
Convert between Trapezoidal Integrated SVF and DF1 

biquad coefficients
In[597]:=

eqnsvfz = {v0  vin - (k) v1 - v2,
0  -g (v0 - 0) + (gc (v1 - 0) - ic1eq), 0  -g (v1 - 0) + (gc (v2 - 0) - ic2eq),
resp  (m0 v0 + m1 v1 + m2 v2)/vin, ic1eq  z (ic1eq + 2 (gc (v1 - 0) - ic1eq)),
ic2eq  z (ic2eq + 2 (gc (v2 - 0) - ic2eq))} /. {gc  1}

slnsvfzraw =

resp /. (Solve[eqnsvfz, resp, {v0, v1, v2, ic1eq, ic2eq}]〚1〛 // FullSimplify)
numcoef = CoefficientList[Numerator[slnsvfzraw], z] // FullSimplify;
dencoef = CoefficientList[Denominator[slnsvfzraw], z] // FullSimplify;
numcoefnrm = numcoef/dencoef〚1〛 // FullSimplify;
dencoefnrm = dencoef/dencoef〚1〛 // FullSimplify;
"Trap SVF collected on z"
slnsvfz =

FromDigits[Reverse[numcoefnrm], z]/FromDigits[Reverse[dencoefnrm], z]
"DF1 collected on z"

slndf1z =
b0 + b1 z + b2 z2

1 + a1 z + a2 z2

"Convert from SVF to DF1"
slnsvftodf1 = {b0  numcoefnrm〚1〛, b1  numcoefnrm〚2〛, b2  numcoefnrm〚3〛,

a1  dencoefnrm〚2〛, a2  dencoefnrm〚3〛} // FullSimplify
"Convert from DF1 to SVF"
slndf1tosvf =

Solve[{b0  numcoefnrm〚1〛, b1  numcoefnrm〚2〛, b2  numcoefnrm〚3〛,
a1  dencoefnrm〚2〛, a2  dencoefnrm〚3〛},

{g, k, m0, m1, m2}]〚2〛 // FullSimplify
"Test convert"
slndf1tosvf /. {b0  1/3, b1  2/3, b2  1/3, a1  0, a2  1/3}
slnsvftodf1 /. {g  1, k  1, m0  0, m1  0, m2  1}
dB[x_] := 6 Log[2, Abs[x]];
LogLinearPlot[dB[(slnsvfz) /.

{g  Tan[π 0.1], k  0.5, m0  0, m1  0, m2  1, z  Exp[- 2 π w]}],
{w, 0.01, 0.5}, PlotRange  {-60, 30}, PlotLabel  "SVF g=0.1 k=0.5 m2=1"]

LogLinearPlot[dB[((slndf1z) /. slnsvftodf1) /.
{g  Tan[π 0.1], k  0.5, m0  0, m1  0, m2  1, z  Exp[- 2 π w]}],

{w, 0.01, 0.5}, PlotRange  {-60, 30},
PlotLabel  "DF1 converted from SVF g=0.1 k=0.5 m2=1"]

Out[597]=

v0  -k v1 - v2 + vin, 0  -ic1eq - g v0 + v1,

0  -ic2eq - g v1 + v2, resp 
m0 v0 + m1 v1 + m2 v2

vin
,

ic1eq  (ic1eq + 2 (-ic1eq + v1)) z, ic2eq  (ic2eq + 2 (-ic2eq + v2)) z



Out[598]=

m0 (-1 + z)2 + g m1 - m1 z2 + g m2 (1 + z)2

(-1 + z)2 + g2 (1 + z)2 + g k - k z2

Out[603]=

Trap SVF collected on z

Out[604]=

m0+g (m1+g m2)
1+g (g+k)

+
-2 m0+2 g2 m2 z

1+g (g+k)
+

(m0+g (-m1+g m2)) z2

1+g (g+k)

1 +
2 -1+g2 z

1+g (g+k)
+

1+g2-g k z2

1+g (g+k)

Out[605]=

DF1 collected on z

Out[606]=

b0 + b1 z + b2 z2

1 + a1 z + a2 z2

Out[607]=

Convert from SVF to DF1

Out[608]=

b0 
m0 + g (m1 + g m2)

1 + g (g + k)
, b1 

-2 m0 + 2 g2 m2

1 + g (g + k)
,

b2 
m0 + g (-m1 + g m2)

1 + g (g + k)
, a1 

2 -1 + g2

1 + g (g + k)
, a2 

1 + g2 - g k

1 + g (g + k)


Out[609]=

Convert from DF1 to SVF

Out[610]=

g 
-1 - a1 - a2

-1 + a1 - a2
, k 

2 (-1 + a2)

-1 - a1 - a2 -1 + a1 - a2
,

m0 
b0 - b1 + b2

1 - a1 + a2
, m1  -

2 (b0 - b2)

-1 - a1 - a2 -1 + a1 - a2
, m2 

b0 + b1 + b2

1 + a1 + a2


Out[611]=

Test convert

Out[612]=

{g  1, k  1, m0  0, m1  0, m2  1}

Out[613]=

b0 
1

3
, b1 

2

3
, b2 

1

3
, a1  0, a2 

1

3

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Out[615]=
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SVF g=0.1 k=0.5 m2=1

Out[616]=
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DF1 converted from SVF g=0.1 k=0.5 m2=1
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