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(1)  Introduction

SAR and its strong point(1)

SAR:

Abbreviation of Synthetic Aperture Radar

Sensor itself transmit a microwave on the ground
and receive the reflection from ground (backscatter) 

Preferable target for SAR observation

• Ice, Ocean waves

• Soil moisture, vegetation mass

• Man-made objects, e.g. buildings

• Geological structures
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SAR and its strong point(2)

Strong point of SAR

Can observe under all-weather condition
Can work day-and-night observation
Can observe polarimetric observation
Have the Coherency information

Weak point of SAR

Difficulty of image interpretation
  (Characteristics of microwave image)
Geometric Distortion due to observation system

  (Foreshortening, Layover, Radarshadow)

Visible

What’s microwave?

Wavelength region of microwave
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Characteristic of atmospheric spectral transmittance

0

(after NASA/JPL, 1988) 

The electromagnetic spectrum(after NASA/JPL, 1988) 

Optical and Microwave sensor

LANDSAT TM (23 Apr. 1992) JERS-1 SAR (23 Apr. 1992)

© METI JAXA

Observation geometry of SAR

Azim
uth dire

ctio
n Range direction

(1)

(2)

(3)

(4)
(5)

Satellite
 (A

ntenna)

Orbital dire
ction

Horizontal direction

Slant range direction

Ground range
Target

Far range

Near range

(1) : Off-nadir angle

(2) : Depression angle

(3) : Range beam width

(4) : Incidence angle

(5) : Azimuth beam width

Important parameters for SAR system

• Incidence angle

• Wavelength

• Polarization

• Spatial Resolution

• Repeat cycle

SAR Satellites

SAR satellites

SAR Image Processing
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Processing level

1 RAW data : Raw signal data. Before the image reconstruction
                      of SAR image

2 SLC data : SLC means Single Look Complex. 
                     This data has phase and amplitude information 
                      in complex style

3 Image data :Each pixels are consist of real value (usually
                        2byte short integer). No phase information 

To create from data1 to 2 or 3, It is necessary to
process range compression and azimuth compression

SAR image processing

Raw Data After Range Compression After Azimuth Compression

SAR Image
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Pulse radar

RfRn

Pulse width τ

SAR illuminate the microwave
to the ground and observes the
 “backscatter” from the ground.

Range Resolution (1)

i.e.  JERS-1/SAR

Transmitted signal Reflected signal

2

(1)

(2)

(3)

(5)

(6)

(7)

(8)

(4)

ti
m

e

A     B A     B

cτ
cτ

Range resolution without range compression

When the distance between two objects is
less than cτ/2, these objects can not be 
distinguished in the image.

The pulse width is 35 μm, therefore 
the range resolution Δx is as below.

Δx= cτ /2=3.0×108×35×10-6/2
      =5250m   (in slant range )

The more narrow the pulse width is, the more higher the resolution 
is.

Ground surface

ΔR

Δx

Δx=cτ /2sinθ=3.0×108×35×10-6/(2.0×sin35º)=9153m

i.e. JERS-1:

Δx=ΔR/sinθ= cτ
sinθ2θ

Slant range resolution and ground range resolution

cτ

θ

θ

The relationship between the ground 
range Δx and the slant range ΔR is 
expressed as below with the incident 
angle θ .

Hence, the ground resolution Δx is 
lower than the slant range 
resolution ΔR .

Hence, the resolution is higher at 
the far range side than that at near 
range side.

Range Resolution (2)

t t

1.0

0.5

Characteristics of pulse and resolution

S/N in SAR image : Depends on the transmission power.
                                 Transmission power = (Pulse width) x (Injection power)
Resolution of SAR image : Depends on the band width. High resolution needs sharp pulse width, 
                                            but shallow pulse width leads to the deterioration of S/N.

It is difficult to realize the pulse signal which has both sharp pulse width and high transmission power.

Increase the band width without the modulation of pulse width.          Theory of chirp compression

In the case of sine wave and rectangular wave,

Band width :

Resolution :

In the case of chirp-compressed wave,

(along slant range)

Band width :

Resolution :
(along slant range)

(After detection)

(After detection)

Range Resolution (3)

Chirp Modulation

1267.5

1275

1282.5

Δf=15MHz

f(MHz)

t

Chirp modulation:
Changing a frequency of wave in proportion
to changes in time  

In the case of JERS-1:

f0  =1275MHz

Δf=   15MHz

1267.5  f  1282.5

Bandwidth after phase detection

B=Δf

frequency  f=f0+αt (α:constant)

Output waveform gS(t)=exp[2πi(f0 +αt)t]

In the case of JERS-1, pulse width and spatial
resolution after chirp compression is following;

Pulse widthτrnc=1/Δf=6.67x10-8(s)

Spatial resolution on slant range:
      ΔR      =     Cτrnc/2.0  =10m

Spatial resolution on ground range:
      ΔX      = ΔR/sin35° 17.4m

Range resolution(4)

Azimuth resolution without azimuth compression

Set spatial resolution of azimuth direction as δ and

slant range length R, spatial resolution of azimuth 

direction is estimated following equation:

Half bandwidthβ=λ/ L (rad)
L:azimuth antenna width

δ= β R= λ R / L

In the case of JERS-1;

λ=23cm R=700km L=12m,

δ=0.23x7x105/12.0=13400m

Spatial resolution in azimuth direction =13km almost no use!!!(Low resolution)

L

δ

β=λ/ L

R

P

Azimuth resolution(1)
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Spatial resolution of azimuth direction (Aperture Synthesis)

spatial resolution in azimuth direction is;
ρa= βSR= Rλ/2Ls= Rλ/(2 Rλ/L) = L/2

Maximum spatial resolution in azimuth direction is limited to L/2

antenna beam width of real aperture
β=λ/ L

P

β

 synthetic aperture
Ls

L

start to see target P end to see target P

illumination width W=Ls

R

illumination width of real aperture
W=βR=Rλ/L

length of synthetic aperture
Ls=W

antenna beam width of synthetic aperture
βS=λ/(2Ls)

count phase difference two times
to and from satellite

Azimuth resolution(2)

*Maximum spatial resolution do not depend on
wavelength or distance to target

Look processing
(For reducing the effect of speckle noise)

Multi-Look processing:
Virtually separate the synthesized
antenna and average the image which
made by each small separated antenna
Its purpose is to reduce the effect of
speckle noise.

L
4

L
4

L
4

L
4

L

P

Note spatial resolution of full synthesized
antenna is ρA, after multi look processing
is ρAm

ρAm= ρA L/(L/4)

=4 ρA

spatial resolution is inversely proportional
to look number

Range compression, Azimuth compression→execute for the improvement 
              of the spatial resolution

The narrower the illuminating pulse width, the higher spatial resolution of image

Spatial resolution on ground range is getting higher to go to far range side.

Maximum azimuth resolution is decided by the real antenna size 
and it is a half of real antenna width.

Azimuth resolution is finally decided by the number of look number

Spatial resolution of SAR image (Summary)

Characteristics of SAR image

Smooth:

Rough  :

h : the mean height of surface variations
λ: the radar wavelength

θ: the incidence angle

Rayleigh 

criterion

Schematic diagram showing the effects of surface roughness on backscatter 

Backscatter from the Earth Surface (1)
Surface scatter (Reflection) mechanism

(after CCRS)

(after CCRS) (after CCRS)

Comparison of the backscatter for wet and dry soil

 for a smooth surface (top) and a rough surface (bottom) 

Backscatter from the Earth Surface (2)
Surface scatter (Reflection) mechanism

(after NASA JPL 1988)

(after NASA JPL 1988)

(after NASA JPL 1988)

(after NASA JPL 1988)

Radar Wave

Incident 

Angle
Roughness=mean height of surface variations

Radar Frequency and Surface 
Scattering Parameter

Rayleigh’s Criterion  h λ/(8cos(θ))

Volume scattering from 
leaves, branches, and so 
on.

Scattering of microwave  
-- Surface scattering and volume scattering --

Pattern diagrams of  volume scattering

Vegetation

Surface scattering from canopy

Surface scattering from ground

Ice in glacier

Surface scattering 

Volume scattering from 
particles which have 
different permittivity

Scattering from 
discontinuous plane

Dried alluvium

Surface scattering 
Volume scattering from 
particles which have 
different permittivity

Scattering from discontinuous 
plane
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Image Tone

DARK MEDIUM BRIGHT

smooth surface:
Specular reflection
(DARK Tone)

Volume scattering:
(MEDIUM Tone)

Man-made buildings:
Dihedral reflection
(BRIGHT)

(after CCRS)

Effect of wavelength on surface penetration 

Backscatter from the Earth Surface (3)

dependency of microwave wavelength

(after NASA JPL 1988)

Choice of Radar Frequency

Radar wavelength should be matched to the size
of the surface features that we wish to discriminate

• -e.g. Ice discrimination, small features, use X-band

• -e.g. Geology mapping, large features, use L-band

• -e.g. Foliage penetration, better at low frequencies,     
  use P-band

Application Factor

System Factor

-Low frequencies

• More difficult processing

• Need larger antennas and feeds

• Simpler electronics

-High frequencies

• Need more power

• More difficult electronics

Conversion to Sigma nought ( σ0)

Backscatter coefficient sigma nought  σ0 

The average reflectivity of a horizontal material sample, 
normalized with respect to a unit area AL on the horizontal

ground plane
Validation of backscatter coefficient
Set corner reflector which backscatter coefficient is already known and measure
SAR observed intensity on the image. Then, execute the validation of SAR image.

Conversion equation to sigma nought

In the case of JERS-1, following 
equation is represented by JAXA,

σ0=20log10(I)+CF (dB)

In the above formula, I mean the SAR image
intensity and CF is a constant value and the
value CF is decided by SAR operating agency.

a

a 90°

a

Corner reflector

dR

AL

A
i

=

=
=

=

=

=
=

=

=
=

=

=

=
=

Slant range and Ground range

Distortion of SAR image

Far rangeNear range

Slant range data

Ground range data

Satellite,
SAR antenna

Distortion of SAR image

(after CCRS)

(after CCRS)

Slant Range

Ground Range

Fore Shortening

Fore shortened part

Fore ShorteningFlat

Lay over

Lay over Shadow

Shadow

Geometric Distortion of SAR image

Data products

Georeferenced products:

• Relative geographic location is incorporated in 
the image

• not corrected to a map projection and should 
not be used for mapping purposes

Geocoded products:

• Geometrically corrected to conform to a map 
projection

• Often use ground control points and DEM to 
increase the geocoding accuracy

• Geocoded products are usually resampled to a 
standard square pixel size
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Geometric distortion of SAR image

JERS-1 SAR  (Apr. 23, 1992) ERS-1 SAR  (Apr. 15, 1992)

METI/JAXA ESA 1992, distributed by SPOT IMAGE and RESTEC

A

A’

35˚
20˚

A

A’

Geometric Distortion 

9 9
JERS-1 SAR (Incidence angle 38º) ERS-1 SAR (Incidence angle 23º)

METI JAXA  ESA

CV-580 airborne SAR 
image acquired July 
12, 1984 over 
Freiburg, Germany.  
Image (A) was 
acquired in L-band 
(23 cm wavelength) 
and image (B) was 
acquired in X-band (3 
cm wavelength).

Effect of Frequency (sample image)

(after Sieber and Noack, 1986)

Effect of Frequency (sample image)

9

9

ERS-1 AMI Image
Wavelength C band(5.6cm)

JERS-1 SAR Image
Wavelength L band(23cm)

Earth rotation
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g
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Descendin
g

Mode

Descending Mode
Observation direction

Ascending Mode

DescendingAscending

DescendingAscending
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A
z
im

u
th

A
z
im

u
th

A
z
im

u
th

A
z
im

u
th

Range

Range

Range

Range

Range direction
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M
ic
ro

w
av

e

Effect of Look Direction

© CSA 1996 

RADARST F4 Ascending

RADARST F4 Descending 

Bibai, Hokkaido Pref. 

RADARST F2 Ascending

RADARST F2 Descending

Effect of Look Direction

CSA MDA

Incident microwave

Lists in field

Bow tie effect

This Phenomenon is found primarily in large fields 
which are cultivated by machine. Main causes of 
this phenomenon are considered as below. 

                 * Specular reflection (refer figure below)
                 * Bragg scattering (refer next section)

Pattern view of specular reflection

Typical image pattern can be seen in SAR image (1)

9

SIR-A image around center-pivot-type irrigated agricultural area 

Typical image pattern can be seen in SAR image (2)

after Sieber et.al 1986)

after Sieber et.al 1986)
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The effect of look direction 
on ploughed fields. 

© CSA 1996 (CCRS).

The effect of azimuth angle of incident 
microwave on ploughed fields

Multiple Scattering

Typical image pattern can be seen in SAR image (3)

9 CSA1997

Side view of a bridge

Signature in SAR image

Wire

Sea surface

Speckle Noise

A unit cell (pixel) contains many 
reflecting objects. Even if each 
object in the cell reflects radar wave 
isotropically, over all summation of 
reflected electro-magnetic wave 
varies depending on the 
observation direction variation.
  Phase similarity (coherence) will 
be preserved statistically if two 
observation points reside within a 
beam width of an aperture with the 
same size of unit cell.
To keep relative phase difference 
coherent among image pixels in a 
scene, two orbits of interferometry 
pair must be close enough to 
preserve relative phase coherency.

after CCRS)

after CCRS)

after CCRS)

SAR specific analysis method

Stereo SAR Observation   -Radarsat observation mode-

F
1

F
2

F
3

F
4

F
5

S
1

S
2

S
3

S
4

S
5

S
6

S
7

W
1

W
2

W
3

S
N

1

S
N

2

S
W

1

Fine beam position :    F1, F2, F3, F4, F5
Standard beam position :    S1, S2, S3, S4, S5, S6, S7
Wide beam position :     W1, W2, W3
ScanSAR beam position :    SN1, SN2, SW1

 
 

  dp1

dp2

p

h

θ1
θ2

A1 A2

 
 

  dp2 dp1

p

h

θ1θ2

A1A2

Stereo SAR (1)

SAR stereopair that have the combination
of opposite illumination direction

SAR stereopair that have the combination
of same illumination direction

p=| cotθ1 + cotθ2 |*h

opposite illumination direction

p=| cotθ1 - cotθ2 |*h

s a m e i l l u m i n a t i o n 
direction

Sensor Mode date inc. 

RADAR
SAT

F1
1997.3.1

7
37.6°

RADAR
SAT

F5
1997.3.2

7
47.5°

Data used

Parallax calculation

Stereo SAR (2)

© RESTEC
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DEM generated
from SAR stereo

Stereo SAR (3)

© RESTEC

Polarimetric SAR

t

t

t

Linearly-polarized
wave

Circular-polarized
wave

Circular polarized wave : spirally rotated polarization
Linearly polarized wave : Horizontal Polarization
                                        Vertical Polarization 

In the field of  Satellite, H and V polarizations are defined
as below;  
    (H)orizontal pol. : Parallel to satellite’s orbital direction
    (V)ertical pol.     : Vertical to satellite’s orbital direction

Case of SAR sensor :
    JERS-1 : Emit H pol. and receive H pol. (HH)
    ERS-1  : Emit V pol. And receive V pol. (VV)

RGB=HH-HV-VV RGB=HH-HV-VV

Polarimetric SAR Pi-SAR image

X band L band

© NiCT © JAXA

Application Preferred Single Polarization Preferred Multi-Polarization

Agriculture

 Crop Type

   Grains (vertical)

   Canola/Peas (horizontal)

 Crop Monitoring 

VV or HV

  HH

  HV or VV

HV + VV + HH

HV + VV + HH

HV + VV + HH

Defense

 Maritime Surveillance

 Ship (shallow incidence)

 Ship (steep incidence)

 Wakes

  HH

  HV

  HH

  HV or HH

HV + HH

HV + HH

HV + HH

HV + HH

Forestry

Clear-cut Mapping

Biomass Estimation

S i D t i ti

  HV

  HV

HH

HV + HH

HV + VV + HH

HV VV HH
Geology

Structural Mapping

Lithologic Mapping

  HV

HH or VV

HV + HH

HV + VV + HH
Hydrology

Flood Mapping

Soil Moisture Estimation

S W t E ti ti

HH

HV

HH VV

HV + HH

HV + VV + HH

HV VV HH
Oceans

Wave Spectra

Mesoscale Features

Bathymetric Mapping

HH or VV

HH or VV

VV

HH + VV

HH + VV

HH + VV

Sea Ice

Ice Classification

Ice Edge Mapping

I T h

HV

HV

HV

HV + VV + HH

HV + VV + HH

HV HH
(C)CSA 1996

Polarimetric SAR Preferable polarization (C-band)

Interferometric SAR

h=H-(R+ΔR) cos(θ1(α,R,ΔR,B)

φ 4πΔ R/λ can be measured as interferogram.

0<φ<2π=

h    : altitude from the reference 

H   : satellite altitude 

: θ1 incident angle 

B   : platform base line

Since ,h is wrapped.

Base line must be small. 

S1

S2

h

R

Δ R

θ 1

R
+
Δ

P

B

α

H

 

For JERS-1 B is preferred to be
less than 1km.
 

 

Interferometric SAR

The great Hanshin-awaji earthquake

In the epicenter of this earthquake,
earth surface displaced more than
1.2m in both vertical and horizontal
direction. The displacement value
estimated from this interferogram is
agreed with the ground survey results. 

© JAXA
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SAR Image Characteristics

The Project for utilization of ALOS images to support the protection of the Brazilian Amazon 

Forest and combat against illegal deforestation.

Basic training course 2009

REMOTE SENSING TECHNOLOGY CENTER OF JAPAN　　
TOKYO,  JAPAN

terça-feira, 13 de outubro de 2009

Contents

terça-feira, 13 de outubro de 2009

1. Geometric Distortion of SAR

In the SAR image reconstruction process, cross track 
pixel sampling is originally done using range (from 
satellite to target distance) information. Usually equal 
range spaced image (referred as slant range image) is 
created initially. Due to the side looking geometry, equal 
range spacing causes unequal ground range spacing.
 Also, due to the image mapping process, pixel position 
distortion appears depending on the local land feature 
measured from a reference plane. This distortion 
happens both in slant range image and in ground range 
image.

terça-feira, 13 de outubro de 2009

1. Geometrical Characteristics of SAR

1.1 Ground range distortion by equal range sampling

Ground range

Slant range

Satellite

SAR Antenna

Far range side

Near range side

Larger sampling space

Shorter sampling space

Equal slant range space 

causes unequal ground 

range sampling in original 

image.

In PALSAR image products, georeferenced and geocoded data is resampled to 

equal ground sampling space.

•SLC data is usually slant range image to keep original phase information.

terça-feira, 13 de outubro de 2009
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Slant range image

Ground range image

©CCRS

©CCRS

1. Geometrical Characteristics of SAR

1.1 Difference between Slant range image and Ground range image

terça-feira, 13 de outubro de 2009

Orthographic projection 

Slant range image (re-sampled to 

equal ground range space)

Simulated SAR image

Satellite

Mountain Peak point 
on original SAR 
image mapping

Mountain peak 
point
 on Ortho data

A”A’

Ground Range

A

Slan
t R

an
ge

BC

1. Geometrical Characteristics of SAR

1.2  Image Distortion due to local land feature and satellite geometry

SAR antenna

terça-feira, 13 de outubro de 2009

Small incident angel Large incident angle

The smaller the incident angle, the larger 

the fore shortening.

A

A” A”A’

BC

1. Geometrical Characteristics of SAR

1.2  Fore Shortening

terça-feira, 13 de outubro de 2009

Mt. peak point 

mapped on SAR 

image

Mt. peak point 

on ortho image

Sla
nt r

an
ge

A

A”BA’

Satellite

SAR antenna

C

1. Geometrical Characteristics of SAR 

1.3  Lay Over

In case the depression angle of a 

local slope inclination facing to 

SAR system exceed the incident 

angle of SAR system geometry, a 

severe distortion occurs. This is 

called lay over and no information 

on the target feature is obtained in 

the lay over area. 

In lay over area both slope area and 

moderate slope area is mapped at 

the same pixel position.

terça-feira, 13 de outubro de 2009
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Shadow

Satellite

SAR antenna

A

Sla
nt R

an
ge

BC

1. Geometrical Characteristics of SAR

1.4  Radar Shadow 

If the inclination of a local 

slope facing to opposite side of 

SAR system exceed the 

complement of incident angle, 

the slope is hided from SAR 

system illumination, which 

causes shadow in SAR image.

Shadow continues in side the 

blanket area of the 

illumination by the high slope 

object.

terça-feira, 13 de outubro de 2009

Inc.

Slope inclination
 AC

Shadow occures when  + AC > 90°.

Shadow

Satellite

SAR antenna

A

Sla
nt R

an
ge

BC

1. Geometrical Characteristics of SAR

1.4  Radar Shadow 

If the inclination of a local 

slope facing to opposite side of 

SAR system exceed the 

complement of incident angle, 

the slope is hided from SAR 

system illumination, which 

causes shadow in SAR image.

Shadow continues in side the 

blanket area of the 

illumination by the high slope 

object.

terça-feira, 13 de outubro de 2009

PALSAR FBS 41.5deg

AVNIR-2 

PALSAR FBS 21.5deg

1. Geometrical Characteristics of SAR

Examples 

Yellow Shadow

Red Fore shortening

Light Blue: Lay over

©METI/JAXA©METI/JAXA

©JAXA

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR

2.1 SAR system Element to affect intensity

 a wavelength

 b incident angle

 c polarization

 d illumination orientation

 e speckle noise

2.2 Target Element to affect intensity

 a electromagnetic parameter

    (dielectric/magnetic constants)

 b surface texture

 c surface pattern

Mirror, Dihedral, Trihedral, Bragg scattering

terça-feira, 13 de outubro de 2009
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Digital Number of SAR image

Back 
scattering

Illumination
area

Reference is isotropic scattering

RADAR

DN is a digitized back scattering signal strength 
normalized by Radar illumination strength.

terça-feira, 13 de outubro de 2009

Concept of

Radar back scattering cross section(RCS)= return energy within 
a beam width and range bin. (Wikipedia)

  = DN sin( ) (normalized by pulse illuminated area)

  = /cos( ) (normalized value to perpendicular incident energy)

Incident 
wave

DN:Digital Number of an 
image pixel brightness. 

terça-feira, 13 de outubro de 2009

 Value of  in RADAR image

 = DN sin( )

Incident 
wave

Pulse width ( )

Ground illumination
Width (g)

 /g = sin( )

  is normalized back scattering signal 

strength per ground sampling unit 
space which is proportional to 1/
sin( ).

Thus by multiplying sin( ) DN is 

norma ized to .

terça-feira, 13 de outubro de 2009

Concept of 

• cos

Incident 
wave

Illumination intensity of radar pulse per 
unit ground length is proportional to 
cos( ).

By dividing  with cos( ),  is 

normalized per unit ground length.

terça-feira, 13 de outubro de 2009
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Slope Correction

• In the derivation of s, sin(q) is multiplied to DN. In 

standard processing q is counted as angle or incident wave 
direction (opposite direction) and normal vector on flat earth 
surface.

• If incident angle relative to slope of local feature is taken 

Local norm

 = DN* sin( )

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR

2.1 System parameter　effect of wavelength 

PiSAR X band HH PiSAR L band HH

Saku, Nagano, Japan 2004.8.4

Processed by RESTEC Processed by RESTEC

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR

2.1 Effect of wavelength

Volume scattering 
from leaves, 
branches, and so on.

Vegetation

Surface scattering 
from canopy

Surface scattering 
from ground

Ice in glacier

Surface scattering 

Volume scattering 
from particles which 
have different 
permittivityScattering from 

discontinuous plane

Dried alluvium

Surface scattering 

Volume scattering from 
particles which have 
different permittivity

Scattering from 
discontinuous plane

terça-feira, 13 de outubro de 2009

Range width

Image

Range A
z
im

u
th

Incident angle (deg)

S
ig

m
a
0
 (

d
B

)

rough

middle rough

smooth

surface

Near range

Far ra
nge

SCANSAR image

2. Radiometric Characteristics of SAR

－2.1 Effect of Incident angle

©METI/JAXA

terça-feira, 13 de outubro de 2009
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Image

RangeA
z
im

u
th

Image

Path - 1Path - 2

Image

RangeA
z
im

u
th

Path - 1Path - 2

Image
A B

S
ig

m
a
0
 (

d
B

)

S
ig

m
a
0
 (

d
B

)

Direction from A to B Direction from A to B

2. Radiometric Characteristics of SAR

2.1  Image discontinuity due to the effect of incident angle

terça-feira, 13 de outubro de 2009

2007.2.18

41.5deg

2006.12.29

34.3deg

2006.10.05

21.5deg

R:41.5 G:34.3 B: 21.5

2. Radiometric Characteristics of SAR

2.1 Example of incident angle difference

Difference in fore slope

Difference of Sea surface

Difference in local slope effect

©METI/JAXA ©METI/JAXA ©METI/JAXA ©RESTEC

SAR illumination

Check !

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR

2.1  Effect of polarization

Dual polarization reception in 

PALSAR (copol. And cross 

pol.) provides additional 

surface information from the 

SAR image pair. Urban area 

usually causes weak reflection 

in cross pol.  While it causes 

bright reflection(blue circle

On the contrary, forested area 

the difference between co pol. 

And cross pol. Is small green 

circle

ALOS / PALSAR FBD 2008.7.3 (C)METI/JAXA

HH Co pol. HV Cross pol.

terça-feira, 13 de outubro de 2009

RGB=HH-HV-VV

Pi SAR X band

2. Radiometric Characteristics of SAR

2.1  Effect of polarization

 Processed by RESTEC

Airborne PiSAR Xband Image

(2004.8.4)

Grow stage indication of vegetable 

field appears in the color difference 

of the agriculture fileds.

terça-feira, 13 de outubro de 2009
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2. Radiometric Characteristics of SAR

2.1 Effect of illumination orientation (Ascending and Descending) 

E a r t h 
Rotation

Ascending

Mode

Descending

Mode

CT

A
T

Descending Mode

A
T

CT

At

CT

CT

OrientationAscending Mode

A
T

CT

Ascending

DescendingAscending

N

S

E

W

W
av

e

W
ave

CT

A
T

Descending

Dsc.

Asc.

AT: along track

CT: cross track

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR 

2.1 Example of Ascending observation and Descending observation

Ascending Image Descending Image
©METI/JAXA©METI/JAXA Dsc.

north

Ilm.

Ilm.

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR 

2.1 Speckle Noise

 A unit cell (pixel) contains many reflecting objects in the cell. 

Even if each object in the cell reflects radar wave isotropically, 

over all summation of reflected electro-magnetic wave varies 

depending on the observation direction due to the variation of 

relative phase.

 Radar reflectance is a measure to evaluate power reflection 

ratio to incident power. 

 But in the SAR image processing, amplitude summation from 

individual object with various reflectance is calculated as pixel 

value. Thus statistic expectation of the vector summation 

(complex pixel value) is zero (summation of random complex 

number) while the statistic expectation of the variance is the 

Radar reflectance.

  Difference of the two value appears as speckle noise which is 

multiplicative nature. Thus the noise looks significant 

compared with the thermal noise in optical images.

terça-feira, 13 de outubro de 2009

2. Radiometric Characteristics of SAR

2.1 Speckle noise reduction

• From the basic SAR process nature, speckle noise reduction 
can be done in various ways.

• Using a statistic theory, one effective way is to obtain many 
samples showing a pixel and non coherently averaging the 
data to evaluate Radar reflectance.

• This is called multi look processing.

• By sacrificing resolution, several independent pixel value can 
be obtained from an original image, which can be averaged to 
reduce speckle noise.

terça-feira, 13 de outubro de 2009
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Radiometric Characteristics of SAR

2.2　Target depend elements 

Following 3 element affect intensity level of SAR image.

depending on the target shape, location pattern and texture causes 
various kind scattering as: Bragg, specular, volume, multiple bounce 
scattering.

(a) Surface roughness
(b) Dielectric constants
(c) Surface pattern and texture

Discrimination of surface roughness and dielectric constants 

Use of dual polarization or polarimetry may 
provide solution.

Land 

surface

F
la

t 
w

al
l

Specular reflection Single bounce Dual bounce

Shape and pattern/texture

terça-feira, 13 de outubro de 2009

Rayleigh‘s condition

(a)Flat surface (b) Moderate rough surface (c ) Rough surface

Image of scattering directivity relative to surface condition.

Radiometric Characteristics of SAR

2.2　Surface roughness 

:smooth limit

h: rms of height variation : wavelength : incident angle

In the case of ALOS/PALSAR JERS-1, =38 =0.23m then;

Smooth limit is  h 3.65

Spatial distribution of surface roughness must also be counted. If the spatial frequency is less than 
wavelength, rough surface looks like a some smooth dielectric body sheath.

terça-feira, 13 de outubro de 2009

Small back scatteringMiddle back scatteringLarge back scattering

Radiometric Characteristics of SAR

2.2　Surface roughness: Typical sample

terça-feira, 13 de outubro de 2009

Small back scatteringMiddle back scatteringLarge back scattering

lakegrassforest

©METI/JAXA

Radiometric Characteristics of SAR

2.2　Surface roughness: Typical sample

terça-feira, 13 de outubro de 2009
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Small back scatteringMiddle back scatteringLarge back scattering

lakegrassforest

©METI/JAXA

Radiometric Characteristics of SAR

2.2　Surface roughness: Typical sample

terça-feira, 13 de outubro de 2009

Bragg scattering

　repeated pattern of local random surface causes a strong reflection to specific 

directions.This phenomena are called Bragg scattering and used in various analysis in 

physics. In the radar remote sensing this is often used to analyze sea surface 

observations.

In land observation, agriculture field often causes Bragg scattering to show some 

directive periodic structure effect.

Radiometric Characteristics of SAR

2.2　Surface roughness

terça-feira, 13 de outubro de 2009

©NASA

Specular reflection, Bragg scattering

2.  Radiometric characteristics of SAR

2.2  Pattern 

terça-feira, 13 de outubro de 2009

Bowtie effect

Plowing in a large scale farm caused by,
 specular reflection of ridges in the filed

 or

Bragg reflection by the regular ridge pattern

Model of specular reflecition

Illumination

2.  Radiometric characteristics of SAR
2.2  Pattern and shape

Model of Bragg reflection

terça-feira, 13 de outubro de 2009
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Strong back scattering in urban area from 

buildings inside. Reflection from building 

face to wave incidence causes strongest 

back scattering. 

Dihedral an trihedral reflection and 

multiple reflection by its combination is 

the main reason of the reflection.

Parallel structure to wave incidence 

direction is almost dark in the image.

©NiCT/JAXA

2.  Radiometeric characteristics of SAR
2.2  Shape and location

terça-feira, 13 de outubro de 2009

Multiple reflection by a bridge and water surface

©MacDONALD, DETTWILER AND ASSOCIATES LTD., 1997.All Rights Reserved

2. Radiometeric characteristics of SAR

2.2  Shape / location 

terça-feira, 13 de outubro de 2009

3.  Calibration of Reflectance

terça-feira, 13 de outubro de 2009

3.1 Conversion to back scattering coefficient

•Back scattering coefficient Sigma naught 

( s0) : Ratio of return signal power over 

incident power.

•In a SAR system, theoretical beam width after 

image processing and its illumination power 

density distribution is necessary to evaluate the 

value. 

•Calibration using known reflectance object 

appears in the image is easier than theoretical 

dedication.

•Passive or active corner reflector is used as 

reference reflection source.

Trihedral CR ©NASA/JPL

Active Radar Calibrator (ARC)

Antenna

Satellite Tracker

terça-feira, 13 de outubro de 2009
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a

a 90°

a

3 CR © NIPR

dR

AL

A
i

Calculation of back scattering:

Set a corner reflector with known back scattering 

coefficient to be appears in the processed SAR 

image and use the value in the image as reference 

back scattering.

•I: Digital number of a pixel in SAR image

•CF: calibration constant derived from 

processed corner reflector pixel value in SAR 

image.

•CF is written in the leader file of PALSAR 

image products.

•If the signal processing parameter or 

equation is modified the CF may be changed.

0=10log10< I2 >+CF (dB)

3.1 Conversion to back scattering coefficient

terça-feira, 13 de outubro de 2009

4. SAR Image Analysis Technology

4.1 Interferometry

4.2  Polarimetry

4.3  StereoSAR

terça-feira, 13 de outubro de 2009

SAR Interferometry

Using precision return phase preservation nature of SAR signal processing, 
interferometer is realize from a pair of images. 

Phase 
detection

Interferometry

Coherence Analysis
Extract signature on surface texture or surface change

Along Track Interferometry
measurement of sea surface current

Cross Track Interferometry

Interferometry(InSAR)
Digital elevation model

Differential Interferometry(DInSAR)
Earth surface change detection

4. SAR data analysis technology
4.1 SAR interferometry

terça-feira, 13 de outubro de 2009

Geometry of SAR interferometry

A2

Z

H

2=  Dxsin

3=-Dzcos

Assume  as slant range difference between observation A1 and A2 and phase difference  

following equations stand as;

1

B

A1

A1

A2

T2

T1
Dx

Dz

23

M
ag

Twice for turn around

=2 2

=
4 ( 1+ 2+ 3)

=
4 (Bsin( - )+ Dxsin  -Dzcos )

1=  Bcos( + )

Assuming =
2

- 

=  Bcos(
2

-  + )

1 = Bsin( - )

  =
4 (Bsin( - )+ Dxsin  -Dzcos )**B p

4. SAR data analysis technology 

4.1 SAR Interferometry

terça-feira, 13 de outubro de 2009
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42

Reduction of basic equation

Phase component

(a)    (b)    (c)      (d)

(a)  Orbit fringe

(b)  Land feature fringe

(c ) ,(d) Variance fringe

where

Z= H - cos

Calculate total differentia of f using equation in 

In the image of previous page, an equation to show relations among Z, and  as;

Since (a) doesn’t contain land feature information, it is eliminated in post processing. Other 
items are used in various way.

4. SAR data analysis technology 

4.1 SAR Interferometry

terça-feira, 13 de outubro de 2009

4. SAR data analysis technology 

4.1 SAR Interferometry process flow

Geometric adjustment

conjugate

Master image

Slave image

Initial interferogram

0 2

GCP

Include “orbit fringe”, 
“land feature fringe”, and
“Variation fringe”.

terça-feira, 13 de outubro de 2009

After elimination

Simulated feature fringe

0 2

Delete 
orbit 
fringe

Initial interferogram

Simulated orbit fringe

Variation fringe

Delete feature fringe

Generate 
DEM

No variation

DINSAR

4. SAR data analysis technology 

4.1 SAR Interferometry process flow

terça-feira, 13 de outubro de 2009

2. Land feature fringe

Above equation indicates countablity of digital elevation mode. In the case of JERS-1, 

assumin Bp of 500m 1 cycle fringe is equivalent to 100m elevation. By assumin no 

variation between 2 observattion, height difference is proportional to phase difference as, 

3. Variation fringe

Dx:horizontal variation

Dz:vertical variation

By removing feature fringe, variation happens in between two observation can be detected. It 

is very sensitive to change even a half wavelength displacement can be detected.

4. SAR data analysis technology 

4.1 SAR Interferometry

terça-feira, 13 de outubro de 2009
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PALSAR Interferogram InSAR DEMPALSAR 3D using InSAR DEM

4. SAR data analysis technology 

4.1 SAR Interferometry: Digital elevation model

Processed by RESTEC Processed by RESTEC

terça-feira, 13 de outubro de 2009

PALSAR InterferogramUnwrapped Phase Image InSAR DEMPALSAR 3D using InSAR DEM

4. SAR data analysis technology 

4.1 SAR Interferometry: Digital elevation model

Processed by RESTEC Processed by RESTEC

terça-feira, 13 de outubro de 2009

coherence a measure for phase stability in a pair of Single Look Complex image(SLC).
(Coherence)   The value is calculated as covariance of two conjugate pixel values.

c1 c2  is conjugate 2 pixel values in the two SAR images

*means conjugate of a complex number E() is an expectation of the component.

4. SAR data analysis technology 

4.1 SAR Interferometry

terça-feira, 13 de outubro de 2009

4. SAR data analysis technology 

4.1 SAR Interferometry : Damage analysis

SAR image pair before and after an Earthquake ERS-1 SAR, coherence 

was calculated to detect damage by the earthquake.

terça-feira, 13 de outubro de 2009
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1HH observation 2HVObservation

3VH Observation 4VV Observation

Sat. motion

TX

vationoo

RX

TX
RX

TX
RX

TX
RX

HV
HH

VH
VV

RGB=HH/HV/VV

4. SAR data analysis technology 

4.1 SAR Polarimetry

4 independent data are acquired from the SAR system.

Pixel value is stored as complex number to preserve phase delay between  

  TX and RX, which make a scattering matrix.

terça-feira, 13 de outubro de 2009

4. SAR data analysis technology 

4.1 SAR Polarimetry

t

t

t

Linearly-polarized
wave

Circular-polarized
wave

Circular polarized wave : spirally rotated polarization
Linearly polarized wave : Horizontal Polarization
                                        Vertical Polarization 

In the field of  Satellite, H and V polarizations are defined
as below;  
    (H)orizontal pol. : Parallel to satellite’s orbital direction
    (V)ertical pol.     : Vertical to satellite’s orbital direction

Case of SAR sensor :
    JERS-1 : Emit H pol. and receive H pol. (HH)
    ERS-1  : Emit V pol. And receive V pol. (VV)

If we obtain 4 component as phase preserved image data, this is a unique component to 

express RADAR reflectance. Any transmission and reception mode can be numerically 

realized from the 4 component. In free space operation only the 3 component is 

independent upon the reciprocity theorem in electromagnetic theory.

terça-feira, 13 de outubro de 2009

Example polarimetric images

4. SAR data analysis technology 

4.1 SAR Polarimetry

Includes material © 2004 DigitalGlobe, Inc. 
ALL RIGHTS RESERVED 

terça-feira, 13 de outubro de 2009

Scattering Matrix

In a polarimetric SAR image each pixel consists of a scattering 
matrix of 2 by 2 complex numbers.

In the linear stable system SHV = SVH by the reciprocity theorem of Electromagnetism.

The advantage of the matrix is its flexibility that the matrix can be converted in various 
basis like circular polarization, ellipsoidal polarization, etc.

Circular polarization base

4. SAR data analysis technology 

4.1 SAR Polarimetry

terça-feira, 13 de outubro de 2009
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Polarization signature

Tilt angle -90 90
Ellipticity angle -45 45

Parameter to express elliptically 
polarized wave.

Flat plane 2

Polarization signature

This is an expression of response between Trans 
mission and reception by taking incident wave 
source with ellipsoidal expression by Tilt angle and 
ellipticity angle and reception by the same wave 
source.
 The response often shows characteristic pattern 
depending on the target structure.

x

y

4. SAR data analysis technology 

4.1 SAR Polarimetry

terça-feira, 13 de outubro de 2009

Instead of scattering matrix, several pre processed matrix is often used. All the matrix is 
derived from scattering matrix component.

Covariance Matrix

Correlation coefficient

Covariancevector Coherency vector

XY, AB means polarization combination of 
transmission and reception. 
In linearly pol. :HH, HV, VH, VV
In circular:RR, RL, LR, LL.

4. SAR data analysis technology 

4.1 SAR Polarimetry

terça-feira, 13 de outubro de 2009

Entropy H 0 1  index for randomness of scattering.
H=0 surface scattering only
H=1 3 kind of scattering is mixed (total randomens)

Angle 0° 90°  index for polarization dependency
0° plate, 45° wire, 90° Corner reflector

[9]

Left 9 zone is commonly used to define region on 

H-A plane.

From eigenvalue l of Coherency matrix and Angle  of Eigen vactor, entropy H and is 
defilend.

Using entropy and alpha scattering index 
is divided into several region, which 
segment the target category. 

Entropy alpha plane

4. SAR data analysis technology 

4.1 SAR Polarimetry

terça-feira, 13 de outubro de 2009
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S
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S
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S
7

W
1

W
2

W
3

S
N

1

S
N

2S
W

1

Fine beam position  : F1, F2, F3, F4, F5

Standard beam position : S1, S2, S3, S4, S5, S6, S7

Wide beam position  : W1, W2, W3

ScanSAR beam position : SN1, SN2, SW1

4. SAR data analysis technology 

4.1 SAR Stereo

terça-feira, 13 de outubro de 2009
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A1A2

Opposite side illuminaton is difficult to 

find matching point due to the different 

impression of image.

Same sid illumination with different 

incident angel. It is almost sole stereo 

pair.

4. SAR data analysis technology 

4.1 SAR Stereo

terça-feira, 13 de outubro de 2009

p=| cot 1 + cot 2 |*h

(opposite illumination direction

p=| cot 1 - cot 2 |*h

(same illumination direction

SAR Mode Date Inc.

RADA

R
F1 1997.3.17 37.6°

RADA

R
F5 1997.3.27 47.5°

Image parameter

Parallax equation of same side 

stereo pair of SAR image.

4. SAR data analysis technology 

4.3 SAR Stereo:  Aanaglyph

Processed by RESTEC

terça-feira, 13 de outubro de 2009

DEM from SAR stereo

© RESTEC

terça-feira, 13 de outubro de 2009

215-343,343-415,215-415

R/G/B:41.5/34.3/34.3 R/G/B:34.3/21.5/21.5 R/G/B:41.5/21.5/21.5

4. SAR data analysis technology 

4.3 SAR Stereo:  Aanaglyph

©RESTEC©RESTEC©RESTEC

terça-feira, 13 de outubro de 2009
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1

Access and Open ALOS Images

Remote-sensing 2009

REMOTE SENSING TECHNOLOGY CENTER OF JAPAN　　
TOKYO,  JAPAN

2

PRISM/AVNIR2

Image File

Leader File

Read from
Summary File

First Line is Header

LinesPixels

Line Number is
Consistent in the image file
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3

Getting Parameter

1. Read Summary text to find line number

2. Find file size from windows property

3. Calculate apparent pixel number

Pixels=File_size/(line+1)

Header=Pixels(number shown above)

4

Naming of Image Files

• Image starts with “IMG-”

• PRISM: IMG-ALPSM*********1B2-UN

• AVNIR2 IMG-B1-ALAV”****1B2R

**** is orbit turn number from launch (5digit)+process code

5

PALSAR Image File Structure

Lev. 1.5)

Image File

Pixels

Header=720bytes

Lines

Summary
file

File Size
From Windows 
Property

6

Find PALSAR Parameter(Lev 1.5)

Pixel=(FileSize-720)/ Line x 2)

Byte Order:UNIX format (High byte first 

order) byte swap is required in the Intel 

systems.

7

Naming of PALSAR(Lev 1.5)

• IMG-HH-ALPSR****-H1.5_UA

A:Ascending path
D:Descending path

Polarization
HH:horizontal transmission 
and horizontal reception

VV:vertical trans. /vertical rec.

HV: horizontal trans./vertical rec.

Utm projection
Cycle number 
And process code

Proc level

8

PALSAR Image File Structure

Lev. 1. )

Image File

Pixels

Header=720bytes

Lines

Summary
file

File Size
From Windows 
Property

412 byte header

9

Find PALSAR Parameter(Lev 1.1)

Pixel=((FileSize-720)/Lines-412)/8

Byte Order:UNIX format (High byte first 

order) byte swap is required in the Intel 

systems.

10

Naming of PALSAR(Lev 1.1)

• IMG-HH-ALPSR****-H1.1__A

A:Ascending path
D:Descending path

Polarization
HH:horizontal transmission 
and horizontal reception

VV:vertical trans. /vertical rec.

HV: horizontal trans./vertical rec.

Cycle number 
And process code

Proc level
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11

Process Code

• Every ALOS scene has unique number as;

IMG-HH-ALPSRP207217030-H1.5_UA (PALSAR)

IMG-03-ALAV2A185263730-O1B2R_U (AVNIR2)

IMG-ALPSMW185263735-O1B2R_UW (PRISM)

• 9 digit (under lined) shows satellite orbit 

cycle number and position on orbit plane

12

First 5 digit

• First 5 digit of process code shows orbit 
cycle number after launch.

• Knowing 671 cycles in 46 days, launch date 
of January 21, 2006, and cycle time of 
98.71833 minutes, you can calculate date of 
data acquisition.

• Cycle time can be calculated from 
46*24*60/671.

Hours of 1 cycle

13

First 5 digit

• By the relations,

if 1 data of first 5 digit of “ABCDE” covers 

a targeted area, “ABCDE+671*N” may 

covers the same area ‘assuming same last 4 

digit and same observation mode for 

PALSAR and AVNIR2). N is arbitral integer 

number.

14

Second 4 digit

Satellite orbit

Ascending node
(satellite move from south to north)

Second 4 digit is w*20

equator

ω
EARTH

Satellite position

15

Second 4 digit

ω to latitude conversion 

Using trigonometric function,

 Sin(latitude)=Sin(w)*Sin(orbitinc)

You can calculate latitude of satellite position.

16

Access to AUIG
https://auig.eoc.jaxa.jp/auigs/top/TOP1000LoginLang.do

Access above site and login 
using indicated Guest ID and 
Password
ID: GUEST999
PW: AuigV3.0

17

Login and Order

After Login, select “Order and 
Obs. Request”.

18

Data search window

After selecting order menu, 
data search window appears.
Move map to target region by 
mouse drag.
Enlarge target region by slide 
bar.

1

2
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19

Set search rectangle

1 2

Select rectangle tool and drag mouse from top left to bottom right.
4 corner geo information appears on right hand dialog.
Alternately, you can directly specify the value in the right dialog 

3

20

Select search conditions (1 PALSAR)

1 For existing data, select “archive”

2

3 Search date range (past to up to present)

21

Select search conditions (1 PALSAR)

4 Select product

                          Product

FBS: Fine beam single (HH or VV)

FBD:Fine beam dual (HH+HV or VV+VH)

WB1:Wide beam (ScanSar HH or VV)

WB2: ditto.

DSN: all data acquired at descending path

PLR: Polarimetry complex data
5

Start search

22

Search result

Scene 
frame on 
Map

In PALSAR image search, no browse data exist because 
there is no need of check because of cloud free.

23

Case of PRISM

4 Select product mode

5 Select cloud coverage allowance

24

Search result

25

Enlarged thumb nail image

26

Search result
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27

Enlarged thumb nail image

28

Case of AVNIR2

29

Enlarged thumb nail image

π π 1 cycle = 11.8cm

segunda-feira, 31 de maio de 2010

subsidence Landslide

π π

segunda-feira, 31 de maio de 2010
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π π

segunda-feira, 31 de maio de 2010

segunda-feira, 31 de maio de 2010

segunda-feira, 31 de maio de 2010

segunda-feira, 31 de maio de 2010
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segunda-feira, 31 de maio de 2010

segunda-feira, 31 de maio de 2010
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