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Abstract 

The existing controller, Kx, does a good job on the nominal plant. But performance degrades at the presence of perturbation (9). The purpose of this project is to find a more robust controller, at the price of sacrificing performance on nominal plant. Worst case performance was analyzed.

Robust Controller

The controller obtained, after 5 D-K iterations, is a 94th order controller, achieving ( =  1.052(with ( = .5). The following table gives a summary of the iterations

Iteration Summary                                                    

----------------------------------------------------------------------------------------------------

Iteration #               
1 
        2
         3              4              5

Controller Order  
26       
     106           96           100            94

Total D-Scale Order           0                  80            70             74            68

Gamma Acheived           354.431         1.251       1.164        1.129       1.052

Peak mu-Value               2.104             1.187       1.146        1.108        1.051

After reducing order, the controller implemented, called Krob,  is 24th order.

» minfo(Krob)

system:   24 states     2 outputs     5 inputs 

Worst Case Performance Assessment

Unweighted uncertain (including 9 uncertainty channels) closed loop systems for both Kx and Krob :

% Open loop uncertainty system:

» minfo(PoluUnweighted)

system:   14 states     23 outputs     17 inputs   

% Uncertainty system closed loop by Krob(2O5I):

» minfo(PcluUnweighted)

system:   38 states     18 outputs     15 inputs    

% Uncertainty system closed loop by Kx(2O5I):

» minfo(PclxUnweighted)

system:   17 states     18 outputs     15 inputs  

Consider errors 1, 2, 3, 4 and 7. There are 30 Tfs (6 disturbance to 5 errors). Using WCGL, computed the worst case gains of these 30 Tfs for both Kx (gainx) and Krob(gainmu) as well as their ratio gainmu/gainx (gainRatio). The results: 

gainx =

   30.2909   27.2362   21.2047   36.9179   40.6898   23.0596

   23.0254   18.8752   28.5098   19.7091   18.5850   20.8190

   52.4506   34.3863   15.5765  102.6596   29.7211   16.5696

   62.8174   18.4930  101.1416   57.4566   45.6067   54.3202

   32.6575   23.6698   35.4600   21.2865   20.9260   22.4771

gainmu =

    4.1323    6.8684    7.6086    6.0973    2.9067    4.0299

    3.4876    1.2343    9.0837    3.7849    0.8778    3.7362

    6.5233   12.0568    3.6049   11.5626    3.0901    1.0823

   23.0404   10.0237   38.0989   23.9528  106.4704   23.3236

   11.9610    3.8369   53.7353    3.1553    1.2471    2.4738

gainRatio =

    0.1364    0.2522    0.3588    0.1652    0.0714    0.1748

    0.1515    0.0654    0.3186    0.1920    0.0472    0.1795

    0.1244    0.3506    0.2314    0.1126    0.1040    0.0653

    0.3668    0.5420    0.3767    0.4169    2.3345    0.4294

    0.3663    0.1621    1.5154    0.1482    0.0596    0.1101

It can be seen that the robust controller Krob is better 28/30 of the cases.

Time Domain Response

Time domain response of the systems with both Kx and Krob was simulated (See the attached plots). It is clear that Kx does a better job than Krob on the nominal plant. However if perturbation was introduced, Kx performs badly and, in some cases, the closed loop system becomes even unstable. The robust controller Krob, on the other hand, always stabilizes the plant and provides satisfactory responses in the presence of all of the worst case perturbation. The plots show that the envelopes of the output of the system with Krob have narrower range indicating that Krob is more robust under perturbation.

Robust Stability Analysis

The ( plot of robust stability analysis is shown in the following figure. The peak ( achieved by Krob is about 30% less than that obtained by Kx. The closed loop ( plots also show better robust performance of Krob. Due to limited space, they are not shown here.
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