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1. COURSE NUMBER AND TITLE:  Satellite Data Reception and Product Generation

Course Prerequisites: EOS 753, or introductory remote sensing course; computer programming; or permission of instructor.
Catalog Description: 
EOS 747 – Satellite Data Reception and Product Generation
Description Prerequisite: EOS 753 or introductory remote sensing course; computer programming; or permission of instructor. Provides a practical experience on how to receive, process and distribute remote sensing data using an antenna receiving station.  The course covers basic orbital mechanics, characteristics of satellite sensors and their limitations, algorithms used to generate products from the raw measurements. Data mining techniques are presented for the analysis of large volume of data.
2. COURSE JUSTIFICATION:
Course Objectives:
a) Introduction to remote sensing, different satellite types and their advantages / disadvantages

b) Celestial Mechanics

c) Data acquisition (Hardware)

d) Data acquisition (Software)

e) Remote sensing product generation (Sea, land and atmosphere)

f) Storage of remote sensing data

g) Distribution of remote sensing data

Course Necessity:

The course is designed to give students a practical experience of the difficulties and challenges associated with operating a satellite receiving station. The reception, analysis and distribution of large amounts of remote sensing data presents hard challenges due to the large volume of data and the use of sensors flying several hundreds kilometers above the Earth’s surface. Currently, no such course exists at GMU.
Most classes focus on the use of high-level remote sensing products for scientific applications, without covering in depth the problems associated with reception, calibration, storage and dissemination of the data.  Such higher level products undergo several transformations that can introduce noise, artifacts, and lower the resolution of the data.   Understanding the details of the transformation processes will give students a broader understanding of remote sensing.

Course Relationship to Existing Programs:

The course serves as an elective for the MS in Earth Systems Science and the Ph.D. in Earth 
Systems & GeoInformation Sciences. It can serve also students in other programs interesting in processing of raw remote sensing data. 

Course Relationship to Existing Courses:
Students should have a basic understanding of remote sensing before taking this class. Therefore, EOS 753 Observations of the Earth and its Climate or an intro remote sensing class is a prerequisite. In EOS 753 students are introduced to remote sensing from a theoretical perspective. In the proposed course, students will practice the learnt concepts using a real satellite receiving station. No such course exists at GMU.
3. APPROVAL HISTORY: N/A
4. SCHEDULING  AND  PROPOSED INSTRUCTORS:
Semester of Initial Offering: Fall 2007 (currently as EOS 759)

Proposed Instructors: Guido Cervone

5. TENTATIVE SYLLABUS:  See attached.

Syllabus

Introduction
Every day, several times a day, satellites from different countries acquire and transmit high resolution data of the Earth in several spectral bands. Such data are used for a variety of operational and research applications, such as weather forecasting, national security, navigation, land use and land cover, surface temperature, climate change, urban planning and many others. Massive amounts of data are received, processed, stored and distributed by several centers around the world, giving an unprecedented access to global high resolution information.

Using remote sensing data requires understanding the measurements, and the limitations of the satellites and their sensors. In fact, raw satellite data do not usually provide information ready to be used, and they must be processed using specific algorithms to calibrate the measurements, and generate meaningful physical products. Further processing is required to map the data to the spherical surface of the Earth.

Using data from the GMU HRPT antenna receiving station, students will learn how to work with remote sensing data. The class will be divided into three parts:

   1. Data Acquisition

   2. Data Processing

   3. Data Storage and Distribution

In the first part students will learn the basics of remote sensing, different satellites and their sensors, celestial mechanics, and an in depth introduction to the CEOSR HRPT antenna and the NOAA POES series and the Chinese Fengyun 1 series which can be received in real time using our hardware and software.

In the second part of the class students will learn how to generate different products from the NOAA POES and Fengyun 1 satellites, and others based on the students' interests. Students will also be exposed to advanced data mining and machine learning techniques often used when processing data. Different software packages will be discussed, including ENVI IDL, NOAA CoastWatch utilities, Winchips and ReadHRPT.

In the third part of the class, students will be exposed to the problems of storing and distributing very large data sets. Topics will include GIS and data formats. Particular emphasis will be given to the use of remote sensing for natural hazard forecasting and risk mitigation.

Students will have the opportunity to work individually or in a small team on a major class project related to the acquisition, processing or distribution of remote sensing products. 

Each class will consist of a lecture by the instructor or a guest speaker, followed by a class discussion. Students are encouraged to participate by suggesting topics of their interest which can be studied more in depth.

The main website for the CEOSR's HRPT antenna receiving station is http://terra.cos.gmu.edu/antenna
Prerequisites: EOS 753, programming skills recommended 
Credits: 3


Instructor: Guido Cervone

    

Textbooks

We will not use a specific textbook, but rather a series of NOAA, NASA, and ESA (European Space Agency) technical documents, and academic publications.

Software

There are many software packages which can be used to generate products from satellite data. Some are intended primarily for general use, while others are intended for scientific research. We will survey several of them, but students are free to use what their prefer given according to their OS of preference, knowledge, work experience, and project interests.

Software which will be discussed include ENVI/IDL, NOAA CoastWatch Utilities, ReadHRPT, and others.
Lecture Content: 

a) Description, goals, introduction to remote sensing, our Earth
b) Generic conical orbits, Kepler's laws, orbital mechanics,
c) The EM spectrum and atmospheric opacity, how satellites sense data, satellite data transmission
d) Sensor calibration, map projections, and data georectification
e) GMU Antenna receiving station (Hardware)
f) GMU Antenna receiving station (Software)
g) Midterm
h) The world viewed in IR.  Practical example of IR sensors.

i) Remote Sensing Product Generation: Land
j) Remote Sensing Products Generation: Ocean
k) Remote Sensing Products Generation: Atmosphere
l) Data Mining of Remote Sensing data
m) Data Storage and Distribution
n) Final
Grading:

20 % Participation

Students will be graded on their attendance of each lecture and their participation in the class lectures and discussions.  Students should prepare to actively participate in the in class discussion. Occasional homework and/or quizzes might be given during the course of the semester.
10 % In class presentation

Students are required to give at least one 15 – 20 minutes presentation on a topic of their interest not related to the term project. Students should read one or more scientific publications, and give a critical review of the strengths and weaknesses of the approach. The topic must be agreed with the instructors in advance, preferably related to one of the lectures.

10% Homework / Quiz 

Few homework and occasional in class questions might be assigned through the course. Policy on Homework / Quiz will be discussed during the first week of class.

Midterm 20 %

The goal of the midterm is to let students research a topic of their interest, which will later be investigated for their final project. The midterm will consists of 20 minutes in class presentation and a short report (~5 pages). The student is expected to present the importance of a topic, and give a detailed overview of previous works, emphasizing what has been solved, difficulties and open issues. Students are not expected to solve the particular problem, but rather to suggest methods which will be investigated and finalized in the final.

Acceptable topics will be discussed in class, and must be agreed with the instructor. The midterm can be related to the student's own research. Students are encouraged to choose a topic of interest for their M. S. or Ph.D. dissertation.

Final 40 %

The final project is the biggest contributor to the student's grade. The goal of the project is to give an opportunity to the student to work individually or in a small team on a topic of their interests. As for the midterm, the final project consists of two parts, an oral presentation and a written report (~15 pages). The topic of the final project should be a continuation of the midterm. While in the midterm the students will be graded on the formulation of a problem and their research on previous and related work, in the final students will be graded on how the problem was investigated and on the results obtained. Changing topic after the midterm will not be allowed.
Late work will be accepted only with valid excuse. Students should inform both instructors if they are not able to attend a lecture

Students must follow the Honor code of George Mason University If a student plans to study a topic which has already been submitted to a previous class, or he/she is currently submitting to another class, he/she must discuss it first with the instructors.  Failure to do so might result in an automatic F.









