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Outline
 VS systems, sliding modes, reaching
 Example: undersea vehicle
 Design based on normal form



VSC Design via Sliding Modes: Setup
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VSC Design via Sliding Modes: Strategy
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1. Choose switching surfaces, , so that sliding mode has
    desired dynamics.
2. Choose control functions, , so that sliding mode is reached 
    in finite time.
Approach:
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affect sliding behavior?
    equivalent control method
2. How can we choose  to insure finite time reaching?
    Lyapunov method
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Equivalent Control ~ 1
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Equivalent Control ~ 2
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Equivalent Control – Special Cases
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Reaching
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Linear Example ~ Reaching
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Linear SISO Example ~ 1
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Linear SISO Example ~ 2
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Designing the Sliding Surface
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Example: Linear SISO Design ~ 1
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Example: Linear SISO Design ~ 2
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Example: Linear MIMO Design ~ 1
( )

1
2 2

2

1
111 2

1
22

11 12

21 22

, rank , ,  controllable
reorder states to obtain

,  with , det 0

transform to :

, ,
00

0
t

regular form

m m

n mn m

x Ax Bu B m A B

B
B B R B

B

I BI B B
z Tx T T

BB

A A
z z u

A A I

×

−
−−−

−

= + =

 
= ∈ ≠ 

 

− −  
= = =   

  
   

= +   
  



 ( )11 12he pair ,  is controllableA A



Example: Linear MIMO Design ~ 2
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Example: Underwater Vehicle
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Control Based on Normal Form
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Sliding Dynamics
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Choosing K
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One choice:

Eigenvalues of (A+EK) are:
Sliding eigenvalues



Reaching
Consider the positive definite quadratic form in s 
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VSC Summary
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