
	[image: image8.png]



	Industrial Processes Automation

MSc in Electrical and Computer Engineering

Scientific Area of Systems, Decision, and Control

Winter Semester 2019/2020

	
	Group: ____

__-_____

__-_____

__-_____

__-_____


2nd Laboratory Assignment 

Handling Faults in Keyboard Reading
This laboratory assignment aims at studying Discrete Event Systems (DESs) in the aspects of modeling, analysis of properties and synthesis. Synthesis will be based on a recent methodology in the framework of supervised control. This assignment further develops the previous assignment in the keyboard reading component by introducing fault handling mechanisms.
Schneider's Unity Pro will be used to validate the proposed methodologies. The tools mostly used in this work run in MATLAB, namely one supervisor design toolbox and one Petri Net editor. Using the login information indicated in the course webpage, see in the course SVN:

- The graphical freeware editor "PIPE2" which allows creating Petri Net models to import with the MATLAB toolbox "TPN5" (use the version available in the SVN)
- MATLAB functions simulating Petri nets, in particular the "5 Philosophers" demo and a template for simulating the keyboard "lab2_sim_kb_v6.zip".
- MATLAB toolbox "SPNBOX" which allows studying Petri nets and designing supervisors. For example, this toolbox allows showing invariant places of a Petri net.
Part C - DESs Synthesis, Supervised Control
The main purpose of the second laboratory assignment is the modeling and analysis of a discrete event system, based on a Petri net. That is in close relation with the first laboratory assignment.

The main objective of this last phase, part C, is the application of the Supervisory Control theory to diagnose and isolate a failure on the system. In this work is considered a failure one user pressing two keys simultaneously. While in many applications one key is accepted when multiple keys are pressed, the main objective of part C consists in designing and implementing a supervisor that detects the multiple keys pressed and rejects all the simultaneously pressed keys.
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Q1. [Auxiliary PN] Design a new Petri net that, instead of reading keyboard keys as the net proposed in part A, simply detects there are multiple keys pressed at the same time. Draw the Petri using the editor (see part A guide). Please indicate clearly the specific place of the net chosen to flag multiple keys detected. Simulate a sequence of events demonstrating the functionality of the net.
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Q2. [Supervisor that combines two PNs] Design one supervisor to combine the Petri net designed in Q1 with the Petri net design in part A. More in detail, design a supervisor controller to handle the multiple keys pressed by rejecting all simultaneous keys. Specify the linear constraint(s) that must be used. Solve the problem resorting to the place invariant methodologies studied in this course.
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Q3. [Complete PN] Design the complete resulting Petri net (part A and part C, Q1 and Q2). Identify clearly the supervisor.
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Q4. [PN properties] Discuss briefly the properties relevant for the resulting DES, combining the original Petri net (part A), the multiple keys indicator (part C) and the supervisor.
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Q5. [Aggregation of Petri nets] Considering μp and Dp the state and incidence matrix of the Petri net designed in part A, and considering μd and Dd the state and incident matrix of the Petri net designed in part C (Q1), show that an enlarged net with state μ=[μpT μdT]T, running the two nets simultaneously, has an incidence matrix which is a function of the other two matrices, i.e. D=f(Dp, Dd). Make a Matlab program that illustrates the equivalence of using D versus using Dp and Dd.
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Q6. [MATLAB simulation] Simulate in MATLAB the complete Petri net that reads keys (developed in part A), while detecting and reacting to multiple keys pressed simultaneously (developed in part C). As a starting point, consider using the code distributed in a zip file "kb_sim_lab2.zip" (made available in the SVN of the course). Note that the Petri net is created by the group and therefore are empty the functions implementing the conversion of the mapping of the state to the actuation/outputs (PN_s2act.m, PN_s2yout.m), and the conversion of keyboard line signals to transitions (PN_tfire.m).
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Q7. [Discussion of the PLC implementation] Discuss the implementation on the PLC of the supervisory control synthesized. Solve this question taking into account the Petri net to PLC code conversion tools introduced in the course classes. (i) Indicate eventual modifications needed in your key detection/validation program. (ii) Indicate timing choices for keyboard columns energizing that make more likely simultaneous keys to happen when running Unity Pro and the MATLAB terminal used in lab1.
� Original guide by Prof. Paulo J. Oliveira. Revised by Prof. José Gaspar (2020).





