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Nsse. GNSS Remote Sensing Group of NSSC @ A

>Research domains: GNSS Remote Sensing
® GNSS radio occultation (GNSS RO) e 1}
®GNSS reflectometry (GNSS-R) | B O AOS A A
® LEO-LEO microwave occultation (LMO) . !

® Ground-based GNSS ion. & atm. Remote sensing
»Research Goals:

®Instruments development

®GNSS remote sensing data application GNSS RS Group in IGL-1 2018
>Research partners: i = \\ii
® China Meteorological Administration (CMA) : N r‘;
®Institute of Atmosphere Physics (IAP), CAS .
®Wegener Center for Climate and Global Change (WEGC)
®Geo Forschungs Zentrum (GFZ)

eInstitut d’ Estudis Espacials de Catalunya (IEEC)

®ESA, DMI, EMETSAT (ROM SAF)... ...

GNSS RS Group, Prof Gottfried Kirchengast and Prof Jens Wickert
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Nsse Overview of GNOS payloads @ A

—
GNOS GNOS I GNOS M
(GNss Occultation Sounder) (GNss Occultation Sounder 1l) (GNss Occultation Sounder Mini)
FY-3C FY-3D FY-3E FY-3F/R/G For small and micro satellites

| FY-3CGNOS | _FY-3D GNOS FY-3EGNOSIl_| ____GNOSM___

Technology GNSS RO GNSS RO GNSS RO + GNSS-R GNSS RO

Total mass (kg) 14 14 25 6.3
Power (W) 40 45.5 55 20

GNSS systems GPS, BD2 GPS, BD2 GPS, BD2/3, GALILEO E1 GPS, BD2/3, GALILEO E1 E5
Open loop GPS L1 GPS L1, L2CBD B1  GPS L1, L2C, BD B1 GPS L1, BD B1, GAL ET
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Nsse. Overview of FY-3E GNOS Il

weather satellite

® FY-3E is the first early-morning orbit operational

® GNOS-Il is one of the FY-3E 11 payloads

® GNOS-II has two side-pointed antennas for GNSS RO
and one nadir antenna for GNSS-R

® Operational mission, data latenc

less than 3 hours

FY-3C FY-3D FY-3E
Launch Time 2013/09 2017/11 2021/07
Orbit Morning orbit (SSO) |Afternoon orbit (SSO)| Early-morning orbit (SSO)
Altitude 836 km 836 km 836 km
Inclination 08.8° 08.8° 98.8°
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Timeline of FY-3E GNOS Il mission:

2021/07/05: satellite launched

2021/07 to 2022/06: in-orbit testing
phase

2022/06/ to now: Operational
running test phase

2022/06/15: GNSS RO and GNSS-R
data open to public

2022/07/06: GNSS-R channel 8 was
switched from receiving BDS to GAL.

2022/08/17: BDS RO datasets
retrieved by close and open loop
observations were online

FY3E GNOS-Il GNSS-R ocean surface winds and GNSS RO events
Begin: UTC 2021-07-28 00:29:44

End: UTC 2021-07-29 01:03:39 Wind speed (m/s)

The distribution of the GNSS RO events and
GNSS-R specular reflection points on 28th July
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Nese. Overview of QX-1 GNOS M mission & &

NSMC

Timeline of Binhu GNOS M mission:
® 2021/10/14: satellite launched

® 2021/10 to now: in-orbit testing
phase

® 2021/10: GPS and BDS RO
datasets were available

® 2021/12: Galileo RO datasets
were available

® 2022/07: BDS RO datasets
retrieved by close and open loop
observations were available

Distribution of Binhu RO events on 17 Aug, 2022

30°N

. " % \-.. e o® ) . .
120°W  60°W 0° 60°E  120°E
® Binhu GNOS M BDS ® Binhu GNOS M GPS ® Binhu GNOS M GAL

The distribution of the Binhu GNSS M RO events for
BDS, GPS and Galileo systems on 17th August 2022
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Preliminary Results of GNSS RO

g e
&, "
2\ 5
R

NSMC

700

6001

Occultation number
g S g

§

g

Number of FY-3D GNOS RO events in 2022 0817-0903

i 0

\\*\ .ﬁ,\\

700
I FY-3D GNOS GPS
N FY-3D GNOS BDS

Qccultation number
g E g

§

8

..,"\Q%

Time [yymmdd]

Number of FY-3E GNOS RO events in 2022 0817-0903

& S

0'?

EEl FY-3E GNOS [T GPS
N FY-3E GNOS II BDS

o"'“

Time [yymmdd]

600

500

P
(=3
(=]

30

Occultation number
o

[
[=3
(=]

10

[=]

(=}

Number of Binhu GNOS RO events in 2022 0817-0903

0%"1(\ Q%fﬂ» 0%’3

Time [yymmdd]

The comparison of the RO events per day of FY-3D, FY-3E and Binhu RO
events on the 18 test days from 17t August to 3" September 2022

HE Binhu GNOS M GPS
I Binhu GNOS M BDS
Il Binhu GNOS M GAL

& o

OPAC-IROWG 2022




wy
c. ©n " 2]
S g9 8 o .8 T
M .m, @ B 3 U w_ -
un N RN v n
2| = BES5S5S
% 1 1 1 I3e)
e | i]i]d
) o~
& T R A U U I S S S — L
un. o0 N N
& Y
K-y _uaﬁ..q. < // \f?\_ /_M_
k. et D Wll/”l.tllllll IIIIIIIIIIIIIIIIIIIIIIIII o d.rh ]
g V/.I.IM < .2
 — >
— R N B S WY Q )
i A & 2
m ..rltl..\ﬁ\mv» |||||||||||||||||||||||| w B ™
2 L-s | = 2 ®
Cd
2 T T T T T T T 0 3] w
C .=
ot
> % T S o
= =
=) | Z L -~ a
Sk 2 3
w
o - 5 $ ® 8 8 ®% = =2 o = v £
g
.a [wny] 1yBroH nNu =
Q
S O O
S " 3 5
g5 8w o~ QO
f 5 % 3 =@ S
2 % p = .m U
Dl A8 55 o %
(o)
e S _"_“ s T -
~ | 1 c %
LN - N | (o]
nv g ,I/A ||||||||||||||||||||||||||||||||| - Ll d
AN —
N s A = M S
= PRttt - — 21 1
R S SN & " > S= (@]
> 'Ilo“i:\fl‘l‘].l..! llll - n F m
S —— ~[° %
= -
~ e e ST Q (7,
S N \.l\\.ll\\\l‘.l\...t-\lul.\ -‘.-I’j < D o mm
e et = |\||||||||||l|||||||||||d#a|||-ﬂn.m M un
7 7, " 1 >
S > \\ \\ W R Y —
o} \\\ v ] a
P e B i M e et e —
N AM = > | L. n
@) W ©
L e { =
e i Q
@, m —
eal - -
e o
Y | T c =
O |-
T T T T T T T T n n
2 2 = = 5 8 = = o ° o o
wn Ll
7)) [ury] 3yS1oH = QO
) c 2
—— Q. 0o
=3 N € c
b, S, b, H, o © mmm
7)) L88¢ O ®
on
S N ____ m n
R =R : : = Q
\ t ——
N e =
Ay ) « O
o~ \ SN | S
Ol e e e e el (1]
M ‘-‘/‘I\\v}-‘\ufl.\l.l-\ ——— ol .m S
.8 - — .
M \l\HHH“l\JVJ \\\\\ - L1 T m
[ |||ﬂ‘.k“‘\l. ||||||||||||||||||||||| &~
177] \\ 4 L
> \l\\\ R
m S M SIS S DU SO ENSI U S——
P
@,
a
o
>~
a8
v o v o w o a o
=r =t [3g] [ (o] ol — —
[wy] wyS1oH

OPAC-IROWG 2022




Results of GNSS RO: ionos

ere

BwW 0 45E 90 E 135°E

v GPS-setting: 21718 A GPS-rising: 16960 v BDS-setting: 16862 4 BDS-rising: 15599

FY3E BDS NmF2 vs. lonosonde NmF2 FY3E BDS hmF2 vs. lonosonde hmF2

FY3E GPS NmF2 vs. lonosonde NmF2 FY3E GPS hmF2 vs. lonosonde hmF2
x10° Wholeday Wholeday %10° Wholeday Wholeday
[  FYEioNO NmF2 4 ~ FY3E-10NO hF2 - FY3E-IONO NmF2 - FY3EONOhmF2[ . = -
—y=X d y=x : . —y=X : L
® ——— NmF2 linear fit .. = hmF?2 linear fit g 4 o 15 [{———NmF2 linear fit - 1 —— hmF2 linear fit T .
£ T . £ 300 f . : £ ) £ 300 NI/
o X ..':' K (5] f A .
~ 10t ’ " 1~ ~ o T
'S ' E E 10t IS oL
= ‘A €250t 1 R . E ’ E 250 '
z - < J pd . = )
" LA FY3E-IONO: 0 FY3E-IONO: o S FY3E-IONO: W .| FY3E-IONO:
Q 5p AT CorrC off: 0'906 19 . Corr.Coef: 0.84 P 5} P A R Corr..Coef: 097 | > Corr._(‘.o:af: 0.83
[N . . Re.Bias: 7.01% L 200F Re.Bias: 3.20km i B ok Re.Bias: 7.57% 200 Re.Bias: 0.41km
. Re.Std: 18.62% L Re.Std: 17.66km . gih Re.Std: 18.00% . Re.Std: 17.31km
. Number: 302 . . Nulmbelr' 3'0 " Number: 290 Number: 290
. : : ‘ ‘ 250 300
° " ® 200 250 300 ° 0 b IONO hmF2 / ki
IONONmF2/cm®  x10° mre fkm

IONO NmF2 / cm®

x10°

IONO hmF2 / km
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Nsse

Results of GNSS-R: DDM

DDM over the ocean (incoherent scattering)

BDS
SNR = 0.60 dB; U10= 8.3 m's

GPS
SNR = 0.53 dB; U10 =55 m/s

lat = -13.0; lon = 197 A %108 lat =-25.4; lon = 203.2
12
20 20
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40 110 40
) )
= 60 19 = 60
] (]
80 18 80
7
100 100
]
120 120
5 10 15 20 5 10 15 20
Doppler Doppler

GPS (L1 C/A)
BDS (B1I)
GAL (E1B)

x10°

GAL
SNR = -0.18dB; U10 = 2.2 m/s

lat = -39.2; lon = 210.6 x 108
9.5
20 9
18.5
40 1g
175 >
60 |5 T
]
80 16.5
&
100 5.5
. 5
120
5 10 15 20
Doppler

Carrier frequency
1575.42 MHz
1561.098 MHz
1575.42 MHz

DDM over sea ice (coherent scattering)

GPS BDS GAL
SNA = 20.10dB SNR = 20.31 dB SNR = 18.52 dB
lat = -70.4; lon = 353.0 «10® lat = -76.8; lon = 3247 x10® lat = -88.8; lon= 2.7 x10°
4
20 3.5 20 20
12
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125
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60 |, ® 60 60
]
80 115 80 80
1
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0.5
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Doppler Doppler Doppler
Unique waveform of BOC signal!
Modulation Chipping rate

BPSK
BPSK
BOC

1.023 Mcps
2.046 Mcps
1.023 Mcps
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Nsse. Results of GNSS-R: DDMA LES

Calibration: E
o oy N =1 | N
.[;I'D R ¥ )\Epf{;f(;r 5—1_1 § . S
BDS

DDMA LES
45

40

® After calibration, observables

(DDMA, LES) from each GNSS .
system have nearly same ’ -_—
relationship vs. wind speed. IR =,
ECMWEF wind speeds (m/s) ECMWF wind speeds (m/s)
GAL

® GAL wind speeds are directly
retrieved using the GPS GMF |
(GAL data are not enough for -

training now)

ECMWEF wind speeds (m/s) ECMWF wind speeds (m/s)
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Nsse. Results of GNSS-R: Wind

NSMC

® Retrieval results for 2022/7/7 — 2022/8/7
® Quality control on DDM SNR (GPS: -4dB, BDS: -4dB, GAL:

GPS rate = 0.64 BDS rate = 0.57 GAL rate = 0.54
25 25
» 20 » ® 20
£ £ £
w w w
© 15 @ B 15
© ® ©
Q. Q. Q.
w w w
210 = 210
= = =
w w -
o =) <
O 5 N = 1184912 M N = 1087718 O 5 N = 507768
Bias = -0.03 Bias = -0.02 Bias = -0.06
RMS =148 RMS =1.39 RMS =148
0 0
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
ECMWF wind speeds (m/s) ECMWF wind speeds (m/s) ECMWF wind speeds (m/s)

OPAC-IROV\/G 2022



Results of GNSS-R : Reflection

FY3E GNOS Il Reflectivity (BDS & GPS) FY3E GNOS Il Reflectivity (BDS & GPS)

GNOS
Reflectivity :
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Nssc, Results of GNSS-R : Soil Moisture

FY3E GNOS Il Soil M0|sture (BDS & GPS)

LR \‘t’;

0° 45°E 90°E 135°E 180°E

40.2

0.1

225°E 270°E 315°E 360°E

BDS

RMSE

0.0499 0.0494

Correlation coefficient

0.8932 0.8794
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o o o
N w B

GNOS soil moisture (cm3/cm3)

o

0.5

o & o
) w ES

GNOS soil moisture (cm3/cm3)

o

BDS

0.1 0.2 0.3 0.4 0.5
Smap soil moisture (cm3/cm3)

GPS

0.1 0.2 0.3 0.4 0.5
Smap soil moisture (cm3/cm3)
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FY-3E GNOS Il data archive

® The FY-3E GNOS Il GNSS RO and GNSS-R data can be downloaded at the FENGYUN Satellite
Data Center (registration required)
http://data.nsmc.org.cn/portalsite/default.aspx?currentculture=en-US

GPS RO, GPS-R, BDS RO and BDS-R data available now.

Welcome: fiucongliang66@126.com Quit  MyOrders My Cart  NSMC  Contactus # [sareieres || oara | iuaces | rrobuers || pocuments

FENGYUN Satellite Data Center s Home » Dt i how

X @] National Satellite Meteorological Center N Vou are not logged in please logged in.
(National Center for Space Weather)

FENGYUN Satellite Data Center

@gm National Satellite Meteorological Center

(National Center for Space Weather)

f | SATELLITES  DATA IMAGES PRODUCTS DOCUMENTS | TOOLS

oy ~ ‘ ‘ Categories Add to Cart ‘

f | SATELLITES DATA | IMAGES PRODUCTS DOCUMENTS = TOOLS

c Filter
A\ [ sateliite | [ station | [ Catalog | [ Product ] [Resolution] [ channel | [start time]

Home > Data > File Show

AGEIIS ~ TANSAT . FY-GEO O Select Current Page [

Cart Information: Total number{0/30000], Volume[0.008/3000.00MB];

¥ addtocar |

L1DATA
OF-1D More.. Useri:[ ] I e 3ea Surface
FY-3E 12355722 1157.2 =1
Categories Add to Cart [J | FY3E GNOSR_ORBT L2 SWS_MLT_NUL_20220830_06. SWS | Wind Speed | - MLt 2022/8/30 | 1 16MB | Download
Fr4s i2ssesei2 20560 e Data Name  [Flsase cick 1o select Data Nams ] || passwore: [ ] producs 50100
FY-3D 52533114 50466 2 = Sea Surface
Atmosphere Start Date [2022-08-29 Start Time |00:00:00 i 3 nd
FY-3C 68399546 15470 ‘ | ‘ ‘ Vertly: 2422 , [0 | FY3E.GNOSR ORBT L2 SWS_MLT_NUL 20220830 05. SWS | Wind Speed | - mr | 20280 g5 ke | Download
A, BiH6I voss | e End Date (2022-08-30 | EndTime 235959 ] _ Filter . produes 51100
- c So2] ) Dlstay Signed in [ sateliite | [ station | [ Catalog | [ product | [ [_channel | [start time] Sea Surf
FY-38 93145438 60208 Time Range  [JEach Day A &3 suriace 2022/8/30
: Forget Password? Register [)  FY3E GNOSR ORBT L2 SWS_MLT NUL 20220830 04. SWS | Wind Speed | - MT e 112MB | Download
EVeSA) . E52:40002 32666 Spatial Sel [Please click to select Spatial range ] X ‘ product e
TANSAT 1915814 1782 Radiation c : " 0 < All |= None Sea Surface
FY-2H 5832764 848 overage @ntersect. O Entiry Within L Sect Glrent Page [ | FY3E_GNOSR_ORBT L2 SWS_MLT_NUL_20220830_03. SWS | Wind Speed | -- MLt §?2292:£/3D 893.55k8 | Download
FY26 11071592 %4 :'“d;“;
ea Surface
E:2F 12926346 1232 T [0 | FY3E_GNOSR_ORBT L2 SWS_MLT_NUL_20220830_02. sws Wind Speed | -- MLT Zﬁ,ﬁﬁm 098ME | Download
FY-2E 11639080 106.6 = y product o
P20 sass0 1148 )| FY3E.GNOSO_ORET L2 ATP MLT NUL 20220907 06.. | | ATp | Atmospheric | mr | D267 | e grp See Surface 20227830
- ST - Profile 6:18:00 O FY3E_GNOSR_ORBT L2 SWS_MLT_NUL 20220830 01.. sws Wind Speed | -- MLT 1800 640.50KB | Download
Data Overview>> product product _—
GPS Wet Sea Surface 20227820
— > > it 02097 [0 | FY3E.GNOSR ORBT L2 SWS_MLT_NUL 20220830_00.. SWS | Wind Speed| - mr o 1.80MB | Download
e A e [ | FY3E GNOSO_ORST L2 WAP MLT NUL 20220907 06.. 1 | WAP | | "HsFrere | . MT | e | 6488 product -
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DOWNLOAD SINCE 200s (M8 3 5 o gL s product | [0 | FY3E.GNOSR ORBT L2 SWS_MLT_NUL 20220830_00.. SWS | Wind Speed| - LT 5%262.@/30 786.80KE | Download
3,614,459,777 MB Twoline:: | EV:IEL V3D, FY:3C 8DS dry product e
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http://data.nsmc.org.cn/portalsite/default.aspx?currentculture=en-US

Nssec Future Perspective 6 A

® FY-3E GNOS-Il GNSS RO and GNSS-R has successfully passed the in-orbit
testing phase

® The datasets were available to the public, in which the BDS RO and GPS/BDS
GNSS-R datasets are new GNOS data products

® Follow-up FY series satellites including FY-3F, FY-3G, FY-3H... will all carry
GNOS-II to establish a constellation observing system

® Binhu GNOS M has successfully passed the in-orbit testing phase.

® The GNOS M refractivity profiles will be assimilated in the CMA GRAPES
system soon.

Thank you!
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