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Context

Temporal information content in multitemporal time series of SAR data:
« SAR image’s intensities or T/C matrices for PoOISAR
* In repeat pass INSAR systems additional & complementary information is
captured by the complex INSAR temporal coherence
* Depends on the scatterer characteristics, but...
* Non-exploitable in low coherence scenarios: temporal coherence, long
temporal baseline, datasets affected by strong weather effects

GOAL
« Extraction of temporal information from multitemporal SAR and PolSAR
datasets in low temporal coherence scenarios, and relation with the temporal
iInformation extracted from direct radar observables
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Temporal INSAR Coherence ;,,_,§ i N

I

: E{§5,53
Temporal INSAR coherence p=|ple?’® = {21 3} -
VE{|S12}E{[S2[?}
Decomposition: p = psympPasym
E{5155} Coherence under the symmetric assumption of no

Symmetric term  psym = Frsprs

. radiometric changes between SAR images |5;]% = |S,|?

Psym = PtempPSN RPrgPvolPother Classical coherence decomposition

E{|51]*+|S2|?} Accounts for the departure from the symmetric
assumption, |S;|? # |S,|?, therefore accounting for

2
\/E{|Sl 2} E{]S2|%} non-coherent or radiometric changes

Asymmetric term pasym =

4
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Temporal INSAR Coherence

E{|5:1]?+|S2|*}

VE{|S112}E{|S2|?}

pasym € [1,00)

Asymmetric term pasym =

This term corresponds to the quotient of the arithmetic mean versus the geometric
mean of the SAR images intensities

Ratio of SAR images intensities T12=E{|SI|2} 712 € [0,00)
E{|S2[*}

Relation between both components pg;gym = (%) (@ +— )

T12

pasym_l € [0,1] takes the role of a temporal coherence-like parameter, accounting
exclusively for radiometric changes

5

- I e I E S =0 S e B b BN SR OIE = & em am v > THE EUROPEAN SPACE AGENCY



-
&® =y i
- ﬂ%?v 2
- &, \. -
d J

Temporal INSAR Coherence ; % ™ | | ¢

Joint analysis of both decomposition terms

Coh. Ch. Rad. Ch. Coherence value
No No P = PsymPasym =1-1=1
Yes No P = PsympPasym — Psym * 1= Psym
No/Yes Yes P = PsymPasym (General case)
Yes (psym = 0) Yes P = PsymPasym — 0

Case 1: No changes between SAR acquisitions

Case 2: Only coherent changes. Classical coherence analysis

Case 3: Coherent and Radiometric changes (High coherence scenario)
Case 4: Coherent and Radiometric changes in presence of total decorrelation
(Low coherence scenario). p,,,,, cancels the information provided by p,s,m

« Unification of concepts previously considered separately, the analysis

of radiometric changes in terms of temporal coherence
 For low or null coherence, common information can be obtained from

Pasym OF the bounded term pgsym ™t € [0,1] 6
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Polarimetric Temporal INSAR CohBrence =

w{lﬂlgwg
V(Wi T1iwr)(wy Taows)

Temporal PolInSAR coherence p=

w{’ﬂlgwg W{IT(A)Q
wi'Twy /(w1 w:) (W Taow,)

Decomposition: p= = PsymPasym

The Symmetric term considers the symmetric assumption of equal scattering
mechanism T = (T11+ T5,)/2

The Asymmetric term accounts for non-coherent polarimetric changes between both
temporal acquisitions, allowing the characterization of multitemporal PolISAR data for
low coherence scenarios

Polarimetric diversity allows optimization (maximization) of both decomposition terms
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The polarimetric optimization of the symmetric term follows classical PolInSAR
optimization

The polarimetric optimization of the asymmetric term follows also classical PolInSAR

optimization but:

 Considering T = (T4;+ T,,)/2 instead of Q,,
* The optimization of leads to w; = w,

_ o0’ Tw R
Paom = V(@7 T} @) (0" Tyw) Pasym €
«  The optimum values are |pasym,op; | = /Vp,i for i=1, 2, 3
O)HT“(O

« Considering the polarization optimization ratio 713 =
following relation holds

= with optimum values v, ; for i=1, 2, 3, the
@' Trw '

1 ~1 . Generalization of the single
Pasym,i = E(v”" tvei) i=12,3 channel case
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Generalization of the DistanceL‘Qowf‘c

o o T

Pasym and v, and their optimum values, are proposed for the analysis of
multitemporal data for low coherence scenarios

Generalization of previous existing matrices distances concepts:

« (Geometric distance h
3 1/2
9g(Tn, T2) = (z log” AT,‘,’Tzz,i)
i=l1
« Symmetric revised Wishart dissimilarity The use of pgsym and v, and their optimum
» B - values decompose the previous parameters
dyw (T11, Tap) = (tr(Ty)' Tz) + tr(T3, Ti1)) (n1 +n2) intro three components allowing an improved

analysis of changes between SAR acquisitions
« Likelihood-ratio test statistic

_ obn |Ty1["[Toa|"

Q
T + Tz
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Datasets

Use of 9 ML/DL classification techniques based on p vs pgem/vy to analyse their

performances

* L-band UAVSAR Yucatan Lake (US)
5 PoISAR acquisitions from Jul. 1, 2019 to Sep. 23, 2019, at intervals of 15, 9, 18, and 42 days

» Ground-truth available: 16 classes
« High temporal coherence scenario

» (C-band Radarsat-2 Flevoland (NL)
8 PoISAR acquisitions from Apr. 14, 2009 to Sep. 29, 2009 at an interval of 24 days
* Ground-truth available: 11 classes
« Low temporal coherence scenario

« (C-band Sentinel-1 Barcelona (SP)
« 32 dual Pol acquisitions from Apr, 2, 2018 to Oct. 5, 2018 at an interval of 6 days
« Ground-truth available: 10 classes
* Mixed coherence scenario

10
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Datasets L LS

data. Pauli images on (a)
July 1st, (b) July 15th,
and (c) ground truth

! (9 ‘, Radarsat-2 Flevoland data.
L F | AR . Pauli images on (a) April 14,
coopz [lcrons Ecors Bcrons [ crps [cos” [l o 2009, (b) May 8, 2009, and
B crop12 [ crop13 [ croprs [ cropis [ cropis (C) ground truth
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.Flower bulb .Fruit .Grass D Maize D Miscellanea . Sugar-bee
.Spring-wheat Dpea D Polalol:]()nion .Winter—whcat

Sentinel-1 Barcelona dataset.

.Hcrhaccous crops .Orchards and cross crops .\"ineyﬂrd D()li\'c D Bush (a) PaUIl Image on May 20’
DRolation crops DOther woody crops .Grass - Port . River 20 1 8 . (b) G rou nd truth 11

1
Il
il
[
|
.I-
i
Il

1= 3= = = b BN 5% 2 = &= - 1] > THE EUROPEAN SPACE AGENCY



)
i

12

CI-60-610C
CI1-80-610C
S$T-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
$T-L0-610T
[91-L0-610C
CI1-60-610C
C1-80-610C
ST-L0-610C
[91-L0-610T
CI-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
ST-L0-610C
[91-L0-610C
C1-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C
CI1-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
ST-L0-610C
[91-L0-610C
CI-60-610C
C1-80-610C
$T-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
ST-L0-610C
[91-L0-610C
CI-60-610C
C1-80-610C
$T-L0-610C
[91-L0-610C
C1-60-610C
C1-80-610C
ST-L0O-610C
[91-L0-610T
CI-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C
CI-60-610C
C1-80-610C
ST-L0-610C
91-L0-610C

Cropl6

2 THE EUROPEAN SPACE AGENCY

Cropl3 | Cropl4  Cropl5

Cropl2

Cropl1

itemporal matrices analysis

Mult
Crop9 | Cropl0
Slave Date
- i I+l

Crop8

Crop7

Crop6

AN

Crop5
N L]

Crop4

Bl b= B

Crop2

O

Cropl

07-01
-08-12
-07-01
-08-12

-07-01
19-07-16

19-07-25
19-08-12

o0 Al
— o
RO
oo ®
<3
A
— =
o o

019-
019-
2019-07-16
019-07-25
019-07-01
19-08-12
-I-

2019-07-01
019-
19

= 2019-07-16

& 2019-07-25
2019-07-25
2019
2019-07-25
2019-07-01

o
o
<
N
(=3
o

g oS O O O
.7_ ol ol ol
ag  (F*a)0"6o)071 (

(] IS

(=3
IS

2019-08-12
2019-
2019-07-16

2
2
2

! 1 Anw_ oAl
*a)0tbo101 (5*a)°thol01

N9

Spatial analysis Jul. 1st. — Jul. 15th

=
QU
IS

bt}
S

dB

(1)1010g10(v53)

Analysis of Temporal Behav




2N

b

« ¥ .

- >
ledeiods

N Spatial analisis Apr. 14th. - May 8th.

Multitemporal matrices analysis
0.6

B Flower Bulb Fruit Grass Maize Miscellaneous Onion Pea Potato  Spring-Wheat Sugar-Bee Winter-Wheat

o4 2009-04-14 - | ' | | | | 0.35
03 £2009-06-01

02 R2009-07-19 =i =

0.1 2009-09-05 = & - - - = - - -

2009-04-14
=
= 2009-06-01
Q
2009-07-19 -
2009-09-05
| | | | |

2009-04-14
>2009-06-01
2009-07-19
2009-09-05 - ‘ I . — = - —

Pv

E 3 m =

Master Date

10l0g10(vz,1)

2009-04-14 = }
2009-07-19
2009-09-05 :

10 D s |
¥ 2009-04-14
1Y
=2 2009-06-01 -
~
s  2009-07-19
=
— 2009-09-05
o ~ - o
2 2009-04-14
S
2 2009-06-01 -
S
5 )
S 2009-07-19
> !
~— 2009-09-05
X0 Vi &N 0 0 Vv Y 0wV Al 0 v AN ® 0
10 2823 832385233 88993288203 8333 882338823 882888238383
v O 0 & O 0 & O 0 & v O 00 & v O O O A v O 0 O 00 O 0
2388 83888 833838 8388 8388 8ggg 88 8388 53838 85883 8383
W : ; 222228222228 282222222222 222222 22228222 82¢¢
lB 0 (R /4 15 S 2832383 3888 838388 8888 883388882 888888 38 8838883388 8¢8¢8:s8 13
(8)100910(171,1) dB (h)lologlo(yr,z) dB A A A a aaaaaa Qaaaaq A aaa aaaaagagaa A Qa a aa a8 a a A A A a aaaaaaa aaaaQaaaaqQ
Slave Date
e =T === — B e I SE = = [l > THE EUROPEAN SPACE AGENCY
— B = == — —" © A HEE _-h* URO SPACE AGENC




P

-
9
>
]
.
()
m
©
-
o
Q.
&
()
T
(T
o
2
7))
>
©
-
<

238

8 80-

© S0-01-810CH
550"

w9

Slave Date

-4.2

S0-01-8 10 y
$0-60-810] t. i

90-80-810¢
L0-LO-810¢C

=

L0-90-810¢
80-S0-810¢
80-¥0-810¢

dB
IOIOg]()(Vr,Z)

S0-01-810C
$0-60-810C

90-80-810¢C

-0.37 12

L0-L0-810C
L0-90-810¢C
0-S0-8107
70-810C

dB

10log,,(v,,)

4.8

60-810¢C

-
s 10

0-80-810¢C
L0-L0-810C

L0-90-810¢C
80-50-810¢
80-70-810CH

S0-01-810C
$0-60-810C

0.71 ¢

90-80-810CT |

L0-L0-8T0TT
L0-90-810C
80-50-8107H
80-10-8 10T

SAOID UoIeIoY

ysng ssern) J10d

JOATY

PvH

E AN BE aE =

0

S0-01-8 10Tyl
€0-60-810C

90-80-810¢C
L0-L0-810C
L0-90-810¢C
80-S0-810C
80-10-810C

= s

-
-

- e

dB 4.2
IOIOgIO(vr,Z)

S0-01-810C

€0-60-810C
90-80-810¢C
L0-L0-810C
L0-90-810¢C
0-S0-810¢C
-#0-810C

= -
-iq
-
-

DI

-0.37 1.2

~60-810C
0-80-810¢C
L0-L0O-8T10C
L0-90-810¢C
80-S0-810T+
80-10-810C

3
80

S0-01-810¢ o
S0 —

9

0.73 4.8

Pvv

S0-01-810C

S0-60-810¢C

90-80-810¢C
L0-L0-810C
L0-90-8T0CT
80-60-810¢C1
80-10-810¢C+

§2018-04-02
2018-05-02
g 2018-06-01
2018-07-01
2018-07-31
< 2018-08-30

%]
=
o
%]
5]
Q
<

=)
—
(5]

2 2018-09-29

<]
=
Q

2018-04-02
2 2018-05-02

o

2018-06-01
2018-07-01
2018-07-31

10

2018-08-30
2018-09-29
2018-04-02
2018-05-02
2018-06-01

5 2018-07-01

=
>

2018-07-31
2018-08-30
2018-09-29
2018-04-02
2018-05-02
» 2018-06-01
2018-07-01
2018-07-31

e,

o

ue spIeydIQ

kel
2
)

Ae(J IISEA

2018-08-30
2018-09-29
2018-04-02
2018-05-02
2018-06-01
2018-07-01

(=9

010 Apoo.

=

I

2018-07-31
2018-08
2018-09-29

0
PvH

-30

)
=
=3
o

I B F aFE =
10[0g10(vr,1)

0.71 ¢

2 THE EUROPEAN SPACE AGENCY

S _—
hllmm--n —-“hl"'l

— -
= ==

em — W - ]I



GRU: RNN with gated recurrent unit (GRU) to account kit e
for the temporal dimension
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Confusion matrices for class analysis
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Overall classification accuracy

GRU: RNN with gated recurrent unit (GRU) to account
for the temporal dimension
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Conclusions

* New interpretation of the temporal INSAR coherence (SAR & PolSAR)
* InSAR temporal coherence can be decomposed into two terms:
« Symmetric term: Coherent changes under the symmetric assumption of no
radiometric/polarimetric changes
« Asymmetric term: Noncoherent or radiometric/polarimetric changes
 The decomposition is useful as it relates both types of changes, showing
that common information between SAR acquisitions can still be extracted in
low temporal coherence scenarios

* The usefulness of these terms is demonstrated on three different datasets by
means ML/DL classification techniques with improvements of 50% in the
classification OA in low temporal coherences scenarios, whereas for high
temporal coherence scenarios, the improvement is about 20%
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