
Overview

TechDemoSat-1 (UK)
- Mini-satellite
- 150Kg
- 1m3

- 8 techno/scienti�c demo payloads

 SGS-RESI receiver module
- 5-10W
- 1Kg
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Mission Cost
TDS-1   ~10 MGBP
CYGNSS   ~150 MUSD

Concept
- GNSS signals re�ected by the ocean surface
- Forward scattering
- L-Band Bistatic Radar con�guration
- MEO Tx (GNSS), LEO Rx (TDS-1)
- Zenith antenna, Nadir antenna
- Dual frequency (L1, L2) - Galileo, GLONASS

 

Outlook
- Unprecedented sampling rate
- Global coverage of sea state and winds
- Potential for hurricane monitoring 

Current Work
Geophysical inversion
- Link of EM scattered power to sea state/wind
- Acquisition noise
- Speckle noise

Calibration data sources
- Buoys
- Satellites
- Model output

R=48 PRN=9 SNR=0.41002 Qscat Wspd=12.9
median SNR 1Hz=0.42807 std SNR 1Hz=0.17205

 

 

14

14.5

15

15.5

16

16.5

R=48 PRN=17 SNR=0.39055 Qscat Wspd=NaN
median SNR 1Hz=0.55364 std SNR 1Hz=0.13246
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R=48 PRN=18 SNR=0.31049 Qscat Wspd=8.16
median SNR 1Hz=0.97376 std SNR 1Hz=0
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R=48 PRN=22 SNR=NaN Qscat Wspd=11.2
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=48 PRN=24 SNR=0.31479 Qscat Wspd=13.2
median SNR 1Hz=0.89537 std SNR 1Hz=0.024717
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R=48 PRN=26 SNR=NaN Qscat Wspd=13
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=49 PRN=1 SNR=1.0621 Qscat Wspd=12.6
median SNR 1Hz=1.0103 std SNR 1Hz=0.011506
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R=49 PRN=11 SNR=NaN Qscat Wspd=10.2
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=49 PRN=17 SNR=0.53096 Qscat Wspd=NaN
median SNR 1Hz=0.49383 std SNR 1Hz=0.15132
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R=49 PRN=20 SNR=NaN Qscat Wspd=8.8
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=49 PRN=23 SNR=NaN Qscat Wspd=6.24
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=49 PRN=24 SNR=0.4888 Qscat Wspd=10.2
median SNR 1Hz=0.54414 std SNR 1Hz=0.13546
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R=49 PRN=25 SNR=NaN Qscat Wspd=NaN
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=49 PRN=28 SNR=NaN Qscat Wspd=8.11
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=50 PRN=2 SNR=NaN Qscat Wspd=16
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=50 PRN=7 SNR=0.46451 Qscat Wspd=7.37
median SNR 1Hz=0.56874 std SNR 1Hz=0
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R=50 PRN=9 SNR=0.90514 Qscat Wspd=7.35
median SNR 1Hz=0.96594 std SNR 1Hz=0
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R=50 PRN=17 SNR=NaN Qscat Wspd=7.65
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=50 PRN=18 SNR=0.43948 Qscat Wspd=7.43
median SNR 1Hz=0.47079 std SNR 1Hz=2.2813e−16
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R=50 PRN=30 SNR=0.35956 Qscat Wspd=9.1
median SNR 1Hz=0.47108 std SNR 1Hz=2.2813e−16
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R=51 PRN=1 SNR=0.42351 Qscat Wspd=NaN
median SNR 1Hz=0.39593 std SNR 1Hz=0.031477
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R=51 PRN=4 SNR=1.4797 Qscat Wspd=3.03
median SNR 1Hz=1.0195 std SNR 1Hz=0.22973
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R=51 PRN=7 SNR=NaN Qscat Wspd=2.43
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=51 PRN=11 SNR=NaN Qscat Wspd=8.82
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=51 PRN=17 SNR=NaN Qscat Wspd=3.71
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=51 PRN=20 SNR=0.84045 Qscat Wspd=6.47
median SNR 1Hz=0.81095 std SNR 1Hz=0.14235
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R=51 PRN=23 SNR=NaN Qscat Wspd=6
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=51 PRN=24 SNR=NaN Qscat Wspd=10.3
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=52 PRN=5 SNR=1.8723 Qscat Wspd=3.51
median SNR 1Hz=1.6364 std SNR 1Hz=0
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R=52 PRN=7 SNR=NaN Qscat Wspd=13.4
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=52 PRN=9 SNR=1.2924 Qscat Wspd=9.42
median SNR 1Hz=1.9243 std SNR 1Hz=4.5626e−16
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R=52 PRN=14 SNR=NaN Qscat Wspd=6.95
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=52 PRN=17 SNR=NaN Qscat Wspd=12.3
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=52 PRN=24 SNR=NaN Qscat Wspd=NaN
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=52 PRN=30 SNR=0.88592 Qscat Wspd=6.52
median SNR 1Hz=1.0798 std SNR 1Hz=2.2813e−16
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R=57 PRN=4 SNR=NaN Qscat Wspd=11.9
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=57 PRN=5 SNR=0.92934 Qscat Wspd=9.75
median SNR 1Hz=0.88136 std SNR 1Hz=0.094754
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R=57 PRN=7 SNR=NaN Qscat Wspd=NaN
median SNR 1Hz=NaN std SNR 1Hz=NaN
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R=57 PRN=9 SNR=0.94733 Qscat Wspd=9.09
median SNR 1Hz=0.71722 std SNR 1Hz=0.17314
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R=57 PRN=14 SNR=NaN Qscat Wspd=7.31
median SNR 1Hz=NaN std SNR 1Hz=NaN
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A=5.5991 B=−0.84417 C=−0.065866
R square =0.52495 RMS error=0.44862
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Outlook
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A=5.5991 B=−0.84417 C=−0.065866
R square =0.52495 RMS error=0.44862
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A=4.7385 B=−1.4246 C=0.67588
R square =0.36553 RMS error=0.47224
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A=8.3574 B=−1.6153 C=0.58613
R square =0.26589 RMS error=0.47547
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A=2.1362 B=−0.89706 C=0.77255
R square =0.46008 RMS error=0.54871

Future
TDS-1 launch scheduled June 2014
Calibration of wind retrieval algorithm
Develoment of a full delay/doppler inversion
work�ow based on a theoretical EM scattering
model (Z-V) to retrieve wind direction (TBC)
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No. of Specular Points : 1 ϒ x 1 ϒ grid 
  LTAN : 9                                          

−150 −100 −50 0 50 100 150

−80

−60

−40

−20

0

20

40

60

80

Days : 1   9  17,      Ocean Coverage   =    21.5%

 

 

1 2 3 4 5 6

References
Gommenginger C., Foti G., Robertson C., Shaw A., 2014, ‘Characterizing ocean-atmosphere dynamics in extreme weather events 

withTechDemoSat-1, CYGNSS and Aquarius data’,  CYGNSS Science Team meeting, March 30th 2014, San Diego, US
Robertson C., Foti G., Shaw A., Gommenginger C., 2014, ‘GNSS-R TechDemoSat-1 Campaign Preparations - Technical Note 2: Campaign 
Implementation Plan’, ESTEC Contract No. 4000109726/13/NL/FF/lf, National Oceanography Centre
Robertson, Y. C., A. G. P. Shaw, & C. P. Gommenginger, 2013: WP400 Orbital Validation Investigations. Spaceborne GNSS‐Re�ectometry 

Instrument & Algorithms. ESTEC Contract No.4000106450/12/NL/FF/LF. National Oceanography Centre, Southampton, UK. 13 Sep-
tember 2013

Gleason, S., Hodgart, S., Yiping, S., Gommenginger, C., Mackin, S., Adjrad, M., Unwin, M., 2005. Detection and processing of bistatically 
re�ected GPS signals from Low-Earth Orbit, for the purpose of ocean remote sensing. IEEE Transactions on Geoscience and Remote 
Sensing 43 (6), 1229–1241.

Clarizia, M. P., Gommenginger C., Gleason S., Srokosz M., Galdi C., and Di Bisceglie M., 2009: Analysis of GNSS-R Delay-Doppler Maps from 
the UK-DMC Satellite over the ocean. Geophysical Research Letters,

Clarizia, M. P., Gommenginger C., 2013, CCN WP1 & WP2 Technical note on Investigating Mean Square Slope Retrieval with UK-DMC 
GNSS-R Data, ESA ESTEC CONTRACT NO. 4000106450/12/NL/FF/LF, National Oceanography Centre, Southampton

Komjathy, A., Zavorotny, V. U., Axelrad, P., Born, G. H., & Garrison, J. L. (2000). GPS signal scattering from sea surface: Wind speed retrieval 
using experimental data and theoretical model. Remote Sensing of Environment, 73(2), 162-174.

Zavorotny, V., Voronovich, A., 2000. Scattering of GPS signals from the ocean with wind remote sensing applications. IEEE Transactions 
on Geoscience and Remote Sensing 38 (2), 951–964

Acknowledgements
We would like to thank SSTL (UK) for providing the UK-DMC data.

References
Gommenginger C., Foti G., Robertson C., Shaw A., 2014, ‘Characterizing ocean-atmosphere dynamics in extreme weather events 

withTechDemoSat-1, CYGNSS and Aquarius data’,  CYGNSS Science Team meeting, March 30th 2014, San Diego, US
Robertson C., Foti G., Shaw A., Gommenginger C., 2014, ‘GNSS-R TechDemoSat-1 Campaign Preparations - Technical Note 2: Campaign 
Implementation Plan’, ESTEC Contract No. 4000109726/13/NL/FF/lf, National Oceanography Centre
Robertson, Y. C., A. G. P. Shaw, & C. P. Gommenginger, 2013: WP400 Orbital Validation Investigations. Spaceborne GNSS‐Re�ectometry 

Instrument & Algorithms. ESTEC Contract No.4000106450/12/NL/FF/LF. National Oceanography Centre, Southampton, UK. 13 Sep-
tember 2013

Gleason, S., Hodgart, S., Yiping, S., Gommenginger, C., Mackin, S., Adjrad, M., Unwin, M., 2005. Detection and processing of bistatically 
re�ected GPS signals from Low-Earth Orbit, for the purpose of ocean remote sensing. IEEE Transactions on Geoscience and Remote 
Sensing 43 (6), 1229–1241.

Clarizia, M. P., Gommenginger C., Gleason S., Srokosz M., Galdi C., and Di Bisceglie M., 2009: Analysis of GNSS-R Delay-Doppler Maps from 
the UK-DMC Satellite over the ocean. Geophysical Research Letters,

Clarizia, M. P., Gommenginger C., 2013, CCN WP1 & WP2 Technical note on Investigating Mean Square Slope Retrieval with UK-DMC 
GNSS-R Data, ESA ESTEC CONTRACT NO. 4000106450/12/NL/FF/LF, National Oceanography Centre, Southampton

Komjathy, A., Zavorotny, V. U., Axelrad, P., Born, G. H., & Garrison, J. L. (2000). GPS signal scattering from sea surface: Wind speed retrieval 
using experimental data and theoretical model. Remote Sensing of Environment, 73(2), 162-174.

Zavorotny, V., Voronovich, A., 2000. Scattering of GPS signals from the ocean with wind remote sensing applications. IEEE Transactions 
on Geoscience and Remote Sensing 38 (2), 951–964

Acknowledgements
We would like to thank SSTL (UK) for providing the UK-DMC data.

TDS-1 Swath
~ 530 km

TDS-1
 Orbit Path

TDS-1 Receiver

GPS Specular Points
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Analysis of spatial/temporal retrieval resolution provided by the algorithm, 1Hz

Windspeed retrieval performance using di�erent calibration datasets (buoys, sats)

Results with UK-DMC data

Wind measurement retrieval from other satellite data (scatterometers, passive MW)

Data processing - noise mitigation, feature extraction

Delay/doppler map of scattered power

SGS-ReSI receiver module

TechDemoSat-1 satellite After Komjathy et al (2000)

TDS-1 Simulated sampling coverage

Calibration of wind retrieval algorithm


