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Overview of the GNOS instruments
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FY-3 Polar-orbiting Meteorological Satellite
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Overview of the GNOS instruments

FY-3C GNOS parameters Improvements of FY-3D GNOS

Parameters Content Main FY-3C GNOS FY-3D GNOS
parameters

Instrument mass 7.5kg
. GPSL1. 12 Number of
Constellation - occultation GPS: 6 GPS: 8
channels BDS: 4 BDS: 6
Positioning: 8 0 Jeati
Channel number Occultation: e
GPS 6 antenna +35° +40°
Beidou 4 beamwidth (BW)
Positioning & Ionosphere occultation: 1Hz
Sampling rate Atmosphere occultation:
CL 50Hz
OL 100Hz
Clock stability 1X10-12 (1secAllan)
Atmosphere occultation antenna:
Gain: >10dBi
Antenna field of view:
Antenna El £7.5° Az £35°
specification Positioning & Ionosphere occultation
antenna:
Gain: -1dBi
Antenna field of view: +60° 0 ° % 120 1801807 120 ©0
Pseudorange <30cm GPS/GNOS RO:
precision ~ 500 events/day/LEQO (blue)
Carrier phase <2mm BDS/GNQOS RO:
precision ~ 200 events/day/LEO (red)
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FY-3C/-3D GNOS mission

Slgnal from the up-looking antenna are used for POD of the FY-3C satellite.

wE GPS-orbit (emy

BDS-orhit

Tab.1 POD Precision Statistics of Position G PS PO D:
Radial Along Cross iD H
RMS(cm) | RMS(cm) | RMS(em) | RMS(cm) | 3D RMS pOSltlon error
MEAN | 0919 1.460 2232 2.868 is 2.868 cm
MEDIAN [ 0.925 1.460 2.330 2911

3D RMS velocity error

Tab.2 POD Precision Statistics of Velocity

is 0.025 mm/s

=]

Radial Along Cross 3D

RMS RMS RMS RMS

(mm/s) (mm/s) (mm/s) (mm/s)
MEAN 0.018 0.014 0.009 0.025
MEDIAN | 0.018 0014|0009 | 0.024 BDS POD :

3D RMS position error
e fln { is 30 cm
gy U d i Error Sources:

porgforo ‘””I‘?’\‘f“‘f‘“f*““‘“? oy WLW"“ ool Regional coverage,

I'| Il
I

BDS channel umber,
POD algorithm...

i
2880

POD error using BDS ( 5 days)
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FY-3C/-3D GNOS mission

{ ) Product validation (Atmospheric products )

4 GNOS GPS vs ECMWE Samples = < > - . - SEMpEE } \
~ Ref._ FYBC GNOS GPS_ ) Ref.  FY3¢ GNOS BBS . h
35 \\'\\\ - 1 3 N/ 35 I
. ] 30- E30 30
gza ( [ 25 gzs 25
§20- ;:: { . g 20- 1 '§20- 20
15 '-\ ( 1‘. 15 15 15 |
10- . N 1 10- { 10 10 /
Red: bias M . S
*blue: std 7 | s J s S
S 5 % 4 2 ’;ﬁ‘;-é i 6 8 10 9 Zﬁ:atgofo 12000 16000 5 & 6 4 - § 8 10 % 2000 4000
\ oN (%} umber umber y
( FY-3D OLD \
within 200km , +1 h(time) ) =]
Ref (%) ” T
5-25km :
Bias std
GNOS-GPS vs ECMWEF -0.09 0.75
GNOS-BDS vs ECMWF -0.04 0.53 . o
w0 rom
COSMIC vs ECMWEF -0.12 0.71 Mill ag
Liao Mi,et al. Preliminary validation of the refractivity from the new radio . . _f . .
occultation sounder GNOS/FY-3C. Atmos. Meas. Tech, 9,781-792,2016 FYBDa?F;el:;?"g?:gnrte::.::E t(l)'nfolsne (())l;bFltY;ecstlng
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FY-3C/-3D GNOS mission

{ ¥ Product Application ( Atmosphere NWP )
*From June 2017, NSMC has published the products of GNOS via GTS.

« On March 6t 2018, ECMWF started to use GNOS GPS bending angle data in
assimilation processing.

/EUMESAT real-time quality "\ /" ECMWF real-time quality \
monitoring of FY-3C GNO monitoring of FY-3C GNOS

product

ECMWEF | --- | 2018020300

= ECMWF

GNOS/F-3C data has a neutral and positive impacts on
GRAPES and ECMWEF forecast skill.

Courtesy: EUMESAT, ECWMF and ROM-SAF
& ¥ €45  Yan Liu (CMA), atalk about NWP is on Tuesday



FY-3C/-3D GNOS mission

{ } Product Application ( Atmosphere Climate)
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@ "‘-F f& {Eﬂ' Liu Z.Y. Bai W.H. et al .Validation of Preliminary Results of Thermal

n -' Tropopause Derived from FY-3C GNOS Data.Remote Sens. 2019, 11, 1139;



FY-3C/-3D GNOS mission

{) Product Application (Atmosphere Cllmate)
Tropopause Para.

& Faqsn

Red dot for Global Climate
Observing System Reference
Upper-Air Network ( GRUAN )
station(2014.1~2017.12)

Blue dot for IGRA station
(2016.1~2017.12)

Latitude

m Collocate pairs TPH Bias TPT Bias

71.4N, 155.6W
39.0N, 27.4W

52.2N, 15.2E
789N, 13.8E
36.4N, 96.2W
67.2N, 26.7E
37.9N, 75.5W
9.5N, 138.1E
7.1N, 171.4E

75N g“Eﬁ
44N ‘** .;Etlsm gﬁgﬁr
15N FEM M i
"t ’““a g s
v \_ )
458 i{’ _ < M
758 | B g
150W100W 50w 0O  50E 100E 150E
Longitude
0.27 km -143K

15 0.05 km -0.22 K

151 0.07 km -0.32K

84 0.21 km -0.85 K

48 0.40 km -1.70 K

49 0.20 km -0.20 K

46 0.15 km 0.08 K

27 0.05 km -0.13 K

18 0.02 km 0.25 K

Liu Z.Y. Bai W.H. et al .Validation of Preliminary Results of Thermal
Tropopause Derived from FY-3C GNOS Data.Remote Sens. 2019, 11, 1139;



FY-3C/-3D GNOS mission

{ } Product Application ( Atmosphere Climate)

Tropopause Para.

 Annual cycle TPH and TPT
for different latitude bands

derived from collocated FY-3C GNOS(Solid line) vs COSMIC(Dashed line)
2014-2017 FY3C and
COSMIC data. 17
-4
* Collocated criteria : E1
<3 h and <300 km. =1
o
* Results from two RO F "g
missions show consistency. 8 N S (R N A
The TPH difference s (a) : (a)
concentrated at Antarctica — . Bias —
during Jul to Nov, where ¢ 92 J\ = 2
FY3C show positive bias =< 0.1 e dl \
compared with COSMIC. 2 D@\%frxv—wf 'T:—f\ = 07~ - R
This bias may be because T ,, \/\/\/ e e L : e
the TPH over Antarctica [ 5 - <
raises during summer and s — —
autumn. Jan. Mar. May. Jul. Sep. Nov. Jan. Mar. May. Jul. Sep. Nov.
For the TPT, the major bias Month Month
occurs over tropics and (b) (b)
30S-60S during Jan. to Apr.
@ "‘-F ;@ frf} :_Eﬁ j"fr_" Liu Z.Y. Bai W.H. et al .Validation of Preliminary Results of Thermal
FHISI BN OF SO Tropopause Derived from FY-3C GNOS Data.Remote Sens. 2019, 11, 1139;



FY-3C/-3D GNOS mission

{ ) Product Application ( Atmosphere Climate)

Tropopause Para. GNOS global Tropopause Height and Temp.
7o = A
Mar.~May. ,
15N
In spring (MAM), the global  °5
tropopause parameters 458

presented a good symmetry 75s
between Southern and
Northern hemispheres.

150W 90W 30W 30E S0E

150E 150W 90W 30W 30E S0E 150E

8 10 12 14 16 0 1 2 3 4
TPH (km) TPH std (km)

190 200 210 220 0O 5 10 15 20

A TPT (K TPT std (K
@ ‘* R Liu Z.Y. Bai W.H. et al . 2019, (C; ) (Sd} )



FY-3C/-3D GNOS mission

{ ) Product Application ( Atmosphere Climate)
Tropopause Para. GNOS global Tropopause Height and Temp.

75N

Jun.~Aug. TS

, 15N
The tropical tropopause

. 158
widened toward the north pole
and the southern boundary of 4°%|
tropical tropopause narrowed. 755 - - _ 3 £
In South Asia, the extremely 150W 90W 30W 30E 90E 150E 150W 90W 30W 30E 90E 150E
. e
high tropopause caused by 3 10 12 14 16 0 1 > 3 4
deep convective activity was TPH (km) TPH std (km)

found , also leads to the (a) ()
considerable variability . - X '
The phenomena confirm with
Rieckh,T. et. al.2014
and Li W. et al. 2017

30W 30E 90E 150E

150W QDW 30w 30E 90E 150E 150W 90W
.
190 200 210 220 0 5 10 15 20
2 . . TPT (K TPT std (K
@ *ﬁét} 1"‘» Liu Z.Y. Bai W.H. et al . 2019, () ()

(c) (d)



FY-3C/-3D GNOS mission

{ ) Product Application ( Atmosphere Climate)
Tropopause Para. GNOS global Tropopause Height and Temp.

75N

Sept.~Nov.

During summer and autumn 15N
(SON), TPH above Antarctica 1s5s
rises obviously, about 2 km 459
higher than it in spring, while
TPH above the Arctic increased
less than 1 km, agrees with
Tomikawa et al 2009. 8 10 12 14 16 0 1 2 3 4
TPT above Antarctica reached TPTagkm} T ?ttf; (km)

its minima in the annual cycle e ; —— =

while TPT above the Arctic
reached its maxima, which was
caused by the differences in
dynamical heating of the
stratosphere[Zangl,et. al. 2001].

755 |

150W 90wy 30W 30E S0E 150E

30W 30E 90E 150E 150W 90W
I

30W  30E S0E

150W 90w

.
190 200 210 220 O 5 10 15 20

e — TPT (K TPT std (K
G FEATM  Liuzy Bai wH. etal. 2019 g P

150W 90w 150E

30W_30E 90E 150E
e




FY-3C/-3D GNOS mission

{ ) Product Application ( Atmosphere Climate)

Tropopause Para.
Dec.~Jan.

In winter (DJF), strong zonal
asymmetry can be seen in the
Northern hemisphere. TPH above
the tropics increased to its
maxima, and the corresponding
TPT decreased to around 196 K.
Two regions with extremely low
TPH occurred at Eastern Canada
and Eastern Russia, which are
similar with

Rieckh,T. et. al.2014

and Li W. et al. 2017

@ Faagm

GNOS global Tropopause Height and Temp.

= -—, =N

45N o

15N

158

458

75S — .
150W 90W 30W 30E 90E 150E 150W 90W 30W 30E 90E 150E
. N S
8 10 12 14 16 0 1 2 3 4

TPH (km) TPH std (km)

79N
45N
15N
155
455

7SS 8 ot -- :__ 'm - e el - - =
150W 90w 30W 30E SOE 150E 150W 90W 30W 30E 90E 150E
. T e

190
Liu Z.Y. Bai W.H. et al . 2019

200 210 220 0 5 10 15 20
TPT (K) TPT std (K)
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FY-3C/-3D GNOS mission

HNumber. 545
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8.31%

17.24%

0.96

354

Yang G L, Sun Y Q, Bai W H, et al. Validation results of NmF2 and hmF2 derived from ionospheric density
profiles of GNOS on FY-3C satellite[J]. Science China Technological Sciences, 2018:1-12.
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FY-3C/-3D GNOS mission

G30 12-Mar-2015 05:52:22 - 05:59:33(UT)
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{ ) Product validation (Ionosphere)

Validation of S4max in F2 layer derived
from FY-3C GNOS. tor

% ent point

Latitude(deg.)

GPS 3 -
K o
FY3C/GNOS
& =40+
COSMIC

Ionosphere

50
-140 -130 -120 -110 -100 -90

N -70 -60 -50
Longitude(deg.) S4 m

G30 12-Mar-2015

S4max in F layer during January 10, 2014 and ! ' ; ' ‘ ’ : ] ]
January 9, 2015 Bos ' L.w
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: . . § 1 . -
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= 400 : .
T 200 : 3 :

Matching principles:

0

|

Lal.(%)
$

Lon.()
o o
L

. Occultation data quality control (eliminate incomplete and : :
negative EDPs) 1o : -
. Temporal matching principle (observed within + 1 hour in time) g 59 i 1
. Spatial matching principle(observed within +2°in space) & 4o L o
. Direction consistency(azimuth angle difference less than 15°) € 30 o ﬂ
1
1

gy
§': 228)

1 i L i L i L
%%:52 05:53 0554 0554 0555 05:56 0557 0557 0558 0559

> Selection conditions enable S4max data observed by FY3C/GNOS UT(HH:MM)

and C?SMIE to.matCh into data pairs and comparable Bai Weihua, et al. Validation results of maximum S4 index in F layer derived
@ "‘-F !&' {Eq' f_}{ f’;fr; from GNOS on FY3C satellite[J]. GPS SOLUTION,2019,23(1):UNSP 19
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FY-3C/-3D GNOS mission

Validation Results

g ’ P rod u Ct va I id a t i O n (Io n o S p h e re)‘NEO _The diflerences ofthe F2 layer max. $4 pairs of FY3C and COSMIC (al day) .

N0~ mogrie 2=, S S, e P e = _
Validation of S4max in F2 layer derived ol v e AEIT e b r >—
_ i .. J—L!a‘i\._“::, R - P - " 02
from FY-3C GNOS. . N R X
g N1oH ; = o e W . -
E sop™ "= A @ M_‘,“ ' _L; \1( 9 QE:;;%:" ] ’
= =20 ] ;_‘ /; g, . E J‘\\ = a1
. s30 . E A R R
ent point g;g: . éf.— I~ ; g ; 02
S60 |t : L ) ) I . : - - . _ 0.3
Tafy Sl o ket o et s | W
B S%’E'IBO W1S0  wW120 W90 Weo wWao [v] E30 E&0 E90 E120 E150 E180 o
. . Londeg.) . .
FY3C/GNOS Numerical differences of S4max data pairs in whole day from January 10,
& 2014 to January 9, 2015
COSMIC 4 error statistic in all day ,, S4 error statistic in all day
Ionosphere o _
’ ias: @ =B .
0.3p gm,nnoggq o |z Bi::iS!dJ 100} Blas:0.004

Number: 1050 B

MNumber: 1050

80

&0

Mumber

S4max in F layer during January 10, 2014 and
January 9, 2015

40

Q
-0.5 04 03 -02 -01 0 0.1 02 03 04 05

200 400 600 800 1000
Num.

(54
Matching principles: Statistical errors distribution of numerical differences of §4max data pait
in whole day from January 10, 2014 to January 9, 2015

. Occultation data quality control (eliminate incomplete and
negative EDPs) o o oo FY3C-COSMIC Bias STD
. Temporal matching principle (observed within + 1 hour in time)
. Spatial matching principle(observed within +2°in space) Whole day 0.004 0.063
. Direction consistency(azimuth angle difference less than 15°) - -
1 nighttime 0.007 0.080
daytime 0.001 0.046

> Selection conditions enable S4max data observed by FY3C/GNOS

and COSMIC to match into data pairs and comparable Bai Weihua, et al. Validation results of maximum S4 index in F layer derived

@ '-‘-F' @ e 5% 2Cou rtesy: CDAAC,COSMIC from GNOS on FY3C satellite[J]. GPS SOLUTION,2019,23(1):UNSP 19
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FY-3C/-3D GNOS mission

{ ) Product Application ( Space Weather )
Magnetic Storm Event study

! ! I! ! ! ! ! 200
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-1000
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03/15 03/186 03/1F 01.’18 03/19 03/20 03/21 03/22 03/23
MM/DD 2015

@ ‘*x@ﬂ‘if’i Mar. 2015 Mag. index ( data from ISGI )



FY-3C/-3D GNOS mission

{J Product Application ( Space Weather)

Magnetic Storm Event study
NmF2 from Level 2 electron density profile

Nmf2 from GNOS

Latitude/
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@ "‘F € 44 :-fﬁ W Bai W. H., Wang G. J et al. Application of Fengyun 3-C GNSS occulation sounder for assessing

AT A N

global ionospheric response to magnetic storm event, AM.T, 12, 1483-1493, 2019



FY-3C/-3D GNOS mission

Innesends Stations

{) Product Application ( Space Weather ).

Magnetic Storm Event study
£
Mean NmF2 from GNOS and lonosonde in 80°z mag. inc. = 40° i
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FY-3C/-3D GNOS mission

1} Product Application ( Space Weather

Magnetic Storm Event study 20
Nighttime distribution of S4max in 1ol
F layer on 12 March 2015 = ol
from GNOS in nlght S4ma>§ g
' I I §-10-
0.9 ﬁ
058 2 \ L 103
30F 197 =h lL-}L - 0.2
106 Rl T 0.1
10.5 -50+

1 1 1 1 1
-140 -130 -120 -110 -100

104 Longllude(deg) 4m
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0.1
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60 120 +180 -120 -60

Lonaitudeldea l

GNOS can obtain about 220 events in nighttime.

The number distribution of GNOS S4 profiles v.s. LT during
12-23 March.

75% of S4 profiles locate in the morning and in the evening.

SNR(dE)

[ I

(==
_i 1 L

Wang, Guojun, Bai Weihua*et al. Global ionospheric scintillations revealed ¢, . _ _
{E +2 «2 by GPS radio occultation data with FY3C satellite before midnight during the = L P : i
@4 4 E %%:52 05:53 05:54 0554 0555 05 56 0.:- 57 05:57 05 58 05:59

" March 2015 storm.Advances in Space Research 63.10 (2019): 3119-3130 UT(HH:MM)

||-| IR N EY



FY-3C/-3D GNOS mission

{ ) Product Application ( Space Weather)

: Distribution of max S4 in F layer in night
Magnetlc Storm Event StUdy S4 from GNOS in night (LT: 19:00 - 5:00) y g

el "J" o
= My

09

0.8

Latituce[deg.]

0.3

0.2

0.1

60 120 =180 -120 -60 0 60 120 =+180 -120 -60 _ 0 60 120 £180 -120 -60 0 60 120 £180 -120 -60
S4max mainly locate between -25° and 25° Dip Latitude.
Scintillation enhancement in India and around 160 E sectors during MP, decrease at all

longitudes during initial recovery phase of storm.

@ "fF' ,@ {ﬁ g j‘”{ Wang, Guojun, Bai Weihua*,et al. Global ionospheric scintillations revealed by GPS radio occultation data with FY3C
KWANTAL ACABEIIY OF SCIICVCES satellite before midnight during the March 2015 storm.Advances in Space Research 63.10 (2019): 3119-3130




FY-3C/-3D GNOS mission

{ ) Product Application ( Space Weather )
Distribution of maxS4 (>0.3) in night

S4 from GNOS in night

Magnetic Storm Event study

around2220
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S4max mainly locate between -25¢ and 25° Dip Latitude.
Scintillation enhancement in India and around 160 E sectors during MP, decrease at all
longitudes during initial recovery phase of storm.

@ HF % 54 2l f”“ Wang, Guojun, Bai Weihua*,et al. Global ionospheric scintillations revealed by GPS radio occultation data with FY3C
SEIKIAE AABEIN OF SCIKNCES satellite before midnight during the March 2015 storm.Advances in Space Research 63.10 (2019): 3119-3130




FY-3C/-3D GNOS mission

{ ¥ Product Application ( Space Weather )
Magnetic Storm Event study
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Scintillation enhancement in India and around 160 E sectors during MP, decrease at all
longitudes during initial recovery phase of storm.
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FY-3C/-3D GNOS mission

1} Product Application (Climate Monitoring )

Level 3 Product and Climate Monitoring
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FY-3C/-3D GNOS mission

{ ¥Product Application (Ionospheric Climatology)

NmF2 NmF2 morphology observed by FY3C/GNOS and COSMIC
ME-month season median NmF2 of FY3C and COSMIC during ME-month
(+45 days to March equinox)  ys- N = 2000.2300L 1 i
In ME-month, FY3C/GNOS and _son X10°
COSMIC both show Equatorial S o o
lonospere Anomaly (EIA) (Berkner et ~ 3081 .
al, 1936) and peak longitude 000 R L
structures (Potula et al., 2011), and COSMGIUC (e !
the peak structures of COSMIC NmF2 an_‘ ' :
are more noticeable than that of g
FY3C/GNOS. 3 308+ 0
60S 1 - | %]
The discrepancies increase at Diff. _ ' 70
nighttime, NmF2 of FY3C/GNOS are 60N 1 - '@"\w 7
higher than those of COSMIC in & N _ I 3"\ SA 'nw
L . . £ 01 { o i - | 0
mid-high latitudes but lower in low Lo , & | f\% L H .,
latitudes. ey v - ! .
‘12EJW GC;W 6 GOE ‘|2.0E ) ‘IZUW GOW 120E I "’
Lon.(®) Lon.(o)

Bai W.H., Tan G.Y,, Sun Y.Q,, et al., Comparison and validation of the ionospheric climatological morphology of
FY3C/GNOS with COSMIC. Remote Sensing, 2019(under review)
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FY-3C/-3D GNOS mission

{ ’Product Application ( Ionospheric Climatology)

NmF2 NmF2 morphology observed by FY3C/GNOS and COSMIC
JS_month season median NmF2 of FY3C and COSMIC during JS-month
. -1100LT 2000-2300LT
(+45 days to June solstice) Fy3c D800 TAOL i 00023001 ] i
son N : ) : :

Daytime NmF2 measured by &N
FY3C/GNOS and COSMIC in winter g O

. . 308
are higher than those in summer , o
this behavior of the ionosphere is =
the winter anomaly(Duncan 1969). COSMGIDE,:
The NmF2 nighttime enhancement DQBDE
can be seen in mid-latitude(around L -
60° dip) longitude section in 60S
northern summer ionosphere, Diff
where the magnetic equator shifts i
farthest toward the geographic pole, 5;3”’;:
this is the general WSA(Weddell Sea 5 A 0
Anomaly), which is consistent with 605 - 1= . e — H
work of Lin et al(2009). =5 amw WSS AR | o i ——d W70
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Bai W.H., Tan G.Y,, Sun Y.Q,, et al., Comparison and validation of the ionospheric climatological morphology of
@ '-*' @" {fﬂ' 'f}{ % FY3C/GNOS with COSMIC. Remote Sensing, 2019(under review)



FY-3C/-3D GNOS mission

{ ’Product Application ( Ionospheric Climatology)

NmF2

SE-month
(x45 days to Sept. equinox)

The season pattern of NmF2 in SE-
month are largely close to ME-month,
but in lower magnitude.

At daytime, NmF2 observed by
FY3C/GNOS and COSMIC during ME-
month have a more continuous EIA
than that in SE-month, at nighttime,
NmF2 during ME-month have more
evident peak structures, the stronger
NmF2 in ME-month than in SE-
month is known as equinoctial
asymmetry(Balan et al., 2000).

@ FEasEn

NmF2 morphology observed by FY3C/GNOS and COSMIC

season median NmF2 of FY3C and COSMIC during SE-month
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Bai W.H., Tan G.Y,, Sun Y.Q,, et al., Comparison and validation of the ionospheric climatological morphology of
FY3C/GNOS with COSMIC. Remote Sensing, 2019(under review)



FY-3C/-3D GNOS mission

{ ¥Product Application (Ionospheric Climatology)
NmF2 morphology observed by FY3C/GNOS and COSMIC

season median NmF2 of FY3C and COSMIC during DS-month
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Bai W.H., Tan G.Y,, Sun Y.Q,, et al., Comparison and validation of the ionospheric climatological morphology of
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FY3C/GNOS with COSMIC. Remote Sensing, 2019(under review)



FY-3C/-3D GNOS mission

{ ¥Product Application (Ionospheric Climatology)
Annual variation of season median NmF2 observed by FY3C @2000-2300LT

Annual variation of season median NmF2 observed by FY3C @0800-1100LT
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GNOS Il and following missions

GNOS 1II is the upgraded version of FY3 C satellite and D satellite © s GNOS I,
and possesses both GNSS occultation and reflection functions, and can be
used to monitor the ionosphere, atmosphere and Earth surface .It will be firstly
launched into space by FY3 E satellite in 2020 as scheduled. After FY3 E satellite,
FY3 F/G/R satellite will carry GNOS II into space as scheduled.

Primary GNSS-R product: Altiyu'de :__,,..8'3(1-km |
Ocean surface wind speed. Incline :98.87 .
Main characters:

v'Provide both BDS-R and GPS-R products
v'Cooperate with a microwave

scatterometer fitted on the same satellite.
Orbit;

v Altitude: 833km
vInclination: 98.8°

FY-3 E GNOS:1l’s Earth'teémete_sensing movie
.o ) Ty WO [ e -

e e e

& ¥ 845 n Reflection antenna(Off-pointing to the back : 20°)



GNOS Il and following missions

{) Payload introduction

GNOS II is the upgraded version of FY-3C /-3D GNOS, and Possesses both GNSS occ
ultation and reflection remote sensing functions.

GNOS-II Prototype

Block Diagram of GNOS-II for FY-3E

N/ NS

POD POD
antenna A antenna B

Doppler{Hz)

Doppler(Hz)

GNOSII' s Non-uniform DDM Model

Signal
Processing
Unit

\\\:\ O @ O S
| o sampling time (could be reset)
- 7 Reflectometry of GNOS-II : <50 km
ntenna mOn-board I?DM Operation limit | 12 hot points
mRaw sampling data (could be reset)

@ ..*-' @{E%ﬁ ?ﬁ Raw sampling Model



GNOS Il and following missions

{ ) Data processing system

Ground Data Processing Systems for GNOS 11

- BDS (GEO/IGSO) High orbit satellite
o, BDS (MEO) GPS Mid orbit
e T T e - q" satellites
3 " ,:'I'-"" Low orbit satellits
B g T

Ground stations in

Beijing, Wulumugi,
Guangzhou, Jiamusi
and Kiruna

FY-3C GNOS
observations

(Binary)

Unpacking and
Ground formatting

Unpacking and Unpacking and Unpacking and

station data LEO occultation ; Fi‘;r:'::ll;(':fin , GPS ephemeris, formatting Vformalt'mgr
(Rinex) observations o ]ll-;la % e i LEO GNSS-R LEO and GNSS

observations

(1/50/100 Hz) T positioning data

L

Single- & Zero- differencing LEO POD DDM normalization and Calculating
lonospheric L1, L2 Excess LEO precision o Preprocessing normalization
phase & amplitude - satellite gestur Denoising, -+ factors
Atmospheric L1, L2 excess antenna phase ce interpolation, Smoothing Geometry, antennas
phase & amplitude information and normalization and scattering area

+

L

. Atmospheric |’repar1n|. GMF
Preprocessing for Preproflessi Parameter: T m
ionospheric inversion \Y raining

Data

L1, L2 excess phase
Cycle slips elimination
Smoothing filter

ellmination, s
To calculate ¢

Collaboative GMF Minimum
Variance

‘ Wind | [ Wind | | Wind |

Speed 1 Speed 2 Speed 3

Tonospheric inversion

Im P‘tl(l lerleI]L‘fEr
bending angle

I Electron de

y profiles
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Wind speed: ~ 2m/s




GNOS Il and following missions

{) Airborne testing experiment

L]
.

i Time: 18- 25 october,2018

Delay(Chips)
s A

N

..................................................

Place: Bohai Sea, China
Flight altitude: 3000 m
Flight times: 4

.....

Pink: GPS Specular

Yellow: BDS Specular

........

Flight Time Sea surface wind speed
Number ranges (m/s)
Am,18,0ct,2018 5.6~9.3
2 Am,18,0ct,2018 19~538
3 Am,25,0ct,2018 6.4~9.9
Pm,25,0ct,2018 7.1~9.8

DDMB14; 25-Oct-2018 15:55:37; 0.25Chips, 25Hz
Allitude=3028 5m; Velocity=43 5m/s; Elevation=669

1/8 chips ¢
interval >

1/16 chips
interval

1/8 chips
interval

3000 -2000 -1

0 2000 3000 4000

000 0 100
Doppler(Hz)

BDS-R DDM
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DDMG15; 25-Oct-2018 15:55:37; 0.25Chips, 25Hz
Altitude=3027 .9m; Velocity=43.5m/s; Elevation=54.8"

Kl o
Delay(Chips)

BDS-R DM

RMS=06 mfs

GNEE-R Retrieval wind speed (mis)

L L
6 7

4 5
Measured Wind speed (m/s)

g

Compared with ship-borne meteorological station, Wind
speeds’ RMS is 0.6 m/s (2m/s ~10m/s)




Conclusion

| FY-3C GNOS products have been using in weather,
( ) climate and space weather fields successfully.

) FY-3D GNOS is at the end of in-orbit testing.
( The validation results are as well as FY-3C.

{ ) FY-3E with GNOS Il is planed to launch in 2020.

Q) Following FY-3 satellites will carry GNOS II as a key payload...

Look forwards your cooperation...

@ FEasEn
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{ ¥Product Application (Ionospheric Climatology)

season median NmF2 of FY3C&COSMIC and IRI-2016 during DS-month
} The global ionospheric climatological characteristics of NmF2
. predicted by IRI-2016 are highly consistent with that of NmF2
probed by FY3C&COSMIC like
2 OEIA
- ®Annual anomaly
| 6:3°N= ®Semiannual anomaly
308t iy @\WSA

Though exceptions do exist in IRI-2016 like
GONIQ{AZ: @®absence of the equinoctial asymmetry and the longitude

&= structures of NmF2 in nighttime sector of ME-month.
“wd " ®large overestimation of NmF2 in SE-month and DS-month.

zov @\Wider and larger WSA in southern summer ionosphere.

& Faadn



{ ¥Product Application (Ionospheric Climatology)

season median NmF2 of FY3C&COSMIC and IRI-2016 during DS-month
|

= The global ionospheric climatological characteristics of
w... NmF2 predicted by IRI-2016 are highly consistent with that
- of NmF2 probed by FY3C&COSMIC like

. @EIA
o ®Annual anomaly
| 5302"“" ®Semiannual anomaly
Pl @WSA
GON@%L Though exceptions do exist in IRI-2016 like
<™. ®@absence of the equinoctial asymmetry and the longitude
Sgg; ~ ! structures of NmF2 in nighttime sector of ME-month.

v @large overestimation of NmF2 in SE-month and DS-month.
®\Wider and larger WSA in southern summer ionosphere.

@ FEasEn
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