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Reach set at time 

Single Input LTI Reach Set

Set-valued input

Assumption: controllable
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Canonical Forms: Controllable and Brunovsky

last row of the inverse of the controllability matrix

Let

CCFSS realization BCF
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last row of the inverse of the controllability matrix

Let

CCFSS realization 

coeff vector for charpoly of A

BCF

Canonical Forms: Controllable and Brunovsky
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Idea for Reach Set Computation

CCFSS realization BCF

∼
topologically equivalent
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Idea for Reach Set Computation

CCFSS realization BCF

∼
topologically equivalent

Step 2: Compute 

Step 1: Analytically compute (the boundary of) compact set                
             subject to TBD input range 

Algorithm
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Step 1.1: Determining [umin(s), umax(s)]∀s ∈ [0, t]

Variational problems:
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Step 1.1: Determining [umin(s), umax(s)]∀s ∈ [0, t]
Lemma: (Spectral representation) 

For A with distinct eigenvalues 

Example: 



9

Step 1.1: Determining [umin(s), umax(s)]∀s ∈ [0, t]
Theorem:
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Step 1.2: Parametric Boundary 
Theorem: [Generalizes Haddad and Halder, TAC 68(11), 2023, 6680-6695]

Define parameter vector 

          

and for 

Then                              has      parameterization  

Weyl chamber
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Consequences

Corollary:

Corollary:                 are zonoids but not semialgebraic in general   
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Corollary:

Corollary:                 are zonoids but not semialgebraic in general   

Theorem: (Volume) 

Consequences

where

and
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Example
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Our vol Thm:

5000 sample MC estimate
using MATLAB polyarea:
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