光学与电子信息学院 学院光学工程、电子与通信工程、软件工程领域专业学位硕士研究生课程简介
	课程名称：空间激光通信原理和技术
	课程代码：182.528

	课程类型：□公共课  □专业必修课■专业选修课 □其它：              

	考核方式： 考试或课程论文                           
	教学方式：讲授加研讨

	适用专业领域：光学工程、电子与通信工程、软件工程（微电子）

	开课学期：春季    
	总学时：32
	学分：2

	先修课程要求：现代通信原理，光电探测技术，物理光学，应用光学

	课程组教师姓名
	职  称
	专  业
	年  龄
	学术方向

	元秀华
	教授
	物理电子学
	52
	光通信

	杨振宇
	副教授
	光通信技术
	32
	光通信

	赵茗
	副教授
	光学工程
	30
	光通信

	课程负责教师教育经历及学术成就简介：

元秀华，男，出生于1957年。华中科技大学光学与电子信息学院教授。分别于1982年和1986年物理学本科和硕士学位。他在2000年获得物理电子学博
士学位。他承担授课的有“通信原理”，“光纤通信”和“电子技术基础”，从事光通信技术和光电传感器技术的研究。已完成了20个项目，其中包括国家863计划，国家自然科学基金，科学和技术部以上获得3个奖项，得到了10个授权
的发明专利和国际学术界杂志上发表论文60余篇。

	课程教学目标：

空间光通信是以激光束作为信息载体、以空间物质为传输介质的空间信道之间的通信。随着人类对空间探索活动的增加，获取的空间数据量也不断增加，对空间数据传输的带宽需求也不断增加。空间数据传输，具有一系列特殊要求。而激光通信容量大、传输速率高、隐蔽性好、抗干扰能力强等特点，是满足空间数据传输的最佳通信方式，也是今后卫星之间、星地之间大容量信息保密通信的最优方案之一。激光通信对一个国家掌握“制天权”、“制空权”、“制信息权”举足轻重，激光通信技术既能满足军民两用大容量通信，也是适合深空探测领域应用的先进技术。从我国探月工程、载人航天等深空探测工程的启动，足以证明深空探测已成为21实际甚至更远时期人类航天活动的最重要领域，而空间光通信适合应用于深空距离远、信息传输时延长、能量衰耗严重且接收信号微弱等特点的恶劣条件通信，是深空探测数据传输的关键技术。学习掌握空间激光通信的原理和基本技术，对发展我国的空间光通信技术、进一步提高我国在深空探测领域的研究水平和提升我国在世界诸强中的“制空权”地位，具有深远的战略意义和重要的现实意义。

空间光通信原理和技术面向光学工程、光信息科学与技术专业或电子信息科学与技术专业的硕士研究生或博士研究生，旨在讲授和研讨星间光通信、星地光通信的原理和技术，着重介绍星间、星地空间光通信的特殊技术，对于和其它通信方式类同的原理与技术，本课程不予重复介绍。学习空间光通信技术课程，应具有现代通信原理、光电探测、物理光学课程基础，涉及空间光通信的专门知识将在本课程中介绍。本课程总学时为32学时，其中，28学时为讲授，4学时为研讨。

教学大纲（章节目录）

第一章， 总论                                                 2学时

§1.1、研究空间光通信的重要意义

§1.2、空间光通信的发展及研究现状，空间光通信的应用领域；

§1.3、空间光通信的特殊性及其和其它通信技术的关联。

第二章， 空间光通信系统                                       4学时

§2.1、近地大气空间光通信系统

§2.2、卫星光通信系统

§2.3、星地空间光通信系统

§2.4、可见光无线通信系统
第三章， 近地大气空间光通信系统关键技术                       8学时

    §3.1、 大气激光传输特性

      §3.1.1、激光传输大气衰减效应

      §3.1.2、激光传输大气湍流效应

    §3.2、 近地空间光通信光学天线技术

      §3.2.1、 光学系统设计总体要求

      §3.2.2、 光学天线传输特性分析

      §3.2.3、 阵列光学天线

    §3.3、自适应光学技术在空间光通信系统中的应用

       §3.3.1、 波前检测技术

       §3.3.2、 波前重构技术

       §3.3.3、 无波前传感器自适应光学技术

    §3.4、 大气光通信光调制发射技术

       §3.4.1、 大气光信道编码调制技术

       §3.4.2、 抗大气衰减光发射功率自适应均衡技术

       §3.4.3、 半导体激光器在空间光通信中的应用技术

§3.5、 大气激光通信光接收技术

   §3.5.1、 光接收机总体要求

   §3.5.2、 大气信道光信号处理技术

   §3.5.3、 直接光探测技术

   §3.5.4、 相干光探测技术

第四章、 卫星光通信技术                                      8学时

§4.1、星间光通信链路特点

§4.2、卫星轨道及卫星姿态

§4.3、光束捕获、对准、跟踪（APT）系统原理与技术

§4.3.1、 APT系统基本工作原理及组成

§4.3.2、 APT跟踪伺服系统

§4.3.3、 APT关键器件及工作原理

§4.3.4、 APT算法

    §4.4、星间光通信延时处理技术

第五章、 星地光通信技术                                      6学时

§5.1、星地光通信链路特点

§5.2、地面站址要求与选择

§5.3、远程通信协议建立

§5.4、光学天线特殊技术

    §5.5、星间、星地光通信系统基本测试方法

第六章、 研讨                                               4学时



	教材：  

自编.


	主要参考书：

   1、Larry C. Andrews,Ronald L. Phillips, 《Laser beam propagation through random media》，SPIE Press,2Th Edition。    

2、李晓峰 星地激光通信链路原理与技术，国防工业出版社

    3、周仁忠，自适应光学，国防工业出版社

    4、IEEE、SPIE、OSA文献

    5、祖耶夫，大气光传输特性分析，高等教育出版社

    6、柯熙政，激光无线通信技术，北京邮电大学出版社



	课程名称：The Principle and Technology of Free Space Optical communication
	课程代码：182.528

	课程类型：█Professional Electives

	考核方式： Exam/ Course papers                           
	教学方式：Lecturing

	适用专业：Optical engineering, Electronics and Telecommunications Engineering ，Software Engineering(Microelectronics)

	开课学期：spring    
	总学时：32
	学分：2

	先修课程要求：Modern communication theory, photoelectric detection technology, physical optics, Applied Optics

	课程组教师姓名
	职  称
	专  业
	年 龄
	学术方向

	Yuan Xiuhua
	Professor
	Physical Electronics
	52
	Optical Communications

	Yang Zhenyu
	Associate Professor
	Optical Communications
	32
	Optical Communications

	Zhao Ming
	Associate Professor
	Optical engineering
	30
	Optical Communications

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Course Team Leader Education Experience and Academic Qualification：
Yuan Xiuhua, male, was born in 1957. Professor of college of Optoelectronics science and engineering of Huazhong University of Science and Technology. He got his Batchlor and his Master degree of Science in Physics respectively in 1982 and 1986. He obtained his  Ph.D of Physical Electronic Science in 2000. 

He is Teaching “principle of Communication”, “Fiber optical Communication” & “Electronic Technology”, researching optical communication technology and optoelectronic sensor technology,. He accomplished 20 projects including national 863, National funds of nature science, obtained 3 awards above ministry for science and technology, got 10 authorized invention patents and published more than 60 papers on international academe magazine.


	Course Objective：

 Free space optical (FSO) communication implements communication   over a wireless channel by use of laser beam as the carrier and free space as the transmission media. With the increase in human space exploration activities and the consequent large volume of obtained data，there is a growing demand for the transmission bandwidth. FSO communication, also termed as laser communication, provides large communication capacity, high transmission rate, good confidentiality and anti-interference ability, making it an optimal means for deep space communication as well as a best scheme for future high capacity satellite-to-ground and intersatellite secure communication. FSO communication is vital for a country to grasp space supremacy, air supremacy and information supremacy. Laser communications is an advanced technology that not only meets the needs of dual-use high capacity communication, but also suitable for deep space exploration application. With the start of the lunar exploration and the crewed space mission of our country, deep space exploration has become the most important field of human spaceflight activities in the 21st century and even in the far future. Since free space optical communication is ideal for deep space environment which is characterized by long distance, long propagation delay, severe energy attenuation and weak reception, it is believed to be the key technology of data transmission in deep space exploration. To learn and master the principle and technology of free space optical communication is of far-reaching strategic significance and practical significance for the development of our country’s free space optical communication technology, for further improvement of the level of research in the area of deep space exploration, and for enhancement of our position in world power. 
The course，namely “The Principle and Technology of Free Space Optical communication”, is intended for master students and doctoral students of Optical Engineering, Optical Information Science and Technology or electronic information science and technology. During this course lectures and seminars aimed at the principles and technologies of satellite-to-ground and intersatellite communication will be presented, focusing on the unique techniques of FSO system. Techniques that are analogous to those in conventional communication will not be repeated in our class. To study this course, the students are supposed to have basic knowledge of modern communications theory, optical detection and physical optics. Specialized knowledge involved with free space optical communication will be introduced. This course total period is 32 hours among which 28 hours are lectures and the other 4 seminars.
Teaching Program (List of chapters)
Chapter 1. Introduction  (2 hours)                                                
§1.1、The importance of study free space optical communication
§1.2、Development, research status and applications of free space optical communication 

§1.3、The peculiarities of free space optical communication and its relevance to other communication technologies
Chapter 2. Free space optical communication systems  (4 hours)                                      
§2.1、Near-ground atmosphere optical communication systems
§2.2、Intersatellite laser communication systems
§2.3、Satellite-to-ground laser communication systems
§2.4、Visible light wireless communication systems
Chapter 3. Key technologies in near-ground atmosphere optical communication systems  (8 hours)
    §3.1、 Characteristics of laser beam propagation through atmosphere
      §3.1.1、Attenuation effect of the atmosphere
      §3.1.2、Turbulence effect of the atmosphere
    §3.2、 Optical antenna in near-ground laser communication
      §3.2.1、 Overall design requirements of the optical system
      §3.2.2、 Analysis of transmission characteristics of the optical antennas
      §3.2.3、 Arrayed optical antennas 
    §3.3、Adaptive optics in FSO communication systems
       §3.3.1、 Wavefront detection technology

       §3.3.2、 Wavefront reconstruction technology

       §3.3.3、 Adaptive optics without a wave-front sensor
    §3.4、 Modulation technologies in atmosphere optical communication
       §3.4.1、 Coded modulation for atmospheric channels
       §3.4.2、Anti-attenuation transmitter power adaptive equalization 

       §3.4.3、 Applications of semiconductor lasers in free space optical communication

§3.5、Optical reception technology for atmosphere optical communication
   §3.5.1、Overall requirements for the optical receiver
   §3.5.2、Atmospheric channel optical signal processing technology

   §3.5.3、 Optical direct detection technology

   §3.5.4、 Optical  coherent detection technology

Chapter 4. Intersatellite laser communication technology (8 hours)
§4.1、Characteristics of intersatellite links
§4.2、Satellite orbits and satellite attitude

§4.3、Principle and technology of beam acquisition tracking pointing（ATP）system
§4.3.1、 Basic working principle and composition of an APT system

§4.3.2、 APT tracking servo system
§4.3.3、 APT key components and their working principles
§4.3.4、 APT algorithms
    §4.4、Delay processing for intersatellite optical communication
Chapter 5. Satellite-to-ground laser communication technology (8 hours)
§5.1、Characteristics of satellite-to-ground links
§5.2、The ground base station location

§5.3、Remote communication protocol set-up
§5.4、Specific technology of the optical antenna
    §5.5、Basic test methods of intersatellite and satellite-to-ground laser communication system
Chapter 6. Seminars (4 hours)


	Text books:

   自编.
Reference Books：
1、Larry C. Andrews,Ronald L. Phillips, 《Laser beam propagation through random media》，SPIE Press,2Th Edition。    
2、李晓峰 星地激光通信链路原理与技术，国防工业出版社
    3、周仁忠，自适应光学，国防工业出版社
    4、IEEE、SPIE、OSA文献
    5、祖耶夫，大气光传输特性分析，高等教育出版社
    6、柯熙政，激光无线通信技术，北京邮电大学出版社



