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1. China-Europejoint GNSS-R work group

* in Nov. 2011, MOST and ESA signed a cooperation
agreement on space science and technology area.

e During Munich satellite navigation summit in Mar212,
Prof. Hein (ESA) and Jing Zhao(NRSCC) discussethen
cooperation interest in GNSS-R.

* Both sides agreed to set up the joint work groa@un. 2012
and appointed five members in China side:

— Convener/Coordinator: Dongkail Yang

— Member: Yunchang Cao, Yuegiang Sun, Yun Zhang,
Songhua Yan . ¥




e from 19-22 July, 2012, the work group organize the
first workshop in ESTEC, Netherland

16 delegates attend the discussion on the GRISS
and its applications

* |t was decided that the@vorkshop would be held
In Shanghal in Octoher 201
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Wor kshop in August 2013 in Shenzhen

e |1n 29/8/2013, Shenzhen

e Presentations

— Dongkai Yang: GNSS reflectmetry status in China pontial
CN_EU cooperation

— Weigiang Li: Typhoon observation utilizing GNSS-€thnique
— Yunchang Cao: BeiDou application in Meteorology

— Cong Yin: Brief introduction on the Typhoon Expeent

— Antonio Rius: Fundamental on GNSS-R Techonology

— Zhuang Hongbo: Shenzhen Meterological Observaystem and its
applications

e Teleconference on the status of TIGRIS in 30/8/28i
27/9/2013
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2"d GNSS-R Joint Workshop in October 2013
In Shanghal

e In 14-15, Oct. 2013, Shanghali

* Presentations
— Dongkai Yang: Review the activities of the workigaup
— Martin Neira: ESA activities on GNSS-R area
— Yunchang Cao: GNSS-R Typhoon Experiment introductio
— Cong Yin: Typhoon Experiment results analysis
— Fran Fabra: Preliminary results from IEEC devic&yphoon test
— LI Weiqgiang: Beidou reflections analysis in Typhdesst

— WU Xiaodan: GNSS-R activities from SHANGHAI aerospa
electronic technology institute

— MENG Wanting: GNSS-R application in Sea Ice detacti






2. Typhoon and its waveforms

Definition: a Typhoon (or Hurricane)is a maturél'ropical Cyclone (wind
speed=32.7m/s according to the World Meteorological OrganizatigiO)).

Category By Wind Intensity (Saffir—Simpson scale)

Category Wind speeds

Three 50-58 m/s, 96-112 kts, 111-129 mph, 178-208 km/h

Two 43-49 m/s, 83-95 kts, 96—110 mph, 154-177 km/h

One 33-42 m/s, 64-82 kts, 74-95 mph, 119-153 km/h
Additional classifications




L ocation

Traditionally, areas of tropical cyclone formatiore alivided into seven basins. These
include thenorth Atlantic Ocean, the eastern and western parts of the northern Pacific
Ocean, the southwestern Pacific, the southwestern and southeastern Indian Oceans, and
the northern Indian Ocean (Arabian Sea and Bay of Bengal)

£

HAIYAN (Yolanda) affects two-third of Philippines’ island chain and the wind
gusts 380kph was recorded. 100 people died.




Development and duration

Tropical cyclones have a distinct life cycle of abd-7 days and the movement of
tropical cyclone is not very quick - it only movasabout 20 or 30 km/h.
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Waveform

The power waveform can be presented as the comwolaf the spatial
related ocean scattered parameters and the SWHdeataagnitude-
squared Cross Correlation Function (CCF) of themusite signal.

T+7,

Z(@) = f W (ep)U (T — 7p)dy

* Tp isthe relative time delay to the specular point (tp = 0 according to
the definition of the specular point)

* T,isthe period of the chip in C/A code

* U(7t) isthe reflected power waveform related to the SWH

« W(tp) is the weight function at different time delay as a function of the
spatial distribution of the bistaticradar cross section and carrier Doppler



The amplitude of the waveform is sensitive to thiedrspeed.
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The leading edge slope of the waveform is sensitv@&WH.
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3.Typhoon Detection experiment

 From July to September 2013, China-Europe joindsfgrmed
typhoon detection test in Shenzhen and Yangjidhiasts 3
months and got a large number of data (almost 24T).
Preliminary data analyze shows good results.

Google earth

Shenzhen Site (Google earth) Yangjiang Site (Google earth)



Antennas installation in Shenzhen site




Strong Tropical Storm JEBI (201309)

106°E 110°E 114°E 117°E 121°E 125°E
22°'N et VG N 22'N
Site Start (UTC) |End (UTC) |Data type NN
Shenzhen | 08-01 05:22 | 08-04 13:33 | RAW I.F. samples .
Yangjiang | 08-02 18:04 | 08-05 18:00 | RAW I.F. samples

Super Typhoon UTOR (201311)

15°N

15°N

110°E 115°E
H

120°E

125°E

Fo ‘.‘ :’."!:‘(:'| f AN %
130E 135'E

25°N

Site Start (UTC) |End (UTC) |Data type
Shenzhen | 08-13 02:38 | 08-16 03:00 | RAW I.F. samples
Yangjiang | 08-12 11:45 | 08-14 03:00 | RAW I.F. samples

hS
20°N -

g 25°

1 20°

15°N g g 15°
Super Typhoon USAGI (201319, Cat. 5) | |
.;110°E 1110565E 12'0’E 125;E 130’1E80= 135°E
Site Start (UTC) | End (UTC) Data type eon ‘:“‘13."?' e e\
Shenzhen | 09-18 00:00 | 09-24 00:00 |

RAW I.F. samples




BeiDou GEO #1 and #4, with
M Stable geometry

BSharper auto-correlation function (2.046 M chips rate)

Shenzhen site Yangjiang site



Preliminary Data Processing Results

Down-looking high-gain antenna footprint

Coastline
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Relationship Between Delay and Spatial Coordinates

Coastline
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itu WS and SWH measurements

In-s
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WS (m/s) (Staion 4)

Time (Hours)

19:45, 12 Aug., 2013 (UTC+8)

measur ement and wavefor m parameters

Comparison between in-situ wind speed

meteor ological station

Wind speed measurement from the

2.11 2.02 3.45 3.82 6.82 8.64 11.89

1.73

Corr. Pow.

3.8 8.6 11.8 15.2 17.3 24.1

4.7

1.9

WS (m/s)



4.Summary

e Land based GNSS-R recelver configuration isa new way to
provide meter ological observation data

 BeiDou GEO satellites could be used to detect the Typhoon on
the observation field

e BelDou reflections has correation with the existing
observation stationsresult on wind speed measur ement



