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Introduction: 
 
Controllers allow us to manage the behavior of complex systems, like industrial manufacturing 
processes and automotive electronics. The choice and ‘tuning’ of each controller significantly influences 
a system's performance and parameters such as its response time, overshoot, and stability.  
 
5 controllers were designed with specified parameters: (1)Proportional-Derivative (PD), (2)Proportional-
Integral (PI), (3)Proportional-Integral-Derivative (PID), (4)Phase-lead, and (5)Phase-lag.  We considered 
the same system for each type of controller, represented by the open-loop transfer function G(s)H(s): 
 
Expanding the given G(s)H(s): 

 
 
 
This project employs MATLAB and Simulink simulations to perform calculations and visualize the 
system’s and controller’s behavior and impact on system performance. Analytical/handwritten results 
are provided at the end of the report. 
 

1. MATLAB/Simulink Results: 

Controller 1: PD 
Code: 



 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Root Locus Plot and approximate root chosen: 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Overshoot response of the system at this given root: 

 
 
Modeling the closed-loop system in Simulink: 



 

 
Controller 2: DI 

 
Code: 



 



Root Loci plot for when initial guess of Kp = 100:

 

 
 
Results: 



 
 
Implementing in Simulink: 
Block Diagram showing (Kp + Ki/s) * G(s)H(s): 
 

 
 
Output Oscilloscope results, matches the MATLAB step response simulation. 
 



 
 

 

Controller 3: PID 

 



 
 
Simulink Modeling and Simulation Results: 
 

 
 



 
Output Oscilloscope Results: 

 
 
 
 

Controller 4: Phase-Lead 
Code: 



 
 
Kv = 10 
Phase-Margin = 45 degrees. 
First step is to calculate the correct K gain of compensator needed to achieve Kv = 10. 
We then plot the initial Bode plot of the system with K, excluding the controller: 



 
 
We see that our initial phase margin is 180-89.4 = 90.6 degrees. 
We can analytically solve for a using the following formula: 

 
A was analytically found to be 5.828.  



Using this value of A, we can specify a value of T that will further calibrate the controller by deriving a new 
crossover frequency using 

 
The new T value I used was: .3573. 
New Bode Plot Results: 



 
The Phase margin is too low now, so I will tweak the values of a and T until I approximate 45 degrees. 
Phase margin of 45 degrees, exactly. Final alpha, T values:  

 

 



 
 
Simulink Model and Simulation: 
 
Block diagram of the overall system: 

 
Step response of the system, we can see it is stable. 
 

 
 
 



Controller 5: Phase-Delay 
Code: 

 
 
Controller 5 is very similar to controller 4, except we go about changing the phase margin in a diierent 
way. Instead of estimating values for a and T that will add phase to the output signal, we estimate values 
for a and T that reduce the magnitude, and therefore change the location relative to phase where the 
crossover frequency occurs.  
 
We want to change where Wc is to where our desired phase margin is. Since we want 45 degrees of 
margin, that is currently found at w = 4.48 in our system.  
 



The gain at this frequency is approximately 38dB in our system. 
 
Numerical work: 
 
 

 
 
Very close to 45 degrees using analytically derived values for a and T. 

 
 
 



After tweaking the values: 

 
 
45 degree phase margin achieved. 
Alpha and T values, resulting closed-loop transfer function of the system: 
 

 
 
Simulink Model and Simulation: 



 

Comparing/Contrasting the controllers, discussing Pros/Cons, Conclusion: 
 
The comparative analysis of PD, PI, PID, Phase-lead, and Phase-lag controllers on a given transfer 
function G(s)H(s) gives insights into the operational strengths and weaknesses of each controller. The PD 
controller, designed for minimal overshoot, shows good transient response but lacking in steady-state 
accuracy, making it well-suited for applications where rapid response is critical, and more than long-term 
precision. In contrast, the PI controller which we focused to eliminate steady-state error, showed 
superior long-term accuracy at the expense of transient performance. This is good to use in systems 
where steady-state stability is most important. 
 
The PID controller is a more versatile solution. It balances the fast response with a minimal overshoot, 
making it an all-round useful design in control applications. This is achieved at the expense of increased 
complexity, both numerically and analytically. The values of Kp, Ki, Kd had to be tweaked, a much more 
trial-and-error process. 
 
The Phase-lead controller was used to create a phase margin increase, which in this case improved 
system stability. This is a valuable application in systems requiring consistent phase characteristics. In 
contrast, the Phase-lag controller optimized the system's gain margin which enhanced the low-frequency 
response. This is useful in processes that require attenuation of high-frequency noise, IE, applying an LPF 
within the system. 
 
Conclusion: 
This project explains to us that there is no one-size-fits-all controller. The choice of controller is a chose 
made to balance and fine-tune specific parameters of the system required. 
 
This was challenging, but fun! I feel that I’ve learned a lot. 
 
Thank you! 
 
 
 
 
 
 



 
 
 
Hand-Written Work: 















 


