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BASIC REFERENCE COORDINATES AND REFSMMAT

The Basic Reference Coordinate system (BRC) is an orthogonal inertial coordinate
syatem whose origin is located either at the earth or moon center of mass (Figure 1).
The orientation of this coordinate system is defined by the line of intersection of the
mean earth equatorial plane and the mean ecliptic at the beginning of the Besselian
year which starts January 1.2516251, 1972, The X axis (uxy) is defined hy the inter-
section of the earth's equatorial plane and the ecliptic in the direction of the ascending
node, The Z axis (uyy) is along the mean earth north pole, and Y axis (uyy) completes
the right-handed triad.

This coordinate system is shifted [rom earth-centered to moon-centered when eati-
mated vehicle position from the moon falls below 64, 373, 760 meters. It ia likewise
shifted from the moon back to the earth when the spacecraft position exceeds 64, 373, 760
meters., All navigation stars, lunar-solar ephemerides and vehicle state vectors are
referenced to this system (Figure 2.

REFSMMAT, The matrix used to transform the elements of a vector given in
BRC space to IMU space is known as REFSMMAT.

Nine REFSMMAT's or IMU alignments are utilized during this mission,
Each is a unigue matrix which locates a stable member axis (u <aM» WSy OF
Uran) in BRC space (Figure 3).,

IMU REALIGNMENT, Any desired IMU orientation with respect to the BRC sys-
tem and its associated REFSMMAT can be obtained from star sightings ( Program
P52),

The procedure generally used to change the alignment of the IMU from one of the
five primary attitudes to another is as follows:

®  The astronaut executes Program P52, Option 3, This realigns the IMU
to the present inertial attitude thereby eliminating the effects of gyro
drift.

e  The astronaut executes Program P52, Option 1. The REFSMMAT for
Option 1 is generally uplinked prior to entering P52, When executed,
the program computes and displays the IMU gimbal angles for the
desired IMU attitude using the present vehicle attitude.

A total of four options are available to the crew when executing P52 (Figure 4). The
basic difference between options is the manner in which REFSMMAT is obtained. The
basic orthogonalization procedure used to compute REFSMMAT is shown in Figure 5,
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Figure 1. Basic Reference Coordinate System
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SUN AND MOORN IN X-Y PLANE
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Figure 2, Lunar-Solar Ephemeris
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LAUNCH PAD REF SMB'LATJ
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Figure 3 (Sheet 1 of 4),

Mission REFSMMAT's
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rPREFERHED (LOI) REFSMMAT
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Figure 3 (Sheet 2 of 4),

Mission REFSMMAT's
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[LM ASCENT REFSMMAT |
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Figure 3 (Sheet 3 of 4). Mission REFSMMAT's
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[ENTRY REFSMMAT |
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2. Entry
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YIX =-0,01381990  YIY = 0.88101469 YIZ
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Figure 3 (Sheet 4 of 4). Mission REFSMMAT!'s
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[OFTION: 00004 (LANDING SITE}]

DESCRIFPTION:

FEM

The Iatitude, longitude/2, and altitude above the mean lunar radivs of the landing site
must be entered to determine Hyg. The g e, t. for which the CSM T and ¥ are to be
selected must also be entered,

Py Unit Ry g)

_waﬁ%mwﬂi T Yaw [ = [ Zom* Xem
Zan Unit [{Tx W) = gyl
where l
ﬂH.m s the landing site position vector, defined by the latitude, longitude,

and altitude, specified in the basic reference system,

Tand v are the C8M position and velocity vectors al the time specified,

PROCEDURE FOR SPECIFYING OPTIONS

a4, When P52 s entered, the CMC checks the PREFERRED ATTITUDE flag.

b, If the flag i= set, the DSKY flashes Verb 04, Noun 06, R2 = 00001, indicating
the PREFERRED oplion may be seleeted,

o, If the flag is not set, the DSKY flashes Verb 04, Noun 06, B2 = 00003,
indieating the PREFERRED option may not be selected,

d, The desired option is loaded into R2 via Verb 22,

Figure 4 (Sheet 3 of &)

P51/P52 IMU ALIGNMENT
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AL, AM, AD are inner, middle, and outer gimbal angles &t | th mark time, AS and
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_m>_ = [ A] [ECI) _mm_ = 1 B] (&M
(8,1 = [85]
NOTE; For P52, Ugy and Ug, are firat
IR A el transformed to M space =~n=_nc_o da-
-1 . sived REFSMMAT, [B] ™ [A] is thea
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" Figure 5. REFSMMAT Computations
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DETEAMINATION OF 5/C ROLL AXISWITH
RESPECT TO A LOCAL HORIZONTAL COORDINATE SYSTEM

._.:m. procedura o._.:__z__._ below E_u....n_mn 4 method for determining the direction cosines of the CSM roll axis with respect to the local
:u.:S_.:m_ coordinate system. This procedure requires knowing the |MU gimbal angles, the REFSMMAT to which the stable member is
aligned, and the state vector | in reference i of the CEM cor ing to the time of the gimbal angles.

P [rpe—

R Ty ARGy
_ DIt Lang

The procedure is broken into two parts: the first defines the S/C axis with respect to the basic reference coordinate system; the second
defines the S/C axis with respect to the local horizontal coordinate system.

The following transformations are used in the development of the procedure and are defined hero for completensss.
[SMNE] -the transtormation from the stable member to the navigation base of the GEN system. Since the navigation bass axes are

omu:_._nm_._ ith S/C axes for the C5M, this transformation also defines the transformation from the stabile member ta the S/C
(|SMsC])

450 Kgm XsM Xam
Yoo | = Iaglt Ial ! I Yepy | = [SMNB] | Yy [= [SMSC] | Yoy
Zse Zom Zam Zop
coshi cosfm sinAm -sinfi cosAm
|smsc] = | [sinAi sinAo-cosAi sinAm cosAch cosAm cosAo (sinAi sinAm cosAotcosAl sinfa)
[costii sinAm sinfotsindi coshol  -coshmsinfo  (cosAi cosfosinAi sindm sinAo)
where Ao, Aiand A are the outer, inner, and middle gimbal angles as displayed en the DSKY.

[REFSMMAT] - the transformation fram the basic reference coordinate system to the stabla member, Thera are several different types of
REFSMMAT and they are defined alsewhare in this section.

XX KIY X2
[REFSMMAT]=| YIX  YI¥Y  YIZ
2}z 212

[REFsC] « the transfoemation from the basic reference coordinate system to the 5/C axes,
ASCIREF REFSCI1, 11 REFSC1,2)  REFSC(1,3)
[REFSC] = [SMSC] [REFSMMAT] = |Ysc/Rer | = | REFSCI2, 1) REFSC(2,2)  REFSC(2,3|
ZSCIREF REFSC {3, 1) REFSC(3,2)  REFSC (3,3l
where XSC/REF. YSC/REF. and Zgo/REF define the X, ¥, and 2 axes of the CSM with respect to the basic reference coordinate
systam.
[LHREF] - the transformation from tha lacal horizontal coordinate system to the basic reference coordinata systam.

[LHREF] = [unit{ iy X )X [-R 1}, unit {y X R). unit (-R) |

where R and W are the state vector of the CSM &t the time of the gimbal angles.
[LHEC] - the transformation from the local horizontal coordinate system to the CEM axes.
ZsCILH
[LHsC] = [REFSC] [LHREF] = | ¥sciiu
ZSCiLH
where. XSC/LH. YsC/LH. and ZgoLH define the X, Y, and Z axes of tha CSM with respect to the local horizantal coordinate
system,

LB-73

STEP 1. 5/C AXES WRT BASIC REFERENCE COORDINATES

|REFSC] = [sMSC] [REFSMMAT]

REFSC (1, 1) = cosAi cosAm XIX +sinAm YIX - sinAi cosfm 21X
REFSC (1, 2) = coshi coshm XIY +sinAm YI¥ - sinAi cosam ZIY = Xso/REF
AEFSC (1, 3] = cosAi cosAm XIZ + sinAm Y1Z - sinAi cosAm ZIZ

REFSC {2, 1) = (sinAi sinAo - cosAi sinfAm cosAo) XIX + cosAm cosAo YIX + [sinAi sinAm cosAo + cosAi sinAol Z1X
REFSC (2, 2) = [sinAf sinAa - cosAi sinAm cosfol XIY + cosfAm cosfn Y1 + (sinAl sinAm cosAo + cosAi sindol 21 = Y5C/REF
REFSC {2, 3) = (zinAi sinAo - cosdi sindm cosha) XIZ + cosAm cosAo YIZ + {sinAi sinAm cosho + coshi sindo) 212

REFSC (3, 1) = (cosAi sinfm sindo + sinfl cosAo) XIX - cosAm sindo YIX + [cosi cosda - sinAi sinAm sinAal Z1X
REFSC (3,2) = {cosAi sinfim sinfio + sinAi cosAol XIY - cosAm sindao Y1Y + (cosAi casda - sinAl sinAm sinAal Z1Y = Z5C/REF
REFSC (3, 3) = (cosAi sinfAm sinfo + sinAi cozAo) XIZ « cosAm sinfo Y12 + lcoshl cosAo - sinAl sinAm sinAa) Z1Z

STEP 2. 5/C AXES WRT LOCAL HORIZONTAL COORDINATES

[LHSE] = [REFSC] [LHREF]

LHSC (1,11 = {REFSCI1, 1), REFSC (1, 2), REFSC {1, 31} = { unit [Iv X R} X (A)]}
LHSC(1,2) = {REFSCI1, 1), REFSC (1,2), REFSC (1,31} = {unit (¥ X A1} = XSC/LH
LHSG (1,31 = {REFSC(1, 1), REFSC (1, 2), REFSC (1,31} = {unit (B}

LHSC (2,10 = {REFSC (2, 1), REFSC (2, 2), REFSC (2,31} o {unit [(¥ X8) X {611}
LHSC(2,2) = {REFSC (2, 1), REFSC (2, 2], REFSC (2,31} = {unit (¥ XRI} = ¥arjLH
LHSC(2,3) = {REFSC (2, 1), REFSC (2, 2}, REFSC (2,31} = { unit [R1}

LHSC(3,1) = {REFSC (3,11, REFSC (3,2), REFSC (3,31} = {unit [Iv X RI X ()]}
LHSC (3, 2) (REFSC (3, 1), REFSC (3, 2), REFSC (3,31} = {unit [V X AI} = Z5GILH
LHSC (3,31 = {REFSC (3, 1), REFSC (3,2), REFSC (3,31} = {unit (A1}

The Xge axis is the same a¢ the roll axis and therefore the companents of tha roll axis of the 5/C with respect to the local horizontal
coordinate system are:

LHSC (1, 3] — eomgpenent of Xgo along B
LHSE {1, 21 — companant of Xgp normal to oibital plang

LHSC {1, 1) — companent of Xgp normal ta -B and in plane.
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Ag (X/Rolly .

Ay (Z/Yaw) ___ .

A; (Y/Pitch) _

Data and Calculation Summary Sheet

i R+ v
[SMSC ] [REFSMMAT | 1 T
S x x
|—-_ : 2 1 Ty o
_———— e ———_— —— — ——— — ———— ——— I }’
e e [ e ® e e e R e [} e S S, Vg
= *The units of R and V are not important since they are
i e e e ey e T e e 1 used in unitized form.
o =l
[REFSC | ' [LHREF]
P ] Unit[ (VXR)X(-R) Unit (VXR) Unit (-R)
AL vy s e o L] S AR D e -
o
TR A e Tl VRN e VR o S e e e &
@
[LHSCI

BHSCIES )=t
IESCE ey =
EHICHAT 2y =

e (~LHSC 3 Zl) _ component of X, normal to -R and in plane
z LHSC (2, )
LHSC (1, 2) - cos Rol])

LHSC {2, 2)

_ component of X_, normsl to orbital plane

o]
Yaw = tan ( _ _ component of X, along -R

Eitchie tm_i(-fggg (:L1 1))

Data and Calculation Summary Sheet

; (¥/Pitch .
Ao E/Rell) _ . _ _ A (S7/Eacehy S TR S
A (e S
e e R T o e e FEETESINER
= 5* \_?-k
1
[8MSC ] [REFSMMAT | : . o
S it e Sl v,
o e s S S M e P L] A A e e o et [l rz i
: *The units of B and V_are not important since they are
e e sl e K used in unitized form.
e == |
[REFSC | I [LEREF]
[es i T Unit[ (VXR)*(-R) Unit (W XR) Unit(-R)
s - : ® | : : r
e e e R e e T e i e i = === W
| 3
A L e e L S e S e 3
[LHSC]
=l
T e e T b R S e E ‘
S (-LHSC 3 E) LHSC (1, Iy = - ____ component of X, normal to -R and in plane
LHSC(:J (f, 2) i LHSC (1, 2)= - ___ component of X_, normal fo orbital plane
-1 (LHS! = cos
Yaw = tan ( THC T 2 ) LHSC (1, 3)= - ____ component of X along -R

pitch=tan“{———L’—31'LHSC ! )

LHSC (1, 3
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LB-B4 LB-856
P52-1MU REALIGN (CM} PE2—-IMU REALIGN (CM)

W37 Enter, 52 Enter V37 Enter, 52 Enter

V04 NOG Flashing V04 NOB Flashing
Rl: 00001 R1: 00001
R2: 0000 X IMU Align Option R2: 0000X IMU Align Option

1 — Preferred, 2 — Nominal ,
3 — REFSMMAT, 4 — Landing Site

W51 Flashing — Please Mark

1 — Preferred, 2 — Nominal ,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

NOTES:

X|0 0|0 0 P52 Option X |0 ol o *] X |0 0|0 (1] P52 Option
i 1) 0 Hours * + | 0 4] Hours
SERRI R ojo Minutes GET gk + |0 0|0 Minutes GET
+ [0 Seconds + + | 0 Seconds
“Celestial Celestial
e Body Code 1 N71 | X x|(o| 0|0 Body Code 1 _.Nﬂ
Celestial Celastial
X |0 0|0 Body Code 2 N71| X ¥ | o ar || Body Code 2 N71
Star Angle Star Angle
Difference (degrees) _I\_IEE:M_ Difference (degrees) 2
X N93 X N93
Gyro Gyro
Y Torquing ¥ Torguing
Angles Angles
{degrees) {degrees)
Z Z
X Calculated X Calculated
Gyro P18 L Gyro
Drift Drift
¥ {meru) ¥ (meru}
Z 7
[ , | :
X| 0 0|0 Q P52 Option X0 00 0 P52 Option
+/0| o0 Hours +lo| o Hours
+ 0l 0|0 Minutes  » GET + 0| 0|0 Minutes  » GET
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Celestial Celestial
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Celestial Celestial
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P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NOE Flashing
Rl: 00001
R2: 0000X MU Align Option

1 — Preferred, 2 — Nominal ,
3 — REFSMMAT, 4 — Landing Site
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V37 Enter, 52 Enter
V04 NOG Flashing
R1: 00001
R2: 0000X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

W51 Flashing — Please Mark

W51 Flashing — Please Mark
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