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Modern Control System Design

Traditional Control System: controller + process

• Corresponds to “inner loop” of most control system designs

Modern Control System: optimization-based design + robust analysis

• Replace reference with reference trajectory (Weeks 1-4)

• Replace process output with estimated output (Weeks 5-8)

• Replace “inner loop” controller with robust controller (Week 9-10 + CDS 212/213)
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Two Degree of Freedom Control Design

Key idea

• Separate problems of generating a feasible 

trajectory from local tracking

• Use linear control theory for generating local 

control laws based on the error

• Use nonlinear and optimal control for 

generating feasible trajectories

• Recompute the trajectory during operation ⇒ 

receding horizon control

Case 1: stabilize equilibrium point

• Given equilibrium point (xd, uff), find a 

controller u = !(x, xd, uff) that 

stabilizes xd

• State space: u = -K(x - xd) + uff

• Variation: u = -K(x - xd) + kr r

Case 2: track a reference trajectory

• Given a reference trajectory r(t), find a 

controller u = !(x, r(!)) such that

• Controller can often depend on r at 

future times (anticipation)

Case 3: optimize performance criterion

• Find controller (trajectory + feedback) 

that minimizes a cost function:
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Local designNonlinear design

•global nonlinearities

•input saturation

•state space constraints
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lim
t→∞

(r(t)− y(t)) = 0

∫ T

0
L(x, u) dt + V (x(T ), u(T ))
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NCS Lecture 4: Trajectory Generation and Differential Flatness, 17 Mar 08
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EECI 2008: skip this page an the next if everyone already knows about gain scheduling
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Lecture 1-2, Trajectory generation and differential flatness
CDS 110b, 9 Jan 08
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Text Box
Additional discussion topics for EECI:
 * Other approaches to trajectory generation (shooting, optimal control)
 * Known conditions for flatness (triangular, feedback linearizable, reachable linear, ...)
 * Comparison between flatness and feedback linearization (if people know fbklin)
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Skip this topic if short on time; will cover in lecture on Tuesday




