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Variable electromechanical parameters speaker using state space
model and modern control theory
- The Dtsc® (Digital Thiele-Small Correction) -
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Abstract: The Dtsc® is completely new audio equalizer under modern control theory that utilizes the time-domain state space
representation. The controller takes into consideration the internal states of the physical model modeled in differential equation
also as well as input/output signals. The new equalizer realizes unique functionalities that can control physical parameters of real
speaker such as "Coil Resistance", "Coil Inductance", "Force Factor", "Mechanical Stiffness", "Mechanical Resistance", "Driver
Mass*, and “Cabinet Capacity” independently during listening music in real-time. You can have virtual "highly sensitive but hard
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damping and mild sound" speaker for example.
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u: driver voltage i: voice coil current

v: diaphragm velocity x: diaphragm displacement
Re: voice coil resistance Le: voice coil inductance
BI: force factor Kms: suspension stiffness
Rms: mechanical resistance Mms: mechanical mass

with air load
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f+& A.1 Controllable canonical form method

coef = poly(Adz);

% characteristic polynomial, Adz : discretized matrix A
a2 = coef(end-2); al = coef(end-1); a0 = coef(end);

Mc=[al a2 1; a2 1 0; 1 0 0]; % regular matrix

Ve = [Bdz Adz*Bdz Adz*Adz*Bdz|;

% controllability matrix, Bdz : discretized matrix B

Te =inv(Ve * Mc);

% transfer matrix to controllable canonical form

Deltal = conv([1 -p(1)],[1 -p(2)]);

% eigenvalue, p : pole (complex value)
Delta = conv(Deltal,[1 -p(3)]);

d2 = Delta(2); d1 = Delta(3); d0 = Delta(4);

% calc feedback gain by backing to original coordinate
system

Kc =[a0-d0 al-d1 a2-d2];

K =Kec * Tc; % feedback gain matrix

f+#% A.2  Ackermann's formula

% eigenvalue

Deltal = conv([1 -p(1)],[1 -p(2)D);

Delta = conv(Deltal,[1 -p(3)]);

d2 = Delta(2); d1 = Delta(3); d0 = Delta(4); % polynomial

coefficients

DeltaA = Adz*Adz*Adz + d2*¥Adz*Adz + dl1*Adz +
d0*eye(3); % Acker stepl

% controllability matrix

Ve = [Bdz Adz*Bdz Adz*Adz*Bdz];
e=[001];

K = -e*inv(Ve)*DeltaA; % Acker step2



