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* Experience abroad:

4-month stay (June-September 2016, 3° year of PhD) at the Universitat Politecnica de
Catalunya-BarcelonaTech, Signal Theory and Communications Department working on
sea target detection using GNSS-R data (part of this presentation) in collaboration with
the Passive Remote Sensing Group led by Adriano Camps.
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* Introduction
* Synthetic Aperture Radar (SAR)
*  Why SAR despeckling?
* Proposed Scattering-Based Despeckling Approach
» SB-PPB
* SB-SARBM3D
e Experimental Results

PART I

* Why ship/ice detection?

* Why Global Navigation Satellite System-Reflectometry (GNSS-R)?
* GNSS-R vs. SAR, Optical, Automatic Identification System (AlS)
* Revisit Time

* Sea Target Detection from GNSS-R delay-Doppler Maps (DDM)
e Algorithm Rationale

* Experimental results on UK TDS-1 data

Comments and Conclusions
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* Introduction
* Synthetic Aperture Radar (SAR)
*  Why SAR despeckling?
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SAR Images Despeckling: a desiderable result

Fi t” E . Objective: remove (reduce) speckle in SAR imagery
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* Proposed Scattering-Based Despeckling Approach
 SB-PPB
* SB-SARBM3D
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Scattering-Based SAR Images Despeckling

* How can we take into account for the different colors?

v" The answer is straightforward... by taking into account for scattering phenomena.

* Electromagnetic scattering concepts can be «injected» in the SAR despeckling pre-processing
step like a kind of a priori information.

e/ More physical-based despeckling approaches can be developed.

e, Thanks to the a priori information, presumibly better perfomance results could be obtained.

. Scattering model(s) needed

‘ Some a priori information is needed.

/ﬁ,
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Scattering-Based SAR Images Despeckling:
Scattering Model(s)

Urban area Vegetated area Unvegetated area

+ Multiple bounce scattering » Volume scattering * Single-bounce scattering
* Layover * Sub-surface scattering
* Shadowing * Layover

* Shadowing

Different scenarios = Different scattering models
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Scattering-Based SAR Images Despeckling:
Scattering Model

Single-bounce scattering
Sub-surface scattering
Layover

Shadowing
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Scattering-Based SAR Images Despeckling:
Scattering Model

Single-bounce scattering
Sub-surface scattering
Layover

Shadowing
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Scattering-Based SAR Images Despeckling:

Scattering Model

Fractal Surface Model

(Fractal) Scattering Model

SAR Image Model

* Single-bounce scattering
* Sub-surface scattering

* Layover

* Shadowing

|te
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Scattering-Based SAR Images Despeckling:
Scattering Model

Fractal Surface Model

PF{Z(X,:V) - Z(x’ry’) < f_} =

A

1 ¢? g
Vanra-men | P\~ graa-mezm |

8

T: Topothesy
H: Hurst coefficient

1=y (-2 +(y-y)?

* Single-bounce scattering
* Sub-surface scattering

* Layover

* Shadowing
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Scattering-Based SAR Images Despeckling:
Scattering Model

Fractal Surface Model

¢
Priz(x,y) — 2(x',y") < {} = mm o f ( A H)TZH)dC

(Fractal) Scattering Model

S
0 _— 4.4 2 0
Opn = 2m8k*cos*0|Bmn| (2k sin 6)2+2A
* Single-bounce scattering a.2,: Backscattering coefficient
* Sub-surface scattering k:  Propagation constant
. Lavover 6: Localincidence angle
yov ) PBmn: Reflection coefficient
* Shadowing So:  Spectral amplitude
INFORMATION tECHNOLOGY AIeSS|O Dl SImOne 16
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Scattering-Based SAR Images Despeckling:
Scattering Model

Fractal Surface Model

¢
Priz(x,y) — 2(x',y") < {} = mw o f ( s H)TZH)dC

(Fractal) Scattering Model

S
0 _— 4.4 2 0
Opn = 218k*cos*0|Lmn| (2K sin 6)2+2A
* Single-bounce scattering SAR I M d I
* Sub-surface scattering mage ode
* Layover
. Sh\;dowin Ur(r)m G: Calibration constant
& I = GAxAr — Ax: Azimuth SAR
Sin resolution
Ar: Slant range
resolution
iINFORMIATION tECHNOLOGY AIeSS|O Dl Slmone 17
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Scattering-Based SAR Images Despeckling:
Scattering Model

SAR Image Model

cos*@
(2k)2+2H (sin §)3+2H
Calibration Sensor  Land cover
constant  resolution
_cosd —+/g, —sin? 9

e cos9 + \/m'
* Single-bounce scattering
* Sub-surface scattering B, = (&, — 1) sin® 8 — e,(1 + sin? '9)2
* Layover e cos 9 + /&, — sinZ 9
* Shadowing

Sy = 22H+112(1 4 H) sintH T2(—H)
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Scattering-Based SAR Images Despeckling:
A Priori Scattering Information

So
(2k sin §)2+2H

00, = 2m8k*cos*0|Bpnl|?

Local Incidence Angle \'/s;.'Di_eIec:tri_c Constant Local Inciden.'c'e'Ang'I'e vs. Electrical Conductivity

=]

SAR image intensity
o 5 o

=

tn

SAR image Intensity

5]
&

el e T 20 .
s e R ) e T

In order to exploit a priori scattering information only a Digital S —
Elevation Model (DEM) of the illuminated surface is required.

Local incidence angle [degree]

Inci;deqce Angle vs. Topothesy

e

SAR image intensity

SAR image Intensity

0 & s st T w7 T Ty e °

Hurst coefficient Local incidentce angle [degree] Topothesy [m]

Local incidence angle [degre]
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Scattering-Based Probabilistic Patch-Based filter

Probabilistic Patch-Based (PPB) filter

2
AWMLE _ ZtEQ WS,tAt

o
’ e Wst
Non-iterative PPB Iterative PPB
; 1 . . c o1
Ws,t(non_lt' PPE) = p(GAs = UAtlA)h Ws,t(lt'PPB'l) = p(GAs = O-AtlA:O-l_l)h
. 1. [(Ag, A A L |6izt - 6izt]?
Ws’t(non—Lt.PPB) = exp _z:ln <As,k _I_At,k) (lt PPB,i) _ = exp _Z “In <Ask tk) +T_| L Utk
- h tk s,k tk  Ask fit - Osk Utk
Scattering-Based PPB (SB-PPB) filter
50 = 278K*Sy | By |2 cos*6 Thanks to the a
OlFmnl (2k sin §)2+2H priori scattering
information,
Ws,si? ~PPEnOn-it. & 2 p(ogs = 04tlA, 6 )h iterations can be
avoided
Wss:?—PpB non=it. — eyp [_2 (% 0 A
K

— Gkl

~0 =0
= Tri G0k

~0
— PPB non-it L |as,k
= Wst

Di Martino, G.; Di Simone, A.; lodice, A.; Riccio, D. “Scattering-Based Non-Local Means SAR Despeckling,” IEEE Transactions
on Geoscience and Remote Sensing, vol. 54, no. 6, pp. 3574-3588, Jun. 2016. doi: 10.1109/TGRS.2016.2520309
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Scattering-Based SAR Block-Matching 3-D filter

SAR-Block-Matching 3-D (SARBM3D)

computation
of statistics

—— 1° pass

X1 o

2° pass

. .
project
find simile : nd
|| patches 7 filter © aggregate
. > > E— -
| 4 7 7
£ Z
o | '] . .
original image 3D stack filtered stack filtered image
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Scattering-Based SAR Block-Matching 3-D filter

Scattering-Based SARBM3D (SB-SARBM3D)

50 = 2m8KAS | 2050
olFmnt 2k sin 6)2+2H
o TP ~0 DEM scattering 5o
X1,sB-sarBm3p = f (xl,SARBMBDrO- ) T nodel
1—w
%1.58-sarBm3p (S) = W(S)X1 sarpmap (s) + (1 — w(s))d%(s)
w computation
1° S )
11(s) bass D of statistics
- if ri(s) < 1ry(s)
_ T9(s) Q
W(S) = - (S) 1 o
9 .
- if ro(s) <r(s)
11 (s) z 2° pass %2

Di Martino, G.; Di Simone, A.; lodice, A.; Poggi, G.; Riccio, D.; Verdoliva, L. “Scattering-Based SARBM3D,” IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sensing, vol. 9, no. 6, pp. 2131-2144, Jun. 2016.
doi: 10.1109/JSTARS.2016.2543303
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Experimental Results
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Scattering-Based SAR Images Despeckling:

Experimental Results

sing 512-look reference SAR image _ PPB 4-iterative

Table 5.1. Performance parameters for the sinusoidal DEM

Mol VoR SNR C, MSSIM  Runtime

(s)
Reference 1.000  0.997 o0 0.860 1.000 -
SARB| Noisy 1.000 - -3.693 1.572 0.970 - PPB
PPB nonit. 0.998 0.819 17.192 0.848 0.999 1 ‘
PPB 4-it. 0.999 0.820 16.921 0.852 0.999
SARBM3D 0.985 0.858 16.045 0.862 0.999
SB-PPB 0.998 0.823 17.286 0.849 1.000

SB-SARBM3D  0.986 0.993 19.155 0.852 1.000

1 AR
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Scattering-Based SAR Images Despeckling:

Experimental Results
512-look reference SAR image PPB 4-iterative

W

sin

e

le-look SAR ima.

Table 5.3. Performance parameters for the mixed DEM

Mol VoIl SNR C. ES MSSIM ENL Runtime

(s)
Reference 1.000  1.003 00 1.899  0.000 1.000 203.79 -
Noisy 0.997 - -1.874  2.777  0.025 (.965 0.98 -
PPB nonit. 0.966 1.104  4.583  (0.861 0.291 0.989 180.82 14.28
PPB 4-it. 0.979  0.943  6.365 1.569 0.092 (0.993 178.78 55.69
SARBM3D 0.967 0.724  6.919 L7778  0.060 0.995 319.91 134.52
SB-PPB 0.978 0.817  7.457 1.625 0.101 (0.995 176.06 31.65

SB-SARBM3D  0.963 0.892 7.813 1.390 0.075 (.996 1901.47

I |
INFORMATION tECHNOLOGY AIeSS|O Dl SImOne 25
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Scattering-Based SAR Images Despeckling:
Experimental Results

42-look reference SAR image PPB 4-iterative
b i ! ¥ j ; .’FK,‘.’.?,' ‘: f i‘-/f. .. a-('.- l.“ ‘.“‘..': . .‘__ ‘., y f § IS

sin

le-look SAR image

A
}

Table 5.4. Performance parameters for the actual image of a natural scene

Mol VoR  SNR Cz ES MSSIM ENL Runtime

(s)
Reference 1.000 L1312 oo  1.054 0.000 1.000 19.70 -
S Noisy 1.000 - -1.470 1.795 0.600  0.962 0.93 -
g PPB nonit. 0.980 1.077 4437 0.784 0.455 0991  66.29  204.24
PPB 4-it. 0984 1.026 5747 0.902 0.357  0.991  66.02  839.98
SARBM3D 0.970 0.607 5131 1.052 0.293 0.989 52.18  2082.85
SB-PPB 0997 0.728 3861 1075 0.555 0980  66.63  264.26
SB-SARBM3D 0.973 0.818 5.139 0.958 0.237 0.991 8597.62

" iNFORMIATION tecHNOLOGY Al eSS | O Dl Sl m O N e 26
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Scattering-Based SAR Images Despeckling:
Experimental Results

42-look reference SAR image

“ ;,(.‘ |

single-look image

PPB 4-iterative
: > {/

X

‘.j'

SARBM3D
! ‘1 /’({'
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Scattering-Based SAR Images Despeckling:
Experimental Results

42-look reference SAR image

R \!l s 4 ¥

1
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Scattering-Based SAR Images Despeckling:
Experimental Results
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Why ship/ice detection?

Why Global Navigation Satellite System-Reflectometry (GNSS-R)?
* GNSS-R vs. SAR, Optical, Automatic Identification System (AlS)
* Revisit Time

Sea Target Detection from GNSS-R delay-Doppler Maps (DDM)
e Algorithm Rationale

Experimental results on UK TDS-1 data
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* Why ship/ice detection?
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Globalization has its effects...

Global seaborne shipments have increased 3.4% in

Developments in international seaborne trade
I T T

2013-2015. 10000 —— ‘ . ‘ ‘
—Oil & gas
—Main bulks + dry cargo
8000 || Total (all cargoes) i
9.84 billion tons over the world sea and oceans in 3 '
2015. 3
& 6000 .
G
Global imports increased of 3.5 times more than in @ 4000 ]
o
the ‘70s in developing countries. =
2000 .
World commercial fleet consists of 89,464 vessels 0 | ‘ ‘ | ‘ ‘ ‘ ‘
with a total tonnage of 1.75 billion dwt. 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year
. Oil & gas: + 96%
World fleet grew by 3.5% in 2015 - the lowest Main iulks +dry cargo: + 502;
annual growth rate in over a decade. ) °
Total (all cargoes): +278%

Source: Review of Maritime Transports 2015. United Nations Conference on Trade and Development (UNCTAD)

Alessio Di Simone 32
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Human decisions have their impacts...

Understanding the thickness and extent of sea ice on a
global scale is critical for studying climate change.

In 2016 Arctic sea ice wintertime extent hits another
record low.

Sea ice plays a key role in the exploration of oil and gas
fields and the worldwide sea trade.

The determination of sea ice extents serves as a
validation tool in cryosphere modeling studies.

Icebergs dramatically affect maritime security and traffic.

Ice melting may open new commercial routes (i.e. Arctic)

AVERAGE SEPTEMBER EXTENT RATE OF CHANGE

Data source: Satellite cbservations. Credit: NSIDC \]/ 1 3 4

percent per decade

million square km

1980 1984 1988 1992 1996 2000 2004 2008 2012
YEAR

Source: National Snow and Ice Data Center (NSIDC)
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Why Global Navigation Satellite System-Reflectometry (GNSS-R)?
* GNSS-R vs. SAR, Optical, Automatic Identification System (AlS)
* Revisit Time

eLECTRICALEeNGINEERING
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Global Navigation Satellite System-Reflectometry

* Recently remote sensing approach based on the measurements of the Earth’ surface reflected GNSS signals.

* Due to the low signal-to-noise ratio (SNR), a region surrounding the specular reflection point (glistening zone)
dominates the scattered signal.

* A delay-Doppler Map (DDM) of the glistening zone is computed by cross-correlating the received signal with a
replica of the GNSS signal for a set of different time lags and different carrier frequency offsets.

* Geophysical parameters (e.g. wind speed) can be inferred from GNSS observables, e.g., DDM.

GNSS Signals 093 weitto
of Opportunity e B o

GNSS-R

receiver g8 0

Refloctions on
sea surface provide
information on ocean 6000
height and roughness |

HOW GNSS-R WORKS

eLECTRICALEeNGINEERING




Why sea target detection from GNSS-R?

- Pros__________________| Cons

Accurate information (ship name, position, speed, course, *  Vulnerable (e.g. spoofing)

IMO, MMSI). . Required on board of ships with gross tonnage of 300 or
Automatic Very high update rate (from 3 minutes for anchored or more, and all passenger ships regardless of size.
Identification System moored vessels, to 2 seconds for fast moving or ° Non-cooperative ships cannot be tracked
) maneuvering vessels).
Global coverage (Satellite AlS).
. Independence on cloud & illumination conditions. «  Costandsize T
Synthetic Aperture Very high spatial resolution (up to 1 m) . Sensitive to sea state + speckle = P, 0
BT . Limited revisit time
Very high spatial resolution (up to 0.5m) . Sensitive to cloud & illumination conditions + sea clutter
Suited to hyperspectral imaging =p, T
Easy to interpret (no expert user needed) . Limited revisit time

. The large amount of data prevent the use in real time.

Independence on cloud & illumination conditions. . Low spatial resolution (order of km)
Bistatic system . Not yet extensively study and assessed.
e Ability of counter the attack of anti-radiation missiles
*  Compact, low-power, light-weight and cheap

*  Very low revisit time

Remote sensing with improved revisit time!

Ph O

itee

" INFORMATION tECHNOLOGY Al eSS | O Dl Sl m O N e 36
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Spacecraft class

Sentinel-3A

Large satellite

Sentinel-1B

Large satellite

AlSSat-1
CubeSat

GNSS-R and nanosat constellations

© NANDSAT LAB

3Cat-2
6-Unit CubeSat

Payload instrument Spectrometer, C-band SAR VHF antenna, Dual-band altimeter, multi-
radiometer, onboard computer  frequency, multi-constellation,
SAR altimeter dual-polarization GNSS-

Reflectometer

Total mass 1,250 kg 2,300 kg 6 kg 7.1kg

Dimensions 390 x 220 x 220 cm” 390 x 260 x 250 cm” 20 x 20 x 20 cm” 10x24.3x34cm’

Power consumption 2,300 W 4,400 W 9W 5.46 W

Launch date February 16", 2016 April 25", 2016 July 12", 2010 August 15", 2016

Total cost 305,000,000 € 270,000,000 € 3,500,000 € 750,000 €

f - S/ ph
INFDRMATIDN tECHNDLDGY Al e SS i O D i S i m O n e 37
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Revisit Time
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Revisit Time of GNSS-R constellations

* Three realistic scenarios defined.

* Mission simulations performed using AGI-STK® Suite.

* Specular point position and glistening zone computed with spatial resolution of 1° x 1°.

* Mean, median and standard deviation of revisit time estimated as a function of number of tracking channels

for different constellation subsets size.

Altitude [km]

500 500
Inclination [degree] 98° 98°
Orbit type Circular Circular
Number of GNSS-R up to 32 up to 32
satellites
Number of parallel up to 16 up to 16
channels
GNSS systems GPS GPS, Galileo
tracked
INFORMATION tECHNOLOGY AI eSS | O Dl Sl m O n e
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500
98°

Circular
up to 32

up to 16

GPS, Galileo,
Glonass, BeiDou-2
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Revisit Time of GNSS-R constellations

40
—1 Sat
—ssa |
"t sa Altitude [km] 500
——32 Sat
30T 7 Inclination 98°
% -55% [degree]
E2r ] Orbit type Circular
@ L Number of 32
=20 4 )
& — v satellites
~ —
25 . 5h36m - Number of 16
2 -42% parallel channels
= 10 v
I . v -26% GNSS systems GPS
al v -23% - tracked
0 | | | | | |
0 2 4 6 8 10 12 14 16

Number of Receiving Channels

INFORMATION tECHNOLOGY AI eSS | O Dl Sl m O n e 40
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Revisit Time of GNSS-R constellations

40
—1 Sat
35 —8Sat
I ——16 Sat|] -
g satH Altitude [km] 500

30 - —32 Sat | | =
= Inclination 98°
‘g sl [de.gree] .
= Orbit type Circular
@ Number of 32
> 20 7 .
2 satellites
& L | Number of 16
% 3h13m parallel channels

10 - R

GNSS systems GPS, Galileo
- ) - ] tracked
0 1 1 | 1 1 | 1
0 2 4 6 8 10 12 14 16
Number of Receiving Channels
iINFORMATION tECHNOLOGY AI ess | o) D | Sl mone 41
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Revisit Time of GNSS-R constellations

40
—1 Sat
35 —8 Sat
- ——16 Sat| | -
o4 sat Altitude [km] 500

30 - ——32 Sat | | -
= Inclination 98°
< [degree]

25 - : .
E Orbit type Circular
@ Number of 32
> 20 . .
2 satellites
& L B Number of 16
] parallel channels
K 2h13m

10 - -

L GNSS systems GPS, Galileo,
5 | tracked Glonass,
T — BeiDou-2
0 | | | | | | |
0 2 4 6 8 10 12 14 16
Number of Receiving Channels
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Revisit Time of GNSS-R constellations

I
o

[#+]
4]
|
/

o8]
o
I
I

!

[ael
[4)]
]
1
]
I
I

[h]
o
|

-

Average Revisit Time (h)
o
I

10~

—1 Sat

R BN ¢ :improvement up

Number of Receiving Channels

Alessio Di Simone
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—16 Sat~{} GPS
—32 Sat

——18Sat
—-—16 Sat
—— 32 Sat

GPS, Galileo,
Glonass, BeiDou-2

Revisit time

to 60%
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Revisit Time of GNSS-R constellations

40
—1 Sat
—8 Sat
35~ ——16 Sat ]

——24 Sat i

£ _us Altitude [km] 500

c 30 — A =

2 Inclination 08°

% L [degree]

o Orbit type Circular

B0l Number of 32

g satellites

2 15l i Number of 16

= parallel channels

w

'S 10 [~ -~ "

: 4h30m +6h30m S  GPS, Galileo,

51 - tracked Glonass,
BeiDou-2
0 | | | | | | |
0 2 4 6 8 10 12 14 16
Number of Receiving Channels
iINFORMIATION tECHNOLOGY AI ess | (@) Dl Sl mone 44

eLECTRICALEGNGINEERING




Outline

PART Il

Sea Target Detection from GNSS-R delay-Doppler Maps (DDM)
e Algorithm Rationale

eLECTRICALEeNGINEERING
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Sea Target Detection from GNSS-R DDM

Doppler shift (Hz)
Doppler shift (Hz)

Doppler shift (Hz)

0 5 10 15 20 0 5
Delay (C/A chips) Delay (C#A chips)

10 15
Delay (C/A chips)

Targets?

INFORMATION tECHNOLOGY Alessio Di Simone
eLECTRICALEGeNGINEERING
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Sea Target Detection from GNSS-R DDM

One target No Target Four targets

Doppler shift (Hz)
Doppler shift (Hz)

Doppler shift (Hz)

0 5 10 15 20 0 5
Delay (C/A chips) Delay (C#A chips)

10 15
Delay (C/A chips)

INFORMATION tECHNOLOGY Alessio Di Simone
eLECTRICALEGeNGINEERING
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Sea Target Detection from GNSS-R DDM

Simulation study performed by using the actual spaceborne GNSS-R mission simulator developed by UPC-BarcelonaTech:
GEROS-SIM (http://www.tsc.upc.edu/rslab/gerossim).

Sea Target Detector

Pre-processing

Pre-screening

Selection

Geolocation
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http://www.tsc.upc.edu/rslab/gerossim

Proposed Sea Target Detector from GNSS-R DDM

Pre-processing

* Sea clutter suppression

Wind speed retrieval DDM simulation

Difference Difference map Simulated
map evaluation DDM

Di Simone, A.; Park, H.; Riccio, D.; Camps, A. “Sea Target Detection using Spaceborne GNSS-R Delay-Doppler Maps: Theory
and Experimental Validation using TDS-1 Data,” IEEE Journal of Selected Topics in Applied Earth Observations and Remote
Sensing (under review).
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Proposed Sea Target Detector from GNSS-R DDM

ﬂre—screening \

* Adaptive hard-thresholding

Pixel under test and
background window Noise power estimation
selection

Difference
map

Target
candidates
map

Difference map Local threshold
thresholding evaluation
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Proposed Sea Target Detector from GNSS-R DDM

/ Selection

e False alarms reduction

Target

candidates
map

o

Single-pixel targets
removal

Selected
targets map

~

/ Geolocation

Selected

targets map

* From Delay-Doppler to latitude-longitude

DD-SRF-Lat/Lon
transformation

Geolocated
targets map
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Proposed Sea Target Detector from GNSS-R DDM:
Performance Evaluation

y: observed DDM sample

s: target echo {Hl y=S+C+n n~y*?(k)

c: sea clutter : —> n~N(Up, 0p).
Hy:y=c+n wen

n: thermal noise oY ke > 1

k: number of DDM “snapshots”
incoherently averaged

* Noise compensation

{ley':s+c+n

': o n ~N 0) nJt
y=y-4 H,:y'=c+n n~N (0, o)
e Clutter suppression o :Pr(d>T\H )=Q£LJ
_ H.:d=s+n - O Tn
d=y-c { ! n~N(Q0,0,), = .
Hoid=n T=00 (PFA)

QM) =%Texp(—%Jdu. P, =Q(Q(P.,)- SNR)
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Proposed Sea Target Detector from GNSS-R DDM:
Receiver Operating Curves
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Outline

* Experimental results on UK TDS-1 data
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Experimental results on UK TDS-1 data
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Experimental results on UK TDS-1 data
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Comments and Conclusions
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Comments and Conclusions:
SAR Despeckling

* Most state-of-the-art despeckling algorithms are based on pure geometrical and statistical
concepts.

* More physical-based despeckling algorithms should take into account electromagnetic
scattering phenomena.

* Thanks to the a priori information, scattering-based despeckling algorithms provides better
(in some cases much better) performance w.r.t. state of the art.

* A priori information, namely DEM, is nowadays easily accessible also free of charge (see
SRTM mission).

* The proposed scattering-based despeckling algorithms have been shown to overcome
performances of the original filters both in terms of speckle reduction and edge preservation
capability.

* Artifacts typical of nonlocal patch-based methods can be attenuated by exploiting a priori
scattering information in the despeckling chain.

* Feasibility of retrieving the local incidence angle map from the SAR image is currently under
investigation (this will avoid extra information requirements).
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Comments and Conclusions:
Sea Target Detection from GNSS-R DDM

* Ship/ice detection plays a key role in maritime surveillance and security.

* Remote sensing represents a competitive alternative to AlS especially for open ocean or non-
cooperative sea traffic.

 SAR and optical, although greatly exploited in the maritime traffic monitoring, exhibit
important limitations, especially concerning the revisit time.

* GNSS-R technology paves the way for real-time sea target monitoring with cooperating
constellations.

* The revisit time of GNSS-R constellations can be reduced by increasing the constellation size,
the number of parallel tracking channels, the GNSS stations tracked.

* A sea target detection algorithm has been developed, and demonstrated with actual GNSS-R
data for the first time.

* Further validation will be performed with the upcoming CYGNSS mission.

* Detection performance improvements expected with GNSS-R multilook processing. More
work is going on.
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