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Mercury 6023597.400017
Venus 408523. 718655
Earth 332946. 048166
Moon 27068703. 185436
Mars 3098703. 590267
Jupiter 1047. 348625
Saturn 3497.901768
Uranus 22902.981613
Neptune 19412. 237346
Pluto 135836683. 767599

22032.090000
324858.592000
398600.436233

4902.800076
42828375214
126712764.800000
37940585.200000
5794548.600000
6836535.000000
977.000000

GMg/GM,

Earth-Moon mass ratio

81. 3005690699
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Esubrcutine basecheby (bv,t,N,bvel) Jsubroutine chebyval (p,N,x, fx,vel)

e subroutine - . comment

| . . Version - V1.0 : Purpose-:-2019-05-08-10:11 (Cr§ated]
| . .Coded by -:--syz ' pglgval(p,x] re;urnsdthe value -of-a-polynomial
| .Date -2010.07.09 of-degree-n-evaluated-at-x.
o ! The input-argument-p-is-a-vector-of
. b 1 T . . .
| . Purpose YIS 2 TR0 5 5 3| ' length-n+l-whose elemgnts are-the.coefficients-in
s e powers of - the polynomial-to-be evaluated.
) ! = + + *% .+
! .- Input- -parameters- -: . fx-=p(l) p{2)x-+-pl3)xix
! 1. t BEFEE er Bavmmeere
e Input- Parameters
! 2. m- PIEL T R L T Fr & LT EHRRNEH
| . .Qutput - parameters. -: . ﬁ ﬁiﬁﬁiﬁ%ﬁii
! 1. bv-———— HERERE . x  EBTEE
P e B = = == = e s —
; 2. bvel EEEFEE (5SS ERAEEIAERD ! Qutput . Parameters
o ! fx- NEFE !
implicit none —
lnteefr ffN ) ) ! .puthor : - Song - Yezhi <song.yz@foxmail.com>
?eal - Dibv(N+1) -, t-, bvel (N+1) ! . Copyrigt- (C) - : - Shanghai-Astronomical - Cbservatory, CAS
integer - - il ! (AR11 rights reserved, -2019)
bv(l) = 1d0 <
bv{%}ﬁ= L implicit none
FHdo 1=3,N+1 o o o integer 1N
bv(i) = 2d0* t.* bv(i-1) = bv(i-Z) real*: :: p(N+1),x ,fx H(N+1) ,vel, Hvel (N+1)
~end do |
NrEEREITEEE call basecheby (H,x,N,Hvel)
e R ERE AR KA SHOEEE
bvel{r} = ‘--*:_.i fx-=-p(l)-* H() Pop(l) -*1
bwvel (2) = 1d vel =-p(l) -* Hvel(l) ! -p(l)- -*0
Hde i=3, N+1 Jdo - i=2 ,N+1
bvel(i) = 240 * bv(i-1) + 240 *t * byel(i-1) - bvel (i-2) fx = fx + p(i) *H(i)
~end do . vel = vel+ p(i)* Hvel (i)
LEEEREITEFEE -end - do

end subroutine basecheby end subroutine chebyval
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program main

!'. .Purpose

!'. .muthor Song- Yezhi <song.yzl

! .versions and Changes

! v1.0 --—--2015-05-08-09:16:37!

mn
Notes

the coefficients. for-a polynomial pi
n-that -is-a best fit: (in -a least-squ
The coefficients in . p.are. in powers

! .Copyrigt- (C)

! Center - for Astro-geodynamics

! Shanghai  Astronomical - Observators
! Chinese Academy-of - Sciences
-

implicit none

integer t:-N, T
character*t r1-strd
real*: 11 -Lspe

narg = -iargc()

'get the number-of-args. input

Hif (narg<?) then

write(*,*) 'usage:’'

write(*,*) . 'main.app- -N--tspan'

write(*,*) ' .N..-is-the . order -of-the pol
- write(*,*) . ' .tspan-is-time-span- for dat
Helse

call getarg(l,strN)
call getarg(Z,strSpan)
read(strN,*) N
read(strSpan,*) tspan
call ephfit shell (N, tspan)
rend if
_end program main

Isubroutine ephfit shell(N,tspan)

! .Buthor Song-Yezhi <song.yz@foxmail.c
!. Copyrigt: (C) Shanghai - Astronomical - Observatory,
! (R11 - -rights- reserved, -2019)

implicit none

integer ::-N,1

real*: px(N+1) ,pyv(N+1) ,pz (N+)
real*: I -tspan

cpen(unit=_" file="coe.txt")

write(12,'(R&)"') - 'order of - chebyshev -polynomial - -and
write(l2,' (I5,F168.10)") - N, tspan

-call ephfit(N,tspan)

end- subroutine ephfit shell
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Esu.broutine ephfit (N, tspan)
— !

! . Purpose-:-2019%-05-08-08:50 (Created)
1

! . Input Parameters

! M- dimention-of - cbservation-data o
! N ——— order-of -polynomial 42 Bodo B . . .
. 43 read(.l,* iostat=ioerr) year,mon,day, hour,minu,sec -, x, ¥, 2z
. 44 if(icerr/=0) exit
! Output:Parameters 5 t=. (day-day0) *24*50 4. (hour-hour0) *c0 +. . (minu - minu0) -+ (sec - sec0)/c0dC
! px-—-——--coefficients of x 46 if. (t>=tspan) -then
! py---—--coefficients . of vy 47 backspace (11)
. 48 exit
! pz-———-coefficients-of-z ol | end. if
! 50 }/tspan- - 1d0
! .muthor 1. Song-Yezhi <song.yzRfoxmail. com> 51 F15.8,17,474,£10.3,3f20.3) ") - t, -year ,mon,day, hour,minu, sec, -x, 'y, -z

! Copyrigt- (C) - :-Shanghai Astroncmical -Observatory, CAS
! (r11.rights-reserved, - 2019)

call basecheby (Hx,t ,N)
call add NEQ(ATAX,ATbx,x- ,Hx N+1)
call basecheby (Hy, t,N)

implicit none

integexr ::i,icerr,N, M.,iter 58 call add NEQ(ATRy, ATby,y ,Hy N+1)

0 - 4 - " " " " - 59 call basecheby(Hz,t ,N)
rea.l*—j- 1 BTEX(N+. ,N+1) AThx (N+1) ,px(N+.) ,covx (N+1 ,N+1) Hx(N+1) 0 call add NEQ(ATEz ATbz,z. ,Hz,N+)
real*d o ATRAV(N+. ,N+1) ATbhby(N+1) ,py(N+1) ,covy(N+. ,N+1)  Hv(N+1) | 51 | . end do -
real*: 11 ATRz (N+. ,N+1) ATbhbz(N+1) ,pz (N+1) ,covz (N+1 ,N+1) Hz (N+1) 62 call chol eq(ATAx,ATbx,Px,covy,N+1)
integer 11 year,mon,day,hour,minu- ,day0,hour0,minu0 83 call chol eq(ATRy,ATbY, Py, covy,N+l)
real*: .- sec secl, x 7 t .tspan €64 call chol_eq(ATAz,ATbz,Pz,covz,N+l)

o Tl ' XY, Ty P 65 ATAx% . =. 000
open(unit=__,file="xyz ECF") 66 =
ocpen(unit="7, file="tmp") 67 =
LTRAY = ' 68 =
ATbx o =0

70 ATbz = 0d0
ATRY 71 write (12, ' (<N+1>(F S/))7) - (pxr (L) i=1,N+1)
AThy 72 write (12, (<N+l>( ATy ey (D) =1, N+D)
RTRZ 73 write (12, (<N+1>(F ,/))) - Apz i), i=1,N+1)
LAThz 4 “end deo
iter 75 end subroutine ephfit
Hdeo

read(l1,*,iostat=icerr) year,mon,day0, hour0,minul,secl0 , %, v, =z
if(iocerr/=0) exit

backspace( )

iter = iter+l

write (12
write (17,
=] do
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gsubroutine basecheby (bv,t ,N)

! subroutine . - comme
!'..Version T V1.0
!'--Coded-by--:--syz
!'. .Date :2010.07.09
1
!. . Purpose EEMETRNERL
[}
implicit none
integer N
real*: by (N+1)  ,t
integer Tl
bv(l) = 10
bv(2) =t
Ido - i=3 ,N+2
bv (i) = -2d0*. £t . *.bv(i-1) - -bv({i-2)
end do
end subroutine basecheby
Esubroutine covariance(L,D,P,N)
=
! - Purpose 2019-04-15-13:08 (Created)

FRARIOL SRR T

B

Input: - Parameters :

.
D - X AEITE
N-———— FEFELEEY

Output - Parameters H

Author
Copyrigt- (C)

Song-Yezhi <song.yz@foxmail.com>
Shanghail - Astronomical - Observatory, CAS
(A1l rights- reserved, - 2019)

implicit none

integer 1IN

real*: 1 L(N,N) ,D(N) ,P (N, N)

1

integer HE

real*: o invL(N,N) ,invLT (N, N)

call inv dtri(L,invL,N)
invLT = transpose (invL)
Ddo i =1,N

invLT(:,i)=invLT(:,i) /D (i)

rend do

= -matmul (invLT,invL)

end subroutine covariance

-

subroutine - chol eg(h,b,x,F,HN)

Il subroutine- - comment
1..Version 1-:W1.0

!..Coded-by Z0Ng. Y2

1..Date 2019.04.15
|
!..Purpose TR EEFEEE (InEFE)

! Post-Script-:

! 1. B IERI T FFFH Cholesky 7 BEIE
b
. .Input- -parameters- -:

! 1..-n(N,N) WRRIEE REAEE

! 2. bMBEEE

1 3.. .N—-FTEEE

!..0utput -parameters: - :

1 1. x-1TEZEE

! 2. P——WHAE. (BTREEANHTEEEEGEEES. E
D
!..Copyrigt

! Center-for.Astro-geodynamics
! Shanghai -Astronomical - Cbservatory
! Chinese-Academy-of - Sciences

implicit-real¥*: (a-z)

integer::N

real*:::L(H,H) b(n) , x(n)  BP(H, 1)
6 subroutine.variable
real*:: L{(N,HN),d({n)

integer::i,k

real*t: v (M)

call -chol rf(&A,L,d,B,m)

1B F EEE Fcholesky it B

vil)y=b (1)

—ldo-i=2 ,n

tmpl=0400

do k=l ,i-1
topl=tmpl+L (i, k) *v (k)

end - do

v(i)=b(1)-tnpl

Fend-do

®(n)=y(n)/d(n)

—ldo-i=n-1,7,-1

tmpl=000

do-k=i+l,n
tmpl=tmpl+L(k,1i) *x (k)
end - do
x(i)=y(i)/d(i)-tmpl

-end - do

end - subroutine chol eq
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ﬂsubroutine polyval (p,N,x,Ix)
Purpose 201%-05-08-10:11 (
polyval (p, %) -returns-the- -value - of -a-polyn
The - input - argument -p-is-a-vector-of-lengt
powers-of -the polynomial -to-be- evaluated.
fx-=p(l) +pl(2)x-+-p(3)x¥*x-+

Parameters

Z IR

SR

HEZE

Qutput - Parameters
fx - NMEE

Zuthor
Copyrigt- (C)

Song-Yezhi <song.yz@foxm
Shanghai -Astronomical - Observa
(B1]1-rights reserved, -2019)
implicit none
integer
real*:

N-,i
p(N+.) ,x ,fx ,H(N+)
call basefunc(H,x,N+1)
fx - =p(l)
OJdo - 1=2 N+
fx =fx + p(i) *H(1)
~end  do
end subroutine polyval

subroutine - add neg(ATA,AThb,oc,H,N)
E! ————————————————————————————————— subroutine . - comment
!'. . Purpose 2018-058-05-13:33 (Created)
add-a-new observation-to-normal-equatior
(ATR+-H'H) -x-=-ATbh-+-H'oc

! ATA. -————-.initial ‘normal matrix

! kth. -———---initial right vector

! oC - ————— o-c--for-liner-equation

! H — obs - vector

! WNo—————— the dimention-of - the matrix
!'..Qutput-Parameters

! AT —————-— updated -normal matrix

! ATh ——————— updated-right vector

'\ -
!'..muthor Song-Yezhi <song.yvzRfoxmail.cc
!'. .Copyrigt- (C) Shanghai-Astronomical - Observatory,(

(211 -rights-reserved, -2018)
N

implicit real*:t (a-h,o-2)

real*c:: ATA(N,N) ,ATh(N) - ,H(W)

Hde -i-=-1,N

if (H(i)==0d0) cycle
| do-j =1 ,N

BTE(i,3) = RTA(i,j)+ H(i)*H(])

- end do

LTh(i)= ATh(i)+H(1i) *oc
Lend  do

end subroutine -add neg
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ﬁsubroutine chol rf(a,L,d,P,N)

- subrouti
- -Version 1 V1.0

! - Coded- by 5YZ

! Date 2019.04.15

.- Post-Script-:

! 1.  AHEFFABIcholeskyir iR

- Input:  parameters: :

! 1. -A(N,N)——FIANFERE
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implicit real*:- (a-z)
integer::N
real*-::A(n,n),L(n,n) ,d(n) ,P(N,N)

l—— subrouti
integer::i,Jj

real*:-:: g(n,n)

' EWIE

L=0d0

d{l)y=a(l,1)
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' BEVIME

L=0d0

d(l)y=a(l,1)

-lde - i=",n

- - do-J=1,1i-1

L EER Eg (4, 3)
tmpl=0d0

= do k=1,i-1

tmpl=tmpl+g (i, k) *L (], k)

E end do

g(i,j)=a(i,j)-tmpl

- -end do

H:-de-j=1,i-1

L ETEFEL (4, 3)
L(i,3)=ag(i,3)/d(3)

- -end do

'L Ed (4)

tmpl=0d0

M do k=1,i-1

tmpl=tmpl+g (i, k) *L{i, k)

- end-do

d{iy=a(i,i)-tmpl

~end- do

R EXTBEITTE

Hdeo-i=1,N

L(i,i)=1d0

~end- do

~¢all covariance(L,D,P,N)

end subroutine chol rf




A PRE LR A=

‘a =149600000km

e=0.016709 (r,cosA,cosf,
Ji=0.°0000 I, =R, (=¢)| 1 sin 4, cos 5,
O+»=282.29400 \foSIN 5, y

‘M =359.5256 + 35999.7049T
£ =23.4329111

A, =Q+w+M +6892"sinM+ 72"sin2M
r, =(149.619 — 2.499cosM—0.021cos2M )d.0°km
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BikF|EL, AEkFinLml. KAFaLml,
kAR DRZEF. KPHEESFMAIKERRE |‘57E|’J/~§—
D,

( L, =218°31617 +481267°.88088-T —1°.3972-T
| =134°.96292 + 477198°.86753- T
|'=357°52543 + 35999°.04944 - T
F =93°27283+483202°.01873-T

\ D =297°.85027 + 445267°.11135-T

.
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Ay =L, +22640" sin(l) + 729"sin(2l)

—4589"sin(l —2D) + 2370"-sin(2D)

—668"-sin(l") —412"-sin(2F)

—212"sin(2l —2D) — 206"-sin(l + 1'-2D)

+192"sin(l + 2D) —165"sin(l'- 2D)

+148"-sin(l —1") —125" sin(D)

~110"sin(l +1") — 55" sin(2F — 2D) Rk

Sy =18520"sin(F + 4 — L, +412"sin 2F +541"sin|’)
—526"sin(F —2D) + 44" sin(l + F —2D)

—31"sin(l'+ F —2D) — 25" sin(-2l + F)

+23"sin(l'+ F —2D) + 21" sin(-1 + F)

+11"sin(-1'+ F — 2D)
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n, = (35800 —20905cos(l) —3699cos(2D —1)
—2956¢0s(2D) —570cos(2l) + 246cos(2l — 2D)
—205cos(I'-=2D) —171cos(l + 2D)

—152cos(l +1'-2D))

EIETRA AR L ATREE FRE R AR
(r, COSA,, COS 3, )

r =R (-¢&)| r, sin4,, cos S,
v SIn By, )
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a=ayg+at AU,

e=eyp+et,

I =1y+ (1/3600)t degrees,
w = wo + (w/3600)r degrees,

Q= Qo+ (2/3600)¢r degrees,

A =Xxo+ (/3600 +360N,)t degrees,

The following tables give the orbital elements of the planets and
their variations at the epoch of J2000 (JD 2451545.0) with espect
to the mean ecliptic and equinox of J2000




Hib XITEBH AN

Planet ap (AU) €o Iy (°) @ (°) 2 (°) Ao (°)
Mercury 0.38709893 0.20563069 7.00487 77.45645 48.33167 252.25084
Venus 0.72333199 0.00677323 3.39471 131.53298 76.68069 181.97973
Earth 1.00000011 0.01671022 0.00005 102.94719 348.73936 100.46435
Mars 1.52366231 0.09341233 1.85061 336.04084 49.57854 355.45332
Jupiter 5.20336301 0.04839266 1.30530 14.75385 100.55615 34.40438
Saturn 9.53707032 0.05415060 2.48446 92.43194 113.71504 49.94432
Uranus 19.19126393 0.04716771 0.76986 170.96424 74.22988 313.23218
Neptune 30.06896348 0.00858587 1.76917 44.97135 131.72169 304.88003
Pluto 39.48168677 0.24880766 17.14175 224.06676 110.30347 238.92881




Hib XITEBH AN

Planet rflo éo ] 0 Cb'o QO A--O N, r
Mercury 66 2527 —=23.51 573.57 —446.30 261628.29 415
Venus 92 —4938 —-2.86 —108.80 —996.89 712136.06 162
Earth -5 —=3804 —46.94 1198.28 —18228.25 1293740.63 99
Mars —7221 11902 -25.47 1560.78 —1020.19 217103.78 53
Jupiter 60737 —12880 —4.15 839.93 1217.17 557078.35 8
Saturn ~ —301530 —36762 6.11 —1948.89 —1591.05 51305295 3
Uranus 152025 —19150 —-2.09 1312.56 1681.40 246547.79 |
Neptune —125196 2514 —-3.64 —844.43 —151.25 786449.21 0
Pluto —76912 6465 11.07 —132.25 —=37.33 52274790 0O







