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· Course aim and objectives:
The aim of the course is to enable the students to understand the main principles of remote sensing and image analysis. These include the remote sensing systems used to acquire data, how these data may be analyzed and how information on our environment can be derived from such data for natural resources management. 

The specific objectives of the course are:

1- To provide the student with required background in theory and applications of remote sensing.

2- To provide the student with the theoretical background of the most common image processing techniques.

Learning outcomes:
A) Knowledge and Understanding
· The main physical principles of remote sensing, particularly those related to optical systems.

· Relationships between pixel values and physical quantities of radiance, emissivity, brightness temperature and reflectance.

· Digital image processing methods needed to extract thematic and physical information from remote sensing data. 
B) Intellectual Skills

· Interpretation of remotely sensed data based on spectral properties of vegetation, soil and water. 

· Accuracy assessment and appropriateness of the different remote sensing methods for particular environmental application.

· To enable the student to advise on the most appropriate remote sensing data with respect to study objectives and scale.

C) Subject Specific Skills    
· Implementation of physical and statistical background in remote sensing.

· Use and calibration of the different satellite imagery data in different environmental applications.

· Integration of remotely sensed data with other spatial data of maps, climatic, ground survey and geographic information system data.
D) Transferable Skills 

· Ability to interpret results obtained from different optical remote sensing sensors and instruments.
· Ability to undertake various analyses using digital image processing software packages. 

· Ability to transfer information between digital image analysis systems and GIS.

· Course Outline

	Week
	Subject and main topics

	1
	Introduction: Remote sensing and its components, systems, sensors

	2-4
	Physical principles of remote sensing 

· Electromagnetic radiation: Wave model, Particle model, Radiation terminology.

· Radiation laws: Plank’s equation, Stefan-Boltzmann equation

Wien’s displacement law,
Reflectance, Emissivity

· DN, Radiance and reflectance

· Atmospheric interaction: Rayleigh scattering, Mie scattering, Non selective scattering.

· Radiometric and atmospheric corrections

· Spectral Reflectance Curves: 

· Reflectance of vegetation: pigments, water content and leaf structure.

· Reflectance of soil: water content, OM, Iron Oxides and surface cover

· Reflectance of rocks and minerals

	5, 6
	Technology of remote sensing

· Image structure, Display, and data type.

· Resolution and Sampling in Remotely Sensed Data: pixel size and GSI, IFOV, FOV. Temporal, spectral and radiometric resolutions

· Data type: data flow in RS, Image Formats and image restoration

· Detectors, sensors and platforms: MODIS and NOAA AVHRR, Landsat, SPOT, ASTER, IKONOS, QuickBird.

First Hour Exam

	7, 8,9

	Digital image processing

· Geometric Correction:

· GCP selection,  

· Transformation model: Affine transform; polynomial models 

· Resampling:
Nearest Neighbor, Bilinear interpolation and Cubic Convolution

· Additional techniques for geometric correction and registration.

	10,11
	· Image enhancement

· Contrast enhancement: histograms and their interpretation, techniques of enhancement (linear, root, equalization, inversion)

· Spatial filtering: low-pass filter, high-pass filter, High Boost filters, Edge detector filers (Roberts, Sobel, Prewit, Laplacian ), Median Filter, Mode Filter



	12,13
14

	· Image Classifications

· Methods of Classification: Simple classification (density slicing)

· Supervised classification: Parallelepipeds (box classifiers), Minimum distance to mean, Maximum likely hood.

Second Hour Exam

· Unsupervised classification: K-means method, ISODATA method

· Class separability: The Transformed Divergence, The Jeffries-Matusita (Bhattacharrya Distance):

· Accuracy assessment (confusion matrices and Kappa statistics).

	15
	Special Image Transformations

· Principal Component Analysis

· Vegetation Indices and Bands ratios

· Color Transformation (perception): HIS method

	16
	Miscellaneous topics on remote sensing applications.

	17
	Final Hour Exam


· Teaching Methods:
1) Duration: 17 weeks including exams, 32 lectures, 2 lectures per week.
2) Demos and tutorials: 

a. Use of hardcopy satellite imagery, aerial photography, GPS, Radiometer, and power point slides within lectures and laboratory. 

b. The use of digital image processing software to derive thematic maps from satellite imagery (classifications, enhancements, PCA).   
3) Practical: 12 laboratory exercises, one per week with 3-hours duration each, work might extend during the week outside the lab hours.
Practical sessions will be focused on the image processing techniques in relation to environmental applications. ERDAS imagine v8.4 will be used for this purpose.  The following image processing techniques will be covered:

· Image display: False color composites (FCC), True color Composites (TCC), image link and query.

· Image Classifications: density slicing, unsupervised and supervised classification.

· Preprocessing techniques: geometric correction, filtering and enhancement.

· Advanced image processing: Modeling (Indices, Radiometric calibration), Principal Component Analysis (PCA), image transform, NOAA image processing.

· Web-based image processing exercises: FAO, MODIS.

· Radiometer

· Global Positioning System (GPS)

4) Homework: suggested problems, training exercises and application of equations.

7)  Reports: lab reports, reports on specific topics of remote sensing (will be determined during the term)
8) Student work:

· Term paper: a short- term-paper is required from each student. The paper should include: 

· Description of problem and study area.

· Methodology: visual or digital analysis, data type (Landsat, SPOT, ERS,…..)

· Results: technical and driven conclusions related to methodology not to study area.

· Short presentations: 10 minutes on selected topics.

· Evaluation:
	First hour exam
	20%

	Second hour exam
	20%

	Homework, presentations and term paper
	20%

	Final hour exam
	40%
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· Journals:
1. International Journal of Remote Sensing

2. Remote Sensing of Environment

3. IEEE Transactions on Geoscience and Remote Sensing
4. Photogrammetric Engineering and Remote Sensing

5. Remote Sensing Reviews.

· Useful websites:
http://www.cas.sc.edu/geog/rsbook/index.html (Course Material and remote sensing books)
http://www.glcf.umiacs.umd.edu/index.shtml (Global Land Cover Facility)

http://metart.fao.org/ (ARTEMIS and AGROMET Data and Information)

http://landsat7.usgs.gov/ (Landsat Project Website)

http://www.spotimage.fr/ (SPOT imagery)

http://www.nima.mil/ (National Imagery and Mapping Agency)

http://www.ccrs.nrcan.gc.ca/ (Canada Centre of Remote Sensing)

http://www.digitalglobe.com (Quickbird)

http://modis.gsfc.nasa.gov/ (MODIS homepage)

http://noaasis.noaa.gov/NOAASIS/ (NOAA Satellites and Information Services)

http://www.spaceimaging.com (IKONOS satellite)







PAGE  
1

