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e oz Introduction (i)
SMOS ac'nvmes (1993-today)

1. Instrument: Analysis, performance, calibration, imaging..
— Subsystem specificacions (

SEPS:
)SMOS End-to-end
"“Performance Simulator

[ £ ]

G,

from multi-angular radiometric measurements

Collaboration with

4. Development of sea surface salinity and soil moisture retrieval algorithms
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€) o Introduction (ii)
* 6PS-reflectometry
DODEREC (2001-2002): a GNSS-R instrument developed for TEEC

3 channel GPS-R with high speed data logger (20 MB/s during 60 min, or
40 MB/s during 15 s)
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* The brightness temperature of the sea surface depends on:

- 7% (6, pol ) = [1 —r7" (0, ¢,, pol )] -T. + AT,(0, pol, parameter)

- physical temperature
- Sea state +

T = F o) T (1 F (U] T <7

= critical correction:

. SMOS: multi-angular information to estimate an effective wind speed
. AQUARIUS: L-band scatterometer
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WISE/ FROG Fleld campalgns (2000, 2001 and 2003)

CASABLANCA
OIL RIG {WISE]

RTA FACILITIES
{(FROG)

ICM Aandera =
CMB3280 buoy

LODYC Clear‘.wa‘rer'
& Datawell buoys
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Introduction (v)
WISE 2001: Ty sensitivity to SWH

T, 6,=259[K] T, (6,=30%K1 T,(6,=357)K] T,(6,=40%[K] T,(6,=459[K] T, (e,;=509[K] T, (6,=557K1 T,(6,=60°[K] T, (o;=65[K]
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PAU = Passive Advanced Unit for ocean monitoring = potential solution to sea state pb.
* PAU concept proposed to ESF 2003, EURYTI award 2004: March 2005-February 2010

* PAU = Combination in a single instrument 3 different sensors, taking advantage of
experience gained in previous projects (SMOS, DODEREC...)

- PAU-RAD: New type of radiometer: pseudo-correlation = measure TB
digital beamforming
polarization synthesis

- PAU-GNSS/R: GPS reflectometer — measure sea state (and altimetry)

"Glistening zone"
Extension depends
oh sea state

Sun glint over a (left) calm sea, and (right) roughned sea
- PAU-IR: IR radiometer — measure SST
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PAU Concept (iii)

PAU-Real Aperture Main Characteristics

1. Architecture based on new kind of pseudo-correlation radiometer.
2. DBF 4x4 elements: square array with triangular illumination. e
5°) = multi-angular observations without mechanlcal scan

Steering: +15° (A0 =

Wilkinson gi, nl

Power Splitter 1 j‘
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PAU-RAD architecture diagram:
- Output proportional to T,,-Ty,
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Emissivity

Sea emissivity Vs incidence angle

0.85-

8

0.51

0.34

0.17

1 1 1 1 1
20 30 40 50 60 70 80 90
Incidence angle (°)

ilkinson

- No chopping = GPS sngnal can be tracked
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- What can a GNSS-R reflectometer measure?

- The most complete information is the Delay Doppler Map (DDM) or correlation of the
received signal with a replica of the transmitted one at different time lags and Doppler

shifts = mapping of space (x,y) coordinates into (z, f,)
Y(57,51,) = [, sttya(t + 67) exp(~ 275 T, )t

- DDM cut for f4=0 is usually called a waveform = most widely used observable

LANE-Dhri R T
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* The "shape” of the DDM depends on:
- Surface where GNSS signals are scattered: sea, ice, land...
= dielectric properties, surface roughness, temporal variability...
- The relative movement of the GNSS transmitter and the receiver
- The DDM must be integrated (coherently and incoherently) to reduce noise

:'
Oy
SAMPLE DATA FROM UK-DMC
: (processed by UPC)
DDMk ik DOM Acurnulat
-4000 ' w .‘ \ M' i l I -000 . . 08
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muz rl||‘ ]Iw-. ’l LI g \’ \ ‘ !‘ 9y _ -1ouo gt 02
1000 "| Al i I | 02 ? 1000 : _DDQ
2000 i“ { i 2000 : 04
. - -
5000 AL LAY L | 5000 . - o=t "
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SEA ICE LAND
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1st full real-time DDM generator (variable 1, and t; from 1 ms...) in 2007
gri-PAU: improved version for field campaigns

= collocated radiometer + GNSS-Reflectometer

Fi%lcli egperimen’rs conducted so far with this new instrument over sea
and land:

Advanced L-BAnd emissiviTy Reflectivity Observations of the Sea Surface
(ALBATROSS 2009)

3riPAU (Radiometer ==

herlecLon
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gri-PAU:
- 24x32 points (768 real-time complex correlations)
- Adjustable delay and Doppler steps.

- Typi

1400
1200
1000

800

600

400

200

cally: 0.09 chips, 200 Hz
* Real capture over the ocean:

1 ms DDMs
B T A U S AN A R (A Y I A
B T R e e Y S I I A
o 1 Mzodule O“hz’DDMIS miximum [ai] 6 X1057 155 1.555 1.56 1.565 1.57 I1[."1?‘7515 158 1.585 1.59 1.5‘95)( 1014.6
DDM'’s maximum module has n rad phase —  Navigation bit
approximately a Rice PDF as jumps detection with
expected reflected signal
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First experimental results (iii)
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@ sai First experimental results (iv)

P itiinic s 2 | * No corrrelation found between scatterometric
delay and DDM volume

. 4+ * But high correlation between length of waveform
= 7 ¢ = tail and DDM volume
snoof - - - -] é_-_B _E' _______ é _______ é _______ E'___ '
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First experimental results (v)

Model vs. retriewed correlation time

300

Retrieved sea correlation time vs. wvolume of the normalized DO
T
o ;

.
250 f e . e eeeseeeSs

200

100

A0
fli 5| IIS ?I' &3 DBED EBiD ?'DiD ?'2i|3 F"filﬂ .'-"Ei'uD ?Ei!D &00
WS 5] Yolurme of the normalized DDM [ehips Hz)
Sea correlation time (diamonds) & Correlation time (diamonds) and
modeled correlation time (solid line)
vs. wind speed

volume of normalized DDM.
Solid line corresponds to

exponential model fitted to data.
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Direct relationship among ocean T, variations and a GNSS-R observable:

A Tg [K]/ Ataily gygpom [us]
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NO emission & scattering model

NO ocean surface model
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GNSS-R is an emerging remote sensing technique which a high potential for
ocean applications: altimetry + sea state determination + sea state correction
in ATg.

PAU project proposed in 2003 to ESF and funded (2/2005-2/2010):

Main goal = use GNSS-R to correct measured L-band brightness temperature
for the sea-state effects.

Technological demonstrator for SMOS follow on mission

PAU and griPAU instruments designed and implemented.

griPAU is a real time GNSS-R receiver to compute the DDM every 1 ms in
24x32 points (768 real-time complex correlations), with configurable delay-
Doppler resolutions, typically 0.09 chips and 200 Hz.

griPAU has been successfully used in two field experiments over ocean and
land (soil moisture & vegetation height), and over sea. First results over sea
presented
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- GNSS-Reflectometer in R/C small aircrafts:

Direct and reflected DDMs showing altimetric information
( “classical” PARIS demonstration)

« 10* DDM (Sv=1, SNR=5.9)

Direct
DDM

Reflected

1600 1610 1620 1630 1640 1850 1860 1670 1680 1690 1700
Delay (samples)

PAU-ORA: ALTIMETRIC
& SM applications
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