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Delay in continuous dynamics Delay in discrete dynamics
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Delay in Safety-Critical Systems Guard Synthesis under Delay 

Main Contributions

◆ A new model language, called delay hybrid automaton, is 

proposed to model delay hybrid systems, which exhibit delays 

in both continuous and discrete-time dynamics.

◆ A novel approach based on the computation of differential 

invariants is proposed to address the switching controller 

synthesis problem for delay hybrid systems.

◆ Many cyber-physical systems are safety-critical.

◆ Delay is inevitable!
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Case Study 1

◆Two kinds of delay occur in CPS.

Differential Invariant Generation

Exponentially convergent to a ball:

• Compute a safe over-approximate reachable set in T

• Synthesize guard condition without delay using 

invariant;

• Synthesize guard condition under delay by backward 

reachable set computation.

• Generate a global invariant for delay hybrid system 

by computing a fixed point.

• Low-pass Filter System

Case Study 2

• Predator-prey Populations system

干扰下时延混成系统的切换控制器合成
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