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Sampling
Comparison with other Meteorological Satellites

Michel Capderou
Laboratoire de Météorologie Dynamique (LMD /IPSL)
Ecole Polytechnique, Palaiseau, France.

Abstract

The Megha-Tropiques satellite is to be launched in circular orbit (at altitude h = 866 km
with inclination 7 = 20 degrees). With large-swath instruments, all areas in the latitude
belt from 30 degrees North to 30 degrees South can be viewed. This orbit makes possible
monitoring of tropical zone, but with a particular sampling.

We show here how this orbit offers advantages for the original sampling, but also
how it implies disadvantages which can-not be ignored. However, comparison of the
Megha-Tropiques sampling with that of other meteorological satellites reveals its partic-
ular advantages.

Palaiseau, March 2009.
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1 Sampling - An Overview

Orbital characteristics of the satellite are mentioned into the Annex Megha-Tropiques
orbit. We recall here the pricipal elements:

— altitude h = 866 km, quasi-circular orbit;
— inclination ¢ = 20° ;
— period T' = 102 minutes, or 14.1 revolutions a day.

1.1 The three instruments on board Megha-Tropiques

The Megha-Tropiques spacecraft (in short MT) carries three instruments MADRAS!,
SAPHIR? et ScaRaB?, see Fig. 1. Here we only consider the geometrical aspect of the
swath for each instrument.

The MADRAS swath is conical, with half-aperture # = 65°. Angle with nadir direction
is constant, f = 45.05°, in order that viewing zenith angle for all the seen locations is
constant, ¢ = 53.5°.

For the two other instruments, the swath is orthogonal to the ground track (X-track
mode), see Fig. 2, defined by f, half-swath angle: f = 42.96° for SAPHIR and f = 48.91°
for ScaRaB.

These data are presented in Table 1.

Figure 1: Schematic drawing of the scan for the three instruments aboard Megha-Tropiques.

'Passive microwave radiometer (18.7 GHz, 23.8 GHz, 36.5 GHz, 89 GHz and 157 GHz) to derive
rainfall, water vapor, liquid water, ice and surface winds (Microwave Analysis and Detection of Rain and
Atmospheric Systems).

2Passive microwave sounder (6 channels around 183.31 GHz) (Sondeur Atmospherique du Profil
d’Humidité Intertropicale par Radiometrie).

3Radiation budget sensor (0.5-0.7 um, 0.2-4.0pm, 0.2-200um and 10.5-12.5um) to estimate the radia-
tion budget (Scanner for Radiation Budget).



Instrument | Scan mode e ce swath (km)
MADRAS | Conical § = 65 | 45.05 | 53.50 | (effective) 1702
SAPHIR Orthogonal 42.96 | 50.71 (total) 1726
ScaRaB Orthogonal 48.91 | 58.87 (total) 2216

Table 1: Geometrical characteristics of the instrument swaths.

Figure 2: Definition of angles relevant to the swath of an instrument aboard a satellite. The
satellite is S and the subsatellite point is S,. The instrument looks at point P, such as point P,
on the Earth’s limb. The FEarth is spherical with centre O. Swath orthogonal to the ground track
of the satellite S, with half-swath angle f (the plane of the diagram is the plane of the scan).
Angles are noted: f (half-swath),  (viewing zenith angle), o (angle from the centre of the Earth).
For the mazimal swath (limb swath), angles are indexed by [,] and, in this case, ¢, = 90°. The
total length of the ground track swath, for angle f, is two times the length of arc S,P.

1.2 Ground track of the swath

The track of a conical swath draws a circle arc on the Earth surface, see Fig. 3. The
conical scan, by construction, allows the instrument to see all the pixels with the same
angle. Viewing zenith angle, for each pixel, is constant (¢ = 53.5° for MADRAS).

The track of the orthogonal swath is pratically perpendicular to the satellite track, see
4 et 5. For each pixel, viewing zenith angle varies between ¢ = 0° (when satellite overpasses
at zenith) and the extremal value (¢ = 58.9° for ScaRaB aboard Megha-Tropiques).
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2 Monthly Sampling Tables

2.1 Presentation of the Monthly Tables
2.1.1 Sampling Tables

The monthly sampling table relates to an instrument aboard a satellite given S. It
concerns a point P to any surface of the Earth, defined by its longitude and latitude.

This table, see part (a) of Fig. 6, 7 and 8, takes the form of a graph:

— in abscissa axis from left to right, we note the time of day, from 0 to 24, LMT (Local
Mean Solar Time); the relationship with UTC time, involving the longitude of P is men-
tioned in the legend of the graph;

— in ordinate axis from top to bottom, we note the day of each month from 1 to 31.

Whenever the instrument of the satellite S, during its scan, sees the point P con-
cerned, we note the hour and day of this "overpass" and it refers by a small triangle, the
coordinates of this point on the graph Monthly Table.

It will pass in the first instance on other information recorded on this graph (ascending
or descending part of the orbit, angles of direction PS) and explained in the caption of
each table, where noted, moreover, the characteristics of the satellite orbit and the swath
of the instrument.

MT Comments

For example, we chose the latitude of 10° N for those Monthly Tables. The differences
between three tables are low, because the wide swath of the three instruments are quite
similar. We notice the zenith angle of sight (zenith angle of the direction PS) varies for
SAPHIR and ScaRaB. It is fixed for MADRAS (principle of the conical scan).

2.1.2 Statistical Tables

Over a period of one month, we calculate the number N of overpasses of the satellite S
for a given location P (i.e. the number of times the pixel P is seen by the instrument).
This value N depends on the latitude of the point.

The statistical table, see part (b) of Fig. 6, 7 and 8, takes the form of a graph:

— in abscissa axis, we note the average number of crossings per day (/N/31);
— in ordinate axis, the latitude in degrees, from North to South (on a meridian, as on a
map).

We can see clearly, with this graph, the band of latitude observed and latitudes most
often "seen" by the instrument. Again, as a first step, we can pass on other information
in this table, and explained by the legend.

Fig. 9 summarizes the values of the mean daily number of passage for all three
instruments
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330 3 3 3 3 3] 91| 29| 31

20 20 20 21 20 1) 2| 3] 20| 31
30°S
pavs | 16 1111161211261 311 Tor. ImeanDayr!  © 10 12 14

of overpasses per day

ORBIT a=7243.678 km
Altitude = 865.5 km

Inclination = 20.00 °
Equatorial shift=2892.0 km
Period = 101.93 min

Mean mot. = 14.13 rev/day
SCANNING

Half-swath = 48.9 ©

Maximal zenith angle = 58.9 ©
H.-swath (ground) = 1108.2 km
Equatorial overlap ~ =2.089
Max. attained latit. = 30.0 *

I¢wv
MC ~ LMD

Statistics

MONTHLY
TABLE

[T]: Track

OVERPASSES

OF SATELLITE S [EGM96 ]
FOR POINT P

AS FUNCTION OF THE LATITUDE.
- Longitude : 75.0°E

For P: UTC = LMT - 05h 00m

FIELD OF VIEW : 97.8°

STATISTICS
ON OVERPASSES

Tot. Total Overpasses
Mean Overpass/Day
Dayl Number of Days

with at least 1 Overpass|

ORBIT a=7243.678 km
Altitude = 865.5 km

Inclination = 20.00 °
Equatorial shift="2892.0 km
Period = 101.93 min

Mean mot. = 14.13 rev/day
SCANNING

Half-swath = 48.9 ©

Maximum zenith angle = 58.9 °
H.-swath (ground) = 1108.2 km
Equatorial overlap = 2.089
Max. attained latit. = 30.0 °

T¢wy
MC » LMD

Figure 8: ScaRaB Instrument - (a) Sampling Monthly Table for 10° N latitude; (b) Mean daily
number of overpass.



ScaRaB —— SAPHIR — MADRAS

Mean overpasses per day

I | | | | | | | | | | | |
30°S 25°S 20°S 15°S 10°S 5°S 0° 5°N 10°N 15°N 20°N 25°N 30°N
Latitude

Figure 9: Average number of overpasses per day, depending on the instrument.

MT Comments

The aspect "shook" of the curves in Fig. 9 is explained by the phasing (recurrent
cycle) of the satellite. For a satellite without recurrent cycle, the appearance of curves
representing the monthly average would be much smoother.
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2.2 Detailed Monthly Tables for MT /ScaRaB

2.2.1 Tables sampling

We present, Fig. 10 to 15, Monthly Tables of sampling for ScaRaB instrument aboard
MT, for all latitudes concerned with a step of 5 degrees.

On these tables, more or less "provided" in passages, we see at a glance the general
trend for the points to advance in time, every day. This drift is the manifestation of the
nodal precession that advances the overpass times from 14h 13min in a month - or 24
hours in 51 days. It is said that the cycle of precession Cy is equal to 51 days, or more
precisely C; = —51.33 day (the sign — indicating in advance the time of passage).

For all these tables, the initialization is the same: ascending node to the longitude of
the meridian of reference (here, 75° E), day 1 of the month at 12h 00 min LMT (noon,
Local Mean Time).

Dependence on latitude and dependence on longitude

The distribution of overpasses depends strongly on latitude. Beyond 30° N or 30° S
there is no pass. Out of this central area of 30° both sides of the equator, no point can
be seen by the instrument ScaRaB.

Longitude, for against, does not play a decisive role (except in the case, very rare
in this domain of satellites, of recurrent cycle of 1 or 2 days). The tables are in local
time (LMT: Local Mean Solar Time) and they have the same aspect, whatever longitude.
Small differences can be found on the moments of overpass (LMT) and angles of sight.
This "indifference" at longitude reflects the symmetry of revolution, according to the axis
of the poles, of the satellite track in a geocentric reference system.

MT Comments

For latitudes between 30° and 10° (North or South), the Monthly Tables present a
"package" of consecutive overpasses, from 1 pass for 30° to 7 passes for 10°. For the
central latitudes, between 10° N and 10° S, there are two distinct packages, each 2 to
3 passages, varying in time, especially as one approaches the equator. Tables interval
passage, presented below, illustrate these distributions.
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Recurrence cycle = 7 days [14; -1; 7] 97

T Megha-Tropiques / ScaRaB 25°N

* J=1 (Yr Mn Dy)* [T] 2009 07 01
INITIALISATION . ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01 * Time = 12h 00min LMT / AN M O NTH LY

1 LA

2 e S NC, TABLE

3 /‘?‘ ?\ G>ﬁ [T]: Track

4 ?‘ q Q OVERPASSES (n= 97)

5 Yo 4 q Q OF SATELLITE S [EGM96 ]

6 X Ty ~ (r FOR POINT P

7 s s %) - Latitude : 25.0°N

8 Qﬁ C’?ﬂ ?\ - Longitude : 75.0° E

9 /4?5 z\ G For P: UTC = LMT - 05h 00m

10 ?\ /; Q FIELD OF VIEW : 97.8°

ii QA\F F;(\ /;?i ::@ AP-S DIRECTION
ASC v DES

13 @ /?S ;>< Right-handed system

g ?\ - Zenith angle (in

[y
ol

the plane orthogonal @)

to the track).

8
Q
f?ﬂ - Azimuth (in the
/y>(

[
o

H
5
x)

local horizontal plane) @
with respect to the North.

[
[ee]

(; ORBIT a=7243.678 km
Altitude = 865.5 km

N
o

Vi)

o

22 f?ﬂ /42 Q Inclination = 20.00 °
Equatorial shift=2892.0 km

23 @ /4?\ [?‘ Period = 101.93 min

24 @ Q\ ?‘ Mean mot. = 14.13 rev/day

25 g Y\ ) SCANNING

26 /A?S 7\ /; Half-swath = 48.9 ©

27 ? g\ q Q Maximal zenith angle = 58.9 °

H.-swath (ground) = 1108.2 km

&
Y

4( KY% Equatorial overlap ~ =2.089
29 @ @ (?‘ Max. attained latit. = 30.0 *
20 N S £
a . 3Mes

I¢wv
LIMTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 e py

Recurrence cycle = 7 days [14;-1; 7] 97

e e . 4 Megha-Tropiques / ScaRaB 20° N

*J=1 (Yr Mn Dy)* [T] 2009 07 01

INITIALISATION | ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY

—
’ e TABLE

3 /g& 1\ ;\ q /? [T]: Track

4 CORNRY U N AR e I )

5 A AN N B (2 i W
6 @ @“ 4\ (?& FOR POINT P

7 ire 7\ n s - Latitude : 20.0° N

g C AT R AR o T S
0 LA AN\ 7 |

10 ? g\ Q FIELD OF VIEW : 97.8°
1 d 77

‘”(2750 P-S DIRECTION
A ASC v DES

[
N

[
w

Right-handed system

- Zenith angle (in
the plane orthogonal @

(7
f?& to the track).
(Pﬁ

[
ol

U0,

- Azimuth (in the
local horizontal plane) @
with respect to the North.

[u
-

[
oo

=
©

ORBIT a=7243.678 km
Altitude = 865.5 km

Q
/?§ Inclination = 20.00 °
q

N
[y

)
@&@@@

Equatorial shift= 2892.0 km
Period = 101.93 min
Mean mot. = 14.13 rev/day
SCANNING

/; Half-swath = 48.9 °

N
@
Y%

N
i

)
(&)
\4\

Maximal zenith angle = 58.9 ©

N
BN

MR

28 Ile q; g /:7{ H.-swath (ground) = 1108.2 km
Equatorial overlap = 2.089
29 Z?( ﬁp 4\ /?‘ M‘l‘i.a;rt:n:;el;:: =300°
o | @ d A
<N T N NN Ttvov
6

LMT 0 1 2 4 7 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
3 5 8 9 3 5 16 8 19 20 3 MC * LMD

Figure 10: Monthly Sampling Tables for latitudes: 25° N and 20° N.
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Recurrence cycle = 7 days [14; -1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

INITIALISATION .

ASCENDING NODE (AN) :

* Longitude AN = 75.00 °E * Date = 2009 07 01

* Time = 12h 00min LMT / AN

15°N
MONTHLY

! L D I

> AR TR A TABLE

3 (‘g\ /\D l\ /V (¢ [T] : Track

4 D NN ORI

5 ? b Tt o N /’7‘ OVERPASSES (n=177)

6 AN T BN AR romeonte

7 e A AN AN N “y - Latitude : 15.0°N

8 [4?\ /X\ A A q fy) - Longitude : 75.0° E

9 ® /D N /V q\ For P: UTC = LMT - 05h 00m
10 7{\ 0 N (\? /7\ FIELD OF VIEW : 97.8°
11 04 noA NI A 0

P-S DIRECTION
12 (?( q @ m (‘% 7‘ @ A ASC v DES
13 @ KX\ KD m y\ G Right-handed system
14 @\ [D m l_\ O - Zenith angle (in
15 @‘ /g\ D AI d\ /?‘ the plane orthogonal @
16 X\ AN 'k AN (7\ to the track).
17 z\ (X N (V\ /7\ - Azimuth (in the
local horizontal plane) @
18 ;?( % /:Dp g\ /V\ /_?\ with respect to the North.
19 i Y
20 a8 2\ 2\ ™ % % ORBIT a=7243.678 km
21 s N N\ N 5 % Alitude = 865.5 km
22 laN % N Inclination = 20.00 ©
23 g\ (X m /V\ qq\\ /P( Equatorial shift=2892.0 km
@ m /V\ Period = 101.93 min
24 7\ Mean mot. = 14.13 rev/day
25 g fg\ AL D K y SCANNING
26 (4% A v 2 Half-swath = 48.9 °
27 @ ’X\\ o'\ N 4\ (?g Maximal zenith angle = 58.9 °
H.-swath (ground) = 1108.2 km
28 ?‘ /X& & m Kyh Q Equatorial overlap ~ =2.089
29 ng\ o /%\ /gi\ g\ Max. attained latit. = 30.0 °
30
31 m 7
£y 1A A ’ L I¢wv
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC » LMD

Recurrence cycle = 7 days [14;-1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

10 ° N

INITIALISATION | ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY

1 (5% & DN <D <N N [#%

2 oA IS A e TABLE

3 @ /D 0 N [V\ /?( [T] : Track

4 eI YA R I L I

° £ A0 A N R 0 N 2 oFswtenes [EONSS 1

6 (\ % ) N 22 7\ FOR POINT P

7 Iz: 0 N\ N N ¥ - Latitude : 10.0°N

8 1> D SN N - Longitude : 75.0°E

9 Kg/ /@ ® ?q¢ /V\KV /;7 For P: UTC =LMT - 05h 00m
10 C‘?& SN N N /V\ /?g FIELD OF VIEW : 97.8°

AN
1 ?\ : g g\ @ q\ ? ;2@ P-S DIRECTION
12 AR N, 0 X S s
13 v ! Right-handed syst
14 R
15 Q q\ @ A Kj /V\ /’7\ the plane orthogonal @
16 s g\ N N N 7 to the track).
17 7‘?\ N ISy N /V\ ?( - Azimuth (in the
18 A R AT AR AN e
19 o A D N
20 i AN A\ " N ) ORBIT a=7243.678 km
21 Z8 N A < ) A Alttude = 865.5 km
22 R <L N (V\ Inclination = 20.00 °
23 g }a 7<X 7<l\ (V\ ? Equatorial shift= 2892.0 km
24 f?‘ /X @ q\ V\ X Period = 101.93 min
4 b M .= 14.13 revid
25 Q N D <P NN 4 /? se(;‘:i;;jv[Nc e
26 q\ AN < Ip Y q\ Half-swath = 48.9 ©
27 q\ T N <3 /v\ f’f\ Maximal zenith angle = 58.9 °
28 l\ KD g ?Q\ m /]\ ?; H.-swath (ground) = 1108.2 km
Equatorial overlap = 2.089
29 (E? g KD qi\ /V\ fy\ (\Z?( Max. attained latit. = 30.0 °
30 ) «
31 [ A A N A
£y I¢iwv
LMT O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Figure 11: Monthly Sampling Tables for latitudes: 15° N and 10° N.
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Recurrence cycle = 7 days [14; -1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

INITIALISATION .

ASCENDING NODE (AN;

>

) : * Longitude AN = 75.00 °E * Date = 2009 07 01

* Time = 12h 00min LMT / AN

5°N
MONTHLY

L TN e
2 a R N ) TABLE
3 q\ 1 N\ /7\ [T]: Track
4 D N A A
: CaOEN D e e
6 ? /SD 2 q\ v\ /?‘ FOR POINT P
7 e x A ¢ % - Latitude : 5.0°N
8 ﬁ‘? N N q‘ - Longitude : 75.0° E
: = - 05h 00m
9 /z\ ANy 7@ q\ For P: UTC =LMT - 05l
10 Q\ ) YA /7\ FIELD OF VIEW : 97.8°
11 1\ h N 7\ @
2 ANONE AR SN
13 A? (X @ Q\ (‘ K? Right-handed system
14 C\? @ Q (V Q - Zenith angl
gle (in
15 g >N N f;\ the plane orthogonal &)
16 z4 0 v F’/\ to the track).
17 X\ ) N 7\ - Azimuth (in the
local horizontal plane) @
18 7 S ANRS A
Ve /Xj @ /V (7’ with respect to the North.
19 4
20 (a AN 0 < s 4 ORBIT a=7243.678 km
21 s N s ) % Alitude = 865.5 km
22 AN N Inclination = 20.00 °
23 Z/g\ 7%\ m ?\\ Equatorial shift=2892.0 km
& V\ A Period = 101.93 min
24 C{? @ N /?’( Q Mean mot. = 14.13 rev/day
25 SCANNING
26 AN <0 A s ‘it Half-swath = 48.9
27 [D @ )q\ m /?ﬂ @\ Maximal zenith angle = 58.9 °
28 m m ?( :gs H.-swath (ground) = 1108.2 km
Equatorial overlap ~ =2.089
29 }g ;q\\ ;\ %Z\ Max. attained latit. = 30.0 *
30 !
3 N
7 D I¢wv
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 7 days [14;-1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

OO

INITIALISATION | ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01 _ * Time = 12h 00min LMT / AN M O NTH LY
1 2 i N % N
2 | 7y e A I8 TABLE
3 (?‘\ Q /‘D /w [T] : Track
4 |y A DA
OVERPASSES (n=136)
5 ?( (AZ\ &E\ ,—?Q\\ 77\\ OF SATELLITE S [EGM96 ]
6 ry 2 N FOR POINT P
7 CD % N /7 - Latitude : 0.0°
8 & /K D N /7\ - Longitude : 75.0°E
9 Q /p /V\ f?ﬁ For P: UTC =LMT - 05h 00m
10 @ o\ fh ’?g FIELD OF VIEW : 97.8°
Ve
1 s ® W n g @ ‘@ P-S DIRECTION
12 X(\ &Q Q\ £ @ A ASC v DES
13 (A(\ ?<E K /;‘ Right-handed system
14 7\ N N A Joni
- Zenith angle (in
15 I's @ NN N /;\ the plane orthogonal @
16 Q( fb (V\ ’?X to the track).
17 @ N - Azimuth (in the
18 Z\ XS;\ XQ\ ?\ f; Lf:ﬁ:lrre\znzonta\ plane) @
pect to the North.
19 ‘4 "~ N h
20 4 N 2 o ORBIT a=7243.678 km
21 I\ 0 N 7 Alltude = 865.5 km
22 N a2 Inclination = 20.00 ©
23 g g\p 7ﬂ Equatorial shift= 2892.0 km
Period = 101.93 min
24 ?ﬁ N/AE\ 7Q /fg\ /;f /g Mean mot. = 14.13 rev/day
25 SCANNING
26 0 @ /;\ q\ Half-swath = 48.9 °
27 BN m /7\ @\ Maximal zenith angle = 58.9 °
28 7‘9 m 7\ Q 1\ H.-swath (ground) = 1108.2 km
Ve /3 Equatorial overlap = 2.089
29 ! (‘v\ f?’ r? [Y Max. attained latit. = 30.0 °
30 P
31 v A
£al £ I¢iwv
LMT O 1 2 4 7 10 11 12 1 14 1 1 17 1 1 2 21 22 2 24
3 5 6 8 9 3 5 16 8 19 20 3 MC » LMD

Figure 12: Monthly Sampling Tables for latitudes: 5° N and 0°.
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Recurrence cycle = 7 days [14; -1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

INITIALISATION .

ASCENDING NODE (AN;

>

) : * Longitude AN = 75.00 °E * Date = 2009 07 01

* Time = 12h 00min LMT / AN

O o
MONTHLY

1 N RS AN
2 | 7y RN N TABLE
3 (?\ Q /D (\b [T] : Track
4 | O A IO
OVERPASSES (n=136)
Z ?( g &S %q\\ /Z\ OF SATELLITE S [EGM96 ]
g FOR POINT P
7 D N N e - Latitude : 0.0°
: . m ALR o e oo
9 N AT or B T
10 @ 4N fh ’;/( FIELD OF VIEW : 97.8°
11 A Db P ®
2 S AR e
13 1 e N 7'l
Right-handed system
14 7y N N A .
- Zenith angle (in
15 @ @ N\ N /?\ the plane orthogonal @
16 s 6N N 2 to the track).
17 @ '\ﬂ - Azimuth (in the
18 /,S.\ Q\ N X local horizontal plane) @
f? ?&\X 7§ /;\ 4! with respect to the North.
19 L
20 gy O N A ORBIT a=7243.678 km
21 78 0 N 7 Alitude = 865.5 km
22 N XV\ Inclination = 20.00 °
23 g g (’7\ Equatorial shift=2892.0 km
/S /s " Period = 101.93 min
24 (s Y A Mean mot. = 14.13 reviday
25 o o % y% Y scannIne
26 N 2 D H Half-swath = 48.9 °
27 KD ZQ\ Maximal zenith angle = 58.9 °
28 N m ;\7\ Q g H.-swath (ground) = 1108.2 km
Ve /‘3 Equatorial overlap ~ =2.089
29 = {‘V\ K;’ f;?ﬁ XYA\ Max. attained latit. = 30.0 °
30 P
31 W N
I¢wv
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 7 days [14; -1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

INITIALISATION .

ASCENDING NODE (AN;

) : * Longitude AN = 75.00 °E * Date = 2009 07 01

* Time = 12h 00min LMT / AN

5°S
MONTHLY

1 N i o« S a¥A}

2 | B 2D 9 TABLE

3 q\ (?( C& @ N m [T]: Track

4 P [ BN\ B N N

5 7\ Q‘ /X\ OVERPASSES (n=148)

OF SATELLITE S [EGM96 ]

6 /?\ @ X\ /S\ /; FOR POINT P

7 « o' v % - Latitude : 5.0°S

8 s el v f;\ /?y - Lonqilude : 750°E .

9 e AN KN d\ c For P: UTC = LMT - 05h 00m
10 @ Q\ N N 7\ FIELD OF VIEW : 97.8°
1 s CD @ W ((12)) %\ p.sDIRECTION
12 @ P (X‘\ /; A ASC v DES
13 f;?‘ g f‘;? Q Right-handed system
14 A Q‘ - Zenith angle (in
15 /‘? N <N d\ /?( the plane orthogonal @
16 74 N A ”/\ X to the track).

17 N V 7\ - Azimuth (in the
18 @( g\ ﬂ\ N\ local horizontal plane) @
Z:;P( fi /V‘ f;; with respect to the North.
19
20 T A N ¥ ORBIT a=7243.678 km
21 | g 2N N 2 Alttude = 865.5 km
22 AN VA Dt Inclination = 20.00 °
(g\ ’y'\ Equatorial shift= 2892.0 km
23 q\ @ Q\ Z\ (;X @ Period = 101.93 mi
eriod = .93 min
24 X\ g g /?\ F?‘ [X\ Mean mot. = 14.13 rev/day
25 SCANNING
26 N S s N Half-swath = 48.9 °
27 /’g\ ?g /g\ N Maximal zenith angle = 58.9 °
28 ?\ >< q\ @ H.-swath (ground) = 1108.2 km
Equatorial overlap ~ =2.089
29 NV\ /? /;i ?( X\ g Max. attained latit. = 30.0 *
30
31 2 x 0
A & I¢iwv
LMT 1 2 4 7 1 11 12 1 14 1 1 17 1 1 2 21 22 2 24
0 3 5 6 8 9 0 3 5 16 8 19 20 3 MC * LMD

Figure 13: Monthly Sampling Tables for latitudes: 0° and 5° S.

18



Recurrence cycle = 7 days [14; -1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

INITIALISATION .

ASCENDING NODE (AN) :

* Longitude AN = 75.00 °E * Date = 2009 07 01

* Time = 12h 00min LMT / AN

10°S
MONTHLY

LT P e )
2 | ANt e A TABLE
3 [V\ Qﬂ ? ;P>( 0% (\; [T]: Track
AR AR B o A
s AR R U Vo mmee e
6 P y iy /X\ T A /7 FOR POINT P [ :
7 Y s 78 I N ) - Latitude : 10.0°S
8 f?‘ ?‘ ?ﬂ /3\ < faa f]\ - Longitude : 75.0°E
9 /?( ?( Ve (X\ /\1\ /?S For P: UTC = LMT - 05h 00m
10 ? 4 s N 08 FIELD OF VIEW: 97.8°
11 RN A Y ® 4R
P-S DIRECTION
12 @ @ N A (; Q @ A ASC v DES
13 g 1\ g g qfi\ /;? Right-handed system
14
- Zenith angle (in
15 ? CF /i\ KD m /7\ (4—! the pl;ne ogjthogonal @)
16 Q AN V\ 7 /; /[F>< to the track).
17 Y A Y - Azimuth (in the
Cg\ D 7<Z\ /1{]\ Y/ Q @( local horizontal plane) @
18 g )& 7Q q\ f;? QF g with respect to the North.
19
20 4 by YA i) Y g ORBIT a=7243.678 km
21 | P 0 A N g % Alttude = 865.5 km
22 A NN (VA 7\ f; @ Q\ Inclination = 20.00 ©
Equatorial shift=2892.0 km
238 (D Z\ (? Q @ % Period = 101.93 min
24 D (V /?‘ QF ? X\ XS Mean mot. = 14.13 rev/day
25 ~ m Q ? ?‘ L ) SCANNING
26 m q\ /?‘ /A; q\ N Half-swath = 48.9 °
27 ) Maximal zenith angle = 58.9 °
N\ 7‘\ @ @ H.-swath (ground) = 1108.2 km
28 A A Y @‘ @ N 0
/‘ Equatorial overlap ~ =2.089
29 /v (;\7 g g g\ /X Max. attained latit. = 30.0 *
30
31 7 N
RN RN [Eiov
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 7 days [14;-1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Megha-Tropiques / ScaRaB

INITIALISATION .

ASCENDING NODE (AN) :

* Longitude AN = 75.00 °E * Date = 2009 07 01

*Time = 12h 00min LMT / AN

15°S
MONTHLY

. R RO NS

2 | N AN TABLE

3 A /;\ /7\ z\ Ry [T] : Track

P AT A R N

5 V\ q)\ @Q (D @ OVERPASSES (n= 1![31 ) ]

OF SATELLITE S EGM96

6 /% (7\ g /g\ S & (gi FOR POINT P

7 by - Latitude : 15.0°S

8 /7\ 2\ X\ o <D /V\ - Longitude : 75.0°E

9 ,% Zx Y fava ,;\ For P: UTC = LMT - 05h 00m
10 7\ /Z\ @ D VA FIELD OF VIEW : 97.8°

I®; Y
1; /7( g /g\ g g‘ ¢ :;@ P-S DIRECTION
A ASC v DES
13 | D N AN .
ight-handed system
14 2\ X\ XS /v\ 7\ - Zenith angle (in
15 g\ N A )V\ 45?\ the plane orthogonal @)
16 q\ D VA f; @ to the track).
17 N - Azimuth (in th
18 /gb @ XVZ\ g [;7\ g\ |oc:|mhinzo‘:ta\eplane) @
with respect to the North.
19 i N A o)
20 " (V\ 7\ ?ﬂ C'é ORBIT a=7243.678 km
21 | A N N Y D Alttude = 865.5 km
22 N VA AN I Inclination = 20.00 °
23 m /; (7{\ /%\?\ %\ Equatorial shift= 2892.0 km
o D Period = 101.93 min
24 % R%Q\‘ qfi\ /;\77\ ;{\ /X @ Mean mot. = 14.13 rev/day
25 SCANNING
26 /V\ 7\ 7‘ /‘K /X\ Half-swath = 48.9 °
27 V\ @ {Lz\ /X\ Maximal zenith angle = 58.9 ©
28 7‘:{\ (s\ q q?\ q\ )@ H.-swath (ground) = 1108.2 km
Equatorial overlap = 2.089
29 7@ (;g /;ZK g g\ &D Max. attained latit. = 30.0 *
30
31 A N
~ P fa £ I¢ v
LMT O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC = LMD

Figure 14: Monthly Sampling Tables for latitudes: 10° S and 15° S.
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Recurrence cycle = 7 days [14; -1; 7] 97

T Megha-Tropiques / ScaRaB 20°S

*J=1 (Yr Mn Dy)* [T] 2009 07 01

INITIALISATION ¢ ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01 _* Time = 12h 00min LMT / AN M O NTH LY
1 N AIDTTAT A
2 v TS 1 2SN ¢ AV Y N TABLE
3 m /y\ D o [T] : Track
4 N hooA Iy
OVERPASSES (n=145)
5 Q\ z\ d @ m OF SATELLITE S [EGM96 ]
6 % N 0 A N N FOR POINT P
7 N A 2N 0 NY - Latiude : 200°s
sl D m s | T anan
9 /Y\ D 18" N or P: = - m
10 (X /) f(]\ FIELD OF VIEW : 97.8°
11 d @ N v/ N (&) @ P-S DIRECTION
12 | D AN 0 i N @ A ASC v DES
13 m /X\ g\ m {V\ Right-handed system
14 b ST AT .
- Zenith angle (in
15 I\\ f\g KE q\ /I the plane orthogonal @
16 AN N Ig": N to the track).
17 A fv‘ fr\ KD - Azimuth (in the
local horizontal plane) @
18 g\ g /);z\ /}\I\ /X\ with respect to the North.
19
20 < VA N D A ORBIT a=7243.678 km
21 | N N A N Alttude = 865.5 km
22 D) N K\I (X\ aN) Inclination = 20.00 °
Equatorial shift=2892.0 km
23 /V.\/V g\ /TDD g Period = 101.93 min
24 Q\ /V\ /t\ & Mean mot. = 14.13 rev/day
25 SCANNING
26 YA N n X N Half-swath = 48.9 °
27 q\ D @ [\D &\ Maximal zenith angle = 58.9 °
H.-swath (ground) = 1108.2 km
28 fy_\rv /Cbl\\ g @ Equatorial overlap ~ =2.089
29 /V\fq /h /D /\D Max. attained latit. = 30.0 *
30
31 AN D 5
I¢wv
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 7 days [14;-1; 7] 97

e e . 4 Megha-Tropiques / ScaRaB 25°S

*J=1 (Yr Mn Dy)* [T] 2009 07 01

INITIALISATION | ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY
1 N N 0
2 ST S S TABLE
3 gi\ g\ &D <X [T]: Track
4
5 N N Y OVERPASSES (n=101)
OF SATELLITE S [EGM96 ]
6 g K);\ ><§\ FOR POINT P
7 - Latitude : 25.0°S
8 N R <0 - Longitude : 75.0°E
. = - 05h 00m
9 ,q\ D ?q q\ For P: UTC = LMT - 05|
10 W Iy N N FIELD OF VIEW : 97.8°
1 N &\ ?q (l)//D P-S DIRECTION
2 |8 N @7 o asc v DES
13 m _\KD m Right-handed system
14 KD A Kl\ - Zenith angle (in
15 & & ) & the plane orthogonal (€}
16 ™ Kz\ KI N to the track).
17 LY i N '\ - Azimuth (in the
local horizontal plane) @
18 g\ g\ 7<§ with respect to the North.
19
20 N N S ORBIT a=7243.678 km
21 v Y N Altitude = 865.5 km
22 N a'N D Inclination = 20.00 °
23 )q m m <D Equaldor\al 15;:19:3 28,92.0 km
eriod = .93 min
24 Q\ m @ Mean mot. = 14.13 rev/day
25 N A N SCANNING
26 q\ KD N Half-swath = 48.9 °
27 D & )@ Maximal zenith angle = 58.9 °
28 )q m 7@ H.-swath (ground) = 1108.2 km
Equatorial overlap = 2.089
29 yQ\ }%?\ g 3\ Max. attained latit. = 30.0 *
30 Y
31 N A N
I¢ v
LMT O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC ~ LMD

Figure 15: Monthly Sampling Tables for latitudes: 20° S and 25° S.

20



2.2.2 Tables of overpass interval

This table represents a different reading of the table of monthly sampling. For a given
location, it takes the form of a graph:
— in abscissa from left to right, there is time in hours, from 0 to 24;
— in ordinates from top to bottom, there is the day of each month from 1 to 31.
At each passage, for a given day in ordinates, there is in abscissa the time elapsed
since the passage above, see Fig. 16 and 17. These tables relate the instrument ScaRaB.
At the equator, crossing consecutive (separated by slightly less than 2 hours) followed
by intervals 9 hours (and sometimes 11 hours). These extreme values are increasing with
latitude, reaching 13 hours (sometimes 15) to 10° and 16 hours (sometimes 18) to 20°.

Recurrence cycle = 7 days [14;-1; 7] 97

Precession cycle= 51 days (Cs=-51.3) Meg ha_TropIques O o

INITIALISATION H ASCENDING NODE (AN) : * Longitude AN = 0.00 ° * Time t = 12h 00min LMT / AN MONTH LY
1 ——a N N S S S
2 B . TABLE
3 | B S S N S—— i
4 F —= e
5 F . OVERPASSES (n=136)

- RO BUSUUETS OSSR SSSeTeees et Sty R § OF SATELLITE S [EGM96 ]
6 S R B B S e s FOR POINT P
7 N o e A N R T A - Latitude : 0.0°
8 = N I N R R . - Longitude : 0.0°
o T O S e S B it For P: UTC = LMT + 00h 00m
10| I s L FIELD OF VIEW: 97.8°
11 | - - v
12 [ o B — B S S S
13 [ L
14 [ e
FFE R B S B B S TIME INTERVAL

15 5 ——— - SRS SO (hours)
16 L " N - S S BETWEEN TWO OVERPASSES
17 | oL S T O ISP s s
18 S N S e S ——
19 | .
20 F oS S B O . L ORBIT a=7243.678 km
21 R S S S — ——t Altitude = 865.5 km
22+ - E S S S B s T Inclination = 20.00 °
23 T e LI e i T A S et S . Equatorial shift= 2892.0 km

L e T Period = 101.93 min
24 B e T e I . — Mean mot. = 14.13 rev/day
T i e TS S A I S T SCANNING
26 F——= L e B Half-swath = 48.9 °
27 + B S S T S — Maximal zenith angle = 58.9 °
28 o e B St S A R T H.-swath (ground) = 1108.2 km

bt U S i e S ) ial overlap  =2.089
29 R P oot T s T Max. attained latit. = 30.0 °
30 —
31 B A R S [ T P S

— —= &y

hro 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC » LMD

Figure 16: Monthly Tables of overpass intervals at equator.
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Recurrence cycle = 7 days [14;-1; 7] 97
Precession cycle= 51 days (Cs=-51.3)

e

Megha-Tropiques

INITIALISATION .

ASCENDING NODE (AN): * Longitude AN = 0.00 ° * Time t = 12h 00min LMT / AN

20° N
MONTHLY

1 1
2 ' . TABLE
3 1 n
4 1 ]
5 i . OVERPASSES (n=143)
. OF SATELLITE S [EGM96 ]
6 b FOR POINT P
7 ] b - Latitude : 20.0°N
8 3 . - Longitude : 0.0°
9 . . For P: UTC = LMT + 00h 00m
10 X - FIELD OF VIEW: 97.8°
11 1 -
12 ] -
13 ] .
14 1 .
TIME INTERVAL
1 -
15 . (hours)
16 1 BETWEEN TWO OVERPASSES
17 1 -
18 1 .
19 1 "
20 . . ORBIT a=7243.678 km
21 . - Altitude = 865.5 km
22 1 " Inclination = 20.00 ®
23 1 ol Equatorial shift= 2892.0 km
1 0 Period = 101.93 min
24 " Mean mot. = 14.13 rev/day
25 ! SCANNING
26 1 b Half-swath = 48.9 °
27 ] " Maximal zenith angle = 58.9 °
1 " H.-swath (ground) = 1108.2 km
28 i ial overlap  =2.089
29 1 Max. attained latit. = 30.0 °
30
31 !
Iéiwv
hr 0 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC » LMD
Recurrence cycle = 7 days [14;-1; 7] 97
Precession cycle= 51 days (Cs=-51.3) Meg ha_TropIqueS 10 o N
L INITIALISATION . ASCENDING NODE (AN) : * Longitude AN = 0.00° *Time t = 12h 00min LMT / AN M O NTH LY
1
2 o : TABLE
3 1 . .
4 1 .
5 . OVERPASSES (n=196)
1 OF SATELLITE S [EGM96 ]
6 1 FOR POINT P
7 1 . - Latitude : 10.0°N
8 1 - - Longitude : 0.0°
9 . . For P: UTC = LMT + 00h 00m
10 1 . . FIELD OF VIEW: 97.8°
11 1 "
12 1 -
13 1 -
14 1 -
15 I - TIME INTERVAL
. . (hours)
16 1 - BETWEEN TWO OVERPASSES
17 H - "
18 1 -
19 1 i
20 1 ) ORBIT a=7243.678 km
21 1 ) Alttude = 865.5 km
22 1 " Inclination = 20.00 °
23 = - . Equatorial shift=2892.0 km
i . " Period = 101.93 min
24 . - Mean mot. = 14.13 rev/day
25 1 SCANNING
26 1 Half-swath = 48.9 °
27 1 Maximal zenith angle = 58.9 °
28 1 H.-swath (ground) = 1108.2 km
1 ial overlap  =2.089
29 . Max. attained latit. = 30.0 °
30 . =
31 . :
VEIAAY%
hr 0 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC » LMD

Figure 17: Monthly Tables of overpass intervals for latitudes: 20° N and 10° N.
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2.2.3 Tables with notation of the Sun

It includes the monthly sampling tables by adding, at each passage, the position of the
Sun. We do not go into the details of this graph (representing the position of the Sun).
Simply note that the moments of sunrise and sunset appear (by a blue line) on the graphs
(for a given latitude and a given month).

The interest of these graphs, see Fig. 18 and 19, is to show the contrast, according to
the North or South, for sampling.

Take the example of latitude 20°, Fig. 19. With the conditions chosen, between 9 and
June 24, latitude 20°N will be seen only in the daytime. By against, latitude 20°S will be
never seen in the daytime.

Another way to perceive this situation is to note the local time on the satellite track.

2.2.4 Satellite ground track indicating the local time (LMT)

We call Satellite ground track the intersection of the radius vector O3 with the surface of
the Earth, O being the center of the Earth and S the satellite. This corresponds (in first
approximation) to the nadir view for the satellite.

A map of the Earth (a cartographic projection) has been chosen, it represents the
satellite track noting thereon the hour of Local Mean Solar Time (LMT) with a colour
representative, over a period of 24 hours. Colour selection is explained in the legend of
the figures. The yellow and red tones represent the hours of the day, the blue and green
ones of the night. See Fig. 20 and 21.

It is abundantly clear that with an ascending node at 06:00 LMT, Fig. 20(a), the
satellite overpass is done at day in the northern hemisphere, at night in the southern
hemisphere. The situation is reversed with an ascending node at 18:00 LMT, Fig. 21(b).

Ascending nodes at 10:00 LMT and 14:00 LMT represent intermediate cases. The
local time of the ascending node varies with the nodal precession. To go from 06:00 to
18:00 LMT there is a half-cycle or 26 days, C/2 = 51.33/2 = 25.67 d.
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Recurrence cycle = 7 days [14;-1; 7] 97

Precession cycle= 51 days (Cs=-51.3] 1 o
*J=1 (YrMn)I/)y)‘[T] ZOgQOéOP[S] 2)0090601 Megha'TrOp|queS / ScaRaB JUN 10 N

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 06 15 * Time = 06h 00min LMT / AN M O NTH LY
1 I VAl BN sl N Y
2 i e s Py v v TABLE
3 : K BN by PN v Y [T]: Track - [S] : Sun
4 ! BN LNN oy ! v v
5 ! T O A I B orsatETES | [ECNES 1
6 ! 4 8 b v ! v v FOR POINT P
7 : 2 N B4 oy V¥ / - Latitude : 10.0°N
8 | »2 % \'A 84 [N k 7 - Longitude : 75.0°E
9 i 8 L ‘HA oy A : For P: UTC = LMT - 05h 00m
10 : o I A . oy / FIELD OF VIEW: 97.8°
1 I o g > > ®y otk Y o h P-S DIRECTION
. Q -
12 | «2 0 oy .‘v By oy | @ A ASC v DES
(.4 ) :
13 I I( \Af 8 .& ‘:;\' 'i/'/ I Right-handed system
14 s > > Sy - - Zenith angle (in
15 | i 41;’ a8 \As S.% 2\ ©y I plane orthog. to track). @
16 e o 8 v s\ ©y f - Azimuth (in focal o
3 ¥ horiz. plane) / North.
17 & XIS % 8y oy :
18 Pl o AN A 5 v, ! SUN , .
19 e | o e \,'o ‘{ s J | en zi.
20 SR A ~N° ) 8/ i ORBIT a=7243.678 km
21 L N A8 N Sy : Altitude = 865.5 km
22 % X I o N4 \% \ o"/ | Inclination = 20.00 °
23 o I\ Lo N v £ : Equatorial shift= 2892.0 km
24 % § I o \. L” & I Period = 101.93 min
A } P . } Mean mot. = 14.13 rev/day
25 « h o N Vo P v ! SCANNING
26 L W ~ N e » | Half-swath = 48.9 °
27 N N | NP Ve ‘% | Maximal zenith angle = 58.9 ©
28 A \A - | yor \v(g vx | « H.-swath (ground) = 1108.2 km
A | \ Vz I Equatorial overlap = 2.089
29 k 5 B : Sy x z : « Max. attained latit. = 30.0 °
30 A 1L v 2 ! | &
31 5 Y S be ~ i ; § Téuov
IMTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC x LMD

Recurrence cycle = 7 days [14;-1; 7] 97

Precession cycle= 51 days (Cs=-51.3) Megha_TroplqueS / ScaRaB JUN 10 o S

* J=1 (Yr Mn Dy)* [T] 2009 06 01* [S] 2009 06 01

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 06 15 * Time = 06h 00min LMT / AN M O NTH LY
1 N v e 2 P i I
N s s : TABLE
! 3 !
3 xv /« v | prs A(f’ G i [T Track - [S] : Sun
4 v [¥:3 ! W
Sl Ll e L ! h orenELTES  (EGMSS |
6 ' A A/i d= \f ! v FOR POINT P
7Y v « dos A : v - Latitude : 10.0°S
8 / v I's re | L“ Nd | v P - Longitude : 75.0° E
9 > - < | fon | v 7 For P: UTC = LMT - 05h 00m
10 v re £ i N : v 7 FIELD OF VIEW: 97.8°
1 \d o A N ! ~ 1 v W\,
12 = Pl Pacw i N i '/ @ P-S DIRECTION
4 1 ! A ASC v DES
13 i \?Ao' ! A '/ Y Right-handed system
14 g 2\ i : 4 J \d - Zenith angle (in "
15 I's « l\ R ! | \v / v’ plane orthog. to track). ®
16 | & « \ | I V v v ;‘A%imullh (ir)l /\o,ja\‘h o
17 P X : I x '/ - p oriz. plane; orth.
s
18 ' b ! o Y s . « N o
zi.
19 { N | oy 1y b v
20 4 N i v i v & ORBIT a=7243.678 km
21 4 3 : oy of v’ o o Altitude = 865.5 km
22 k N | oy ,o/l v e A Inclination = 20.00 °
23 k I t,\ .U/ | v A A{ quﬁa;orialls;ﬁ;gzs‘%.o km
. . eriod = 8 min
24 k i . L Y i Y « s Mean mot. = 14.13 rev/day
25 % : N bt “y 7 o { SCANNING
26 | A ) o | e A N Half-swath = 48.9
27 | g bJ o/ | rd AN Maximal zenith angle = 58.9 ©
2 | LI ARECA N T N B N e
29 I K :/'/ = !’5 A;( ﬁ Max. attained latit, = 30.0 °
30 | T o w4
31 : 3 b v et A N
' H I¢wwv
LMT O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Figure 18: Monthly Sampling Tables indicating the Sun for latitudes: 10° N and S. Note the
contrast (local time) in the distribution of the overpasses in daytime.
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Recurrence cycle = 7 days [14;-1; 7] 97
= = -51. 1 o
oy aon s Megha-Tropiques / ScaRaB JUN- 20 °N

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 06 15 * Time = 06h 00min LMT / AN M O NTH LY

1 ! e % ek T v
> i R R TABLE
M . . N
3 i A o4 "L i / v [T]: Track - [S] : Sun
4 ! o 18l o) 1Y .
5 | U.K -A 'Jl | P OVERPASSES (n=143)
v . ° : OF SATELLITE S [EGM96 ]
6 | o sl - I'/ FOR POINT P
7 : oA 3 bl ey - Latitude : 20.0°N
8 I v od H bl ,/f - Longitude : 75.0°E
9 | o OX # bJ 'Dv/l For P: UTC = LMT - 05h 00m
10 : 6 oo o) v/ oy FIELD OF VIEW : 97.8°
11 ! £ o] o LW oy | s,
> | 2 - R ‘ @ P-S DIRECTION
1 r ° o .° | A ASC v DES
ii ! X. 2 ,ID .1 2 2 ! Right-handed system
° .O © M - Zenith angle (in
15 I 4 A‘o XO ° J 8 v/ I plane orthog. to track). ®
16 | « As Lo of Sy | - Azimuth (in local "
! horiz. plane) / North.
17 : «® d Jo ° L :
1 |
| 3 . e | SUN
18 pred o o o oy” ! )
19 | 5/@ 2\3 1- O-/ | ® Zen. o Az
20 i P 48 Jo oy/ i ORBIT a=7243.678 km
21 : Ao Iy J'o 4 : Altitude = 865.5 km
22 o | e e ry p | Inclination = 20.00 °
23 - | s Ls F o l Equatorial shift= 2892.0 km
. v Period = 101.93 min
24 & o ie e _"6 H Mean mot. = 14.13 rev/day
25 VAo Iz ¥ o ! SCANNING
26 « j 4 o /o | Half-swath = 48.9 °
27 < ig. 10 /g I Maximal zenith angle = 58.9 ©
28 A( Al ‘(’ "o ! H.-swath (ground) = 1108.2 km
1 1 Equatorial overlap = 2.089
29 o {K LA I J > '/ I Max. attained latit. = 30.0 °
30 o | = el : |
31 e ) RS -~ i ;
. : VEAN %
IMTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC x LMD

Recurrence cycle = 7 days [14;-1; 7] 97

Precession cycle= 51 days (Cs=-51.3] 1 °
*J=1 (YrMni)y)*[T] :00)/90((501*[5] 2)0090601 Megha-TroplqueS / SCaRaB JUN 20 S

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 06 15 * Time = 06h 00min LMT / AN M O NTH LY
1 N I [ U I RN I
2 v I R i TABLE
3 \'\ ll 4% hoe i [T]: Track - [S] : Sun
4 Al noe .
5 N v i i\ i Noow i OVERPASSES (n=145)
v l Y : OF SATELLITE S [EGMY6 ]
6 |~ y \ I S I FOR POINT P
7 v A RS : - Latitude : 20.0°S
8 WV x i\ N | o | v - Longitude : 75.0°E
9 L L % | | N For P: UTC = LMT - 05h 00m
10 } I\ N : : \Y FIELD OF VIEW: 97.8°
| |
11 ! ih b . : >y v ®~a  p.SDIRECTION
12 L i A | | I v @ A ASC v DES
13 l b > ! ! . x Right-handed system
14 A X ™ : \' x - Zenith angle (in
15 A \A LY I | N l plane orthog. to track). ®
16 A N I I Y L - Azimuth (in local ®
horiz. plane) / North.
17 A h )
18 S i 4 \\v ll X Sem
® Zen o Azi.
19 N [ [y ) V A
20 N i iy V A )y ORBIT a=7243.678 km
21 N : N V L N Altitude = 865.5 km
22 N~ | N L i\ X Inclination = 20.00 °
23 ‘\': L A \A Equatorial shift="2892.0 km
24 l I l Y \A Period = 101.93 min
i “y i A Mean mot. = 14.13 rev/day
o « ST 5 N SCANNING
26 | <y | ¥ )N N Half-swath = 48.9 °
27 | t% ‘ax | A X Nk Maximal zenith angle = 58.9 °
! o5 v H.-swath (ground) = 1108.2 km
28 I S = x I LL \A\A o Equatorial overlap = 2.089
29 : ‘:V ’i . g N Max. attained latit. = 30.0 °
30 | . v *, | &
31 : i N <} AN
‘ I¢iov
iMTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC » LMD

Figure 19: Monthly Sampling Tables indicating the Sun for latitudes: 20° N and S. Note the
contrast (local time) in the distribution of the overpasses in daytime.
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Megha-Tropiques

Altitude = 865.5 km a=7243.678 km
Orbit - Ground track Inclination = 20.00 °
Recurrence = [14; -1; 7] 97 Period = 101.93 min *rev/day =14.13
>>>> Time span shown: 1440.0 min = 1.00 day Equat. orbital shift =2892.0 km ( 26.0 °)
LMT (Iocal) 00 i 02 i 04 i 06 07 08 09 10 11 12 13 14 15 16 17 18 19 i 21 i 23 24 hours

Projection: Raisz Armadillo M.C.. 0.0° ;46.0°E/28.1°N;46.0 °E Asc. node:  0.00 ° [06:00 LMT] )
Property: none Aspect: Direct App. inclin. = 21.52 ° MC = LMD
@ T.:(various) - Graticule: 10° $4.21[ +90.0/ +0.0/-136.0][] GEM-T2 ATAGS
Megha-Tropiques Altitude = 865.5 km a=7243.678 km
Orbit - Ground track Inclination = 20.00 °
Recurrence = [14; -1; 7] 97 Period = 101.93 min *rev/day =14.13
>>>> Time span shown: 1440.0 min = 1.00 day Equat. orbital shift =2892.0 km ( 26.0 °)

LMT (Iocal) 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 hours

Projection: Raisz Armadillo M.C.. 0.0° ;46.0°E/28.1°N;46.0 °E Asc. node:  0.00 °[10:00 LMT] I&wv
Property: none Aspect: Direct App. inclin. = 21.52 ° MC » LMD
@ T.:(various) - Graticule: 10°  §4.2}[+90.0/ +0.0/-136.0] [] GEM-T2 ATAOS

Figure 20: Ground track indicating the Local Mean Solar Time (LMT), over one day. Equator
Crossing Time: (a) 06:00 LMT ; (b) 10:00 LMT.
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Megha-Tropiques

Altitude = 865.5 km a=7243.678 km
Orbit - Ground track Inclination = 20.00 °
Recurrence = [14; -1; 7] 97 Period = 101.93 min *rev/day =14.13
>>>> Time span shown: 1440.0 min = 1.00 day Equat. orbital shift =2892.0 km ( 26.0 °)
LMT (Iocal) 00 i 02 i 04 i 06 07 08 09 10 11 12 13 14 15 16 17 18 19 i 21 i 23 24 hours

Projection: Raisz Armadillo M.C.. 0.0° ;46.0°E/28.1°N;46.0 °E Asc. node:  0.00 °[14:00 LMT] )
Property: none Aspect: Direct App. inclin. = 21.52 ° MC = LMD
@ T.:(various) - Graticule: 10° $4.21[ +90.0/ +0.0/-136.0][] GEM-T2 ATAGS
Megha-Tropiques Altitude = 865.5 km a=7243.678 km
Orbit - Ground track Inclination = 20.00 °
Recurrence = [14; -1; 7] 97 Period = 101.93 min *rev/day =14.13
>>>> Time span shown: 1440.0 min = 1.00 day Equat. orbital shift =2892.0 km ( 26.0 °)

LMT (Iocal) 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 hours

Projection: Raisz Armadillo M.C.. 0.0° ;46.0°E/28.1°N;46.0 °E Asc. node:  0.00 °[18:00 LMT] I&wv
Property: none Aspect: Direct App. inclin. = 21.52 ° MC » LMD
@ T.:(various) - Graticule: 10°  §4.2}[+90.0/ +0.0/-136.0] [] GEM-T2 ATAOS

Figure 21: Ground track indicating the Local Mean Solar Time (LMT), over one day. Equator
Crossing Time: (a) 14:00 LMT ; (b) 18:00 LMT.
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2.3 Monthly tables for other meteorological satellites

We calculate, for comparison, sampling tables for CERES instrument aboard Terra, Aqua
and TRMM. See Fig. 22, 23 and 24.

The characteristics of swath (orthogonal) of this instrument are: Terra and Aqua,
f=61.8° (¢ =78.0°); for TRMM, f = 44.9° ({ = 48.1°).

We give some remarks for reading tables.

e Terra: heliosynchronous satellite crossing the equator at 22:30 (Ascending Node) and
10:30 (Descending Node), and overpassing the selected latitude here, 20° N, at pratically
the same time. Moment of overpass are distributed around these hours. No drift for the
local solar mean time: it is the fundamental property of this kind of satellite.

e Aqua: heliosynchronous satellite crossing the equator at 13:30 (Asc. N.) and 01:30
(Des. N.). Similar to sampling for Terra.

e TRMM: satellite with fast nodal precession (in 46 days, 24 hours of drift to the
local time). The low altitude results in a poor sampling.
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2.4 Improved sampling for a "tropical" satellite

The comparison between the sampling tables presented here demonstrates the advantage
of the Megha-Tropiques orbit on other types of existing orbit.

We can try to further improve this sampling, suggesting either a constellation of satel-
lites, or another type of orbit more adapted.

2.4.1 Constellation of two Megha-Tropiques

The "hole" in the sample, which appears in the tables related to Megha-Tropiques is
advantageously filled by the commissioning of a second satellite, identical, in an orbit
with identical characteristics. Simply positioning of this orbit (by a good selection of the
right ascension of the ascending node) allows a sampling doubled.

We present, Fig. 25, the sampling for this constellation of two satellites Megha-
Tropiques, MT1 and MT2, to be compared with Fig. 10 (b) and 11 (b). On this Fig. 25,
it was noted, in colour, the sampling for MT1 (ascending node 00:14 LMT) and in black
fot MT2 (ascending node 12:00 LMT).

The improvement is striking: the sampling is doubled. Around the latitude of 10°,
North or South, we get 13 overpasses daily, evenly spread within 24 hours.

2.4.2 Quasi-equatorial satellites

We can look for optimal orbit to achieve maximum daily overpass for tropical latitudes,
with a single satellite.

For altitude, h = 950 km seems a good compromise (satellite high enough to have a
broad swath, low to observe with precision).

To determine the best angle, we calculated the number of daily overpass and plotted on
a graph, Fig. 28, as function of the orbit inclination and the latitude of the chosen point.
The swath of the instrument is the CERES swath, such that ¢ = 78° (corresponding to
f =58.4°).

The inclination of 10° best meets the established criteria. We have outlined the satellite
"Equator10-D" with the orbital characteristics h = 950 km, ¢ = 10°. It reaches 11.7 daily
overpasses to the latitude of 10°. See Fig. 26.

To increase the number of passages, we also offer the satellite "Equator10-R" whose
orbital plane is tilted by 10° on the equator, but with retrograde motion (-D for direct,
-R for retrograde). Its orbital characteristics are h = 950 km, ¢ = 170°. In this case, we
arrive at 13.6 daily overpasses to the latitude of 10°. See Fig. 27.
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Recurrence cycle = 16 days [15; -7; 16] 233

Precession cycle: infinity (SUN-S.) Te rra / C E R ES 20 ° N

e

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 103.02 °E * Time t = 22h 30min LMT / AN M O NTH LY

1 A A
2 A IR TABLE
3 L L D
4 N (o &
5 <?\ g OVERPASSES (n= 89)
OF SATELLITE S [EGM96 ]
6 ;‘\ CA— 5 FOR POINT P
7 N - Latitude : 20.0°N
8 D [ @ - Longitude : 75.0° E
9 Kb o ) For P: UTC = LMT - 05h 00m
10 ' - j} FIELD OF VIEW : 123.6 °
1 » (o A o “’(260 P-S DIRECTION
12 v A ASC v DES
13 Qfﬂ 4)' pﬁﬁ &\ Right-handed system
14 Y b - Zenith angle (in
15 )(,3 o« @ the plane orthogonal [}
16 a\ e O to the track).
17 A > CD - Azimuth (in the
local horizontal plane) @
18 .Q (\'5 Q( @ z} éa with respect to the North.
19
20 N (o> 5 ORBIT a=7077.736 km
21 [a% & Alltude = 699.6 km
22 a c;_ N Incl. / Sun-s.= 98.21 °
23 @ @ Equatorial shift= 2751.9 km
Period = 98.88 min
24 C‘ Q @ Mean mot. = 14.56 rev/day
25 I D SCANNING
26 fa L > Half-swath = 61.8 °
27 (‘Q @ ‘&x Maximal zenith angle = 78.0 °
28 ?Y % H.-swath (ground) = 1801.2 km
Equatorial overlap ~ =1.336
29 Q C>’ o> Y Max. attained latit. = 90.0 *
30 Qn P Latit. overlap:82.0° <--> 90.0°
31 = A
I¢iwv
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 16 days [15; -7; 16] 233

ziecession cycle: infinity (SUN-S.) Te rra / C E R ES 10 ° N

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 103.02 °E * Time t = 22h 30min LMT / AN M O NTH LY

1 == o
2 i N TABLE
3 e I gl
4 ) K
5 (?Y Gl OVERPASSES (n= 83)
OF SATELLITE S [EGM96 ]
6 Q Q\ FOR POINT P
7 @ N - Latitude : 10.0°N
8 7<L‘ Q @ - Longitude : 75.0° E
9 d\ @ 7{;\ For P: UTC =LMT - 05h 00m
10 & > D FIELD OF VIEW : 123.6 °
11 (b Q & m@ P-S DIRECTION
@ )
12 ) — 2 A& ASC v DES
13 Q o & Right-handed system
14 Q aet -@ - Zenith angle (in
15 b @ the plane orthogonal @
16 Q‘ [ < to the track).
17 D S D - Azimuth (in the
local horizontal plane) @
18 Q /h Q— @ % ﬁa with respect to the North.
19
20 AN % ORBIT a=7077.736 km
21 £ P Alttude = 699.6 km
22 WV oy Incl. / Sun-s.= 98.21 °
quatorial shift= .9 km
23 G @ @ E | shift= 2751.9 ki
Period = 98.88 min
24 7<3 Q @ Mean mot. = 14.56 rev/day
25 H lax £ SCANNING
26 £ [ 7 Half-swath = 61.8 °
27 (b @ & Maximal zenith angle = 78.0 °
le H.-swath (ground) = 1801.2 km
28 Q ?( z Equatorial overlap = 1.336
29 Q & Max. attained latit. = 90.0 *
30 (@ (x £\ Latit. overlap:82.0° <--> 90.0°
31 &) AN
— I
LMT O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC ~ LMD

Figure 22: Terra / CERES. Monthly Sampling Tables for latitudes: 20° N and 10° N.
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Recurrence cycle = 16 days [15; -7; 16] 233

Precession cycle: infinity (SUN-S.) Aq ua/ CERES 20 ° N

e

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 103.02 °E * Time t = 13h 32min LMT / AN M O NTH LY

1]/ & JaN)
2 N RN TABLE
3 | & D
4 o (> &
5 ! 2 oremenes  (EoHS |
6 %;—\ c> 2y FOR POINT P
7 A 2 A - Latitude : 20.0°N
8 D [ @ - Longitude : 75.0° E
9 /b i <N For P: UTC = LMT - 05h 00m
10 o Qb FIELD OF VIEW : 123.6 °
@
1 RQ ?( @ @ gﬁ ;@ P-S DIRECTION
12 A ASC v DES
13 Q Ql’ p 75; Right-handed system
14 &g (2 |
- Zenith angle (in
15 7<v3 Q m the plane orthogonal @
16 > ™ LN o the track).
17 D > CX\ - Azimuth (in the
local horizontal plane) @
18 Q m Q( @ /b éD with respect to the North.
19
20 ) (o K ORBIT a=7077.736 km
21 v & Alltude = 699.6 km
22 XQ c» N Incl. / Sun-s.= 98.21 °
23 a @ @ Equatorial shift= 2751.9 km
@ Period = 98.88 min
24 D (= Mean mot. = 14.56 rev/day
25 i s - %) SCANNING
26 &x Half-swath = 61.8 °
27 RQ ax <) Maximal zenith angle = 78.0 °
28 ?( b H.-swath (ground) = 1801.2 km
Equatorial overlap ~ =1.336
29 Q cl" > Y Max. attained latit. = 90.0 *
30 Q P Latit. overlap:82.0° <--> 90.0°
31 & A0
I¢iwv
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 16 days [15; -7; 16] 233

Precession cycle: infinity (SUN-S.) Aq ua/ CERES 10°N

o

INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 103.02 °E * Time t = 13h 32min LMT / AN M O NTH LY

1 QA D
2 h > TABLE
3 | & 2
4 "N K
5 4? G?ﬂ OVERPASSES (n= 83)
OF SATELLITE S [EGM96 ]
6 X iy FOR POINT P
7 =) (a2 N - Latitude : 10.0°N
8 D [ @ - Longitude : 75.0° E
9 d\ o N For P: UTC = LMT - 05h 00m
fa
10 R [e> 7o) FIELD OF VIEW : 123.6 °
11 N V> .~ ) @
P-S DIRECTION
12 Q QY z @ A ASC v DES
13 )Q & Right-handed system
14 = N )
- Zenith angle (in
15 7<v» @ the plane orthogonal @
16 ' > <) to the track).
17 D at 7> - Azimuth (in the
local horizontal plane) @
18 Q /QQ @ % ﬁD with respect to the North.
19
20 ) B ORBIT a=7077.736 km
21 £ P Alitude = 699.6 km
22 O A Incl. / Sun-s.= 98.21 °
23 Q @ @ Equatorial shift= 2751.9 km
Period = 98.88 min
24 ﬁad\ Q @ @ ~ Mean mot. = 14.56 rev/day
25 e SCANNING
26 S [ /ZA Half-swath = 61.8 ©
27 fb @ & Maximal zenith angle = 78.0 °
H.-swath (ground) = 1801.2 km
22 Q )Q Q z& Equatorial overlap = 1.336
2 Max. attained latit. = 90.0 *
30 A (2 £a) Latit. overlap:82.0° <--> 90.0°
31 ) A
I¢ v
LMT O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC ~ LMD

Figure 23: Aqua / CERES. Monthly Sampling Tables for latitudes: 20° N and 10° N.
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Recurrence cycle = 172 days

Precession cycle= 46 days (Cs=-46.3)

e

TRMM / CERES

INITIALISATION .

ASCENDING NODE (AN): * Longitude AN = 75.00 °E * Time t = 12h 00min LMT / AN

20° N
MONTHLY

1 %
2 TABLE
. €
4 2
5 OVERPASSES (n= 37)
6 (V OF SATELLITE S [EGM96 ]
FOR POINT P
7 - Latitude : 20.0°N
8 1]\ - Longitude : 75.0° E
9 N\ For P: UTC = LMT - 05h 00m
10 ’g\ 7\ FIELD OF VIEW : 89.8°
1 @ P-S DIRECTION
12 @\ q\ @ A ASC v DES
13 Q\ Right-handed system
14
- Zenith angle (in
15 /V\ the plane orthogonal @
16 N to the track).
17 f;\ - Azimuth (in the
18 local horizontal plane) @
Vo with respect to the North.
19 7
20 A ORBIT a=6728.216 km
21 A Altitude = 350.1 km
22 /V Inclination = 34.99 °
23 D Equatorial shift= 2596.2 km
Period = 91.31 min
24 X Mean mot. = 15.77 rev/day
25 N SCANNING
26 X\ 7\ Half-swath = 44.9 °
27 Maximal zenith angle = 48.1 °
H.-swath (ground) = 359.3 km
28 @ Q /g\ Equatorial overlap = 0.457
29 V\ Max. attained latit. = 38.2 *
30
31 N
I¢wv
LMT O 1 2 3 4 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC ~ LMD
Recurrence cycle = 172 days
Precession cycle= 46 days (Cs=-46.3) T R M M / C E R ES 10 o N
L INITIALISATION ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Time t = 12h 00min LMT / AN MONTH LY
2 & TABLE
3
4 A
5 G\ OVERPASSES (n= 29)
OF SATELLITE S [EGM96 ]
6 Q\ FOR POINT P
7 g - Latitude : 10.0°N
8 - Longitude : 75.0° E
9 @ /V\ For P: UTC = LMT - 05h 00m
10 FIELD OF VIEW : 89.8°
=
1 A /? (1’(2;@ P-S DIRECTION
12 A& ASC v DES
13 9 //; Right-handed system
14 - Zenith angle (in
15 the plane orthogonal @
16 N to the track).
17 - Azimuth (in the
local horizontal plane) @
18 (I\ w with respect to the North.
19
20 A h ORBIT a=6728.216 km
21 Altitude = 350.1 km
22 //7& Inclination = 34.99 °
23 Q\ Q Equatorial shift= 2596.2 km
Period = 91.31 min
24
Mean mot. = 15.77 rev/day
25 /Z(\ s SCANNING
26 /g Half-swath = 44.9 ©
27 d\ Maximal zenith angle = 48.1 °
28 D H.-swath (ground) = 359.3 km
Equatorial overlap = 0.457
29 //7 @K Max. attained latit. = 38.2 °
30
8 A I¢ v
LMT O 1 2 3 4 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MC ~ LMD

Figure 24: TRMM / CERES. Monthly Sampling Tables for latitudes: 20° N and 10° N.
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Recurrence cycle = 7 days [14; -1; 7] 97

Precession cycle= 51 days (Cs=-51.3) M eg h a_TrO p . l & 2 20 o N

*J=1 (Yr Mn Dy)* [T] 2010 07 01

INITIALISATION 1 ASCENDING NODE (AN): * Longitude AN = 0.00° *Date= 20100701 * Time = 00:14 * 12:00 LMT
| AT s e D e MONTHLY
2 e k / v i N N TABLE
3 « A L '/ ¥ @ 1\ ;\ q Q [T]: Track
; « 4 ' ) Y £4 p /; /7\ r OVERPASSES ( 8 +143)
n=148 + 14
B IR e
7 A f\ Jl v i7s g ;i\ e ’ - Latitude : 20.0°N
8 £ v Q( Cz\ F, o - Longitude : 0.0°
9 X i\ J | o For P: UTC = LMT + 00h 00m
10 |d I v v g g\ /;D (;Z g % FIELD OF VIEW: 97.8°
1 | } / v A | "
sl a4 g I [ e
13 l V/ @\ /p /;\ 7\ A( A Right-handed system
14 J '/ Cg\ X\ b G & A( L - Zenith angle (in
15 J ¥ Q /‘Z\ p /77 I'd K A the plane orthogonal (6]
16 v v ’4>§ K\ q\ /?K » iy l to the track).
17 '/ z. ?‘ (;\ d\ Q s i ;oﬁ:::‘;tr?zg:t::ialane) @
18 // e g %\ g\ 7/{\ ; ﬁ‘ ll with respect to the North.
19
20 |Y @ 7{5 b Y « 4 ' b ORBIT a=7243.678 km
21 Ty D iz €% P A 1\ I v|  Alitude = 8655 km
22 ?( fz\ @ q\ /?g o W X J v Inclination = 20.00 °
23 ?‘ @ q\ /?‘ w L '/ v Equator_ial shift= 28.92.0 km
24 « q\ ¢ /Yf\ & A l / v I\P/I(:’:drr:ot.lf i: 31'3“ :Zvlday
25 bl e o A ! Y SCANNING
26 @ 2\ /; A( A l v Half-swath = 48.9 °
z LBt S ) b b e e
ial overlap = 2.089
29 Py D ) 2 5 4 J Y Max. attained latt. = 30.0 °
30 P q\ ® 7\ & d ] Y v
a1 [X DTN N « { } Y v [Ewov
IMTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle = 7 days [14;-1; 7] 97

Precession cycle= 51 days (Cs=-51.3) M eg h a_TrO p . 1 & 2 10 o N

*J=1 (Yr Mn Dy)* [T] 2010 07 01

INITIALISATION . ASCENDING NODE (AN): * Longitude AN = 0.00° *Date = 201007 01 * Time = 00:14 * 12:00 LMT MO NTH LY
1 & N ~a N v Y SN N A
2 TN N v AR DA 7« TABLE
3 X > A Y. @ /D i N [V\ /?( g [T]: Track
4 A N " N ! RedlEN nq NY o o A
0 S 0 A1 O i 1 (oo
6 N i ~ \ / O ST LN B A" h 4 FORPOINT P
7 W A N \ i Izt D AN ) N AN ) - Latitude : 10.0°N
8 Ay ANY N N /47 ® 2D S\ N N (7 A N - Longitude _ 00°
9 Y 9 7 @ /D SR ?q /v\ /?‘ 0 N For P: UTC = LMT + 00h 00m
10 K N V S rd AN £ fo ) v N FIELD OF VIEW: 97.8°
11 % ~ N y s LAY AT A b S o
12 v v J 0 S AN N N N { W ~ e AP-::SESRECTI'OI\I;ES
13 v \ v/ KD @ q\ Q\ q A \A > ight-handed system
14 N N AR R NN o A b ~ Rzg rendes oy
- Zenith angle (in
15 v \v 1% Q q\ @ N Kj /V\ /’7\ r'd L N the plane orthogonal @
16 N v el 9\ N ) N e A i to the track).
17 | N ! hgrs N 5 N e " N ~ - Azimth (n the
B N oA A A AR/ N O e N it espedtaho N,
19 |V J iz AR R N £ S ~ ~ :
20 ¥ o Y A N ~ /7\ 4 A A v N ORBIT a=7243.678 km
21 v/ Z8 0 <R < N N« I\ N N N V Alttude = 865.5 km
22 7/ Q 1} 3 <X o AN /?& o IN N N x Inclination = 20.00 °
Equatorial shift="2892.0 km
23 '/ ? 3 KX ﬂ\ (v\ ;x « 2 b b L Period = 101.93 min
24 v Q?‘ /X @ q\ (;V\ GX A( x ™ >y \ 1 Mean mot. = 14.13 rev/day
25 v (X N NN < N % A AN N N v [ SCANNING
26 Cz\ AD <D D N q\ K \A N v \ '/ Half-swath = 48.9 °
27 Kg\ 0 o < N fyf\ A Ne & ~N Y / Maximal zenith angle = 58.9 °
28 l\ ISD @ ?q\ m /]\ w A N ~ < \v v/ ? H.-swath (ground) = 1108.2 km
ial overlap  =2.089
29 4 & KD @ /V\ 7& « A ! N x '/ Z?( Max. attained latit. = 30.0 °
30 | & < ) i 3 . N y v (g
3 [ATR DA AL Py Y N v ; s £y
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Figure 25: Constellation of two Megha-Tropiques satellites. Monthly Sampling Tables for lati-

tudes: 20° N and 10° N.
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Recurrence cycle = 37 days

Precession cycle= 51 days (Cs=-51.0)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Equator10-D

20° N

INITIALISATION . ASCENDING NODE (AN): * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY
1 RN
2 IR IR e BN e B e TABLE
3 B AR e v
4 C;)r @Y @ @ Q ;} OVERPASSES (n=197)
5 Q AP{ 4&)( KP /P( (P( OF SATELLITE S [EGM96 ]
6 @ ? R G (; Q FOR POINT P
7 (> (¥ X Cal ?( O - Latitude : 200°N
A I - Longitude : 75.0° E
2 @, Z/;F)_ 4(% QC? (?; % % For P: UTC = LMT - 05h 00m
10 @ @} @( ’?( (;} FIELD OF VIEW : 116.7 °
i; s ‘?‘; ﬁﬁ %K KY:(? /Y;r; ’Y?P( S psprecTion
A ASC v DES
13 (&; @ ? ;>< G>{ /i¥ Right-handed system
14 Bl @ @{ ? ?r > - Zenith angle (in
15 ;‘ /Ag’ @ Q /P( Q /P' the plane orthogonal @
I = to the track).
16 o e p
17 T @ @ Q ;>( PV /;>r - Azimuth (in the
local horizontal plane) @
with res:icl to the North.
: 2L h
19 4 i
20 (o> (g g Y yx “yr ORBIT a=7328.136 km
21 (> Alttude = 850.0 km
P @ (e
22 X Inclination = 10.00 °
23 @ % ? 4{?( rf; ?;* Q Equatorial shift=2942.0 km
Period = 103.68 min
24 @’ @ @ /7>V ?( rr Mean mot. = 13.89 rev/day
25 ~ lo>% O s P £l > SCANNING
26 Cax 4 e ‘y ‘yr (yx Half-swath = 58.4 °
27 o (>  Maximal zenith angle = 78.0 °
28 @* % % ?(TP( % YP’ H.-swath (ground) = 2186.5 km
B 7 I Equatorial overlap ~ =7.941
29 % % 4/4?( T Q} /P( Max. attained latit. = 29.6 *
30 Y Y >
a [ AN &
I¢wv
LMT O 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC » LMD
Recurrence cycle = 37 days
Precession cycle= 51 days (Cs=-51.0) - o
*J=1 (Yr Mn Dy)* [T] 2009 07 01 Equatorlo D 10 N
INITIALISATION | ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY
L o o > B 7 7] TaBLE
2 | AN o B O B SR A ) B
s | A R e B L S 7 Y I B YU Wt N N -, B
Ve s m
g ?;)’ Q @, % ? 4‘% Kg q@j @;\ fo:j\ 7&\ /?( Y} OVERPASSES (n=2363)
OF SATELLITE S [EGM96 ]
6 /pr I 4 g & D D q €4 ys FOR POINT P
7 | - (a2 % g h N H y Cpr - Latitude : 10.0°N
8 | P > o o lo's N N i) 7 o - Longitude : 75.0°E
9 /;), @ (P’ Q ?\ p d q /7% /?‘ /P\' /P For P: UTC =LMT - 05h 00m
10 . @} @ /L?g /X\ CD ’;\ f, /’7 Q (P, FIELD OF VIEW : 116.7 °
11 ?’ D C @ q\ /p 4\ rz\ ?‘ />( G)' r,:» (U@ P-S DIRECTION
12 G AT B B AW NN N CATI B = 7 aase woes
13 > (4> a2 s 7\ D g Y £ ‘yr v Right-handed system
14 P 4 @ /Z q\ @ /b 7\ /; (_r\)r - Zenith angle (in
15 @' ? ?‘ A\ q\ G\ q\ (7\ ?( P’ P the plane orthogonal @
ERNC O L B 8 e Y Y S N AN s B i B - B = o et
17 o 4!} Q ﬁz\ q\ /p ;\ YX v /P, @, - Azimuth (in the
local horizontal plane) @
18 % % G% qg\ q/; /;-@\ q/}\ /i\?‘ ??r K%— Fr; @) with respect to l‘:]e North.
19 4
20 @r @ @\ @ TD G G; Q [P’ /AP' ORBIT a=7328.136 km
21 (px 2 « 78 A N ) 7 X v rr > Alltude = 950.0 km
22 @ ? ?\ Ie /X 4\ /7\ /?< /?( ?” @? Inclination :»moo °
23 @ @X /z\ /p l\ /7 /?( Q Q P’ g Equatorial shift= 2942.0 km
Period = 103.68 min
24 @ @( q\ @ /‘Yr_\ 7\ [% FYX [P)r FP’ @ ? Mean mot. = 13.89 rev/day
o O N B 1) B B B T ] seamve
26 /‘_}?‘ z\ b f; fyﬁ /7\ /?( Q /P' f;* @* Q Half-swath = 58.4 °
27 (L?\ Q\ fp 1\ 7\ /; /’Y) /P Q /P, P— 7 Maximal zenith angle = 78.0 °
.- h d) = .5 ki
28 q q\ /;\ q\ 7\ ?Y /‘> G>’ @- Q @ :qj:l:\aigor:::a; 2l8769541m
29 :?\ K\ /;\ /7\ /?‘ Q /P( ;’ /‘;>’ Qr @ Max. attained latit. = 29.6 *
2k qfl\ 13\ e S AR
31 rr r
I¢ v
LMT O 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC = LMD

Figure 26: Equator10-D. (D=Direct). Monthly Sampling Tables for lat.: 20° N and 10° N.
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Recurrence cycle= 80 days (C<month:23)
Precession cycle= 71 days (Cs= 70.8)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Equatorl0-R

20° N

INITIALISATION . ASCENDING NODE (AN): * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY
N N b I I
R N o D TABLE
3 (;\ *G\ Q @ "‘Q @ @ [T] : Track
P 0 B L B N B Y ]
R N SR S
6 4\ q\ g\ ;\ g @ ) FOR POINT P
7 QDR LR 0 N ENEEN - Latitude : 20.0°N
8 wq Q A @ 7‘:43 g @ - Longitude : 75.0°E
: = - 05h 00m
9 @ ;\ Q @ P @ For P: UTC =LMT - 05l
10 {;\ Q Q 7@ )‘® -,C; FIELD OF VIEW : 116.7 °
1 5 SR TR TS
12 ) b N 9 hy RN (zﬁb AP-ES[(;IRECTLOI\I; .
13 4\ Q ﬂ\ ?Q K; @ @ Right-handed system
14 Q 7(;\ Q @ ‘@D @ 4;3 - Zenith angle (in
15 (;\ G\ Q 7< @ Y%\ "<~1; '@ the plane orthogonal @)
16 4\ < ﬂ\ ;\ ?<4? Kp L) @ to the track).
17 Q %;\ Wq\ ﬂ\ 3 @ @ g - Azimuth (in the
18 A Q] R RS NN :Zi:lr:(;nzoma\ plane) (@
pect to the North.
19 RO AN B0 B I
20 Q Q A @ Q '(4: @ ORBIT a=7328.136 km
21 j& D ) S 5 Y L) Altitude = 950.0 km
22 <D Y o\ Inclination =170.00 °
23 -YQ i T?;\ N Kj% ?’2@ fi—\ Equatorial shift= 2844.7 km
24 'Cy\ £ G\ %\ = @ i3 Period = 103.68 min
. ™ Mean mot. = 13.89 rev/day
25 bon ST A LA 20O U0\ O BN N B O e B ) SCANNING
26 ~ D NN NS REATEN Half-swath = 58.4 °
27 <L B Maximal zenith angle = 78.0 °
28 TQ i ﬁ% 2 % E 2 H.-swath (ground) = 2186.5 km
Y i Equatorial overlap ~ =9.472
29 Q 7‘2 i ??;\ % 2 @@ "CAP Max. attained latit. = 29.6 *
30 “
31 b A N BAA T LN B N N T N Ty
MTO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 MC * LMD

Recurrence cycle= 80 days (C<month:23)
Precession cycle= 71 days (Cs= 70.8)

*J=1 (Yr Mn Dy)* [T] 2009 07 01

Equatorl0-R

10 ° N

INITIALISATION | ASCENDING NODE (AN) : * Longitude AN = 75.00 °E * Date = 2009 07 01  * Time = 12h 00min LMT / AN M O NTH LY
IS AT P 3 % 9 B4 ENEE
2 [ A A A D TR R e e Ay 9.9 =~ | TABLE
3 ;\ f? /b /‘b p K‘; 7<p 3 @ *Q Q 4;\ Wq\ [T]: Track
4 Q & K\Y\ ;\ q: ® 3 Kp ® q @ Q 1Q § OVERPASSES (n=423
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Figure 27: Equator10-R. (R=Retrograde). Monthly Sampling Tables for lat.: 20° N and 10° N.
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h =950 km. Swath : { =78°.
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3 Sampling with "angular bins"

3.1 Satellite - Pixel - Sun Geometry

For a given location (the target, or pixel), we define these two directions: Satellite-Target
and Target-Sun. We fix their relative positions by the three angles traditionally noted
0,0y, ¢, see Fig. 29. Note that the zenith angle of view, which is called ( in the preceding
paragraphs, is noted # in working jointly with the solar zenith angle. We respected this
agreement.

It then defines "angular bins" as follows:

e [I] for the solar zenith angle 6y, ranging from 0° to 90°, 9 boxes I, 10° width
I =1for0° <6, <10°.. I =9 for 80° < 6y < 90°.

e [J] for the viewing zenith angle 6 ranging from 0° to 90°, 9 boxes J, 10° width
J=1for 0° <0 <10° .., J =9 for 80° < # < 90°.

e [K] for the relative azimuth angle ¢, ranging from 0° to 180°, 9 K boxes, 20° width
K=1for0° < ¢ <20° ..., K=9 for 160° < ¢ < 180°.

3.2 Annual Sampling Tables with angular bins

In the "angular bins" tables, we note, in each case (I, J, K), the number of occurrence for
this angular geometry, which depends on the position of that place (in fact, its latitude)
and the swath of the instrument. It can accumulate data over one month, one year ...
These tables concern only overpasses in daytime (solar zenith angle 6, ranging from 90°
to 180° corresponding to the night).

Here we present the angular bins for the latitude of 20° N and 10° N, over a period
of one year. The overall 3D-box is a cube of 9 cases of side, therefore including 9° = 729
boxes, or bins. We have broken down into 9 "walls", each representing a plane [I]. This
wall [] is divided into 81 cases, according to the 9 possible values for J in ordinate axis,
and 9 possible values for K, in abscissa axis.

Here’s an example: Fig. 30 (a), MT / ScaRaB, latitude 20° N. In the case of coordi-
nates I =2, J =1, K =5, we read the number 9. This means that during the year, the
point P concerned (latidude 20° N, longitude 75° E) has been viewed 9 times by ScaRaB
on board MT under the conditions corresponding to this angular triplet value I, J, K.

For each satellite, the swath is considered as described above. See Fig. 30, 31, 32, 33,
34, 35.

Comments

We can make the following general remarks about these tables:

e MT/ScaRaB offers a sampling well distributed;

e Terra/CERES and Aqua/CERES have the typical sampling of heliosynchronous
satetellites, with overpass time at 10:30 or 13:30 LMT: in the tropical belt, the sampling
is poor in solar angle 4 (Only the first 5 bins I are concerned) and very special on relative
azimut (the central bins K are empty);

e TRMM/CERES is restricted in viewing zenith angle, because of the instrument
configuration, and the sampling is poor (swath as narrower as the altitude is low);

4In other words, these two satellites never overpass the intertropical zone in the early morning or the
late afternoon, when the Sun is low on the horizon. The bins I = 6, 7, 8 and 9, corresponding to these
values of solar zenith 6y, are empty.
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e Equator10-D and Equator10-R offer a good sampling for the central zone, but for
latitudes around 20°, the viewing zenith angle is necessarily high (bins J 1 to 5 are empty).

ZENITH
Iy
SATELLITE
SUN _,)2(
* Principal Plane
do_ 19
Target
4

Figure 29: Sun - target (pizel) - satellite geometry. Representation of the angles: 6y (solar zenith
angles), 0 (viewing zenith angle, also noted (), ¢ (relative azimuth).
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Figure 31: Terra / CERES. Tables with "angular bins" for latitudes: 20° N and 10° N.
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Figure 32: Aqua / CERES. Tables with "angular bins" for latitudes: 20° N and 10° N.
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4 Annex : Technical characteristics

4.1 Swath of the instruments aboard Megha-Tropiques

00 00 00 oo] 000 000 0o
00 00 00 0o 00 00 00 00 00
00 000 00 00 00 00 00 00
00 00 00 0o 00 00 00 00 00
00 00 00 0o 000 0o 000

_____________ *kk SWATH *kok ———————————————

MAXIMAL SWATH

Half-swath angle (degree) ....... 61.7040
Ground half-swath (km) .......... 3149.8926
Ground half-swath (deg) ......... 28.2960
Duration viewing [zenith] (min) . 16.0237

ScaRaB SWATH

Half-swath angle (degree) ....... 48.9100
Ground half-swath (km) .......... 1108.2375
Ground half-swath (deg) ......... 9.9555
Maxim. view zenith angle (deg) .. 58.8655
Max. atteined latitude (deg) .... 29.9555

SAPHIR SWATH

Half-swath angle (degree) ....... 42.9600
Ground half-swath (km) .......... 862.9056
Ground half-swath (deg) ......... 7.7516
Maxim. view zenith angle (deg) .. 50.7116
Max. atteined latitude (deg) .... 27.7516

MADRAS SWATH

Half-aperture, on ground ........ 65.0000
Aperture ............... 130.0000
Radius on ground ....... 939.9185
EFFECTIVE EQUIVALENT swath

Half-swath angle (degree) ....... 42.6237
Ground effective h.-sw. (km) .... 851.3009
Maxim. view zenith angle (deg) .. 50.2711
Duration viewing [zenith] (min) . 4.3306
Max. atteined latitude (deg) .... 27.6474
CONICAL zenith angle (deg) ...... 53.5000
Scan angle from the Nadir (deg) . 45.0566
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4.2 Megha-Tropiques orbit

// /71 // /17 /17 //

// s // /717 /17017

// /17 /017 /1

// s // /117 /0117

// /11 // /17 // /17
_____________ KKK ORBIT KoKk B
skkxx SATELLITE: Megha-Tropiques Fokkokok
**kkx Information *
Constraint: RESONANCE ---------- <<
NON - Sun-Synchronous <<
s%kxx Calculated by IXION *
SEMI-MAJOR AXIS, a (km) ........ 7243.678711
ALTITUDE (km) ........... 865.542236
Reduced Distance [ a/R ] 1.135705
INCLINATION (deg) . 20.000000
(Anomal.) Period (minute) ...... 102.152534
(Dracon.) Period (minute) ...... 101.931755
Kepl. Per. for altitude (min) .. 102.258286
a kepl. for To=Td (km) ........ 7228.253906
(Anomal.) Period (sec) ......... 6129.151855
(Dracon.) Period (sec) ......... 6115.905273
(Kepler.) Period (sec) . 6135.497070
Mean Motion (rd/sec) * 10%4 .... 10.273516
Daily Recurrent Frequency ...... 13.857141
Daily Orbital Frequency ........ 14.127098
Revolutions per day ............ 14.096566
N. Crossing/meridian per day ... 13.107617
Equatorial Shift (km) .......... 2892.011963
" " " (degrees) ..... 25.979387
[3] Relat. Var. Mean M. * 10%3.. 1.039776
APSIDAL Prec. Rate (round/yr) .. 11.116064
" " " (deg/day) ... 10.956519
" " " (rd/s)* 10%7. 22.132792
[21 " /Mean M.* 10%3. 2.161255
NODAL Prec. Rate  (day/yr)=P .. -6.115480
" " " (deg/day) ... -6.027707
" " " (rd/s)* 10%7.  -12.176311
[1] " " /Mean M.* 10%3. -1.189010
[*] = [2] + [3] ...oviviinnnnn. 3.201032
(LTAN) Shift (hr/month) ........ -14.221524
(LTAN) Shift (mn/day) .......... -28.053419
Cycle / Sun (days) ............. -51.330643
Cycle / Apsidal Precession (d) . 32.857151
"Resonance"/Cycles Sun | aps ... [ 16 | 25 ]
Apparent Inclination (deg) ..... 21.516687
Adjustment (App.Inc-Inc) (deg) . 1.516687
For Frozen orbit : Eccentr. e .. 0.000352
For Frozen orbit: Arg. Perigee . 90.000000

GEOPOTENTIAL Model ............. EGM96
skkxx SATELLITE: Megha-Tropiques *okokokk
**k%x Calculating the RECURRENCE *
>>> 13.857141
>>> 14.127098
* kX * k ok
* ok ok Recurrence Triple * ok ok
* K % [ Nu0; DTO; CTO ]  NTO * ok x
* ok ok [ 14; -1; 71 97 * ok ok
EE Y =: EE Y
Grid interval: delta (deg) 3.711340
Grid interval: delta (km) 413.144470
Calculation: Period ............ * DRACON. *
*+kxx Velocity of satellite (Galilean ref.) =
Satellite ........ km/sec ..... 7.418043
co.. Track ... km/sec ..... 6.531666
Areal Constant (SU units) ........ 0.537339126E+11
Travelled dist. in 1 rev. (km) ....... 45513.375

mm mmmmmmm mm mmm mmm mm

mm mm mm  mm mm mm  mm

mm mmm mm  mm mm  mm mm mm

mm mm mm  mm mm  mm mm

mm mmmmmmm mm  mmm  mmm mm mmm
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5 Conclusion

We know how the orbit of Megha-Tropiques is unusual. It is really surprising for users of
"traditional" satellites (heliosynchronous or geostationary).

We wanted to show here how the sampling that results from this orbit is also innovative.
It has many advantages compared to other meteorological satellites, although it shows
some flaws that must be taken into account.

This report was prepared with original documents, obtained by our software IXION.
Many other features IXION allow different presentation for orbitography or sampling.
We will expose later.
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Projection: Orthographic PC: 20.0°N; 45.0 °E /ZC: 30.0° N; 60.0 ° E Asc. node: -180.00 ° [00:00 LMT] VESTAYY
Property: none Aspect: Oblique MC ~ LMD
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