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Results

By modeling systems in their 

mixed logical dynamical 

form, the hybrid dynamics 

may be propagated as hybrid 

zonotopes through an 

identity that is computed 

algebraically and scales 

linearly.
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Problem Statement

• Existing methods rely on collections of convex sets with worst-

case exponential growth in complexity. To stifle this growth, 

state of the art algorithms use over-approximations leading to 

conservative results at best and trivial solutions at worst.

Research Objective:

Develop a nonconvex set representation for 

exact and scalable analysis of hybrid systems 

• Reachability analysis is a set-based method 

for guaranteeing performance criteria. 

• The reachable sets of hybrid systems – those 

that have continuous and discrete dynamics, 

e.g., a controller that turns a component on 

or off – are inherently nonconvex. 

Approach

𝑥+ = 𝐴𝑥 + 𝐵𝑢𝑢 + 𝐵𝑤𝑤 + 𝐵𝑎𝑓𝑓
s.t. 𝐸𝑥𝑥 + 𝐸𝑢𝑢 + 𝐸𝑤𝑤 ≤ 𝐸𝑎𝑓𝑓

𝑥 ∈ ℝ𝑛𝑥𝑐 × 0,1 𝑛𝑥𝑙

𝑢 ∈ ℝ𝑛𝑢𝑐 × 0,1 𝑛𝑢𝑙

𝑤 ∈ ℝ𝑛𝑟𝑐 × 0,1 𝑛𝑟𝑙

Reach set of the temperature of six adjacent rooms. Two corner offices (1 and 6) have thermostat controlled

heaters turning on when the temperature is below 22C and off when above 24C. Computed in 5.8 seconds.

𝑢 𝑘 = 𝑇𝑎𝑚𝑏 ∈ [0,0.1]

Constrained zonotopes with 𝑛𝑔 continuous 

factors, 𝜉𝑐, may be constructed to represent 

convex polytopes with up to 2𝑛𝑔 features. 

Introducing 𝑛𝑏 binary factors, 𝜉𝑏, the hybrid 

zonotope is equivalent to the nonconvex 

union of up to 2𝑛𝑏 constrained zonotopes. 
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