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u3
	 -S REF

u l = unit [
hREF " SREF]

^	 ^	 ^

u 2 = u 3 XL'1

where

(1)

(2)

(3)

(4)

^1I	 I'i

INSTANTANEOUS RELATIONSHIP BETWEEN SOLAR INERTIAL

AND LOCAL VERTICAL LOCAL HORIZONTAL ATTITUDES

The Solar Inertial (SI) coordinate system is centered at the orbiter center of

mass and is defined such that the negative z-axis is directed toward the sun,

the x-axis is in the orbit plane and positive in the direction of motion at

orbital noon, and the y-axis completes the ortho gonal, right-handed coordinate

system. Thus, the SI frame is related to an arbitrary reference frame (REF)

through the rotational transformation matrix

and

S
REF = unit vector in the reference frame from orbiter to sun

h
REF - orbital angular momentum vector in the reference frame

(- rREF " vREF)

rREF = orbiter position vector in reference frame

v
REF = orbiter velocity vector in reference frame

The Local Vertical Local Horizontal (LVLH) frame is centered at the orbiter

center of mass and is defined such that the y-axis is along the negative



orbital angular momentum vector, the z-axis is along the negative position

vector, and the x-axis completes the right-handed, orthogonal coordinate

system.

Then the relationship between the SI frame and the LVLH frame is given as

"T
u1

[R] LVLH	 '2(5)

"T
U3

where	 u3 = 
-SLVLH	 (6)

u 1 = unit [
hLVLH " SLVLH]	 (7)

u2 = u 3 x U 	 (8)

From the definition of the :VLH frame,

0

hLVLH = (0)1(g)

Thus from eq. (7)

-S3/0

u 1 =	 0	 (10)

S1/0

2



where	
Si = SLVLH(')

D2 + S3

i=1,2,3

Carrying out the cross product indicated by eq. (8) gives

-S1S2/D

u 2 =	 D
	

(12)

-S 2S 3/D

The relationship between the SI system and the LVLH system is given by the

matrix

-S3/D	 0	 S1/D

LVLH = -S
1 S 2/D	 D	 -S2S3/D
	

(13)

-S 1	 -S2	 -S3

where S i and D are defined in eq. (11). All that remains is to define the

orbiter-to-sun line-of-sight vector in the LVLH system, SLVLH'

Suppose that the orbiter attitude is given in terms of pitch, yaw, roll Euler

angles with respect to LVLH and the pitch, yaw look angles to the sun are

given. Both types of data are given by the Shuttle Attitude and Pointing

Timeline (SAPT) Program and by the HP9825A Super Sighter (SS) Program and

are usually published in Reference Flight Profile documentation.

From the pitch, yaw look angles to the sun ( Psun' Ysun) the orbiter-to-sun

line-of-sight unit vector is computed in the orbiter body (BY) system as

3  

H(II	
4

l	 I	 JI
I  



cos (Psun) 
cos 

(Ysun)

SBY =	
sin (Ysun)

-sin (P sun) cos
 (Ysun)

The pitch, yaw, roll Euler angles which define the orbiter attitude with

respect to LVLH are used to construct the LVLH -to-BY matrix

[A] LVLH = CRX (roll)I (R` ,yaw)] CR Y (pitch )]

(14)

(15)

where

1	 0 0

RX (a) = 0	 cos (a) sin (a)

0	 -sin (a) ccs (a)J

cos	 (a) 0 -sin (a)

RY (a) = 0 1 0

sin	 (a) 0 cos (a)

cos	 (a) sin (a) 0

RZ (a) _ -sin	 (a) cos (a) 0

0 0 1

(16)

(17)

(18)

The unit vector in the LVLH frame along the orbiter-to-sun line of sight is
given by

rr
[AT]LVLH

SLVLH 	 BY	 SBY	 (19)

Given the LVLH attitude and the look angles to the sun, the equivalent SI

attitude is computed by extracting the pitch, yaw, roll Euler angles from

I 4



11LVLH
BY 

[M] SI - [A] LVLH ^RTJSI	
(20)

Once the SI-LVLH relationship has been established, an equivalent LVLH

attitude may be computed for any given SI attitude by constructing the SI-to-

BY matrix [M] 
BY 

from the pitch, yaw, roll Euler angles with respect to SI as

[M1SI = [Rx (roll)][RZ (yaw)] RY (pitch)1	 (21)	 r

and extracting the pitch, yaw, roll Euler angles with respect to LVLH from

the matrix

11
[A] LVLH - [M]SILRTJ 

SI

LVLH	
(22)

A summary of the SI . LVLH attitude computations is given in the flow

diagrams.

A program was written for the Hewlett-Packard 97 programmable calculator to

perform the SI +-* LVLH computations. Documentation and sample output of the

HP-97 program are included.

5



cos
(Psun) `cos (Ysun)

SBY = sin (Y sun)

-sin
('sun)	

cos
(Ysun)

f(A]
BY

=	 [RX(roll)][RZ(yaw)][RY(pitch)]

S1
LVLH

S 2	 - S LVLH

T

=	 [A ] BY SBY

S3

PITCH, YAW LOOK ANGLES TO SUN
PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO LVLH

....

LVLH TO SI ATTITUDE CONVERSION

1: 
ENTER

INPUT

D = S^ + S3
	

OUTPUT

-S3/D	 0	 S1/D	
LVLH-TO-SI MATRIX

[R]SI= -S
1 S 2/D	 D	 -S2S3/DLVLH

-S 1	 -S2	 -S3

BY	 BY

I

LVLH
[M] SI - [A]LVLH[RI]SI	

SI-TO-BY MATRIX

EXTRACT PYR WRT LVLH FROM [M]SI 
I	

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO SI

EXIT

6
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1

EQUIVALENT SI, LVLH ATT_TUDES

INPUT

PITCH, YAW, ROLL ATTITUDE

[A] BVLH - [R X(roll) ] [ ZR (yaw) ][R [ y
R (pitch) ] WITH RESPECT TO LVLH SI

LVLH-to-SI MATRIX [R] SI

OUTPUT
[M] BY - [A] BY [RT] LVLH	 PITCH, YAW, ROLL ATTITUDE

5I	 LVLH	 SI	 WITH RESPECT TO SI

EXTRACT PYR ANGLES FROM [M]BY

EXIT

ENTER

INPUT

IV]SI = [RX (roll )] [RZ (yaw)] [R Y (pitch )]

BY[A] BY- BY	 SI
[M]SI[R]LVLH

BY(EXTRACT PYR ANGLES FROM [A)LVLH

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO SI

LVLH-to-SI MATRIX [R]LVLH

OUTPUT

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO LVLH



PITCH, YAW, ROLL EULER ANGLE EXTRACTION

z,

i

ENTER
	

INPUT

MATRIX

YAW = SIN -1
(C
12 ),	 -900 < YAW < 900 

I

C11 C12 C13

[C]	 = C 21 C 22 C23

C31 C32 C33

ROLL = TAN 
I(C32)

C 	 -180° < ROLL < 180°

THAN	
22

_C
PITCH = TAN 1
	 13	

-180°C11	 < PITCH < 18

IF IYAW1 < 900 - e

ROLL = 0

C
PITCH = TAN-1 C

31	 1800 < PITCH < 1800
33

OUTPUT

PITCH, YAW, ROLL EULER ANGLES

EXIT

n;

z;

8r
Ri
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Prog <a m Description

Program Title LVLH — S= ATTITUDE Comve RStot4
Name	 STEPHANIE A. Vtc vemy	 Date 4/Ig/1977

Address
City	 Slate	 Zip Coda

Program Description, Equations, Variables, etc. This pxi%ra n conuerlS lrorn LVLH (LrtAl Verilcal LacAJ

16 10061) 4o S1 (Solar aif:Qas giveri 10,0L anIes do Ae sun (piEcl i
yaw seiueace) . Once $6. LVL1I -6- S= M[12 1)1;^Ip has been established , Conversion
ntay 6e made £Po \ SL to LVLN . A pile t ya -, roll Eisler sdiuence is used >or

J{ a inpat a-A otdp..k atl;l'ades	 Cos( P) cOS(h)
• Ue P ry 100IL a, 

%I 
to sun aj cc"Sirud	

s8Y	 sin(p)
Gnit line-o4'- sirhf vec1mv 6 sun in 6od,, mepdinates	 - C-Siri(P)eosCy)

• Jake, p,y,r Ei.lev angles 04 tl,a body LLtlTtade u;A respect to LVLH a^d Constrao

[A] " H - PADA.ct	 CRx(roll)JLR^(4aw)^LRY(pi^c^),
Com?ate lint- of- siy6t 1-o Sun in LVLH

	S I \	 n- r 	 LVLH ^

	

5'3 I

	 SLV^H	 A7]
ey 

s 
BY

CanstnTCi +1n&_	 ST -6- LVLH Ma-lrix	 S3/7D -S I S x/b -SI
rLVLH	 O	 'D	 -S1^- STx753L	

l

RT ]C52	 SI/-D -Sa5 3 /D -S3

-Then C)LJeacl PrIcI T law t roll W_%uence Er 6r d,^ , eS el BY wrt SS. Fro,.. Ae r.tat'rin
ey	 6y	 T LVLH

CM75^ = C^]LVLH CR ] S7.	 p

	

pTylr Eider a,v,^ks w;ii be prt^ted . Tftil matrix CR ]LV H wall le	 secdnd'ar^
a

	

hlnirix ^M^ 	 wIU 6e in PIYTgarat R, - Ry .
Gruen am, Pt y t r wet S.L , 4e.,, i4,e plyl r allLele wrt LVLH Is colnPa{eA as

l
I 

Y^NI
^LYLH
	 [Al i"

 [RI
ST

S=	 LVLH

Operating Limits and Warnings
GLler	 extrnclim,	 lo^tc

/

fails ai

P
TaM if —Mr3

)\ m t ,

ll0.W	 = Sirs	 \ m ti

roll	 = gym„ t n' a>_
C rn',^ )

liaw = t l0 
0

I -18US piltl'. 51X0"

I -qo z yaw < 90"

r - lao`L,bII c IRO"

9

--	 7'- -W.._	 _—	 -77



STEP INSTRUCTIONS
INPUT*

OATAIUNITS KEYS
OUTPUT

OATAIUNITS

l
2

o^c^_Side. '1	 and	 Side	 2
Input_ PIFcl,., uaw	 Ioo^ an41 s -̂1 sum LET tjI

If_1F I
fFST11 L- _1

IEt+rtl L	 ..
6L.	 7(	 I

L_ —1 L__- -I_
I	 I	 I

_-1I	 _I
feNrfl I	 .I

fEr+r_rl
I C

L_ .7
- i 7

L	 ^_
L	 _ I ^_	 I
L-	 -	 II	 I

I f --- I
I I —I

C. - -1 I-_--1
L_	 __-_I C __	 I

LENr_ill. 	 -1
LtNr rll 	 I
LA_ I	 _J
L-1 ^__7_1
L---.IL_	 I
L f __1 L r

I 	 L._._.
1-._.1 L—j

I I	 .E. _ I
I — I L_-	 I

I	 — I
L
C^_.I f _-^

I	 I_J-1
I_	 ._^

I I
	 __._ 1

((L_.JI I _ .I
\6EEl `_EFTA

iEc

3 Snp4} i}c 	 dw Ni	 a	 ^	 e
L1LLj{	 O{,ip^t	 ane^L¢,Sare	 pj}c^.. I	 I

roll_ Ititl 	 rest	 ^.. ŝ _
wrt LVLH

FBI

e^w;11	 6666	 1 n	 0 *,,tAt4	 r4mfers R - R
IZ sr,
	 in	 (amdn % — 5 -S

w
I

wet SI
xa k+	 aaoi er	 pt4AW Ce lT
s= .	 o uF ^1	 ^ a^ '	 ^ w

ro
-

lu !•	 813'.spert'	 ^-o	 LV4H .
LyLm	 will	 (n-primeni^^r	 IZ-

lE
w F 5t

6_c_ in	 nrimara	 tv  jsters	 So , - rol
ur{ LVLH_

gs^ 	 I	 le- Ivey_
I

C1C QS	 Ct rt'	 ' .fnlumnt

O	 ER	 us ILL- &akourINES

• In	 —1'.''". "	 fi=r-ro ll 	 Seo"

e_-plyr. ^Atcix	 w'11	 r
oreci	 6Ltolumns	 in -p4 - pq

I^cI,
w
li r	 f3ln^iri

Th	 A_n	 t• 	aft k	 s{ are' '	 In	 6 C A	 re	 der_

11	 1 	 f
_	

1.2^	 0. Ib 0.tlanni	 lrG nS ormgT lon_nIG I'rlx	 is	 in
Ptmnr t ren;deps	 R I-Rr_F EutracL_piFrl	 ,.., mi _

L le	 a.nr I a I w
rol

• T	 nsRpr 	 '>L	 S red In	 pl`imnru^
M MTin ^--­4

11	 ><_ _Db	 J=	 ^ u i l	 Y(10_}: •	 n	 t	 r

—sic vi	 4'W-v	 h AIJ •̂ '^{ 	 I^^^n 
111 	

se^ -1_41 f H	 ^^rn
U	 taJ ',h	 ser,^ Jar 	 S6raaz.	 M tc^^n ^t nt m	 .dt

•

I'

r	 ^p	 3 or T	 o	 C_rna't• 4 R... Cr6,irp_LVE
to SIB ut	 r- U._r^ L L	 ^J S Iv ..;

r ^'	 •.a	 ('.+5

t,

18or wrf LVLH r urf $I

w•

ORIGINAL PAGE IS
OF POOR QUALM-

user 111strucmtims '
I VI W	 . sT

^i fly, S sy	 eximcl pyr	 T' nspcse M p ^®

1 1̂^4r-*EAJ^Piypyr^wrts^ itP4 r Uri LULH MS- Mr Ms^ 1	 0 /

10



Program Listing
STEP KEY ENTRY KEY COnE	 Couupws	 STEP KEY ENTRY KEY CODE	 COMUENTS

l

I

' r
CDnsUA p 'U )

.57,
b5.

__-.-	 --esR-

RCL

_RCLc
-STH

t 
_t 

r__-_.p y
V O0	 STCA'-

003-•-F.4"•- yaw, roll	 pnla{tonal _ - 055 --- x.	 _ ..
By -. BF4-STJ6-- ( 	 I•-111tinsTm•^a9vn nlatnx

—' 66B
.---861-

- RCLA_
COS .ref' -885--•Rl--.

6ark s4ere a862
.	 --

x006-ST08- -
-^ - -- 607- LOS W^WnnS	 m y

_--
-

_-..	 __
-^^_-._	 063

_
ST,B	 -

. -.. 068--STJi --
005	 STJ2 priMa	 Is^ers

C64 RTK
_. A	 065	 4LBLa Giw.l pi12^1 1 1^av3

-	 - -----810 -	 5703 RI_ Rq
I

pry-,.- S	 86s _P7-S
look an^ks

_---- 012	 " ST09

n
$-}cy^

_- "--- _	 867
668

_-- _1	 --
ak referenced Jo 4e

-	 °_----" 013	 RCLC yaw(x)	 roH (%) _. ! __ __	 . 869 $i01	 _
_srJ3 . - -

By +x ands I eom?Ae
CGS

615	 _.STxI	 ..
I

om^(es inlo	 R C, A _,
a76

- -- - -
_	 C0+7 1 '-

un1}	 ling-o^-si8^ l

_	 ...	 _ ..	 .016.__.5705 -- 5702_	 -_
817. _ST06 _	 8^3 cos(p) cos(j)

_	 -^ .STO? RI =a.1j= cos(y)cos(z) 074
_Rl_

-, 1 _
A

5	 =	 sa	
yl_ 815_.. RCLC

022_ . SIN R,= a,1 = su(y)smCx)
-

0'v- 016-_- _
''i

' STaI	 _
-

gy
-sw(P)ms(9

_._- ..._ 821- ..5704 cvs(	 si	 )	 )-	 y)	 lz «d(x 077
078

kl
_	 CHS Inand	 o

-	 023--.S7x3 R3c431 	 Su+(y) cos(x)• -.. __.".._.	
075 ._STx3	 --- FL'COnclanl	 fe5isters

024 ... RCLN +cx(y)5	 (x)sw(x) 880 P-IS

- 025 _ . COS-	
026 .. S,xP

-

R4=41a=	
sG Cx)

081 P.iH
682	 iLELD

-- -- '

,M̀ 0.trix >tirulripliraian
._.._-.... 827 _..STt`

826	 CHS __
-

Rs=4a1= cos(a)cos(x) --'
_--

0833
----	 - 084__---

6585
DSBO	 --

M =	 Ms029	 $ ixC
030	 F.CLA Rtr	 ai

085'
086

6SB0
- XLELO	 -

s	 P
-

' ___._..03^.._._ST.3031	 sit"
R7- 9 13 _-

B97
-- . --He

-,

ISZ! -'-"

ISZI_-_ L
matrixplace

- -

- --- "-

633	 STX3

034	 C.-	 - Rg=4aa-	
cM(q)sd.Cx)

-	 - 889

090
- ISZI

RCLi --- in	 secondar,

035	 ST,i.
+s&.(y)s^.12)cu:.)

-

_..	 Pal .. STOC	 - ISTafR2^e ^Ms^
_.. -.

- 036 RCL4-.	 037	 - x	 _. R9=433-	
Cosy)cos C%)

--	 092'
_	 693

DSZI
RCLi

w	 (pcict
-.-..-.	 _. -038	 HIS_.. _Sln Cy)su,(z)SW,(%) ."_ -	 894

.._.	 - 895
STOS	 -
DSZI	 --

1 	 I
Ae635	 STH pt	 Pfinlarj

- '	 -
'-- 640	 SiGO

- _ _	 09 6___
RCL, -+}

M&lrix CM,) and041	
x 097 -STOA

- - - 0422--	 ST+9
_..- ... -	 898 RCLI

tie	 sec"clarl--- --
-...

043 -	 RCLO
.	 __644	 CHS

-
'

- -... -	 -899
-- .- - . 168

STxi
RCL4 (Ms)fnatl'ix

--.. 045 	 -Six.7
_-r

^-.---._.181 P.CLS
_.	 -- -	 046	 P,CLJ

..,.	 _
---_._ 102 -	 x

-	 - 047	 - RCLA ---_'._-------103 ST+i nf'Ia ricer	 0.re
-	 --

_.	 ..._
6:8	 COS	 -
049

- --	 -	 104
105

RCL7
RCLC colt"ns

VC	 ST+3
"	 051	 RCLC

----
--

- - - •1B6
--	 -	 --107

x
ST+i

p
In	 '16a.	 prlmarA

052	 " RCLk .... - . -	 - --"	 -	 108 -IIS4-.
0.nd	 SQc'onc^a.

--°
053	 SIN	 --
054--	 x	 .._ _.

-	 109
-	 -110

RCL5
STxi pCgls	 rs	 1-4_ u;,5	 STiL 111 RCL2 4_

656	 r.CLO 112 RCLA

LABELS FLAGS SET STATUS
A	 A' r

Bpyr	 p9r
LV I	 52

C P ,1 r	 ppyrSi I'LL CH
O na nx E 0 FLAGS TRIG	 DISP

a
P3 ^^	 I'> a

ExTred P f
d aTri.

as ^^'0
I ON OFF

q
C)

t q q

-
DEG
GRAD q

FIX21
SCI	 q0010ri% k re tr

T
2 q q
0 q q

RAO	 q ENG6 q
n_3

l

•	 -
y
1.	 ..

Y
(



\.Ri:f n. ..-.......x..... ^ .	 ...: ... ..	 ...... I .. ,.,__. ...._.^t.a.:.^... 	 v.x xx	 swY.txr	 r.	 ..w-	 is _Y:k.?s 	_9_3I. v..S!':i*^

STEP 
KEY ENTRY KEY CODE	 COMMENTS	 STEP KFYFNTA y WFVC	 MfYYRfA

—Ili x 161c	 RTH
114-
115

ST+;

RCLS
176- *LBL9

171 -	 GSBA
LVL4116 RcLc 172--6SBe

Cdkicroti­ 1117 - .	 x r.	 173. - GssS

Lk118 ST+c* 174— GSBO jA (,nvcl 6
119

120

ISZ]
RCL9

.175- -- P^̂s
176-- RCLI

L\jLk	 a 

IZI
I22

STx;

RCL6
177---X2

p1	 ^JcI yaw178-	 RCL3
123 RCLB 179	 __xZ
124 x ISO__ +
125 ST+1 181
126 RC13 182 _¢TU

caIU
1 ;8

RCLh
x

j g3,.. RCLI pis

1 94.	 - CHS maw,poll
129 ST+i 185 , ST07

AlUe IA1.36 RTH

187,,	 CHS si131	 vLbLe
132	 RL2 'Tmns?o;e	 in,_ S708
133

134

RCL4

ST02 I
1 85.
	 RCLSCHS

135 r^,1 191	 _.S T09
136 ST04 152	 STDI
137 RCL3

- _. 
ST06193 p,y1r	 wvt	 LVL14

133 RCL7
F	 p

194	 RCL7
BIC) A1179 ST03 195	 ST03

1 48
141

R4

ST07,
196-- ST04

197---RCLS civi
142 •CL6 '----- - 198__ STY4
143 RCLS I99_,_srXE EAI
144 ST06 208	 RCLS SI
145

146

R4

ST03
al -- ST-'l

202	 CHS ""t

147 RTH 203	 ST-3
E04	 ST--4 Lp148	 *LPLc

149	 RCL7
rbkl	 Eisler CL %[ 205	 ST_.6

156
151

CHS

RCL I -crvq	 4e MaLi p ;x
206	 0-

-287	 5702

LYLO

1 52A

15:

4p

X. y
208" Me
'20q - GS813

154
155

PRTX
RCL4 mn

156 SIN4
k, 211	 Me

GSBC
157 PRTX

RCL6 law	 sz,n (IAIZ) — ..	 -13	 RTN
214	 *LBL-r

—

159 CHS

RCLS pt4fr __
G14, ?,%r Cct'.Lk

c
wp^	 bl 	 a"4160 roll ST	 216	 Me

161 IT-	 P's ^R]	 S,-Si
162; ny P4rLVLH	 218	 Me

LVL

163 . PRTS ^a*Js ^m 4aw= ± qo o 219	 6550,

c	
MI,2d ^vt LVLH164 RTH I 222	 Me

221	 - P:,;165	 4LEL5	 1
166	

1
More  to 222,	 Me

167 0
rev&, 223	 CEO&

168 S701 2224	 RTH

REGISTERS

All
2 
A,, 3 A 31 4 Ate. 5 . 

A, 6 A3z 7 1113 A A33
So 51

P1 1,

A

S,

52

I	 RAI

A

S t

S3 	A
(- 31	 S I

S4 

Ri3
S5

p
SS 57

1;

1soR

jA

S9 3:,,PI 1	 33 - 1 31% 3:L 1 3, x j
A 

rrtl, sccaU I 

B P
IU s:rczta I 

C 

L 1 4^ I SCrAt.[L
0

I 

E
1 
0 1
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i
TYPICAL USAGE OF THE SI +-+ LVLH CONVERSION PROGRAM	

ORIGII^rA
OF 

pOOR QQAG^ IS
12jGiver. LVLH attitude356.8 pitch

12.2 yaw	 from Reference Flight Profile
1201.8

for OFT-1,
 roll	 JSC Internal Note 77-FM-15 at MECO

Look angles	 1346.5 pitch

to sun	 1319.2 yaw

Input pitch, yaw look angles to sun 316.5',@60'0
345.21100'30

EW
GSEa

(	 356.51101 c6 EN-:

Input LVLH pitch, yaw, roll attitude II
	 12.ZCi0= 0t ENT,

\ 40;.8000-Z. 6-130
30 g g6322 **:i.

Compute equivalent SI attitude 15.4650654 4vi

SI -162.5.=0651 rrs
and construct [R] LVLH

(	 51:.	 )6'ij 062 EH 7'f

Input computed SI attitude
- 15.406.52"3-

1 -162. 5121231

ENT,

bJD.
r''"'3. Ctle..ŷ p1 t:r"	 .

and compare output LVLH attitude 2.2€10302

LIE-

)"

with the original	 input LVLH attitude
0300 »:•::

C. [W.J9? Et 74

Input 0,0,0 Solar Inertial Attitude	 i	 c-oaoe0 13 EN79
0.000060 uSLZ

84.-,23495 *4A

and compute Equivalent LVLH Attitude	
0.66[00611 +**

25.1+1304: k*+

e ' 600030 ENTI

Input 0,0,0 LVLH Attitude 	
8.62.1-100[ Eh71
1i. tlGbtl111;f ;; SEh

65De
F«.

bS^J
r«.

65066

^SnG

53.`761 I_ 1*4

and compute equivalent SI Attitude	 l 27.863b 7c: *44
-..012192 **?.

83.5761' 5 Ei.7r

Input the computed SI Attitude	 7.0636?0 E';2 
PJ, U.c.4<

and compare the output LVLH Attitude	 1.45969 6.^^

to the 0.0.0 LVLH Attitude 	
I.65I577c•2•e-87 +++

9.82613 1 #.r+

(Note computational error of 10-6 deg.)

Angles are input and output in pitch, yaw, roll order in degrees.

^a f



TYPICAL USAGE OF THE SI El LVLH CONVERSION PROGRAM (CONTINUED)

For in input pitch,	 .16. -5;3[1000 ENi1
yaw look angles to 344,200;108 rSS,
the sun P«S

Columns of

Display the 0.95 ;421
r,GLI
x:1.; the LVLH-to-SI

computed LL2
matrix

unit line-of-sight -0.2a4496 ix SI

vector S
RCL3 [RI LVLH

BY 0.228512 x#
f«S

For input LVLH 356.50000+0 EN,r•t
attitude 12.2ZJOW, El-Ti

201.8•;611911 Set

Compute the SI •`56052
attitude 1°. 405L'.4 x+#_

and display (-162.512591 .#M.r. Columns of the
the stored matrices* SI-to-LVLH

matrix

656E r 
T
1 

LVLH

LRJSI
Columns of
the SI-to-BY

0.150320 #44
##.#

matrix -0.52547'
-0.:2541.; ^xx

BY
[M] 

BY -6.267001
-0.91915.
0.2S9582 x#-

-0.951'1021 *1.4

0.204496 #a:+	 For the input
-11.22451 2 x1#'

LVLH attitude
r'^«S

GSSE

G.a949i2 t##
-0.467- 69
-0.678511 #x#

0.1100000 x.##
11.482641 xa:#
-0.469673 xx#:

0.995096 x1#

0.1446456 x:xx
a. 887323 yt4

6S::E
o SEG

.	 a.a9c^•912 #xx

0.0110000 x,1.

6.995096 x#+

-0.467369 xt.
11 .80^2841 1 #:#
14.[46456

-0.87S511 #x#
-0.46967 5 fifiF

a. 68732:

3511. ^ •_:19t'li: Uv .
12. 20111'00 E li ^ !

Lbi. •̂ i^Uer tU l•^Dh

*Matrices are printed
from primary storage
registers 1-9 by columns

Display the
columns of the
LVLH-to-BY
matrix

(Al BYLVLH

.>'- E92 x.nt

0.216636 r. +1

-a. c=6727 #t#

0.211325 +11

Extract the
pitch, yaw, roll

angles back out

	

c+ . 36951	 .t 1#

11.[,̀ 4 SE  t #o

	

-0.9314;9	 ert

GS=,;

12.200000 1-1 #

- 158.2601'3 0 tt:r.
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