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A GENERALIZED TECHNIQUE FOR USING CONES AND
DIHEDRAL ANGLES IN ATTITUDE DETERMI_NATION

Roger D, Werking
FOREWORD

Over the past several years the Attitude Determination and Control Section has pro-
vided support for anumber of unmanned scientific and application satellites in the
area of attitude determination and attitude control. The satellites haveused a vari-’
ety of sensors and combinations of sensors for use in attitude determination. Asa
result, an effort was made to develop an attitude determination technique which
was capable of handling data from a variety of sensors and produced a general
set of solutions from mission to mission. The effort was directed toward re-
ducing the analytical and programming efforts requiredto support new missions.
This document presents the technique which is presently being used by the Atti-
tude Determination Office to meet many of the attitude determination require-
ments of various missions. The basic analytical work was performed by Mr.
L. B. Schlegel of IBM, Federal Systems Division, Federal Systems Center,
Gaithersburg, Maryland. The programming of the GCONES subroutine was per-
formed by Mr. F. J. Knoop of IBM. Both efforts were under contract to the At-
titude Determination Office. Submitted herein are excerpts from a document
written by Mr. Schlegel and Mr. Knoop entitled "GCONES: A Least Squares
Geometric Approach to Attitude Determination of a Spinning Satellite' (Reference
1).

Analytic development is presented for a general least squares attitude determin-
ation subroutine applicable to spinning satellites. The. method is founded on a
geometric approach which is completely divorced from considerations relating
to particular types and configurations of onboard attitude sensors. Any mix of
sensor measurements which can be first fransformed (outside the program). to
cone or dihedral angle data can be processed. A cone angle is an angle between
the spin axis and a known direction line in space; a dihedral angle is an angle
between two planes formedby the spin axis and eachof two knowndiréction lines.
Many diffearent kinds of sensor data can be transformed to these angles, which in
turn constitute the actual program inputs, so that the subroutine can be applied
without change to a variety of satellite missions. Either a constant or dynamic
spin axis model can be handled. The program is also capable of solving for
fixed biases in the input angles, in addition to the spin axis attitude solution,

This technique for attitude determination has been used by the Attitude Deter-

mination Office to support AE-B, RAE-1, ITOS-1, NOAA-I, SAS-1, ‘IMP-6,
San Marco-C (References 2, 3, 4, 5, 6, 7 and 8), SAS-2, IMP-7 and AEROS-1,

iii



Page intentionally left blank



CONTENTS

L

Page

FOREWORD « = » v o o o e e e e e e e e e e e e e e e e iii

1. INTRODUCTION + « v oo v v v v et oo e ea oo o1
2. DATA CLASSES, TYPES, AND WEIGHTS . . « « « « « o & « & 3
2.1 Cone Angle Data (Class 1) . « « « « « v ¢ « v o o & e 4
2.2 Dihedral Angle Data (Class 2) . « . « « « « « ¢ « ¢ « « & 6

3. SPIN AXIS MOTION MODEL « v « 4 « o« s s = o s o o » » o 11

3.1 Constant and Dynamic Models . . « « « « « « « « « « &+ & 11
3.2 Nutation Application . « . + + « « s & s v s e e a4 e 12

4. LEAST SQUARES SOLUTION ALGORITHM . « « + « + o « « = 12

4,1 Basic Formulation . + « + ¢ o ¢ 4 o 0 o s e b 12
4.2 Partial Derivatives « . - e e e e e e e e 14

4,3 Computation Structure for M1xed Classes :
and Typesof Data . « « « « ¢ o ¢ v o s o s 0 o s o 17 -
4.4 Tterations and Convergence Criteria . . . « « « « o + o & 19
4.5 Data Rejection Proceduf€s . + + « o« « « s « « o o s a » » 20
4.5.1 Residual Editing Method of GCONES . . . . . . « . 20
4.5,2 Residual Editing Method of DCCONS . . . « « + « & 20
4:- 6 Staﬁstica]. In.fOI'maﬁOIl Ta o+ & & a2 - «a #,% % & + ®« = » @ 22
"REFERENCES  « » ¢ « o v ¢ 0 0 o o o n o n oo v no o v 25

APPENDICES ;
A Sl.lbI'Olltine GCONES LiBtiI'lg . LA ] . [] . - . . L] [] . A-l
Subroutine COFSUM Listing . . « « « « &« » « « « + A-15
B Module Description of GCONESDR

(graphics capability included) . . . . . .'v < v+ . B-1
Listing of GCONES Driver, GCONESDR, ‘
OntO Operations 2260 - e LI ] - . - . . - ] L] - - 3 B-B



CONTENTS (Continued)

APPENDICES (continued)

C DCCONS Description
Section 1 Introduection . . . . .
Section 2 Module Description -
Section 3 Resources . . . . . .
Section4 Tput . . . + + + « &
Section 5 Graphics Displays . .
Section 6 Subroutine Listings . .

vi

Page




A GENERALIZED TECHNIQUE FOR USING CONES AND
DIHEDRAL ANGLES IN ATTITUDE DETERMINATION

1. INTRODUCTION

Since the early 1960's, the Attitude Determination and Control Section of Goddard
Space Flight Center has had continuing responsibility for attitude determinationof a
variety of scientific satellites. Many of these satellites are spin stabilized in orbit,
and the primary problem is that of determining the inertial orientation of the spin
axis. A number of different types of onboard-measured sensor data are avail~
able for this purpose, depending on the particular satellite. Examples are solar
aspect sensors, magnetometers, horizon scamners, and star slit scanners. The
objective is to obtain a best estimate of the attitude from many individual sensor
measurements over some span of the orbit. Although spin-stabilized, the atti-
tude can in general change slowly in time because of disturbances and/or applied
control torques. The possible presence of this motion over the data time span
must be accounted for in the attitude estimation procedure by a dynamic spin
axis motion model, :

As described above, the atfitude determination problem submits to a standard
least squares solution which minimizes the sum of squares of residuals between
measured and computed sensor data points. Whenever the relations between _
sensor cbservables and attitude state variables are nonlinear, an iterative differ-
ential correction procedure must be employed. The computed data are then
based initially on an a priori estimated state, and at subsequent iterations on the
updated (differentially corrected) state. In some cases, the observahles can be
linearly related to the state and a one-step, noniterative solution can be obtained
without an initial estimate. In either situation, this solution approach usually
requires a separate least squares program for each different satellite of inter-
est, because of the distinct sensor complement associated with each. The prac-
tical outcome is a congiderable duplication of programming work from one
satellite attitude determination system to another. ‘

To overcome this redundancy, a technique for attitude determination has been
"used which reduces the effort required to develop a new support system for each
new mission. It was noticed that for many types of sensors flown on spin stab-
ilized satellites, two types of angles were the fundamental measurements of data
obtained from the sensors. The first of these angles is commonly referred to as a
cone angle and is a measure of the angle between some reference vector and the
spin axis. For example, the outputs of (i) a solar aspect sensor, (ii) a magnetom-
eter collinear with the spin axis, and (iii) an infrared horizon scanner, can be



transformed to angles between the spin axis and (i) the sun line, (ii) the earth's
magnetic field direction, and (iii) the local vertical line. Each such angle can be
regarded as the generating angle of a cone having the known direction as its

axis. Thus, a single measurement constrains the spin axis to lie on a conical
gurface locus. The second of these angles is a dihedral angle demonstrated on
the IMP series of satellites. The dihedral angle for those missions is a measure-
ment of the angle between a plane formed by the spin axis and sun line, and the
plane formed by the spin axis and the earih's horizon (as sensed by an optical
telescope). A dihedral angle measurement defines a different kind of locus sur-
face in space than the conical surface locus of a cone angle.

For a fixed spin axis, this technique (Reference 9) finds the inertial orientation
of the least-squares common intersection line of all these loci, using as input
only the generating cone-dihedral angles and the associated reference vectors.
The method used is iterative differential correction to minimize a weighted sum
of squares of residuals between "measured” (that is, transformable from
measured sensor data) and computed cone and dihedral angles; an initial or a
priori attitude estimate is required. The solution is taken as the best estimate
of spin axis attitude using all measured sensor data.

The key idea behind this approach is that the least squares solution algorithm is
completely divorced from individual sensor types, onboard mounting angles, etec.
Rather, the solution is developed on a strictly geometric basis. Consequently,
for each new application, only the transformations from fundamental measure-
ments to cone and dihedral angles need to be specially developed. In this way
the technique achieves a significant degree of generality as a fundamental atti-
tude determination tool for spin stabilized spacecraft.

With the use of this technique, new programming is limited to sensor-measure-
ment-to-cone angle~dihedral angle transformations. Solutions can be obtained
for both static (inertially fixed) and dynamic spin axis motion models. For sim-
plicity, dynamic models, at present are restricted to either linear or guadratic
polynomials in time for each of the attitude angles which define spin axis orien-
tation. Here the solution obtained includes attitude angles, rates (linear model),
and accelerations (quadratic model) at some epoch time. To provide a better
understanding of the data which is being used an option is available for estimat-
ing as an additional sfate parameter, a constant bias in one of the sensor types
which contributes to the overall mix of input cone angles.

The ability to estimate bias in addition to attitude has proven to be a useful tool.
Inclusion of this mode provides the estimation process with another "degree of
freedom,' and often results in a better solution "fit" in terms of overall reduc-
tion of residuals. In the case of this technique, adherence to the basic design
philosophy does not permit particular sensor biases to be appended to the attitude




estimation. Nonsétheless, the technique does include full capability of optionally
estimating constant biases in the derived cone or dihedral angles, which form the
basic inputs. Indeed, separate biases in distinct types of angle data may be
estimated simuitaneously (see Section 3.1), This approach appears to be the
simplest way to incorporate the feature of bias estimation in a technique which
is fundamentally sensor-independent. To the extent, however, that sensor mea-
surements may not transform linearly to cone or dihedral angles (prior to using
* this technique), each constant bias estimated should be cautiously interpreted as
no more than a kind of overall or average bias effect of the associated sensor
over the entire data span. This interpretation is put on a sounder basis when the
data time span is reasonably short. In that case, the approximation of a linear
transformation from sensor measurement to geometric angle is more nearly
realized. -

Differential equation models for dynamic spin axis behavior are included in the
technique. This behavior is represented by simple polynomial models (linear,
quadratic and cubic) to account for dynamic behavior of each of the attitude
angles which define spin axis orientation. These models have proven adequate
in past studies whenever the time span of the data being processed is relatively
short. The reasoning is that over a sufficiently short span, the true dynamic
behavior (of whatever complexity) can be approximated by low order polynomials
in time. The polynomial models enjoy the computational advantage that the at-
titude angles at any time are linearly related to the attitude angles, rates, accel-
erations, etc. at epoch. These epoch values make up the state vector in the
dynamic case. It is realized, however, that in particular situations where the
processed data span is necessarily long, or where high disturbance or control
torques are acting to change the attitude, another type of model may be needed,
This might be based on other kinds of functions (non-polynomial), or more gen-
erally on differential equations of motion. The latter requires specification of
all torques acting to change the attitude. In particular cases such models may
be incorporated without difficulty into the structure to replace the built-in
polynomials.

2, DATA CLASSES, TYPES, AND WEIGHTS

From now on the discussion will refer to "measured" or "observed' cone angle
and dihedral angle inputs to the technique. it is understood that these angles
are not necessarily themselves measured, but are usually transformed (prior
to the use of the technique) from actual onboard sensor data.

The input is broken into two basic classes of data: cone angle data (Class 71)
~ and dihedral angle data (Class 2). Within each class there may be any number
~ of distinct types, as for example sun cone angles (cone axis = sun line), magnetic



cone angles (cone axis = magnetic field direction), etc. within the class of cone
angles; and similarly for the class of dihedral angles.* Lastly, for each type of
data, there can be any number of individual angles. Each measured angle can
have any assigned input weight, but each measurement is considered to be in-
dependent from all others. Any mixture of numbers, types, and classes of angles
constitutes a valid input for a solution run.

The subparagraphs which follow develop the geometric relations between cone
or dihedral angles and the spin axis attitude angles at the time of observation.
These equations are needed later in the differential correction formulation. The
attitude of unit spin axis S is consistently defined in terms of right ascension and

declination angles a, ¢, relative fo the standard geocentric inertial system X,
Y, Z referred to the vernal equinox. This geometry is shown in Figure 1, with

Y+85,2 (1)
and
S, =cos acos §(0° <ax 360°, - 90° £ & £90%)

S, =sin acos § (2)

7]
1!

sin &

2.1 Cone Angle Data (Class 1)

Cone angles are designated by ¢ throughout this report. A cone angle is a
measure of the angle between S and some known unit vector U in inertial axes.
The vector U is regarded as errorless. A single 6 measurement constrains S
to lie on a cone about U with generating angle &, as shown in Figure 2a. A
number of ¢ measurements, and associated cone axes, constrain 3 to lie simul-
taneously on a number of cones. In general, with imperfect measurements, all
cones will not exactly intersect in a common line] The program (with only
Class 1 cone angle data input) finds the best common intersection line in the
sense of weighted least squares minimization of cone angle residuals, and this
line is taken as the solution for §. A 'top view'" of this multiple intersection

*In Section 4.2 of Reference 10, “closses® of data {cone and dihedral angles) are referred to as
*types,” but the present report will consistently use these designations in the way defined here.

tThe discussion here assumes a fixed spin oxis. In the dynomic case all the cones do not have a
commen intersection, even with perfect § measurements.
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Figure 1. Spin Axis Orientation Angles

geometry is shown in Figure 2b. With only two cones, two equally valid solu~
tions exist; in this case the program will converge to the intersection line which
lies closest in angle separation to the input initial estimate of 3.

The relation between ¢ and the spin axis attitude angles «,# at the time of -
observation is

.f;~:cosl(US)-cosl(US+U 32+US) ’:9] @

1

where U; 5 2 are the known X, ¥, Z components of U and 5, . 2 3 are defined in (2).
Whenever bias is to be estimated for a partlcular type of cone angle data, (3) .
is augmented by the addition of a bias term b, on the right, as indicated by the
dashed block.
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Figure 2. Cone Angle Geometry

2.2 Dihedral Angle Data (Class 2)

Dihedral angles are designated by ¥ throughout this report. A dihedral angle ¥
is a measure of the angle between two planes: the one defined by § and a first
known unit direction line V, the other defined by S and a second known unit
direction line W. The vectors V and W are regarded as errorless. It is



understood that § is not coincident with either V or W. Geometry is illustrated
in Figure 3. The key distinction between dihedral angles and cone angles is that
now a single angle ¥ is associated with two inertial directions V and W, and S
forms the lme of intersection of the two planes of interest.*

The sense and range of ¥, and the ordering of the associated unit vectors V and
W, must be carefully defined for subsequent use. Referring to Figure 3, suppose
the given ordering of the unit vectors is V, W (i.e., V ''comes first"), and let

V', W' be unit vectors along the projections of V and W in a plane normal to §.
Then ¥ is uniquely defined in the range 0° < ¥ < 360° as the angle from V'
around to W', positive in the sense of positive rotation about 8. For any type of

k=

Y

PLANE
NORMAL TOS

UNIT SPIN AXIS

8=
W= ORDERED PAIR OF KNOWN UNIT DIRECTION LINES

L] = .
"W's UNIT VECTORS ALONG PROJECTIONS OF V. ANDW IN PLANE
NORMAL TO S

¥ = DIHEDRAL ANGLE BETWEEN SV AND SW PLANES oe <41< 360°

Y
Y

Figure 3. Dihedral Angle Geometry

*Note that o different kind of dihedral angle can be defined by S and two known inertial direction
lines ¥V and W, when either ¥ or W rather thon § is common to the two plones which intersect at
the given angle. POLANG dota from the ATS satellite series is an example of such a dihedral
angle (Reference 11).



sensor data transformable to ¥ angles, an ordering of the known V and W direc~
tion lines must be specified, and the magnitude of measured ¥ must be in accord
with this ordering and the above definition.

The relation between ¥ and the attitude angles a, 3 of S at the time of observa-
tion can be developed from the geometry of Figure 3. First define the auxiliary
angles % , ¥, in the range 0° to 180° by

cosy, =V-8, cos vy, =¥'S (4)

and the auxiliary unit vector Q in the plane normal to S by

Q=8xV (5)
Then
/ 1
y = B (Y_COS ’y‘r §) (6)
sin %,
W= 1 (W-cos v, 8) (7)
- Sin'yw - ) W=
_ ' 1
Q=8x V"= (B x WV (8)
sin

¥ ‘
¥=tan l(ihfga, 0° £ ¥ < 360° unambiguously

by sign of numerator and (9)

denominator



Substituting from (4), (6), (7), and (8) into (9) and simplifying,

‘Pﬁtan"l LANEES
V-W-cosy, WS ~cos 'yw'y'_s +€os 7y, cos y,

- pant | S (X W
V'W- (V-5 W8

(10)

where the factor (sin %, sin 7,) has been divided out from the numerator and
denominator without loss of quadrant selectivity, since both sin ¥, and sin 5,
are positive for 0° < Yy Yy £ 180° TFinally, letting V 23 and WL 23 be the
known X, ¥, Z components of V and W, (10) reduces to ‘

Y=tan! i Vo W, -Vy ¥ + S, (V3 W, -V, W)+ 8, (V) W, -V, W) CoT
(VW VW, + VW) (VS PV, 8, £V, 50 (W, S, + W, S, + W, S|

where S, , ; are defined in (2). Equation (11) is the desired relation between

¥ and a, § . Whenever bias is to be estimated for a particular type of dihedral
angle data (11) is augmented by the addition of a bias term by on the right, as
indicated by the dashed block, :

Before concluding this section, a few remarks on the concept of a ""dihedral
angle locus' are in order. In the same way that a single cone angle 5 cannot
uniquely determine the spin axis, but only defines a locus for S, so also a single
dihedral angle ¥ defines a different kind of locus. It is generally of more com-
plicated character than the cone of Figure 2a. To demonstrate that a locus in-
deed exists, it is instructive to consider the specific case shown in Figure 4,
where V and W are separated by 45° and ¥ = 60°, This figure is drawn differently
from Figure 3, in that it is referenced to the plane of V and W as "equator™
plane, with N the unit normal to this plane. Now along every meridian extending
from N to the equator arc bounded by A and B, there must exist a direction 8
such that the dihedral angle between planes SVandS Wis equal to y= 60°,

This follows since as S proceeds from N down along every such meridian, ¥
opens up from ¥ = 45° (when S = N} to either i = 180° (when S lies in the equa-
tor plane between V and W) or ¥ = 90° (when S = V or 5 =W). Two particular
points on this locus are shown as S5, and S_on the mer1d1an arcs NV and NW,
and a segment of the locus is sketched betweer,

9



N =UNIT NCRMAL IN DIRECTION OF V¥ x W
LOCUS OF § -

FOR WHICH yr=60°

Figure 4. Spin Axis Locus (Single Dihedral Angle)

Note that this locus is not a ''circle of latitude." Nor, apparently, is it part of a
(right circular) cone. That is, there is no single direction line in space which
could serve as cone axis; such a line must have the property that all S orienta-
tions along the locus are separated from it by a constant angle (the cone angle),
Nevertheless, the surface swept out by S as it occupies all points on the locus can
be considered in a general sense to be part of (non-right~circular) "cone,"

A number of dihedral angles alone (without any additional cone angles) suffices
for a solution, since all of the lociso defined have a nearly common intersection
line.* With only Class 2 dihedral angle inputs, the technique finds the best com-
mon intersection in the sense of weighted least squares minimization of dihedral
angle residuals. This is faken as the solution for §. In the most general case,
any mixture of Class 1 and Class 2 data may be input, and the program finds the
hest commeon intersection of all cone angle and dihedral angle loci.

*The discussion here aguin assumes a fixed spin axis, but the program also handles the dynamic
case (Section 23).

10



3. SPIN AXIS MOTION MODEL

3.1 Constant and Dynamic Models

The most common application of the technique is the case of constant S. That

ig, the acting torque levels are sufficiently small, or the data span is sufficiently
short, that S can be regarded as inertially fixed over the span. The attitude state -
is then simply defined by « and & . If these conditions are not well satisfied, a
dynamic motion model based on low order polynomials in time is assumed for

o and é, viz.

a(t) =g, +a, (t=-t) +a2(t-t0)2+a3(t-t0)3
' (12)
B(t) =dy +d, (t-t) +d, (t-t)?+d, (-t}

where t; is a chosen epoch time and t is a general time within the data span.
The advantage of polynomial models in the least-squares solution algorithm is
that the attitude angles at times t are linearly related to the a,, a,, .. ., d;
state coefficients, Considerable computational simplicity is thereby realized
‘(see Section 4).

Logic allows for truncations of (12) to quadratie, linear, or constant models at
the option of the user, so that the case of constant S is also handled by the gen-
eral form (12). To summarize, the state variables estimated by this technique
for the various motion models are as follows:

STATE DEFINITION

- Model State Variables
Constant ?‘o ydg _
Linear ag, dgy a4, d, : ‘ (13)

Guadratic ap, dy, 2y, dy, a,, d,

Cubic . a5, d,, a,, dl, 8,5 d2, a,, d

3
p—

At option, constant biases on separate types of either cone angle {Class 1) or di-
hedral angle (Class 2) data may be included as additional state parameters and
estimated along with the attitude variables. As many as five distinct biases may
be simultaneously estimated, apportioned in any way among the separate data
types of either data class.

11



3.2 Nutation Application

By their very nature, polynomial models tend to fit the general trend of a dynamic
motion process, and to filter out short period oscillations. A particular instance
of the latter, which is of some importance in practice, occurs when space nuta-
tion is present. Here S executes coning motion about the total angular momen-
tum H, and it is the attitude motion of H under various torques that is often well-
approximated over a data gpan by polynomial models. The measured cone and/
or dihedral angles, however, are relative to S. Consequently, they will exhibit
an oscillatory component at the nutation period, which is in accord with the ac-
tual motion of S. Now if (i) the nutation cone angle is small, (ii) the nutation
period is short compared to the period required for H to change appreciably in
direction, and (iii) many measured data points occur over each nutation cycle,
then the inherent smoothing action of this technigue tends to give a good estimate
of the motion of H. The solufion can then be interpreted as the average or
smoothed motion of the nutating spin axis S, This holds for both constant and
dynamic models for H. The above conditions (i), (ii), (iii) are indeed often satis-
fied in practice, which implies that the simple polynomial models are capable of
providing at least average solutions for S in the presence of nutation. For a
particular application of these considerations to the TIROS-M satellite, see

pp. 4-37 to 4-41 of Reference 4.

4. LEAST SQUARES SCLUTION ALGORITHM

4.1 Basic Formulation

The attitude and optional bias solutions obtained by this technique are those
which minimize a weighted sum J of squared residuals between measured and
computed cone angles and dihedral angles. The minimization is carried out
with respect to the attitude state variables (13), plus any specified bias param-
eters, In vector-matrix form, the sum J is

J=@ -0 W] @-+F -1 My T-v (14)

where

E = vectior of cone angle measurements (hereafter the tilde{~) notation
indicates a measured quantity; elements of ¢ together with corres-
ponding measurements times are input to the program)



= vector of computed cone angles

D

{w

i

diagonal matrix of cone angle weights (input)

vector of dihedral angle measurements (input together with corres-
ponding measurement times)

=
Il

v = vector of compuied dihedral angles
[Wq,] = diagonal matrix of dihedral angle weights (input)
andprime (') indicates transpose. The elements of ¢ andy are computed as
functions of the attitude state (and possibly bias) parameters according to (3)
and (11), together with the defining relations (2) and (12).
Following Reference 12, the minimization of J is achieved iteratively through

the differential correction algorithm

ax= {0’ W HYEH W e (15)

where

x = gtate vector (consisting of components (13) plus specified b1ases to
be estimated)

[H] - = matrix of partials of cone and dihedral angles with respect to the
" elements of the state vector ‘

W = dmgonal weighting matnx whose diagonal partitions are (W, ] and
LW[IJT, l.e-,

W = et (16)

(17)




In the above, [H] and o at each iteration are evaluated for the current state
estimate x at that iteration (hereafter the hat (~) notation indicates an estimate).
The process begins at an input initial state estimate X,, which is updated to

X = i‘_(o + A x after the first iteration, etc. (see Section 4.4) for additional details).

4,2 Partial Derivatives

The partial derivatives which go to make up the elements of -[H] are cbiained
by chain-rule differentiations of (3) and (11) taken together with (2) and (12). A
simple example will first be given to illustrate the procedure; extensions to
more general cases follow. Suppose that (i) the dynamic model (12} is linear,
(ii) only one type of Class 1 ¢ data is being processed, and (iii) bias in this data

" type is also to be estimated. Then the state parameters for the problem are
a9, dgs 21, dy, and by. The relation between € and these parameters is there-
fore expressed by the system of equations

g = cos™! (U, cos acos § +U, sinacos 3 + U, sin ) + b, 18)
a=a, +a, (t-t) (19)
5=dy +d) (t-t) ' (20)

From (18-20) the appropriate partial derivatives are

30 B} --U1 sinacosB+U2 COS o COS o 1)
830 -1 - (U1 cOSs a COS S+U2 sin a cos S+U3 sin 5?2
386 _ -UlcosasinB—UzsinasinS+U3cos8 22)
o d, -x]l—-(U1 cos acos 5 +U, sinacos § + U, sin §)2

586? _ a8 (t "to) (23)

a, Bao
o o8 ‘
—_ = t -t 24

i4



28 _, (25)

where « and § are functions of a, ., do’ d1 given by (19} and {20}.

For this example, assuming n data points 5’1 , e , 3’" at measurements times
t,, ..., t,, matrix [H] is of order nx5, with the i-th row consisting of the ele-
ments (21-25) evaluated at time t .

It is seen that (21) and (22) are the ''fundamental” partials for a constant spin
axis model, with (23) and (24) being obtained from them by multiplying by (t - t o
Extending this sample to a quadratic or a cubic motion model, the requlred '
additional partlals are

. ™
aae :aa(t_to)z
a, aao
a@ :M_(t_t'}s
833 'aao 0 ‘ .
> _ (26)
BN ° &
— =—— (t-t)?
ad, ~ad, o
P! g &
—_— = _ 3
3 ad, (t X
-

Following this same approach, the fundamental partials for dihedral angle data
are 3¥/da,, 90¥/9d,. These are obtained by differentiations of (11), with-

Sy 43 given by (2). The algebra is straightforward but somewhat lengthy, so
only the final results are given here. For brevity of notion, define

- ' R
El -V2 W3 —V3W2
E, =V, W, -V, W, > (27}
E, =V, W, -V, W,
J
F-viw +V, W, 4 Vi W, (28)

15



SV:V181+V252+V383

(29}
Sy =W, 8, + W, S, + ¥, 5,
NUM (for “Numerator’) = S, E + S,E, + 53 E:,l
(30)
DEN (for “Denominator’) =F - Sy Sy J
Thus (11) becomes
NUM K
¥ = tan! (DEN):_+ b[l[ : (31)
Further define
Q, = DEN-E, + NUM (S, W, + S, V))
Q, =DEN-E, + NUM (S, W, + S, V) (32)
Q, = DEN'E, + NUM (S, W, + S, V)

Then the fundamental dihedral partials are
aq,:-leinacoss+chosacosﬁ (33)
da, (NUM)?2 1 (DEN)2

aq,_-—QlcosasinS—stinasin8+QacosS (34)
od, (NUMY? 4+ (DEN)?

where o and § are functions of a 0t * d given by (12). Additional partials
to accommodate a dynamic motion model are obtained by multiplying (33) and
(34) by appropriate powers to (t - t,), as in (23), (24), (26).

16
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!

To summarize for all cases, the following table lists the partial derivative equa-
tions used in computing the elements of [H]. )

PARTIAL DERIVATIVE TABULATION

Cone Angle

Dihedral Angile

Partials Equation Partials Equation Model
38 3y 1

o9 21) =¥ (33)

da d a,

0 : Constant-

38 3y '

90 (22) oV (34)

3d, 3d,

29 21) - (t-t) oW (33) " (t - t,) +Linear
3 al o a a,

e 8 22) - (t-t o 34) - (t - ’

= 22) - (£ -t ) o (39)* (t - t,)

o7 @1) . (-t )2 il 33) - (¢t -t )2 | | F Quadratic
2 a, R 2a,- e

30

— 22) (t - t,)2 oW 34) " (t-t)?

3 d2 ( ) ( 0) 3 d2 ( ) ( 0)

99 @1 * (t-t)? ° ¥ 33) " (t - t,) | >Cubic

3 a, ‘ 0 a a, : 0 r

38 3w

2 22) - (t -t )3 oY 34) - (t -t )3
ey o (34 - ¢-t,)

In addition to the above, [If] also contains partials of @ or ¥ with respect to

-biases for particular data types. If bias for a particular type of 5 or ¥ data is

being estimated, the appropriate partial (either 36/9b, or 3¥/3by) is unity;
otherwise it is zero. '

4,3 Computation Structure for Mixed Classes and Types of Data

~ As stated earlier, this technique can handle any nimber of different data types

within each data class, Within each type there can be any number of individual
cone or dihedral angles. For additional clarification, it is helpful to examine a
specific case here, which also serves to illustrate how bias estimation on par-
ticular data types is processed.

17




Suppose that 5 cone angles of one type, 8 cone angles of another type, and 6
dibedral angles of one type are input. To avoid complicated subscripting, desig-
nate the cone angle types by & andqﬁ % and the d1hedral angle type by ¥. Thus,
the input data 8ets are &, « +« 48y 5 B+ + « sPgs Wy =+« Y. Let the 19 cor-
responding measurement times be ty,, t gy - < - » ty,+ Also agsume a linear dy-
namic model, and suppose that bias b, on just the second type of cone angle data
is also to be estimated. Then the state vector is

e 1

x_[adadb]' (35)

and the vectors and matrices in the differential correction algorithm (15) are
structured as follows:

5
Ax=1[bay, Ady ba, Ad; Ab} (36)
25’1 .39 0
a, adl
86'5 . 385 o
Bao (:\1
toxs | @@ S ¢y
H = 3 . —a— 1
a, )
(87)
a, 'ad1
lPl . a'pl 0
'aao Bdl
'8‘1‘5 o Blliﬁ 0
E\ao Bdl




- ]
L
an
Rk X
Z ‘ (38)
qug-
0 Wy,
W
| ¥ |
191 % PO ~ :$ " ‘
B:{91‘81"'55'85;¢1"¢1"'¢s'¢a| TR R AR R ARNC
1 ]

The partials in (37) and computed angles ¢, ¢, ¥ in(39)are evaluated about the cur-
rent state estimates ao, . & b, at the iteration in question. Relevant equa-
tions are (2), (3), (11), and the hnear version of (12), with t in (12) replacedby
the appropriate measurement time from the sett; , ..., ty,.

4.4 Iterations and ConVergence Criteria

Starting with an input state estimate X, (15) is implemented iteratively, with the
"estimate X at each step replaced by % + Ax for the succeeding step. The process
continues until the state corrections (Aa,,...,A d,,Ab, in the preceding
example) are simultaneously less in absolute value than individually assigned
input bounds. This defines convergence, and the updated state after addition of
these final corrections is taken as the aftitude (and bias) solution, The operation
also ends if convergence has not occurred after a certain maximum number of
iterations, which is assigned as an input parameters.

19



Because of the way in which a ¥ angle is defined (Section 2,2), a "boundary line"
discontinuity exists at ¥ = 0 which can cause_ erroneously high residuals to occur
near this point, For instance, if measured ¥ = 1° and computed ¥ = 359°, then
formally the residual is ¥ ~ ¥ = 358° , whereas actually a corrected residual of

+2° is desired. This condition is handled with proper logical controi,

4.5 Data Rejection Procedures

Though the techniques used in GCONES and in DCCONS (graphics counterpart of
GCONES) are similar, both will be described in this section for completeness,

4.5.1 Residual Editing Method of GCONES

Due to the variety and nature of sensors and types of data which can use this
technique some method of screening input data for consistency is desirable. The
following residual editing method has been incorporated to be exercised at user
option,

The average angle residual for each type of data in both classes is calculated by
' n
2 1o
= (40)
i=1

n

Pavc

where n is the number of angles of the particular type.

Then these average angle residuals for all types are averaged to obtain an av-
erage residual for all data. The editing process continues by comparing the
individual angle residuals to an input multiple of the computed average angle
residual for all data, All angles whose residuals are higher than the specified
maultiple of the average have the associated weights set equal to 0.0 and are
thus not considered in the remainder of the computations.

4,5.2 Residual Editing Method of DCCONS

The present writeup will use the symbol K to indicate any set of cone or dihedral
angle data which contains at least one '"useful' data point. The K notation will
be convenient here because it eliminates the necessity of referring to the cone
and dihedral angle data classes separately., Let M indicate the total number of
such data sets. Then K=1,2 -- M. Letay indicate the '"useful" data points

in set K and let Nx be the total number of such points insetK., Thena =1,2, -~
Nk. In the preliminary computations of its residual editing operation, DCCONS

20



considers the ''useful” data points to be those whose time is not flagged and (2)
whose weight WGHT (K,a) is greater than or equal to zero.

Let RHO (K, aK) be the residual of data pomt Xy . RHO (K,ay) is defined to be
RHO (K,ap} = GAMMA (X, oeK) - THETA (K,o) «

where GAMMA (K, o) and THETA (K,a; ) are the measured and estimated cone
or dihedral angles respectively of point o,

The residual editing is performed in GSTAT1. The user specifies the residual -

editing option by setting JOC to 1. When the option is used, a quantity AVGRHO

is computed for each data set. The AVGRHO of any data set which contains no

useful points (i, e. no points whose times are not flagged) is set to zero. The

AVGRHO's of the other sets (K) is computed by

1

Ny -

o =1

AVGRHO (K) = | RHO (K, oty )| (1

The summation in Eq. (1), as well as N, includes all data points whose time
is not flagged.

The next step in the current residual editing option of DCCONS is the computation
of the numerical values of two quantities designated as SUMAV and AVG

M
SUMAV = Z AVGRHO (K) 2)
K>
]
AVG = — + SUMAV : (3)

-The final step in the residual editing operation is to multiply by -1 the weights of
all data points whose residual is greater in magnitude than ISMULT * AVG, All
data points (including those whose weight previously was set negative) are '

checked., After the weight of a data point has once been set to less than zero,

it can never be reset to a positive value. The weights of data points whose time
is flagged are not necessarily set to less than zero by the residual editing opera- -
tion; such points are eliminated from processing in COFSM hy other logie,
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‘4.6 Statistical Information

Many types of evaluative criteria can be associated with least squares differ-
ential correction processes, In order to keep the basic technique as simple as

possible, however, the statistical parameters are confined to the following
standard fundamental forms,

e Covariance matrix of errors in the converged state estimate., This is
given by (see Reference 9)

A = {’ W W (41)

which is a direct by-product of the differential correction algorithm (15).

e Weighted mean of residuals for each data type in both Classes 1 and 2,
given by (see Reference 13) : :

5 = ————e (42)
2w
Thus for the example of Section 4.3, the weighted means are
p .
Z:wm (’éi - Qi)
By =t (43)

(44)
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(45)

e Weighted RMS (root-mean-square) of residuals for each data type in both
Classes 1 and 2. Based oa the material in Reference 13, this is defined

in the prograim by

- /2
E W, (o, -2 ‘

3
3w

W
2 252 W, o 7522 W,

o Ln L

Using (42), Equation (46) becomes

, ‘2
E 2
W, o] ‘

For the éxample of Section 4.4,

2 Wai (‘—51 —Qi)z

izl

5 ._‘-1

I.__ 1=4

1/2 (46)

(47)

(48)

where 7, Is given by (43); and analogous expressions hold for -

and U_‘F-
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® Sum of weights ZW, for each data type in both Classes 1 and 2. When
several different types of data are used, these sums give a general indi-
cation of the relative contribution of each data type to the final solution.
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APPENDIX A-
GCONES
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Ca
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Ce.
C.
Ce

Ca’

C.

Cu

C-
C‘-
c'
C.

NAME: SUBROUTINE .GCOMES - GENERALIZED CONES
AUTHCR: F. KNCCPR, I8N

PURPCSE:

THIS SUBRCUTINE (OMPLTES THE SPIN AXIS ATTITUDE CF A SPACE-
CRAFT.FRCM SETS CF CONE ANGLES AND KNUWN AXES ANC/CR SETS OF
BE CETERMINEL MAY, AT CGPVICN, BE THE COEFFICIENTS GF TIME ODEP-.
CIHECRAL ANGLES ANL KNCWN VECTORS. THE SPIN AXIS ATTITUDE 10 .
ENCENT PCLYNCMIALS IN ALPHA AKD DELTA. ANOTHER IMPORTANT -
FEATLRE ALLCWYS DETERNINATIEL CF CGNSTANT EIASES IN TEE CONE .

.
-
-
-
‘-
-
-
.
»

ANC/CR DIFECRAL ANGLES. " THE PETHOD EMPLOYED IS ITERAYIVE LIN-.

EAR CIFFERENTIAL CCRRECTICN,

- CCMPUTER: 5/36C, CCRE: 16K, COGMPTLER: FORTRAN-H

CALLING SEGUENCE EXPLANATICN:

TZERC - THE IRPLT REFERENCE TIME FCR THE ALPHA ANL tELTA .
PULYNCMIALSI [ Ec- -
ALPEAIT )= AC + A1¥{T~TZERD} + AZ#[T~TZERDIZI2 + ... .

aLe ~ AN INPUT ARRAY CCNTAINING THE INITIAL ESTIMATES QF
THE ALPHA CLEFFICIENTYS TO BE SOLVED FOR. CN RETURN
THIS ARRAY WILL CONTAIN THE FINAL VALUES CETERMINED
BY CCLNES (LNITS GF CEGS, DEGS/TIME, DEGS/TIME*#2,
ETCs WHERE THE UNET TF TIME IS THE SAME AS FOR TIMEl,
Tive2, TZERC, DEL} :

CEL = SAME AS ALP BUT FUR CELTA CUEFFICIENTS

ALPBND — AN INPUT ARKAY CONTAINING THE LCWER BOUNCS FCR CORR-
ECTICN TO TFE ALPHA CCEFFICIENTS. CONVERGEMBCE CCCURS.
WHEN ALL CUFRECTICNS ARE SIMULTANECUSLY LESS THAN .
THEIR CCRRECTION BOUMDS .

CELBNC - SAME AS ALPENC BUT FCR THE OELTA CCEFFICIENTS ‘ .

NCGF = _THE TKPLT NLMPER CF CCEFFICIENTS FGR ALFHA AND CELTA .
TC BE SCLVEC FOR (MUST 3F GE 1 ANU LE &)

MAXIT = THE INPLT MAXIMUM NUMBER CF CORRECTICN ITERATICNS TOD
BE PERFERNMEL

CCEF — AN CUTPLT AHRAY CUNTAINING THE STATE COVARIANCE

AND CCRRELATICN ELEMENTS FOR THE FINAL SOLUTIGNS
CCRRELATICN ELEMENTS ARE IN THE UPPER TRIANCLE,
CCVARITANCE ELEMENTS ARE IN THE LCWER TRIANGLE.
CIAGONAL ELEMENTS ARE COVARIANCE ELEMENTS.
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IWRT

ICLT

IRET

ISMULT

TIMEL

AXIS1

ANG L

WORT1

IFRSTI

1

]

1

b

THE INPLT
=1 -

5= 2 -

YA
o

—

oo
t

W
1
—
~
I

THE IARPLT
PRINTCUT

RETURN 1IN
- O_.
1 -

H i
[N
]

1]
ad
\

[T}
wh
I

THE MLLTI
RESIDUAL

AN INPUT
CLASS 1 D
TZERC, AL

A TwhO D1IM
ING THE I
1 DATA

AN INPUT
(IN CEGRE

AN INPUT
TC THE (B
INVERSE V

AN INPUT
TIONS GF
TIMEL, AX
IFRST1 15
CF THE FI
TIMELre +e
THE [INDEX
C&D TYPE
WGHT1. FET

LEVEL OF IAFORMATIVE PRINTOUT DESIRED: .
PRINTELT ERRCR MESSAGE IF PRCCESS ABNORMAL-.
LY TERMINATES .
PRINTOUT ALt INPUT SCALERS AND INITIAL .
STATE ESTINATES AND BOUNES .
PRINTOUT THE INPUT POINTER ARRAYS: .
[FRS11, NTYPEL, IFRST12, NTYPE2 .
PRINTCUT FINAL STATE, COVARIANCE ELEMENTS .
AND RESIDUALS AT END CF PRCCESS .
PRINTOUT SAME INFORMATION AS 4 ARFVE, BUT .
AT THE END CF EACH ITERATICN .
PRINTOLT ALL INPUT DATA ARRAYS .
PRIANTOUT CCEFFICIENTS OF MATRIX ECUATION .
AT EACH ITERATICN .
PRINTOLT IRTERMEDIATE VALUES CURING SUMMA- .
TION STAGE CF EACH ITERATICN .
PRINTCUT ACCITIONAL INTERMEDIATE VALUES .
DLRING SUMMATICN FCR DIHECRAL ANGLE CATA .
LCGICAL FCRTRAN DEVICE NUMBER FGR SPECIFIED.
{NTRMALLY =§) : .
CICATOR: .
PRCCESS COCNVERGED

FRCCESS TERMINATED QUE TD MAXIMUM I1TERATICNS.

HEACFED [(MAXIT) .
PRLCESS CIVERGED, I[.E. A CORRECTION ELEMENT .
EXCEEDDD 36C.0 . -
A TINGLLAR FMATRIX WAS ENCGUNTEREDR - PROCESS .
COLLE NOT CONTINUE -
CVER 5 BIASES WERE SELECTED TC BE CETERMINED.
MCCF 15 CURTSIDE ALLCWABLE RANGE .
ALL LATA IS WEIGHTED 0.0 o
PLE CF THE AVERAGE RESIUUAL TC BE LSED IN .

ECITTING .

ARRAY CCNTAINING THE OBSERVATICN TIMES FOR
ATA LUNITS MUST BE CONSISTENT WITH TIMEZ,
Py DEL) )

8 & 3

ENSICNAL INPUT ARRAY = AXIS1{3,N) = CCNTAIN—-.
MERTIAL UNITIZED CONE AXIS VECTORS FOR CLASS.

ARRAY CONTAINING THE CONE GENERATING ANGLES .
£5) IN THE RANGE 0-180 FOR CLASS 1 DATA

ARRAY CCNTAINING THE WEIGHTS TC BE APPLIED .
SERVATICNS CF CLASS 1 DATA {NCRMALLY THE .
AR TANCES IN UDEGREES! .

ARRAY CF PCINTERS INDICATING THE START POSI~
EACH TYPE COF CLASS 1 DATA WITHIN THE ARRAYS .
IS1y ANGl, WGHT1. THUS THE FIRST ELEMENY CF .
"TFE INDEX NUMBER GOF THE FIRST OBSERVATION .
RST TYPE OF CLASS 1 DATA WITHIN THE ARRAYS .
» ¥GHTl. THE SECCNL ELEMENT QF IFRSTL IS -
NLMBER OF THE FIRST OBSERVATICN OF THE SEC-.
CF CLASS 1 CATA WITHIN THE ARRAYS TIMElrecare
C. -



NTYPEL

B1aASt

- BENDL

RECST]

KCLAS]

REC L
RESICL
STEVL

TIME2

AXIS?e

ANG 2

WCFT2
1FRST2

hRTYPEZ2

. Blasz

'.

"WHICH FINAL RESIDUAL STATISTICS FUR EACH LATA TYPE

. ULLeN)Y = WEICHTED SUM CF ANGLE RESIDUALS
{2,N) = WEICHTIED SuM CF SCUARES OF ANGLE RESIDUALS
{34N) = SLM CF WEIGHTS -

AN CUTPLT ARRAY CCNTAINING THE MEAN RESIDUAL FOR

AN INPUT ARRAY CONTAINING OBSERVATION CCUNTS, ONE FOR.
EACH TYPE OF CLASS ! DATA (=NCLAS1). THE VALUE OF
EACH ELEMENT IS THE NUMBER OF CBSERVATICONS CF THAT
TYPE IN THE, DATA ARRAYS TIMEL, AXISl, ANGl, WGHT!

AN INPUT ARRAY CUNTAINING INITIAL ESTIMATES CF BIAS
IN CEGREES, DNE FCR EACH TYPE UF CLASS 1 CATA

(=NCLAS1). IF THE VALUE OF AN ELEMENT IS =9599999.,
B1AS 1S NCT UDETERMINEG FOR THAT TYPE. IF IT 15 NOT
=996569%a s BIAS [S LETERMINEC ANDC THE FINAL CETERMIN-.
ED VALUE IS RETURKEGC IN THE SAME ELEMENT. AC MORE .
THAN 5 BIASES TN TOTAL FROM CLASS 1 DATA ANC CLASS 2 .
CATA MAY BE UETERMINED ) -

-
-
-
-
-
-
-
-

AN INPUT ARRAY CCNTAINING THE LOWER B8OUNDS 1IN DEGREES.

FGR CCRRECTICON TC THE ASSCCIATED BIAS ELEREATS FOR
EACH TYPE GF CLASS 1 DATA (=ACUAS1). 1F THE ASSOC—
TATED BIAS ELEMENT =5999999,0, THE EBND1 FLEMENT IS
NCT USEC ' .

A Twl DIMENSICNAL CUTPUT ARRAY — RHGSTI{3,N} - IN

ARE RETLRNEL:

TEE NUMEER CF TYPES CF CLASS 1 DATA IN THE BRRAYS
TIMEls AXIS1e ANGLl, WGHT1ls IFRST1, NTYPEl, PIASI,
EeNCLy EHLSTL

AN CUTPLT ARRAY CONTAINING THE ANGLE RESIDUALS FOR
ALL TYPES UF CLASS 1 CATA

EALKH TYPE CF LLASS 1.DATA

AN CUTPLT ARRAY CONTAINING THE STANDARC DEVIATION
FCR EACE TYFE COF CLASS 1 LATA

SAME AS TIMEL BCGT FCR CLASS 2 DATA

A TwG DIMENSICMAL INPUT ARRAY ~ AXISZ(6,N) = CONTAIN-
ING THE . TWC ORCERED, UNITIZED VECTORS FOR EACH DIHED-
RAL ANGLE CPSERVATICAN: T.E. THE FIRST VECTCR IS IN )
EleN) ol 2sN) 2 {3sNK) ANC THE SECOND VECTCR IS IN {4,N},
(SyN)y [E4N) < . :

AN INPUY ARRAY CONTAINING THE DIMEDRAL ANGLES (IN
CEGREES) IN THE RANGE 0-360 FOR CLASS 2 DATA

SAME AS WGHT1 BLT FCR CLASS 2 DATA
SAME AS IFRSTL BUT FCR CLASS 2 CATA

\

SAME AS NTYFEL BUT FCR CLASS 2 DATA

LA O e e I N I O I I I B T I I R R R O . T T T T R e S S S S S P

_Fi

SAME AS BIATL BUT FCR CLASS Z2 DATA
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EENGZ ~ SAME AS BENC1 BUT FCR CLASS 2 DATA

RECSTZ — SAME AS RROSTL BLT FCR CLASS 2 DATA

NCLAS? — SAME AS NCLASI BUT FCR CLASS 2 DATA

RFC2 — SAME AS 2+G1 BUT FOR CLASS Z DATA

RESIC? — SAME AS RESID1 BUT FCR CLASS 2 LATA

STCVZ2 ~ SAME AS STDVl BUT FOR CLASS 2 (ATA

JRESID — COMBIANEL TOTAL MEAN RESIDUAL [DEGREES)

151DV — COMBINEC TOTAL STANDARD DEVIATION {DEGREES)
CPTICKS:

p. DYNAMIC ATTITLDE MAY PE SPECIFIED WHERE ALPHA AND DELTA ARE

Ee

F-

PR T E R T R R R R R R R N R R R LN R R R RN R R IR I i e

RESTRIC

Al

TIME CEPENOENT PCLYMCMIALS (UP TC 3RL DEGREE) AND ThE
CCEFFICIENTS 2RE SOLVED FCR AS THE STATE VARIABLES. HHEN
USING THIS CPTICN,; THE ALP AND DEL ARRAYS REPRESENT THE
CCEFFICIENTS: AC:}’I:AZ:Q:‘S: 00.01yD2,D3,y RESPECTIVELY, OF
THE FOLLOWING EXPRESSICNS:

ALTY = AC + AL2{T-TZERQ) + AZ#(T-TIERO)*%2 +
AAx(T-TZERQ)2%3 '
Q(T) = CC + C1#LT=-TZERC) + D2*{T—-TZERC)#%2 +

L% (T-T2ZERQ)*#3

EACH CLASS CF DATA, CLASS 1 — CCNE ANGLE AND CLASS 2 -
DIHEGCRAL ANGLE, ‘MAY EACH BE COMPOSED OF ANY NUMBER OF
TYPES CF DATA, I.Fa NCLASL AND NCLAS2 MAY BE ANY ACN-NEG-
ATIVE NUMBERS JLST £0 LCNG AS THERE ARE NKCLASY ENTRIES IN
THE IFRST1 ANC NTYPE1l ARRAYS AND NCLASZ ENTRIES 1h THE
1FRST2 ANC NTYPEZ ARRAYS

WITKIN THE INFUT LATA ARRAYS, UNDESIRED CBSERVATICNS CAN
BE FLAGGEL BY SETTING THE CBSERVATION TIME =9595959.
SLCH CASERVATICAS WILL BE CCMPLETELY IGNOREC

, UP T0 5 CCNE ANE/CR DIHECRAL ANGLE BIASES MAY BE SOLVED

FCR EN ANY COMBINATION WITHIN THE VARICUS CATA TYFES AND
CLASSES

ANY NUMBER CF OATA CGBSERVATICNS MAY BE PRESENT WITHIN ANY
TYPE CGF CATA ANC ANY NUMBER OF TYPES MAY BE SPECIFIED
WITHIN EITHER CLAZS

A FULL RANGE CF IMCRMATIVE PRINTCUTS MAY BE SPECIFIED
BY THE INPUT FARAMETER IWRT

TICNS:

NCOF MUST BE CREATER THAN CR EQUAL TQ 1 ANC LESS THAN OR
ECUAL TO 4
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SUBRCUTINES CALLEC:

A

E.
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INPUT/CUTPUT CATA SETS

A,

E.

Cl

ao.-...-.’-......-...-o-.-.--- A A B NI LR E LSS E APPSR NSNS SRS eSS

REMARKS:

A

MINV - MATRIX IMVERSICN. THIS IS AN IBM ROLUTINE FRUOM THE

@ B & & % & W 0 & B & B F L ¥ 4 3 O O OB OO

CCEF MLST BE LINMEASIGNELD LARGE ENCUGH TO LCNTAIN ALL
CCVARIANCE ANLC CCFRRELATIGN ELEMENTS. 1T SHCULLC 8E
CIMENSTCNED CCEF(MsN)} WHERE N = 2%NCOF + NUMBER OF BIASES
TC 8E DETERMINEC

AX1S1l AND AXIS2 MLSY LG&TAIN THE thRTIAL COCRDINATES OF
UNLITIZED VECTORS

THE ANGLES IN THE ANG2 ARRAY MUST BAE RANGED FROM C TO 3640
DEGREES '

THE VECTCR PAIRS IN THE AXIS2 ARRAY MUST BE CRDERED, 1.E.
THE DIHECRAL ZANGLE IS MEASULRED FROM THE PRCJECTION OF "THE
FIRST VECTOR CNTO A PLANE MCRMAL TC THE SPIN AXIS, AROUNED
TC THE PRCJECTICN OF THE SECCND VECTOR CONTC THIS FLANE,
PCSTITIVE IN TIE SENSE CF PCSITIVE RUTATIDN ABCUT THE SPIN
AXIS

THE UNITS GF TINME IN THFE INPUT QUANTITIES TIMEl, YIMEZ.
TZERU, ALP, DEL MAY BE ARBITRARY BUT MUST BE CONSISTENT

{ THE SAME}. THE LNITS SHCLLUs HCWEVER, BE SELECTED S50 THAT
THE MAXIMULM EXPECTED STATE CDRRECTIGNS NEVER EXCEED 360.0,
WEICKE IS CEFIMEC 25 UIVERGENCE

CIHECRAL ANGLE (CLASS 2) CESERVATICNS WHICH CIFFER FROM THE.
CCMPUTER CIHELRAL ANGLE BASED ON THE CLRRENT STATE BY MORE .

THAN SC.C DEGREES WILL BE IGNURED {WEIGHTEC TC ZERC) FOR
THAT ITERATICA

+

CCFSUM ~ CCEFFICIENT SUNMMATICN. THIS IS5 A SPECIALIZED ROUT-
INE LSED ODnhLY BY GCUONES TC CCMPUTE AND SLM THE
ELEMENTS OF ThE MATRIX TO BE INVERTED FOR EACH
ITEQﬁTiLh.

SCIEMIFIC 5LBRDU1INE PACKAGE (S Pl

READ CALY — NCNE
REAU ANC WRITE - NOKE

WRITE CNLY — FTXXFQCL. (XX [S SPECIFIED BY JCOUT) CCNTAINS
INFGRMATIVE PRINTGUT SPECIFIEC BY IWRT

IF ONLY CNE CLASS OF CATA IS TC BE INPUT, THE ARGLMENTS
FCR THE UNUSEL CLASS MAY BE UNDIMENSICNED DUNMMY VARIABLES
JUST SC LCNG #5 NCLASDI {CR NCLASZ) IS SET TO @

" L L R T T N T T T T T S T S T T R A S S S R S T T N R Y



IF BIAS IS NCT TC BE CETERNMINEL FCR A CERTAIN TYPE CF LDATA,.

THE ASSCCIATEL VALUE IN THE BIAS1 CR BIASZ ARRAY SHOULD BE

ECUAL TQ 999459,

THE GUANTITIES RETURNEG IN THE RHUOST1 AND RHCUSTZ2 ARRAYS

May BE USED TL COMPUTE

THE VEAN DEVIATION AND STAADARD

DEVIATION GF FIT FOR EACH TYPE CF DATA

CONVERGENCE I& REACEELD

CNLY WHEN ALL STATE VARTABLE CORR-

ECTIONS ARE SIMULLTANECUSLY LESS THAN THEIR CCRRESPONDING

BCUNGS, INCLULING BIAS

ELEMENTS

IF DATA ODSERVATICNS ARE SCREENED PRICR TO INPUT Ta GCONES,
UNWANTEE CBSERVATIONS MAY BE FLAGGED BY SETTING THE ASS0C-

TATED TIME =9695949.

THE ALP AKD DEL AFRAYS

CCNTAIN CCEFFICIENTS EF PCOLYNCMIALS

AND ARE NCT, STRICTLY SPEAKING, ACCELERATICN ANU JERK (RATE

GF CHANCE CF ACCELERAT
MCDELS

ICN) AS THEY ARE FCR SCME OTHER

Cn.o.-c-o--ca----c----coo-‘o.-.--cla‘-oooc-o-------u-.-.---l.ol--.l--.o

Ce  REFERENCES:

Ce Aa

L.Bs SCHRLEGEL, "CCNES:
TECHNIGLE FCR ATTITLOE
LITE"y IBFM FSL REFURT,

PSURVEY AND EVALUATION

AN ITLRATIVE DIFFERENTIAL CORRECTION
CETERMINATICN CF A SPINNINCG SATEL-—
CONTRACT NAS 5-10022, MAY 1967

CF ATTITUDE DETERMINATIONM TECHNI-

QUES™, IBM FSC REFURT TR—-6E-8, CCNTRACT MAS 5-1002Z2, MAY

1948, FP. 4-14 TO 4-24

MRAQIC ASTRUNCMY EXPLCRER ATTITUCE DETERMINATION SYSTEM
{RAEALCS)y VCL 1114 SPIN AXIS ATTITUDE DETERMINATICN PROGRAM
—CYCCA"™, IBM FSC REPORT, CCNTRACT NAS 5-10022. MARCH 1969

MEYSTENM/ILO STIENTIFIC
PRCGRAMMERS S MANUALYM,

SUBHCUTINE PACKAGE, VERSIGM 11,
Iem FCRM NG. H20-0205-2

c-.a.g-.-..o.eio.‘..-....uo.--.--.--.---.-co--.-.g-----o-.-----c--.-o--
F

Ca A.
Cae Ba
Ca C.

C. Fao

Ce REVISICNS:

F. KNCCP (01 2UC 19¢9)

F. KNCCP {2C JAN 19701
ENCE TC PREVERNT 1FL254
ECTICh ELEMENTS

F. KNCCP {2C JAN 1970)
INTC CRCER CF SEVERITY

F. KNCCP (2C FER 1970)
CTHECRAL ANGLE CATA

= CRIGINAL CODING ANB TESTING
— MCDIFICATION TC CHELK FOR DIVERG-
I ERRLCRS [UE 1O ABSUROLY LARGE CORR-

~ RECRDERING GF ERRCR RETURN CODES

- CCMPLETE REVISICN TC INCLUDE

A. GEELHAAR €15 SEPT 1972) - ADCITIGN CF SIGMA REJECTICN
CAPABILITY ANLD RENVISION COF CALLING SEQUENCE

C.Ilnnoﬁotccoqn-.t‘a--‘.-l..---.tu-ntas.-.--.-c.-o----c--c----p-t....o-
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laEakel
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SUBACLTINE GCONeS (TZERC, ALPy LEL: ALPEND, DELBAD, NCOF, MAXIT,
COEFy TWRT, ICLT 4 IRET,ISVMULT, -
TIPELy AXI1S1y ANGLly WGHTLly IFRSTL, NTYPEL, BIASY, EBNDL,
RHCSTLleNCLAS1¢RHOLJRESICL,STCVL,
TINE2, AXIS2, ANGZ, WGHFTZ2, IFRST2, NTYPE2, B8I1AS2s EBNDZ,
RHCSTZ,NCLAS2y RHC2Z4RESIGZ2STUV2 » TRESID, TSTOYY

T e e e e

OIMFNSICN ALP(4)y DELEG), ALPBND(4), CELBND(4)s COVAR(9I)
#¢x2x DIMENSICNS EGLAL T0 % QR S5CC IN THE FCLLCWING LIST ARE NOT

t5%3% RESTRICTIVE, BUT pRE NEANT ChLY TO 8B SUGGESTIVE LF THFE STRUC-

wr44d TURE (F THE ARRAYS ,
DIMENSICN TINEL(5CO}, AXIST(3+50C)y ANGL{S0CH, WGHTLISOC),

v IFRSTL(5), NTYPEL{5), BIASL(5), RENC1(S), RRGETL(3,5)
CIMVERSTCN TIMEZ(5C0O )y ANIS2(6,5CCHy ANG2{5C0)s WGHT2({30C),

/ TFRST215), NTYPE2(S ), ETAS2(S}, dBBND219)s RHUETZ2(3,45})

Temwke TATERMALLY ALLCCATEL SPECIFICATIONS.

" DIFCNSICN ALPRI4Yy CELRI4}, CUEFE23,13), CHNG(L3)e LCRECSQI13),
/ RHCYISCNY ¢ RHC2 (5C0 ) STLVL(S e RESICL{G),STCV2Z{5),RESIDZ(5),
/ STERLCLA) ySTCRZI13],CCFILE%) ¢AVGRECIZy5) sNAMELZ,13)
LATA RTCC+XPIAS / ST.Z98764555566%./
GATA NANE/Y ALPY,THZ 10,0 DELY,*TA 1%, " ALP s HA 27, DEL®,
FO'TA 2%,% ALPY,*EA 3%, ' CEL'S*TA 3¢,* ALPY+'HA 4',' DBELY,
FOVTA 4t t PIVLTAT )P, BRIV, 0AS 2',v BI',TAS 3',' HIv*,vAS &Y,
/ot EI'.'AS S/ ’

t#%sx PRINTLUT AT CPTIGh ALL THE INPLT VARTABLES ANC LCATA ARRAYS
IE(IwRT.LTL2) GC TG 100

sEErE RRITE HEALCER LINC AMD ALL IKPLT NON-ARRAY ITEMS .
WRITE {ICUT,&BCCCY NCLASY, NCLASZ, TZERQ, NCCFy MAXIT, IWRT, TOLUT

“xwkx W [FE INLilAL AFTITLUE COEFFICIENTS ANL CORRECTICN RCLNDS
WRITE (IGLUT+BGLCY (ALPCLIY, ALPBNLC(I), LEL{I), CELBNDII),1=1,NCOF)

txkek WRIVE [NITIAL BIAS ESTIMATES ANC CORRECTIGN BUUNDS
1FINCLEASLLLELGY GO TC 3¢
ITTTLE = 1
UL Z2C F = 140CLAST
TF{PIASI{L . FCLXBIASY GL TQ 2C
IFCTTITLELECL1) WRITE (IGLTL8G2C)
[TITLE = 2 |
WRETE [TCUTHO4C) 1, ELASLI1), BENCL(I)

20 ECNTINUE .

40 CUNTINUE
TFIACLAS2.EE L) GL TR &
[TI7TLE = 1 | i
EC 5C°1 = 1+ACiLAS2 ) :
IFIPIASZLI)LEC.XBIAS) GU 70 SC
IF(TITITLE.FQLY) wRTTE { I1OLT,8030})
ITITLE = &
WRITE ([CUT.8C4C) [, BIAS2(1Y, PENG2LI)

50 CONTINUE

G0 CONTINGE
TF{TWRT.LT.3) GC TC lCC
[FINCLASLILLELC) GC 16 8¢
BL TG T = L4NCLASI
41 = TFRSTLII}
hNo= NTY$EL1C(])
J2o = Jl + N - 1
FRITE {TULTLEGSC)Y 1y Mo Jhy J2 .
TFIIWRT.OLeE ANUG haCTLG) WRITE LI1ICUT,BC70Y (Je TIVELL),

/ (AXISLARySY9k=1430y ANCGLIJ)y WORTL(J),y J=d1,42)

10 CONIINUE .

80 CCNTINUF
TF{ACLAS2,LF,.8) GC T 1¢0

Co018R0G
€001a%00Q
0019C0a
GCol910¢
€0o15200
20019300
C001940¢
D0QL9508
00013600
gaarsTee
Coor9800

© DGa19900

Q0020000
000201460
co0z02a¢
00020300
c0020400
CO020500
000207G0
00020800
C0020900

. 060216040

00021100
00021200
00021300
00021400
Cup21500
60021600
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of 6C 1 = 1aKCLASZ

J1 = LFRS5T2(1)

no= hiYPEZ(ID

Jz2 = Jl + h— 1

WRITE {ICLTL8CEC) L4+ Ny Ji» J2

1l ThRT«GEE 2AREe MaGT40) WRITE (JGULFSBGRC)
/ TAXTS2IK,d)sK=1,6) s ANGZUJ)s WGHT20J), J=dlsd2)

SO CUNTIMNLE
100 LENTTNGE

s COMFUTE THE NUMOER LF ANGLE BIASES fC BE CETERMINED

NEL1AS = O
TFIRCLASTLLELCY GO TU 1&0
LT 11C 1 = 1.nCLASH
TF(BETASLIT)JNE.XBTASY NEIAS = NBIAS + L
11T CONTIKUE
120 CCATIMUE
I[+{MCLASZ.LELCY GO TG 140
DC 130 T = 1,KCLASZ
IF{PiASZII)I.NE.XBIAS) NEIRS = NRIAS + 1
140 CCAMTIMUE
14C CTNTENUE
2%t 4 CFECK FCR OINVALIL LAPLT
IT(ALCF.LT.Y .CR. NCOFLCT.4) GC FL T7CCO
TF{AB!AS.GT.5) CO TL 7010

sixse COMAUTE SUME CONSTARTS FOR TRE SUMMATICON

N2 = ACCF + ACCF
N3 = N2 + NBTAS
nd = N2 + 1
NS o= W3 o+ ]

IfL = 9
I82 = IPL + NBIAS — L
LT 150 Ju=1+A2
CEnCLdI=5.0
149G CONTEAUE
#a%sx INTTIALIZE [TERATIGHN CULNTER

[STEF = 0
g48%% INITIALIZE TERMINATICKR CONTROL
151C7 = €

%z PESIN PROCESCING FOR OTHIS TTERATION

L0 CORTINUE
[STEP = [STEP ¢ 1
seere CCAVERT ATTITLUE CCEFFICIENTS TC RACIANS
CCo21C 1 = 1,6MCCF
ALPRII) = ALP{L)/RTCU
BELRIT) = DELUEI/RTCD
210 CONTINUE
sewts ZOAC CUT MATRIX GF COEFFICIENTS
BC 230 T =1.0N3
CC 2el 4 =1,A3
ceerly, 1y = €.C
220 CONTINUE
CRECSCID) = C.0O
230 CUNTIIRNUE
TRIAS = N2

$ev4% PEGIN LOOP 7O MAKE ALL SUMMATICAS FCR CLASS 1 CATA

{FINCLASLLLELD) GC TU 3C0
NC 26C 1 = 14NCLASIL
J1 = IFRSTILULI}
ho= NTYFELLID _
sagae JERC CLF RESILUAL SUMPATICN VWARIABLES
RELSTLC(1,IY = C.C

A-8

aog2laag
£0C21900
0ac2200¢€
00022100
00022200
GGo22300
Loc2e4ae
00022500
Cop22600
oon221700
gouz22800
con22900
c¢o231c0
00023200
00023300
€00234QQ
oocZ23sce
00023700
¢o023800
€g023900
00024000
G002410C
£0024200
00024300

00024400
GC02450Q0
G0024604
00024700
00u24800
c002449C0
00025000
00025100
0c025200
00025300
00035100
00035200
00035300
£0035400
aQo3s500
00035600
c0035700
¢o035800
00035600
Q0036000
co036100
co036200
00036300
00636400
00036500
C003&60C
00036700
0C036800
c0036900
Q0031C00
Q0037100
€0037200
000373¢0

(CCNE ANGLES)O0CO037400

Co03Tsau
00037600
00037800
00637900
00G3s000
00038200
06038300



. ARCET10241) =

C.0 : C0038400
RHCSTL{3,1) = 0.0 00038500
[F{N.LE.C) GO TC 29¢ 000381C0
[F{RIASI{I).AC.XBIAS) IFIAS = JEIAS + 1 £Qa386co
C #=%#% CALL CCFSLVM TC COMPLTE ANL SUM COEFFICIENTS FUOR THIS TYPE OF 00038700
C ##erd CLASS 1 CATA ) C 00D388CC
G tmanmesmsrsnasanrasscsasn anasasndsansdsonsssenernrasssesnsansnsssnscansanssQ003BG0G
CaLl CLFSUM (TIMELLJL)y AXISLIL, 010, ANGMJL}, WGHTLt2L1)}, N, 1, 3,00039C0C
/ ALPR, DELR, BIAS1{1), LRIAS, NCCF, TZERC¢ IwRT, I0UT, CO03910¢
/ CCEF 4 CRFGSU yREOSTI( L4110 AVGRHO( 1,13 4RHCLLJL ) '
C.......................................................................00039300
290 CONTINUE 00039400C
360 CONTINUGE ‘ ' 0039500
o . - 0039600
C ##s%% BEGIN LCUP TC MAKE ALY SUNMATILNS FCR CLASS 2 EATA [DHED ANGLES)COD39704
< 00039800
IFIRCLAS2.LELC) GC TG &LO ' 00039900 .
D 38C | = LeNLLASE C0040100
J1 = ITRSTZ2(1) 00040200
K = MNTYPEZ(1} . . C0G40300
C s%%%¢ JFERC CUT RESICUAL SUMPATICK VARTABLES C004Q500
REOSTZ11s1) = fiaC C0040600
RECETZ{2,1) = C.0 CO040TO0
RECSTZ13,1) = 0.0 C0G40B0D
[EIALLELOY GC TC 29¢C : 00040400 .
C IFIBIASZ(IY.NELXBIASY LELAS = TEIAS +. 1 0CG409C0
C #s%ex CALL COFSLNM 70 CCMPULTE ANC SukM CCEFFLICIENTS FOP THIS TYPE OF "C0041C00
C #%ex% CLASS 2 CATA ) COO&11C0
(i tvananovsssonenaconanasasonansrssaosnacosnanscsnenannansssnansesasansneaC0041200
CALL COFSUP {TINC2LJ1Yy AXIS20Lydldy ANG2LJLY, WGHT2(JE)y N, 2, 6,00041300
/ ALPR, CELR, BIAS2(I}, IBIAS, NCCF, TZERC, [WRT, ICUT, COC414COD
/ CCEF4CRECSQWRIEDST241 oI AVGREOL 2214 RRC2LJL D
Lassaasnasnsansnssanassnnnonssanonosassssasossanscsassasasasasnsnscssansesl0Nal600
390 CONTINUE £0041700
400 CUNTINUE o ’ C004 1800
Co#%dd% CCFSME COMPLTES ChLY [IAGENAL AND LPPER RIGHT CFRF=GIACONAL 00041900
§ %%%%k ELEMINTS CF Th& CCEFFICIENT MATRIX BRECAUSE IT IS A& SYMMETRIC €0042000
C wdsud MATRIX . . Co042100
C #%%%%n CONMPLETE LUWER LEFT CFF-LIAGCNAL ELENMERTS CF SYMMETKIC MATRIX 00042200
LT 4EC T = 2,83 ) 00042300
K o= 1 -1 . CO0&2400
PO 480 4 = 14N . ‘ 000425Q0
COEF{T,J) = COEFQJ,T) ’ . C00426060
480 CCNTINLE 0042700
IF(IWRTLLT.LIC) GO TC B4C CO042800
C #3533k WRITE COEFFICIENTS CF SIMULTANECLS EQUATICNS . 00042960
WRITE {IGLT,ELCCH ‘ ¢0043000
UL 520 1 = 1,N3 00043100
WRITE (TCLT,012¢) TCCEF{TAdYy J=14N3)s CRHCSCUI) CO043200
520 CONTINUE : . €00433060
540 CCMNTINUE ) . 0004340C
C *#%#2 ULSTRLCTUME LLcF FATRIX TC FURFAY EXPLCTEC RY IBM SS5P = MINV UC043500
ko= o ) 0043600 .
LC 545 T = 1403 00043700
' BC £45 0 = 1,N3 0004380C
K= K+ 1" ‘ © CC043900
COF{KI=COOF{ g1} C
“45 LCMTINUE : 00044100
[ %%#%% CALL IDM SSP RCLYING MIAY TC INVERT CLEF MATRIX 000442C0

C.l.-.l-l.".-l.-.l.‘ol...Q..'I.'.I..'I-‘l....‘ﬂ.‘.--.ﬂﬂi..‘...OI.‘...-..GOOQ"}UC‘
CALL WEAVICCF,N3,CET,STCRL,STCRZ)
Ceesesnanassoienessesenessiasuaessasasaasasaseasinassacansncscnsassacenal0044500
IFICET.ELaGaG) LT TC 7020 - CO044600
C ##%4% CALLULAIE CCRRELATICN MATRIX, CCMBINE WlTH CCVARIANCE MATRIX
k=g :
CC £5C i=1ih3



CC B850 J=1eh7
K=K +1

£5C CLEFR{, 1¥=L0FIK)
NIFI=h3-V
LC £5% I=1,h3F1
Ti=i+l
L S5 J=11,03
T=UOEF{ T oI %CCEF (s d)
IFtY.LE-C.L)  CC 10 554
COEF(Lp3i=COEFLE IV /SCRTLTY
of 10 595

c54 (CEFil,ydi=699.

€25 CONTIAUE

ahgts MULTIFLY COVARIANCE MATRIX Y VECTOR CF RKC

4xsss SCUARCE CERIVATIVES T€ CHTAIN ATTITUOE STATE CORRECTICNS 0044800
K = ¢ 0044500
LC BEG I = 1,.N3 0045000
CERC L] = 0.0 CQ045ECO
DC EEC 4 = 1.N2 Q00452G0
K o= kel 00045300
CERC LTI =CRNG L) +CTF (KI*IRFGSCT Y
560 CONTIRGE 00045500
[FCISTOPLKELC) CO TL €1 00045600
#eedk SET INDICATCR TC *CONVERGEC! 000457C0
IRET = € CO0458G0
LC ECC T = 14NCCF 00045500
s%%%% CHECK FOR NCA-CCNVERGENCE ' 00C46C00
TF(OESLCENCIZ3I-111.GTLALPENDEL)) (RET = 1 00046100
[F(ARS{CHNG{2¥ 1Y .GT.CELBAC(TI)} IRET =1 00046200
Awdcrd CRECK FOR LIVERGEMCE CO046300
[F(AESICHRG (2% I=111.3T7.360.G) GC TO 7C30 C0046400
IF{ABSICENGEZ¥ [P} .GT.26C.C} GC FC 7030 00046500
£00 CCwnilnLg €004660C
#zxk2 CHECK FCR CIVERGENCE (R CCNVERGENCE DOF BIAS ELENMERTS £0046700
IF(ANRIASLELC} GO TC cCE 00046800
K = N2 \ 0046900
[FINCLASELLELC) GC D &C4 £O047C0Q0
CC £C2 I = 14NCLASL 00047200
IFCRIASI{T)ZEC.XBIAS) GU T 82 ) 00047300
K= K + | Q0C47400
IFCABSICHAGIKY ) GTL EBNDL(I)) IRET = } C0047500
[FUARSICHNG (K }aGTL36C.C) GC TC 7C3Q Qoo47600
EUZ2 CENTIAUE ' COG477C0
£04 CONTINUE Coo47800
IFINCLAS2.LE.D) GC TG &€8 00047900
Ll €CE I = 1,NLLAS2 c0O4B100
IFCRIASZETILEC.XBIAS) GC TO 606 00048200
K= K + 1 00048200
EF(ABRSICHNG(FI).GTLEBNDZ(T}} IRET = 1 C0048400
IFCAESELHAGIKY).GT.26C.C) GC TC 7C30 CCo4 8500
€06 CCATIAUE O004B&CD
ECE CCNTINUE C00487C0
EL0 CONTIRUE CO048800

I[x=C
IFLIRRT oL Tab4aCRAIIWRT oL Taca ANDS ISTOPLEG. Q) IX=1
IF{IX.NE.C} CC TC €25
#3%%% WRITE CCMBINEL COVARIANCE — CCRRELATICN MATRIX
TEIMBIAS.LELD) WRITE {ICUT,B250) INAME[1l,1), NAME{Z,11s I=1,N2) c0049200
TF{NBIAS.GTLC) WRITE LICULT,.B250) (NAME{1l,1), NAPELZ2,1), I=1.N2}, 00049300

/ INAME (1y1), NAME[2,1), 1=181,182) 00049400

DO £20 1 = 1,K3 00045600

11 =1 , c0049700

IFUTL0TLN2) 1T = 1 = A2 + 8 00049800
WRITEfILUY 482600 NAMECL BT} oNAMEC2, 111, (COEF(Jol)yd=1,N2)

£20 CONTInUE 000450100

00050200

A-10



C #¢%$% CCMPUTE AND FRINTCUT ETﬁT!STItS GF RESIGUALS

C

€25

€30

£40

C »%%kex STATISTICS FUR CLASS 1 TYPES

wll=t.0
STA1 = C.0

STR1 = C.0

IFCRCLASYLLELC) GO IO 640

ITITLE =

CC €3C 1

RESILLIUI

STUVIET)

w T REOSTL(3,1}

1r{w.lELCal) CC TC &£3C

S1 = RHCSTLILel /W
SE=SGRTIAMAXI(QL,RHCSTL(2,13/—51%51})
IFLIXWFEC.GaNDLITITLELECL L) WRITE(ICUT, 0270}
RESICILI)=51

STovitll)=S2

ITITLE = 2 .
IF{IX.EQ.C) WRITEL TOLT 4829C) 1,5F 452+ M
wTlL = WIL + W .

STAL = STal 4 RHOSTiI(1,1)

STR1 = STRI + RFC‘Tllc.l)

CLNTINGE

IFIwTLl.LE.0LC)Y CO TC €4C

S1 = STAL/WT
SZ=SCRTLAMAXI(C y STEL/WT11-51%51))
[F{IX.EC0Y WRITEIICUT,LE255) S1+57+0WT1
CONTINUE '

1
= 1eNLLASI
1=0.C
=0.0
1

C #%=%% STATISTICS FUR CLASS  TYPES

W12 = 2.0
STAZ =
5787 =
TFINCLA
ITITLE
pC ¢5C | 1yNCLAS2
RESICZ211)=0.C
STEVZ(IY=0,C

Wo= RECST203,1)

52 LELCY GU TU 6%8

4 t-\nn
1] !|—'o [l s

TR lheltauaCd GL TC &e5C -

51 = RECST2{lel )}/
S2=SCATIAMAXLIC . RHCST2 (241} w-51%511))
FFOTX.EC.C.ANCLITITLELEC. 1) WRITEL{ICLT,82801
RESICZ2{1)=51

STEVZ2{T1Y=52

[TitLe = 2

TFITXaELaC)  WRIVELIOLT ,829C) 14814524k

CRTZ 2 WT2 4w

' eag

STAZ = STAZ + RR0STell.1)

STRZ = STR2 + HCCSTe(Z.1}

CONTTAUE

IFIRTZ.LE.C.CY GC V0 &%8

§1 = STAZ/wT2 '
S2=5RT{AYAXI{C.,STE2/W12-51%51) )
TF{IXLECL0) WRITELICUT.8299) S1482,WT2
CCNTINUE ‘

C #%%4x COMPINED TCTAL STATISTILS

TRESIC=N.0

TETEv=0.C

W= WTl ¢+ WT2

IF{h.EL.C.Q) GO TG 7C4C

Sk o= (STAL+#5TAZM/%w
S2=CSCRTLAMAXLIC ., (STBE+ETEZ2) /w~-51%51))
IFIIXLECL) WRITE(ICUT,E258)-51452
TRESIL=51 i

TSTLv=C¢%
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Ca050300
CO0504040
¢005050¢Q

¢0050700
oos0ens
£00509C0
ceaslcoo
€0051100 .

¢0051200
0Go51300
C0051400

00051700

Q0Q519Q0
nocs52Cc00
00052100
Coos52200
CO0C52300
00052400

agotolnd
cpccozeo
CoCCo3a0
00CG0400
goQGosco
CoCo06CQ
COCeo700
060c0oBC0

QCCoaea0
coGolLeCo
cocol1co

C0001400

cocglend
odaglral
CooG1800
¢coolsac
¢0Q02C00
gcceozlao

€0002400
cacoezsng

Qace2704¢

CCGO2B00



¢L0 CONTIAUE

asxds [F FR{CESS FAG ENCEL JUVP CLT CF CCRRECTION LINP

IFEISTRPLNELCY CC TC 78CC
¢x%és CHECK 1F PRCCESS SHOUWLD TERMINATE NEXY TIME
[F(IRFTLECLC +CR., [STEP,GELMAXIT) ISTCP = lA
Sgw%ew UPLATE ATTETUUE STATE
CC 7L 1 = 1,.,MLLF
ALPIL1) ALFELY + CHiClzxl-l)
QLT DELITY + CENGEZ¥])
JCC CCNTIMUE
IF(MNELASLLELCY GC ITC YOE
K = h2
IFINCLASL.LELCY GL IC T(4
00 7C7 I = 1,hCLASH
IF(RIASITIY.EC.XBEAS) GO Ty 702
K = K + 1
BiASI{TY = BIASLE(I) + CHNG(K)
TC2 CONTIMUE
TC4 CONTINUE
IFLMCLASZ2.LELC) GC IC 704
CL 7Ce 1 = LlaNCLASZ
TF{RIASPII)EC.XBTIAZY GC TO 706
K = K + 1
RIASZEIY = BLAS2(I) + CENGIK]
706 CUONTINUR
T8 CLTNTENUE
IF{IwRrTLT.4) GC TG 8LO
IF(ISTCFL,ELLCY GC TC 71C
dxx3% WRITE PRUCESS TERPINATICN MESSAGE
JFEIRETLEQLC) WRITE (I0OLT,B3CLY
ITFIIRET.EC.L) WRITE (I0LT,832¢)
71C CCNTINUE
[F{IWRT.LT.&6 <ANC. ISTOF.EQ.C) GO TO 8CO
srwdx WRITE UPLATEC ATFITLUE STATE
WRTTE (TQUT,82¢C) 1STEP
CC 12 § = LehCCH
ACLE = ALPIUT)Y — CFAC{Z¥]I=~1})
CCLE = CELEEY - CHENG{Z2#%1)

[[ITS

WRITE (10U1,822C) ACLL, CENGE2%I-1)+ALPU1}s LCCLO.

/ LELET)
120 COATFIMNUF
TEINDTASLLELO) GO TC 7&C

K = NZ
[F(MCLASLLLELQY GO TG 740¢
ITIYLE = 1

BDC ¥3C 1 = l+NCLASL .
IF{PIASI{I}.EC.XBLIAS) GC TC 730
ko= K + 1
S BCLEC = BLASUIT} — CENGUK)
FFOITITLELEG.LY WRITE {IULT.B230)
ITITLE = 2 :
WRITE [10UT,8245) I, BCLD. CHNG(K)}, BIASL(I)
T30 CCNTINLE
74C CCNTINGE
IR{hCLAS2.LELCY GC TO T€0
ITITLE = 1
CC 75C I = 1.,NCLAS2
IF(BIASZ{TII.EC.XRTIAS) GC 10 750
K =K + 1
BOLEL = BIASZE1Y — CENGIR)
IFCITITLELEC.LY WRITE ([ IOULT.8240)
ITETLE = 2
WRITE (ICUT,8245) T, ECLDy CHAGIKD, BLASZ2(I)
150 CONYIMNUZ
7¢0 CONTIMUE
ECO CCONTINUF
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CHNGLe¥*T )y

coce3lo
coco3zea

C00C3400
COCU3S0C
GQuo3voa
CCOG38GC
agoc3qcy
COCO4LCU

coo0a2CC
00C0430C
Co0G4400
CoC04600C
£ocoaton
0oC0480C
Q00049CC
ogtos500Q
cocosido
coou5200
cocos40C
QaQgssae
co00S600
cooun?co
cCceossno

cacosseca
COC06C00
cacoslo0
Cop06Z00
cocco30Q
cocasa0c
Q00065048
Gou0es00
¢eouetoo
0G00680QC
C000569G0
cocorc00
Co0g7160

£00CT7200

G0GCe7300
€0007460
ooQL7s5%0
C00&7600
Qooo7700
¢oaaveao
¢oe0T900
COCoBCCO
€0C081400
cogosaco
¢Q00B300
coocs400
caoossca
co0086Co
€agQ87¢0
€0c0o88G0
CoooBSCO
coc09000
cogogloo
00cc9200
00009300
Co009400
cocQas5040
0000%60Q
¢QQo9Toae
Coco9s800
00009900



C
C 3#%% GEIGHT CUT CATA WITKE LARGE RESICUALS,
c \ ;

[FLISMULT.LELE} €O FO ZCC
WRITE(ICUT 82461 TSMULT

N=C

SLMAY=0.LO

1F(NCLASLLLELC) GC TL FCE

CC BCS JS=1,NCLASY ,
LE(NTYPELLS)WLELC) GC 1T 8CS

1f DESIRED

IF(IWRTGTL1G) WRITELIOLT 8247} JyAVGRHGIL YD)

[FIAYCRFCI15J1.6T.9%8.1 €O TC #CS
N=N+1
SLMAVELLMAVHEAVERHD (1, )
£05 CONTINUE ,
806 LEANCLAS2.LELQL GG TC +11
CLE E1G J=l.MELAC2
[FINTYPE2{J)Y.LELO) GC 0 81¢

FFLTWATGTLI0) WRITEACIULT,3248) J,AVGRHO(Z,4)

IF(AYaRED(2,JYa5T.3584)r L0 TC B1C
N=N+1
SLVMAY=SLMAVHAVERKHC{ 24 0]

€1C CUNTINUE

E1L AVG=SUMAV/N
IFIIWRT.GTLIC) WRITE{IC(T+8249) ANG
IFINCLASLLLELGY GR TC 17
LC 816 [=L.,NCLASL
IF¢NTYPELLT}LLE.C)Y GU 10 'Blé&
JI=TFASTLIOL)
hN=NTYPELCI)+J1~1
CC £19 Jd=d1sh

LFLAUS(RHCLID) 1. CTL ISMULTHAVGE]  WCEHTL(J1=0.0

E195 CONTIAUE

Ele CONTINUE

€17 [FINCLAS2,LE.C} CC TC zCC
B 871 [=1,ACLAS2
IFINIYPE201)LLE.C) GL IO 821
JIEIFRST2U1)
NeRTYPEZL1)+1-1
UL BZC d=Jdlah

1FIDP<(RHF¢(J'].L1.iSPLLT*AVG! WGHT 2441 =0.0

£20 CONTINUE
821 CONTINUE
GE TE (G

ks PRCCESS HAS TERNMIMATEL

laNa¥ol

s Saks

#%%% DRECR HETLKNS
TCCO CONTINUE
IRET = §
GC TC 7EOC
TCLG CONTINUE
IRET = 4
50 10 T&UG
70l CONTINUF
tPeT = 2
GC 10 TEGO
7C30 CONTINGE
IRET = 2
SC oIy 7EUO
7C40 CONTINUF
1RET=¢
TEOT CUNTINUE
[FUIRRTLGREL 1) eItk (INLTL8599) IRET

A-13

00610060
£COL01CE

€0010300
£0011600
€CC11700
00011BQO
£0611900
CoB12C0C
¢0012100
00012200
C0012300
€0012400
00012500
cGal1z260cC
C0CL2700
00012800
CC012900

COC1L3Ca0
£001310C



76CC CONWTINUE DOOL13200

IFCTART.OEL?) WRITE (ICLT,8340) COCLl33G0
RETLRA C0013400

C 60013500
C shkwddprtesdisdnsranbta®ss FIRMAT STATENENTS #essdsaddsntdsissripnsssx CO013600
C caGLitac
ACCO FCRMAT [1Xy /74 1%, 44(*='),"1 SPECIFIED QUTPUT FRCM™ SUBRUUTINE GLCO013800
JONES v, 450%=13, /4 Xy ¥ NULLASL NCLASZ T2ERC NLCF Max(Q0139Ca

17 IwkY TCLYt, /79 1%y 21IB, Fl2.4 4l8) COCl&4000
BCL1O FPRMAT 11X, /9 1Xe PIRIDIAL ATTITLOE CCEFFICIENTS ANCD CCRRECTICN BCOOL4100Q
JOLNRSsY, Sy 1Xe ¥ ALFHA(CES) CCRR BADCLEG) CELTRAICEG) CCOo00142Q0

fRR BACACEGY . f; (1% Fl4.4, Titaby Flasdy FlE.Gi) COQl4300
GC20C FCRNAT {LXs /o "1X, 'CLASS 1 (CCAE ANGLEY INITIAL PIASES?®y /» Co014400
/ 1%. 'TYPE BIASILEG) CCRR BNCIDEG)*} ¢o014540
RCAC FORMAT (L1X, /s 1%, 'CLASS 2 (CHEL ANGLE) INITIAL BIASES Yy /o gceolas0c
/ 1X. *fTYPE BIASILEG) . CCRR BNUOI(DEG!Y) CC014700
HCA0 FURMAT (1Xy I4, Flo.4, Flead) 00014800
LS8 FCRMAT (LXe fo 1X, *CLASS 1 (CCNE ANGLE) INPUT LITA TYPEY, 24 00014900
/ v ORASY, 4, ' COSERVATICNS, FROMY, l4, * TC's T4s 'y IN THE po0Ql50Q0g
JATA AHRAYSY) cogLs1Go
BL&EC FERMAT (11X, /o 1%, *CLASS 2 (LCHEL ANGLE) INPUT CATA TYPE', 12, 00015280
/ * pASY, 14, * CBSERVATICAS, FROMT, [4y * TC'y 14 'y IN THE LO0L19300
JATA ARRAYSY) CCO154C0
ACTO FORNMAT (L1X, /ZolXy 1 TIVE X=AXIS ¥-AX1S IG00155C0
f-AXTE CONE AMNGLE WEIGRTYy f2 (1K, 14, Flb.by 2%y 3F10.6y COOL5600

/ Flé.4, FL2.41) COnL5700
RCEQ FORMAT (1Xy JfealXy f I TIVE X=AXTS~1 Y- AXI5-1 I=AQOD1BBO0
IXLS~1 X—AxIS5-2 Y-AX15-2 I-AX[5-2 UHEL ANGLE WEIGHT', UDOL15900

/ Je 11X, Tdy FL1E4Ey 2%y 3FLC.6p 2Ky 3F10.6r Fla.b, F12.4)) CCO1&6000
BICO FLRNAT {LlX, //y 1X, VEINULTANEQUS ATTITLCE EQUATITUNS COEFFICIENTS 00016100
/ y /1 2X) CoC16200
H120 FCRMAT (1, 10EL13.6) LCOL&30C
8200 FCANAT (1%, /74 LX, *ITERATICA'y 13, * - ATTITUDE AND BIAS STATE:*00016400
/ VAR B CLLD ALFHMUIUEG) CHANGELCLG) NEw ALPHA(DCEGCQOL65QG

I CLE CELTALDLG) ChANGERDEG) NEW CELTAIDEGI'] CQQle600
8220 FLRNAT (LXy 3F1T7.P, 44y 3F17.8) . Coale7ao
@230 FCRMAT (1%, /7, 1%, tCLASS 1 (CCKRE ANCLE) BIAS STATE: Yy /4 1X« 0016800
/ "TYPE L REIBASIOEG) CHANGE{DEG) NEw BIAS{CEG)®) 0aGClesta
Q740 FCRMAT 11Xy /4 1Xs 'CLASS 2 {(CHEL ANGLE) 8LAS STATE:', /. iXe ¢ao17C00
/ TTYPF CLL BIASIDEG) CHANGE(DEG) NEW BIASIGEG)?) COQLTLIGQ
8745 FCRMAT {(IX, 14y Flo.6s FléabGy FlE.6) 0017200

G266 FLRNAT(IX, /' #%%3% RESIOLAL ELITTING IS USED. ISPULT =t,159+/)
B247 FCRMAT(? THE AVERAGE RHU VALLE FCR CLASS 1, TYPE®,I3,

/P LATA [S'",FlC.4)
8248 FURMATL! THE AVERAGE RHC VALUE FOR CLASS 2y TYPE',13,

/Y LATA IS'",F10C.4)
8749 FLRMAT(IXe/s! ThE AVERAGE RHC VALUE FGR ALL TYPES I5%sF10.4./)
B250 FCRMATUIX,/7¢1X9'COVARIANCE-CCRRELATICN MATRIX 4/, 1X,

/ 1CXxs 131(1X, 244)) cCOl74C0
RZEG-FCRMAT [1Xy 284, 2X, 13£9.2) 00017500
@770 FCRWAT (LXy /4 18X, SCLASS 1 {CCME ANGLE) ERRCR STATISTICS:', 000176GCE

4 /v 1Xe ' TYPE MEAN RESICLAL{CES) STANCARE LEVIATION{DEGECOCLTTICO

/) TCTAL WEIGHT") ' cooLTeO0
HZBE FCRMAT {1Xy /y LBX, *CLASS 7 (CHEDC ANGLE) ERRCR STAYISTICLS:', 00017500

! fy L1Xy ' TYPE VEAM RESICLALIDEG) STANCARD DEVIATION(DEGUCOLBCOC

/1 TCTAL WEIGFT') €galelca
8790 FCRMAT {LXs 15y 4Xy Fl3.dy SR, 4%, F1B.4, 55Xy 8X, Fl2.4) 0o0182¢0Q
8265 FURNMAT 11X, STCTALY, 4%, F13.4, SX, X, FI1B.4, Sk, &KXy FLlZ.4) G0al83ce
BZ98 FLRMAT [1X, /, 1X,'CCHMBINED TOTAL: MEAN RESICQUALIDEG) = ', GCCig4ql

/ Faliy ! STANCARD DEVIATICNICEG) = 'y F9.4) ggoissco
BACO FERMAT {1X, /y 1Xy t##%éx CCONES CONVERGED'! GoolseQo

“BA20 FCANAL (1X, /, 1X, *®#4%%% CCCNES PERFCRMED MAXIMUM NUMBER GF ITERAQOOL18TQ0

FYIONS WITHOLT CCNVERGINGH) ' 00018800
8340 FCRVAT (1Xxy L3CL'—11) cool18g00
BCGY FCRMAT {1%, /4 LlXys *#%%4% ERKCR TYPEY, I3, * OUETECTED, (CONES TERMCCOL9C0Q

FINATEC Y} ) ogals9l10e

EMD : co019200

A-14



COFSsUM

Cnesnasesassasasosssesastarsnssncunrsenantbnaasacssannsnantsssusnnnnnesssl0019300

C. : _ .0001%400
C. - IFIS IS A SPFCIAL SUFRCUTINE CALLEGC BY GCCNES TC CUMPUTE THE  .C0019500
Ce CCATRIGUTICN TC THE COEFFICIENTS CF THE SIMULTANEOUS EQUATIONS.COO0E9600
Ce LINVERSE COVARIAME MATRIX) FCR EACH TYPE CF CATA, ONE TYPE 00019700
Ca AT A TIME. THE CCCNES PREAMBLE AND COMMEKTED LISTINC PROVIDES.CCOL98C0
C. » CESCRIPTICA CF ALL ARSUNENTS PASSED TO FTHIS SUBROUTINE. .00019500
Co ‘ ) 00020000
C..‘-.......-................................e.............--.......--..-00020100
C 0020200
SLERCUTEINE CCFSUM [TINME, AXIS, ahGs WGHT, NUMBy ITYPE, NDIM, ALPR,00020300
/e ‘ CELRy RIAS, IRIAS, NCUF, TZERC, IWRTs ICUT, - 0020400
/ CCEFyCRHOSE +RHESToAVGREN 4 RHD )
[ : 00020600
C - 00020700
CIMENSICN TIVME(SCC) . AXES(NLEN,5C0) s ANGI5G0)s WGHTISCO) s 0002080GC
/ ALPWLAY, CELR(4) ) ce02090¢
LIMENSICN CLEF(13,12), CREOSCIL3)y RHCST{31, CERIVIB) . £0021600
CCAMENSIUN - RECISCD) : .
CATA RTCC,TFLAS yXBIAS/5T1.29578,96459999,.,99999499,/
C teked [NTVTIALIZATICN ‘ . 00021200
IFRET = 1 coC21300
N2 = NCLCF + NCOF , 06021400
C %#%%%% WilTE CLTPLT HEADER I[F SPECIFLED 00021500
TFE1WRTLGR12) WRITE (ICLT,8CCC) TTYPE . ' 006216C0
1 CCUNTINUE : cQo2i7ca
C CO0218G0Q
C #¥wdw BECIN SUMMATICA LLOF ’ 0002190¢
C 00022000
L1600 [ = LeALMD . N ' €0G22100
RECITE=C.E v c002215¢
[ sv#%% IF TIME IS FLAGGEL I[GRGRE THEIS CRSERVATICN . c0022200
IF(TIMECT) WELLTFLAG)Y &0 YC lCCC . c0022360
Co%wese [F ATTITUCE T35 INERTIAL (RCCF=1) ANL HAS BEEN COMPUTECD ONCE 00022400
G #dk%% ([FRST=2) SKIP ATTLTUCE LCMPUTATICN FRCM CCFFFICIENTS 00022%06
1F{ACCFLLELD ARG, IFREST.LG.2) G TO 160 ’ 00022500
1FRST = 2 : . : c0022700
AR = (.C . p0022800
e = C.C ‘ o Cog22900
TLIFF = TIFEGLY = TZERU coC23000
LTIME = 1.0 L ) ¢0023100
C %%%%% CCMPUTE ALPHA AAD UELTA AT TIME{DY) - . ) coo23200
CC 4C J = 1,hCCH ' caoz3ioc
AR = AR + ALPR{JI%SCTIFE . ’ i 0O023400
LR = (R + LELRUJISDTINME : Co0z3s0o
. CTIME = LTIME#TLCILFF ) co023600
40 CONTINUE 00023700 .
IFCAES{ARILLT.1CECG-0 »ANU. ARS{LRILLT.LCU0C.U) GO TEG &C 00023806
L TECIWRTLGELLZ) WRITE (1CUT.8120) ) ‘00023500
R G S Y {4 : CO0240Q0C
£0 LENTIRUL ' CoC24100
C #weds SAVE SINES AND COSINES OF ALPHA ANC DELTA AND CARTELIAN 00024200
C 4%$%% CLORUINATES CF ULNIT SEIN AX[S VECTCR ) 0C024300
LESSE = CCSIAR) . . ‘ ) CO0024400
TINA = EINLAR) i nO024500Q
CCSC = CUS{CR) . CONZ4600
SINDC = SIN(LCR) Q0024700
Ul = COSC#CTS5A : . 00024800
L3 = (Ctessiha . ‘ C00249CC
. L3 o= SINC €0025¢0¢
1CC CONTIALE ] ‘ 00025100
¢ - 000252G0
C #%%#% CUMPUTE ANGLE ARG DGFRIVATIVES WeR.T. ALPHAQ ANU DELTAC AT THE £002s5300
C ##%2& CLRRENT STATE - €oo2s%400



cooessae

kst CCMPUTE TRULE MEASLREC ANRGLE {WITHOWT AI1AS} ceo25600

GAMNA = ANGUID) : £002570¢

[FiFIAS.NE-XPTAS) GAMNMA = GAMMA = BIAS coc25800

W= WGHFTLE) : ¢CD2550C

1L 1TYPF.ER,2Y GO 7€ 12¢C coc26000

swwus CLASS L DATA — CCME AMGLE 00026100

COSTVE = AXEISIL,Th%LL + AXIS12,[)%U2 + AXIS{3,011%03 00026200

IFIARS(CESTHRILCT 1.0 COSTHE = SIGMIL.0.COSTHEY C0026300

TI-ERAL = AHCLSICCSTFRE) 00¢26400

SINTFE = SINTTHEKAL) 00026500

(EFTA = THRRALKRTCOD roE2ELE00
REG{T)=CAMMA-TELITA

IF(SINTFELNELCLE) GC TC 118 00026800

ieess DERIVATIVES ULAN'T BE (OWPUTEL, SKIP THIS PCINY £0026900

IF{IwRT.GE.12} WRITE {ICUT,Al40) 0Qc27CcoC

GC TC 1CCC 00271040

11C CCATIRUE cgoz2i200

de%nr CCMPUTE DERIVATIVES CF THETA W.R.T. ALPHAO AND DELTAO co027300

DERVA = {(AXIS{L,1)%L2 — AXISt2,1}2UL)/SINTHE 00027400

CERVC=(51ND#(AKIS(1;E)*CC€A+AXISIZ.IJ*SlhA)—AXIS!3;[!*CCSD)/SINTHEODCZ?SOO

GT tC lac cac2ve00

akEss CLASS 2 DATA = CTHENPAL ANGLE aoczitaa

12C CONTIRUE cog27800

E1 = AXIS(2,10%AX1ISa,11 - AXIS(3,0)%8XTS(5,1) co0279C0

E2 = AXISU3,[)%=AXIS (4,1} — AXIS{L,1)#AXISI6,1) 0ac2a8L0e

E3 = AXISULyD)%AXIS{5,1Y — ARXISUZ9I)%AXIS {4y 1) aQazsloo

F o= AXIS{LyI)*AXTIS(4,1) + AXIS{2sI1}%#AXTSI5,1) +AXTS{3+1)%AXIStI6,1}1C0C282C0

Sy = LL#AXIS41,1) ¢ UZ%dX1S12,1) + UIRAXIS(3,1) €oo0283C0

Sh o= LL%AXISH4,1) + LZ#=AXESIS.1) + U3#AXISIG,.T) ¢o02B4c0

XNUM = LE®EL + L2%EZ + L32E3 coG2asqo

XCEM = F — Sv#5h 0oa284600

Gl = XOEN®EL + XNLM2{SusAXIS{4y1) + SWHAXIS{14+11) 0oGc28700

Nz = XCEN®EZ + XNLM2{SYOAXEEUG,1) + SWHAXIS(2,1)) Qoo288C0

(3 = XDER®E3 + XRUMFISVEAXISTE,E) + SwHAX15{3,1)) Q00289¢C

TECIWRTLGE 141 WRITE [ICUT,%080) E14E2.E3, FySVyShe XNUNMpXDEN. 0o029C0Q

/ C1eG200G3 Ceo29100

IF{aMLM . AEL0.0 CR. XCERLAELCL.OY GO TC 130 cocz29z240

seest JFETA 15 LNCEFINEC ANL THF UERIVATEVES CAN'T BE CCMPUTED cCe29300

IF(IWRT.GE.12) WRITE (ICLT,2160) 00029400

GC 10 1CCC cQo295006

120 CCATINLE Q0029600

THETA = ATAMZ(XNUWM, FUENI®*RTCD 00029700

TEETHFETALLTLC.0) THETA = THITA + 360.C 00023860

s4aes CONMFUTE RESICLAL ANL CHECK FOR NUMERICAL DISCONTINUITY AT 0=360 €00299¢Q

REGUIY=CAMNA— THETA 00030C00

IF(ﬁEE(FHQI!}).GT427C.O%RFD[[]=RFC(I]-S(GN(360.D|RFE([I} ooo3010G

e#wnr [F RFC IS STILL TCC LARGE FLIMINATE BY SETTING WEIGHT TO 0.0 coC30200

[F{ARPSIREDITY)LCELFC.CIh=0.0 ¢0C30300

s4e%% CCMPUTE DERIVATIVES GF THETA w.R.T. ALPHAQ AND CELTAD c0G30400

CERvA = (—C1l#L2 + Qz*L LI/ IXKLMEXNUM+XDEN#XDEN) c0030%00

DERMC={-S[RE*[CI*EC5A+CP*S[hAJ+C5*CCSD!IiXNUN#XNUM+KDEN#XDENI 0a030600

16C CONTINUE €003070¢C

Ad%%% CCMPUTE VECTER CF CERIVATIVES: AO, 00, Als Dls «as 00030705

CTINF = 1.0 ¢0030710

DC 16C J = 240h24+2 00030715

CERIVtI=1) = JERVARCTIME . €0030720

CERIvEJ) = CERVL*LTIME €qao30725

CTIVE = CYIME®TUIEF €0020730

16C CONTINUE 00030735

sxaxe SLM STATISTICS ¢003080C

RHECSTLL) = RECST{L) + RIG{I}%h c0030900

RECST{2) = RECST{2) 4 RIOC{II*=RHCLI)*K 00031000

RECETL3) = RFLSTII) + W 000311494

IF{TWRT.LTL12) GC TC 15¢C : co031200

sedat CLTPUY INTERMEUDTATE QUANIITIES IN SUMMATICN PRGCESS 00031300



AL = AR*RTCL 00031400

LC = CR¥RICE : ‘ ' C003150¢

WRITE (IGUTEL1GCY I, TINELED, TLIFFy Wy Ay COy DERVA, CERVE, 000316C0

/ THETA, GAFMA, RKC(T) 0031700

150 CONTINUE C0G31800

C #%kew SLV WFIGHTEC ALPHE ANL GELTA CCEFFICIENT DERIVATIVES CROSS 0032600
C wo#wk PRCCUCTYS INTC CCEFFICIENT MATRIX {(LCWERy LEFT, CFF-L1AGONAL 00032700
€ ##%%% IS NCT SLMPLD BECAUSE O SYNMETRY) CO0C3ZRO0
CE 20C 4 = 1ah2 cn0U329¢0

LL 16C k = Jah2 : 0C033600
CEEF(JsKY = COEFLJyK) + DEREVIKI#CERIVIDI*W cen3ilco

180 CONTINUE CCo33200

€ o#$#%% SILNV CCEFFICIENTS IN VECTOR CCNIAIKING RIGHT SIDE UF SIMULTANEOUSCQO33300
C %*%a% ECLATICNS . C0C33400
. CRHOSEES) = CRECSEII) + RECUIISCERIVIJ)#w €Co33soo
200 CENTINUE . 000336GC

‘ IF(PIAS.EQ.XPTAS) GO TC 1€GT : C0033760

2 CULNTINUE ’ . ¢C033B00
C ##4%% JCMPUTE ALL MATRIX ELEMENTS rEpcwDENr G BLAS C0C33900
CE 2CC & = lah2 . : C00346Q0
COEFQJ, THIAS) = CCEF(J,161AS) + LERIV(J]*W ' COC34100

300 CCMTIAUE Co03420cC
CCEFLIBIAS,I8IAS) = CCCFIIBIAS,IBIAS) + W 00034300
LRHCSCOIATAS) = LRHOSCUIBTIASY + HEC{1 )%k COC34400

LCCO COMYINLE : Coc3asce
C #%2%x CCMPLIE AVERAGE HIU VELLL .
nVCPFC‘LCG.

RECELN= . ) 7
KLM=TC : . CCa3&agge
LL 15CO [=14hLVMR ' L0003490C
[FITIME(I)LFL.TFLAGY GO TO 15€CC I AHE LTIV
[F{RCFTII)LECLCL0) GO 10 L1500 CCe3s5100
RECTLM=RROSLF+ABSIRFCIT)) :
NUM=shLM ¢ ¢0035400

1RCC CONTINUE CO035%CQ

TFIMLMLEQLOY GO TO 200C
AYCRECSREGSLMINLK
ECLC RETULRA

Fpg Akt Ay oAy pr ey zatk FLRMAT STATENMENTS HSaf gt banikdray

[N o e

BLCU FERMAL (1X,s /o 1%, 'SUBACULTEINE COFSUM ~ ATTITUCE EQUATICKS COEFFIC
J1ENTS CUMPLTATICNS FCR LCLASS*,y 12, * GATAI?,

/ F1s LAy * i TIVE TOIFF WEICHT ALP
fEa BELTA LERYA LERVD THETA © GAMMA
/ RHCY, /4 2%} .

BLED FORNMAT 11X, 'F1,2,3=4, 3FE.4&, ' F,5V,Sh="', 3FB.4%, ¢ xnua,ann=',
/ PEELa, ' C142,3=', 3IFB.4)

BICC FURMAT (1Xy 16e 5FLlZede SFLZ2.6)

B1ZG FURNMAT "{1X, *#%w¥2% THE APSCLUTE VALUE CF ALPHA MNC/GR CELTA IS TC
AU LARGE {>=100CCL.0G RALTARNS)Y)

AL40 FORMAT T1¥%, "#¥%%%% SIN(THETA)=0.0, DERIVATIVES 0OF THETA w.R.T. AL
TARPEA O AMND UOFLTA ART UMCERINELTY)

160 FORMAL {L¥, v2d%sx34 PST [S.UNCEFINED, DERIVATIVES CF FSI wW.R.T. AL
FREEA AR UELTA ARE ALSL LNLEFINEL®) '

EMD



APPENDIX B

'This appendix describes a computer program written to enable a user to employ
SUBROUTINE GCONES with relatively small groups of data, The program is
designed to make use of an IBM 2260 display unit for interactive input entry and
output viewing. Examples of input and output follow, with a definition of the pa-
- rameters and data which are dlsplayed In addltwn .a short guide for operation
of the program is included at the end,

ENCOF=1%MAXIT= SHNCLASL=0%NCLASR=2%]1 SMULT=0% IRADEC=0%*

FALP(Y )= A5, SHDEL(1)= =S, 7#ALPEND(L1 ) =s 10%DELBND (1) =410

ANTYPELE Nk O™ O% Ok OwkaNUML= DR*kkx NTYPEZ= 2% 2% 0% 0% Os¥kNUMZ2= 4%

FHIASL= (a0 ¥ 000 * 0aQ % CaQ * Cod *ekkwk HBADLI= 040 * 0e0 * 0aO % 080 * 040 %

«FIFASZ= D0 % Q000 % 0a0 % 040 % Co0 *knxkk BENDZ= 040 * 0el * G20 * 020 * 020 *
ANGLE X1 DR Al Y1 OrR D1 21 ar a2 X2 0OR 02 Vg4 z2 WGHT
AR B8 % ~04916800k —DeISCECOHF =(e191100% ~ Dy 7B6000% =0,522100% 0,330968% 1.00%
I523% —D,9'6800% =0435060Ck =(o1F1100% ~0a786000% ~0.522100% 0.330068% J.00%
37 B0R ~LLTREJ00% -045221C0% (e330968% ~0,532500% ~Dua716300% 04451000% 1400%
S57Te70% =Ca7B5000% —0a522.00% (Cal330968% ~0.532500% —0a7163004% Ca451000% 1e00x%

Parameter Format Range of Values Funetion or Definition
NCOF _ (1) o1 o Number of coefficients to be used in
attitude model
MAXIT (12) 1t099 Maximum number of iterations to be
_ : " performed
NCLAS1 {I1) - 1to5 Number of types of class 1 (cone
' angle) data
NCIL.AS2 (I1) ltoh Number of types of class 2 (dihedral
angle) data

ISMULT (I1) 0 Do not use the residual edit data re-
: jection process

lto 9 Weight to 0.0 21l angles whose resi-
duals are greater than ISMULT’
times the average residual

IRADEC (11) 0 Reference vectors are input in X, Y,
Z coordinates
1 Reference vectors are input in o, 5
coordinates
ALP(Q) (F5.1) 0. to 360, " Initial estimate for spin axis right
. ' ascension



Parameter Format Range of Values
DEL(1) (F5.1) -90, to 990.
ALPBND(1) (F3.2) >0,
DELBND{l) (¥3.2) >0.
NTYPE1L {5I2) g to bO
NUM1 {12y 0 to 50*
NTYPE2 (512) 0 to 50
NUM2 (12) 0 to 50*
BIASL (5F5.2) 0.0
Other
BBND1 {6F5.2) =0,
BIAS2 (5F5.2) 0.0
Other
BBND2 (5F5.2) >0,
ANGLE (F6,2) 0. to 360.
X1,¥1,Z1  (3F11.7) -1, to 1,
X2,Y2,Z2 (3F11.7) -1, to 1.

Function or Definition

Initial estimate for spin axis
declination

Bound for convergence of right
ascension

Bound for convergence of declination

Number of angles of each type of
class 1 data

.Total number of angles of class 1
data

Number of angles of each type of
class 2 data

Total number of angles of class 2
data

Do not compute bias for this type of
class 1 data

Tnitial estimate of bias for this type
of class 1 data

Bound for convergence on bias for
each type of class 1 data

Do not compute bias for this type of
class 2 data

Initial estimate of bias for this type
of class 2 data

Bound for convergence on bias for
each type of class 2 data

Cone angles and/or dihedral angles
{cone angles must be first)

X,Y,Z coordinates of first reference
vactor

X,Y,Z coordinates of second refer-
ence vector (for dihedral angles only)

* At present the program is limited to processing only 50 angles or jess. (NUM1 + NUM2 < 50)



*0a25000

Parameter Format  Range of Values Function or Definition
Al (Fi1.7) 0. to 360, Right Ascension of first reference
' vector
D1 (F11,7) -90. to 90, Declination of first reference vector
A2 {F11.7) 0 to 360. Right ascension of second reference
vector (for dihedral angles only}

D2 (F11.7) -90. to 90. Declination of second reference vec~
‘ ‘ ' tor (for dihedral angles only)

WGHT (F5.2) >0.0 Weights assigned to each input angle

=kexkx GCONES CONVERGED

A_PHA= 45,787 **x* DELTA= -S.617 * ok kK TRESID= (0425098 #%%x T5TOV=

RESIDTI= Dun Dl *‘ DeD * 0.0 * D0 *

STOV1 =  0.C £ 0.0 *  0s0 * 0.0 £ Ca0 *

RESIDE= ~QsPJD00E% —CeROO0TX OeD * Oe0Q * DeQ *

STIV2 = 0De20500% 0e0I5CO% Cul * Ca0 ¥ 0.0 *

BTASY = Da0 * Cal ® Gad * QaQ * 0.0 *

BIAS2 = 0.0 - th Qed * Qa0 ® Da0 *

Qa0

T*ANGLF *FESTDUAL *WE IGHT=®

1% AH5.64%
Ik ST +89%

Oe0Qa9

De2040%

1400%

*  1400%

% I®ANGLE *RESIODUALSWEIGHT *

* 2% g5.23%
® 4% STe70%

-0+2051%
=0 0951%*

*NLCDF= 1 #MAXIT= S*NCLASI=0O*NCLASZ2=24] SMUA. T=CHIRADEC=0x*

®b6_3(1 )= AS.A*DEL(1}=

~Se6kALPBNC{1)=a 10%DELBND(1)=410%

1.00%
1.Q0%

ANTYPE1= 0% J% 0% 0% DkxaxNUMI= Odkkkx NTYPEZ2= 2% 2% 0% Q% OkR*xNUMR= 4%
NaC % 0al * D40 & 00 % Cal kkxkk BBNDLI= Qa0 * 020 ¥ 00 * 020 ¥ Qo0 *
Ga * O * De0 * Cald % CaN wkkdk BEND2= Ol * Qo0 % 020 #* Go0 * (o0 *

*3TASY =
#3TASZ=
ANGLE
Q5 e RO ¥
IGe 23K
S3TeBI¥F
574 T0%

x1 aOr A2

=0a9" 6080 0%
~0 a1 6RO
—Da 76000
—Qa7BE000*

Y1 OR D1

=D+ ISCHOG*
—0e 3S0600*
Qe €221 Q0%
—Ca52210C*

. Output Description

*+xk¥k message

ALPHA
DELTA

TRESID .

TSTDV

error message from SUBROUTINE GCONES.

2} ORr az
—Cel31100%
-0e151100%
Ca330968%
Ce332958%

X2 OR D2

—Cs786000%
-0.7B6000%
=Ce532500%
-Ca532500%

Y2
=-0«522100%
-0s522100%
-0« 716300%
=0« 716300%

message is "GCONES CONVERGED"

computed spin axis right ascension

computed spin axis declination

computed mean residual based on all data

computed standard deviation based on all data

z2
0e3303680%
0330968«
0+451000%
C2451000%

WGHT
1.00%
1.00%
1.00%
1.00%.

If no error occeurs,



RESID1 — mean residuals computed for each type of class 1 data

STDV1 — standard deviations computed for each type of class 1 data
RESID2 — mean residuals computed for each type of class 2 data

STDV2 — standard deviations computed for each type of class 2 data
BIASL - bias computed for each type of class 1 data

BI1Aas2 — bhias computed for each type of class 2 data

1 — number of the angle within the input angle arrays

RESIDUAL  — residual computed for this individual angle

WEIGHT — weight attached to this angle (if residual edit was used and the

residual was large enough this weight will be 0. 0).

Operating Guide

The normal procedure for operation is fo: 1. enter all input parameter values
and data on the input displays, 2. process the data using Subroutine GCONES,

3. review the output on the output displays, 4. proceed to the input display where
more data can be entered or the same data can be reprocessed, 5, repeaf pre-
vious procedure any number of times,

To facilitate these operations, several features have heen incorporated into the
program for input as well as for output,

Input Features

Shift/Enter — by depressing these keys the next page of input will be displayed.
There are five pages of input. If shift/enter is depressed when
page 5 is on the display, GCONES processing is initiated and the
output display will appear,

BACK — by typing "BACK'" in the first four spaces on the first line of any
page and then depressing shift/enter the previous page of input
will be displayed,

SKIPn — by typing "SKIP" in the first four spaces on the first line of any
 page and typing a 1", 2", or ""3" in the fifth space, n pages of
input can be skipped. Shift/enter must be depressed after typing
SKIPn.

LOAD — by typing "LOAD" in the first four spaces on the first line of any
page and then depressing shift/enter page 1 of the input will be
displayed.

B4



CONT - — by typing "CONT" inl the first four spacés on the first line of any
' page and then depressing shift/enter the GCONES processing will
be initiated without further modification to the inpuf data.

STOP — by typing "STOP" in the first four spaces on the first line of any
page and then depressing shift/enter the program will be terminated.

Qutput Features

Shift/enter — same as with input

BACK — same as with input
LOAD — same as with input
STOP — same as with input
REDO — by typing "REDO" in the first four spaces on the first line of any

page and then depressing shift/enter the first page of output will
be displayed, There can be up to four pages of output.

Operating Notes

When the initial input has been processed, the output reviewed, ‘and "LOAD'" is
used to reprocess several things should be noticed, First, the input attitude and
bias estimates will be those computed by GCONES from the previous processing
and may require modification. Second, the weights will be 0, 0 if any of the angles
were rejected by the residual edit process., Third, the line immediately follow~
ing the last line of data from the previous processing will be blank, Data should
be entered on this line if more angles are added (asterisks need not be typed).



f/GHARGCOS J0OB (GHS5001857A,T,C00402,005005) +GHOMSGLEVEL=1
/f EXEC PCM=1EHPROGM

ZZSYSPRINT DD SYSOUT=A
F/ATT DD UNIT=DISK,VOL=SER=ATTDET ,DISP=5HR
//SYSIN DO *

SCRATCH DSNAMEzIMP.LAUNCH.GDRyVOL=2314=ATTDET o MEMBER=GLONESDR
/! EXEC PGM=1EBCOPY,REGION=20CK
J/SYSPRINT D S5YSOUT=A
F/IN OD DSN=IMP.LAUNCH.GOR,UNIT=015KvOL=SER=ATTDET,0I5P=SHR
//7SYSIN DO #

COPY INDD=IN,GUTDD=IN .
7/ EXEC FNRTRANH
F/SOURCE.SYSIN DD *

THIS 15 A GENERAL DRIVER FOR SUBROUTINE GLONES
WRITTEN 7/20/72 BY AL GEELHAAR == CODE 542
REVISED 10/27/72 TU INCLUOE CALL TO LATEST VERSION QF GULONES

OO0

DIMENSTON ALP(4),DEL(4} ALPBND(4),DELBNDI4),COEFI13,13],
TIMEL(S0) ¢AXISL(3,50] 4 ANGL1(50), IFRSTL(5) ,NTVPELI5),
BIAS1(5},BBNDL(S) ,RHOSTFLI3,5) ,TIME2150) ,AX152(6,50),
ANG2{50} ,WGHT2(50) ,IFRST2{5) ,NTYPEZI5) ,BIAS2(5),

BBNCZ2 (51 ,RHOST213,5),WGHTL{50),STOV1I5) ,RESIDL(5])RHOLL50),
STDVZ(5),RESTD245) RHO2150),1COMIT) (BLI51,82(5)

COMMEN/CGRARPH/ ICOM

ISMULT=0

{RADEC=0

NCOF=1

TZERGC=0.

MAX1T=5

TWRT=14

10UT=6

NCLAS1=0

NCLAS2=0

DUM1I=0.0

DUM2=0.0

DUM3I=C. O

NUM1=50

NUMZ =0

ALP{1)=0.

DELL1}=C.

IFT=10

TUNIT=5

10UM=0

DG 1 I=1,4

ALPBNDO{ )=

DELBND{ I)=

1 CONTINUE

S T N e

o O

¢

NTYPE2{1
BIASLI{I1}=999999%,
BIASZ[1)=9999999.
81(1}=0.0
B2{1)=0.0
BENCL1(1)=0.0
BBNL2(11=0.0

2 CONTINUE
0a 3 1=1+50
ANGL(1)=0.0

00000100
00000200
00000300

00000400

00001300
00001400

00001600
00001700
00001800
00001300

00002000
00002100
00002200
00002300

00002500

ooQ02700



ANG211)=0.0
WGHT1{1])=1. 00002900
WGHTZ2(1}=1. 00003000
TIMEL{I)}=1 00003100
TIMEZ(Y1)=1 00003200
Ca 21 J=l1,3

21 AXIS1(J,11=0.0
DO 3 J=146
AXISZ2(4,11=0.0

3 CONTINUE : ¢0G03300

CALL GOPENIIFT,ICOM{1))
CALL GSPAR{ICOM(L1)}

4 REWINC 9 '

WRITE[9,9000}NCOF yMAXIT JNCLASL4NCLAS2, ISMULT , IRADEC,ALPAL) 4DELI1},
FALPBNR{ 1) yDELBNDI LY 3 {NTYPEL{L) y1=1,5) yNUML, (NTYPEZ{1),1%1,5,
JNUM2, (BLOT) s 1=1,5), (BBNCLELY,121,5),(B201),1=1,5),(BBND2(I),1=1,5)
TFINUML . NELC) GO TC 22 X
WRITE(9,9020) tANGZ{I)4{AXIS2(Js1),J=01,60,WGHT2{13,I=1,NUM2)

GO TO 25 .

22 [FINUFMZ.NE.O) GO TC 23
WRITE[9,9020) (ANGLLL) 5 {AXIS1Tdy1)sd2143),DUML,DUMZ,DUME,
/ WGHTL{1)41=1,NUML)
GO 10 25
23 WRITE{9,9020) (ANGL{I) p{AXISTI(J,1),0=1 3),DUM1 DUMZ , DUM3
/ WGETLUI)y 1=1,NUM1)  CANG2UT) o (AXTS2US, 11 4d=1461,HGHT2(T ], =1 ,NUM2)
25 CONTINUE
160=1
CALL DUMMY-{IGU, TUNLT, IDLM)
REAGIS,9000) NCOFMAXIT (NCLASL NCLASZ, [SMULT,IRADEC 4ALP (1) DEL(LY,
JALPBND( 1Y yDELBNDI1) o {NTYPELIT),1=1+5),AUML, INTYPEZ(1),1=1,5),
JNUMZ, {B111) 4151 ,5), (BBNDLICI) o12145) 40B201),1=1,5),{BBND2{I},1=1,5)
"IF(NUML.NE.O} 60 TC 32
READ {9,9020) (ANGZ (I), (AXIS2(Js0),J=1+63,WGHTZLI),1=1,NUMZ)
60 TG 35 :
32 IF(NUMZ.NE.O) GU TO 33

REAC (9,9020) {ANGL{ 1), (AXTS1(dy 10,0143 ,DUNL,0UMZ,DUM3,

/ WGHTLCI}4I=1,NUM)

GO TE 35
"33 REAC (99,9020 (ANGIII)Y»(AXIS1{J[)}ed=1,43),DUML,DUMZ,DUM3,

/ WGHTLUI}»E=1,NUML) yCANG2{L) 4 (AXIS20J,1)4J=0+6) 4 WGHT2(I),1=1,NUM2)
3% CONTINUE

REWIND 9
N=NUM1 +NUM2
NLINES=N/2+N/22+13
NLINES=NL INES+MOD{N 2)

IF{MODIN,22) .EQ.0) NLINES=NLINES-1

IF{TRADEC:LE.LO) 6O TO §

"IF{NCLAS1.LE.O0} GO TG &

0O 5 I=1,NUM]

R=AXISI(1,1)/57.29578
D=AX1S1(2,1)/57.29578

AX151{1,1)=COS{R}*CCS(D)

AXIS1{Z2,I13=SIN(RYSCLSIDY

5 AXISL(3,1)=SIN(D}
& IFINCLAS2.LE.O0) GO TO 9

DO 8 I=1,NUM2
RF=AXISZ2(1,11/57.29578

DF=AX15212,1)/57.29578

RS=AXI52{3,1)/57.29578

DS=AXIS2(4,1)/57.29578

AX152{1,1)=COS{RFI*COS{DF)

AXIS2(2,1)=SIN{RF)&COSICE)

AXIS2(3,1V=SIN{DF)

AXIS2(4,1)=COS(RS)*COSICS)

AX152(5,1)=5SINIRS)*COS{TS)

B AXIS2{6,1)=SINIDS)



2 CONTINUE
no 37 1=1,5%
BIASIII}=9999959.,
BIASZ2{1}=9999999,
IF(B1I1).EQ.0.0) GC 7O 34
BIASELEJ=BL(I}
36 IFEB211).EQ.0.0Y GC YO 37
BIAS2{I)=B21(1)
37 CONTINUE
IFRSTL(1) =1
IFRST2(1)=1
DO 38 [=2,%
IFRSTELI)=IFRSFL(I=1}+NTYPELLI=1}
IFRST2E I} =IFRST2I1-1)+NTYPE2{I-1)
38 CONTINUE
CALL GCONES(TZERD,ALP.DEL ;ALPBND;DELBND NCOF MAXITCOEF
F O TWRT,ITOUT s IRETyISMUL T TIMEL 4 AXES1,ANGL, WOHTLy IFRSTL NTYPEL,
/ BIAS1,BBNDL,RHOSTL 4NCLASL,RHOL,RESIDL,STOVL T IMEZ JAXISZANGZ
/ WGHT2, IFRST2,NTYPEZ2,BIA52,BBNDZ,RHOST2,NCLASZ yRHOZ,RESLD2,
/ STCVZ2,TRESID,TSTOV}
DO 40 I=1,5
BL{TY=BTIASLI(T)
g2tri=81as52(1)
IFIBIASL1(I).GE.99999.) BL{I)1=0.0
IF{BIAS2({1).GE.59999.} B2(11=0.0
40 CONTINUE
I=1RET+1
GO TO {11,412,13,14,15,16),1
11 WRITE(9,9001}
GO TC 20
12 WRITE{9,9002)
GO TO 20
13 WRITE[9,9003)
GO TO 20
14 WRITE(9,9004)
GO TC 20
15 WRITE(9,;30G5)
Go TO 20
16 WRITE(9,9006)
20 WRITE{9,9010) ALPIL)+DELE1) o TRESID,TSTOV,LRESIDLITI)4I=1,45),
/ USTOVI{T)1=145),
FIRESINZUTIY 4 1=1,5) 4 (STDOV LI 4 i1y 5 9{BL I =035 :(B2(0)41=1,5}
IFI{NUML.NE.OY GO TC 42

WRITE(9,9030} {I14ANG2( 1) 4RHO2{TI) 4 WGHT 20T 14 1=1,NUM2)
GO TO 45

42 TFIKUMZ.NE.O) GD TG 43
WRITEL[9,9030) (L4ANGIUT) yRHOLOT )y WOHT LU L) p I=1,MUML)
GO TO 45

43 WRITE(9,9030) (I4ANGL{1)RHOLII) WGHTLII) yI=14NUML} (I ,ANG2{T),
/ RHCZUT )Yy WGHT21(1),1=1,NUM2}
45 CONTINUE
10UNM=NL INES
Ico=2
CALL DUMMY(LIGO, IUNIT, IDLM)
IFLIDUMLEQ.=555) GO TO 4
CALL GDAR(ICOM{L))
CALL GCLOS{IFT,ICOMILY)
9CO0 FORMAT([' #NCOF=", L, "*MAXIT=",12, ' %NCLASL=",11,"#NCLAS23"%,11,
/O THISMULT=V, J1, *#IRADEC=" g [ 1o "%/ #ALP(1)="yFS.1, " #DEL(L)=*,F5.1,
£ TEBLPBNDULY="4F3.2,"*DELBND{L}=*,F3,2,"%%/% #NTYPEL=*,5([2,%%'),
/O OVEENUML=? 12, v aenst NTYPE2=',5([2,%%) 4 &%NUM2=",12,'%/
SV FBIASL=Y (5{F5.2,"#% ), Thdkd UHNDL=*,5(F5.2,'%"1/" *BlAS2="',
/O SIFS.2 "%t ) viexxs BRND2=",5{F5,2,'3%%)) -
9020 FORMAT(' ANGLE X1 OR al ¥l OR D1 i1 DR Az X2 R D2%,6X,
F Y2 IR T2 X THGHT Y L6 /FTu2, 4% y6{F10.6,"%V) ,FS.2,0%%1},
/ 41/' ANGLE X1 OR Al ¥l OR D1 {1 UR AZ X2 DR LU2%,6X47Y2",



/ 9Xy1I2% 6%, HGHT Y,
S OLLU/FTL2, %% FL0.64" %1 ,F10.6,1%,F10. 6" .FIO.by'*"FIO.ﬁ.'*
F O FLO.6, V%Y 3 F5.2,0%1)1))
9COL FURMATUY ##4=x+ GCONES CUNVERGED')
9002 FORMAT( ' ##%%% GCONES PERFORMED MAXIMUM NUMBER OF ITERATIONS®,
/' WITHOUT CONVERGING')
9003 FORNMATI[Y #%%%% GLONES DIVERGED (CORRECFTION ELEMENT GREATER THAN',
/ot 36041
9004 FORMAT(* #+#%% GCONES ENCOUNTERED A ‘SINGULAR MATRIX')
9005 FORMAT{' &#%* GCONES - TOD MANY BIASES WERE SELECTED TG BE *,
/ '"DETERMINED') _
9C06 FORMAT( ' #%x#%%% GCONES = NCOF IS OUTSIDE OF ALLOWABLE KANGE®)
9010 FORMAT{/Y ALPHA=',FB.3,* %% DELTA=',F8.3,"' *¥&¥x%x TRESID=
/ F9.5,t =¥k TSTDV=',F9.5,//% RESIDL=",f9.5,
£OVEV LG, v FG 5, TR FG 5, V0, FG, 5,080 /% STDVL =*,5(F3.5,"%")/
/ ' RESID2=*,5(F9.5,'27) /% STDV2 =",51F9.54'%%),
£ /% BLIASL =',5(F3.5,'%% ),/ BIASZ =4,5(F9.5,"%"))
9030 FORMATA/Z/3(' T#ANGLE %14,
/ YRESIDUAL®WEIGHT#%,14X,**% I%ANGLE *RESIDUAL#WEIGHT®Y/11(13,*%',
P OFBaZ ey R FBLG, VB FHL2, LA, T, 12,080 FE. 2,98, FR. 4,
JOVRLFBL2,0E /)0
sTop 00003900
END 00004000
SUBROUT INE DUMMY{IGC, lUKIT,1DUM)
IF (IGU +EQ. 1) CALL LOAD(IUNIT)
IF {IGU .EQ. 2} CALL QUTHO(IDUM, TUNIT)
IF (IGO0 .EQ, 3) CALL COPY(IDUM, IUNIT)
RETURN
END
SUBROUTINE COPY{IRECN,IUNIT)
DIMENSION A(240),1CCMIT}
COMMON /GRAPH/1COM
DATA ASTOR/*'STOP'/
DATA BLOAD/'LOAD?Y/
DATA AUTQO/"AUTO"/
IFT=10
REWIND IUNIT
REAR{IUNIT, 10,END=Z25}A
10 FORMAT{2044)
25 CALL GWBUF(ICOMU1),ALL1),IFT)
CALL GWAITI{ICDOM(1))
CALL GRBUFTICOMELI,ALL) IFT)
IFtALl) .EQ. ASTOP) GO 10 30
IF{A(L) .EQ. AUTQ) TRECN=-444%
IF{ALL) .EQ. BLOAD) LREEN=-555
REWIND TUNIT
WRITE{IUNIT,10)4A "
REWIND TUNIT
RETURN
30 CALL GDAR(ICOM{L))
CALL GCLOSCIFT,ICOM{L1))
s10P
END
SUBROUTINE LOAD(IUNIT)
DIMENSION ICOM(T),A(1200)
CATA SKIP/PSKIPY/,STUR/ 'STOP*/

DATA CONT/!CONT!/,BACK/*BACK*/,BLOAD/ ' LOAD®/ 00003322
INTEGER L{5)/1,241,481,721,961/

COMMCN /GRAPHZ LCOM 00003330
13KIP=0 ‘ .

IFT=10 00003340

REWIND TUNIT
READ (IUNIT,10,END=24) &

10 FORMATIL20A4) Q0003370
24 1=0 00003371
25 I=1+1 © 00003372



IF11.GT.5) 1=
IF (1.EQO) I
JELiT)

R=410J)
S=AlJ+1l}

CALL GWBUFLICOMIL)»ALJ),1FT)
ISKIP=TSKIP~-1

5
=1

© IFLISKIP,.GT,.0) GO TC 25

20 D=A(U}
d=Aid+ii
AlLJY=R
AtJ+l)=S
IF{D.EW.SKIP) GO TO 22
IF (D.EC.BLGAD) GO 1D 24
IF{D.EC.BACKII=1~2
IF{D.EQ. CONT) GO TC 26
IFIC.EQ.STOP) GO TO 27
IF(I.NELB) GO TO 25
26 REWIND TUNIT
WRITE(IUNIT,10)A
REWIND IUNIT
RETURN .
27 CALL GDAR {(ICOM{1))
CALL GCLOSULIFT, ICOMI1))
CALE EXIT
92 CALL INCOREIQeISKIP 35,141,040}
ISKIP=15K1P+1
GO TC 25
END
SUBROUT INE OUTE0( TRECN, IN)
DIMENSTON 8(240),ICCM{T)
PROGRAM TQ QISPLAY A DATA SET ON 2260
CINPUT UNIT
DATA R,BLANK/*REDOY " '
DATA STQP/ASTOP'/
DATA BACK/'BACK?'/
DATA BLCAD/*LOADY/
DATA AUTO/ ' AUTCY/
COMMON /GRAPH/ICOM
I[FT=10
REWINE IN
5 LINEKY=0C
1 L=1
K=20
DO 2 TI=1412
[FILINEKT .EQ. IRECN) GC TO 90
READ {IN,100,END=90,ERR=90) 1B8(J1d=L K}
BSAVE=811)
LINEKT=LINEKT+1
L=20%[+1
K=L+19
2 CONTINUE
100 FORMATI(2044)
WRITE 12 LINES OGN 2260
CALL GWBUF{ICOM(L),BIL),IFF)
CalLl GWAITI{ICOM(L1))
CALL GRBUFILICOM(LI4BIL).IFT)
IF(BILY.EQ. STOP) GC TOD 91
IF (B{l} .EQ. BLODADY GD TO 77
IF {B{1) .NE., BACK) GO TO 200
140 IF{LINEKT .LE. 12) GO TC 76

CALL GWAIT{ICOMI{1)})
CALL GRBUF(TCOM{LYy A{J) IFT)"

KBACKS=24%

IF{MOD(LINEKT,12) .NE. CIKBACKS=MOD{LINEKT,12)+12

D0 150 34=1,KBACKS

00003374

00003377

00003378
00003400
00003404

00003407
00003408
000023409

00003411
00003420
00003430
00003440



LINEKT=LINEKT~-1
150 BACKSPACE IN
200 IF (B{1] .NE. R) GO TO 1
76 REWIND IN
GO 10 5
90 IF(MOD(LINEKT,12} .EQG. C) GO TO 11
© o IS=(I-11%20+1 g
00 3 1:15,240 00002420
3 B(I)=BLANK
GC TL 10 -
11 BIL1)=BSAVE
10 CALL GWBUF (ICOMIL1}1,B(1) 41FT)
BSAVE=8I(1)
CALL GWAIT({ICOMmMA{LD)
. READ 12 LINES FROM 2260 + TEST FIRST CHARACTER
CALL GREBUF(TCOMIL),B(L),1FT)
IF{8{1} .£Q. BLUAC) GD T0Q T7
IFIBIL} .EQ. AUTO) GO TC 75
IFLB(L) LEG. STOP) €0 TC 91
IFLB{L) .EG. R) GO YO 76
IF [B(1) .NE. BACK) GO YO 11
GO TO 140
75 IRECN=-444
RETURN
77 IRECN==-555
91 CONTINUE
RETURN
END
/7 EXEC LINK
f/SYSLIB CC DSN=OPRLIB,UNIT=DISK,VYOL=SER=ATTDET,DISP=SHR
F/SYSLMOD DD DSN=IMP.LAUNCH.GCR{GCUNESCR) ,UNIT=DISK,VvOL=SER=ATTDET,
/7 DISP=SHR,SPACE=(TRKy{144,1),RLSE)
// EXEC PGM=GCUNESDR,REGICN=120K
//STEPLIB CC DSN=IMP.LAUNCH.GCR DISP=SHR,VOL=SER=ATTDET,UNIT=231¢4
//FTO8F001 DD SYSOUT=A,DCB={RECFM=VBA,LRECL=137,BLKSIZE=7265)
//FTO9FO0L CD DSN=EEARGLIN, DISP=(NEW,DELETE) 4SPACE=(TRK, 13,171,
/4 DCB=(DSORG=PS,RECFM=F,LRECL=B0,BLKSIZE=B0),VOL=SER=G1SCR6 ,UNITZ2314
//ETI0FOCL DO UNIT=0A4
/*

'
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APPENDIX C

SECTION 1
INTRODUCTION

DCCONS is the inter-active graphics counterpart of the non-interactive program;
GCONES (Ref, 1). - GCONES is a differential correction routine that minjmizes
the weighted sum of residuals squared between measured and computed angles.
The measured angles may be obtained directly from spacecraft sensor readings
or computed from other spacecraft observations such as time pulses, spin rates,
or components of a reference vector. The minimization is achieved by differ-
entially correcting an a priori estimate of the attitude state variables.



SECTION 2
MODULE DESCRIPTION

Section 2 contains the module descriptions of all subroutines accessed by the
DCCONS subsystem. The following conventions should be noted:

® The standard IBM System/360 FORTAN IV Library Subprograms are
used for nominal arithmetic and trigonometric calculations.

e All calls to graphics displays are accomplished through the MSAD
routine, CHECK (see Ref. 14),

® FEach module description contains six main parts

a.

b.

CALLING SEQUENCE reflects the physical call to the subroutine;
DESCRIPTION presents a brief overview of the function of the module;

COMMAON ARFEAS REFERENCED lists, in alphabetical order, the
labeled common areag accessed by the module;

EXTERNAL REFERENCES lists, in alphabetical order, all external
roufines called by the module;

STORAGE REQUIREMENTS delineates the amount of physical core
storage, in decimal bytes, required by the module;

VARIABLES defines the input parameters and output variables
accessed by the module along with any labeled COMMON area
variables utilized in the module.

e In addition to the six main parts, two parts are provided, where
applicable

A,

DATA TRANSMISSION lists the unif of transmission, the type of
transmission and a description of the data being transmitted, Data
transmitted through MSAD display devices is listed as Control Point
name, the module which calls the display, and the display description.

RESTRICTIONS delineates the limitations imposed on the module.



DCCONS

|
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1

‘CHECK

BLKINV

GTSI?E" PTSIZEf COFSM GTSTAT* FINAL GDCCON |
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** — TABLE DISPLAY NAMES



SUBROUTINE DCCONS

CALLING SEQUENCE: CALL DCCONS (ALP, ALPBND, ALPCUM, DEL,
DELBND, DELCUM, ARGCUM, TIMEl, AXIS1, ANG1, WGHTI,
IFRST1, NTYPE1, BIAS1, BBND1, RHOST1, RHOl, CALC1l, SCOEF1,
TIME2, AXIS2, ANG2, WGHT2, IFRST2, NTYPEZ2, BIAS2, BBNDZ,
RHOST2, RHO2, CALC2, SCOEF2, AVGRHO, COEF, DRHOSQ,
CHNG, STOR1, STORZ2, ALPR, DELR, STYPE1, STYPE2, BTYPE, RL,
WORK, GWORKO, GWORK4, GWORK5, B11CUM)

DESCRIPTION: )
DCCONS is a version of GCONES designed to operate under the Multi-
Satellite Attitude Determination (MSAD) executive system.

COMMON AREAS REFERENCED:
DSCOPT, GCN1, MASCOM, STVEC

EXTERNAL REFERENCES: .
ABS, AMAX1, BLKINV, CHECK, COFSM, FINAL2, GDCCON,
GTSIZE, GTSTAT, MAX0, MESAGE, MINO, PTSIZE, SQRT

STORAGE REQUIREMENTS: 16,222 bytes of core storage

VARIABLES:
Variable - o
Name Type Origin I/O Description

ALP R*4 CS /o On input a priori estimate of
polynomial coefficients for
right ascension, in degrees (i.e,
R.A, = ALP{(1) + ALP{2) * T +
ALP(3) * T2+ ALP({4) * T3,
where T = time of observation).
On output, the final results,

ALPBND R*4 CS I Convergence bounds for ALP,
in degrees.

ALPCUM R*4 CS o Cumulative results for ALP(1).

{e. g., ALPCUM(5) contains the
value of ALP(1) obtained for the
fifth iteration).

c4



Variable Type Origin /0

Description
_Name - 2escripion

DEL R* - (CS8 1I/0 On input a priori estimate of
polynomial coefficients for de-
clination, in degrees, (i.e., D=
DEL(1) + DEL(2) *T + DEL(3)
*T2 + DEL{4) * T3, where T =
time of observation). On out-
put, the final results.

DELBND R*4 4 I Convergence hounds for DE L,r
: in degrees.

DELCUM R*4 Cs o - Cumulative results for DEL(1).
(e. g., DELCUM) contains the
value of DEL(1) obtained for the
fourth iteration).

ARGCUM I*4 cs 0 Iteration indicator for values in
ALPCUM, and DELCUM

TIME1 - R *4 CcSs I ) Reference times for Class 1
(cone angle) data. '

AXIS1 R*4 CS I Reference unit vectors for Class
- _ 1 data (dimensioned 3* number of
Class 1 observations).

ANG1 R*4 Cs 1 - Class 1 (cone angle) observa-
tions in degrees, (acceptable
range (° - 180°),

WGHT1 R*4 Cs I/0 Class 1 weights.

IFRST1 I¥4 Cs Rt Pointers indicating starting -
: ' positions for each type of Class
1 data in the arrays;
TIME1, AXIS1, ANG1, and
WGHT1. '

NTYPE1 I#*4 Cs 1 - Number of cbservations of each
type of Class 1 data.



Variahle 1o

Name Type Origin Desecription

BIAS1 R* CS 1I/0 On input essential estimate of
‘ biases for each type of Class 1
data (the value 9999999. indicates

that no biag is to be determined

for the corresponding angle
type). On output final bias results.

BBND1 R*4 CS 1 Convergence bounds for BIAS1
elements.
RHOST1 R*4 CS 0 Class 1 statistics defined as:

RHOST1 (1,1) - weighted sum of
angle residuals for type I data
RHOST1 (2,]) - weighted sum of
squares of angle residuals for
type I data

RHOST1 (3, 1) - sum of weights
for type I data

RHOST1 (4,1) - mean residual
for type I data

RHOST1 (5, I} - standard devia-
tion for type I data.

RHO1 R*4 CS O Residuals for Class 1 data de-
fined as observed minus
calculated.

CALC1 R*4 CS O Calculated angles for Class 1
data.

SCQEF1 R*4 CS O Derivatives of Class 1 angles

with respect to state vector ele-
ments (dimensioned as NP x # of
observations, where NP = # of
elements in state vector).

TIME2 R*4 Cs i Reference times for Class 2,
dihedral angle, data



Variable
Name

AXIS2

ANG2

WGHT?2

'IFRST2

NTYPEZ

BIAS2

BBND2

RHOSTZ

Vo

Type Origin
R* cs I
R*4 CS I
R*  CS I
1M cs I
I*+4 Ccs I
‘R¥4 Cs 1/0
R*4 CS 1
R*4 CS O

o Description

Reference vectors for class 2

data. (Dimension 6 * number of
observations, the ith dihedral
angle is measured from vector
(a,i, 2,1, 3,i) to vector
((4,1), (5,1), (6,1)).

‘Class 2 angles, in degrees

(acceptable range (0° - 360°)).

Weights for Class 2 data.

" Pointers indicating starting

positions for each type of class
2 data in the arrays: TIMEZ2,
AXIS2, ANG2, and WGHT?2.

Number of observations of eéch
type of Class 2 data.

Essential estimate of biases for

each type of Class 2 data (the

value 9999999, indicates that no
bias is to be determined for the

- corresponding angle type).

Convergence bounds for BIAS2
elements. ‘

Class 2 statistics defined as:
RHOST2 (1,1) - weighted sum of
angle residuals for type I data
RHOST2 (2, I) - weighted sum of
squares of angle regiduals for
type I data

RHOST2 (3,I) - sum of weights
for type I data ‘
RHOSTZ (4,1) - mean residual
for type 2 data '

RHOST2 (5,1) - standard devia-
tion for type I data.



Variable

Name

RHO2

SCOEF2

AVGRHO

COEF

DRHOSQ

CHNG

STOR1
STOR2

ALPR

DELR

Type Origin /O
R  CS o}
R*  CS O
R*4 CS 0
R*4 cs o)
R*4 CS 0
R*4 CS 0
R*4 CS 0
R*4 CS 0
R*4 CS 0
R*4 CS o
R*4 cs 0

Description

Residuals for Class 2 data de-
fined as observed minus
calculated.

Derivatives of Class 2 angles

with respect to state vector ele-

ments. (Dimensioned as NP x #
of observations, where NP =
number of elements in the state
vector. )

Used to store magnitude of
average residual {(dimensioned
2 x B).

Array used for coefficient,
covariance, and correlation
matricies. (Dimensioned
NS x NS, where NS = number
of elements in state vector.)

Work array (dimensioned 13).
Work array used to store the
updates to the state vector

after each iteration (dimensioned
13).

Work array (dimensioned 13).

Work array (dimensioned 13).

Right ascension (ALP) coefficients,
in radians.

Declination (DEL) coefficients,
in radians.



Variable

Name

STYPE1
STYPEZ

BTYPE
RL
WORK
GWORKO

GWORK4

GWORKS5

B11CUM
OPTION

FINISH

FINALD

Type Origin I/0
R¥4 cs 0
R*4  CS o
1+ cs 0
T*¥1 cs 0
R*4 cs o
R*8  CS 0
R*4 cs 0
R*4 CS o
R*8  CS 0
T#4 DCSOPT L/O
T*4 DCSOPT 1/0
T*4 DCSOPT 1/0

Description
Alpha-numeric work array
{dimensioned 13).

Alpha-numeric work array
(dimensioned 13),

Work array (dimensicned 13),

- Logical work array (dimensioned 13),

Work array {dimensioned 13).

Alpha-numeric work array used
to store final summary results
for display (must be dimensioned
ag 224),

Work array used to store observa-
tion number for plotting (dimen-

' _sioned as N, where N = number of

observations, or may be zero),

Work array used to store (O-C)
residuals for plotting (dimensioned
as N, where N = number of obser-
vations or may be zero).

Alpha-numeric work array used to
store cumulative biases for display
(must be dimensioned as 105).

Flag array for plotting options
=0, do not plot :
=1, plot

Flag for terminating plot option
table ,

= (), do not terminate

=1, terminate

Flag for displaying summary
display

= 0, do not display

=1, display '



Variable
Name

IoUT

NCLAS1
NCLAS2

NCOF

MAXIT

IRWT

I0C

ICALC

SMULT

NP

ISTEP

Type Origin I/O
I*4 GCN1 I
1¥4 GCN1 1
1#4 GCN1 I
I*4 GCN1 I
I*4 GCN1 I
I*4 GCN1 I
1*4 GCN1 I
I*4 GCN1 I
R  GON1 I
I*4 GCN1 I
I*4 GCN1 0

C-10

Description

FORTRAN device unit for specified
printout.

Number of Class 1 data types.
Number of Class 2 data types.

Number of polynomial coefficients
for ALP and DEL (range: 1 - 4).

Maximum number of iterations.

Intermediate printout level in-
dicator (see references for
various levels).

Residual storage indicator
=0, do not store residuals
=1, store residuals for display
and plotting.

Calculated values storage in-
dicators
=0, do not store caleulated
values
= 1, store calculated values for
display.

Residual edit criteria (the weights
of angles whose magnitude of
residual is greater than SMULT *
(average of residual magnitudes)
is set to the negative of the
residual thus deleting them.

Total number of elements in the
state vector. (Definedas 2 *
NCOY + number of biases. )

Current iteration indicator.



Variable
Name

IRET

CORMIN
CORMAX
IOPEN

OLDALP
OLDDEL
OLDBS1

OLDB$2 |

NEWALP

Type -Origin I/O
I*4 GCN1 . O
I+ GCN1 0
I*4 GCN1 0
I*4 MASCON I
R*4 - STVECT O
R*  STVECT O
R*  STVECT O
R*4 STVECT O
R¥  STVECT O

Cc-11

Description

Return code -

= (, process converged

=1, MAXIT exceeded, process
terminated A

=2, process diverged, cor-
rection element > 360°

= 3, singilar matrix

=4, number of biases > 5

=5, NCOF out of range

Display indicator for Class 1
data

=, do not display

=1, display

Display indicator for Class 2
data- ,

=0, do not display

=1, display

Graphics device indicator
= 0, no graphics device active
=1, MSAD graphics device
active. '

Current value of ALP before
iteration update.

Current value of DEL before -
iteration update.

‘Current value of BIAS1 before
- iteration update.

Currént value of BIAS2 before
iteration update,

Value of ALP after iteration
update.



Variahle

Type Origin I/0 Description
Name L —_— e
NEWDEL R*4 STVECT O Value of DEL after iteration
update.
NEWBS1 R*4 STVECT ] Value of BIAS1 after iteration
update.
NEWBS2 R*4 STVECT O Value of BIAS2 after iteration
update.

DATA TRANSMISSION:

Name Read/Write/Check Descriptio.n-

FTXXF0OO1 Write Intermediate printout,
where XX = IOUT

GCONEO0 Check DCCONS initial parameter
display

DCC1 Check Class 1 data display

DCC2 _ Check Class 2 data display

OPTAB1 Check Option table display

RESTRICTIONS:

1 - The number of polynominal coefficients must be greater than or equal to 1
and less than or equal fo 4.

2 - The number of biases determined, for both Class 1 and Class 2 data,
must be less than or equal to 5.

3 — All calling sequence arrays are MSAD allocated, and hence, it is up
1o the user to ensure the allocation size of the arrays is not exceeded.

SUBROUTINE COFSM

CALLING SEQUENCE: CALL COFSM (TIME, AXIS, ANG, WGHT, NUMB,
ITYPE, NDIM, ALPR, DELR, BIAS, IBIAS, COEF, DRHOSQ, RHOST,
RH, CALC, SCOEF, JONE)
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DESCRIPTION:

'COFSM is gimilar to the GCONES routine COFSUM with the following added
features: calculated values can be stored, derivatives can be stored, re-
siduals can be stored.

COMMON AREAS REFERENCED:
GCN1

EXTERNAL REFERENCES:
ABS, COS, SIN

STORAGE REQUIREMENTS: 4884 bytes

VARIABLES:
* Variable o o
Name Type Origin I/0 Description
TIME R*4 CS I Array of observation times.
AXIS R*4 cs I Reference vectors (dimensioned
NDIM x (# of observations)).
ANG R*4 CS 1 Observed angles, in degrees.
WGHT R*4 CS - I/O Weights for observed data.
NUMB T*4 CS I Number of observations for class
- and type being processed.
ITYPE I*4-  CS I The class of data being processed.
NDIM I*4 Ccs S | Indicator for class reference
vectors
~ =3, for Class 1 data
= 6, for Class 2 data ‘
(i.e., NDIM = 3 * (number of
reference vectors required to
define ANG)).
ALPR R¥ CcS I Right ascension coefficients,

in radians.

C-13



Variahle @

Name Type Origin Description

DELR R¥4 CS I Declination coefficients, in radians.

BIAS R*4 Cs I Bias for class and type of data be-
' ing processed,

IBIAS I1*4 - CS8 I Index to indicate bias under
consideration.

COEF R*4 CS 0 Vector [H]' [W]p, where H is
: derivative matrix, W is weight
matrix, p is the residual vector.
{i. e., right side vector of simul-
taneous equations.)

RHOST R*4 cs O Statistics:
: RHOST (1) - weighted sum of

residuals
RHOST(2) - weighted sum of
squares of residuals
RHOST(3) - sum of weights
RHOST(4) - mean residuals
RHOST(5) - standard deviations

RH R*4 Cs O Vector of residuals.
CALC R*4 C8s O Vector of culculated values,

SCOEF R*4 CSs 0] Matrix of partial derivatives
(dimensioned number of elements
in state vector x number of
observations).

JONE 1*4 Cs I Index indicating starting location
of data in arrays TIME, AXIS,
ANG, WGHT, RH, CALC,
SCOEF for the class and type of
data being processed,

I0UT I*4 GCNI I Fortran device unit for specified
printout,
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Variable
Name
NCOF

IRWT

TZERO

10C

ICAIC

DATA TRANSMISSION:

Name

FTXXFOO1

SUBROUTINE BLKINV

CALLING SEQUENCE:

- DESCRIPTION:

Type Origin /0 Description
I*4 GCN1 I Number of polynomial coefficients
for ALP and DEL '
T*4 GCN1 I Intermediate printout level indi-
cator (see reference 1),
R*4 GCN1 I Reference time.
I*4 GCN1 I Residual storage indicator
=, do not store residuals
=1, store residuals for display
and plotiing
I*+4 GCN1 1 Calculated values storage indi-
cator
. =0, do not store calculated .
values :
=1, store calculated values for
- “display
Read/Write/Display Description
Write Intermediate printout, where

XX =10U0T

CALL BLKINV (COEF, 1, J, NP, DET, IERR,
STOR1, STORZ2, RL)

BLKINV inverts a symmetric block diagonal matrixusinga maximum pivot

strategy.

COMMON AREAS REFERENCED:

None
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EXTERNAL REFERENCES:
ABS

STORAGE REQUIREMENTS: 1408 bytes

VARIABLES:
Variable
Name Type  Origin L/O Description.

COEF R*4 CS I/0 Symmetric matrix containing block
to be inverted. On return, COEF
contains inverted block.

I I*4 Cs I Starting row and column of hlock
to be inverted.

J I*4 Cs I Stopping row and column of block
to be inverted.

NP I*4 Cs I Size of the square matrix COEF

' (dimension of COEF is NP x NP).

DET R*4 Cs O Value of the determinant,

IERR 1*4 CS 0 Error code

=0, normal return
=1, zero pivot element, inverse
cannot be obtained

STORI1 R*4 Cs O Work array (size of NP or larger).

STOR2 R*4 CS O Work array (size of NP or larger).

RL L*¥1 cs O Work array (size of NP or larger).

SUBROUTINE GSTATI1 ‘ -

CALLING SEQUENCE: CALL GSTAT1 (ALP, ALPBND, ALPCUM, DEL,
DELBND, DELCUM, ARGCUM, TIMEl, AXISl, ANGl, WGHTI,
IFRST1, NTYPE1, BIAS1, BBNDI, RHOST1, RHOl, CALC1, SCOEFI,
TIME2, AXIS2, ANG2, WGHTZ, IFRST2, NTYPEZ2, BIAS2, BBNDZ,
RHOST2, RHO2, CALC2, SCOEF2, AVGRHO, COEF, DRHOSQ, CHNG,
STOR1, STOR2, ALPR, DELR, STYPEl, STYPE2, BTYPE, RL, WORK,
B11CUM)
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DESCRIPTION:

GSTATI stores cumulative iteration results for dlsplaymg and performs
residual edltmg on the data.

COMMON AREAS REFERENCED:
FLAGG, GCN1, GDCON

EXTERNAL REFERENCES:
ABS, CHECK, INCORE, PTSIZE

STORAGE REQUIREMENTS: 5400 bytes

- VARIABLES:

- Variable
Name

- ALP

ALPEND

ALPCUM

DEL -

DELBND .

DELCUM

ARGCUM

TIMEL

Type Origin y_o
R4  C8 I
R*  CS I
R*  CS o
"RM  CS 1
R*  CS I
R*  CS o
T*4 cs o
R*  CS I

C-17

Description

A priori polynomial coefficients
for right ascension, in degrees.

Convergence bounds for ALP, .
in degrees.

Cumulative results for ALP(1)
(dimensioned as 21).

A priori polynomial coefficients
. for declination, in degrees.

Convergence bounds for DEL, in
degrees.

Cumulative results for DEL(1)
(dimensioned as 21), . .

Iteration indicator for values in

~ALPCUM and DELCUM (dimen-

sioned as 21).

Reference times for Class 1 (cone
angle) data.



Variable

Name Type  Origin 1/0 Description

AXIS1 R* Cs I Reference unit vectors for Class
1 data (dimensioned 3 * pumber
of Class 1 observations).

ANG1 R*4 CS 1 Class 1 (cone angle) observations,
in degrees.

WGHT1 R*4 Cs I/O Class 1 weights.

IFRST1 1*4 Cs I Pointers indicating starting
positions for each type of Class
1 data in the arrays: TIME1,
AXIS1, ANG1, WGHT1.

NTYPE1 I*4 CS I Number of observations of each
type of Class 1 dafa.

BIAS1 R*4 Cs I Essential estimate of biases for
each type of Class 1 data.

BBND1 R*4 Cs 1 Convergence bounds for BIAS1
elements. :

RHOST1 R*4 CS I Class 1 statistics defined as:
RHOST1(1,I) - weighted sum of
angle residuals for type I data
RHOST1(2,I) - weighted sum of
squares of angle residuals for
type I data
RHOST1(3,I) - sum of weights for
type I data
RHOST1(4, ) - mean residuals for
type 1 data
RHOST1(5, I} - standard deviations
for type I data.

RHO1 R*4 CSs I Residuals for Class 1 data de-
fined as observed minus calculated.

CAIC1 R*4 Cs I Calculated angles for Class 1 data.
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Variable
Name

SCOEF1

TIME2

AXIS2

ANG2

- WGHTZ2

IFRST2

NTYPE2

BIAS2

BBND2

RAOST2

Type Origin 1/0
R*4 CS 1
R*4 Cs I
R*4 CS I
R*  CS i
R*4 cs 1/0
4 cs 1
I*4 CS 1
R*4 CS I
R¥*4 CS I
R*4 Cs I
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Desériptidn

Derivatives of Class 1 angles with
respect to state vector elements
(dimensioned as NP * number of

observations where NP = number-
of elements in the state vector).

Reference times for Class 2,
dihedral angle, data.

Reference vectors for Class 2
data {(dimensioned 6 x number of
observations. The ith dibhedral
angle is measured from vector
((1,1), 2,1, 3,1)) to vector
{4,1), (O,1), (6,1)).

Class 2 angles, in degrees.
Weights for Class 2 data.

Pointers indicating starting:
positions for each type of Class
2 data in the arrays: TIMEZ2,
AXIS2, ANG2, WGHT2.

Number of observations of each
type of Class 2 data.

Essential estimate of biases for
each type of Class 2 data.

Convergence bour;ds for BIASZ2
elements, '

Class 2 statistics defined as:
RHOST2(1,I) - weighted sum of
angle reSiduz_tlEs for type Idata
RHOST2(2,1) - weighted sums_ of
squares of angle residuals for
type I data



Variable
Name

RHOSTZ

RHO2

CALC2

SCOEF2

AVGRHO

COEF

DRHOSQ

CHNG

STOR1

STOR2

ALPR

Type Origin 1/0
R*4 CS I
R* CS I
R*4 Cs I
R*4 Cs I
R*4 CS O
R#*4 Cs I
R*4 Ccs I
R*4 Cs I
R* CS I
R*4 CS I
R* . cs I
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Description

RHOST2(3,I) - sum of weights for
type I data

RHOST2(4, I} - mean residuals for
type I data

RHOST2(5,1) - standard deviations
for type I data.

Residuals for Class 2 data defined
as observed minus calculated.

Calculated angles for Class 2
angles,

Derivatives of Class 2 angles with
respect to state vector elements
{dimensioned as NP x # of observ-
vations, where NP = number of
elements in state vector).

Used to store magnitude of
average residual (dimensicned
2 x B).

Array used for coefficient,
covariance, and correlation
matrices (dimensioned NS x NS,
where NS = number of elements
in state vector).

Work array (dimensioned 13),
Work array used to store the up-
dates to the state vector after
each iteration (dimensioned 13).
Work array (dimensioned 13).

Work array (dimensicned 13).

Right ascension (ALP) coefficients,
in radians.



Variable

Nameée

DELR
STYPEL
STYPE2

BTYPE
'RL
WORK

B11CUM

10UT

NCLAS1
 NCLAS?

IRWT

10C

SMULT

Type Origin
R*4 CSs
R*4 Cs
R*  CS

1*4 Cs
L*1 Cs
R*4 Cs
R*8 CSs

I*4 GCN1
1*4 GCN1
+4 GCN1
I%4 GCNL
I*4 GCN1
R* ~ . GCN1

1/0
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Description

Declination (DEL) coefficienfs,
in radians.

Alpha-numeric work array
(dimensioned 13).

Alpha-numeric work array
(dimensioned 13).

Work array (dimensioned 13).
Work array (dimensioned 13).
Work array (dimensioned 13).

Alpha-numeric work array used
to store cumulative biases for dis-
play {dimensioned as 105).

Fortran device unit for specified
output.

Number of class 1 data types.
Number of Class 2 data types.

Intermediate printout level in-
dicator (see Reference 1 for
various levels),

Residual storage indicator
= 0, do not store residuals
= 1, store residuals for dis-
- play and plotting.

Residual edit criteria (the weights
of angles whose magnitude of re-
gidual is greater than SMULT *
(average of residual magnitude) is
set to the negative of the residual
thus deleting them from the dif-
ferential correction process,



Variable

Origin  1/0

T
Name ype
ISTEP I*4
AVG R*4

DATA TRANSMISSION:

Name

FTXXF§$1
GSTATA

GSTAT1

SUBROUTINE FINAL2

GCN1 I

GDCON O

Read/Write/Check

Write
Check

Check

Des cription

Current iteration indicator.
Residual edit bound (i.e., average

residual for Class 1 and Class 2
data).

Description

Intermediate printout, where
XX =10U0T.

Cumulative state vector
display.

Residual edit data display.

CALL SEQUENCE: CALL FINAL2 (GWORK0, ALP, DEL, Al, DI, BIASIL
BIAS1, BIAS2I, BIAS2, RHOST1, RHOST2, NTYPEl, NTYPE2, NCOF,

IALL0, COVAR, NC)

DESCRIPTION:

FINAL2 converts the initial and current iteration values of the state vector
into alpha-numeric characters for the summary display.

COMMON AREAS REFERENCED:

None

EXTERNAL REFERENCES:

INCORE, PTSIZE, SQRT

STORAGE REQUIREMENTS: 4224 bytes
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VARIABLES: |

Variable
Name

GWORKO

ALP
DE L
Al

DI
BIASI
BIAS1 |
BIAS21
BIAS2

RHOST1

Type  Origin’ I/Q
R*  CS 0
R*4 CS I
R*4 cs I
R*4 Cs I
R*4 CS I
R*lg cs 1
R*.  CS .1
R*4 Cs I
R*4 CS I
R*  CS8
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Description

Work array where alpha-numeric
equivalents of previous and cur-
rent values of the state vector are
stored.

Right ascension polyﬁomial coef-
ficients, in degrees, ‘

Declination polynomial coefficients,
in degrees.

Initial right ascension polynomial
coefficients, in degrees.

Initial declination polynomial
coetficients, in degrees.

Initial biases for each type of
Class 1 data, in degrees.

Biases for each type of Class 1
data, in degrees.

Initial biases for each type of
Class 2 data, in degrees.

Biases for each type of Class 2

. data, in degrees.

Class 1 statistics (see DCCONS
module description for RHOST1

~(1,I) - RHOSTL(3,1))

RHOST1{4,I) - mean residual

for type I data

RHOST1(5,I) - standard deviation
for type I data.



Variable Type Origin I/O

Name
RHOST2 R4 CS I
NTYPEL I*4 CS I
NTYPE2 I*4 Cs I
NCOF I*4 CS I
TIALLO I*4 CSs I
COVAR I*4 CS I
NC I CS I

SUBROUTINE GDCCON

Description

Class 2 statistics (see DCCONS
module description for RHOST2
(1,I) - RHOST2 (3, 1)

RHOST2 (4, 1) - mean residual for
type I data

RHOST2(5, ) - standard deviation
for type I data.

Number of Class 1 data types.
Number of Class 2 data types.

Number of polynomial coefficients

for ALP and DEL.

Allocation size for GWORKO
array (must be 224),

Covariance matrix for state vector
clements.

Number of elements in the state
vector.

CALLING SEQUENCE: CALL GDCCON (IALI4, JALL5, IFRST1, IFRSTZ,
NTYPE1l, NTYPE2, RHO1, RHO2, GWORK4, GWORK5, IALLO)

DESCRIPTION:

GDCCON stores the computed residuals for plotting into work arrays and
calls the MSAD related tables to display the plots.

COMMON AREAS REFERENCED:
DCSOPT, GCN1

EXTERNAL REFERECES:
CHECK, PTSIZE
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STORAGE REQUIREMENTS: 1786 bytes

VARIABLES:;
Variable T s
Name  ype  Origin  I/O Description
IALIA I*4 CS8 I Allocation size of GWORK4 array.
IALLS I*+4 CS 1 Allocation size of GWORKS5 array.
IFRST1 14 CS I Pointers indicating starting posi-
tions for each type of Class 1 data
in the RHO1 array.
IFRST2 I#4 CS I Pointers indicating starting posi-
tions for each type of Class 2 data
-in the RHO2 array.
NTYPE1 I*4 Cs I Number of observations of each
type of Class 1 data.
NTYPE2 I*4 CS I Number of observations of each
type of Class 2 data,
RHO1 R*4 Cs -’ 1 Residuals for Class 1 data defined
as observed minus calculated.
RHO2 R - CS I Residuals for Class 2 data defined
as observed minus calculated.
GWORK4 R*4 CS (@) " Work array for storage of chser-
vation numbers for each class and
type of data. (dimensioned as # of
observations).
GWORKGE R*™ = C8 O Work array for storage of residuals
: for each class and type of data
(dimensioned as number of
cbservations),
IALLO I*4 cs 1 Allocation size of GWORKO (must

be 224 or 0).
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Variable
Name

OPTION

FINISH

FINALD

NCLAS1
NCLAS2

I0C

DATA TRANSMISSION:

Name

DRES11

DRES12

DRES13

DRES14

DRES15

Type Origin 1/0 Description
I*4 DCSOPT 1/0 Flag array for plotting options
=0, do not plot
=1, plot
I*4 DCSOPT I/0 Flag for terminating plot ontion
table
= 0, do not ferminate
=1, terminate
I+ DCSOPT I/O Flag for displaying summary
display
=0, do not display
=1, display
I%4 GCN1 I Number of Class 1 data types.
I*4 GCN1 I Number of Class 2 data types.
I*4 GCN1 I Residual storage indicator
=0, do not store residuals
=1, store residuals for display
and plotting
Read/Write/Check Description
Check Residual plot for Class 1
type 1 data.
Check Residual plot for Class 1
type 2 data.
Check Residual plot for Class 1
type 3 data.
Check Residual plot for Class 1
type 4 data.
Check Residual plot for Class 1
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Name

DRES21
DRES?22
 DRES23
DRES24
DRES25

DFINDP

OPTAB1

¢

Read/Write/Check

Check
Check
Check
Check
Checl-{

Check

Chéck
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Description

Residual plot for Class 2 -
type 1 data. |

Residual plot for Class 2
type 2 data.

Residual plot for Class 2
type 3 data.

Residual plot for Class 2
type 4 data.

Residual plot for Class 2
type 5 data.

Summary display

Plot option table display



SECTION 3
RESOURCES

The DCCONS subsystem is designed to operate under the Multi-Satellite Attitude
Determination (MSAD) system on either the IBM 360/75, 360/91, or 360/95.

3.1 Environment

DCCONS is a differential correction routine which minimizes the weighted sum

of residuals squared between measured and computed angles to obtain corrections
to the state vector through the facility of interactive graphics. The MSAD Ex-
ecutive system provides the interactive capabilities through a graphics display
device. The operator can edit control parameters and data via the display de-
vice, thereby enhancing the otherwise noninteractive flow of the program.

3.1.1 Hardware Requirements

Hardware requirements for the DCCONS subsystem are as follows:

e Input:
— none

e QOutpui:
— one line printer
— one 2250 or 2260 graphics display unit
— one tape drive (optional, if hard copy of the MSAD plots is required)

3.1.2 Storage Requirements

The DCCONS subsystem requires 32, 5K bytes of core storage on the IBM System/
360-95 to operate in a graphics mode. Due to the dynamic allocation feature of
the MSAD system, this figure does not include the allocation sizes of the work
arrays which are user determined, nor does this figure include the amount of
core storage required to store the DCCONS graphics tables.

3.2 Software Requirements

The DCCONS subsystem is written in the FORTRAN IV programming language,
currently operational on OS Release 21,6, The following external libraries are
assessed by DCCONS:

e IBM System/360 FORTRAN IV Library Subprograms

e Multi-Satellite Attitude Determination (MSAD) Executive System User's
Guide (Ref, 14)
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SECTION 4
INPUT

All user supplied input is passed to the DCCONS subsystem through the use of
calling sequences and labeled COMMON areas, For a definition of input param-
eters, refer to Section 2, Module Descriptions, '

. The user may also alter control parameters and data through the interactive
graphics facility, For a discussion of this feature, refer to Section 5, Graphics
Output, '
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SECTION 5
GRAPHICS DISPLAYS

This section describes all the graphics displays generated by the DCCONS sub-
system. These displays are designed to aid an operator at a 2250 graphics ter-
minal in the immediate determination of attitude solutions and to insure data
consistency. Controlled by user option, these displays permit an operator to
alter the initial state vector variable estimates and variable error telerances,

to review input cone and dihedral angles with their associated weights and times,
to observe the cumulative iteration results for each state vector update, to re-
view the calculated residuals and to alter any, if needed, to choose observed
minus computed (O-C) residual plots for observation, and to view the summary

of the state vector updates for each iteration,

Several general comments should be noted. Each display is associated with an
MSAD table which is called from the DCCONS sub-system. In accordance with
the MSAD conventions, any display not required in a given pass through the data
may be omitted by setting the status flag of the display control point to SKIP in -
the MSAD ARTCMM display. See Figure 5-1 for a list of all DCCONS related
control point display names, The dimensions of all MSAD allocated arrays are
user confrolled; hence, the operator can alter the master numbers of all internal
arrays via the MSAD XSTOPS display. ‘See Figure 5-2 for an illustration of the
available DCCONS arrays. In addition, the user has the opportunity to request
any display from any display screen via the MSAD automatic call mechanism.
The user should be cautioned that a display thus called will contain current in-
formation only if the display has been previously created within the same iter-
ation as the display from which the call has heen issued.

-Short descriptions of the functions and options of the DCCONS displays are pro~
vided in this section. In addition, an illustration of the display as it would appear

on the IBM 2250 graphics console i8 provided for user correlation.

5.1 DCCONS Coefficients and Parameters Display

This display permits an operator at the IBM 2250 console to observe the initial
attitude estimates and the initial program tolerances, to alter these values
through the IBM 2250 graphics display keyboard, and to redisplay them on the
2250 unit,

The DCCONS coefficients and parameter display consists of three groups. The
first group contains the DCCONS control parameters (i.e., number of alpha/
delta coefficients, maximum number of iterations, printed output level, printer
unit, numbers of class 1 and class 2 data types, system reference time, residual
edit criteria, and the number of elements in the state vector)., If the number of
alpha/delta coefficients, the numbers of class 1 and class 2 data types, or the
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number of hiases to be solved (see group three) are altered, the number of ele-
ments in the state vector must also be altered to coincide, If this number has.
not been altered, the original display will reappear. When the numbers coincide,
the augmented or deleted display will appear for user input into the third group.

The second group consists of option parameters. These options permit the oper-
ator to choose which data, if any, is pertinent for display purposes. If the user
requests the storage of residuals for plotting, the DCCONS residuals plot arrays
must be allocated. If this option is turned off, the operator cannot request any
residual plots, The "store computed values for display" option allows the oper-
ator to observe the calculated angles. If this option is not activated, a series of
EEEEEEE's will appear in the '"CALCULATED VALUES' column of the RESIDU-
ALS and WEIGHTS display (see sections 5,6 and 5.7). The final option in this
group permits the operator to review and edit class 1 and/or class 2 data,

The third group consists of the initial state vector estimates and convergence
bounds. The user can alter any or all of the values present. To disregard abias
agsociated with a particular class and type of data, the number 9999999, 0 should
be entered into the bias slot. If the number of state parameter values has been
previously altered, this third group will be changed to reflect the alteration, The
user then should input into the variable slots,

Figure 5.3 illustrates the DCCONS Coefficients and Parameters Displays,

. 5,2 DCCONS Observed Data — Class 1

This digplay permits an operator at the IBM 2250 graphics console to observe all |
“class 1 (cone angle) data input. The values displayed (i.e., time of observation,
reference vector, cone angle, weight) can be altered by the user,

To-obtain this display, the operator can either enter a YES into the 'EDIT CILASS
1 DATA' parameter, or he can exercise the MSAD automatic call mechanism and
CALL this display (DC11) from any other MSAD display.

Figure 5-4 illustrates the DCCONS Observed Data — Class 1 Display

5.3 DCCONS Observed Data — Class 2

This display permits an operator at the IBM 2250 graphics consocle to observe all
Class 2 (dihedral angle) data input. The values displayed (i.e., time of obgerva-
tion, reference vector, dihedral angle, weight) can be altered by the user.

To obtain this display, the operator can either enter a YES into the '"EDIT CLASS .
2 DATA’ parameter, or he can exercise the MSAD automatic call mechanism and
CALL this display (DC22) from any other MSAD display. '
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Figure 5-4 illustrates the DCCONS Observed Data —Class 1 Display.

5.3 DCCONS Observed Data — Class 2

This display permits an operator at the IBM 2250 graphics console to observe all
Class 2 (dihedral angle) data input. The values displayed (i.e., time of observa-
tion, reference vector, dihedral angle, weight) can be altered by the user,

To obtain this display, the operator can either enter a YES info the '"EDIT CLASS
2 DATA' parameter, or he can exercise the MSAD automatic call mechanism and
CALL this display (DC22) from any other MSAD display.

Figure 5-5 illustrates the DCCONS Observed Data — Class 2 Display.

5.4 Error Statistics Display

This display allows the user at the 2250 graphics console to observe the computed
mean residuals and standard deviations for each class and type of data being pro-
cseed. This display can either be obtained by setting the status flag of the display
(DCCONS RESIDUAL STATISTICS) to 'STOP', or it can be CALLed via the MSAD
automatic call mechanism from any subsequent display (see Sections 5.5, 5.6,
5.%, 5.8, 5.9) within the same jteration.

Figure 5-6 illustrates the Error Statistics Display.

5.5 Cumulative State Vector Display

This display allows an operator at the IBM 2250 graphics console to observe, on
an iteration by iteration basis, the updates to the state vector, The purpose of
this display is to permit the operator to respond to any gross alteration in the
state vector values. This display can either be obtained by setting the status flag
of the display (DCCONS CUMULATIVE STATE RESULTS) fo 'STOP', or it can be
obtained by issuing a CALL via the MSAD automatic call mechanism from any
subsequent display (see Sections 5.6, 5.7, 5.8, 5.9) in the same iteration,

Figure 5-7 illustrates the Cumulative State Vector Display.

5.6 Class 1 Residuals and Weights

This display permits an operator at a 2250 graphics console to observe the calcu-
lated residuals (observed minus computed) and their associated weights, The

user has the option to alter any of the angle weights, If a negative weight is asso~
ciated with an input angle, that data has been edited by the residual edit feature of
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DCCONS. Those angles so edited will not be included in the current and subse-
quent calculations of the state vector updates, and will not appear in any of the

- (O-C) residual plots. If the user manually edits the data, the data so edited will
included in the current iteration, but will be disregarded by subsequent iterations,

The residuals will only be displayed if the 'STORE RESIDUALS FOR PLOTTING'
in the DCCONS COEFFICIENTS AND PARAMETERS Display (se€e Section 5, 1)

Figure 5-8 illustrates the Class 1 Residuals and Weights.

3.7 Class 2 Residuals and Weights

The display permits an operator at a 2250 graphics console to observe the calcu-
lated residuals (observed minus computed) and their associated weights., The
user has the option to alter any of the angle weights, If a negative weight is
agsoclated with an input angle, that data has been edited by the residual edit fea~
ture of DCCONS. Those angles so edited will not be included in the current and
subsequent calculations of the state vector updates, and will not appear in any of
the (O-C) residual plots, .If the user manually edits the data, the data so edited
will be included in the current iteration, but will be disregarded by subsequent
iterations. ' ‘ ~

The residuals will only be displayed if the 'STORE RESIDUALS FOR PLOTTING'
in the DCCONS COEFFICIENTS AND PARAMETERS Display (see Section 5.1)

Figure 5-9 illustrates the Class 2 Residuals and Weights,

5.8 Plot Option Table for DCCONS Display

This display permits an operator at an IBM 2250 graphics console to observe the
status of DCCONS and to choose (O-C) residual plots for observation,

The PLOT OPTION TABLE consists of three groups, The first group reports on
the status of DCCONS at the current iteration. If 'DID DCCONS CONVERGE ?' ig
set to 'NO', and all other status' are 'NO', then the user has the option to con-
tinue processing, to terminate, or to reprocess, If any of the other status ques-
tions are answered with a 'YES', the user has the option of terminating or reini-
tializing. If neither of these options (see group three) is chosen, then the termi-
nation of the display will result in the termination of DCCONS processing, This
group is protected and cannot be altered by the user.

The second group consigts of a list of plots available for user inspection and the
attitude summary display option. The user may choose any plot, and/or the
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summary display by typing in "YES' into the associated field, Any number of
plots may be chosen, but the plots will appear in the order listed in the PLOT
OPTION TABLE Display. If the ugser does not require any of the displays offered,
and 2ll of the status' in group one are set to 'NO' the operator can 'SKIP' out of
PLOT OPTION TABLE Display, If, however, any display is requested ox if any
of the status' in group one is sef to 'YES', the user must request termination of
the PLOT OPTION TABLE Display (see group three). If this option is not set,
the PLOT OPTION TABLE Display will coniinue to appear untii this option has
been set to 'NO' by the user.

The third group consists of options available to the user, The user may termi-
nate DCCONS processing from this display; he may reinitialize DCCONS process-
ing; or he may allow the program to flow normally by not setting any of the above
options. Included in this third group is the option to 'EXIT THE PLOT OPTION
TABLE'., When the user is finished observing a particular iteration of data, the
user must set the exit option to 'YES', DCCONS will continue processing the next
iteration, or it will process according {o the options in group three.

Figure 5-10 illustrates the PLOT OPTION TABLE,

5.9 Final State Vector Results from DCCONS Display

This display allows an operator at an IBM 2250 console to view the initial and
intermediate iteration state vector values plus the mean residuals and standard
deviations for each type and class of data.

The display can only be observed if the appropriate field in the PLOT OPTION
TABLE (see Section 5.8, SUMMARY DISPLAY) is set to 'YES’,

Figure 5-11 illustrates the FINAL STATE VECTOR RESULTS FROM DCCONS
Display.
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ik Te1451F 03 d.1451% 03 Da1781E~01 OeD *x
L 0«14528 03 0a1451F Q3 0.74%8E=01 0a0 #¥
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*n De 1ES9E 03 0.1%S59F 03 —QHITT=E-01 - . .. 0.0 . . *x
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2k €=TE CLASS 2 RESIUUALS AND WEIGHTS %
#3i xR
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% CLASS 2 CLASS 2 CLASS 2 CLASS 2 Py
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% Ce1662F 03 D.16€8F 03 0.13078 00 040 %
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¥ G.1881F 03 0.1532F 03 —0.43176-01 0.0 xh
e €.1603% 0A Del602E 03 0a69G3E-04 0.0 *x
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SECTION 6

COMPILER OPTIONS = NAME= " MAIN,GPT=01,LINECNTT60,SIZE=0000K,

c

oo oOnANANNN NN OoOO0O0NN OO N oOONONNANANONONN O NONDDTNNNONOND

SOURCE sEBLDIC yNOLIST s NORDECK s LOAD ¢ MARP s NOEDIT s IE » XREF

‘ 0000C0S0
Cob ook e s b e s Aol ke ok ok ok ok kool ek et ek R FYTEE I TR LT E AN RS E L TR SRS E 2 2 elsliNcled Nolel
: - ’ *00Q0015Q

*00000200

SLBRAQUTINE DCCONS 200800250
. *00C00300
CALLING SEGUENRCE *GOQG03IS0
00000400

CALL DCCONS{ALP +ALPEND s ALPCUM DEL+DELBND »DELCUM, *QO0G00450

ARGCUM, TIMEL JAXISLANGL WGHT Y, IFRSTL,NTYPE1 ,BIASE, #*00000500

BBNDL +sRHOSTL 4 RHOL » CALCY s SCOEFY 2 TIME2,AXIS24ANGES MCCGQ0550

WGHTZ , IFRST2,NTYPER»BIAS2,BENDZ4RAUSTZ,RHD 2» CALCR, *00C00600

SCORF2 4 AVGRHO,COEF  BRHOS U+ CHNG s STUORL1+STORZ 2 ALPR yDELR*000G00650

eSTYPEL +STYPEZ2BTYPE; RL ;WORK  GWORK 0, GWORK S s GWORKSs %0G0C0700

A11CUMN) *00G007S0

. *00606800
DESCRIPTIEN *0000G850
*0CCLO900

DCCONS IS A VERSION QF GCONES DESIGNED YO CPERATE 00000850

UNDER THE MULTI-SATELLITE ATTITUDE CETERMINAYION ®€00001000

(MSAD) EXECUTIVE SYSTEM, *000010%50

*30001100

CCMMDN AREAS REFEZRENCED ®00001150
. *00GC01200

DCSOPT+GCNL s MASCCNM. STVEC *000G61250

) *3GQg01300
EXTERNAL REFERENCES *d0COrIS0
: *00gD3400

ABS,AMAX] sBLKINY s CHECK s COFSMsFINAL 2,GECCON»GTSIZE.  *00QGL4AS0
GTSTATMAXO yMESAGE s MINUGPTS I ZE . SERT *00Qg01500

X0QGCLES0

STORAGE REGUIREMENTS *00001600
- ‘ | XGOQOLES50

16,4222 BYTES UF CURE STORAGE ®00CCL700

. *C0001750

VARIABLES *C0C0N 800
*30001850

NAME TYPE. 1I/0 DESCRIPTIUON *00C01900
: *00p08S50

ALP CEE N _Is0 A PRIURI POLYNOMIAL CUEFFICIENTS*0CGER2000
: FOR RIGHT ASCENSIUN, IN DEGREES ®000026¢50

{1eEas RASALPIL Y +ALP(2)XT+ALP(3Z) *G080210C

- ATREZLALP(A)*TRHI, WHERE T = *000a2150

TIME OF UBSERVATION) XG0Q022400

®00C02250

AL PENL T I CUNVERGENCE BOUNDS FOK ALP, *50Q62300
) IN DEGRFES wQA0Q2350

- . *+00¢02400

ALPCUM R4 G CUMULATIVE RESULTS FCH ALP(1) 200002450
{EeGas ALPCUM(S) CUNTAINS THE MOOACPE00

VALUZ OF ALP(1) OBTALNED FOR *00002550

THE FIFTH ITERATION : *Q00C26Q¢

YO0U02€E50

OEL R¥4 1/0 A FPRIURI POLYNLCMIAL COBFFICIFNTS&QQGQ027GC
' FUR DECLINATIUNs EN DREGREES *GOG02750

{laCas D=DELIZ}DEL(2)4T+ *00C02800

DELI{3)®TER2+DEL(4)}%T*%3, wHERE #Q0002RS50

T = TIME QF OBSERVATION) *000Q2900

X00002550

DELBND EUTN 1 CUNVERGENCE EBLCUNDS FOR DFL» *Cacu3000
IN OEGHREES - ‘ . 200603050

[sBaNsNeNals
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DELCUM

ARGC UM

TIME]L

ANGY

WGHT1

IFRSTi

NTYPE1L

BIASY

BEND1

RHOSTY

RHOL

CALCY

SCOEF1

TIMER

Rks

I1%4

R¥*4

R4

R¥#4

I44

[*4

aFy

Ry

R*4

REd

R4

fA%ke

A%Rg

[

/0

I/0

CUMULATIVE RES5ULTS FOR DiEL(Y)
(EeGey DELCUNM{S) CONTAINS THE

#000403150
*¥0GCC3200

VALUE OF DELIY) UBTAINED FOR THE®RQOQQ32S50

FOURTH ITERATIGN)

ITERATIUN INLDICATOR FJIR VALUES
IN ALPIUM AND [CELCUM

REFERFNLE TIMES FOR CLASS 1
(CONE ANGLE) DATA

REFERENCE UNIT VECTIUKS FOR
CLASS & DATA (DIMENSIONED 3 %

NUMBER OF CLASS § DBSZRVATIONS)

CLASS 1 (CONE ANGLE) GESER-
VATIONSs IN CEGREES(0~180)

CLASS 1 WEIGHTS

FOINTERS INDICATING STARTING

*00003300
®0Q0Q03ASQ
*00E02400
#0GQA03450
00503800
#0CQO2ES0
®00G03600
#00C03850
*00Q002700
®00003750
#000G2800
*00003850
®C0E03900
*00003950 .
£CCCCH000
#000Ce0SQ
*00604100
*00Ca415C

POSITIONS FOR EACH TYPE OF CLASS®00LU0A200

1 DATA IN  THE ARRAYS
TIMEL AXISL.ANGL; AND WGHTY

NUMBER UF OBSERVATICONS UF EACH
TYPE DF CLASS 1 DATA

*0000425Q
*O00QQO43QQ
*QC0 04350
*000Q4400
*30004450
*00004500

ESSENTIAL ESTIMATE OQF EIlASES FOR%0QE04550

EACH TYPE QF CLASS 1 DATA
(THE VALUE 9999999, INDICATES
THAT ND BIAS IS TO BE DETER-
MINED FUOR THE CORRESPONDING
ANGLE TYPE)

CONVERGENCE 80OUNDS FOR BIAS1
EL_EMENTS

CLASS 1 STATISTICS
RHOST1{1+1) — &EIGHTED SUM OF

*000CA600
HCQQC4ESD
®00GCATO0
*J0004750
®00C04800Q
*0004ES0
*¥G000490Q0
*Q0004550
*#0QCQ8Q00
*30Q05C50
*00QO0s100

ANGLE RESIDUALS FOR TYPE I DATA%Q0005150

RHOST1{2,1) — WEIGHTED SUM OF

*00Q08200

SQUARES QOF ANGLE RESIDUALS FOR ®000QS5250

TYPE I DATA

*Q0o0E300

RHOUSTI{ 3,1} — SUM DF WEIGHTS FOR%Q0Q0S350

TYPE I DATA

*00005400

RHOST1(4+3) - MEAN RESIGUAL FOR #%00005alo0

TYPE [ DATA

*00005420

RHOSTL(S5.1) = STANMDARD DEVIATION®00QQSA30

FOR TYPE I CATA

RESIDUALS FOR CLASS 1 CATA
DEFINED AS OBSERVED MINUS
CALCULATED

CALCULATED ANGLES FOR CLASS
DATA

DERIVATIVES OF CLASS 3 ANGLES
W1TH RESPECT TO STATE VECTOR
ELEMENTS

REFERENCE TIMES FOR CLASs 2
{DIHEDRAL ANGLE) DATA

C-b68

*00QGSAa0
¥G000S450
*00005500
*00005550
230005600
*004CS650
*00005700
*Q0Ga8T50
*J0Q05800
*QQu05850
®00005900
*00005%50
*00€06000
*00046050
*000061 Q0
*0000&150
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AXI5Z2

ANG2

WGHT2

IFRST2

NTYPEZ

BIAS2

EBND2

RHOST2

RHOZ2

CALCZ2

SCOEF2

AVGRHD

CCEF

DRHOSQ

R¥4

R%4

RE4

144

1%4

A&y

Rua

R%4

R¥%4

R*4

A%4

R¥%4

R4

R&4

1,0

r

REFERENCE VECTORS FOR CLASS 2
QATA{DIMENS ION 6%NUMBER OF

OBSERVATIONS., THE [ TH CIFEDRAL

ANGLE IS MEASURED FROM VECTOR'
({NeI).12.00+0(34117 TO vECTOR
({441221(5e1ds(Bs1))

CLASS 2 ANMGLES, IN OEGREES
{0=-3560)

WEIGHTS FOR CLASS 2 CATA

POINTERS INDICATING STARTING

*20Q006200
*00Q0&250
*00006300
®000063540
*00G0€400
®0000€E450
*#00006500

' ®¥00Q0€ESSa

*00CQ6600
*=0080&550
Q0066700
*3000E75Q0
®#00GC6E00

POSITIONS FOR EACH TYPE OF CLASS*0Q00£ESO

2 DATA IN THE ARRAYS
AXIS2+ANG2s AND WGHTZ

TIMEZ2,

NUMBER OF OBSERVATICNS OF FEACH

TYPE GF CLASS 2 DATA

ESSENTIAL ESTIMAYE OF EIASES
FOR EACH TYPE OF CiLASS 2 DATA
"(THE VALUE 999999%e INDICATES
THAT NO BIAS 1S TO BE CETER—
MINED FUR THE CORRESPONDING
ANGLE TYPE

CUNVERGENCE BCUNDS FOR BIASZ
ELEMENTS

CLASS 2 STATISTICS
RHOST2(1,1} = WEIGHTED SUM OF

*00EC6500
®00CAESS0
®*Q0C07000
*0C00T050
*00607100

 ®Q0GQOT7LE0

*006¢7200
®00007250
*x00607300
*00007350
200007400
*006C7450
*00GCT500
*00007550
®00607600
*000CT£%0
#00Q0T700
*000G?150

ANGLE RESIDUALS FOR TYPE [ CATA*000GTE00

RHOST2(2« 1} — WEIGHTED SUM OF

®0000T7ESO

SQUARES OF ANGLE RESIQUALS FOR *00C07900

TYPE I DATA

- *Q000Q7550

RHOST2{3,1} - SUM OF WEILGHTS FORXO0GGE0OD

TYPE I DATA

RHOST2(4,.,1) - MEAN RESIDUAL FQOR

TYPE I DATA

*00408050
*G0008C50
*Qocgagva

RHOST2L(5s1) = STANDARD CEVIATION#00Q0ECA0

FOR TYPE I CATA

'RESIOUALS FOR CLASS £ CATA
DEF INED A5 UBSERVED MINUS
CALCULATED

CALCULATED ANGLES FOR CLASS 2
DATA

DERIVATIVES OF CLASS 2 ANGLES
WITH RESPECT TO STATE VECTOR
ELEMENTS

'

USERD TO STORE AVERAGE RESIPUAL

MAGNITUDE(DIMENSIONER 2x35)

ARRAY USED FOR COEFFICIENT.,
COVARIANCEs AND CORRELATION
MATRICIES{DIMENSIONED NSXNS,
WHERE MS = NUMBER QF ELEMENTS
IN STATE VECTUOR)

WORK ARRAY{DIMENSIGNED 12}
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*g0008090
*200LCR1G0
*00GCELSO
600008200
*000CE250
*000GE300
*000CA350
*00608400
*000CE450
*GO0CGE500
*0000855Q
*COGOEE00
*00Q0B6S0
*006CET00
#00008750

gougesca
*0CO0EESO
*00008900
*00008%950
*£00005000 .
*0000SC50
#00899100
*0080S150
*00009200
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CHENG Rg ‘O
STOR1 <7 C
STOR2 R*4 5}
ALPR A*a o]
DELR R*4 e}
STYPFEL R*4 o
STYPER R*a o
aTYPE t*4 a
RL Ll o
WORK R*4 o
GWORKO R*8 o
GWORKA REa o]
GHORKS R4 o
B11CUM R%8 0

COMMON AREA VARIABLES WUSED IN
VARIABLE TYPE DAIGIN
CPTIAN I%4 DCSGPT
FINISH I%4 DCSOPT
FINALD I%4 pcsoPT
10UT 144 GCiNL
NCILLASY 1%4 GCNL
HMCLASZ I1%4 GCNL

WORK ARRAY USED TO STORE THE
UPDATES TU THE STATE VECTCR

*#00GG03250
*00009300

AFTER EACH ITERATICGNIDIMENSIONED*COQC9230

13)
WORK ARRAY(LCIMEMSIONED 12}
#ORK ARRAY{DIMENSIONED 13)

RIGHT ASGENSION(ALP) COESFFI-
CIENTS, IN RACIANS

CECLINATIGN{(DFL ! CCEFFICIENTS
IN RADIANS

ALPHA=MNUMERIC WGORK ARRAY
(DIMENSIUNED 13}

ALPHA-NUMERIC WORK ARRAY
{DIMENS IONEDG 13)

WORK ARRAY(DIMENSICNED EX)

LOGICAL WORK ARRAY (CIMENSIONED
133}

WORK ARRAY(DIMENSIONED 13)
ALPHA-NUMERIC wORK ARRAY USED
TO STORE FINAL SUMMARY RESULTS
FOR DISPLAY

WORK ARRAY USED TO STURE UBSER-
VATION NUMBER FOR PLOTTING

HORK ARRAY USED TU STORE (0—-C})
RESIDUALS FOR PLOTTING

*00009400
*00006450
*00C0S800
#00QA8s550
*#CoQ0S600
*#0000RS6S50
®00CC9700
*JQQ05750
*gUCLCSBO0
#(00USESY
*Q04GC9900
*00GCSS50
*00Cl0000Q
*C00K0Q50
*00Q10100
*00010150
#0QQ10200
#00010250
*00Q01¢200
#00010350
®00G10400
*00020450
*00010504Q
HO0QLOES0
*Q00010E00
*00010650
*0001C700
*0001G750
* 00010800
#0003 CESOC
*#00010900
*00010550
*00a11000
*00411Q50
*00e1i100

ALPHA=-NUMERIC WURK ARRAY USED TC*00011150

STORE CUMULATIVE HIASES FOR
DISPLAY

ROUT INE
OESCRIPTION
FLAG ARRAY FOR PLUTTING OPTI1ONS

=0, DO NOT PLOT
=1, PLOT

*004a11200

aogli12s50
00051300
#00411350
*0002140Q
#Q0611450
*00011500
*00011550
*00011600
*0001165C
*0agil1?o00

FLAG FOR TERMINATING PLOT OPTION%00011750

TABLE
=0s DO NOT TERMINATE
=1 TERMINATE

FLAG FOR DISPLAYING SUMMARY
DISPLAY

=0s DD NOT DISPLAY

=1s DISPLAY

FORTRAN DEVICE UNIT fOR SPECI-
FIED PRINTOUT

NUMBER OF CLASS 1 DATA TYPES

NUMBER OF CLASS 2 DATA TYPES

C-60

*00015800
#000L1ES0
*0Ga21500
®00Q11550
*#00612000
*0QRL2050
#00CiE100
*00012150
#00012200
#00QL2250
*00012300
*(00012350
*00012400
200012450
#Q0Q012500
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NCOF I+4
MAXIT 1%a
IwRT 14

TZERD Axs
1ac 144
I1CALE 1%
ICER %4
SMULT R4
NP ’ 144
1 wHERE 154
1STEP I#4
15TOP 134
IRET o I%s
ISTAT %4
CCRMIN T®a

GCN]

GCNL

GLN1

GCHNL

GCN2

GCNY

GCNL

GCNL

GCONY

GENY

GUN1

GENL

GCNY

MAX1MUM NUMHER 0OF ITERATIONS
MAXIMUM NUMHER OF ITERATLONS

INTERMEDIATE PRINTOUT LEVEL
INRICATOR {SEE REFERENCES 1 & 2
FOR VARIOUS LEVELS)

REFERENCE TIME

RESIDUAL STORAGE INDICATOR
=0s DO NOT STCRE RESIDUALS
=1y STGRE RESIDUALS FOR DIS-
PLAY AND PLOTTING

CALCULATED VALUES STCRAGE INDI-
CATORS
=0y PO NCT STORE CALCULATED
VALUES
=1 STORE CALCULATED VALUES
FOR DISPLAY

DERIVATIVE STORAGE FLAG
=0+ DO NOT STORE
=1+ STORE

RESIDUAL EDIT CRITERIA (THE -
WEIGHTS OF ANGLES WHUSE MAGNI-
TURE UF RESIDUAL IS GREATER
THAN SMULT®*(AVERAGE CF RESID=-
UAL MAGNITUDES) IS SET TO THE
MNEGATIVE OF THE RESICuAL

®00012550
*00012600
®00012E50
%00012€670
X000L2680
*00012700
*00012750
*00012800
*CO0L285¢G
“00012860
#p00l2870
*00012900
*00Q012980
*00013000
*00CL3650
*00013100
*00013150
*00012300
*00013250
*00613300
200012350
%00013400

%00013450

®00L13450°
*00012470
*Gool 2489
*00013490
*0Q0G1 3500
®00013550
*¥00G13€600Q
*000813£50
*00£3370¢C
*J0C13750

Qo9 3p00

TOTAL NUMBER (JF ELEMENTS IN THE

#000132850

STAYE VECTOR{DEFINED AS Z2%NCOF +%90813900

NUMBER OF BIASES)
CURRENTLY NOT USED

CURRENT ITERATICN INDICATOR
CUBRENTLY NOT USED

RETURN CODRE .

=3s PROCESS CUONVERGED

=3, MAXLT EXCEEDED, PROCESS
TERMINATED

=2+ PRUOCESS OIVERGED» CUR-
RECTION ELEMENT GREATER
THAN 360 LCEGREES

=3s SINGULAR MATRIX

=4, NUMBER OF EI1ASES GREATER
THAN &

=8, NCOF QUT OF RANGE

COVARIANCE/CORRELATICN FLAG
=0s D0 NOT LCMPUTE
"=1s CUMPUTE

DISPLAY INDICATOR FOR CLASS 1
DATA

=04 DO NOT DISPLAY

=1, DISPLAY
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*00823950Q
®0Q0CLA000Q
* 00004010
*¥00814020
*00014050
*Jocl4a100
*000414110

o0at 4120
*00C14150
*00034200
5000X425Q
*00014300
*00ai4354G
®Qogta400
*000k4450
*QOEY4500
200014850
*006K4E600
*00614630
*#0CClAT7Q0
=00014710
00014720
*00014730
*000X4TAQ
*00014750
00014800
*00GYAESQ
*00C14500
®«00014550



DA NPORNORMOANACOoORONOONDNONN AN NN OO0 ONONASN oo nNnan

CORMAX

1OPEN

DATA TRANSMISSION

MNAMF

FTXXFOO1

GCONEQO

DCCy

jal ol utcd

OPTABY

RESTRICTICNS

CLASS

s 1T

REFERENCES

REVISIONS

1&a GCNSJ DISPLAY INDIZATOR FUR CLASS 2 ®0C015000
DATA ’ *00015050

=0, DU NOT- DISFLAY wQUCL5100

=%s DISPLAY *O0QLELSO

*Q0C1E200

I7o MASCUN GRAPHICS LEVICE INDICATGOR “O0LAE250
=0, NO GRAPHICS DEVICE ACTIVE *00CG1£300

=1, MSAD GRAFHICS LEVICE ®*000A5350

ACTIVE ®G0Q15400

® 00018450

*QQ015500

*00035550

READ/ZURITEZACPOINT DESCRIPTION XOQ0RS€00
®O00LSESO

wRITE INTERMEDIATE PRINTCUT. WHERE A00CASTO0
XX = 10UT #®p00157150

*00Q15E800

CPROINT DCCONS INITIAL PARAMETER CLISPLAY®COGASE50
’ *Q0GAS900

CROINT CLASS 1 CATA DISFLAY %00018950
£0QU1 6000

CPLCINT CLASS 2 LATA DISPLAY 200036050
*00016%00

CPROINT OPTION TABLE DISPLAY *00CL1EL50
*00Q16200

®H0QA 6250

14—~ THE NUNBER OF PCLYNOMIAL COEFFICIENTS MuST BE GREATER OR #0001£6300
SQUAL TO & AND LESS THAN GR EGQUAL TO 4 $000k€6350
«Q0QEERQ0

Pe  THE NLMBER OF E!ASES PETERMIMED, FUR BOTH CLASS 1 AND ®x0Q01€450
Z DATA, MUST BE LESS THAN OR EQUAL TO 5 ®000IES00
*00Q01€6550

3= ALL CALLING SEQUENCE ARRAYS ARE MSAD ALLOCATED, AND KHENCE #00016600
IS UP- TO THE USER TO ENSURE THE ALLUCATICON SIZE OF *00Q1€€E5Q
WORK ARRAYS 1S NOT FEXCEEDEDs *Q0016700
*00016750

=00016800

*(QQC16E50

Is LeaReSCHLEGELs CCNES AN ITERATIVE DIFFERENTIAL *0001E500
CORRECTION TECHNIGUE FOR ATTITUDRE DETERMINATION *00016%50

UF A SPINNING SATELLITE, I8M FSD REPCRT, *00017000
SONTRACT NAS S5=-310022, MAY 1637 *00617050
*0Qa17100

2. SURVEY AND EVALUATION OF ATTITUCE CETERMINATION ¥000ATASQ
TECHNIQUES, 1EM FSOD REPURT TR=68-8. CONTRACT *00d17200

NAS 5-10022, MAY 1968, PP &—-184 TO 4=24 *0001725¢0
*0001 73200

3. RADIO ASTRONOMY EXFPLORER ATTITUCE DETERMINATION #QQ0017350C
SYSTEM (RAEADS) . VOL III, SPIN AXIS ATTITUDE *00617400
DETERMINATICN FROGRAM—-DYCON, 188 FSD REPORT, *00037450
CONTRACT NAS 5-310022, MARCH 1969 #0041 7500

. %G00y 7550

A, SYSTEM/360 SCIENTIFIC SUBROUTINE PACKAGE. *¥009017600
VERSION 11, PROGRAMMER®*S MANUALs ISM FORM NOs *00QL7650
H20=0205-2 *G0017700
%0001 7750

*00C1 7800

. *00017850

le Fu KNOOP (D1 AUG 1963) = URIGINAL CODING AND *00Q0L 7500
TESTING #00017650
200618000

2e Fe KNOOP (20 JAN 1970) ~ MODIFICATICN TO CHECK *00418050
FUR OIVERGENCE TO PREVENT IHCR2541 ERRCURS RUE TOo *00918i00
ABSURDLY LARGE CORRECTION ELEMENTS : *#000618150
*000%B200

3. Fa KNOQUOP (20 JAN 1670) - REORDERING OF ERROR #Q0Q36825%0
RETURN CUDFS INTO URDER OF SEVERITY *00Q18300

C-62



ISN

1SN

Fi s

15N
1SN
I5N
ISN
15N
I5N

ISN

ISN
150
I5N

ISN
13N
15N
ISN
15N

L ISN
IS&
15N
18N
TSN
IS

15N
ISN

15N O

158
ISN
I3N
ISN
SN
ISN

aooz

a0z

0C04

&Qos
0046
ocCC?
agcie
0o0s
0g1g

0011

Qagyz2

[ +3 ]
aQra
0019

0016
aoL?
o0gl8

go1s
0020

oaz
Qo2z
0Qza
002¢

qozY

aoze

oo3c
ag21
azz
oala
083E
0037
003E
aazs
oeac

n o

&

1
a

1

DNOU P W

1

1

1
2
3

o ¢
4e Fe KNOOP (20 FEE 1970) ~ COMPLETE REVISION TO
INCLUDE DIHEDRAL ANGLE DATA

Se Js WHALEN (SUMMER 1972) — REVISION TO GCONES
TC INCLUDE LOGIL FUOR INTER-ACTIVE GRAPHICS

CAPABILITIES UNDER THE MULTI=SATELLITE ATTITUDE
OETERMINATION ,SYSTEMe THESE REVISIONS INCLUDE

ADDITION OF ARRAYS AND INSERTIGN OF CALLS TO
THE MSAD ROQUTIMES.

’

€e Le FEAKES (13 JULY 1973) - REVISION TO CUDE TO

IMCLUDE ADRDITIONAL CALLS TO MSAD ROUTINES AND

CHANGE OF LOGIC FOR REINITIALIZATION OF DCCONS.

*00018350
*00016400
*0001 8450
0051 E500
*00612550
*004LE600
%0001 €650
*00GLE700
00018750
*00018800
*0001€ES0
*00418900
£00¢EESS0
#0LG19000
*Qooks0%0
*00629100

**t***#*tit**%***4##*‘&##***#t#*&#tt*t#t#at*tt&&‘*‘tlt##t#****ﬂt****"*oﬂﬁt9150

SUBROUTINE DCCONS {(ALP, ALPBND, ALPCUM +DEL » DELAND s DELCUM s ARGCLIM» TIMEQODE 9200
AL AKISE sANGL o WGHTL s IFRSTL sNTYPEL+BIASL s BENDL S RHOSTL + RHEDL.EALCY s SCOO00LIE5C
2EFL 4 TIMEZ s AXIS2, ANG2 yWGHTR « IFRST2,NTYPEZ+BIAS2+ EBND2.RHOST24RHD2,C0001 9300
IALC? s SCCEFR s AVGHHO s COEF yDRHOSQ o CHNG STURL + STAURZ, ALPR +LEL R+ STYPE L 500019350

TYPEE BTYPE» RL 2 WURK + GWORKD » GWURKA « GWORKS .BL1CUM }

COMMONAGENL A TCUT yNCLASY g NCLAS2 ¢ NCOF+MAX T T IWRT» TZERC , JOC 4 1CALC,

IGER s SMULT 4 NP, TWHERE « IS5TEP ISTAP L IRETSISTAT,.
CCRMINCORMAX
EGMMGN/STVFCT/ULDALF(Q)uﬂLﬁDFL(d]-ULCde{SJ-GLCESZ(53.
NEWALP({4) »NEWDEL () +NEWBS1(5) . NEWDBS2{5)
REAL®A NEWALP NEWDEL NEWBSE NEWBSZ2
COMMON/DCSUP T/ GPT[UN(!O!.FINISH-FINALD.IMESU(EJ
INTEGER®S OPTIONFINISH FINALD
COMMONSMASCON Y, [DUMMY 241, 10PEN
REAL®B STATL.STOPL
CATA STOPL/*STGP s

DIMENSION ALP(1) +ALPANDE{1) s ALPCUMIL) +DEL(R) +DELEND(I )} DELCUMILI,

ARGEUMIL Y s TIMEL (2 ) +AXISI{3+13 2 ANGL{R) ,WGHTLI1)
TFRETL(L )y hTYPEE (L) .BIASL{1).BENDL{L) sRHOSTLI( 241 s
RACL (1) s CALLCL(L) »SCOEFLINP 1), TIMEZ{ L) AXES2( 641 ),

ANGatll.HbHTEl!)o!FHSTE(l){NTYPEQ(Il.ElAS?‘!l-EBNDZ(!)-
RHOSTZ(321 1 RHOZ2 (L 12 CALGCRI AV SCUEF2(NP 1 by AVGREU(R1],

COEF{NP NP1 sDRHOSUGINP) , CHNGINP ) » STORLINF 4 STORZINP ),
ALPRII!'OELRII}-5TYPEI(I}oSTYPFE(ll-HTYPE(Il-RL(l}-wURK(lJ.
ANLM(S)

OIMERSICON EI#SI(&!-BIASEI(G).Al(#l.Dl{#}-RHOTl(5.6).RFGT2(5.QJ.

GWORKOL1) s GwDRKS (3 ) 2 GWORKA (1)
REAL¥E GWORKOB11ICUM v
INTEGER®4 OTYPE+CORMIN,CORMAX

‘DATA TOTAL/® TCTL® 7 »BLANKS® */ s ANUMS® L %, 2 Tt 3 vyt

a (S 6B, %/

DATA STATZA*STATH/

LOGICAL%L AL

CIMEASION NAME(2,13)

REAL NAME

DATA MNAME / * ALPT:"HA 1%+ DEL"s*TA 174" ALP',"FRA 2%, DEL"Y,
YTA 27,0 ALP*,'HA 3%, DEL*,3TA 3%.* ALP*.+*LA 4%,
" DELY «*TA &%,% BIf,*AS L*,* BI',"as 24,* 3I%,.
TAS 34,7 BI"«"AS &%, QI7,'AS 3 / :

CATA RTOD, XEBIAS / S7.29578, 9999999, 7 =

EXTERNAL REFERENCES COFSUM, ELKINV. CHECK

Lo

IF {IwRTaGTC) WRITE {(I0OUT,890}
IF (IWRTaLT»2) GO TO %70

warhr WRITE HEADER LINE ANG ALL INPUT NON=ARRAY ITEMS

WRITE {10UT+500) NCLASLaNCLAS2 .TIZERQWNCOFsMAXIT  [WNRT«IDUT

mpkah WRITSE INITIAL ATTITUDE COEFFICLENTS AND CORRECTIGN BOUN:S

WRITE (I0UT.S10) {ALP{I P ALPEND(I)+DEL{ ! ) CELEND{T}+ 151 +NCOF}

dpdek WRITE INITIAL SIAS ESTIMATES AND CORRECTION S0UNMDS

100
10

IF (NCLAS1eLE.Q) GO TO 110

ITITLE= : ’

DO 160 Itl NCLAS)

IF (B1ASL(I)«EGeXBEAS) GO TO 100

IF (ITITLESEGs1) WRITE (10UT.520)

ITITLE=?

WRITE (IQUT,930) I +BIAS1CI),BENDLCI) -

CONTINUE '
CONT INUE ’
IF (NCLASZ2+LE.0) GO TO 130

¢ C-63

00019400
Q0619450
00oL19500
a0019%%50
COEASEQQD
00G15650
0GC1S700
0081S750
00015800
00DIFESD
c0e39900
05016950
QOR20000
00g21800
000238850
00021900
00C24950
DOER2000
ogaz20%0
00022100
00d22150
oog22200
cadzzzs0
00622300
[T EELT]
QOCRR40O

00022450
00622500
00022550
00022600
A0C22E50
Q0022700
00022750
006822800
c0622850
60622900
Q0022950
00S23000
0e0230%0
00a23100
00023150
00623200
00023250
00023300
00023350
00623400
QUO23480
00823500
COCA3IS50
J04P3EQ0
00023650
00423700
00023750
CO0R23A800.
GOGRIA50
00¢23904



15N
| =1
ISN
TSN
TSN
1SN
ESN
1SN
1SN
ISN
t SN
ISN
ISN
TSN
ISN
IsN

| B
i5nN
SN
15N
15N
15N
1SH

ISN’

1SN

I5N

I5N

ISN
IsN
iSN
150
ISN
I5N
ISN
I5N
18N

1SN
158
ISN
1SN
1SM
ISN
I5N
Ism
L 3-181
15%
-1
ISN
IS
I5N
IaN
ISN
ISN
ISN
I5N
ISN
ISN
ISN
1SN
ISN

ISN
1sn
ISN
LSN
I8N
ISN
ISN

1SN
ISN
15N
[SN

(R L B3
0043
0044
008 E
oQag
ocAas
0050
acel
aas2
00E4a
008¢&
0657
GCSE
0055
0G50
oQ€l

Qo€
Q064
Q€L
0CEe?
0GGE
uces
AC7L
0071
a072

Q074
Q0TS
o7 E
[elek gr g
oecré
QLTS
ao8n
acel
QLER
OGE2
QOEA

QGEE
acCEE
oce7
acss
0gs L
0asl
¢as3
0094
aQs s
OQSE
Q057
oose
agss
010G
orog
oto03
01¢a
Q1GE
o1c?
aicE
or0¢
o11cC
ER S|
o112

01132
g11<
03L€
o117
o11s
0120
0121

c122
0123
0124
01Z%

20
13ag

14¢
150

160
170

180

130

4

ITITLE=)

OO 120 1E1,NCLASR

IFf (BIAS2{1)+EQeX3IAS) GO TOQ 120
1¥ {ITITLESE Cel) WRITE (IOUT.930)
ITITLE=?

WRITE {10UT,940) I:0IAS2(I).EB8ND2CI)}
CONT INUE

COnNT INUE

iF {ImRTaLTe2} GO TG 470

IF (NCLASYWLEWD) GO TO 150

00 149 1£] ,NCLASY

JI=IFRET1( 1)

N=NTYPEEL{L}

J2=J1¥N=-1

WRITE (IDUT,9S0) TaN»JL.J2

QGGR34S0
Q30240090
0049244050
c0Qa4100
ooQ241590
G0Q24200
DDO24250
00GC243GC
00024350
GoQz244G0
go0G24450
00024500
00024550
goG2aé00
00024650

IF (IWRTaGFe 8aANDeNaGTed) WRITE (IAUT370} (JaTIMER{JI+{(AXISE(K,J)00024T00

LaK=3 13 sANGL {J) o WGHTE (i) s J=Jh s 42)
CONTINUE

LONTINUE

IF {NCLAS2.LE£s0} GO TO 170

DD 160 I&l,NCLAS2

JL=IFRST2(1}

N=NTYPE2(1)

J2=J1leN-1 :

WRITE {IOUT,%60) T+NsdlsJ2

Q0324750
00ER4800
QO0024€350
DGL24500
GOQ24950
Q00C25000
0Q025¢50
00425100
00Q2515¢0

IF {IWRTHGEs BaANDaNaGT+3 ) WRITE (IQUT.280) (J;TIMEE(J)-IAXISE(KoJ)DOOZSEOO

LoK=1 e6) sANG2{J) « WGHT2 (S} s d=d2 a2}

CONTINUE
CONTINUE

CD 180 I=l.5
BYYRPE{]1)=]

DO %90 YIel,.33
STYPEAL{ T )=BLAANK
STYPER{ I )=BLANK
STORI(T }=0.
ETOR2(I 10,
NONE=0

NTwD=0

STORE DATA FLR MSAD DISPLAY

C ®kkmk COMPUTE THE NUMBER OF ANGLE BIASES TD BE DETERMINED

200
210

2240
23

M.C=0

NEIAS=O

IF (NCLAS1aLERO) GO Ta 210
DO 200 I®) NCLAS)
NONE=NONE+NTYFEL( 1)

iF (BIAS1(I)sEN.XBTIAS) GO TO 200
NEBIAS=NEBIAS+]

NLC=2%NBIAS
STORL{NLC—~1)=EIAS1{I)
STORA{NLCI=BERDL(L)
BTYPE(L)=)0+1

CONTINUE

CONT INUE

IF (NCLAS2«LEeD) GO TO 230
00 22¢ IEL4NCLAS2
NTWA=NTWA+NTYREZ (I}

IF (BIAS2{Il.EG.XBIAS) GO TG 220
NEBIAS=NBIAS+1

MLC=2%NBIAS
STORL(NLC~1)=BIAS2II}
STORI(NLC)=BEND2(L)
BTYPE(I)=20+1

CONTINUE

CONTINUE

C #*kkx% CHECK FOR IAVALID INPUT

240

250

IF (NCOFsGEe le ANDo NCOF oL Ew2) GO TO 240
IREY=3

GO TO 780

IF (NBIAS.LE.S5) GO TGO 250

IRET=4

GD 7@ 789

CONTINUE

C *kkxEk CCVMPUTE SQME CONSTANTS FOR THE SUMMAT ION

N 2=NC OF + NC OF
N3=NZ+NBIAS
N&=N2+1
NS=N3+1

C-64

00925250
006252¢0
Q0G2E350
Q0C25400
00Q25450
CO02%8Q40
06025550
Q0C25600
00Q025€650
Q0025700
CO0Q28750
00G25800
00GR5850
0a¢as9so
a0625650
0002¢€000
DOA26CS50
00Q26%00
00026150
06a26200
Q0C26250
0026300
00626350
0002€400
CO026450
QG262 00
QQ0PEESD
QADGEE60Q
00626630
00026700
Q0026750
S0G26800
0QQ26ES0
00026900
00026950
0QCc270040
0Qe27¢s0
06a271Q0
20027150
¢oa27200
e0C27250
046027300
00027250
0O0G27400
00027450
60027500
000278550
00827600
0Qe275650
00Q27700
0GE27750



15N ot2¢
IsSN 0127

ISN 0122

ISN 0125
1SN ¢13C
ISN p13g
1SN py32
1SN 0133
ISN o13a
ISN D13%
1SN D) 7¢
1SN 0137
1SN pi3E
ISN o13s
1SN 014C
ISN ¢ral
ISN Qlaz
ISN 0143
ISN 0144
ISN Q1a4€
ISN 0147
ISH 0142
ISN 0145
1SN D156
1SN 121
15M 0AE2
1SN 01513
ISN g15%
ISN oLsé€
ISN Q1857
ISN ‘015E
ISN 015§
1SN D160
ISH ¢l61
ISN 01€3

ISM aréd
ISN Q1£4
ISN QLé&S
15N O0les
ISN 0167
AISN 0168

ISN 017¢
1SN 0171
1SN 0473
1SN 0174
ISN 0176
ISN 0177
15N D1TE
1SN olac
ISN oL@}
ISN ¢ves
1SN C3Ea
1SM gles
ISN O1EE
‘ISN OLBE
ISN CLEC
ISM 01GF
1SN ¢154
ISN 0196
1SN 0148
1SN 020C

ISN 0201

ISM 0240%
ISN 0203
tsn C2C4
ISN 020%
ISN Q26&
ISM C207
ISN 0208

(sl N3

260

270
2840

290
300

1a8r=9
182=181+NBIAS—-1
CALL PTSIZE FCR ARRYS TO BE RDISPLAYED.

00027800
COE27E50
00Q27900

CALL GTSIZE (GWORKOs IFLLOSIALLO+GWORKS, IFLLSIALLS:GWORKS 4 IFLLA,1A0002T79%0

1LLs)

CALL PTSIZE (NBIAS.BTYPE)

CALL PTSIZE (NLC,STOR1}

CALL PTSI12E (204ALPCUMDELCUM, ARGCUM}
CALL PTSIZE (MCOF+ALP.DEL s ALPBND DELEND}
CALL PTSIZFE (NONEsTIHMELs ANGL+WGHT1)
CALL PTSIZE (NTwOsTIMEZ . ANG2,WGHT2)
KNI=3&NONE ’

CALL PTSIZE (MNN3.AXIS1})

NM6=EXNT WO

CALL PTSIZE (NN6AXIS2)

NP 2=NPRNP .

CALL PTS1ZE (NPZ,COEF)

CALL PTSIZE I{NGLASL.BIAS1,BBNDL)
CALL PTSEZE (NCLASZ»BIAS24+B8ND2)
IWHERE=0

IF (NCLAS1eLE«Q) GC FQ 280

CO 270 IE1NCLASE

JI=IFRSTILT)

N=NTYPEL1(I}

L J2=J14N-1

DO 270 K=Ji.J2

RGHT (K }IEABS (BGRTL (K})

CONT INUE .

IF (NCLASZ24LEe0) GO TG 300

DO 290 I£).NCLASZ

JI=IFRSTR2{1}

N=NTYPE2(1)

J2=J1EN=1

0O 290 KtJl.J2
WGHTZ2(KISABS ( WGHT2(K) )

CONTINUE

CONTINUE

CISPLAY ALL IMPUT DATA AND CONTRCL PARAMTERS AT *GCONEQ!

GNP =NP
CNCOF=NCOF
ONCLEL=NCLASL

- CHNCLEA=NCLAS?Z

310
220

330

340

CALL CHECK (*GCONEQT)

aQc2aago
QuC28050
0028100
ooe28150
00028200
COO2B250
0o¢ 28300
00028350
00028490
00028450

‘00028560

00028530
Q00QG2EEQD
00028650
oQgRaT00
400287540
G0e28800
QO0QREESO

£0824900
- 00028550

00023000
00629050
00029100
00¢29150
00029200
00a29250
00029364q
00929350
00a29400
00GCR29450
0OGR9%00
00029550
00G25£00

. QCQRSESD

0oe26To0
004925750
Q0GC298Q0
40029850
DGOR29900

IF (DNCOF e NE«NCOF s DHa DNCLS1 o NE+ NCLAS] ¢ ORSONCLS 2o NENCLASE ) GO TO 100029550

170

NBS=0

IF {NCLAS1sLE+G) GO TD 320

DO 310 F=% ,NCLASY

IF, {ETASA(I}+EGaXBIAS) GO TOa 310
NBE=NBS5+1

CONTENUE

IF (NCLAS2.LE+0) GO TO 340

CO 330 I=1.NCLAS2

If {BLASP({I)+EG.XBIAS) GO TQ 330
RAS=NBSH1

CONT TNUE

CONT INUE

IF (RBS+2%NCCF.NE«GNP) GO TO L1T0

IF (I0CaTQel) CALL PTSIZE (NONE,RHOY )
IF (ICALCWEQel) CALL PTSIZE (NCNE.CALCH)
1F (IUCEQa1) CALL PTSIZE {(NTWO+RHGZ)
IF {ICALC.TQsd} CALL PTSIZE (NTWCsCALC2)
IF {CCRMINGECe1) CALL CHECK (*DCClilv)
IF, (CORMAX#FEGel) CALL CHEGK {1DCC22Y)
CALL PTSIZE (134STORL)

*kwxd INITIALIZE ITERATION COUNTER

ISTEF=0

& kr+ LDEGIN PROCESSING FOR THIS ITERATION

350

370

DO 350 Tl NOLASY
ETASI{I)=BIASL()
DO 760 Ix1,NCLASZ
gras2ilri=srAsagly
00 270 I=1,NCCF
AI[II=ALPLI)
CI{I)=DFL(I)

C-85

QGC20000
06630050

‘00030100

00030150
Q030200
GUG30E50
60030300
000320350
000304a0Q
00030450
00030500
00030550
06Q30&0C
00630650
goo3otoo
Q0034750
06030800
009830850
00030900
00030550
00031900
IEE NN
GOC31100
aGCILA5a
00631200
g0¢3L250
000321300
00033350
00021400
00931450
06031500
00633550
00632600



ISN
ISN
ISN
ISN
1SN
ISN
1SN
ISN
ISN
158
15M
15M
ISN
ISN
15N
ISN

Isn
15N

IsSN
I5M
ISN
ISN

ISN
[SN
ISN
15N
ISN
1SN
ISn

I5M
I5N

IsN
ISN
tsSN
TSN
ISM
ISN
TSN

13N

15N
LSN

1SN
ISH

I5M
ISN
1SN
ISw
154
ISN
1SN

ESN

15N
I8N

0238
0240

0%41
6242
o242
G244
a2a%
v2a¢
QZAE

025€
0257
g2ce
Q28§
C2¢g
G261
0263

Q265

QPEL
Q2&7T

COo 3840 I=1.4 . 00031450

CLMALP{IY=0u 00031700
GLEPEL{1)1=0. 00033750
OLDBS1(I =0 00031800
OLDBE2{I1=0e 00531850
MEWALP{T) =0, o0QaLY00
NOWDELLII=0e 00021950
NEWHBSLII)=0. ooec32000

380 NEWBS2{I1=0, 0Q03240450
oLpEsS1(51=0. . 208321640
GLOBS2{51=0. Q0022150
KREWES1{5)=0. neo32290
NFEWESZ{5) =0, oaRe32259

330 CUNTIMUE ' oe¢3z3on
I1G3=0 Q09323540

CALL MESAGE (sk#* THE SUAPROGRAM HCCONS S®**4s 1S5 NOW IN GRFERATION QQU3Z2400
19=*,0.:0.1) 0QO3Z450

CALL PTS1ZE (NP.DRHOSG) . QO0IZE00
ISTEP=ISTEP+L 00QARSS50

C wbdkd CONVERT ATTITUDE COEFFICIENTS TO RADJANS oné3asoa
DT 400 I=1.NCCF 00032650
ALPR(I)}=ALPI 1Y /RTON 006327040
BELRLIII=DELL{ 1} RTOD 00032180

400 CONTINUE opo3zaoo

C *k#k% FERD. QUT MATRIX OF COEFFICIENTS 00032850
DO 420 [=1,N2 QOR22900

0o 410 J=1,N? Q0032550
COEF{Js1}=0+0 00033000

a1 0 CONTINUE . 6¢033a50
DRAGSQ(I ) =040 00Q32100

420 CONTINUE Q0033150
IBIAS=NZ Q0423200

[ 00033250
C #edchs BEGIN LOOP TO MAKE ALL SUMMATIGNS FOR CLASS L LATA (CONE ANGLES)OCQ3Z300
c Q0033350
IF {MCLASESLEWOQ) GO TO 4ac 0OG32400

DD 830 IEL (NCLAS]) ' 00833450

C dkmed FJERD OUT RESIDUAL SUMMATIGN VARIABLES QuE33s00
RHOST1{14+1)=040 00033550
GHOSTE(Z:11=0.0 00Q33E0Q
RHOSTAL3,11=040 Q0Q33€50
JI=IFRSTI(1) . 00033700
NENTYPELLT) Qgel33T50

1F (NsLEsC) GG TO 430 00633800

IFf {EIASI{I}«hEJXBIAS) IBIASSTBIAS+) 00G3AESO

C *kxx%x CALL COFSUM TO COMPUTE AND SUM COEFFICIENTS FGR THIS TYPE OF 00033300
C %haxd CLASS J DATA 000339580

CorensacoecnanobBnos apeocuacceoRoRCaAENESSERARGsssRssUEsaasnansnananssnanaa 00034000

CALL COFSM {TIMELsAKISLAL+J1)eANGLIL{ L} WGHTI{ UL JaN+1434ALPR.DELALBO000IN0E0

1IASLU(I} +IBIASCOEF »DAHGSQ+RHOST1{2 ¢ L }oRAQY» CALCRsSCOEFL+JL) 00d24100
Cotetcenstasssetsbonasdtoddtbinensdttonvensinecodsdsosussnsnvarvsinnsnsass 00024480
430 CONTINUE 0pC34200
440 CONTINUE 00024250

< Q0434200
C keakd BEGIN LOGP TO MAKE ALL SUMMATIONS FOR CLASS 2 CATA (DRED ANGLES}O00034330
[« Q0034400
IF (KCLAS2.LE.0) GO TO 460 00634450

00 450 1&1.NCLASZ 00634500

C wekxs ZERD QUT RESIDUVAL SUMMATION VARIABLES 00934550
RHOST2(314+1)=0e0 . cQo3a6a0
AHDST2(2,1)1=0.0 00034650
AHDST2(3.1)=0.0 - o0Q34700
J1=IFRSTZL{ 1) aoe341%0
N=NTYPEZ(1) . 004348BCO

1F {NelLE«Q) GC 7O 450 GQO34E50

IF [(BLAS2{1) sNE4XBIAS) TIBIAS=IBIAS+] a0C34%00

C *khdks CALL COFSUNM TO COMPUTE AND SUM COEFFICIFNTS FOR THIS TYPE OF 00034950
C ®kxdkd CLASS 2 DATA Q0035000

et a s e s PN eI NN Nt SR PV FE R R AT TR SIS PP RN AP braraddbutasdtbsennrannesses0003E080

CALL COFSM (TIME2:AXKISZ(L. 1)1+ ANG2LJL s WGHT 20 S1)sN+ 246+ ALPRWDELR,BOQQ3SEL00

1IAS2{I) +IDIAS+COEF +DRHUSQ+RHUSTZ2(1 +I ) o RHOZ+ CALC2.SCOEF2+J1) ¢0e351540
Coesnesnverensscenunaverdsisdasoentlfoeccan0nccalessecenssnendnodvsneessl0O3E200
450 CONTINUE 00025250
460 CONTINUE Qe300

C hkkkd COFSUM COMFUTES ONLY DIAGONAL AND UPPER RIGHT OFF=DIAGONAL 00035350
C *sxk¥ FLEMENTS OF THE COEFFICIENT MATRIX BECAUSE IT IS A SYMMETRIC 00935400
C *kkkak MATRIX Q0QA%A5D



ISN
18N
ISN
1SN
ISN
ISN

1SN
ISN
15N
ISN
15N

13M

15N
TSN
15N

15N

I5N
18N
SN
15N
3441

1SN
158
LsN
I35
ISN
15N
I5N
15N
IS
15N
ISN

ISN
TSN

ISN
Isn

Isn

ISN

isu
15N

1SN
1SN
1SN
15N
B L1
1SN
ISH
158K
15N
1SN

SN

ISn
1SN
1SM
15N
15N
1SN
1SN
156
ISh

QE6E

a269
927¢C
0271
Q272
€27z

027%
Q27E
0277
027e
c27%

0z28¢

azel
QRBE
C2E4
(13- 3-1
0z28¢&

a287
o284
Q7 es
0235¢

6261

G262
2%z
0254
a7ss
Qzse
Q237
C29E
0265
0300
0201
020GF

¢304
03CE

6l0¢€
03GE

C skk&r COMPLETE LCWER LEFT OFF~DIAGONAL ELEMENTS OF SYMMETRIC MATRIX 00035500
[ " FOR PRINTED OUTPUT "AND DISPLAY PURPOSES. 00e3S550
DO ATD I=2,M3 gge3géand

n=i-1 : 000365650

DO 470 JiE1.N 00035700
COEF(I.J}=COEF{JdsI 000257240

470 CONTINUE NOSASEO0
IF {IWRT4LT=10) GO TO 490 00035850

. kx¥%* WRITE COEFFICIENTS OF SIMULTANEDUS EQUATIONS 00035900
WRITE {(IOUT,%950) 00035950

0D 380 IEl,N3 00836000

- WRITE {qur.naooi (CCEF(] 40 3Js1 oN3) 4DRHCSG(T) 00Q36650

480 CONTINUE 40036100
490 CONTINUE 0003IEL50

C #rke% CALL IBM SSF ROUTINE MINV TD INVERT COEF MATRIX 00636200
C--cac---onoaoaa.------a---o-oo--..-.-o-o-----------ooo----co.o-------o-00036250
I WHERE =1 00Q3EI00

[ DISPLAY COEFFICIENT MATRIXa 00036350
C.........}.g.bgongn.......{-................--a--.----o----tnco--oo---a0003€¢00
4 CALL SYMMETRIC MATRIX INVERTERs 00g3L4B0
CCALL BLKINV (COEF.1+K3.NP,GET, IERR:5TOR1+STOR2.RL) 0OgIEE0Q

tF (DET4NE«Q+0) GO TD 500 QU03IE550
IRET=5 0003IBE0G

GO TO 780 00036650

500 CONTINUE oog3a700

S ¥RFEE MULTIPLY MATRIX INVERSE (COVARIANCE MATRIXJ BY VECTOR OF RHO 60036750
¢ EN%%® SQUARED DERIVATIVES TO DETAIN AYTITUDE STATE CGRRECT[CNS Q0036E00
PO S10 1Y NI 006326850
CHNG{1)=0a0 00G36900

DO 5310 J=3 N3 00036950

CHNG L 1) =CHNG L 1) +COEF (1 +J) DRHASALS] 6O0G27000

510 CONTINUE 00037050

c USE STOR1 ANE STOR2 FOR MSAD DISPLAYSs 00¢37100
DD 520 Ix}.13 00037150
STORILI)=0. Q0937200

520 STOR2Z(II=0. 00937250
DO 530 I=14NCECF 00037300

STORL (A T— LI =CHNG{E2*1~1) 0agaTIS0

530 STORI(IBTI=CHNG(RRL) ' QUC37400
o0 540 I=1,NEIAS 00637450

540 STORI(IMI-2)=CHNGE2¥NCOF+1) 00027500
NSTORL=2ANCOF +MAXQ (NCOF ¢ NB1AS ) +1 00037550

CALL PTSIZE (KRSTOR}«STORL) . LLEEELT

IF {1STOPWNE 0} GO TOQ 600 OGGITESO

C *hxxx SET INDICATCR TO *CONVERGED! ; 00037700
IREF=0 00037750

N0 550 1&k.NCCF 0Gg27800

C ¥k¥%kd CHECK FOR MCh=CONVERGENCE 00037850
1¥ (ABS{CHNG{2%1-1))«GTaALPBRD{T}) IRET=1 00037900

IF (ABS(CHNG(2%[))2GT«DELEBNDII) I IRET=1 00¢37$50

C ®k%%ky CHECK FOR DIVERGENCE - G0e38a00
IF (ABS(CHNG(2%(~1)}aLEe360aCe0ReABS(CHNG{ 2% 1)) 41 E436040) GO TU 5560038050

10 coa2etac
IRET=2 LT3 1)

GO TO 7890 GQGaR200

550 CONTINUE 00038250

€ %u%%% CHECK FOR CIVERGENCE OR CONVERGENCE UF blAS ELEMENTS 06038300
IF (NBIAS.LEW0Q) GO TG S90 00038350

K=NZ 00538400

IF {NCLAS1.LEWO) G0 TO 570 00038450

DO SE0 I=1,NCLASE 00GIESTO

IF (BIAS1{1)+EQexXBIAS) GO TO 560 0003IELSE50

K=K+l 00838600

IF {ABS{CHNG(K})eGT«EBNDLE(I)) IRET=1 00038650

1F (ABS{CHNG(K))+LE+360s} GO TO 560 COG3IBTO00
IRET=2 ’ 00038750

GD TO 780 CULIALEDD

560 CONTINUE 00GC3EEBS50
S7TQ CONTINUE 06038900
IF (NCLASZ2.LEsO0} GO TD 5%0 00C368550

DO 580 I=1,NCLASZ COC35000

IF (BIAS2(I)«EQexBL1AS) GO Td SEO 0LC3%050

K=K+l a0c39300

IF (ABS(CHNG(K])eGT+EANDZ(L)) IRET=1 00035150

IF {ABS(CHNG(K)) 2LE4360e) GO TC 584 00C39200
[RET=20 c0639250

G0 TG Tao 00529300

C-67



15N
ISN
1sM
15N
ISN

IsN
15N
13N
IsN
ISN
ISN
I5N

ISN
ISN
15
ISN
ISh
ISM
15N
15N
158
15N
15M
1SN
15N
15N
15N
IsSN
Isn
5N
15N
| §-11]
15N
15N
15N
ISHN
15N
15N
ISN
1SN
I5N
ISN
IS
ISN
I8N

ISN
ISN
ISN
15N
ISN
ISN
15N
15N
15N
ISN
TSN
SN
I5N
158N
ISN
TSN
1SN
ISN
ISN
ISN
TSN
15N
I5SN
1511

0%aq
n2as
D3AcE
0247
oRaE

035%
Q02GE
G255
0260
C2EZ
032e
c3ca
Q3ce
QI6E
0267
Q36E
G265
GIvce
A7z
aqiee
0374
ag37E
Q37 e
Q277
0327E
QZ7s
aigg
Qzes
0282
0282
Q03ES
oRaé
03e7
Q38¢&
u38%
0290
<3291
039E

€392
0394
028¢
CISE
o358
€I85
040¢
aaol
gaGz
4404
Q4cs
040&
gaci
qgage
0409
Q410
041
oaiz
0o}z
0414
041E
0al17?
a4q1e
0419

580 CONTINUE
SS90 CONTINUE
500 CONTINUE
IPRNT =1
IF (TERT«LT4d) IPRNT=0
TIF{IPANTaEQs GuAND ISTATANELL) GC TU 650
COMPUTE THE CCOVARIANCE/CORRELATICN MATRIXS
NI3=p2=-1
na 6310 f=1,N22
L1=1+1
DO 630 J=11,.k2
510 COEF(Hy1)=COEF (I )/SQRT(ABS(COIFLI I+ I)MCOEF(JaJ )}
no 620 1=1,3S
€20 WORK{L)=0Oa
STORE DATA FCR MSAD DISPLAYS IN ARRAYS STYPE AND WORKs

NN

*xd k¥ COMPUTE AND PRENTOUT STATISTICS DOF RESIDUALS

onONn

ik STATISTICS FOR CLASS 1 TYPES
aTl=GCe0
STAL=0.0
£TB1=0a0
IF (NCLASL.LESQ) GO TO 640
RUMSNCLAST+NCLASZ+3
CALL PTETZE (MNUMISTYPEYR »STYPEZ)
N UM=3%NUM
CALL PTSTZR ANUMSWERK)
00 630 I=1+NCLAS)
STYPEL{L)=ANULNM(L])
STYPE2{I1=ANLNLL])
w=RHOSTR{3+1)}
IF (welBw0a0) G TQ 630
S1=RHOSTI{1+1}/W
S2=S5QRT{AMAXLIRHOSTE{2+1 )/ W=51%51+0s 1))
ARHGTY{&4.I}=51
RHOTI(S.I1)=52
wORK(A&]-2)=51
WORK{AWI~1) =82
WORK(3®I)=w
LTL=wTl+w
STAL=S8STAL+RHCST1{(t+1)
STBA=STEBY+RHOETL(2,I)

£30 CONTINUE
IF {(WTlsLEsQe0) GO TU 6540
S4=5TAL /uWT)
S2=SCRTIAMAXL{STBL/WT1-51%5] ;0.1
WORK{ZI*NCLASL1+1)=51
BWORK(ZENCLASL+R)=52
WORK ( 3ENCLAS1+3)=uT]
STYPELINCLASLI+] F=ANUM{L)
STYPEZ(NCLASL+1)=TOTAL

640 CONTINUE

L okkeixxa STATISTICS FOR CLASS ? TYPES
wT2=0.0
S5TA2=0e0
STE220.0
IF (NCLAJ2.LE«0) GC TO 550
DO 650 I=1,NCLASZ
ATYPEL{NCLASL+L+I)=ANUMIZ}
STYPE2INCLASL+L+I)=ANUMIT )
W=RHOST2{3,1)
IF (wWalEaQe0) GO TO 650
E1=RHOSTZ(1 127w .
S2=5QRT(AMAXI(RHGST2{2.I }/W=51%51,0a))
RHOT2(4+.1)=51
RHOT2(S.I}¥=52
WORK{3IR(NCLASL#1+]1)-2}=51
WORK{IR{NCLASI+1+[)—1}=52
WORK{JE{NCLAS1+1+1})=w
WT2=WT2+W
STAZ=STAZ2+RACST2{1.1}
STE2=STR2+RACST2{2.1}

650 CONTIMNUE
IF (uT2.LEQ+Q) GD TQ 660
S1=5TA2/uT2
E2=S5CRT(AMAXL1(S5TE2/wWT2=51%51 ,0a]))
WORK{3®{NCLASLI+NCLASZ) +4) =51

C-68

000139150
Q0¢2gana
00039450
0CC3SE00
000359550
0635600
00G3985¢
0Ca3%700
CGE38750
00039800
aQgIFESD
000354990
00029950
Q0CACCO0
00040050
aQcagloo
V0040150
00040260
Q0040250
00040200
00040350
00640400
00040450
00G4050Q
00040550
0GE40€00
000406%0
00040700
00040750
00o0acans
B004QESO
004A0504Q
0CU4A0SSa
000431600
CO04050
00gcailogo
000431150
00Ga12040
00@41250
0CC4a1300
00041350
00541400
00G41450
00ea1S00
00043550
go0gags00
00041650
occarras
00041750
00841800
00081E50
aacalsoo
00041650
00€42000
00942C50
00042100
0oea2150
00042200
00042250
00042300
00042350
00042400
CO0AZ2450
00942500
00442850
0ag4a24Q0
00042650
00042700
00042750
00C4284Q0
GogAZESD
00022500
00042950
06c4a3000
Q0043050
0043100
coga3180



15N
IsN
15N
158
15N

I5N
I5N
15N
1SN
ISk
LS5N
1SN
ISN
15N
I 5N

TSN
ISN

1SN
ISM
15N
15N
IsN
I5H
isN
ISH

I8N
isN
1SN

ISN
ISN

I8N
18N
150
15N

1SN
1SN
18N
15N
1SN
1SN
15N
FSN
1SN
15N
1SN
15N
1SN
1SN
ISN
ISN
1SN
1SN
ISN
TSN
I5N
ISN
15N
ISN
1SN
I8N
ISH
IsSN
15N
I5H
T5M
15N
IS8
ISN

04zc
0423
:E ¥
0423
0az4

0425
042
c4a2?
G429
aa30
0421
0422
0a3z
0432
PEL

G437
L2 -]

[eE-3: )

casy
045 &
a45%
[+F-2-24

048€j
CAEZ
0463
CAE e

‘nans

g4€c
Q467
D4BE
0468
GaTge
0471
04Tz
of4 73
0474
0Aa7E

0ATE

0477
0474
0aBC

oang:”

0482
oABA
N4BE
04E7
OREE
0485
ga3c
aast
045z
cag:
gaca
oage
E- 1)
LT

c

WORK(3% (NCLAS] #NCLAS2) $5) =52 00043200

WORK(3*{NCLASL +NCLASP ) +6)=wT2 00043250

660 CONTINUE 00643200
STYPEL{NCLASL+NCLAS2+2 ) =ANUM(2) C 00043350
STYPEZ2{NCLAS1¢NCLASE+2)=TaTAL 00042400
skkxk COMBINGD TCTAL STATISTECS 00043450
. STYPEI{NCLASI+NCLAS2+3)=TaTAL oocaison
STYPEZ{NCLASL+NCLAS2+31=STATZ 00043550 |

IF (AT2eLE+Q+eORewTZelEaDe) GO TC 870 00043606
WEWTI+WT2 00GA3E50
S1=(STALLSTAZ} /W coD43700
SP=SARTL{AMAXL{(STBL+ST32)/w—51%51.:0e )} . 00CA375Q
WORK (3% {NCLAS1 #NCLAS2 ) +7 1 =51 . 00643800
WORE { 3R {NCLASE+NCLAS2} 48 ) =52 a¢aa3850
AORK (32 (NCLASI +NCLAS2 ) +9)=N 00643900

670 IF (IPRNT.EGe0} GO TO 710 ) C0Q43550
*tkkt WRITE COVARLANCE ELEMENTS 00044000
IF (NBIASelLEea} WRITE (10UT,1060) (NAME(1, 1) sNAME(2:1)s121.N2) 00044050

IF (NDIASaGTeQ) WRITE (I0UT,2080) (NAME(E, 1) NAMEL2,T),2=1.N2),(NACGDOQAAS0D
AME(Y o1) JNAME (2411, I=182, IB2) 00044550

10 680 1£1,N2 C0CA4200
11=1 ‘ Q0044250

IF (IaGTaN2} II=1=N2+8 00C44300

680 sFRITE (I10UT.1070) NAME (2 +11) 4 NAPEC2, 110, (COEF(I+4)sd=1aN3} 00gag3so
iF (NCLAS1.LE+0} GO TO 630 00084400
WRITE (ILUT,1080) 00044450
SRITE (IOUT21300) (I.WORK(3IXI~2) ,WORK{3hI—1 )} WORK{INI }e1=2.NCLASLIOO0044500
WRITE (IOUT.1%310) WORK(3®NCLASL+1) s WORK(3HNCLASL+2},WORK(3WNCLASL1+00084550

131 00GC44ECQ0
630 IF (NCLASZ.LEs0) GO TC 700 U0CA4ESU
®RITE (10UT,1090) 00044700
RRITE (IOUT2200) (L .wORK{(I®MNCLASI#1+3%1 ). WORK(IRNCLASI+Z+3%1),w0R00044750
LTKIZENCLASL+I 43 ), 1=l 4 NCLAS2) 00gaaann
WRITE (IOUTY.1110) WCFK(3*(&CLA<1*NCLAa?)+4}-ﬁDRK(‘*(NCLAS!+NCLAS=)DOO¢4E50
1+5) s WORK{I®{NCLAS) +NCLASZ2)+6) CO0048900
WRITE (IOUT.1120) WCRK (3% {NCLASL*NCLAS2)+7 ) sWORK [ I*{NCLAS1+NCLASZ)I00044550
i+8) . 00CAS000
TOO CONYINUE 00045050
710 CONTINUE ) Q045100
IWHFRE=2 . " Q0R4SL50
CALL CHECK (*GCONE2Y) COCAE200
#pakd IF PROCESS HAS ENDED JUMF DUT GF CORRECTION LOOP 00045250
duAnk UPDATE ATTITUDE STATE . ao453200
OO 720 IEY1,13 o0QAas350

720 STOR2(I)=0a CCCaAS400
NE=3hNCOF+NB 1AS Q0045450
CNBESMINQINB,12) : 00gasEca
CALL PTSIZE (NB+STARZ) 00045550

pOo 730 I=1.NCCF . Q0G45EGO
STOR2(2%1-1) =ALP(T) } 0CQ45620

730 STORZ{A*I)=DEL(I) ’ : 00645700
00 740 IEA,NCCF . GCO45T50
ALCALP{I)=ALP(I) G0085800
CLODELL DI =0EL{1) ) 00Q4SESO
ALBCI}=ALP I} +CHNG{2%LE-1 ) . 00045300
DELETI=0EL (1) +CHNG(2%T } ‘ 00045950
NEWDEL{I)=DEL(I} : 0QG46000
NEWALP(I)=ALF{L} 00046050

780 CONTINUR COC4£100
IF (MBIAS.LEW0) GO TQ 780 GOgABLEa
K=N2 - ' 00046200

IF {NCLAS1+LE«Ci GO TO Vo0 : Q0046250
LALL PTSIZE {NBIAS,DRHOSQ) ) 00Q@46300

GO TS0 I:=3 ¢NCLASY ‘ . 00gas&3ka

IF (BIASL{L}EGaXBIAS) GU TO 750 QOCAE4CH
K=K+ ‘ ) . DQGAEASO
STORZ(KI=BIASILI) 00Q4650¢C
OLOBSL(1)=BIASL (1] 00Q4ESSO
BIAS1{I)=0IASL{LJ+CHRG(K) OGCABEAD
NEWHSL{T)=3IASA{L ) ' 0004E650
DRAODSCIK)I=8BLASALI} ' ‘ QUCAa&T00

750 CONTINUE : ) 00046750
760 CONTINUE ) ’ 0004EEQQ
IF (NCLASP+1.£s0) 6O TU 780 ’ . OUGAGESO

SO0 77O 1=1.NCLAS2 ‘ 0004650

IF (EIASZ(I1)«FGe.XBLAS} Ga TQ 77¢ COOAES5D
K=K+ ] 0ggavoon
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1SN
ESN
I SN
15N
I5mM
TSN
I5M4
1SN

ISN
13N
51
1SN
ISN
15N
15N
15N
15N
ISN
ISK
15N
ISN
ISN
1SN
tSH
ISN
1SN
1SN
ISN
15N
ISN
I5M
1SN
I5N
I1SM
1SN
1SN
ISN
15N
18N
ISN
1SN
ISN
15N
18N
1Sn
1SN
ISN
ISN
5N
1SN
ISN
ISN
15N
I8N
1SN
1SN
IS

ISN
ISN

1S
I5N
ISN
15N
ISN

15N
iSN

ISN

[

ano

STORZ24KIcRIASZ(I) 0047030

DLEOBE2(I)=BIASR(T1) DASATLOG
BIAS2(T)1=B8IAS2{I ) #CHNGIK] 00G47E50
NEWBS2(I)=BIAE?({I} CUCATZ 00
DRHDSG(K}=BIASR{ T} 00Q47250

TF70 CONTINUFE p0caviac
780 CUNTINUE 06R47350
IF (IRWT4LTe&) GO TO 840 LLEYE DT
wxhkk wRITHE UPDATED ATTITUDE STATE aGOAT&S0
WRITE (I0uT.1Gl0} ISTEP a004ets00Q

Co 790 I=1,.NCCF 00081550
AOLD=ALP{I }~CHRG(25I=1) QNRATEOO
NOLN=DELLT }={RhGA2 4T 0QQATARN
WPITE {(10UT.1020) ADLD«CHNGI2%1—1)+ALP{I) +DOLD,CHANGL{2+I),BEL(T) DOCATTO0

TI0 CUNTINUE 00047750
IF {(NBIASsLE«Q) GO TO €30 0GLCATEQD
K=NZ GOGATESD

IF {(NCLASLeLE+0) GO TG 810 10GaTI00
ITITLR=1 00RATRE0

nO R8O I=14NCLASLY acoasaoo

IF (EIASL{T)«FEGexBIAS) GO TO 800 a004B050
K=+ 00G48100Q
BOLD=BIASE{I I-CHNG{K) 00G48150

IF (ITITLE.ECel}) WRITE (IOUT,1030) GUCAB200
ITITLF=2 Q0CA4EES0
WRITE (ICUT.1050) I.,80L0.CHNG{K) BIAS1(T) 000483200

900 CONTINUE a0Q483s0
810 CONTINUR . 0o0GAB40D
iF {NCLASZE.LER? GO Yo 830 goe4aaso
ITITLE=1 00048500

nE 820 L=l .NCLAS2 ’ 00048550

IF (BIASE(1).EC.XBIAS) GO TO 820 GOQABEOO
K=K+l . c0A&4AE50
2OLD=BTAS2{ I )1=CHNGIK) bODAETOD

IF (ITITLE.ECall WRITE (10UT.10440) 00043750
ITITLE=2 Qaeaa800
WRITE (IDUT-1050) I.B80LD:CHNG(K)}.BIAS2{I] 00048ES0

BRO CONTINUR 00648900
B30 CONTINUF 000ABSSD
240 CONTINUE 00049000
DO BS0G II=1.M0 a0ees054

@50 CRTIGN(II)=0 . 00049100
FINALD=0 0A049150
FINISH = © . 00Ca4%200

DD B60 LI=1.8 000445250

860 IMESGIITI=0 G03493Q0
IF LIRETHEGeC) IMESGIL)=1 2Na49350

IF (IRETREQeZ} IMESG(2)%1 Q0Cca3400

IF {1STEP.NE.MAXIT} GO TO 870 . Q0844450
IMESGL 3 1=1 a0043500
IRET=6 00RA9ESD

870 CONTINUE Q0GASEDD
IF {IRETaE2s3} IMESG(3)=1 00RA9ESD

1¥ (IRET«EQ«28) IMESGL{S)I=1 aac4as700

IF LIRET4EGs8) IMESGI&I=] CO0049750
CALL GTSTAT (*OPTABL*.STATL) CUCasH00

IF (STAT1aNELSTORPL4CReLOPENEQsQ) GO TO B8O 00049E50

IF (IALLOGEG.224} CALL FINALZ (GWDRKO,ALPsDEL,AI,OI,B1AST,BIASL,.BIQ0E49900
1ASZI +BIAS2 yRHCTL sRHOTR2MCLASE « NCLAS2 s NCOF » IALLO+ COEF I NP) 00049950
CALL CHECK (°*CPTABI') 00CSQc00
CALL GDECON (IALLA»TALLS ¢ {FRSTL, IERSTZLNTYPELSNTYPEZ+RNGCL+RHOZ4GNOCIO50050
1RKS s GWORKS s LALLOD) 00GE0L00
480 COMTINUE CO050150
IF (IMESG(8) sEUela ORe {STAT) +NEaSTOPL sAND e IRET sME«1}1 RETURN 00050200

IF (IMESG(T)+E0¢1} GO TO 260 00050250

IF (IRETaNFEs+1) RETURN DOGEO300

GO TO 390 06050350
0ges04an

Sk ke Ak AR kR k2R FORMAT STATEMENTS shasidkRsatkkisediabedibdn 00050450
Qoosgsaa

BO0 FORMAT (1X,20(*%%) ,*DCCONS = V 2,0 ~ CREATED 7/23/73%,20{%%*))} CUGeE055¢
GO0 FORMAT (1X.//1lXs85("="}4*SPECIFIED OUTPUT FROM SUBROUTINE DCCONS *0Q0050600
1e45{ "= )urelast NCLAST NCLASZ TZERO NCGF MAXIT IWNROOO506%0

21 IOUT® 3/ 1 Ks2184F22et.418) COueseTo0
910 FORMAT (1Xof 1 X" INITIAL ATTITUDE COEFFICIENTS AND GORRECTION BOUNDDOSQ7SO
IDS Ya/1 X" ALPHA (DEG ) CORAR BND(DEG) DELTA{DEG) CORR 8NDQQUS0800
DUDEG)I e/ a1 XsF 1008 +sFLE463FLl4k1FLE61]} Q0CS0ESD
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1SN

ISN

I8N
158

1SN

TSN

ISN

i5N
I1sN
15N
15M
ISN

15N

15H
TSN

1SN
ISN

15N

[SKN
IS5N
15N

1SN

osag

OSET

tsae
0584

05432
cs54
054S
0586
cs67

0sSse

0569
050¢C

CEQL
0co2

QE0Z

0604
0665
05CE

Cecy

920 FORMAT (IXas/s1Xy*CLASS kE (COME ANGLE) INITIAL BIASES*«/+1X«*TYPE 00650300

1 BIAS(DEG) CORR BND(REG) "} CCoS0SS0

930 FORMAT (1X+rstXs'CLASS 2 (DHED ANGLE) INITIAL EIASES®,/4+1X.*TYPE 00651000
1 BIASI(DEG) CORR BND(DEG)*) '0005185¢

240 FCRMAT (1X:14sF15e4:FlGet} 00GS1100Q
950 FORMAT (1Xe/+1Xe*CLASS 1  (CONE ANGLE) . INPUT DATA TYPE*,12,* HAS",.{00051150
14," CASERVATIONS, FROM? 414+ TA*eI&s*: IN THE CATA ARRAYS') a0051200

960 FORMAT {1X4+741X,7CLASS 2 {DHED AKGLE} INPUT DATA TYPE®,IZ+* HAS*.100051250
14, CBSERVATIONS. FROMS 4 I4.* TO" 14,47, IN THE DATA ARRAYS') - 00051300

970 FORMAT (1Xs/s8X,.* 1 . TIME X=AXLS Y=AXIS Z=-A0QQ%13%0
1%15 CONE ANGLE WEIGHT® 3/ sl 1Xs[42F16e6+2KeIFLl0ateFl4aa:F12400051400
24)) . 00051450

9B FORMAT llx./.nx. 1 TIME X—AXIS—1 Y-AXIS-1 Z=AXI00GS51500°
18=1 XmAXLIS=2 Y=AXIS=2 Z-—AXIS=2 DHED ANGLE WEIGHT *+/» (00052550

21X s TAeFLlBs6+2Xs3F10a6:2X33F10a6.F1404,F1244)) 0OGE600

930 FORMAT (lx.//-lx-’SIHULTANEUUS ATTITUOE EQUATIONS CAEFFICIENTS? /400051650
12X} 00C51700
1000 FORMAT (:x.;oEla.e) £0051750
1010 FORMAT (1X /731X " ITERATIOGN' 4 I3+ ~ ATFITUDE AND BIAS STATE %,//,10G051800
1Xs0 OLP ALPHA{DEG) CHAMGE{DEG) NEW ALPHA(DEG) OLD DOOOSIESO
ZELTA{DEG) CHANGE(DEG) NEW DELTA(DEG)") 00651900
1020 FORMAT (1Xs3F1748¢2X¢3F17e8) 00051550
1030 FORMAT (1Xe/+1lX,*CLASS t {(CONE ANGLE )} BIAS STATE Y./ .1lXs*TYPE D1, 00052000
1D - BlASIDEG) CHANGE(DEG)  NEW BIAS{DEG)*) . 00952050
1040 FORMAT (1X4/+1%+"CLASS 2 (DHED ANGLE) HIAS STATE %4/ 1X,'TYPE 0LOOES2100
1D BIAS{PEG) CHANGE({DEG) NEW BIAS(DEG)") , 00052150
1050 FORMAT (AX+1A44F16a64FLa463F16.6) 00€52200
1060 FORMAT (1Xs/s1X,*ATTITUDE STATE COVARIANCE/CORRELATION MATRIX *,/,00052250
11X,10X433(1Xe2A4)) 00052360
1070 FORMAT (1X,2A8,2x,13ES.,2) 0082380
1080 FORMAT [1X:/+18Xe*CLASS 1 {(CONE ANGLE) ERRDR STATISTICS "s/slXe® TOOQS2A00
1 YPE MEAN RESIDUAL(DEG) STANCARD DEVIATION{BEG) TOTAL 00022480
PWEIGHT ) ‘ ' 0QGS2S00
1090 FORMAT {1X+/+18X«*CLASS 2 (DHED ANGLE) ERROR STATISTICS *,/:1X.* TO0QS52850
% YPE MEAN RESIDUAL (DEG) STANCARD DEVIATION(DEG) TOTAL 0CCS52600
2WEEGHT® ) ' ' 000E2680
1100 FORMAT (1X,I1544KsF13e®35X28XeF1Buad+5XeBX+FLl2a4) 00€¢sS2704¢
11350 FORMAT {1Xs*TCTALY e XoFLl3e4:5X:8XKsFl0a4,5X8X+F12.4) po0S2750
1120 FORMAT (1Xa/eiXsa*COMBINED  TOTAL MEAN RESICUALIDEG) = *,F9sd4s” 00LSZEQO
1 ° STANDARD DEVIATIGNIDEG) = *.F9e4) - 000529850

END Q06523900
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CUMFILER CPTIONS = NAME=

DESCRIPTIC

VARLABLES

MNAME

TIME

AXLS

ANG

wGHY

NLMB

ITYPE

NOIM

ALPR

DELR

BIAS

IEIAS

CGEF

RHOSY

NN OO0 PO O0ODN O NN OO NN 0NN ON NN OO0 N OAOANOANGONDNNONAaNAN0

MALNsOPT=0L1 s LINECNT 6051 ZE=0000K »
SOURCE +EBCDIC s NOLIST ¢ NCEECK , LQAD s MAP, NDEL IT ) §L, XREF

SLHROUTINE COFSM

CALLING SEGULENCE

CALL COFSMITIME +AXIS»ANG,WGHT s NUMS , ITYPE JNDIM,
ALPRDELRsBIAS s IBIASCOEF+LRFCSCRHAST,
RHCALC.5COFRF+ JONE}

[

COFSM

18 SIMILAR TC THE GCUONES RDUTINE COFsSUM wITH

THE FOLLOWING ADDED FEATJURES CALCUWLATED vALUES

CAN BE STORED.

DERIVATIVES CAN BE STOREC. AND

RESIDUALS CAN BE STORED.

GNC1

EXTERNAL REPEhENCES

CCMMON AREAS REFERENCED

ABSCOS5+S1IN

STORAGE REGUIREMENTS

4884 BYTES OF CORE STORAGE

TYPE

Ra4

%

R%4

R%4

Ix4

1%4

154

RE4

R¥4

R*4

L#4

R¥4

R*a&

is0

iro

C-72

DESCRIPTICN

ARRAY DOF OBRSERVATION TIMES

REFERENCE VECTORS(CIMEMNSIOGNED
NDIM®({ NUMBER OF CBSERVATICNS))

OBSERVED ANGLES, IN OEGREES

WEIGHTS FUR OBSERVEL DATA

acaeddasa

T BUG R BDRAREIH A I AR GERE IR R R GRS A R R RO T E A RRR RS AR ETE R kR b2k 00CCO0100

%00000850
*g0Ggo2aq
*£DGQO250
200600300
®00000350
*00000400
®50400450
*006CO500
*C0000550
*00C0CE00
%000GCOESD
*00a007a0
®LACQ0750
*00CAGB00
*00C0ACESD
*C06UA900
®00C0E650
*00C01000
*0GC01050
*00601%00
*0GG01150
xoUOQY 200
®60a01250
«00601200
*00003 250
*00001400
*0000145¢
%00G01S00
*00002S%0
*00Q01600
®0000LESO
ECLOGATO0
*00001750
*006G1800
*00001850
*00C01900
#00001$50
*006Q2000
*G0602056
*00602100

NUMBER OF QBSERVATIONS FOR CLASS5%0000215C

AND TYPE HEING FPRUGCESSED
THE CLASS [QF CATA PRUCESSED

INDICATOR FOR {LASS REFERENMCE
VECTORS

=3, FOR CLASS 1 DATA

=6, FOR CLASS 2 RATA
{IeEav NDIM = 23(NUMBER OF
REFERENCE VYECTORS REQUIRED TO
DEF INE ANG))

RIGHT ASCENSION CGEFFICIENTS,
IN RADIANS

DECLINATION COQEFFICIENTS, IN
RADIANS

BYAS FOR CLASS AND TYPE OF DATA

BEING PROCESSED

INDEX TO INDICATE BIAS UNDER
CONSIDERAT ION

RIGHT SIDE VECTOR OF SIFUL-
TANEOUS EQUATIONS

STATISTICS
RHO5T(1) = WEIGHTED SuM DF
RESD IUALS
RHOST(2) = WEIGHTED SUM OF

*00GQ2200
*0000225¢
*Q0C023200
*00002354
*00602400
*00002450
*000023506
*000802550
*00502600
*30Q02ES0
*00GOR70Q
®00002730
*00GQ2800
*00002£530Q
®00C02500
*0080265¢C
*30003900
*0 0903050
*C0Q0ItQ0
*£00403150
*00633200
*00003250
®*00003304Q
*00003250
*00003400
*00203450
*006¢03500
*00003ES50
*00£03€00
*00g03L%Q
*00G037T00

SAUARES OF RESIDUALS0QQO3TIS0



c RHOST{3) = S5UM OF WE IGHTS *00003800
c RHOST(&) = MEAN RESIDUAL FOR *00R03810
¢ TYPE 1 DATA *QCO03E20
[+ - RHOST(S5) — STANCARC CEVIATION *00003830
c FOR TYPE I DATA *0000CA840
c *Q0Q03ESO
c RH R¥4 sl . VECTOR OF RESIDUALS *Q0QC3900
c ' ' . *0000355¢
c CALC Rw4 a VECTDR OF CALCULATED VALUES *00G04000
[ *G0C0A050
c SCOEF ‘R*G o MATRIX DOF PARTIAL DERIVATIVES  %00004300
c (DIMENS IONED NUMBER OF ELEMENTS %*00Q04150
C IN STATE VECTOR X NUMBER OF *00C042C 0O
c OBSERVATIONS) *0000425¢
¢ X ®0GG04200
< JONE 134 1 . INDEX INDICATING STARTING LOUCA- %00004350
C TION (JF DATA IN ARRAYS TIME, *000044GQ
[ AXIS ANGs WGHT sRH.CALL, 5COEF FOR %guo04450
< THE CLAS5 AND TYPE GOF CATA SEINGROOGOASQ0
c PROCESSED *00RO4S50
c *QOB0AECC
c COMMON AREA VARIABLES USED IN THE ROUTINE . *0Q00AEH0
¢ i *00004700
< NAME TYPE GRIGIN DESCRIPTIGN *Q0QCATS50
[ +00Q0480¢
c 1cuT 1*4 GLNL FORTRAN DEVICE UNIT FOR SPECI=- ®0QGOCAES0
[ FIED PRINTOUT A00G049G0
c . ®AB004S50
[ NCOF I%a GCNL. NUMBER OF FOLYNCMIAL COEFFIC- #00005000
c ' IENTS FDOR ALP AND DEL *00005¢50
c . *GOCOS104Q
[+ IRWT %4 GENE INTERMEDIATE FRINTOUT LEVEL ®000CEESQ
[ INDICATGR (SEE REFERENCES 1 & 2 ®00008200
[ FOR VARIOUS LEVELS) . *00005250
¢ - *0060%93200
[ TZERQ R%4 GCNL REFERENCE TIME ®00008350
c : *CUCOE&400
c 10C Ix4 GCN1 RESIDUAL STORAGE INDICATGR *00¢0SA50
c =0, DG NOT STORE RESICUALS *00805S00
c =1y STORE RESICUALS FGR #00005E50
c DISPLAY AND PLOTTING ®00GCS6Q0
[+ *00GOBESO
c ICALL I%4 GENL CALCULATED VALUES STORAGE HQQOGSTOQ
c : INDICATOR H0000B780
c #0sy DO NOT STORE CALCULATED ®0QO005EQQ
c VALUES , *30005650
c =1s STORE CALCULATED VALUES *00C95900
o DISPLAY #00UCSS50
c : B 4«0Q0C6000
c CATA TRANSNISSIGN *00C0&050
[+ ) *00GGE100
c NAME READ/WRITE/CPOINT DESCRIATIDN *00006150
c »O0OA6R200
c FTXXFOO0L WRITE INTERMEDIATE PRINTQUY, wHERE *00006250
c . XX = [ouT . *QaGCEIN0
c REVISIONS *CO000EISHQ
c *00006400
c le Fe KNOOP (20 FEE 1970) — FIMNAL CATE AT whICH ®Q0QCEASC
[ CUDE WAS FROZEN *000G6500
c *0Q0QUESS)
[ 2e Je WHALEN (SUMMER LST2) = INCLUSION GOF LOGIC *00B0UB6CT
C TO ALLOW FOR SAVING OF THE FOLLOWING VALUES *00006650
c CALCULATED VALUSSs DERIVATIVES, AMD RESIDUALS ®G0806700
c FOR MSAD DISPLAY *00¢C6750
c ' *03006800
c H#OOOO6RSB0
[l e L R L L el L T o T LY L L L e T I T L]
C ‘ 00006950
c o D0C0T0GEC
Ce THIS 1S5 A SPECIAL SUBROUTINE CALLED BY GCONES TO COMPUTE THE »00007C50
Ca CONTRIBUTICN TU THE CUEFFICIENTS QF THE SIMULTANEOUS EQUATIONS.00G687EQO
Ce (INVERSE CCVARIANCE MATRIX) FOR EACH TYPE UF CATA., ONE TYRE «008C7150
Ce AT A TIMEe THE GCONES PREAMELE AND CCMMENTED LISTING HFROVIDES «00GQ726G0
Ce A DESCRIPTICN OF ALL ARGUMENTS PASSED To THIS SUBROUTINE,. « 0007250
Ce +00G0T7300

CessseensucsorencnestnccevassssistisnanenusnensnsassssvessososnnsnanasneaeP0dLC7350
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I8N

ISN

I5SN

13N

EShN
ISN
I5M

ISN

I5N

IsN
ISN

ISN
1SN
IsN
15N
15N
15N

1SN
158N
ISN
1SN
ISN
1SN
I5n
ISN
18N

1SN
ISN
13N
1SN
1SN
ISN
ESN
-1

15N
ISn
ISN
IsSN

I8N
L SN
15N
15N
ISN
15N
IsN
15N
I8N

ISN
1SN
15N

ocoa2

000z

0a0q

a0ag

CLCE
ocoT
aGGcE

g1+

00113

00N ¢
0014

0gLE
agle
acis
aoag
o2t
¢go22

og23
aa24
oc2s
002¢
ocz?
002¢
Co2¢
GQolz
da3z

ag3a
gQ3g
Q03¢
09027
cole
¢cag
004¢C
Q41

o042
€042
o0ag
004 €

ecap
a0as
0051
60sz
0052
Q9054
oQsE
0Gs?
[ 17331

o061
ape3
aQL£q

NN

| o

SUBRGUTINE CLCFSM (TIME-AX!S-ANG.wGHT-NUMBolTVPE-NDlH-RLPR-DELRaBIADDOU7400

154181459 COEF yDRHES Qe RHOSTaRh«CALC s SCUEF , JONE )
FATERNAL REFERENCES NONE

COMMOUNAGCHLY ICUT s NCLASE sNCLASZ s NCOF, MAXI T, IWRT s TZERQ TUC s ICALCS

1 ICER s SHMULT (NP4 IWNHFRE » ISTEP. ISTGP IRETY ISTAT,
2 CORMIN.CCRMAX
CIMENSION TINME(L) »AXISC(NDIMaR) yANGLL ) oW GHTL L) o ALPRI{L )} ,DELR(L),
1 TOEF (NP3 NP} 4DRHOSAIL J+HHOST(3 )y RHT L} o CALC{L ), DERIVISE),
S SCCEFCNP 1)

DATA RTOD. TFLAGs XBIAS / S7.2957BD0»3999909.000, 5555595000/
Mk ixk INITIALIZATION

J1=JCNE~1

IFRST=1

K2=NCOF +NC OF
kkkkx WRITE QUTPLT HEADEHR IF SPECIFIED

IF {TuRTHGEsE2) WRITE (IGUT,230) ITYPE

Fkekd BEGIN SUMMATIGN LOCP

DO 220 I£3.NuMB
dF¥kx IF TIME IS FLAGGED IGNURE THIS QBSERVATION
DATA FOR WHICH THE WEIGHT IS5 ZERG IS NOT PROCESSED.
IF (WGHT(I}aLTe0a0) GU TO 220 !
IF {TIME{I+J1).EQeTFLAG) GO TO 220
#kexs IF ATTITUDE IS INERTIAL {NCOF=1)} AND HAS BEEN COMPUTED ONCE
dRgkx (IFRST=2)} SKIP ATYITUDE COMPUTATIGN FRCM COEFFICIENTS
If [(NCDFaLE«loANDe IFRSTEQ+2) GO TO 120
IFRET=2
AF=Dad
LR=0+0
TLIFF=TIME{[+J1)~-T X ERD
CTIME=] 40
degkk COMPUTE AiLFHA AND DELTA AY TIME(I)
CC 100 Je=L . NCCP
AR=AR+ALPR(JI¥DT IME
DR=CR+DELR(JJ*0OTIME
DTIME=DTIMEXTOIFF
100 CONTINUE
IF (ABS(AR) LT +10000e0s ANDsABS(DR) 4L.Te100000) GO TO 110
If (IWRTWGEs 12} wRITE {(IQUT,260)
G0 To 220
3110 CONTINUE
wEEE3 SAVE SINES AND CDSINES OF ALPHA AND DELTA AND CARTESIAN
edrx COGRDINATES CF UNIT SPIN AXIS VECTOR
COSA=COS(AR)
SINA=SIN(AR)
€COSP=COSIDR)
EIND=SIN(DR]
L1 =COSDRCOSA
LP2=COCSDHSINA
L3=SIND
120 CDNTINUE

dhtkk COMPUTE ANGLE AND DERIVATIVES wWeReT» ALPHAD AND DELTAO AT THE

sk¥pk CURRENT STATE

*RAEE COMPUTE: TRLE MEASURED ANGLE (WITHOUT BIAS)
GAMMA=ANG (1}
IF (BIASaNESXBIAS) GAMMA=GAMMA-EIAS
B=WGHT{I}
IF (ITYPE.EQ«2) GO T0 148

¥hdkk CLASS L DATA = COME ANGLE
COSTHE=AXIS(1+I)RUL+AXIS(24+1 J2US+AXIS{3A, 1) U3
IF (ABS{COSTFE)+GTala0} COSTHE=SIGNI120,C0OSTHE)
THERAO=ARCOS{COSTHE )
SINTHE=SIN{THERAD]
THETA=THERADSRTCD
RHOSGAMMA-—THETA
IF {(I0CEQsl) RHII+J1)=GAMMA=THETA
IF {ICALC.EQel} CALCAL+JL)I=THETA
IF {SINTHEsNE.G+Q) GO TO 130

*rdxd DERIVATIVES CAN*T BE CLMPUTEDs SKIP THIS POINT
IF (IWRTAGE=12) WRITE (10UT,270)
GO TC 220

130 CONRTINUE

C-T4

€Q9oL7450
aQgo?500
00QC?E5G
0agoteg g
COALT€%Q
CoeL7700
Q67150
coec7ago

40447850

CO&87900
acQa7ssae
0acLacoe
GQucegsa
06¢aRLca
coaoeLse
cCu0a2oe0
0occa2s50
£a668300
GgeGe3so
Q0Q0E40D
000G EASa
O00CESOO
OCOCESSO
oogceana
CO0AESSO
Q0B0BT00
GO0GCETS0
DL ET-RT
00CCEESO
COGCESOO
000QEes50
ogga9Q00
0gaosaso
06609200
00C05150
00009200
00005250
00069300
€0009350
00005400
00GCSAS0
DOC09500
00Q09550
00€Q5600
00609650
QoCCsTou
00809750
40€C9800
00005850
00CCES00
00008950
G0010000C
Cac1oese
¢Coe1I0L 00
00016150
G0CN0200
00410280
90Q1 0300
4091 0350
00810400
00010450
agg10500
00010550
00030600
Go0ROESC
GogiIcToo
000l0750
0aQlo&Qe
00010€50
¢oC1a900
00G10950
00€12000
00011050
a4oe3ise0
eaeni1iso



1SN
Isn

ISN

ISN
1SN

ISN 7

ISN
18N
1sMN
1SN

ISN

ISN
15N
ISH
135N
1SN

5N

1s5nM
ISN
i5N
15N
ISN

ISN
ISN
IsN
15N

5N

ISN
ISN
ISN

15N
I5N
LSN
ISk

1SN
ISN
ISN

ISN

1SN
E
15K
ISN
IsN
1SN
1SN
15N
1SN
15N

I5N
SN
15N
1SN

15N
1SN
1SN

IS
ISN
ISN
1SN

0068
QOEE

GOE?

[:]2.1}
CC6ES
007C
Q071
0a72

0C73

Qo7 4
0G7 8
0eT7é
9677
007E
CCTs
J08C

GCEZ

QLE4
OCEE
aL8?
Doge
QG8E9g

Q051
0css
Q054
tose

a0%e

0100
a101
a1oz

0102
Qic4
g1¢s
0146

g108
o1c%
diag

o111

o112
011z
0114
[ 3 B
G116
ofL7
3 38+
0121
CIRE
a122

C124
Q1RE
012¢€

0127

C *¥A%Y COMPUTE DERIVATIVES OF THETA WeReTs ALPHAG AND DELTAQ 00918200
DERVAZL{AXIS(1+13%U2=AXIS(2.1)%UL)/SINTHE : 00011250
DERVD=(AXIS(141)9COSAMSIND+AXIS{ 2 [JWSINARS IND=AXISE{ 3, [ }#COSD ) /SINOGOL11300
11HE . Q9911380
GO TO 160 . . 00011400

C ®43% CLASS 2 DATA - DIHEDRAL ANGLE ’ 00011450

140 CONTINUE . 00C11%00
El=AXIS(2, 1) #AXIS(6el )—AXIS(S+1I%AXIS(S5,1) 00011550
E2=AxiS(3|I)#AXIS{4-[)—AK!S(IslltAnzstE.I) 00611600
E3=AXIS{1 1) ¥AXISIS1)=AXISI2,TI®AXIS{A, 1) C001KE50
FéAxlS(lnl)tAlISl4-l)+AxI§(E-l)#ijs(ﬁul)+AxISt3.I)tAxI5(b-IJ Q0811700
-5v=u1taxlst1.1J+uztax15(a.1s+u3-Axt5(3.ln 00811750
SW=ULRAKIS(4 , T)+UBRAXIS IS, 1) +UBRANTS (641 ) 40011809
XNUM=U1#E1 +UZ*E2 +USES 00411850
*DEN=F-SyxgN 00411500
G1=ADEN®EL+XNUMR{SYRAXIS (4,12 +SwHAXIS(1.1)) 00911950
CE=XDEN*E2+XNUME{SVRAXIS(S s L }+SW*AXIS(241)) 00812000
(QI=ADENFEI+XNUMB(SVEAXIS(E5.1 }+SWRAXIS(3.1)) 0002050
IF {IWRTMLGEa14) WRITE (IQUT,240) El.EReE3iF s SVeS W XNUM. XDEN Glu G324 00012100

103 ‘ : ' 00612150
EF (XNUMeNEs Cs 0y ORe XDENeNEUs0)' 60 TO 450 000122400

C *kkdd THETA IS5 UNDEF INED AND THE DERIVATIVES CAN'T gE COMPUTED Q0012280
IF (IWRTsGEL12} WRITE (I0UT,Z2E0) a0012300
GU To 220 B} ¢0a12250

150 CONTINUE - ’ _agef240¢C
THETA=ATANZ ( XNUM, XOEK)} ¢ RTOD . 00012450
IF (THETA2LTe0w0) THETA=THETA+360¢0 00612500 |

C ¥*%%% COMPUTE RESIDUAL AND CHECK FOR NUMERICAL DISCOGNTINGVITY AT 0-360 a0gQ12560
RHO=GAMMA=THETA 00012600
IF {ABS(RHO) 2GT4270a0) RHO=RHO-SIGN(IE0e0+RHO) . 00012650
IF (IDCeEQal) RH(I+J1I=GAMMA—THETA 0gel2700
IF {ICALCaEGel) CALC(I+JL)=THETA . 00612750

C ss%sd IF RHO IS STILL TOO LARGE ELIMINATE BY SETTING WEIGHT TO 0s0 00012800
IF {ABS(RHC) +GFE890+0) wW=0,0 60012850

C Fekkd COMPUTE DEAIVATIVES OF THETA waRsTe ALPHAQ AND -DELTAG 00012900
CERVA=[=GlRUZ+G2RUL )~ ( XNUMSXNUME XDENSXDEN ) . 40012950
DERVD={-DI*COSA*SIND-QE#SINA!SIND*G3!CDSD)/(KNUH*XNUM+XDEN*XDENI 00013090

160 CONTIMUE ’ 0041 3¢50

C *¥x%% SUM STATEISTICS .t c0ei3100
RHOST {1 }=RHOST(1 ) +RHUX W 00aragso
RHOST(2 )=RHOST(2 )+ RHCXRHORW oogl3aoag
AHOST(IIERHOST(I)I+W ' 00013250
IF (IWRTaLTs12) GO TOQ 170 . 00613300

C ®EEX8 QUTPUT INTERMEHNTATE QUANTITIES IN SUMMATILION PROCESS 00013350
AO=AR%RTOD ' } " 00413400
DD=OR&ERTOD : . . acg13450
WRITE (IDUT,250) I.Tlch1+J:).TB;FF.w.AD.oD.nEnva.DEavn.THETA.saunoocxasoo

14,RHO - -00Q13550

170 CONTINUE ' : gact3cce

C *e¥kE COMPUTE VECTCR OF DERIVATIVES AOQ, DO, Al Dls sen ) Q00613650
CTIME=1 40 00€137%400
00 1E0 J=2,N2.2 gCel13rso
DERIV(J=1 )=DEAVA*DTIME ' - 00g13800
DEREV{JICDERVORDTI ME - 00e1 2850
CTIME=DTIMEXTOIFF : Q0613940
IF (ICERaNE+1) GC TO 180 ’ Q0013550
IF {N2.GTel3) GO TQ 180 06C14090
SCOEF (J=1 + I+ JYV=CERIV({4=1) qge14¢c50
ECOEF{Js4+J1 )3DERIV( ) 00014100

180 CONTINUE : 00014150

C #4¥¥3 SUM WEIGHTED ALPHA AND RELTA CCEFFICIENT DERIVATIVES CROSS Qoul42q0

€ %5348 PRODUCTS INTO COEFFICIENT MATRIX (LOWERs LEFT, O#F-CIAGOKAL ©O0Gla2s50

C *kxdk* IS5 NOT SUMMED BECAUSE OF SYMMETRY) 00024300
CO0 260 Je1,N2 a6o14350
D0 3190 K=J.nN2 ) 0061a4G0
COEF{Jy K} =COEF (J K I+DERIV(KI*DER IV J ) i 00014450

190 CONTINUE | . G0014500

C ®&kxd SUM COEFFICIENTS IN VECTOR CONTAINING RIGHT SICE OF SIMULTANEQUSOOQLlAS50

C krdk* EQUATIONS 00014500
DRHOSQ(J)=0ORHCSU(J)+RHGRDERIVI J ) w GOEL4ES D

200 CONTINUE a0£ta70n
iF {BlASsEQexBIAS) GO0 TO 220 00814750

C *E%x COMPUTE ALL MATRIX ELEMENTS LEPEMDENT ON BIAS © £eg148Q90
00 210 J=1.N2 0O0C14850
COEF(J+IBIAS)=COEF{J+IBIAS)+DERIV(JIoN ) - Qo0elasgo

210 CONTINUE o 0GGCLASSG
COEF{IBIAS,IBIAS)=CUOEF(IHIAS ,LHIAS J4w gaetsqo0

C-75



ISN
L 5N
ISN
ISM

ISN

I SN

15N
ISN

1SN

ISN

ISN

013¢
0137
elz2s
ul4c

oray

o142

014C
Qla4

clag

Q14¢€

cray

CRHOSGIIBIAS)=0ORNOSA(IBIAS) +RHO¥Y

IF (JICERCEQe1) SCOEF{IBIAS,1J)=1.
220 COGNTINUE

RETURN

D0Q15CS0
0QCAS100
00C1£150
COGLE2Q0
goQls52%0

wekok g dok gtk kAR RNk Rk FORMAT STATEMENTS ddrkdadikdkkrkdsahtbann ek kkx00¢1£300

00012350

230 FORMAT {(1Xs/.1%,*SUBROUTINE COFSN — ATTITUDE EQUATICNS CUEFFICIENTO0015400

15 COMPUTATIONS FOR CLASS' 2 I2+" DATA %2/, 1 X"
2 TOLEE WELGHT ALPHA DELTA
IRVD THETA GAMMA RHOY 4/ 2 2XK)
240 FORMAT (1X."E1,2,3=",3F0+4," FaSV,S5w=";3IF8.4%,"
L1a% UIir2w3I=F 13T et ]
250 FORMAT (1X+1£,5F1244+5F12a8)

i TIME 00015450
DERW A DEQOGLESCO
apol&ss50

KHNUM s XDEN=* s 2ZFBa4C0&1 5400
00Q15650

COEL5760Q

260 FORMAT {1X,**¥%¥k%x THE ABSDLUTE VALUE DF ALPHA ANDAOR DELTA IS TOO0OJLl5730

I LARGE { =100000s0 RARIANS)?*)

00¢15800

270 FORMAT (1X,"wokied SIN{THETAI=U+0s DERLIVATIVES OF THETA wWeRaTe ALPCCCLISESO

1HA AKD DELTA ARE UNDEF INEDOY)

0QNGES900

200 FORMAT {1X,"#*xkkkx PSI I3 UNDEFINED. DERIVATIVES OF PEI neReTe ALPODOLSSS50

IHA AND DELTA ARE ALSO UNDEF INED®}
EnD

C-76
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ISN
1SN
15SH
1SN
1SN
15N
15N
15N
1SN

000%
20013
0004

0oGs

€Go6
I vy
occe
0CCs
oc10

COMPILER OPTIDNS — NAMES MAIN,GPT=00,LINECNT=60:51ZE=0000K,
SOURCE+ERCO[CsNOLIST s NODECKsLOAD JMAP ,NUECIT, {84 XREF

o0

SUBROUTINE BLK

DESCRIPTICHN

HLKI

KGNE
EXTERMAL REFER|

ABS

VARIABLES
NAME TYPE

CCEF R¥k4
1 14
J FE T
* NP 1*4

DET R¥4

1ERR %4

STOR1 R¥4
STOR2 . RE4
RL Lkl

REVISIONS

nnnnnnnnnnnnnnnnnnnnﬁnnnnnnﬂnnnnnnnr'-nnnnnnnnnnnnn‘nnnnﬁnnnnnnnnn

INV

CALLING SEGUENCE
CALL BLKINVACDEF L1 NP.DET 4 IERR, STCAL, STAR2,AL) *C0EQ0400

Q05060%0

ﬁt**ﬂttttit*t#**#i**tttt**ttt‘*###i‘*‘!‘*#it****it*..tit#t#‘iit*’#**t*#ﬂﬁ000100

*00000150
#L£08Q0Q20C
¥LOCCO250
*000003040
*C00LCIs0

*00000450
*#CCL00500
®COOACUES0

NV INYERTS A SYMETRIC BLOCK CIAGUNAL MATRIX *0L00Q&600

CLCMMON AREAS REFERENCED

ENCES

STORAGE REGUIREMENTS

170

1s0

TESTING

LSING A MAXINUM PIVOT STRATEGY *G0QO0LESC

*C06Q0T700
*000CO750
*C0CUCHOD
#COQUCESD
*00C0CI0€
*0000CS50
*00801000
*0GGUICSD
®godoiioo
*00001150
*00001200

1408 BYTES OF CORE STORAGE ' *00R01250

*006Q 300
®U0G0A350
*000Ci400

 DESCRIPTION *30001450

*=30Q413Cc0

SYMETRIC MATRIX CONTAINING *00a01850
BLOCK TO BE INVERTEDRs 0N RETURN*00001€090
COEF CONTAINS INVERTED BLOCK *00801£50
®xGOCarIQ0

STARTING ROw ANC COLUMN OF BLOCK*Q0QQO1750
TO BE INVERTED #ACOLQLEDC
*00Q01£30

STOPPIMG ROW ANMD CCLUMN OF BLOCK#0Q09015Q00
TD BE INVERTED *006CL550
*00C02000

S1Z2E OF SQUARE MATRIX CUEF ®O0GO2A50
{DIMENSIONED NP X NP) #008202100
i *#000G2150

VALUE OF TrE DETERMINANT *0Q0QQ2200
*Q0GU2250

ERRLCR CODE *00¢02300
=0, MNORMAL RETURN ®O00Q2AB0
=1, ZERO PIVOT ELEMENT, ®00002400
INVERSE CANMNCT 2 OBTAINED*00G02450

. *Q0C025Q0

WwORK ARRAY (SIZE OF NP OR LARGERI®COGQQ2E50
*00CA2600

WORK ARRAYISIZE CF NP OR LARGER)®OD0QQ2ES50
T *00&0274¢

WORK ARRAY{SIZE OF NP 0OR LARGER}I¥000027S5Q0
®Q0LOo2800

*00QAC2ES0

*00GC2900

is Je WHALEN (SUMMER 3972} = ORLGINAL CODE AND *00002%5a

*00Q003004¢
*0L603050
*Q0C02100

*t***1*##S***ﬁt#*t##***#t‘****#‘*t*!!!#**#‘t***#tt##*t*#;*#t*##it***ti*oﬂOOSlﬁﬂ

00€032400
0003250

SUBRCUTINE SLKINY (B:LO0sHl +NsDETLIERP4GeR) - 00003306

CIMEKSION B{h k) +PL{l]1ed0h)R{1)

LOGICALNY R

INTEGER HI

DET=1.

00 GO0 IELOsHL
100 F{l)=aTRUE.

DO 3160 1XLO4H]

BIG=0,

C-11

00QQ3350
¢Ug03400
CaCc0o3450
a3903%500
00903550
00003600
CCO0Q3ES0
oLgo3voo



1SN
1S58
15N
ISN
ISN
158
ISN
1SN
ISN
1SN
15N
ISN
ISN
ISN
SN
ISN
ISN
15N
Isn
I5N
1SN
ISM
ISN
I8N
TSN
1SN
ISM
ISN
ISN
ISN
1SN
ISN
ISN
I5N

aa11
001z
ag1s
acle
aC1€
oLy
a01Ee
goz¢
00Z1
00zz
acz:
0024
ao2¢
aga7
aoze
aops
¢03¢
go2z
003z
voze
0CTE
0037
0c3g
0cac
004l
o4z
coaz
0044
004E
0gac
aca?
LY
0045
0050

110

120

130
140
154
160

170

€O 110 J=LQWHI

IF ((eNCTaR{JI)IaCRe{ABSIBIJ, 1) )aLT=BIG)) GO TO 110
HIG=AaB5(A{JJ)})

K=

CONTINUE

CET=DET#B{K:K])

IF (BIGsEGeOa) G0 TO 170

R{K)=afFALSE e

FIK)=1a

"G{KI=1a/B(K+K)

B{K+KI=0a

IF (KeEQelLO) GU TO 130
M=K=1

0D 3120 JELD4 M
FlJ)=BL.dsK}
Gl{J)=B8lJsKIk0I{K)

IF (R{J)) CCJ)==0ULJ)
ElJsK)I=00

IF (KeECaHI1) GU TO 180
LE S )

CO 140 JeM,HI
FlJ)==B(KsJ)

IF (R(J)I) PLJY==P{J)
Qi) ==B{K+ JIBO{K)

ik asJ)=0,

CO 360 JELO.HI

D0 160 KEJ,HI
E{JeRK)I=BLJyKI+PLHIFQ{K])
BlKsJ)=BlJK)

1ER=0

RETURN

IER=]1

RETURN

END

C-78

oNee3vs0
00a03800
Q0003€ESBa
g0€¢3qao
4080350
Gu&canag
Geio4csa
00604200
a0aga159Q
00604209
00004250
Q4c0az4a0
060043280
00004400
Gooa4450
00004800
066045580
004003800
Qd6a46590
Q56004700
990004750
40404860
00004£50
03608500
COG0ASS0
00805000
0Qe05050
caeagloc
Q0008150
40505204
CUgQs250
840005300
6Q00sas0
006035400



CONPILER OPTIONS — NAME=

SUBROUTINE GSTAT1

CALLING SEGUENCE

. DESCRIPTICN

VARIABLES
NAME TYPE
AlLP R%ka
ALPBND R¥4
ALPCUM T TEA
DEL R#*4
DELBND R¥4
DELCUM A%q
ARGCUM £
TIMEL Rits
AXIS1 EETY
ANGE R#4
WGHTL Ru4
IFRSTL ixa

O AN O AN O N OGN OO AN OO N DD ROONRANDANAMO nonNoaoanhaonaon ﬂ.ﬂ NannNnnNooaonmoaonNAana;

EXTERNAL REFERENM.ES

STORAGE REGUIREMENTS

MAIN,GPT=01.LINECNT=60.31ZE=0000K,
SOURCE +EBCDIC+NOLIST s NOCECK s LOAD sMAP 4 NOEDLT, LD, XREF

CALL GSTATI{ALP 1ALFBND + ALPCUM s DEL 4 DELBND y DELCUM

ARGCUMs TIMEL sAXISE+ANGLAWGHTL, IFRSTL,
NTYPEL « ETAS1,8BND1 »RHOST1,HHQY »CALCL .
SCOEFL s TIME24AXIS2+ANGZWGhT2,.IFRST 2,
NTYPE2 .BIAS2 HAND2s RHRST2 4 RHOZ2 s CALC 2
SCOEFR2s AVGRHO. COEF » DRHAOSQs CHNG ¢ STOR
STUORZsALPR+DELRISTYPELSTYPE2.8TYPE,
RL . WORK+B11CUM)

COMMON AREAS REFERENCED

1/0

170

FLAGG+GCNI »GDCON

C-79

GSTAT1l STORES CUMULATIVE ITERATION RESULTS FOR
DISPFLAYING AND PERFOAMS RESIDUAL EDRITING ON THE DATA*00001050

ABSsCHECK« INCOREsFTSIZE

S400 BYTES OF CORE STORAGE

DESCRIPTICN
A PRIGRAI POLYNOMIAL COEFFI-
CIENTS FOR RIGHT ASCENSION,
iN DEGREES

CONVERGENGCZ EQUNOS FOR ALFP,
IN QDEGREES

CUMULATIVE RESULYS FOR ALP{1)
A PRIUORI POLYNCMIAL COEFFI-
CLENTS FUR DECLINATION, IN
LCEGREES

CONVERGENCE BUUNDS FGR DEL,
IN CEGRESS ’

CUMULATIVE RESULTS FuA OEL(Z)

ITERATION INDICATOR FOR VALUES
IN ALFCUMs AND DELCUM

REFERENCE TIMES FOR CLASS 1§
{CONE ANGLE) LCATA

Qaedoese

Mkl ke kg kR kg dgch ok RR bRk Rk Rk ok kR kSRS R PR KRRy ok kR kAR Q0 0G0100

*00G0G150
*GGO00200
*gaggo2sa
*00Q00300
*0000035¢
*00QQ00400
*0Q600450
*00400500
*GOGC0S50
*G0CC0600
00000650
*00000700
*0000075¢C
*00CACR0D
*00000ESO
*COEECS0C
*0080A5E]
*000401000

*00003100
*00401150
*00001200Q
500001250
s00ed13a0
200001350
*06CC01400
200001450
*0000160¢
*0000155¢
H0000LEDG
*00001E50
*00001700
*$QGC175G
*00601800

_*00001E56

*0QGotaG0
*00golsso
*00g02000Q

| *00002C50

*0QC0R8 00
*QQO00ZLlS0
*00Q02200
*00002230
#$00Q02300
*G00023%8¢
*C0C02400
00602450
*00Q02500
*30002550
*00002400
*®00002€E50

- *¥Q0Q0270¢

*30002%189
*0000280Q
*00QGRESO
*004C2900
#00002550
00003000
*00QcA050
A*00ccAL00

REFEREHCE UNIT VECTORS FOR CLASS*(Q@G2150
L{DIMENSIONED 3I¥NUMBER OF CLASS *00£0320¢

1 OBSERVATIONS)

CLASS 1 {CONE ANGLE) CBSERVA-~
TIONSe IN DEGREES

CLASS 1 WEIGHTS

FOINTERS [NOICATING STARTING
POSITIONS FUR EACH TYPE AQF
CLASS 1 CATA IN THE ARRAYS
TIMEL JAKISL-ANGL.WGHTL

*¥00003280
*Q0Q03300
200003350
*00003400
*00403450
*00503500
*00QC3550
200063600
*00003E50
®00(C3TGAO
*00Q002750



anAMnRoAanOOnRNNaOOoDnNNooONIOoOcANOOTANNNNOONRNONDNNNDNO R A e N A R M Ha e RN a N e N e N R s R Ne NN S

NTYPEL

8IASL

BENDL

RHOSTL

KHO1

CALC]

SCOEFL

TIME2

AXIS2

ANG2
neHT2

IFR3T2

NTYPEZR

BIASE

BEND2

RHOSTZ2

T4

R¥4

R=4

Ritd

Aang

FETY

R*4

R%4

TS

R4

Ay

I44

I%4

Red

Fdeh

g

1/0

C-80

*00003800

NUMEER UCF OBSERVATICNS OF EaCH #00003850

TYPE GF CLASS 1 DAYA

*004ac3900
*000C3550

ESSENTIAL ESTIMATE DF BIASES FOR%0QG04Q00

EACH TYPE OF CLASS 4 LDATA

CONVERGENCE SOUNDS FOR EBIASY

ELEMENTS

*00004CEG
*006041040
(0OQQ4L5D
®O0OCDARGO
*#00GC042€0

CLASS 1 STATISYLICS DEF INED AS *00CCa300

HHOST1(Ll+1)
RHOST 2251}
FHOST1(3s 1}

REOST{4412

REOST1{S+ 1}

RESIDUALS FLR CLASS 1 DATA
DEF INED AS QBSERVED RINLS

CALCULATED

WELGHFTER SUM OF #0Q004350
ANGLE RESICUALS *006G04400
FOR TYPE 1 DATA %00004450
WEIGRTED SuM DF *0QQGD4ER0
SGUARES OF AWGLE®GOO004550
RESIBUALS FQR #C0RCHE00
TYPE 1 TATA *000604€3Q
SuUM OF wEIGHTS ™00Goa100
FOR TYPE I DATA *40004750
MEAN RESIDUAL *0GOCATAQ
FOR TYPE I DATA *00004774Q
STGe CEVIATIDON #®00¢0ATEC
FOR TYRE I DATA *0CQQA790
#00€C4800
KCCOCHESD
*00C0A900
00504550
*#00€C5000

CALCULATEL ANGLES FOR CLASS 1 ®0O0608450

DATA

#00005100
x00H0%150

DERIVATIVES OF LLASS 1 ANGLES ®QQB0RZ00

WITH RESPECT TG STATE VECTOR

ELEMENTS

*0QCQE250
*00€0sS300
*00£02350

REFERENCE TIMES FUR CLASS 2 *Q0CCS 400
DIHEDRAL ANGLE s

DATA *00005450
#00GOER0D

REFERENCE VECTORS FOR CLASS 2~ #%000(6850

DATA (DIMENSIUONED & * NUMBER
OF OBSERVATIGNS.

*QOB0S600

THE I TH *0005€650

DIMEDRAL ANGLE IS5 MEASURED FROM %Q0005700

VECTOR{(L.1)s{E+T)s¢2e 1)) TO
VECTOR{ (&, 1):(8.1)4(C 1))

CLASS 2 ANGLES.

WEIGHTS FOR CLASS 2 DATA

POINTERS INDICATING STARTING
POSITIONS FOR EACH TYPE OF CLASS*0Q00CE150

#0000575Q
*00Q0SA00
*A0QCHESO
®COCLCS%00
*0000565¢C
*QCEQBQ00Q
#00C08050
#008C6100

IN DEGREES

2 EATA IN ThE ARRAYS TIMEZ2, *00CCE200

AXIS2,ANG2sHGHTZ2

*00Q06250
*GOLOE300

NUMBER OF GBSERVATICNS OF EACH #0000€E250

TYPE OF CLASS 2 DATA

ESSENTEAL ESTIMATE OF BIASES

*00006400
*00Q0E450
*00CO620C

FOR EACH TYPE OF CLASS 2 DATA ®00QC6550

CONVERGENCE 80UNCS FOR BIAS2
LELEMENTS ’

*0C006600Q
*Q0Q0ES50
*00e06T00
*L0CO0STS0

CLASS 2 STATISTICS CEFINED AS ROQQQELCC

RAHOST2(1 .11}

RHOST2{2.1)

RHOST2(3.1)

RHOSTZ2(4+1)

WEIGHTED SuM OF W0O0LO0GESD
ANGLE RESIDUALS %0CEB0O6%00
FOR TYPRE I DATA *D0006550
WEIGHYED SuMS OF#0QQLToO0
SQUARES OF ANGLE*QO0GCT?CHO
RESICUALS FOR *00L07100
TYPE 1 DATA #00Q007150
SuM OF WEIGHTS *00407200
FOR TYPE 1 DATA 00007250
MEAM RESIDUAL a00007260
FOR TYPE I DATA *000Q07270



O AN NN OO AN OO AN ANCROOAOONTTO 0N aonNNnNocanNNoDOarNOnNnNTNNNNONAco0O0ANDNANANOADO0N

RHD2

CALC2

SCOEF2

AVYGRKO

COEF

DRHOSOQ

ChNG

STORL
STOR2

ALPR
DELR

STYPEL
STYRER
BTYPE
RL
wORK

HI1CUM

COMMCN
MAME
10uUT
NCLASY

NCLAS2

ITHWT

toc

SMULT

ISTEP

Fika

Rt4

R4

R*4

A%xq

R&d4

R¥%4

R¥4
REa

Aeg
REA

R¥4
R%gq
I%s
Lal
LEL)

=eg

AREA VARIABLES USED IN

TYPE

%4

%4

Tka

I%4

I1*4

R4

1+4

ORIGIN

GEn

GONE

GCNE

GCNY

GONL

GONL

GChM

C-81

RROST2{5,1} - STH. DEVIATION
. FOR TYPE 1 DATA

RESIDUALS FOR CLASS 2 CATA
DEFINED AS OBSERVED MINuS
COMFUTED

CALCULATED ANGLES FOR CLASS 2
DATA

DER IVAT [VES OF CLASS 2 ANGLES
WITH RESPECT TO STATE VECTOR

ELEMENTS |

USEER TO STORE AVERAGE RESIDUAL
MAGNITUDE

ARRAY USED FOR CCEFFICIENT
COVARIANCEs AMD CORRELATICN
MATRICIES

WORK ARRAY(DIMENSIONED 132)
WORK ARRAY USEC TO STORE THE
UPLATES TU THE STATE VECTOR
AFTER EACH ITERATICN

WORK ARRAY (DLMENSIGNED 13)
WORK ARRAY{DIMENS {GNED 12)

RIGHT ASCENSION{ALP) CCEFFI-
CIENTS: IN RADIANS

DELCINATIONIDEL) COEFFICIENTS
I[N RADREANS

ALPHA-NUMERIC WORK ARKAY
ALPHA=NUMERIC WCRK ARKAY

WORK ARRAY (DIMENSIONED 132)

WDRK ARRAY (DIMENSICNED 13}

WORK ARRAY(DIMERSIONED 13)
ALPHA~NUMERIC WORK ARRAY USED TO
S5TORE CUMULATIVE BIASES FOR
DISPLAY

ROUT INE

DESCRIPTION

FURTRAN LDEVICE UNIT FUR SPECH-
FIEQ LUTPUT

NUMBER OF CLASS 1 DATA TYPES
NUMEER OF CLASS 2 CATA TYPES

INTERMELGIATE PRINTOLT LEVEL
INGICATUR(SEE REFERENCES § £ 2
FOR VARIOUS LEVELS)

RESIOUAL STORAGE INDICATOR
=0s DD NQYT STORE RESIOUALS
=1+ STORE RESIUUVALS FOR

DISPLAY ANL PLOTTING

HRESIDUAL ECIT CRITERIAW{THE
WETGHTS GF ANGLES whiSE MAGNLI—

*00Q07280
#00GQ7290
*00807300
*00007350
*00007400
00GOTASO
#006GCT500
*Q06C7550
#004CTE00
¥00QUTEST
*004d077400
*00G07750
¥00GCTEOG
®00Q0785Q
*00C07900
*00007950
*00G0B000
%0CO08C50
*00QGB100
*006CE150
*00008200
*306CB250
*00008300
*00008350
*00Q0E400
*00GCEA50
WCOECESAD
®00QCASS 0
*0GECEE0D
*QUOUEESO
O0QGCETOG
2000CETS0
*G0COBBOO
*COGCEESD
£C0608%00
*®00CCESHD
*00G0%000
*00COSCS5Q
*a0acsiaQ
®00Q0515C
00009200
RCOOU9250
200009300
*30009350
#0000540C0
*004 09450
400009800
*G0609E30
*00CCSE0D
*G0AGSE50
ROOCOS TG0
®U00CIT50
*00COS800
XGCUCSESD
A0GGCT500
HOCOOSSEC
*00C10600
*0GC1GC30
*00GA014G0
*J0Q301=Q
*00010200
*QUQN 0250
*00CEQ200
*00010350

‘#00010400

*00010450
ACOEAGSOD
*00910550
*00010£0¢
*00010659Q
A00Q10700
*CCel0750
*30CA1CE0

TUDE OF RESICUAL IS GREATER THANQGCLCESQ

SMULT*( AVERAGE 0OF RESIDUAL MAG=
NITUGE) IS ST TQ THE NEGATIVE
aF THE RESINUAL

CURRENT 1TERATICN [NGICATOR

*CCglogqo
*0GE10650
*0CG11000
*®30011050
T3 8 NN



IsN

i5N

15N
ISN
ISN
ISH
ISHN

ISN
15N
1S
I5N
ISN
ISN
1SN
15N
ISN
15N
SN
ISN
I8N
ISN

6002

9002

QoA
oces
OLCE
jelelvirg
QCCE

0LCS
aoic
cgoll
GO1E
0012
[+213. 33
og1e
0Cc17
a1
acls
QCZC
0ozl
QQez
GozE

AAaMOOOMNOANAOONOAOON0OODNNA Ao OoONOAN

(g N el

100

AVG x4 GUNL

DATA TRANSMISSTON
NAME READ/ SR ITEZCPODINT

FT1XXFAQ1 WwRITE

GSTATA contnT
GETATA CPOINT
REFERENCES

le LaReSCHLEGELY

*00G11150
RESIOUAL EOLY BOUNG(I<E+y AVERAGE®C0011200
RESIDUAL FOR CLASS 1 AND CLASS 2%000112%0
CATA) *00QtTA060
¥000K3350

*00011400

*00011450

DESCRIPTION *00011800
#00011550

INTERMEDIATE PRINTOUT,» wHERE *000216090
XX = 10Ut *0Q0L11E80
*00811700

CUMULATIVE STATE VECTOR DISPLAY ®0CC011750
*00¢11800

RESIDUAL EDIT CATA DLISFLAY *C0CL1E%0
*00e11900

*00611550

*00812000

CCMES AN ITERATIVE DIFFERENTIAL 200012056

CORRECTION TECHNIQUE FORK ATTITUDE BETERMINATION ®0041230Q

of A SPINNING
CONTRACT NAS

2e SURVEY AND EV
TECHNIGUES, I
NAS 5-1Q022,

REVISEONS
Le Jes WHALEN . (5U
TESTING

2. Les FEAKES {13

SATELLITE, IBM F3C REPGRT. 200012150

5-10022, MAY 1697 «0p01 2200
#0093 2250

ALUATICN OF ATTITUCE DETERMINATION *QO0R2I0C
ow £SO AEPORT TR=68—8: CONTRACT agoe12350
MAY 1568, PPe 4-184 TG 4-24 *00412400
*00031 2450

*0061 2500

MMER 19721 = GRIGINAL CODE AND *QQ41R2ES50
b3 001 2600

*¥000L2650

JULY 1973) — MODIFICATIONS TO 00612700

LDGIC TU ALLGOW FOR BETTER DLISPLAY OF CUMULATIVE %Q0Q12150

I1TERATION RES
0OF RESIDUAL E
NEGATIVE WEIG
OF THE SYSTEM

SUBROUTINE GSTATL (ALPALPEND.

ULTS AND ALTERATICN OF LGOGIC OF *qpél2ean
DITING FROM ZERQ WEIGRTS Tu RO0012E50
HTS TO ALLOW FOR REINITIALLZATLON *00812900
*00012950
*GQoCl 3000
*CCA1 3050

tttﬂﬂ’#&#i*##ﬂ*&*t*t#*t##*&#‘#t#*##!kt#*t*#Bt#*‘10&#*i#*ti**tv*#l#***#‘ooﬂl3100

ALPCUM o DEL s DELBND +CELCUMy ARGCUM L TINEOGQL 3150

!1|AXISI.AN61.hGHYI.IFRSTl,NT¥PE!|BIASIgBBth.RHCST!.RHUI-CALCI.SCOOOOIEZOO
SEFL . TIMEZ s AXIS2+ANG2 sWGHT2 IFRST2+NTYPEZHJBIAS2, BEND2 s RRGSTRSRHOZC000L 3250
EALC2cSCGEFZ-AVGRHD'COEF-DRHOSQ-CHNG-STURtuSTDHE.ALPH.GELR.STYPEI-SOO&!EEOO

4
1
2
3
4
S
&
T

1

TYPEZ 1DTYPE,RL $ 0ORK B130UM)

COMBINED RESIDUAL EDITTING, €U
COMBLINED RESIDUAL EDLTTING. CU
AND PRINTING CF DERIVATIVES IN

00013350
MULATIVE DISPLAYS GF ALP(L) AND PEECCCL3A00
MULATIVE DISPLAYS OF ALF(1)} AND DELOOQL3IASC
SCOEF1 AMD SCJIEFZe 0ROl 3500

CIMENSION ALPU1) +ALPENDCL ) s ALPCUMIL) sOFL (1) 2 DELEND{ 1) DELCUM{L ), COGl 3E50

ARGCUNIL)+TEMELLL ) A
IFASTLLL ) s NTYPEL(L )
RHG1{1)CALCLIN) o SCO
ANGR(11s¥WGHTZ{1)+LFR
RHASTE{3+1 ) «RHO2{1)

EIST{3s1 ) s ANGLLL ) WGHTLIL ], 004813€00
BIAS1{1)+BBNOL{L)+RHOSTI{3s1)» COeL2ES0
EFL{NP.K)+TIME2(L}+AXISZ(Es1i )y Q0a13790
ST2(1) NTYPE2(L ). EIAS2{1),BBND2(1Js 00OCLITE0
CALC2(1)+5COEFZ{NP+1)+AVGRHO{244)s OCP13Z800

COEF (NP« NP} s DRHOSQ{NP) ¢ CHNGINP) + STORLI{NP ) +STORZUINP Y, Q00013850

ALPR{L) sDELR(1} » STYPEL{1) 5T
INTEGER®S BTYPECORNINJCORMAX,
FEALKE BLANKS BLICUMIS21) 4DUM
OATA BLANKG/® s
LOGGECAL®L RL
COMMON/GENL Z LTUT e NCLAS]E e NCLASZE

YPEZ(L J«BTYPE{L) pRL(L}, WORK{1) 00013900
ARGLUM 0Qd1 3950
MY{5) dDUMMYL (5} 000L 4000
006340590
QQe14AL00
sNCOF 4 MAXLT, IWRT, TZERG, IQC ICALC, Qaol4alsce

IDER) SMULT o NP o IWHERE + ISTEP ISTOP» IRET+ ESTAT, 0ool4a200

CCRMIN 1 CORMAX
COMMON /FLAGGS FLAGWTEST
COMMCN/GDCGNS AVG

LATA TRLAG/9999999/
NE=NCOF*2

IF (ISTEP+GTs1) GO TG 160
DO 100 15145

£o 10U Je1,21

B11CUMITJ }=BLANKE
CONTINUE

ARGCUM(1)}=0
ALPCUM(1)=ALP(1)
DRLCUMIL)I=DELLD}

k=0,

IF (NCLAS1aLE«O) 60 TO 120

C-82

0GGl4A280
CO0t14360
00014250
00514400
00814454
QoglaAE0D
Qoc1asSo
00614400
0001 4&50
QO0gL4700
QOG1 4750
aac14a8C4
008t AES0
{13 -
QQe14550



15N
15N
isn
ISN
ISN
15N
I SN
I5N
IS8
15N
1SN
I SN
ISN
15N

ISN -

ISK
15N
=LY
ISN
1SN
ISN
15N
15N
1SN
SN
1SN
ISN
“I5N
1SN
ISN
1SN
15i
ISN
I5N
1SN
ISN
Ism
L
ISN

1SN’

ISN
T
1SN
15N
1SN
1SN
T&N
15N
LSN
I5N
1SN
I8N
ISN
ISN
1SN
I5N

ISN.

ISN
1SM
L3N
ISN

CESN
15N
1SN
1SN
IsN
15N
15N
15N
1SN

I5N-

15N

T ISN.

1SN
15N
I5N
1SN

0g2%
agze
CogéE
0czs
Q02¢
0031
Qo322
Q024
QL3¢
[k
agze
aQzs
0caL
Ogaz
Qoaz
G044
GCac
goazv
opae
004S
GCEC
Cosl
Q0% 2
QoS4
[lg-14
acs?
C05E
LcES
Ccael
COoEz
DoLq
GCES
QoEE
goe?
g9CES
9e7¢C
GCc71
[Es ]
G732
0CTa
ao75
g07E
qcTe
LTS
acec
acel
ace2
0OEZ
aceq
[ried-3.
COE?
o0as

casc

[ §

tcs2 -

200932
COGE
005 &
0C9e
cCss
0100
ailo1l
c10=
0104
01QE
0I0E
c1C?
[+] 153
arra
o111
g112
0122
c1xa
O1L€

o117

9118

Ck2¢C

10

120

130

140

150

160

170
180

190

2ca

21490

4]

230
240

2540
2&é0

270

2890

290
00

Do 110 I=1,NCLASY

IF (BIAS1UI).EQ.TFLAG) 5O Ta 110
K=K+l i
CUMMY(RKI=BTIASI(I)

CONTINUE

IF (NCLAS2sLE.D}) GO TO t40

0G 13¢ T=1,NCLAS2

IF (BIAS2{1}aECTFLAG) GO TO 1320
K=K+1

CUMMY{K)}=BIASZ(I1}

CONTINUE

IF {(KeLEaQ) GO TIC 160

CALL INCORE (DUMMY j0UMMY1 ol5.K4B,3)
DO 150 I=1,5
EL11CUM(I s L i=DuUMMYL (]I}

II=1ETEP+]

IF (11.,6T«21) GO TO 220
ARGCUM(I1)}=1S8TEP

ALPCUMLLIE Y=ALPLL )+ CHMNGIL)
CELCUM{TEI=DELLL J+CHNGL2)

K=0

IF (NCLAS14LE«0J) GG TU 180

00 170 t=1,NCLAS]

T IF (ETASL{1),EGeYFLAG) GU TO L70

K=K+l
DUMMY(KI=BIASLCI ) +CHNG{NZ+K}
CONTINUE

IF {NGLAS2.LE.0} GO TQ 240

DO 190 Ix1,NCLAS2

1IF (BIAS2{1)eEGeTFLAG) GO TO 190
K=K+ .
DUMMY{K)I=BIAS2{ L J+CHNG (N2+K]
CDNT INUE L

IF (KalE&@) GG TO 200

CALL INCORE {(DUMMY ;DUMMYL315.K.B84:3)
TO 210 I*1,k
BYICUMI{TT1)=OUMMYS(T)

GO0 TO 300

CO 240 i=2.21

ARGCUMI I=1)=ARGCUM(])
ALPCUM{I—L)=ALRCUM(I}

IF tKeLE+D) GU TOQ 240

00 230 J=1.K
BLICUN{Js I=1 )32 0C UMY, I}
CONTLNUE

ARGCUM{23)=[STEF

ALPCUM(21 1=ALF{L)+CHNG(L )
CELCUM{Z21 }=DELIL)+CHNG(2)

£=0 :

IF (NCLASI+LEWO) GG TO 260

DO 250 I%1.NCLASY

IF (BIASE(I)4EQaTFLAG) GO TO 250
K=K+ )

OUMNY (K}=B1AS1 (1) +CHNGINZ+K)
CONTINUE ' b

IF (NCLAS2+LEW0) GO TO 280

L0 270 I=1.HCLAS2

IF (BIAS2(1)+EQsTFLAGY GO TO 270
K=K+1

DUMMY (K)SBIAS2{ 1) +CHNG (N2 +K}
CONTINUE

IF [KeLFaQ) GC TG 3200

CALL INCORE (DUMMY ,DUMMY] +15,K, 8,3}
EQ 290 1x1.K
B11CUM(T 4212 =DUMKYL{E}

ISZE=1}

IF (ISZEaGTe%1) ISZE=21

CALL PTSIZE {ISZE . ALPCUM,DEL CUM.ARGCUM)
CALL PYSIZE (105,811CUM) )
CALL CHECGCK (*GSTATA'}

CALL PYSLZE (21+ALPCUM,DELCUM,ARGCUM)
AVG=040

If (1O0CLNEL1} GO TO 4740
ACLAS=NCLASY

DO 320 (53,2

IF (1.EQu2) NCLAS=NCLASE

IF (NCLAS.LE.0) GO TG 320

C-83

00515000
00018058
0015100
a0Q1E35G
tagl=z04
g0o1E250
00Q15300
00915380
G04LE400
00915450
GO0g1S80¢
00015550
00015600
0CU15£50
00EA5700
00915750
00015800
00Q15£50
cO0915%00
cog159%50
COEN65Q0
00036050
00G1€6100
gOQLELS50
00G16200
00Q16250
00816300
COCLE350
GOglEd 0D
0001€450
GO0G16500
00016550
£0G1&600
CCGYEESD
0GLEETOC
Q00Y6750
©CL16800
a0gr6ESY
aogl1 6960
00DLES50
000170060
0Ge1TASQ
Q0GR TEIO0
GOCL7150
00g17200
000l 7250
00017300
Q0617350
00C17400
gog1L7450
a0e17200
00817550
0CE17600
000L7ESQ
00817700
0aaL778g
B0Q17800
00g17ESD
00617900
I3 R L-17)
00028000
oCE38050
LEeES X3 314}
0Ce18150
cgoleaog
00U1Ea50
ooolr 8300
08018350
0018400
00018450
00018500
00o1E550
00818600
00018650
CCE1ETAO
00918750 -
00518800



1SN
ISN
ISN
1SN
1SN
15N
158N
ISM
1SN
15N
ISN
1SN
1SN
15N
ISN
1SN
ISN
ISN
ISN
1SN
isN
isM
1SN
1SN
LSN
158
1SN
15N
ISN
ISN
ISN
1SN

IsN
TSN
ISN
15N
15N
135N
1SM
IS
I5N
15N
ISN
1SN
ISN
ISN
ISN
1SN
ISN
ISN
15m
15N
ISH
ISN
15N
ISN
1SN
15N
ISN
ESN
1SN
ESN

15N
ISN
ISN
ISN
15N
15N
1SN
ISN
ISN
1SN
1SN

arzé
olaz
c124
01z%
a12¢€
9123
q125
012C
c1z1
g1z
Q1232
a13¢€
[V.ch
CY2E
aais
a%k40
0242
gLa4
Cl1&E
arac
C14E
G145
015¢
¢1<1
Q152
a154
[*§ §.14
c1s?
03cE
[+§ 13
o161
4§ 3

G1€4
g1eg
Q167
[+h 1.3
QL7C
€171
LT
cL74
017¢
o177
q17rE
1} §-1%

01EZ2’

g1e2
ClEA
QLES
[*h §:3-]
Q1088
c1go
0161
08532
Gyc4
0ise
[+ B3
ags’y
€15%
0zl
QZ0QZ
g20o3
GEOA

0206
QFCE
Q209
0210
0211
gg1Z
Qzi14
F-3 3
aZ2%¢&
4217
QElE

13N 4]

3to0
290

330

3449
3540

360

370

3go0

3¢
400

410
4240

430
480

A5G
46¢Q
470

480
490

500
5190

CG 310 J=1+NCLAS

AVGRHO(I+J}=00

CONTINUE

NLM=0

NSET=0

IF (NCLAS1aLE«Q) GO TO 350

CO 340 Ix].NCLASL

JLI=IFRSTI(I)

KN=NTYPEI(I)+J1=1

00 3340 J=JilsN

IF (TIMEL(J}sEQTFLAG) GO FO 330

IF (WGHT1(J}+LTede ) GO TG 330
AVGRAGD{R 2L I ~AVORADIE v i 3 ADSIRACIG )
AUM=NUM+1

CONT INUE

IF {NUMuNELU) AYGRHO(E »I)=AVGRHCG(L s I}/NUM
IF {AUMehNE+0) NSET=NSET+E

CONT INUE

NUM=0

IF (NCLASZ24LE«O} GO TO 380

CO 3706 I=1,NCLASZ

J1=IFRSTZ(I)

N=NTYPE2{]1)+J1~-1

DO 3E0 JEHL N

IE (VTIME2{J] «EC+TFLAG) GO TO 3EQ

IF (WGHTZ21{J) el Ta0ad} GO TO 360
AVGRAOI2, 1 }=AVGRHO{Z2-1 }AES{RHB2LJ))
FUM=NUM4EL

CONTINUE

IF {hUMaNEeO) AYGRHG{Z2,I)=AVGRHO(Z:1 )/ NUM
IF {hUMNE4O) NSET=NSET+1

LONT I NUE

FRESIDUAL EDITINGe

SUMAV=0,.

IF (NCLAS1aLE«0) GO TU 400

OO 390 Je1sNCLASL

IF (IWRT.GTa20) WHITE (LOUT,530) JyAVGRAO(L.J)
SLUMA V=SUMA V+ANGRHO (1,41

IF (NCLAS2eLEeQ) GO TO 429

DO 410 Js1 . NCLASZ

IF {IWRTeGT+20} WRITE (I10UT+340) JsAVGRHOL2:J}
SUMA VESUMA V+ AVGRAD (24 )

AVG=SUMAN/KSET

IF (TWRTLGT»20) WRITE (1OUT 550} AVG.SUMAV,SMULT
1F (NCLAS1.i FE¢0sOR+SMULTSLESD} GO TO 440

DO 430 It1.NCLASL

J1=LFRSTL(I)

A=NTYFELLE ) +J1=1

DU 420 J=J1aN

IF (ADS(RHOL(J})eGTaSMULTHAVG) WGHTL(J)=—WGHTL{J)
IF (IWRT«GT+21) WRITE (10UT560) J.RA0L(J)
CONTINUE

IF {(NCLASZ24LE+OuOR+SMULTWLE«O) GC TO 460

PO 450 I&),NCLASZ

J1=IFRST2(1I)

KRENTYPEZ2(I2+J1-1)

CO 450 J=J1sN

IF (ABS(RHOZ(J) 1 aGTaSMULTHAVG) WGHT2(J)=—WGHTZ(J)
IF (EWRTaGTeZ1l) WRITE {LOUT.570) J.RrO2(J)
CONT LNUE

CONTINUE

CONTINUR

IF (IDERaNEs1) GO TO 520

wRI{TE OQUT THE DERIVATIVES LF COMPUTED

THE GCONESR EDITING OPTIQN CAN BE ACDED AT THIS POINT IF OESIRED.

IF (NCLAS1.LE+Q) GO TO 490

CD 480 I=1.NCLASL

JI=IFRSTIC(I)

N=NTYPEL{1}+J1=~1

BRITE (1QUT+380) (SCOGEFL{L+ ) J=J14N)
IF (NCLAS2.LE.Q) GO TQ 510

00 SO0 Iel.NCLASZ

J1=IFRST2(I)

M=NTYPE24I)+.Ji-1

WRITE (l1QUT,S80) (SCOEFZ(24+J)+J=J5 N}
CONYINUE

C-84

COQ1EESO
00618900
COQ1BSEHO
000194900
¢Le194650
0019100
00GLILS0
goalgzua
Q0819250
f0cx930c0
€0Q19350
0cQi 9400

nNANeEnACH
BULaSSEY

00019500
COC1L5S50
000l 9800
G0e1SE50
GOQLG 700
00eL5 750
0061800
D0BLYESO
00019900
00019550
c0c20000
00GR20CS0
Q0e20100
GOCR0150
00620200
00020250
00020300
00020350
20620400
00L20450
Q0020500
00020550
COGZOEDD
a00P0ES0
Q002€700
A0C20750
40020800
40020850
00C¢20300
00g2cs50
00621000
€o621080
00021100
00021150
00G2120¢
G0BRY RS0
06621 300
one21 380
Q0023400
00821450
00Gc2i260
00921 8550
0Qe21 600
COCRLESD
gog21700
QCco2L750
Qogzl 800
00021 €50
96€21906
00021550
o06E22000
Q022050
00022100
O0GERE50
Q022200
Cog22250
cog22300
Q0g22380
00022400
00G22450
0OU22500
00622550
00C22600
00022680
00622740



ISN
1SN
1SN

15N
15N
ISN
1SN
15N

I&N-

ISN

0219
0220
Q%21

o222
o222
o224
Q2%
CRZ¢E
C227
022¢

S0

530

554
%60
570
Sac

CONTINUE :
CALL CHECK (*GSTAT1')

RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
ECRMAT
END

‘Lo

(&4
[
{*
{*
i

AYGRHO(L »* 411 +%)= 1,F13+58)

AVGRHOLZ+"1y11+%) = *,F10.5)

AVG = *,Fl0a5," SUMAV = % ,Fl0e5," SMULT = "aF10,8)
RHOL(* 3154 %}= *4Fl0s5)

AMC2(" 2153 %)= *,4,F10.5)

*y30E1244)
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Q4Gc22750
ao0Q22800
00022850
0022900
0oG225%0
Coe23000
0CC2305¢
00e23100
ag02316¢
Qugza2z00
oco232%0



COMPILER GATIONS = NAME= MAINMOPT=01,LINECKNT=6051ZE=0C00K,

=

SOURCE EBCALEyNOLIST ¢ NODECK 1 LOAD » MAP ¢ NOED LT ID « XREF
gggacase

CAtr ek kst G BN A A Goh B A S A R R S RN PO SRR S SRR RERSN00000000

cooOoOnNODOhaADANODANORB OGN NBoNNaANONNORNOO 0NN Ao ONNNODOoORN OO OoONNONN0

Bnagooo0l 5o

&CCL0C2040

SLBROJTINE FINALEZ AL0000250
. *000d0300

CALLING SEQUENCE *00000350
*L0000a00

CALL FINAL2(GWORKD 4ALPWOEL»AL+DIBIASIELIASLBIAS2I4%000GC4S0

BIAS2 s RHOST 1 sRHOST24NTYPEL NTYPE2.NCOF» #00QC0500

TALLOCOVARCNCY ®COGLEORRA

‘ *C00G0&00

DESCRLPTICN #00CCO650
*0aece7o0

FINALZ CONVERTS ThE INITIAL AND CURRENT [TERATION  %QGCAOGT50

VALUES OF ThHE STATF VECYOR INTO ALPHA=NUMERIC *0Q0G080Q0
CHARACTERS FOR THE SUMMARY DISFLAY #AGBCCESD

: 2008C0$00

COMMON ARSAS REFERENCED *00000550
*000aL000

' NONE *00001050
#00C01100

EXTEANAL REFEREMCES *C00018S0
*00¢01200

INCORE s PTSIZE+ SORT #0G00l1250

: *#00003 200

STORAGE REGUIREMENTS *000012540
*QQC0RAQD

4224 BYTES OF CORE STORAGE *00001480

*0000150C

VARIABLES WO0R01550
#00001£00

NAME 1T¥PE . iI/D DESCRIPTION 400001650
: *00Ca1700
GUWORKO LT G WORK ARRAY WHERE ALFFA=RNUMERIC *000061750

EQUIVALENTS OF PREVICUS AND CUR-%0040LB00
RENT VALUES OF THE STATE VECTOR *00Q01E£50

ARE STORED ®*0Q04G 900

. *3000LS 20

ALP A%a i RIGHT ASCENSION PGLYNGMIAL CGEF=200E02000
' FICIENTSs IN DEGREES *Q0802G¢50
*00CU2100

DEL R¥a I DECLINATION POLYNOMIAL CUEFFI- 00602150
CIENTS. IN DEGREES *00002200

x00002250

Al RA*4q I INITIAL RIGHT ASCERSION POLYNO— %00002300
MIAL COEFF ICIENTS. IN DEGREES *00002350

*0AG0R400

DI R%4 I INITIAL DECLINATICN POLYNOMIAL #Q0Q02450
COEFFICIEMTS: IN DEGREES *OOUG2E00

. #00002550

BIASI Fhd, i INITIAL BLIASES FOR EACR TYPR #GOLCRED0
OF CLASS.1 DATA, IN DEGREES *00Q02650

*00C02700

B1As1 R*4 1 BIASES FOR EACH TYPE OF CLASS § ®00002750
CATA. [N DEGREES »00002800

#0QQC02ESQ

B8IASEL Rxd 1 ENITIAL HIASES FUOR EACH TYPE OF »00802900
CLASS 2 DATA» IN DEGREES *Q0002650

*00003€C00

BIASR2 R*x4 i BIASES FOR EACH TYPE QF CLASS 2 #00003¢{%5¢
DATA. IN DEGREES 00002100

*«000N2150

RHAOST1 a%a L CLASS 1 STATISTICS ' *00C03200
(FOR RHOST1(1.[}-RHOST1(3+1) *Q0003210

SEE DCCONS PROLOGUE?} w00g03220

RROSTL1(4,1) ~ MEAN RESIDUAL *QNg032%0
FOR TYPE I DATA #Q0€033300
RAOSTE(S,1) = STAKDAAD DEVIA—~ #00003350
TIGN FOR TYRPE I #00Q034400

DATA *00003450

*00003506

RHOST2 R4 - 1 LLASS 2 STATISTICS *000035%0
(FOR RHOST2{1.,I)=RhOST2(3,:1) *00003260

SEE DCCONS PROLOGUE 2000035749

C-B6



RHOST2(4,4 1) = MEAN RESIDUAL-~ #0084IE00

c
[ FOR TYPE 1 DATA *00CA3480

c m——— ) - AROSTZ2(5:1) = STANDARD DEVIA= -®#00003T00

C TION FOR TYPE 1 %00003730

= CATA 200603800

c ' *00Q03€E50

c NTYPER 14 1 MUMBER OF CLASS 1 DATA TYPES *000039400

c . . *#G0GO3550

c NTYPEZ I £YY t NUMBER OF CLASS 2 DATA TYPES 200004000

c ] . *00004G650

c NCOF %4 1 NUMBER OF POLYMOMIAL COEFFICIENTS00004300

c FOR ALP AND QEL *000041540

< ,  %00004200

c TALLO 1%4 i ALLDCATION SIZE FOR GWORKO ARRAY®00Q04250

c . e {MuST BE 224 OR 0} *00004300

c ' oo #00004 350

¢ COVAR 12 1 COVARIANCE MATRIX FOR STATE #000CAAG0

c VECTOR ELEMENTS *00004450

C ) #O0ACA5E00

c NE %4 I NUMBER OF ELEMENTS IN THE $00004550

L c - S5TATE VECTOR *000045600

C ®*00BGAES0

. t REVISEOMNS . £00Q0a7400
c HA0004TSO

[ le Ls FEAKES (13 JULY 1973) - JRIGINAL CODING AND #00004800

c TESTING *Q0004ES0

< 200404900

¢ © *Q00G4S5Q
C*t*tt*!**tl*ttt##itttttttt#*ttttttt#tt#*tttt#ltt#ttl*tttt*ittitttt#ttttcﬂﬂﬂsoOﬂ

1SN QDOR SUBROUTINE FINALZ (GWORKOALPsDEL.AI,DI,BIASI/21AS1.BIAS21.BIAS2,R00005(50
 LHUSTL,RHOSTZ +NTYPEL +NTYPE2 4 NCOF » TALLO » COVARSNC) Q0005100

1SN go032 CIMENSION ALF{NCOF ) sDELINCOF)sATI(4),DI(4).BIASII(NTYPEL, . 00005150
1. BIASL{NTYPEL)},BIASZI(NTYPE2).BIAS2INTYPEZ} 00008200

ISN 0GC4 OIMENSION RHOSTL{S.NTYPE1l)} ,RHOST1Z2(SiNTYPE2} 00BUSZ50
ISN 0CO5 REAL#S BLANKDB.DUMMY(30)«BIA[30),TAL,TAF, TO1,TOF.ERACERD,ATT(24), 00805304
: 1 GWIRKO{Y,32) . 00608350

15N OCCE . REAL#S COVAR (NC4NC) : 00605400
15N Qco? 'REAL*8 XBEIAS/599999%«~ ' 00505450
I3M QGCE DATA BLANKB/" i . QOCOSS0G
ISN OCCS. DATA ZERQ/'({ () T/ WONES (1) S/LTHQSL2) L Q0895550
1 THREG/* (3) VALTYPESCTYPE Y/, : 00005500

2 aNElst ) /LTHNOL/Y 2 ¢ /+THREE1/* 3 "y ) 00005650

3 FOURL/* & "ASWFIVESY 5 LV Q0QUSTO0

4 ODIHED/"CIHEDRALY/,ERRORS* ESTe 7/ 4ANGLES/TANGLES */4 00005750

S LCONE/%~ CONE 9/.CLASS2/SCLASS 2 4/,CLASSLI/YCLASS 1 %/, GO00S800

& INITILZY INITIAL'/,FINALS/® FIKAL */.AALP/* ALPHA %/, 0000SESO

T DDLP/* DELTA */7,EL1AS/" BIAS '/ ,MEAN/S' MEAN *r, C0RES900

8 RESD/YRESIDUALY/ RMS/Y RMS  */ 00005950

ISN aoic DATA ACC/*ACCURACY®/  0CEGE000
ISN 0011 REALXB ZEAUWCNEs TWOsTHREE,TOTALsTYPESONELs TWOL + THREEL s FOURY s 00Q06L50Q
: 1 FIVE,SIX+CLASS] »CLASS2 4DIHED , ERROR s ANGLES s CONE 000U6100
1SN ©Q1Z REAL®A [NITIL JFINALS+AALP DDLP+BIAS, MEAN'RESDRMS,ACC 00A0EYEQ
ISN 0G12 CATA INITZ0/ - . G0G06200
ISN CO01@ IF (INITaNEsQ) GO TG 810 00dNGR5G
ISN CO1€ INLT=1 : . gogte300
1SN 0Q17 CO 100 Ix1,7 ) ‘ ‘ 0000EIS0-
IS8 QC1E - DO 100 Jt] .32 ' . . QOC0E400
ISN QC1G 100 GWORKO(IiJ)=BLANKBE e : ' cO0Q0E4s0
1SN 0C2¢C GWORKO(1443}=ZERG . Q06840
ISN co2} GWDRKO (145 )=CRE 00806550
isN co2:z GWORKG{1+53=ThO 00C0EEQQ
ISW COR2 GWORKO(1s7}=THREE . 00006850
ISN DOg4 GWORKO{1.48)=BLANKB . QGEOATOO
ISN O0ZE GWORKO{1212}=TYPE 00ECE750
ISN 0C2€ . GWURKO{1415)=CNEL - Q0C06800
ISN CC27 GWORKO(Y +16)=TwG1 . ‘ . | OCGCBESC
ISN 00ZE GWORKO{1:417) =THREE1 00806900
ISN CG2S GCWORKO{1.418}=FCuURl 00aC6550
ISN 030 GWORKO(1,19)=FIVE a0&a75oq
ISN 0021 GWORKOL{L+248) =TYPE 00007050
TSN Q032 ) GWORKO({1.427) =CNEL ) 008C7300
IsN op22 GWORKO{L,28)=Tu0l : 00GL7450
CISN 0034 GWORKO( 14291 =THREEL . 00607200
ISH 0038 GWORKO(1.30)=FCUR]L ‘ 00007250
ISN GO3E GWORKO{li3Li=FIVE 00¢07300
S I8N 0C37 GWORKO{Za1)=IKITIL . 00e07350
ISN, 002E GWORKO{2w2}=AALP . 00CC?400

'c-87



I5N

SN

Q02§
a0ac
0oay
0042
004z
0044
COoAS
QD4E
G047
coaa
g4 s
000
00s1
GO&Z
0oEZ
0csa
QO%E
0056
GOs?
nose
6056
0BEQ
[sEsT 8
COtE
GoE2
LI
COE&E
006€
CCET
GREE
0085
GC7C
cot1
cor2
0673
G074
0ETS
no7e
6077
0CTS
QCEC
ecEl
00EZ
0GEZ
ncE4
0085
COEE
0CET
ngea’
0cEes
€Cso
0051
0092
gos2
0054
0668
00sSE
coge
acss
a100
0101
0102
01632
0104
oA0E
8166
0107
03cE
q108
11
o112
0113
0114
03l€
a1y7
GErE
0120
=3 3 RS

1

110

12¢
130

140
150

GWORKO{24+30)=CLASSY
GWORKO(2412)=ENITIL
GWORKO(2s13)=81AS
GWORKQO{2422)=CLASS2
GWORKO(2424) =INITIL
GWORKO(2,25) =BIAS
GWORKDU34L )=FINALS
GWORKO{ 3. 2)=AALP
GWORKD(3410)=CONE
GWORKO(3L12) =FINALS
GWORKO(3,33)=B1AS
GWORKOD(3,22)=DINHED
GWORKO(3+24)=FINALS
GWORKO(24+25) =BIAS
GWORKO(A,1)=ERRGHK
GWORKO(4+2)=ACE
GWORKO(3,30)=ANGLES
GWURKO(4,12)=ERRCA
GUWORKO(# 413} =ACC
GWORKO(A4 4221 =ANGLES
GWORKD{4,424) =ERROA
GWORKO{44+25) =ACC
GWORKO(Ss1)=INITIL
GWORKO{5,2)=DDLP
GWORKO(Se12}=MEAN
GWORKO{54131=RESD
GWORKO{S+24) sWEAN
GWORKO{5+25) =RESD
GWORKOLG+1 }=FIMALS
GWORKO{f42 ) =CDLF
GWORKO(G«12)=RVMS
GWORKO(6+33) =RESD
GWDRKO(E,24) =RMS
CWORKO(6425) =RESD
GWORKO(7 «1 }=ERROR
GWORKO( 742 )=ACC

J=0

00 120 fxl.,4

1IF (Te«GTANCDF) GO 7O 130
FENL )

ATT( J}=ALL})

J=J+l

ATTLJI=ALPLL)

FENTSY
ATTLJI=SERT(COVAR(2%1-1,2%I=1))
J=d+1 :

ATT(J)=DILI)

NENLS )

ATT{J)=DEL(])

NENES |

ATTC JI=SQRT{COVAR(2¥1 2% 1))
CONT ENUE

1=1%4

CALL INCBRE (ATT,DUMMY 16414843}
DO 150 J:=1.4

B0 180 12,7

IF {JaGTaNCOF) GO TC 140
GWORKG{1s J+3)=0UMMY { I~L+(J=1}%6)
GO TQ 150
GWORKG{ I» J+3 )=BLANKE
CONTINUE
CWORKO{2.+8)=BLANKE
GWORKO{2,8)=RLANKS
GWORKG{ 4 8)=RLANKS
GWORKQ{5.48)=BLANKE
GWORKO (648 ) =BLANKE - —
GWORKOLT,8)=BLANKS

=0

IF {NTYPE1+LE.O) GO TO 170
DO 160 Ix1+NTYPEL

J=Jd+1

BIA{J)=0uDa

IF (BIASI(112LTXBIAS) BIA(II=BIASI(I)}

J=d+l
ElA(J)=0eD0O

IF {BIASL ([} +LT+XBIAS) BIA(J}=E8IASL{1)

J=J+1
B1A{4)=0aD -
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aega7450
ggco?san
00007550
00aCTE00
00G07£E50
80g07T00
0QOCc?750
00ac7a00
a0gCTESE
00cc?9040
acac?eso
00GCBO0Q
UDGLELDU
00GCELAD
00¢ 08150
00668200
QaQce2s0
00GCB30G
gegceasa
COUGRAQ0
00QCBASD
04668500
aoCCESSD
60CCESOD
06008650
0GO0BTO0
GOGGETS0
00gQBE0Q
08¢ aEESO
00QC8900
QUQCESSO
LLTLL T
00809080
00e09k00
4GGC0%150
00QO%E00
aoque280
00009200
00009350
00005400
00009450
040689500
60005554
GOGOSEQD
00GrsSESa
00009700
00655750
0GGAREOQ
000Q9LS0
00609900
gucasss5a
0010000
00010450
ogeroloa
00010850
Q0610200
60010250
£0610300
0oL o3so
00610400
00010450
00010500
COGLOESO
00010600
COQyOESO
JoaKe7oo
G0010750
00810800
COG10ESD
00830900
00610550

- dealie68

9061050
ansiliog
00013150
cegi1200
o00112350
-Sgcilaon



13N
13N
ISN
18N
ISN
TSN
ISN
15N
LE=1]

TISN-

I8N
15N
15N
ISN
1SN
1SN
15N
1SN
I5N
ISN
ISN
1SN
ISN
15N
15N
ISN
ISN
1SN
{5N
ISN
1SN
15N

15N
ISN
ISN
ISN
15N
15N
ISN
15N
isN
ISN
18N
ISN
ISN
ISk
15N
15N
1SN
15N
158
1SN
158
IS5N

olzs
6124
c13c
otze
0127
orze
cizs
13t
01zz
0133
0124
T EL
043¢
WEER]
o1ze
ci2g
gr4c
o141
0142
LITE
o144
014cg
atat
ota8
al14s

015C

Q1£2
QLE32
G184
Jg1€c
0157
[} -1

clé6¢
01£1
EEY
oLez
0164
o1¢6%
0167
o1&E
0165
o17¢
c171
o017z
o173
0174
c17¢
c178
177
c178
c17s
c1ac
a18t
. c1ER

160

t70

180
190

200

210

270

230
240

280

IF (BEIASL{I)elTeXBIAS) EIA(JS)I=SCRT(COVAR{ZENCOF+I,2¢NCOF+1)]
J=Jdel : .
E1A{JI=RAHCSTI{4+1)

NEPTS I

SIAL{J}=RHOSTL{S.:1}

CONTIMNUE

IF (NTYPELl+GE+&) GC TO 190
NSBIAS=NTYPEL+1

D0 180 IK=NSBIAS.5

00 180 IL=1,%

J=J+s

BIA(J)=0a

CONTINUE

CONT INUE

1=25

CALL INCORE (SIADUMKY15,L+B8:3})

0O 200 JE1.5 . :

DO 260 IE2,6 . ‘

GWORKO(I 4 +14)=DUMMY (1~-14{J~2)%5)
CONTINUE

J=0 . ‘

IF (NTYPEEZ+LEQ) GG TO 220

CO 210 [£1/NTYPE2

FENTS)

EIA[{J)=0sD0

IF {BIASZI(I}aLT+XBIAS) BIA(JI=ETIASZILI)
J=Jel

BIA(JI=0.00

1F [BIAS2{I)alT.XBIAS) BIA(J)=BIAS2(I}
FENTSY

ETA(J}=0eD0

o0e113%0
coct1a00
CaC11480
60411500
00011550
00811600
oooell&sg
00611700
00911750
ooellaoo
004011850
ace11sca
00011550
ggetzaoo
ooolz2a50
coer216e
00012150
aoel 2200
Q0gi2250
00612308
accl2250
00012400
00412450
00g12%00
06012850
004812600
00012650
00612700

' 00a)12vs50

CUOLZBOO
00012880

IF {BIAS2(I)eLT+XBIAS) EBIA(JI=SORT{CDOVAR{Z*NCOF+NTYPE1+I.2%NCOF+NTO0012900

LYPEL1+1})

J=Jd+1

BIALJI=RHOST2(4,1)

Y=Jd+1

BIA{J)=RHOSTR(S.1)

CONTINUE

IF (NTYPEZ2+GEe&) GG TO 240
NSBLAS=NTYPEZ+1

DO 230 IK=NSBIAS,S

00 230 IL=1.5

J=J+1

BLA{J)=0s

CONT INUE

CONTINUE -
1=28 .
Call INCORE (EIADUMMY 15.1:84:3)
CO 250 J=1.5

DO 250 It2+6

GWURKO [Ty JH26}=DUMMY{I -1 +{J—1)%5)
CONT INUE

CALL PTSIZE {(224,GWORKO}
FETURMN -

END
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00912950

otel 3ago
00813650
00013100
00G13L50
00912200
460012250
06613300
00013350
00012400
uscl 3450
00013500
0061 3£50
00CE3&Q0
00CG13IES0
00013700
00013750
80013800
000134880
wocl3goo
00013550

0GL140Q0 |

00014CE0



COMPILER CPTIONS — NAME=

<
M ELEa L ELEL L

Ao ONRNMAAHN

nnnnnnnnnnnnnnnnnnnnnnnﬂnnnnnnnnnnnnnnnonnnnnnnnnnnnnnnnnnnnnnnn

MAIN.UPT:OI.thEChT=5D.SIZE=ODDOK-

SUURCE-EBCBIC-NOLIST-NGDECK»LGAD.M“P.NGEBIT'Iﬂ-xREF

gacCoose
*#i#t#tt'ltt#httD#ﬁ#ﬁﬁ#tﬁ**&tt#**tt*‘#!*#**#*‘#?#****#!lOOOOQIOD
xQ0Q00L50

*00¢Q0200

SLBROUTINE GDCCGN ¥CoQC0250
*=00QC0300

CALLLNG SEGUENCE %00Q003S0
- . *Q0000400

CALL GDCCON{IALLdulALLS'IFRSTIalFﬂSTE.NTYPEl-NTYP52.$00000450
RHO!pRHDZnGHDRK#.GIDRKS-IALLOI #00000%500

*Q0CCO0850

DESCRIPTILN =QuQUGadd
®QUOLCOLSE

GOCCON STORES THE CCMPUTED RESTOUVALS INKTC WORK *0004C730

ARRAYS FOR PLOTTING AND CALLS THE NSAD RELATED #*00000750

TABLES TO BISPLAY ThE PLOTS *QoQaceoo

*CQCLOESO

CCMMON AREAS REFERENCED *006€C0S09
*000QUsE0

DCSOP T GCHNL *0(EQLG0Q0

*QQg0LGS0Q

EXTERNAL REFERENCES *C0Q0i100
CHECK .PTSIZE *Q060115¢Q

#000012090

STORAGE REQUIRENMENTS #0000A250
=00601 3060

1786 BEYTES OF CORE STORAGE Q0801350

200601400

VARIABLES *00001450
00093500

NAMC TYPE 1ra DESCRIPTION *OQ0RU1E8Q
#0020 600

ITALLS Ine I ALLOCATIGN SIZE DF GwlDRKSG ARRAY 200001650
"go00L 7040

IALLS T*a I ALLOCATION SIZE CF GWOFRKS ARRAY 00001750
*0Qo0l860

IFRST1 1%4 1 POINTERS INDICATING STARTING #OQUCLESO
PGSITIAONS FOR EACH TYPE OF CLASS%00G015900

1 DATA IN THE RRO1 ARRAY REOGOYIS S0

*00€C0R0A40

IFRST2 [*& 1 POINTERS INDICATING STARTING #HOBC2050
POSITIONS FOR EACH TYPE OF CLASS%QOCOZ100

£ DATA IN TFE RRGE ARRAY *004Q02L50

®(OEC2200

NTYPE1 | &3 i NUM3ER DOF CBSERVATICNS OF EACH *00C02250
TYPE OF CLASS 1 DATA ®0a$Q2304

*00002250

KTYPEZR I%4 i NUMBER OF CBSERVATIONS OF BACH *0C0E2400
TYPE OF CLASS E DATA ®=00002450

*0QQ02800

RHO1 EEE T ] 1 RESIDUALS FOR CLASS 1 DATA *Q0CQ2ES0
DEF INED AS OBSERYED MINUS *00002600

CALCULATED *00602650

*00Q02740

RHO2 R#& I RESIDUALS FOR CLASS 2 CATA *00eQ2T5Q
DEFINED AS OBSERVED MINUS *Q0002800

CALCULATED ¥OOOO02ESO

200G02%900

GWORKS R&4 o WORK ARRAY FOA STORAGE OF GHSER-*00002%50
VATIGON NUMBERS FOR EACH CLASS *0000300¢0

AND TYPE QF CATA *00003050

"000d03100

GuDRKS R&a M) WORK ARRAY FOR STORACE aF RESID~*00002150
UALS FOR EACH CLASS AND TYPE OF #00003200

DATA $00002250

*Q0g03200

IALLO I*4 1 ALLGCATION SIZE OF GWORKD *01A03350
{MUST BE 224 OF 0} 200G03K00

' *Q00034540
COMMON AREA VARIABLES USED IN ROUTINE Q0003500
*Q0QO3ES0

NAME TYPE - GRIGIN DESCRIPTION #QROU3I6E00
. nQ0003IESD
CPATION b 1) pDLsoeY FLAG ARRAY FOR PLOTTING OGPTIONS #30Q03700
=0, DO NOT PLOT *000637%0

=1; PLOT *00¢03800

C-90



IsN
15N

1SN
TSN

15N

€002

Qcez2
aqQc4
CCCE

Qo0eE
QCC7?
GCCE
0CCq
ccly

MO D OO AN AN NO0ONaA0NNNO A0 N DonNooOnNaoONnNONNN AN NANONn

FINISH Ix4 nCSUPT FLAG FOR TERMINATING PLOT
OPTION TABLE *
=0, DU'NGT TERMINATE
=1¢ TERMINATE

FinaLD ik4 LCSOPT FLAC FUR DISFLAYING SUMMARY
DISPLAY '
=4, DO NOT DISPLAY
=1+ DISPLAY

NCLAS) Txg GCNL NUMBER OF éLASS 1 BATA TYFES
NCLAS2 i*a GENL NUMBER DF CLASS 2 DATA TYFPES
ICC [E 13 GCN1 RESICUAL STORAGE INEICATOR

=0y 00U NOT STCRE RESIDUALS
=1y STORE KESILCUALS FCGR

PLOTTING
fOATA TRANSKISSIGN
NAME | FEAD/WRITE/CPGINT  DESCRIPTION
. )
DRESIS CROINT | RESIDUAL PLUT FOR CLASS 1 TYRE
1 CATA
DRESIZ CPGINT ’ RESICUAL PLOT FOR CLASE 1 TYeE
: 2 DATA
DRESIS CRUINT RESIJUAL PLOT FOR 'CLASS 1 TYPE
3 CATA
CRESI4 CFOINT RESIDUAL PLAT FOR CLASS 1 TYPE
4 CATA -
ORESLS CPGINT RESIDUAL PLOT FOR CLASE L TYPE
5 DATA .
DRES2Y CROINT RESIDUAL PLDT FOR CLASS 2 TYPE
1 CATA
DRES22 CPGINT RESIDUAL FLUT FOR CLASS 2 TYRE
) 2 DATA -
DRES23 CPOINT RESIDUAL PLUT FOR CLASS 2 TYPE
3 DATA
DRESZ4 CRGINT ' RESIDUAL PLOT FOR CLASS 2 TYPE
: 4 CATA
DRES23 CPOINT ‘ RESIDUAL PLOT FuUR CLASS 2 TYPE
S DCATA
OF INDR CEGINT SUMMARY DISPLAY
oBTAEL CROINT FLOT OPTION TAELE DISPLAY

REVISIANS

I+ Le FEAKES (13 JULY 1973) = OKIGINAL CODING AND
TESTING .

*D0GC3I 850
200CG3900
*0AGQ3550
*0CLCAGO0
WOGL 04050
*00004aq 00
*00C0a 50
*Qod04200
*J0G04 250
*Q0C04 300
#000GCA3AB0
#00C04H400
*C000G4450
*C0CU4<OC
a0oQCass) -’
%L0C04€0Q
HOOQUAES G
*JAGCGATICC
*3000a750
®00CGA80Q
*#COOQCAESD
*00QGas500
*00004950
¥00QUSCOG
*000CSCH0
*00CAE1 00D
*COLCELS0
#COGQEZ0Q
®ODQAERE0
*00LCE 300
*¢08QS350
*30GG5400
®0UGREA50
®OLCOES0U
*00005550
®00€CE&800
#000LcEes0
#00Q4874C
*Q04G05750
»oGLCHA0C
*GGQOSESO
*OCCCES0C
*000Q05550
*0QCQ5000
AQQ0GE£050
FCEECEL1 00
*00006350
#0060E2G0
*0QGCE2SQ
*Q0BCEA QO
*00£0€350
*00C0ER QO
*o0¢ced5e
*CO0C0ES OO
*0Q000£€550
"OUGECES00
*0QGCQEEBT
*CACCeT 00
*CJoC6750
*00CQEBQ0
"0Q0EEB0
*0GL 06500
®0000ES S50
*C06C700C

ik bt b R RR LA I L L SR L TR R s S T L T S D P P

SUBRCUTINE GQRCCON (lALL4oIALL5.lFRST1-lFRSTE-NTYPE!-NTYPEE.RHGI-RHODOG?IOD

VE2.GWCRKA s GWORKS » 1ALLO )

RIMEMSICN uﬂtRK#(lJleQHKS(l)-RPG!(l)-RHOE(!j.IFﬁCTI(EJ-IFHSTE{I)

DIMENSION NTYPELIL{L ) 4hTYPERZ(Y) -

COCMMONAGT MY / ICUT-NCLASI9NCLASZ-hCC¢pMAKIT-lRﬂT-TZLﬂG-IUCvICALC-

1 IDER,

2 SMULT NP I NHERE ) [STEP s [STUR IRET  ISTAT+CCRMIN » CURMA X
COMMON/NCSUPTZ OPTIUNCLO) +F INFSHaFINALD, IMESG(3)
INTEGER¥4 UOPTION+FINISHFINALD,CCRMINCORMAX
IFINSH=0

100 IF (EFINSHeNE O s ANDFINISH«EQald <O TO 320
IFINEH=}
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0007150
CoQC720¢0
GoRO7TE250
Qo0CT3QG¢
0Qee73so
agoe7a0o0
000C7450
000020C
G0GATES0
Q0CC70400
0CeC7B50



158N
I5M
1SN
158
15N
ISN
I15SM
1SN
1SN
ISN
15N
ISM
15N
1SN

ey
25N

158
| =10
I SN
I5N

ISH
TSH
IsN
15N
1SN
ISN
18N
158
I1SH
I5N
ISN
IS
15N
15K
1SN
ISN
ISN
ISN
ISKN
I8N
15N
1SN
ISN
ISM
HEL]
IS
ISN

TSN

ISN
15N
18N
ISN
1SN
15N
ISN
ISN
ISN
ISN
13N
1SN
1SN

ISN
I8N
I5N
18M
15K
15N
158
1SN
ISN
ISN
1SN
15N
15
LSN

Qa1E
Gl
0qle
acy?
acrs
131
11+V3 §
Q0zz

-Goz2z

0024
CQzZE
o0z?

AG2E

acas
coas
co21
colz
0634
0c3s
ac3e
0037
GC2E
0028
a04c
004y
Qo4 z
9gaz
ca44
0045
0047
goae
ac4es
a0s¢
acsl
gosz
0cs54
0055
0057
oose
Gess
o0&cC
DGEL
0062
0oE4
gosE
CagE
Q0€7
CG6E
cCes
oc7c
acre
6073
aota
0018
06T
0077
GCTE
ac?s
assc
0cel
ocaz
oce?
o0&t
0CEE
0087
gcRE
ocEs
oGS e
cos2
ccsz
cos4
QCSS
ccse
GCs7
ogse

110

120

130

140

150

160

170
1e0

1390
200

210

220

230

240

250

260

270
2890

290
A00

IF (I10CaEQa0eGRaEALLSEGe0sORa [ALLEsEGC0) GO TO 200
1F (NCLASY 4LESO0) GO To 204

00 190 1=14NCLASE

{F¥ (OPTIGN(I}+hEsl} GO TO 190
ICOUNT=0

K=0

IFRES20

JJL=IFRSTL(1 =1

NN=NTYPFLL L)

IF (NN«LEe«O) GC TU 390

KN1=1

DO 320 JENRI NN
[COUNT=ICOLNT+1

K=K+l

GWORKSIK)I=AACL( JJl+J}
GWORKA LK) =ICCUNT

IF (KeFGalALLE) IFRES=1

CALL PTSIZE (K.GWORK4,GWERKS)
G0 TO (1304140,550+460,470 s I
CALL CHECK ("ORES11¢Y)

G0 TO 180

CALL CHECK [“ORES22%)

GO TO 180

CALL CHECK ('DRES13*)

¢u TO 180

CALL CHECK (*DRES14¢)

GO TO 180

CALL CHECK (°*ORES15%)

IF (IFRES.NEslallRe JeEGaNN] GLO TG 190
IFRES=0

AHLI=K+1

k=0

¢o TO 110

CONTINUE

IF (NCLAS2.LEW0) GG TG 300

CC 290 1=1,NCLAS2

IF (CPTIGh(S5+I}anEsLl} 50 TD 250
SIS TFRSTZ(1 1~1

K=0

ICOUNT=D .
MN=NTYPEZL T

ANE =1

IF (NNeLFe 0} GC TO 290
1FRES=0

DO 220 JERKE oMK

K=K+1

1COUNT=ICOUNT#1
CWORKS(K}=RHL2(JIE+J)
GWORKA{K)}=1CCTUNT

IF (KeEGsI&LLS) IFRES=1

CALL PTSIZE (K, GRORKA+GEARKS )
GO TO (P230,280,250.260,270), 1
CALL CHECK (*DRESZ1%)

0 TQ =280

CALL CHECK (*CRES22+}

co TQ 280

CALL CHECK {*DRESZ22")

G0 TO 2a0

CALL CHECK {*DAES24')

Go TG 280

CiLL CHECK L*DRES25Y)

IF (IFRESeNE«le0RsJaEWsNN) GO TOD 290
1FRES=0

hN1=K+1

K=0

GO To 210

CONTINUE

IF (IALLOeETeR24 sANDaF INALDGUa1} CALL CRECK { *OFINDS®)
£O 3h0 1OPT=1,10
GFTICEN{IGPT)=0

FINALD=0

CALL CHECK ('CPTAB1')

GG TO loo

FETURN

END
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CY005650
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BAGLIRAU
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COL0sS900
0GGCSESS0
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GCGLCLC50
a6 GO0
UGl Glsu
quLLoz00
GGOL QA0
gQae1No3co
aoaro3su
GOGL0400
0GO1Qa50
[T e2i} Wel-To ko]
L0004k 0850
QocAUBuUG
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aoal 700
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Q0030800
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0ooro90G
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