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Background

A Study of the Interactions of the
GNSSR signal with land surface
(roughness, soil moisture) and
vegetation (Forests;rops)

A Previous dedicated missions :
T SMEXO02 (Master&atzberg2002)

i LEIMON& GRASSE(id020102011) e

A Current knowledge R
i Sensitivity of GNSS to soil moisture | . L
i Usefulness of RHCP polarization = *° S ®
I Sensitivity to forest biomass T, |
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Rationale of the GLORIE campaig

A Gather an extended dataset for GNB$and application
studies

A Verify the current knowledge
A Further explore
I Effect ofmeasurement geometry
I Effects of crop types

I Effect of Forests
I Other modulations (Galileo?)

A Provide data fobistaticscattering models
A Develop inversion methods



Alrcraft measurements dataset

A Instrument characteristics

I Dualpol (LHCP & RHCP) hemispherical
antennas

I 4 synchronized RF channels L1
centered, 8MHz BW

i Direct down conversion, 10MSPS, IQ
T Relative channel calibration

A Flight characteristics
I 600 mAGL, 106/s

44.0

A Dataset
i 5flights over 4 areas of interest + lake
I 2weeksspan (Jung July 2015)
i 15 hours ofraw data recording




A Raw data tageolocalizedeflectivity

GNSS data processing

Level 0
(complex
Wavetorms)

Clean replica waveform generation (LO)
Waveform maximum extraction & time

Level 0b
(Waveforms
Maxima)

Geometrical and
instrumental
corrections +

averaging

tagging (LOb) e b
i Instrumental calibration (antenna, direc | [ L, presdy
signal, noise) and computation of
reflectivity (L1&incohavg= 240ms
I Geolocationand conversion tehapefiles
(L1b)
A Improvements CF Y, e~ B,

Tracking othe speculampoint in non
optimal configurations

Correction for Antenna Gain

Correction of the direct signal in the case qq =
of strong multipath

Correction for RHCEPol
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Level 1a
(Reflectivity)

Geolocalization
and merging of

Indwidual Nes

Ancillary Data
(Paosition / Altitude /
Time, DEM)

j(fr,max' fd,max) Gd

Level 1b
(Geolocalized
refiectinty)




In situ ground truth dataset Agricultural

A Parameters:

Soil moisture
Roughness

vegetation cover height

Leaf Area Index (LAI)

vegetation water content

NDVI from optical EO

A Extent

3 areas
30 fields
Several crop types

Carrot
Corn Lam
Corn Mar
Green Bean
Soybean
Sunflower
Wheat
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JFit:17.11 *x + +30.41

r?=0.86
RMSE resig = 283.27
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Parameters:
- Age
- Diameter (DBH)
- Height
- Density

- Estimation of Above Grouncl
Biomass (AGB) from
allometricequations

- Qualitative description of
ground cover

Extent
- 3 areas
- 100+ stands
- Biomass up to 150 t/Ha
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Distribution of Measurements

coherent integration time: 05ms
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Results: Agriculturadreas LHCA)
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Fit: -0.05 * x + -12.10

rf=0.55
RMSEyesml =2.63
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Soil Moisture [m3 . m-3] ® Soybean
sunflower
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All elevations (3®0)-> Sensitivity to vegetation height and soil moisture

9




Results: Agriculturahreas LHCR)

GLORI Gamma L [dB]

Multi linear fit:

Fit vs Observations
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Soil Moisture and vegetation Height?=0.7
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Results: Agricultural Areas LHCP (

Low elevation (3660)

Soil Moisture [m3 . m-3]

High elevation (6€20)

Veg-, SM +
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