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Objective of today's lecture:Objective of today's lecture:

Continue introduction to RS techniques and observations with Continue introduction to RS techniques and observations with 
topics on:topics on:

-- Satellite orbit typesSatellite orbit types
-- Advantages of satellite RS + unique applicationsAdvantages of satellite RS + unique applications
-- Main sensors types with examples  Main sensors types with examples  
-- Fundamental limitations of RSFundamental limitations of RS











Sun-synchronous orbit







Different satellite orbits



Ground track of a typical near-polar, low-Earth 
orbit, showing all the descending
passes for one day and one ascending pass 
(dashed).

In a near-polar orbit the satellite completes 14/15 orbits a day. 
The tracks are distributed evenly around the globe.

Satellite orbits

•Geostationary sensors 
typically offer a revisit 
interval of less than 30 
min and spatial resolution 
of 3 to 5 km.

•The polar orbiting sensor 
cover the whole Earth in 
a single day if it is the 
swath at least 2700 km.

• Each point on the Earth 
surface is viewed once 
from descending track 
and once from ascending 
track.

























Sea ice in the Arctic





Waves across the Pacific revisited
« A comparison with meteorological events in the Southern Ocean would be far more meaningful if such 
Observations could be made at a time when a weather satellite is in suitable orbit » (Munk et al. 1963)

Data sources: 
NDBC buoys
ENVISAT ASAR
Altimeters
(+propagation models)

SAR is the swell instrument
-ERS and ENVISAT wave mode products



RED : ENVISAT ASAR
GREEN : ENVISAT RA2
YELLOW : JASON ALTIMETER

Stormwatch + wavetracker
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Global firework animation during 3 weeks 
(with significant wave height)



Wind Current Wave height

Inside Extremes: 
Example of hurricane Katrine



SMOS Tb GFDL model wind

Hwind analysis NHC max wind



IGOR underwent an eye
Replacement Cycle



Sea surface observations during tropical storms



Dynamic Earth





Initial BrightnessMean PartVariational PartContrasts of MSS



NCEP Wind FieldSSTField of DivergenceField of Vorticity



MSS/SST



SST/VOR



Application to Oil Spills Detection

Deepwater Horizon
May 24, 2010
Terra/MODIS

20 April 2010



Monitoring of w ind and oil spills using 
The SARTool© Wind and Oil module
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Earth observation satellite

Observation
Detection

Analysis Centre
for SAR images 
Data Analysis
Reporting
Early-warning

Coast guards
Customs
Operational 
drift forecasters
Others…

Oil Detection report

Aerial surveillance
Surveillance
Validation
Identification

NRT satellite receiving
Ground station
Acquisition
Processing
Data delivery

AIS



Sampling capabilities of sensors on satellites

Sketch showing how the instantaneous field of 
view (IFOV) defines the measurement 
footprint during the sample integration time.

The sampling characteristics of different satellite oceanography methods 
depends on the sensor-platform combination.

•Remotely sensed image 
consist of millions of 
individual scientific 
measurements.

Creation of image-like data from point samples

•The footprint defines the 
spatial resolution of the 
sensor.

•Remote Sensor 
integrates the incoming 
radiation over the IFOV 
and the estimates of 
ocean properties 
correspond to averages 
over the footprint.



What is digital image?



SPATIAL (GEOMETRIC) RESOLUTION

Geometric resolution = 
pixel size



Schematic of information flow in ocean remote sensing



Data-processing tasks to 
convert raw satellite data 
into ocean products

Main steps of satellite
data processing



Levels of satellite data products



Sensor calibration
• RS instruments need to be calibrated if their measurements are to lead to 

reliable quantitative estimates of geophysical parameters
• Various levels – from relative to absolute

• Last demanding – to calibrate within specific overpass or image

• More demanding – to establish the consistency of measurements by 
particular sensor throughout its lifetime.

• Absolute – enables measurements of one instrument to be compared with 
data from another sensor measuring the same parameter

• Most satellite systems are calibrated before the launch
• Specifically important is to identify change in sensor performance when it is 

working/ operating simultaneously or nearby to other sensors on satellite 
platform

• The ultimate purpose of calibration is also to attach the error estimates to 
the quantification of geophysical parameters measured from space

• Post launch calibration – use of calibrated targets on the ground to test the 
algorithm performance, geolocation accuracy,…



Validation



Cloud detection
•Sensors using the visible and IR parts of the 
spectrum cannot view the sea surface through 
cloud.

•Next task after applying the sensor calibration 
is to detect which pixels are obscured by cloud 
and which are clear.

•The purpose of cloud detection is to flag 
pixels as cloudy (1) or cloud-free (0). 
Sometimes more complex flagging is used –
0-3.

•Flagging a pixel as cloudy is equivalent to 
stating that it contains no useful information.
•Simplest CD – to define a threshold or range 
indicating cloud.

•Problem – pixels partly covered by clouds.

•Another option – to use spatial structure of 
the image to indicate the cloud.

•If multiple channels are available – we can 
use e.g. optical channel to flag the clouds for 
the thermal channel.



Image file formats



Image file formats and their handling

•Most file formats contain at the beginning some metadata – the information needed to 
unpack the images from the numbers stored in the file.

•Sometimes metadata has some additional info on the location and acquisition time of 
the image, the level of processing (L0-L4), or the scaling factor.

•Important to distinguish image file formats with fundamental quantitative data from 
those formats used to transmit information purely as pictures (JPEG, etc).

E.g. when the multiple channel data are displayed as colour composite – the picture 
format simply codes for the resulting colour at each pixel and loses the discrete info 
contained in three individual spectral channels.

•Special software is needed to extract such information and access to the numbers:
ERDAS (commercial), UNESCO Win BILKO (open source), …

If you need to apply some algorithms with utilizing some mathematical functions and 
repeatedly for many images – programming languages such as Fortran, C, or matrix-
based software as IDL, Matlab, etc.



Main parameters measured from Space:

•Color
•Radiant temperature
•Roughness
•Height



Main sensor types used in remote sensing

The electromagnetic spectrum, showing the regions 
exploited by typical remote sensing instruments

•All sensors employed on 
ocean-observing satellites 
use electromagnetic (EM) 
radiation to view the sea.

•The capability of each 
sensor to measure 
particular ocean parameter 
depends on which part of 
EM spectrum they use



Main sensor types used in remote sensing

Schematic illustrating the different remote-sensing methods and classes of 
sensors used in satellite oceanography, along with their applications (from 

Robinson, 2004).

























The Altimetry example





Main references:Main references:

•• Robinson I. S. 2004. Measuring the Oceans from Space, The princiRobinson I. S. 2004. Measuring the Oceans from Space, The principles and ples and 
methods of satellite oceanography, Springer, p. 655.methods of satellite oceanography, Springer, p. 655.
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IR measurements of SSTIR measurements of SST
Определение температуры морской поверхности на основе

спутниковых ИК-данных
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