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Before Getting Started

Airborneand satelliteradar systems are versatileimagery sourceswith day-night,
all-weather capability. Radar imagery will likely increase in importance in the
future as new multiwavel ength, multipolarization radar systems are deployed that
allow interpreters to better discriminate between different surface materials.
However, radar images have unique characteristicsthat require specialized tools
for proper processing and interpretation. Thishbooklet introducesthe concepts of
radar imageinterpretation and givesyou an overview of theprocessesin TNTmips®
that enable you to process and interpret radar imagery.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercisesin
Getting Sarted: Displaying Geospatial Data and Getting Started: Navigating.
Those exercisesintroduce essential skillsand basi c techniquesthat are not covered
again here. You will aso find important background information in the bookl et
Introduction to Remote Sensing of Environment. Please consult those booklets
and the TNTmips reference manual for any review you need.

Sample Data This booklet does not use exercises with specific sample data to
develop thetopics presented. Rather, it providesguidelinesfor using TNTmips®
to work with your own digital radar imagery.

More Documentation This booklet is intended only as an introduction to radar
interpretation techniques. Consult the TNTmips reference manual and booklets
in the Getting Started series for more information on the specific processes
discussed here.

TNTmipsand TNTIite® TNTmipscomesin two versions:. the professional version
andthefree TNTliteversion. Thisbooklet refersto both versionsas“ TNTmips.”
If you did not purchasethe professional version (which requiresasoftwarelicense
key), TNTmips operatesin TNTlite mode, which limits object size and does not
allow export to other formats. All of the processes described in this booklet can
be performedin TNTlite provided that your image datadoes not exceed the TNTlite
raster sizelimitations.

Randall B. Smith, Ph.D., 17 September 2001

It may be difficult to identify the important points in some illustrations without a
color copy of this booklet. You can print or read this booklet in color from
Microlmages’ Web site. The Web site is also your source for the newest Getting
Started booklets on other topics. You can download an installation guide, sample
data, and the latest version of TNTIlite.

http://www.microimages.com
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Interpreting Digital Radar Images

Aircraft-mounted imaging radar systems
have been in use for severa decades.
Early systems processed therecorded data
to create an image on film, but modern
systems record and process radar image
datain digital form. With the launch of
commercial radar imaging satellitesdur-
ing the past decade (Canada’s
RADARSAT and the European Space
Agency’'sERS-1 and ERS-2), digital ra-
dar images are becoming more widely
available,

Unlike most remote sensing systems, which rely on
the sun as an energy source, imaging radar systems
areactive sensorsthat “illuminate” surfacefeatures
with broadcast microwave energy and record are-
turned signal. Most imaging radar systems produce
microwaves with wavelengths between 1 cmand 1
meter, longer than the wavel engths used in weather
radar to detect rain and snow. These longer wave-
length microwave signals propagate through the
atmosphere and clouds with almost no interaction
or weakening. As aresult imaging radar systems
can be used to map surface features day or night and
in almost any weather conditions. These character-
isticsmakeradar imaging especialy useful intropical
and polar regionswhere persi stent cloud cover ham-
persoptical remote sensing efforts.

Radar images can revea information about the shape
of the surfaceterrain aswell asitsphysical and bio-
physical properties. Radar images have long been
used in geological studiesto map structural features
that arereveal ed by the shape of thelandscape. Sat-
elliteradar imagesare now routinely used to monitor
arctic seaice conditions and to detect oil slicks on
the ocean surface. Radar imagery also has applica
tionsin vegetation and crop type mapping, landscape
ecology, hydrology, and vol canology.

Color composite radar image
of Mount Pinatubo volcano
and surroundings in the Phil-
ippines, acquired by the
Spaceborne Imaging Radar-
C instrument carried by the
NASA space Shuttle Endeav-
our in April 1994. The image
was created from different
radar wavelength and polar-
ization bands. Red areas
show rough ash deposits, and
the black areas are smooth
volcanic mudflow deposits
along rivers.

Acquisition and import of ra-
dar images are discussed on
pages 4-5. Pages 5-9 cover
controls on radar image bright-
ness and methods of contrast
enhancement. The role of
wavelength and polarization
mode in determining radar
image characteristics is intro-
duced on pages 10-13.
Pages 14-16 discuss radar
image noise and its reduction,
while pages 17-18 explain
geometric distortions in radar
images. Common sources of
radar images are listed on
page 19.
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Interpreting Digital Radar Images

Importing Radar Images

STEPS

M choose Import/Export
from the Process menu
on the TNTmips main
menu bar

M select Raster from the
Object Type menu of the
Import / Export window

M choose Import from the
Operation menu

M select the format
appropriate for your
radar image

M press [Import] and select
your image file

M set any additional
required parameters on
the Import Raster
window

M press [Import], then
specifiy a destination
and name for the new
raster object

Before you can begin interpreting a digital radar
image, you must first import the image into a
TNTmips Project File by using the Import / Export
process. TNTmips provides direct import of radar
datafrom thefollowing sensor formats:

ERS1-SAR: European Space Agency ERS-1 and
ERS-2 satellites

JPL_SAR: NASA AIRSAR and TOPSAR
RADARSAT: CanadaRADARSAT satellite

In some of these formats the main image file is
accompanied by a separate header or |eader filethat
is also required by the import process. Be sure to
keep al supplied filestogether whenimporting radar
imagery.

If you have radar images in other file formats, you
can import them using the User-Defined format op-
tion. When you pick this option, you must create a
format file specifying

= Inport / Export _|C1[x] th g t f th .
e Structure o e Im-

Ob ject Type: Raster -JI Operation: Inport -JI . .

age file, the numerical
Available Fornats
HITF2.1 HIHA Hational Inagery Transfer Fornat 2,1 A datatype' byteorde” and
[T FET foern Hernes other information that
PCX PCX format .
PHOTO-CD Kodak Photo CD forsat can usually be found in
PHG Portable Hetwork Graphics format .
RADARSAT Radarsat CE0S radar fornat theimage header filesor
RESOURCEZ1 Resource?l fornat H
SCAN-CAD-ING  Scan-CAD .IHG Fornat ] accompanyl ng docu-

SCAN-CAD-RLC
S0T5-DEH

Scan-CAf

et =Inport Raster fron Radarsat CEOS radar fornat

==re] mentation.

Inage File...|e:\SCEHNEOIADAT_01,001

Inport...l

ptionsl

I” Create Pyranid Tiers _J Conpress
J Link Only

Select Lines:

I tol
Select Enlunns:l tnl
J Hull Ualue:l

| Inport Detailed Georeference

To import a
RADARSAT image,
select both the

image file and the
accompanying

Leader File...le:\SCENEOl\LEH_Ol.OOl

leader file. —

Inportl Close I

Help I
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Interpreting Digital Radar Images

Radar Image Acquisition

An imaging radar system
emits discrete radar pulses
that are directed to one side,
so that each pulse illuminates a
strip of terrain perpendicular to the
flight path. The microwavesinter-
act with surface objects and a
someportion of themreturnto- ™%
ward the radar antenna. The
system records the pulse “echoes’
from the terrain and their variationin
strength with travel time. Since the mi-
crowavestravel at the speed of lightin air,
thetiming of each portion of thereturned sig-
nal establishes its image position in the range
direction (perpendicular totheflightline). Theim-
ageisbuilt up from the returns of successive pulses as the aircraft or spacecraft
moves forward (in the azimuth direction).

Radar image

An important element of the radar imaging geometry is the depression angle,
defined as the vertical angle between a horizontal plane and a straight line con-
necting theradar antennaand aparticul ar terrain feature. (Thislinerepresentsthe
two-way travel path of the energy returned from that feature.) The depression
angleis steepest for the portion of the image nearest the flight path (near range),
and decreasestoward the far range.

Different factors control the spatial resolution of aradar image in the range and
azimuth directions. Therange resolution depends primarily on the brief duration
of the microwave pulse (measured in microseconds). Range resolution also im-
provestoward thefar range asthe depression angle becomes smaller. Resolution
in the azimuth direction depends fundamentally on the width of the beam pro-
duced by asingle microwave pulse; the narrower the beam, the better theresol ution.

In early airborneradar systemsthe beam was narrowed by increasing the physical

length of the radar antenna, but there are obvious practical limitsto antennasize.
Modern Synthetic Aperture Radar (SAR) systems use a short physical antenna,
but complex processing of multiple radar returns creates the effect of a much
longer “synthetic” antenna. A particular surfacefeatureis“imaged” by pulsesat
anumber of successive antenna positions. The relative motion between the an-
tenna and each target modifies the returning signal in such away that the data
from the various pul ses can be resolved to place each feature in its correct posi-
tion with good azimuth resol ution.
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Interpreting Digital Radar Images

;P

—
Radar image (left) and
reflected light satellite image
(right) of the same terrain.
Arrow shows radar look
direction. Radar image has
been projected to ground
range (see page 17).

Smooth Surface:
Specular Reflection
(no radar return)

(I

Angle i = Angler

Rough Surface:
Scattering

WA

Roughness and Radar Image Brightness

Areas with stronger radar re-
turns are shown as brighter
areasinaradarimage. Because
of the side-looking geometry of
imaging radar systems, only a
small portion of the broadcast
energy returnsback inthedirec-
tion of the antenna and is
detected by it. The strength of
the radar return depends on a
number of factors, including the
orientation of the surface, its
roughness and electrical prop-
erties, and the polarization
direction of the returning radar
wave.

For areasthat arerdlatively flat,
surface roughness is the primary characteristic that
determines the radar signature. A smooth horizon-
tal surface, such as a calm water body, acts like a
mirror to produce aspecular reflection (seeillustra-
tionat left). Almost al of theradar energy isreflected
at an angle equal to the angle of incidence, which
means that the reflection is directed away from the
radar antenna. Sincelittle energy returnstoward the
radar antenna, smooth areas appear very dark, like
theriver in theillustration above.

When the broadcast radar signal encountersarougher
surface, the irregularities on the surface act to scat-
ter the radar energy in many directions. A small
portion of the scattered energy isdirected toward the
radar antenna, where it is detected and produces a
bright signaturein theimage. Brightnesstherefore
increases with the degree of surface roughness.
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Interpreting Digital Radar Images

Other Controls on Radar Brightness

Terrain shape also produces sig-

Radar shadow

nificant brightnessdifferencesdue  Strong on backslope
tothevarying orientation of thelo- ~ returm from steeper than
cal surface relative to the radar  °"®S1°P® }’r\gen?k et depression
travel path. If other factors are backslope andle

equal, the strongest returns will
come from surfaces that are per-
pendicular to the travel path, or

directly facing the sensor. Slopes

that face away from the sensor will produce weaker
returns. |If the back slopes of hills and ridges are
steeper than thelocal depression angle, they are not
illuminated by the radar pulse, and are completely
shadowed. The shadow effect increasestoward the
far range as the depression angle becomes smaller,
causing more gentle backslopes to become shad-
owed. Thelong mountain ridgesin theimagesshown
on the previous page are very evident in the radar
image due to the combination of bright foreslopes
and darker backslopes.

Buildings in populated areas usually look bright in
radar images because of their shape. The planar
building sidesintersect the surrounding ground at a
right angle, creating a cor ner reflector. Asshown
intheillustration to theright, the radar signal bounces
off of both planar surfaces and is reflected directly
back toward the antenna, regardless of the depres-
sion angle. Corner reflectors are sometimes
constructed in areasto beimaged by radar asameans
of calibrating the strength of the returning signal.

Metal objects such as powerlinetowersand bridges
appear very bright in radar images because they have
high values of a property called the dielectric con-
stant. Most dry natural materialshavelow dielectric
constants, but the presence of moisturein soil, snow,
or vegetation increases this value and their radar
reflectivity. Radar imagery can thus play arolein
assessing moisture content of surface materials.

Buildings are very brightin a
radar image of a town
because the building sides
act as corner reflectors.

Corner Reflector
(side view)

A stong signal is directed
back toward the radar
antenna regardless of the
depression angle.
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Interpreting Digital Radar Images

Enhancing Radar Image Contrast

83872 A
41936

The strength of the microwave
energy scattered back fromthe

ground to aradar sensor varies
f greatly. While the signa re-

o

231 32913

gssas|  ceived from the majority of the

Raster: GrandForks 16-hit unsipgned

ground surface is typically
weak, thereare often afew ob-

106562 ﬂ

jectsin the scenethat, because
of their geometry or electrical

properties, return an extremely

53281-J \
0_

1 3000

strong backscattered signal. As

5933

Raster: ts0560_c 16-hit sipned

Sample histograms from typical radar images of
land surfaces. Above, an early Spring RADARSAT
image from North Dakota, USA, an agricultural
area. Below, an AIRSAR image from western
Nebraska, USA, an area with both cropland and

grassland.

AIRSAR image of a town and surrounding
agricultural fields shown with linear contrast
enhancement and the upper input range
limit greatly lowered. Image is from the
Salinas Valley, California USA. Buildings in
the town and a few fields are at or near
maximum brightness, while most fields are
dark and show poor contrast.

a result, the numerical values
in a digital radar image may
range over several orders of
magnitude, but the mgjority of
thevaluesareat thelow end of
the range. The illustration to
theleft showssevera examples
of radar image histograms.

Because of thisdistribution of bright-
ness values, a radar image displayed
with no contrast enhancement or with
Auto-Linear enhancement typically
looks mostly black with only a few
bright features. You can improvethe
linear contrast using the TNTmips
Contrast Enhancement procedure by
lowering the upper input range limit,
asshownintheimagetotheleft. Con-
trast for theareaswith lower cell vdues
is enhanced, but al of the cell values
above the input limit are shown at
maximum screen brightness. You can
obtain even better contrast for radar
images by using one of the nonlinear
enhancement methods, asdiscussed on
thefollowing page.
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Interpreting Digital Radar Images

Nonlinear Contrast Enhancements

TNTmipsoffersseveral nonlinear con- 1
trast enhancement methods, including &%
normalized, equalized, logarithmic, and
exponential. You can use these meth-
odseither asauto-contrast optionsfrom
the Contrast menu in the Raster Layer
Controlswindow, or select and manipu-
late them in the Raster Contrast
Enhancement window.

Although these nonlinear enhancement
methods are available for any type of
image, they are ideally suited to the
unique brightness distribution of radar
images. The normalized method deter-
mines output brightness values by
fitting input values to a normal
(gaussian) curve. The equalized
method attempts to assign equal num-
bers of cellsto each output brightness
level. The logarithmic method com-
putesoutput values using alogarithmic
tranglation function. The exponential
method is more flexible than the loga-
rithmic because you can modify the
power of the exponential function by
dragging thetrandation curve. A power
valuelessthan 1isusually appropriate
for radar images. For more informa-
tion on using these enhancement
methods, see the Getting Started book-
let Getting Good Color, or the
TNTmipsReference Manual.

Which contrast enhancement method is
“best” will vary from image to image
depending on the particular distribution
of raster values and the portion of the
datarangethat isrelevant to your inter-
pretation objectives.

Auto-Equalize Contrast Enhancement

page 9



Interpreting Digital Radar Images

Roughness and Radar Wavelength

Wavelength bands commonly used in Surfac? roughness differen_ces are
imaging radar systems. Band designators | responsiblefor much of the brightness
are former military code letters. variation seen in radar images.
Band \l/vaua'I " ‘é’ave'ength Roughness refers to the degree of
an aveleng ange . . . .
K 0810 2.4 cm irregularity and vertical relief pf
X 3cm 2.4103.8 cm surfaces, at scales measured in
c 6 cm 3.8t07.5¢cm centimeters. Whether a surface
f g;gﬂ 12.6cm 155tt°3105 cm appearsrough (bright) inaradar image
.o Ccm 0 cm
P 68 om 30 t0 100 cm dependsto alarge extent on the radar

wavelength. A particular surface may

be rough for a short-wavelength radar but smooth
for longer wavelengths, asillustrated by the example
below.

C-Band VV (wavelength = 6 cm)
e —

fault scarps lava

3, i - 4 & i3 \ v
P-Band VV (wavelength = 68 cm) Interpretation rough lava

AIRSAR images at three wavelengths from a small area on the south flank of Kilauea volcano,
Hawaii, USA. The look direction is toward the bottom of the images, which coincides with
the downward slope direction. Land cover was interpreted from maps and other imagery.
Ancient lava surfaces are vegetated, with forest at higher elevations and grass and shrubs
at lower elevations. Two types of recent, unvegetated lava flows are present: fluid, smooth-
surfaced flows and more viscous flows with a rough blocky surface. In the C-Band image,
only the smooth recent lavas appear dark; the other surfaces are rough at this wavelength.
At the longer wavelengths the grassland area becomes smooth and thus dark as well. The
rough lavas and forest have similar brightness at all three of these radar wavelengths.
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Interpreting Digital Radar Images

Radar Polarization and Scattering Types

Imaging radar systems typically trans- Plane-polarized Radar Wave

mit a plane-polarized radar pulse. The

Electric field oscillating in single plane

electricfield associated with such apulse v
oscillatesin asingle plane perpendicu- m m
>

lar tothedirectionthewaveistraveling.

to both transmit and receive horizontally

polarized signals (designated HH mode,

with thefirst letter indicating the trans-

mitted polarization). Some systems transmit and
receive vertically polarized waves (VV mode); the
radar images of Kilaueashown onthe previouspage
wereacquiredinthismode. Both HH and VV modes
can becalled like-polarized radar modes.

The most common polarization modeis |y|

When apolarized radar pulseisscattered by therough
surface of a material such as soil or rock (surface
scattering), most of the scattered energy that returns
to the antenna has the same polarization as the
transmitted pulse. But when the pulse strikes
vegetation, it penetrates to varying degrees
(depending on wavelength) and has numerous
encounters with leaves, twigs, and branches that
produce many scattering events. Although the
physical mechanism is not well understood, this
volume scattering causes partial depolarization of
theradar signal, so that some of the scattered waves
vibrate in various directions. Depolarization
somewhat reduces the strength of the like-polarized
signal returned to the radar antenna, but vegetation
still produces strong like-polarized signals at
appropriate wavel engths, as shown by theimageson
the previous page.

Short-wavelength radar signals (X and C bands)
interact primarily with the uppermost leaf canopy,
and do not penetrate beyond it. Longer-wavelength
radars (L and P bands) penetrate deeper to interact
with stemsof smaller plants and twigs and branches
of trees.

Direction of
wave travel

Surface Scattering

S\

Volume Scattering

\/
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Interpreting Digital Radar Images

Polarimetric Radar Images

[ ot

C-Band H

C-Band HV

AIRSAR images of different
polarization from Kilauea;
compare to the C-Band VV
image and interpretive map on
page 9. The grass and forest
areas are bright in the HV
image because volume
scattering caused significant
depolarization of the returning
signal. Surface scattering by
the rougher lava-flows caused
much less depolarization, so
these flow areas are darker in
the HV image, though not as
dark as the smooth lava flows.
Note that the rough lavas and
vegation have nearly the
same brightness signatures in
the like-polarized images.

Some experimental radar systems can
transmit and receive signalswith either
vertical or horizontal polarization
planes. Thiscapability enablesthemto
simulaneously acquire images with
different send-receive polarization
combinations. In addition to the
conventional HH and VV like-
polarization images, such systems can
also produce cross-polarized radar
images by pairing transmission at one
polarization with recording at the other
polarization (HV and VH modes).

Cross-polarized radar images can
discriminate between areas of surface
scattering and volume scattering
because of the differing depolarization
effects associated with these
mechanisms. Surface scattering does
not cause significant change in polarization, so the
cross-polarized receiving antenna receives little
energy from areasof bare soil and rock. Theseareas
appear relatively dark in a cross-polarized radar
image, though brighter than radar-smooth surfaces.
For vegetated areas, significant depolarization of the
radar signal occursbecause of volume scattering. The
cross-polarized receiving antenna detects the small
fraction of the depolarized radar energy that has had
its polarization direction changed by exactly 90
degrees. Thestrength of thisreceived signal ismuch
smaller than that recorded in either of the like-
polarized modes, but still significantly larger than
thesignal from areas of surface scattering. Vegetated
areas thus appear brighter than nonvegetated areas
in across-polarized radar image.
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Interpreting Digital Radar Images

Viewing Color Band Combinations

In the future more radar systems will likely ac-
quireimages at several wavelengthswith multiple
polarization modesin order to better discriminate
different types of surface materials. As with
multispectral optical images, these multiband ra-
dar images can be used as components of an RGB
raster (color) display. By carefully choosing
wavel ength/pol ari zation componentsyou can cre-
ate color images that emphasize various surface
properties and enhance your ability to interpret
surface materials, as shown by the examples on

this page.

AIRSAR Image of the area of Kilauea shown on
previous pages. C-band HV is used as the red
channel, L-band HV as green, and L-band VV
as blue. Forest appears in the bright blue-green
colors, grassland reddish-brown, rough lava
flows dark blue, and smooth lava flows black.

Image of north central Thailand from the SIR-C
sensor, courtesy of NASA-JPL. This is a deeply
dissected area of plateaus and hills. Forest areas
appear green and agricultural areas and
settlements appear blue. (L-band HH = red, L-
band HV = green, and C-band HV = blue.)

Image of the Manaus region of Brazil
from the Spaceborne Imaging Radar-C
sensor operated on the NASA space
shuttle in 1994, courtesy of NASA-JPL.
Three L-band polarization channels were
used to create the color image: HH as
red, HV as green, and VV as blue. Green
areas are heavily forested, smooth river
surfaces are blue, and flooded forest
areas are yellow and red.

Image of central Sumatra from the SIR-
C sensor, courtesy of NASA-JPL.
Forest appears green in the image,
while the dark to bright pink areas have
been cleared for palm oil plantations.
L-band polarization channel color as-
signments are the same as in the
Manaus image above.
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Interpreting Digital Radar Images

Radar Speckle Noise

A M ¥ Radar images have an inherently grainy

o = 7 appearanceduetorandom brightnessvaria-
.4 tionsthat are most apparent in otherwise
uniform areas of an image. The cause of
this characteristic image noise, called
speckle, can be traced to the nature of the
radar signal and its interactions with sur-
face objects.

= R T 2= Aradar imager emits pulsesof energy with
Radar image (C band HH) of relatively  asinglewavelength and frequency, which
hom_ogek?go#ts agric_llljltutraltfields with remain constant duri ng subsequent inter-
\éﬁg:gerrilsgticr::fizrlsl:)z;iltlengoise. gctlons. The return signal that creates an
imagecell comesfroman arealargeenough

to contain numerous individual features

Constructive Interference that scatter the radar energy. The signal
recorded from each of these areas repre-
sentstheaggregate of al of thesignalsfrom
the individual scattering elements. Be-
cause those scattering elements differ in
position and height, thetravel pathsof their
component return signals may vary in
length by fractions of a wavelength or
Destructive Interference more. Thestrength of the overall recorded

signal then depends upon how well the

/_\/v peaksin all of the sinusoidal wave forms
W\ are aligned. If the peaks are exactly
0 aligned, constructive interference occurs,

Resulting Signal producing astrong signal and abright im-

age cell. If the peaksin onewaveline up

Schematic Sample of a Radar with thetroughs of another, thetwo waves
Image of a Homogeneous Areato  effectively cancel each other outinthe pro-

Resulting _—
Signal

llustrate Speckle cesscalled destructiveinterference. These

Full constructive . interference effects are random, and can

interference vary dramatically with dight differencesin

Full destructive . di rect_lon and anglg of view. As aresult,

interference the brightnessof adjacent radar imagecells

fluctuatesrandomly relativeto theaverage

Varying degrees brightness for that surface and viewing
of interference

geometry.
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Interpreting Digital Radar Images

Multi-look Processing and Speckle

Speckle can be treated mathematically as aseparate
random noise factor superimposed on the “true” re-
turn radar signal. Fortunately this noise does not
significantly alter the average signal strength in ho-
mogenous areas represented by many adjacent image
cells. This means that speckle can be reduced by
averaging thevalues of cellsinlocal neighborhoods,
at the expense of degraded spatial resolution.

Speckle reduction by averaging occurs as part of a
standard radar processing step that producesamulti-
look image. In araw Synthetic Aperture Radar
(SAR) image, each line of cellsin the range di-
rection representstheimage of oneradar “look”,
corresponding to asingletransmitted radar pulse.
(Eachlook isactually produced by sophisticated
processing of a number of consecutive pulses,
however). The dimensions of these single-look
image cells are not the same in the range and
azimuth directions, because range and azimuth
resolution are controlled by different system char-
acteristics. Resolution in the azimuth direction
in SAR systemsisthe same regardless of range,
andistypically several timesbetter than therange
resolution. A single-look imagecell istherefore
severa timeslarger intherangedirectionthanin
theazimuth direction. Multi-look processing ag-
gregates small groups of adjacent range lines
(usually threeor four) into wider multi-look range
linesto produce cellsthat are more nearly square.
The new cell values are computed by averaging
inthe azimuth direction (averaging cellswith the
same range position). The resulting multi-look
image has reduced speckle and better image ge-
ometry. Because of these benefits, suppliers of
radar images routinely appLy multi-look process-
ing, and raw single-look images are only used
for specialized purposes. Most digital radar im-
ages that you encounter therefore will be
multi-look images.

M

<— (saui abewr) uondalig abuey

Speckle obscures edges and
other image details and
makes it difficult to
determine the typical radar
response from uniform areas
of a radar image.

Processing radar images to
reduce speckle can
significantly improve their
interpretive value.

ulti-look Processing
Group of 4 Resulting
single-look multilook
image lines image line
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Interpreting Digital Radar Images

Reducing Speckle Using Radar Filters

STEPS

M select Process / Raster /
Filter / Spatial Filter from
the TNTmips main menu

M choose Radar from the
Class menu on the
Raster Spatial Filtering
window

M examine the options on
the Type menu

After second application of
3x3 Frost filter

Although multi-look processing reduces radar
speckle, it does not eliminate it. The remaining
speckle noise can be further reduced by applying a
spatia filter to the image. The TNTmips Spatial
Filter processincludes several radar filterstailored
to the particular characterisitics of radar speckle.

Unlikethe additive noise found in many images, ra-
dar speckleisapproximately multiplicative. Inother
words, the range of the random brightness deviations
increaseswiththeaveragegray level of alocal area.
Using this mathematical model, a measure of the
noise range (standard deviation) can be estimated
from the actual brightness variations in the image,
using either thelocal neighborhood of thefilter win-
dow or the entireimage. The radar filters (Sigma,
Frost, Lee, and Kuan) use these noise estimatesin
various ways to control the filter process. The ob-
jective is to reduce the speckle noise in uniform
regions by sometype of averaging while preserving
the brightnessvariationsthat occur at the boundaries
between areas of differing overal brightness. The
radar filters come closer to meeting this objective
than simple low-pass or median filters. Severa of
these filters have parameters that you can adjust to
optimize the results. You can find descriptions of
each of these filters in the TNTmips Reference
Manual.

Application of the radar filters can reduce but not
eliminate specklenoise. Several applicationsof one
or morefilters may be required to reduce speckleto
an acceptablelevel. However, each application of a
filter resultsin some blurring, or loss of spatial de-
tail. Youwill need to determine the bal ance between
noise reduction and loss of spatial resolution that is
appropriatefor your radar imagesand interpretation
objectives.

Because the radar filters utilize image statistics, you should

apply them prior to resampling operations, including the
slant range to ground range transformation discussed next.
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Interpreting Digital Radar Images

Converting Slant Range to Ground Range

Radar images are initially acquired as dant range | STEPS

; ; ; g M select Process / Raster /
images that distort the relative positions of ground Resample / Radar Slant

f_eatureﬁ. Objectsin a}slar]t range image are posi- to Ground from the
tioned in the range direction (along image lines) TNTmips main menu
according to their direct-line distance from the  persmpsrsmerro—m——"" o=
antenna (SI ant range). As shown in the Cross- | meut Raster... frcnsamscs,re 7 CHoas_c_tH
section below, thisis geometrically equivalent || Surfece Elevationtmiz] 10000

) . . . Rircraft Altitude{n}: 8068, 200
toprojecting al ground positionsaong spheri-  |[stant Range spacingenr:[ 3,331
cal wavefrontstoadisplay planeextendingfrom || i el 25
the antennato the farthest range position. The || Far Lok fngletdess: 62,900

. . . Resanpling Hethod: HNearest Heighbor =]

scale of adant rangeimage variesin the range S —
direction, with objects in the near range being
compressed relativeto thosein thefar range (see | Bt | hele |

equal-sized objects A, B, and C in the figure). A | The transformation to ground

slant range image can be converted to a ground | range assumes a horizontal

range presentation using the platform height (sen- | 9round surface and constant
] . . platform height, and does

sor dtitude minus surface el evati oq), the slantrange | not remove spatial

value for each cell, and the cell size in range and | distortions related to

azimuth directions. topographic relief.

Depression angle (6) 5, — (SR? - H2)1/2; GR=H ((1/sin)- 1)1/2
Depending on the level of
processing you select,
radar images you acquire
from a commercial source
may already be in ground
range presentation.

(H) wbiaH

Ground range (GR)

Slant-range image
The near range por-
tion of the image
appears highly com-
pressed compared
to ground range.

Ground-range
image
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Interpreting Digital Radar Images

Terrain Distortions in Radar Images

radar wavefronts arriving at:
F = base of front slope
T =top

R = base of rear slope

4—

look direction

ground range

image
— -

foreslope foreshortening  point image of foreslope layover

A transmitted radar pulse can be modeled simply as an expanding spherical
wavefront that sweeps across the terrain to one side of the sensor flight path.
Variationsinthe elevation of theterrain affect therelativetravel times of the radar
energy that returns to the sensor, producing unique geometric distortions that
remain in radar images even after conversion to ground range.

Gentle slopes (those less steep than the local portion of the radar wavefront) that
face the sensor areimaged with foreshortening. Theimage of thetop of ahill or
ridgeis displaced toward the near range compared to its actual map position and
relativetothei mage of the base of the dlope (seeleft side of illustration above). In
- essence, the facing slope is imaged in less time
than the back slope (or a comparable area of flat
terrain), which makesit appear that hillsareleaning
toward the sensor. If the foreslope has the same
steepness as the radar wavefront (middle portion
of illustration above), the entire opeisilluminated
at the same instant, and its radar image collapses
toasingle bright cell in each imageline.

' AL AN |If theforeslopeis steeper than the radar wavefront
A color display of SIR-C ra- | (right side of above illustration), the top of the
dar bands covering a ugged | ¢reqgne s actually imaged before the base,
mountainous area in south- . . A .
east Tibet. The look direction | Producing theextremedistortion called layover. Hills
is toward the left side of the | distorted by layover appear to have narrow, bright
image. The labels indicate | foreslopes. Layover ismoresevereinthe near range
2?}’;?;&??:&2”(3’5);";‘IJ:;S_ portion of an image where the depression angle is
over (L) of slopes facing the | higher, because the sl_ope of the_ radar wavefront
sensor. decreaseswith increasing depression angle.
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Interpreting Digital Radar Images

Sources of Radar Imagery

RADARSAT: launched in 1995 by the Canadian
Space Agency to monitor environmental change
(especially Arctic Ocean sea-ice conditions) and to
support resource sustainability. RADARSAT orbits
at an dtitude of 798 km with a24-day revisit cycle.
Itssynthetic apertureradar (SAR) operatesin C-band
(5.7 cm) with HH polarization. The radar beam can
be shaped and steered to create different image swath
widths and resolutions. The standard beam mode
has a 100 km swath width and 28-meter resolution.
Data is distributed through RADARSAT
International.

ERS-1, ERS-2: operated by the European Space
Agency (ESA), ERS-1 was launched in 1991 and
ERS-2 in 1995. Both satellites orbit at 785 km
altitude and include a C-band SAR operating with
VV polarization. The swath width is 100 km with
30 meter resolution. The revisit cycle for each
satellite is 16 to 18 days. The ERS radar sensors
operate with arelatively steep depression angle (67
degrees) to emphasize ocean surface features, but
land terrain interpretation is hampered by severe
layover effects.

JERS-1: launched by the National Space
Development Agency of Japan as a multipurpose
environmental monitoring platform. The satellite
included an L-band SAR with HH polarization that
operated from 1992 to 1998. Theimage swath was
75 kmwith 18-meter resolution.

SIR-C/X-SAR: thissensor wascarried ontwo flights
of the NASA Space Shuttle in 1994. Its antenna
array operated in X-band, C-band, and L-band with
multiple polarization modesand variable depression
angles. Swath widths are 50 to 100 km with
resolution from 25to 50 meters. Radar imagery was
acquired for research into applicationsin landscape
ecology, environmental monitoring, hydrology,
geomorphology, and vol canol ogy.

RADARSAT International
13800 Commerce Parkway
Richmond, BC V6V 2J3
CANADA

Tel: (604) 231-5000

Fax: (604) 231-4900
E-mail: info@rsi.ca
Website: www.rsi.ca

ERS-1 and ERS-2 radar
images are distributed
commercially by various
dealers worldwide.

Technical information is

available at the ERS

Missions Home Page:

http://earthl.esrin.esa.it/
ERS/

Information on the SIR-C

mission is available at:

http://southport.jpl.nasa.gov/
sir-c/

Data is distributed through
the USGS EROS Data
Center:
http://edcdaac.usgs.gov/
sir-c/sir-c.html
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Advanced Software fbr'GeospatiaI Analysis-

M icrol-magai Inc. publishes a complete line of professional’software for advanced geospafial :

datavisualization, analysis, and publishing. Contact usor visit our web site for detailed prod-
uct information.

TNTmips TNTmipsisaprofessional system for fully integrated GIS, image analysis, CAD,
TIN, desktop cartography, and geospatial database management.

TNTedit = TNTedit providesinteractivetoolsto create, georeference, and edit vector;

image, CAD, TIN, and relational database project materialsin awide variety of formats: )

TNTview TNTview hasthe same powerful-display featuresas TNTmips and is perfect for
those who do not need the technical processing and preparation features of TNTmips.

TNTatlas TNTatlaslets you publish and distribute your spatial project materials on CD-
ROM at low cost. TNTatlas CDs can be used on any popular computing platform.

TNTserver TNTserver lets you publish TNTatlases onthe Internet or on your intranet.
Navigate through geodata atlases with your web browser and the TNTclient Java applet.

TNTlite  TNTliteisafreeversion of TNTmips for students and professional s with'small
projects. You can download TNTIlite from Microlmages web site, or you.can order
TNTlite on CD-ROM.

/azimuth .......................................................

contrast

corner reflector................ resolution...
depression angle........ roughness...
dielectric constant scattering...
ERS-1, ERS2............. shadowing
FIltering.....ovevieiiici e, SIR-C/X-SAR......cntericrricnne 14,19,20,23,24
foreshortening.........c.ccoeevieiiiininnnes Slant range.........coeveeerereierieeereee e 17
ground range surface SCattering........cooeevveeererieeierenenennas 11
IMPOrt... e specular reflection..........cocoveeereerneienieiens 6

interference...........c.ocoiiiiiii speckle Noise........cccveerericenine ....14-16
lAYOVEN. .. synthetic apertureradar (SAR)................ 5,15
multi-look image. VOIUME SCALLENiNG......cveerereeeerieieeeieeeenes 11

\pol ATZALION. ..o wavelength..........occoveeiennicnnieienene 2,3,1(9

== Microlmages, |
‘ ‘ II 11th Floor - Sharp Tower

206 South 13th Street
Lincoln, Nebraska 68508-2010 USA

Voice: (402) 477-9554 email; info@microimages.com
FAX: (402) 477-9559 internet: www.microimages.com
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