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ABSTRACT

Model predictive control (MPC), or receding horizon control (RHC), is an optimisation-based strategy that uses a plant model to predict the effect of a control action on the plant. This is obtained by solving on-line, at each time step, an open-loop optimal control problem. The state of the plant is used as an initial state, and the first control action is applied to the plant. When a new measurement is available, a new open-loop simulation is solved. 

Model Predictive Control (MPC) has become a preferred control strategy for a large number of processes over the last 15 years, [1]. The main reasons for this preference include the ability to handle multivariable constrained control problems in an optimal way and flexible formulation in the time domain. Linear MPC schemes, i.e. MPC schemes for which the prediction is based on a linear description of the plant, are by now routinely used in a number of industrial sectors. However, a practical disadvantage is the computational cost, which tends to limit MPC applications to linear processes with relatively slow dynamics.

BALL AND PLATE SYSTEM

The Ball & Plate system consists of a ball rolling over a suspended plate actuated by two independent motors. For measurement of the ball-position, there are four lasers scanning the plate. There is a counter that counts the teeth of the wheel driving the mirror. This counter is set to zero when the beam passes through a calibration point. When the reflection of the laser beam produced by the ball’s surface is detected, the counter stops, the angle is calculated, converted into output voltage and the signal is sent to the data acquisition card.


Figure 1: Ball & Plate system


(, ( [rad or deg]:   Angles of the plate.

(', (', (, ( [rad or deg]:   Angles of the ball position measurement. These angles are measured by four laser sensors and then converted into the ball position x,y. 

x,y [cm]:   Position of the ball relative to the center of the plate.

RESULTS AND EXPERIENCES SO FAR

· Extend the MPC toolbox for real-time use

Platform based on XPC

The code is still not completed. In the beginning I had problems with compiling due to Windows 2000. When compiling the code, it came up with errors in standard trailer included in every S-function. Logging on as administrator, however, solved this problem. The code compiles at present, but I am having problems with running. It is somewhat difficult to access all the parameters I need from within the m-function. I am still working to solve this problem.

Platform based on Real-Time Toolbox

When this software arrived we realised that version 3.0 was not compatible to Windows 2000, it took some time to get the update of the software. However, this has finally arrived, I am now using this toolbox in order to implement MPC.

Detection of the ball (calibration):

For calibration of the output from data acquisition card to computer, I measured output range, given max/min angles. Data stored in workspace and taken mean-value with mean in Matlab. Placed sphere in each corner to get min/max values. There is a linearity between min and max values. The Ball&Plate was run in 5 seconds to get values for measurements.

The ball-detection works very well in a square of about 20 times 20 cm centred in the middle of the plate. When the ball is moving towards the constraints of the plate, the accuracy of the ball-detection is less. One reason for this may be due to the fact that one laser is malfunctioning, which decreases the ability of ball-detection. This can be shown by moving the ball towards all four constraints, and look at the detection. It is clearly seen that when the ball is at the opposite end of (-laser, which is malfunctioning, the detection is worse than when the ball is at other constraints. 

See table 1 in appendix for results.

Detection of the plate position (calibration):

For calibration of the positioning of the plate, the self-regulated mode helped in zero-adjustment. Measured the output from data acquisition card to computer, taken data in 5 seconds and take mean (in Matlab). Done in both x and y-direction. After this go back to unregulated mode, turn plate to constraints (two in each axes), and record data, take mean. Results are given below. Constraints are ( 17( in each axe. When there is a positive deflection in (, the ball is moving in positive direction of y, while a positive deflection in ( makes the ball move in negative direction of x.

The card is continuously feeding the output ports with the last calculated output value. For this reason I introduced a switch in order to feed the output ports with zero before calculations start. This prevents the plate to be driven to constraints instantaneously where the ball-detection is not optimum. 

See Appendix 1, table 2 for results.

Testing the toolbox ability to move the plate

I constructed a simple Simulink scheme by means of Real-Time toolbox, and fed the plate with a sinusoid signal. This works perfectly. The plate is moving according to the signal.

Experiences so far

· It is important to use variables from LTI function in the Simulink build-up. Especially sample-time. This makes sure that all blocks get the same values and thereby prevents errors during simulation.

· The card should not continue to feed the last computed value after simulation has stopped.

· The fourth laser (() should be fixed in order to get more accurate positioning of the ball.

· The plate seem to move too slowly in the alfa direction compared to beta direction when feeded with the same input. Might be a hardware problem. This fact prevents the controller from being able to stabilise the position of the ball. The mechanics will be made aware of this problem on Monday 26.03.01. 

· There is a limit in the prediction horizon, of course correlated to sampling time. This limit seems to be of a magnitude of 30 moves ahead when using sampling time of 30 ms. If the prediction horizon exceeds this level with the given sampling time, an error occurs. This indicates that it is too fast for the hardware, maybe because the computation is not yet completed before next sample time is up. This has to be looked into further.

· Implement the explicit MPC for real-time use

Not yet started, however, try to make codes as efficient as possible and compare with implicit solution.

GOALS FOR THE PROJECT

· Evaluation of RT Toolbox + MPC Toolbox

This includes the investigation of limits of performance of RT Toolbox. One issue is to lower the sampling time of the MPC controller, and check the limits that can be achieved. The computation time needed, when increasing the prediction horizon, and the influence on performance should be further investigated.

· Experiments I want to run on the Ball & Plate

· Try different experiments with different reference trajectories (circles/squares/any strange shape), both with and without anticipation of the reference.

· Set up a user interface, using e.g guide command in Matlab, from where I can launch different experiments.

· Check noise in data acquisition card and plate setup
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APPENDIX 1

Detection of ball position

Sphere-dimensions:


diam.= 40mm

Plate dimensions:


650 mm* 650 mm

Trigonometric calculations gives:
Min angle: 1.7624( = 0.03076 rad





Max angle: 88.2676( = 1.53999 rad

Table 1:

	Channel
	Angle
	Min (mean value)
	Max (mean value)
	Gain
	const

	CH1
	(
	0.0804
	0.9995
	1.642074
	-0.06167

	CH2
	(
	0.0240
	0.9994
	1.547293
	-0.00412

	CH7
	(
	0.0754
	0.9993
	1.633543
	-0.05657

	CH3
	(
	malfunctioning
	malfunctioning
	-------
	-------
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Detection of plate position

max.angle – min.angle = 34( = 0.593394 rad

Table 2:

	Channel
	
	const[V]
	Max value[V]
	Min value[V]
	gain [rad/V]
	

	CH5
	X-axes(()
	-0.0029
	0.5297
	-0.5059
	-0.572996
	

	CH6
	Y-axes(()
	-0.0016
	0.4968
	-0.4914
	-0.60048
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System Constraints:


Angle:			-17( 	... +17(�Position:		-30 cm	... +30 cm�Input Voltage:		-10 V	... +10 V
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