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Lab Project Groups
Lab Team Member #1 Member #2 Member #3

1 1 Ryan Gee Brent Young Tania Uribe Guerra
1 2 Gordon Minter Jonathon Horton Aaron Terry
1 3 Jared Little Brian Stimpson Kenneth Alford
1 4 Michael Webb Matthew Brown Kseniya Kashina
1 5 Dane Bennion Ammon Eaton Ryan Marelli
1 6 John Hickey Greg Hone Jason Hadley
2 7 Joseph Wilcox Devin Moss Ben Adams
2 8 Kenny Moake Sammy Nielsen Josh Huss
2 9 Troy Holland Marie Call Mary Foerster
2 10 Brandon Loong Stewart King Mark Adams
2 11 Tommy Allen Julieann Selden Scott Pessetto
2 12 Tasha Blake Zachary Smith Andrew Broadbent
3 13 Shawn Carlson Griffin Allen Adam Stevens
3 14 Brad Chandler Alex Foy Russell Urie
3 15 Spencer Campbell Merete Capener Kristen Nicholes
3 16 Eric Manwill Joe Hogge Matt Burnham
3 17 Brandon Martin Greg Hyatt Tiffani Mix
3 18 Geoffry Fowles Weston Smith Cameron Quist
4 19 Joshua Weatherston Bradley Wallo Brian Self
4 20 Rebecca Witmer Cory Bowen Emmett Fletcher
4 21 Stefan Coburn Christopher Brown Geoff Foulk
4 22 Michael Albretsen Men Liu Matt Sharp
4 23 Skyler Olson Taylor Briggs Sharyn Wada
4 24 Katie Lively Byron Porter John Chan
4 25 Benjamin Lindsay Zach Baird Mathew Krugman
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Proportional-Integral-Derivative (PID) Control

• Many variations of PID control are used in practice.

PID Control

The parallel form of the PID control algorithm (without a 
derivative filter) is given by
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The corresponding transfer function is:
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Using the Controller Transfer Function
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MATLAB Example (Simulink)
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System Transfer Function
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Can we use Eqn 5-53 to specify an Overshoot?
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MathCAD Solution – 15% Overshoot

MATLAB Simulation – Why 20% Overshoot?



Optimization
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Constrained Optimization

•Optimization problems commonly involve equality and 
inequality constraints.

•Nonlinear Programming (NLP) Problems:
a) Involve nonlinear objective function (and possible 

nonlinear constraints).
b) Efficient off-line optimization methods are available (e.g. 

conjugate gradient, variable metric).
c) On-line use?  May be limited by computer time and 

storage requirements.
•Quadratic Programming (QP) Problems:

a) Quadratic objective function plus linear equality and 
inequality constraints.

b) Computationally efficient methods are available.
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•Linear Programming (LP) Problems
Both objective function and constraints are linear.
Solutions are highly structured and can be rapidly obtained.

Linear Programming (LP)

•Has gained widespread industrial acceptance for on-line 
optimization, blending etc.

•Linear constraints can arise due to:
1.  Production limitation e.g. equipment limitations, storage

limits, market constraints.
2.  Raw material limitation
3.  Safety restrictions, e.g. allowable operating ranges for

temperature and pressures.
4.  Physical property specifications e.g. product quality 

constraints when a blend property can be calculated as 
an average of pure component properties:
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5. Material and Energy Balances
- Tend to yield equality constraints. 
- Constraints can change frequently, e.g. daily or hourly.

•Effect of Inequality Constraints
- Consider the linear and quadratic objective functions on 

the next page.
- Note that for the LP problem, the optimum must lie on one 

or more constraints.

•General Statement of the LP Problem:

subject to:

•Solution of LP Problems
- Simplex Method
- Examine only constraint boundaries
- Very efficient, even for large problems
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The effect of an inequality constraint 
on the maximum of quadratic function, 

(The arrows 
indicate the allowable values of x.)
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http://www.oil‐price.net/
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Optimization in Industry
• 10,000-10,000,000+ Variables Typical
• Need a general computational approach
• Numerical Methods

Optimization Tools
• Excel Solver
• AMPL
• APMonitor
• GAMS
• PIMMS
• Romeo
• etc…



Click the green arrow to solve
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Numerical Methods for Optimization

http://apmonitor.com/online/view_pass.php?f=crude_oil.apm

View the solution by clicking on the solution table
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Special Problem 11

http://www.oil‐price.net/

http://www.eia.gov/energyexplained/index.cfm?page=oil_refining

http://en.wikipedia.org/wiki/List_of_crude_oil_products
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Optimization Model in APMonitor
Model

Variables
crude[1:2] >= 0
gasoline   >= 0, <= 24000
kerosene   >= 0, <= 2000
fuel_oil >= 0, <= 6000
residual   >= 0
income
raw_matl_cost
proc_cost
profit

End Variables

Equations
gasoline = 0.80 * crude[1] + 0.44 * crude[2]
kerosene = 0.05 * crude[1] + 0.10 * crude[2]
fuel_oil = 0.10 * crude[1] + 0.36 * crude[2]
residual = 0.05 * crude[1] + 0.10 * crude[2]

income = 36 * gasoline + 24 * kerosene + 21 * fuel_oil + 10 * residual

raw_matl_cost = 24 * crude[1] + 15 * crude[2]

proc_cost = 0.5 * crude[1] + 1.0 * crude[2]

profit = income - raw_matl_cost - proc_cost

maximize profit
End Equations

End Model


