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SPICE Kernels Family

® SPK

O Spacecraft and Planet
Ephemeris

PcK

O Planetary Constants, for
natural bodies

® Orientation

® Size and shape
IK
O Instrument
CK
O Pointing (“C-matrix”)
EK
O Events

O The Events kernel idea has not
taken hold. After Cassini it may
disappear

FK

Reference frame
specifications

SCLK

Spacecraft clock
correlation data

LSK
Leapseconds

Meta-Kernel (a.k.a. “FURNSH
kernel”)

Mechanism for aggregating
and easily loading a
collection of kernel files

Plate kernel
Shape model



Text and Binary Kernels

SPICE text kernels are: SPICE binary kernels are:
O text PCK (the most common Architecture Independent
type of PCK) O SPK
O IK O binary PCK (exists only for
O FK Earth and moon)
O LSK O CK
O SCLK

Architecture Dependent

O MK (“Furnsh” meta-kernel) O ESQ (part of the E-kernel)

O DBK (database kernel)
O Plate kernel
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SPICE Toolkit NAIE>

AFTT
http://naif.jpl.nasa.gov/naif/toolkit.html

ftp://naif.jpl.nasa.gov/
F{ERIE
FORTRANTE#1#, C, IDL, MATLABA#1iE
UNIX%O0S (linux, solaris, MacOSX, Cygwin) &
Windows_t TEIE
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WHDORAREEIIFORTRAND =6, tutorialZz&ET
[FFORTRANKRTOREERAFMNENTH S

5| #78 EDEWVWSIEC/FORTRANTREU
B#%: SPKEZR — spkezr c




RF¥axX2h

Fa—bkUF7ILbtoolkitdE & & 6 ICHT
7]
doc/T« L ¥ k Vlcusers guide & 5¥5it
XZ (required reading)

HTMLKRE available
“Hands-on”’L v A TEHHH AIEE



SPICE ID &SPICE Name
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SPICE ID & SPICE Name® %l

AILXKEDID (S/C ID) (TEDEL
-130 ‘HAYABUSA’, ‘MUSES-C’
-131 ‘SELENE’
-500 ‘RSAT’, ‘SELENE Relay Satellite’
-502 ‘VSAT’, ‘SELENE VRAD Satellite’

ALKXEDOES 2R, RNEPEERIZS/C
IDx1000-#2EEHS
-130000 ‘HAYABUSA SC BUS PRIMFE’
-130102 ‘HAYABUSA AMICA’
-130200 ‘HAYABUSA NIRS’




SPICE ID & SPICE Name® %l

HAKXEFERDEIDGIIIEDE
0 ‘SOLAR SYSTEM BARYCENTER’
10 ‘SUN’
1 ‘MERCURY BARYCENTER’
199 ‘MERCURY’

3 ‘EARTH MOON BARYCENTER’
399 'EARTH’
301 ‘MOON’

2000001 ‘CERES’
2025143 ‘ITOKAWA’



SPICE ID & SPICE Name® %l

EEEERPPEAKREICERT EERIIERDN
IZlIZSPICE NameZE W3

'J2000’
‘ECLIPJ2000’
‘EARTH_FIXED’
IAU_MOON’
ITOKAWA_FIXED’

Z < I3toolkitN TERSNTWED, FK, IKZGE
CTA—NIEERZITOIEHTES
-130900 ‘HAYABUSA_HP_FRAMFE’
-130910 ITOKAWA -Z SUN_+X
ZN5IFHAYABUSA _HP.TFTES
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WBWALHF%R (time system)
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WBWALHF%R (time system)

ET (BZxRHEF, Ephemeris Time)
MEHEGEICAWShTW:
WERDNEEZEEET S

DT (1%HF, Dynamical Time)
ETICEDL-> THWSNS (1984FLLRF)
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MEREVEXE (TDT: Terrestrial Dynamical Time)
KERE(EZ% (TDB: Barycentric Dynamical Time)
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X dERA (tick & M1F.3%)
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Y2711

ti2utcldTIZUTCICZEa
utc2tildUTCZTIICEiHA
EbHEANLEI—T 1 YT 1 D
AV INTIL

$ gcc ti2utc.c /usr/local/lib/cspice.a -0
ti2utc

$ gcc utc2ti.c /usr/local/lib/cspice.a -0
utc2ti

I%%;iﬁt: &2 TClEstrcpy TESAvE—IHhHishH
cspice.ah’SPICE toolkitdZ1 735V




Y711 (HE)

1T
$ ./ti2utc
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hayabusa.tsc HAYABUSA®MDSCLK
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Y2711 (&E)
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$ ./ti2utc 2420777432
2005-09-30T12:27:38

$ ./utc2ti 2005-09-30T12:27:38
2420777432
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Y711 (HE)

ti2utc & utc2tiTERA U f=toolkit D BE%X
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scs2e_c: SCLK string to ET
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T77—DHEG6ER

BB DAZIR
MERFEE: a
AED3E: e

BB DAL IE
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El-ﬁ_'&".'—(-'\'ﬁﬁﬁg:! Q HEOFEE
TREIE: w

B EDHE

R RA: M

J.HA: epoch




AIWTIT7VD6ER

HAERICHTS

REEOME (X,Y,2)

FREEOEE (VX,Vy,Vz)
TT77—DEREFBULL, 6 DDEHMTHEERE
BOESMEBEZRIATES
SPICETI&, SpiceDouble®Dfit5T&RIR

3ERTUE
SpiceDouble position[3];

6ERTIRE (LE+EE)
SpiceDouble state[6];




EERR
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ek, KFE, MOXE, FREHE
Geocentric, Heliocentric, Planetocentric
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J2000 (J2000.0)
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Sample Frame Tree and

Chains

Saturn
Body-fixed
frame

ISS NAC
instrument

fragf

Fixed offset

fransformation

A7\C:ssini

Inertial
J2000
frame
PCK-based
PCK-based transformation
transformation
Earth
Body-fixed
frame
PCK-based
transformation _
. Cbease‘Z. bod-;lff?;ed
ransformation frame
Topocentric
Frame at th

\Eng site

ixed offset
transformation

spacecraft
frame
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WEDBRETH D0, BEMTDAED
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Y¢BE (light time)

WROEF E, XWNREXTOIEREICHKTE
¥tf7Z (aberration of light)
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YeBEEIE (light time: LT)
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WITEMIE (stellar aberration)
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(A=K EOXVEEL

SpiceDouble It, pos[3];
spkpos_c ("MUSES-C", et, "IAU EARTH",
"LT+S", "EARTH", pos, &lt);

ATHG|E

"MUSES-C": /&R

et: Bzl ’

“IAU_EARTH”: BEiEX% (MuBRk[EE EER)

"LT+S" JIFMHIE & ITEMIEZERE (FRELZS5"NONE")

"EARTH": 81% (&)
HARA5 I (R 7EL)

pos: fiiE

It: BERE CERFMEIEDEIEY. XETOFRERBEDI THS)




Y272

brg_j:f-“&‘éJ IX2004FE5R (CHER=ZE X1 > T INA

swingby.cldl FTZ5t8EL, HAHT3
kzEm & UeRERE KU B O =X T ERR
EERRIGAT O 8%
J2000 (1BXx) (el XITERIERL)
IAU_EARTH CGHIRERE) (LB, RTERESHD)
IR (D) -BFREEERERE
STHEEIREIE2004/05/17 00:00 (UTC) hh52:8
i, 1R |
STERRETFANIFANICVTALI MU
T, gnuplotBET7AY NI BRIENTES




272
=171

$ ./swingby $( cat kernel_list_swingby )
../kernels/generic_kernels/spk/de403s.bsp is loaded.
(FPEE, H—RILDZEEZEHAETNTVDS)
2004-05-17T00:00:00
(BFZ)

-734524.5782 41762.3969 400351.9557
(J2000%R TOIF P s DiLE)

-355598.9079 164270.4869 78935.3132
(J2000% TDO A DAIE)

456478.3420 577093.7550 400152.2902
(thiEREIEEIRR TDIE PR E DLE)

338844.4167 196607.7645 78794.9630
(tiEREEERFR TDRADME)

837587.0953

(hIK- 13> 33 D EERE)
EEARR DR ISHER, BAIIET N Tkm



Y272

gnuplot TDERRHG

> splot "swingby naru.txt" u Vs A
"swingby_naru.txt” u 5:6:7 ..~

Freh I éoﬁni_ M}’”"{”

200000

DA

-106060 [
-200000

-360000
-400000

u,.txt
t"u

N
IR

aw
e e
~ O

-160060




FRALEHA—XI

de403s.bsp

%E EHDOHMERHR (spk)
pck00008.tpc

RE L HDBE, BREHR (pck)

hayabusa 20040516-20040531.bsp
[EP R DHEBEHR (spk)
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Sample Frame Tree and

Chains

Saturn
Body-fixed
frame

ISS NAC
instrument

fragf

Fixed offset

fransformation

A7\C:ssini

Inertial
J2000
frame
PCK-based
PCK-based transformation
transformation
Earth
Body-fixed
frame
PCK-based
transformation _
. Cbease‘Z. bod-;lff?;ed
ransformation frame
Topocentric
Frame at th

\Eng site

ixed offset
transformation

spacecraft
frame
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lunar_footprint.c (VXS DHERRA 1 >
JINLEFICERELVBERADIRRZETET S
BELICEITZEEETROREEE

NDASHRBERNI7 MIVEAERDR R (footprint, 9
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VE ||
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Y>7IL3

K17
$ ./lunar_footprint $(cat kernel_list_swingby )
../Kernels/generic_kernels/spk/de403s.bsp is

loaded.
(FREg, H—RILDZHEEGEHATNTLDS)
2004-05-17T09:30:00 20.15 -132.82
(@%i&ih‘ﬁb‘?»ﬂh?b\%%ﬁ, ETRDEEEEEDHAT
2004-05-17T09:30:10 20.16 -132.82
2004-05-17T09:30:09 -25.61 156.36
30.30 52.84 82.85
(REDBICHTc>TWSiHE, EFRICIMZ THRIRAIE

(footprint) DERE, BELZDHEICH T %u’l‘ﬁﬁ, A

BA, hfAZHA)



Y>7IL3

gnuplotic&s 70w i

footprintiiEDFE|

3

' "AMICA_footprint.txt"” u 635 ——
E___ EE— ﬁeo.tpm.nt txt u 3 2
R e
60 |- . “ N 7 —
AR —— s —+——L‘
t 7 +_+
30 b i ] ¥ .+ .* i
:?-._ & —F 4 F— —
| M7
0 7 A7 H 7 ?—*
Y~ A A
£ J {
S ¥ F o4 ¥
+ p ; 7
-38 — A . |
—— X, £ ¥
x| \
-68 | V3
_99 1 1 1 1 1 1 1 1 1 1 1
) 308 60 98 128 150 180 218 248 2786 368 338 368
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gnuplotic&s 70w i

BRSO EE

1 1 T T T T PhaseI +
Incidence >
. . ”
99 Ennision i
kK *
80 1
¥
r ¥y S
3 x o N
. b
< 3
* / ¥ <
60 . . W ' K .
W oK KX * ¥ J{
, - oy ¥ Es
* % ¥R, ¥ * %
50 4 ' .
¥ *
* * L
* H¥ o ¥ $
43 L N ++ ‘\ -
:' % * ¥
* *
g+ W W =i WEs = . -
pr a8 #* *
X * K ¥
20 . ¥ * .
X % '} ¥
+
10 ” ¥ -
.§.
a i i " " 1 i i " " 1 i i i " 1 i i i " 1 i i " " 1 i i i " 1 i i " " 1 i i i i 1 i i " i 1 i i i i
85/17 85/17 85/17 85/17 85/17 85/17 85/17 85/17 85/17 85/17 85/17
89:36 89:46 89:50 16:060 16:186 16326 16:36 16:46 18:50 113680 11:18



gnhuplot TIPS

2004-05-17T11:29:60& WS ERXD
ISR Z XEHIC RS

> set xdata time

> set timefmt “%Y-%m-%dT%H:%M:%S”
> set format x “%m/%d\n%H:%M”
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B 7IL21ICAT
20040517-20040517_att.bc
IFP R DERER (ck)
amica3]l.ti
HASDRERY MVIEIR (k)
hayabusa.tsc, naifO009.tls

PR DRFZER (sclk) &5 35WiER
(Isk)

ckiZIE ¥ 5SS DIFFTTI/HD RSN TWS e dH




FERAU-FE#

getfov_c ( instid, BCVLEN, STRLEN, STRLEN,

shape, frame bSlght &n_ bcv
bound s?

AXZDFRWRY M VIEERZEES
ATIA5|E

InS'l:ld Az DID (-130102 = AMICA)

BCVLEN, STRLEN, STRLEN: £ZF U7 L)
G2

shape: HRESFHIX (AMICAIXER)

frame: R#EXRT M IVIEHRDEIER

bsight: &~ KNI

%r}_ lg)cv,wlp&u$1ds pos: FiFFIERZEERI DNV NI Z&E




FERAU-FE#

subpnt_c ( “Intercept ellipsoid”
"MOON", "JAU MOON", "LT+S",
"MUSES- C" subpomt &trgepc subsrfvec ):

REBOETRZSES

ARSI _ .
“Intercept ellipsoid”: ETRDEERAE
“MOON": Y&RXA&
et: Bl
“IAU_MOON”: EEff % (BFE [IXRKEDEEEIRR)
“LT+S”: el N1T=#HIE
“MUSES-C”: #ill& (IFEE)

H A5 |%L _
subpoint: B 20 =RITHEE
&trgepc: J'EH#JEL%‘:%FE'DT‘_EE,EIJH#?U
subsrfvec: E T TR-EIEDARY ML



FERAU-FE#

sincpt_c ( "Ellipsoid”, "MOON", et, "IAU_MOON",
"LT+S", "MUSES-C", frame, bsight,
xpoint, &trgepc, xsrfvec, &found );

RIBEART M lbsightE XKL DR RZBTS
AR5 (BB)

5|8
found : fRIRNT MILEXREDRREZFH OBEE, BWESE
taL73%. SpiceBooleanE!DZE#




FERAU-FE#

reclat_c ( subpoint, &radius, &lon, &lat );
ZRTTER = EEBEICEIRT S

dpr_c();
degree per radian

ilumin_c ( "Ellipsoid",
"MOON", et, "IAU MOON", "LT+S",
"MUSES-C", xpoint, &trgepc, xsrfvec,
&phase, &incidence, &emission);

TRERbBHARIEGS  oRmEr oA




