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Left: Global map of mean albedo reflectivity in April from CERES.
Right: Global map of mean infrared emissivity in April from CERES in grids
of resolution 2.5° x 2.5°.
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RIEDZREAE, DEEELIFRIIEETRE,
jts} GEO DE&E7S#=HIXKA Orbit-

GPS BE54t=} IGSO/MEO B E &4 A

Yaw-Steering(YS)IR&!, B Z dhigmIttily, Y

Normal(ON)#=Z&Y, Bl Z dhigmEitly, Y =2

ZMEDERERENFRE, X#M5Y., Z
EAHFA.

MR ZHMSDEERMERENFESE, XS
Y. Z2AFA.

General characteristics of GNSS orbits and attitude modes (i: inclination,
T: orbital period, YS: yaw-steering, ON: orbit-normal).

Constellation Type i T Attitude

GPS 55° 11h58™ YS

GLONASS 65° 11M16™ YS

Galileo 56° 14"05™ YS

BeiDou-2 MEO 55° 12"53™  YS, ON (near-zero f)
IGSO 55° 23h56m YS, ON (near-zero f})
GEO ~()° 23h56m ON

QZSS 43°  23"56™  YS, ON (low f)

IRNSS IGSO 29° 23h56™m Biased YS

GEO ~(0° 23056™ Biased YS
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Yaw-steering frame

€y Ys = €,Yys X €;YS
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€ Xr Orbit .
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Orbit-normal frame

€, oN+t = Ter B e

Sun Orbit Plane
ey’ON_’_ — _eN O Normal
6210N+ — _eR )

'» """"""""""""""""""""""" .Z_XI/'y
€xON- — —€T YN

oon dnight

€,0ON- = T€N
€:ON- — —€Rr

the case of a body frame aligned with the ON frame, in which the xBF-axis
points in flight direction thus yielding a zero yaw-angle. The solar panel
rotation angle (i.e., the angle between the solar panel normal and the BF-
axis of the spacecraft body) matches the orbit angle |, and the panels
perform a full 360 turn throughout the orbit. For a spacecraft aligned with
the ON frame, the orientation of the xBF- and yBF-axes is inverted with
respect to and the yaw-angle attains a value of w = 180 at

all times.
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y (yaw), ¥ (pitch), ¢ (roll).
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GLONASSZERAIER,

Magnetometer

boom ¥

~

*+Xias
*Yics *
*+Zes
GLONASS

GLONASS-M

Orientation of the spacecraft body frame for the first-generation
GLONASS satellites. Red arrows and labels refer to the manufacturer-
specific system, while IGS axis conventions are shown in blue. Image
Credits: ISS-Reshetnev. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

COSPAS-SARSAT
Receive Antenna

+Xies

COSPAS-SARSAT
Transmit Antenna

*Zcs

+X

+z
ISL Rx/Tx +
Antennas Yies

*Zcs

GLONASS-K1 s

Orientation of the spacecraft body frame for GLONASS-M and -K1 satellites. Red arrows and labels refer to the manufacturer-specific system,
while IGS axis conventions are shown in blue. For GLONASS-K 1, the antenna locations of the radio-based inter-satellite link (ISL) and the COSPAS-
SARSAT distress alert system are labeled to assist the identification of the spacecraft axes. Image Credits: ISS-Reshetnev. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)



Orientation of the spacecraft body frame for GIOVE-A/B and Galileo IOV/FOC satellites. Red arrows and labels refer to the manufacturer-
specitic system, while IGS axis conventions are shown in blue. Note that Sun illumination and solar panel alignment in the artist’s drawings do not match
the actual spacecraft orientation (except for the Galileo FOC image). During nominal yaw-steering, the Sun direction is confined to the +xgs/+z6s-half-
plane as indicated by a representative Sun vector shown in yellow. For the Galileo IOV and FOC satellites, the location of the search-and-rescue (SAR)
antenna is identified in addition to the GNSS antenna and LRA. Note, however, that the LRA and SAR antenna placement with respect to the spacecraft
+x-axis is inverted for the two types of spacecraft. Image credits: ESA. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)



Communication
~~ Antenna

Apogee Boost Motor .~
(hidden)

fbopes +Y *Yics +X X5
Boost Motor -
+y tYics

BeiDou MEO/IGSO +E s BeiDou GEO

Orientation of the spacecraft body frame for BeiDou MEO/IGSO and GEO satellites. Red arrows and labels refer to the manufacturer-specific
system, while IGS axis conventions are shown in blue. During nominal yaw-steering, the Sun direction is confined to the +xjgs/+zi6s-half-plane as
indicated by a representative Sun vector shown in yellow. Image credits: CSNO. (For interpretation of the references to color in this figure legend. the
reader is referred to the web version of this article.)
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Solar panel

|+ Ku-band Antenna
f - (for TWSTFT)

LS Antenna Laser Reflector

C-band Antenna L-band Antenna
(for TT&C)

Yaw Steering Mode Orbit Normal Mode

Attitude control modes of the QZS-1 spacecraft
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Nominal attitude (orientation of the IGS-specific body frame) of individual navigation satellite types outside eclipse periods.

Constellation Type Attitude
GPS I, II/TIA, IIR, IIF Rerics = Rys
GLONASS - M, Kl Rerigs = Rys
Galileo GIOVE-A/B, IOV, FOC Rerics = Rys
>
BeiDou-2 MEO, IGSO RBFIGS = {R“ } for |f:’|{ - }4°
Ron+ <
GEO Rprics = Ront
_ | Rys = o
QZSsSs QZSs-1 Rerics = {'Row- } for |ﬁ|{ < }20
IRNSS IGS0, GEO Rprigs = Rys-rnss = Hys

Offset of the navigation antenna phase center from the CoM for different Global and Regional Navigation Satellite Systems.

Constellation Type x [mm] ¥ [mm] z [mm] xiGs [mm] Vigg [mm] 16 [mm] Comments
GPS I 0.0 0.0 +1952.0 0.0 0.0 +1952.0 *
+210.0 0.0 +1952.0 +210.0 0.0 +1952.0 b
II/TIA +279.0 0.0 +2564.0 +279.0 0.0 +2564.0 c
IIR-A 0.0 0.0 +1308.0 0.0 0.0 +1308.0 d
IIR-B/M 0.0 0.0 +847.0 0.0 0.0 +847.0 d
1IF +394.0 0.0 +1600.0 +394.0 0.0 +1600.0 N
GLONASS - —1840.1 0.0 0.0 0.0 0.0 +1840.1 :
M —2298.1 +545.0 0.0 —545.0 0.0 +2298.1 !
—2067.0 +1100.0 0.0 —1100.0 0.0 +2067.0 £
Kl —1760.1 0.0 0.0 0.0 0.0 +1760.1 !
=1798.0 +620.0 =570.0 —620.0 =570.0 +1798.0 "
—1426.0 0.0 0.0 0.0 0.0 +1426.0 '
Galileo GIOVE-A +4.0 -1.0 +862.0 -4.0 +1.0 +862.0 !
GIOVE-B +3.2 -34 +1351.7 -32 +3.4 +1351.7 !
10V +200.0 0.0 +600.0 =200.0 0.0 +600.0 .
FOC —150.0 0.0 +1000.0 +150.0 0.0 +1000.0 !
BeiDou-2 MEO +600.0 0.0 +1100.0 +600.0 0.0 +1100.0 "
IGSO +600.0 0.0 +1100.0 +600.0 0.0 +1100.0 "
GEO +600.0 0.0 +1100.0 +600.0 0.0 +1100.0 "
QZSSs QZS-1 +0.9 -2.9 +3197.9 —-0.9 +2.9 +3197.9 "
+1150.9 +697.1 +3015.1 —1150.9 —697.1 +3015.1 °
IRNSS - +1280.8 -11.4 =11 +11.4 +1.1 +1280.8 "
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GPS Fia£EE 1T, EIKAKIRESTEZEE A Block I |
Block Il D 2#!:&E ™ Rockwell B4R Fri%it. He Block 1 RAARIIRE!
73 ROCK4, BlockII3RFHMEEIHROCKAE2.,

ROCK R EHBaNINEEIREAE 3X10-9m/s2 kA, XHESET
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ASHE7

aD o 2 p(h)T))\:qS:FlU.T:'AP) a r

?31!

Cp - scaling factor (Cp=2 for spherical satellites and unbiased atmospheric density
models),

P(h.T\ ¢, Fio.7,A,) - density of the atmosphere,

4 _ area-to-mass (cross-section-to-mass) ratio,

i’ - a relative velocity of the satellite with respect to the rotating atmosphere.



ANBRIE

1

Apaneld oy _Epa |:

Cm
m

}vrvi A, cos y

Ap = OKBHWLAR ey i A
Cpp =1 H T AP HEMLAR 1 S URH )y Z 20
y = KBITREMURCE [F) A AL 1 .

‘AP cosy| = AP AE MR AL T 1 T30 111 i (9 28 i R



KUK SIRB R

r - the height over the Earth’s surface,

T - time of the day (solar time) and the day of the year,

A, ¢ - geographical longitude and latitude,

Fp.7 - solar flux (penticton 2800 MHz corresponding to 10.7 cm)

A, - geomagnetic index.



RKEST

Gas name Chemical symbol Mean molecular weight Concentration
Nitrogen N> 28.013 780840
Oxygen 0O, 31.999 209460
Argon Ar 39.948 9340

Carbon dioxide CO, 44.010 384

Neon Ne 20.180 18.18

Helium He 4.003 5.24

Methane CH, 16.043 1.774
Krypton Kr 83.798 1.14

Gas name Chemical symbol Mean molecular weight Concentration
Nitrous oxide N-O 44.012 0.320

Xenon Xe 131.293 0.09

Ozone O; 47.998 0.01-0.10




K5 B

More than 99% of
the total mass of the
atmosphere is
confined in the
altitude range
going from the Earth
surface to 40 km.

Thermosphere
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Left: Atmospheric density as a function of solar flux index F) 7 for the al-
titude of Stella and AJISAI according to the NRLMSIS-00 model.

Right: Relation between the atmospheric density and the satellite alti-
tude for low solar activity (F197=80 and A,=15) and high solar activity
(F10.7=250 and A,=40) according to the NRLMSIS-00 model.
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FEXSELR

e 1. U.S. Standard Atmosphere, 1976;

e 2. Variations of the Jacchia-Roberts models (J71, J77
and GRAM99);

e 3. COSPAR International Reference Atmosphere
(CIRA90);

o gb;\/lass Spectrometer-Incoherent Scatter (NRLMSISE-

o 5. Drag Temperature Models (DTM-94 and DTM-03);

e 6. Marshall Engineering Thermosphere (MET-88 and
MET-99);

o 7. CIGOST Russian Models (GOST-84 and GOST-04);
an

e 8. General Circulation Models (TIGCM and TIEGCM).
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Model CPU | Apmean | APmax
Jacchia 71 1.00 - -
Jacchia—Roberts 0.22 0.01 0.03
Jacchia-Lineberry 043 | 0.13 0.35
Jacchia—-Gill 0.11 0.02 0.08
Jacchia 77 10.69 0.13 0.35
Jacchia—-Lafontaine | .86 0.13 0.36
MSIS 77 0.06 0.18 0.53
MSIS 86 0.32 0.21 1.45
TD88 0.01 0.91 7.49
DTM 0.03 0.40 1.22
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