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(a) Design a discrete time PID controller (using the notch filter notchd) that provides at least the same 
performance as the ‘good’ 4th-order controller C2 designed in the demo. The performance should be determined 
as the disturbance rejection step response both for the nominal plant and the 16 Monte Carlo perturbations of the 
nominal plant. What are the PID gains of the designed controller? Show the simulation results. If your PID 
design is right, the obtained performance should be better than for C2.  

(b) Briefly describe the approach you took to find the PID gains and the reason for using this approach.  
 
Hint 
There are many ‘right’ approaches, lecture notes describe several (trial and error, cascaded loop design, 
optimization), use any one of them. The two important things are (i) performance – optimize it (ii) your design effort 
– minimize it.  
 
 
3. PLL loop controller design  
(This is a bonus problem providing points beyond the 100%) 
Consider the PLL loop phase signal model (Lecture 4, Slides 10--11)  

)sin(θ
θ

d

o

Ke
uKd

=
−=&

 

Assume that in this model 1;1 == do KK . The loop (and its low-pass filters) is desiged to work with a carrier 
signal around 2Mhz. The PLL phase should converge in about 100µs leaving enough room for the low-pass filtering 
effects to be left outside of the closed-loop bandwidth.   
(a) Design a PI controller (loop filter) for the PLL to satisfy the above specification for the linearized model and 

provide a transient with no oscillations. What are the feedback gains of the controller?  
(b) Produce simulation results for PLL phase transient with the designed controller (a) when the carrier frequency 

experiences sudden 60Khz step change. Simulate and compare the transients for the linearized and nonlinear 
models.  

 
Hint 
You can use Matlab ode45 function for the nonlinear simulation  
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