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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 orthogonal, right-handed coordinate
system. Thus, the SI frame is related to an arbitrary reference frame (REF)
through the rotational transformation matrix

“
o o
U
where 33 = ”gREF (2)
61 = unit [ﬁﬁEF X gREﬂ (3)
Uy = Ug % U (4)

and

SREF = unit vector in the reference frame from orbiter to sun

hREF = orbital angular momentum vector in the reference frame

(= rrer * VRer)

FﬁEF orbiter position vector in reference frame

VﬁEF = 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
Uy
SI "
Rl = U2 (8)
~T
. 43 ]
where Uz = =S,y (6)
up = unit [hLVLH x SLVLH] (7)
Uy = Uy x Uy (8)
From the definition of the .VLH frame,
0
by = {1 (9)
0
Thus from eq. {7)
£54/D
uy = 0 (10)
S1/D



wher = i =
© ;= Spyyli) o 1=12,3
(11)
- A 2
D= S1 + 53
Carrying out the cross product indicated by eq. (8) gives
-5152/0
Uy = y (12)
-8253/D

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

v -

-S4/D 0 5,/0
ST
(RYyiw = [-5155/0 B -5,54/D (13)
i -, -S, -S, |

where S, and D are defined in eq. {11)}. A1l 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



— ——r—y

cos (Psun)cos (Ysun)

gBY = sin (Ysun) (14)

-sin (Psn) cos (Ysun)_

The pitch, yaw, roll Euler angles which define the orbiter attitude with
respect to LVLH are used to construct the LYLH-to-BY matrix

A gy = [Rytror1) ] [o_tvaw] [Ry (pitch)] (15)
where
k 0 0 |
Ryla) = |0 cos (a) sin (o) (16)

_0 -sin (a) cos (Q)J
- -
cos («) O -sin (a)

RY(a) = 0 1 0 (17)
hsin (a} 0 cos (a)J
[ cos (e} sin (o) 0-

Rz(a) = |-sin (@) cos {(a) O (18)
i 0 0 ]_

The unit vector in the LVLH frame along the orbiter-to-sun 1ine of sight is
given by

T]LVLH ~

Adsy Sgy (19)

Spyy © [

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



LVLH
”’”g\{ = [A] E\}(LH [RT]SI

(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]g¥ from the pitch, yaw, roll Euler angles with respect to SI as

M2 = [Rx(roll)] [Rz(yaw)] {RY(pitch)] (21)

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

51
BY . BY[.T
[AT yiy = EM]SI[R ]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.



LVLH TO ST ATTITUDE CONVERSION

INPUT

‘ ENTER )
PITCH, YAW LOOK ANGLES TO SUN

X / cos (Psun) <05 (Ysyn) PITCH, YAW, ROLL ATTITUDE
s ool sin (Ysun) WITH RESPECT TO LVLH

\;sin (Psun) cos (Ysun)

(AlbyLh = [Ry (roTT)1 [Ry (yaw)) [Ry (pitch))

n o LVLH
Sp4= Sy T Wlgy  Spy
S, |

| : ]
_[2 2
D -J 1t S3 [ QUTPUT

S o 5,70 LVLH-TO-SI MATRIX
ST
RIfyin = |"515/0 D -5,85/D
s, s, -5,
i
— LVLH
BY . BY o7
TS AN SI-TO-BY MATRIX
[ .
EXTRACT PYR WRT LVLH FROM [M}E% PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO SI
EXIT



EQUIVALENT SI, LVLH ATTITUDES

( ENTER ’

[A]%LH = [Rx(roﬂ )] [Rz(yaw)] [RY(pitch)]

INPUT

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO LVLH

LVLH-to-ST MATRIX [R]EéLH

QUTPUT

LVLH
BY [ﬁw]

BY _
Mgy = ANy yR Jst

EXTRACT PYR ANGLES FROM [Mj5]

EXIT

G

pad) = [Rx(roﬂ )] [Rz(yaw)] [RY(pitch)]

X

BY _ .. BY. . SI
ATy = Mgy IRy y

EXTRACT PYR ANGLES FROM [A]EELH

[ EXIT )
7

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO SI

INPUT

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO SI

LVLH-to-S1 MATRIX [R]E&LH

QUTPUT

PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO LVLH



PITCH, YAW, ROLL

EULER ANGLE EXTRACTION

( ENTER ) INPUT
MATRIX
: C9 G2 b3
YAW = SIN"' (C,,),  -90° < YAW < 90° _
(C12) €] = {Cy  Cpp  Cog
C31 Gz Cag)
-1 %32 0 0
ROLL = TAN™'[—=22)}, -180° < ROLL < 180
_THuH 22
| -1{ 43 0 0
PITCH = TAN (=2 ],  -180° < PITCH < 180
11
IF |YAW| < 90° - ¢ ::>
ROLL = 0
|ELSE c
- -1{ 31 ] 0
PITCH = TAN™'(£21) , ~180° < PITCH < 180
33
OUTPUT

( EXIT ’

PITCH, YAW, ROLL EULER ANGLES
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Program Deseription

Program Title |L\/LH «=~ ST ATniune CONVERSIoN

Name  StepHAmiE A, Vickeey Date 4/18/1977
‘| Address ' i
City State Zip Coda

Program Description, Equations, Variables, elc. This program conuer'Ts Lrom LVLH (ann'l \’el"hmi Local
l‘br‘n?.cn’(ql) lo ST (Solar Trertial) altifides given  fook an les 4o the sun (p'tl'dn,
yaw sequeace) . Once the WiH-b- ST relationshiy has  bean es ablished , conversion
may be made from SL to LVLH. A pikh,yaw, rell Buler ssquence s used for
the lnpud' and oa.&?ut atfitudes eos(p) cas(L‘)

« tale Py look un%\es fo sun and Cms',ff‘uci %BY =( S (PY ,
umt !ine-o‘;-sl‘ﬁhr vecksr to sun in boc’lw coerdinatee - s {p)costy)

.'{Cd(é, Plth(' Ewler ar\c‘\les oF ‘H’\E bodu\ mudg u;“\‘e\ WQ?EC+ {o LvLH ﬂﬂA Ca‘nsfmcl'
ay

[A]LULH = P&o&uc{‘ "L [Rx(mln]{R;(H““’)][Ry(.P‘d'-’-t\)]

-Com?ud‘e tinE—oQ-s'.sh'r Te sun  in LuLH

ETY A SRR A
(‘;t = S’ [A] 5

Sy gy 8¢
. Condtud the SI-to-tvLd  mdlrk ~s3/p - S.S;_/’D -5
LYLH
- z T T - = pe =Sy
D= 35y S, [R ]s: T lsi/p —sasa/b -5y

- Then eﬁmﬁe\}:}u\ﬂa%roiie’;&wence_ Eute.: angles of BY wrt ST From the matrin
LV
. T
(Ml = (Al RTIL N
Pt Euler a-\ralt_s with be ?r‘m‘ted . The malrix [R]L.ux_u will be in 's.ccmcﬂanl S-S5.
Matrix {M]ii will be in Qr"lmarul R‘-Rq-
. Guen oy Py wet ST, then the pu,r athitude wel LVLH s cou\pudc& as
Ty 8y ST

LvLld

" Operaling Limits and Warnings

’ . v, ;)
Edee extrackion logic fails al yaw = 40

pheh = o (22, -iadepild e’

1

w = sw (M) o —Feqaweae
PO“ = 4’{’;\:‘ (—_..'233_-_) y - lgbci PO” " lgoe
Miza,




LVL.H mamal
Ex‘{mr.‘r pyr
qur wk L plyfe wel ST

PT‘j“" say

@ | Pf“fr _)[A]l‘ef .,

"‘F‘ir wr\’SI —y\n.ﬂ‘ uzl‘ji LULH HS H M

ORIGINAL PAGE IS

i OF POOR QUALITY
User lnstruﬂums

STEP INSTRUCTIONS Iy KEYS o :’;ﬂﬂﬂ;s
| {load Side 't and Side 2 L Il 1
2 | Tnput_ onl-ck ud:e look anqle_s 1o sun pil"c[n ' earfll )
Law £ J0A ]
3 [ Tnput _pikeh, /Yaw, voll |_atlhde ot respect, te g".}ck lenrsl L _
L\I.Lj{_uigu_’c !}%]2.5 ace piteh \yaw yaw lenrt] [ |
rell_ it y ST cell (sl | p'.LJL
Asz will be in gwnafu re%\sfers Ri-Rq wrt LY L._] l-__...] L4
Rives will_ke in  Secondacs n?a{dem Sy -5¢q [ [ I ool
' 2] et s
4 |Topd aacther chL aw ol with cegpect do pikel, lenrt}] )
ST . OL\" v.'{' g:s_ EU‘Q nv‘-c,(‘ ; L”\u_l roll ‘uau.: . {Eﬂr_fl l.“ _:l
unth f‘é’S?er_t.._.in__LNLH f:oll | C:j r'_._'-] DH’r_L
ALw.u will _bo _in _ptimg pg Ry wrt ST [_J 1__ b luaw
Rn..u witl ba in pm-mtm Peﬂfsters C=%n ' [_____, ”-___ l rl\olf_
i - - i B A A S AT
¥ An%\es ape__\n_ deapees [~ ”___}
Mihices. . Shiek by colamas C
Otder. __ Useruc_ SUBROUTINES % ]1 I[j __II
¢ Innu} m%-cL e, roll Geaumce. Eulee anrlpq Dﬁ'&cj« [E“T—*” ﬁl
Tt\p Poaf _mateie_wntl be cans—l'r‘ur'fni ard Yduw [E”TfH ;_I
Sjmr‘ed L‘m colurmps__in Qn-ﬁq . roll LA H __, pyr Malry
Th _gn%\er will be  slored lnto B,C,A req\st*rs . [L.;.} %ﬂz—; in Ry=Rq
hd I‘F a [‘okaHmnl ‘!Mns‘garm{lqn_“n\ahm is ln [‘7.4 ;][_’C- -]
primary mq\c't’i's RyRq Extact L Lyde toll [ kzl [__ ._.l p.'l—c.L
G—u er ) amrles ‘ [_ _] [‘_‘_.l I4‘tlu.'o
I SO A PN Y |
K Tm.‘sw The oo A o ptn B-fa (T1E |
' [ H 1 [T inR R,
Co 2
maﬂrm PMAsaci uH- pl‘ me L 1n lbi‘mmru [T—_-l |—:_|
S‘i‘of‘c\tlg___\luner, MAlriy _ 1n S8 Lnr‘.1 %*nmqe . [_ﬂﬂ” :—|
Qu‘k Dm\w.t (L ';Ectmclnni sinmnp s Mc'—' I"'\ mc g-:D—_}{ i .‘.} Mgm:\*fﬂq
o ALk S‘Lp 3 or lJr Yo_ conwert s grb, lram LVEH ofttide [ _-] [_-—_——-j
to ST, tnput o, g0 ek LULH _as helae [—_H l._ ]
Fh%h‘Jmm s Per S m 'ﬁ%r wd’LVU‘l “\QEEI LE TX PL!I' I.A-‘I‘*'SI
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Program Listing -
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COUE COMMENTS
1 ] T 1
= e g RLELRS . eem w57 L RLLC
1-—‘ ‘;—-—_"'393—“9709" : CO‘hSTmct Plh[\, SUURPIPE | 1- SRR -3 { | (- } o
Py oy Qi Ryt ol olabional | —-——r 055 -
——— - =Tog—— + . —_—t -gbd - LH— ..
], [A] feE‘"“595—'"'R* o "IN‘A.SGI‘FW‘G*IM Wlﬂ.tn:‘ BBl __ 05 _
N R and shre by e L 882 X _
~e ceoenbe e 07— €05 | lumng  in et~ Q63 STB
e B8 -~ §TOL - o & -cog gm
Ce e~ - §G3  -5TOZ mMa Klees A 653 #LBl.a . «
e o oncf1f - STOS e _2 " ply—>.s a6 _Ps G pitch g
e 811 —5T08 17 Rq T eer 1 .} leok angles
e BIZ - SEES_? Shse. P.‘u‘(‘ﬂ) S L 'TEK ] relerenced +Ee
I S _____‘"gij__ .RCG; gaw (), roll{x) : f“ - gf-}i gmé_ 31’r+’- ams | C?m?“t’-
SRR (- TN} .91 ama&[u inte BCA e 7! Ré unid 11‘ne-o‘;-9|%1~t
- . BYE..5TO5 _ T g7z S0z .
i .. BIT. .STOE .. T er3 R cos(p) cos(
165707 __|Ry=ay = cosly)cos(z) T PR F Lﬂ\
.. BIS_ RCLC . . b gae gl Spy T S W)
DT Bz st [Rafays Stely) S (¥) T T g7e STal = Sin(p)tos()
cmm BRI 8TD4 = cosly)simlrycesix) T Terr TOORE T ]
LTI T e 5y sty cost) - TTT g TUCHS  aed stre wb
e 6237813 33y = B e JLTUT o ees STxE T secondany fegisters
ieee . . B24 __RCLA +eos{y)sin{2) Sinlx) 688 PS5 ) g _gm‘
_ .. @5 cos = . ag1 ___ RTH |73
T T gz emxs |RytdnS Sim(2) 63z LBLD ETITANRY
prlE- i —— ==~ pp3  [SES Matr(x muulpliml’mn
T gzs T oi | |Rsetn s CostIcos(R) o wm oo -pgy gopg - MM
825 T sTxET (it | T T ees sea Mg=MpM;
T e RCiA | |[Reifps meestelSkba e e r e g ylBle - )
S Tes s . rweeee—-—pg7 1821
T sz eTxE R fis T —Sim(y)tos(2y] i oo pgg IS21 - Re‘ b
— 7633 5T8 : - 74 O place  malrix
Tommloess ToLel o [ResfaaT cos(n)sin(x) | - - p9g  ROLi -~ | in Secondary
e B35 STac + shalyysidzyar 9 o oe=s- gl - ST0C borace (M
TTUUTTTT ese T RCLE T Ryrtyy= COLANOE) mieeemoe g9z DSZI sioraqe (Mc)
e T T =qy;= = em—ee g3 RLLY . |
T T 83g TURCLR - Sinly)son()somlx) .- 834 - 5T08 -- with He uet
T T e3s T ST sremrm e 095 BSZL <4 ob the primar
CB46 TSTGO ee-—o- B98 - RCLE —- .
T p4l T % v wewea - gg7 -STOR -~ | MATRX (MP) and
e X P 4 < wew—w - 98 - RCLI X da
STTTT O pd3 T ORCLE —- e o899 ST the Secondary
T s CHS mm e vn - 166 RCLY ratinx (M)
045 "STXF e8] RCLB
- 846  RCLE eea s (82 - X
= - @47 -~ RCLR m e e {83 ST#] .
. ’ 5_48 0§ - R 184 RCL? l{\a‘\_nceg are
- T B4 Tow wemei e e - JA5 ROLE stored lf"‘l Columns
- @50 ° ST¥3 S 1 T . ,
gsi  -RCLE e - .t@T ST in 1fe primany
852 © RCLH - e - 108 ISZI - d
B - ggI-—-GIN - - e 189 RCLS Elﬂ S-éfm&arv\
e Y v - ce—118  §TAi : -
Ut U355 §Te2 - 111 RELE regysiers 1-9
656 RCLO 112 RCLA
L .
A BY I8 pyr ™7 S FIF L?BSL%W FLAGS SET STATUS
_£4° "’“5“@ T S mm;,',’f.‘ ¢ 0 FLAGS, TRIG DISP
[ E c v . N
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KEY ENTRY
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STEP KEY ENTRY KEY CODE COMMENTS STEF KEY CODE - CONMMETS
T _11F x ' 168 RIN
b — $14 - §TH i . 76 wIE T
vemmop———— 115 RCLS PYYTF gy - 174 esBA Glom  prich | qawy
s - ae= 116 RELE e— 17Z - ESBe | odthd
RS & 2 3 — P' oo 173- - £585 fo Giliude
et ﬁg . g+; Wer. 174 cgﬁg wth respect fo
118 z e emee 475 e PR
128 RCLS e e 176 RCLI WLH  and I
121 STxi RN I S 1 - .
. 122 RCLE e —m 178 RCL3 P‘u‘l‘{‘“"’ locle
123 RCLB I £ B - M%les b Sum
124 x o e 186 ¥
125 8T+ 181 _ 1% .
..128  ROLI e 182 25705 ) oo o,
127 REln eee.... 1B3.. RCLI ‘ N
126 X 184, _CHS i e ro
C 129 ST+ . ...185 _sro7 Ak de il
138 RTH . 1B6 _RCLZ allifnde wn
e 131 mLBLE e 187 CHS tespect to ST
— . 132 RILZ Transpese “'Le o i88  5TGB
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U i3 sTod i T LT 152 0 Stoe inpus .
T 137 Rcts T - T T 193 sTos Py, ¢ wet Lviw
138 RIL7 M. — M 7184 ROL7 .
_ 139 5103 4 P 195 §703 it B,C,A
148 Re 196~ 8704
141 STO7 LT T e RILE Fhere. audyt
142 RCLE PTI98 §TRé ey -
143 RCLS L wmTsie | [A]L ik ReRg
144 STO6 U 288 RCLS ] - St
145 R ~ z01 7T 8TEl
146 ST08 TTUTTTU zaE T CHS Store aulput
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TYPICAL USAGE OF THE ST <> LVLH CONVERSION PROGRAM gp
Given LVLH attitude(356.8 pitch QAL

12.2 yaw
201.8 roll

Look angles {346.5 pitch
to sun 1319.2 yaw

Input pitch, yaw look angles to sun

Input LVLH pitch, yaw, roli attitude

Compute equivalent SI attitude
SI
and construct [R]LVLH

Input computed SI attitude

and compare output LVLH attitude
with the original input LVLH attitude

Input 0,0,0 Solar Inertial Attitude

and compute Equivalent LVLH Attitude

Input 0,0,0 LVLH Attitude

and compute equivalent SI Attitude

Input the computed SI Attitude

and compare the output LVLH Attitude
to the 0.0.0 LVLH Attitude

(Note computational error of 1078 deg

from Reference Flight Profilte for OFT-1,

JSC Internal Note 77-FM-15 at MECO

2)

Angles are input and output in pitch, yaw, roll order in degrees.
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TYPICAL USAGE OF THE SI < LVLH CONVERSION PROGRAM (CONTINUED)
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