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SCOPE

Design and test a PID controller for an inverted pendulum simulator, meeting a variety of control objectives. 

1. Problem Statement

An inverted pendulum simulator is supplied in the SIMULINK model file pendulum_project.mdl.  A PID controller should be designed for this system to provide good control around the unstable equilibrium (180deg.). There are two general control objectives: quick rejection of low frequency disturbances and quick tracking of step reference inputs. 

More specifically, the response should meet the following constraints:

· The closed loop bandwidth should be less than 40 rad/s.

· The peak magnitude for both Sensitivity and Complementary Sensitivity should be less than 2.

· The closed-loop system should be able to track steps +/-12 deg.

· In a +/-12 deg. step transition, the overshoot should be less than 0.6 deg., and the response should settle to within 0.3 deg. in less than 2.2 sec.

· The response to a step disturbance of amplitude 0.5 at the plant input should exhibit peak error less than 2.7 deg. and should settle settle to within 0.3 deg. in less than 1.7 sec.

· The controller sampling rate is limited to 100 Hz.

Any controller that meets these specifications is deemed satisfactory. However, we would like to “optimize” the stabilization times after step reference inputs and disturbances. (In general, priority should be given to the disturbance response.)

2. Comments

· A prefilter can be used to shape the step response.

· A discrete PID controller implementation is supplied with the pendulum model. The parameters of this controller can be set in the “block-parameters” dialog (double-click on the controller block). This also allows the specification of prefilter time constants, where the prefilter has the form 
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· For all design purposes, the following transfer function should be used as a linearized model of the pendulum:
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· The controller discretization essentially means that the bandwidth of any controller poles or zeros should be limited to approximately 100. Significantly larger magnitudes may result in unpredictable response.

· For convenience, a PID tuner based on loop-shaping principles and optimization is supplied. Its simplified use is 

>> PID = pidqtune(lam,num,den);

where num, den, are the numerator and denominator of the plant transfer function, and lam is the desired Sensitivity bandwidth (lower that the closed-loop bandwidth). This simplified use of the tuner assumes a 100Hz sampling rate. (See the online help for more details.) It is not required to use this tuner for the design of the controller.
3. Project Report

The final report should contain:

· Brief discussion of the specific design choices and how they contribute (or expected to contribute) to achieving the listed design specifications.

· Brief discussion of any iterative or trial-and-error steps taken for improving or optimizing the closed-loop response. In particular, comment on how the past results were used to determine the next step.

· Time and frequency domain responses for –at least- the final controller:

1. Sensitivity and Complementary Sensitivity plots.

2. Response to a step reference command.

3. Response to a step disturbance at the plant input. 

· These plots should clearly indicate all the specifications and the report time-to-settle for reference steps and disturbance steps. 

4. References

[1] Software support files (.mdl, .m, .zip):

pendulum_project, pidqtune, (decompress the .zip files in the working directory)
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