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学位论文中文摘要：
可达-规避分析是一种广泛应用于安全攸关系统的形式化设计和安全性验证
方法。其既可保证系统的安全性，又可保证系统的可达性。在许多工程问题中，例如碰撞规避、路径规划和目标监控等方面，可达-规避分析都得到了广泛应用。因此，它已成为当前越来越多研究者关注的热点。可达-规避分析主要研究可达-规避集合的计算。可达-规避集合指的是：在有限或无限时间下，会使系统进入目标状态集合，并且会在安全状态集合中运行的初始状态集合。由于准确的可达-规避集合一般不可计算。目前，在形式化验证领域中，通常致力于计算其内近似和外近似。其中，内近似是准确集合的子集，可用于保证系统满足可达-规避性质。外近似包含准确集合，可用于否认可达系统可达-规避集合的满足。
本文主要研究离散动力系统在无限时间下的可达-规避集合内近似和外近似
的计算，具体贡献如下：
一、研究了平凡（即，非控无扰动）离散系统、扰动离散系统和受控离散系
统的可达-规避集合计算。提出了刻画三类离散动力系统的无限时间下准确的可
达-规避集合的价值函数和对应的Bellman 方程。这些Bellman 方程均满足统一
的收敛性条件。
二、通过释放相应的Bellman 方程，得到了三组不等式约束。其分别可以刻
画无限时间下，平凡离散系统可达-规避集合的内外近似、扰动离散系统鲁棒可
达-规避集合的内近似和受控离散系统可控可达-规避集合的外近似。当离散系统
的关系式模型、目标状态集合和安全状态集合均被多项式表示时，上述不等式约
束可以通过基于平方和分解的半定规划求解。
三、通过实验与已有方法对比。实验结果表明：对于许多系统，本文提出的
近似算法均可取得更精确的近似效果。
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Reach-avoid Sets Computation for Discrete Dynamical Systems
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学位论文英文摘要：
Reach-avoid analysis is a formal design and safety verification method widely used in safety-critical systems. It can not only ensure the safety of the system, but also ensure the reachability of the system. In many engineering problems, such as collision avoidance, path planning and object monitoring, reach-avoid analysis has been widely used. Therefore, it has become the focus of more and more researchers. Reach-avoid analysis mainly studies the calculation of reach-avoid sets. The reach-avoid set refers to the initial state set that will make the system enter the target state set and run in the safe state set in a finite or infinite time. Since the exact reach-avoid set is generally not computable. At present, in the field of formal verification, it is usually devoted to computing its inner and outer approximations. Among them, the inner-approximation is a subset of the exact set, which can be used to ensure that the system satisfies the reach-avoid property. The outer-approximation contains the exact set, which can be used to deny the satisfaction of reach-avoid sets of reachable systems.

This paper mainly studies the calculation of the inner-approximation and outer-approximation of the reach-avoid set for discrete dynamical systems in infinite time.

The specific contributions are as follows:

1. Reach-avoid set computations for plain (ie, uncontrolled and undisturbed) discrete dynamical systems, perturbed discrete dynamical systems, and controlled discrete dynamical systems are studied. The value function and the corresponding Bellman equation of the accurate reach-avoid set in infinite time are proposed to describe the three kinds of discrete dynamical systems. These Bellman equations all satisfy the uniform convergence condition.

2. By releasing the corresponding Bellman equations, three sets of inequality constraints are obtained. The inner- and outer-approximations of the reach-avoid set of plain discrete dynamical systems, the inner-approximation of the robust reach-avoid set of perturbed discrete dynamical systems and the outer-approximation of the controllable reach-avoid set of controlled discrete dynamical systems can be described respectively under infinite time. When the system model, the target state set and the safe state set of the discrete system are all represented by polynomials, the above inequality constraints can be solved by semi-definite programming based on sum of squares decomposition.

3. Experiments are compared with existing methods. Experimental results show that: for many systems, the approximation algorithm proposed in this paper can achieve more accurate approximation results.
学位论文英文关键词：
Discrete dynamical system, Reach-avoid analysis, Formal methods
所获相关成果列表 :

[1] Changyuan Zhao, Shuyuan Zhang, Lei Wang, Bai Xue. Inner-approximating Robust Reach-avoid Sets for Discrete-time Polynomial Dynamical Systems. IEEE Transactions on Automatic Control, 2022.
[2] Changyuan Zhao, Chuchu Fan, Bai Xue. Outer-Approximating Controlled Reach-Avoid Sets for Polynomial Systems. IEEE 61st Conference on Decision and Control, 2022.
