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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.htmi

ftp://naif.jpl.nasa.gov/
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SPICE ID & SPICE Name®#l

ALXKEDID (S/C ID) [dEDEEL
-130 ‘HAYABUSA’, ‘MUSES-C’
-131 ‘SELENFE’
-500 ‘RSAT’, ‘'SELENE Relay Satellite’
-502 ‘VSAT’, ‘SELENE VRAD Satellite’

ALKXEDES D, NEPEERIES/C
IDx1000-#sES
-130000 ‘HAYABUSA SC BUS PRIMFE’
-130102 ‘HAYABUSA AMICA’
-130200 ‘HAYABUSA NIRS’




SPICE ID & SPICE Name®#l

HAKXEERDEDIZIEDE
0 ‘SOLAR SYSTEM BARYCENTER’
10 ‘SUN’
2 ‘VENUS BARYCENTER’
299 ‘VENUS’

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

2000001 ‘CERES’
2025143 ‘ITOKAWA’



SPICE ID & SPICE Name®#l
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‘J2000’

‘ECLIPJ2000’
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‘AU MOON’
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WBWB LK% (time system)
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SPICE toolkit L TDSCLKZREC

IR SASORERELRELENNFIL,ZDDEEMN SRS

Clock Fiel
Partition /l 1 ook e

) Delimiter (not
Delimitm-/l/1036904580.<4 a decimal point)

e Least Significant Clock Field:
Foarrglt:)%r&' égzﬁsugts Ranges from 0 to 255. Nominally
1/8192th of a second increment.

gy ver 8bits EEICE I T A

Most Significant Clock Field:
Ranges from 0 to 4294967295 (232-1). Nominally 1/32
second increment.

AT —Z (2B EMINESNSIREEEZ A2 M 32bit)



SCLKA—XILZ 71 ILDHI

SCLK_PARTITION_START 275
SCLK_PARTITION END 275 =

0.0000000000000E+00 )
1.0000000000000E+13 )

KPL/SCLK
\begindata
SCLK_KERNEL ID ( @2010-12-05T22:30:44 )
SCLK_DATA TYPE 275 = (1)
SCLKO1 TIME SYSTEM 275 = ( )e Time system |D:
SCLKO1_N FIELDS 275 = (1) 1-> TDB, Barycentric Dynamical Time
SCLKO1l MODULI 275 = ( 4294967296 ) 2 -> TDT, Terrestrial Dynamic Time
SCLKO1 OFFSETS 275 = (0 0)
SCLKO1_OUTPUT DELIM 275 = ( 2 )
(
(

SCLKO1_ COEFFICIENTS 275 = (

0.00000000000000000e+00 3.44860311543197989e+08 3.12307737653773135e-02
3.27000000000000000e+02 3.44860321755661011e+08 3.12777132380242448e-02
7.35000000000000000e+02 3.44860334516968012e+08 3.12290977825157336e-02

) SCLK value ET value (TDB) Clock Rate

1/32 secZl & D 1 secll & B&#1/32

b intext
\begintex > ME
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$ gcc ti2utc.c /usr/local/lib/cspice.a -0

ti2utc

$ gcc utc2ti.c /usr/local/lib/cspice.a -0
utc22ti

I%%;iﬁtc & D TCldstrcpy TESEAXA v E—IH S H

cspice.ab’SPICE toolkitd 51735V




Y711 (FE)

E1711
$ ./ti2utc
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Y711 (FE)

E1TH1
$ ./ti2utc 72062902
2011-01-01TO0O:00:00

$ ./utc2ti 2011-1-1T00:00:00

72062902 (BHFRLDTI)
72062902.301705 (/MAFRECDTI)
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Y711 (FE)

ti2utc & utc2tiT{ER U 7=toolkit D EE%4
furnsh_c: A—=XRIL5E+IAH
scs2e _c: SCLK string to ET
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etldSpiceDoubleB, Hifi |3
tick&ifi (SpiceDouble) DAHESsct2e c&EES
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UTCOHAT7 A—V v N %&EXRD
utc2et_c: UTCXFF Zetic Tl
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FREROEE (VX,Vy,Vz)

T75—DEFRERULL, 6 DDEHTHRE
BO#MEBEZRIATEZS
SPICETI&, SpiceDouble®iit5lT&RIR

3ERTHNE
SpiceDouble position[3];

6ERTIARE ((IE+HEE)
SpiceDouble state[6];
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Sample Frame Tree and

Chains

Saturn
Body-fixed
frame

ISS NAC
instrument

Inertial
J2000
frame
PCK-based
PCK-based transformation
transformation
Earth
Body-fixed
frame
PCK-based
transformation _
CK based bodI/I—tf?:ed
transformation

frame

Topocentric
Frame at th

\Eng site

Fixed offset
fransformation A7\A
Cassini

spacecraft
frame
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JEIRFRILE & 1T EMIE

ENEFRTH B0, EDITDAED
EEDMUEERGIAR
¢ (light time)

WRODEENE, FWNREXTOIEREICHTE
Y¢fTZ& (aberration of light)
SHEDEF &, WROAMICHKTE
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(I E SR DEUS A

SpiceDouble

It SC, SC pos_bd[3];

spkpos_c ( "PLANET-C", et, "IAU_VENUS",
"LT+S", "VENUS", SC_pos_bd, &lt_SC);

A7J Ik
"PLANET-C": %

et: BFZ

“IAU_VENUS”: EEfR% (thER[E E EE1RR)

"LT+S" BT

VENUS EE,EU% (l?,'#\)

SC _pos_bd: fiii&

It SC:
=9) E

Rl (JEHFHLE

EXITEMIEZRE (FE35"NONE")

EY). SETOMERHEOET

DElA



Y272

> 7)bspk sa_pos.bsplcidEERIEIRED—
FARE 3 DO#EFERHEHFEN TS
orbit.cldA FTZ5t&EL, HAHT3
TEZ[FER & UEEERO =ZRITNERR
PEZEZR IS LT D Z1E%E
J2000 (i81EXxR) (KR, XITEMIELL)
IAU_VENUS (££2EE) (K, XITZEMIES®D)
=828 (D) -BRERHEIERE
=TEHEIRIE2010-12-05T22:32 jUTC) A=
2010 12-07T04:18% T, 5% %
ATERRETEXFARNIPAILICUTIALI KL
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Y272

TSUBZ
AVINTILE, ET7717ILERULFos LI BMVIC
kernel list orbit.txthé% 3 & EﬁEEﬂ\
$ cat kernel list_orbit.txt
kernels/de421.bsp
kernels/pckO0008.tpc
kernels/naifO009.tls
kernels/sa_pos.bsp
kernels/plc_vO1.tf

e, EIT771ILERAUTF o LY MVlckernels
%}éw NUDFEEL, EEED77AILDHBCE




T2 7I2
=176

$ ./orbit $(cat kernel _list_orbit.txt ) <- bash/zshDi5&
$ ./orbit “cat kernel list_orbit.txt" <- csh/tcshDiF&
kernels/de421.bsp is loaded.
kernels/pckO0008.tpc is loaded.
kernels/naifO009.tls is loaded.
kernels/sa_pos.bsp is loaded.
kernels/plc_vO1.tf is loaded.
#TIME (UTC)
SC pos _bd X SC pos bd Y SC pos bd Z
SC_distance
2010-12-05T22:32:00
-5628.2971 -2654.3578 -1576.3848
6419.3717
(LUTHE)
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gnuplot T DRRHI

$ ./orbit $(cat kernel list orbit.txt) >
orbit.tx},

$ gnupldtorbitgp  ——
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30000

g n u p I OEOOOT“ @ %ﬁ-\fg u | f_r___,,-ff--‘“_“&fﬂ.__?‘l_il‘.tude '(distance - 6052 [km])

$ gnuplat
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TIME
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003200

12/07
08:00
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ded21.bsp
RE & ADHERR (spk)
pck00008.tpc
RELHADBE FIREHR (pck)
naif0009.tls
2555 (Isk)
sa_pos.bsp
EERLIEEDHERIHR (spk)
plc_ vO1.tf
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ded403, de405, de421...
Solidded421 ZEAH (ded421.bsp)
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Sample Frame Tree and

Chains

Saturn
Body-fixed
frame

ISS NAC
instrument

Inertial
J2000
frame
PCK-based
PCK-based transformation
transformation
Earth
Body-fixed
frame
PCK-based
transformation _
CK based bodI/I—tf?:ed
transformation

frame

Topocentric
Frame at th

\Eng site

Fixed offset
fransformation A7\A
Cassini

spacecraft
frame
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AZEHEDTRR (FEAR%T
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RS IIEE LB (el,e2,€3)
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9 5
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SPICE toolkit DOz Z ik

FEEBOZESRLGE, Z(kITD3HDIF

9 =45 AV TERZRTF (ck)
ZRDZELL — MEroll, pitch, yawD &
BEL—kh &5

FERZ R/ E, DEEDETE T EIERTTS
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THIIREODMIRE, 1T5-XT7 NILODT
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ck&dynamic frame

ﬁ?’l‘#ﬁfﬁ: REZ(LT 5 =D DERRDOEHER

CkiFEFRDERZELDRRINT—H
PR ISBEETI (£> 7T, sclk&iskh iiA)
RAlE, FFERBHEHLIGEWECKkZENGL
BFRDHDHHEAUDZERZRB/ESIENTELHEL
KREDZERIHDFRHEFTIFITRE->TWS
WRKEIER (BANNR, KBE, HhER)
BERENY NLigE
dy;r;g)r%c frameTIld, FEFZfEHR LT, EIRIICES
ARIEHE (BEIBHR) BHSERD, WOTHERFTHZES
CEMNTES




dynamic framet > 7IL

plc_df -XV.tf
TWO-VECTOR dynamic frame

-X#h: EEEM

+Zfl: BEEE
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BEFRTYHLRE

B> 7I)lbck (casel _qg.bc) HIFEFREU
FKETERSNEERT—5
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footprint.c FREHEICEL D HAXS
*xME=FHHEIT S

EEALEICKHITAIFEETRDREEE
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DASHIERI NMILEEEARDR R (footprint,
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Y27IL3

1T

$ ./footprint $(cat kernel list_att ck.txt) (ck{EFd)

$ ./footprint $(cat kernel list_att df.txt) (d.f.fER)
kernels/de421.bsp is loaded.

(g, D—RILHZHZEHFATNTNS)

PLC_UVI_283
(XS D2

2010-12-05T22:31:00 -14.28 210.62
(RERETRORERE)

2010-12-05T22:31:00 -14.28 210.30

(A A SR DfootprintiEEREE L, XKEZEREUEH)
(fel2U, £ERREERE TIREFEREUEW)
50.74 56.80 6.12
(footprintic& |7 3 iithA, AHtA, HEA)
(UTF, 58%HTHN)
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gnuplotk_ &7y MMl

f Ot LE_@E@ SbS/Cl t +
$ ./fogtprint $(cat kernel list_ att c.k txt)
> footprint_ck.txt
$ gnuplot "footprlnt ck.gp"
i 0 30 60 90 120 1?-(;ngitu1d880 [deg]210 240 270 300 330 360
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E x Incidence Angle
Emission Angle =
N S e
= o  eg
5 120 F o -
= + N
z .y
o
E : ™
8 90F % 4
5 %
= =
e * g
S go} % i
— +
— + +
+
+
20 b + :
\ .
0 T T ——
12/05 12/06 12/06 12/06 12/06 12/06 12/06 12/07 12/07 12/07
20300 00300 043200 08200 12200 16200 20300 00300 04300 08200
TIME
3,44922e+08, 183,115




FRALEH—XI

B 7IL2ICIAT
casel _qg.bc
LB (ck)
plc_v0O0.tsc
RFZUIEHR (sclk)
plc_df -XV.tf
L% FE U T=dynamic frame kernel (fk)
plc_uvi_sample vO0O.ti
A ASDFRBERY FILIEHR (k)



FERA L =%

getfov _c (instid, BCVLEN, STRLEN, STRLEN,
shape, frame, bsight, &n_bcv, bounds );

AXZ DY NVIFHRZ S
AR5

instid: #&23DID (-130102 = AMICA)

BCVLEN, STRLEN, STRLEN: &% U
HAAHSI#L

shape: & HREBFHIR (AMICAIZFER?)

frame: REENX7 NIVIEERDOEER

bsight: tR#&~XJ7 M

&n_bcv, bound  RFIRAZERT DNV MNILES
L1cApg e PO RIARER *




FERA L =%

subpnt_c ( "Intercept: ellipsoid" ,
"VENUS", et, "IAU VENUS", "LT+S",
"PLANET-C", subpoint, &trgepc, subsrfvec );

RERDETRZ™S

AT HE & ST ‘
“Intercept: elll%smd”: ETEDEESE
“VENUS”: SH&RKME
et: K5l .
“lAU VENUS”: F:Ei?% CEE IR EKEDEEEER)
“LT+S”: JEBS, JIT=E#HIE
“PLANET-C”: SliHlE (FREKE)

H A58 o
subpoint: E R D =RTER
&trgepc: XFEEZZ R U 8RR
subsrfvec: E TaR-EAIEDARY ML



FERA L =%

sincpt_c ("Ellipsoid"”, "VENUS", et, "IAU_VENUS",
"LT+S", "PLANET-C", frame, bsight,
xpoint, &trgepc, xsrfvec, &found );

FRENRY Mlbsight&EXEE DR ZTS

A7
I--Ijj

3513 (Kg)
35| %%

found : fRIRNYI MILERBEHI R B ZFHOBEE, BLWES
th&73%. SpiceBooleanB!DZE#]




FERA L =%

reclat_c ( subpoint, &radius, &lon, &lat );

ZRTERZEZREEICERT S

dpr_c();
degree per radian

ilumin_c ( "Ellipsoid”,
"WVENUS", et, "IJAU_VENUS", "LT+S",
"PLANET-C", xpoint, &trgepc, xsrfvec,
&phase, &incidence, &emission);
HERZICE TEIRELD—RTOHAUENSRIEZD
EhlTOHRBRRXMZES




Y2714

AXZICE B EEDHRFRTDEIR
REFANTODEER

i H %ln\a)%ElZs l‘ilg

EIILER (EiE) X Y

oL X Y

JL—AL5 =L 0.250 Hifs 0.000

o) ®E ) Fx N IL—A ) Ev= /7 W XA )( 25— N & )( W wes ) '\)b7 )
( ds9IcDW\T X BA< ) EHRDIRY Ny ~R—IDHE ErlﬁlJ

UseO

T T
20 40 60 80 100 120 140
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aAYIN1IL

$ gcc sim_camera.c get_ cam_info _c.c
getlos_ cam _c.c /usr/local/lib/cspice.a -
Icfitsio -0 sim_camera

SPICE toolkitdfth, CFITSIOZER (F& ik
L7 — % DFITSH )
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1T (ckzig, bash?DiFg)

$ ./sim_camera $(cat kernel list _att ck.txt)
(HRE)
Use PLC _UVI 283
(ERAT AN ASRZERT)
Base filename: CK
(BA7 71 ILADEIEERD ZiRTE)
Input time (UTC): 2010-12-06T09:00
(ER 9 S IRHRERD X 2 R E)
(LU TER)




Y2714

ERkEni=c771I)

EE2EHEE, BE
CK 2010-12-06T090000 Iat.fits

CK_2010-12-06T090000_Ilon.fits

BEREG (ASA,

ST A,

uEA

CK_2010-12-06T090000_i.fits
CK_2010-12-06T090000_e.fits
CK_2010-12-06T090000_g.fits

)



