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Introduction
The objective of this study was to investigate techniques for
improving missile and rocket test range instrumentation. Specifically,

a laser concept for measurement of vehicle position and attitude
originally proposed by Conard and Pell (1,2,3) was to be exploited.

Description of the concept.

The concept has been described in detail elsewhere (4,5,6); how-
ever, a description will be included here for completeness.

- Two ground~based laser tracking stations are required. Typically
these stations incorporate a pulsed laser, transmitter, and detector
optics all situated on an elevation over azimuth mount. The return signal
from the vehicle must generally be enhanced through the use of conventional
corner cubes, reflective tape, or paints located on the vehicle. Such
devices are current technology, typfied by the Precision Automated
Tracking System (PATS). In the following presentation it is assumed that
the tracker will providethe space position of the vehicle. 1In order to
determine attitude, each of the ground stations is additionally equipnped
with a continuous wave laser; and two roof prisms are located onboard
the test vehicle. For vehicles exhibiting roll rates equal to or
greater than the desired attitude data rates, the prisms are simply
inlet into the surface of the round at the convenient location (e.g.,
dummy warhead). In the development which follows, we will assume that
this is the case.

Consider the 90-deg roof prism shown in Fig. 1. For this appli-
cation, the two surfaces which are shown crosshatched are silvered. Two

lines emanating from the center of each silvered surface and perpendicular
|
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SILVERED
SURFACE

to their respective surface define a plane, termed here the plane of the

retroreflector. A simple ray trace shows that a ray of light incident

on one of the silvered surfaces and describing a path parallel to the
plane of the retroreflector is generally reflected off the second surface
back to the origin. If a rolling vehicle is equipped with a 90-deg roof
prism and tracked so that it is continuously illuminated by a cw laser,
it is clear that, a return signal of cw radiation will be returned to

the laser sice each time the plane of the retroreflector passes through
this ground station. The signal will be in the form of a pulse, the
width of which depends on the beam divergence angle, the range, the
optical quality of the roof prism, and the roll rate of the vehicle.

The frequency of the pulses is directly related to the roll rate.

ROOF PRISM

PLANE OF
STRAIGHT £
REFLECTOR

7

- SILVERED
r—SURFACE

NORMAL

(X1, Yy e (4, My, @)
LASER [ —(X2,Y2,22)
STATIONS
a) b)
Fig. 1 Geometric optics of a Fig. 2 Geometry for the development
roof prism. of the mathematical model.

A test range equipped with two tracking stations is illustrated in
Fig. 2. A relationship between the return pulses received at the two

stations will now be derived for a vehicle fixed in space, rotating at a

constant angular rate, and equipped with a single roof prism oriented
2




such that the plane of the reflector contains the roll axis of the

vehicle. Two coordinate systems will be u.ilized as shown in Fig. 2.
The Earth-fixed system is defined with the origin located at the launch
point; positive Z axis in the vertical upward direction; positive Y

axis in the downrange direction; and the X axis in the crossrange
direction to provide a right-handed system. A vehicle-centered system
is defined with the origin located at the intercept of a plane bisecting
the 90-deg prism and the vehicle's roll axis. The w axis coincides with
the roll axis of the vehicle, positive toward the nosej n perpendicular
to w and parallel to the XY plane, positive toward the positive X
direction; and £ perpendicular to w and n to form a right-hand ortho-
gonal system. The components of the position vectors of the ith
ground station and the vehicle in the Earth-fixed system are (Xj, Y.,

2

Zi) and (Xm’ Ym, Zm), respectively. Using the transformation matrix
between the two systems, the components of the ith ground station in the
vehicle-centered system are
n=cos(672) (Xi—Xm) -sin(85) (Yi—Ym) (1a)
mi=sin(62)cos(61)(Xi—Xm)+cos(62)cos(61)(Yi—Yug +sin (87 ) (zi-zm) (1b)
Ei=-sin(62)sin(61)(Xi—Xm)-cos(Gz)sin(Gl)(Yi—Ym)

+cos(8;)(2,-Z ) (1c)

where 61 and 62 represent the geometric pitch and yaw, respectively,

defined as in Fig. 2a. Referring to Fig. 2b, it may be seen that the




time interval between pulses returned to the i and j ground station is

3 £
Atij= —% [arctan(-El-)-arctaﬂ(‘j‘)] (2)
ny e

Note that substitution for the &

5 and ni using Eq. (1) yields an equation

in terms of relative position of the stations and the vehicle, and the
geometric pitch and yaw. A third ground stations could be used to provide
a similar relationship yielding two equations and two unknowns (61,62)
where it is assumed that the relative positions are obtained from the
laser tracker, and the roll rate is inferred from pulses returned to-a
single station. Unfortunately, simultaneous solution of these two
equations is relatively insensitive to yaw variation for reasonable third
station locations and suffers the disadvantage of requiring three ground

stations.

PLANE OF
RFFLECTOR

INCLINATION

ANGULAR
SEPARATION

Fig. 3 Vehicle equipped with two prisms.




Consider now the addition of a second roof prism to the vehicle,
as indicated in Fig. 3, with an angular separation of B relative to the

first reflector and a skew of Y. The geometry of the prisms is shown

in more detail in Fig. 4. Assume that the t, the plane of the straight

retroreflector passes through the ith ground station. As the vehicle
continues to roll the plane of the second reflector eventually passes
through the same ground station at t;. It is apparent from the figure

that the vehicle must roll a distance B+ 6 so that the time interval

between the two pulse receptions is Atjy (/) (B+64).

Figure 4 also indicates that tan o4 = R/B; and tan y=C4/Bj.

Therefore, §;=arcsin (tany)/(tanoi). By noting that

tan a3= (n;2+842)

one obtains the result
1 wjtany
Atjy = a R + arcsin[(; )é)] 3)

(nj<+gq
which can be expressed in terms of §j;and §, using Egs. (1). ii
This equation is very similar to the Yawsonde formulation because
both approaches involve the relationship of planes, fixed with respect
to the vehicle, relative to a remote point. The Yawsonde approach
differs from the concept presented here in as much as it involves on-
board detectors and telemetry. Equations (2) and (3) may be solved
numerically for §,and §, assuming once again that @, Xi-Xp, Yi-Yp,
Zi-Zp, At;, are known.

Unfortunately, a closed form solution of these two equations could

not be found. The problem was reformulated to achieve a closed form

solution as explained in the next section.
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Fig. 4 Retroreflection planes refer- ;.
enced to a laser ground station at Ps
two different times.

Reformulation of the mathematical description

An alternate expression for the time interval for retroreflection

from one retroreflector to the two ground stations can be developed.

Two ground stations are located relative to an earth fixed co-

i ordinate system by vectors ?i. The position of a missile rotating with
a constant angular velocity w about a roll axis Ew is given by vector
?m. Fror these vectors, we form unit vectors €,; describing the dir-

ection from the missile to the ground stations:

- >

£,y B Sl § 17 )
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In this equation the carat (") denotes a vector of unit magnitude

and I;i - ;ﬁl denotes the magnitude of the vector difference between ;1
and ¥ﬁ.

A retroreflection plane may be defined as a plane within which a
light signal transmitted to the missile is returned to the place of
emission. A unit normal which defines the plane of retroreflection
currently passing through ground station (i) may be defined as ;Ti’
where ;Ti is physically interpretable as a unit vector lying along the

intersection of two mirror surfaces placed 90° apart.

A

eri

Mirror surfaces cross hatched

A

Fig. 5 Definition of éri

We define a skewness angle o as the angle between €4 and a normal

S

to the roll axis (epi) when €ris €y and ¢ ., are all coplanar and which

ni

allows for mounting the mirrors skewed relative to the roll axis.

™
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€
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Fig 6. Definition of o



The angle between éri and Ew is the tracking aspect angle 0y.

€ri X €, = sin 0i €pj

The angle between the two ground'étations as taken from the missile is

defined as p.

~

€rp = cos U32

€r1

The retroreflection plane is assumed to pass through ground station
1 at time tj;. It passes through station 2 at time t, =t; + t,,.
Between these two times, the retroreflection plane has rotated through

an angle wAty, where y is the constant roll rate of the missile,

Ground station 1

Fig. 7 Geometric relationship

(5)

(6)

Ground station 2




In order to determine the angle of rotation, we must define a unit

vector €Al that lies in the plane of retroreflection with station 1,

but is perpendicular to the roll axis €y+ It is necessary that e,y be
o |

a linear combination of vector €rqy and €,. This €p4 is found using the
form

~ ~
- €y XEq

L e o

Now that all angles and vectors needed to find the aspect angles oy

have been found, we may define Eti.

~ a cos ~ -~
€et ™ ~sina €, + - Eri X €y (8)

sin oy

Using equations (7) and (8), and the fact that

lém x Eril‘ | sin (90 + a)| = cos a (9)

we arrive at

= 1 A &
€A1 = Gin o4 [ers - cos o1 ¢,] : (10)

As previously mentioned, the angle of roll that the missile has ex-
perience between retroreflecting station 1 and 2 is wAtj;. The vectors
éAl and EAZ must also have undergone this same angular change so that

éAl .éAZ = cos (u)Atlz)

Using equation (10) twice, we see that
cos (wAtyp) = EAl "€EA2
1 3 e :
= sin o1 sin 02 [er1 - cos o7 gyl * [er2 - cos 03 ¢,]
MR MRS
sin 01 sino)

[€r1 « €r2 - cos 01 & * &2

-COS 0y €r] . €y + COS 0] €OS 0y £y . €]




]
i

1

= sin 0, sin oj [cos u1p - cos 0y cos 0,

-cos 0y cos 0y + cos o) cos gs]

1
" sin oy sin o, [cos U312 - cos 0y cos 0p] (12)

With equation (3) written in the form

tyg = %- [B + arcsin (Egﬁg?] (13)

Equations (12) and (13) can be solved simultaneously for 01 and 9,y
in closed form. The two aspect angles can be used to determine the
orientation of the longitudinal axis of the vehicle thereby providing
vehicle attitude. A solution alogorithm has been implemented in program
ASP11 which is documented in Appendix I. Input data for ASP11 includes
ground station locations, missile position, roll rate and measured time
intervals.

In order to obtain an accurate missile position in range coordinates
from the data tape generated by LAMPAMS a second program was developed.

Vehicle position determination

Data tapes generated by the LAMPAMS are in binary form, 9 track,
800 bpi. The data arrangement on the tape is shown in Fig.8 . 1In
order to generate accurate position information the azimuth, elevation
and range recorded on the tape in binary form are:

1. Transformed to based 10.

2. Corrected for bias.

3. Smoothed with a running 10 point least squares polynomial.

4. Transformed to range coordinates.

10
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A program (LTPOS) has been written to accomplish these tasks and a
listing is included as Appendix II. This program was initially developed
to run on the central computer at the U.S. Army Missile Command (CDC 6600)
in anticipation that this is where the data analysis would be done. Sub-
sequently, the program was adapted to run on the Hewlett Packard 1000
System, which was installed on the test range at Redstone Arsenal.

An additional program to determine tracker bias based on measurements
of surveyed points equipped with retroreflectors was acquired from Yuma
proving ground and adapted to run on the central computer at Redstone.
This program has been partially converted to run on the Hewlett Packard
system; however, this has not been completed. Because of the length of
the program overlay techniques are required and considerable additional
software development will be required to accomplish this task.

Application to non-rolling vehicles

The approach evolved for testing non-rolling or slowly rolling vehicles
involves spinning a portion of the dummy warhead up to relatively high rates
prior to launch and simply allowing it to spin-down during flight. In
order to demonstrate the approach, twelve 2.75 inch rocket fuses were re-
worked as shown in Figure 9 and provided to MICOM for use in flight tests.
Design of a pre-spin device was coordinated with MICOM personnel and a

unit was fabricated at MICOM.

12
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Status of the LAMPAMS

The LAMPAMS system was installed on Range 1 of Redstone Arsenal
in the spring of 1978. Since that time the tracker portion of the system
has become the primary instrument for vehicle position determination.

The program LTPOS originally provided to MICOM has served as the basis for
data reduction. It has been extensively revised by MICOM personnel to
include graphical output.

Unfortunately, the CW laser and signal conditioning hardware assoc-
iated with the attitude subsystem have been subject to repeated failures
and as of September 1979 no attitude data has been generated.

Since both the pulsed laser used for tracking and the CW laser on the
attitude system operate at the same frequency the data must be separated
on the basis of pulse width in software. In addition, the potential for
missing a return pulse from the attitude subsystem is higher than that
associated with the tracking system. The software package required to
determine appropriate time intervals for use in ASP11 has not been com-

pleted because of these uncertainties and the lack of data to resolve the

areas in question.

Conclusions and Recommendations

Determination of vehicle attitude using the concept described re-
quires two laser ground stations. Presently, only one station i: avail-
able. The concept can however, be verified using a single ground station.
Every effort should be made to get the attitude subsystem of LAMPAMS oper-
ational so that the required software can be completed, The efficacy

of the concept could then be verified. This should be completed prior to

acquisition of a second laser ground station.
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Appendix I

ASP11
Program to determine attitude

of vehicle

(Hewlett Packard System 1000 version)




THE MAIN PROGRAM

The main program exists to call the proper input subroutine for reduction
of input values to pitch and yaw angles. It also sets the input/output
device numbers, the maximum allowable error, the constant m, and the
number of degrees per radian.

Currently the main programcalls only one other program segment,
SUBROUTINE INPUT.

SUBROUTINE INPUT

The subroutine provides an interactive method of operating the rest
of the program. Sixteen commands give versatility and ease to changing
any or all of the parameters involved in a pitch and yaw determination.

The subroutine prompts the user for required input of the various
parameters. As an added check, the values fed in after a prompt are
displayed to the user. If any doubt remains as to what variables the
program is using, a command is available to display the current values
of all variables.

The first time through, the user is prompted to input all the necessary
variables for a computation of pitch and yaw. After all variables are input,
a prompt for a command is printed. At this point fifteen possible commands
are available:

RUN - will determine the pitch and yaw using the current variables

A RETURN, with nothing entered - does the same as RUN

DISPLAY -~ displays a list of all current variables

? -« provides a list of commands that arc available and what they do

GSI - will change the coordinates of Ground Station One

GS2 - changes Ground Station Two coordinates

MISSILE ~ changes missile coordinates
17




DT11 - changes the time difference for the two mirrors to retroreflect

through ground station one
DT12 - changes the time difference for one mirror to retroreflect through
ground station one, and then ground station two
BETA - changes the radial separation between the two mirrors on the missile
SK1 - changes the skewness of mirror set one
SK2 - changes the skewness of mirror set two
OMEGA - changes the roll rate of the missile
RESTART - starts an entirely new case where all variables must be reentered
STOP - halts the execution of the program when you are finished
Any command may be input after the prompt '"COMMAND", and in any order.
nega, the roll rate, may be input in

RAD - radians per second

RPS - revolutions per second
RPM - revolutions per minute
DPS - degrees per second
le program converts the input value into radians per second.

When INPUT encounters a RUN command, or a blank command, subroutine SOLVE

. called to determine the pitch and yaw angles.

SUBROUTINE SOLVE

SOLVE is the organizer for the solution of pitch and yaw angles. It calls

TUP to calculate the geometric relationships between the ground stations and

]

)
e missile. Next, SIGI1 is called to determine the first aspect angle’ SIG12
subsequently called to find what the other aspect angle is. ESUBW is then
lled to find the correct roll axis.

SOLVE always returns to INPUT.
18




SUBROUTINE SETUP

SETUP determines ﬁi, ﬁ%, eRl, and €p,. Unit vector €p; is parallel

to ﬁi. The magnitues Rl and R2 are determined, as is COSMU which is the

cosine of the angle between ﬁi and ﬁﬁ.

SUBROUTINE SIG11
Using the time necessary for both sets of missile mirrors to retro-
reflect through ground station one (DT1l), and the yawsonde equation, the

first aspect angle SIGMAl is determined.

SUBROUTINE SIG12
The time required for one mirror to retroreflect through ground station

one and then ground station two (DT12), when used in

1

coS(QAtlZ) 3 sino] sinc;

[cospy - cosoy cosoy] 1)

where: Q = OMEGA, the missile roll rate in radians per second

At12 = DT12 ;
cosuy = COSMU

coso] = cos(SIGMAL)

sinoy] = sin(SIGMAL)

determines two possible SIGMA2 aspect angles. SIGll provides SIGMAL (oi),

SETUP provides COSMUp(cos ), so that o9 may be determined explicitly.

Two roots become possible for o,. These are SIG2A and SIG2B. To
further complicate matters, we only accept angles that are O < «p < m. |

When the arctangent function is used, a negative argument may represent

either -0y or n/2 - T




!
2

These difficulties were circumvented by:
1) replacing a 09 < 0 by m/2 - 0, hence making g, positive
2) testing the resultant SN and ojyp to see if equation (1)
is satisfied.
When the subroutine returns to SOLVE, ISOL contains the integer number
of solutions which satisfy (1). If ISOL = 0, no solution is possible, and
SOL1 = SOL2 = 0, an arbitrary default value. If ISOL = 1, the correct sol-

ution is in SOL1l. If ISOL = 2 the two solutions are in SOL1 and SOL2.

SUBROUTINE ESUBW
When two aspect angles are given, the roll axis, &, (ESUBW) may be

determined by the solution of:

Rl ° €y = cos(o1)
€R2 * €w = cos(o)) (2)
éw'éw=1

Equations (2) are nonlinear, and therefore not easily solved. The
method used in this program determines the i component of €., or eyx.

This reduces (2) to:

fr1s  frmiy  friz €ux Keenay)
*r2x Ry  ‘R2z Sxy | =| o002 (3
;i 0 0 Ewz Ewx

Equation ( 3) is linear, and easily solved with a SIMultaneous
eQuation solver, SIMQ. With the roll axis known, pitch and yaw are easily
determined by:

YAW = ARCTAN (eyx/exy)
PITCH = ARCTAN[eyx/ (Eux? + wy?)*]

The three cases which are impossible to solve using this formulation
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Case I eg1y = €goy = O

Case II €Ryz = €goz = 0
Case III €gpy = K €Rp where K is a real number

Case III physically corresponds to the missile being located between
the two ground stations along a vecotr connecting the ground stations.

Cases I and II reduce equation (3) to an overdeterminant set which
may be solved for eyy and eyz, and eyx and eyy respectively, as a system
of two equations in two unknowns. The remaining component may be found by

swxz + ewyz + ewzz =1 (5)

The main difficulty would be the determination of eyx. This is
done in subroutine ESUBWX.

It is important to note that, given two aspect angles, there are two
possible roll axes. To determine the correct roll axis, subroutine TIME
is called. When TIME is given a roll axis, it determines the two time
differences DELT1l and DELT12 from previous work. If the two computed é
time differences are within the allowable error limit, then the roll axis

is valid, otherwise it is not.

SUBROUTINE ESUBWX

ESUBWX explicitly determines eyyx from equation (2). There are gen-

S s el A 3 i b b i

erally two solutions g,,. These reside in ROOT1 and ROOT2. Occasionally
the two roots are redundant, then ISOL, the number of solutions is omne.
If gl and €pp are linearly dependent, then ISOL = 0 as no solution is |
possible.

In the solution of gyy, a quadratic equation of the form

(1 + B2 + D2)e + 2(AB + CD)eyy, + (A2 + Cy = 1) = 0 (6)
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B e = P Y S

is recurrent. The values of A, B, C and D vary depending on the vectors

€R1, €r2, and the values of cos(oj) and cos(o2). Subroutine QUADRA solves

quadratic equation (6) given A, B, C, and D.

SUBROUTINE QUADRA
QUADRA solves equation (6) given A, B, C and D. If the radical
resulting is less than zero, ISOL = 0, and no solution is possible because
the two roots would be complex. This corresponds to two non-intersecting
aspect angle cones. If ISOL = 1, one solution is the same as the other.

This corresponds to two tangent cones. Typically ISOL = 2, and two solutions

for eyx, ROOT1 and ROOT2, exist.

SUBROUTINE SIMQ !
Given an N by N matrix [A], and a vector [B] (N x 1), SIMQ solves
the matrix equation
(A] [X] = [B] (7)
for [X], a vector that is N x 1. During the course of computation, [A]
and [B] are destroyed.
A possible alteration to speed computation would be to use Cramer's

rule for the solution of [X] instead of the current Gauss elimination procedure.

SUBROUTINE TIME
TIME calculates DELT11 and DELT12 when given a roll axis and all
geometric constants.
Pitch and yaw are determined from equations (4). An alternate co-
ordinate system is defined as

A possible alteration to speed computation would be to use Cramer's
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rule for the solution of [X] instead of the current Gauss elimination pro-

cedure.

SUBROUTINE TIME
TIME calculates DELT11 and DELT12 when given a roll axis and all
geometric constants.
Pitch and yaw are determined from equations (4). An alternate co-
ordinate system is defined as
ny = cos(YAW) RX; - sin(YAW)RYj; (8)
wi = sin(YAW) cos(PITCH)RXi e cos(PITCH)RYi o+ sin(PITCH)RZi
€1 = sin(YAW) sin(PITCH)RX; - cos(YAW) sin(PITCH)RY; +
cos (PITCH)RZ

times are found by

WEsT : 2
DELTIL = Gomer {BETA + ARCSIN [w; TAN(SKEW1)/(e1? + np )]} (9
1
DELT12 = —orer ARCTAN (e7/nj) - ARCTAN (e3/n3)]

where OMEGA is the foll rate of the missile in radians per second
BETA is the angular separation of the mirrors in radians
SKEW1 is the skewness of mirror one
If both of the DELT times are within the allowable error tolerance

of the initial times given, then the pitch and yaw values are output.
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0003
0004
0003
0006
0007
0008
0009
0010
0011
0012
6013
0014
0015
0016
0017
0018
0019
0020
0021
0022

OIS =

(A3 VN

PROGRAM ASPII
DOUBLE PRECISION X1,Y1,71,X2,Y2,7Z2, XM, YM,ZM, SKEW1,
SKEW2, BETA, RX1, RY1,RZ1,R1, RX2, RY2, RZ2, R2, COSIMU, XR1,
YR1,ZR1, ¥XR2, YR2,ZR2, ANSWER, PI,RAD1AN,
ERROR, EWX, EVY, EWZ

INTEGER OUTPUT

COMMON X1,Y1,Z1,X2,Y2,7Z2,XM, YM, ZI1, SKEV1,

SKEW2, BETA, RX1, RY1,RZ1, 1, RX2, RY2, RZ2, R2, COSMU, XR1,
YR1,ZR1, XR2, YR2,ZR2, ANSWER(4,6) ,PI,RADIAN,

ERROR, EWX, EVY, EWZ, NUMSOL, NREAD, OUTPUT

DIMENSION IPRAII(S)

CALL RIMPARC IPRAMD

NUMSOL=0

NREAD= IPRAM( 1)

OUTPUT= IPRAM(2)

PI=4.DO:DATAN(C1.D9)

RADIAN=180.D0/P1

ERROR=1.D-5
CALL INPUT
STOP

END




i

0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
00335
0036
0037
0038
0039
0040
0041
0042
0043
60044
0045
0046
0047
0048
0049
6050
0051
0052
0053
0054
0055
0056
0057
0058
00359
0060
0061
0062
0063
0064
0065
0066
0067
6068
6069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0060
0081
0082
6083
0084
6035
0086
0027
0083
0089
0090
0091

I~ I~

W

10
160

101

20
102

30
103

40
164

105
106

60
107

70
108

1

2“
2!’
4-

57" NC EWTRY, JUST A ROTURWN, VILL EXULC TiE PROG"~" STOP="

6 "HALT OF EXECUTION"/" DETA=RADIAL SEPARATION OF TIHE MIRRORSY/
DISPLAY=CURRENT VALUES OF ALL VARIABLES"/)

IF(KFLAG.NE.0) GO TO 360

WRITEC(OUTPUT, 109)

7!

71

SUBROUTINE INPUT
DOUBLE PRECISION DT11,DT12
DOUBLE PRECISION BETAIN,SKEWI1I,SKEW2I
DOUBLE PRECISION OIMEGA,OINEGIN, PITCH, YAW
DOUBLE PRECISION X1,Y1,Z1,¥%2,Y2,72, X1, YM, ZM, SKEW1,
SKEW2, BETA, RX1,RY1,RZ1, R1, R¥2, kY2, RZ2,R2, COSMU, XR1,
YR1,ZR1, X2, Y2, ZR2, ANSVER, PI, RADIAN,
ERROR, EWX, EWY, EWZ
INTECER OUTPUT
COImionN Xxi,Y1,71,X2,Y2,72, X1, YM, Z!I, SKEWI,
SKEW2, BETA, RX1, RY1,RZ1, R1, RX2, RY2, RZ2, R2, COSMU, XR1,
YR1,ZR1, NR2, YR2,ZR2, ANSWER(4,6) ,PI,RADIAN,
ERROR, EWX, EWY, EWVZ, NUNGOL, NREAD, OUTPUT
INTEGER ICONT(32)
DATA ICONT-2ICS,2H1 ,2HGS,2H2 ,20MI,2ESS, 2HDT, 2H11, 2HDT,
2H12, 21IBE, 21TA, 28X, 211 ,2HRU,2HN ,2H ,2H ,2HST,Z2HOP,
2HDI, 2USP, 2HSK, 202 , 2H0M, 2HEG, 2HRE, 2HST,2H? ,2H ,2HSO0,
2HLU/
DATA IRADI, IRPS2, IRPN2, IDPS1/2HRA, 2HS ,2HM ,2HDP/
KI'LAG=0
WVRITE(OUTPUT, 100)
FORIAT(" INPUT GROUND STATION 1 COORDS: X,Y,Z")
READ(NREAD, %) X1,Y1,7Z1
WRITECOUTPUT, 101)X1,Y1,21
FORMAT( 1P3(2X, D20. 15))
IF(KFLAG.NE.O) GOTO 309
WRITE(OUTPUT, 102) :
FORIMAT(" INPUT GROUND STATION 2 COORDS: X,Y,Z") i}
READ(ITREAD, %) X2, Y2,Z2 :
WRITE(GUTPUT, 101) X2,Y2,Z2 H
IF(KFLAG.NE.O) GO TO 300 f
WRITE(CGUTPUT, 103) i1 3
FORMAT(" INPUT MISSILE COORDS: X,Y,Z") | 3
READ(NREAD, ) X1, YM, ZM
WRITE(QUTPUT, 101) XI1, Y, ZM
IF(KFLAG.NE.O) GO TO 300
WVRITE(QUTPUT, 104)
FCRPIAT(" INPUT DELTA T 11, IN SECONRDS")
READ(NREAD, %) DT11
WRITE(OUTPUT, 103)DT11 i
IF(KFLAG.NE.O) GO TO 300
FORMAT(2X, 1PD23. 15)
WIITE(OUTPUT, 106)
FORMAT(" INPUT DELTA T 12, IN SECONDS*")
READ(NREAD, *)DT12
WRITE(OUTPUT, 105) DT12
IF(KFLAG.NE.Q) GO TO 309
WRITE(OUTPUT, 107)
FORIAT(" INPUT THE RADIAL SEPARATION OF MIRRORS IN *
‘DECGRLES")
READ(IIREAD, *) BETAIN
BETA=BETAIN/RADIAN
WRITEC(OUTPUT, 105) BETAIN
IF(KFLAG.NE.0) GO TO 300
WRITE(OUTPUT, 108)
FOINMAT(" INPUT TEE SKEW ANGLE OF MIRROR 1, IN DEGREES")
READ(NREAD, %) SKEW1 I
SKEW1=SKEW1 I/RADIAN
WRITE(OUTPUT, 105) SXEW1 1
FORIMAT(/" VWHEN YOU WISH TO CHARGE SOMETHING, OR RUN"/
" THE PROG., TIIEN FOLLOW THE LIST BELOW"/
GS1=GROUND STATION ONE COORDINATES'/
GS2=GROUND STATION TWO COOQRDS. "/" MISSILE=MISSILE COORDS. "/
SK1=8KEW OF MIRROR 1"/" 8K2=8KEW OF MIRROR 2"/" RUN=COMPUTE"




0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
01035
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
01435
0146
0147
0148
0149
0150
0151
0152

109

116

111
3090

112

301

113
9t
73
74

119
117

FORMAT(" INPUT THE SKEW ANCLE OF MIRROR 2, IN DEGREES")
READCNREAD, #) SKEW2 I
SKEW2=SKEW21/RADIAN
WRITECOUTPUT, 105) SKEW21
IF(KIFLAG. NE.0)CO TO 300
VRITE(QUTPUT, 113)
READ(NREAD, ) OMEGIN
READCHREAD, 112) TUNITY, IUNIT2
FOIMIAT(2X, D23. 15, 2A2)
FORMAT(" INPUT THE ROLL RATE, SKIP A LINE, "/
' AND THEN RAD FOR RADIANS PER SLECOND"/
8 RPS FOR REVOLUTICNS PER SECOND"/
- RPM FOR REVOLUTIONS PER MINUTE"/
s DPS FOR DEGREES PER SECORD")
OMECA=0.DO
IFCIUNITI.EQ. IRAD1) OITEGA=OMEGIN
IFCIUNIT2.EQ. IRPS2) OMEGA=2. DO*P I:xOMEGIN
IFCIUNIT2.EQ. IRPI2) OMECGA= 120, BO::P [:*OIMEGIN
IFCIUNIT1.EQ. IDPS1) OMECGA=CIIEGIN/RADIAN
IF(ONEGA.EQ.0.D0) GO TO 91
WRITE(QUTPUT, 116) OIEGIN, IUNIT1, IUNIT2, OMEGA
FORMAT(" YOUR "1PD16.10,2X,2A2"CONVERTS TO"F16.10" RADIANS PER®
1 " SECOND")
KFLAG=1
IF(KFLAG.EQ.0) WRITE(OUTPUT, 110)
FORMAT(" COITIAND")
WRITE(OUTPUT, 111)
READ(NREAD, 112) ICO!M1, ICOIM2
FCRIMAT(2A2)
IFLAG=0
DO 301 I=1,16
IFCICONT(2:xI-1) . EQ. ICOIN1.AND. ICONT(2:1) .EQ. ICOM2) IFLAG=1
CONTINUE
IF(IFLAG.EQ.0) WRITE(OUTPUT, 113)
IFC(IFLAG.EQ.0) GO TO 300
FORIMAT(" EH?")
GO To(190,29,30,49,50,60,70,80,80,90,200,71,72,5,73,74) , IFLAG
WRITE(OUTPUT, 113)
GO TO 3€0
WRITE(OUTPUT, 110)
GO TO 360
WRITE(GUTPUT, 117)
DO 119 INT=1,NUNSOL
WRITE(OUTPUT, 118) INT, ANSWER( INT, 1) , ANSWERC INT, 2) , ANSWERC INT, 3)
1 ,ANSWERCINT, 4) , ANGWER( INT,5) , ARSWERC INT, 6)
FORIIAT(/" SOLUTION PITCH YAW TIMEL1 TIME12*
i ERR11 ERRI12"/)

BN -

118 FORMAT(2X,15,2r10.5,2X,2F10.6,2D10.4)

20
80

229
201

GO TO 300

RETURN

CALL SOLVE(PITCH, YAW, OMEGA,DT11,DT12)

GO TO 300

WRITE(OUTPUT,201)X1,Y1,Z1,X2,Y2,7Z2, XM, YM, ZM, BETAIN, SKEVW11,
1 SKEW21,DT11,DT12, CMEGA

FORIMAT(" STATION ORE: "2(D16.9",")D16.9/" STATION TWO:"
12(D16.9", ")D16.97" MISSILE: "2(D16.9", ")D16.9/" BETA="D16.9" DEG"
2 ,"REES"/" SKEW1="D16.9" DEGREES"/" SKEW2="D16.9" DEGREES",
8 /" DELTA T 11="D16.9" SECONDS"/" DELTA T 12=",
4 D16.9" SECONDS"/" ONMEGA="D16.9" RADIANS PER SECOND"/)

GO TO 300

END
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0153 C SIMQ SOLVES THE MATRIX EQUATION A TIMES X EQUALS B
0154 C FOR TIIE VECTOR X

0155 C GIVEN ARE THE N BY N MATRIX A, AND TIHE VECTOR B.
0156 C WHEN KS=0, A VALID SOLUTION IS GIVEN

0157 C WHEN KS=1, THE MATRIX A IS SINGULAR

0158 SUBROUTINE SIMQCA, B, KS)
0159 DOUBLE PRECISION A(3,3),B(3),DETA,DETB, DETC, DET
0160 KS=0 3
0161 DET=AC1, 1)%(A(2,2):xA(3,3)-A(2,3)%A(3,2)) -
0162 1 AC1,2):#(AC2, 1)%A(3,3)-A(2,3)*%A(3,1))+
: 0163 2 AC1,3)%(AC2, 1)xA(3,2)-A(3, 1) *xA(2,2))
0164 IF(DET.EQ.0.DO) KS=1
0165 IF(DET.EQ.0.D9) RETURN
0166 DETA=B( 1)%(A(2,2):xA(3,3)-A(2,3)*A(3,2)) -
0167 1 AC1,2)x(B(2)2A(3,3)~-A(2,3)xB(3)) +
0168 2 A(1,3)*x(B(2)%A(3,2)-B(3)*A(2,2))

| 0169 DETB=AC1, 1)%(B(2)%A(3,3)-A(2,3)%B(3)) -
1 0170 BC1)%(A(2, 1):xA(3,3)-A(2,3)*A(3,1))+
: 0171 A(1,3)%(A(2, 1):B(3)-A(3, 1):xB(2))

4 0172 DETC=A(1, 1)*(A(2,2):*xD(3)-B(2)*A(3,2)) -

B =

0173 1 AC1,2)%(A(2, 1)%B(3)-B(2)*A(3, 1))+

0174 2 B(1):*%CA(2,1)%A(3,2)-A(3, 1)*A(2,2))
‘ 01735 B( 1) =DETA/DET

0176 B(2) =DETB/DET

0177 B(3) =DETC/DET

0178 RETURN

0179 END

1
{
'
A
i
i
{
|
|
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0180 C E SUB W IS THE ROLL AXIS OF THE MISSILE. GIVEN THE TWO ASPECT ANCLES
0181 C THIS ROUTINE WILL DETERMINE THE ROLL AXIS UNIT VECTOR
C
C

0182 AS WELL AS THE PITCH AND YAW FOR THE PARTICULAR

0183 CASE IN QUESTION

0184 SUBROUTINE ESUBW(SIGMA1,SIGMA2,0MEGA,DT11,DT12)
0183 DOUBLE PRECISION DT11,DT12

0186 DOUBLE PRECISION SIGMA1,SIGMA2

0187 DOUBLE PRECISION OMNEGA,R0OTI,ROOT2

0183 DOUBLE PRECISION DELT11,DELT12,CCSS1,C0SS2,DET
0189 DOUBLE PRECISION X1,Y1,Z1,32,Y2,22, X1, Y, ZM, SKEW1,
0190 1 SKEWZ2,BETA, RX1,RY1,RZ1,R1,R¥2, kY2, RZ2, R2, COSIMU, XR1,
0191 2 YR1,ZR1,XR2, YR2,ZR2, ANSWER, PI, RADIAN, !
0192 3 ERROR, EWX, EVY, EWZ | §
0193 INTEGER OUTPUT

0194 COMMON X1,Y1,Z1,X2,Y2,Z2,XM, YN, ZM, SKEV1,

0195 1 SKEW2,BETA, RX1,RY1,RZ1,R1,RX2, RY2, RZ2, R2, COSMU, XR1,
0196 2 YR1,ZR1, XR2, YR2, ZR2, ANSWER(4,6) ,PI, RADIAN,

0197 3 ERROR, EWX, EWY, EWZ, NUIZSOL, NREAD, OUTPUT

0198 DOUBLE PRECISION AA(3,3),A(3,3),B(3),C(3)

0199 IFCYR1.EQ.YR2.AND. YR1.EQ.0.D9) GO TO 90

0200 1F(ZR1.EQ.ZR2. AND.ZR1.EQ.0.D0) GO TO 95

0201 AAC1, 1) =XR1

0202 AA(2, 1) =XR2

0203 AA(3,1)=1.D0

0204 AAC1,2)=YR1

0205 AA(2,2) =YR2

0206 AA(3,2)=0.D0

0207 AAC1,8)=ZR1

0208 AA(2,3)=ZR2

0209 AA(3,3)=0.D0

0210 CALL ESWX(SICMA1,SIGMA2,RC0OT1,R00T2, ISOL,DT11,DTI12)
0211 IF(ISOL.GT.0) GO TO 10

0212 WRITE( GUTPUT, 20)

0213 RETURN

0214 20 FORVMAT(" :*%NO SOLUTION AVAILABLE FOR THE ROLL AXIS*x"/
0215 1 " =%%ESWX DID NOT RETURN A VALUE FOR EWXk®"/)

0216 10  COSS1=DCOS(SIGMA)

0217 COSS2=DCOS(SIGMA2)

0218 C(1)=COSS1

0219 C(2)=COSSs2

0220 C(3)=R00T1

0221 PO 1000 1=1,3 &
0222 B(D=C(D

0223 pO 1000 J=1,3

0224 1000 A(I,J)=AACI, D)

0225 CALL SINMQ(AA,C,KS)

0226 IF(KS.EQ.0) GO TO 80

0227 WRITE( OUTPUT, 40)

0228 40 FORMAT(" :#@*ERROR IN SIMQ, THE MATRIX FOR FINDING THE"/
0229 1 " ROLL AXIS IS SINGULAR::kxk")

0230 RETURN

0231 80 EWX=C(1)

0232 EWY=C(2)

0233 EWZ=C(3)

0234 CALL TIME(DELTI11,DELT12,0MEGA,DT11,DT12)

0235 IF(DABS(DELT11-DT11) .GT.ERROR) GO TO 50

0236 IF(DARS(DELT12-DT12) .GT.ERROR) GO TO 50

0237 RETURN

0238 50 IF(I1SOL.EQ.1) RETURN

0239 B(3)=ROOT2

0240 CALL SINQ(A,B,KS)

0241 IF(KS.EQ.0) GO TO 60

0242 VRITECOUTPUT, 40)

0243 RETURN

0244 60 EWX=B(1)

0215 EWY-B(2)

0246 EWZ=D(3)

0247 CALL TIME(DELT11,DELT12,0MEGA,DT11,DT12)

0248 IF(DABS(DELT11-DT11) .GT.ERIOR) GO TO 70

0249 IF(DABS(DELT12-DT12) .GT.ERROR) GO TO 70

0250 RETURN

0251 70 WRITE(QUTPUT, 80)

0252 80 FORMAT(" #:ESUBW#*THERE IS NO SUITABLE ROLL AXISkx%x")
0253 . RETURN
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0254 C YRI=YR2=0.DO

02355
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277

20

93

91

95

96

1

DET=XR1:xZR2-KXR2:*ZR1
IF(DET.NE.0.DO) GO TO 91
WRITE(OUTPUT, 93)

FORMAT(" s:xR1 AND R2 ARE NOT LINEARLY INDEPENDENT#*"/
' ok NO SOLUTION POSS IBLESGkssksk ")

RETURN

C0SS1=DCOS(SIGMNAL)
COSS2=DCOS(SICIIA2)
EWX=(COSS1:ZR2~-ZR1:xC05S2) /DET
EWZ= (R1:+COS52-%R2:xC0SS1) /DET
EWY=DSQRT( 1. DO-EWX:#:X2-EWZ#k:%2)
RETURN

C0S831=DCOS(SIGMAL)
COS82=DCOS(SIGMA2)
DET=XR1*YR2-YR1:xXR2
IF(DET.NE.0.B0) GO TO 96
WRITE(OUTPUT, 93)

RETURN

EWX= (COSS1:*YR2-YR1:CCSS2) /DET
EWY= (XR1%C0ES82~-XN2:xCOSS 1) /DET
EWZ=DSQRT( 1. DO-EWX#:k2-EWY#:k2)
RETURN

END




0278 C SIGMA 1 IS DETERMINED BY THE YAWSONDE EQUATION IN THIS ROUTINE

0279
0280
0281
0282
0283
0284
02835
0286
0287
0288
0289
0290
0291
0292
0293
0294
02935
0296
0297

Q-

CON =

SUBROUTINE SIG11(OMEGA,SIGMAL,DT11)

DOUBLE PRECISION DT11,DTAN

DOUBLE PRECISION OMEGA,A,ALPHA,SIGMAL

DOUBLE PRECISION X1,Y1,Z1,X2,Y2,Z2, XM, YM, ZM, SKEWI1,
SKEW2, BETA, RX1,RY1,RZ1, R1, RX2, RY2, RZ2, R2, COSMU, XR1,
Y1, ZR1, XR2, YR2,ZR2, ANSWER, PI, RADIAN,

ERROR, WX, EWY, EWZ

INTEGER OUTPUT

COMMON X1,Y1,Z1,X2,Y2,72, XM, YM, ZM,SKEVW1,

SKEW2, BETA, RX1,RY1,RZ1,R1, RX2, RY2, RZ2, 2, COSMU, XR1,
YR1,ZR1,XR2, YR2,ZR2, ANSWER(4,6) ,P1,RADIAN,

ERROR, EWX, EWY, EWZ, NUNSOL, NREAD, OUTPUT
A=DATAN(SKEW2) /DATAN(SKEW1)

ALPHA=OMEGA*DT11-BETA

SIGMA1=DATANC (DTAN(SKEW1) *DSORT( 1.DO+A*A+2. DOxA*DCOS( ALPHA)
)) /DSINCALPIIA) )

IF(SIGHAL.LT.0.D0)SIGMA1=SIGMA1+PI

RETURN

END




0298 C THE FOLLOWING CALCULATES THE SOLUTION OF SIGMA 2 FROM
0299 C THE ONE PRISM, TWO GROUND STATION FORMULATION

0300 SUBROUTINE SIGI2(OMEGA,SIGHMAL,DTI2,80L1,80L2, ISOL)
0301 DOUBLE PRECISION DT12,DIFF2A,DIFF28,DSI1C2A,DSIG2B
0302 DOUBLE PRECISION OMEGA,SIGMAL,DTAN

0303 DOUBLE PRECISION A,SOLL,SOL2,SI1G2A,S1G2B, B, RAD2, RAD, COSMEG
0304 DOUBLE PRECISION COSS1,C0SS2A,CCR52B,SINS1,S1NS2A,SINS2B
03035 DOUBLE PRECISION X1,Y1,7Z1,X2,Y2,7Z2,1, YM, ZM, SKEW1,
0306 1 SKEW2, BETA, RX1,RY1,RZ1,R1, RX2, RY2, RZ2,R2, COSMU, XR1,
0307 2 YR1,ZI1, XR2, YR2,ZR2, ANSWER, PI,RADIAN,

0308 3 ERROR, EWX, EWY, EWZ

0309 INTEGER OUTPUT

0310 COIMMON X1,Yl1,Z1,X2,Y2,22, XM, YN, ZM, SKEVW1,

0311 1 SKEW2, BETA, RX1,RY1,R%1,R1, R¥2, RY2, RZ2, R2, COSMU, X1,
0312 2 YR1,ZR1, XR2, YR2,ZR2, ANSWER(4,6) ,PI, RADIAN,

0313 3 ERROR, EWX, VWY, EWZ, NU/{SOL, NREAD, OUTPUT

0314 A=DTAN(SIGMA1) *DCOS(OQIMNEGA*DT12)

0315 ISCL=0

0316 SO0L1=0.D0

0317 S0L2=0.D0

0318 B=COSIU/DCOS(SIGMAL)

0319 RAD2=AA-BB+1.D0

0320 IF(RAD2.GT.0.D0) GO TO 10

0321 WRITE(OUTPUT, 100)

0322 100 FORMAT( "  x:ioxk*ERROR IN THE SIGMA 12 SUBROUTINEX:k:k:k%™)
0323 SIG2A=0.D0

0324 RETURN

0325 10 RAD=DSORAT(RAD2)

0326 COSTEG=DCOS( OIIEGAXDT12)

0327 S1G2A=DATAN( ( A**B-RAD) /(B+A%RAD) )

0328 S1G2B=DATAN( ( A%B+RAD) / (B-A%RAD))

0329 IF(SIC2A.LT.0.D0)SIG2A=SIG2A+PI

0330 IF(SIG2B.LT.0.LJ2)SIG2B=SI1G2B+P1

0331 COSs81=PCOS(SICGHMAL)

0332 COSS2A=DCOS(S1G2A)

0333 SINS1=DSIN(SIGIIAL)

0334 SINS2A=DSIN(SIG2A)

0335 COSS2DB=PCOS(SIG2B)

6336 SINS2D=DSIN(S1G2B)

0337 DIFF2A=DARS(COSIU-COSE 1::COSS2A-COSMEGKS INS1:*SINS2A)
0338 DIFF2D=DABS( COSIU-COSS 1%COSS2B~COSMEGSINS 1:xSINS2B)
0339 DSIG2A=SIG2A*RADIAN

0340 DSIG2DB=SIG2DRADIAN

0341 IF(DIFF2A.GT.ERROR)GO TO 20

0342 C SIG2A IS A GGOD ROOT

0343 IT(DIFF2B.LT.ERRCR) GO TO 15

0344 C SIG2A GCOD,SIG23 BAD

0345 SOL1=S1G2A

0346 ISOL=1

0347 RETURN

0348 C BOTH RCOTS ARE PAD

0349 12 VRITE(OGUTPUT, 110)

0350 110 FOIIIAT(" :#xTHE TWO SOLUTIONS OF SIGMA2 ARE INCORRECT:x%x")
0351 WRITE(OQUTPUT, 120) DSIG2A,DIFF2A,DS1G2B,DIFF2B

0352 120 FORIMAT(" TIE FIRST SOLUTION OF SIGIA 2 IS "D19.13/

0353 1 * WITH AN ERROR OF "D19.13/
0354 2 " THE SECOND SOLUTION IS "D19.13/
0355 3 " VWITH AN ERROR OF "D19.13)

0356 WRITE(QUTPUT,999) SIC2A,81G2B,C08S1.SINS1,COSS2A,SINS2A, COSMU
0357 , COSILG, RAD, SIGIMAL, OITEGA,DT12, A, B, CCSS28, SINS2B
0358 999 FORMAT(" SIG2A="1PD23.16" SIG2R="D23.16" CO0SS1="D23.16/

I

0359 1 " SINS1="D23.16" COCSS2A="D23.16" SINS2A="D23.16/
0360 2 "COSIMU="D23.16" COSMEG="D23.16" RAD="D23.16" SICMNA1="D23.16/
0361 3 " OMEGA="D23.16" DTI2="D2.16" A="D23,16" B='D23.16
0362 4 /" COS82A="D23.16" SINS2B="D23.16/)

0363 RETURN

0364 C BOTH ROOTS ARE COOD

0365 15 1S0L=2

0366 SOL1=51G2A

0367 SOL2=S162B

0368 RETURN

0369 C€ SIG2A IS DBAD, SIG2B IS GOOD

0370 20 IF(DIFF2B.GT.ERROR) GO TO 12

0371 SOL1=31G2B

0372 1SOL=1

0373 RETURN

0374 END




C SUBROUTINE SETUP DETERMINES ALL OF THE VARIABLES IN THE
C COIMON BLOCK

1
2
3

1
2
3

C MAKE

C ZERO

10

SUBROUTINE SETUP

DOUBLE PRECISION X1,Y1,Z1,X2,Y2,7Z2, XM, YM, ZM, SKEV1,
SKEW2,BETA, RX1,RY1,RZ1, R1, RX2, RY2, RZ2, R2, COSMU, XR1,
Y1, ZR1, XR2, YR2,7R2, ANSWER, PI, RADIAN,

ERROR, EVX, EWY, EWZ

INTECER OUTPUT

COIMMON X1,Y1,Z21,X2,Y2,7Z2, XM, YM, ZIM, SKEW1,

SKEW2, BETA, RX1,RY1,RZ1, R1, R¥2, RY2, RZ2, R2, COSMU, XR1,
YR1,ZR1, XR2, YR2, ZR2, ANSWER(4,6) ,PI,RADIAN,

ERROR, EWX, KWY, EWZ, NUILSOL, NREAD, OUTPUT

RX1=X1-XNM

RY1=Y1-YM

RZ1=7Z1-ZM

R1=DSORT(RX13:x2+RY 1**2+RZ 1%%2)

RX2=X2-KXM

RY2=Y2-YM

RZ2=722-7M

R2=DSQNT( RH2¥:x2+RY2:%:x2+RZ2:kx2)

COSHNU= ( RX1#RI{2+RY 1*RY2+RZ 1%RZ2) /(R1:R2)

ALL THE PLANAR COIMPONENTS NCRMALISED

XR1=RX1/R1

YR1=RY1/R1

ZR1=RZ1/R1

XR2=RI2/R2

YR2=RY2/R2

ZR2=RZ2/R2

OUT TIE ANSWER ARRAY, AND NUMSOL(RNUMBER OF SOLUTIONS)

Do 10 I=1,4

DO 10 J=1,6
ANSVER(1,J)=0.D0
NUMSOL=0

RETURN

END
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C SOLVE IS THE MAIN ORGANIZER FOR THE EXPLICIT SOLUTION
C OF PITCH AND YAW ANGLES GIVEN DELTA T 11 AND DELTA T 12
C THIS ROUTINE IS RESPONSIBLE FOR THE CORRECT LINKING OF ALL
C OTHER SUBROUTINES WITH THE EXCEPTION OF INPUT
SUBROUTINE SOLVE(PITCH, YAV, OMEGA,DT11,DT12)
DOUBLE PRECISICN DT11,DT12
DOUBLE PRECISION OIEGA,SIGMAIL
DOUBLE PRECISION SIG2A,SIG2B
DOUBLE PRECISION PITCH, YAW
DOUBLE PRECISION X1,Y1,Z1,X2,Y2,7Z2,XM,YM,ZM, SKEV1,
SKEW2, BETA, RX1, RY1,RZ1, 1, RX2,RY2,RZ2, R2, COSMU, XR1,
YR1,ZR1, ¥R2, Y2, ZR2, ANSWER, PI, RADIAN,
ERROR, EWX, EWY, EWZ
INTEGER OUTPUT
COMMON X1,Y1,7Z1,X2,Y2,7Z2,XM, YM, ZM, SKEVW1,
SKEW2, BETA, RX1,RY1, RZ1, R1, RX2, RY2, RZ2, P2, COSMU, XR1,
YR1,ZR1,XR2, YR2,ZR2, ANSWER(4,6) ,PI,PADIAN,
ERROR, EWX, EWY, EWZ, NUMSOL, NREAD, OUTPUT
DIMENSION ITIME(S)
CALL BEGTIM
CALL EXECC11, ITINE, IYEAR)
ISTART= 1000 ITIIE(2) + 10 ITIMEC1)
CALL SETUP
CALL SIG11(OMEGA,SIGMAL,DT11)
CALL SIG12(CIiEGA,SIGMAL,DT12,S1G2A,S1G2B, IGO0OD)
IF( IGOOD. EQ. ) RETURN
CALL ESUBW(SIGHALl,SIG2A,0MEGA,DT11,DT12)
IF(IGOGD. EQ. 2) CALL LESUBW(SIGMNAL,SIG23,0MEGA,DT11,DT12)
ITINE=0
CALL MARKTIM( ITIME)
CALL EXEC(11, ITIME, IYEAR)
IFINIS= 1600 ITIIE(2) +10%ITIME( 1)
JTIME= IFINIS-ISTART
WRITE(OUTPUT, 1001)JTIIE
FORIAT(2X,43( "%") /" THE TIME REQUIRED FOR THIS COMPUTATION WAS"
119" MILLISECONDS"/2X43("%")/)
RETURN
END




0448 C QUAD FINDS THE QUADRATIC ROOTS TO A SPECIALIZED EQUATION

0449 SUBROUTINE QUAD(A,B,C,D,RO0TI,R00T2, ISOL, OUTPUT)
0450 DOUBLE PRECISION ROOTL,R00T2,A,B,C,D, AQUAD, BQUAD, CQUAD, RADSQ, RAD
0451 INTEGERL OUTPUT
0452 ROOT1=0.D0
0453 RCOT2=0.D0
0454 ISOL=0
b 04335 AQUAD= 1. DO+BxB+D::D
0456 C NOTE TIHAT AQUAD IS ALWAYS GREATER THAN ONE
0457 BQUAD=2. DO ( AXDB+C:D)
0458 CQUAD=A%A+CxC-1.D0
0459 RADSQ= BQUAD:k2~4, DO#AQUAD:CQUAD
0460 IF(RADSQ.GE.0.D0) GO TO 10
0461 WRITE(CQUTPUT, 100)
0462 C THERE IS AN ERROR APPARENT
0463 100 FORMNAT(-/" =xx:ERROR IN QUADRATIC SOLUTION*:k"/
0464 ) LG CANNOT TAKE THE SQUARE ROOT OF‘“/
0465 2 X A NEGATIVE NUMBER"/)
0466 RETURN
- 0467 10 RAD=DSQRT(RADSQ)
0468 ISOL=2
0469 IF(RAD.EQ.0.D0) ISOL=1
0470 C THE TWO SOLUTIONS ARE IDENTICAL
0471 ROOT1=-(BQUAD+RAD) ~ (2. DO*AQUAD)
0472 ROOT2= (~BEQUAD+RAD) /(2. D0*AQUAD)
0473 RETURN
0474 END
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0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
06494
04935
0496
0497
0498
6499
03500
0501
0502
0503
0504
6505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0322
0523
0524
0525
0526
0527
0528
0529
6530
0531

“0532

0533
0534
0535
0526
0537
0533
0539
654

ESWX SOLVES THE FOLLOWING SET OF EQUATIONS FOR EWX
ER1 DOT EW = COS(SIGIAL)
ER2 DOT EW = COS(SIGMA2)
EW DOT EW = 1.D0O

ROOT1 18 THE FIRGT SOLUTION FOR EWX
ROOT2 IS TiHE SECOND SOLUTION
ISOL IS Tilll NUIBZER O SOLUTIONS FOR THE SET
SUBROUTINE ESWX(SIGIAL,SIGMA2, ROOT1, ROOT2, ISOL,DT11,DT12)
DOUBLE PRECISION SIGMA1,SIGNA2,DT11,DT12
DOUBLE PRECISION X1,Y1,Z1,X2,Y2,72, XM, YM, ZM, SKEWE,
1 SKEW2, BETA, RX1, RY1,RZ1, k1, R¥2, RY2, RZ2, R2, COSNU, XR1,
2 YR1,ZR1,XR2, YR2, ZR2, ANSWER,PI,RADIAN,
3 ERROR, EWX, EVY, EWZ
INTEGER OUTPUT
COIMNON X1,Y1,721,X2,Y2,Z2, X1, YM, ZM, SKEW1 ,
1 SKEW2,BETA, RX1,RY1,RZ1,R1, R¥2, RY2, RZ2, R2, COSMU, XR1,
2 YR1,ZR1,XP2,YR2,ZR2, ANSWER(4,6) ,PI,RADIAN,
3 ERROR, EWX, EWY, EWZ, NUIMSOL, NREAD, OUTPUT
DOUBLE PRECISION A,B,C,D,R00T1,R00T2,C0SS1,COSS2
DOUBLE PRECISION DENOM, DENNEW
C SET UP THE ERROR DEFAULTS
ROOT1=0.D0
RO0T2=0.D0
ISOL=9
C GET TIIE DIRECTION COSINES FOR THE ASPECT ANGLES
CCS8S1=DCOS(SIGHAL)
CCE82=DCOS(SIGINR)
C NOW GO TO THE SOLUTION FOR THE NINE ZILLION CASES
IF((ZR1%ZR2) .NE.0.DO)GO TO 110
IF(ZR1.EQ.0.DY) CO TO 19
IF(ZR2.EQ.0.D9) €O TO 5
WRITE(OUTPUT, 1000)
1600 FORIMAT(" :kxERROR--SOME TYPE OF LOGIC MISTAKEX**®)
RETURN
5 IF(YR2.EQ.0.D9)CO TO 6
A=COSS2/YR2
B=-XR2/YR2
C=(CO0SS1-A%YR1) /ZR1
=-(XR1+B*YR1) /ZR1
CALL @UAD(A,B,C,D,R00T1,R00T2, ISOL, OUTPUT)
RETURN
6 IF(XR2.EQ.0.D9) GO TO 7
ISOL=1
RCOT1=COSS2/XR2
RETURN
7 WRITE(GUTPUT, 1010)
1010 FORIIAT(" #xVECTOR ER2 IS THE ZERO VECTOR, NO SOLUTION:xx")
RETURN
C ZR1=90.090
10 IF(ZR2.EQ.0.D0)GO TO 11
C ZR2.NE.0.DO
IF(YR1.EQ.0.D9) GO TO 12
A=CCES1/YR1
B=-XR1/YI1
C= (COSS 1-YR2::A) /ZR2
== (B*YR2+JR2) /ZR2
CALL QUADC(A,B,C,D,R00T1,R00T2, ISOL, OUTPUT)
RETURN
C ZR1=YR1=0.D9
12 Ir(XR1.E0.0.DO) GO TO 13
180L=1
ROOT1=COS51/7KR1
RETURN
13 WRITECOUTPUT. 1020)
1620 FORIAT(" *=xVECTOR ER1 IS THE ZERO VECTGR, KO SOLUTION¥x")

o

RETURN

(olelvlivivlvle]
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0541 C ZR1=0

0542 11 DENOM=XRI:xYR2-XR2¥YR1
0543 IF(DENOM.EQ.0.D9) GO TO 14
0544 ISOL=1
0545 ROOT1=YR2:%COSS1-COSS2*%YR1
0546 RETURN
0547 14 WRITE(OUTPUT, 1040)
0548 C ZR1.NE.0.DO, AND ZR2.NE.OQ.D9--
0549 C THE MOST COMMON CASE
0550 116 DENOM=ZR2:xYRI1-YR2:xZR1
0551 IF(DENOM. EQ.0.D0) CO TO 120
03552 A= (ZR2:xCOS8S1-ZR1:*:COSS2) /DENOM
d 0553 B= (XR2*ZR1-ZR2:xXN1) /DENOIT
: 0554 C=(COSS1-YR1xA) /ZR1
g 0555 D=-(XR1+B*YR1) /ZR1
E 0556 CALL QUAD(A,B,C,D,R00T1,R00T2, ISOL, OUTPUT)
0557 - RETURN

0558 C DENOM=0.DBO
© 0559 120 DENNEW=ZR2:xXR1-XR2%ZR1

0560 IF(DENNEW.EQ.0.D0) GO TO 130

0561 ISOL=1

0562 ROOT1=(ZR2::COSS1-ZR1*C0OSS2) /DENNEW
0563 RETURN

0564 130 WRITE(OUTPUT, 1040)
0565 1040 FORMAT(" :xtER1 AND ER2 ARE NOT LINEARLY INDEPENDENT, "

03566 1 "NO SOLUTION")
0567 RETURN
0568 END
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0569
0570
03571
0572
0573
0574
0575
0576
0577
0578
0579
0589
0581
0582
0583
0584
0583
0586
0587
0588
0589
0590
0591
0592
0593
0594
05935
0596
0597
0598
0599
0600
0601
0602
0603
6604
0605
0606
0607
0608
6609
0610
0611
0612
0613
0614
0615
0616
0617
0616
0619
0620
0621
0622
0623
0624
0625

C THIS ROUTINE CALCULATES THE TIME REQUIRED FOR DELT11
C AND DELT12 TO ROLL THROUGH THE RESPECTIVE GROUND STATIONS

(ol o]

9299
82

C401
Cc

1
2
3

O I

SUBROUTINE TIME(DELTI11,DELT12,0IEGA,DT11,DT12)
DOUBLE PRECISION X1,Y1,Z1,X2,Y2,72, X1, YM, ZM, SKEW1,
SKEW2, BETA, RX1, RY1,RZ1, R1, R¥2, RY2, RZ2,R2, COSMU, XR1,
YR1,7ZR1, XR2, YR2, ZR2, ANSWER, PI, RADIAN,
ERROR, EWX, EWY,EWZ

INTECER OUTPUT

COMMON X1,Y1,71,X2,Y2,7Z2, XM, YM, ZM, SKEW1,

SKEW2, BETA,RX1,RY1,RZ1,R1, R¥2, RY2,RZ2,R2, COSMU, XR1,
YR1,ZR1, XR2, YR2, ZR2, ANSWER(4,6) ,PI,RADIAN,

ERROR, EWX, EWY, EWZ, NUI{SOL, NREAD, OUTPUT

DOUBLE PRECISION DT11,DT12,DTAN

DOUBLE PRECISION OIMEGA,DASIN

DOUBLE PRECISICN XYIIAG, PITCH, YAW, PITOUT, YAWOUT,SINPIT
DOUBLE PRECISION SINYAW,COSYAW,COSPIT,HN1,VW1,E1,N2,E2,DELT11
DOUBLE PRECISION DELT12,ERRIL,ERRI2

DOUBLE PRECISION DLG11,DEG12

XYMAG=PEQRT( EWVX 2+ EWY2)

PITCH=DATN2( EWZ, XYMAG)

YAW=DATN2( EWX, EWY)

P1TOUT=P ITCIL*RAD IAN

YAWOUT=YAW::RADIAN

SINYAW=DSIN( YAW)

SINPIT=DSIN(PITCH)

COSYAW=DCOS( YAW)

COSPIT=DCOS(PITCID)

N1=COSYAW:IC{1-SINYAWRY 1

W1=SINYAW:COSP I'T*RH{1+COSYAWCOSP IT*RY1+S INP IT*RZ1
E1=-SINYAW:tS INP IT#RX1-COSYAW:#S INP IT:*RY1+COSPIT*RZ1
N2=COSYAW:RX2-SINYAW:XRY2

E2=-SINYAWSINP IT:*RX2-COSYAW:#S INP IT*RY2+COSP IT*RZ2
DELT11=(BETA+DAS IN( WI:#DTAN(SKEW1) /DSORT(E1*E1+N1%N1) ) ) /OMEGA
DELT12=(DATN2(E1,N1) -DATN2(E2, N2) ) /OMEGA
DEG11=0MEGA*DELTI 1:#RADIAN
DEG12=0MECADELTI2:%*RADIAN

ERR11=DABS(DELT11-DT11)

ERR12=DABS(DELT12~DT12)

NUMSOL=NUMSOL+1

ANSVER(NUNMNSCL, 1> =PITOUT

ANSWER(NUIMSOL, 2) = YAWOUT

ANSWER(NUIISOL, 3) =DELT11

ANSWER(NUINSOL,4) =DELT12

ANSWER(NUIMSOL, 5) =ERR11

ANSWER(NUMSOL,6) =ERR12
IF(DAZS(PITOUT) . GT.99.D0.0R. DABS( YAWOUT) . GT.90.D0) RETURN
IF(DAES(DELT12-DT12) . GT. ERROID) RETURN
WRITEC(QUTPUT, 82) PI'TOUT, YAWOUT

WRITE(OUTPUT, 999)DELT11,DELT12

FORMAT(" DELT11="1PD23.16" DELT12="D23.16)

FORUAT(" USING PITCH="2X.F11.6" DEG AND YAW="2X,F11.6" DEG")
WRITE(OUTPUT,401)PEG11,DEG12

FCRMAT(-" DELTA T 11 ROLLS THROUGH"F20.15" DEGREES"/
" DELTA T 12 ROLLS THROUGII*F20.15" DEGREES")

CALL ERR(DT11,DTI12,OIEGA)

RETURN

END




0626 C THIS IS A ROUTINE TO AUGMENT THE MINI-COMPUTER

0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637

DOUBLE PRECISION FUNCTION DASIN(X)
DOUBLE PRECISION X
DASIN=DATN2(X, DSQRT( 1.D9~-XxX))
RETURN
END

C ANOTHER SUDROUTINE FOR THE EDIFICATION OF A MINI-COMPUTER
DOUBLE PRECISION FUNCTION DTAN(X)
DOUBLE PRECISION X
DTAN=DSIN(X) /DCOS(X)
RETURN
END




0638
0639
0640
0641
0642
0643
0644
0645
0646
0647
0648
0649
0650
0651
0652
0653
0654
0655
0656
0657
0658
0659
0660
0661
0662
0663
0664
0665
0666
0667
0668
0669
0670
0671
0672
0673
0674
0675
0676
0677
0678
0679
0680
0681
0682
0683
0684
0683
0636
0687
0688
0689
0690
0691
0692
0693
0694
0693
0696
0697
0698
0699
0700
0701
0702
0703
0704

C ERROR CALCULATES THE ERRONS OF SIGMA1,SIGMA2,PITCH, AND YAW.

C THIS

ANALYSIS IS DASED ON TOTAL DIFFERENTIALS WITH

C QUADRATIC PERTURBATIONS NEGLECTED, AND WITH SMALL ANGLE APPROXIMATIONS
C SO THAT SIN(DELTA P)=DELTA P, AND COS(DELTA P)=1

LI = LN -

(RS A SR

SUBROUTINE ERR(DTI11,DT12, OMEGA)

DOUBLE PRECISION X1,Y1,Z1,X2,Y2,722,XM,YM,ZM,SKEW1,

SKEW2, BETA, RX1, RY1,RZt, R, R¥2, RY2,RZ2, R2, COSIMU, XR1,

YR1,ZR1, XR2, YR2,ZR2, AIISWER, PI, RADIAN,

ERROR, EWX, EWY, EWZ

INTEGER OUTPUT

COMMON X1,Y1,Z1,X2,Y2,7Z2, XM, Y, Z!, SKEW1 ,

SKEW2, BETA, RX1,RY1,RZ1,R1, RX2, RY2, RZ2, R2, COSMU, XR1,
YR1,ZR1,XR2, YR2,ZR2, ANSWER(4,6) ,PI,RADIAN,

ERROR, EWX, EWY, EWZ, NUIISOL, NREAD, OUTPUT

DOUBLE PRECISION A, ALPIA, ARG, ATANG1, ATANG2, ATERM, A1, A2, BTERM,
B1,B2,COSALF,C05G1,CO5PIT, COSS1,COSS2, COSV, COSYAW,CP1,CP2, CTERM,
CT1,CT2,C1,C2,DALF, DENOM, DG1,DG2, DIU, DPITCH, DP1,DP2,DS16G1,DSIG2,
DTAN,DT1,DT11,DT12,DT2, DWDT12, DYAW, OMEGA, PHI1,PHI2, PITCH, RAD,
SIGMAL,SINALF,SINMU,SINPIT,SINS1,SINS2,SINW,SINYAW,SP1,SP2,STl,
ST2, TANG1, TERMI1, TERI2, TERM3, THETA1, THETA2, XNUIER, XYMAG, XYTIAGL,
XYMAG2, YAW

DOUBLE PRECISION BOUND,DELP,DELY

DOUBLE PRECISION S$10UT,S20UT,D310UT, DS20UT

DO 1600 I1=1,5

BOUND=1.DOwk(~1+1)

FORMAT(" NOW INSIDE THE ERROR ANALYSIS ROUTINE, WITH ALL"/

"  PERTURBATIONS SET AS "F10.3)

WRITECOQUTPUT, 9) BOUND

DP 1=BOUND

DP2=BOUND

DP2=BOUND

DWDT12=EBOUND

DALF=BOUND

DG1=BOUND

DG2=DOUND

DT1=BOUND

DT2=BOUND

THETA1=DATR2(¥1t1, YR1)

THETA2=DATN2( XR2, YR2)

XYNMAG1=DSQRT( MR 1#K2+YR1¥%2)

XYMAG2=DSQRT( HR2w:x2+ YR2:%:k2)

PHI 1=DATN2(ZR1, XYTMAG1)

PHI2=DATN2(ZR2, XYMAG2)

CP1=DCOS(PHI1)

CP2=DCOS(PHI2)

SP1=DSIN(PHI1)

SP2=DSIN(PHI2)

ST1=DSIN(TIIETAL)

ST2=DIINC(TIETA2)

CT1=DCOS(THETAL)

CT2=DCOS(THETA2)

YAW=DATN2( EWX, EWY)

XYHMAG=DSQRT( EWXk2+EWY#%2)

PITCH=DATI2( EWZ, XYMAG)

COSPIT=DCOS(PITCID

SINPIT=DSINC(PITCH)

COSTAW=DCOS( YAW)

SINYAW=DSIN(YAW)

C CALCULATE MU AND DMU

BN -

COSMU=XR1::XR2+YR1*YR2+ZR1%ZR2
SINIU=DSOQRT( 1. BO-COSITU%2)

ENUIER=SP 13ST 1 (SP2::8T2%DHP2-CP2::CT2*DT2) +
CP2uET2H(BPIETIwDP 1-CP 1xCT1#DT1) +

CP 1:CT 1 ( SP2CT2xDP2+CP2RST2:xDT2) +
CP2uCT2R{ 8P iwCTi#DP 1+ CP 1RSTIRDTL) =

CP 1::5P2:%DP 1-8P 1::CP2::DP2

DMU=¥NUMER/S TNITU
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07035
0706
Q707
0708
0709
0710
0711
0712
0713
0714
0715
0716
0717
0718
0719
60720
0721
0722
@723
0724
0725
0726
0727
0728
0729
0730
0731
0732
0733
0734
0735
0736
0737
0738
0739
0740
0741
0742
0743
0744
07435
0746
0747
0748
0749
0750
0751
0752
0¢53
0754
0755
0756
0757
0758
. 0759
0760
0761
0762
0763
0764
0765

C CALCULATE DSIG1 THE ERROR OF SIGMAI

10

ATANG1=DATAN(SKEW1)

ATANG2=DATAN(SKEW2)

ALPHA=QIMEGA:DT11-BETA

COSC1=DCOS(SKEWD)

A= ATANC2/ATANG1

COSALF=DCOS( ALPHA)

SINALF=DSIN(ALPIIA)

TANG1=DTAN(SKEW1)

RAD=D3QRT( 1.D0+A%A+2.D0O:xA%XCOSALF)

TERI1=TANG 1:#( COSALF:RAD/S INALF:::2=-A/RAD) :DALF

TERM2= (RAD/( S ITALF#COEG1%C05G1) ~TANG1/( SINALF%RAD) *( A+COSALF) *
ATANG2/ATANG 15::2:%( 1, D0/( 1. DO+SKEW1#::2) ) ) :DG1
TERM3=TANG1/SINALI:#( A+COSALF) /RAD/ATANG1/( 1. DO+SKEV2*%x2) kDG2
ARG=TANG1/S INALF:%RAD

DSICG1=1.D0/( 1. DO+ARGH:E2) % ( TERM1+TERM2+TERM3)
SICGMA1=DATAN(ARG)

S10UT=SIGIHAL:RAD AN

DS10UT=DSIG 1:=RADIAN

WRITE(QUTPUT, 10)SIGHMAL,DSIG1,S10UT,DS10UT

FORMAT(" SIGMALI="1PD23.15" RADIANS, WITH DSIC1="D23. 15/

> ="QPF23. 15" DEGREES = "F23. 13 "DEGREES ")

c CALCULATE DSIG2 FROM IMPLICIT TOTAL DIFFERENTIAL OF THE
C TWO STATION ASPECT ANGLE FORIULA

20

30
1000

C0SS1=DCOS(SIGMAL)

SINS1=DSIN(SIGIIAL)

COSS2=XITxXR1+YII:YRI+ZM*ZR1

SINS2=DSQRT( 1.D0-COES2:x%2)

COSW=DCOS(OITEGAXDTI2)

SINW=DSIN(OMEGA=DT12)

DENOIT=S INS 1::C0SS2:#COSW-COSS 1S INS2

ATERI= (SINS 12CO552~-COES 1S TNS2:%COSW) *DSIG1

BTERIT= (SIHG 1S INS2::S INW) =DWDT12

CTERH—COQWU <DMU

DSIC2= (ATERI+BTERI-CTERM) ~DENOM

SIGIL\_"D‘ IN(SINS2)

S20UT=8IGIMA2:*RADIAN

DE20UT=DE2:xRADTAN

WRITE(OUTPUT, 20) S1CHMA2,DS1G2, S200T, BS20UT

FORINAT(" SIGMA2="1PD23.15" RADIANS, WITH DSIG2='D23.15/

" ="0PF23.15" DEGREES ="F28.15" DEGREES")

Al1==SINPIT#SINYAW:CP1:x8T1-S INP IT*COSYAWXCT1+COSPIT:#GP 1

B1=COSPITx CC SYAWRCP 18T 1-COSP I T8 INYAWRCP 1:2CT 1

C1==-SINS1xDSIG1+COSPITHS INYAT:( SP 18T 1::DP 1~-CP 1%CT1:xDT1)

+COSPITHCOSYAWR(SP 1CT1DP 1+CP1xETIxDT1) -SINP IT*CP 1::DP |

A2==-SINPIT=:S INYAW:RCP2x ar°—“INPIT‘CC"YXB“LT“+PO\PIT SP2

B2=COSPIT:COSYA! 2::8T2-COSP ITHS INYA

(‘l)— f‘]"?"’\ NRIFCD ",'. s -‘!-,“Y,\,‘ (;" » 13

4C“311 c (2 DP2+CP2x
ENCII=AL% B“—AZ 1

DPITCH=(C1::D2-C2%B1) /DENOM

DYAW=(A1XC2-A2:%C1) /DENOM

DELP=DP ITCI:*RADIAN

DELY=DYAVW::

WRITE(OUTPUT, 30) PPITCH, DYAW, DELP, DELY
FORMAT(" THE ERROR OF PITCH IS"1PD23.15" YAW IS"D23.15" RADIANS"/
1 " IN DEGREES, TIIS IS "OPF23.15" "F23.15)
CONTINUE
RETURN
END
ENDS

o ——




APPENDIX II

Program to Determine Vehicle Position

(Interdata 0S/32 Version)




no

1
]
1
1

1

25
26
21
28
29

130

PRUGRAM LIPDS(3,8

PROGRAA TO KEAD LASER TRACKER DATA TAPKE, UHNPACK DATA,

SMoOrd anD Jdurlpur

53

10 LINE PRINTER 14 TABULAR FIRrR4

COMMON TH(32),1%(32),3KC(32),A2(32),EL(32),RA(32),

DOUBLE PRECLISION
X

IH,IV,SEC,IHI,I“I'SECI
trPUOCH,PULSwW, PULSKE
INTEGER  PULSTL,PULST2

T INTEGKER%4 HR, 4w, d,mi, 48

INTEGKR*4 IH,IvM,TH1,141
DIMENSLION IP(S5),1J(2) g

DIMFERSION IST(n)

X LIM(32),TKUV(32),135P(32),LSRNN(32),ICH4P(32),1AU0TO(32),
vl KLY, 2h,1r1,141,SECH eSS e T~ 5, 8 £
X PULST1(320),PULS12(320),EPUCH(320),PJLS~(320),PULSP(320)

DIMENSLON ww(448),[S5kC(32),115(32)
EQUIVALENCE (IPC1),L0),(IP(C2),LP),(IP(3),NFILE)

~ BAUIVALENCE (1,1JC1)),0J,1J(2)),CIP(4),VNRECT

DATA RADEG/ST,29577951/,P1/3,141592654/,1PAGE/1/,1PNT/0/
DATA PL12/0,283185306/,AZ0/90,/,EL0/0,4/ : S R e

. CALL CLOSE(Y,LST]
CALL CLDS&(1,1512
CALL CLOSE(b,ISI3

)
)
)

GET USERTS CUNSOLE & LPR LUYS

CALL OPEN~(1,'CUn2',4,0,0,1S714)

T CALL OPENA(H,'FPR:',2,0,0,18T5)

CALL OPEww(RB,'%AG0O2',0,0,0,1S816)

IF(ISTL,vEe0) GD
CONTPTuUR
IPCIST2 . NESV T GO
CONTINIE
IFCIST3,VE.0) GO
CONTINUF
IF(ISTA,NEL0) GO
COMTINUE
16 (ISTS NELO) GO
CONTINUE
IF(18Th, ik o0) GO
CONTIHUE
Lu=o
LP=0
NFILESO
NREC=0

o IFILUJEQ .0 LU =
IF(LP.FQ,0) LP =
IF(BPILEEQ,0) GO
IF(NREC,HI,0) MR

[
HOSIgyIUW TAPE TO FILE & REC # (UEFAULTS = 1)

ro

It

I'u

TO

o

o

400

401

U2

403

404

UL S

CALL MTRFLIRFILE ,wREC)

42




READ FIRST Tad wORLS FUR 1=V

2 CONTINUE
CAaLL EXEC(1,1108,14,2)
KEAD(CH) oW :

120 FOKMAT(2A2) |

SEPAKATE L4TO Hd,4,8 ' ' ‘ ‘

UNPACK DALA

K=1

ln=|‘(‘l

Hk=0

IARGI=14%0L+41

Jsaw (1ARGL)

HR=HR+(ISHFET(J,=31))%20

HREAR+ ((SHF T ((1SAFT(J,1)),=31))%10

HREHR+ (ISHFT((ISHFT(J,2)),=28))

IHY! = HR

MN=0)

MUSMN4 (ISHET(ISHFET(J,6),=31))%40

MNSMN$(TISHFET(ISHFI(J,7),=31))%20

MN=MN$(ISHET(LSHEILI(J,B),=31))%10

MNSMN$(ISHFT(ISHETI(J,9),=31) ) *5

MNSMN+(ISHET(LSHYT(J,10),=31))%4

ﬁN=M~+(ISHFT(lSHFT(J.]l);'Bl))‘2

MNSHMRN+ (ISHET(LISHFL1(J,12),=31))%1

IML =M

KSEC=0

KSEC=KSEC+(ISHFT(ISHFT(J,13),=31))*%40

KSEC=KSEC+(ISHFTI(1SHFT(J,14),=31))%20

KSEC=KSEC+(ISHFT(ISHFTI(J,15),=31))*10

KSECSKSECH+(ISHFL(ISHFI(J,16),=31)) %8

KSEC=KSEC+(ISHFT(ISHFT(J,17),=31))%4

KSEC=KSFC+(1ISHET(LSHFT(J,18),=31))%2

KSEC=KSEC+(LSHFU(ISHFI(J,19),=31)) %1

40 1SEC(K)=KSEC

MS=0

MS=ME+(TSHFT(LISHET(J,20),=31))%¥800

MS=MS4+ (ISHET(ISHFT(J,?21),=31))%400
MSEMS+(ISHET(ISHFT(J,22),=31))%200
VEME (TSHETCTISHEI(d,73),=3)))%1010)
MSZNSH(ISHET (ISP I(J,z3),~31))480
MS=MS+ ([SHET(ISHET(J,25)¢=31))%40
MS=MSH(ISHF TCLSHF ((J,26),~31))420
MSEMS+(ISHFEL(ISHFT(J,27),=31))%10
MS=ME4+(TSHETCISHET(J,28),%*31))*8
MS=MS+ (ISHET(IOHFI(J,29),=31))%4
MESSVMS+ (ISHETCISHEI(J,30),=31) ) %2
MS=MS+ (ISHET(ISAF T (J,31),*31))%1
INS(K)=4S :
SECI=FLOAT(ISKEC(KY)+FLUAT(IMS(K))/Z1000,

Inl = ISHFT(1ANMUB(L,1400008),=14)%10 +

X ISHFLICIAND(],3n00008) ,=10)

w1 = ISHFT(LAGD(] ,1A008),=7)1%10 &

X ISHMEIT{TADCI,1706),=3)

S5KCH CFLUAL(TARD(D,7R)) %410, +
FLOATCISAFTCLANDCI ,1T70000K) ,=12)) +
FLOAT(ISHET(TAaW0(J,74008),=8))/10, +
FLOATCISHFT(LA%D(J,360H),=4))/100, +
FLOATCIAID(JI,178))}71000,

wHRITE(H,998)1H] ,141,S¢CH

YUK FORMATL 2830 20,28 20528 F15H¢3)

C T P PR S0 (S L T

b
waCr s i Siaxi U N o A 1
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.

34 CALL FXEC(3.Zth)
REWIND ¥
C WRITE(LU,100)
C 100 FURMAT('EWTER AZIMUCMH,ELEVATIUN UFFSET (DES)Y)
C READ(LU,*)ALy,ELO

AZO = AZO/RADEGS
CELO = ELU/RADHG
GET LAUMCHER CUORDS,
a«RITE(LU,1100)
110 FORMAT('ENTER LAUNCHER COORDINATES (X,Y,Z)')
READ(LUY,*#)XL,YL,40L

~ READ DBATA RECORD
1 CALL UNPCK(IEDF)

OFFSET CORRECTIONS

nao nanNnnonnn

B0 10 1=%, 32
AZTMUTH
AZ(L) = (AZ(1)#3b0,/262143,)/RADEG +AZ0
IFCAZ(1).GT.,PI ) AZ(1)=AZ2(I)=P]2
IPCAZ(T) LIq=PY ) AZ(L)=AZ(I)+P12

C ELEVATIOWN

T EL(I) = (EL(1)*3h0,/202134.)/RADEG +RLO
IF(ELCI)<GT .PT) ELLI)=EL(L)=PI2
IFCELCI)LE=PI ) ELC(I)=SELCI)+P12

g |

C TILT 1
AZC1) = ATANZ ¢ SINCARZUIYI® COSCEGCY)) , COSCAZ(I))* COSCELTIDD)

_ AZ(I) = AZ(L)*RADEG L2
EL(T) = EL(I)*RADEG = — B Tyt (o) L

- AaRITE(L,60LIAZ(I),EL(T),RACI)
C 600 FORMAT(10Xx,3(3X,F13,7))
10 CONTINUE
CALL QUTPI(LP,1E0F,IPNT, IPAGE)
IF(IENF VF 1) GOI1J 1
999 REwWlIND # T e | Y ST T .
WRITE(CLP,200)
200 FORMAT('1Y)
GO T 94
490 wkifr(l,450) 1511
G TO 125
450 FORMAT('DEVICE ASSIGWMENT ERROR¥**1STI=V,IS)
401 WRITE(1,452) IST2
G TO 126
402 WRITK(1,453) 1IST3
Gu 10 127
403 aRITR(1,3454) 1STA
GO TN 128 B e Ve e BT L S S e O e o
4014 aRITF(1,455%5) 1STS
GO TO 129
4098 YRITE(L1,456) 1S16
GO 10 130
452 FORYAT(CIORVICE ASSIGNMENT FRROR¥*#2TSTZ2=',105)
453 FORAT(YUREVICE ASSIG!#Een]l ERHOR*¥&$TSTI=Y, [5)
454 FORMAT('OEVICE ASSLGvAeNT ERRURX®*IS142',[95)
455 FORAAV('ORSVICE ASSIGAMENT KRRURXX*&ISTH=!,15)
456 FURAT('DFRVICE ASSIGu ENT ERKUR*®*X]IS5To=!,15)
99 CONTINUE

Ean

SitbaprlliFjvre " THEL(SEFLLE puREC)
VP lbLE = POE G - g

brre( = wiedl - 3

bty




C

£

C

€

|

noOoonNnaNoaonNnaoa

nn nrwr)n

FIND FILR
1 CONTINUE
IFCIFILE ., LE,.0) GOTO 10
EXEC CALL REMOVED HEKE
CIFILE = IFILE = 1
GOTO 1 S
FIND KECDRD #
10 CIONTTHIUE
IF(IREC,LELG) GOTU 99
EXEC CALL REMOVED HEwK
_IREC = IREC = 1
GOTO 10
99 RETURHN ! ]
END ' R i S e | ; i
SUBROUTINE HEADR(LU,LP,IH,IM,SEC) :

ROUTINE TO PRINT HEADER SHERET FOR LASER TRACKER
DATA LIST

DIMENSTON IPROJ(CLIO),IVATE(D)

DOUKLE PRECTISINW IH,Iu,SEC
_ INTEGER*4 1H,I1H1,IM,141

ARITE(LY,100) ,
100 FORMAT('"ENTER PROJECT NAME!)
READCLU,101)(LPROJ(K),K=1,10)
101 FORMAT(10A2)
CWRITE(LUY,110) ; S g oy .
110 FORMAT('ENTKR TEST DALE (EX: 01 JAN 78)")
READCLU, 11 1) (TOATE(K),K=1,5)
WRITE(LU,120)

120 FORMATC'IIME OF TESE')

READCLY 121 )1, I ,8EC
]21 FDR"AT(?(I?,‘)'F6.3)N
113 FORMAT(SA42)
WRITE(LP,Z200)
200 FORMAT(1H1,20(7),
40%X,'US ARAY #ISSLE RESEARCH AND DEVELOPYEXNL COMMAND!,/,
51X, '"TECANULUGY LABOKWATURY',/Z,
A%, ESYSTR S SImubAallde DIRBCTDRATEY,/Z,
53‘,'51-‘51f:"5 ‘.‘,V“I;UAI.]-‘J'\J',//'
50L, "LA4APAMS = LASER TRACKER',//)
WRITE(LP,210) (IPROJ(K)  Kk=1,10), (IDATE(K) ,K=1,5),I4,IM4,SEC
210 F“HMAT(‘SX:IOAZ'ZJX'5ﬂ2026X'2(12":')'Fbo3)
RETUKN
EHD
SURRDUT Lk UAPCR(LEDF)

D 2 W D

ROUTINE IO READ LA4PAM'S DATA TAPE AND UNPACK DATA
INTO VARIABLES (HOUKS,MINUTES,SEC,AZ,FL,RA, ETC,)

_ RETURNS? _ v diit T )
TEOF & 0 IF alke DATA On Tabe
LEOF = 1 IF END OF FILE OKTECTED WITH READ

COMMON TH(32),1%(32),5EC(32),A2(32),EL(32),RA(32),

X LIMO32),TROV(32),15P(32),LSRON(32),ICMP(32),1AUTO(32),
X Xbip ¥hp By 03, EnY 3 SECT
X PULSTI(320),v0LST2(320) ERPGCH{IZO) P2 JLSH(I20),PULSPLI20)
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1

KSKEC=0

DOUBLE PRECLSIUN IH,1%m,SEC,I1HY,I1),SEC]
DOUKLE PRECLISION EFUCH,PULSW,PULSY

DIMENSION aw(448),156C(32),11485(32)
INTEGER#4 MR, aw ,J,MN, NS
INTEGER*4 (H,IM,dl,IM]
INTEGER PULSIY,PULSTZ

IEOF = 0

READ RECORD

J =0
READ(S)ww

CHECK FOR €QF

CALL EXRC(13,8,IK015)  #¥&#%x
1EQTIS=TANDCIEQTS,2008) PEEERR
IFCIEQTS.NEL,0) LEOF = 1
1F(IEDF . ED.1) GOTO 99

UNPACK DATA

DO 125 K=1,32
L=K=1

HE=0

JARGI=14%0L+]

J=ww(1ARG])

HR=ZHR4 (ISHEI(J,=31))%20

HRZHK4+ (154F T (IS4 T(J, 1)), =31))%10
HREHR+ (ISHETC(CISHET(J,2)),=28))
JH(K)SFLOAT(HR)=1H1

MN=0

MNZMN$ (ISHET(ISHFT(J,b),=31))%40

MNSAN$(ISHET(ISHET(J,7),=31)) %20

MNZMU+(IS3AE T (ISHET(J, %) ,=31))%10

MN2MN$(ISHFT(ISHFTI(J,9),=31)) %8
MNZMUS (ISHET(ISHF I(J,10),=31))%4

MASANS(ISHETCISIFTI(X,18)0=31))%2

Mnane (ISHET(LSHETI(J,12),=31)) %]
TM(K)s U=

KSEC=KSKC+(ISKHFI(ISHFI(J,13),=31))%40
KSEC=KSHC+(ISHFI(ISHFI(I,14),=31))%20
KSECSKSEC+(ISHFI(ISHFI(J,15),=31))%10
KSEC2KSEC+(ISHFI(ISHFI(J,slb),=31))%*8
KSECZKSECH+(LISHFTCISHFTI(J,s17),=21))%4
KSEC=KSEC*(ISHET(ISHETI(J,18) ,=31))%?
KSEC=KSEC+(TSHET(ISHFT(J,19),=31)) %1
ISEC(¥)I=nSEC

MS=u0
MEZHS+(ISHFTUISHFT(J,20),=31)) %600
MS2MS+(ISHEILISHFI(J,21),=31))%400
MSEMSHCISHFT(LISHFT(J,22)+=31))%200
MS=NS4(ISHFTCISHED() ,23),=31))%100
MS2MS+(ISHYT(ISHFL(),24),=31))2K0
ASEASHCISHFTC(ISHFI(J,25)e=31))%40
MSBESH(ISHFI(ISHY 1(J,28) ,=31) ) %20
MS2ASH(I3HPI(TSHEFT(JI,77),=31))%10
CREARPLESIE TSP VLT, an) ™81 ) V80

TRSr L ssdseYe el e T Sy . e Ty YL RA



MSSMS+(LSHETL(LSHEI(J,31),=31))%]
50 INS(K)=4S
! SEC(K)=FLUAT(ISKC(R) )+FLUAT(IMS(K))IZ1000 ,=5EC1
LAW1IsISHET(ISHEL(ISHF T (ww(14%L,+3),16).=30),16)
Tww22TSHEL(anx(l14¥L42),=10)
h0 AZ(K)=FLOATCIOR([awl,1wn2))
IWWI=TSHETC(ISHET (wa(14*0L+2),16),=16)
! IWw2=ISHETC(LSHFEL(ISHET(aa(14%0L+3),1R),=30),16)
: 70 ELC(K)SFLOALCIOR(Iwwl,lwwdd))
JIAI2TISHFT(Aw(14%1,43),=16)
Tww2sISHET(ISHETCISHET(ww(14%(,+3),20),=30),16)
80 RA(K)=FLOATClIOR(Lawl, [we2))
LINEK)Y=TSHETCISAFT (A C14%¥L+3),23),=31)
g IANS(K,9)SISHFT(ISHF I (wn(14%L43),24),=30)
€ IANS(K,10)SISHFT(ISHFI(un(14%L,+3),2p6),=30)
IROV(K)=ISHFI(ISHET (ww(14*,+3),28),=31)
ISP(K)SISHET(ISHFT(wa(14%L+3),29),=31)
IANS(K,13)=ISHFIT()oHFT(wa(14%0L+3),30),=31)
T JANS(R,14)SISHET(JSHFE T (anw(1la¥L,43),31),=31)
90 JANS(K,15)=ISHFET(wa(14%,+4),=27)
IANS(K,10)=s]ISHETI(ISHEL(na(14%0L4+4),5),=217)
IANS(K,17)=ISHET(ISHFT (Aw(14%L+4),10),=31)
IANS(K,18)=(SHET(ISHFI(Wwa(1a*L+4),11),=31)
_ LSRUONCK)=ISHFT(ISHET(wa(14%0,+4),12),=31)
100 ICMP(K)S1ISHF U(TISHFET (wa(14*%L+4),13),~31)
IAUTOCR)SISHET(LISHET(WW(14%L+4),14),~31)
c TANS(K,22)=[SHET(TSHE T (WY (14%1,44),15),=31)
€ IANS(R,23)=LSHETN(IShET(wn14%L+4),10),=243)
(2 IANS(K,24)=ISHETC(LIOSHP L (anw(14d¥%,+4),24),=293)
< IANS (K, 25)SISHET(ISHFI(An(14%L4%),27),=27)

(g |

3 Y O

M=)
B0 31285 I=1,46,5
Jz=lei
M=M4]
1C=m+4+14%
LANS (K, J+26)=tSuarT(ww(IC)i=31) A T i
TANS(K,J+21)SISHFI(ISHEL (wa(TC),1)=28) K ]
TANS(K,J428)S(ISHFT(ISnET(Wa(1C),5),=21))*50,0E8=9
‘ IANS (K, J+29)=ISHF LCLISHET(Ww (IC),16),=31)
, C120" 1RSSR, JEINF=CLSHEL (LT ORWTIC), T7), 16 )) €50, U5 =19
125 COUnNITHUE

WRITE(1,101)
-i‘.’l FORHAT(S5X,'SUBROUIINE UNPCK OK!')
99 RETURHN
END
CSUBKOUTINE QUIPI(LE, TEUY JIPNT, IPAGE)

nonNAON

C
€
COMMON TH(32),1MC32),8ECC32)Y,AZ(32),ELE32),RAL32),
X LISN(32),1RUV(32),18¢(32),LSRUN(32),T1CHMP(32),1AUTO(32),
X XYL by EHE , TN, SECH
ek X PULSTL1(320),PULSTZ20320),PUOCH(320),PJLSAN(320),PULSP(320)
(%
G DOUKLE PRFCISTUN TH,IN,SEC,1HL,IN1,SECH
INTEGER*4 [H, 14,141,141
E X FERPAOCH,PULSY ,PULSPE 1
e INTHFGER PULSTE,PULS) 2
€
i MRS | ) Flwp (L) g XCTub ), 3 b0l on) s x0B0C100 ), ¥ (10990, XDL100)Y,
9 X g YARFE Fanar ¥ 5 26 VY e fbb ( Larey ) Z0H00 T JGESRC T T3 ) IOV CIGD ) , i
| JSUGEROW) s JLSRE EUN )Y ;30T FCYROE oG8 G F 30 L Hid) i
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CCALL FITC(TIME, &R, XD, 400, Y, Y0, YUU,%,20,200,TP4T)

(3
C
_._C.
1
C
500
G
»C106
%
g
C 501
(%
€
c107
20

“Y(LIPNT)

JCMe(IPNT)=ICHP (L)

X

500 FORMAT(X,F22411,4(5%,110),/,)

SCALY XY ZEVCX G R I B D GIDE S GO YD G Y DD G adtd) s 2D )7 20DTIN Y.

TXS=00

DIMENSTIAON D(100)

DOUBLE PRECISLUM TIME
REAL JK

LOAD QUTPUL BUFFERS
NRETEC) 308 Y ..
FURMAT(SX, " HADE TF INTU SUBRNOUTLIHE OUTPT'Y)

DO 100 1=1,32

IPNT = 1PN+ e e e e Tt : =
XCIPNT) AGLT)

SE L e
ZCIPNT) kA(C])
JLIMCIPNT)=LIM(I)
JROV(IPNTL)=TRKOV(])
JSTGCIPNT)=TSP(L)
JLSRCIPNT)=0LSKUNMCT)

JAUTOC(IPNT)=(AUTOCL)

TIMECTPYT)=CIHCL))*3600, +(IMCL))*60.+SECCL)

WRITE(6,500) (EPUCH(K) ,PULST1(K),PULST2(K),PULSA(K),
PULSP(K),K=1,320) C LR ’ ' i e

IFIBNTE L, 100 Geau 100
IFC(IPNT EQ,0) GOTO 99
WRITE(H,500) (XDD(K) ,\DLIK),ZDD(K),K=1,IPNT)
FORMAT(3(5X,%13,7))

WRITE(L,106)

FORMAT(2X, "#ADE IT UP [0 CALL TO FIT")

WRITE(6,500)(XODCK),YDL(R),ZDD(K) ,K=1,IPHT)
wRITE(1,501) '
FORMAT(® AETER 'FIT"Y,/7)
WRITE(H,500)(XCR) ,¥(K) ,Z(K),Kk=1,1IPNT)

DO 20 J = 1,IPNT
WRITE(1,197)

FOR2AT(2X,"BACK FRUM XYZCV')
CONT I Mk

DG 35 4 = 1,120 ,,50

JRED

Ys=0,

28=0,

Xv=0,

Yv=0,

wvN=0,

XA=0,

YAZSO,

ZA=0,

IPAGE = LPaGE+]

CALL LAREL(LP,1PAGE)
KK=0+419

IFCCIPNT LI G100) AND o (JeGTaS0))RKETPNT
IFCIPHNT LT e50) KA=LPNT
DO 30 X=J,KkK

JKSJK41 .

XS=XS+X(K)

¥S=184Y(K)

28228+7.(R)

XvErxvesi(r)

FVYEY LN )

it N

1V

48

Rp—

o




ZV=Z2V420(K)

XA=XA+XDO(K)

YASYA+YDD(K)

ZA=Z2A4Z0D(N)

WRITECLR,0600) FPIMECK),XC(K) YC(K),Z(K),XDO(K),YD(K),ZDCK) ,
XDD(K), YOD(K) , ZDU(K) ,JLIHCK), JROV(K),JSIG(K),
JLUSK(R) ,JCMP(K),JAUTD(K)

X
X
30 CONTINUE
XS=XS/JK
YS=YS/JK
Z28=258/JK
. ANefvgIk B e
YV=YV/UK AT 0 ‘ e St
ZV=ZV/JK
XA=XA/JK
YA=YA/JK
LA=ZA/JK
35 WRITECLP,601)XS,¥S,28,4V,YV,ZV,XA,YA,2A
601 FORMAT(/,' MEAUS:',4X,9(X,F10,2))
IPNT=0
C¥xxsxxx
3 160k =1
Chk¥rkkrx
. IF(IEOF,E0.%) GOTO 99
100 CONTINUE
600 FORMAT(X,#/7,3,3%X,9(X,F10,2),613)
IF(IEQOF.EQ.0) GUOIU 99
LECIPNT (NEL V) GOLO 1
99 RETURWN
EaD
SUBROUYINE FLL(YIME,X,XD,X0D,Y,YD,YDD,Z,2D,20D,IPNT)

€
€ ROUTLIWE TO SH00TH LASER TRACKER DATA
C

DOURLE PREZCLISIUN CX(10),CYC10),C2(10)
CDIMENSION X(190),X0(100),XDD(100),Y(100),Y0(100),70D(100)
DIMEWSTON ZC100),40(100),40D(100) A T T e i
DOURBLE PRECISION TIME(CL100)
C WRITFE(H,600)(PNT, (XC1),Y(1),Z(1),1=1,TPNT)
600 EaFeALL 30,19, 0000K s 3013 ol S5X) 7))
JPf1=1lPvi=n
DO 100 I=1,1P4T1
TRCU G I GOt o
PPt G1.1) GUED 100
CALL CRVEFCTIMECL) ,501),3,9,CX)
CALL CRVET(TIRECT) Y () ,349,0X)
CALL CRVFI(TIME(CL),Z2(C1),3:9,C2)
D0 50 J=1,7
CALL PUNET(TINECO), X0J), XD 00y, X000J) ,€X)
CALD: FUNCTCT ERE Y p ¥ ¢ Y YO CJ), YRDCd },CL)
CAEL FUNCECTIMECI) w200, 2002 ZDDJ ) 2 CZ)
50 CONTINUE
G0 100
10 COnTINUE ) ; .
CALL CRVFI(TIMK(l=6),%x(l=6),3,9,CXx)
CALI, CRVFI(TI®E(T=6),Y(I=6),3,9,CY)
CALL CRVFT(TI#ECLleb) ,2(1=0),3,9,CZ)
CALL FUNCTUTEMECT)  XULEDY pXOCT Y XUDEL Y, EX)
CALL FUNCTCTIMECL) ,XCh)Y,YOU(I), YDU(1),CY)
CALE WUNCICRIZAECT Y201 ¥ 200 Y s 2D Y CT)
) L3 EA N S I R
15 F)=ks |-

Y Jiw &3l i¥n)

5




e Sst . - " . i i 5

CALL FUNCT(rE«e(l),A(1), 0(1),A0L(T),CX)

CALL FUNCILTIMECT) Y€1), YDLI),YDD(1),CX)

CALL FUNCT(TIMEC(L),2(C1),2DC1),20D(1),C2Z)
110 CONTINUE

RETUKN
~ END
TSUBROUTLNE CRVFI(X,Y,4,4,C) X
C
¢ LEAST=SAUAKES POLYMOM AL CURVE FITTING ROUTINE
C SOLVES FIK CUEFFICLERTS C(I) GIVEN X=Y PAIKS
€ OF DATA POINTIS FOR FKQUATIONS OF THE FUORMS
o N YSC(1)+C(2)FA+C(3) %X *#42+, (o +C(M4]1)%X*%HN
¢ I e
C C = COEFFICIENT ARKAY
€ X = INDEPENDANT VARLABLE T
(& Y = DEPENDANT VARIABLE
€ M = ORDER OF POLYNOUWIAL (10 HMAX) ‘
. € N = 6O, X=Y PAIRS

c = L gl DI el e, St T PO = i
€

DIMENSION X(10),Y(10) PR

DOUBLE PRECISION A(C11,11).B(C11),P(20),YY(9),CC10)

DUURLE PRECTISION FACTOR,SUMN,TEME, X

i C i NG 3 B G L

C ARITE(H,6A1)Y,N

661 FORMAT(K,L6b,5X,15)
DO 1 I=1,9
C URTITE(B,np6)X(1),Y(1),C(I)
b6 FORMAT(X,3(k13.7,5X))
T f YRElIeYEl) .
Nh=nMe]
DO 5 1=1,0N
5 C(l)y=o0,
€ COHPUTE 'P' ARRAY (PO«ERS X(I) )
MX2=%2
D0 13 lI=1,%%2
P(T)=0,
Do 13 J=l,.N
13 PClY=PEL)I X J)* "]
C DeEveLOP COvSlAavl ThivsS UF HUKMAL EUNS,
L=M+l
po 30 1=1,L
DU 30 J=1,L
K=l+J=2
IF(K)29,29,28
28 A(L,J)=P(X)
Gary 30
~ 29 ACL,1)=n
30 CONTINUE
s(l)=0,
DO 21 J=),n
21 B(1)=28(1)+YY(J)
DO 22 1isZ,0L
B(l) & O,
i \ DU 22 J=i,H
: 22 B8CI)=sB(I)+YY(CJ)2X(J)**(]1=])
[ PLVUTAL CONDENSATTOWN
fiMi=l, =}
DO 300 K=1,n49
(N E 1TSS f

¥/

| ]




IE(OARS(ACTL,K))=DABS(A(MXK2,K))) 400,400,401
401 wX2=1
400 COuINUK
IF(MX2=K)500,%00,405
405 DO 410 J=K,L
ot TEMP=A(K,J) e R T ke e TP ‘
A(K,J)=A(4K2,J) gy PERC iR T AR ey
410 A(MX2,J0)=1EmP
TEMP=B(K)
B(K)=A(MA2)
B(MX2)=TE4P
C ELIMINATLON AND BACK SOLUTIDUW
500 DO 300 I=Kk1,L S T
FACTOR=A(S ,K)/A(K,K)
ACT,K)=0,
DO 301 J=KP1l,L
3010 ACL,J)=AC1,J)=FACTUOR*A(K,J)
300 BCI)=R(I)=FACTORXB(K)
C(L)=n(L)/A(L,L)
I=nMy
710 Iei=l+1
Sum=0,
DD 700 u=1P1,L
__100 SUM=SUM+A(T,J)*C(J)
C(I)=(B(l)=Sux)/a(l,I)
I=1=1
I#¥(I) 800,800,710
BOO CONTINUE
ReEJURN
LMD
"SUBRQUTINE FUNCT(IImE,X,XD,X00U,C) . EARSTL )
DOUBLE PRECLSTUYw C(4)
DOUBLE PRECISIUN T'1lME

(2 WRITE(6,100)(C(K),K=1,4)

100 FURMAT(1SX,a(E13,7,3K),"'%%x")
g X=C(1) +C(2)#[J4E +C(3)4TIVE**2 +C(4)*TIVME**]

T XE((C(aYFIITMERC(IN)I*TIMNEFCLRY )T EmERCCYY B
C XD2C(2) +2.4C(3)*LiME +3,¥C(4)*TINER%XD

XD=2(3,¥C(2)* T M +2 ., %C(3))*¢TTME+C(2)

Kw=2 o %¥CE3) ¥n 2Tl ) * LMK

KeTUry

END

“SUBROVUTINE XYZCV X, X0, XD0,Y,YD,Y00,2,20,Z2D0) =

ROUTINE 10 CONVERI TD RANGE CO=0OKDINATE SYSTEHY

XLT,YLT,2LY = IRACKER CO=0ORDS,
XLoYL,2L = LAUNCHER CO«URDS,

nNnnOonNNonNaoan

COMMON IH(32),1%032),56C(32),A2(32),EL(32),R4(32),
X LIM(32),1R0V(32),18P(32),LSRNN(32),1C4P(32),1AUTD(32),

X Xb,l'[-,‘/'»b,f’ll,l"l.b't.(.'l

an

DOUBLE PRECISION IH,IM,SEC,IHT,IM1,SECI
IMTEGER*¥G IH,L¥,IHL1,[n]

TRACKER COH=URDS

4] VYIX P2 %

YL 2 & 359,941

g1 - -




LLT = 23,KH485
R N S R

C TRY RANGE CUOURDS FUK LAUNCHER (XL, YL ,%4L) ]
Xb:“. ; 3
YL=0,
ZnL=0 °

CCHEERRRFKRRRAKA KRR RN RN KRR R KA R R R AR AR KRN AR RKARYKXE R )

C

€ COMPUTE POS, OF ROLUND (X,Y,2)

c §

€ WRITE(AR,BVD )X, 1,2 G

_C 600 FURMAT(3(3X,£14,7))
X=X X*,01745324 e
Y= Y¥,01754329
S XDEXD*,01754329
YD= YD#,01754329
XDD=XDO*¥, 01794329
YOD= YDD*.,01754329Y
T XM=XLT-XL+Z¥% COS(Y)# COS(X)
YMYLT=YL+2% COS(Y)* SIn(X)
IMN=ZLT=2L+2% SIN(Y)

CE¥RXXKAXRKES[ART THMIRSEKAFXXXEKFKRAXKRRR E
C
C DETERMINE VELOCITIES
e B
VR=ZD
VAZ=72%XD% COS(Y) e T R e i
VEL=Z2%YD ;
e . o e G T N N s
[ VELO IN LAUNCHER=CERTERED SYS
C

VX=VR* COS(X)#* COS(Y)=VAZ* SIN(X)=VALX COS(X)* STI(Y)
VYSVEX S{O(X)4% COSCY)+vAZY CUS(R)=VEL* SIN(X)* SLN(Y)
VZSVR¥* STu(Y)+VEL* CUSC(Y) .

. SORFUTE Beisioe

ARSZDD=Z2%¥{D* %)= ¥XD¥%2%( COS(Y))*%2

AAZS (¥ XUD+2%A0220 )% COS(Y )=
¥ P EL¥AE STy
AELSZ¥(DV2 3y %L0474% SIw(Y)* CUS(Y)¥XND**2

C
—€  CONVERT TO LAUNCHER CUO<ORDS. e o, 2 HERECTEL I i -,
%

AXSAR* COS(X)* CUS(Y)=AAZ¥ STL(X)=AEL¥ COS(X)¥ SIN(Y)
AY=AR* STU(X)* Cus(Y)+aaz* CUS(X)=AKL¥ STr(X)* SUHN(Y)
AZ1=AR%¥ SIn(Y)+AEL* CUSC(Y)
Xxesxm
Y=YM
Z=2h
XD=vX
YD=VY
20=2v2
AUD=AK
 YDD=AY
: Zob=AZ1
CREXEB ¥4 64855000 (HEIRS, STAK] MINEXERKEXRIRXXXFELKE K KKK

‘ C VH=ZD
| C VAZSXD
i c VEL=YD
c SRSy ECNR(Y YOO IS (A= by LRSI YIRC ISP )m7 sy aZ 20 13(Y ) RSTIHCX)
& FOByRECIST LIRS (RY = 0vr . 88 FA{Y JRRJUEX JHLSVIALECIFICE Y RCDGLY)
c GUSYEES L sl Y Yo Leve L, #0501} s

9 i

e A




|
|
|

AR=ZL0O
AAZ=XDU
ALLEYDD
XON=(AR=Z4(VEL*4¥2+¢VAL*¥%2))%CUS(Y)*CNS(X)
X FOAR=2 A VREVEL)FSTU(Y)*#CUS(X)
X +(2¥NAL=2 HYKBVAZ)SCUSCY)*SLII(X)
X w2 KL¥VELFAVAZESIN(Y)*FSTA(NX)
YUODS(AR=Z¥VAL¥22)%CUS(Y)*#STH(X)

w(VREVE L4+, ¥L¥VELFVAL)IYSLIN(Y)*CDSIX)
X (2, 4VREVAL/ ¥ (VEL¥%2=407))%COSCY)4COS(X)
X = (VR*¥VEL4Z#%AeL ) *#ST (Y )*¥SIN(X)
ZODS(ARLAVEL#$2)4STN(Y )+ (2 ¥ VKEVEL+Z%AEL) ¥COS(Y) L |
S E \ : L e O N o R
YsyYm
Z=Zn
FRERXEFH K EREEFUD AJNERFA4 552555825 4KXKXKKKEXRKX
WRITE(H,601)X,Y,2
601 FORMAT(3(34,E14,7),7)
 RETURN ) S
END
SUKRDUTINE LABEL(LP,IPAGE)

|

nOoOoOnNaonnonNnnmoOoonNnnNOnNnOnNn
>

i
|

_ROUTINE TO PRINT DATA PAGE LABEL & PG, #

nnnNnan

NPAGE = IPAGHE =1
wRITE(LP,100)UPAGE
100 FORMAT(1Hd1,52X,'LAMPAMS = LASER TRACKER',19X,'PAGE:s ',14,/7/,
_3X,'TIME', 174, 'PUSTTION', 24X, 'VFLOCITY',23X, 'ACCELERATION?,
15X, 'STATUS! ,/, 4 ! ] R e s T
3%, VESECYY ;19K, ' CETI V26X,V CET/ZSECY ! , 23X, ' (EL/SEC=SEC) Y, 7/,
1K, PR R0X, VY 0K, Y2 10X, YKV 10X, FY 10X, 057, 10X,
YRS LOX Y IO LIS CLM OV BP0 EP AD' ;7
3%, wmem Vo G(HX, oual) ,3X,6("! ==t),/) !
‘ 2 RETURN
! 1 T RS

> e 3 > > >

$BEND
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us

ARMY MISSLE RESEARCH AND

DEVELJPMENT COMMAND

TECHNOLOSGY

SYSTEMS SIMULATIIN DIKECIORATE

LABRIRATORY

SYSIEMS EVALJATLOW

LAMPAMS = [LLASER TRACKER

TIME POSITION VELOCITY
(SEC) B (FT1) - T KFT/BED) M
L s e T R R - 2z
0,250 1067,57 259,27 25.45 S8.11 ~47,44 43,47
0,260 1065,51 258,56 26,08 36,92 24,50 20,18
0,270 1069,068 258426 26,30 19,13 -he59 2,82
0,280 1069,29 ~ AS8.3b - 8. 3Y 0 #.13  §.a4N -d, 54
0,290 109,27 258447 25,949 -6,32 G T Y TN T T e
0,300 1069,06 258,79 2570 -13,399 16,87 -13,813
0,310 1064,74 259,12 25,48 -18,30 14,58 -7.57
0,320 1068,27 259,51 25.45 -6,47 5,34 5,12
0,330 1065, 36 259,30 75,76 6,093 =9,45 14,32
0,340 - 1068.,76  TEB IR 2he22 10,60 7,566 15,49
04350 10h9,09 258,66 26,54 beld T 7% T %
0,360 109,11 25% .84 26,55 =211 -1,7% -3,5K
0,370 10606 ,85 250 85 26,23 wile L 1,68% -19,53
g 3ic0) 10ns,59 250 97 2% s H6 C s IR 44954 -d, in
0e390 1en, 40 459.0n 7 o R Uebid 4,05 -3, RY
0,400  10ks,6A 259407 35,82 1,58 .98 1.n8
0,410 1065 ,95 259.37 764,00 9,91 5,46 4,25
0,420 1069,22 259,23 26,11 5,00 AP0 2.54
0,430 1069,20 259,08 26,10 =4,05 -7.88% -3,04
0,440 10608,92 259,15 25,90 =11,38% 2. 018 «1,25%
0,450 1061,55 25K,495 25.06 =11.85 11,33 w716
0,460  10%9,32 2549 .64 25,54 -5,03 2.b4 =-3,51
e ATO . . BOBNLFE . 259 L 2%.%r - #.51 T =1,34 0450
0,450 106%,66 259,34 25.617 12.40 -13,07 3,10

Note that target acceleration and LAMPAMS status report have not

‘been presented but are normally included in the output.
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