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Problem #1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sampling interval of T = 0.1 agrees with the rule-of-thumb given in 

class.  In order to choose a sampling interval for a digital tracking system, the 

formula T = min(Ts1/[20(n+q), π/5βmax] must be considered.  Plugging in 

0.313 for βmax yields a sampling time of T = 2.007.  Plugging in 25 for Ts1, 8 

for n and 4 for q yields a sampling time of T = 0.104, the smaller value of the 

two formulas.  This value matches the original given sampling time of T = 

0.1, confirming that it does in fact agree with the rule-of-thumb. 
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The first step when determining the spoles for this problem would be to determine the 

eigenvalues of the A matrix.  There are eight eigenvalues for this matrix, six with 

negative real parts and two containing negative real parts and imaginary parts.  The 

eigenvalues of -0.5049 and -0.4511 are chosen as spoles as they are negative real parts 

to the left of s1/Ts1 (s1/Ts1 = -0.1848).  These poles are also considered sufficiently 

damped plant poles.  This is rule #2 from regulator poles.  The eigenvalues -

0.1969+0.313i and -0.1969-0.313i are also chosen as spoles.  These poles are also 

considered sufficiently damped plant poles.  Despite being complex, no added 

damping is required because they are to the left of s1/Ts1 (regulator rule #2).  The four 

remaining eigenvalues are all negative real parts but remain to the right of s1/Ts1, 

meaning these will instead be accounted for by adding them to the Bessel cluster.  

Because this is an observer-based tracking system, n+q = 8+4 = 12 spoles will be 

required.  One closed-loop poles must be chosen with a longer settling time of Ts2 to 

avoid actuator saturation.  This pole is accounted for by scaling s1/Ts2.  The 

remaining poles are accounted for by using scaled Bessel, s7/Ts1 (regulator rule #1).   
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place 
rfbg 

The stability robustness bounds that were determined using the place 

command would not be considered acceptable for hardware testing.  With 

delta1 = 0.2324 and delta2 = 0.2489, these bounds fall well below the 

acceptable hardware testing target of 0.5.  The stability robustness bounds 

that were determined using rfbg were much better than the previous bounds.  

With delta1 = 0.5177 and delta2 = 0.6548, both bounds are greater than 0.5 

and would be considered adequate to be used in a real-world submarine 

control system. 

 



 

Problem #4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.0384 and -0.251 were both determined to be zeros and resided in the left half plane, 

making them a good choice for opoles (observer poles rule #2).  The remaining 6 poles 

would be determined using normalized Bessel poles scaled by the desired observer 

settling time (observer poles rule #1).  In this case, the observer settling time is targeted 

to be five times faster than the original settling time of Ts1 = 25.  This makes Tso1 = 5.  

These normalized Bessel poles are represented by s6/(Ts1/5) or s6/Tso1.   

 



 

Problem #5 

     

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rfbg and place with rb_tsob rfbg and obg_ts 

The stability robustness bounds that were determined using the place 

command were delta1 = 0.4373 and delta2 = 4320.  These bounds were not 

ideal when compared with the bounds determined using the obg_ts function 

but weren’t terrible.  They were very close to the acceptable delta value of 

0.5.  The bounds determined using the obg_ts function were delta1 = 0.4863 

and delta2 = 0.5952.  Delta1 is nearly at an acceptable value while delta2 is 

well above 0.5.  The robustness bounds determined for the state-feedback 

tracking systems in part two were superior for the rfbg function but not 

nearly as good for the place function.  
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Problem #7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph of input #1 from the above results has an initial 

negative overshoot unlike the input #1 graph from figure 3 

where an initial positive overshoot is displayed.  The graph of 

input #2 from above looks very similar to the graph of input #2 

in figure 3.  The graph of input #3 from above also looks similar 

to the graph of input #3 from figure 3, but the graph above 

appears to have slightly less oscillation.  The graph of input #4 

has a small initial negative overshoot where the graph of input 

#4 from figure 3 has a small positive overshoot.    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph of output #1 above only has an initial positive 

overshoot while the graph of output #1 from figure 2 has an 

initial negative overshoot and positive overshoot.  The graph of 

output #2 only has an initial positive overshoot before settling.  

The graph of output #2 from figure 2 has a small oscillation 

after its initial overshoot before settling.  The graph of output #3 

above looks very similar to the graph of output #3 from figure 

2.  The graph of output #4 also looks similar to the graph of 

output #4 from figure 2 with perhaps slightly less oscillations 

after the initial negative overshoot. 
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The stability robustness bounds for both observer and feedback using the spoles 

and opoles are not ideal.  All deltas are relatively close to 0.2 which is well 

below the acceptable value of 0.5.  Once again, it appears that the place 

function is not the best choice for good stability robustness.  The observer-

based tracking system that was designed using the rfbg function had the best 

stability robustness bounds at delta1 = 0.5177 and delta2 = 0.6548.  The system 

designed with the obg_ts function had the second-best robustness bounds at 

delta1 = 0.4784 and delta2 = 0.5337.  The observer-based tracking system with 

by far the worst robustness bounds was the system designed using the place 

command.  This system had bounds of delta1 = 0.2196 and delta2 = 0.2217. 



 

Problem #9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Input #1 appears to settle slightly faster in this system using the place 

function.  The other three inputs for both systems all appear to settle at 

around the same time.  The main difference between the place input 

graphs and the graphs from the rfbg and obg_ts input graphs is the 

larger amounts of oscillation that takes place before settling in regards 

to the system designed using place.  This might be cause for concern, 

but it is difficult to say solely based off of the input graphs. 



 

 

 

 

 

 

 

 

 

 

 

 

  

Many of the place system plant output graphs appear very similar to the 

output graphs from the rfbg and obg_ts system.  The graph of output #1 

does appear to have more oscillation than the previous system, but the other 

three looks just as good if not better.  Once again, it is difficult to tell 

whether or not there should be concern with this system solely based off of 

its output graphs.  However, it is clear from previous problems that the 

stability robustness of the system using place was not very good when 

compared with the bounds from the rfbg and obg_ts system.  Based on the 

robustness bounds being less than the recommended 0.5, this control 

system designed using the place function would not be suitable for 

hardware testing. 


