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FY-4 series is China's second generation geostationary meteorological

satellites. The new generation satellites are designed with an enhanced

imagery scanning capability, desirable for monitoring small and medium
B \WE fls <l
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= 0.57959 14200 0.26261

02-13 20:00 02-14 00:00 02-14 04:00
WA/ H -H /NS4y (UTC) 20174



E&INE o

Fia

5N

2017.02.13 19:00:00

2017.02.14 01:00:00

2 2017.02.14 00:00:00 | 2017.02.14 06:00:00
3 2017.02.14 05:00:00 2017.02.14 11:00:00
4 2017.02.14 10:00:00 2017.02.14 16:00:00
35 BZERMS/m HE BREPE P BZERMS/m HE REVE
/m /m
tm2 0.71647 6975 -0.57449 iEm2 0.61851 7076 -0.48650
{EAHT 0.52702 7116 0.35309 {EKRHT 0.47916 6541 0.31378
=X &4 0.40802 7121 0.11397 S8AKF% 0.35519 7135 0.09949
M 0.40548 7121 0.09621 ™M 0.39847 7123 0.10866
pIl k7 BRZERMS/m = REHE pIl k7 #HRZERMS/m = REBE
/m /m
jtj‘i‘z 0.59120 7069 -0.43697 jtj‘i‘z 0.68665 6997 -0.55083
1i7|(gﬁ- 0.41327 6534 0.25740 1i7|(gﬁ- 0.50654 7124 0.32943
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[able 32,1 Single- and dual-frequency GNSS receivers for space applications

a) GNSS

HEO

GEO
satellite

Fig. 32.1 Schematic view of GNSS visibility conditions
far T FO HFEFO and GGFO <catellitec

Thales-Alenia (F)

General Dynamics

NASA/GSFC (US)

2nd side lobe GNSS S/W Rev.

Broadreach Eng.

Thales-Alenia (I)

JPL, MOOG Broad-

1st side lobe
2nd side lobe

(r = 42 164 km)

Channels
signals

24

GPS LI C/A
8

GPS LI C/A
12-16

GPS LI C/A
12-18

GPS LI C/A
12

GPS LI C/A
12

GPS LI C/A
9

GPS LI C/A,
GALE1
16x3

GPS LI C/A,
LI/L2 P(Y)
8x3

GPS LI C/A,
LI/L2P(Y)
12x3

GPS LI C/A,
LI/L2P(Y)
24 x2
GPS/GLO L1/L2,
(GAL E1/E5a)
36

GPS L1/L2/L5,
GAL E1/E5a
18 %2

GPS LI1/L2/L5,
GAL E1/E5a

Antennas

2

14

1-2

14

14

Power
mass
55W
lkg
1w
4kg
1L5W
1.5kg
TW
1.1kg
<30W
<1lkg
0.9W

0.1kg
lkg

10W
4.6ke

85W
28ke

30W
52kg

5W
6kg

I5W
6kg

15W
3kg

(krad)
10

=30
=30
15
100
15

10

20

> 20

20

50

50

Missions

Tsinghua-1, BILSAT,
DART

SARLupe, TerraSAR-X.,
Aceolus

Demeter, Kompsat-2
MSTI-3, Seastar, MIR,
Orbview

Shuttle HSM-4, MMS
PROBA-2 & -V, PRISMA,
TET

Taranis
COSMIC, TerraSAR-X,
TanDEM-X

SWARM, Sentinel,
ICEsat-2

Radarsat-2, COSMO-
Skymed, GOCE
Formosat-7/COSMIC-2

SARah, CSO, Metop-SG

SARah, Sentinel
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System

Orbit
Nominal num-

ber of satellites
Constellation

Services

Initial service
Origin
Coverage

Frequency
(MHz)

SPS: Standard Positioning Service; PPS: Precise Positioning Service; OS:

24

6 planes
56° inclination

SPS, PPS

Dec 1993

USA
Global

L1 1575.42
L2 1227.60
L51176.45

GLONASS

24

Walker (24/3/1)
64.8° inclina-
tion

SPS, PPS

Sep 1993

Russia
Global

L1 1602.00
L2 1246.00
L3 1202.025

BeiDou

MEO, IGSO,
GEO
21,35

Walker (24/3/1)
55° inclination

OS, AS, WADS,
SMS

Dec 2012

China
Global

B1 1561.098
B2 1207.14
B3 1268.52

1%

=

GALILEO

<

- -

MEO
30

Walker (24/3/1)
56° inclination

OS, CS, PRS

2016/2017
(planned)
Europe
Global

El 1575.42
E5a 1176.45
E5b 1207.14
E6 1278.75

QZSS

IGSO, GEO
31

IGSOs with
43° inclination

GCS, GAS,
PRS, EWS,
MCS

2018 (planned)

Japan

East Asia
Oceania region
L11575.42
L2 1227.60
L51176.45
E6 1278.75

IRNSS/NavIC
-3374 I3ro
IGSO, GEO

4,3

IGSOs with
29° inclination

SPS, RS

2016 (planned)

India

-30° < ¢ < 50°
30° < A < 130°
L51176.45

S 2492.028

Open Service; AS: Authorized Service; WADS: Wide

Area Differential Service; SMS: Short Message Service; CS: Commercial Service; PRS: Public Regulated Service; GCS: GPS Com-
plementary Service; GAS: GPS Augmentation Service; EWS: Early Warning Service; MCS: Message Communications Service;
PS: Precision Service; RS: Restricted Service
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Model component

Emission

Satellite cloc

Relativistic clock

/Satellite instrument:

Pseudorange

Satellite

Atmosphere

Sile

Receiver

Others

Center-of-mass
position
Antenna phase
center offset
Phase center
varations
Clock offset

Relativistic clock
effects

Differential code
biases

Fractional phase
biases
Troposphere (dry)

Troposphere (wet)

lonosphere
(1*-order)

lonosphere
(higher-order)

Plate motion

Solid Earth tide
Ocean loading (tidal)
Ocean loading
(nontidal)

Pole tide
Atmospheric loading
(tidal)

Amn. loading
(nontidal)

Phase center offset
Phase center
variations

Phase wind-up

agnitude

0.5-3m

5—15 mm
(GPS)

< I ms
10-20m

2cm

up to 15ns, Sm
up to 0.5 cy
23im

up to 0.3 m

up to 30 m

0-2cm

up to 0.1 m/y
up to 0.4 m
1-10cm

up to 15 mm

25 mm
up to 1.5 mm

up to 20 mm

5-15cm
up to 3cm

10 cm

Uncertainty
25cm (GPS)

10 cm
0.2-1 mm
75ps. 2cm

(GFS)

0.1=1ns
0.01 cy
5mm

up to 100%

=/1m

1=2 mm

0.3 mm/y
1 mm

1-2 mm

1 mm

15%

1=2 mm

see notes

Notes

Interpolated from precise orbit product in standard product 3
(format) (SP3) format with typical sampling of 15 min
Antenna offset vector in spacecraft system (IGS antenna ex-
change (ANTEX)) and GNSS specific attitude models [25.5, 6]
IGS ANTEX model [25.5]

Interpolated from precise clock product with typical sampling of
30s to 5 min
Eccentricity-dependent effect [25.7, 8]

Js-dependent contribution [25.8]; consistently neglected in
current precise GNSS clock products and PPP models
Required biases depend on tracked signals and clock prod-
uect [25.9, 10]

For undifferenced ambiguity resolution [25.11]

Vertical delay [25.12], up to 10x larger for low elevations. Mod-
els: see, e.g., [25.13, Sect. 9.2], [25.14, 15]

Vertical delay [25.12]; estimated due to insufficient a priori
models

Vertical delay, up to 3x larger for low elevations. Corrected
through ionosphere-free combination (2-freq. PPP) or global
ionosphere maps ([25.16]; 1-freq. PPF)

References [25.17] and [25.13, Sect. 9.4.1]

Corrections for expressing measured positions in a conventional
terresirial reference frame

Reference [25.18]

References [25.19] and [25.13, Sect. 7.1.1]

References [25.13, Sect. 7.1.2], [25.20,21]

Nonconventional correction; [25.22]

Reference [25.13, Sect. 7.1.4]
Reference [25.13, Sect. 7.1.3]

Nonconventional correction; [25.23]

IGS ANTEX model (conventional values)
IGS ANTEX model; [25.24]

Wavelength dependent: correction subject to knowledge of
satellitefreceiver antenna orientation; [25.25, 26]
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1 21 1 21
= —L = u x 40.3TEC — N—LN
Pon = D1 f, ?, cf 1, ' 1 f, 2

Wide-laning combinations: These combinations are used to crea’ |, . L. —_— C e
' . o , o Narrow-laning combinations: These combinations create mea
a measurement with a significantly wide wavelength. This long . _ - _ . .
. S ’ . > “ ments with a narrow wavelength. The measurement in this
wavelength is useful for carrier phase cycle-slip detection and fixir ., . _ .
v bination has a lower noise than each separate component:

ambiguities:
he +he, hBR +LR,
_ _ b = . R = 2
S Sl SR R L el L (4.1 : h+f : fi+ fa
fi— fa fi = f2

.1)“'

The Melbourne-Wiibbena combination is a linear combination of both, carrier phase (L
and Lg) and code (P, and P,) observables as described by Wiibbena (1985) and Melbourne
(1985). This combination eliminates the effect of the ionosphere, the geometry, the clocks,

and the troposphere. The combination is given by

_ 1
- h-f

Le

1
(fi L1 = fo LQ)—f1+f2(f1 P+ f, P») . (2.28)
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Ad =i+ 2N~ (5.71)
where d¢ is the fractional part of a cycle given by
d¢p = sign(() arccos (d,id) with (= p (d' x d) (5.72)
([l [|d]]

and N is an integer number given by

ANl

5 (N can be initialised as zero) (5.73)
T

N = nint [

where Ad,,.., is the previous value of the phase correction, nint stands for
the nearest integer and d, d" are two effective dipoles for the receiver and
transmitter: R

—a— p(p-a) +pxb
(p-a')—pxb

‘a)

where the unit vectors a, b: a’, b’ and p are defined in Fig. 5.19 and below.

a' Satellite

X Receiver ¥
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stdin for initial orbit determination

if the first character of a line is "#" then this line is just for comment
arc ———— the length of the arc , unit is minute

obsfile —-—— the obs file name

sateph --—— the platform satellite's ephemeris file

arc : 20

obsfile : obs\obsdat.
sateph : xyz prn001.
reportfile : report

#the end of stdin

the first obs
the last obs
nobs

epochl
epochZ
pos
vel

2019.0

10.0
-14667126.393
-70.531

10.0

-14667067.229
-70.633

263.90840
262.68740

11.0

0.0
-13219785.785
-20581.040

-13219305.824
-2092.045

-28.92180
-27.26700

17.0

0.000
-39755066.060
-1135.378

00.

-39754832.6
-1135.
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Access Times - 18 Nov 2019 00:43:02
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T T T T T T
hon 13 Tue 19 Wed 20 Thu 21 Fri22 Sat 23

Time (UTCG)

Satelli‘te']-Tc-—SaM Times (UTCG) Satell'rte1-Tc-Sam Times (UTCG) Sat&llﬂe1-To-Sam Times (UTCG)
Access start Time (UTCG) Stop Time (UTCG) Duration (sec)

1 17 Nov 2019 04:41:20.584 17 Nov 2019 05:46:17.488 3896.904

2 17 Nov 2019 06:26:14.788B 17 Nov 2019 07:33:43.576 4048.788

3 17 Nov 2019 08:11:35.538 17 Nov 2019 09:19:52.166 4096.629

4 17 Nov 2019 09:56:53.767 17 Nov 2019 11:05:36.285 4122 528

5 17 Nov 2019 11:42:09.674 17 Nov 2019 12:51:08.861 4139.187

6 17 Nov 2019 13:27:23.903 17 Nov 2019 14:36:34.853 4150.950

7 17 Nov 2019 15:12:36.930 17 Nov 2019 16:21:56.648 4159.718

B 17 Nov 2019 16:57:49.047 17 Nov 2019 18:07:15.585 4166.538
9 17 Noy, 2019 ,18‘:_:3;0'0'. B 17 Nowv 2019 19:52:32.442 . 4171.96

e /1‘?!/‘1/ "‘-:I/ Ny . .:Jl f ‘7 . s _,17,;ﬂ./../ . -u-.‘;-}'
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Orbit Overlap ,RMS=187.31
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Orbit Overlap ,RMS=111.2073
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Orbit Overlap ,RMS=89.0979
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Access Times - 18 Nov 2019 00:55:13

Satellitel-To-Sensor4d

Start Time (UTCG)

Stop Time (UTCG)

Nowv
Nowv
Nowv
Nowv
Nowv
Nowv
Nowv
Nowv

2019
2019
2019
2019
2019
2019
2019
2019

05:
07:
0B:
10:
12:
14:
15:
17:

Nay,200 19/ i3

22:
10:
56:
42:
28:
13:
58:
44:

43,
37.
50.
34,
07.
33.
54,
13.

Duration (=zec)
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Orbit Overlap ,RMS=108.8295
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Orbit Overlap ,RMS=140.4514
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