ELEN422 – 200

Fall 2001


Control Engineering and Design


Purpose

The purpose of this lab is to understand to operation of the physical pendulum system and the software associated with controlling it.  In doing so the effect of various PID control setups will be examined for regulation and tracking problems.

Equipment

· Inverted pendulum/cart/rail setup

· Optical incremental position sensors

· MATLAB/SimuLink

Results/Analysis

3.1:  Understanding the Sensors
To observe the position of the pendulum and cart, optical sensors attached to the pendulum axis and DC motor axis to transmit position information to the computer.  The sensor consist of an optical transmitter and receiver separated by a disk attached to the objects axis.  This disk has slits evenly spaced around it to block/allow the light signal between the sensor and transmitter.  The sensor sends a digital pulse to the computer for each light signal received by the optical receiver.  The computer then uses the signals to incrementally determine how far the cart has moved.  Because these sensors function in an incremental manner, the cart and pendulum position must be reset before starting the system to ensure proper operation.  

The sensors are positioned on the axis’s of the DC motor and pendulum to incrementally detect changes in position.  Because the sensing method is incremental, the system will be reset in the zeroed positions illustrated below to ensure consistent readings:
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The output of the sensors is digital.  The states of the output will alternate between ‘on’ and ‘off’ related to the amount of change of the object.  This is desirable since the computer requires digital data for processing of current position readings.

3.2:  Getting Familiar with the Software
Before operating the pendulum system, the position sensors must be reset to their ‘zeroed’ value illustrated in the previous section.  This is accomplished by entering the MATLAB command:



pd_call(‘ResetEncoder’)

The system can use PID control to control the operation of the system.  Constants for PID operation can be entered in via MATLAB using the following commands and subsequent values:



d_pid
---------------------------------------      setpid

The position of the cart and pendulum can be observed in plots as the position of the car is changed either manually or via the ‘slider gain’ on the SIMULINK screen.

To prevent movement beyond the boundaries of the cart rail, limit switches and positioned at the extremes of either side of the rail.  When these switches are depressed, the input position signal is stopped and the system must be reset before operation can resume.

Time, position, control, and desired position of the cart are stored in the system matrix hist during the experiment for further examination of the system response.
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3.3:  Crane PID Controller
REGULATION PROBLEM

The regulation problem in controllability involves the ability of the system to match and hold a desired value.  When dealing with regulation, the primary desire is to minimize steady state error since the input value is not rapidly changing.  Therefore the state of the system after it has adjusted is of greater concern than the rate at which it changes.  In PID control, the use of integral control will improve the steady state error produced by the proportional gain when properly adjusted.  For the first setup, the integral constant value was too large causing oscillations in the steady state.  By adjusting this value, a stable steady state value was attained while reducing the steady state error resulting from the proportional value.
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TRACKING PROBLEM

The tracking problem in control engineering is primarily concerned with the ability of the system to follow a varying reference input.  Because the system can be rapidly changing, the rate at which the system reaches a steady state value is the primary concern although the steady state error is also very important.  

To understand the effects of various configurations, we first examined the ability of the system to track a square wave input of low frequency with only P control.  Our first value of proportional control proved to be to small, which did not allow the system to every reach the reference input.

By increasing the proportional control constant, the system was able to track the input at a surprisingly accurate rate.  As can be seen from the second graph below, minimal steady state error was achieved without a long slew rate to steady state.  
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Next we examined the effect of adding integral control, which is used to improve the steady state error induced by the proportional control constant.  However, in our experiment there was negligible steady state error present from the P control making the benefit of I control hard to see.  

We were however, able to demonstrate the need to increase the P coefficient when adding I control to the system as can be seen in the graphs below.  The increase proportional constant is necessary to compensate for the effect of the added integral control to help minimize oscillations.
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Lastly we experimented with the addition of differential control.  The benefit of the addition of this control method to the system is to increase the response speed by reducing oscillations caused by the presence of integral control.  However this control method must be used with caution due to its sensitivity to noise.  

From our experiments, it seems that the smaller magnitude D coefficient is more desirable in this system.  This is most likely due to the presence of noise in our system.  As previously mentioned, the addition of derivative control makes the system susceptible to noise, therefore we deduced the smaller the coefficient the lesser the effect any noise could have on the system. 
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So it can be seen that when designing a control system, the purpose of the system must be considered when evaluating the desired response.  For a regulation system, the rate of response is not of as great of importance as the steady state error.  This is because in regulation problems the reference input is not rapidly changing allowing a slower response to achieve a better steady state error.  In tracking problems, the reference input can be changing rapidly and therefore the rate at which the system achieves an accurate steady state value becomes the primary goal.  This is due to the fact that slight errors in the steady state are more tolerable than the inability of the system to stabilize at a steady state before the next change in input.

Conclusions

Due to the negligible steady state error, the used of proportional control only seemed to be sufficient for regulation problems providing Kp is set high enough. If it is set too low, the system cannot respond fast enough to reach the desired value.

When dealing with tracking control problems, proportional control once again proved to be sufficient under the conditions we tested (see graph below for comparison).  However, we predict that as tracking performance requirements increase (i.e. rate/magnitude of change increases) the need for the addition of integral would be helpful to increase the system response.  Also due to the possibility of unpredictable noise in the system, we would most likely refrain from the use of derivative control in this system.
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Tracking Controllability Methods (Cart Position)
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P (red)  -  PI (blue)  -  PID (green)  -  reference (purple)














Note:   All graphs are of the cart position compared to input position versus time.


            Input position was controlled manually for regulation setups.


            Input position was generated by a 0.8Hz step input with amplitude of 0.2 for tracking setups.








Regulation w/ PI Control 1


�


Kp = -3    Ki = -5    Kd = 0








Regulation w/ PI Control 2


�


Kp = -3    Ki = -0.004    Kd = 0





Tracking w/ P Control 1


�


Kp = -0.3    Ki = 0    Kd = 0





Tracking w/ P Control 2


�


Kp = -3    Ki = 0    Kd = 0





Tracking w/ PI Control


�


Kp = -3    Ki = -0.03    Kd = 0





Tracking w/ PI Control 2


�


Kp = -4    Ki = -0.03     Kd = 0





Tracking w/ PID Control 1


�


Kp = -4    Ki = -0.03     Kd = -1





Tracking w/ PID Control 2


�


Kp = -4    Ki = -0.03    Kd = -0.5
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