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一、个人申报
（一）基本情况【围绕《浙江工程师学院（浙江大学工程师学院）工程类专业学位研究生工

程师职称评审参考指标》，结合该专业类别(领域)工程师职称评审相关标准，举例说明】

一、对本专业基础理论知识和专业技术知识掌握情况

深入了解并掌握本专业的基础理论知识和专业技术知识。在基础理论知识方面，具备扎实的

数学基础，包括线性代数、概率论、微积分和数值分析等，熟练掌握电路分析的基本原理和

技术，对信号的时间域和频率域分析有深入的理解，能够熟练应用拉普拉斯变换、傅立叶变

换等工具分析和设计控制系统。在专业技术知识方面，深入学习了控制理论的核心概念，包

括经典控制理论（如PID控制）和现代控制理论（如状态空间分析、最优控制、鲁棒控制等

）。能够应用这些理论设计、分析和优化控制系统。同时，具有将实际控制对象抽象成数学

模型的能力，并能使用软件工具（如MATLAB/Simulink）进行系统仿真，以验证控制策略的

有效性。在智能控制方面，掌握了机器学习的基本理论和算法，包括监督学习、非监督学习

、强化学习等，以及它们在智能控制中的应用。

二、工程实践的经历

工程实践围绕多智能体集群博弈问题展开研究，将带约束的多智能体集群对抗问题抽象为多

追逐者多逃避者的集群追逃避障问题，基于多智能体深度强化学习算法对该问题进行深入研

究。

在工程实践期间，学习深度强化学习的基本概念和常见算法，了解多智能体强化学习的博弈

应用场景，学习移动机器人路径规划算法，编写环境和多智能体强化学习算法实现多追逐者

多逃避者的追逐逃避场景下的任务。同时，在实践期间与项目负责人进行沟通和协调，完成

整体方案设计、算法设计、仿真实验和机器人实物实验。

三、在实际工作中综合运用所学知识解决复杂工程问题的案例

在专业实践的实际工作中，我参与了一个围绕多智能体深度强化学习的研究项目，旨在探索

和解决多移动机器人在执行复杂任务时的控制问题。特别是，我们聚焦于“多追逐者-

多逃避者”（pursuer-

evader）的追逃策略问题，这是一个经典的多智能体协同和对抗问题，具有广泛的应用背景

，如自动驾驶车辆的避障、无人机群的协同控制等。

项目背景与挑战

多移动机器人系统在执行追逃任务时，需要解决两个主要问题：如何有效地协同控制多个追

逐者（pursuers）以捕捉逃避者（evaders），同时优化逃避者的逃逸策略以避免被捕捉。

这个问题的复杂性在于需要同时考虑多智能体之间的交互、环境不确定性以及策略的实时优

化。

解决方案

为了解决这一问题，我们采用了基于多智能体深度强化学习（MADRL）的方法。具体来说，

我们设计了一个分布式学习框架，其中每个智能体（无论是追逐者还是逃避者）都能够独立

学习并优化其策略，同时通过共享的环境信息实现协同。

1. 
环境建模：我们首先建立了一个仿真环境，模拟多追逐者和多逃避者在一个有障碍物的区域

内的追逃行为。每个智能体的状态信息包括其位置、速度和周围环境的感知信息。

2. 
强化学习算法设计：我们为每个智能体设计了一个深度强化学习模型，使用深度神经网络作

为策略网络，来学习如何根据当前状态做出决策。追逐者的目标是最小化捕捉逃避者所需的

时间，而逃避者则试图最大化逃逸时间。
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3. 
协同与对抗学习：通过设计奖励函数促进智能体之间的协同与对抗学习。对追逐者而言，当

它们成功捕捉到逃避者时获得正奖励；对逃避者而言，成功逃逸或延长逃逸时间会获得正奖

励。

4. 
实验与优化：我们在仿真环境中进行了大量实验，不断调整学习率、奖励函数和策略网络结

构，以找到最优的学习策略。通过这些实验，智能体能够学习到复杂的协同和逃避策略，如

追逐者学会了分工合作以包围逃避者，而逃避者则学会利用环境障碍物进行躲避。在此基础

上，对策略的神经网络结构进行优化设计，能够适应环境中实体数量变化的情景，增强了策

略的泛化性、鲁棒性和可迁移性。

成果与应用

通过该项目，我们成功地开发出一套能够处理多智能体协同与对抗问题的深度强化学习框架

，并在“多追逐者-

多逃避者”的追逃策略问题上取得了显著的成果。我们的方法不仅提高了追逐者捕捉逃避者

的效率，同时也增强了逃避者的逃逸能力，展现了多智能体系统在复杂环境下的自适应与智

能行为。

此外，该研究的成果具有广泛的应用前景，如自动驾驶系统中的避障策略、无人机群的协同

控制、以及安全防御系统中的入侵检测与反应策略等。通过进一步的研究和开发，我们相信

多智能体深度强化学习技术将在未来的智能系统中发挥更大的作用。
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（二）取得的业绩（代表作）【限填3项，须提交证明原件（包括发表的论文、出版的著作、专利

证书、获奖证书、科技项目立项文件或合同、企业证明等）供核实，并提供复印件一份】

1. 
公开成果代表作【论文发表、专利成果、软件著作权、标准规范与行业工法制定、著作编写、科技

成果获奖、学位论文等】

成果名称

成果类别 

[含论文、授权专利（含

发明专利申请）、软件著

作权、标准、工法、著作

、获奖、学位论文等]

发表时间/

授权或申

请时间等

刊物名称

/专利授权

或申请号等

本人

排名/

总人

数

备注

基于强化学习的多机器

人围捕多目标的分布式

决策方法

发明专利申请
2022年08

月15日

申请号：20

2210974382

.2

2/3  

Large Scale Pursuit-

Evasion Under 

Collision Avoidance 

Using Deep 

Reinforcement 

Learning

会议论文
2023年06

月30日

IEEE/RSJ 

Internatio

nal 

Conference 

on 

Intelligen

t Robots 

and 

Systems

1/5  
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2.其他代表作【主持或参与的课题研究项目、科技成果应用转化推广、企业技术难题解决方案、自
主研发设计的产品或样机、技术报告、设计图纸、软课题研究报告、可行性研究报告、规划设计方

案、施工或调试报告、工程实验、技术培训教材、推动行业发展中发挥的作用及取得的经济社会效

益等】

 









(19)国家知识产权局

(12)发明专利申请

(10)申请公布号 

(43)申请公布日 

(21)申请号 202210974382.2

(22)申请日 2022.08.15

(71)申请人 浙江大学

地址 310000 浙江省杭州市西湖区余杭塘

路866号

(72)发明人 刘勇　杨贺磊　曹军杰　

(74)专利代理机构 杭州泓呈祥专利代理事务所

(普通合伙) 33350

专利代理师 张婵婵

(51)Int.Cl.

G05D 1/02(2020.01)

 

(54)发明名称

基于强化学习的多机器人围捕多目标的分

布式决策方法

(57)摘要

基于强化学习的多机器人围捕多目标的分

布式决策方法，包括：一、仿真环境初始化，随机

生成障碍物、追逐者和逃跑者的状态信息，追逐

者和逃跑者都为智能体的机器人；二、获取机器

人的观测值信息；三、获取机器人的可行动作，遍

历其动作空间得到可行动作集；四、策略神经网

络根据观测值信息从当前状态的可行动作集中

选择出一个动作；五、仿真环境根据选择出的动

作对机器人进行更新并计算执行该动作获得的

奖励；六、将四‑五的决策过程存储到经验收集池

中；七、重复二‑六直到达到单轮最大的仿真时

间；八、根据存储器中的各个智能体与仿真环境

的交互信息，使用多智能体强化学习算法进行训

练；九、重复一‑八直到达到最大的交互训练轮

数。

权利要求书2页  说明书10页  附图2页
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Large Scale Pursuit-Evasion Under Collision Avoidance Using Deep
Reinforcement Learning

Helei Yang1, Peng Ge1, Junjie Cao1,∗, Yifan Yang1, and Yong Liu1,∗

Abstract— This paper examines a pursuit-evasion game
(PEG) involving multiple pursuers and evaders. The decen-
tralized pursuers aim to collaborate to capture the faster
evaders while avoiding collisions. The policies of all agents
are learning-based and are subjected to kinematic constraints
that are specific to unicycles. To address the challenge of
high dimensionality encountered in large-scale scenarios, we
propose a state processing method named Mix-Attention, which
is based on Self-Attention. This method effectively mitigates the
curse of dimensionality. The simulation results provided in this
study demonstrate that the combination of Mix-Attention and
Independent Proximal Policy Optimization (IPPO) surpasses
alternative approaches when solving the multi-pursuer multi-
evader PEG, particularly as the number of entities increases.
Moreover, the trained policies showcase their ability to adapt
to scenarios involving varying numbers of agents and obstacles
without requiring retraining. This adaptability showcases their
transferability and robustness. Finally, our proposed approach
has been validated through physical experiments conducted
with six robots.

I. INTRODUCTION

The Pursuit-Evasion problem holds significant potential
for applications in both civilian [1] and military [2]–[4]
domains. A growing body of literature recognizes the multi-
agent PEG since the cooperation of autonomous decision-
making pursuers can increase the task success rate. While
traditional control theories and optimization-based methods
have proven effective in scenarios with multiple pursuers
and a single evader [5]–[7], they encounter difficulties when
modeling complex real-world environments.

Drawing upon the technique of learning from agents’
interactions with the environment, Multi-Agent Deep Rein-
forcement Learning (MADRL) has been successfully applied
to the PEG. However, several drawbacks still persist in
current works: 1) Single Evader [8]–[11]. Advanced assign-
ment and collaboration strategies of pursuers are crucial
for environments that involve multiple evaders. 2) Reliance
on rule-based or pre-trained evasion policies. Such policies
adopted by the evaders can introduce the risk of overfitting
in the pursuers’ policy. 3) Insufficient emphasis on collision
avoidance [8]–[11]. Insufficient attention has been given in
previous studies to the exploration of collision avoidance
between robots and obstacles as a necessary constraint,
resulting in the game continuing even after a collision occurs.
4) Limited generalization and scalability. Most previous

1Helei Yang, Peng Ge, Junjie Cao, Yifan Yang and Yong Liu are with
the Institute of Cyber-Systems and Control, Zhejiang University, Hangzhou
310027, China.

∗Both Yong Liu and Junjie Cao are the corresponding authors, emails:
yongliu@iipc.zju.edu.cn, cjunjie@zju.edu.cn

works require retraining specific policies to accommodate
varying numbers of pursuers or evaders due to the fixed
dimension of the input.

This paper investigates a decentralized scenario involving
slower pursuers and faster evaders. Both pursuers and evaders
adhere to unicycle kinematic constraints. It is assumed that
the states of all agents are observable, and obstacles are
distributed randomly throughout the environment. When an
agent collides with an obstacle, it becomes immobile and
loses its ability to interact with the environment. Successful
pursuit is defined as the pursuer and evader within a pre-
defined capture radius. The proposed scenarios in this study
introduce new challenges to the algorithm, including target
assignment, obstacle avoidance, and target guidance.

To address the limitation of low generalization and scal-
ability caused by the fixed input dimension, we introduce
a state processing technique called Mix-Attention based on
Self-Attention. This method provides a compact feature rep-
resentation for MADRL and is non-parametric in the number
of agents and obstacles. We combine Mix-Attention with the
widely-used multi-agent reinforcement learning algorithm
IPPO [12] to handle the scenario involving multiple pursuers
and evaders. Taking inspiration from [13], we train the
pursuit and evasion policies synchronously to facilitate the
complex co-evolution of policies.

In our simulation experiments, we evaluate the perfor-
mance of our approach in various scenarios with different
numbers of entities. We measure the success rate, travel
distance, pursuit cost, and per-evader cost. Additionally, we
assess the generalization capability of the trained policy by
testing it in environments with different numbers of entities
from the training setup. The experimental results demonstrate
that our method significantly outperforms other approaches.

The main contributions can be summarized as follows:
1) The paper considers collision avoidance and motion

constraints within a decentralized multi-pursuer multi-
evader pursuit-evasion game.

2) A novel state processing method named Mix-Attention
is introduced and combined with IPPO. The approach
achieves lower training costs, better performance, and
improved scalability compared to Bi-RNN and Mean-
Embedding.

3) The effectiveness of the learned policies is demon-
strated through a physical experiment involving four
autonomous robots pursuing two targets, showcasing
successful policy transfer to the real world.

The remaining sections of the paper are organized as
follows: Section II provides a review of relevant works. Our

2023 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS)
October 1-5, 2023. Detroit, USA
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