学位论文中文题目： 时滞动态系统的安全验证 
学位论文作者中文姓名： 刘文有
学位论文中文摘要：随着计算机技术、网络技术以及通讯技术的飞速发展，深度融合了计算、通 信和控制能力的信息物理融合系统逐渐应用于我们的生产生活当中，例如智能 交通、智能医疗以及智能电网等关系国计民生的重要领域。这其中的许多应用 都是安全攸关的系统，保障这些系统的安全性成为亟待解决的问题。然而，即使 现如今科技发展迅猛，时延现象在反馈环路中也仍然是普遍存在且难以避免的， 与此同时，时延也是影响系统安全性与稳定性的重要因素。传统的测试、仿真等 方式很难保证安全攸关系统的绝对安全，因此，如何运用形式化方法来对时滞系 统进行安全验证成为工程实践中的重大挑战。 
相比于由常微分方程描述的连续动态系统，由延迟微分方程建模的时滞系 统具有更加复杂的特性，对其进行安全性验证也更加的困难。本文我们主要研究 时滞系统的安全性验证与控制生成问题。主要研究内容和贡献如下: 
一、针对相对度为 1 的时滞动态系统，我们提出了基于控制栅栏泛函的安全 验证与控制生成方法，同时，针对有扰动的情形，我们提出了输入-状态安全的 控制栅栏泛函来保证时滞系统在有扰动情况下的安全性，此外，我们给出了通过 安全保持控制器构建输入-状态安全控制器的算法。 
二、针对具有高相对度的时滞系统，我们将控制栅栏泛函方法扩展到高阶控 制栅栏泛函来保证具有高相对度的时滞系统的安全性，相应地，针对有扰动的情 形，提出了输入-状态安全的高阶控制栅栏泛函来保证具有高相对度的时滞系统 在有扰动情况下的安全性。 
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学位论文英文题目：Safety Verification for Time-Delay Dynamical Systems 
学位论文作者英文姓名：Wenyou Liu
学位论文英文摘要：With the rapid development of computer technology, network technology, and communication technology, cyber-physical systems that deeply integrate computing, communication and control capabilities are gradually being used in our production and life. For example, intelligent transportation, intelligent medicine, smart grid and other important areas related to the national economy and people’s livelihood. Many of these applications are safety-critical systems, and ensuring the safety of these systems has be- come an urgent problem to be solved. However, even with the rapid development of science and technology nowadays, the phenomenon of time delay is still ubiquitous and inevitable in the feedback loop. At the same time, time delay is also an important factor affecting the safety and stability of the system. Traditional methods such as testing and simulation are difficult to ensure the absolute safety of safety-critical systems. There- fore, how to use formal methods to verify the safety of time-delay systems has become a major challenge in engineering practice. 
Compared with the continuous dynamic systems described by ordinary differen- tial equations, the time-delay systems modeled by the delay differential equations have more complicated characteristics, and they are more difficult to verify their safety. In this paper, we mainly study the safety verification and control generation of time-delay dynamic systems. The main research contents and contributions are as follows: 
1. For the time-delay dynamic system with relative degree 1, we propose a safety verification and control generation method based on the control barrier functionals. At the same time, in the case of disturbances, we propose the notion of input-to-state safe control barrier functionals to ensure the safety of time-delay systems under disturbances. Besides, we present an algorithm to construct input-to-state safe controllers through safekeeping controllers. 
2. For the time-delay systems with high relative degree, we extend the control barrier functional method to the high order control barrier functionals to ensure the safety of the time-delay dynamic systems with high relative degree. Correspondingly, in the case of disturbances, input-to-state safe high order control barrier functionals are proposed to ensure the safety of time-delay systems with high relative degree under disturbances. 
学位论文英文关键词：Time-Delay Systems, Delay Differential Equations, Safety Analysis, Con- troller Synthesis 
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