
VSC Design via Sliding Modes
Harry G. Kwatny

Department of Mechanical Engineering & Mechanics
Drexel University



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

( ) ( )
( )

( )
( ) ( )

0

1 1 1 2

2 1 1 2 2 1 2

1 2 2 0

Consider the system

rank
 around 

satisfies controllability rank condition
Transform to :

,

, ,

, ,det 0 around n m m

x f x G x u

G x m
x

x f x x

x f x x G x x u

x R x R G x−

= +

= 



=

= +

∈ ∈ ≠

regular form







( )
( )( )

( ) ( )

2 0 1

1 1 1 0 1

1 2 0 1 2

Strategy:
1) choose  so that 

,

has desired behavior,
2) choose  to enforce sliding on 

,

x s x

x f x s x

u
s x x s x x

= −

= −

= +



Design dliding
dynamics

Reaching



Example: Linear SISO Design ~ 1
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Example: Linear SISO Design ~ 2
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Example: Linear MIMO Design ~ 1
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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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Reaching
Consider the positive definite quadratic form in s 
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VSC Summary
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