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Active Sensor Types

SYNTHETIC APERTURE RADARS Sensors looking to one side of nadir
track, collecting phase and time history of coherent radar echo from which
typically can be produced a radar image or topographical map of the Earth
surface

ALTIMETERS - Sensors looking at nadir, measuring the precise time between a
transmit event and receive event to extract the precise altitude of ocean surface

SCATTEROMETERS Sensors looking at various aspects to the sides of the
nadir track, using the measurement of the return echo power variation with aspe
angle to determine wind direction and speed on Earth ocean surface or return
echo on Earth land surface

PRECIPITATION RADARS- Sensors scanning perpendicular to nadir track,
measuring the radar echo from rainfall to determine the rainfall rate over Earth
surface, usually concentrating on the tropics

CLOUD PROFILE RADARS Sensors looking at nadir, measuring the radar
echo return from clouds, to determine cloud reflectivity profile over Earth
surface



Active Sensor and Service
Definitions

Active Sensor:a measuring instrument in the Earth explorationsatellite service or in
the space research service by means of which information is obtained by
transmission and reception of radio waves (RR)

Earth Exploration -Satellite Service:a radiocommunication service between earth
stations and one or more space stations, which may include links between space
stations, in which:

- Information relating to the characteristics of the Earth and its natural phenomena
including data relating to the state of the environment is obtained from active
sSensors or passive sensors on earth satellite;

- similar information is collected from airborne or earth-based platforms;
- such information may be distributed to earth stations within the system concerned

Space Research Servica radiocommunications service in which spacecraft or other
objects in space are used for scientific or technological research purposes



Active Sensors Applications
by Sensor Type

SARs can provide knowledge of deep and undercanopy soil moisture which is critical for several Ea|
SARs science disciplines and public welfare and policy making proce3sese applicationsiclude, but are not
limited to: longterm weather forecasts, studying the loagd shorterm climate variations through qua
tifying elements of the energy and water cycle, for Carbon cycle science studies, and for studies an
agement of undground wagr resources and aquifers.

The data obtained by radar altimeters will be used to study ocean dynamics and their effects on clin
and metorology. Dual frequency altimeters also operate at 5.3 GHz to prdatdeo compensate for
uncertainties in height measurements caused by ionospheric effects on the 13.5 Giemesd. The
radar altimeter will provide precise measur e
and also of the power artide shape of the returned echoes from ocean, ice and land surfaneslgve
allowing us to improve our knowledge of climatology and environmental chateggtion.

Atimeters

Scatterorsters Ocean satterometers will measure surface wind speeds aadtidns oveat least 90% of the oceans
every two days in all weather and cloud conditions. Winds are a critical factor in determining region
weather patterns and global climateand scatterometers will measure surface echo returns to augme
passive measuremanf soil moisture and sea salinitgcatterometers will play a key role in scientists
efforts to understand and predict complex global weather patterns and clistanessy

L One precipitation radar is the first space mission degtic® measuring tropical and subtropical rainfall
Precipitation using several microwave and Nike/infrared sensors. Major objectives of the PR are 1) to provide a 3
Radars dimensional rainfall structure, 2) to achieve quantitative rainfall measurement over land asowell as
ocean, and 3) to improve the accuracy of a microwave imager raeasurby providing the rain structure

information.
. The cloud profiling radar has been widely recognized as a key sensor to measure global distribution
Cloud Profiling | ¢joygswhi ch is a critical issue in understandin

Radars predicting the global warming. The objective of spaceborne CPR is to measure globadithexesional

cloud distribution. The clouds which always coveoatthalf area of the whole earth surface, play a &ig
icantandcompt at ed role in the earthés radiation b
critical parameter to decide whether clouds contribute to warming or cooling of the aémosp




Active Sensor
Characteristics

Viewing Side-looking Nadir- (1) Three/sx fan Nadir-looking Nadir-looking
Geometry @10-55 deg off | looking beams in azimuth
nadir (2) One/two
conical scanning
beams
Footprint/ (1) Fixedto Fixed at (1) Fixedin Scanning across | Fixed at nadir
Dynamics one side nadir azimuth nadir track
(2) ScanSAR (2) Scanning
Antenna Beam | Fan beam Pencil beam| (1) Fan beams Pencil beam Pencil beam
(2) Pencil beams
Radiated Peak | 15008000 W 20w 1005000 W 600 W 10001500 W
Power
Waveform Linear FM Linear FM Interrupted CW , Short pulses Short pulses
pulses pulses Short Pulses
(ocear), or linear
FM pulseqland)
Spectrum 20-600 MHz 320 MHz 5- 80 kHz (ocean) | 0.6-14MHz 300 kHz
Width 1-4 MHz (land)
Duty Factor 1-5% 46 % 31 % (ocean) or1l0 | 0.92 % 1-14 %
% (land)
Service Area Land/coastal/ Ocean/Ice Ocean/Ice/Land Land/Ocean Land/Ocean

Ocean




Active Sensor Examples
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Synthetic Aperture Radars
(SARS)

AProvide radar 1 mages and topograph
A RF center frequency depends on the
A RF bandwidth affects the resolution of the image pixels

A Allowable image pixel quality degradation determines allowable interference
level
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Synthetic Aperture Radars
(SARS) contd)

SRTM is a 5.8GHz radar which was flown onboard the shuttle and obtained elevation data orgéohahr

scale to generate the most complete wiggolution digital topographic database of Earth. The following

SRTM image to the left shows the topography of South America. The SRTM DEM image to the right show
the digital elevation model of the East Allgeru around the Royal Castles of Neuschwanstein and
Hohenschwangau.

Color Shaded Digital Elewation Model Yetnaprats Ml 202
Site: E0103000N473000

Source: SETM 1 arcsec

Meters

2105
2100
2000

1a00

1600
1400
1zoo
1000

ano

1e0 709

Projection: GED / WGS84

Easting MNorthing
Res 0.00056  0.00056 d
NW  10.50000 4775000 d
SE  10.75025 47.49972 d

Produced by DLR

Bevtuhes
Bautschas Zontrum Pl
DLR  far tuft- und Roumfahrt o v, {0fe)

7




Synthetic Aperture Radars
(SARS) contd)

RADARSAT-1 is a 5GHz radar and has been successfully used world wide to support disaster response
efforts during events such as flooding, oil spills, volcanic eruptions and severe storms. The following
Radarsat image (right) shows two flooded areas in north central Bulgaria in early June 2005 with respect tc

the reference Landsat image (left).
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Altimeters

Provide altitude of

surface

RF center frequency depends on the
ocean surface interaction with the EM
field

Dual frequency operation allows
lonospheric delay compensation

JASON1 uses frequencies around 13.6
GHz and 5.3 GHz

Allowable height accuracy degradation
determines the allowable interference
level
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Altimeters contd)

Jason is a dudlequency radar at-&Hz and 13GHz, using radar altimetry to collect sea surface height data
of all the world's oceans. Understanding the pattern and effects of climate cycles such as El Nifio helps
predict and mitigate the disastrous effects of floods and drought. Altimeter and scattedanachee

incorporated into atmospheric models for hurricane season forecasting and individual storm severity. Maps
of currents, eddies, and vector winds are used in commercial shipping and recreational yachting to optimize
routes. Cabldaying vessels and offshore oil operations require accurate knowledge of ocean circulation
patterns to minimize impacts from strong currents. The following altimeter measurements taken during
Hurricane Katrina in late August 2005 are shown to the right comparing altimeters Topex arti(tgson

row), ERS2 and Envisat (center row), and Geosat follow on (bottom row), compare the GOES 12 infrared
iImages and the altimeters to the left. The three columns on the right are altimeters measurements of wave
height, wind speed, and sea level anomaly as a function of latitude along the altimeter tracks.
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Scatterometers

Providethewind directionandspeedvertheE a r bdedansirface

RF centerfrequencydependsn the oceansurfaceinteractionwith the EM field
andits variationoveraspecangle

Narrow RF signalbandwidthprovidesthe neededneasurementell resolution

Allowable wind speedaccuracydegradatiordetermineshe allowableinterference
level
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Ocean/landscatterometers
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Ocean/landscatterometers
(contad)

The NSCAT instrument on the NSCAT satellite is a@l3z microwave scatterometer that measures backscatter
from t he Eart hos-swface Winal speed ansl directidn Undea &l weahexr and cloud conditions
over Earth's oceans. The following datews an example radar image taken from the NSCAT scatterometer of
the Amazon rainforest in South Americ&he colors represent variations in backscatter power from the

Amazon.

Meteo-052

NSCAT scatterometers radar image of the Amazon rainforest in South America



