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IMAGING RADAR -~ GEN

CRAL

RADAR = RAdio Detection and Ranging

Uses the microwave region of the
electromagnetic j:)ectrum.

Wavelengt s use
between I mm ancl I'm

N imaging radar range

Longer wavelengths are used for
communication and navigation.



MICROWAVE REGION
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RADAR BANDS

Wa\/elength Rangc and Descri!:)tions

Ka,KjandeJBanAs

very short wavelengths usecl in earlg airborne raclar sgstems but uncommon toclag
Xrbaﬂd

used extensive19 on airborne sgstems for militarg reconnaissance and terrain maPPing.

C-band

on many airborne research systems (CCRJS Convair-580 and NASA AirSAR) and
spaceborne sgstems (incluclmg ERS-1and 2 and RADARSAT).

S-band
used on board the Russian ALMAZ satellite.

| -band

used onboard American SEASAT and Japanese JERS-1 satellites and NASA airborne
sgstem.

P-band

longest radar wavelengths, used on NASA exPerimental airborne research sgstem

Murchison



10000 A
C) ]
=
>
§ 1000§
% 4 TABLE OF RADAR BANDS AND FREQUENCIES
- . Frg‘qaL?:r:cy Wavelength Frequency Range
. Band ()
i P 136 - 77 cm 220 - 390 MHz
11 unr 100 - 30 cm 300 - 1000 MHz
L 30-15¢cm 1000 - 2000 MHz
100 S, 15-7.5¢cm 2000 - 4000 MHz
11 ¢ 75-375cm 4000 - 8000 MHz
1| X 3.75-2.40cm 8000 - 12,500 MHz
3 Ku 2.40-1.67cm 12,500 - 18,000 MHz
] K 1.67-1.18cm 18,000 - 26,500 MHz
1| ka 1.18-0.75¢cm 26,500 - 40,000 MHz
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IMAGING RADAR - ADVANTAGES

Active system (works day or night).

There is also passive microwave imaging (radiometer)
mode. This senses surface radio-emission, which can be

converted to radiant temperatures.

Not affected by cloud cover or haze if A > 2 cm. It operates
independent of weather conditions. Water clouds have a
significant effect on radar with wavelength A < 2 cm.

Unaffected by rain A > 4 cm.

Can penetrate well-sorted dry sand in hyper-arid regions to
a depth of about 2 m.

Murchison



CRMINOLOGY

W

RAR: Real Aperture Radar
SAR: Sgnthetic Aperture Radar
SLAR: Sicle—-looking airborne radar (coulcl be
RAR or SAR).
SIR: Shuttle imaging radar (a SAR)
% missions: SIR-A (1981), SIR-B (1984) and
SIR-C (1994)
IN?)AR: Interfereometric SAR. Can be satellite or
airborne.

SRTM: Shuttle Radar Topographg Mission (an
INSAR mapping mission)



Sgnthetic Aperture Radar — Systems and Signal
Processing

APERTURE

OPtics . Diameter of the lens or mirror. The larger the
aloerture, the more Iight a telescope collects. Greater
detail and image claritg will be aPParent as al:)erture
Increases.

2 4m Hubble Space Telescol:)e
10m Keck, Hawarn
16.4m VLT (Very Large Telescope), Chile
50m Euro50
100m OWL (OverthIminglg Large T)

ol o
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OVERWHELMINGLY LARGE TELESCOPE

8-m diffraction-limited
Pixel 0.006 arc secs
Exposure ~1€0 seconds
(Enlarged 5x)

HST - Pixel 0.02 arc secs
Exposure ~1600 seconds
(Enlarged 10x)

VLT - Seeing 0.20 arc secs
Pixel 0.045 arc secs (Test Camera)
Exposure ~620 seconds (Enlarged 10x)

OWL diffraction-limited
Pixel 0.0005 arc secs
Exposure ~1 second




What is INnSAR?

* Method using an orbith? satellite that emits and
receives radio energy in the form of waves

*Carries two tgpes of information.

® nformation about surface from which radio

waves reflected carried in strength and intensitg of
signal

’Changes N rouncltrip distance seen through
Phase changes of the radio waves.

Pablo, Mattioli,Jansma



Sgnthetic Aperture Radar — Sgstems and Signal
Processing

REAL APERTURE VS. SYNTHETIC APERTURE

A

e Real APerture :
resolution ~ RA/L

. Sgnthetic APerture:
resolution ~ L/2

lrreslpectivc of R
Sma ler) better?!

- Carl Wiley (1951

ol o

Mo
Il



IMAGE ACQUISITION

ERS-1/2 SAR
L:10m, D:1m
Altitude: 785 km, sun~59nchronous orbit
Ground \/c:locitg: 6.6 km/s
ook Angle: Right 17°-2%° (20.355° mid-swath)

Slant Range: 845 km (mid-swath) Frequency: C- Band (5.3GHz,
56 Cﬂ’l) ANTENNAL/’i
>

I:oot[:)rint 100 km x 5 km - i
Incidence Angle: 19 ° - 26 ° (25 ° mid-swath) 5.;5?};?@*
Sampling Rate: 18.96 MHz

W

ELEVATION BEAMWIDTH = &/ D

DURATION

I
A I
Pulse duration: 37.1 us |
I
Range gate: ~ 6000 us :

INTER-PULSE

Sampling Duration: ~ 300 us (5616 samples)
lnter~Pulse Pcriool: ~ 600 us ( upto 10 Pulses)
Pulse Repetition Frequency: 1700 Hz
Data Rate: 105 Mb/s (5 bits/sample)

FOOTPRINT

OI AZIMUTH BEAMWIDTH = 4./ 1

Mol
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SAR SYSTEMS

Spacebome SAR

SEASAT-A (USA,1978), SIR-A (USA, 1981), SIR-B (USA, 1984) | SIR-C/X-SAR (USA,
Germany, ltalg, 1994), ALMAZ-1 (Russia, 1991-1993) | ERS-1(EU, 1991-2000), ERS-2 (EU,
1995-), JERS- (JaPan, 1992-1998), Radarsat-1 (Canada, 1995-), SRTM (USA/Germang,

2000), ENVISAT (EU, 2002),

RADARSAT-2 (Canada, 2005), PALSAR (JaPan) 2004), LightSAR (US)*, TerraSAR
(Germany)*, MicroSAR (EU)*

Airborne SAR

TOPSAR (JPL, USA), IFSARE (ERIM/lntermaP, USA), DO-SAR (Donier,Germany), E-SAR
(DLR, Germany), AeS-1(Aerosensin Germang), AER-II (FGAN, Germang)) C/X-SAR
(CCRS, Canada), EMISAR (Denmark), Ramses (ONERA, France), ESR (DERA, UK)

H anetary SAR

Mage“an (US, 1990-1994) | Titan Radar MaPPer (Us, 2004), Arecibo Antenna, Goldstone
antenna

* Under development
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SAR SYSTEM MODES

ne

Target — the Earth or Planets

Vehicle — stationary, airborne, satellite, or sPaceshiP

Mode — monostatic and/ or bistatic

Carrier Frequencg -XG 5, L, and/or P bands

Polarisation — HH, VW, VH, HV (single-laol) duaLPol, Fu”-Pol)
Imaging geometry — striP, scan, spot

<examples>
SIR-C/X-SAR: space shuttle, mono, L/C/X, Fu”-Pol.
ERS-1/2, Envisat: Earth satellite, mono, C, V.
SRTM: space shuttle, mono/bistatic, C/X, HH/VV.
Arecibo Antenna: Plane‘carg, stationary, mono/bi, multi-bands, multi~Po|.
Mage“an, Cassini SAR: Venus and Titan, mono, S, HH.
AIRSAR/TOPSAR: airborne, mono/bi, L/C/P, 1Cu”~Pol



RANGE COMPRESSION

Linear Chirp Signal
f(t) =exp[27i( f, +0.5at)t], O0<t=<T Chirp autocorrelation Function
40

30

Example Chirp

Matched Fi ltering Ll

For ERS-1/2,
Pulse duration (T):37.1 us
Bandwidth : 15.5 MHz
Half power width of autocorrelation function: 0.065 us
Pulse ComPrcssion Ratio: 575 (ERS-1/2)
Ground Range Resolution: 12.5m

> Range s ls s e &

lnput srrslaEd b inmmmd B Matched I:iltering

o
=

Mol



RANGE MIGRATION

Flight Path

Point Ta reget

R(s)-R, = _()Lch/z)(S _Sc)_(A'fR/4)(S _Sc)2

Linear Quadratic
(Range Walk) (Range Curvature)

> Azimuth FFT

o}

ol
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| eft side: range mitigation curve and rangewalk for

airbamf:_SAK;cgnﬁdel;caE;bﬂaLaﬂd_atatQQaLg_,_

range mitigation curve relati\/elg fat.

http:/ /www.gco.uzh.ch/ "Fpaul/ sar_theory.html X



Right side: range mitigation curve and rangewalk for
sPacchmaSAR;bam_to_takcjnto_antbaLcaﬁ:b_

J

" (from rotation of earth).

1S sphere and “moving

http:/ /www.gco.uzh.ch/ "Fpaul/ sar_theory.html L4



RANGE MIGRATION COMPENSATION

Azimuth (s)

ensation

After Rangc walk ComP

Range Migration

»
>

el
(ol



AZIMUTH COMPRESSION

Sg nthetic Apertu re
Real ‘
APerture Ry
1 T i
1%
5 R
\ S
Ry R L1 e s Doppler shift (Linear Chirp Pulse)

217 S S

=A/L s)=exp[2mi(f, ———s)s], ——=s5=—

4 g(s) = exp[27i( £, Ak )s] 1 5

A wavelength
L: Antenna lengt]'x For ERS-1/2,
Coherent Integration Time (S): 600 ms (5 km Footprint)
Azimuth Footprint width: Matched Bandwidth: 1260 Hz
5 ‘<m (ERS-1/2) l:iltering Half power width of autocorrelation function: 0.8 ms
> Pulse Compression Ratio: 756 (ERS-1/2)
Azimuth Resolution: 5m
» Azimuth Matched I:iltering > Outl:)u

t

o}

ol



SAR FOCUSING — POINT TARGET

azimuth

o3ued

ol =&

[=]
—_
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C TRIC DISTORTION

l_agover Shaclow



Lagover occurs when the radar
beam reaches the toP of a tall
feature before it reaches the
base. The toP of the feature is
clisplacecl towards the radar
sensor and is clisplaced from its
true grouncl Position -1t 'lags
weheon | OVer' the base.



FORESHORTENING

Even if there is no layover, radar returns from gacing
stee slopes will make the terrain look steeper than it
is. This is known as ‘Foreshortening’. Features which
show Iagover in the near range will show SV E3
foreshorteni ng in the far range. "-\ A

C D A B

Foreshortening occurs because radar measure distance
in the 5|ant~range direction such that the slczfe A-B

appears as COf/ﬂPT’CSSCCl in tl’WC image (A'5'> an SlOP@ C~

Ly Dis scverelg compressed (C'D")



Geometric Distortion

Shadowing

Falko



Tol:)o irregularies can have a signi{:icant effect on the

image. SIOPCS Facing the radar are su!jject to a distorted
Foreshortening

appearance. The terms Iagover an
apgp Yy to this appearance. In most instances, lagover and

oreshortening Procluce the same end resulf isually.
—— L o P T 707 4%,

>

Pulso Srocucn
S -

- Teerain 2303 Steepor TN thiso Lnos
W B Imaged with lipover

)
httP: //rst. gsgc.nasa . gov/ Sect8/Sect8 4.html
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CRING MECHANISMS

Scattering Mechanisms

5

A A AN

The angle

Reflection off a smooth surface

angle of reflection.

Scattering off a rough surface
The variation in surface height is on
the order of the incoming signal’s
wavelength.

of incidence, i, equals the

ISR NINININS. 71N

Double Bounce
One possible natural occurence -

Double Bounce reflecting off two smooth surfaces,
(Corner Reflector) grass and a freshly-cut tree's stump

N

Yolumetric Scattering In this example the incident radiation is both
Example scattering in a tree reflected and refracted/transmitted through a

X

Yolumetric Scattering

layer of dry snow. The refracted radiation then
reflects off underlying ice, scatters off a chunk
of ice in the snow, and finally refracts back
toward the receiver.
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RULE OF THUMDB IN SAR IMAG!

—

«Backscatterin J24 Coefficient

«Smooth — Black
-Rough surface — white

«Calm water surface — black
*Water in wind9 cﬂag — white

Hills and other |arge~5ca|e surface variations tend
to appear bright on one side and dim on the other-.

eHuman-made objects ~ bright spots (corner
reflector)
°5trong corner reflector- Bright spottg Cross
(strong sidelobes)

;—'



. INTERFEROMETRIC SYNTHETIC
APERTURE RADAR (INSAR OR
IFSAR)

Is a PT'OCCSS wherebg raciar images O‘F thC same location on

tl"l@ grounc] arc FCCOFCICCl ]DH

AP

Hongjie

Two antennas of one Pla‘mcorm separatecl bg a few meters (single
bass), or

The same radar sgstem at ditferent times (multi~Pass or repea‘c~
$ass)

Slications on

Elevation (DEM) derivation (single or multi Pass)

Can be as accurate as DEM from traditional oPticaI Photogrammetric
techniques. However, INSAR operate through clouds, aior night.

The first worldwide DEM (99.97%) was acquired in 2000 y SRTM n
2000, not bg the Photogrammetrg

Surface displacement stuclg (multi~Pass onlg)




EXAMPLES
One SAR with 2 antennas (single~
Pass)

AIRSAR/TOPSAR

Along track interferometric mode (ATD
(L and C)

Ocean current ancl waves

Cross track interferometric mode (TXD
(LorC)

DEM (3-5mor1m)

Shutter Radar Topographic Mission
(SRTM)

y

C band and X band antennas separated
bg 60 m

One SAR in different times (multi-
Pass)

SIR-C

ERS 12

Hongjie

Main Antenna

Outhoard Antenna

Reflected radar si?nals collected at two antennas,
providing two sets of radar signals separated by
a distance.




Interferometry

T
B Study of interference patterns from two sets of
electromagnetic waves reflecting from

surface
E.g., thin film of oil on water

m \When we measure the radar pulse, we ~-
consider not just the amplitude but the phase too

distance

Phase (cycles) =
wavelength

y, mm | = wavelength
= amplitude

\'l :
+~-~ :

—

Figure 1: Wave Graph
Phase is total number of cycles at any given distance (or

targe’c) from transmitter, inclucling fractional part. One
§475 cgcle of Phase S equal to 360 degrees (or 2m).




Can make use of this imformation with 2
recerving antennas

Transmitted Wave
VA Received Wave

Figure 2: One Receiver

I

interferometric phage

Phase ditterence called “interferometric Phase” 1
determined bg subtracting measured &hase at each end
of baseline, IS actua”g the distance ditference from each
E OF receiver to same ta rget.



CALCULATE ALTITUDE

z(y)=h-pe*cosO M

0 ¥ -

(p+00)" =p> +B* -2pBcos(90-60 +a) = p° + B*> +2pBsin(a - 0) 2)

2 AQ.,
% B (2%
0= %2
p 2‘777 X (5) Z(y) A A@ 2.77: °cosf (4}_)
(Phase difference) ———2Bsin(a -0)

JT

s @ is the fractional Phase (value 0-2xt radians), A is wavelength



Repeat-pass interferometry

e
m |[f we don't have a single vehicle with 2

antennas, we can use repeat-pass
Interferometry

= Same vehicle, different days, slightly different
position

= This also allows us to detect subtle changes In
surface elevation between the passes

Hons’ic
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780 km
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o
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Hong’ic



NASA’s Shuttle Radar Topography Mission

—
B S|R-C/X-SAR flew two 10-day missions

= April and October 1994
» L-band, C-band, and X-band
B |nstrument was then converted to an interferometer
m C- and X-band only
= 2nd receiving antenna added

m SRTM flew a 10-day mission in February 2000
» Collected data on most of the land surface between

60°N-54°S
Both C (5.6 Cm> and X (5 cm) Main Antenna
bands in the Main Antenna \ J T
transmit and receive radar signals, S Ovtoant Antenna

Reflected radar signals collected at two antennas,

but in the Outboard Antenna onlg
Hongjie rCCCiVC Signals. providing two sets :'d irsatc;z::c gl.gnals separated by



SRTM COVERAGE MAP

SRTM COVERAGE MAP

-180 =150 -120 -90 50 -30 o 30 &0 S0 18C

Lanoc (@)1 2 sl

iR

& LONGITUDE WATER

wrge  To download from here http://seamless.usgs.gov/




Simplified Geometry for an
ERS Satellite

FOOTPRINT

BEAMWIDTH = A/

3-Dimensional view of INSAR geometry.

Graphics From ﬂl(ﬂOWﬂ source



~10 cm of uplift produces ~3 fringes of deformation

Colors on an inter?erogram map into elevation changes.

F‘ringes — each one signhcies change of1 wavelength.

Graphics From ﬂl(ﬂOWﬂ source



SAR satellites

repeat wave-
cycle length

(days) (cm) &
European ERS-1/ERS-2 1992-2001(+) 35

Canadian Radarsat-1 1995-present 24
European Envisat 2003-present 35

¥ Japanese ALOS launched Jan. 2006 48
// German TerraSAR-X launched July 2007 §

. Italian COSMO/SkyMed 2 launched 2007 1612
/ Canadian Radarsat-2 launched Dec.2007 24

i T




SIDE INFO: ASTER GLOBAL DEM

This is not from INSAR tech, but It has an along-
track stereoscol:)ic capabilitg using its near infrarec
sPectral band and its naclir—-viewing apcl backward-

Vxewing telesco es to acquire stereo Image Glata with
a base-to-he; Et ratio oﬁ Q.6.

50 mIn Pixel size

30 m accuracy in horizontal and 20 m accuracy In
vertica

Free downloaded from

httl:): / /Www. gclem.aster.ersclac.orjp/

httPS: /wist.echo.nasa. gov/ “wist/ aPi /
imswelcome/

Hongjic



lnterFerogram

The data obtained from the

satellite is mainlg used to

create an intergerogram like the one showed in gigure 1. An
intemcerogram IS actua”g a combination of 2 images of the
exact same area with a time elapse in between. When these
images are overlaid the change in Phase shift can be color

coél%ed and will then show the deformation of a gi\/en area.
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Pablo, Mattioli,Jansma



Getting from raw satellite data to an intemcerogram 1s not
a easy process. Luckilg, there is a software program
known as ROI FAC or Repeat Orbit Interferometric

Package which helPs a lot with this procedure. Using this

software Package there arejust a Eew simple steps that
must be followed.

y Acquire 2 frames of data collected at different times
from the same location.

Y Acquire orbital data for orbits in question.
4 Acquire a cligital elevation model for area in c]uestion
® Set up environment variables

® Condition the raw data

Pablo, Mattioh Jansma ® Run t]']rougq ROI PAC




Qﬂdiﬂon bata Qﬂdiﬁon DaD

1

1
Form SLC D Qorm SLC D

ple Image #
&

Form Interferogram

& BERESE i §

Remove
Topography

(Re)Estimate
Baseline

ost-Process | ——
-------- &

courtesy Mark Simons

Eric Fielding
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Matt Pritchard

18°S 8

22°S

24°S

y ll,. o
Contours of
ground
deformation

47



Matt Pritchard
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21 April 1999
Amplitude Phase Interferogram

ot
i

_ 4 Persian InSAR
R Gulf scene

Coherence

Earthquake
deformation

= Earthquake
catalog
locations

Atmospheric
effects

Using INSAR to iml:)rove earthquake locations (assuming
it causes surface eFormation).

Matt Pritchard, 2006 %1



New techniques: Time series of interferograms

Matt Pritchard

The Basic Idea...

Interferogram Number




New techniques: Time series of interferograms

The Basic Idea...

Interferogram Number

v

Date

A stack of interferograms provides multiple constraints on a
given time interval

Matt Pritchard



New techniques: Time series of interferograms

The Basic Idea...

Interferogram Number

Date

v

Goal: Solve for the deformation history that, in a least-squared sense, fits the set
of observations (i.e., interferograms),

Many different methods (e.g., Lundgren et al. (2001), Schmidt & Burgmann, 2003),
but SBAS (Berardino et al. (2002)) is perhaps most common one

Matt Pritchard



Persistent scatterers (PS or PSINSAR)

» Select pixels with stable

scattering behavior over time Long Valley Caldera,

Hooper et al. 2004

* Only focus on “good” pixels

| Leveling
181.1 GPS
- EDM
1811 © PSInSAR

INSAR

— Spatial coherence @ 1 time
— Need neighborhoods of good

180.9r

Vertical Difference (m)

180.8

pts 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002
Year

PS

— Coherence @ 1 point
— Need > 15-20 scenes

e Added bonus:
DEM errors!

8 et g A From: Rowena Lohman 7~



STAMPS METHOD (HOOPER ET AL,
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® InSAR can resolve surface clisplacements with ~cm
Precision, |0Os m SPatial resolution, and montlﬁly
temPoral resolution using remote satellites

e

o Global coverage; cﬂag/m ht, all-weather imaging
capaﬁiities






POSTSEISMIC - 1992 LANDERS

POST-SEISMIC SURFACE MOVEMENTS FOLLOWING
THE LANDERS, 1992 EARTHQUAKE

ERS-1 interferometric map, 27 Sep 92 - 23 Jan 96

e Y el
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After slip, or
visco-elastic
relaxation ?

Aftershock
M=5.1, 4 Dec 92

e
Akl

i wme gl Y
Massonnet & Fcigl, 1998

Post-seismic
rebound
caused

by pore Ta o ABEE - Releasing stepovers (pull
i~ A aparts) rebound

Fault creep

) e . a

- G. Peltzer, JPL, 1997
range change 0 ™ P 5.6 cm O




POSTSEISMIC - 1999 HECTOR MINE

Near field: Shallow afterslip and
fault zone collapse?

Jacobs, A., Sandwc”, D., Fialko, . and
L. Sichoix, BSSA, 2002.

Observed Range Change
10/20/99-6/21/00

»l% % it “, 9

Upper Mantle Flow Model

0 Range Change

Far field: Upper mantle relaxation?
Pallitz et gl.,Hclegce: 2001
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INTERSEISMIC - SAN FRANCISCO BAY AREA

(Burgmann et al., Science, 2000)
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MAGMATIC ACTIVITY: DETECTION
AND INTERPRETATION

| ocation and geometrg of magma
reservoirs

Dynamics of magma supplg

Precursorg Phenomena
Intrusion

Eru Ption

Fialko
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(Wicks et al., Science, 2002)
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SIR-C image of Nile Paleochannel, Sudan

«  The top image is a photograph taken with colo infgareﬂ.T e radar image at
t‘%et)cfttomglsaﬂ ~C/>ég/ER image. Ttnet icL, ite band in E’ne to r% t
of the radar image is an ancient channel of the Nile that is now buried under

existence was not known be sed.

|ayers of sand. This channel cafmot e seen in the 6El'notografl'n and its
ore this radar imag was proces

Murchison



SUDBSIDENCE DUE TO GROUND WATER

Wl TH D RAWAL. (PRESENTATION HAS EXTREME VERTICAL EXAGGERATION)
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REVIEW: WILL INSAR WORK FOR YOU?

What is the local rate of deformation?

Scnsitivitg of single igram “lcm
How many years to get signal this big and will it be overcome by noise”?
Can you stack 5evcral igrams togcther?

What is the scale of deformation?

Pixel size “10m, but genera“g need to average many together
Image size is 7100 km, but if too broad worry about Precision of orbits

What is the local noise?
How much Vegeta’cion / Precipitation/ water Vapor/ human cultivation?
Can you onlg make(jgrams with data 1Crom the same seasons”?

Can you get | -band data and find Persistent scatterers?

What data is available?
Is there data from multiple satellites ancl/ or imaging geometries?

Isa cligi‘cal elevation model available?

Do HOU ﬂCCd raPicl I”CSPOﬂsé gOF hazard assessment?

Matt Pritchard



REVIEW: HOW TO SET UP INSAR CAFPADILITY?

1) Establish access to data
« Main sources: see next slide

« How? Can be Purchase& commercia“g. | ower cost/no-cost data available with restrictions. In Eurol:)e,
through ESA. InU.S., through ASF and UNAVCO. Some Foreign access is allowed to UNAVCO

Can useful in’cencerograms be made with available data? Worry about grouncl conditions, radar wavelength)
requency of observations, Perpendicular baseline, availabili y of advanced Processing techniques

2) Purcrnase/ Install software to process and visualize data

. Open source: ROI_FAC, DORIS, RAT and IDIOT (TU Berlin)

« Commercial: Gamma, TR Europa, Vexcel/ A’clantis, DIAFASON, SARscaPe
%) Download/create DEM (SRTM is onlg +/- 60 degrees latitude, but ASTER G-DEM in 2009)
4) Download Precise orbital information & instrument files (Onlg ERS & Envisat)

5) | nterPre{_t results) create s‘cacks, time series, Persistent scatterers. Mag need to bug/ clownoacl/ create new
sofrtware

6) Publish new discoveries and software tools!

Matt Pritchard



FOR MORE INFORMATION:

«Good overview of classical & space based geodesg (but no InSAR): John Wahr’s online textbook httg:/ A
samizdat.mines.edu[geodesg

oIntroductions to INSAR:
2 page overview from Phgsics Toclay htt!:): //www.geo.cornell.edu/eas/ Peo!:)lePlaces/ Faculty/matt/ vo]59no7P68 69.!:>cl1c

«Overviews of applications: Massonnet & Fcigl) Rev. Geophys., 1998; Burgmann et al., AREPS, 2000.

More advanced InSAR:
The definitive SAR book: Curlander & Mcclonough, 1990

More technical reviews: Rosen et al., IEEE 2000; Hanssen’s Radar ln’cemcerometrg book, 2001; Simons &
Rosen, Treatise on Geophgsics) 2007;

*Time series analgsis: Berardino et al., IEEE, 2002; Schmidt & Burgmann, JGR, 2007

sPersistent scatterers: Ferretti |IEEE, 2001; Hooper et al‘, GRL, 2004 KamPcs’ Persistent Scatterers book)
2006

Matt Pritchard






Absolute Phase Estimation

Problem: Given a set of observations (cos ¢,,sin ¢, ) = elov,

determine ¢, (up to a constant), for p € V ={1,...,n}

Given that e’? is 27-periodic, absolute phase estimation is a nonlinear

ill-posed problem

Continuous/discrete flavor: o = Wlo| + 2km W:R — |m, 7|

Phase Unwrapping (PU) Phase Denoising (PD)

Estimation of £ € Z Estimation of W(¢) € [r, 7
(wrapped phase)

José M. Bioucas-Dias



Absolute Phase Estimation in InSAR (lntemcerometric SAR)

h=g®,—-¢)

INSAR Problem: Estimate ¢,- ¢, from signals read ]39 S ime e

José M. Bioucas-Dias 7
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second pass:
measures phase ( ¢, ) for
each pixel for time ( ¢; )

,o .
%

X
. v
displacement:
pixel A moves about 1.5
wavelengths (~4.2 cm)
toward the satellite, with
respect to pixel 8

displacement toward satellite —3»

Phase (0 ):
each color represents the
phase ( ¢ ) of a wave

INSAR image:

httl:)://edc.usgs.gov/Tectonic/lnSAR.ghc

measures reference
phase ( ¢, ) for each
pixel for time ( ;) )
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