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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. In order to

determine attitude, each of the ground stations is additionally equipped

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

1
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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 ~c clear that , a return signal of cw radiation will be returned to

the laser si~e each time the plane of the retroreflector passes through

this ground station . The signal will be in the fotin 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 P R I S M

(X _ , Y ., Z )  S T R A I G H T

L A S E R

~~~~~~~~~~~~~~~~~~~~~~~~~~ RAY 

RAY STAT IONS 

b)

- - FIg. 1 Geometric optics of a Pig. 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 or iented

L _____ -
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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

poin t ;  positive Z axis in the vertical upward direction ; posi t ive 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 u axis coincides with

the roll axis of the vehicle, positive toward the nose; r~ perpendicular

to u and parallel to the XY plane, positive toward the positive X

direction; and ~ perpendicular to o 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 (X1, ‘1~~

Z.) and (X , ‘t
m’ Z), respectively. Using the transformation matrix

between the two systems, the components of the ith ground station in the

vehicle—centered system are

r~”cos(62) (X1—X) —sIn(’~2) ~~iT
’
~m~ 

(la)

wj sin(152 )c o s ( IS 1) ( X j_X
m)+cos( 15 2)c o s(IS l) ( Y j _Y

m) +sin (
~~i ) (Zj_Zm) (lb )

~j (6 2 )si n ( tSi) ( X i
_X

m
)_ cos(S 2)s(S1) ( Y i

_Y
m)

+cos(~S1) (z1—Z) (lc)

where and 6 2 represent the geometric pi tch and yaw , respectively,

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

3 
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time interval between pulses returned to the I and j ground station is

1
~t jj

= —~ [arctan ( _ L  ) —arc tan (---1--) 1 (2)
T i .

Note that substitution for the ~ and n . 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

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.

P L A N E OF 
-

R F F L E C T O R

Fig. 3 Vehicle equi p~od with tw~ p r i s ms .

4
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Consider now the addition of a second roof p r ism to the vehicle ,

as indicated in Fig. 3, wIth an angular separation of 8 relative to the

- first reflector and a skew of y. The geometry of the prisms is sho~n

in more detail in Fig. 4. Assume that the t1 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 t2. It is apparent from the figure

that the vehicle must roll a distance 8+0 so that the time interval

between the two pulse receptions is ~~jj = (l/~2) (8+Oj).

Figure 4 also indicatcs that tan c j  RIB1 and tan y Cj/B1.

Therefore, 01=arcsin (tany)/(tanci~). By noting that

tan a~= (~j2+~j2Y~/uj

one obtains the result

1 w1tany
At j j  = 8 + arcsia[(-~~~2+~~2)½-)

} (3)

which can be expressed in terms of tS1and 152 using Eqs. (1).

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 151and ~2 assuming once again that ~~ , 
Xj~Xm, 

‘
~I~~m’

Zi Zm, ~t 1~ are known.

Unfortunately, a closed form solution of these two equations could

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

solution as explained in the next section .

5
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L A S E R  S TA T I O N  (I,)

PLANE OF fS K E W E D ‘ ,I
R E F L E C T O R

.~ 
. 

R E F L E C T O R

L A S E R
.—‘ S T A T I O N  (Ii )

.
\

~~

.

~~

.

~~~

‘
GROUN: STATION (t ,)

GROUND S T A T I O N  ($~)

Fig. 4 Retroreflectlon planes refer—
enced to a laser ground station at
two different times.

Reformulation of the mathematical description

An alternate expression for the time interval for retroreflection

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

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

ordinate system by vectors 
~~~~~~ 

The position of a missile rotating with

a constant angular velocity w about a roll axis is given by vector

Fror~ these vectors, we form unit vectors ~ri 
describing the dir—

ection from the missile to the ground stations :

~ri 
E —_rm i. = 1,2 (4)

rj— rj(

6
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In this equation the carat C’) denotes a vector of unit magnitude

and — rml denotes the magnitude of the vector difference between
+

and tm.

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

where Cti is physically interpretable as a unit vector lying along the

intersection of two mirror surfaces placed 90° apart.

t u i

,<

~~~~~~~~~~~ro urfaces cross hatched

Fig. 5 Definition of d
Ti

We define a skewness angle a as the angle between c.1.j  ari d a normal

to the roll axis (eni) when cii, e0, and are all coplanar and which

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

I:
C ~~~~~~

Fig 6. D e f i n It i o n  of a

7
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The angle between 
~ri 

and c~ is the tracking aspect angle ~~~~~

Cr1 ~~ Cu = ~~~ a~ Cni (5)

The angle between the two ground stations as taken from the missile is - 
-

defined as ~i.

Cr1 £ = cos .I~~ (6)

The retroreflection plane is assumed to pass through ground station

1 at time t1. It passes through station 2 at time t2 = t1 + t12.

Between these two times, the retroreflection plane has rotated through

an angle ~~t1~ where u is the constant roll rate of the missile.

Acni
C
T i

cx

a
c

02ci

Ground station 2

Ground station I.

Fig. 7 Geometric relationshi p

8
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In order to determine the angle of rotation, we must define a unit

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

but is perpendicular to the roll axis Cu. It is necessary that cAj be

a linear combination of vector Cri and ~~ This CAl is found using the

form

Cu x c.,
- CAl 

= I~u x (7)

Nov that all angles and vectors needed to find the aspect angles aj

have been found, we may define Cii.

cos a~~Cii = —sinct C~ + sin aj~~~~ X Cu (8)

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

x £.d I = sin (90 + a ) I  = cos a (9)

we arrive at

CAi = 
n 

~~~~ 

[
~ ri 

— cos cj (10)

As previously mentioned , the angle of roll that the missile has ex-

perience between retroreflecting station 1 and 2 is ut~t 12. The vectors

and cA2 must also have undergone this same angular change so that

CAl CA2 = cos (utit12)

Using equation (10) twice, we see that

cos (uAt12) = CAl ~CA2

= 
Sin °l sin °2 ~~

r1 — cos 01 [
~r2 

— C°S 02 ~~~~]

= 
sin oi sinø2 

[
~ rl 

- Cr2 — cos aj. 
~r2

C08 02 Cr1 . c~ + cos 01 C05 02 
~
u9
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I
= 
sin sin °2 

(COB 
~l2 — COB 01 COB 02

COS 02 COS 01 + cos 01 COS 02)

sin ci sin 02 
[~~~~~~ ~l2 — cOs cos 02] (12)

With equation (3) written in the form

tii * [B + arcsin ~~~~~~ (13)

Equations (12) and (13) can be solved simultaneously for 01 and 02

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 LAMPAN S a second program was developed.

Vehicle position determination

Data tapes generated by the LAMPAMS are in binary form, 9 ‘-rack ,

800 bpi. The data arrangement on the tape is shown in Fig. 8 . In

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.

~~~~ ication 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 LAMPANS

The LAMPANS 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 , th e poten tial f or

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 Recommendati ons

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 LANPAN S 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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Program to determine attitude

of vehicle

(Hewlett Packatd System 1000 version)
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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 IT , 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 
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DT11 — changes th e time difference for the two mirrors to retroreflect

through ground station one

DT12 — changes the tine 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

SKi — 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 “CO~-1NAND”, and in any order.

xega , the roll ra te, may be inp ut in

RAD — radians per second

RPS — revolutions per second

RPM — revolutions per minute

DPS — degrees per second

e 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 -i

TUP to calculate the geomelric relationships between the ground stations and

e missile. Next , SIGh th rnl 1o~ ro dot~ r~~n~ the first aspect ~n~~1et ST (12

subsequently called to find what the other aspect angle is. ESUB~4 is tii ~ n

lied to find the correct roll axis.

SOLVE always returns to INPUT .

18
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SUBROUTINE SETUP

SETIW determines ~~~~~~, ~~~~~~
, 

~~~~~~~~~ 
and eR2. Unit vector is parallel

to }~L. The magnitues Ri and R2 are determined , as is COSMU which is the

cosine of the angle between 1ti . and l~~.

SUBROUTINE SIGh

Using the time necessary for both sets of missile mirrors to retro—

reflect through ground station one (DT11), and the yawsonde equation , the

first aspect angle SIGMA! 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

cos(SiAt12) sinol
1
sina~ 

tcosii — cosel cose7} (1)

where: f~ OMEGA , the missile roll rate in radians per second

t~tl2 = DT12

cos~ = COSMU

cOsel cos(SIGMA1)

sine1 = sin(SIGMA1)

determines two possible SICMA2 aspect angles. SiGh provides SIGMA1 (ei)~

SETUP provides COSMU1i(cos ), so that 02 may be determined explicitly.

Two roots become possible for 02. These are SIG2A and SIG2B. To

further complicate matters , we only accept angles that are 0 < c~2 
< ~r .

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

either 
~~2 

or -r/2 — 02.

19
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These difficulties were circumvented by:

1) replacing a 02 < 0 by r/2 — 02, hence making 02 positive

2) testing the resultant °2A and °2B 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 SOL1. If ISOL = 2 the two solutions are in SOL1 and SOL2.

SUBROUTINE ESUBW

When two aspect angles are given, the roll axis, e~ (ESUBW) may be

determined by the solution of:

eRl = coS(Ol)

eR2 = cos(02) (2)

~w
= l

Equations (2) are nonlinear , and therefore not easily solved. The

method used in this program determines the I component of f,~, or E wx.

This reduces (2) to:

c c c c cos(0~)R1S R1Y R1Z wx

C
R2x 

C 2Y c
R2Z 

C
xy = 

cos(02) (3)

1 0 0 Cwx

Equation ( 3) is linear , and easily solved with a SIMultaneous

eQuation solver , SIMQ. With the roll axis known, pitch ~. -1 yr-v are easily

determined by:

YAW = ARCTAN (~~,~~/r ~r-~)

PITCH ARCTAN [c~~/(c~~
2 + ~~~

2)½]

The three cases which are impossible to solve using this formulation

20 
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are

Case I eRly = cR2Y 0

Case II CRlZ = CR2Z = 0

Case III 
~Rl = K 

~R2 
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 c~~ and CW~~, and c~~ and cwy respectively, as a system

of two equations in two unknowns. The remaining component may be found by

+ ~t~y
2 + Cwz2 1 (5)

The main difficulty would be the determination of c~~ . 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 TINE is given a roll axis, it determines the two time

differences DELT11 and DELT12 from previous work. If the two computed

t ime differences are within the allowable error limit, then the roll axis

is valid, otherwise it is not.

SUBROUTINE ESUBWX

ESIJBWX explicitly determines c~~ from equation (2). There are gen-

erally two solutions t~~. These reside in ROOT1 and ROOT2. Occasionally

the two roots are redundant , then ISOL, the number of solutions is one.

If 
~R
1 and CR2 are linearly dependent , then ISOL = 0 as no solution is

po~siblc.

In the solution of r~~ , a quadratic equation of the form

(1 + B2 + D2)c2~~ + 2 (AB + CD) c,~ + (A2 + C 2 — 1) = 0 (6)
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is recurrent. The values of A, B, C and D vary depending on the vectors

~Rl, 
CR2 ’ and the values of cos(01) and cos(02). 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 aiigle 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 c~~ , ROOT1 and ROOT2, exist.

SUBROUTI NE SIMQ

Given an N by N matrix [A], and a vector [B] (N x 1), SINQ solves

the matrix equation

[A] [XJ = [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 (‘i ) .  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

= cos(YAW) RX~ — sin(YAW)RYj (8)

sin(YAW) cos(PITCH)RX~ + cos (P ITCH)RY
~ 
+ sin(PITCH)RZ1

= sin (YAW) sin (PITCH)R X1 — cos(YAW) sin(PITCH)RYi +

C0S(PITCH)RZ j

times are found by

DELT11 = 
OMEGA ~BETA + ARCSIN [u1 TAN (SKEWI )/ ( c12 + ~l

2)½ ]} (9)

DELT12 = ARCTAN (c1/~ 1) — ARCTAN

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 .

23
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0001 FTN4.L
0002 PROGRAM ASPI!
0003 DOUBLE PRECISION X1 ,YI ,Z1 , 2,Y2,Z2 ,Xfl,YpI,Zfl ,SKEW I ,
0004 1 SKEV2 ,BETA ,flx1 ,RYI ,1tZI ,fl1 ,RX2,fly2 ,Rz2,fl2 .COsrlU ,xa1 ,
0003 2 ThI ,ZftI , Xfl2 .Y112,ZR2 , AHSWEIt ,P1  AD1AI~,
0006 3 ERROR. EWX. EWY. EWZ
0007 INTEGER OUTPUT
0008 CO~IEON X1,Y1,Z1,X2.Y2.Z2,XI1,Yrl,Zr-I,S:cEwl .
0009 1 SKEW2.BETA ,IIXI ,RYI , RZ1 .111 • flX2 , :W2 ,n.z2,R2,COSNU ,XRI,
00 10 2 Y1h1,ZRL ,XR2,YR2,ZR2,ANSWER (4,6) .PI ,RAD1I~.N,0011 3 ERROR, EWX, EWY. EWZ • NU~t~:0L • NREAD . OIJT1’UT
0012 DI1~1ENSION IPRATI(S)
0013 CALL fl~ II’AR( I PIWI)00 14 NIJNSOL=O
0015 NREAD=IPRAH( I)
0016 OUTPUT= IFRAN(2)
0017 PI~ 4.DO 5DATAN ( 1.00)
0018 RAD I AN~ 180.00/F l
0019 ERROR~ 1.D-50020 CALL INPUT
0021 STOP
0022 END
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0023 SUBROUTINE INP UT
0024 DOUBLE PRECNION DTII ,DTI 2
0025 DOUBLE PREC I :~ I ON BETA I N , SKE W 1 1. SKEW2 I
0026 DOUBLE PIIE C I S ION ONEGA • O1~~G I N • P 1 ‘I’C11, YAW
0027 DOUBLE P R E C I S I O N  X I , Y1 , Z1 ,~~2 , Y2 ,72 , XJJ,Y?1 ,ZM , SKEW1 ,
0028 1 SKEW2,I)E’1’.-’.,lix1,RY1 ,flZ1 .RI ,nX2.Ir,2,p~z2,R2,cos?IU,)ou ,
0029 2 YR1,Z , 2.’i .ZI13 ,f~E.~ ;Elt,pI ,j1AflIAN,
0030 3 ERROR, 1-:I-r~ , E\iY, EWZ
003 1 1 Ni’EC~~t OIJ1’P IJT
0032 corr’;oN XI • Y1 , Zi • X2, Y2, Z~. ~U1. Yri , z n ,  SEE1iI,
0033 1 sKE W~~, 1~::TA,RX 1,Ry I .nzI , lu,nxa .ny2 , n.z2, n2.CoSNu.xRI ,
0034 2 YR1,ZR1,Xfl2.YI12,Zfl2, -\t~s~E’~.(4,6) ,PI .RAD IAN ,0035 3 ERROR. LWX. EWY, E’.~Z, UUEL~0L,NREAD, OUTPUT0036 I NTEGER ICi~~T(32)
0037 DATA ICON’1/211CS , 2111 ,2IICS, 2112 , 21U11 • 2IISS, 2IIDT, 21111. 2BDT.
0038 1 21Il2.2~mE,21ITA,2JIsx(,21L1 ,2HRU.2111-i 211 211 2HST 2110P,
0039 2 HDI , 2~t~1’, 2::sK, 2n2 ,2 10M, 2IIEG, 211RE , 2IIST,211? .211 ,211S0,
0040 3 2HLU/
004 1 DATA 1RADI,IRPS2 , IRPN2 ,IDPS1,2lIflA ,2H5 .21111 ,2h1DP~0042 5 M~’LAG O
0043 10 l~it1TE( OUTPUT, 100)
0044 100 FOIUL~T (” INPUT GROUND STATION 1 C0OIU~S: X, Y,Z ”)
0045 flEAD(r~aE-\n,~~ Xl,Y1.Z10046 WR ITE(OUTPUT. IOI )XI ,Yl ,Zl
0047 101 FORIIAT (IPS(2X,D20.15))
0048 IF(KFLAG.rlE.0 GOTO 300
0049 20 WRITE(OUTPUT, 102)
0050 102 FO1UL~T( ” INPUT GROUND STATION 2 COORDS: X,Y,Z”)
005 1 READ( IRIEAD, n )X 2 ,Y2 ,Z2
0052 WRITE(OUTPUT, 1O1)Y2,Y2 ,Z2
0053 IF(KFLAG.NE.0) GO TO 300
0054 30 WRITE(OUTPUT, 103)
0055 103 FORftVF(” INPUT NI SSILE COORDS: X, Y, Z’)
0056 r~.EAD c HREAD, n) ~~I, ‘iN, zrI
0057 VR I’rE( OUTPUT , 101) ~~1, YE , ZM
0058 IF(IU~’LAG .NE .0) CO TO BOO
0059 40 VRITE( OUTPUT, 104)
0060 104 FOiU 1AT( ” INPUT DELTA T 11 , IN SECONDS”)
006 1 READ (HREAD ,n DT1 1
0062 VR ITE(OUTPUT , 105)DTI1
0063 1F (1~~L-~G .NE.O) GO TO 3000064 103 FORNAT( 2X , 1PD23. 15)
0065 50 W.ITE(OUTPUT,106)
0066 106 FORUAT(’ INPUT DELTA T 12 , IN SECONDS’)
0067 READ (UREAD ,*)DTI2
0068 WRITE(OUTPEJT. 105) DTI2
0069 IF(1G.~LAC.NE.O) GO TO 3000070 60 WRITE ( OUTPUT , 107)
007 1 107 FORI-IAT( ‘ INP UT TIlE 1IAD I AL SEPARATION OF MIRRORS IN •
0072 1 “DE GREES ”
0073 READ (NREt,D,*)BETAIN
0074 BET/t= BET1\ I fl/HAD I AN
0075 VIhITE(OU1’PUT,IOS)BETAIN
0076 IF (I~’LAG .N ~~.0) CO TO 300
0077 70 WRITE(OUTPUT, 108)
0078 108 FO~ NAT( ’ INPUT TIlE SKEW ANGLE OF MIRRoR 1, IN DEGREES’)
0079 READ( NftE~0, ~)S~~~-~1 I0080 SKEW 1 SEEW1 I/RA!)IAN
0081 WR1TE( OIJTPUT , 105) SXEW1I
0082 110 FORNAT&’ VIIEN YOU VISIT TO CHANGE SO1’IETHINC, OR RUN’~0083 1 “ TIlE PROG. • T~r:-: N FOLLOW TIlE !I ~r-F BELOW”/
0084 2” C~~I~~GflOUND s r vr I o r T  Oi~E CO OIWIr ; \TES ”,
0035 2’ C~ 2-~GROUND STATION T~O COOEL~~. ‘ /“  I I ISSILE T-IISS I LF. coon_PS . •‘,

0086 4 ”  SKI ~ :N-:W OF r1 ’ IUIOR 1/ ’  s::2r OF MIRROR 2” / ”  RUN~ CONP UTE ”
0037 5/”  NO EN tRY . ,EL .~T A RETURN , W11.L ENEC T i E  i’::OG -’’ STOF.~008:- I 6 ‘HALT 0/ L~-~ U Uii ~ N .- F; .\-iL~i)i~ L SEF~R\T ION OF TIlE NIREONS “/0089 7’ DI SFL1YrCUtRENT VALUES OF ALL VARIABLES”)
0090 I F ( K F L ” - G . I N E . O )  GO TO 300
009 1 71 WRITE(OUTPUT, 109)
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0092 109 FORNAT( ” INPUT TUE SKEW ANCLE OF MIRR OR 2 , IN DEGREES”)
0093 READt N:il;AD ,* SKEW2I
0094 SKEI 2~ ~EI -2 1/EtAl) IAN
0095 WR I TE( OU I’I’U~l’, 1O3)S1~E I 2 I
0096 IF(I-N ’L\l; .FlE.O CO TO 300
0097 72 IIR ITE(OUTI’UT, 115 )
0098 REAIM NREAD,~io oriEGIN
0099 RE AD (UREA D , 112) IUNITI, TUN I T2
0100 114 FOTtN V 1 ( 2 X ,  D23 . 15, 2A2)
010 1 115 FORI’L\T( ” IN P U T  TILE ROLL RATE . SKIP A L I N E ,  ‘/
0102 1 ~ AND THE N BAD FOR ft~DIAN~ PER SECOND ‘/
0103 2 “ n_PS FOR REVOLUTIONS PER SECOND”/
0104 3 ‘ RPM FOR REVOLUTIONS PER IIIIWTE”/
0105 4 “ DI’S FOR DEGREES PER SECOND ”)
01 06 OMEGA=O .flO
0107 IF( IUNIT1.EQ. IRAD1)ONEGA=OIIEGIN
0108 IF( IUNI T 2 .E 1I . IIE’~ 2 ) ORE G~~~2 .D O :~PI~~O1lEG1N
0109 IF( IUN IT2 .Ei.1I1PD)OliECA r12O.DO~ p I~ OtiEC1N
0110 IF(IUNIT1.EQ. IflPSfl0-iEGA~o:IEGIN/1l~D I A N
0111 IF ONEGA.E’LO.DO CO TO 91
0112 WR I TE( OUT PUT. 116 ) OLIEGI N , I U N I T 1 . I u N I T2 , OIEGA
0113 116 FORMAT( ’ YOUR ‘ I PD I 6 . 1O , 2X ,2A2 conVEwrS TO’F 16. 10” RADI ANS PER’
0114 1 “ SECOND”)
0 1 15 KFLAG= 1
0116 IF(KFLAG.EQ.O) WItITE(OUTPUT, 110)
0117 111 FORMAT( ‘ COIEIAND”)
0118 300 WRITE(OUTPUT.11t)
0119 READ( HREAD, 112) ICOT-Il , ICOI-12
0120 112 FORILAT(2A2)
0121 IFLAG :O
0122 DO 301 1=1 ,16
0123 IF(  ICON T( 2:~ I — 1)  . EQ. ICO1I1 . AND. ICONT( 2*!) . EQ. ICOM2 ) IFLAG= I
0124 301 CONTINUE
0125 IF( IFLAG.EQ.0) WRITE ( OUTPUT , 113)
0126 IF( IFLAC .EQ.0) GO TO BOO
0127 113 FOPJL\T(” Eli?”)
0128 GO TO( l0,2O ,3O,~’O ,3O ,6O ,70,8O,80 ,9o ,20o,71 ,72,5,73,74),IFLAG
0 129 9! WRITE(OUTPUT,113)
0130 GO TO 300
0131 73 WRITE( OUTP UT, 1I O )
0132 GO TO 300
0133 74 WR ITE(OUTPUT,1 17)
0134 DO 119 I NT I , NUI-ISOL
0135 119 WIt!TE( OIJTP UT , 118) INT,ANSWER( JILT, 1) , ANSWER( INT , 2) ,ANSWER( Iwr,3)
0136 1 ,ANSWER( INT , 4) , A N ~N~ER( IN T , 5) ,ANSUER( LN T ,6)
0137 117 FORrflT /” SOLUTION PITCH YAW TII’~~ll TI1~~12”0138 I “ E R E T I  ERRI2”/)
0139 118 FORNAT (2X , I5 ,2F10.5,2X ,2F10.6,2D10 ,4)
0140 GO TO 300
0141 90 RETURN
0142 80 CALL SOLVE (PITCH ,YAW,OI-IEGA ,DTIJ ,DTI2)
0143 CO TO 300
0144 200 WRITE (OUTPUT,201)X1 .Y1, Z1 ,X2,Y2,Z2.XM ,yr’I,Zl’I,BETAIN ,SKEWIJ,
0145 1 SKEW2I ,DTIL ,DTI2,or-IEGA
0146 201 F€’NJLVl’( ” STATION ONE: ’2(D I6.9” .’)DI6.9/” STATION TWO:”
0147 12(DI6.9”,”)D16.9/ ” NISSLLE :”2(D16.9”,’)D16.9/” BETAr ”016.9’ DEG”
0148 2 ,‘REES”/” S1:EW1= ”D10.9” DEGREES”/” SKEW2= ”D 16.9” DEGREES’,
0149 3 / “  DELTA T 11 ” D l 6 . 9 ”  SECONUS”/’  DELTA T 12~~” ,
0150 4 D I 6 . 9 ”  SECONDS ’/” OUEGA ”D 1 6 . 9”  RAD I ANS PER SEGOND”/ )
0151 CO TO 300
0152 END
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0153 C 5111(1 SOLVES THE MATRIX EQUATION A TItlES X EQUALS B
0154 C FOR TilE VECTOR X
0155 C GIVEN ARE TIlE N BY N MA TR I X A , AND TIlE VECTOR B.
0156 C WHEN ES=O , A VU~II) sOI . UT I OrL IS G I V E N
0157 C VIXEN L~ = 1, 1FF MATRIX A IS SINGULAR
0158 SUIIROUT I FE S I f~~ ( A , B, ES)
0159 DOUBLE PRECISION A (3 .3) ,B (3),DETA ,DETB ,DETC ,DET
0160 K S O
0161 DET:A ( 1 , I)*(A (2,2)~~A (3 ,3)—A (2,3)~~A(3 ,2))—
0162 1 AC 1, 2) * A ( 2, i ) ~A ( 3,3) —A ( 2, :3) M A (  3, 1)) +
0163 2 A( l ,3)*(’/2, L)*A (3,2)—M 3, 1)*A (2,2))
0164 IF(DE T . E Q . O .D O )  i-:~ = i
0165 1F(DET .E Q .O.D’JHN:T U RN
0166 DETA B( 1)z(A (2,2);,:.~(3, 3)—a (2.3)*A (3,2))—0167 1 A( 1 , 2) .~ ( B( 2) ‘~A 3,3) —M 2,3) :N 3 ) )  +
0168 2 M 1 , 3)~~( B ( 2 ) ~j A (  3, 2 ) — B(3)  ~ \( 2.2))
0169 DETfl~ A ( 1 , ()~~( B ( 2 ) *M 3 , 3 ) — A ( 2 , 3 ) - N ( 3 ) ) —
0170 1 BC 1)~~(A ( 2 , 1) : :~A ( 3 , 3 ) — A ( 2 , 3) ::~.~(3 . I ) ) +
0171 2 AC 1 .3)~~( A (2 , I )~~B ( 3 ) — -\~ 3. 1) -~iI ( 2 ) )
0172 DETC A ( 1 , I ) * ( A ( 2 , 2)~~B ( 3 ) — D ( 2 ) ~~ ’~( 8 , 2 ) ) —
0173 1 A ( l , 2 ) *( A ( 2 , 1 ) ~ :B ( 3 ) — B ( 2 ) ~~M 3 , 1 ) ) +
0174 2 BC 1) ~~( AC 2 . 1) ~~.\ ( 3 , 2 ) — M B ,  1) :~A( 2 , 2 ) )
0175 BC t)=DETA/I)ET
0176 8(2)  ~ DETB/OET
0177 BC 3) ~Di’TC/1)ET0178 RETURN
0179 END
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0180 C E SUB W IS THE ROLL AXIS OF TIlE MISSILE. GIVEN THE TWO ASPECT ANGLES
0 li lt  C TILLS ROUTINE WILL DETELUIINE TILE ROLL AXIS UN IT VECTOR
0102 C AS WELL AS ‘I’IIE PITC h AND YAW FOIL TIlE PARTICULAR
0183 C CASE ILL QUE : l’ION
0184 SUBROUTINE ESUBW( S I G F I \ 1  ,S ICI’1A2 . OIlE GA, DT I 1 , DT I 2)
0185 DOU NI.E P R E C I S  IO N DT I I , D T I 2
0186 DO IJI3 LE PEEC I~~1ON S I G f I \ I .SI G ?L ’\ 2
0187 DOUBLE rIu-:EISION 0:I/GA,ROOTI,IIOOT2
0183 DOUBLE PRECISION DLLT1I ,DF:LT12,Co/sl ,C0s52,DE’ç
018’) DOUBLE PRECISION X1 , ’i’I ,Z I , E2,Y 2 ,Z2 ,En ,yn ,zM ,SIlEWI ,
0190 1 SKEV~ .BETA , n_E l • n_TI. REt .111 , 1F2 , RV2 . RZ2 , It2,COSLIU, XIU,
0191  2 1 .ZI t I , ) 2 , Y 2 , Z 2 , A : ~, VEI t , P I , R A D I A N ,
0192 3 ERROR,EWX ,EWY ,EhZ
0193 1 N FF:c::It OU11’U’l’
0194 CORN ON X 1 , Y 1 . Z I . X2, Y2 , Z2 . IFI , Y N . 7.I I , SKEW 1 ,
0195 I SKEW2 ,BE’I’A , I 1 ,ILY1,REt ,R1 ,It.X2,I1Y2 ,fl22,112,COSr-IU,)UtI ,
0196 2 YRI ,ZRI ,~- ,yn2.ZR2,.\r;S;En(4,6),pI ,BAD IAN ,
0197 3 ERROR, EVE, FEY , ESZ. rlur:~oL, NREAD, OUTPUT0190 DOUBLE I’RECL~IO I A\ (3.3),A (3,3),E(3 ,C(3)
0199 I F ( Y R 1 .E O . Y u 1 2 .A N D .Y l t 1 . l . O . O .D O )  CO TO 90
0200 I F (Z R 1 . E Q . 7 F2 . A I L D .Z R 1. E Q . 0 . D0)  GO TO 95
020 1 M C I . 1):>~110202 AA (2,l)~~XlI20203 AA( 3 , l ) r l . D O
0204 AA (1 ,2)=YR I
0205 A A ( 2 , 2)=Y1 12
0206 AA (3,2)”OJ)O
0207 AA ( 1 , 3) :Z R I
0208 AA (2.3):ZR2
0209
0210 C~ LL ESWXC~.ICIflI,SIGMA2 ,RO0T1 .11ooT2, I SO L , D T I 1 , DT I 2)
02 11 I F (  I SDL .CT . O) GO TO 10
02 12 VRITE ( ouTI’u’r , 2o)
0213 RETURN
0214 20 FO1EL-\T( ’ *~FO -;OLUTION AVAILABLE FOR TIlE ROLL AXIS**’/
0215 I “ **ESWX DII) N T  RETURN A VALUF r-oii EVX**”~~)02 16 10 CC~~~I DCG:~(S lCNAI )
0217 ciE~~2~~B1:c~~ S IGft\2) -:

0218 C ( l ) COSS I
0219 C ( 2 ) = ( ’ C . ~S2
0220 C C 3 ) = F  ;OT I
0221 DO 1000 1= 1. 3
0222 B ( l ) : C ( I )
0223 DO 1C ~~ :~~ J~~1 . 3
0224 1000 M I , J ) = A . \ ( I , J )
0223 CALl .  SI N 9( AA, C , KS)
0226 1 IN KS . j-:i~. 0) GO ~IO CO - -
0227 W L t I l E (  OUTPUT , 4 ’))
0228 40 FOIU [VI ’( ” ~?ElbF )R I F  S I N ’ ) ,  THE MATRIX FOR F I N D I N G  TIlE ” .’
0229 I ‘ IV)LL AXIS IS SINGULAlU - -::~~ *”)0230 RETU RN
023 1 30 E\~X C (  I)
0232
0233 EWZ:C(3)
0234 CALL TIE’-N DELTII,DELTI2,0’TEGA ,DTII ,0T12)
0235 IF(DA’E ;(DEUrI 1—DTI 1) .GT.EIrnOn) GO TO 50
02:16 I F N D .\ r s(D EL T I 2 — D T 1 2) . G T . E R R O R )  CO TO 50
0237 1’~!- . I i- ‘‘)
0238 50 II’( 1501, .  F’). I )  RETU RN
0239 B(3) =1F:uT2
0240 C tLL SIN’)(\,B,KS)
024 1 lF (l’~~.EQ.O) GO TO 60

1/lt l’lt. ’ O0’lPUf ,40
0243 Ii’ :TU;UL
0244 60 I’.1,E= I~( 1)
02:3 E~-Y-E( 2)0246 EVE= fl( 3)
02:7 C \LL TINE( DF’.TI I ,DELTl 2.O’~~C\ ,DT1 I ,9T12)02’8 TIN I)AI ;5(  l lFT :F I 1— t ’ I ’ I 1) .fFF . ‘ F’Et) CO TO 70
0249 I F (  f l . . iS (  DELTI2—U 112) .GT. i- .u:o;u GO T~) 70
0250 R E l I F : ’ )
() I 70 WILITE( 0iJ Ii ’ET, F’)~

00 FOIU’IMl ’ *~~1- UB Ic~~*Ti!: -:RE I S  NO SUITABLE RO!.E. PtXIS** ’ )
025:1 , IU,I IJE’l
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0254 C YRI YR2=0.DO
0255 90 DET= XltI*ZI12~ XR2*ZRI
0256 IF(DE1’.NE .O .DO) CO TO 91
0257 WRITE( OUTPUT, 93)
0258 93 FORI’L\T(” ~~ Rl AN D 112 ABE NOT LINEARLY INDEPENDENT**”/
0259 1 “ *~~:~~*NO SOLUTION POSSI3LE~ ****’)
0260 RETUIIN
0261 91 CCSS1=DCOSCS IGIL\l)
0262 COSS2~ DCOS (S1CI1\2)
0263 EWX= ( C0SS 1~~Zfl2 — ’/j t p~CoSs2)/DET
0264 EUZ= ( INt1~ COSS2—)ffl2*COSS 1) /DET0265 EWY D.~ORT( 1 . DO—EI,’X; E2—EW’Z~~i’2)0266 RETURN
0267 95 CGSSI :DCOSCSIGMAI )
0268 COSS2= DCOS( S IGtlPt2)
0269 BET fflP~YR2-YIl 1~ Xfl2
0270 LF (DET.NE.O.DO) CO TO 96
027 1 I’TRLTE(OtJ’IPUT,93)
0272 RETURN
0273 96 EWX= ( COSS Pr.YR2-y11I.COSS2) /DET
0274 EWY (X [‘i~CO ~2—X1l2*C0.~S 1) /DET
0275 EWZ= BsQRT( I. D3 EWX**2-’L3’i3~~2)0276 RETURN
0277 END
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0278 C SIGMA I IS DETERMINED BY TUE Y.WSONDE EQUATION IN THIS ROUT I NE
0279 SUBRO UTINE SIGI LCOHE GA ,S1CFAI ,DTI 1)
0280 DOUBLE PItEC ISI ON Di’ II • DTAN
0281 DOUBLE PRECISION 0I[EGA ,A ,ALI’!IA,SICMA J
0282 DOUBLE P R E C I S I ON  X l , Y l , Z I, X2 .Y2 ,Z2 , >21,YI’I, Zfl,SKEWI ,
0283 1 Sl-F:~2. BETA , n_El ,11Y1 • RZ I , It I , IU.2, 3 2 , 11/2, P2 . cosriu, X1t1
0284 2 YRi , / R l . 2 , Y 2 , Z f l 2 , ANSWE R ,p I , fl ,ADIAN ,
0285 3 ERROR, :-.EE, FEY. E1~3~0286 INT EGFIL OU’i i ’U l ’
0287 COIF;0F X, ,Y I , Z1 ,E2 ,y2 .z2 ,XM ,yrl, zrI.sKEWL ,
0288 1 SiU-32 ,IIE’l’A ,RxI,RY l ,flZ I ,fl I,It{2,3’,2 ,Rz2,fl2 ,co5MU ,)~~1 ,
0239 2 VIII • Z.t1 , ‘iUA2,Y112 .ZP2 , A’) ;F3(4,6) , P 1  , IIAD I AN ,
0290 3 ERROI1,EiR: , l , y , Ewz , r ;u:;,- o L , N j u ~AD , ou’fpIfr
029 1 A= DATAI4( 51-23-2) /DATAN ( E K t - L )  1)
0292 ALPIL1=OMEGM~I)T1 1—BETA
0293 5 IGNAI=DA TAJI( ( DTAN SKEWI ) ~DSQflT( I .D0+A*A+2 .DO*A*DCOS ( ALPHA)0294 1 )) ‘DSIN(ALPIIA) )
0295 1F’(SIGIL~1 .LT.O .DO)gIG?jAI=SICMA1 ÷pI
0296 RETURN
0297 END
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0298 C THE FOLLOWING CALCULA1’E S TILE SOLUTION OF Slr,MA 2 FROM
0299 C THE ONE I’ll 1511 , ‘fF0 GEOUND STYli U N  F~FFi’ILATI 03
0300 SUBROU’I’Ir: E SIGI2 (O :!-:F\ ,SIGILU , 0T12,SELI ,SOl.2, ISOL)
030 1 DOUBLE PRECISION lrl’12,Dfl- ; 
0302 DOUBLE I’iu-:c 1510’) O N - .E \ ,  S I (;:: \ i ,
0303 DOUB LE PRECISIoN .\,S.)I.1 ,SOI.2,5lG:.~ \,SIC2!~,B , RiI)2,ILA D,COSHEG
0304 DOUBLE PIIEC 15103 CUSS 1 , COSS2A, CC~—S2U ,sI’)Sl , S 1 52A, 5I352B
0305 DOULILE I’RECISION E1 . YI , Z l , ::2 , y2 , z 2 , % rj ,y F I , z ; I , 5 : ’J~w 3 .
0306 1 s:u’ 2 , 1 ~!A . 1 1 , d .’i’l ,R 1 ,11 1.11 2 , ! i2 , I:72 , R2, cOSIlu , Xl11,
0307 2 YRI .7.111 , X l  ,YE2,Z ~,ANSE1-:It,pI ,1tADIAN ,0308 3 ER3OR , 1-:EE , EWY , EWZ
0309 IN1l - :UER OUTPUT
0310 coiF:uN XI ,Y1,Z1.E2,Y2,Z2,Xl’I,YrI,Z3,sF~~W1 .0311 1 SKEF2 , BE’I’A , n_E l • fl.YI • 11/I , RI  , fl.X2 • 1172, CZ2 ,P2, COSMU, Xlii
0312 2 Ylt l ,ZR I , N32, Y112,Z:U , \NS’~E11( 4, Ci) ,PI , RAD I AN ,
0313 3 ERROII , EW~:. 1-2;/, EEZ, ‘)IJ .~SOL, ILFE AD, OUTPUT
0314 ArD’.t’ANC S IGP\l) ~DCOS( OHEGA~DTl2)0315 ISOL O
0316 SOL 1~~O.DO
0317 SO L2 =0 .DO
0318 B~COSI-IU/DCOS (SICI’lA1)
0319 BAD2=A:~.\—1F.3÷1 .DO
0320 IF(RAD2.GT.O.DO) GO TO 10
0321 WRITE(OUTPUT, 100)
0322 100 FQIUIAT( ” **~**ERROR IN TIlE SIGMA 12 SUBROUTINE*****’)
0323 SIG2A ZO.DO
0324 RETURN
0323 10 RAD=DSQRT(RAP2)
0326 CO53~;C=DCOS 03::CA~ DTI2)0327 S IG2A ~ DA TA ’)( (A’~B—ltAD)/(B+A”~R&D))0328 S1G2B= I)AFAN ( (A~’.B+P.AD) /( B—A.~11AD)0329 I F ( S I G 2 A . L T . O . D 0 ) S I G 2 A = S I G 2 A + P I
0330 IF SI ::~3.LT .O .D0)SIG23=SIG2B+P1
0331 COSSI=DCOS (S1G’-IAI)
0332 COSS2ArDCOSCSIG2A )
0333 SlNS 1 P3IN(SIG1~ 1)
0334 SI N S 2 \~ 1k~I ’) (  51G2\)
0335 COSS2U= DCOS( SI G2B)
0336 51N52’)r!JS1IUSIC2])
0337 DLFF2.\~ DARS( COSIIU-C05S1~~CCSS2A-COSTEG*S INS I~~S INS2M
0338 DI FF2U ~ IJAES ( COSraJ—CO~~ t~~COSS2B—CCS3E G~ S INS 1~~S INS2B)
0339 DS L C2.\r51G2M31\I)IAN
0340 DSIC2 :1r51G22 - - nAO I AN
0341 I F ( D I I - I ’ 2 \ . G T . ERllOIt) GO TO 20
0342 C S1G2A IS A GOOD ROOT
0343 ii’(DIFF2B .I,T.ERROR) GO TO 15
0344 C SIG2A GOOD .5IG23 BAD
0345 SOLI SIG2A
0346 lS~~Lr I
0347 112i’UF;I
0348 C I3OTII ROOTS ARE ~ \D0349 12 YR1T~ (OU’rP U l’. 110)
0350 110 FO :NIVf ( ” :!~~TIIE ‘no SOLUTIONS OF SI(2 L~2 ARE I NCORRECT-~~ ’)
035 1 WR ITE(OUTPUT , 125)DSIE2A ,D I F F 2 A ,DSTC23 ,DIFF2B
0352 120 FORr L~T(” TEE F INST SOLUTION OF slG:L\ 2 IS “D19. 13/
0353 1 “ EI T II  AN ERROR OF D19.13/
0354 2 “ THE SECe;ID SOLUT I ON IS “DI9. 13/
0355 3 “ WIT h A’) ERROR OF “I) 19. 13)
0356 VRITE(OUTPUT,999) 51G2 -\ ,51G211,COSS I . S T I iSI ,COSS2A ,SINS2A,COSLLU
0357 1 C0~ L 1, ft B lGI \I 0 F C\  11112 A L~ (‘( 3 SI ~~~0358 999 FO3I -LV1 ’( “ S 1G2 A= “ 1PD23 . 16” S 1G2F= “023.  16” CCSS1 “D’~3. 16/
0359 I ‘ S IN S  1 “ 1)23. 16” CO.~

’52A= ‘D23 . 16” 5 Ir ;S2A= “1)23, 16/
0360 2 “ C 0 S E J ~ 1)23. 16” COSENEr “023. 16” ItAD= ‘P23 .  16” SI C r \1 ‘D23. 16~036 1 3 ‘ 0T1~ CA= “1)23 . 16”  DT 12~ ‘1)2. 16’ Ar 1)23. 16 2 “1)23. 16
0362 4 / “  CFSS2A~ “1)23.16” SINS2B= “D23. 16/)
0363
0364 C BOTH RUOTS fIRE GOOD

15 ISOL 2
OJ( 6 SOL IrS IGN \
036’? Sl ’T 2~ SIG213
0368
0369 C SIG2A IS [i \O , SIG2B IS CUP 9
0 370 20 I F ( D I I ’ -EF. ( ;T . EIUIOR ) CO TO 12
0371 SOLI=Sh:213
0372 I 5011= 1
0373 1-LETLTRN
0374 END
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C SUBROUTINE SETUP DETERMINES JILL OF THE VARIABLES IN TilE
C C0~2i0N 131102K

SUBII OU1’INE s::ri i’
DOUBLE PJ I.ECISIO ’) XI , YI , Z 1 , ’:2 , Y2,Z2 , XM,YN , Z N , sKEw t ,

1 51EE2, ! ’) ; l \ ,R x I  , RY I  . 117 1 , R1 , P2:2 , 11Y2 , flZ 2 . 1t2,c Gsr-JU , xJ11,
2 YIII , ZR I ,E i ’2 , \ i . 2 2 , Afl SWER, P I , i F \ D I A N ,
3 ERROR, [WE, 11KV, FEZ

I NTEGER OUTPUT
COI2.O3 X1 ,Y1.Z1.E2 ,Y2 ,Z2,XIL YrI,zr-I,SKEWI ,

1 s:3-$ 2 , fl E’l~~ , l i X I ,R Y 1 , R Z l , Rl , lu.2 , R~’2 , h7.2 , fl2 , cOsMIJ, XJii,
2 yat .ZR1 ,E.IU,YU2,’Z132, ‘2;SE1-:n( 4,6) , p i  , l uD l \ N ,
3 EIU,lO1l, EWX , EWY, ET’Z, NU ESOL , NH.EAD , OhJ ’fPU ’j’

RXI X I_ X LI
RY 1 Y 1_YLI
RZ 1 ZI ._ ZLI
RI DSORT( RX 1~~~2+RYP?~*2+flZ 1~~*2)
RX2r X2 — Nfl
RY2 Y2- Y-1
RZ2rZ2—’LH
}1~~~flSQflT ( 2~~~2+P.Y2*$2+flZ2~~~2)
COSIIU ( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C MAKE ALL TIlE PLANAR COIXPONEN TS r:oI-L\LIsED
= RE 1/RI

YR I RY 1/RI
ZRl flZl/R1
X112’ RE2/112
YR2rflY2/R2
ZIi2 flZ2/fl2

C ZERO OUT TIlE ANSWER ARRAY, AND NUMSOL( NUMBER OF SOLUTIONS)
110 10 Ir l, 4
DO 10 J l , 6

10 ANS~TFit( I , J ) r O .D O
NUPZS OL=0
RETURN
END
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04 10 C SOLVE IS THE IL\ I N ORGAN I ZER FOil TUE F.XPL IC IT SOLUTION
041! C OF PITC h AND Y~W ArU ;L~-;S GR E ’)  DELTA T 11 ~NL ’ 1)EL’I’A ‘f 12
0412 C Ti l l S  I2)U’ l’INE IS R151’ONS 1111111 1- 01 ‘FIl E CO~u’)- :cT LI  U K I N G  OF .~LL
0413 C OTHER SUJ:II OU ’I’ I 525 WITH THE E~:Ci ’) ’TIOF OF 1 L1PU T
0414 SUBR OUTI FI-:  SOL\ 2( P i TC h! , Y\7 , OMEGA , DT 1 1 ,DTI2 )
0415 DOUBLE P111:215103 D T I I , D ’112
0 4t 6  DOU DLE P R E C I S I O N  OflEc~~,SIGrrA i
0417 DOUBLE P R E C I S i O N  SICE \ , SIG2B
0418 DOUbLE l ’IIEC 15103 P 1’I’Chl , YAW
0419 DOIJBLE P I U - :C I S I O N  X I . Y I , Z i , E 2 , Y2, Z2 , XII ,YM ,ZN , SKEWI,
0420 1 SKEN;2.p,ETA,RX1 ,RY1 ,11z!,1t1 ,RX2 ,RY2,RZ2,R2 ,cOSMIJ,)Ul1,
042 1 2 VII I ,Z 11  . EI21 , VI12.Zli2,ANS -~ER ,P1 ,IUD I A’),
0422 3 EP JU )R ,  EWE , 11KV, EWZ
0423 INTEGER OUTP UT
0424 COrINON Xl • V t  ,Z1 ,X2 ,Y2, Z2 , XII, ‘(H, Z1’I, SKEWI ,
0423 1 SI~~W2.BETA , 1lE1 , RYl , 1 I Z 1 , R 1 , R ~ 2 , 1tY2 , RZ2 , hi2 , COSNU ,~~~ 1 ,
0426 2 YR1 , ZR I , XR2 , Y112.Z112, \NS%E 3( 4 ,6) , P I , l t \ D I A N ,
0427 3 ERROR , EWE , 11KV, E2Z ,N1J12:OL , NREA1) , OUTPUT
0428 D II - IEN5 ION 1T I N E ( S)
0429 C CALL BE GTIII
0430 CALL EX E C( 1 1 , IT 1ME , IYEAII)
043 1 ISTART=I OO0 *ITII~~ ( 2 ) + 1 O *I T I M B (  1)
0432 CALL SETUP
0433 CALL SI G I 1 ( O N F . G\ , S IC ~fl l , DT 1I)
0434 CALL SI G I 2 ( GN E G A , S I G M A J , D T 1 2 , SI G 2 A ,SIG2B, IGOOD)
0435 IF( I COO D .E Q .O) FI ETUIRI 1
0436 CALL ESUB ( S I G U \ l , SIG2A , OR2GA , DT I1 ,DT 12)
0437 IF(  IG OOD .E Q .2)CALL E�RJBW (SIGMA I ,SIG2B ,OMEGA ,DT 1I ,DT12)
0438 C I T l T i E ~ O
0439 C CALL I-RRKTIN ( IT T1~~)
0440 CALL EXI~C ( 1 I , ITII IE , IYEAR)
044 1 IF 1I- I IS r  l C O o : ~I T I r U N 2 ) + I O ~~ITII lE(  I )
0442 JTI~~~= IF INI S-ISTA RT
0443 WR I TE ( OUTPU ’l’ , 1001) JTIIIE
0444 100 1 FOIUIAT( 2X , 1-3( “*“)/“ TIlE TINE REQU IRED FOR THIS COMP UTATION WAS ”
0445 1 /119 l-HLLISKC0ITDS ’/2X43( ”~~’)/)0446 RETURN
0447 END
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0440 C QUAD F I N D S  THE ()UADRATIC ROOTS TO A SPEC IALIZED EQUATION
0449 SULIIIOUT 1 NE QUAD( A , B, C , B , ROOT I , R’;o’1 2 , 1 SOL , OUTPUT)
0450 DOUBLE PRECISION ROO’I’l ,1100T2,A,B ,C,D,AQUAD,BQUAD,CQUAD,RADSQ,RAD
0451 IN’i’EC 1111 OU I’I’UT
0452 ROOTI=O .DO
0453 1100T2r0.DO
0454 1SOL=O
0455 AQUAD~ I . DO+D~cB+D~ D
0456 C NOTE THAT M�U \D IS ALL’AYS GREATER THAN ONE
0457 BQUAD :2. i :~( MB+C*D)
0458 CQUAD :MA+C ::~C-I.DO
0439 RADSQ= EQUAN ~:‘.2-4. DO~~t~QUAD~ CQUAD
0460 IF ( R A D S R . GE .O . D 0>  GO TO 10
046 1 WBJ Ti’) OUT1 ’UT , 100)
0462 C THERE IS AN ERROR APPARENT
0463 100 FORrZAT (/’ *~~~EPd1Ofl IN QUADRATIC SOLUTJON ***”/
0464 1 “ CANNOT TAKE THE S3UAPLE ROOT OF”/
0465 2 A NEGAT I VE N UNBER”)
0466 RETURN
0467 10 RAD=DSQRT( IIADSQ)
0468 1SOL=2
0469 IF ( R ’ 1) .E Q .O.DO )  ISOL I
0470 C THE T3TO SOLUTIONS ARE IDENTIC AL
0471 ROOT1 — (B QUAD+RAD) /(2.B0*AQUAD)
0472 1100T2r ( —EQUAD+RAD) /( 2. DO*AQUAD)
0473 RETURN
0474 END
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0475 C ESWX SOLVES TIlE FOLLOWING SET OF EQUA’rIONS FOR EWX
0476 C ER ! DOT EW C O 5 ( S I G I I \ 1 )
0477 C L112 Do t’ 11W COS ( SIGI -L~2)
0478 C Eli DOT EW = I . DO
0479 C ROO’l’l IS Ti ’K F IRS T SOLUTION FOR EWE
04R0 C RLIO1’2 ES TUE ~CO~ D SOLU’l’ION
0481 C ISOL II ; Ti lE NUI-IBER Oi- ’ SOLUI’ I ONS FOR THE SET

SUBROUTINE ESWX( SICEA I ,SJGI-!12. ROOTI , flOOT2 , ISOL ,DTI 1 ,DTI2)
0433 DOUBLE P R E C I S I O N  S I C : R I , S I G I I \ 2 , DT 11 , DTI2
0484 DOUIILE P R E C I S I O N  X I , Vi , Zi  .22 , ‘(2 , 72 , EN , YM ,ZM , SKEW! ,
0485 1 ~. ~ i 2 1 i \  111<1 ItY 1 Il/ I III EL I2 1. 2 IIZ2 112 COSNTJ XRI
0486 2 TIl l , Zfl1 , >312 . ‘(112 , Z112 . ASS W2R, P 1 ,  RADIAN ,
0487 3 EI1ROR,EWX ,EWY ,EWZ
0488 INTECER OUTPUT
0439 COIE2ON Xl , ‘(I , Zl  , 112 , Y2 ,Z2 , XM , YN,ZII , SKEWI ,
0490 I SKEW2 , BE 1’A,I’X1 , I1.Yl , 11Z1 , R 1, 1U2, 11y2 ,fl712, 112,COSMIJ, XRi .
049 1 2 Yl 1 , ZR I , 2 , YR 2, ZI I 2 , At -l i-El( 4 , C i ) , P 1 , R AD I A N .
0492 3 EPJ:Olt, EKE , 11KV, 1-’)cZ,NIJ;-iSoL, NIU ~:AD , oiirpij’r
0493 DOUBLE P R E C I S I O N  A , B , C , D , I N J U T I , ROOT2 , COSSI ,COSS2
0494 DOUBLE PRECiSION DEN OI ’I, DENN E W
0405 C SET UP THE 11>121011 DEFAULTS
0496 RO O T 1=O. D0
0497 1100T2=O.DO
0498 ISOL O
0499 C GET T111 DIRECTION COSINES FOR THE ASPECT ANGLES
0500 CCS 5I=D CO S( SI GIL~ i)
0501 CCSS2~ B C O S( SI C l l \ 2 )
0502 C NOW GO TO TIlE SOLUTION FOR TIlE NI N E ZILLION CASES
0503 I F ( ( Z R 1 W Z N 2 ) .N E . 0 . D O ) C O  TO 110
0504 I F ( Z R I .E Q .O . D 0 )  CO TO 10
0505 IF(Z 112 .E Q .O .D O )  CO TO 5
0506 WRI TE ( OUTPUT . 1000)
0507 1000 FOI1IIAT(” *~~ ERROR—-SOT-lE TYPE OF LOGIC HISTAKE***”)
0508 RETURN
0509 5 IF (Y112.EQ.0.D0)GO TO 6
0510 A~ COSS2/YR2
0511 Br—XR2/Y112
0512 Cr (COSS1—A ~YR1)/ZRl
0513 D _ O ~l1+]3~ YRl)/ZR1
05 14 CALL QUAD(A ,B ,C ,D, ROOTI ,ROOT2. ISOL .OUTPUT)
0515 RETURN
0516 6 IF (X 1 3 2 . E Q . O . D O)  CO TO 7
0517 ISOL 1
0518 ROOT1=COSS2/Xi12
0519 RETURN
0520 7 VIIITE (OUTP IJT , I01 O)
052 1 1010 F0FJL~T ( ”  *~)VECTOfl E112 IS THE ZERO VECTOR, NO SOLUT ION*~~”)
0522
0523 C ZR1=O .00
0524 10 IF(Z112 .EQ.O .DO)GO TO 11
0525 C ZB2.NE.O.D0
0526 IF(YR1.EO.0.DO) GO TO 12
0527 MCOSS1/YRI
0520 f l -~~flj/y fl j
0529 C (COSSI-Yfl2~ A)/ZR2
0530 Dr— (fl:::Y112+ER2)/Zfl2
0531 CALL Q’JAD(A ,B,C ,D,ROOTI,ROOT2, ISOL,OUTPUT)
0532 RETURN
0533 C ZR1=YRi O .D 0
0534 12 IF (XItl.EO .0.D0) CO TO 13
0533 ISOL I
0536 ROOT1:COSSI/>3ll
0537 EIL]NJRN
0530 13 KIIITE (OUTP UT. 102 0)
0539 1020 FOI1JIAT( ‘ *~~VECTOR Eli IS THE ZERO VECTOR , >10 SOLUTION~~ ”)0545 RE1’URN
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0541 C ZRl :0
0542 ii DENOM=)U1i *YB2-)~12*YR 1
0543 IF (DEN O1- 1 . EQ .O .Do )  GO TO 14
0544 ISOL I
0545 ROOTl=YR2~COSS 1—COSS2*YR i
0546 RETURN
0547 14 WRITE(OUTPUT, 1040)
0548 C Z R l . N E . O . D O . AND Z 112 .N E. 0 .DO——
01549 C TI LE 11>1ST CO~~ N El CAR E
0550 110 DE OI1 ZR2:~YRi—YB2 *ZR1
0551 I F ( D E N O M . l : R . O . D O )  CO TO 120
0552 A (  Z .2~ COSSl-ZR1~ COSS2) /DENOM0553 11= ( )U32*ZR!—Z [I2 W IG1.l ) ,‘DENOI-I
0554 C= (COSSI—YRl*A /ZR1
0555 D:— (XR1+B~YRI)/ZRl
0556 CALL QUAD(A ,B,C,D,ROOT1,ROOT2,ISOL,OUTPUT)
0557 ‘ RETURN
0558 C DE N O M :O .R0
0559 120 DENN EK~7.R2 Ol1—1~~2*ZR10560 I F ( D E N N E W . E Q . O . D O )  GO TO 130
0561 ISOLr 1
0562 ROOT1= (ZR2 :~C0SSl—ZRi*COSS2)/DENNEW0563 RETURN
0564 130 l- ’RITE( OUTPUT, 1040)
0565 1040 FORNAT( ” ~~ ER1 AND EB2 ARE NOT LINEARLY INDEPENDENT , “

0566 I “NO SOLUTION’)
0567 RETURN
0568 END
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0569 C TillS ROUTINE CALCULATES TIlE TIME IIE ’IUIRE D FOR DELTI I
0570 C AND DE LT I2  TO ROLL ‘INSIO >1Gil TilE RESPECTIVE GROUND STATIONS
057 ! SUBROUT I NE TINE ( DELT 11 , DEL’rl2 , 01i-:-CA , D T I I , Dl ’ l2 )
0572 DOUBLE P R E C I S I O N  X i , Y I ,Z i ,2 2 ,Y 2 .72 , l > 1 l , YI1, 7.M, SKEWI ,
0573 1 SKEW2 , BETA,IIX I , I1YI,IIZ 1 ,R!,I1.122, itY2 , IIZ2 .fl2 , COSM1J, X1tl ,
0574 2 ‘(RI , Zl1.! , XR2 , ‘(112, ZII2 , ABSEEII , P1 , RU) I AN ,
0575 3 EIUIOII , EWE , 11KV, EWZ
0576 I NTEGER OUT? U’!’
0577 CO~HION X!,Yl ,ZI ,X3,Y2,Z2,XIf.Th,ZN,SKEW1,• 0578 1 SKE1-;2 , BETA, RX1 , 11y 1 , f l 1 ,R1 , 11E2 , Ry2 , r17.2, fl2 , COSMu,)~ t 1,
0579 2 YRI .ZRI , 2,Yi12,Z112, -’CU:l-,Efl(4.6),pI ,HADIAN ,
0580 3 E1UIOR , EWE , HWY . E!-1Z , NUI-ISO L, NREAD , OUTPUT
0581 DOUBLE PRECISION IYI’1I , DT I2 , DTAN
0582 DOUBLE PR E C I S I O N  ONEGA , D A S I N
0583 DOUBLE PRECISION XYrL’~G ,PITCI1,YAW ,P1TO UT ,YAKOUT .SINPIT
0584 DOUBLE PRECISIO N S1NYAK ,CCSYAW ,COSPIT,H1 ,W1 ,E1,N2,E2,DELTI I
0585 DOUBLE PREC IS ION DELT I 2 ,E:UU t ,ERR 12
0586 C DOUBLE PRECISION DEGI1,DEG12
0587 XYNAG= P~~RRT ( H \ X :~~2+EWY ;: :N~2)
0588 PITCII =DATN2 ( EWZ , XYr-L-~G)
0589 YAW= D ATN2( EWE , EWY)
0590 PITOU’I’ PITCil:~RADiAN059 1 YAWOUT= YA1-i~ RADIA T!
0592 SINYA W=DSIN ( YAW)
0593 SINPIT=DSIN(PITCH)
0594 COSY.W~DCO3 (YAW)0595 C0SPIT~DC0~ (PITCIt)0596 ~~~~~~~~~~~~~~~~~~~~~~~~~~0597 WI SIII Y AK -~C 0SP I T ~ flxI+C o5YAW ’COS PIT *fly 1+SINp I T*fl2 1
0598 E l=— S INYM - SINI3 I’I~~HJ i—C 0SYAw~SINPI T~RY1 +CoSP Ir.~RzI0599 N2=CO3YM-i~1DI2—SINYAK ’~EY20600 E2 —SJNY .1. ::SINPIT :2-CoSYAW~rSINpIT~Ry2+COSp!T*fl22
0601 DELTiir (BETA+DA5IN(W1~~DTAN (SI~~11i)/DSQRT(EI~~Ei+Nl~cN1))),OMECA
0602 DELT12 (DATN2 (EI , NI) —D•’iTN2(E2,N2) )/OliEGA
0603 C DE GI I~~0:::;v- DELT11~~}lA1)IAN
0604 C DEcl2ro; :J ;\:DELTl2 R~olAN
0605 EBR i i~~D ’ R S (  DELT I l—Di ’l 1)
0 0 6  E P J I 1 2 = D ’N S  DLLTI2—DT12)
0607 NUILSOL NUI’ISOL+ I
0608 ANSKER (NUNSOL. 1)=PI TOIJ T
0609 ANS KER (N U ’) 0L, 2 )=YAWO UT
0610 ANSWER( NU I:~:0L ,3 ) = D E L T i  I
0611 Ar~SEEI1. ( NUT ISOL , 4) DELTI2
06 12 ANSIIER( N U > 1~~)L , 5) ~ ERfl i 1
0613 Ar~sKI - :>1. (N ur: - :oI , .o) =Elu u2
06 14 IF (D~~. l (  P ITOUT) .Gl’.90. 123. OR . [1ARS(YAW OUT) .GT.90. DO) RETURN
0615 I F ( 1 2 A 1 3 (D E L ’ f 1 2 — D ’i ’2 ) . G T .E R R O R )  RETURN
0616 WR 1TE( OUTPUT , 82) P ITOUT . yA~-:ou’r
06 17 LPJTE( OUTPUT, 990) Pl- LT1 1 , DELTI2
0611) 999 FORIIAT ( “ DRLT 1I “1I’D23. 16” DELTI2= ‘ D23. 16)
0619 82 FoIt:-Nvr ( “ US IN G PIT C 1I= ’2E,F 11 .6” BEG AN D YAW r ”2X ,FIl.6~ BEG ”)
0620 C VR l Ii-’) OUTPUT, 40 1) PEGI I ,  DEC12
0621 C401 F CR> LVI ’(/ ”  DELTA T I i  ROLLS T 1fltOUGH ’F2 0 . IS DEGREES ”/
0622 C I “ DELTA T 12 ROLLS TIIROUGII ”F2 0 . IS” DEGREES”)
0623 CALL Enn(DTI 1 ,wrI2,orlzcA)
0624 RETURN
0625 END
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0626 C THIS IS A ROUTINE TO AUGMENT TIlE NINI -CONF UTEB.
0627 DOUBLE PRECISION FUNCTION D A S I N ( X )
0628 DOUBLE PRECISION X
0629 IE’.S IN =D A TN2 (  X , DSQIET( 1. flO—X*X))
0630 RETURN
063 1 END
0632 C ANOTh ER SUBROUTINE FOR TIlE E D I F I C A T I O N  OF A MINI — CO M P UTER
0633 DOUBLE PRECISIO N FUN CTION DTAN(X)
0634 DOUBLE P R E C I S I O N  X
0635 DTAN DSIN(X)/DCOS(X)
0636 RETURN
0637 END

38 
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0638 C ERROR CALCULATES TIlE ERILOHS OF SI GMA1 ,SICI1~2,PJTC1I. AND YAW.0639 C THIS AN .\LYS IS IS EARl -N ) ON TOTAL niFF : ’)u -~.N i’i ALS ~;im0640 C QUADRVI’IC PERTURBA’I IONS u!-:GL!-:c l’;-N) • ~S1) WIT I I  SIALL ANGLE APPROX I MATIONS
0641 C SO THAT SI I U  1N -N .i ~~ P) “ I)EL’I’.\ P , AN!) CGS( DELTA I’) = I
0642 SUBROUTI NE EI1JE( I)Tl I , 9T12, orj:-’);\)
0643 DOUBLE PRECISION x1.Y1.zl ,22,Y2,Z2,Xn,Y?1,zll.s:CEWI ,
0644 1 SEEU2 , BET.\ , UXI ,flYI , HZ! ,1lt. l1.E2, I1’~2 , >172 ,112, COSI[IJ , XRI
0645 2 Yitl.ZR1 , >312 ,Y112,Zfl2,A S !-,E1L.PI ,I1ADIAN ,
0646 3 ERROR , EWE . ~- .;;~ ‘. EW’Z
0647 INTEGER ou rpur
0648 CO1~~ON Xl ,Yl ,zl, >12,y2,z2,>3-I,Yr1,ZrI,SKEW1 .
0640 1 SKE!;2.BETA,RXI.RyI ,I!jI,Rl,nx2,Iii2,n72,R2,COSrnJ,~~t1.0650 2 YRl,ZRl , 2 , 2.ZR2, \N~ ;;l-:;1.(4,6 ,I’I.RADIAN ,
065 1 3 ERROR . EKE , CTY . 1- 5.7., NUES OL, T~P.EAI). oUTPUT
0652 DOUBLE PREC IS ION A. AI.PlI.\ , AR C , -VlAS G ! , ATArV~2 , ATEI1.N , Al , A2 , BTERN ,
0653 1 B1, D2 ,COS.\LF .CO Cl ,c - ’U ’IT ,Co*~l.COSS2 ,COS%:,COSYAW ,CPI .CP2 ,CTERrf,
0654 2 CT ! , CT2 , Cl , C 2 , DA L F , DENt >11 ,  P C I  , I) 112.u :ru . I)1’ I TCII , DP! , DI’2 . L S I G I  ,D S I G2 .
0655 3 DTAN .D T I , DTI I , D T I 2 , DT2 , E-d) T 1 2 ,  DYAW .O IIEC \ , PII I I , P1112 . PI T CH , 11AD ,
0656 4 S I G N A l ,  I N A L F , S I 1 ; r I U , S I ; ’ I T , S I S .~ 1, S J N S2 , S ! N W , SINYA K ,SP1, SP2 ,ST1 ,
0657 5 sf2 T ( 1  ‘IERd ! 1[IUL I~~It I I1L.!~~1 THEI’2 XNUAIF R XYIIAG i IM,l
0658 6 XYI-L\(;2 , YAW
0659 DOUBLE I’REC IS 10. 1 BOUND • DELI’, DELY
0660 DOUBLE PREC I S to:~ SIOUT , S2OUT , DS lOUT, DS2OUT
066 1 DO I0 ~E) I ” I , 5
0662 B OUN D~ I . DO c*( — 1+1)
0663 9 FO 1>ri Vl’ ( NOW I NS I DE TIlE ERROR AN ALYSIS  ROUTINE,  WITH ALL ”
0664 1 “ P:-;R’rURBAl’IoNS SET t~S ‘ F l O . 1 5 )
0665 WR I TE( OU ’IP UT , O ) B O U N D
0666 DP I =I%J!J N D
0667 DP2 LIOUNJ)
0668 DP 2 = l ; 5 3D
0669 DWP TI2~~12OU1’W
0670 DA L E ” l , 5 i j
067 1 D C 1=BOUTiI )
0672 DG2~~IEllJN D
0673 DT I= IIOIJND
0674 DT2= B OUND
0675 1IIE1 ’Al=D\ Trl2 (~ m l , Yn I)
0676 TIIET \2 DA T52 (E>12 , VB2 )
0677 XYIIAG 1~ PSOIt I’ )  XRL::~~2÷Y~1I ~ “~2)

‘ 0678 X ?IAG2~ 1: !aI’(;-51221-.~ 2+YR2- -r-2)
0679 PI l l  I = D V I ~~2( ZR ! . EVE\C 1)
0680 PE II 2 DATN 2( 7>12 , EYIL’.G2)
0681 C P I = D C O S ( P I I I I )
0682 CP2=DCOS (P1I12)
0683 SP I = l ) S U {( P 1 I I I )
0684 SP2=PS 1 r L P 1 I I2 )
0685 s T l = n N i N ( T ~P-: r~~l)

06137 C TI = D ; 1 ’; ( T -IE TAI )
0668 CT2 DCOS(’L ;ST \2 )
0689 YAW= DATN2 ( 1-:’)’). EWY)
0690 X I-IM;”DS’~RT4: E 1T;> :~~2÷EWY~*2)
069 1 PI TC II= DA T P2 (  EKZ . XY L\G)
0692 COS PI T :D C O S(P I TC II )
0693 SI N P 1T =  PS I N (  P ITC H )
0694 CO SYAK =DCO ~~( YAW)
0695 S I U Y A W = D S I N (  YA W )
0696 C CALCULATE RU ANN DRU
0697 Cosr;u=’m1:::xn2+YRR~Yr!2+ZRI*zR2
0698 SIr l I lU =DS ( ~ttF( 1. D3 — CO- JU ::~ 2)
0699 XNW I’ -N1. =SP I:;S’il ~~(SP2 ::ST2 ; !i;’2—CP2-~CT2*DT2)+0700 1 CP2~~, 12 : ;  RI” :::STI ~:D>1 1 -— CP I - - ;CTI~~~-TI ) +
0701 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0702 3 CP2 : RT2::( 5j ’ j~~CTj ~~j , j~ i+~~ i i~ si-t*ur i ) —
0703 4 CP I ~ Sl’2 ::~DP I— S I ’  I CPO:O: ’2
0704 I)r ltJr ’-:r ;IJrn:Rj S!IT ;iU

L •~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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0705 C CALC ULATE D S I G I  TIlE ERROR OF SIGNA l
0706 A1’ANC I = DATAN ( SKI-N~’l)
0707 A’rM;c2~ oAI\N ( REEW2)
0708 ALP1IA~O>5 G.K~l)’I’I I—BETA0709 CO SCI =D CO S( SEEK!)
0710 A=ATANC2 ’u’\NC I
071! COSALI”~ I)COS( ALP! IA)
0712 SI NALI- ” US I N( ALPHA)
0713 1’ANG1~ DT.’JI(S1.EW1)0714 RAD:D3OJl (’( I . f l a + A -~:A+2 .DO ~ MCOSALF)
0715 ‘1 JIl = ’I’Ar ;Gl~~( COSA!,F :~i>A D / SI N .~LF~:::::2—A/RAD) *DALF
0716 TERI12” ( I1AD/( S I A I ’ :::CC>1Gl~~C(; SG 1 — ‘I’AN GI/ (S IrlAL F~ I1AD)*(A +COSALF) *0717 1 A’1’ANG2/ATANG I ::~:2 : 1( I D3/( 1. D0+S’~-5:K1~.;~2) ) ) ;!:DGI
0718 TERN3= TAFIG 1~~S I N U I - ’:~( A+COSALF) /RAD/AI ’ANGI/( I - D0+Si~~W2**2) *DC2
0719 ARC” TANG I/SI N.~LF’ :~i1AD
0720 D SI C I = 1 .D 0 / (  I.IJ>H-ARG**2)*(TEBJfl+TER!- 12+TEBII3)
072 1 SI GT - L~l=DATAN ( ARC)
0722 S 1OUT” S1G;I\P~i>AD IA N
0723 DS lOUT” US i U t;:zIUD (AN
0724 WRITE(OUTPUT, io)SIGI-L-U ,D SIG1 ,SIOUT,DSIOUT
0725 10 FORI1AT( ” SIGNAI= 1PD23.15’ RADIANS , WIT H D S I G I = ”D23. 15~0726 1 “ = ‘0PF23.15” DEGREES = “F23.15”DEGREES”)
0727 C CALCULATE DSIG2 FrIOllI I RP L I CI T  TOTAL DIFFERENTIAL OF THE
0728 C TWO S I’ATIOJ’l •WS2ECT ANGLE FOIlTIULA
0729 COSSI”DCOS (SIG’I~ 1)
0730 S I N S l = C S I N ( S I G i L ~ l)
073 1 COSS2 -I >11I+Y>1::YRI+ ZN ::ZflI
0732 S11152=CSCCIl ’( I .D ; )— C O 2:~~2)
0733 COSW”DCOS(01T~G-T ::DTI2)
0734 S INI~” US 1N( o:>SG\-:DTI2)
0735 D~ NOrI~ SIN Si COSS2~ COSK—CO3Sl :~SINS2
0736 ATEIU-I” (S I N S  1:~C CSR2 — CC3S l :::S 1 NS2~~CO SW) *DSIG1
0737 BTER!i” (S INS 1~~S I t~S2~ S IN K ) ~1:DKDT12
0738 CTERI-I COSiIJ:::Dr!IJ
0739 DS IC2~ ( ATE>1~ -I-BTERLI-CTEIIN ) /DEN OM
0740 SICII ’D.’ S I N ( S I 5 5 2 )
074! S2OUT=S 1C \2 OUD I AN
0742 D$2OUf”DS2~ ItA O IA N
07413 KEITE( OUTPUT , 2N ) S 1Gr I~ 2 ,  DS I G2 , S200T , 1IS2OUT —
0744 20 FOlU-LVf( “ SIGE ’-.2r “1P2-23 .  15” RADIANS , WITh >1~~IG2: ‘P23. 15’0745 1 = OP 15 >1 ’ “ F2’i 15 ‘~ 

)
0746 Al “—S 1111’ IT: S I NYASS: :CP I ~:R T i — S  ISP IT .COSYAW :~CTl+ C>1SP ITES ’ 1
0747 D l ”  COS? 1T::CCSY.\E :CP i:: 5T1—CC5p I’I S I N’~7.K-:-CP l~~CT 1
0743 C 1=—S IRS I~~OS I ~ i+CURi’ IT:::S INYA>1 ::;( Sr 1:5!’! ;::D>1 i—CP t ’~CTl~~DT 1
0749 1 +COS?I’I~ COSY ;(SPI*CT1 DP1÷I:P 1~ ST1:~DT1)—5INP IT:;~CP :~DP1
0750 A 2 = — SI I I P  I T - - S  I SV \>1: CP2 ::5T2—S 1111’ lT ::C~~SYAW ::CT2+C0SP IT :S>12
075 1 B2=COSP IT~C 57A1~~CP2 ST2— COSi’ IT:;~S lI lY  5~CP~., ::CT2
0752 (2 ~‘ T  “ ~~~ C~’ ~- ‘~ —

1 :-~~~ - •~~
‘ iT;:;C~: - .‘AE:-( R>12-::C 12:.:i ’2+Ch”J :5 12 : 1 2 1 2 ) — S  Ii;? 1T. ’Ci’2:.:D~’2

0T54 D~-sIu ;:~~\ I~:n2 ’—A 2 : . :NI
0755 D PITCU ~~( C I : 5 2 — C 2 - -~E 11) /DETl O M
0756 DYAW (A I~:C2-.A2:::C I) /D”~5OM
0757 DELI’= >1>1 ITC!:-:~R~ I) IA N
0758 DELY= I)VA1 -~~RAD lA r T
0759 KR I TEC OUTPUT , 30 DPI TCII , DYAW , DEL? , DELY
0760 30 FORR VI’( “ ‘fE E ERROL OF PIT CII I S” I P D 2 3 . 13” YAW T S”D2 3 . 1 5 ”  RAD IA N S” f
0761 1 “ Ill DEGREES, TillS IS “0PF23.15” “F23.i5)
0762 1000 CONTINUE
0763 RETURN
0764 END
07615 115123

40 
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APPENDIX II

LTPOS

Program to Determine Vehicle Position

(Interdata  OS/32 Version)
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25 .9 u — * ~. ~ 2 I l ,l ’o —1 4 • 1 I

0 , 300  10b9 ,O’ )513,7’) 25~~70  — 1 3 . -H 1~~~~137 — 1  4~~ r~ 4
0 .3 10 1uo~~.74 l5~~.12 ‘‘.,4$- — 1 1 4 ,3’) 1’%,S-4 — 1 .5 _i

0 .321’ 1 0 6 1 3 , 2 1  ‘2~,9,S1 25 ,4 5  — 6 ,~~ ’1 5, 3-1 5 . 1, 1
0 ,3 3( 1 L ’h 6 ’~.3t~ 759 ~~3 I ,  75 , _il-  h , 1) -) — 9 •4b
0.340 1 ( 1 h 1 3 , l r ,  2513 ,94 ~~~, 2?  10 ,o ’-, —7 .bf, 15 ,14

0,350 1ub9 ,-~
- ?SH .bh )N ,54 

- 

h .14 
- - 

—4 ,14 
-

—2 ,11 — 1 . 7’~
ll)r’ ,i,.4S 2S~~.M5 ?b .1~ — ‘1 .11 I ,~ —. ’-l
I • r - .~~~~ ~~~~~~~~ ,‘i~~~~ ’’ ’ - — ‘ ,)‘  ~~~~~~

/ 5 ’.U ri ~‘.,7/ ‘),0~ 9 4.-)S
0 ,4 0  1 ,) ” , M ’ . ‘2 5 U , l 7  2’-I .~~ - 

/ .5r ,  
- -  

1I. 4~
0.410 I:oh — ’. ,’~.’- ? 5 9 . 3 J  2~..0 (,  9,-u I —5 .46 -1 , 2 5
0,420 1 U h ~~./ 2  ? Su . 2 4  2 ” .tl 5,~~ ) 4~~2f) 2 , 5 .
0,430 IlI ’ -’ ’4 ,/IJ i’i ’ .04-’ 

-
, t . , ( I  — - 3 , - I ’ , — i •~~~ ~~3, r)1

0 • ~ 0 1 1)~~ .4 • -4 2 15’4 • 1 ’-, / “~ • 
‘fll — II • ~~~~ 2.7 ~~ — 7 ,25

(1 ,450 I o i , ~ ’i .~~ 5 lS1,9’i  )t’.~~r~h — 1 1 . ’S 11. 33 — 1 .1 ”
0.4?0 1 t l ” i~~~ , 42 iS-’ .--i4 2’~.51 , , )~ 7 •~~~
0,47’) 14) r . M . 3 /  ,5—u ,’,i 25,57 4 .51  

- 

— 1 .34
O ,4b0 1 ’ F. ’s ,f,~’. ,~5),3, 15 .1—I  !2 .4 ~

) — 1 3 .~) 1

Noth that taryet acceleration and li~’UOV-iI- st~itus reporL have not

- 
been presented lxit are r~ nna11y included in the output.
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