生命科学与技术学院

国际一流水平研究生课程简介

	课程名称：组织光学
	课程代码：170.581

	课程类型：□一级学科基础课 □二级学科基础课 (其它：              

	考核方式：  考试                            
	教学方式：讲授

	适用专业：      生物医学工程  
	适用层次：( 硕士生  □  博士生

	开课学期：   秋季        
	总学时：32
	学分： 2

	先修课程要求：无

	课程组教师姓名
	职  称
	专  业
	年龄
	学术方向

	朱丹
	教授
	生物医学工程
	45
	生物医学光子学

	骆清铭
	教授
	生物医学工程
	46
	生物医学光子学

	邓勇
	副教授
	生物医学工程
	47
	生物医学光子学

	课程负责教师教育经历及学术成就简介：

朱  丹，女，博士，华中科技大学武汉光电国家实验室（筹）生物医学光子学研究部教授、博士生导师。分别于1986年、1992年、2001年获湖北大学物理学理学学士、华中师范大学物理电子学理学硕士及华中科技大学物理电子学工学博士学位；2001-2003年，在华中科技大学生物医学工程博士后流动站从事博士后研究工作，出站后留校受聘副教授，2007年破格晋升为教授。2005年受教育部资助，赴俄罗斯萨拉托夫国立大学 Valery V Tuchin教授的实验室从事合作研究。

主持并完成多项目国家及省部级自然科学基金项目，参与并完成多项国家自然科学基金项目及863项目（含3项重点）。主要的研究内容涉及：组织光学理论与测量方法研究；血流动力学参数光学检测理论与技术研究；组织光透明技术研究。在国内外学术刊物上发表论文近百余篇，其中70余篇被SCI、EI收录，“组织光学成理理论的若干关键问题”获湖北省自然科学二等奖（第三完成人，2004）。是多种国际期刊Journal of Biomedical Optics, Optics & Lasers in Engineering, Journal of Biophotonics, Biomedical Optics Express, Chinese optical Letters, Journal of Innovative Optical Health Sciences, Frontier of Optoelectronics in China及国内期刊“光学学报”、“中国激光”、“光子学报”的论文评阅人。多次参与组织国际国内学术会议，并应邀在国内外学术会议上做邀请报告。现任中国光学学会生物医学光子学专业委员会秘书长。

近年来，在组织光透明技术的研究成果得到国际同行的关注与认可。作为国际期刊Journal of Innovative Optical Health Sciences的客座编辑组织出版专集：Optical clearing for biomedical imaging（vol. 3(3), 2010）。相关工作在国际光学工程学会在线刊物（SPIE Newsroom）上报道。

自2003年以来，一直担任本科生课程《生物医学光子学基础》、《激光医学工程》，及研究生课程《组织光学》主讲老师。

	课程教学目标：

正确理解组织光学的基本概念；了解光在组织中的传输理论描述，掌握蒙特卡罗方法的基本思想与程序的使用；熟悉组织光学的测量理论与原理，掌握常用组织光谱测量系统的操作与使用。

课程大纲： 

第一章  组织光学概要

§1.1 引言

§1.2 电磁理论与辐射传输

第二章  辐射测量学基础

§2.1 辐射度量学的基本概念

§2.2 光的收集

§2.3 光的探测

第三章  生物组织特性的光学表征

§3.1 折射

§3.2 单粒子对光的散射与吸收

§3.3 散射与吸收的宏观描述

§3.4 生物组织光学特性

第四章  生物组织中的米氏散射

§4.1 瑞利散射与米氏散射

§4.2 米氏散射理论的数学描述

§4.3 组织中细胞结构的米氏散射

§4.4 组织中纤维结构的米氏散射

第五章  光传输：扩散近似理论

§5.1 辐射传输方程的推导

§5.2 时域扩散理论

§5.3 稳态扩散理论

§5.4 频域扩散理论

第六章  组织光传输的蒙特卡罗模拟

§6.1 蒙特卡罗模拟的基本思想

§6.2 时间分辨的蒙特卡罗模拟

§6.3 稳态的蒙特卡罗模拟 

第七章  生物组织光学特性参数测量原理与方法

§7.1 概述

§7.2 准直透射测量

§7.3 漫透射测量

§7.4 漫反射测量

§7.5 漫反射与漫透射的测量

§7.6 反射模式的激光共焦扫描方法测量组织光学特性参数

§7.7 时域

§7.8 频域

§7.9 血氧的近红外光谱测量

第八章  组织光透明技术

§8.1 概述

§8.2 如何组织的光透明

§8.3 组织光透明的机制

§8.4 组织光透明中的生物相容性问题

第九章  组织光学测量中的模拟样品

§9.1 组织模型的分类

§9.2 组织模型的制备

§9.3 生物组织样品的制备

第十章  上机与实验

§10.1 光在组织中传输的蒙特卡罗模拟

§10.2 双积分球系统测量组织光学特性参数

§10.3 单积分球结合分光光度计测量组织光谱特性



	教材： 

自编讲义：朱丹，《组织光学》 

	主要参考书：

Valery. V. Tuchin, Tissue optics,SPIE Optical Engineering Press,1999

Tuan Vo-Dinh, Biomedical Photonics Handbook, New York, CRC Press, 2003

Steven L Jacques, OGI Optics Courses,  http://omlc.ogi.edu/classroom/

	本课程达到国际一流水平研究生课程水平的标志：

师资方面：

课程组固定教师：有两名教授，其中一名为长江学者。

在有费用支持的情况下，力争每年邀请国际上本领域最有影响力的专家授课，外教授课量约占总学时的1/3。

教学内容方面：

作为研究生基础课，我们拟根据制定的成熟的课程体系实施课程教学。

教学方式方面：

在理论讲授的基础上，会结合实验与上机操作。

教材方面：

力争将自编教材正式出版。

其它：


Syllabus of World-class Graduate Courses in

College of Life Science and Technology
	Course Name: Tissue Optics
	Course Code:  170.581

	Course Type: □ Fundamental Course for 1st Level Disciplines 

           □ Fundamental Course for 2nd Level Disciplines

           ■ Others：  For graduate            

	Assessment: Examination                             
	Teaching Format: Lecture

	For Majors:  Biomedical Engineering
	Level：■ MSc  □ PhD

	Semester:  Fall     
	Credit Hours: 32
	Credit: 2

	Prerequisite Courses:

	Teachers
	Title
	Major
	Age
	Research Interests

	Dan Zhu
	Professor
	Biomedical Engineering
	45
	Biomedical Photonics

	Qingming Luo
	Professor
	
	46
	

	Yong Deng
	Associate Prof
	
	47
	

	CV of the Course Principal Instructor: 

EDUCTION:

Ph.D. Degree

(1998.9-2001.8)
Department of Optoelectronics Engineering, Huazhong University of Science Technology (HUST), Wuhan, Hubei, P.R.China.

Major: Physical Electronics 

Advisors: Prof. Y Ruan, Prof. Q. Luo

Ph. D. Thesis ‘On thermal response and thermal damage of tissue with photonics techniques’, 2001
M.S. Degree
(1989.9-1992.6)
Physics Department, Central China Normal University (CCNU), Wuhan, Hubei, P.R.China.

Major: System and Circuit , Advisors: Prof. W. Chen

M.S. Thesis ‘On migration and absorption of Nd:YAG laser beam in tissue’, 1992
B.S. Degree

(1982.9-1986.6)

Physics Department, Hubei University (HBU), Wuhan, Hubei, P.R.China 

Major: Physics, Advisors: Prof. W. Li

B.S. Thesis ‘Time Falsehood and Theory of Relativity’, 1986
EXPERIENCES:

2007.12-present

Professor, Key Laboratory of Ministry of Education of China, Britton Chance Center for Biomedical Photonics-Wuhan Nation Laboratory for Optoelectronics, Huazhong University of Science and Technology
2003.6-2007.11

Associate professor, Key Laboratory of Ministry of Education of China, Huzhong University of Science and Technology, Wuhan, Hubei, China  
2005.9-2005.11

Visiting scholar, Department of Optics, Saratov State University
2001.9-2003.6

Postdoc, Key Laboratory of Ministry of Education of China, Huzhong University of Science and Technology, Wuhan, Hubei, China
Research Activities- 

Thermal damage of tumor with gene marking and multi-photon imaging techniques
Laser speckle for measuring blood perfusion

Measurement of tissue optical properties
Functional near-infrared imaging
1998.9 ~ 2001.8

Ph.D Candidate, Department of optical engineering, Huazhong University of Science & Technology, Wuhan, Hubei, China
Research Activities- 

Mechanism of laser-tissue interaction, Bioheat theory

Optoelectronics detecting and signal process.

Thermal response and thermal damage of tissue with optical techniques
1992.6 ~ 1998.9
Lecturer, Department of Electric and Electronic Engineering, Wuhan University of Science and Technology, Wuhan, Hubei, China
Research Activities- Mechanism of cancer lasertherapy

1989.9 ~ 1992.6
M.S.Student, Physics Department, Central China Normal University, Wuhan, Hubei, China 

Research Activities- Mechanism of laser-tissue interaction,
Mechanism of cancer lasertherapy
1986.6 – 1989.9
Assistant professor, Department of Basic Course, Hubei Agriculture College, Jingzhou, Hubei, China

Teaching- Course of General physics, Basic language for undergraduates
1986.2 – 1986.6
Undergraduate Student, Physics Department, Hubei University, Wuhan, Hubei, China

Research Activities- Time falsehood and relativity
THE MAIN RESEARCH PROJECTS ON GOING OR COMPLETED:

2012.1-2015.12

Quantitative Mechanism of Optical Clearing of Skin in vivo, PI-Dan Zhu (National Nature Science Foundation of China, Grant No.81171376)

2012.1-2014.12

Molecular Dynamical Simulation and Hyperspectral Imaging for Quantitatively Investigating Mechanism of Optical Clearing of Skin in vivo, PI-Dan Zhu (Research Fund for the Doctoral Program of Higher Education of China, Grant No.20110142110073)

2009.1-2010.12

Physical and Physiological Mechanisms of Skin Optical Clearing, PI-Dan Zhu (National Nature Science Foundation of China, Grant No. 30911120074)

2008.1-2010.12

The Effect of Optical Clearing Agents on Blood Vessels with Optical Imaging Techniques, PI-Dan Zhu (National Nature Science Foundation of China, Grant No. 30770552)

2005.1-2007.12

Laser speckle technique for monitoring thermal induced blood perfusion, PI-Dan Zhu (Nature Science Foundation of HUST)
2005.1-2006.12

Optical method for measuring temperature of cell, PI-Dan Zhu (National Nature Science Foundation of HUST)
2004.1~2005.12

The effect of blood perfusion on therapy with laser speckle technique, PI-Dan Zhu (Nature Science Foundation of Hubei, Grant No.2004ABA219). 
2001.9~2003.6

l damage of tumor tissue in vivo with photonics techniques, PI-Dan Zhu (China Postdoctoral Science Foundation of China, Grant No.2002031256)
1998.9-2002.12
Participate in investigating on Thermal physical problems in clinical medicine with optical tomography and gene marking techniques (Key Project of Nation nature Science Foundation of China. Grant No. 59863240)
Professional activities: 

Secretary General:
Biomedical Photonics Committee of Chinese Optical Society (since 2009); Since 2003, has organized almost ten internal or international conference on Biomedical Photonics, done more than 20 invited talk on internal or international conference.
Organizing Committee Chairman
2011 Joint Conference on Biomedical Engineering of China
Organizing committee
The 6th-10 th International Conference on Photonics and Imaging in Biology and Medicine(PIBM); The 5th Advanced Optical Methods Workshop; Saratov Fall Meeting 11-12;
Program Committee:
Photonics Asia 2010, 2012 on Optics in Health Care and Biomedical Optics
Guest Editor
Journal of Innovative Optical Health Sciences (JIOHS). 
Reviewer of peer-reviewed journals:
Journal of Biomedical Optics, Optics & Lasers in Engineering, Journal of Biophotonics, Biomedical Optics Express, Chinese optical Letters, Chinese Physics Letters, Journal of Innovative Optical Health Sciences, Frontier of Optoelectronics in China, etc.

RESERACH INTERESTS:
Tissue optics and Optical measuring of tissue properties and function

Optical Imaging methods

Optical measurement of tissue properties

Optical clearing of tissue

Mechanism of Laser-Tissue Interaction

Laser thermal therapy

PUBLICATIONS

Holder 2 patents, author of 1 book chapters, 1 special issue of journal, and more than 90 scientific papers.



	Course Objectives:
After the course, the students should understand the basic concepts of tissue optics, and diffuse theory of light in tissue. It is necessary for the students to master the principle of Monte-Carlo method and be able to use the program for simulating the photon transport in tissue. In addition, they must master the theories and methods of tissue optical, and have the ability to operate some systems for measuring tissue optical properties.

Course Outline:

Chapter 1 Overview of Tissue Optics

Introduction to Tissue Optics

Radiation Transport and Electromagnetic

Chapter 2   Radiometry

Definitions

Collection of Light

Detection of Light

Tissue Optical Properties

Refraction

Absorption and Scattering for Signal Particle

Absorption and Scattering for Particles

Tissue Optical Properties

Mie Scattering of Tissue

Rayleigh Scattering and Mie Scattering
Brief Overview of Mie Theory Math
Mie Scattering from Cellular Structure of Tissue 
Mie Scattering from Collagen Fibers of Dermis
Transportation: Diffusion Theory

Introduction 

Time-Resolved Diffusion Theory

Steady-State Diffusion Theory 

Frequency-Domain Diffusion Theory

Monte Carlo Simulation of Photon Propagation in Tissue

Introduction

Time-Resolved Monte Carlo Simulation

Steady-State Monte Carlo Simulation

Measurement of Optical Properties Of Tissue 

Introduction
Collimated Transmission 

Diffuse Transmission

Diffuse Reflectance

Integrating-Sphere Using Both Rd And Td

Reflectance-Mode Confocal Scanning Laser Microscopy

Time-Domain

Frequency-Domain

NIR Spectral Techniques for Function Of Tissue

Tissue Optical Clearing

Introduction

How to Improve Tissue Clearing

Mechanism of Tissue Optical Clearing

Biocompatibility of Tissue Optical Clearing

Tissue Phantom for Optical Measurement

Categories of Tissue Phantom
Preparation of Tissue Phantom
Preparation of Tissue Sample
Compute Practices and Experiment 

Monte Carlo Simulations in Computer Lab

Integrating Sphere Measurements of Tissue Phantom
Spectrum Measurement
 

	Textbook:  
Tissue Optics, (Handout by Dan Zhu), 2009

	References:

Valery. V. Tuchin, Tissue optics,SPIE Optical Engineering Press,1999

Tuan Vo-Dinh, Biomedical Photonics Handbook, New York, CRC Press, 2003

Steven L Jacques, OGI Optics Courses,  http://omlc.ogi.edu/classroom/

	Features as a World-class Graduate Course:

1. Teacher's Qualifications:

Two professors and an association professor including a Cheung King Professor, SPIE fellow, will give the lecture. If there is enough money, we would like to invite famous foreign professor in this field to give lecture.

2. Course contents:

As the basic course of graduator, we will perform according to the outline.

3. Teaching Format:

Combining the methods of lecture and experiment

4. Textbook:

We try to publish a textbook. 

5. Others:





