Simultaneous solving of all outputs of Linear SVF using
trapezoidal integration in state space form

© Andrew Simper, Cytomic, 2021, andy@cytomic.com
update March 2026: added efficient parallel form with 6 coefficients to do linear interpolation on

LINEAR. SVF

R o

inl-1:= eqn = ({vO = vin-kvl-v2,

0:==-g (vO) + (gc (v1) -1icleq),

0= -g (vl) + (gc (v2) -1ic2eq)} /.

{vl- tl+icleq/gc, v2-t2+1ic2eq/gc}) /.

{gc > 1}
slnp = (Solve[egqn, {vO, t1, t2}][1] // FullSimplify)
coef = Table[Coefficient[{vO, tl1, t2}[i] /. slnp, {vin, dicleq, ic2eq}],
{i, 1, 3}1// Simplify;

Style[TableForm[Prepend[ MapThread[Prepend, {coef, {v0O, t1, t2}}],

{" ", vin, dcleq, ic2eq}]], FontSize - 18]

Out[s]=
-ic2eq-icleq (g+ k) +vin

{VO% )
1+g(g+k)
ic2eq +icle k) - vin icle -1ic2e vin
tle—g( q q (g+k) >,t2—>g( q+g ( q-+ ))}
1+g(g+Kk) 1+g(g+Kk)
Out[e ]=
vin 1cleq 1c2eq
1 _ gk I SR
Vo 1+g (g+k) 1+g (g+k) 1+g (g+k)
t1 g g (8+k) _ g
1+g (g+k) 1+g (g+k) 1+g (g+k)
£2 g g g
l+g (g+k) l+g (g+k) l+g (g+k)
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init tan:

w = pixcutoff/samplerate

g = tan(w)

k = damp

gk = g + k

gto = 1/(1 + gxgk)

gk = gkxgto

// for parallel version also:
gtl = gxgto

gkl = g*gk0

gt2 = gxgtl

mo, ml, m2 // see later for output mixing values
mOx, mlx, m2x // see later for output mixing values for efficient version

clear:
icleq = 0
ic2eq = 0

tick parallel (possibly quicker on cpus with large pipelines):
t0 = dnput - tdc2eq

vl = gtOxt0 - gkOx*icleq

tl = gtlxt0 - gklx*icleq

t2 = gt2xt0 + gtl*icleq

vl = tl1 + qdcleq

v2 = t2 + 1dc2eq

icleq = dcleq + 2*xtl

ic2eq = iceq + 2*xt2

output = mO*xvO + mlxvl + m2*v2

tick parallel efficent (possibly quicker on cpus with large pipelines):
t0 = dnput - dc2eq

tl = gtlxt0 - gkl*icleq

t2 = gt2xt0 + gtlx*icleq

vl = tl1 + qdcleq

v2 = t2 + 1dc2eq

icleq = 1dcleq + 2*xtl

ic2eq = iceq + 2*xt2

// can roll the high pass calculation into the mixing

output = mOx*input + mlx*vl + m2x*v2

tick serial (possibly quicker on cpus with low latencies):
t0 = dnput - dc2eq
vl = gtOxtd - gkO*icleq

tl = g*xv0
vl = dcleq + tl1
t2 = gxvl

v2 = ic2eq + t2
icleq = vl + t1
ic2eq = v2 + t2
output = mO*xvO + mlxvl + m2*v2

mixing output responses (all shapes) 1init tan:
w = pixcutoff/samplerate

gd = tan(w)

k@ = damp = 1/Q

A = 107 (gaindb/40)

high:
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g go

k = kO

mo = 1

ml = 0

m2 =0
band

g = go

k = ko

mo = 0

ml =1

m2 =0
low:

g go

k = ko

mo = 0

ml =0

m2 =1
notch:

g = go

k = kO

mo = 1

ml =0

m2 =1
peak:

g = go

k = kO

mo = 1

ml = 0

m2 = -1
all:

g = go

k = kO

mo = 1

ml = -koO
m2 =1
bell:

g = go

k = kO/A
mo = 1

ml = kOxA
m2 =1
low shelf:
g = go/sqrt(A)
k = kO

mo = 1

ml = kOxA
m2 = A*A
high shelf:
g = goxsqrt(A)
k = kO

mo = A*A

ml = kOxA
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m2 = 1

shared:

gk =g+ k

gto = 1/(1 + g*gk)

gk = gkxgto

// for parallel version also:
gtl = g*xgto

gkl = g*gkO

gt2 = gxgtl

// for parallel efficient also:
mOx = mo

mlx = ml - k*m@
m2x = m2 - mo

clear:
icleq = 0
ic2eq = 0

tick parallel (possibly quicker on cpus with large pipelines):
t0 = vin - dc2eq

vl = gtOxt0 - gkO*icleq

tl = gtlxt0 - gklx*icleq

t2 = gt2*xt0 + gtlxicleq

vl = dcleq + tl1

v2 = dc2eq + t2

// state update either

icleq = 1dcleq + 2*xtl // better precision

ic2eq = ic2eq + 2*xt2 // better precision

// or (can be used for all of the below as well)
icleq = vl + t1 // lower operation count

ic2eq = v2 + t2 // lower operation count

output = mO*xvO + mlx*vl + m2*v2

tick parallel efficient (possibly quicker on cpus with large pipelines):
t0 = vin - dic2eq

tl = gtlxt0 - gkl*icleq

t2 = gt2xt0 + gtlxicleq

vl = dcleq + tl

v2 = ic2eq + t2

icleq = dcleq + 2*xtl

ic2eq = iceq + 2*xt2

output = mOx*input + mlx*vl + m2x*v2

tick serial (possibly quicker on cpus with low latencies):
t0 = vin - dc2eq
vl = gtOxt0 - gkOx*icleq

tl = g*xv0
vl = dcleq + tl1
t2 = gxvl

v2 = dc2eq + t2

icleq = dcleq + 2*tl

ic2eq = diceq + 2*xt2

output = mO*xvO + mlxvl + m2*v2

parallel core 8% 8+ = 16 ops total
serial core 4% 6+ = 10 ops total
output = mO*xvO + ml*vl + m2*v2
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Implementation check

In[911]:=

ClearAll["Global *"];
ClearState[] := Block[{},
icleq = 03
ic2eq = 03
15
CalcCoeff[cutoff_, damp_, sr_] :=Block[{w, nrm},
w = cutoff /sr;
k = damp
g=Tan[rw];
gto=1/(1+g* (g+k));
gko = (g + k) *gt0;
gtl=gxgto;
gkl = g+ gko;
gt2 =g*gtl;
13
TickParallel2[t_, vin_] :=
Block[{v®, v1, v2, tO, t1, t2, high, band, low, peak, notch},
t0 = vin - ic2eq;
tl=gtlxt0-gklxicleq;

t2=gt2xt0+gtl+icleq;
vO = vin;

vl = dicleq + tl;

v2 = ic2eq + t2;

icleq = icleq+ 2 *tl;
ic2eq = ic2eq+ 2% t2;
Return[{t, vin, vO-k*vl-v2, vl, v2}]
15
TickParallel[t_, vin_] :=
Block[{v0O, v1, v2, tO, tl1, t2, high, band, low, peak, notch},
t0 = vin - ic2eq;
vO = gt0 % t0O - gkO x icleq;
tl=gtl*t0-gklxicleq;
t2 =gt2xt0 + gtlxicleq;
vl
v2
icleq = icleq+ 2 *tl;

icleq + tl;

ic2eq + t2;

ic2eq = ic2eq+ 2 * t2;
Return[{t, vin, vO, vl, v2}]
15
TickSerial[t_, vin_] :=
Block[{v®, v1, v2, tO, tl, t2, high, band, low, peak, notch},
t0 = vin - ic2eq;
vO = gt % t0 - gkO x icleq;
tl=g+vo;
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vl = dicleq + t1;
t2 =g*vl;

v2
icleq = icleq+ 2 *tl;

ic2eq + t2;

ic2eq = ic2eq+ 2 % t2;
Return[{t, vin, vO, vl, v2}]
13

Sr =44100.0;
h=1.0/sr;
cutoff = 200.0;
damp = 1;

MySaw[x_] :

2 (x - Floor[x] -0.5);
1 MySaw[200 x] ;

MyOsc[x_] :

CalcCoeff[cutoff, damp, sr];

ClearState[];

tpl = Table[TickParallel[t, MyOsc[t]] , {t, O, 0.01, h}];
ListPlot[Table[tpl[All, {1, i}, {i, 2, 5}], Joined - True,
PlotRange -» All, PlotLabel » "Linear SVF parallel form",
PlotLegends » {"input", "high", "band", "low"}]

ClearState[];

tpl = Table[TickParallel2[t, MyOsc[t]] , {t, O, 0.01, h}];
ListPlot[Table[tpl[All, {1, 1i}], {i, 2, 5}], Joined -» True,
PlotRange -» All, PlotLabel -» "Linear SVF parallel form 2",
PlotLegends » {"input", "high", "band", "low"}]

ClearState[];

tp2 = Table[TickSerial[t, MyOsc[t]] , {t, 0, 0.01, h}];
ListPlot[Table[tp2[All, {1, 1i}1, {i, 2, 5}], Joined - True,
PlotRange -» All, PlotLabel » "Linear SVF serial form",
PlotLegends -» {"input", "high", "band", "low"}]



out[926]=
Linear SVF parallel form
0.00: 0,00 0.008 010
-0.5
-1.0
-1.5
-2.0
out[929]=
Linear SVF parallel form 2
0.00: 0,00 0.008 010
-0.5
-1.0
-1.5
-2.0
out[932]=

Linear SVF serial form

0.00.

-0.5

-1.0

-15

-2.0

0,00 0.008

010

Implementation check all modes

In[975]:=

ClearAll["Global *"];
ClearState[] := Block[{},

icleq = 03
ic2eq = 03
13
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input
high
band

low

input
high
band

low

input
high
band

low

CalcCoeff[type_, cutoff_, damp_, gaindb_, sr_] :=Block[{w, nrm, kO, g0, A},

w = cutoff /sr;



8 | SvfLinearTrapAllOutputs.nb

kO = damp;

g0 = Tan[nrw];

A = Power [10, gaindb/40];
If[type == "High",
g =g0;

k = k0;

mo =1;

ml=0;

m2 = 0;

13

If[type == "Band",
g =g0;

k = k0;

mo = 0;

ml=1;

m2 = 0;

13

If[type = "Low",
g = g0;

k = k@;

mo = 0;

ml=0;

m2 =1;

13

If[type = "Notch",
g =g0;

k = k0;

mo =1;

ml=0;

m2=1;

13

If[type = "Peak",
g =g0;

k = kO;

mo =1;

ml=0;

m2=-1;

13

If[type = "Al1l",
g = g0;

k = kO;

mo =1;

ml = -kO;

m2=1;

13

If[type = "Bell",
g = g0;
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k=ko/A;
mo =1;
ml=kOxAj;
m2 =1;

15
If[type = "LowShelf",
g=g0/Sqrt[A];

k = kO;
mo =1;
ml=kOxAj;
m2 =AxA;

15
If[type = "HighShelf",
g =g0xSqrt[A];

k = ko;
mo =AxA;
ml = kO xA;
m2 =1;
13
moOx = mo;
mlx =ml-k*mo;
m2x =m2 - mo;
gto=1/(1+g* (g+k));

gko = (g + k) »gt0;
gtl =g*»gto;
gkl = g» gko;
gt2 =g*gtl;
15

TickParallel[t_, vin_] :=

Block[{v0O, v1, v2, tO, tl1, t2, high, band, low, peak, notch},
t0 = vin - ic2eq;
vO = gt0 % t0 - gkO x icleq;
tl=gtl+t0-gklxicleq;
t2
vl
v2 = ic2eq + t2;

gt2xt0 + gtlxicleq;

icleq + tl;

icleq =icleq+2*tl;
ic2eq = ic2eq+ 2% t2;
Return[{t, vin, mO*vO +ml* Vvl +m2xv2}]
13
TickParallel2[t_, vin_] :=
Block[{v®, v1, v2, tO, t1, t2, high, band, low, peak, notch},
t0 = vin - ic2eq;
tl=gtlxt0-gklxicleq;
t2

vO = vin;

gt2 »t0 + gtlxicleq;
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vl = dicleq + t1;
v2 = ic2eq + t2;
icleq = icleq + 2 = t1;
ic2eq = ic2eq+ 2 *t2;

Return[{t, vin, mOX *Vv0O + mlx % vl + m2X » v2}]

13
TickSerial[t_, vin_] :=

Block[{v0O, v1, v2, tO, tl1, t2, high, band, low, peak,

t0 = vin - ic2eq;
vO = gt0 » t0 - gkO % icleq;

tl=gxvO;
vl = dicleq + tl;
t2=g*vl;
v2 = ic2eq + t2;

icleq = icleq+ 2% tl;
ic2eq = ic2eq+ 2 % t2;

Return[{t, vin, mO*vO +mlxv1l+m2xv2}]

15
ClearStateDF1[] := Block[{},
X0 =x1=x2=0;
yl=y2=0;
13

CalcCoeffDF1[type_, cutoff_, damp_, gaindb_, sr_] :=

Block[{ng, cg, sg, kd, a@inv},
ng = 2 s cutoff / sr;
cg = Cos[ngl;
sg = Sin[ng];
kd = damp;
alpha = kd*sg*0.5;
A = Power[10, gaindb/40.0];
a0 =al=a2=b0 =bl=>b2-=0;
If[type == "High",
b0 =0.5% (1.0 +cg);
bl =-1.0% (1+cg);
b2 =0.5% (1.0 +cg);
ad = 1.0 + alpha;
al=-2.0xcg;
a2 =1.0 - alpha;
15
If[type == "Band",
b0 = 0.5*sg;
bl =0;
b2 =-0.5*%sg;
a0 =1.0 + alpha;
al=-2.0xcg;
a2 =1.0- alpha;
15

notch},



If[type == "Low",
b0 =0.5% (1.0-cg);
bl =1.0% (1-cg);
b2 =0.5% (1.0 -cg);
a0 =1.0 + alpha;
al=-2.0x%cg;
a2 =1.0 - alpha;

15

If[type = "Notch",

bo =1;
bl =-2.0x%cg;
b2 =1;

a0 = 1.0 + alpha;

al=-2.0xcg;

a2 =1.0-alpha;

15

If[type = "Al1l",

b0 = 1.0 - alpha;

bl =-2.0xcg;

b2 = 1.0 + alpha;

a0 = 1.0+ alpha;

al=-2.0xcg;

a2 =1.0-alpha;

15

If[type == "Bell",

b0 =1.0 + alphaxA;

bl =-2.0xcg;

b2 =1.0-alphaxA;

a0 =1.0+alpha/A;

al=-2.0xcg;

a2=1.0-alpha/A;

13

If[type == "LowShelf",

bO=Ax ((A+1) - (A-1) xcg+2xSqrt[A] xalpha);
bl=2%xAx ((A-1) - (A+1) xcg);

b2 =A% ((A+1) - (A-1) *xcg-2+Sqrt[A] xalpha);
a0 = ((A+1) + (A-1) xcg+2*Sqrt[A] xalpha);
al=-2%((A-1) + (A+1) xcg);

a2=((A+1) + (A-1) xcg-2xSqrt[A] xalpha);

15

If[type == "HighShelf",

bO=Ax ((A+1) + (A-1) xcg+2xSqrt[A] xalpha);
bl=-2%xA%x ((A-1) + (A+1) %xcg);

b2 =A% ((A+1) + (A-1) xcg-2xSqrt[A] xalpha);
a0 = ((A+1) - (A-1) xcg+2*Sqrt[A] xalpha);
al=2%((A-1) - (A+1) xcg);

a2=((A+1) - (A-1) xcg-2*Sqrt[A] xalpha);
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15
afinv=1.0/a0;
bo x= a®inv;

bl x= a®inv;

b2 x= a@inv;
a0 =1.0;

al x= a0inv;

a2 x= abinv;

13

TickDF1[t_, vin_] :=Block[{},

X0 = vin;
yO =bO % x0 + bl*x1+b2%x2-alxyl-a2xy2;
X2 = x1;
x1 = x0;
y2 =yl;
yl =yo0;

Return[{t, vin, y0}]
15

Sr =44100.0;
h=1.0/sr;
cutoff = 100.0;
damp = 3.0;
gaindb = -10;

MySaw[x_] :=2 (x - Floor[x] - 0.5)
MyOsc[x_] := 1 MySaw[200 x];

types =
{"High", "Band", "Low", "Notch", "All", "Bell", "LowShelf", "HighShelf"};

Table]
CalcCoeff[types[i], cutoff, damp, gaindb, sri;
CalcCoeffDF1l[types[i], cutoff, damp, gaindb, sr];
ClearState[];
ClearStateDF1[];
tpl = Table[TickParallel[t, MyOsc[t]] , {t, ©, 0.01, h}];
tp2 = Table[TickDF1[t, MyOsc[t]] , {t, 0, 0.01, h}];
ListPlot[MapThread[List, {tpl[All, 17, tplfAll, 3] - tp2[All, 31}1,
Joined -» True, PlotRange -» All, PlotLabel »
"Residual SVF parallel - DF1 " <> types[[il], {i, 1, Length[types]}]

Table]
CalcCoeff[types[i], cutoff, damp, gaindb, srj;
CalcCoeffDF1l[types[i], cutoff, damp, gaindb, sr];
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ClearState[];
ClearStateDF1[];
tpl = Table[TickParallel2[t, MyOsc[t]] , {t, 0, 0.01, h}];
tp2 = Table[TickDF1[t, MyOsc[t]] , {t, 0, 0.01, h}];
ListPlot[MapThread[List, {tpl[All, 1], tpl[All, 3] - tp2[All, 31}1,
Joined -» True, PlotRange -» All, PlotLabel »

"Residual SVF parallel - DF1 " <> types[[il]], {i, 1, Length[types]}]

Table[CalcCoeff[types[i], cutoff, damp, gaindb, sr];
ClearState[];
tpl = Table[TickParallel[t, MyOsc[t]] , {t, 0, 0.01, h}];
ListPlot[tpl1[All, 3], Joined » True, PlotRange - All,
PlotLabel -» "Linear SVF parallel " <> types[i]]l, {i, 1, Length[types]}]
Table[CalcCoeffDF1[types[i], cutoff, damp, gaindb, sr];
ClearStateDF1[];
tpl = Table[TickDF1[t, MyOsc[t]] , {t, 0, 0.01, h}];
ListPlot[tpl1[All, 3], Joined » True, PlotRange - All,
PlotLabel - "DF1 " <> types[ill]l, {i, 1, Length[types]}]

0out[992]=
Residual SVF parallel - DF1 High Residual SVF parallel - DF1 Band

g:]gjj 2x10-1

4x1ojj 0
{ 2x10 of Y 10 ’
i

—6x10714 -6x107"

Residual SVF parallel - DF1 Low  Residual SVF parallel - DF1 Notch Residual SVF parallel - DF1 Al
04 14 3x10°
*0020.0040.0060.0080.010 5x10 )

-2x107ME 0 2x107

~4x1074F s 0.0020.0040.0060. , 1x107° s
-5x107" 044

-6x107™F

—8x10M L -1x107" -1x1073

-2x10°13

Residual SVF parallel - DF1 LowShelf

oA 1.5x107"
af| 0.0020.0040,0060.0080.810 1.0x10™
-1x10 , 50x107" ’
_ -14 0
2x10 _5.0% 10~ £ 0.002.008,608.008\010
-14
-3x10 -1.0x 1013
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out[993]=
. ﬁ{g?jdual SVF parallel - DF1 High Residual SVF parallel - DF1 Band
X
6x107™*
4x107
{ 2x107" R
0%
—2x107
—4x107
-6x107"
Regidual SVF parallel - DF1Low  Residual SVF parallel - DF1 Notch , 103393““8' SVF parallel - DF1 Al
] 5x107 x10”
peqot | 0%020.0040.0060.0080.010 . 2x107?
-4x107" s g0t | 0.00D-009.000. , 1x107°
-6x107™ X 0
—8x10ME -1x107" -1x107®
-2x1073
Resi .
Residual SVF parallel - DF1 LowShelt
0 15x 10772
i 1.0x 10"
-1x0t 5.0x 107 ,
_ -14 0
210 5.0 10-1% £ 0.002.002.006.008\010
-3x 107 -1.0x1013
out[994]=

Linear SVF parallel High Linear SVF parallel Band

100 20 300 400

-0.5
)

-1.0

-1.5

Linear SVF parallel Notch

100 20 300 400

Linear SVF parallel All

Linear SVF parallel Low

Linear SVF parallel Bell

Linear SVF parallel LowShelf

Linear SVF parallel HighShelf

0.5 0.5

100 20 00 400 100 20 00 400
~05 ’ 05 ’
-1.0 -1.0

-15 -1.5
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0ut[995]=
DF1 High DF1 Band
100 20 300 400
-05
{ ,

-1.0
-15

DF1 Low DF1 Notch DF1 All

"]
20! 300 400
’ b

DF1 Bell DF1 LowShelf DF1 HighShelf

0.5 0.5

100 20 00 400 100 20 00 400
-05 ’ _05 ’
-1.0 -1.0
-15 -15

Matching RBJ Shapes

Plotting Utilities

in[-]:= ClearAl1["Global »"]
ClearAll["Global *"];
dB[x_] :=6Log[2, Abs[x]];
BodePlotSZ[responseS_, responseZ_, title_] :=
Show [
Table[LogLinearPlot[{dB[ (responseS) /. {g->2nx2"wc, k->damp, s->2xiw, A
Power[10, gaindb/40]1}], dB[ (responseZ) /. {g-» Tan[x27wc],
k > damp, z - Exp[27riw], A- Power[10, gaindb/40]}]1},
{w, 0.01, 0.5}, PlotLabel -» title, PlotRange » {-30, 20},
GridLines -» Automatic, GridLinesStyle - LightGray], Evaluate[wcrange]]];
BodePlotSZPhase[responseS_, responseZ_, title_] :=
Show [
Table[LogLinearPlot[{Arg[ (responseS) /. {g-»>2n2"wc, k->damp, s-»>2xiw, A-
Power[10, gaindb/401}], Arg[ (responseZ) /. {g-» Tan[x2*wc], k- damp,
z - Exp[2m7iw], A- Power[10, gaindb/40]}]1}, {w, 0.01, 0.5},
PlotLabel - title, PlotRange » {-x, =n}, GridLines -» Automatic,
GridLinesStyle -» LightGray], Evaluate[wcrange]]l];
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Shared SVF equations

in[-]:- (xuse z instead of z™! here to keep the right orderx)
eqnsvfz = {
vO == vin- (k') vl -v2,
0=-g' (vO-0) + (gc (v1-0) -1cleq),
=-g' (vl-0) + (gc (v2-0) -1ic2eq),
resp = (MmO vO +ml vl +m2v2) /vin,
icleq == icleqz +2 (gc (vl -0) -1icleq) z,
ic2eq == ic2eqz +2 (gc (v2-0) -1ic2eq) z};
eqnsvfs = {
vO == vin- (k') vl-v2,
=-g' (v0-0) + (sc (vl-0)),
=-g' (v1-0) + (sc (v2-0)),
resp = (MmO v0 +mlvl+m2v2) /vin};

Bell

2 2
Matching to RBJ [6] continuous shape H(s) = %

The bell shape is formed by adding the bandpass output to the input. There are two degrees of
freedom to do this, k=1/Q, and also the gain of the bandpass signal to be summed to the input.
From the denominator we can see the k term is divided by A, the gain term, so we can make this
substitution and then solve for the m0, m1, m2 terms by matching them to the numerator coeffi-
cients. The m0, m1, and m2 terms are the scales of the high pass output, the bandpass output and
the low pass output respectively.
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)= stasl = {resp (s*+ (kA) sg+g®) /(s + (k/A) sg +g°) // Simplify}

Out[e ]=

Out[+]=

Out[e]=

Out[e ]=

Out[+]=

Out[s]=

substs = Flatten[{c -» 1}]

slns2 = Solve[egqnsvfs /. substs, {resp}, {vin, vO, vl1, v2}][1]
Collect[Numerator[resp /. slnsl], s] /Collect[Denominator[resp /. slnsl], s]
Collect[Numerator[resp /. slns2], s] /Collect[Denominator[resp /. slns2], s]
cln = CoefficientList[Numerator[resp /. slnsl], s];

c2n = CoefficientList[Numerator[(resp /. slns2)], s];

cld = CoefficientList[Denominator[(resp /. slnsl)], s];

cad

nrm

CoefficientList[Denominator[(resp /. slns2)], s];
1/c1d[3];

cln x= nrm;

cld *= nrm;

{cln, c2n}

{cld, c2d}

"

Mixing Coefficients Bell:"

msln = Solve[{cln[1l] = c2n[1], c1n[2] == c2n[2], cln[3] = c2n[3], cld[1] == c2d[1],

cld[2] == c2d[2]}, {g', k', mO0, ml, m2}][2] // FullSimplify

substz = {gc » 1};

slnz = Solve[eqnsvfz /. substz, {resp}, {vin, vO, vl, v2, +icleq, ic2eq}][1] //
FullSimplify;

dB[x_] :=20 Log[10, Abs[x]1];

wcrange = {wc, -6+ Log[2], -1, 1};

damp = 1.0;

gaindb = 10;

BodePlotSZ[ (resp /. slns2) /. msln, (resp /. slnz) /. msln, "Bell boost 10dB"]

gaindb = -10;

BodePlotSZ[ (resp /. slns2) /. msln, (resp /. slnz) /. msln, "Bell cut 10dB"]

g2+Agks+s?
{resp»—}
2, gks

g’ + 2

+ S

{c>1)

mos?2+mlsg +m2 (g’)z}

resp -
{resp > ———

s2+(g)2+sg k

g2+Agks+s?

2 gks 2
A

g+ +S

mos?2+mlsg +m2 (g)?

2

s?+(g)2+sg k

{{g’, Agk, 1}, {m2 (g)?, ml g, mo}}
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out[~]=
gk , .
{{g27 77 1}7 {(g)zy g k ’ l}}
Out[+]=
Mixing Coefficients Bell:
out[« ]=
k
{g’—>g, K> —,m0-1,mlosAk, m2+1}
A
out[« ]=
Bell boost 10dB
20
_10;
_20;
-30-
outf[s ]=
Bell cut 10dB
20
10

-20 -

-30"-
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Low shelf

Matching to RBJ [6] continuous shape H(s) = A 52+2k VASg+AG
As?+k A sg+g?
in[-]:= slnsl =

{resp> (A (s®*+k Sqrt[A] sg+Ag®’) /(As®+k Sqrt[A] sg+g?))} // FullSimplify
substs = Flatten[{c > 1}];
slns2 = Solve[eqnsvfs /. substs, {resp}, {vin, vO, vl, v2}][1]
Collect[Numerator[resp /. slnsl], s] /Collect[Denominator[resp /. slnsl], s]
Collect[Numerator[resp /. slns2], s] /Collect[Denominator[resp /. slns2], s]
cln = CoefficientList[Numerator[resp /. slnsl], s];
c2n = CoefficientList[Numerator[(resp /. slns2)], s];
cld = CoefficientList[Denominator[(resp /. slnsl)], s];
cad
nrm

CoefficientList[Denominator[(resp /. slns2)], s];
1/cld[3];

cln %= nrm;

cld *= nrm;

{cln, c2n}

{cld, c2d}

"

Mixing Coefficients Low Shelf:"

msln = Solve[{cln[1l] = c2n[1], c1n[2] == c2n[2], cln[3] = c2n[3], cld[1] == c2d[1],

cld[2] == c2d[2]}, {g', k', mO, ml, m2}][2] // FullSimplify

substz = {gc > 1};

slnz = Solve[eqnsvfz /. substz, {resp}, {vin, vO, vl, v2, icleq, ic2eq}][1] //
FullSimplify;

dB[x_] :=20 Log[10, Abs[x]];

wcrange = {wc, -6+ Log[2], -1, 1};

damp = 1.0;

(resp /. slns2) /. msln;

gaindb = 10;

BodePlotSZ[ (resp /. slnsl) /. msln,

(resp /. slnz) /. msln, "Low shelf boost 10dB"]
gaindb = -10;
BodePlotSZ[ (resp /. slnsl) /. msln, (resp /. slnz) /. msln, "Low shelf cut 10dB"]

Out[s ]=

A(Ag2+\/ngs+sz)

g2+ VA gks+As?

J

mos?+mlsg +m2 (g’)z}

{resp -

Out[e ]=

{resp»
S2Jr (g/)2+sg/ Kk’
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out[+]

Out[+]

Out[+]

Oout[+]

out[+]

Out[+]=

outfs]=

Out[s]=

A2 g? + A32gks+As?

g2+ A gks+As?

mos?2+mlsg +m2 (g)?

s2+ (g)2+sgk

{{ag?, VA gk, 1}, [m2 (g)?, mig/, mo}}
2

5 b e e ]

Mixing Coefficients Low Shelf:

{g'ai, k"> k, m0->1, ml-AKk, mZaAZ}

A

Low shelf boost 10dB
20

i \
[ 1

1 1
0.02 0.05 0.10 0.20 0.50

-10+

=20+

_3ol

Low shelf cut 10dB
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High Shelf

Matching to RBJ [6] continuous shape H(s) = A A4 ‘/ng"ng

ss+k\VAsg+Ag
mi-- slnsl={resp->A (As®’+ kSqrt[A] sg+g’) / (s®+kSqrt[A] sg+Ag?)} // FullSimplify

substs = Flatten[{c > 1}];

slns2 = Solve[eqnsvfs /. substs, {resp}, {vin, vO, vl, v2}][1]

Collect[Numerator[resp /. slnsl], s] /Collect[Denominator[resp /. slnsl], s]

Collect[Numerator[resp /. slns2], s] /Collect[Denominator[resp /. slns2], s]

cln = CoefficientList[Numerator[resp /. slnsl], s];

c2n = CoefficientList[Numerator[(resp /. slns2)], s];

cld = CoefficientList[Denominator[(resp /. slnsl)], s];

c2d = CoefficientList[Denominator[(resp /. slns2)], s];

nrm=1/cld[3];

cln x= nrm;

cld *= nrm;

{cln, c2n}

{cld, c2d}

n

Mixing Coefficients High Shelf:"

msln = Solve[{cln[1l] = c2n[1], c1n[2] == c2n[2], cln[3] = c2n[3], cld[1] == c2d[1],

cld[2] == c2d[2]}, {g', k', mO, ml, m2}][2] // FullSimplify
substz = {gc > 1};
slnz = Solve[eqnsvfz /. substz, {resp}, {vin, vO, vl, v2, icleq, ic2eq}][1] //
FullSimplify;

dB[x_] :=20 Log[10, Abs[x]];

wcrange = {wc, -6+ Log[2], -1, 1};

damp = 1.0;

(resp /. slns2) /. msln;

gaindb = 10;

BodePlotSZ[ (resp /. slnsl) /. msln,

(resp /. slnz) /. msln, "High shelf boost 10dB"]
gaindb = -10;
BodePlotSZ[ (resp /. slnsl) /. msln,
(resp /. slnz) /. msln, "High shelf cut 10dB"]

Out[e ]=

A(g2+\/ngs+Asz)

Ag2+ A gks+s?

{resp -

Out[+]=

mos?+mlsg +m2 (g’)z}

{respe
52+ (g/)2+sg/ K’
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Out[s]=

Ag?+A¥2gks+A%s?

Ag2+ A gks+s?
Out[s ]=

mos?2+mlsg +m2 (g)?

52 + <g/)2 +sg/ Kk’

Out[+]=

{{Ag?, A?gk, A?}, {m2 (g)%, mlg’, mO}}
Out[+]=

[{ag?, VA gk, 1}, [(g)?, gk, 1}}
Out[+]=

Mixing Coefficients High Shelf:
Out[+]=

{g'e \/Kg, k' >k, mo>A%, ml-Ak, m2el}
Out[+]=

High shelf boost 10dB
201
i 520 o5

_10;

20+

-30*-
Out[s]=

High shelf cut 10dB
201
o

-20 ;

-30-
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Plotting responses

Laplace and z plane responses

in[-]:= {rsps - (resp/.slns2) /. {g' »>g, k' ->k}}
{rspz - (resp/.slnz) /. {g' > g, k' >k}}
num = CoefficientList[Numerator[resp /. slnz], z] // FullSimplify;
den = CoefficientList[Denominator[resp /. slnz], z] // FullSimplify;
{rspz » (Total[Table[num[i] z'"*, {i, 1, Length[num]}]]/
Total[Table[den[1i] z'7t, i, 1, Length[num]}]]) /. {g' > g, k' > k}}

Out[e ]=

g2m2+gmls+mos?
{rsps» }
g2+gks+s?

Out[s]=
mo (-1+2z)%+g (ml-mlz?+gm2 (l+z)2)}

{rspz+
(-1+2)2+g% (L+2)?-gk (-1+2?)

Out[e ]=

mo + g (ml+gm2) + (-2m0 +2g>m2) z+ (mO - gml+g”m2) ZZ}

{rspz»
1+g(g+k) +2(-1+g*)z+ (1+g°-gk) 2’

Calculate complex conjugate magnitude squared

1= Clear[sr]

g2m2 +gmls +mo s? g2m2 +gmls +mo s?

Fu'L'I.S'imp'l.'ify[ /. {s>1iws} /. {s>-1ws} ]
g2+gks+s? g2+gks+s?

Out[+ ]=
g*m2% + g2 (m1? - 2m@ m2) ws? + mo? ws*

g4 + g2 (—2 + kz) ws? + ws?
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In[-]:= Sr =44100.0;

2m2 +gmls +mos?
LogL‘inearP'Lot[{dB[g " g 5 ] /.
g-+gks+s

{g > Tan[7r 10000 /sr], k- 0.5, s>iTan[nxw/sr], m@ -0, ml->0, m2->1},
mo +g (ml+gm2) + (-2mé +2g>m2) z+ (mO - gml+g>m2) 2?

dB | Iz
1+g(g+k)+2(—1+g2)z+(1+g2—gk) z2

{g > Tan[7r 10000 /sr], k-» 0.5, z-»> Exp[-2n7iw/Sr], m@0»>0, ml-»>0, m2->1},
g*m2? + g% (m1? - 2 mo m2) ws? + m0* ws* ”
/.

{g > Tan[7r 10000 /sr], k- 0.5, ws > Tan[wrw/sr], m0o >0, ml-0, m2—>1}},

20 Log[lO, Sqrt[ g+ g? (k2—2) ws? +ws*

{w, 1000, 22000}, PlotRange » {-60, 30}]

Out[e]=

20 -

1 1
2000 5000 1x10% 2x10%
—20F

_40

-60 -

Complex arithmetic magnitude of SVF frequency response

g2m2+gmls+mos?

Abs[ ] /. {s>4iTan[rw/sr]}

g2+gks+s?

Real arithmetic magnitude of SVF frequency response

g*m2? + g% (m1% - 2 mo m2) ws? + m0> ws*

Sqrt[ ] /. {ws->Tan[nrw/sr]}

gh+g? (K?-2) ws® +ws*



