vin, 0  -ic1eq - gz v0 + v1,

hz 
m0z v0 + m1z v1

vin
, ic1eq  (ic1eq + 2 (-ic1eq + v1)) z

Out[241]=

Trapezoidal Response:

Out[242]=

m0z + gz m1z + (-m0z + gz m1z) z

1 + gz + (-1 + gz) z
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