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The Moon's Spectral Irradiance Computation

using Relative Positions between the Sun, Moon, and the Satellite

Seok-Bae SEO* and Young-Joo SONG**
Abstract

The spectral irradiance of the Moon is used to monitor the performance of on-board satellite’s
visible channel detectors. This paper established a method to compute the spectral irradiance of
the Moon using the relative positions between the Sun, Moon, and the COMS (Communication,
Ocean, Meteorological Satellite), which is generated through the COMS FDS (Flight Dynamics
Subsystem). The established computation method is applied to the algorithm which is developed
to detect and compensate the degradations of COMS MI (Meteorological Imager) visible channel

detectors.

x =

o] Prtxee A4 7MIAE HE2719 AsS AAE] fEiA AMgET B =i
Me A<t FDS (Flight Dynamics Subsystem)ol Al s <, &, 9149 94 3
BE o]gsto 2o MAxEE Altete WH ¥ 23S AR ARt 2= At
2 71V EAA TG AE71Y A AstE AEsta BAsy] f13 dare]Fel A8
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model)
1. M B Communication Ocean Meteorological Satellite
Meteorological Imager, ©l3}, 7I’3&AA) A%
7hAIAE ZE 7] (visible channel detectors) A A5 (IMPS : IMage Preprocessing
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24, @A AA 9 AAA=ETH
A 9] 712 & A A (AMI, Advanced
Meteorological Imager) A’¢=F 7|%&S 23
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2. NZHA & ZtEA 2| 712

2.1 AMZHAe] Ho| 5 HE

2o #SAZE Yer] fls ARgske 7]
X A7+ UTC (Universal Time Coordinated)
o Hd/ 2/ AXE EEFHoE AR
3171 $18lA+= Calender Date BH (y, m, d,
hh, mn, ss)Z ZEAE UTCE Julian Date
t;p) 2 Julian Century (t) Hele] Azt =2 W
B3 Zolok sv 1 WBHE A7 A (1) U
(2)9} %;},[41[5].
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tip= (1)
[367y— INT {7(11”NT {(m+9)/12)} }

4
.
2r5m }+ d]+ 17210135

-‘rINT{

mn 88 ]

hh
+ [EJ’ 1440 ' 86400

_INT {t ;,}—(2451545.0—0.5) ’
= 36525 @)

A1 2 QA y, m, d, hh, mn, ss&
UTC 7]%Fe] Calender Date SFEIZ ZTAH 4,
9, 9, A, ¥, 28 ovse, nT{lE B

[e)

=, =2,
W 3 B4 (integer) ME-S 9w St}

22 ZEA 2 Ho I He

221 HEA HL

2 =7dA A" FHEA (coordinate
system)© EME2000 (Earth Mean Equator and
Equinox of ]J2000), ECEF (Earth Centered
Earth Fixed)) MCMF (Moon Centered Moon
Fixed) A olth. 94 EME2000 #FHEA <= A
T T TAMLE §hH, x52 20009 1€
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(vernal equinox)g Fdle FEFOoZ AT
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T AHE (mean equator)Z A2 °

2 yEe 9N BYHE xFH 250 Huste F
oz Aogth EME2000 #F#EAE &3] ECI
(Earth Centered Inertial) ZEAZ A3t/ |=
3t} ECEF 3 A= EME2000 FH¥EA 9 7=

i g BEE 9 A7t Fdsid, 54
x50 WaFo] FEAo] obd AT AAI FA
Hals = Ex204 (prime merldlan) 50Z

Ephemerides fileo| A Ej
¥ ECEF HIAE 7|8tS

g9 x4 HEAPAS 53] ECEF F A
M FHH Zzte] YXNHEES EME000 2
¥4 9 MCMF #%AE H3 4=

2.2.2 ECEF to EME2000 Zt#A &t
Ephemerides filecll Al 2]t de] Hx123E
+, ECEF FiA 7dre] FHFAEFH A (spherical
coordinate form)e|t}. $149 A (), A=
(o) A= (peons)® EHE THARF A F
< 2 (3 St AuFEF A (cartesian

coordinate form)©.2 #W3to] 7psatrH,

BCEF

Tcoms = |TCOS (90001115) cos (>‘C()MS) ()
T CoSs (@ cons)sin A cous
rSin (GDGOMS

ECEF HEANAN Ed® 949 ANHAE
(rZiyE A @E %é}&l EME2000 3
(TEMEZ()[)()) Eﬂ:@]_o] 7]_%_5_]_1:]_[7].

COMS

LME2000 FCEF
roons — PRXToons 4)

o714 PRE& EME2000 #HEA 2] wEs
A FHuA  wEgHolw, AAAAYL
(transposed precession matrix) P9} FJAI Y E
(sidereal time matrix) RZ TAET AAZ
ECEF ##7S EME2000 A2 #H§Hd o
T 247 92 d e wsdgd (P, N, R, W)
| desgd, F JHe F2 (v, W)Y Fol &
AL AR 2 Pr°ﬂ"1‘_ PR ®3
(P R)& ol83le] #xA WEe FystArll
A @9 PR FBS o]&shd, 9144 By opy
2t ECEF %A M Rd8 8 (50" 2 2
(rhoe)ell tigk Y1X23%E EME2000 #3%7 7]
FoZ W& (rgP, riae)ol Zhsstth 4
G)lAE 2 @l Bl PR BB A&
TAHeE HAFa 9t

P11 P12 P13|[cosf —sinfd 0O

EME2000 _ -

Cons = |Pa1PaaPys||sind  cos® 0| xrggii (5)
P31 Pya Paz| L O 0 1

P AP AAT AN

I_Q_E
T ar

E 1 HAMREE (P2l AuEA

ur ARFY BE &
0,4
P = cos(z,+¢y) — 2sin?(—= 3 1) cos(z,4) cos(Cy)
. X 04
pp= sin(z,+¢,) — 2sin® (7) sin(z4) cos(¢y)
p3= cos(¢y)sin(0,)
. X 04
P poy= —sin(z 4+ ¢,) + 2sin?(—— 3 4 cos(z4) sin (¢y)
[4
pyp= cos(z,+¢y) + ZSiHQ(TA) sin(z,) sin (¢y,)
Py = — sin(¢y) sin (6 1)
Py = — COS (ZA) sin (9‘4)
Pp= —sin(z,)sin(6,)
pa= cos(6,)
Ca Ca= Gt + <2t2‘+ C:st3‘
P Z4= 2t + 2ot*+ zgt‘g
04 0,= 0it+ 0,t°+ 0.t°
G G = 1.118086038020000x107 (rad/ Juilan Centery)
G C2= 1.46433120000000@(1076 (7‘ad/ﬁ1ilan Cenf,ar}/z)
G (3= 8.726650000000000x10° (rad/ Juilan Centery’ )
2 21 = 1.118086038020000x107 (rad/Juilan Centery)
= 5.307546300000000%10° rad/ Juilan Centery”
22
23 = 8.901180000000001 X10 (7 ad/ Juilan Fﬁnfﬁry‘)
0, 91 = 9.717173940000001x10° (rad/ Juilan Centery)
()2 9.2 = —24068215200000000><10' (rad/.]mlrm Centery 2)
0, 0= -2.024582000000000x107 (rad/ Juilan Centery® )
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¥ 1M WS ¢, 2y, 0,5 71F BT A
289 714k (epoch) Al @A 714k AlH
Abele] Mz} WEES tE4 dEHi A3
st B@F Woltl md F 1049 A
s A QF FHM A Julian
Century©| t}.

2 59 F WA FHAA = 2YA
4 A] (Greenwich true sidereal time)E <|¥]

Fob gol tigh ARAISE AlgbEAS 3E 2] A

E 2. J2|UR F EAA (0)e] ALt

He ARFH ==
0 0= 0+ Avcos(ey)

0= 0,— [1V'T{_)/27r}><27r

0,= 86400 [0+ 04t + 0,67 + 0,87
5 + 02,[86400 < (t ;= 0.5— INT {t ,})]

fo= 24110.54841 (sec)

91: 8640184.812866 (Sec/,huﬁl(m Crmt(’,ry)
0,= 0.093104 (sec/]uiltm Centery®)

f;= —0.0000062 (Scc/,ﬁu'lan C'enter;f)

Qy | 2y= 7.292115822413922x10° (rad/sec)

A= Aipsin(2,,)+ Agysin(202,,) + Arpysin (2),)
+ Apysin (M) + Ay §1n(2/\ )+ Avpgsin (M)

m m

8. 338795320000000x10 (rad)
9.987162000000000x107 (rad)
-6.394692500000000<10° (rad)
6.932836000000000x107 (rad)
-1100527100000000x10° (rad)
3.442177000000000x107 (rad)

A

n 2,,= 2.18244696315630 - 33.7570413813530 ¢

A A, = 3.81033300978390 + 8399.70910754630 ¢

A, = 4.89505513989840 + 628.331969753200 ¢

M, = 2.35554871836910 + 8328.69141593650 ¢

M. M, = 6.2400407680703 + 628.301950090060 ¢

€4= €t et + 62t2+ 63t3

€9 = 0.4090928022831 (rad)

6= —2.269661066X104 (rud/Juilan Centery)
€= -2.7925x10” (rad/ Juilan Centery®)

3= 8.7965x10° (rad/Juilan Centery®)

€4

#® 2004 HEES APstd e 2o
Greenwich true sidereal time #, Greenwich

mean sidereal time 6, Earth’s angular rate

2y (rad/sec), simplified Moon’s longitude

Ay (red), Moon's ascending node
longitude from current mean equinox {2,
(rad), Moon’s mean geocentric longitude

from mean equinox A, (rad), Sun’s mean
geocentric longitude from mean equinox A,
(rad), Moon’s mean anomaly A, (rad),
Sun’s (rad), current
mean obliquity e, (rad)E Zt7} 9w §Hh
T3 AL = A (20 AF Julian
Century©| t}.

mean anomaly A7,

rIOI-

2.2.3 EME2000 to MCMF ZEA ¥
EME2000 HZAE 71Fo= Z3H %’4
o AAHR (rams)E A (0= o83t

MCMF 34 r‘}jgﬁ)i H3lo] 7153l

£ ox

ﬂ[C MF __ LEME2000 LME2000
Tcoms = MX ( Tcoms  — Thwoon ) (6)

g A ol A

I
PEME2000

2 (6)lX  ME&  EME2000
MCMF Az wgsgdon, A0
P00 = 747 EME2000 R EAE 7]1Fo2 F
dE A4 2o A, riGEE MCMF 237
2 538" 949 $x]o|tk. EME2000 A ol
A ZEE B A (re) A A ()=
£3te] MCMF HEAZ wWg (PG

o #EA wgyE mo 2 (7)%
gom, A A 1 39 At
M 3% 3004 o, §, wE MCMF HEAZ9 ®
S YT AFEolH, de J2000& VFESZ
gt Julian Century©]t}.

o
+

B o
e

%0,

My My My
Mgy Mgy Mgg (7)
T3 Mgy Mgy

M=
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¥ 3. EME2000 to MCMF ZtEA et (M)9

H A=Al

b}

Rl

AR EE 4

my;=— cos (w) sin (a) — sin (w) cos (@) sin (§)
my,= cos(w) cos (a) — sin (w) sin (a) sin (§)
my= sin (w) cos ()
My = sin(w) sin («
M Moyy= — sin(w) co

) — cos (w) cos () sin (&)
s(
myy= cos (w) cos(§)
)
)

a) — cos (w) sin () sin (6)

my = cos(a)cos (8
mg,= sin(a)cos(§
may= sin ()

= [269.9949 + 0.0031t — 3.8787sin (e;)
—0.1204sin (e,) + 0.0700sin (e3) — 0.0172sin (e,)
+0.0072sin (eg) — 0.0052sin (e,,)
+0.0043sin (ey3) ] x /180
§=1[66.5392+ 0.0130¢ + 1.5419cos (e,)
+0.0239c0s (e,) — 0.0278cos (e;) + 0.0068cos (e,)
« —0.0029c0s (eg) + 0.0009cos (e;) + 0.0008co0s (e4,)
5 —0.0009c0s (e5)] x 7/180
w=wy— INT {wy/2n}x 27
wo=[38.3213 + 13.17635815d — 1.4 x 10~ *d?
+3.5610sin (e,) + 0.1208sin (e,) — 0.0642sin (e,)
+0.0158sin (e,) + 0.0252sin (e;) — 0.0066sin (e4)
(
n

w

)
—0.0047sin (e;) — 0.0046sin (eg) + 0.0028sin (e,)
+0.0052sin (e49) + 0.0040sin (e1;) + 0.0019sin (5)
—0.0044sin (ey3) ] < /180

e = (125.045— 0.0529921d) < 7/180
250.089 — 0.1059842d ) < 7/180

e =

ez = (260.008 + 13.0120009d ) X /180
ey :(176 625+ 13.3407154d ) X 7/180
es 5= (357.529+ 0.9856003d ) < 7/180
eg 5= (311.589+ 26.4057084d ) < 7/180
e; .= (134.963 + 13.0649930d ) X 7/180
e ¢= (276.617+ 0.3287146d) X 7/180
€ o= (34.226 +1.7484877d) X /180

ey = (15.134—0.1589763d) x /180
en 6112 (119.743 +0.0036096d ) X 7/180
er | ep=1(239.961+0.1643573d) X 7/180

ey | e=(25.053+ 12.9590088d ) < /180
d d= 36525t
3 Bl /Mol fX|& ol 8% He

>.

=
=
HIALRE A AEA

B/ g/918e RS ol&siM ALtsl=
29| 7|F (reference) WALEE (7,.,)E 2 (8)3%
2gP 2 ©)lA  I,,,E ROLO (RObotic
Lunar Observatory) EdS o] &3] Abshe
2o PARE (W pm™), dyee T3 94

2 A (bm), dyst D HED AR (4D)

156 - BIREZLF 7

£ 77} oma.

(384400 1, 1

dae dags
1

( dyc ) dyss
384400

(W™ pm ™)

Lot = Tporo

= Iporo = (

3.1 ROLO B = HAl=EL

ROLO EHE o]&3x Airs wrlzs
(Inoro)d Az 2 9)g 2ol ojm A
£ 3 (am), 10) £ AT AN PARE
(Wm ™ 2um™h), o\ E AE7Y FF $HE
Ztzt eju| g,

]ROLO

A

I(\) X ¢(\)dx

A

Troro= X
/ p(N)dA
A

(Wm™2um™") (9)
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(disk equivalent reflectance), 2,2 317
gollAe 2o JAZ 64236x10°
E,,(\) = HFe WAEE

7 e,

IN) = AN) X Eg(N) x 2,/ 7 (10)
(Wm™2pm ™"
3.1.2.1. 23 57} HALE @ 4())

2 3 (Aol B@ dza 57w

T ——
B € 2189 2IXIE ol 29 YARE ALt

o

COMS’ Selenographic longitude ¢ (deg)E %
7 g w3 Bd/2/949 A0E U
e JAHE (o EFA QoI A
A% AL AAAG vl @,

E 57904 AN 9 AXAAHAA aTH
EowgE A% @), b0, 40,
i=0,1,2,3), (7=1,2,3))38& HAF3 3o
b oABH A Ad & e 1 (wm) BAL
AR (interpolation)dte] AME-SFHA T

W=

AN E A 1)z AT AN S ALe 5 ClAZ S7t HHALE AlMSAlel A%
7] 9% A A2 E 474 HYsHAT (a;(X),(i=0,1,2,3))
]
A o) ) as00) a30)
5491 | 210782 | -166736 | 041697 | -0.22026
A()) = n4) (11) 5538 | 212504 | -16597 | 038409 | -0.20655
6651 | -1.88914 | -158096 | 030477 | -0.17908
6931 | -1.8941 -1.58509 0.2808 -0.16427
_ - o A ALAAL 7036 | -192108 | -1.60151 | 036924 | -0.20567
E 4 Cl23 S7F HRALE (A(N))el ALk 7453 | 186896 | -157522 | 033712 | -0.19415
W ANEY EE g 7637 | -185258 | -147181 | 014377 | -0.11589
7748 | -180271 | -159357 | 036351 | -0.20326
InA W)= 8653 | 174561 | -1.58482 | 035009 | -0.19569
Ea g + E b, giml
i=0 i=1
In4(\) +<-1¢+<-2¢+<-3«(/;g+ql¢gv T 6. ClAT S7} HIAIE A AbAlo]l A=
- g7 ~ 4"/ . j=
+d1(A)6 9 m«‘,»d?()\)e 9/ P2 (bl(/\)7(] 172 3)
+dy00sl2mly’ —py) /] A biin) byn) bs)
( (pRCEF_  BCER - (qp BCEF_ o DOER) ) 549.1 0.03451 0.01452 -0.00517
g= acos
g || BCEF (BB | [ BCEF B | 553.8 0.04052 0.01009 -0.00388
665.1 0.04415 0.00983 -0.00389
= atan? MCMF MCMF
¢ | &= atan2lrg, " Tsins )mw 693.1 0.04429 0.00914 20.00351
b aresi T conrs.: 703.6 0.04494 0.00987 -0.00386
v arcsin ( MCMF MCMF MCMF )
¥ Vr ESUE + (r E53E, )+ (r B )? 7453 0.03967 0.01318 -0.00464
<180/ - - 763.7 0.04435 0.02 -0.00738
¢ | 0= atan2(rGil, o, ) <180/ 7748 0.0471 0.01196 2000476
¢, |e1=0.00034115 (deg ) 865.3 0.04142 001612 -0.0055
¢ |c=-0.0013425 (deg™")
¢ |c;=0.00095906 (deg™ ' rad ')
e |e,=0.00066229 (deg ! rad ') 7. EI*H =7t MPE Hobalo| A
P |p=4.06054 (deg) 4,00, 3))
Py |p,=12.8802 (deg) J=
Py |p,=-305858 (deg) N p p p
Pi | p,=105.242097258197 (deg) 10) 20) 30)
549.1 036814 -0.09815 0
553.8 0.37206 -0.10745 0.00347
X 49X "HEELS AYsdE e Zoh 665.1 0.37141 -0.13514 0.01248
693.1 039109 -0.17048 0.01754
Absol hase angl rad sol has
bsolute phase angle g (rad), absolute phase 703.6 037155 -0.13989 0.00412
angle ¢° (deg), Sun’s Selenographic longitude 745.3 0.36888 -0.14828 0.00958
, . . , 763.7 039126 -0.16957 0.03053
& (rad), Sun’s Selenographic longitude ¢ 7718 036908 016182 00083
(deg), COMS’ Selenographic latitude 1+ (deg), 865.3 0392 -0.18837 0.00978
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3.1.2.2.

Ef ko] HiAl=E
Zr g4 ¥ "dYy xR E
1985 Rossow7} 3441—75} o= ﬂa]%&

a

b E;un

(&

SUu

()

>
T

¥ 8 U mFof st effe| WAIEE(H,, (V)
A Euw D) | A BN | A BN | A | By (V)
550 1878 615 1705 680 1490 745 1278
555 1857 620 1696 685 1475 750 1269
560 1844 625 1690 690 1456 755 1256
565 1847 630 1668 695 1439 760 1240
570 1846 635 1654 700 1410 765 1220
575 1842 640 1637 705 1399 770 1201
580 1848 645 1609 710 1386 775 1200
585 1815 650 1584 715 1365 780 1188
590 1785 655 1538 720 1345 785 1182
595 1792 660 1528 725 1342 790 1160
600 1772 665 1557 730 1327 795 1147
605 1759 670 1530 735 1311 800 1138
610 1736 675 1515 740 1285
. 1s00
E 1am0 Egun(A)
rjg 1700
g 1600
._f.g 1500
E 1400
K]
§ 1300
o
" 1200
k]
-]
& 1100 .
A (nm)
550 500 50 700 750 800
a8 2 efe] WAEE (£, (\))
32 2t AN Atolel AZ : a,,
CEF FECEF o = A
g Tl[aon)JJf A (reow T A= dyee A
(1202 A 5 Pl

158 -

d ” ‘[oun r?%‘?];’ ” k 12
3.3 =t Ef 2k Atol2] AHE| & gy

& (o) BE (rGNEA AR dys= A
13)ez AN 5 om}m 2 (13)lA dy=
AU (Astronomical Unit)o.Z¢] HE-S ¢t
%zt AFzre] A 1.49597870691x10" (km)
ojt}.

| 7560 —TSin |

dys =——5—— (AD) (13)

Al ECEF %A= %dH
$12=, Ephemerides file A]
o2 AYRIE 53 A
A Aistsol At

Ephemerides file WA %
2 ;q]:’-&)oi 2) ()% E 31y
< AAo} g

3 ovo 1%8} EA PAESS 7414011

DB oot o
o o2

S o T

N 4o i

HNE =

M jo rr 2

o | Rl E oz

O uE rr 2
re
ot
R
=2
0r >
S

Eq.(2) Eq.(5).(7)
q. =E q N

| Sun Position
| COMS Position

Sun Position
Moon Position

Eq.(4).(6)

COMS Position

Eq.(1D)
Ea.(®) - Ea®) - B0
| - I|‘ Troio ¢ 1) ¢ AR |‘_

.(12),(13)
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sun

(B (A))E Abxle] SHi}ojo} s}uq, g p=
AlZ} (Moon observation time)< ©]-& o
/€/91489 ECEF #iA $XE ZAAstedof
gty 283 24 ECEF %A g F/ 949
9NE MCMF HEAZ W37 95te], 2%
| wsE pr 2 MY A Aol &
T3 B/ 2/91499 ECEF %A 9=
FE AN @3 44, e g det A
= <dm~ dys) 2 2 AW 947 ()& 7o
( ) Liorod AE 39 HF
Lo Aol 7hs s

E._Q,ﬁ

%i q% BAA=AL 71 AAANM =
2o WAEEE AT o, 13 AT A
=719 A ES B/ 2/ AT 3
oW o] AW o 2o WAEEE A
g A

4. AN 3 AE Zof

2 ZdAMe 98 @ #5 F & AE A
ated, @] Watzw ALt A3t (7,,)% 2 AN
HAoNAN =2d 3 AHE FAS TledH
Asbell AHES & BS FFe a9 49 2o

, B Y #5 AT 2 FAe a5
Alzbe o3t 2

-9 94 B=A)7F 0 20123.7 02:58:22 (UTC)

-2 A #EAZ 0 20123.7 02:58:43 (UTC)
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