
CURRICULA/COURSE  DESCRIPTION  Erasmus+ GEOCLIC
	TITLE OF THE COURSE
	Code 

	SPACE SENSORS FOR REMOTE SENSING OF COASTAL ECOSYSTEMS 
	


	Teacher(s)
	Department

	Coordinating: Dipl.-Ing. Dmitriy Ostroverkhov

	Technische Universitaet Berlin / Institut für Luft und Raumfahrt


	Study cycle
	Level of the module
	Type of the module

	Undergraduate and MSc students
	Intermediate
	Integrated


	Form of delivery
	Duration 
	Langage(s)

	learning course
	4 months
	English, German, Russian


	Prerequisites

	Prerequisites:


	Co-requisites (if necessary):

Dominating applying area: engineering


	Credits of the course (ECTS)
	Total student workload
	Contact hours
	Individual work hours

	4
	40
	54
	40 hours post‐processing and homework, 69 hours reading, 40 hours prepa-ration for examination


	Aim of the course unit: competences foreseeen by the study programme

	The module covers the basics of remote sensing with spacecraft. Several sensors and instruments in different wavelengths are highlighted in technical detail. The module includes a project in which payload for remote sensing is designed using a systematic approach.

	Learning outcomes of the Parts
 (course unit)
	Teaching/learning methods
	Assessment methods

	Basic principles of remote sensing 



Active and passive remote sensing systems

Direct and inverse remote sensing problem

Basic equation of remote sensing

Classification of remote sensing instruments

Orbits for remote sensing missions
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Electromagnetic radiation




The electromagnetic spectrum

Maxwell equations

Properties of electromagnetic radiation

Radiometric and photometric quantities
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Fundamentals of system theory



	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Sensor electronics




Basic structure of a remote sensing sensor

Analog sensor electronics

Digital sensor electronics
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Optical remote sensing





The optical sensor system

Passive sensor concepts

Optical concepts

Limits of spatial resolution

Aberrations

Basic parameters of optical systems

Refractive optical systems

Reflective optical systems

Catadioptical systems

Optical filters

Detectors
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Infrared remote sensing





History and spectral regions

Fields of applications

System concepts and components

Scanner techniques

Detectors

Application examples
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Microwave remote sensing


The microwave spectral region

Classification of microwave sensors

Passive microwave systems 

Radiation of sun and earth in the microwave spectrum

Working principle of a passive microwave radiometer

Antenna- and system characteristics

Types of antennas

Spatial resolution of a microwave radiometer
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Sensor data processing and classification



Ground segment

Processing of sensor data

CEOS data processing levels 


	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Sensor calibration 





Definition

Objectives and possibilities

Laboratory calibration

In-Orbit calibration

Examples of missions and corresponding calibration processes

Validation
	Lecture, discussion, case demonstration and study, individual scientific literature study, problematic and project learning methods
	Exam (test)

	Practical exercise „Preliminary Sensor Design“. Total education hours-20

	Introduction the Sensor Design Process, homework)

Introduction, examples

Derivation of the requirements from the mission statement

Connections and influences between geometric, spectral and radiometric sensor parameters

Geometrical system design 

Orbital considerations, ground sampling distance, swath, integration time…

Influence of the off-nadir angle on system resolution

Diffraction limitation

Spectral system design

Advantages and disadvantages of different filter types

How to choose the right filters

Radiometric system design 

Radiometric parameters of the radiant source and of the receiving object

Planck’s Law

Radiation transport in vacuum

Calculation of the solar constant

.Mechanisms of reflection, transmission, absorption and scattering

Basic parameters of the atmosphere

Simulation of atmospheric transmission

Surface parameters.

Derivation of the radiation transport equation

Possible noise sources

Calculation of the systems signal to noise ratio, interpretation

Image quality measurement and modulation transfer function 

SNR and dynamic range

Point spread function

Optical transfer function

Modulation transfer function

MTF of diffraction limited systems

MTF of pixel geometry

MTF of atmosphere

Overall system MTF, interpretation

Feedback and questions
	Discussion, case study, individual and group work, individual scientific literature study, problematic and project learning methods, presentations, research report preparation.
	Individual case study, presentation (public speaking), research report


	Assessment strategy
	Weight in %
	Deadlines
	Assessment criteria

	Lecturing (or self studying of modules in e-learning version) + individual case study + presentation + examination works + research report / certification works
	30
	Work during the semester
	Knowledge of the fundamentals, understanding of the practical-oriented methods and models in satellite technologies; analytical, systematical and critical thinking; written, oral communication skills; social responsibility 

	Tests by every module
	30
	End of the modules
	Correct answers

	Exams: 2 intermediate examinations and certification examination
	40
	End of the parts and curricula
	Correct modeling the effective innovations and inventions


	Author
	Year of issue
	Title 
	No of periodical or volume
	Place of printing. Printing house or intrenet link

	Compulsory literature

	1. Observation of the earth and its environment : survey of missions and sensors, H. J. Kramer. - 4. ed.  Berlin ; Heidelberg ; New York ; Barcelona ; Hong Kong ; London ; Milano ; Paris ; Tokyo : Springer, 2002. 1510  

2. Angewandte Systemtheorie : kontinuierliche und zeitdiskrete Signalverarbeitung, D. Kreß; R. Irmer. München [u.a.] : Oldenbourg, 1990. - 336 S. 

3. Systemtheorie: Grundlagen für Ingenieure, R. Unbehauen, München, Wien, Oldenbourg, 1990. 746 S. 

4. Introduction to Fourier optics, J. W. Goodman, 2. ed. . - New York, NY [u.a.]: McGraw Hill, 1996. 441 S. 

5. Systemtheoretische Grundlagen optoelektronischer Sensoren, H. Jahn ; R. Reulke, 1. Aufl., Berlin: Akad.-Verl., 1995. 298 S. 

6. Introduction to the physics and techniques of remote sensing, C. Elachi. - New York [u.a.] : Wiley, 1987., 413 S. 

7. Utilisation of Space, H. Stoewer, B. P. Feuerbacher, Springer, Berlin (Dezember 2005)



	Software

	MathLab, C++, Atmel studio, Visual Studio
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