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Abstract

This paper briefly describes SYSLAB, which is a set of virtual labs covering dynamic systems in general, control systems, system identification (state and parameter estimation), and signal processing. SYSLAB is based on the LabView programming system, which is especially powerful for developing graphical user interfaces. LabView has general computing capabilities on its own, but it can also easily be combined with the computing power of Matlab.

1 Introduction

SYSLAB is a set of virtual labs covering dynamic systems in general, control systems, and system identification (state and parameter estimation). SYSLAB can be used freely. The labs can be used at various levels of engineering education.

The aim of SYSLAB is to offer an effective tool for learning the important concepts within the above mentioned fields. To achieve this aim, SYSLAB is based on the following principles:

· Interactivity between the user and the program (the lab) 

· Immediate graphical responses (e.g. animations) as a result of the user's parameter adjustments - just as in a real lab! 

· Prepared exercises with detailed instructions with focus on the main points 

The labs are implemented in the G-language of the programming environment LabView (produced by National Instruments). Each of the labs consists of an exe-file (executable file). The lab will run after you have downloaded and opened the file (but you have to download and install - once and for all - the LabView Run-Time Engine). Each lab has its homepage on the Web containing all information about the lab. You need no software except Windows 95/98/NT to run SYSLAB.

The Matlab-node in LabView (in LV5.1 and later) can be used to combine LabView with Matlab. You can write any Matlab-expressions in the Matlab-node. Hence, the Matlab-node is a window from LabView into Matlab. To have this work, Matlab must be installed on the computer. In this way you can combine the computing power of Matlab with the GUI (Graphical User Interface) power of LabView to develop simulators, and even real-time data aquisition and data analysis systems.

The SYSLAB homepage is http://www-pors.hit.no/~finnh/syslab.

2 SYSLAB labs which have been developed

At the time of the SIMS conference the following labs are:

· DYNAMIC SYSTEMS 

· Common test-signals: Impulse, step, ramp, sinus. 

· First order system 

· Second order system 

· Frequency response of low-pass filter 

· CONTROL SYSTEMS

· PID control

· PID control with frequency responce analysis (in combination with Matlab)

· Adaptive PID control (gain scheduling)

· Level control of a wood chip tank 
· Cascade control

· SYSTEM IDENTIFICATION AND STATE ESTIMATION

· Kalman filter (for pure state estimation and for combined state- and parameter estimation). 

3 One Example: PID control lab

Any program developed in LabView is denoted a VI (Virtual Instrument). Any VI consists of a front panel, which is VI's user interface, and a diagram, which is the program, expressed in the graphical language G. Figure 1 shows the front panel of the PID control lab. (The front panel text there is in Norwegian, but it will be given in English, too.) All essential parameters of the control system can be adjusted at the front panel in real-time (as the simulation runs):

· Set-point (reference) value

· Controller modes (auto/manual)

· On/off-controller parameters

· PID parameters: Kp, Ti, Td, and ratio between Td and filtering time-constant (Tf)

· Nominal value of the manipulated variable

· Process parameters, namely process gain and process time-delay

· Process disturbance amplitude

· Sign of the controller gain, that is, choosing between reverse and direct action in the controller

· Measurement noise amplitude

· Measurement gain and bias

· Sampling time for the simulation and for the discrete-time PID-controller itself
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Figure 1

The diagram of the PID lab is shown in Figure 2. The variables or elements or terminals in the front panel are shown as rectangles in the diagram. The variables are combined (wired) with proper function blocks according to make up the program. As seen from Figure 2, the program is graphical, but there are available blocks which can contain programmatic expressions. 

A few comments about the program structure in the PID control lab. In Figure 2, the main squares are while-loops. The program inside each while-loop is executed repeatedly with a loop-delay equal to the chosen sampling time (of the loop). The while-loops are:

· The loop for the user interface
· The loop for the controller
· The loop for the process simulation
· The loop for plotting on the screen
(A while-loop for storing data in a file could easily be added too.) All the while-loops apparently run simultaneously. The values of various variables are shared between loops using local variables.
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Figure 2

4 Conclusion

LabView has proven to be an excellent tool for developing virtual labs with a proper user-interface. With the LabView Application Builder the VI's can be saved as standalone executable files (exe-files), which can be run without the LabView program being installed. LabView can be combined with Matlab using the Matlab-node in LabView.
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