










Discretization

P-part:

uP(k) = K (β ysp(k) − y(k))
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Discretization

I-part:

I(t) = KTI

t∫

0

e(τ )dτ , dIdt =
K
TI
e

• Forward difference

I(tk+1) − I(tk)
h = KTI e(tk)

I(k+1) := I(k) + (K*h/Ti)*e(k)

The I-part can be precalculated in UpdateStates

• Backward difference

The I-part cannot be precalculated, i(k) = f(e(k))

• Others 4



Discretization

D-part (assume γ = 0):

D = K sTD
1+ sTD/N

(−Y(s))

TD
N
dD
dt + D = −KTD

dy
dt

• Forward difference (unstable for small TD)
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Discretization, cont.

D-part:

• Backward difference

TD
N
D(tk) − D(tk−1)

h + D(tk)

= −KTD y(tk) − y(tk−1)h

D(tk) = TD
TD + NhD(tk−1)

− KTDNTD + Nh(y(tk) − y(tk−1))
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Discretization

Tracking:

v := P + I + D;
u := sat(v,umax,umin);
I := I + (K*h/Ti)*e + (h/Tr)*(u - v);

5



PID code

PID-controller with anti-reset windup

y = yIn.get(); // A-D conversion
e = yref - y;
D = ad * D - bd * (y - yold);
v = K*(beta*yref - y) + I + D;
u = sat(v,umax,umin)}
uOut.put(u); // D-A conversion
I = I + (K*h/Ti)*e + (h/Tr)*(u - v);
yold = y

ad and bd are precalculated parameters given by the backward
difference approximation of the D-term.

Execution time for CalculateOutput can be minimized even further.
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Alternative PID Implementation

The PID controller described so far has constant gain, K (1+ N), at
high frequencies, i.e., no roll-off at high frequencies.

An alternative is to instead of having a low pass filter only on the
derivative part use a second-order low-pass filter on the measured
signal before it enters a PID controller with a pure derivative part.

Yf (s) = 1
T2f s2 + 1.4Tf s+ 1

Y(s)

U(s) = K (βYre f (s) − Yf (s) + 1
TIs

(Yre f (s) − Yf (s)) − TDsYf (s))
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Class SimplePID

public class SimplePID {
private double u,e,v,y;
private double K,Ti,Td,Beta,Tr,N,h;
private double ad,bd;
private double D,I,yOld;

public SimplePID(double nK, double nTi, double NTd,
double nBeta, double nTr, double nN, double nh) {

updateParameters(nK,nTi,nTd,nBeta,nTr,nN,nh);
}

public void updateParameters(double nK, double nTi, double NTd,
double nBeta, double nTr, double nN, double nh) {

K = nK; Ti = nTi; Td = nTd; Beta = nBeta;
Tr = nTr
N = nN;
h = nh;
ad = Td / (Td + N*h);
bd = K*ad*N;

}
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public double calculateOutput(double yref, double newY) {

y = newY;
e = yref - y;
D = ad*D - bd*(y - yOld);
v = K*(Beta*yref - y) + I + D;
return v;

}

public void updateState(double u) {

I = I + (K*h/Ti)*e + (h/Tr)*(u - v);
yOld = y;

}

}
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Extract from Regul

public class Regul extends Thread {
private SimplePID pid;

public Regul() {
pid = new SimplePID(1,10,0,1,10,5,0.1);

}

public void run() {
// Other stuff

while (true) {
y = getY();
yref = getYref():
u = pid.calculateOutput(yref,y);
u = limit(u);
setU(u);
pid.updateState(u);
// Timing Code

}
}

}
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Task Models
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Further reading

• B. Wittenmark, K. J. Åström, K.-E. Årzén: “Computer Control:
An Overview.” IFAC Professional Brief, 2002.
(Available at http://www.control.lth.se)

• K. J. Åström, B. Wittenmark: Computer-Controlled Systems,
Third Ed. Prentice Hall, 1997.

• K. J. Åström, Tore Hägglund: Advanced PID Control. The
Instrumentation, Systems, and Automation Society, 2005.
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