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SAR FOR MTI APPLICATIONS

THESIS ORGANIZATION

| 3) Velocity estimatiorn-algori
i two-channel raw d

4) Analysis on the possibilit locityg@stimation algorithm to
smgle channel SAR-with s '

s 1) Development of a @? raw d
2) Development of a C|ty estlmatlon algorlthm which derives the motion

parameters from qj La g ttaarlorl information
of the inform

3) Theoretical demonstration ype which can be obtained
from a splitted single aperture

MTI applications

4) Development of a velocity estimation algorithm working on the amplitude
images without a priori information
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SAR PROCESSING THEORY

rmazione

) M}

27-05-2008

The SAR signal is scattereé

Ly IRF of the SAR: h(SJISca&QCOS 2

Fast time (range timL_

' SAR processing: compres that foce
ey - (1 (R Ry, (R

| We consider an algorithm(oDne fl-rFt @sFthV@thatnadomain, the so-called Time

Domain Correlation (TDC)

ow time (azimuth
time)

The algorithm is divided into 3 major steps:

1) Range compression;
2) Range migration compensation,;
3) Azimuth compression for every pixel in the time domain.
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mazione

SAR PROCESSING THEORY

&f M Transmitted chirp signal s(t) = cos[zn(chK%)]
N

c

Base-band signal of the re€€ived data: D (s,¢) = O,SeXPl_ yieg R(s)] -exp{jrﬂKlt—2R(s)] }

—» s(t) = 0.5exp(jnKt?)

[m(Z(R(sk)—RC)_L‘”

Range migration Compensgn: 7
c S

e [
Azimuth compression: C(@caRc) ds = §-sinc JTA—RCS(SC —Sc)}
e

1
7 (S_Sc

s, R )= exp {j%”[R(s) -R ]}

 Range , , % '
] . R(s)=R +|V, (s- .
equation: ¢ b approximation:

O To rYergat

Doppler Centroid processing: Azimuth time

s>=Rc_A%(S_SC)_A%%

Joe
Jr

nc =Sc_SO =

C

Zero Doppler processing: Azimuth time |7 =5-35, R
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MOTION EFFECTS IN SAR IMAGES

2

i V. 2 A
Slant range for stationary target: R(m) =R, + Z;féf n’ =R, + _%nz

0

Slant range for moving target. R(n)zRO
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RAW DATA SIMULATOR

Geolnformazione
-

/v The (IRF) is characterized by the received voltage and the antenna directivity

* Received voltage in baseband

R
9,(7I,t|nc,to)=0,Sexp[—j@]-exp{jnK (-2 ] }

C
4
dm) = %R(n) Key of the simulator and of the SAR processor

=

_ o R®)
C

T b -n.|s>
=5 nmz

* Antenna directivity .

039

D(0) =sinc’ l%-sin@}

085

08

B very small spsin6 10
i _
9 = tg—l (77 nc )
‘ R,

== D(@|n,) =sinc’

075

Antenna pattem

07

1 1 1 1 1 1 L 1 L
1) 100 200 300 400 500 600 700 800 900 1000

L -
—a tg_l 77 nc
A R,
Azimuth pulses

Impulse function in each pixel he,e(M,2|M.,2,) = DM |n,) V. m,t|n,,t,)

Sum of all the voltage contributions coming from the pixel provides raw data

V= 3N bt 1.:0)
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RAW DATA SIMULATOR

Geolnformazione

TOR VERGATA

Amplitude raw data Phase raw data

Azimuth

i

yperbolic form of the phase
contour caused from the range
equation

Degradationof the Hyperbolic
iso-phase for the noise

50

Range
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VELOCITY ESTIMATION ALGORITHM

1. The algorithm retrieves the two velocity components of moving targets from
two-channel raw data;

The estimation of the linear.term a i uadraticgerm is not compensated.

But the estimation of the @jratic t ' the linear term!
o

L To derive the full velocit8ector is N e amplitude and phase

information

1. Azimuth veIoszeT@erz"M@r@ @ftla

(amplitude information)

2. Range velocity: use of the Along Track Interferometry
(ATI) with two channels (phase information)
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AZIMUTH VELOCITY FILTER BANK

. The raw data are focused using a bank of azimuth filters; the analysis of the IRF allows to
' estimate the azimuth velocity, matchlng the right filter

Maximization of the mainl mplitude Maximization of the azimuth resolution

Geolnformazione

Azimuth resolution
Azimuth resolution

: Azimut;hvelocitj(m/s) 7‘
orrelation coefficient between
et IRFf@Nd reference stationary IRF

:Azimutrs‘welocitys‘(mls) 7‘
Maximization of the a
resolutlon amplltude rati

Eo:r atio

h

eoiﬁ

G

Resolution-peak amplitude ratio

4 = 9

TorV

4 5 6 7 8 0 1 2 3 4 5 6
Azimuth velocity (m/s) Azimuth sample

To recontruct the IRF in strong noise, the profile is approximated to the Gaussian function
that is better correlated with the reference signal reconstruction
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In two-channel SAR system the antennas along the flight-line are separated by

ﬁu a spatial baseline

)|[s,@.0)|-exp ([0, 01.1) - 0, (7.1)])

rm negligible, because

)
O TFor

around th

2 | a
A%L@ r ailaetrical target trajectory
e broadside.time, by non-symmetries caused
by the RCS variation during the integration time (i.e.: for
the changing of aspect angle) and by a not
compensation of the azimuth velocity
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METHODOLOGY

Geolnformazione
o

Azimuth

1) =P
&@.1) compression

s

maximizes the ratio
andJmainlebe amplitu

h_(n,A —
az (779 vaz) exp{.] }\,

az

A ' ma"]

Azimuth
compreSS|o .

4\

| 8.0y Azimuth

compressanP_;F O n ev

—0,24-v_,+0,24

rg?

rounded as SS|an

A | YoV,
h, (ﬂavrg»"az) eXp {]7 [T.“’n

\

RO((AV - Sa,)2+v,g( ))

|

27-05-2008

Av, €[-0,25V,,,+0,25, |

Filter separation:

The right velocity is selected from the filter that

between azimuth resolution
e of the IRF

liter separation: i, imis

l-

ge velocity filter bank is
to refine the estimation

Filter separation: BN -u mis

aximize the correlatlon coefficient between

eference IRF with the profiles

Selection criterion more
sensitive to little velocity
variation
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SIMULATION: BACKGROUNG GENERATION

ol SEA BACKGROUND FOR SHIP MONITORING
N Gamma distribution SCR =18 dB, variance = 2 dB

[

W PN
ALV

[ 1]

SHRUBS BACKGROUND | TRARFIC MONITORING
| Rayleigh distribution C_) SCR™,9 dB; variance = 2B
| _ X . _ X2

f(o)= exp( 202) (),

Range

ta

AmplituQJ
A A e A 5 B

Azimuth
8 &

0 o
Azimuth Range
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SIMULATION: RESULTS

&, ; To obtain the statistical parameters of the estimations:

Geolnformazione
o

wk 1. We choose a velocity vector
¢ 2. We varied the range V&Ecity within a little interval
pval

“ \R« 3. We varied the azimutt\@ocity thin ali

4 +—

Difficulty to estimate the
low azimuth velocity

ard Azimuth standard

Backénd . ' gViation deviation
1

The ATI can fail for Constant (20 dB) 6 | /s 2,2mis
low SCR (<15 dB) Sea T—_ ’ fs 3,3 mis

Shrubs | ‘ m/s 7.1 m/s

Difficulty to reconstruct
the azimuth profile

might be shifted outsi e azimuth pregcessed bandy

For high range velocitigignal energy of the moving targg
-

. CONSIDERATIONS

MTI applications neeh rell@rrani@E a a

2. We simulated the parameters characteristics of ERS with the intent to apply the
algorithm on single channel SAR - starting disadvantageous situation

3. We work without a priori information For TerraSAR-X, with SCR=5dB the standard
4. The ATI suffers low SCR deviation of the derived range velocity is 30 km/h
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ADAPTATION FOR SINGLE CHANNEL SAR

Aim: simulate a two channel SAR by generating two sub-apertures of single channel
I,—‘—-‘Sﬁepteﬁﬁg.“h\\

1°antenna

] n
2T e

S_E) chl

O Tar e\/Oérg__fD

Time-frequency relation 7

— [ = f1-7.)

¢£=¢L- for m=x—+n,
2 Ja
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SUB-APERTURE PROCESSING

. B ‘B,
Band-pass FIR filter: s = 22t .; ( 10,54-0,46- cos( il ) 'expljZthDa.(L

=)

O centro \
Ny =N % - : —
L (U Hamrfiing window The filter is not
N = filter length i to r@duce the in base-band
bbs
phdglomenon

S NS UB - APERYIURE i

Filtered range
compressed data

i=1,2

fata

2) The Io s are co-registrated

NOTE: the maximum non-ambiguous velocity depends on the global aperture fractional
n, defines the baseline between the two antennas in ATI configuration
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Geolnformazione

GRAPHICAL ANALYSIS
TWO CHANNEL

The antennas acquire two sets of data each with a different time centers R, .If the target moves in the
range direction, the temporal difference corresponds to a shift of the slant range centerss_

2°3AR
1°SAR

each sub-ap

R

221 This means to have a tempora
B change

R

slook

Jor Vergata

Full apert

There is not a spatial diversity!
16 of 25

27-05-2008




~p ‘:'. A

/-
e
' ‘
o
."‘ A‘, ";'
N
)

W,M The target moves with radial velocity Vv, =V, -sen(d)

!
Range compressed data:  g¢sh#)= Bexp

e,

Geolnformazione

MATHEMATICAL ANALYSIS

SAR PROCESSING BASIC THEORY

(/o L  Sr (55,

Range migration: @s) =R

Azimuth compression: C(sgi,&) =
. -

Two errors are made, choosing a nary m ilte i gifange migration as for stationary target

Sen+S,/2

S +8;/2 T
Scl’Rc)= f g(s|scl’Rc).h%_scl'|Scl’

SCZ’Rc)= f g(s|Sc2’Rc).ha_zl(S_Sc2'|Sc2’Rc)dS
So1=8,/2 Ser—=8,/2
Compressed signal amplitude: B, .. 0]~ %-Fl, sk, ||I
Compressed signal phase: TR I _I-... N :l B I.- I Ty R l..HI _.;-q
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O JREale
D
|
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B
5 A
S

I+ Compressed signal amplitude:
s a('ly

M Compressed signal phase:

_sr

amplitude pglk shifts to the position s.'=s,; -

') .
'\ The phase is independent on ange ci
N © 7

S to estim@te the radial velocity!

\‘j The ATl is not applicable on
To validate the theory we usetl'@simul

in steps:

We simulated the parameters

1. Generate an azimuth chi
2. Compensate the range

r&fa mo

characteristics of ERS

3. The range compressed

4. The range velocity and fHe"aseline {ge vari
level are independent of Evelocnty

rrgtion f
d is filte

' \
‘! Percentage differential amplitude between the sub-apertures

Amplitude

Aperture
look (%)

60

)

80

Velocity (m/s)

0

0

5

1

10

2,6

15

3,8

0,86

0,03 0

20

5,1

0,79

0 0

0 symmetrical sub-apertures
t the phase and the amplitude

ial phase between the sub-apertures

erture
look (%)

60

70

80

90

(m/s)

0

0

0

0

0

113

< /1000

< 11/1000

< 1/1000

58

< 11/1000

< 1r/1000

< 11/1000

\ Eroate

/39

< 11/1000

< 11/1000

< 11/1000

20

/30

< 11/1000

< 1/1000

< 11/1000

The amplitude and the phase differential between the two
channels shows a negligible increase with the velocity

Note: errors for numerical approximations and for the use of a finite-length FIR filter
27-05-2008
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DON TRANSFORM
“ 4 R
Inak the Radon tr S -
v s _ O<O<m
2(p.0) = [ [ &(x3)0(p - xcg86 - ysin6)dxdy {
EJ= _p max = Og= p max 7-\-2\”\,\_\7
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METHODOLOGY SCHEME

Geolnformazione

TOR VERGATA

Image S hip S hip Velocity
analysis tection focusing estimation

Land Y Division in Hi Histo@fam Y Threshold
masking sub=images ge fitti selection

D 00
ile  View Wind Hel
Bl i
Disy y  -|  oEBEtion: [normal
Evaluate...
T T T T
—image data
B —fit1 |
fit1
OO LB uB
0 Nal NaN_ | A 1
00 |002422 0.02405 0.0244
I h e a m m a 200 034934 034867 0385
300 |o76297 076237 076 -
400 094485 094456

function fits very
well the sea
histogram

0ss..
5. | |
7 (]
0.99 ~ Joss |
1 d _
. " = 1000 h
Function: tive probabity (CDF) | 1 o ——= s
Atx= 1006200 1 h
1 1
1

Compute confidence bounds

Level | 99 % 1500
1 h

[ Plot function

L | |
1000 2000 3000 4000 5000 6000
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SHIP DETECTION

Image P CFAR -P@ » Coordinates v

+ \ Taeavoid this phenomenon, for every
xols with 2 b - Lengih Xl classified like ship the algorith
composed by pixels with a bipary value 18 PIgEl classitied fike ship the aigorithm
the pixel is classified as ship, 0'etherwise sets to 1 the adjacent pixels

i S e RT, analyz

R, () x10*

18000 T

B 18000 -

af*5 14000

o2 12000

|
2000 2500

6 (degrees)

SHIP FOCUSING



METHODOLOGY SCHEME

Geolnformazione

VELOCITY ESTIMATION

WOVE algorithm (from Wake Orientation to Velocity Estimation)

4 Pre-processing: Ship masking
Wit \
\“‘

i .“
\t

A

-» Image negative

Because the ship is on the cenies RT eg
of the wake orientation and th& azimuth

Azimuth
2

0

p=0sinf =0 =—
sin @

/0" Temporal shift 2v,

..,ﬁ':'> ns}”ﬁ=)b'f1{r |
¢ - -
~J Spatial shift 8 =V Ny

SOVE algorMn (from S to Velocity Estimation)

Because theship has.an extended form, it can be considered like a line

_ 1. The ship is focused at a Rmetvn azimufh di§tandeffribm the deptén
1 2. With RT we estimate the orientation 8, taking the maximun# of the image in the Radon domain
3. Finally the ship is focused at the center of the scene and the RT is applied to the image for
the angle 6, to scan the space in the right direction
4. The velocity components are derived as in the WOVE algorithm

To resolve the ambiguity of the orientation estimate we scan

27-05-2008 all the space separately in the interval [0,11] and [1T,21T]. 22 of 25




RESULTS

Geolnformazione

TOR VERGATA

‘f""l.‘,_ﬁ f ];'
! e

SIMULATION RESULTS

r‘& Y A sea scene is simulated using the gamma distribution

€,

p -To consider the speckle efiect, we jgary the variance of the g

WOVE

n
=1
=1

o

00

Range velocity error (%)

FN
=}
S

3

WSR (aB)

1000~

800~

600

Azimuth velocity error (%)
W IS =

g 8

i 1

&
g8 o
RN

3

WSR (dB)

27-05-2008

SOVE robust and reliable

WOVE accurate for WSR higher
than -2 dB, SOVE gives better
results

ma function

D between background mean

SOVE

Azimuth velocity error

WSR (dB)

=] =]
=1 o =}

[N
=1

Azimuth velocity error (%)

3

1 10° Variance
WSR (dB)
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REAL DATA RESULTS

PRI ERS-2 frame 16466, orbit 2763

» Ship

Wake

5000

5000

14000

3000

2000

1000

Ship Lenght Real range Real azimuth Estimated rang Estimated azimuth | Range velocity | Azimuth velocity

number (m) velocity (m/s) velocity (m/s) velocity ( velocity (m/s) error (%) error (%)
~

1 163 6,7 ,8 -3,6 239,1 -5,8
2 188 4,1 -2,7 -21,9 12,1 -625,7 345,3

Ship Lenght Real range Real azimuth Estimated range Estimated azimuth | Range velocity | Azimuth velocity
number (m) velocity (m/s) | velocity (m/s) velocity (m/s) velocity (m/s) error (%) error (%)
1 163 6,7 -3,8 9.9 =34 47,8 -10,8
2 188 4.1 -2,7 3,8 -2,2 -7,1 -19.6




CONCLUSIONS

data and amplitude,data

¢

A
sﬁ 1) We presented two %thodologies to estimate the velocity vector from raw
| e

L\

\* 2) The first algorithmwas vajidate ata: the analysis

!  demonstrated tha ot ' hnel. The algorithm
presents a very strofig m etween range and
azimuth velocity must be

3) The second algorithm wa d and real data,

producing very prc@sing
W 4) Future developmeE:

1° algorithm: improyve t
filter, using also th%:ase in

the range velocity

wavelet transforms fo rodube the Rofee| ] Lt o ers and

r the choice of the right
op an algorithm to retrieve
in sub-aperture images.
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MATHEMATICAL ANALYSIS

SAR PROCESSING BASIC THEORY

Geolnformazione

i : : :
(" The target moves with radial velocity v, =v,, -sen(®)

Range migration:  p (_g _éucz—vy)(s_s )_AQ(S —2Sc)2

Range migration compensationi=selectio the phase modulation induced from

- slant range time dependence
(5. B) = 2R(s) Z(R Ach 55y ALEG % ) ependence on the range variable
C Cc

2 moved

—- é(s)=Bexp(—j 4];Rc )exp{g(fpc ~Ver ]} 1
Look filtering: . Q
. igﬂw (s,1) = leP( 43& )exp {jzn (fpe =V (5 = 5,) + (s—s5,) Aj;* (s

i After the range migration com

S +S;/2

(s-5.)

) (Sc'
2

Sci’Rc) =

=exp!-j2n ch(S—S;)"'fR

2}
Two errors are made, choosing wnary vlwat?ﬁ'qd Fl'ter\ l mmre rig}r‘! ’rcmge migration as for stationary target

I /1 ;
U85 =5,) <s )] exp{ J2 | fouls =s.)+ 1 (S_;C) }ds

Sei=S;/2

4JTR )s i +S;/2 '
—-j— expd j2xn
( )\' sc,-fS,-/Z

Compressed signal amplitude: B, ', W]~ Tl'lll". |k '-l..lll

C(Sc' c

Compressed signal phase:
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