ECE U581 Control Systems Laboratory (1SH) 
Course Description: 
This course accompanies ECE U580. It covers the practical aspects of control systems design through lab experiments. Topics vary and include computer simulation, digital computer control, and use of MATLAB and SIMULINK for analysis and design of control systems. Examples emphasize concepts introduced in ECE U580, such as system response, stability, PID and State Feedback control designs.
Prerequisites: 
Taken concurrently with ECE U580 Control Systems
Textbook: 
Lab Manual 1, B. Shafai and S. Beale, 1998 

Lab Manual 2, B. Shafai and E. Vahedforough, 2005
Course Objectives: The main objective of this course is to support the theoretical development introduced in control system course (ECE 580) by practical experiments. The goals are as follows:
1. Familiarize the students with analog and digital computer simulations.

2. Experiments by using SIMULINK. 

3. Motor speed control system experiment. 

4. Torsion platform and inverted pendulum. 
Topics Covered: 

1. Transient and steady state response of first and second order systems. 

2. Analog computer simulation of simple dynamical systems. 

3. PC-based computer control systems.

4. Stability analysis experiment. 

5. Design of PID control systems.

6. Design of state feedback control systems.
Class / Laboratory Schedule: Class meets every two weeks and arranged with students at the beginning of the semester. Four experiments are performed in this lab component of control systems course.  
Contribution of the course to meeting the professional components: 
Engineering topics:


1SH

General engineering component:
See relation to Program Objectives, below.

Relationship of the course to program objectives:
	Program Objectives
	Assessed

	1.1 Formulate and solve ECE problems (specified in course objectives)
	R: Four lab reports and participations (80%)
E: Quiz (20%)

Grading of reports by TA and term grade by instructor

	1.2  Laboratory and computing tools
	R: Analog and Digital computer simulations. MatLab and Simulink are used for solving block diagram-based simulations

	1.3 Design/conduct experiments, analyze data
	R: Four experiments are conducted and the results are analyzed. Design of PID and state feedback are part of the experiments.

	1.4 Design system, components or processes
	R: Experiments include feedback design and analysis of electromechanical systems

	1.5 (CE) Design and implement computer programs
	R: MatLab and Simulink used extensively.

	2.1 Understand/apply mathematics
	R: Complement ECE 580 (see its charter)

	  2.1.1 Differential Calculus
	HRE: Prelab preparations require problems involving differentiation using chain rule, understanding local linearization using the derivative 

	  2.1.2 Integral Calculus
	HRE: Prelab preparations require integration of certain expressions

	  2.1.3 Complex algebra/analysis
	HRE: Prelab preparations and during simulations in lab involve computation of system poles, partial fraction expansion, the root locus, Bode and Nyquist plots, the Nyquist criterion and the Routh-Hurwitz crirteion require explicit and implicit use of complex algebra

	  2.1.4 Differential /Difference equations
	HRE: Prelab preparations and during the simulations in lab require solving differential equations, transient and steady state properties, understanding and testing for stability, basic state space response, using Laplace transform to solve an ODE

	  2.1.5 Linear Algebra
	HRE: Prelab preparation require writing a state space model, computing the associated transfer function using matrix inversion, etc.

	  2.1.6 Multivariable Calculus
	HRE: problems involving computing sensitivity functions require partial derivatives with respect to system parameters and linear approximation of small perturbations using these derivatives

	  2.1.7 Probability/Stochastic processes
	N/A

	2.2 Understand Physics
	R: Experiments involve mathematical models of simple electrical, mechanical and electromechanical systems

	2.3 (EE) Apply knowledge of programming

(CE) Solve engineering problems using programming
	

	  2.3.1 Flow-charting/program design
	N/A

	  2.3.2 Language syntax/debugging
	R: Experiments require MatLab programming

	  2.3.3 Output analysis
	R: compare simulation results with analytic computations

	2.4 Connect ECE subfields
	R: basic circuit / electric motor examples used for systems in experiments 

	2.5 Information sources/literacy
	N/A

	2.6 Connect between theory and applications
	R: Experiments realize control theory in hardware

	2.7 Connect between classroom and work/coop
	Minimal; a senior year course taken after student coop program is complete

	3.1 Effective written communication
	RE: Report and exam problems require explanations of qualitative aspects of system design/analysis. Grading is based on both content and clarity

	3..2 Deliver effective presentations
	N/A

	3.3 Create written reports
	R: Four written reports for the experiments

	3.4 Work in multidisciplinary teams
	N/A   (Note: Teams of 2 perform the experiments) 

	3.5 (CE) Document engineering work appropriately
	R: Four written reports for the experiments

	4.1 Engineering profession ethical code
	N/A

	4.2  Need and utility of lifelong learning
	R: Practical experience and preparation of written reports  justify lifelong learning

	4.3 Career management
	N/A

	4.4 (CE) Copyright and privacy standards specific to computer hardware and software
	N/A

	5.1 Societal and cultural context
	N/A

	5.2 Historical development and contemporary issues
	C: history of the field and main turning point is reviewed in theory class

	5.3 The role of aesthetics in engineering solutions
	N/A

	5.4 The role of aesthetics in written/oral communications
	N/A
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