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GPS & Radio Occultation

http://en.wikipedia.org/wiki/Image:ConstellationGPS.gif

http://www.image.ucar.edu/DAReS/DART/Researc h/GPS_Liu/



RO retrieval method (Atm. )
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Abel transform
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Mountain Based Radio Occultation

The earth

Hu et al., 2006
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Seasonal Es layer activity
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Es layer activity

shear
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Irregularity & S4 index
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[onospheric scintillation prediction
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TriG Radio occultation System (TGRS)




AmFE- 5 - X THBELL

Occultation Locations for COSMIC-2, 24 Deg, 24 Hrs




Data number of electron density profiles
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Ratio Occultation Technique

GNSS satellite
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Plasmasphere electron content
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TROPS data download web.

—wn English  B#EIEM
1?([: C  About EEte- 3%+ %-TROPS

Last update: 2020/10/13 02:05 UTC

FS-T TROPS realtime

By Level:

Daily Tar |LevelD |Levella | Levellb | Level2 | Level3

By Category:

lonosphere Raw GPS Data

ionPhs: Link | File Description trglvi: Link | File Description

lonospheric excess phases and auxiliary data used for generating ionospheric profiles. This file contains level 0 (raw binary) data from the FORMOSAT-7 TRIG GNSS Receiver
Note: No differencing is applied - expect receiver clock errors on L1 and L2. Payload.

ionPrf: Link | File Description opnGns: Link | File Description

lonospheric profiles of electron density. The accuracy is genereally about 10%-10°cm™=.  Atmospheric occultation data in a simple custom binary format. This data file contains
Caveats: Some profiles may be affected by cycle-slips. all high rate atmospheric data sent us by the GNSS receiver on the LEQ.

igaPrf: Link | File Description podCre: Link | File Description

lonospheric profiles of electron density (Ne) derived from the aided-Abel inversion. Raw L1 and L2 pseudo-range and carrier phase tracking data in compressed RINEX 2.20
GIS: Link | File Description ek

Global lonospheric Specification (GIS) of 3D electron density maps. Providing hourly leohtt: Link | File Description

3D global electron density distribution by assimilating radio occultation (RO} and Attitude and rough position data from the FORMOSAT-T spacecraft andthe GOX

Global Navigation Satellite System (GNSS) total electron content (TEC) by navigation solutions.

implementing a Gauss-Markov Kalman filter algorithm. leoOrb: Link | File Description

Precise FORMOSAT-T spacecraft orbits. The orbit precision based on internal orbit
overlap comparisons is on average less than 15 cm 3D RMS (0.15 mm/sec 3D velocity).

senlc2: Link | File Description
On-board 54 amplitude scintillation index and auxiliary data

http://tacc.cwb.gov.tw
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Triton vs. FS-7 Mission Satellite
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GNSS—-Reflectometry principle
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Ground GNSS-R Applications

Soil moisture
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Figure 4-2 Surroundings of Kaohsiung station (Cerdit: Google Earth) T | ]
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Fig. 6. Sea level from a synthetic tide gauge at Onsala (black line), calculated from a weighted mean of tide gauge observations at Ringhals and
Gothenburg, and estimated sea level measurements from the Onsala GPS tide gauge (red dots). (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

Figure 4-3 Configuration of GNSS station in Kaohsiung harbor

(Credit: National Land Surveying and Mapping Center, NLSC) Larson et al., 2012
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GNSS-Reflectometry principle (2)

Transmitter

o = iso-Delay line

a5
= iso-Doppler line s Y

vVt

Receiver

Dealy-Doppler Map (DDM)

Deday Doppler Map

Clarizia, 2012



The TDS-1
launched on 8 July
2014, carries SGR-
ReSl, small
(300x160x30mm),
low-mass (1.5kg),
low-power (10W)

The ReSlI can be
accessed and
operated for 2 days
in every 8 day duty
cycle of TDS-1

The ReSI can track,
record and process
reflected signals
simultaneously
from 4 GPS
transmitters

All ReSl data
acquired up to 5 Feb
2015 were processed
to plot the delay-
Doppler maps
(DDMs)

The DDMs were
generated onboard
at 1Hz with a
coherent integration
time 1ms.

Current GNSS-R Missions

TechDemoSat-1

CYGNSS

Zenith DDMI Antenna

Nadir DDMI Antennas (x2)

Provide estimates of
ocean surface wind speed
over a dynamic range of 3
to 70 m/s

Provide estimates of
ocean surface wind speed
during precipitation rates
up through 100
millimeters per hour as
determined by a spatially
averaged rain field with
resolution of 5x5 km
Measure ocean surface
wind speed with a
retrieval uncertainty of 2
m/s or 10%, whichever is
greater, with a spatial
resolution of 25x25 km
Collect measurements of
ocean surface wind speed
with temporal sampling
better than 12 hour mean
revisit time AND spatial
sampling that samples
greater than 70% of
historical storm tracks
within 24 hours



Arctic sea ice detection (TDS-1)

Combined Ice Type Map: Ice type truth overlayed to the
Chukchi - Beaufort 2015-10-01 to 2015-10-06 ‘90-01,1;)54 tracks for 2015-10-02
Héfispheric 2015-10-01 to 2015-10-08
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Flood inundation (CYGNSS)

Pre-Hurricane Harvey & Irma

HEEE T TEEm
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Surface Reflectivity (dB)

10 15 20
Surface Reflectivity (dB)

ASurface Reflectivity (dB)

.

Figure 1. Observations of surface reflectivity from CYGNSS over the southeastern United States and
Caribbean. (a) Surface reflectivity observations for the time period Jul 1-Aug 20, 2017, before the hurricane
season began. (b) Surface reflectivity observations after Hurricane Harvey (Aug 25-Sep 15, 2017) for the
southeastern United States. Observations in the inset of Cuba were recorded in the time period after Hurricane
Irma (Sep 8-Sep 30, 2017). (¢) Observed change in surface reflectivity after Hurricanes Harvey (southeastern
United States) and Irma (Cuba inset). All figures made with MATLAB R2016b.

Chew et al., 2019



Inland waterways

10N
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Figure 7. CYGNSS mapping of inland waterways in the Amazon. (a) Mean SNR, gridded to 3 km, over the
Amazon for the time period 18 Mar-29 Dec 2017. Areas with surface elevation >600 m above sea level have
been masked out due to a limitation in the CYGNSS on-board data compression algorithm. Corrective flight
software was uplinked to the constellation in Dec 2017. (b) Inset of the black outlined box in (a), with river
outlines from HydroSHEDS* overlaid in green. (c) Biomass map™ for the black outlined box in (a), with river
outlines from HydroSHEDS?! overlaid.

Ruf et al., 2019



GNSS-R wind speed (CYGNSS)
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Figure 2. (a) WRF model 9-km and 3-km domains (d01 and d02) and CYGNSS v2.1 YSLF data within
1.5 h from 1500 UTC on 7 January 2018. The black circle shows the high winds in CYGNSS related
to the WWB and the red circle shows high winds related to TC Irving. (b) CYGNSS v2.1 FDS data in
1400-1500 UTC over-plotted on IMERG 1-h rainfall at 1400 UTC on 7 January 2018. The magenta box
shows the approximate location of the WWB event. (¢) ASCAT wind speed at around 1448 UTC on
7 January 2018.

Li et al., 2020
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Drifter observation 20200727
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Significant wave height vs. signal strength
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Zavorotny-Voronovich Model

)
(P(7, fp)) = ff 47R2R Dz(r)/\z(—)smc f Uo(r)dz
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Doppler frequency shift

Space domain DD domain
aty-free line : 3 ) 7 >
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DD Domain Spatial Domain
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* 02y 050ss - Directional Mean Square Slopes (DMSS);
*  ¢: Principal Wave Slope Direction (PWSD).
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GNSS-R data process system
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Woodward ambiguity remove

MIEAE R 4% % (MHz)
EARE fo=10.23

ik L1 154f, = 1575.42

Wk L2 120f, = 1227.60
P EaHCAM M L1~ L2) fo=10.23
C/A E#(AFI7 L) fo/10 = 1.023




Relation between spacial and DDM domain
(CYGNSS)
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Relation between spacial and DDM domain
(TRITON)
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CYGNSS
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