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_INTRODUCTION

Canopy sun glint is a major cue in the visual detection of aircraft. There-

* 
fore, it would be desirable to have a method to calculate the magnitude of
these sun glints for a propos ed or experimental canopy . The ccmputer pro-
grant described in this report is an attempt to provide an analytical
method to solve this problem for smooth reflecting surfaces. However, cer-
tam limitations were necessary to maintain a degree of simplicity. These
limitations, which include the restriction that any section of a reflecting
surface have a quadratic representation , are discussed .
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DESCRIPTION OF PROBLEM

An aircraft canopy reflects the rays of the sun at azimuth and elevation

angles that are a function of the geometry of the canopy and the orienta-

tion of the aircraft with respect to the sun . As the aircraft rotates , as

shown in Figure 1, the sun glint also moves; and, as the orientation of the

aircraft changes with respect to the sun, more or different canopy panels

can beceme the reflecting surfaces. At any one instant, canopy sun glints

may be visible at more than one set of azimuth and elevation coordinates.

The objective then in designing a canopy to minimize visual detection is to

limit the size and number of sun glints occurring within the band of co-

ordinates which are probable positions for hostile observers. To evaluate

the effectiveness of such a design, there is a choice between experimental

testing and analysis. There are at least two problems with experimentally

testing new canopy designs. First, if a scaled model is used, getting the

proper curvature on the panels could be time—consuming and expensive.

Second, if a mockup is used, greater distances are required to simulate a

real situation. In either case, the evaluation of a large family of curves ,

or variations of a basic design, would be difficult. This is not to say

that an analytical approach is without problems; there are certain limita-

tions that must be imposed. But the simple fact that a large number of

different designs can be evaluated rapidly makes the analytical scheme

attractive. The problem then is to develop an analytical method to deter—

mine the coordinates of the sun glint.

6
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Figure 1. Variation of Sun Glints With Aircraft Heading.
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DEFINITIONS

Before proceeding any further with the discussion, some usef ul definitions

are presented :

• Reflecting surfaces (panels) - Refers to the transparent surfaces of

interest; i.e., all see-through surfaces of the canopy .

• Fences — Opaque surfaces which may either prevent the rays of the sun
fran striking a reflecting surface or obscure the reflection from the

observer. The program assumes that all fences can be described by flat

surfaces. This seems permissible, since it is not the curvature of the

fence surface which is of interest but merely where in space the fence

is located .

• Sun vector - A sliding vector which represents the rays of the sun as

they strike a reflecting surface. The orientation of this vector as

referred to inertial axes (earth-fixed) is defined by the elevation of

the sun. The vector has unit magnitude and terminates at all boundary

points of all reflecting surfaces. The vector can be viewed as simply

a sliding ar ow which remains parallel, but opposite in direction, to

an arrow whose tail is at the origin of the inertial axes and points
toward the sun, as shown in Figure 2.

• Reflection vectors - Each boundary point on a reflecting surface has a

reflection vector associated with it, as shown in Figure 3. Mathe-

matically, it is formed by taking the sun vector and retaining the

portion which is tangent to the reflecting surface while reversing the

portion which points toward the surface along the normal. As the nor—

mal varies from point to point, so does the reflection vector.

• Inertial axes - Earth-fixed axis system with origin at the center of

rotation of the aircraft . The positive X axis points in the direction

of the sun while the positive Z axis points away from the center of

earth. The Y axis forms right angles with the X and Z axes and has

• positive sense to the right when facing the sun (see Figure 4 ) .

8
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Aircraf t headings are measured relative to this axis system and are

positive as shown in Figure 1. Sun glint position is also measured

relative to these axes as shown in Figure 5.

• Body axes - Body-fixed axis system with origin at the center of rotation

of the aircraft. The positive X axis points toward the tail of the air-

craf t while the positive Z axis points toward the top of the aircraft .

The Y axis is positive out the right side of the aircraf t and, along

with the X and Z axes , forms an orthogonal system . These axes are as-

surned parallel to the station line, buttline, and waterline reference

system as shown in Figure 4 .

• Sun glints — In this report , a sun glint refers to the single image

produced by one reflective surface for one set of aircraft and sun po-

sitions . If the reflection vectors are extended , as shown in Figure 5,

until they intersect an imaginary cylinder in space , the image produced

is a sun glint. The whole thing can be visualized as if the aircraft

were sitting in the center of a circular stadium and the stands were

fil led with hostile observers . These stands are strictly vertical and

form the rim of the stadium. The reflection vector from each boundary

point, when extended , will strike someone in the stands . If each person

that is struck stands up, the outline of an image is formed . The image

formed from the reflection vectors of one reflec tive surfa ce will be

called the sun glint of that surface at the specified aircraft and sun

conditions . Since the radius (distance to observers) of the stadium is

a fixed input value, the location of any person in the stands is defined

completely by specifying two angles . The two angles are measured rela-

tive to the inertial axes. To locate a person , fir.t rotate the X

inertial axis about the Z axis until it intersects the stands directly

below the person (azimuth angle); then rotate the X axis about the Y

axis until the X axis points directly at the person (elevation angle).

In the same way the boundary points of the sun glint are defined by an

azimuth angle and an elevation angle. These coordinates (angles) form the *

results of this program.

11 
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• Sun glint signature - This is the plot of all the coordinates of all

the sun glints from all the reflective surfaces for one sun elevation.

A sample plot for an imaginary canopy is shown in Figure 6.

• Probability - The probability of being observed is defined to be the
ratio of two areas. The zAumerator is the area within the glint signature

plot which is swept out by the reflected canopy sun glints as the air-

craft is rotated 360 degrees in heading. The denominator is the total

area enclosed by the rectangle formed by the maximum and minimum allow-
able elevation and azimuth angles of the observer. As an example, con-

sider Figure 6. The area swept out is approximately (135— (—150) ) X

(5- (-5) ) = 2,850 degrees2. The total allowable area is (180— (—180)

x (10— (—10) ) = 7,200 degrees2. The probability would then be

2,850 - -
7 200 

= 0.396. In the calculation of the swept area, overlap is ignored;

that is, if a portion of the sun glint signature plot is covered by the

sun glints from more than one surface, the area is only counted once.

10 
AIRCRAFT HEADINGS 10

ELEVATION 1600 i~ø° 60° 20°

gBSERVER ;

_ _ _ 210

AZIMUTHAL POSITION OF OBSERVER
RELATIVE TO THE SUN — DEG

Figure 6. Sun Glint Signature.
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METHOD OF SOLUTION

The rays of the sun , treated as parallel vectors, strike the canopy and

are reflected by the canopy . The method of solution is basically simple;

the trimmings make it complicated. The reflecting surface is assumed to be

smooth , and therefore, the reflection vector becomes a function of the
angle between the striking sun rays and the normal to the surface , as was

shown in Figure 3. This angle may vary as the relative position between

the aircraft and the sun varies, for instance , due to aircraft heading -

changes. It could also vary from point to point on the surface as the

normal to the surface varies , as in the case of a curved panel .

It is necessary then to determine at all the boundary points of all the

reflective surfaces the normals to those surfaces. One method considered

was to input the normals for all the reflective surfaces .

However , these normals are oat readily available in most cases. Therefore,

an alternate approach was taken. The location of the boundary points in

terms of aircraf t station lines , buttlines, and waterlines was used .

From these points the program fits a surface through the points in a least-

squares error sense. This method does have a drawback. There are an un-

limited number of types of surfaces that could be used. To keep things

relatively simple, and still handle the majori ty of cases , a general second-
order surface was chosen. More complex reflective panels can be handled

by breaking them into smaller panels (sections), thereby allowing each

section to fit a different second-order equation. For instance, if a panel

looked like that shown in Figure 7, breaking it up into three panels as

shown should yield an acceptable fit.

Once the equation of the reflective surface is known, the normal at any

point on the surface is known. Then, selecting an aircraft orientation
(pitch , roll , and heading) and sun elevation, the angle between the sun
vector and any surface normal can be calculated . The reflection vector at

each boundary point is then known ; and from the reflection vectors , the

sun glints can be formed , as was shown in Figure 5.

14 
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It has been asstun ed so far that the sun rays are free to strike every

boundary point on the surface . The program , however, is capable of de-

termining whether an opaque surface (fence) , defined by boundary points,
canes between the sun and a reflective surface boundary point. The pro-
gram is also capable of determining whether a reflection vector, if ex-

tended, will intersect an opaque surface before reaching a possible
observer . Finally , the program is capable of determining whether the re-

flection is internal to the canopy .

Basically,  this is the method used by the program to solve the sun glint

problem . The program is dressed up a bit by providing print plots and
graphic plots of the resulting sun glint signatures . The total scheme
is as follows:

• Input desired aircraft orientations

• Input desired sun elevations

• Input desired observer restraints

• Input the boundary points for all fences and all reflective surfaces

• Curve-fit boundary points

• Calculate relative position of sun vector and reflective surface

• Determine if any fences lie between sun and reflective sur face

• Calculate normals to reflective surface at boundary points

• Calculate reflection vectors

• Determine if reflection vectors when extended intersect any fences

• Determine if ref lection is internal to canopy

• Calculate observer positions (sun glints)

• Calculate probabilities from sun glint signatures .

16
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PI~)GRAM FLOW CHARTS

Presented in this section are the flow charts for the executive (main)
routine and each subroutine which contains at least one CALL statement.
The blocks that are shown within a particular flow chart refer only to the
CALL statements in that routine. If a subroutine is called which calls
another subrou tine , only the first CALL statement appears . However , in
the flow chart for the first subroutine called will appear the CALL state-
ment to the second subroutine. In other words, only one level of calls

appear in any flow chart. For example , in the executive routine there is
a call to subroutine CFITF , which would result in calls to subroutines
NORM , CURFIT , SIGNF , AND EQNSOL . This can be seen by looking at the flow
charts for CFITF and CURFIT.

17
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Figure 8. Executive Flow Chart
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Figure 9. Flow Charts for Subroutines (Sheet I of 3).
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POINTS IS I

I CI.OSEST TO
I A SELECTED

POINT

Figure 9. Flow Charts for Subroutines (Sheet 2 of 3).
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ONE WITH _________________
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~~ CA L.COM P
SOFTWARE
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_________________ TO MOVE PEN
CALL SORT TO NEW CALCOMP

POSITION SOFTWARE
IF PART OF ROUTINE TO

ELEVATION PLOTTED POINTS
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________ ________ 
CALCOMP
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SOFTWARE
ROUTINE
TO DRAW

________________- SCALED AXIS
FOR PLOT SUBROUTIN E GR ID

CALL GPLOT 
________ ________
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USING CALCOMP (

~~~~~~)SOFTWARE
SUBROUTINES

__________________ CALL GRID

LINES ON PLOT ________________

DRAWS GRID CALL PLOT

CALCOMP

~~~~~~N 4  

_

SOFTWARE
ROUTINE
USED TO
DRAW

CALL SYMBOL GRID
LINESCALCOMP _________________

SOFTWARE
ROUTINE
TO DRAW
SYMBOLS
ON PLOT

p
Figure 9. Flow Charts for Subroutines (Sheet 3 of 3).
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DESCRIPTION OF SUBROUTINES

A general description of all the subroutines used in the program follows :

• INPUT - Reads data into program from cards. Generates boundary points

for symmetrical surfaces. Sets certain variables to default values,

when variables are left  undefined.

• OUTPT1 - Prints out input data with suitable headings.

• OUTPT2 - Prints out results from curve—fi t t ing . Coefficients of the

curve best approximating , in the least-squares sense, the boundary points

of all fences and reflective surfaces are printed and labeled.

• OUTPT3 — Tabular printout of boundary points for each reflective surface

with condition flags and required observer coordinates (azimuth and
elevation). These observer coordinates are those shown in Figure 5.

The condition flags refer to whether the reflection vector from each
particular boundary point is an internal reflection , whether the ref lee-

tion vector is blocked by a fence , or whether the boundary point lies in

the shadow of a fence.

• PLOTOL - Uses line printer to plot sun glint signatures. Points plotted

represent minimum and maximum values of elevation and azimuth for each

glint.

• DRPLOT - Prepares and sorts tabulated glint data to be plotted by

CALCOMP plotter.

• GPLOT - Gives commands to CALCOMP software routines to draw glint signa-

tures. Three signatures , corresponding to three sun elevations , are

drawn per page with a maximum of three pages (nine elevations) per

computer run.
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• PLOTS, FACTOR, PLOT, AXIS , SYMBOL , NUMBER , and LINE - CALCOMP sof tware

functions which are supplied by CALCOMP BASIC SOFTWARE package.

• GRID - Normally a CALCOMP software routine; this subroutine was written

and included as part of the program since it is not part of the basic

packages supplied to some CALCOMP users. If system already has GRID,

modify subroutine name and call statement to make it unique , i.e.,GRIB

instead of GRID.

• CFITF - Along with the subroutines NORM, CURFIT , SIGNF , and EQNSOL,
curve—fits the boundary points of a fence to a plane (linear) surface

in space.

• NORM — In an attempt to minimize numerical errors during curve—fitting,

boundary points are normalized. This routine calculates a norm which

is the root-mean—square value of the set of coordinates representing the

boundary points.

• CURFIT - Sets up the normal coefficient matrix and constant terms for

the least—squares solution. Calculates the root—mean—square error of

the f i t by plugging boundary points into the equation of the fitted
surface.

• EQNSOL - Solves a system of linear , homogeneous or inhomogeneous ,

equations using the technique of Gaussian elimination. It is used to

solve for coefficients of the fitted surface.

• SIGNF - A surface which is represented by an equation in terms of its

coordinates can also be represented by the negative of the equation. In

other words ,

Ax +By + C z + D = O = -A x - B y - Cz - D.

In one case , the program will generate an outward normal to the canopy

while in the other case it will generate an inward normal. In subsequent

calculations, the program requires that the normal be outward. Therefore,
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SIGNF is used to determine correct sign on coefficients. It does this

using tests on the two possible normal vectors.

• CFITS — A set of boundary points representing a reflective surface is

used to produce , in general , a quadratic equation (a plane surface is
considered a degenerate quadratic surface). This equation is an analyti-

cal representation of the points in a least—squares error sense. There

are three options available when trying to match an equation to a set of

points. The first is to specify the coefficients, either all or some. 
-

In this case the calculated values are overridden by the input values.

The second option is to specify which coefficients are to be included in

the matching equation. For instance , if the program user wished the sur-

face through the boundary points to be quadratic in x while linear in z,

he would specify through his inputs that the other terms in the general

quadratic equation be ignored. The third option, which is probably the

most useful , starts out by trying to match the points to a linear
equation (plane surface). If this equation fails to satisfy the error

criteria, the program continues to form quadratic combinations. The

combination with the minimum least—squares error is selected.

• GLINT — Calculates the sun glints for each reflective surface as air-

craft varies heading. First the components of the sun vector are trans-

formed from the inertial axes to the body axes by the transformation

in Figure 4. Then each boundary point of the reflective surfaces is

checked to see if it lies in the shadow of a fence. Next the normal

to the reflective surface at each boundary point is calculated followed

by the calculation of the reflection vectors. Each reflection vector

is checked to see if it intersects any fences. Then the components

of the reflection vectors are transformed from the body axes to the

inertial axes. Finally , these reflection vectors are extended as in

Figure 5 to find the coordinates of each sun glint.

• SRAD~~ - Answers the question , “Is a boundary point of a reflective

surface in the shadow of a fence?” To answer this question , f irst it

is determined whether any of the planes containing the fences are
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located between the boundary point and the sun. If a fence plane lies

between the sun and the reflective surface boundary point, the inter-

section of the line formed by projecting the boundary point along the

sun vector with the plane of the fence is saved. Finally, it is deter-

mined whether any of the saved intersections lie within the boundaries
of their respective fences. If any of them do, then the ref’ective sur-

face boundary point is indeed in a shadow and the ISHAD flag is set to

one for this point. The coordinates of the sun glint for this point

are still calculated and tabulated but not plotted and not used in the

probability calculation .

• PLANPT - Given the equation of a plane surface and the representation of

a line by a point and direction cosines , the intersection of the line

with the plane is calculated .

• SORNOT - Given a point and the coordinates of a unit vector , a line

through the point with the sane direction cosines as the vector is formed.

It is then determined whether a second point on the line is in the posi-

tive or negative sense of the vector (see Figure 10).

• INTFER - Answers the question , “Does a reflection vector intersect a

fence before reaching a possible observer?” To answer this question ,

f irst it is determined whether any of the planes containing the fences

are located between the reflective surface boundary point from which
the reflection vector eminates and any possible observer . If a fence

plane lies between the boundary point and the observer, the intersection

of the line formed by extending the reflection vector with the plane of

the fence is saved. Finally, it is determined whether any of the saved

intersections lie within the boundaries of their respective fences. If

any of them do , then the reflection vector does indeed strike a fence
and the INTFER flag is set to one for the reflective boundary point
corresponding to the reflection vector. The coordinates of the sun

glint for this point are still calculated and tabulated but not plotted

and not used i~i the probability calculation.
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• QUADPT - Calculates the intersection or intersections of a line with a

quadratic surface. Inputs to the subroutine are the coordinates of a

point on the line, the direction cosines of the line, arid the coefficients

of the equation describing the quadratic surface.

• MINMAX — Determines minimum and maximum values of the elevations and

azimuths for each sun glint. At this point, 0.25 degree is added to the

maximums and subtracted from the minimums to represent sun dispersion

angle. These values are plotted and used to determine probability .

• PROBL - As the aircraf t changes heading , with fixed sun elevation and

fixed aircraft pitch and roll attitudes, the sun glint from a reflective

surface may change position on the sun glint signature plot, as was

shown in Figure 6. If all intermediate positions between the discrete sun

glint positions calculated are assumed possible , then there is a continu-

ous area swept out- during the heading changes. The total of all the areas

swept by all the reflective surfaces, but counting any overlap only once ,

divided by the tot~.l area possible will yield the probability for this

sun elevation. In programing a method to calculate the swept area , cer-

tain assumptions and simplifications were found necessary . Figure 11 shows

a hypothetical example of the motion of a sun glint from one reflective

surface. The four points shown for each sun glint are the results from

MINMAX, whicn represent the minimum and maximum observer elevations and

azimuths for this glint. This is simplification number one, to use only

the minimum and maximums to represent each glint. This allows for the

generation of the polygon shown in Figure 11 by the dotted lines. The

single point at zero aircraft heading is another simpiification or

assumption and is caused when all the boundary points of the reflective

surface at this heading are in the shadow of one or morc fezwes or when

the generated reflection vectors are blocked by one or more fences . In

other words , there is no glint for this surface at zero heading . However ,

at headings of ±80 degrees there are glints ; therefore, the approach

chosen was to place a single point at the average azimuth and elevation

of the observers had the fences not been there and thus a glint created.
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Figure 10. Determination of Positive Sense Between Two Points.
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AI RCRAFT 800 
~~~~HEADINGS ® _
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OF .—- _-,m I - ~~~ f 0
OBSERVER ~~~~~~~~~~~~~~~~ —
DEG — — —A / \~~ ~~~~~~~ ©

©
— 1 c —10

—180 —90 0 90 180
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— 
- RELATIVE TO SUN — DEG

Figure 11. Area Swept by Sun Glints From Single Reflective Surface.

27

I 

_ _ _ _

____________ ~‘~~~~~~~~~~~ --- - -- -- - --- _ _ _ _ _ _ _ _ _ _ _ _ _



- -~~~ 
-

By doing this, the area is tapered to zero on both sides of the Point ©
As shown, the points ® ® ® © ® ® ® ® ® ©
® © ® when connected by straight lines in this order form a

polygonal shape.

A polygon will be generated for the glint motion of each reflective sur—
face. The overlap must now be considered. Figure 12 shows two polygons

representing the areas swept by two different surfaces. The shaded

area represents the common area to both polygons . The program treats

polygon ® as if polygon ® does not exist; thus the shaded area is

included in ~~ Then polygon © is broken up into two polygons formed
by the points ® © ® ® ® and 

~~~ ® © © ®
When finished there are three polygons , instead of two , but with

no common area.

• OVRLAP — Inputs to the routine are two sets of points representing two

polygons. One set of points is designated the shadow, while the other

set is the surface. It is the purpose of this routine to generate , if

necessary, a new set or sets of points which represent the portion or
portions of the surface which lie outside of the shadow. This routine

is used in probability calculation to account for overlap. Referring

to Figure 12, the polygon representing the swept area from surface
number one would be the shadow while the polygon representing the
swept area from surface number two would be the surface. In this case ,
the output from OVRLAP would be two sets of points, representing the
two portions of surface lying outside of shadow.

• INTERC - Finds intersections , if any, of a line between two points in
a plane with the set of lines given by a set of connected points in

the same plane .

• CLOSE - Determines which point in a set of points in a plane is closest
to a given point in the same plane.

• CHECK 1 - Determines whether a given point is already contained in a
set of points.
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• CHECK 2 - Similar to CHECK 1, except it automatically checks a number

of sets for common point .

• CHECK 3 - Checks to see whether the X or Y values of a point in a plane

are outside of a g iven range.

• cHECK 4 - During the overlap process , it becomes necessary to check to see
if any lines from one polygon lie on top of any lines from the other
polygon. If so, one of the lines is moved slightly. It became necessary

to add this routine to avoid certain numerical problems in the subroutine

OVRLAP.

• CIRCLE - Used to determine if a given point in a plane is enclosed by
a polygon created by connecting a given set of points. First, a trans-

lation is performed to make the origin of the axis sytem lie on top of

the given point. With this done , the number of positive or negative

X—axis crossings is counted. If the number is odd, the point is

enclosed; if the number is even , the point is not enclosed . This is

shown by two examples in F igure 13.

• AREA - Determines the area enclosed by a polygon . Figure 14 shows the

method used.

• SORT - If part of the polygon representing glint sweep , or part of the

glint itself , is outside of observer limits, new points at the inter-

sections with the boundaries will replace those outside limits. This

is done for the probability calculation and for the CALCOMP plots .

• SORT2 - There is a natural discontinuity at the +180—degree azimuths

on the sun glint signature plot. When a glint is wrapped around the

180—degree azimuth , or -180—degree azimuth , as shown in Figure 15, the

points ® ® ® of the glint will be plotted close to the -180—

degree azimuth line , while the points © © will be plotted close

to the +180—degree line . The program will assume that the glint ®
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POINT ENCLOSED

NUMBER OF POSITIVE X CROSSINGS IS 1 (ODD)

NUMBER OF NEGATIVE X CROSSINGS IS 3 (ODD)

V
I I

POINT NOT ENCLOSED

__ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

x.

NUMBER OF POSITIVE X CROSSINGS 2 (EVEN)
NUMBER OF NEGATIVE X CROSSINGS 2 (EVEN)

FIgure 13. Determination of Point Endosure.
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AREA OF ABCDEF = AREA UNDER ABCD — AREA UNDER AFED

Figure 14. Area Enclosed by Polygon.
OBSERVER
ELEVATION
— DEG

+10 +10

AZIMUTHAL POSITION OF OBSERVER
RELATIVE TO SUN — DEG

Figure 15. DiscontInuity at ±180 Degrees Azimuth .
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® © © is connected as shown with the solid lines . To handle
this situation properly, the glint ® ® © © ® is replaced

with two glints , ® ® © ® ® and © ® ®
The new glints are shown shaded in Figure 15. The method employed is
to first add 360 degrees to points ® ® ® , moving them to the

right as shown . Subroutine SORT is then used to find points ®
Next , 360 degrees are subtracted from points © © , moving them to

the left as shown. Subroutine SORT is then used to find points ©

, 33
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EQUATIONS USED IN THE PROGRAM

The mathematical expressions used in calculating the sun ‘glint coordinates

are presented in this section.

The generalform of the equation used to represent all fences is a plane ,

Ax + By + Cz + D = 0.

The general form of the equation used to represent all reflective surfaces

is a quadratic surface ,

Ax + B y  +Cz +Dxy + Exz + Fyz + Gx + H y + K z + L = 0 .

The sun vector referred to inertial coordinates is of the form

S = ai + bj + ck

where (i, j ,  k ) are unit vectors in the direction of the inertial x , y, z

axes , respectively . The coefficients a , b , and c are define d using y ,  the

sun elevation , as

a = —cos y

b =  0

C = —sin y.

The normal to the reflective surface in body axes is

~4I _ ~ $ —

N N j + N  j  + N  k =~~~~ i +~~~~ j +
B B B B B B B ~x B ~y B az Bx y z

where (i ]
~ 

Ic ) are unit vectors in the direction of aircraft  body x ,B B, B
y, z axes , respectively, and the coefficients ~~.± , ..± , and ...± are the first

ax ay
& partial derivatives of the equation representing the surface .

: - 
.
~~~~ ~~~~~~~~



a.
= 2Ax + Dy + E z+G

a,
~— = 2 B y + D x + F z + H

a~
2Cz + Ex + Fy + K.

Before the reflection vector can be calculated , the sun vector must be
represented in terms of body axes.

T T(S
x 

S
y 

, S
z = D (—cos y, 0, —sin y)

B B B

where (S , S , S ) are the components of the sun vector in body axes andx y z
B B B

D is the transformation matrix shown in Figure 4.

The magnitude of the sun vector along the normal to the surface is the
projection of the sun vector onto the normal vector. Mathematically , it

is the dot product of the sun vector and the normal vector, divided by the

magnitude of the normal vector.

S =
~~ ~~~~~~~~~~~~N B B B

where S = S i + S j  + S k and
B X

B B 
~
‘B B z

B 
B

— 2 2 2
N H  u N  + N  + N
B !B  B Bx y z

Using the value of S , the reflection vector R isN B

R = R  I + R  j  + R  k = S  ( 2 S )
~~~/ I~~ I.B X

B 
B YB B Z

B B B—  N B B

Transforming the components of the reflection vector from body to inertial

axes is done by

(

~~ 1
’ R , R ) T 

D
T 

(R
~~

s R~~ 1 R ) T
,
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where DT is transpose of the matrix of Figure 4.

Each boundary point of the reflective surface is transformed from body

coordinates to inertial coordinates.

T T T(x 
~
‘
s 

Z ) = D (x
~ ~

‘s 
z

I I I B B , B

The intersections caused by the line passing through the point (x , y
SI 

S
I

z ) with direction numbers (R , R , R ) and the cylinder
S
1 x

1 
y1 

z
1

2 2 2x + y  = R ,

which is the imaginary surface containing the possible observers, are
(x

0
, y

0
, z0

) and ( x , y
0

, z0 ) .
1 

~~ 
( b  + 

rb
2_4ac)/2a 

2

x = (b — ~b —4ac)/2a02

y0 
= y + ( R  /R  ) (x 0 —x

51 I I I 1 I

y y + ( R  /R ) ( x  -x
0
2 S

I ~
‘I ~I 

0~ S
1

z = Z  + (R /R )(x -x
0
1 ~I 

z
1 

x1 
0
1 

S
I

z Z + ( R /R ) (x -x ) ,
0
2 S

1 
z1 x1 01 ~~

2
where a = l +  (R /R

y1 x1

b = 2y (R /R ) -2x (R /R ) 2
S
I Yl 

X
I ~I ~I ~I

The equations are modified slightly if R = 0.
I
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The point which lies in the positive direction of the reflection vector is

designated (x , y , z ) ,  and the polar coordinates of this point are
0 0

—1 ~f2 2
c~~= tan (z/ ~x + y )

- 

= tan ’ (y
:
/xo) :

where a is the elevation angle and ~ is the azimuth angle as shown in
- Figure 5.
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INPUT VARIABLES

The input variables to the computer program are presented iq this section.

• TITLE - Title printed at top of each output page.

• DEFLT - Specifies whether default option is to be used during inputting

of reflective surface data . The default option reduces the amount of
necessary input.

DEFLT = 0 Default option not used

DEFLT = 1 Default option used

• PRINT - Controls how much and what type of data will be printed. Arty

plots, whether printer plots or CALCOMP plots, will be controlled by
another input. Figure 16 shows the results of each option .

• PLOT — Plot options. When plots are requested , a sun glint signature

plot for each sun elevation is produced either on CALCOMP plotter or on
printer , or both .

PLOT = 0 No plots

PLOT = 1 CALCOMP plots only

PLOT = 2 Print plots only

PLOT = 3 Both CALCOMP and print plots

• PROBI. - Specifies whether to calculate probability.

PROBL = 0 Probability calculation bypassed

PROBL = 1 Calculate probability

— • THETA - Aircraft pitch attitude in degrees. Positi~~~~for nose of air-

craft up. Used in forming the inertial-to-body axis transformation
shown in Figure 4.
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P R I N T 0 P R IN T = 1 J P R IN T 2

I I I
P R I N T I N P U T  P R I N T I N P U T  P R IN T INPUT
DATA DATA DATA

I I
PRINT TABLE PRINT CURVE-

OF G L I N T  FIT
COORDINATES EQUATIONS

P R I N T  TABLE
OF G L I N T
COORDI NATES

Figure 16. Computer Output From Option PRINT.
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• PHI - Aircraft roll attitude in degrees. Positive for right wing

down . Used in forming the inertial-to-body axis transformation shown

in Figure 4.

• GAMN - Number of different sun elevations to be analyzed . Value should

be less than or equal to 9. If not specified , the program assumes a

value of 3.

• GAMI — Value of initial sun elevation in degrees. Positive for sun

above aircraft. If not specified , the program assumes a value of zero.

• DGAM — Increment by which each successive sun elevation is increased .

Value is in degrees. If not specif ied, the program will assume a value

of 30.

Example of use of GANN, GAMI , DGAM : Suppose it is desired to analyze

three sun elevations, 0, 15, and 30 degrees. The inputs would be

GAMN = 3. GAMI = 0. DGAM = 15.

• PSIN — Number of different aircraft headings to be analyzed. Value

should be less than or equal to 9. If not specified , a value of 9

is assumed by the program.

• PSII — Value of initial aircraft heading (yaw) in degrees . Heading is

positive for nose right as shown in Figure 1. A value of —180 degrees

is assumed by the program when no value is specified.

• DPSI — Increment by which each successive heading is increased . Value

is in degrees. If no value is specified , a value of 45 degrees is used.

• XROT — Station that locates the center of rotation of the aircraf t ( see

Figure 4 ) .  Usually the aircraft center of gravity. If not specified ,

a value of zero is used.

• YROT — Buttline location of the center of rotation . If not specified , a

value of zero is used.

L 
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• ZROT — Waterline location of the center of rotation. If not specified ,

a value of zero is used.

• DISTG - Radial distance (feet) in inertial x-y plane from origin of

inertial axes to projected glint. This distance is specified as R in

Figure 5. If not specified , a value of 1,000 feet is used by the program.

• ELVMIN - Lower limit on elevation angle of possible observers. Value

is in degrees. If not specified, a value of —10 degrees is used.

ELV~ TN is used in probability calculation and lower boundary on sun

glint signature plots. Value cannot be less than -90 degrees.

• ELVMAX - Upper limit on elevation angle of possible observers. Value is

in degrees. If not specified , a value of 10 degrees is used. ELVMAX

is used in probability calculation and upper boundary on sun glint

signature plot. Value cannot be greater than 90 degrees.

• AZMMIN - Minimum allowable azimuth angle to observer , in degrees. If

not specified, a value of —180 degrees is used. AZMMIN is the boundary

on the left of the sun glint signature plot. Value cannot be less than

—180 degrees.

• A71~MAX 
- Maximum allowable azimuth angle to observer , in degrees. If

not specified , a value of 180 degrees is used. AZMMAX is the boundary

on the right of the sun glint signature plot. Value cannot be greater

than 180 degrees. -

• FENCE S - Number of fences. Maximum number is 10.

• PANELS - Number of reflective (transparency) panels. Maximum number
is 12.

• FPTS - Number of boundary points on a fence . Maximum value is 10.

• ~~PT - Station for a fence boundary point.

• TFPT - Buttline for a fence boundary point .
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• ZFPT — Waterline for a fence boundary point .

• TITLES - Transparency (reflective) surface identificatio~ .

• SYNTRY - Specifies whether the transparency surface just identified is

symmetric to the surface , whose data has just been read in. This option

will be made clearer with the sample cases in Appendix A. The possible

values for SYMTRY are :

SYMTRY = 0. Not symmetric to previous surface and therefore data

for this surface is necessary.

SYMTRY = 1. Symmetry is about x-z plane.

SYMTRY = 2. Symmetry is about x-y plane.

SYMTRY = 3. Symmetry is about y-z plane.

If SYMTRY ~0, then the following variables are not necessary for this
reflective surface.

The variables XFIT , YFIT, ZFIT , XYFIT, XZFIT , YZFIT , XSQFIT, YSQFIT ,
ZSQFIT , XCOF , YCOF , ZCOF , XYCOF , XZCOF , YZCOF , XSQCOF, YSQCOF, ZSQCOF ,

and CTERM are used only if DEFLT = 0. With these variables, the

program user may either specify which terms in the general quadratic

equation he wishes to use in the curve-fit routine , or he may specify
the actual values for these coefficients.

• XPIT - Should the linear x term in the quadratic equation be used in
the curve—fit analysis of this surface?

XFIT = 0. No

XFIT = 1. Yes

• YFIT - Should the linear y term in the quadratic equation be used in
the curve—fit analysis of this surface?
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YFIT =- 0. No

YFIT = 1. Yes

• ZFIT - Should the linear z term in the quadratic equation be used in

the curve—fit analysis of this surface?

ZFIT = 0. No

ZFIT = 1. Yes

• XYFIT - Should the quadratic xy term in the quadratic equation be

used in the curve—fit analysis of this surface?

XYFIT = 0. No

XYFIT = 1. Yes

• XZFIT - Should the quadratic xz term in the quadratic equation be used

in the curve-fit analysis of this surface?

XZFIT = 0. No

XZFIT = 1. Yes

• YZFIT - Should the quadratic yz term in the quadratic equation be used

in the curve—fit analysis of this surface?

YZFIT = 0. No

YZFIT = 1. Yes

• XSQFIT - Should the quadratic x2 
term in the quadratic equation be used

in the curve—fit analysis of this surface?

XSQFIT 0. No

XSQFIT 1. Yes

• YSQFIT - Should the quadratic y
2 
term in the quadratic equation be used

in the curve-fit analysis?
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YSQFIT = 0. No

YSQFIT = 1. Yes

• ZSQFIT - Should the quadratic z
2 term in the quadratic equation be used

in the curve—fit analysis?

ZSQFIT = 0. No

ZSQFIT = 1. Yes

• XCOF - If a nonzero value is read in for XCOF , then the value for XCOF

will be used for the coefficient of x in the quadratic equation repre-

senting this reflective surface. XFIT must be set to one when XCOF is

used.

• YCOF - If a nonzero value is read in for YCOF, then the value for YCOF

will be used for the coefficient of y in the quadratic equation repre-

senting this reflective surface. YFIT must be set to one when YCOF is

used.

• ZCOF — If a nonzero value is read in for ZCOF, then the value for ZCOF
will be used for the coefficient of z in the quadratic equation repre-

senting this reflective surface. ZFIT must be set to one when ZCOF is

used.

• XYCOF - If a nonzero value is read in for XYCOF, then the value for

XYCOF will be used for the coefficient of xy in the quadratic equation

representing this ref lèctive surface . XYFIT must be set to one when

XYCOF is used .

• XZCOF - If a nonzero value is read in for XZCOF , then the value for

XZCOF will be used for the coefficient of xz in the quadratic equation

representing this reflective surface. XZFIT must be set to one when

XZCOF is used.
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• XSQCOF - If a nonzero value is read in for XSQCOF, the value for

XSQCOF will be used for the coefficient of x
2 
in the quadratic equatior~

representing this reflective surface. XSQFIT must be set to one when

XSQCOF is used.

• YSQCOF - If a nonzero value is read in for YSQCOF, the value for

YSQCOF will be used for the coefficient of y
2 
in the quadratic equation

representing this reflective surface. YSQFIT must be set to one when

YSQCOF is used.

• ZSQCOF - If a nonzero value is read in for ZSQCOF , the value for
- 2 .ZSQCOF will be used for the coefficient of z in the quadratic equation

representing the reflective surface. ZSQFIT must be set to one when

ZSQCOF is used.

• CTERM - If a nonzero value is read in for CTERM , the value for CTERM

will be used for the constant term in the quadratic equation for this

reflective surface.

• RPTS - Number of boundary points on reflective surface. Maximum value

is 30.

• XSPT - Station for a reflective surface boundary point.

• YSPT - Buttline for a reflective surface boundary point.

• ZSPT - Waterline for a reflective surface boundary point.

Fifty—o ne input parameters have been defined , but the actual number of
inputs depends on the particular case . The arrangement of the input

parameters on data cards for a configuration consisting of two fences and
two reflective surfaces is shown in Figure 17. The first fence has three

boundary points and the second fence has four. The two reflective sur-

faces are syiTtetric about the x-z plane and are defined by four boundary
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COLUMN COLUMN
I SO

TITLE

I II 21 31 41 51 SO 40
DEFLT PRINT THETA 1 ~~ I I I
* II 21 31 41 El 40 S0

J GAMN IGAMI I0G~EI J psui 1P511 10,11 I I
I II 21 31 II El SO SO

kNOT IVROT I ZR0T I I I I
I II 2* 31 41 51 50 50
01810 ELVMIN J ELVUAX AZMMIN AZMMAX

I II 21 3* 41 51 40 40

[ FENCES [PAN EU ~~Lo1 I~-~oe~ I I
I II 2* 31 4* 5* 60 50

IIFPTS I I I I I I

~
I
EI;~;

1
E
..I
~ [ XFPTII) J VFPTI1I IZ~~T~ J XF PT*21 JVF PT(21 j ZFPTI2I

I II 21 3* 41 51 50 U0

LI XFPTI3) YFPII3I ZFPT(31 I I
I II 21 3* 4* 51 50 40

iL~~~~
’ 5 1  I I I

SECOND~~ IXFF1-111 !V F P T ( I )  [ZF PT I1I Ix ~~TI2 I YFPT(21 I
SO 40~

~~~~ 
II 21 3* 4* 61 40 50

1.1 XFPTI3I VFP1I3I [ ZFPTI3 I XFPT I4 ) V FPT (4) ZFPTI4) 

50-
[T ITLES I

* Il 21 31 41 5* 60 40

L~~M1R’~~I I I I I
I 11 2* 31 St SI 50 40

I X FIT YFIT ZFIT J XV F IT XZ FIT YZ FIT

I II 2* 31 4* 51 60 60

~Z~~*
6
S [ XSOF T IVS0FIT (zsoFrr I I I 1]

OMITTED
IF I II 21 31 41 51 50 50
DEFAULT I XCOF YCOF ZCOF XYCOF XZCO F VZCOF I

FIRST OPTION
REFLECTIVE US~~ * 21 3* dl 61 SO
SURFAC E xsoco~ ysocop zsocor CTERM I I

I II 21 31 4* 61 SO SO
[ RPTS I I I I

1 II 2* 3* 41 5* 60 50
[ *501111 VSPT(lI ZSP1(11 XSPTI2I 

~~~ 
ZSPTI2I I

I II 21 3* 41 II SO SO
XSPTI3I YSPII3I 

~ 
ZS PT(3 I XSP1 I4) YSPT(41 j ZSPTI4I I

1 1* 21 31 4* II SO SO

____________ I X$PT151 YSP1(5) ZSP1 (S) I I I

s€co,iD ItTh1~~5
R(FLECTIVEI I II 3* 3* 4* 51 50 50
SURFACE LISV~~

RV
~ I I I I I

FOR THIS SETUP
OEFLT - 0. SV MTRY • I ISECOND REFLECIIVE SURFACEI
SVMTPV • 0 IFIRSI REFLECTIVE SURFACEI DEFLI •

Figure 17.  Input Data Scheme.
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points. The default option will not be used in readinq in the reflective

surface data; however , the comments show which cards are Quitted if the

default option is used.
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GENERATED SYMBOLS

The symbolic names for the vari ables of interest which are assigned values

during the execution of the program are presented in this section .

• COEFFB — Array containing the coefficients of the equations represent-
ing the fences.

• COEFSB - Array containing the coefficients of the equations represent-

ing the reflective surfaces.

• SIGF - Ar ray containing the root-mean-square estimate of the error for

each fence curve—fi t.

• SIGS - Array conta in ing the root-mean-s quare estimate of the error for

each reflective surface curve—fit.

• GAMMA - Sun elevat ion angle. Takes on values specified by the inputs

GAMN , GAM I , and

• ALPHA2 — Array containing the elevation angles for all the sun glints

generated.

• BETA2 - Array containing the azimuth angles for all the sun glints

generated .

• INTRFL - Array containing a set of condition flags. Each flag records

whether a particular set of sun glint coordinates was generated by an

internal reflection .

INTRFL = 0 External reflection

INTRFL 1 Internal reflection

4~
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• ISHADW - Array containing a set of condition flags. Each flag records

whether a particular set of sun glint coordinates was generated from a

boundary point in the shadow of a fence .

ISBADW 0 Boundary point not in shadow

ISL~ADW = 1 Boundary point in shadow

• INTERF - Array containing a set of condition flags. Each flag records

whether a particular set of sun glint coordinates was generated by a

reflection vector which intersected a fence .

INTE RF = 0 No intersection with fence

INTE RF = 1 Reflection vector blocked by a fence

• APLOT - Array containing the minimum and maximum elevation angles which

were formed at each a ircraf t  heading .

• BPLOT - Array containing the minimum and max imum azimuth angles which

were formed at each aircraft heading .

• SUN - Three-dimensional array containing the coordinates of the unit

sun vector in inertial axes.

• SUN B - Three-dimensional array containing the coordinates of the unit

sun vector in aircraft body axes.

• DIRCOS - Three-by-three matrix containing the orthonormal transformation

shown in Figure 4 used to transform coordinates of a vector from inertial
to body axes.

• XB - Coordinates of a reflective surface boundary point in body axes .

Array is redefined for each boundary point being analyzed .

• X - Coordinates of a reflective surface boundary point in inertial axes.

• VNORMB - Coordinates of normal to reflective surface.
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• RFLTN - Coordinates of reflection vector referred to inertial axes .

• ,~~~LOT - Array of azimuthal values of points forming the polygon repre-
‘
~senting the area swept by glints from a reflective surface.

• YPLOT - Array of elevation angles for points forming the polygon repre-

senting the area swept by glints from a reflective surface.

• SWEEP - Area swept by the sun glints from all the reflective surfaces,
ignoring overlap.

• SWA 2 - Area swept by the sun glints from all the reflective surfaces,
counting the overlap area only once.

• TAREA - Total possible area of sun glint signature plot .

• VPROBL - Value of probability calculation. SWA2 divided by TAREA.
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OUTPUT

The output from the program is broken up into five sections and controlled

by the input variables PRINT and PLOT as defined previously . The five

types of output are :

• Input data

• Curve-fit results

• Tabular su~ glint resul ts

• Sun glint signature plots using printer

• Sun glint signature plots using CALCOMP plotter.

The printout of the input data is j ust a feedout of the data read in from

cards. Sheet 1 of F igure 18 shows the first page of this type output. The

first group of input data is printed out under the caption **CONTROL

OPTIONS . The input parameters presented are DEFLT, PRINT, PLOT , and PROBL ,

respectively . The second group of input data comes under the caption

**AIRC pJ~p’T INITIAL EULER ORIENTATION . The input parameters printed are

THETA , PHI , AND P811. Under the third arLd fourth captions , **SE~~CTED YAW

ANGLE RDTATIONS and **SELECTED SUN ELEVATIONS , are printed the values for

the variables PSIN , PSII, DPSI , and GAMN , GAMI, DGAM , respectively . The

f if t h  set of information , **REFERENCE INFORMATION FOR MEASURING SUN GLINT

ANGLES , in the printout of XROT, YROT , ZROT, and DISTG. The sixth and

seventh sets of information, **PWT SCALING , and ~~~~~~~~~~~~~ FOR CALCU-

LATING PROBABILITY , are printouts of the same variables , AZMMIN , AZMMAX ,

ELVMIN , and ELVMAX . They are printed out twice, under different titles , to

show that the same values are used in both places. Sheet 2 of Figure 18

is a printout of the fence input data. The r.uinber of fences (FENcES) , the

number of boundary points (FPTS), and the location of each boundary point

(XFPT , YFPT , ZFPT) are printed out. - Sheet 3 of Figure 18 shows how the

input data for a reflection surface is output . Under **REFLECTI~~ SURPA~ES

DATA , the number of reflective panels (PANELS) is printed . Then, for each
reflective surface , an identification title (TITLES) , preselected curve—fit

terms (XFIT , YFIT , ZFIT , XYFIT , XZFIT , YZFIT , XSQFIT , YSQFIT , ZSQFIT) ,
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preselected curve-fit coefficients (XCOF, YCOF , ZCOF, XYCOF , XZCOF , YZCOF,

XSQCOF , YSQCOF , ZSQCOF , CTERM ) ,  and boundary points are printed.

The second type of output is the result of curve—fitting the boundary points

of each fence and reflective surface. Sheet 1 of Figure 19 shows the co-

efficients of the plane best approximating the boundary points of the fence.

For the case shown, the equation would be 0.O1476y = 0 or just y = 0, which

is the equation of the x-z plane. Sheet 2 of Figure 19 shows the coeff i-

cients of several quadratic equations approximating several reflective
surfaces. For the case shown, the equation for the first surface is a
plane , —O .O06923x + 0.OO5206z —l 0.

The third type of output is the tabular sun gl int results. Each table

represents the results for one reflective surface at constant sun elevation

as aircraft  heading changes . Part of a typical table is shown in Figure

20. At the top of the page , the reflective surface is identified.  Next ,

the sun elevation, a i rcraf t  pitch and roll attitude, location of aircraf t
center of rotation , and radial distance to observers are printed . Then,

for each aircraft  heading , each boundary point is listed along with three

condition flags and the point on the sun glint resulting from the reflec-

tion from this boundary point. The condition flags INRFL, ISHAD , arid

INTRF specify whether the reflection from this boundary point is internal ,

whether the boundary poin t lies in a shadow, or whether the reflection

vector from this boundary point intersects a fence. A value of zero means

no while a one means

The fourth type of output is a print plot of a sun glint signature, as

shown in Figure 21. Each plot is for a constant sun elevation. The values

that ire plotted are the minimum and maximum azimuths and elevations for

each sun glint resulting from each reflective surface at each aircraft

heading analyzed . Each letter , as the legend below the plot shows , is for
a constant aircraft heading and may have resulted from more than one sur-

face. The probability as previously defined is also shown in the right-

hand corner below the plot.
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The f i f t h  and final type of output comes from a CALCOMP plotter . It is , as

can be seen from Figure 22 , a continuous plot. As was the case for the

print plots , each CALC~~4P plot is the total sun glint signature of the con-

figuration at a constant sun elevation. The aircraft headings are shown

on the plots as near as possible to the sun glint they represent. However ,

when more than one surface produces a glint in the same area, as in the
bottom plot, the values are sometimes printed on top of each other. This

nuisance has not been corrected yet but should cause no problems , since
the numbers can still be distintinguished.

The plotter should be started with the pen origin at 0,0 or Lower Left.
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Figure 22. Typical CALCOMP Plot.
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RUNNING INSTRUCrIONS

The program is written in FORTRAN IV computer language. It has been suc-

cessfully compiled and executed on the Boeing Computer Service ’s IBM 370-158

at Philadelphia, Pennsylvania. In addition to the program itself , the

CALCOMP Basic Software package is used for continuous plots. This CALCOMP

package includes six routines that are called from the program if the

input variable PLOT = 1 or 3. The routines are PLOT, SYMBOL , NUMBER ,

SCALE , AXIS, and LINE. These are the only CALCOMP subroutines required .

The following is a physical setup of the deck required to compile and
execute on the IBM 370-158 at Boeing.

// JCL cards particular to IBM 370-158 at Boeing Computer Services.

Input is read from unit 5 and output printed on unit 6.

//EXEC COMP2GO

//FTC.SYSIN DD*

(Program goes here.)

//G~ .FTO5FOOl DD*

(Data deck goes here.)

1*

‘-

At Boeing Vertol , the compiled program is stored on a disk ; therefore , once

compiled, any subsequent runs require only the proper JCL cards and the

data deck. It is not known whether the user has such a capability , so any

reference to the JCL ’S used at Boeing Vertol could be meaningless .

The program takes about 35 seconds to compile on the IBM 370. Typical

execution times, depend ing on the amount of output requested and the number
of conditions analyzed , are approximately 8 to 12 seconds.

As for the form of the input, all titles are read using an alphanumeric

f -rmat, which allows for the mixing of letters and numbers in the input.

The rest of the inputs are read using a fk~3ting-point format with 10
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columns alloted for each variable. As long as the decimal point is in-

cluded, the variable may appear anywhere in those 10 columns. The specific

location of each variable on the card was shown in Figure 17.
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APPENDIX A

SAMPLE CASES

Two sample cases will be discussed to demonstrate the use of the program .

The first example deals with the configuration shown in Figure A-l . The

panels are all flat. There are six panels, four of them being identified
in the isometric . The right-forward and the right-aft panels are hidden

from view. The right-forward panel is symsetric to the left—forward panel

about the x—z plane of the aircraft. Likewise the right-aft panel is sym-

metric to the left-aft panel about the x-z  plane of the aircraft. There

are two fences on the canopy , one over the windshield while the other is

over the top panel. Since the surfaces are all flat, as few as three

points can be used to locate the boundaries of the surface. The circled

letters represent the boundary points selected . In practice, more boundary

points may be selected ; however , in most cases of f lat panels a large
number of boundary points is not necessary . Using the three-view drawing

shown, the center of rotation and each circled letter can be located ref er-

enced to the station , buttline , waterline axes. The panels and fences

can then be described by a set of locations as tabulated in Table A-l . For

instance, the windshield is def ined by the locations of ® ® © ®
These are the boundary points that are used by the program.

With the panels and fences defined and the location of the center of rota-

tion known, the next step is to decide on what conditions to analyze .

Using Figure 17 as a guide , the first input card would contain the title

for this run. The title chosen is FLAT PANELS WITH FENCES SAMPLE CASE I,

which will appear on the first card . The second card contains the input

var iables , OEFLT, PRINT , THE TA , and PHI. The default option is chosen

(DEFLT 1.); therefore the optional cards shown in Figure 17 will be

omitted. Since all the printout possible is desired , PRINT will be set

equal to 2. The aircraft pitch and roll attitudes will be assumed to be

zero (THETA = 0. and PHI = 0.). This takes care of the second card. The

third card will specify the desired sun elevations and aircraft headings

(GAMN , GAMI , DGAM , PsIN, PSII , DPSI). Three sun elevations are chosen ,

0 , 30 , and 60 degrees . Therefore, GAMN will be equal to 3., GAMI will be
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TABLE A-i. COORDINATE S OF CASE I HELICOPTER CONF IGURATION

Coordinates of Center of Rotation (CG)

Station Buttline Waterline

150. 0 36.

Coordinates of Windshield Boundary Points

Station Buttline Waterline

27.6 —18. 42.

54. —18. 72.

© 54. 18. 72.

27.6 18. 42.

Coordinates of To~ Panel Boundary Points

Station Buttline Waterline

66. -18. 72.

© 118.8 —18. 72.

118.8 18. 72.

66. 18. 72.

Coordinates of Lef t  Forward-Panel Boundary Points

Station Buttline Waterline

27 .6  —18. 42.

54. — 18. 72.

54. —18. 42.

Coordinates of Lef t -Af t  Panel Boundary Points

Station Buttline Waterline

66. —18. 72.

© 118.8 —18. 72.

118.8 —18. 42.

© 66. -18. 42.

Coordinates of Fence No. 1 (Over Windshield) Boundary Points

Station Buttline Waterline

22.32 0 42.

54. 0 78.
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TABLE A-i - Continued

Coordinates of Fence No. 1 - Continued

Station Buttline Waterline
54. 0 72.

27.6 0 42.

Coordinates of Fence No. 2 (Over Top Panel) Boundary Points

Station Buttline Waterline

54. 0 78.

© 118.8 0 78.

118.8 0 72.

54. 0 72.
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0., and DGAM will be 30. Aircraft headings shall cover the whole 360-degree

rang e; therefore, PSIN will be equal to 9., PSII = —180., and DPSI = 45.

These six values will take care of the third card . The fourth card contains

the location of the center of rotation ( XROT , YROT , ZROT) . These values

are measured on Figure A-i and recorded at the top of Table A-i. The values

are XROT = 150., YROT = 0 . ,  and ZROT = 36.

This is all the information needed for the fourth card. The f i f t h  card

contains the radial distance to all observers (DISTG) , the minimum (ELVMIN)

and maximum (ELVMAX) elevation angles , and the minimum (AZMMIN) and maxi-

mum (AZMMAX) azimuth angles . The distance to the observer will be assumed

to be 1, 000 feet.  The elevation limits on the observers will be +10

legrees and the azimuth limits will be +180 degrees . Therefore the f i ft ~.

card has DISTG = 1,000 feet, ELVMIN —10 degrees , ELVMAX = 10 degrees ,

AZNMIN = -180 degrees and A ZMMAX = 180 degrees . The sixth card contains

the number of fences (FEN~~ S) , the number of reflective panels (PANELS) ,

the plot option chosen (PLOT) , and whether to calculate probability . For

this conf iguration , FENCES = 2. and PANELS 6. To get both printer-type

and CALCOMP-type plots , set PLOT = 3., and to have probability calculated ,

PROBL = 1. This takes care of the control cards. The next six cards will

contain fence data. The seventh car d contains the number of boundary

points associated with the f i rs t  fence (ove r the windshield) . There are

four points; therefore, on the seventh card FPTS = 4. The eighth and

ninth car ds contain the four boundary points ®

from Table A-i.

The tenth card has the value for the number of boundary points defined for

the second fence (over the top panel) , FPTS = 4. The eleventh and twelfth

cards contain the four boundary points (?j  © ® ~~ This completes

the fence data. The rest of the data cards contain information about the

reflective surfaces. The thirteenth card is an identification card for the

first reflective surface read in. For this case it is the WINDSHIELD . The

fourteenth card is the symmetry card for this surface . Since this is the

first surface and therefore data must be read in for it, SYMTRY = 0. Since

DEFLT = 1.. the optional cards shown in Figure 17 pertaining to selecting
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certain terms in the curve—fit equation will be omitted. The fifteenth

card contains RPTS, the number of boundary points for this surface; RPTS

has a value of 4. The sixteenth and seventeenth cards contain the four

boundary points for this surface , ® ® © © .

This completes the data for the first reflective surface. The next surface

to be read in will be the lOP PANEL , so identified on the eighteenth card.

The nineteenth card is the symmetry card for this panel. This panel is

not symmetric in any way to the windshield ; therefore SYMTRY = 0. for this

surface. The twentieth card contains the number of boundary points for

this panel (RPTS = 4.). The twenty-first and twenty—second cards are for

the four boundary points ® © ® ® . This completes the data for

the second reflective surface . The next surface to be read in is the LEFT

FWD PANEL, so identified on the twenty-third card . This panel is symmetric

to the right forward panel, but since it is read in first, SYMTRY = 0

for this surface . The twenty-fourth card is for the number of boundary

points recorded for the left-forward surface ; this number is three. The

twenty- f i f th  and twenty-sixth cards are used for the three boundary points

for this surface, ® ® ® . The next panel to be read in should be

the RIGH T FWD PANEL, since it is symme tric to the panel just read in, and

therefore only an identification card and symmetry card are required . The

twenty—seventh card will contain the identification for the right—forward

panel , while the twenty-eighth card is the symmetry card which has a value

of one since the right-and left-forward surfaces are symmetric about the

x-z plane. The next panel to be read in is the LEFT AFT PANEL, so identi-

tied on the twenty—ninth card . Since this panel is not symmetric to the

right-forward panel just read in, the symmetry card (the thirtieth card)

contains a zero. The thirty-first card represents the number of boundary

points for the left-aft panel (RPTS = 4.). The thirty-second and thirty—

third cards contain the four boundary points for this surface, ® © ®
The nex t surfa ce to be read in is the RIGHT AFT PANEL , so identified

on the thirty-fourth card. Since this surface is symmetric to the surface

jus t read in , namely the left—aft panel , the thirty—fifth card (the sym—

metry card) will have a value of one , representing symmetry about the x—z
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plane. This completes the input data for this case. The complete input

in card image form is shown in Figure A-2 . The complete results from this

input are shown on pages 71 through 116.

FLAT ~EIUPFACES ~JITH FENCES E:AFIFLE CASE ONE
1. ~~. ci. 0.
3. ci. :O~ 9. - L ::0. 45.
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Figure A -- 2. Inpu t for Case I: Card Images.
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PROBRSIL.ITYO.010
tIERDING OF AIRCRAFT (DEGI

*4.1
~ 5)

D
C,

Ls~

z
C
C S ~~~ -~~~
I.- .

— _______ _______ _______ _______ ______________

LoJ ’-lSC.OO -120.00 -60.03 0.33 60.00 120.03 180.33
OBSERVER AZIMUTH

SUN ELEVATION ANGIE = 30.
A/C PITCH AlT 0.0
A/C ROL.L AlT 0.0

PROBRBII.ITYO .004
HERDING Of’ AIRCRAFT (DEGI

a2
U)

C
C,

Ll~~C~

I0
z -so
C
—Cc,
I~- • -

1u 1-160.0o -120.00 -60.00 0.00 60.00 120.00 180.00
OBSERVER AZ IMUTH

SUN GLINT SIONATURE

SUN ELEVATION ANGIE 0.
A/C PITCH MT 0.0
A/C ROLL. MT = 0.0

PROBABILITYO .064
HERDING OF AIRCRAFT (QEGs

U)

C

45 
_ _ _  

I ~~5 
_ _ _

z
C
—Ic,

‘— I

— ______ _______ ______ ______ ______ ______

I.s.a 1-160.O0 -120.00 -60.00 0.00 60.00 120.00 160.00
OBSERV ER AZIMUTH
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The second case represents a configuration with curved surfaces , shown in
Figure A-3. The tabulation of points is shown in Table A-2. Some of the

output data has been suppressed by setting PLOT 2 . ,  no CALCC~W plots.

Also , only one sun elevation , zero degrees , was chosen by setting GAMN = 1.

and GAMI 0. And since the glints from the windshield alone will vary

f rom -180 to 180 degrees in azimuth at an aircraft heading of zero , only
two headings were chosen to avoid much overlapping . The headings chosen

were —45 and 45 degrees, by setting PSIN = 2., PSII = —45., and DPSI = 90.

The card images for this case are shown in Figure A—4. The default option

was not chosen for this case, in order to demonstrate the additional inputs

required. These additional inputs, which specify which terms to use in

the curve-fit analysis, come after the symmetry card for each reflective

surface input except those that are symmetrical to the preceding surface.

Additional engineering judgment must be exercised when using this option.

For instance, the first and second surfaces appear to be a function of x,

z, x2, y2, and z2. Therefore, a value of one is placed on the data cards

corresponding to these inputs. The side panels seem to be independent of

x and x2 . Therefore, a value of one is placed or’ the data cards corres-

ponding to z, y2, and z2 locations only. The results from the inputs of

Figure A-4 are shown on pages 123 through 138. It was found using these

terms that the error for the curve-fit of the windshield was substantially
higher than that for the other surfaces. This brings up a point . By in-

specting the results of the curve-fit analysis, the program user can decide

if one or more of the surfaces needs to be broken up into smaller pieces.

A closer look at Figure A-3 reveals that part of the windshield actually

looks like a side panel, thus independent of x and x2. If an imaginary

line is drawn on the windshield connec ting points ~~ ~~~~~~ © , two

surfaces are formed. Surface number one, which will be identified as

WINDSHIELD FOI6QARD SECTION LEFT SIDE, will be formed from points ® ®
® © ® ® ~~ 

. The second surface, WINDSHIELD AFT

SECTION LEFT SIDE, will be formed from points ® ® © © ®
The modified inputs for case II with this decomposition of the

windshield are shown in Figure A-5. The curve-fit result for the windshield

as shown on page 145 is greatly improved; the complete results are on pages

139 through 158.
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TABLE A-2. COORDINATES OF CASE II HELICOPTER CONFIGURATION

Coordinates of Center of Rotation (CG)

Station Buttline Waterline

114. 0 18.

Coordinates of Windshield Boundary Points
Station Buttline Waterline

72. 0 72.

66. -33.75 60.

© 
60. -41.57 48.

48. —48. 24.

16.25 — 36. 24.

6.43 —24. 24.

© 
0 0 24.

6.43 0 48.

16.25 0 60.

48. 0 72.

48. —37.47 54.

Coordinates of Lower Panel (Left Side) Boundary Points

Station Buttline Waterline

48. —41.57 0

30. —37.47 0

8.2 —12. 0

© 18.6 —12. —12.

48. —12. —22.48

48. —37.47 — 6.

Coordinates of Forward Side Panel (Left Side) Boundary Points

Station Buttline Waterline

72 .‘48 24.

96. -48. 24.

96. 44.5 42.

96. — 3 1 . 7 5  60.

84. -31.75 60.
72. -46 .48 36.
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TABLE A-2 - Continued

Coordinates of Aft Side Panel (Left Side) Boundary Points
Station Buttline Waterline
108. —48. 24.

144. —48. 24.

144. —44 .5 42.

144 . —31.75  60.

© 108. —31.75 60.
108. —44.5  42.
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CURVE D PANELS WITH NO FENCES SAMPLE CASE TWO
~J. ~~~ S iS U5

1. 0. 0. 2. —45.
114. B. 18.
15~~~ S
B. 8. 2. 1.

LEFT SIDE 0f WINDSHIELD

1. 0. B. 0. ADDITIONAL
1. 1. 1. INPUTS
B. 0. - B. 0. B. B. WHEN
0. 0. B. B. DEFLT O
11. 

-72. B. 72. 66. —31.75 60.
68. -41.57 48. 48. -48. 24.
16.25 —36. 24. 6.43 —24. 24.
OS 0. 24. 6.43 0. 48.
16.25 B. 68. 48. 0. 72.
48. -37.47 54.

RIGHT SIDE OF WINSHIELD
1.

LOWER FRONT PAtEL LEFT SIDE

1. B. 1. B. B. 0 ADDITIONAL
1. 1. INPUTS
B. B. B. 0. 0. 0. WHEN
0. 0. 0. B. DEFLT-O
6.
48. -41.57 0. 3B. —37.4? 0.
8.2 —12. 0. 18.6 —12. —12.
48. —12 . —22.48 48. -37.4? -6.

LOWER FRONT PAt’€L RIGHT SIDE
1.

FORI~~~D SIDE PAI”EL LEFT SIDE

0. 0. 1. 0. 0. B. ADDITIONAL
B. 1. 1. INPUTS
B. B. 0. B. 0. 0. WHEN
B. B. 0. B. DEFLT-0
6.
72. —48. 24. 96. —48. 24.
96. —44.5 42. 96. -31.75 60.
84. -31.75 68. 72. -46.48 36.

FORICWIRD SIDE PArE].. RIGHT SIDE
1.
FF1 SIDE PANEL LEFT SIDE

0. ~. B. 0. 0. ADDITIONAL
B. 1. 1. INPU TS
0. 0. 0. 0. 0. ~~~. 

WHEN
0. 0. 0. 0. DEFLT-O
6.
108. —48. 24. 144. —48. 24.
144. —44.5 42. 144. —31.75 60.
108. —31.75 68. 108. -44.5 42.
FF1 SIDE PANEL RIGHT SIDE
15 

Figure A—4. Input for Case II; Card Images.
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CURVED PANELS WITH NO FENCES SAMPLE CASE TWO
- MODIFIED WINDSHIELD

0. 2. 0. 0.
1. ci. 0. 2. —4’5. 90.
114. 0. 18.
isoo. — 10. 10. —160. 1:30.
0. 10. 2. 1.

W I NDSH IELD FORWARD SECTION LEFT SIDE
~1.1. 0. 1. 0. 0. ~i .
1. 1. 1.
0. 0. 0. 0. 0. 0.
~1. 0. 0. 0.

4:3. —4:3. 24. 16.25 —:36. 24.
6 4 3  —24. 24~ 0. 0. 24.
6.4:3 0. 48. 16.25 0. 60.

— ~~
‘•5 4 ~~(i~~. ~,o. . .

WINDSHIELD FORWAR D SECTION RIGHT SIDE
1.

WINDSH I ELD AFT SECTION LEFT SIDE
0.
0. 0. 1. 0. 0. - ci.
0. 1.
0. 0. 0. ‘3. 0. 0.
0. 0. 0. 0. 

5

72. 0. 62. 66. -31.75 60.
60. —41.57 48. 48. -48. 24.
48. —3 .47 54. 48. ‘~~.

WINDSHI ELD AFT SECTION RIGHT SIDE
1.

LOWER FRONT PANEL LEFT S IDE
0.
1. ‘3. 1. 0. 0. 0.
1. 1. 1.
0. 0. 0. 0. 0. 0.
‘3. 0. 0. 0.
6.
48. —41.57 0. 30. —:37,47 0.
8.2 —12. 0. 18.6 —12. —12 .
48. —12. —22 .48 48. —37.47 —6.

LOWER FRONT PANEL RIGHT SIDE
1.

I
Figure A—S. Input for Case II (Windshield Modified); Card Images (Sheet 1 of 2).
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FORWARD SIDE PANEL LEFT SIDE

05 1. 1.
~i. 0. 0. 0. ‘3. ‘3.
0. 0. ci. 0.

72. —48. ~4. 96. —48. 24.
—44.5 42. 96. —31.75 60.

~4. —:31.75 60. 72. —46.48 36.
FC~WARD SIDE PANEL RIGHT SIDE

1.
AFT SIDE PANEL LEFT SIDE
0.
0. 0. 1. 0. ci. ci.
ci. 1. 1.
‘3. ‘3. 0. 0. ‘3. 0.
0. ‘3. 0. 0.

t~.108. —48. 44. 144. —4~. 24.
144. —44.5 42. 144. — .31.75 60.
108. -:31.75 60. hiS. —44. 5 42.
AFT SIDE PANEL RIG ~-1T SIDE
1.

Figure A—S. Input for Case II (Windshield Modified); Card Images (Sheet 2 of 2).
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APPENDIX B

PROGRAM LISTING

G L(V(L 21 PAIN OAT ( ~ 78103 08/54/44

C.... ’.~~
.. PROGRAMMED BY FRED w IsU T€ O~ BOEING IBM 370 •.~~........ 0 0 0 0 0 0 41

C..a...e.... BO(ING VERTOL , PHILADE LPHIA , PENNA. •S.**S.C.. **..*S 0 0 0 0 0 0 42
, _t,~t&a*..,o,s&,,ps 1R~ A tflr.F 2lc c~~~ -~s~’gs. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ n nnn nn 4~

C 00000044
C C0000045

_RL*L~8_XCURE L4!~-L~L,FrURF (’S0).SIG , ~~~,~~~~~~~,____________

R(*L.8 CF AL.P(9) 00000060

~ ZME P~SION *LP(~~C),PALP(SC) 00000070
_
~~~LM SIO0LSL~FiZU~ S1GS (12) ~~~~~~~~~ _______ ~~~~ ________

0I~~ NSIG ’~ C0LFFR~~~0),C0rFS0 (120) oon oooc o

~!P~(P~’SION O 4TACt3 0 ).OA TAF (2C~~) ,L2A TAS (15~~0),TITLES (960),
— 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  ~ flflfl!1I1 r

OIMENS ION AL_’P)1A2 (80C),BETA2(000), XNTRFL (P00),ISHA0~~(800) I 0 0 0 0 0 1 2 0
1 INTERF (R00) 00000130
D1?.LN~~L0ILLELL0,LW2L. .  0 0 0~ 0.1~~
DIMEIIISION IOUF (1l00) .XPLOT (63) ,YPLOT (63) ,4PLCT (4~~2) ,BPLOT (4-12) 00000150
C 0PMGN/TOLRS ITOL~~Q ISd ,TOLS P~T.1OLQPT ,TOL1NT .TOLCK1,TOLCK2, 00000160

—_ _ ____1__ T-0t,CK~’L ,aLl_Is,1 QL~~1~ S-A?LG.S12-SIOL2i.L—-________ __- I ~~~~~~~~~~~~~~ 0 0 0
TOL (ON O .000001 00000171
TOLSNT= 0.0001 00000172

—~~- ~~~~~~~~~~~~~~~~~~~~~~~~ ________________— ---—— - -— -- _______

TC L1P4 T~ 0 .02  ‘ 3 0 C 0 0 1 7 4
TOLCK L O. 02 OOC ” 011 ~

. _ _ ,~~T 0 LC K2~ 1.QZ,, ,__~~ ______ ______ ~~~~~~~~~~~ ~~~~~~~~~~~  ~~~~~~~~~ ~o~ _ 001~ 6
T0LC!(4~~ .O2 -1~ 000177
OtL’T 0.1~ 0~~~~0i 7 8

-- _____T0
~.C,LR~a.00~aL - - —  —_- --—- _—-——-~~~~~~~ - -  - _ ___ _ -

ING$12:aG. 0G0C01~~0
TOLPLT :0.0001 00000181

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - -—--— ____

5 OATAc(!)~~0.0 00~’Q 0 190
00 6 1 1,200 C0000200

0. f l aT~,~~ ,j,j~~n_ —_ _____________—I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  fl,]0fl~~2 11
Do 7 io lslSO O 00000220

‘7 0*TAS (I)I0. 00000230

~~~~~~~~~~~~~~ tffktAL.LALAE ~~~~~~~~~~~~~~~~ 0) ,,~ ,~~~~ ~~~~~~~ ~ 0 0
KPR INT~ CA 7AC f2).1 ~~0 00 0002 50
1P 107 10a1aC 2 4 .’) .5 A 000C260

~~~~~~~~~~~~~~~~~~ 1. 0. ~______________ ~~~~~~~~~~~~~~~~~~~~~. ~~~~ 
__

~~~~~ 

~~~~~~~~ ~~0~~ 0U0 -

CALL OtiTPT1 (0ATAC ,e~~1AF ,0ATAS ,TITL~~S,M F ,MS) C1C302~50
CALl. INPtJ TtDATAC ,OATAF .OA I*S .TITLES ,MF,MS. 1 ) IC’ ~02°0

— --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  _ ‘ ~~~~~
I~~~NF~~NCE.(Q.0) GO TO 14 00~~0 0 3 1 0
00 12 1I1,’~F F N C E  000 00320
L~ $FtI.3- ____— 

~~~~~~~—-—-~~~~~~~~~~~~
_______

NPTS OA’UFtL).0.~ 00000380
ISTART :L.1 00000350

-‘--—I- ~ -CA LL~ CELTF,tOLT.AFs,L&IAR.Ls~L2I&.CüLEL&s.,Lo.S,LG,sXCUPj ef CU RFII ~~~~~~~ ~~~

SIGF(I1=S1G 00000370
12 CONT INUt 00000380

~~~~~~~~~~~~~~~~~~ L.L5,2.Li Q__ L~_.,.L4 ~--——_ — - 9 0 0 O~~~ I~~O_

CALL 0U1P12 (COEFFR ,SIGF,NFOPIC (,TITLES 5 1 > 30000400
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~~~~~~~~~~ ~~~~~~~ 
_ _

G L(V (L 2 1 M~~1P~ CAT~ : 761’3 081134/44

14 COPIIINU( 0000041(5
NPAN (L:OAT AC (23).0.5 00000420

- ~~~~~~~~~~~~~~~~~~~ ~~~~~~ _ _________________

1~~~~(1) 30~~L’0440
P~PTS OATAS (L ) .0.!~ 00000450

- - —I -_~ iStAR t,&L~L_  
~~ 

_
~~~ 

_______  - ,, _‘__________

CALL CFITS (OA TAC,DATAS,1START,P.PTS,CO (FSB. 1,SIG,XCURF ,FCURF) 001CC470
SIGS (I) SIG 00000480

Is CO~5TI~’Ur 
Q~ 0pp51 9fl

IF (KPRINT.LT.2) GO TO 16 00000500
CALL OuTpT2 (CO(~~$0,SIGS,NPANEL,TI TL(S,2) 00000510

- -  I ~ - I ~ - CQN  UN Ut _-___________________________________ —— - _  ~~~~~~~~~~~~~~~~~~~~~
NG A$ DATAC (F’).O .b C0C0C5~~0
OGA ~~~DA 1AC (8) ~C~~O ’ J~~40

— ~ A~~~A_ QkTA~~t11—OG~~M _—_________________________

IFU PLOT.EQ.1 .OR.IPLGT .E0 .2) GO TO 17 000005~~0
JCOSJT:0 “1~’C fl57C

— ~~~~s-LLfL~J~jjliuJF.1O0Os0) ~~~~~~~~~~~~~~~~~~~~~~~~~ _____________

1’? CONTINUE 0000 0590
00 30 ~~1,NGAM 00000600
G A L ~GA~~,A +DGA P~ 0 3 0 0 0 610
CALL I~L 1~~1 (OA TA r ,DA T~~S,!S,COCFS 8 ,GAM ~tA ,ALP kA2 ,0(TA2. INTQFL, 00000620

1 t~ I~A OI.I INT ’~~F ,et~OPK~~,D AT A F, ME ) 01 3C0~~3C
— I- ~ I F ( ~(r P I ” T . L T . 1 1  ~:5.a T U & ~~~~~~~ -_ -  - I - - I - — - —  ,- - -_-I______ 

~~

C ALL OU T PT 3 (OA TAC ,OAT A S O~S ,1tTLES ,GAMMA ,A LPt-4A 2,~~(TA2,INT I~FL , 1’~~~1 0fS50
I ISH AC W,I NT CQ F ) 00000660

— ~~~~~~~~~~~ .C.O1~ I 1 N UL - ~~~~~~ ~~~ ~~~~~~~~~ ______

C A LL M 1~IM A K (DA TA C ,CATAS ,~’S,ALPHA 2.RETA2, 4PLOT ,BPLOT ,INTRFL , 00100683
1 I~~~ADW ,IN T~~RF .TPLTOL ) ooooo~~oo

__ _ _ _1~ I( IP R~aaL.LI1-flI 60 TO ~~ —~~~~~~

CALL PROPL (DATAC .C ATAS, (~S,APLOT ,P PLOT ,xPLOT ,YPLOT,DwOf~KS,OWKSP2 , 00000710
I VPROOL ,IPLTOL ) 00000720

— 19 r~~I~I,INUL 00000730

1F (IPLOT .(C.0.O~~.LPLOT.EO. 1) GO TO ~ 0 00000740
CALL PLOTOL (tDATAC ,OATAS .M S .T ITLES ,GA M~~A ,APLCT,8PLOT, 00CC 0751

_ _ _ MP~~ Q8LS_I P LIÜL1. ~~~~~ _ _ _ _ _ _ _  ~~~~~~~_ _ _ _ _ _ _ _ _ _ _

20 COP.’T1NU !~ 0’~00077Q
IF (IPLOT.(G.0.OP.TPLOT .C0.2~ GO TO 21 03000780

- _,CALL_~O~.PI O r (n iy i r  ,f l A T4 c  ..M~~, r.AMM~~,,~LpJ~A2a.8LtL2,I1sJREL, 0~’~~~ ~~~~~
1 ISI~AOW ,INTERF,XPLOT, YPLOT ,I~ UF,JCONT ,OWORKS,DWKSP2 ,VPROBL) 0000’S800

:~i C C P ~T I NUF 0 0 I
~ 0 08 10

- ~~~~~~~~~~~~~~~~~~~~~~~ - _________________ 
~~~~~~ _ ._—_- - 

_~~fl.1C~OS20-
IFUPLOT.EG.C.OR .IPLOT.E0.2) GO TO 31 0C100R~~0
CALL FLOT (la .O ,0,999) 00003~)40:~ t ~ flPZ T 1NU EI  _-__________________
ST O P  0 0 0 0 0 8 6 0
E ND 0 0 0 0 08 70
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0 L~~V0L 21 INPUT DATE : 78102 10/47/48

SUBRO UT INE !~~PuT(OATAC ,OATA F .OAT AS,TITL (S,MF,MS ,1O1’RAN) 00000880
OIMEN SION 0ATAC (~~),0ATA ~~(j).DAT AS (1),TITLCS (1) ,P4F(1),MS(1) 00000890

— OA T A  BLANK/OK I 00000900
IFuOTR AN.EQ .1 GO TO 80 00000930
R(AO (5,101) (TITL ~~S(1,,I~~1,72) 0000094 0
00 2 0:73,80 0 0 0 0 0 9~ Q

2 TITL(S(!):8LANI( 00000960
LT 80 00000970

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 0 1 000
IF (OEFLT.L1.0.5) OEFLTCO. 00001010
IF (PRINTILT .O.SI) PRINT :0. . 00001020
IF (APS THETA ) .LT.0.001 I TH (TA O. 000O1c1~
IFt ABS PHL).LT.0.001) PHI=0. 00001040
DATAC (1):OEFLT 0 0 0 0 10 5 0
DATAC (2) PRINT oooo io~~o
DATAC (3) O • 00301070
DATAC (4) TH(TA 00001080
OATA C (5 ) P141 

— —~~~~~~ 0 0 0 0 1 0 9 0
RtA O~ 5,100) GANN,GAM I ,06AM ,PSIN,PSXI 5OPSI 00001100
IF (GA~~N.GT.0.5) GO TO 3 00001110
0A 88 135 00031120
GAM I :05 - 00001130
06*8=30. 0C 0O11~ 0

3 IF(PSIN.GT. ’3.S) GO TO 5~~~~~~ 00-301150
PSIN 9. 00001160
PS110—1 80. 00001170
D P S I : 8 5 .  

——---— 00001 18 0
5 OA TAC (6):GAP4N 00001190

DATA C (7):GA~~! 00001200
OATAC(R ):QGAM 

-I—---- -—-—-- -——— 
0O 00~~2 1C

DATAC (9).:PSIN 0C001220
DA TAC (10):PSII 00001230
OATACUI):OPSI 00001240

~ C A O ( 5 , 1 3 0  I X R O T , Y R O T ,  Z ROT 0 0 0 0 1 2 5 0
IF (ABS (X ROT) .LT.0. CCI ) XRO T~~C • 0’~00 12 60
IF (A 8S (YROT ) .LT.0.0C3) VR I3T:Q. 00001270
IF (ASS (ZROT) .LT.C.G0 1) ZROT:0 • 00001280
OATAC (12 )=XROT 00001290
OATAC (13)IYROT 00001300
Ots T 8 s C ( 1 4) : Z R O T  00001310
R (AD ( 5, 100) DISTG,ELVM IN,ELVP~AX ,AZMM IN,AZMM AX 0000 1320
IF (ABS (OISTG ).1i.O.000)_Q~~~~~~~j~j.
IF (A8S( (LVMIN).C’T.C.OOl) GO TO 6 00001340
IF (A 8S (FLvP?AX ).GT.O .001) GO TO 6 30001350
ELV MIN~~— 1 0. 00001360
ELV MAX :10. 00001370

6 IF (AOS (AZMM0N).GT .0.001) GO TO 7 00001383
IF ABS AZ~ M Ax .GT.0.00n GO TO 7 00C 013~~O
AZMMINIC18Q. 00001400
A ZMMA~~I180. 00002410

7 OATACU5)=OISTG 00001420
DATACU6):(LVMIN 00001430
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G LEVEl 21 INPUT DATE = 78102 10/47/48

OATAC (17)~~~LVMAX 00001440
DATAC(18)=A ZMMIN 00001450
DATACt19) IA2M MAX 0000146 0
80*0(5,100) FENCES,PANELS,PLOT,PROOL 00001470
OATAC (22)=FCNC (S 00001480
QA T A C ( 2 3 ) I P ANF LS 00001490
DATAC(2 4)IPLOT 

. 
00001500

OATAC (25)~~P R O B L  00 001510
LOCh 00001520
IFCDATAC 22 .LT.0.5 GO TO 30 00001530
N~’ENCE OAT A C C22)a0.5 00001540
00 20 1=t, N F E N C E ooooisso
RC AO (5,j00) DATAF(LOC) 00001560
NPTS DATAF (LOC).0.5 00001570
8F(I)ILOC 00301580
N3:3.NPTS 3C00159 0
80AD 5,100) (DATAF (LOC..J),J ~~1,N3) 00001600

20 tOC=L0C*N341 00001610
30 NPAN(L OA TAC (23).0.5 00001620

LOCh 
I 

0 000 1630
no 40 i=1 .NPANE L fl~~~OJ.b~~
‘~S (I) LOC.20 00001650
QEAO (5 ,101 ) (TITLCS (LT+ .i),J~~I,72) 00001660
Do 301 ~~~~~~~~~ 00001670

301 TITLES (LT.J) BLA NK 00001680
LT LT.80 03001690

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ooooi.ioo
IF (D ATAS(LOC ).GT .0.5) GO TO 32 3000171 0
TF (O ATAC (1).GT.0.5) GO 10 311 00001720
Rck~~I~s. 10~~~~~1AI L j1~~CL~~~3J 0003i730

80*0(5,100) (OATAS (LOC4J),s,J ~~10511 9 ) 00001740
310 80*0 (5,103) DATAS (LOC *20 ) 00001790

MPTS~~flATkSELflC.21~~ ~~0ss !s flO flOl RQ fl

N3P2 6 20.3.NPIS 00001810
8CAO (5, 100) (OATAS(LOC ..J),J021,N3P20) 00001820
GO TO 38  0 0 0 0 1 8 3 0

32 ZF (1.(Q.1) GO TO 70 00001840
ISYM=DATAS (LOC) .0.5 00001850

~p 3~8 JI~ ,~ 3 000018 60
S 34 O ATAS (LOC ,J ):OATAS (LOCP.J ) 00001870

NPTS :DATAS (LOC .20).0.5 00001880
00 35 51~1~iNPi3 0.QJ.01J10
L:(J—1).3 00002900
DATAS (LOC .21 .L):OATAS (LOCP .21.L) 00001910

— O~A~IAS C~~OC.22.L~~:~~ALA&tL0~~2±2Z.LL ~~~~~~~ 0 0 0 0  19~~~C

OA TAS (LOC .2 3.L)~~OATAS (LOCP+23 .L) 00001931
OF CISY M .(Q.1) OATAS (LOC .22.L)I~ DAT *~~(LOCe22.L ) 0000 1940
I! ( 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -0000195 0
: IF (ISYM.EQ.3) O .ATAS(LOC .21.L) :OATAS (LOC .21.L) 00001960

35 CCNTINU ( - 00001970
3A__ LG~ P;LO0 _________________

80 LOC :LOC.21.3.NPTS 00001990
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0 LLVEL 21 INPUT DAT E ~ 7810 2 10/47/48

NT~ NPANCL .1 00002000
00 68 j~~1,NT 00002010
L~~(I—1)* 83 ____________ —I---— 00 0 0 2 0 2 0
N 8:0 30 0020 30
00 62 J:1,80 00002040
IF (TITLCS (L ..J).NE.OLANK )00 10 63 00 0 0 2 0 5 0

62 NB NB.1 00002060
63 IF(N8 .EG. R0)  GO TO 68 00 0 0 2 0 7 0

IFfl4~~.EQ.0i,_’QO TO 6*1 00002080
DO 66 ~J 1.80 00002090
K .J.P~B 0 0 0 02 10 0

— IF( Qi,8~Q G ~~~~~L Q 6~~~ —— -- —_ - — -~~ —---~~~~~~ ——-_--—--—— 000~Q~1Z115LC~T I T L E S( L .J ) T IT IIS(L.P( ) 0 0 0 0 2 1 2 3
GO TO ~~ 0 0 0 0 2 1 3 0

6.4 T IT L~~~(k~ sJ)!~i.AN~~~~~~~~ ______ ~~~~~~~~~~~~~ ~~ 0 000214 0
E~6 CONTINUE ~002150
68 CONTINUE 00002160

— 
R E T U R N  

— _- - - — - -— — -I ~ ~_~~_ ~~~~~~~~~~~ 0 0 0 Q ~1i~70 WRITE(6,500) 00002180
STOP 000 02190

500 FOR M~~T (1H 1,’LRR OR IN INPUT , S~~M P ~E T R I C A L  P A N E L  C A N N O T  BC FIRST’) 00002200
1 10 FOR P~A T (6E 10.0 ) 00602213
111 FO R M A T ( A OA I )  00002220

80 CO NT INUE ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 6  22~ Q
IF (DATAC (22).LT .I~.5) GO TO 90 00002240
NFENCE :OATAC ( 2 2 ) a 0 . 5  0 0 0 0 2 2 5 3go s& ~~~~~~~~~~~~~~~~~~~~~~ — --- -——— I - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 02 2 6t
LCC :~~F (I) 00002270
N P T ~~~C A T A F (L0C)*0. ’~ 00002280

_____Q _

~~~~

,

~

N

~

I

~

j

~

__ •  
~~~ . .  ~~~~~~~ ~~~Q~~22_’~ IQ

DO 86 .isi~~1,3 000 0 2 3 0 0
LJI(J—1).3.dJ 00002310

86 D A T A F C L 0 C . L . , J ) : D A T A F C L O C . L , J ) — o A i A c ( . J J + 1 i )  0 QQ0,2~ 20

~8 C ONTINUE 30002330
5 0 CO NTINUE 00002340

: NPAN( L~~O A T A C ( 2 3 ) . 0 . 5  00 00 2350
DO 96 1~~1,NPANEL 00002360
LOCP 2O MS (!) 00002370

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 000L2~ 80
DO 9~ J~ 1,NP7S 00002390
DC 04 J54J~~1.3 00002400
LJ (.J—t ).3.~JsJ   00002401

94 OATAS (IOCP2 O+L J)=DATAS (LOCP2C .L.J )—DA TAC (J.J,11 ) 00002410
96 CONTINUE 0 0 0 0 2 8 2 0

RE TURN _  — —-—I---— — 0 0 0 0 2 4 30

END 3 0 0 0 2 4 4 0

‘ - ±
~~
:ii

~~
;

~

1T- HII~_ _ _ _
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0 LEVEL 21 OUTPI1 DATE 1 78102 10/47/48

SUPROUTINE OUTPTI (OATAC ,DATAF,OATAS.TITLES .Nr,NS) 00002450
D IMENSION DATAC (1 ) ,OATAF (1),OATAS ( 1),TITLES (1),P(FC1 ),8S(1) 00002460
WRITE (6,102) I TITLES (I ),I11 ,130) 00002470

102 FORMAT(1HI.80A1) 00002480
WRITC (b,I01) 00002490

101 FORMAT( 1Ii0,5iX,~~.•~ INPUT DATA •~~ • ‘)  00002500

~RITE (6,103) OATAC (1),OATAC (2),DATAC (24),DATAC(25) 00002510
103 FORMA TI1HO ,2X ,’..CONTROL OPTIONS’ /1)4 ,5x,’OE~~AULT OPTIO$’,7X.82.0,00002520

I 8X, PRINT OPTION ’,9X,F2.0/ 00002530
2 OH .5X,’PLOT OPTION I ,1 0X,F2.0,8X, ’PPOBLBILITY OPT’,SX, 00002540
3 F2.0) 00002550
W R I 1E~~ _~js-O4) O A TAC (4)~jDATAC (5 ),CATAC (10) 00002560

114 FORMAT (1IlO,2X , ’..AIRCR AFT IN IT IAL EULER ORIENTATION’/lH ,5X,’PITCH00 00257O
10 ,13X,F 6.1,7X ,5ROLLb ,14X,F 6.1,7X,’YA I~’,15X,Fé.1) 00002580

~~~~~~~~~~~~~ 
(DATAC (I),1~~9,1i) 00002590

105 FOR~~A T( 1HO,2X , **SELECTEO YAW ANGLE ROTA 110NS’/lH ,5X ,’NO. OF ANGL 00002EOO
2E S ’,6X,F8.O,8X,’I~’sI h A L  AN GLI’,SX,FG. 1,7X, ‘A~~GLC INCRE~ ENT’ ,3X.F6.00002610
31) 00002620
IIRITE (6,106) (DATAC (I,,1 6,80 00002630

106 FORMAT (1HO,2X, ’.aS(LCCTCD SUN ELCVAT !ONS’/lH ,5X.’NO. OF ANGLES ’, 00002680
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ INCREM (NT’,3X,F6.1) 00002650
WR 110 16,107) DATAC (15 ),OATAC ( 12 )-sDATAC (13 ) ,OATAC (14) 00002660

107 FORMA T (jp’f0 ,2X , ’SsR (FERCNC( INFORMAT ION FOR MEASURING SUN GLINT ANG00002670
ILES’/1 1-f ,5X, ’REFERENCE POINT FOR ME S%SUR ING ANGLES OF GLINT SIGNATU 00 002680
2R (0,5X,IDISTAN CE AT WHICH GLINT SIGNATURE FORMED (FT .)’,F10.3/1H ,06002690
3 IRX , ’X’,9X,’Y’,9X,’Z’/IH ,j4X,3 (F7.2,3X) ) 00002700

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00002710
108 FORMAT (1HO ,2X . ’.aPLOT SCA L ING /1N ,5X, ’GLINT A ZIMUTH ’,18X, ’GLINT (00002720

S 0LEVA T I OPI’/1~-4 ,7X, ‘M IN I HU7~!.8X .F6 .1,I0X ,IM !NIMUM’ ,8X .F6.1/1H ,7x, 00002730
2 4 jM~ M~~,8X 

~~~~~~~ 
1~~~j I0 X  ,‘1~A 2 ~~~~~~~~~~~~~~~~~~~~~~~~ 011 3274k

~RITE( 6,1O9) 0476C (1&).04140616),DATAC ( 19),DATAC {17) 00002750
109 FORMAT (OH O .2X , ’..POUNOA RIE S FOR CALCULATING PROOA BIL ITY ’/lH .5X, 00002760

1 ‘GLINT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,7X ,5M IN IMUM I ,8X,F&.1, 00002770
2 10x.’M IN IMUM ’ ,8X .F6.1/IH ,7y,IM4X 0M U M C ,2X,F 6.1,j0X,I(~AX I MUM C ,8X, 00002780
3F6.1) 00002790
IF (D ATAC (22).LT.C .5) GO TO 25 00002806
WRITE 6.102) (TITLES(MP(M) ,MM M 1 , $0) 00002810

~JR!T ((6,101) 00002820

~IRITEi 6,110) OATA C~ 22) 00002833
110 FOR MA T (OHO. 2X ,’..FENCE DA TA’/ Ih ,5X, N0. OF F (NCES’ ,7X ,F3.0> 00002880

LINES:5 000028~~0
NFCNC (:DAT IC (22) ~~~~~~ 0G002~~~Q
DO 20 I~~j,NFENCC 000028 70
M2~~MF (I) 00002880
W RiLLi~~t Ujj_ -—-_-- -————---—-— ---~~~~~~~-—--—- 03 0 0289 0
L I ~JES~ L 1 N C S~~2 00002900
I F ((LINES+6).LE .50) GO TO a 00002910
N RI T ((6,10Z) ( T I T ~~~~ 5( N PI M )~~~~j 4 M :1 ,pQ )  00002923
WRIT ((6,101) 00002930
URITE (6,111) 00002980

S LIN (S:5 0000z~ 50
4 ~sRITE (6,112) I,DAT A F (M 2 ) 00002960

L ~~~~~~~~~~ 

_

~~~~
_
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C LEVEL 21 OUTPTI DATE 1 78102 10/47/48

111 FORMAT ( 1H0)  00002970
112 FORMAT (1H ,SX,’.F(NC( NO.’,13/IH ,TX ,’NUMOER OF PO!NTS’,4X,F3.0/ 00002980

1 1Il0.7Zs’BOUNOARY POINTS —— BODY AXES (STATIONLIN (,BUTTLIN (.WA1ER00002990
XLIN()’ 00003000
1 u N  ,3(18X ,’X’,9X,’y’,9X, 00003010
:1 C7S _

~~X~~) 00003020
LINES LIN(S+5 00003030
NPTS DATAF (M2).0.5 00003040
NO3 NPTS/ 3 - 60003050
00 10 LI1,N03 00003060
J:( L— 1)  ~9.M2 0000 3070
k (L—1).3.1 00003080
KP1II~.1 0 0 0 0 3 0 9 0
8P 21K.2 00003100
1F (tLIN(S~~1).L(.50) GO TO 8 0000311Q
IdRITE(6,102) (TITLES (MI ~M),P~M~~O1,80) 03003120
WR ITE (6 .1 0 10  000 03130
W R I T ( ( b . 1 1 3 )  I ________ 

00003140
113 F OR~ AT (1H0,5X,’.FLNC ( NO.’,13/1H ,7X ,’BO UP4DARY POINTS — BODY AXES00003150

x (STATIONLIN (.BUTTLINE,WATERLI8E)’ 00003160
1. /1H .3(1&X,.!,1!, ,9X.’Y’~~9X.’2’,2X)) 00003170
LIPI(S 7 00003180

B ~1RIT ((6,114) K,(OATAF (J .M), M:1,3) ,KPO ,(DATAF (.j+M) , M8 ,6), 00003190
1 KP2,(OATAF (J.N), M~~7,9) 00003200

114 FORNA T (1H ,2X,3(6X.’( ‘, 12, ‘) ,2X,2 (F7.2,3X),F7.2,2X)) 00003210
10 LINES~ LINES+1 00003220

-I---— IF 3.NO3.EQ.NEI~IG 1 Q 2_ _ ~~~~~~ ,  00003230
J:N03.9.N2 00003240
K:3.ND3’.I 00003250

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 030O32j~0.,,
KPIIK.1 00 00327 0
IF (3.ND3.2).(Q.NPTS) WRITE (6, 116) K,(OATAF (.J.pq),~~:j .3) , 00003280
1 KPi,(D*TAF (J.M)~~M 4 .o) 00003290

LINCS=L0N(S .1 0 0 0 0 3 3 0 0
115 FORMAT (OH ,$X,I (I ,12,$)~~,2X,2(F7.2,3X ) sF7.2) 00003310

- 106 FORMAT (LH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00003320
20 CONTINUE 00003330
25 CONTINUE 00003340

— ~~~~ ITEIA,L02.1 ~~~ 111LES1~~N~~L,NN ~~th80L~~~~~__ 00 0 33 35 0
WRIT((6,101) 00003360
NPAN(L:OATAC (23) •Q.5 0000 3370

-— hR 1TLLá~~~L1Ii l I 1 _ D kT AC ( Z I 3) ~~. _  ~~~~~~~~~~~~ ~ I ~~~~~~~~~~~ I 0 0 0 0  338t
111 FORMA T C IHO C2X ,’*SREFL (CTIVE SURFACE DA TA ’/1I~ ,SX,’NO. OF SURFAC (S’00003390

1,5X , F3.0) 0 0 0 0 3 4 0 0
L INESa6 ~~ ~~__ _ _~ - ---—----- - ---—- - --—I--~~~~~ - - — - -I----- - ~ 00 0~~~111L
L T O  0 0 0 0 3 4 2 0
DO 70 I:1,NPANEL 00003430

I _~~~ L T = L T . 8 0  _ ____ __
~~__ _ _ —— --— ——— -- - - 

0 0 0 3 3 4 8 0
M251$S(I)—20 00003450
IFULIN (S.6).L(.50) GO TO 27 00CC3~ 6t

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 000034 70
WA IT ((6,O 01) 00003480
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0 LEVEL 21 OUTPT1 DATE o 78102 10/47/48

LINES 3 0 0003490
27 VRITEI&,118) I,(TITLES (LT.J),J~~1.8O) 00003500
118 FORMkT(jHp .5X,’.REFL.ECTIV( SURFACt NQ.’513,5X.’IO(NTIFICATION ~~e 00003510

1 8061) 00003520
LIN (SOLIN(S.2 30003530
IF(I!jN(S.5).LE.~~QL Q,jO 30 p3003540
WRITE 16,102) (TITLES(#MIl),MMM 1,80) 00003550

~iRITE( 6,101) 00003560
LIN (S3 00003510
WR ITE~~6,118) 0 ,(TITL (S (LT+.J),J:1 080 ) 00003580
L INES:LIN(S.2 00003 5 90

30 WR IT( 6,120) 
~~~~~~~~~~~~~~~~~ 

00003600
220 FO PMAT(1HD,7X, ’CURV (—F IT INPU T OA TA’/ IH ,9Xs ’D(SIR (D TER~~S FOR CU 8 00 0 0 3 613

IVC— FITTING’/OH ,ilL.’(l) X TERM ‘,F4.0,SX,’(2) V T(#M ‘sF4.0, 03003620
2 SX a-!A3) Z ~~~~~~~~~~~~~~~~~~~~~~~~~ TERM ‘.F4.0.5X.’(S) XZ TtRM 0000 3630
3’,F4.0/IH ,11X , 1(6) YZ TERN ‘,F4.0,5X, ’(7) XSQ T (RM ‘,F8.3,5X, 0000 3640
4 ‘(8) YSO TERM •,F4.0,5X,I 9) ZSO TERM ‘,F4.C) 00003650

- L1NES j_j~j~ S.~~_ —- ------ 00003660
IF( (LIN(S.6>.L(.50) GO TO 40 00003670
wR ITE(6,1 02) (TITLES(M MM ) ,MMM 1,80) 00003680

~RI1~ J,~~~~Q1) 00003690
LIN (S~~3 000 0 3 7 0 0
WR ITE (6.118) I,(TITLES (LT.J),J11,80) 00003710
LINES LINES.2 

______ _______  00003720
40 WR IT(6,121) (DATAS (82.J),4110,18) 00003730

121 FOR MAT( IHO,9x ,’INPUT VALUES FOR CO (FFIC1E~4TS OF SURFACE ’/OH ,11X , 03003740
1 ‘(1) X CGEF__‘,E12.4,5X ,’(2) Y COEF ‘,(12.4,5X,’(3) 2 COEF ‘00003750
X,E12.4/IH ,11X , 00003760
2 ‘ (4 )  XY COEF ‘,012.4,5X ,’(5) XZ C(~EF ‘,E1 2.4,5X,’(6) YZ COEF ‘00003770
3,E12.4/1H_,11X ,’17) XSQ COEF ‘,E 12.4,58.’(B> ‘(SC COEF ‘,012.8,5X, 33003780
4 ‘ (9)  ZSQ COE F’ ‘,E12.4) 0000 379 0

WR IT ((6 .1 23) OA T A S ( M 2 . 1 9 )  0 0 0 0 3 8 0 0
123 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00003810

LINES LIN (S.6 00003820
IFULINES.4).LE.5 0) GO TO 50 00033830

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
) 0 0 0 0 3F&3

~RITE 6,1O1 00003850
LIN (S 3 00003860
WRITE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00003 870
LINES=LIN (S.2 00003880

50 ~RITt (6,122) 00003890
122 F OR~~AT(jH0,7~~~~RCUN OARY PO1NTS —~~~BODY AXES (STATIONLIN (,BUTTLIN (00003900

x,WATERLIN( ) ‘/18 .3 (18X,’X’.9X, 00003910
1 ‘Y ’ ,9X, ’Z’ ,2 X ) )  000 03920
LIN(S LIN (S.’ — 00003930
?~PTS :DATAS (M2.20).0.5 I 30003980
ND3INPTS/3 00003950
00 6 0  L:1,N 3 , 0 0 0 0 3 9 61

JI(L—1) .9.204M2 00003970
K (L—1).3.1 00003980

S MP1 8.1 00003990
(P2 18.2 0 0 0 04 0 0 0

~~~~~ — -~~~~—~~~~- - - - - -~~~~~~~~~~ - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _- _ _ IJ~~~~~~
_ I __

~~~~
_ II~~~~~~~

I

I~~~I__ _ 
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6 LEVEL 21 OUTPT1 DATE o 78102 10/47/48

IF((LINES+1).LE.500 GO TO 52 00004010
WRITE (6,102) (TITLEs (MPUq),MMM:1,80) 00004020

I-I WR IT((6,101) 00004030
WRITE (6,118) I, (TITL(S (LT.K),K=1,80) 00004040
LINESIS 00004050

52 WRITE(6,114) K, (OATAS(.,i.M),M:1,3),KP1.(DATAI(d.M),M ,,e), 00004060
1 KP2,(OATAS (J.M),NI7,9) 00004070

60 LINES LIN (S.1 00004080
IF~~3.NO3.EG.NPTS) GO TO 70 00014090
41P4D3S9.20.M2 00004100

‘
S K~~ND3.3.1 00004110

‘ IF ( ~~~~~~~~~~~ ~~~~~~~~~~ 1J ~~ 6 10i t(141 k~t!tLti~Th 3 ) 0 3 QQ.~12.0
8P1 K.1 30004130
IF~~~3•NO3+2 .(Q.0sPTS WRITE (6,116) K,(OATAS (sJSM),D! 1,3), 00004140
1 KP1. (DAT AS(CI’M)~L~~~~IJ~] —_-_.__0 -DI0_4-L0,0.

LINES:LINES.1 0 0 0 0 4 16 0
70 CONTINUE 00004170

R E T U R N ~~~~—~~~~~~~~~— - _________ —I _~~~~~~~~~~~~~ 060041#Q
END 00004190
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G LEVEL 21 CFITF DATE = 18102 10/47/4k

SUUOUTIN( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00004200
8(81.8 XCURF (1),FCURF(I,,COFe (3),sIG.D(T 00004210
~EAL*8 XPTS(100.YPTS(10).ZPTSt1O) 80004211
DIMENSION IFIT (9) 00004212
DIMENSION OATAF (1),CO (FFB(1) 00004220
CALL NORM (DATAF.ISTART.NPTS.TNOPM ) 00004230
00 10 L:1,NPTS 00004250
L.J (L 1) .3 . ISTA RT—1 00004260
FCURF (L)~~1. 00004270
XPTS (L )=DAT AF (LJ~~1 ) /TPJOR M 00004271
YPTS (L):DATAF (LJ .2)/TNORM 00004272

——--—-~~~~~ - ZPTS(L) ~OATAF (LJ .3)/TNORM 00004273
DO 10 .JI1,3 00004290
sJJ~~(L~~1)~~3•J 00004300

10 XCURF (JJ):DA~ AEJLJ,I~CJ)/TNORM 00004310
CALL CURFjT (FCURF ,XCURF,3,FiPTS.COFB,O(T,SIG,j) 00004330
DO 15 1:1,3 00004331

15 IFIT(I):1 00004332
DO 18 1=4,9 00004333

18 IFIT(I)I0 00004334
CALL S1GNF (COFB.3.D(T,XPTS,YPTS,ZPTS,t4PTS.IFIT) 00004340
L:(ICOF—1)*4 00004350
00 20 1=1,3 00004360

20 CO(FFB (L.I)~~C~f~j1)/TNORM 00004370
CO(FFB(L.8):-D(T 00004380
RETURN 00034390
END 00004400
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6 LEVEL 21 NORM DATE 78102 10/47/48

SUBROUTINC NORNCOATA,ISTART,NPTS,TNOR M 00004410
DIM(NSION OATA(1) 00004420
TNORM:0. 00004430
DO 20 I1,NPTS 0 0 0 04 4 4 0
L:(I—1 )’3.ISTART—1 00004450
DO 20 J=1,3 00004460

20 TNORM TNORM . DATA (L.J)’ 2 00004470
TNORM TNORM/3./NPTS 00004480
TNORMISQRT (TNORM ) 00004490
RETUR N 00004500
(NO 00004510
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6 LEVEL 21 CURFIT DATE ~ 78102 10/47 ~~48

SUBROUTINE CURFIT (F,X,P1,M,C00 0 ,O (T,SIG,NH) 00004520
IMPLICIT R (AL*8 (*—H,O—Z) 00004530
DIMENSI ON A(9.9).~~(9).X(1).F(1),COEF(1) 00004540
00 10 I~~1,N 00004550
8 ( 1: 0.0  000045 6 0
n o  i p  . i=i.M 00 0 04 57 0

10 A(I,J)I0.0 00004580
DO 20 I:1,M 00004390
DO 28 J:1.N 00004600
JJ:J.(I—1).N 00004610
8~~,u:P*.J).F I).X (~i~)) 00004620
DO 20 L:L,N 0000463Q
LLIL. 1—1 151N 00004640

20 A (L,J) A (L,J).X (JJ).X (IL) 00004650
CALL (QP~SOL (A ,b,N .COEF ,DET,NH ) 000C 4660
S1 6:0.0 00004670
00 40 1 1,M 00004680
S UM:0 ~ 0 -_,_

~_______________________________________________________

DO 30 .J 1,N 00004700
JJ:Jis(I~~1).N 00004710

30 SUM:SUM.COEF (J1.X(JJ) 00004720
SU M SUM—D (T 00304730

40 SIG:SIG.SUM .SUM 00004740
SI G:OSCRT (SIG/,fJ 00004750
RETURN 000047 60
END 0 0 0 0 4 7 7 0

_____— —  -I ~ 
_ _ _I~_____
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C LEVEL 21 SIGNF DATE ~ 78102 10/47/48

SUBROUTINE SIGPIF (COFB,NCOFS,D(T,XPTS,YPTS,ZPTS,NPTS,IFIT) 00004780
R(AL~~8 VNORM (3 ),XVECT (3),XMAG ,VMAG,DSGBT 00004781
REAL~ 8 COFB (i),O (T,XPTS(1),YPTS (1),ZPTS(t) 00004790
DIMENSION ZFITU 00004791
COSANG :0. 00004792
DO 20 L 1.NPTS 00004793
*MAG=DS QRTlXP’TS (L) .~~P1S~~L)’sYPTS (L).YPTS(L).ZPTS(L)*ZPTS(L)) 00004794
IF(XMAC.LT.1 .0D—10) GO TO 20 00004795
xV(CT 1)IXPTS (L)/XP’AG 30004796
XV (Cfl2 :YPTS (L)/XMAG 00004797
XV (CT(3)~~ZPTS(L)/XI’AG 00004798
DO 1 0:1,3 ~~— 

0 0 0 cm
~!~~!

VNOR M(I):0. 00004800
1=0 0Q3O~~8O1
IFIIFIT (1).E0.0) GO TO 2 — 00004802
1:1.1 • 00004803
VNORM (1 ) VNORM (1),CO,8 (I, 00004804
IF(I.EO.NCOFS) GO 70 10 ______

~~

I ~~~~~- 
0 0 0 0 4 8 0 5

2 IF(IFIT (2).(Q.0) GO TO 3 00004806
2:1.1 00004807
VNORI8O2I:VNORM(2).COFA (I) _____— 00004808
IF(I.C0.NCOFS) GO TO 10 00004839

3 IF C IFIT 3 .CQ.0 GO TO 4 00004810
1=0.1 — —— nnp c 4Rll
VNORM( 3) VNORM (3).COFO (I) 00004812
IFU.CQ.NCOFS) GO TO 10 00004813

- -  4 IF( IF IT(41,, L L a- 0 I G I Q 5 0 0 0 0 4 8 1 4
1:1.1 00 0 0 4 8 1 5  5

V N OI~M(1)2VNO 8M(1O.COFB (I).YPTS(L) C~~C04816
— - -- -  V !O8~ A 2 0~~~NQ8 M~ ~ 

) OfJiI)~~~PJStU________________ ~ ~~
IF(t.CQ .84COFS) GO TO 10 00304818

5 IE ( I F IT ( 5 ) . E G . C)  GO TO 6 0 0 0 0 4 8 1 9
111.1 0 0 0 0 4 8 20
VNO RM (1) VNORM (1).COF8 (I).ZPTS (L ) 00304821
VNORM(3 20VNORM (3).COFB(I)SXPTS (L) 00004822

— IF(I51EQ,~~C~ f~J31J~~_j_0______________________________________________
6 IF IFIT 6).EG.O) GO TO 7 0000482a

1:1.1 03004825
VNORN (21 iNQRflLZLt~~ FB (I).ZP1~~(Lj~~ 0000482h
VNOR M (3) VNORM(3) .COFB (j)*YPTSCL) 00304627
IF(I.(Q.NCOFS ) GO TO 10 00004828

_ ___ I_ 7 IF(1F L1 (jl~ L~ 0,3,L GO TO P 00004829
I=I•1 00004830
VNOR#(j)tVN ORM(1).2..COFB(I).XPTS (L) 00004831
1F(1.~~Q.NCQ 1_~~O i_Q___1_0 0O004&~2

8 IF II F IT IR )CEQ IO ) GO TO 9 00304833
1:1.1 00004834
VN ORMI2):VNORM (2).2~~sCOFBtI )SYPTS (L ) 00004835
IF (I.E0.NCOFS) GO TO 10 00004836

9 IF (IFIT (9).EG.0) GO TO 10 00004a37
1:1.1 00004038
VNORM (3):VNORM (3).2..COFB(j).ZPTS (L) 00004839
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0 LEVEL 21 SIGNF DATE ~ 78102 10/47/48

~ 
10 vMAG :DsQRT (VNORMI 1).VNOPM (1)+VNORM (2)*VNORM(2)+VNORM(3)* 00004840

I 1 VNORPU3)) 00004841
I IF VMAG.EQ .0) 60 TO 1000 00004842

I DO 11 0511,3 00004843

11 VNORM (I) VNORH (I)/VMAG 00004844
00 02 1 1,3 00004845

12 COSAPdGICOSANG .VNORM (I)*XV (CTCI) 00004846

20 CONTiNUE 0000 4847

r 1FCCDSANG .~ Q.0 GO TO 2000 00004844
IF (COSANG.GT. 0) RETUR N 00004849
DO 28 JI1,NCOFS 00004 850

28 COFB (J):—COFB(.J ) 00004851

0ET — D ET 00004852
RETUR N 00004853

1000 WRITE (6,200) 00004854

200 FOR MAT (lI~1,’MAG N ITUC E Or NORMAL VECTOR IS ZERO IN SIGNF’) 00004855

STOP 00004856
2000 IJRIT((6,201) I ~~~~~~

__~~~~~~~~~~~I 
00004857

2C1 FORMAT (OHO , ’WARNING TEST IN SIGNF SHOWS VECTORS PERPENDICULAR’) 00004858
RETURN 00004859
END 00004860
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0 LEVEL 21 (ONSOL DATE : 78102 10/47/48

SUBROUTINE (QNSOL (A,8,N,X,D(T.NHOMO) 00005000
IMPLICIT REAL.p (A—H,0—S,U—Zi 00005010
REA LeO TOL 00005020
DI MENSION A (9,9),8(1),X(1) 00005030
COP’MON/TOLRS/TOL (ON, TOLSNT ,TOLQPT ,TOLINT ,TOLCK1 ,TOLCK2, 00005040

1 TOLCX4,TO (LT,TOLCIR,TANGS2- ,T~~LPLT 00005050
TOL TOLEON- 00005060
NRANK:N 00005070
00 10 I 1 , N  I 00005080

10 * 1 1>00 .0  00005090
1:0 

I 
00005100

ICOL :0 00005110
12 1:1.1 00005120

ICOL ICOL.1 00005130
IP101.1 

—~~~~~ 00005140
14 A M A X I : A ( I , O C O L )  000CSO5O

L: I  , 000051 60
IF ( 1PLk~t~NJ_ 0QJQii0 I 0 00 0 5 170
00 15 K :IPL,N 00005180
IF (DA 8S (A(k ,ICOL~~~.GT.DABS (AMAX I J ) L:K 00005190

15 ANA *1 A(L .ICOL) 00005200
150 IF (DABS AMAX I).GT .TOL ) GO TO 16 00005210

~ 1ICOL )o0.0 00005220
NRA N K N R A N K — 1  0 0 0 0 5 2 3 0
IF (ICOL.EQ .N) GO TO 45 00005240
ICOL~~ICOL~~1 30005250
GO TO 14 00005280

16 IF(L.(Q .1) GO TO 25 00005270
OS) 20 J~~1.N 0 0 0 0 5 2 8 0

______S.

~

AP A(I,J) 00005290
A( I,J):A(L,J) 00005300

20 A (L,J)=SWAP 00005310
SO~AP:8(I) — --—- ———— 00005320
8(00:8(L) 00005330
B L)ISi~AP 0030 5340

25 X D I V A ( Yii C.~U . . ~~~~~~~ _ . ~ - — - -~~~~~- ——~~~~—----- 0 0 00 3 3 5 0
DO 30 .J~~ICOL.N 0600 5360

30 A (I,J)= A (I,J )/XO IV 00005370
8 I )~~BcI) /XD1V~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00005380
IF (IF1.GI.N) GO TO 42 00005390
DO 40 K:IP 1,N 0 0 0 0 5 4 0 0

- X8J.0J.! A~~~~.J~~QL )  _________ ~~~~ ______ ~~ 30005~8~1~G~
DO 35 .J~~ICCL,N 00005420

35 *(K,J):A ( K,J )—x 1 UL .A(I ,1j) 00005430
40 8Ck) 8(K2 XMUL~~~(I>  00005440

IF ICOL .LT .N) GO TO 12 03005450
42 IF(NRA 8sc.EQ .N .OR.NHOP O .EQ.O) X( ICOL):8( I)/A (T .ICOL ) 00005460
45 I4V ~

PILCO~L~1 03305470
DO 50 I~~2,N 00005480
N :84— I.1 00005490

I IF(Z()()~.jQ,,Q ~~0 P GO T0 47 0030550 0
1J UMP~~tJ UM P—l oooossio
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G LEVEL 21 (ONSOL DATE : 78102 10/47/48

GO TO 50 00005520
47 IF (NRANK .EQIN.OR.NHOMO .EQCO) X(k):8(K) 00005530

KP1~~K.1 
00005540

00 48 J~ KP1,N 
00 005550

48 X (K) oX(K )A ( K IJUMP ,J)*X(J) 0000556 0

50 CONTIN UE _00005570

QET j.0 00005580
IF (NRANKCLT .N ) DET:0.0 00 005590

- 
R E T U R N  00005600

(ND 
. 0 0 0 0 5 6 1 0
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6 LEVEL 21 CFITS DATE o 78102 10/47/48

SUBROUTINE CF !TS (DATAC,QATAS, I START ,NPTS,COEFSB,ICO F,StG,XCURF, 00005620
1 FCURF) 00005630
DIMENSION OATAC(1).OATAS( 1)•COEFSH (1)5IFIT (9) 00005640
DIMENSION SIGNA($),00TER M (8) 00005650
REAL.8 XCURF(O),FCURF (1),COFB (9),SIG,DET 00005660
REAL.E ~PTS(30)a-I21&(30).ZPTS ( 30) 00005661
IDEFLT OATAC (1).0.5 00005610
IPASS~~0 0 000568 0
CALL NORM(D ATAS ,ISTA RT,NPTS~~1’(~ORM ) 00005690
L :ISTART— 21 00005700
DO 5 1:1,, 00005710

5 IFIT(I)~~DAT AS (L.I).0.5 00005720
IF (IDEFLT.tG.0) GO TO 8 0C005721
DO 6 I~~1,3 00005722

6 IFIT (1) 1  ~~~ 0C0 o512~3~8 CONTINUE 00005724
NCOEF$o0 30305730
DO 110 1:1.9 ~~~~ ~~~~~~ ~~~~~~~~ 030D5 ’l40~

10 IFUFIT I .E0.1 NC~~EFS:NCCEFS.1 00005750
IF (NPTS.LT .NCOEFS) GO TO SC 00005760

15 ,SIliTINU(  00005770
IPA S S IPA S S .1  00005786
DO 35 L:1.NPTS 00005790

_________L IL

~~

1J S 0LCQ0L

~~~~~

_ I __  _______I ~~ ~~~~~~~~~~~~~~~~~~ 
00 0 0 5 8 0 0

IJ:(L—1).3.ISTLRT 00005810
*V:OATAS (IJ)/TNOR M 30005820

—— —  Y V : DA T* S ( I~ J . 1 ) / T N O R M  _____________________

ZV~ DATAS (I J .2)/T\ORM 00005840
XPTS (L) :XV 03005841

_ _ JPIStLL;r V ~~~~~ 
ZPTS(L):ZV 00005843
110 00005860

— tF(IF 1Tt1).L0 0~LG f l Iü.,1I0  0C005870
0:1.1 00005880
XCURF (LJ .1)~~XV 00005890

~~~3J.1 kF UELLLZ) .iQ.QL, G0~ I~~~~~~1L _I~~~~~~~~ ____

~~~~~~~~~~~~~~~~~~~~~

____________

0:1.1 00005910
XCURF(LJ.I) 1V 00005920

_
~I_~311 1F(1FIT(3).j~,,Qj_ 0CJ Q 312~~~~~~~~~~~~~ . _ _  _____. 00005930

1 1.1 0 0 0 0 5 9 4 0
*CURF (LJ+I) ZV 00005950

- - __
~312 

IF (IFITt4).E1.0) GO TO 313 00005960
I~~~I.1 

00005970

XCURF (LJ .I):XV .YV 00305980

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 1,4 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 0 0 9 °.Q

001.1 03006000
X C U R F( L J . 1) :X V . Z V  0 3 0 0 6 0 1 0

- 314 IF (IFI1 (b).(Q .~~) GO TO 315 03006020
1=1•1 00006030
XCURF (LJ .I).YV .ZV 00006040

315 IF(IFIT(7) .E0,Q1. GO TO 31&~~ _____ 0 0 0 0 6 0 5 0
I 1:1.1 00006060
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S LEVEL 21 CFITS DATt 78102 10/47/48

XCURF(Ld.I) XVC XV 00006070
316 IFUFIT(80.CQ.0) GO TO 317 00006oBø

1:1.1 00006098
XCURF (LJ .I) YV*YV 00006100

317 IF (IFIT (9).EQ.0) GO TO 35 00006110
1:1.1 00006120
XC URF(LJ.1) Z V * Z V  00006130

35 FCUKF(L);1. 00006140
CALL CURFIT (FCUfTF.XCURF,NCO (FS.NPTSsCOFA .OET .SIGsI)
CALL 51688 (COFE,NCOEFS,DET,XPTS,YPTS,ZPTS,NPTS.IFIT) 00006170
IF IDLFLT.EQ.0) GO TO 350 00006180
IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 0 0 0 0 6 1 9 0
SI6$A (IPASS) 01 0 00006200
3CTERM (1PASS)~~CE~ 00 006210
Ga _to ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , ~~~~ 

003 0 6 2 2 0
318 IF (NPTS.LE.3)  & “

S
~ T O  ~53 30 0 0 6 2 3 0

NCOEFS 4 00006240
IFIT (7):j  00006250
GO TO 15 000062 60

319 IFIT(1):0 00006270
1FIT (8)~~1 — --— -—-—-- - -— — - —  0 0 0 0 6 2 8 0
GO TO 15 0000629 0

320 IFIT (8F0 00006300
ZFITk9~ OJ — -— —-—----~~~ ~~~~~~~~~~~~~~~~~ 

0 0 3 0 63 13
GO TO 15 00 0 0 6 3 2 0

321 IF NPTS.LE.4) GO TO 325 33006330
e4co~t1F_~~ 5 __________ I~~~~~

_I
~~~~~~~~ 

303063A3
IF1T(7):1 30006350
IFIT (8) 1 303 0636 0

~
_:~ 1Fj 7 (9 ) 0  ~~~~~~~~~~~ --———--- - ---———---— 00066 37Q

GO TO 15 30006380
322 IFIT(8)~~0 00006390

IFITC9) 1 00006403
GO TO 15 0000641 0

323 IFIT (7)aO 03006420
IFIT (8) 1 ———---- - 0 0 0 0 6430
GO TO 15 00006440

324 IF(NPTS.LE.5) GO TO 325 00006450
NCOEFS~~6 0000646 0
IFIT (7) 1 00006470
GO TO 15 00006480

325 IMATC1~~0 00008490.
3250 SIG:SIGM A (1) 09006500

L I  00006533
NCOEFSI8 - —— —I—— 00006520
IF (NPTS.Ecl.4) NCOIFS:4 00006530
IF (NPTS.E Q.5) NCO (FS:7 0C006540
DO 326 I~~2,NCOEFS  00006550
IF (ABS (OETCRP!(I,).LT.0.5.ANO .IMATCH .EQ .0) GO TO 326 00006560
IF (SIGMA (I).LT.SIG) 1 I  00006~~70
IF (L.E0,,.I) SIG SIGMA(I) 00006580

326 CONTINUE 0000 6590
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6 LEVE L 21 CFITS DATE 78102 10 /47 /48

IF (IMATCH .E Q.0.APSD.SIG .LT.1.0D-080 GO TO 327 00006600
IF (IMATCH .CQ .1.ANO.SIG.LT.1.00 06) GO TO 327 00006610
IF (IMATCH.EQ.1) GO TO 60 00006620
IMATCH ~~1 00006630
GO TO 3250 00006640

327 IEIT (7) 0 00006650
IFIT(8)~~O 00006660
IFIT (9)~~Q 

. 00006670
NCOEFS:3 00006680
IF(L. .GT. 1)  NCO EFS 4 00006690
IF(L.G T.4) NCOEFS 5 00006700
IF(L .EG.8)  NCOE FS~~6 — — 00006710

IPASS 8 00006720
50 10 (05,328,329,330,331,332,333,33k) , L 00 00 6730

328 IFIT (7)~~1 ~~— — 00006740
GO TO 15 0 0 0 0 6 7 5 0

329 IFIT (8):1 00006760
GO TO 15 _~__________________ — — — —— 0 0 0 0 6 7 7 0

330 IFIT (9)1 00006780
GO T O 15 00 90 6790

1~~1 TFTT (7):1 _
~~~

______ 
~~~~I __ ~~~~~ 

0 0 0A f S R A O

1FIT ( 8)~~1 
00006810

GO TO 15 0 0 0 0 6 8 2 0
332 IFIT (7) 1 00006830

IF IT (9 ) 1 00006840
GO TO 15 00 006850

_____I3_~ _3 IF IT[8 )~~~L _ _~~~~ _~~~~~~~ —-~~~-- --- ----—- --- - ----— - - - ---- 0 0 0 0 6 8 6 0
IF !T (9 ) : 1  0 0 0 0 6 8 7 0
GO TO 15 00006880

334 IFIT (7) 1  00006990
IFIT (8)r1 00006900
IFIT (9)~~1 0 0 0 0 6 910
GO TO 15

350 C O N T I N U E  ( IC’  - - ,930
L (ICOF— I )*lO 00006940

~j:0 — -— ~~~~~ —— 00306950.
00 40 0:1,10 00006960
COEFSB (L .I)~~fl . 00006970

~~~~~~~~~~~~~~~~~~~~~~~ 
00006980

IF (IFIT (X ).EQ.0) GO TO 40 00006990
J:J+ 1 00007000

36 COEE&L( k.I);Dfis-T A ~~ c _ I SJ~ RT N12il~~ _______________——--- — — 000 0  7010 .
IF COEFSB (L•I).NE.0.) GO TO 40 00007020
IF (I.EO.j 0) GO TO 38 00007030
CO ( F~~B( I~+I COFB(J)j jN ORM~~,, 

_____ 
30 0 0 7 1 4 0

I F (I.LE.3) GO TO 40
COEFS9 (L .I)~~COE FS8(L .I)/TNORM 00007060

I G O TO 4 1 3  I —------—-— 0 0 0 0 7 0 7 0
38 CO(FSB (L.I) —OET 00007080
40 CONTINUE  00007090

I R (TURH — 00037100
50 WRITC (6,100) ICOF 00007010
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0 LEVEL 21 CFITS DATE : 78102 10/47/48

100 FORMAT (IH 1,’R (FL(CTIV ( SURFACE NO .’,I3.’ HAS NOT BEEN DEFINED BY 00007120
1ENOUGH POINTS’) S 00007130
STOP 00007140

60 iRIT ((6,110) 1C~~F 0 0 0 0 7 1 5 0
110 FORMAT( 1141, ’BOUNDARY POINTS FOR REFLECTIV E SURFACE NO. ‘,13, 00007160

I. • 00 N O T  _E~!M A CURV E— FIT WITH IN ERROR TOLERANCE ’/ 00007170
2 1HO,’PROSR AM WILL CONTINUE WITH BEST FIT POSSIBLE’) 00007180

GO TO 327 00 007190
END 00007200
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G LEVEL 21 OUTPT 2 DATE : 78102 10/47/48

SUBROUTINE OUTPT2 (COEFB,SI 6,NS(TS,TI TLES,LOOP ) 00907210
DIMENSION COEFB (1),TITLES (1),SIG (1) 00007220
WR~~~~~~~,~~~~~~~(T I T L  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______ ~~ 00007230
102 FORMAT( IH1,80A O ) 00007240

WRITE (6,103 ) 00007250
103 FORMA T (1H0,4~~~,’... RES ULTS OF CU RVE—FIT _A N A L V S I S  •..‘) 00 0 0 7260

GO TO (10,50), LOOP 00007270
10 CONTINUE 00007280

~~~~~~~~~~~~ 
) 

— -I— __~~ 
p p p 

~729 0
110 F O R M A T( 1 H O,2X , ’..FENCE DATA’) 00007300

L I N E S~~5 00007310
Do 20 1 1,NSETS  00007320
LL :(1— 1)54 00007330
IFuLINES .6).LE.50) GO TO 15 00007340

— W~~~I1~~ j I~~~~~~~L J IT L[ S (  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ . 000  07 3~~~0

~R1TE(6. 1 03) 00007360
WRIT E (6,113) 00007370
L I NE S~~5 ~~~_~~~~~________  — _________ —— —— - ---— 0~~0 07380

15 WRIT ((6,112) I 00007390

1 12 FORMAT (1H0,5x, I.FENC( NO.’,13) 00007400
LINES-~U~~~S.2 ~ - 0 0 0 0 7 4 1 0
s~RI 1E(6,121) (COEF8 (LL .L),L ~~l .4) 30007420

121 FORMAT(],H0,9x ,’V AL UE $ F08 COEFFICIENTS OF SUR FAC E’/ ON ,11X , 00007430

1 ‘(U  X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
CO E F ‘, E 1 2 . 4 ~~5 X , ’( 3 ) Z C O E F _ ‘ 0 0 0 0 7 4 4 0

2,E 12.4,5X ,’(4) CONSTANT ‘,E12.4) 00007450
WRIT [(6,123) SIG (I) 00007460

123 FORMAT (1H O,9x,’R QOT MEAN SQUA RE ERROR OF FIT :e ,E12.4) 00107470
LINES :LINES+ 5 00007480

20 CON TIN UE 00007490
- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

¶50 CONTINUE 00007510

~R7T ((6,j 17) 00007520
117 FORMAT( 1H 0,2X ,’..R~f~~0.CT1y 5UR~kCL~ 0.Ai4’) ~~~~~~~~~~~~~~~~~~~~~~~ 90007530.

L I N E S ~~ 5 00307540

L T~~O 3 060 7550
Op 6QJ~ j ,NSC1~ --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ————I——— 0-0.0.~Th~iLT LT.80 00307570
LL:(! —1 ).10 00007580
IF((LLNES.9k~ LEC50) GO TO 55 

~~_  _I_~_~_ _~~~~~~~ 0 0 0 07 5~9~0~
WR ITE (6,102) (TITLES(MM ) ,MM I,M 0) 90007690

~R ITt (6,103) 20007610
W R I T E ( 6 ,1 17 )   0 0 3 0 7 6 2 0

LINES :5 00007630
55 WRITE (6,118) I,(TITL (S(LT .MM),MM:1,R0) 00007640

118 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I I 0CC016S~

1 8 0 4 1 )  0 0 0 0 7 6 6 0
L IN (S:LINCS.2 33007670
•R I TE ( 6tj~ 2 ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  ~

122 FORMAT U HO,9X ,’VALIj(S FOR COEFFICIENTS OF SURFAC (’/OH ,11X , ’(1) X 00007690
1 COEF ‘,(1214,5X, ’(2) Y COEF •,EO2C 4ISX , ’(3 Z CO (F ‘.E12.4/ 00 0 0 7 7 0 0
2 iN ‘ 1 OX,  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • (5 ) X Z C ~~~F ,~~~,L1~2~~4i5.i , 0000  T7J~~
3 (6) U COE F ‘,E12.4/1H ,OIX , ’(7) XSO COEF I ,012.4 ,5X , 0 0 0 0 7 7 2 0
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C LEVEL 21 OUTPT2 DATE ~ 78102 10/47/48

4 ‘18) YSO CO (F ‘,E12.4,5X,’(9) ZSQ COEF ‘,E12.4/1H ,10X, 00007730

5 ‘(10) CONSTANT ‘,E12.4) 00007740

S URIT ((6.123) SIOCI) 00007750
LIN(S:LIN(S.B 00007760

60 CONTINUE 00007770
RETURN 00007780

END $000779 0
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G LEVEL 21 G LINT DATE = 78102 10/47/48

SUBROUTINE 6LINT (DATAC,DATAS,MS,COEFSB.GAMNA ,ALPHA2,BETA2,INTRFL, 00007800
1 1Sh- IA OW , INTE R F ,OWOR KS ,DATAF ,M F)  00007810
D1M(I~S10N ALPHA2(1),8ETA2(1),INTRFL.(1),ISHADhà l).INTERF(1 00007820
DIMENSION DATAC (1),DATAS (1),MS (1),COEFSB ( 1) 00007830

DIMENSION DWORKS (l) ,DATAF (1 ),MF( 1 ) 00007840
DIMENSION SUN (3)IDIRCOS (3,3).XB (3)CSUNB (3)CVNORMB (3).Xk3 ) • 00007850

1 RFLTNO(3 ),RFLTN (3) 00007860
DATA ONC,Z(RO,RAD/ 1.0t00,0.0(00,57.295786001 00007870
SUN(1)I—COS (GA#MA/RAD) 00007080

SUN(2) 0. 0 0 0 0 7 8 9 0
5UN13) — S L N ( G A M M A I R A D )  00007900
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  00007910
THETA DAT AC (4) 00007920
PH1~~DATAC (5) 00007930

~~~ S8ITpt=SINiTaL_T1AL~R1ADI - - I- ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0000 7940
CSTK=CO S (THETA/R402 30007950
SNPH SIN (PHI/RAO ) 00007960
CSPJ[~C1~~(Ptt1LRk00____ —~~~~ - - II - I - -~~~~ - - 0_~ ,0_01,_1_Q_

SPST :SNPHSSNTII 00007980
SPCT=SNPH.CSTH 00007990

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -—-——-— 00008000
CPCT:CSPH.CSTH 30008010
OIRCOSU. 3 :—SNTH 00008020
D I R C O S ( ’ , 3) — S P C T  0 0 0 0 8 0 3 0
DIRCOS (3.3)rCPCT 00008040
DPSI:O A TA C (I1 ) 00C08050
itPSL7Dk1kCt~ L .O.~~~~~~~~~~ ~~~~~~ I

NF(NC(DATAC ( 2.’ ) .O . S  0 0 0 0 8 0 7 0
NPANCL :OATAC (23).Q .5 00008080

~~~~~~~~~~~~~~~~~~~~~~~~ —--- ----I - - - II ~~~~~~~~
00 IcO I~~1.NPANCL 00008100
N10= Ii—1 1~~10 00008110
KI:NS(I)~~~~~ _~~~~~~~~~~~~~~ — — 00000 120
NPTS=OA TAS (KI ).0.5 00008130
PSIKP :OATAC ( lol— OPS I 00008140

- I D O 60 ~~ j~,N P $ 1  ~ ~ ~~~~~~~~~ - -—— - -~~~~~~~~--— -— --—— —  - —_________

PSINP PSIKP.DPSI 00006160

PS1=PSIKP 00008170

——- IF (PSI K!.L1. ,i PSI~~~179. ~~~~~~~~~~~~ ~~~ 
00008180~

IFIPSIKP.0T. 179.) 851=179 • 00008190
IF PSIic P.GT.— 91 .ANO .PSIiP .LT. — 89.) PSI:—89 . 00008200

_
,, ~~ ,,jj (P5~~KP.LT .93..ANQ .pS1~~I!.0T.~~~~,) ~~~~~~~~~~~ ~~ _______ I~~~I~_ ~~~~~~~ QQ.0Q6ZLQ

F SNPS:S!N PSI/RA D ) 00008220
CSPS~ COS(PS I/RAO ) 00008230

~~~0liCQS(1,1)~~.CSTN .CSPS ~ - _______

OIRCOS (I .2):— CSTHCS NPS 30008250
F D1RCO $s~2,1 :sPSTaCsPs~~sNPs .c5pu 30068260

DIRCOSt2,.~
):$P5T.SNP S*C5PS .C$PH  —-— I ~ ___________________

OIRCOS (3,i ) :—CPST.CSPS —SNP S.cNPH 00008280
0 !R C O S(3 , 2 ) : — C P I ; T* S N P S.S

~~
P H S C S PS  0 0 0 0 8~~00

S 0 0 2 0 ~~~~~~~~~~~~~~~~~ - _~- _ _ I __ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ________________

SUNB (M) 0. 00008310
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6 LEVEL 21 GLINT DATE = 78102 10/41/48

00 20 K l , 3  00008320
20 SUNB (M)=SUNB (M).DIRCOS (M,K)*SUN(K) 00008330

DO 75 L:L,NPTS 00008340
MAS MAS .i 00008350
I N T R F L ( MA S ) 0 0000836 0
ISHADW (P(AS):0 00308370
INTERF (MAS ) 0 00008380
N3:(L—1).3’K1 00008390
DO 10 M 1.3 00008400

10 XB (M) OATAS (N3 .M) 00008410
IF (NF (NCE.GT.0) CALL SHADOW (OATAF ,MF,NFENCE ,XB,SLINB,ISHADW, 00008420

- 1 M AS,Q~I1RKS~
) 

—-— ~~~— 0 0 0
VNORMB(1 )~~COEFS 8 (N10.1),COEFSEUN10+4) .X~~(2).COEFSB (P41Q .5)SXB(3)* 00008440

1 2.*COEFSB (N10,7)’XP (l) 00008450
VNORMB (2 ) C0(FSB(N1O-.2) +CO (FS~~~~~~~~~)CX 0I1 ).CO(FSB(N10.6).XB(3). 00008460

1 2..COEFSB (N10.8).X8 (2) 00008470
VNORMB (3) :COEFSP ( N1Q+3).CO (FSB (N10.5)•X8(1).COEFSB (N10.6) .XB (2). 00008480

1 2..CO (FSB(N19• 0)*XB(3) 00008490
ASN= 0. 00008500
ABSNSO O. 00008510
DO 30 MI1,3 00908520
A SN~ ASN .SUNB (M) .VNOR MO (N) 00008530

30 A 8 S N S G~~ABSNS Q+VNORN8 (N) ..2 00008540
A SN ASN/S~j~~~~~~~ S~_) — 0 0 0 0 8 5 5 0
I F (ASN .GT .0.601745 ) INTRFL ( MA S )1 00008560
DO 40 M~~1,3 00008570

40 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 000085~~~
IF(NFENCC.GT. 0) CALL INTFER (DATA F ,MF ,NFENCL ,XE, RFLTNB, INTCRF, 00008590

1 MA S,OWO RKS) 00008600
00 50 1~~1,3 _____ 

00069610
R F L T t 4 ( M )~~0. 0 0 0 0 8 6 2 0
X ( M ) O. 0 0 0 0 8 6 3 0
DO 50 M~~1,3 000 08640
RFLTN (M) RFLTN(N) ,OIRCOS (K,M)SRFLTNB(K) 00008650

50 8 (M) :X(M).OIRCOS (K,N)~~XB (K) 00008660
CALL QUADf1j~ NC ,ON(,[ ~~~,j~~~~,~~~~Q,ZERO ,ZERO,Z (RC ,ZER 0,002, 00008670

1 RFLTN(1),RFLTM (2),RFLTN (3),X (1),X(2),X(3) ,XI1,YI1,ZI1,X12, 00008680
2 YT2.2I2,INTC ) 00008690
IF(INTC.EQ.1) GO TO 55 00008700
CALL SORNOT (RFLTN(i),RFLTN(2) ,RFLTN (3),X (1),X(2),X(3),XT1,YI1,ZI1,00008710

1 ISHAD) . 00008720
IFU $HAD.CQ .1) GO TO 55 00008730
X 11 :X I2 00008740
Y 1 1 Y 1 2  000 0875 0
ZI1~~ZI2 00008760

55 CONTINUE 00008770
ALPIIA 2 (MAS ):RA D .A TA N 2 (ZI1,SQRT(X I1*X I1+Y I1*Y I1) ) 00008780
BETA2( MAS) 8A 0 .A TA N2 (Y I1,XZ 1) 00008790

75 CONTINUE 00008800
60 CONTINUE 000088 10
100 CONTINUE 00008820

RETUR N 00008830
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0 LEVEL 21 GLINT DATE = 78102 10/47/48

— END 00008840
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6 LEVEL 21 SHADOW DATE 78102 10/41/48

SUBROUTINE SHADOW (OATAF ,MF,NFENC( ,XBS , SUN B,IS HADW, NA S ,OWOR KS) 00008850
DIMENSION 0*TAF(1),MF(1),XBS(1) ,SUNB(1),ISHAOW(1 ),OWORKS(t) ,XBF(3)00008860
APL:—~ UNB(1) 00008870
BPL:—SUN8(2) 000o888G
CPL —SUNB (3) 00008890
flPI —A PI .~~RSfll—RPL .!R~~t,)—CPL.IfiSI3~ 00006903
THCTA :0. 00008910
IF(APL.N (.0.0.OR.CPL.NE.0.0) TH (TA ATAN2 (APL, CPL) 00008920
ALP HA~~ATAN2 (BPL.SQRTt*PL.APL .CPL*CPL) ) 00008930
SNTH~ SIN (THETA) 00008940
CSTH :COS (TH(TA) 00008950
SNAL S IN(ALPHA )  0000896 3
CSAL :COS(ALPIIA) 00008970
SAST :SNALISNTH 00008980
SACT SNAL s~~~LM 00008990
CAST CSAL*SNTH 00009000
CACT CSAL.CSTH 00009010
DO 50 II1 NfLttC~ ____________________

~ 

00009020
KF=MFII  00009030
NP TS f~~DATAF (KF).0.5 00009040
DO 30 J=1 .s-NPTSF 000096~~D
L1 (4 1).3 00009060
LK~~~J—1)~~2 00009070
00 10 K 1.3 ~ _____________________________________________________

10 XBF (K) OATAF (LI .K.1) r :.~ 09o90
CALL PL.ANPT (APL,BPL,CPL,OPL,SUNB ( t),SUNB (2),SUNO( 3),01SC,XSF(1), 00009100
1 XAPt2).X8F(3).X1N1P~~YLN1f ,L&IP L ‘30069110
CALL . SORNOT (SUNR(1),SUNR (2),SUNB (3),XBF (1),X86(2),89F (3).X0NTP , 00009120

I YINTP,ZINTP.ISH ) 00309130
IF(ISH.EQJ 10 1Q 5.a — — - —I ~~~~~~~~~ 0000 9160

20 DWORKS (LK .1 )~~X INTP .CST H—Z INTP .SMTH 06009150
O W O R~~S LK.2)~~— XIN TP .SAST .YINTPSCSAL—Z I8ITP .SAC 7 00009160

30 CONTINUE 000091 70
XC :XBS D.CSTH—XPS 3 ISNTH 00009180
YC —XBS(1).SAST+XBS (2)SCS*L—RBS (3) .SACT 00009190
C6LL CIRCLEt O~~~S,0&PTM,jC5-tO ,JliC6) ~~~~~~~~~~ 00009203
IF(IMCR .EQ.Q) GO TO 50 00009210
ISHAOW( MAS)11 00009220
GO TO~ 60 —— -—-—— 000 09230

50 CONTINUE 00000240
60 RETUR N 00009250

~~~~~~~~~~~ — — ——---- —-—- - -- -——---I—- -—- 0 0 0 0 9 2 6 Q
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G LEVEL 21 PLANPT DATE = 78102 10/47/48 1

SUBROUTINE PLANPT (A,8,C,D,SL,SM.SN,DISC,X1,Y1,Z1,X,Y,Z) 00009270 
I

COMMON/TOLRS/TOLEQN,TOLSNT, TOL QPT,TOLINT,7010K1 ,TOLCK2, 0000g2~~0
1 TOLCK4,O (LT,TOLCIR,ANGST2,rOL 00009290
IFUBS SL).GE.ABS SN).AND.ABS (SL) .GE.A8S (SM)) OISC~~A.B.SM/SL. 00009300 1

1 C.SN/SL 00009310 I
IF(ABS(SL).LT.A8S (SN) .ANO.AJ$1~Jl).L(.ABS(SN)) DISC A’SL/SN’ 00009320 I

1 B*SM/SN.C 00009330
EF (ABS (SL) .LT•ABS (SM).ANO .ABS (SN).LT.ABS SM)) DISC A .SL/SM, 00009340

1 B.C~~SN/SM 00009350
IFUBS (OISC).LT.TOL) RETURN 00009360
IFI ABS (SL).LT.ABSISN) .AtID .ABSISM ).LE .ABS(SN)) GO TO 10 00009370
IF (A9S (SLL.LT• ABS(SN).ANO .A8~jjNi,~.L,~~BS (SM)) GO TO 20 0000 9380
X :(—D—8.Y1.B.X 1.SM/SL—C *Z1~~C X1.SN/SL )/OISC 00009390
Y Y1.SM .(X—X1)/SL 0C 009400
Z:Zi.S !4.(X—X1)ISL 0 0 0 0 9 410
RETURN 00009420 I

10 ZI(—C~~A .X1.A .Z1.SL/SN B*Y 1.8~~Z1~~SM/SN)/D0SC 00009430 F
X~~X1 +SL.(Z—ZO)/SN 00009440 

I

Y YO.SM .(Z—Z1)/SN 00009450
RETUR N 00009460

20 Y: (—D—A .X1.ASSLSYO/S#—C.Z1.C’SN*Yl/SM)/ (ASSL/SM+B.C*SN/SM) 00009470
XIX 1•SLC(Y—Y1)/SM 00009480
Z Z1.SN.(Y—Y1)/SN 00009490
RETUR N 00009500 I
END 00009510
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0 LEVEL 21 SORNOT DATE = 78102 10/47/48

- 

SUBROUTINE SORNOT (SL,SM,SN,X1 gyl ,Z1,X,Y,Z,XSHAD) 00009520
COMMON/TDLRS/TOLE QN,TOL,TOLOPT,TOLINT,TOLCK1, TOLCK2, 00009530

1 TOLCK4,DELT,TOLCIR ,ANGST2,TDLPLT 00009540
ISHAD:2 00009550
SLO :X— X 1 000095 60
5M1:Y—Y1 00009570

SN1 Z—Z 1 00009580
IF( (ABS (SL1).ABS (SMO )+ABS (SN1 P ).LT.TOL) RETURN 00009590
DIR~~Q.0 00009600
I F (ABS (SL ) .GT.TOL ) DI R SL1/SL 00009610
IF ABS(SM) .GT.TOL ) DIR OIR .SM1/SM 00009620
IF (A~~~[5NJ ..61,JOLLD1R:OIR.SN1/SN 0000 9630.
IS MAO I 000096 40
IF (DIR.LT.0.0) ISHAD: 0 00009650
R E T U R N  00009660
(N D  0 0 0 0 9670

~~~~~~~~~~~~~~~~~~~~~~~~~~
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6 LEVEL 21 INTFER DATE ~ 78102 10/47/48

‘ 
SUBROUTINE INTFER (DATAF,MF,NFENCE,XBS,RFLTNB,INTERF,NAS ,DWORKS ) 00009680
DIMENSION DATA F (1 ),NF(j),XBS (1),RELINB(1),INTERFCO),DWORKS (1) , 00009690

1 XBF (3) 00009700
APL —R FLTNO( i) 00009710
BPL — RFLTNB (2 ) 00009720
CPL:— RFLTNB (3 ) 00009730
OPL APLSX 8S( I )—BPL.XBS (2)—CPLCXBS ( 3) 06009140
TH ETA O. 00009 750
IF (APL .NE .0.0.OR.CPL.NE.0 .0) THETA ATAN2 (APL ,CPL) 00009760
ALPHA :ATAN2(BPL,SQRT(APLSA PL .CPL ’CPL)) 00009770
SNTH SIN (THET A ) 00009780
C S T H : C O S ( T H E T A )  00 0 0 9 7 9 0
SNAL SON (ALP H#) 00009800
CSAL COS (ALPH A ) 00009810
SA S 1’ :SNAL~~t~IkL. —- 00 00982 0
SACT SNAL .CSTH 00009833
C A S T~~CSAL .SNTH 20009840

— CA CT :C SA L .C S ~~~P’t — 000 09850
DO 50 I~~1,NFENCE 00009860
KF NF (I) 00009870
NPTSF :DAT AF (KF-)+0.5 00009880
00 30 .J 1,NPT SF 00009890
LI: (J— 1)•3 00009900
L K :(J— 1)*2 00009910
00 10 (:1,3 00009 920

10 RB F(K )~~DATAF(L I4K+ 1 ) 30009930 
CALLfLANRT(~fLi~ PL,CP~L,OPLi~~EL1N0fljtELLLti8k2),RFLTN0(3),OISC, 0p309940

1 X B F (1 )  ,X8F (2) ,XE F (3 ).RINTP,YZNTP ,ZINTP ) 00009950
C ALL SORNOT(RFLTNB (1),RFLTNB (2),RFLTNO (3),XBF (1),XBF (2 ),XBF (3 ), 03009960

— L 1111P 5-1INTP .Ll OflPtLS hJ 0 0 0 0,__,__17 Q_
IF(ISH.(G.1) GO TO 50 00009980

20 DwORKs (L6 .t )~~XINTP .CST~i— Z INTP •SNTH 00009990
DWORKS (LK .2) —X INTP~~S~AST.Y INTPSCSAL ZINTP.SACT oooioooo

30 CONTINUE 00010010
XC :XBS (1)SCSTH XPS (3).SNTH 00010020
YC :—X8S(1).S

~~
ST.X5S (Z).CSAL-89S (3

~~
5SACT 0001OQ~ Q

CALL CIRCLE (DWORKS.NPTSF, XC,YC, LNCR) 00010040
IF (I N C R. EQ . 9)  GO TO 50 0 0 0 1 0 0 5 0

INTC~~f (MAS )~~1 ~~~~~~ 00010 060
G O  T O 60 0 0 0 10 0 70

50 CONTINUE 00010080

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 0 00 1 00 9 0
E N D  0001 0100
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S LEVEL 21 QUADPT DATE ~ 78102 10/41/48

SUBROUTINE QUADPT(A .B,C,D,E.F.6,H,CK,CL,SL,SMCSN,X1,Yi,Z1,XI1,YI1 .00010110
1 ZI1,XI2,Y12,ZI2,INTC) - 00010 120 F

COMMOPt!TOLRS/TOLEQN,TOLSNT,TOL .TOLINTCTOLCKICTOLCK2. 00010130
1 TOLCK4,OELT,TOLCIR ,ANGST2 ,TOLPLT 00010140
INTC O 00010150 F
IF(ABS (SL).LT.ABS (SN).AND.ABS(SM).LE.ABS (SN)) GO TO 30 00010160.
IF (ABS (SL).LT.ABS(SM).A840.ABS (SN).LT.ABSCSN)) GO TO 50 00010170
SA A .B*(SM/SL)**2+C. (SN/SL).*2+O.SM/SL.F *SM*SN/SL5*2~ (.SN/SL 00010180
SB=2.SB *Y1*SM/SL—2.SB’X1*(SN/S1)**2+2. C*Z1 SN/SL 2. C X1S 0001019Q

I (SN/SL)**2+O*Y1—0*Xt.SM /SL+E*Z1’ E*Xl*SN/SLSF*ZI*S$/SL F*X l ‘SMS 00010200
2 SN/SL.s2.F~ Y 1.SN/SL—F.XISSM*SN/SL**2+G+H SM/SL .CK*SN/SL 00010210 F

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00 0j~~~~0
1 (5N/SL)*.2 2.’CSX1 *Z1*SN/SL.F YO *ZI F*X 1*Y1 .SN/SL—F X1*Z1~~SM!SL. 00010230
2 F .X 1*X ICSMSSN /SLS*2+H*Y1 H*X 1.SM/SL .CK .Z1—CK*X155N/SL .CL 00010240
ICONTR :1 00010250

5 O I S C~~SB*S 8—4 ..SA .SC 00010260
IF (t)ISC.LT. OBSISA )/1C .) RETURN 00010270
IF( O ISC~ L T• 3 5 0 J~ KE1LO&N 000 10200
IFCABS (SA ).6E.TOL ) GO TO 10 00010290
IF (ABS (SB) .LT.TOL) RETURN 00010300
*1 1=—SC/SB 0001031 0
INT C~~1 00010320
IF (ICONTR.EG. 2) GO TO 60 00010330
IF (ICONTR .EQ .3) GO 10 40 00010340
GO TO 2 0 00 010350

10 X I 1=—S8/SA/2..SQR1 (OISC)/S A/2. 00010360
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -  00010370

!NTC:2 00010380
IF (ICONTR.EQ .2) GO TO 60 00010390

— 1F(ItONt RJ~~j LG O 1Q 43 ~~~~~~~~~~ - 00010400
20 ‘(I1 Y1~~SM5(XI1CsX1)/SO. 00010410

Z I1~~Z1iSN~~(X I1— X1 )/SL 00010420
TF~~TNTE~.FQ51) RFTURN 00310410
Y12=Y1 .SM5 (X12—X 1 )/SL 00010440

: Z 3 2 ~ Z1 .SM .(X12— X1)/SL 90010450
— REIUIRjL ______ ~~~~~~ _ _______ 0 0 0 1 0 4 6 0

30 SA=C -s B -.(SN/SN)..2.A .(SLISN)..2*F.SN/SN+E.SL/SN*DSSMSSL/SNC*2 00010470
S8 2..8.Y1*S5/SN—2 .S8.ZISISM/SN )S*2+2. A .X 1 SLISN 2.SA *Z115 03010480

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00010 490
2 SL/SN.52.D’Y1 .SL/SN— 1*Z1 .SN.SL/SN•*2*CK’SHSSM/SN .G.SL/SN 00010500

SC~~B.Y 1.Y1.B.Z1.Z1.(SM/SN)..2—2.*8.Y1.Z1*SM/!N+A*X1 .X1+A .Z1*Z1 . 00010510
F — 1 jSL/SP~~*•2—2.*A .X1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 D.Z1 .Z15S M.SL/SN ..2+H.Y1~ HCZ15SM/SN •G.X1—G IZ1*SL/SN *CL 00010530
IC O N T R : 3  0 0 0 1 054 0

~~~~~~~~~~~~~~~~~~~~~~ - - - - -~~~ — —--—-— —-I-—----- - - — ———____________________

40 ZII:*I1 00010060
YI1~~Y 1.SM .(Z11—Z1)/SN 00010570
XI1 :X1~SL~ S ZLL~2k) L~ i 00JJ10i 0.
IF (INTC .E0.1) RETU RN 00010590
Z12:112 0301060 0

— Y12 Y1’.S1~~(.Z~L2oZflJSk_ 00010610
XI2 X14SL C( 212—ZIOISN 00010620
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6 LEVEL 21 QUAOPT DATE 78102 10/47/48

R ET U R N  000 10630
50 SA B.A.(SL/SM)*52.CC (SN/SM)**2+0.SL/SM.E*SL*SN/SM**2.F SN/SM 00010640

SB~ Z..A .X1.SL/SM—2..AaY1 !CSktSM)* *2+2.~~C’Z 1*SN/5M 2.*C*T1* 00010650
1 (SN/SM)..2.D*XI DSY15SL/SN (*X1*SN/SM+(*Z1*SL/SM 2 ..E*Y1.SL•SN/ 00010660
2 SN ..2+FaZ1—F *Y1.SN/SM.G.SL/SM.H.CK*SN/SM 00010670
SC A .X15X1.A *Y1CY15(SL/SMI* 2~~2.*A*Y1~~X1*SL/SM C5Z1*Z1+C*Y1’U* 00010680

1 (SN/S$)..2-2. .C*Y1’Zl .SN/SM4 (*X1*Z1—E .X1*Y1*SN/SM— (.Y1*Z1*SLISM . 00010690
2 (.Y1.Y1.SL.SN/SM..2.G5X1 G*Y1.SL/SM .CK*Z1 CK Y1~~SN/SM’C L 00010700
1CONTR~ Z 

00010710
GO TO S 00010720

60 Y11 X11 00010730
I Ii X i . SL S (Y I 1 Y I ) / 5 M ~~~~~~~~~ O p a l  0740
ZI1 Z1.SN (YI1 —VI )/S# 000107S0
!FAINTC .E Q.1) RETURN 00010763
Y12 X 12 0001 0770

~ I2 X1.SL* (YI2 Y1 )/SN 00010780
ZI2~ Z1.SN.(YI 2—V1)/SM 00010790
R(T URN ~~~~~~~~— —~~~ — 0 0 0 1 0 8 0 0
(NO 00010810
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I; LEVEL 21 OUTPT3 DATE 78102 10/47/48

SUBROUTiNE OUTPT3LOATAC ,DATAS,$s,TITLES,GAMNA,ALPHA25BETA2, 00010820
1 INTR FL ,ISHADW,INTERF ) I 00010830
DIMENSION INTRFL (1),ISHADW (1),INTERJ (1) 00010840
DIMENSION DATAC (1 ),DATAS (1 ),MS( 1) .ALPHA2 (1 ),B (TA2(1).TITLES(1) 00010850
LT:0 00010860

—----- 
MA S O 00010870

~ 
NPSI D A T A C 9 . 0.5 00010880

I OPSI DATACC O1 ) 00010890
I N P A N E L Z O A T A C ( 2 3 ) . O . 5  

~~I 
000 10 9 0 0

~ 
Do 90 1 1.NPANEL 00010910

I ~~ MS(I) -3 0010920
~ ~4PTS~~OA TA S (K ).0.0 30010930

~R IT [(6,1O2) (TITLES (MM),MM :1 ,80) 00010940

L T~~LT.80 06010950

~Rjj~~(6~~1 01) jTITL(SILT+MM )i~~~~L~~80) 00010960

Il 1C2 FOR MA T(OHO ,130A 1 ) 00010970
101 FORMA T(1H0, 51X, ’•~~• SUN GLINT SIGNATURE CSS ’/OHO,SX ,’REFLECTIV ( SU0601G9BO

---- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ — 0 0 0 1 C9 ~~~~~
W R IT E (6,103) GA M M A ,DATAC(12 )-,DATAC (4),OATACU3 ),OATAC(5 ), 00011000

I
I 

1 OAT AC (14 ),OA TA C (L5 ) 00011010
~I 103 FORMA T( 1P40,5X,’SUN ELEV ATIO N ’ ,F12.2,76X,’XROT’,F9.2/ 00011020

~ 1 IN .SX, ’A /C PITC H A TT ITUOE’ ,F7.2,76X, ’YROT’ ,F9.21 1H •5X, ’A/C ROLL 00011O3O
Il 2 A T T ITU DL ’ ,F 8.2,76X,’ZR OT’ ,F9.2/OH , 106X ,’DISTG ,F8.2) 00011040

~ R IT [(6,jO4) I ~ 
00011050

104 FORMAT (1?-’0. 5X,’A /C YA W’ .20X, ’RO UNDAR Y POINTS — — BODY AXES’ , 7X, 00011060
A ‘ S T A T U S  F LAGS FOR PO INT S ’ , l P X,  30011070

~~~~~~ LTJil!1 kH o 3 0 X . ’ S T  4I~ Q~{LJ~~C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00011Q8&

V I INR FL • ,4X,’ISN A D ’,4X,’I’~TRF ’ ,11X, 00011090
2 ‘AZI’-~UTH’.3X, ‘ILEVAT ION /IH ,3s ,X , SY 5 ,9X ,CY~~~,9X ,S Z 5 )  0 00 111 00

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-— — - -----——- —- -—-—-——~~~ 
02011110

PSI D ATAC (10) —DPSI 00011120
DO 60 J 1,NPSI 00011130
PS I PS I.DPSI _________________ 00011140.
DC 75 L:1,NPT S o o o i i i s o
MA S=MAS .1 00011160

~.3~~(L—1 ). 3.K 000111701
XB~~DATA S (N3 .1 )*DA TAC (12 ) 00011180

: Ye :DATAS (N3 .2 ).OATAC (13 ) 00011190
ZB:OATAS(N3 .3).OATAC (14) 00011203

F WRITE (6,105) PSt ,XB ,’fB,ZP.TNT RFL(MAS ),ISHAOW(MAS ) ,TNTERFtNAS), 00011210
1 BETA2(NAS ),ALPHA2 (MAS ) 00011220

135 FORMAU1HO,5x,F7 .2,19X,FR.2,2F10 .2,10X , I1,8X,11,8X,I1,13X,F7 .2, 00101 1230
1 44,86.2) 00011240
LINE S:LINES.2 03011250

_ i ~__ccNji U~~~~~~~~~~~~~~~ . 1__ ~~~~_~~ 
0 011~1~26~P

60 CONTINUE 00011270
90 CONTINUE 00611280

RETURN — ~~000112i0.

I 
E N D  0001 1 300

191
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G lEVEL 21 M IN MA X DATE = 78103 08 /54 /44

SUPROUT INE MINNAX (OATA C ,OAT AS,MS,A LPI4A2, BETA2,APLOT, BPLOT, INT RFL,  00011310
1 ISNAD~~.INT ERF.1PLT0L) 00011320

n T M r ~~cTnM f l I TA t f l 4 T a~~aI~~ c i i  £I PWL2 I I ~~~ P~~TA~~I1 I , f l A A i l~~ 4A

1 AP LOTt1 )  ,BPLOT( 1) . INTRFL ( 1) , ISHA QW (j ) , INTERFt1) , IPLTOL (  1) 000 11340
IRFLTN DA T A C 3).a.5 00011350

n nO i l” 0
N P S I : O A T A C I9).0.S 00011370
N P S I A 4 .C N P S I — 1 ) . 1  000 11380

fl~in _ i i ’g n
NAS:0 00011400
iAs=e 00011410
00 7p I~~j LP~PANEL 00C11440
KN:MS(1) 00011470
NPT S : 0 ATA S ( K’~fl.0.5 000 1148 0
DO 60 J=1.NPs1 00011490

00011500
DO SG L:l,NPTS 00011510

f l f l f lt i~~~~fl

IF( INT PFL(MAS) .NE. IRFLTN)  GO TO 50 00011530
I F ( 1 SI 4 A O W O ~AS) .t Q .j )  CC TO ~~ 00011540
IF( INTE RF(MAS) .EG.1) GO TO 50 00011~ Sfl
NP NP.1 00011560
IF(NP.GT .1 GO TO 10 00011570

ICBMT N=MA S 000 11590
P IGH 8LO~ 00011600
XRMA1 NA~ f l f lfl h i ~~ i f l

A LO W A LPHA 2 C M A S )  00~~11~~20
‘(AM IN MA S CO011~~30

________I±ILG.kILALCW
X A M 4X p ~A S 00011650

10 I F I B ( T A 2 ( M A S ) . G E . P L O W )  GO TO 20 000 11660
fl nA1~~L7Ii

KBM1N I~AS 00011680
20 IF( BETA2 (NA S) .L E. BHIG H)  GO TO 30 00011690

t~A f l j i 7 f l~
K P M A X = N A S  00011710

50 I F ( * L P H A Z ( M A S ) . G E . A L O W ) GO TO 4 0  000 11720
L I f l~~~~H P N & ~~(~~ &Si  f l f t f l i  i7 ’~fl

X A ~~1 N P ~AS 00011740
40 IF(A LPHA2 NAS .LE.A$IGN GO TO 50 00011750

— A H T (~H 4 [ P H A~~(~~A c i  fl~~ft h 1 7C,f l

N A ~~A X ~~NA S 00011770
50 CONTINU E 00011780

I F ( N P . G T . 0 )  GO TO 58 f l 0 f l h 1 7 e0~
A A V G O. 00011800
B A V G O. ~0011R1c
np  c~ I~~~i~~~ aPTS
M:~~AS— L.1 00011830
8A V G 8AVG.BETA 2~~~) 00011840

c~ 1 A V A A V~~.Ai PI1A2(M~
A A V G =A A V G / N PT S  00011860
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t
G LEVEL 21 M INMAX DATE ~ 78103 08/54/44

BAVG BAVS /NPTS 00011870
00 54 L1.4 00011880
I~~ Tn~ ~~ k~~~& I z i  f l f l D I  tA~~8
APLOTcLA S .L) AAV G 00011900

54 BPLOTCLAS.L) 8AVG 00011910
~~ f l f l f lh l , , f l

55 CONTINUE 00011930
00 56 L~~l,4 00011940

~~& T P I T f l ~~ t L A ~~.L) fl 00011930
APL01(LAS.1)~~AHIGH’0.25 00011960
BPLOT (LASs1 )~~PETA2 (KAIqAX ) 0001 1970
RDj L I I A ~~. p I I ’ U~~ f l . .~~’. 0 0 0 I I O R A
APLOT (LAS.2) ALPHA2 (KPPIN) 00011990
£PLOT(LAS .3):ALOV—0.25 00012000
PPL~ T-(L 1) tT

~ 2’~~~~ IP’

~PLOT( LAS.~~)8HIGH.O.25 00012020
4PLOT(LAS44)~~4LP~4~~7 ~~~~~~~ 00012030

r~k LA~~~LA.Z•&
60 CONTINUE 00012050

IST NPSI4.4 00012080
~~~~~~~~~~~~~~~~~~~~~~~~~

70 CONTINUE 00012100
RETURN 00012110

000 12120

193



S LEVEL 21 P8081 DATE = 78153 08/54/44

SUOROUTINE PROBL (OATAC .OATA S,MS.APLOT,BPLOT,XPLOT,YPLOT.DVORKS, 00012130
1OW~ Sp2,VPROB1,IpLTOL) 00012140
DIMENSION DATA Ct1) .CATAS(l) .MSt1)aAPLOT(1).PPLOT(1 ),XPLQT(1). 00012150
I YPLOT (11,0~ ORIcS (1 ),D~~~SP2I1),1PLTOL (1) 00012160
DIMENSION RPS(200),RpsN(200),SPSt200) 00012170
ni srP~~~Tf l~ RPcT ~~P( c f l f t 1~~ &1Np ~ fl ~~~~~~~~~~~~~~~~~ .MftUT E~~fl1 .RP~~UK 1 (~~~~01 • Orn i  2180

1 NW (1(20).RPSIIK2(500),NwK2(20 ),RPSVK3(500),NW1c3 (20) 00012190
ALOW DAT&C (16) 00012200
AHTCN .OATAC(17) 00012210
P(IP4 OATAC (19) 00012220
etTL :DATAC (1e) 00C12230
T4p~ LJAj UGh1—AL ow) .tEETH—0 ~~TL) 00012240
NPANEL :OATAC (23.0.5 00012250
~PSI:DATAC (9).0.5 00012260
MCE!Mt~~~ - ~ fl0 122 7fl

NSURF I:O 00012280
SWEC PO .  00012290
LASP O 00012100
LAS:O 00012310
DO 1$ I IØjPANEL 00012320
~ D c t p~~.~~~~~i - fl fl fl1~~~~~ fl

NPS!S=NPSI.1 00012340
00 3 J:1,NPSI 00012350
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NPSIS J
Ic (NPSIS .GT.NPST) GO TO 8 00012370
IF (NPSIP.LT.NPSI) GO TO 

~ 90012330
LE_LLPL~~ ’ fl I

P LASP :LASP.4 
~00L2400

DO 12 J:1,P~P~~t 00012410
--——~ .— Ir6.~~~ T.l~Ps4~.1---Gc-—To 12 — ~ 0O12t2-O-

I~~(J.GT.NPS~P) SC 70 12 00012430
XF INP~~IP—NPSIS .EG.C GO 70.9 00012440
~~~(J 6T .i&D7I~~t 60 ‘0 It
BAVGIZMPLOTILAS .4).PPLOULAS .2) 00012460
88v62:ePLOT (LAs.P).MPLOT (t.As.6) 00012470
IDL 11 .~ APif l T ( L A ~~,4)  0 0 0 1 2 4 8 0
YPL0T~~1) lPLOT (LAS.4) 00012490
IF (PAVG 1.GC.8AV52) GO TO 10 00012500

9 XPLOI.Ll.I NPLOTtLAS.2) 00012510
YPLOT (1) APLOflLAS .2) 09012520

10 LP J—NPS!S.2 00012530
1~P TL1J1~ 8PLDTn A~~•tI 00012340
YPL0TtLP):APLOT (LA ~~.1) 00012550
I~~(l#PSIP—NPSIS).E0.D) GO TC iCC 00012560
LL44.LT~~~~~~ID ~~~ ~~~ iflrt i~’cTn
S&VGI:PPLOTILAS .4).PPLOTILAS .2) 00012580
BAvG2:P PLO~~(LAS) •SPLCT CLA S— 2

~6I 18~ C4R.-1 91.*~X 1IS~~~) ~~~flI 2600
78107118.1 )ZAPLOTCLAS .4 00012610
!FIINPSIP—NPSIS .EQ.0) 60 TO 11 00012620

~ n T n  i i  0fl 0 t ~~ L,A
XPLOT (LP.i) :ep 1oT(LAs.~~ 0091~~640

194
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S LEVEL 21 P8081 DATE = 78103 08/54/44

YPLOTCLP.1 =APLOT (L*S.2) 00012650
11 LP 2aINPSIp-NPSIS.1)+3—14—NPSIS.I) . 00012660

1PL~~T (IP)~~RPL0T (IAS.~~) 0ftfl12~~7fl

Y PLOT CLP) APLOT (LAS.3 00012680
12 LAS LAS+4 00012690

TF (NPSTS.GT.NPST) GO TO IA 00012700

NCFS 2.CNPSIP—NPSIS.1).2 00012710

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CALL soRT (vpLoT,xpLoT,NCFS1,a(m,PETL,OwKsp2) 00012760
IF(NCFSI.EQ.0)  GO TO 14 00012770
CALL 5p07 DLOT ,YD 1pT~~Mrr51, &~&IGI4 ,A LpL~,DW ~~5D2,
IF(NCFS 1.EQ.0)  GO TO 14 000 12790
CALL AREA(*PLOT ,YPLOT,NCFS1,YINTG ) 30012600
~WrrP~~~UFrP.YTPTr~
NSURFI NSURFI .1 “0012840
NINP (NSUR~~I) NCrS1 00012850
N2 2.NCFQ I flflfl1~~k~~fl

00 13 L 1.NCFSI 00012870
42:IL—t).2 .t 00012880
RPSIP4P C NCUMI.,J2):X PLOT(L) 00012890

13 RPSINP (NCUMI.J2•1 )2Y PLO T ( L )  000 12 Q 00
NCUMI NCUMI.N2 00012910

I A  rnMTT~~lfr

00 15 KKK:1,NCFS2 00012930
LML~~( K K K — 1 ) .2  00012940
V O L O T I DIt nDW ~~I I W I .l1

15 Y P LO T ( K 8 i~) DW O R K S ( L ~’L.2) 00012°60
NC FS NCFS2 00012970

i~~ fill ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l%11fl12g29

IFINCFS.E Q.C) GO TO 18 00012990
CALL SORT (XPLOT, y PLOT,NCFS,AHIGI4,ALO~~,DW X S P2)  000 13000
!FlNt~~~ _ Ffl.fl) GA ~ n nfiflI~~n 1n

CALL A R (A (X P L OT , Y P L O T , N C F S ,Y I N T G ) 00013020
SWCE P SW ECP.Y INT G 00013050
N8I~kEj N8LJRFI.1
NINP (NSURFI):NCFS 00013070
N2:2.NCFS 00013080
00 17 LTI NtF8 f l 0 f l 1~~fl9fl

J2 (L—1) .2.1 00013100
RP5INpU~C UpqL .42 )=x PLOT(L0 00013110

_12. ......&P.S.IMP.,JaC.LIML.. 1 2 . I l=,P I f lT , l  i “‘011120
NCUMI2NCUMI.N2 00013130

18 CONTINUE 00013140
V PROPL:0. 90013150
IF(N SURFI.(Q .0)  RETU P N . 000131~~0
NPTS=NINP( 1)  00013230
M222•~ PT8 flfl 0t~~,80

DO 30 Lz1.N2 00013250
30 8PSOUT1L)~~#PSINP1L) 00013260

NCUTII)ZNPT&
NSURFD~~1 00013280

_ _  __-- I
________  -
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6 LEVEL 21 P8081 DATE 78103 08/54/44

NCUMO N2 00013290
Ir(NsuRFI.Eo.1, GO TO 85 00013300
M~~1IM 1 Il2 0001 ~~~Ifl

DO &i T 2,NSURFI 00013320
NR:NINP(I) 00013330
N3 3—NR 00O1~~~k0
DO 40 L 1,N2 00013350

40 RPSVKI (L) RPSINPIL.NCUMI) 00013360
MUM1 I I I J . IR 0flhl1~~~ 7fl

NSW K 1:1 00013380
NCUMI NCUMI.N2 00013390
NcUM D 00013400

00 70 K:i,NSURFO 000134 10
NS NOUTIK ) 00013420

_____________ 30013430
DO 50 1:1,82 00013440

50 SPS( L) :RPSOUT(NSUN .L ) 00013450
NSUM NSIJreM2 fool  ~&~~p
N CUMI O 00013470
NCUM3 O 00013480
USLLF3 O

00 62 .J 1,NSIJKI 00013500
NR:NU81(4i 00013510
N2:2.MR f lf lf l I 3~ 2fl
00 55 L:1,N2 00013530

55 qpS( L I :RPSWK IeL.NCUM1)  00013540
I~t 1 ~~~~~~~1.N2 llflfl13~ 1fl
CALL OVRLAP IRPS,hR ,SPS,NS,RPSWX2,PISWK2,NWI(2,RPSN) 00013610
IFtNS~~K2.E3.~~

) GO TO 83 00013620
— ~~~~~~~~~~~~~~~~~~~~~ 00’~13f, 10

NP TS NW K2 IN I )  00013640
IFCNPTS.GT .5 t i  GO TO 80 00013650

~~~ ~~~~~~~~~~ fl”~~1~~””NCUM2:0 00013670
00 60 NI 1,NSWK 2 0001368 0

• ~&~ W~~3 NShK3~~1
NP1S NWK 2 (N I ) 00013700
NUK3 ( NSWK 3 ) NPTS 00013710
‘ I2 2 $ ~ tS fllA1~~72fl

00 56 L 1,N2 ~0013730
56 RP$~)K3INCUW~.L):RPS~ K2 1NCUM2.L) 00013740

MCJJM2~~ ’CIJ~ 2~”2 ‘lfl flI .37~~fl

8CU83 8CU83+82 00013760
• 60 CONTINU E 00013770

1.2 C O N T T M L I r 000l3lA Q
NSWK1:NSWK I 00013790

~ CUM1 0 3001 3800
~~~~~~~~~~~~~~~~ ~ 

1100 1 381 e

NPTS:NWK3e.J, 00013820
N2 2*NPTS 00013830
N~~WI t J0~~ P JPT~~ 00013840
DO 65 L:1,N2 00013850

196
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6 LEVEL 21 PROBL OATE : 78103 08/54/44

65 RPSWK1(NCUM1 .L) RPSWK3CNCUN1 .L) 00013660
68 NCUM1~~NCUM1.N2 00013810
70 CONITMUE - 0001 38*0

NCUM1 :0 00013390
DO 74 Ut,NSVK 1 00013900
MPTS:NWK11J ) f t f l f l I~~ 4 1A

N0UT(NSUR FO.J)~~NPTS 00013920
N2~~2~~NPTS 00013930
00 72 L:1.M2 00013940

72 RPSOUTINSUM .L )RPSWK1 (NCUMI4L ) 00013950
NCUM1 NCU#1.N2 00013960
~~5Ufl 34Sii~~.N2 .0001  3Q70

74 CONTINUE 00013980
NSURFO NSURFO.8SW 81 00013990

MO Cn L T Y I ~U C 00~~1~~”0fl
85 CONTINUE 00014010

NCUMO :P 00014120
cwA2:ft~ flflflLiI3O

00 95 I:1,NSURFO 00014 160
NPTS NOUT ( I)  00014170
N2 2* NPTS - 00014180

DO 93 L:1,NPTS 00014200
L2:(L—1).2.1 000 14210
~PLO..T(L):RP~~OUT(NCUMC.L2) 0001*228

.3 Y.PLOT (L):RPSOUT (NCUMO.L2.1) 00014230
CALL *REA(XPLOT ,rPLOT .NPTS,YINTG ) 00°1*2!0

cc N CUMO NCUPO.82 • 00010290
VPR O# L :SIdA2 ITA REA 0001* 330

. _.I.E~~$~~A2. I.$W E(D.3_ V DC O8 L S  ht(°/T~ 
R EA —00 01 34p

l~~I’VPRO8L.LE.1.) RETURN 00014341
w R IT ( (6 , 2 0 0 )  • 00014 342

200 ~~f l P M A T I  ~ft0 ,..MAR ?a ~JG DRAG* I M MAO A 1f~~T rl1l TY A t A h l M T T M ~ coD. , 4345
1’ OVERLAP PROBABILITY GREATER ThAN ONE, ONE ASSUMED’) 00014384
VPROO L:1. 30014345
R F T I J P N  f l f l 0 1 4 3~~fl
END 00014560

197
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6 LEVEL ai OV8LAP DATE 78102 10/47/48

SUSIOUTINC OVRLAP (RPS,N* ,SPS,NS,RPSIN,NRPt.SN,NNPTSN,RPSM) 0001 4370
0IN~ N3ION IPS(1).SPS(I),*PSN(1).RPSIN(1).NNPTSNC1) 00014380
CALL c11ECk4 (ftPS.NR.SPS.NS) 10814390
NRPLSNZS 00014400
NSUNSO 00014410
I8zt 00014420
18231 00014430

16 XCZI P S(182) 00014440
yC38P!f 182.11 - 08014430
NS2z2.NS 00014460
CALL CINCLE ISPS.NS,XC,YC,INCR ) 00014470
I~~(INtR.NE.2) GO TO 17 00014480
I~ (IR.CQ.NR ) GO TO 120 00014490
18:18.1 00014500
182z2.IR—1 00014510
GO TO 16 00014520

17 IFLAO35 00014530
IF(INCR.EQ.1) IFLAG :6 00014540
N(XTZ O 00014550
IF(IFLAG.EQ.6) NRN O 00014560
IFUFLAG.E66 GO TO 23 80014370
NRPLSN3NRPLSN•1 00014580
NRN31 00014590
RP8NIII:YC 00014600
8PSNc2~~YC 00014610
IFLAG:1 00014620

23 IRPI:tR.i 00014630
IFCIR .(Q.NR) IRP1:1 00014640
1R2P122.IRP1—i 00314650
IOOUIL:0 00014660

36 *1 NPSIIRZ) 00014670
Ylg*PSC 182.1) 00014480

35 8238PS(IRZP1) 00014690
Y2TRPS(I*2P1.1) 00014700
CALL INT(RCISPS,NS.X1,Y1.X2,Y2,X .Y.KL,IFAULT,IOOUBL, 00014710

1 XA LSO ,YALSO ) 00014720
IFlT~ LAG.(O.6,ANO.IFAU1T.E0.0) GO TO 70 00014730
IFIIFLAG.EQ.1.AND.IFAULT.(O.0) GO TO 4~ 50014740
1~ UFLA8 EQ .4.ANfl.IFAULT.E0.0) £0 TO 40 00014730
IF(IFLA6.EQ.6) GO TO 38 00014760
CALL CHECKZ(X2,Y2,RPSN,P4RN.ICHK) 00014770
IF (1CN~ .f0.1) GO 10 90 800147*0
IFLAST1 00014790
NRN$NIN.1 00014800
N812z2.NMN—1 00014810
RPSNCN8N2):82 00014820
RPSN (NRN2 .1)zY2 00014830

31 13*1881 00014840
182*2.18—i 00014850
IF IRP1.E0.1.ANO.IFLAS.E0.6) GO TO 90 00014860
1181*18.1 80014870

a • IF(!8.CG.Id8) IRPI:1 00014880
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6 LEVEL 21 CYRLAP DATE = 78102 10/47/48

112P1:2.IRP1—1 00014890
IDOUBL=0 00014900
6 0 TO 30 0001491.0

40 IFLAG:2 00014920
NCXT:IRP1 00014930• X SEP X 00014945
‘VSEP:Y . 00014950
CALL CNECK I(X .Y,RPSNeNRN,ICHK ) 00014960
IFucNk.Eo.n GO TO 90 00014970
NRN NRN.j 00014980
NRN2 2.NRN—1 00014990
RPSNCNRN2) :X 00015000
RPSN (NR Ps2.1):Y 05015010
IS=KL 00015020
1S2=2.IS—1 0001503.0
ISP1 IS.1 00015040
IF(IS.EQ.NS) ISPI 1 00015050
1S2P1 2.ISP1—1 0001506.0
100081:1 00015070
XALSO X 00015080
YALSO=Y 00015090
8018:0 00015100

50 ~1:SPS(IS2) 00015110
Y1:SPS(1S2.1) 00015120
X2:SPS(ISZP1) 00015130
Y2:SPS(IS2P1.1) 00015140
CALL INT ERCC RPS, NR.X 1,Y 1,x2 ,Y 2.X,Y .KL,IFA ULT ,TOOU BL.XALSO ,YA LSO) 00015150
IFtLPLAG ,CQ.2.ANO.!FAULT.EQ.0) GO TO 75 00015160
1F(IFLAG.C0.3.AND.IFAULT.t0.0) GO TO 75 00015170
IF( IFLAG.CQ.3.A~ Q~~cO IR.CG~ Jj GO TO 60 00015180
If IIFLAG.EQ .3) GO ‘TO 56 00015190
IFUFLAG.EQ.7 .AND.IFAULT. Q.O GO 10 75 00015200
1F(IFLAG.C0.7.AND.KOIR.CQ.fl GO TO 54 0001521.0.
CALL CIRCLE(RPS,NR,X1,yl,INCR 00015220
IFCINCR.(0.1) GO TO 56 00015230
IF (IFLAG.E Q.1) CO TO 30 00015240

54 CALL CIRCLE (RPS,NR,*2,Y2,INCR ) 00015250
IF (INCR.E Q.1) GO TO 60 00015260
IF (XFLAG.EQ.7) IFLAG I OO01527~
IF (IFLAG.E Q.1) GO TO 30 00015280
IFIIFLAG.CQ.7 IFLAG I 00015290
IFLAG:7 • 00015300
I0008L 1 00015310
XAL SO X 00015320
YAL$O:Y 00.0.15330
IF(INCR.CO.O GO TO 58 00015340
GO TO 68 00015350

56 NRNSNRN.1 00015360
N8N2z2.NRN— 1 00015370• RPSN(NRN2):X1 • 00015380
RPSN NRN2.nzyl 00515390
IQOUOL*0 00015400

199 
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6 LEVEL 21 OVR LAP DATE : 78102 10/47/48

IFLAG:3 00015410
58 ispi is 00015420

182P1*2.ISPI—1 00015430
IS IS—1 • 00015440
IF(IS.EQ.0) IS NS 00015850
1S2 2.IS—1 00015460
80188—I 00015470
60 TO 50 00015480

£0 NRN NRN+1 - 00013490
88N2:2.NRN—1 00015500
RPSN (NRN2)*12 00015510
RPSN (NRN2.1) Y2 30015520
IDOUSL O 00015530
IFLAG :3 00015540

68 Is=IsP1 00015550
1S2 2.1S 1 00015560
15P1Z1S41 00015570
IF(IS•(Q.NSL1SPI:1
1S2P1 2.ISPI—1 00015590
8018:1 00015600
GO TO 50 00015610

70 IFINRPLSN .EQ.0) GO TO 74 00015620
CALL CHCCK2 (X,Y,RPSIN,NRPLSN,NRPTSN .1CH82) 00015630
IVII.CHK2.Ea.1) GO TO 120 00015640

74 PIRPLSN NRPLSN.1 00015650
GO TO 76 00015660

75 0A1 L rHFCXl(1.Y.RPSN ,)JRPJ.I~~14K )
IF(ICHK.EQ.1) GO TO 90 00015680

76 NRN NRN.1 00015690
N R N2~~2,~NRN— 1
RPSN (NRN2):~ 00015710
RPSN (NRN2.1):Y 00015720
x1:x 00013730
Y 1:Y 00015740
!00U8L 1 00015750
XALSO :X 00015760
YALSO:Y 00015710
IFIIFLAG.E Q.6) IFLAG= 1 00015730
IF(IFLAG EQ.1) GO TO 35 00015790
IRP1 :KL.1 00015800
IF(KL.EQ.NR) IRP1:1 00015810
IR2PI 2A IRPI—1 0001582.0
IFLAG 4 00015830
GO 10 35 00015840

90 IFINRN.EQ.0) GO TO_ . 12L 000 .15850
IF(NRN.LE.2) NRPLSN:NRPLSN—1 00015860
IF(NRN.L(.2 GO TO 120 00015870
IF NEXT .CQ.0) GO TO 100 00015880
NRPTSN(PJRPLSN):NRN 00015690
N2:2.NRN 00015900
00 95 1 1,N2 00015910

95 RPSIN(I ,NSUM):RPSNU) 00015920

200 
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S LEVEL 21 OVRLAP DATE = 78102 10/41/48

NSUM:NSUM.N2 00015930
NRN O 00015940
Xi :XSEP 000 15950
Y1:YSEP 00015960
IFLAG:6 00015970
IRP1:NEX1 00015980
182P1:2.IRP1—1 00015990
!DOUBL:1 00016000

• XALSO XS(P 00016010
YALSO YSEP 00016020
IF NRPLSN.E0.5) GO TO 120 00016030
GO TO 35 00016040

100 X1 :SPSII) 0001 6050
Y1:SPS(2) 00016060
CALL CIRCLE (RPSN .NRN,31.Y1,IN CR ) 00016070
IF (INCR .(O.0) GO 70 110 00016080
X 1 RPSN (NRN2) 00016090
Y1:RPSN (NRN2.1) 00016100

CALL CLOSE (SPS,NS,X1,Y1,KN) 00016110
X1:RPSN(i) • 00016120
Y1:RPSN(2) 00016130
CALL CLOSE (SPS,NS ,Xi.Y1,K1) 000161 40
00 103 8018=1.2 00016150
8:88 00016100.
IFACT :(~~1)..(KOIR.1) 00016170
DO 102 1 1,NS 00016180
L:K+IFACT* (I—1) OO0l61~~Q.
IF(L.GT.NS) L:1 0 0 0 1 6 2 0 0
IF (L.LT.1) L:NS 00016210

______________ 000
IF (L.tO.NS.AND .XOIR.fQ.2) K NS.I—1 00016230
L2:2 .L—1 0001624 0
8:888.1 00016250
82:2 .8— 1 00016260
RPSN(M2):SPS(L2) 00016270
RPSN M2.i)=SPS(L2.1) 00018280
IF(L.EQ.K1) 60 TO 1020 00016290

102 CONTINUE 00016300
1020 DO 1025 KK :1.NS 00016310

882=2.8K—i 00016320
*1 SPSCKK2) 00016330

_________________ 00016340
CALL CIRCLECRPSN,M, Xi,Y1,INCR ) 00016350
IF (INCR.C Q.1) GO TO 103 00016360

1025 CONTINUE 0G01 6370
GO TO 104 00016330

103 CCNTINU( 00016390
WAITE(6,200) 00016401

200 FORMAT (LH1,’SOM(TNING VRONG OVRLAP SUBROUTINE’) 00016410
STOP 000 1692C

104 NRPTSN(NRPLSN):M 00016430
• 82:2.3 00016440

201
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6 LEVEL 21 OVRLAP DATE : 78102 10/47/48

00 1040 1 1.N2 00016450
1040 RPSINCI+(SUIO RPSN(1) 00016460

NSUN*NSUH.N2 00016470
RPSN (1) RPS (NRN2) 00016480
RPSN(2):RPS(NRN2.1) 00016490
8:88 00016500
00 107 I1,NS 00016510
L=K—IFACT.(I—1 ) 00016520
1F L,~!.. !~

) 1:1 •. 00016530
IF(L.LT.1~ L:NS 00016540
IFIL.EQ .1.ANO.IFACT .EQ . 1) 8:2—I 00016550
IF(L.(0.NS.AND.I.FACT .EQ.1) K NS .1—1 00016560
L2 2.L 1 00016570
3:1.1 00016580
32:2.3—1 00016390
RPSN (M2)~~SPS(L2) 

00016600
RPSN (M24~t):SPS (LZ.L) 00016615
IF(L.EQ.~~~) GO TO 108 000 16620

107 CONTINUE ‘ 00016630

108 ~~ 3+~ 
00016640

82:2!3 1 00016650
RPSN(M2) RPS (i) 00016660
RPSN (32.i):RPSI2) 00016670
NRPLSN NRPLSN.1 00016680

GO TO 115 00016690

110 #:NR N .00016700
113 NRP1~SM(NRpLSN):M 00016710

N2:2.M 00016720
DO 118 1:1,82 0001 6733

118 RP8tNtI.NSijAL~&E3N (I) 
000 16740

NSU#:NSUM.N2 00016750
120 CONTINUE 00016760

RETUR N 00016770
END 00016780

202
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6 LEVEL 21 INTERC OAT E 78102 10/47/48

SUBROUTINE INTERC (POINTS,NPTS .X1,Yi,X2,Y2,X,Y,KL,IFAULT. 00016790
1 IDOUBL ,XALS O,YALS O)  00016800
DIMENSION POINTS (1) 00016810
DIMENSION IPTS (200),XINT (200),YINTC200) 00016820
COMMON/TOLRS/TOLE QN,TOLSNT,TOLQPT,TOL,TOLCK1,TOLCK2, 00016830

• 1 TOLCK4.DELT .TOLCIR .ANGST2 .TOLPLT 00016840
NINTC O 00016850
IFAULT :1 00016860
DO 74 I:1.NPTS 08016870

• IP1:I.1 00016880
IF(I.(Q.NPTS ) IP1:1 00016890
12:2.1—i 00016900
12P1:2.IP1—1 00016910
83:POINTS (12) 00016920
Y3 PO INTSII2.1) 00016930
X4:POINTS (12P1) 00016940
Y4:POINTS (12P1+1) 0001695 0
YMIN:X3 00016980
X#AX X3 00016970
YMIN :Y3 00016980
Y M A X Y 3  0 0016990
IF(84.LT.X3) XMIN :X4 00017000
IF(X 4 .G T . X 3 )  X M A X :X 4  00017010
I F CY 4 . LT . Y 3 )  YMIN:74 00017020
IF (Y4.GT.Y3) YMAX Y4 00017030
XM IN:X MIN—TO L/2.  00017040
YMIN :YN1jj~.iLOkL2~ 000 17050
XMAX :X#AX.TOL/2. 000 17060
Y M AX Y M A X 4 TO L/2 .  000170 70
OFI I :12—11 00 0 1 7080
OEL2 :x 4—8 3 • oooiiooo
I F(A B S( DE L 1) . LT . T O L )  GO TO 10 00017100
SA1:~~Y2—YtIIflEj.1 00017110

SB1 :Y1— SA 1.X 1  00017120
10 IF A B S (O E L2 ) . LT . T O L  GO TO 20 00017130

S4 2 : ( Y 8 — Y3 ) / D t L 2  00017140
SB2:Y3—SA2.83 00017150

20 IF(ABS (D EL1) .GC.T O L)  GO TO 40 00017160
IF(A BS(DE L2 ) .GE.TOL )  GO TO 30 00017170
GO TO 74 00017180

30 NINTC:N1NTC.1 00017190
XINT (NIN]~CiTX 1 00017200
YI NT ( N I NT C ) SA2.X 1,S82 00017210
IPT SCNINTC): I  000 17220
GO TO TO — 0001 7230

40 I F ( A O S( D ( L 2) . Gt . T O L)  GO TO 50 00017240
NINTC :NINTC.1 00017250
I INT ( NINTC):X3 000 17280
YINTINIP4TC):SA1.83.S81 00017270
IPT S ( P4ZNTC ) : I  0001728 0

• GO TO 70 00017290
50 OIFFI :SA 1—S82 00017300
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S LEVEL 21 INTCRC DATE = 78102 10/47/48

IF (ABSCOIFFA).LT.TOL) GO TO 74 00017310
NINTC=NINTC~~1 00017320
XTNT (NINTC) (SB2—SB1)/DIFFA 00017330
TINT (NINT C) SA1 .X INTININT C) .SB 1 00017340
IPTS(NINTC) I 00017350

70 CONTINUE 00017360
CALL CHECK3 (XMIN .XMAX,YMIN .YM AX ,X INT ININTC ),YINT (NINTC),IBETW ) 00017370
IF (IBET~~.CQ.1) IPTS (NINTC):0 00017380

_j4 CONTINUE 00017390
IF NINTC. GT .O )  IFAULT :0 00017400
IF( IFA ULT.EQ.1) RETURN 00017410

000 17420
X#AX X1 00017430
Y M IN:Y1 00017440
YMAX :Y 1 00017450

1F 1X2 .LT.X1) XMIN :X2 00017460
IF(X2.GT.X1) X#AX :X2 30017470
IFC Y2 .L T . Y 1)  YMIN :Y2 o~~o174~ o
IF(Y2 .GT .Y 1)  YMAX :Y2  00017490
XM1 N X NIN—TOL/2 .  00017500
YMIN:YMIN—T OL/2.  00017510
X MA X :X MA X . TO L/2.  00017520
YMAX YMAX .TOL/2 . 00017530
DO 80 1:1,~~jNTC 050 17540
IF( IDOUBL.EQ.0) GO TO 75 oooimso
IF A B S CX I N T ( 1 )— X A L S O ) . LT . T O L . A N D .A B S (Y I N T ( I ) YA L SO ) . LT .  00017560

1 TOL l IPTS (I):0 00017510
15 CF (XINT(I).LT.XMLN) IPTS (I):0 03017580

IF (XINT (I).GT.XM A X ) IPTS (I)=0 33617590
IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 003176_QQ_
I F ( Y I N T I I ) .G T . Y M A X )  IPTS(fl :0 00017610

00 CONTINUE 00017620
IFAUL, T:1 0001763.0
00 90 I:1,NINTC 006 17640
IF( IPT S ( I) . EQ .0)  GO TO 90 00017650
IF( I F AU L T .C Q .0 )  GO TO 85 00017660
IrAULT:o 00017670
DIST :(XINT (I)_X1) ..2.(YINT (I)—V1) ‘.2 00017680
3:! 00017698
GO TO 90 00017700

85 DIST2 IXINT (I)—X1)..2i’ (YINT (I) Y1)*.2 0001771 0
IF’ C D IST2 .LT .O IST )  3:1 05017720
IF(M.EQ.I) DIST :OIST2 00017130

90 CONTINUE 00017740
IF(IFAULT. (Q.1) RETURN 00017750
KL: I P TS ( M)  030 17760
X :X INT( M)  00017770
Y YINT (M ) O0Ci7780
RETURN 00017790
END 00017800
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6 LEVEL 21 CLOSE DATE : 78102 10/47/48

SUBROUTINE CLOSE(A RRAY ,NPTS,X1.Y1,k) 00017810
DIMENSION A R RA YC1 )  00017820

• 8:1 00017030
DIST : (A RRAYI I )—X 1) .’2 . IA RRA TI 2 )—Y1 ) .*2  00017840
IFCNPTS.EQ.1) RETURN 00017850

• 00 10 I 2~~NPTS 00017860
12:2.1—I 00017870
OIST2 ( ARRAY (T2 )—X 1) ’ .2 . (A RR*VU 2” 1)—Y1 ) ’ . 2 00017880
XHOIST2.LT.DIST) 8:1 00017890

10 CONTINUE 00017900
RETUR N 000 17910
(ND 00017920
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6 LEVEL 21 CHECKI DATE z 78102 11/47/41

SUBROUTINE QI(CKi(X 1,YI,ARRAY.N,ICOMP ) 1S11793S
DIMENSION *81*7(1) •1117~4S
CONMON/ TO L*S!TOLCSN.TOLSNT,TOLQPT.TOLINT.TOL.TOLCK2. IUITON I

1 TOLCK4,DELT.TOLCIR ,A NGST2,TOLP LT 00017960
ICOMP:0 00017970
DO 10 1:1.8 00017980
12 2.I—1 8S0179~0
Z ARRAY (12) 00010000
Y:**RA7fl2.1 00018010
IF(AB SU—X 1) .LT.TO L.A N D.A BS(Y—Y 1) .LT.TO L) GO TO 15 0001 8020

10 CONTINUE 00018030
RETURN 00018040

15 ICONP 1 00018050
RETUR N 00018060
END 00011870
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S LEVEL 21 CN(CK2 DATE 78102 10/47/40

SUBROUTINE CHECK2(x1,Y1,AARAT ,PoPLS,NPTAR,1003P) 00018010
DIMENSION A RRAY ( 1) .NPT* R( 1) 000100~ 0
CQNNON/TOLRS/TOL (QN,TOL$NT,TOLQPT.TOLINT.TOLCK1.TOL . 11011101

1 TOLCK4,0(LT,TOLCIR,ANSST2,TOLPLT 00018110
ICONP=O 00010120
NSUM O 00018130
00 20 L:1,NPLS 00010140
NPTS NPT*R(L) 00018150
00 10 I:t,NPTS 10018160
82 85U3.2.I—1 00018 170
x :AR R*y ( K2 )  00018180
y:ARRAT (82 .1)  00018190
IF (ABS (XL—X ).G (.TOL) GO TO 10 00318200
IF(ABS (Y1—Y).GE.TOL) GO TO 10 00018210
ICOMP 1 00018220
RETURN 00018230

10 CONTINUE 50018240
NSUM:NSUN~~2 .N P T S  00018250

20 CONTINUE 0001.260
RETURN 00018270
(ND 00010280

_ _ _  _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



6 LEVEL 21 CHECK S DATE : 78102 10/47/48

SUBROUTINE CNEC K3(X NIN,XMAX ,y Mj N,YNAX,X,y,J 9(yW ) 00018290
ISETUxI 00010300
2F(*.LT.*MIN) 10(18:1 00013315
IF(X. ST.X NAX ) I&T8:1 00018320
IF(Y .LT .YMIN) IBE TV :1 00010330
IF(Y.GT.YM*8 I B E T W .!i. 00018340
RETU RN 00018350
EN D 000 183~ 0
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6 LEVEL 21 CH(C84 DATE * 78102 10147/48

SUBROUTIN E CNCCK4(RPS.NR.SPS.NS) 00018370
DIMENSION RPS(j ) ,SPS( 1) 0001030 0
COMNON/TOLIS/TOL(QN.TOLSNT.TOLOPT.TOLINT.TOLCK1.TOLCK2. 00018390
1 TOL,OELV,TOLCIR.ANGSI2.TOLPLT 00018400
00 50 I t.* 00018410
12:(I— 1)*2.1 00018420
1282:12.2 00018430
IF(I.CQ.NR ) 1282:1 00018440
XI1zRPS(12) 00018430
YR1tRPS (12.1) 00018460
8R2 *PS(12P2) 00018470
YR2:RP$(12P2.1) 00018480
ISVTCH O 00018490
IF (ABS (XR2 XR1).LE.TOL) ISWTCH:2 00018500
IF(A05 YR2—Y8i ) .L( .T OL ) !SW TC H 3 00018510
IF( ISW TCH .N( .1) GO TO 15 00018520
AS LO P(:( T R2—Y 81 )/ ( 182—X R I)  00018530
O INT Y R1— ASL O P( *XRI  000.18540
AINSLZ—1./ASLOPE 00018550

iS 00 20 J:1.NS 00018560
J2z(J—1).2.1 00010570
XS1 SPS J2) 00018580
YS1 SPS(J2.1) 00018590
SQ TO (1 6.11.18), ISWTCH 00018600

16 IS1Lz(YR1—TS1 .AINSL’XSl ASLOPE .XM 1)l(AINSL ASLOPL) 00018610
YS1LZYRI.ASLOPE.(XS1L XRI) . 00018620
D1ST SQ3jJjIS1L—XS1J_~~2±jtS_1L-YS1 )**2) 00018630
IF(DIST.GT.TOL) GO TO 29 00018640
ALPHA :ATAN (A INSL ) 00018650
XS1P:XSIL.OELT.COS (ALPHA) 00010660
YSLP:YS1L.D(LT.S1N(ALPHA) 00018670
CALL CIRCLE (RPS,NR ,XSIP,YS1P,INCR) 00018680
IF (INCR.CQ.0) SO TO 160 00018690
I SIP:*S1L—O (LT.COS (ALPHA) 00018700
YS1P YS1L O(LT.SI N (ALPH.)) 00013710

160 SPS (J2)=XSZP 
—- 00018720

SPSIJ2.U :YS1P 00018730
60 10 20 00018740

17 1.F(ABS (XS1—*82).GT.TOL ) GO TO 20 00018750
KS1P*IS1.O(LT 00018760
7518:75 1 00018770
CALL CIPCL(~ RPS.N*,j~1.P.YS1Ps1NCR ) 00018780
18(1NCR.t Q.0) GO TO 060 00018790
XS1P:xSj—O(LT 00018000
SO TO 160 00018810

18 IF (ABS (YS1—Y82).GT.TOL) GO TO 20 90018820
YS1P:YS1.O(LT 00013830
1518:151 00018840
CALl. CIRCL((RPS .Nl,XS1P,YSIP,INCR) 00018850
IFIZNC#.EQ.0) GO TO iSO 00018860
7$j p :T31—~~ LT 00018870
SO TO 160 00013880
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S LEVEL 21 CNECK4 DAT E : 78102 10/41/48

20 CONTINUE 00018890
30 CONT INUE 00018900

RETUR N 00818,10
ENO 00018920

I

210
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6 LEV EL 21 CIRCLE DATE = 78102 10/47/48

SUBROUTINE CIRCL((POINTS,NPTS.XC,YC,INCR) 00018930
D IMENSION P01875(1) 00018940
CD8NON/ TOLRS/TO LEQN ,TQ LSNT .TO LQPT.TOL IP4T ,TOLCK1 .TOLCK2, 00018950

1 TOLC K4,DELT ,10L1,*NGST2,TOLPLT 00018960
NPC:0 00018970

• NNC O 00018980
00 10 I:1,NPTS 00018990• 1,1 :1.1 00019000

— IF(I.(Q.MPTS) 181:1 00019018
• L=U—1)’2 00019020

LPI:4 IP1—i).2 000 19036
OISXI :POINTS(L.l)—XC 00019040
DISY1 POINTS (L•2)—YC 00019050
DISX2 POINTS (LP1.1)—XC 00019060
DISY2 POINTS (LP 1.~.2)—YC 00019070
IF (ASS (OISX1).LT.TOL1.ANO .ABS (OISY1).LT.TOLL) GO TO 20 00019080
IF ABS OISX2) .LT.TO LI.ANO.A BS OISYZ .LT .TOL L) GO TO 20 50019090
IF(A BS(O!SX1) .S(.TOL1) GO TO 3 00019100
IF(88S(01S82) .G E.TOLI) 60 TO 1 000 1~~110
IFIIOISYIID ISYZ).GT.0.0) GO TO 10 00019120
GO TO 20 00019130

1 IF(A BS(DISY2) .G( .TOLI)  GO TO 2 00019140
1:01512 0001~~i50
GO TO & 00019160

2 IF(A BS(O I SY1—01S12) .LT.TOL1) GO TO 10 00019170
GO TO 5 0001~~180

3 TFLAB5(OIST1I. GE.TOL I) GO TO 32 80019190
IF(ABS(01SX2).LT.TOL1) GO TO 10 00019200
IF (ABS (OISY2 ).6E.TOLI) GO TO 10 06019210
IF((OISX1/DZSX2).GT.O.0) 60 TO 10 00019220
GO TO 20 000 1~ 23 C

32 IFIA BS(01SX2) .GE.TOL 1) GO TO 34 500 19240
GO TO 36 00019250

34 IF(ABS (O ISY2) .G E.TOL 1)  GO TO 36 00019260
X:01SX2 00019270
GO TO 8 0001920(

36 IF(AB SCDISY2— DISY 1) .LT.T O L 1) GO TO 10 00019290
IF (ABS DISX2—OISX 1 .GE.TOL1) SO TO 5 00019300
18((OISYI/015y2).GT.O.6 ) GO TO 10 00019310
X:OI SX2 0001~ 320
60 TO 8 000 1~~33C

S SA*tOISY2—OISi1)/(OIS1.2.~01SXj ) 0001934fl
SB:DISY1—SA.OISX1 0001~~350
8 :—se/s A 0501936 0
iF(X .LT.DIII,AN~~ X.LT.Q~,$!J) SO TO 10 00019370
IF(X.ST .OIS I1.ANO.X.GT.O ISX2) GO TO iO 00019380

8 IF(A BS(X ) .LT.TOL 1) 60 TO 20 0001~ 3~ 0
IF(X .LT.0.OP NNC:NNC.1 00019400
1F 1.GT .0.0P NPC NPC.1 00019410

10 CONT INU E 00019~ 20
INC,R 0 00019430

• • IF(2. NPC/2).EO .NPC RETURN 00019440
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6 LEVEL 21 CI RCLE DATE = 78102 10/47148

1812.th8C12 .t0.NNC RETUR N 00019450
18(1=1 00019460
11711*8 00019470

20 INC*:2 00019480
RETURN 00019490
(NO _ _  00019500 •
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6 LEVEL 21 AREA DATE : 78102 10/47/48

SUBROUTINE AR(A(X,Y,NPTS,YINTG ) 00019510
DIMENSION X (i),Y(1) • 00019520
1L08 1(1) 00019530
XHIGH XLOV 00019540

• KMIN I 00019550
• 83*1:1 00019560

00 10 I:2,NPTS - 
00019570

IF(X(I).GC.XLOW) 60 TO 5 00019580
• KMIN I . 00019590

XLOW X (I) 00019600
5 IF(X(I).l.E.XHIGH) GO TO 10 00019610

83*1:1 O0Q1~ 620
• 18158 :8(1) 00019630

10 CONTINUE 00019640
IF (KMIN.(Q.KMAX) GO TO 70 00019650
Li:KMIN 00019660
12:83*1 00019670
IF (KMAX.LT .KMIN) L2:NPTS.KM*X 00019680
NTABS L2—L1 00019690
YINTG:0. 00019700
DO 20 L 1,NTABS 00019710
K1:L1.L—1 00019720
IFUI.GT.NPTS Kl Ki—NPTS 00019730
82:1.1.1 00019740
IF(K2.GT.NPTS) K2=82—$PTS 00019750
DX X(82)—X (K1) 00019760

20 YINTG YINTG.(OX/2.).(Y(K1).Y(K2)) 00019770
L2:KMAX 00019780
IF (K#Ax .GT.KMIN ) L2:KMAX—NPTS 00019790
NTABS=L1—L2 00019800
00 30 L t,NTABS 00019810
K1 LI—L.1 00019020
IFfKI.LT.1) Ki:K1.NPTS 00019830
82:11—1 00019840
IF (K2 .LT.1 K2=K2.NPTS 00019850
0X L (K2)—X(Ki ) 00019*60

30 YINTG:TINTG—(DX/2.)e(Y(Kj).Y(82)) 00019070
YINT6=ABS YINTG, 00019880
RETURN 00019890

70 7108:7(1) 00019900
YNIGH:YLOIS 00019910
00 80 I:2,jj ~~~$ 000 19920
IF(Y1I) .LT .Y LO9 ) T1O8 T t I )  00019930
IF(Y (I).GT.YHIGH) 78168:7(1) 00019940

• 80 CONTINUE 00019950
YINTG :TI4IGH—YLOW 00019960
RETUR N 00019970
END 

• 
000 19980
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6 LEVEL 21 PLOTOL DATE = 78102 10/47148

SUBROUTINE PLOTOL (OATAC,OATAS ,NS,TITLES,GAMMA,APLOT,SPLOT. 00019990
1 VPROBL,IPLTOL) 00020000
DIMENSION IPLTOL(1) 100213Ia
DIMENSION DATAC ( 1) ,OATAS ( 1) , MS(1) ,TIT L(s(1),AP LOTg 1) ,epLoT(1) 00020020
DIMENSION X PR(i0) ,OUT(9j) ,SyMBOL(9) 00020030
DATA BLANK,PERIOO.FI/1H ,IH.,1HI/ 00020040
DATA Sy$BOL/18A,1H8,thC,1HD,1HE,1HF,lp,6,1ps1(,1H3/ 00020050
DIMENS ION HEAD(9) 000200(0
1&RITE(6.101) (TITI ESCI) .1:1.8 0) 80028070

Id FORMAT ( i# i ,80Ai)  00020080
VRITE S,209, 00020090
WRIT((6,102) GAMM A ,DATAC( 4),DATAC(5) 00020100
ALOW :DATAC (16) 00020110
ANI6N:OATAC (17) 00020120
BNIGH=CATAC(19) 00020130
8LOW DATAC (18) 00020140
OEL*:($HIGH—BLOW)/90. 00020150
Ot1V= (*111614—&LO’d)/20. 00020160
KPRINT=5 00020170
NPAN(L:OATAC(23) .0.5 00020180
NPSI DATAC (9).0.5 00020190
DPSI:DATAC (il) 00020200
P5I:OATAC(10)~~OPSI 00020210

DO 20 1:1.NPSI 00020220
PSI:PSI.OPSI 00020230

20 HEAD(I):Psj 00020240
TY2:AHIGH.O(LY/2. 0002025 0
00 140 1=1.21 00020260
TT1=TY2—O (LT 00020270
DO 30 J:1,91 00620280

30 OUT (J):BLANK 00020290
IF KPRINT.EQ.5 OUTU)=FI 00020300
IFIKPRIlfl .PlE.5) OU1l1):PERIOD 00020310
IF(KPRINT.EQ.5) OUTC91):FI 06020320
IF KPRINT.NE .5) OUT(91):P(RIO0 00020330
IF(I.N(.1.AND.1.N(.21) GO TO 50 00020340
L:9 00020350
DO 40 J i ,91 00020360
L L.1 0002037 0
OUT(J):P (RIOO 00020380
IF(L.EQ.100 OUT(J) :FI 00020390

40 IF(L.EO.10) 1:0 00020400
50 CONTINUE 00020410

MAS :O 0002 0420
DO 90 K 1,NPANEL 0002043 0
DO 60 J:1 ,NPSI 003 20 4 40
00 75 1:1,4 000204 50
RAS *A$.1 00020 4 60
IF ApLOT MAS •GT.T72) GO TO 15 

• 00020410
IF(AP LOT ( MAS ) .LE.TY1) GO TO 15 00020 4 80
IFIIPLTOL(MAS).CQ.i) GO TO 75 0002.0~9O
T82:eLcV.DELX /2. 00020500

214
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6 LEVEL 21 PLOTOL DATE : 78102 10/47/48

00 55 3:1,91 00020510
TX1 TX2—DELX 00020520
IF(RPIOT(MAS) .LT.112.ANO.BPLOT(N*S).GE.TX1 ) GO TO 3* 80020530

55 TX2:T82.OELX 00020540
58 OUTtM) :SYMBOL(J ) 00020550
73 CONTTNIJ F 00020360
60 CONT INUE 0002057 0
90 CONTINUE 00020580

YPLQT TT2—O(LY/2. - 00020590
IF (KPRINT .EQ.5) WRITE(6,201) YPLOT,OUT,YPLOT 00020600
IF (KPRINT.NE.5) ~RITE(6,2O5) OUT 00020610
IF (KPRINT.EQ.5) KPRINT :O 00020620
KPRINT :KPRINT.1 00020630

140 T72:TY2—OELY 00020640
IPR(1):RLOW 00020650
DO 150 1:2,10 00020660

150 XPR (I):XPR(I—1).10..O(LX 00020670
WRITF (6.2fl4) 00020880
WRITE (6,202) 188 00020690
WRITE (6,207) 00020700
WRITE(6.217) VPRO8L 00020710

217 FORM*TUHO,1 058, ‘PROBABIL!Ty :’ ,F6.3) 00020720

~RITE (6,210) 00020730
00 160 1:1.4 00020740
K 9—NPSI.L 00020750
1F(K.LE .4) WRITE(6,2110 SYPBOL (L.),H(40 (L),SYMBOLIL.5),H(AO (L.5) 00020760
IF(K.GT.4.ANO.X.LE.9) WRITE (6,2121 SYMROI.CL),H(AD(L) ,SYMOOL (L.5) 00020770
IFIK.GT.9) ~RITC(5,213) SYMOOL.(L),SYMBOL (L.5) 00020780

160 CONTINUE 00020790
IFU4PSI.LT.3) W R1TE(6.2151 SYMOQ.L(3) 00020Rt0
IF(P~PSI.Gf.5) WRIT ((6.216) SYN8OL (5),HEAD (5) 00020810
WRITE (6,214) 00020820

210 FORMAT (/I/1N .22~~.78(’.’)/1H •22X~~’.’.74X. ’.’/1H •2?I.’*’.21. 00020830
1 ‘KEY TO PLOT SYMBOLS ’ .53X , ’.’/1H ,22X ,’.’,74X ,’.’/ 18 ,22X , 00020 840
2 ‘.‘,4X, ’SYMBOL’,5x,’A/C HEADING (DEG)’,lOX,’SYMBOL’,SZ. 0002085 0
3 ‘AIC~ H E A D I N G  (DEG) ’ . 4X .’.’) 00020880

2i1 FO R MAT ( 1H .228, ” ‘.78,A1,i2X ,F7.2,18X,A 1,12X .F7.2.98, ’.’) 00020870
212 FORMAT (1H ,228 ,’.’,71,A 1,128.F7.2,18X,A i,28X, ”’) 00020880
213 FO RMAT ( iN .22x.’.’ .71.Ai.371.Ai.2RX. ’.’) 00020*90
214 FOR MAT(114 ,22X,’.’.74X,”’/1H ,22X,’.’,74X s”’/1H .22X,76(’’’)) 00020900
215 #033*1(18 ,228,’.’.7X.A1,66X,’.’) 00020910
216 FORMAT( 18 •228.’”e78.A1.i2X.F7.2 .478,’.’) 00020920
102 FORI(AT(IHO,’SUN (LCVATION’ ,F12.2~~1M ,‘41C PITCH ATTITUDE’, 00020930

1 81.2/18 ,‘A/C ROLL ATT ITUD E’ ,F8.2I~ 1H ,‘OBS (RVER ANGL (’,938, 00020940
2 ‘OBSERVER ANGI(’/lH .38. ’OtGREES’ . lOOX. ’OEGREES’/) 00020950

204 #OPMAT (/) 00320960
202 #013*7(18 ,98,10F10 .3) 00020970
207 FORMAT (/,388,’GLINT AZIMUTH WITH RESPECT TO SUN — DEGREES’) 00020980
201 #033*1(1W ,F10.3,5X.91A1,1X,FiO.3) 00020990
205 #083* 7(18 .158,91*1) 0002 1Q00
209 FORRATI1H0.S01.’SUN GLiNT SIGNATURE’) 00021010

RETUR N 00021020

215
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S LEVEL 21 P10101 DATE : 78102 10/47/48

END 00021030
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• S LEVEL 21 ORPLOT DATE = 78102 10/47/48

SUBROUTINE DRPLOT (OATAC,DATAS,MS, GAMM*,ALPHA2,B(TA2, 00021040

• 1 INTRFL ,ISHAOW,INT (RF.XPLOT,yPLOT,IBUF,~1CONT.DWOR8S.OUKSP2,VPROBL)00021050
DIMENSION OATAC (i),OAT*S(t),MS (t),TITLCSIL),ALPHA2 (1),BET*211), 00021060
1 XPLOT ( 1),YPLOT ( i),IBUF ( 1),INTRFL ( 1),ISHADW (1),INTERF (1) 00021070

• DIMENSION OWORKS (1),DWKSP2 (i) 00021080
F IZPTS Q 00021090

ICONT 1 00021100
,JCONT:JCONT.1 00021110
IRFLTN:OATAC (3~~i.5 00021120
T HETA :DA T A C ( 4 )  00021130
PNI:DATAC(S) 00021140
NPAP~EL :DATAC (23).0.5 00021150
N P S I~~OATAC (9).O.5 0002116 0
IALPL :DATAC( 16 ) .0 .5  00021170
IF D*TAC (1o .LT.0,LJALPL :DATAC (I4i—0.5 00021180
IDAL :(DATAC (17)—DATAC (16))/2 ..O.5 000211 90
IB (T:OATAC (18).0.5 00021200
IF DATAC (18).LT.0, IBCT:OAT4C (18)—0.5 00021214
IDBET :(DATACC19)—OATAC(18) )/6.’O.S 00021220
8(11:18(7 00021230
DBT:IDBET 00021240
ALPL :IALPL 00021250
DAL=IDAL 00021260
M A S ~~0~~~~~~~~ 0 0 0 2 1 2 7 0
DP SI : DA T A C ( 1 1)  00021280
DO 90 1 1,NPAN (L 00021290 

0002 131L
NPTS:’~A 1AS(K).O.5 00021310
PSX :DATAC (10) —OPSI 00021320

— 
00 6 0 J 1 ,i~P St ______ 

030
PSI:PSI.DPSI 0002134 0
MPTS~ 0 000 22 3 5 0
DO 75 L:1,NPTS 0002136~
M*5:MAS.1 06021370
IF (!RFLTN .NE .INTRFL(MAS )) GO TO 75 00021380
MPTS :MPTS .1 0 0 0 2 2 3 9 0
XPLOT (MPTS):SETA2 (MAS) 00021400
YPLOT (MPTS):ALPHA2 (MAS) 00021410

• 75 CONTINUE 00021420
• IF MPTS.(Q.0) GO TO 60 00021430

CALL SORT XPLOT,YPLOT ,MPTS,OA TAC (17),OA TAC( 1 6),0W8SP2) 00021440
IF (M LS.EQ~3t 

GO TO 60 00021450
CALL SORT2 (XPLOT,YELOT,NPTS,MPTS1 ,MPTS2,OWORKS,DWKSP2) 00021 460
IF(MPTS2.EQ .o) GO TO 77 00021470
CALL SORT(YPLOT,J IQL,NPTSI1047AC (19),OATAC (18),QW !CSPZ! . O0~~2L~LQ.
IF MPTS1.CQ.0) GO TO 20 00021490
CALL 681.071 A LPL,OAL ,GAMMA ,THETA,PHI .PS1,M°TS1 .ICONT,XPLOT,Y PLOT, 00021500

IBUF,JCONT,8ETL,DBT,VPROBL,IZPTS) 00021510_
ICONT:C • 00021520

20 CONTINUE 00021530
00 76 KKK :1,MPTS2 000215~~~
LML :(KKK—i ).2 00021550

217 
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XP LOT(KKK) OWOR KS(LML.1) 00021560
76 YPLOT(KKK) DWORKS(LML.2) 00021570

NPTS MPTS2 0002158 0
77 CONT INUE 00021590

CALL SO RT (Y PLOT ,XPL OT, M PTS , DATAC ( 19 ) .DATAC ( 18) ,OW KSP2 ) 00021600
IFIMPTS.Ep.0 GO TO 60 • 00021610
CALL SPLOT(A LPL,OA L,GA MNA ,T HETA,PH I,PSI,MPTS,ICONT,XPLOT ,YPLOT, 00021620
I IBuF,~1CONT .B(TL,D8T,VpRO BL,IZPTS) *0021630

T(ONT : 0 00021648
60 CONTINUE 00021650
90 CONTINUE 00021660

IF(ICONT.E Q.0 RETURN 00021670
IZPTS I 00021680
CALL GPLOT (ALPL,DAL,GAMP (A,THETA,PHI,PSI,MPTS,ICONT.XPLOT,YPLOT, 00021690

1 IBUF,JCONT.8(T L ,08T ,V PRO8 L .IZPTS) 00021700
RETUR N 00021710
(ND 00021720

218
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SUBROUTIN E SORT (X PLOT, YPLO T ,MPT S,A HISH,ALO W,DWORK$ ) 00021730
DIMENSION *PLOT ( 1) ,YPLOT u) ,OWORKSU 00021740
INTC O 00021750
LPTS:0 000 21760
00 5 I:1,MPTS 000 21170
KPT (I—i).2 00021780
OW OR KS( KPT .1 ) :XPLOT ( I)  00021790

5 DWORKS (KPT.2):YPLOT (I) 00021800
00 70 1=1.MPTS 00021810
1P1:I.1 00021820

• IF (I.EQ.MPTS) IP1~~i 00021830
IFLI:2 00021840
IFL2=2 00021850
KPT (I—1).2 00021860
KPT1:(IP1—i).2 00021870
X1 :DWORKS KPT.1) 00021880
Y1 : OWO RK S ( KPT+2 )  00021890
12 :DWORKSIKPTI.1) 00021900
Y2:DWOPKS (KPT1.2) 00021910
1F171.GT.A1416H) IFLI=1 00021920
IF (72.GT.AHIGI4) 1FL2 1 00021930
IF (Y1.LT.ALOW ) IFL1:3 00021940
IF(Y2.LT.ALOW ) IFL2:3 00021950
IF (Y1.NE.Y2)~~RATIO:(X 2—X1)/ (Y2—Yi) 00021961
GO TO (1,2,3), IFLI 03021970
60 TO (11,12,13), IFL2 00021980

2 GO TO (21,22.23). IFL2 00021990
3 60 70 (31,32,33), 1FL2 00022000

11 IF (INTC.E Q.0) GO TO 60 00022010
LPTS:LPTS.i 00022020
XPLOT(LPTS):XSAV ( 00022030
7P101(LPTS) ’VS*VE 00022040
INTC:0 00022050
GO TO 60 00022060

12 IF (INTC.(0.Q GO TO 120 00022070
LPTS:LPTS.i 00022080
XPLOT (LPTS):XSAVE 00022090
VPLOT (LPTS) YSAVE 00022100

• IMTC:0 00022110
120 LPTS LPTS.1 00022120

XPLOT(LPTS):X1.RATIO .(AHIGH—Y1) 00022130
YPLOT [LPIS):AI400H 00 022 1 40
GO TO 60 00022150

13 1#(INTC .EQ.0) GO TO 130 00022160
LPTS:LPTS.1 00022170
XPLOT LPTS):XSAVE 00022180
YPLOTILPTS)=YSAVE 00022190

130 LPTSZLPTS.1 00022200
IPLOT (LPTS) X1.RATIO .(AHISI4—Y1) 00022210
YPLOT (LPTS) AHIGH 00022Z20
X SAVE X1 .RAT Z O . ( A L O W — Y 1 )  00022231
YSAVE :ALOW 00022240
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INTC:i 00022250
GO TO 60 00022260

21 IF( INTC.EQ.0) SO TO 210 00022270
LPTS:LPTS.1 00022280
XPLOT(LPTS) XSAV ( 00022290
tPLOT(LPTS):YSAVE 60022100 -

210 LPTS:LPTS.1 00022310
XPLO T(LPTS):x1 00022320
YPLOT(LPTS):71 00822330
XSAV (:X 1.RATIO’ (AHIGH Y 1) 00022340
YSAV E :AI4IGH 00022350
INTC :% O0022~~~
GO TO 60 00022370

22 IF (INTC.E0.0) GO TO 220 00022380
LPTS:LPTS.1_______________________ _________ 00022390
XPLOTILPTS):XSAVE 00022400
YPLOT(LPTS):YSAVE 00022410
I N T C:0 

____________ 
30022420

220 LPTS:LPTS.1 00022430
XPL OT ILPT S) 81 00022440
YPLOT(LPTS)~~Y 1  ~~~~~~~~~~~~ 0002245 0
GO 70 60 00022460

23 IFUNTC .(Q.O) GO TO 230 00022470
LPTS:ljTj±1 ~~~~~~~~~~~~~~~~~~~~~~~~~~ • 00022480
XPLOT (LPTS):XSAVE 00022490
Y P LO T ( L P T S ) : YSA V E  00022500

230 LPIi$:LPTS.1 •__~~~~~~~~~~~~ 000 2Z~1Q
XPLOT(LPTS):X j 00022520
YPLOTILPTS) Y1 00022530
XSAV (:~~~~~~ TIO.(AL 8—_Il ) _ _ _ ________________________
YSAVE ALOW 00022550
INTC:1 00022560
GO TO 60 00022~fl31 IF ( I N T C . C Q . O )  GO TO 310 00022580
LPTS LPTS.1 00022590

_______________________ 0002 26i0
YPLOT(LPTS):YSAVE 00022610

310 LPTS:l.PTS.1 00022620
KPLOT (LPTS)zX ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 02 2 6~1YPLOT(LPtS) &LOW 00022640
XSAV E:x 1 . RAT IO . (  A HIG H—Yl )  00022650
YSAV (:A~jj _

1NTC I 00022670
GO To 60 0 0 0 2 2 6 3 0

_ ..12 Z F I Z N T C . E Q . O ) GO TO 3 0 _~~~~~~~~~~~~~~~_~~~~~~~~~~ 003 2~ 90
LPTS LPTS.1 00022700
XPLOT(LPTS):SAVE 00022710
7 PLOT i.P !jj~ T$AjE__. 00022121
INTC:0 00022730

320 LPT$:LPTS.1 00022740
XPLO T tLPtI~~i1i&AJI. Q±1Al&W~Y 1) 60024130 .
YPLOflLPTS,:ALOW 00022760

220
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GO TO 60 00022770
33 IF(INTC.EQ.0) GO TO 60 00022780

LPTS:LPTS.1 00022790
XPLOT (LPTS):XSAV ( 00022800
YPLOT(LPTS):YSAVE 00022~ 10

- INTC:O 00022820
60 IF(INTC.E0.0) SO TO 70 00022830

IF I.LT.MPTS) GO TO 70 00022840
LPTS LPTS.1 00022850
XPLOT (LPTS):XSAV ( 00022860
YPLOT (LPTS):YSAV( 00022870

— 70 CONTINUE 0002.2681
MPTS LPTS 00022890
RETURN 00022900
END — 00022910
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SUBROUTINE SOIT2( XPLOT,YPLOT,MPTS,MPTSI,NPTS2,OWORKS,OMK SPZ) 00022~ 20
DIMENSION XPLOT(1),YPLOT (1),OVORKS(1),DWNSP2(1) 00022930
(0M000/TOLISITOLEON.TOLSNT. TOLGPT.TOLINT .TOL(K1 • TOLCK2. 0082294 8
I TOLCK4.DELT.TOLCIR.*NGST2,TOLPLT 00022950
38132:0 00022960
IF(MPTS.EQ.1) REJURN 00022970
SNIN:*PLOTI1) 000 22940
13A8 .BMIN 00022990
DO 62 I:201PTS SSS2S001
IF(XPLOT (IJ.LT.8M 1#; BMINXXPLOT(j) 00023010
IF(XPLOT (I).6T.BNAX ) BMAX :XPLOT(I) 00023020

62 CONTINUE 00033030
IF (BMIN.6E.0.0) RETURN 00023040
IFISNAX .LE.0.0) RETURN 00023050
DO 64 I1.MPTS 80023068
IF(ABS(XPLOT (I)).LE.45.) RETURN 00023070

64 CONTINUE 00023000
AAVG:(RMAI—BNjj(1J2. 80023090
IF (BAVG.LT.AN6ST2) RETURN 00023100
Do 30 I:l.NPTS 00023110
LPS (I—1).2 00023120
DWORKSCLPS.1):XPLOflI) 00023130
OW OR KS(LPS .2) :YPL OT ( I) 00023140
IF(XPLOT(1).LT.0.0) XPLOT (I ):XPLOT (1 1.360. 00023130

30 CONTINUE 00023160
MPTSI. PPTS 00023170
CALL SORT (YPLOT.XPLOT.MPT51.180.,p..OWKSP2) 00023180
DO 35 I:1.MPTS1 00023190
LPS:(I—1).2 00023200
OW RSP2(LP2. jj~J(Pt .QJ(U~ S 00~ 3210

35 DWK SP2 (LPS .2 ) :YP LOT ( I)  00023220
00 40 I:1,MPTS 00023230
LPS LI—1) .2 00023248
XPLOT (I)~~OWORKS (LPS.1) 00023250
YPLOT (I) DWORKS (LPS.2) 00023260
181*PLOT (I).GT.0.) XPLOT (I):XPLOT(I)—360. 00023270

40 CONTINUE 000232 80
00 45 I:1,MPTS1 00023290
LPS ( I—I) .2 00023300
OWORKS (LPS.1):OWKSP2 (LPS.1) 00023310

45 DWORKS (LPS.2)=DWKSP2 (LPS.2) 00023320
MPTS2:MPTSI 00023330
MPTS1:#PTS 00025340
CALL SORT (YPLOT,XPLOT,MPTS1,0.,—180 .,OWKSP2) 00023350
RE TURN 30023360
END 00023370
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SUBROUTINE GPLOT(AL PL .OAL.SUNELV.TNAC.PNAC ,ME*0,NPTS,ICONT, 00023380
1 XPLOT,YPLOT , ISUF,JCONT ,BCTL.DBT,VP ROBL,IZPTS) 00023390
OIRfNSION XPLOT(1).TPLOT(1).IBLIF(1) 80823400
CALL F*CTOR(.7157 ) 00023410
IF( ICONT .EQ.0)GO TO 10 00023420p 
60 70138 2 0 . 2 0 . 8 0 . 2 0 . 2 0.8 0 . 2 0 .20 . 8 0 .20 .20) . J C f l N T  88821430

50 CALL PLOT(2..1.,—3) 00023440
CALL PLOT(—2 .,— 1.,3) 00023450
CALL PLOT t.8.—1.. 2) 08823468
CALL PLOT(8.d,13.,2) 03023470
CALl . PL.OT(—2.,13.,2) 00023480
CALL PLOT (—2 .,—1. ,2P 00023490
GO TO 30 00023500

20 CALL. PLOT (0.,4..—3) 00023510
60 70 30 00023520

60 CALL PLOT(12.,—8 .,—3) 00023530
CALL PLOT(-2.,—1.,3) 00023540
CALL PLOT ($.8.—1..2) 88823338
CALL PLOT (8.8,13.,2) 00023560
CALL Pt.OT(-2.,13.,2) 00023570
CALL PLnT(—2..— 1 .2) 000235*0

30 CONTINUE 00023590
C~”’” .. DRAW AXIS ...... 00023600

CALL AXIS(0..0..1IHOPSERVER A2 .IMUTH.—1 6.6..0..PETL.flBT) 00023610
CALL AXIS (O.,O.,21HE1.EVATION OF OBSERVER,21,2.,90.,AI..PL,OAL) 00023620
CALL PL.OT(0..1.,3) 00023630
CALL PLOT (6..1..2) 00023640
CALL PLOT(6.,Q.,3) 00023650
CALL PLOT (6..2.,2) 00023660
CALL PLOT (0..2..2 ) 00023670
CALL GRtO~~.0t,.01.1 .,1.,6,2) 00023680
CALL SYMBOLIS.,2.3.6.1o,12HPROBABILITY ,O.,11) 00023690
CALL NU$BER(999..999..0.10.VPROBL.0..31 00023700
IF(IZPTS.E0.1) GO TO 19 00023710

10 CONTINUE 00023720
XPIOT(6PTS.il:XPLOTU) 80023730
YPLOT (NPTS.1)ZYPLOT (1) 00023740
XPLOT (NPTS.2) e(TL - 0002375 0
IPLOTCRPT3.3) OftT 00023760
YPLOT(NPTS.2 1z*LPL 00023770
YPLOT (NPTS.3)ZOA L 000237 80
ND N#TS.1. 0002379 0
CALL LINE(X PLOT .YPLOT,N0.1,0,4) 00023800
IFIHEAD.LT.0.) GO TO 15 00C25310
A M A X Z Y P L O T I I )  00023820
LMAX :1 00023830

• 00 12 1z2,NPTS 00023840
IF(YPLOT (I).GT.*MAX) LMAX I 00023850
IF(LMAX.EQ.I) A3*X:TPLOT(~~M*X~ 00023860

• 12 CONTINUE 00023870
ANLI (YPLO T tI *A1)—ALPL )ThAL .8  80 000231*0
UMAX : (XPLOTILNAX)—8 (tL)/DU T 00023890

223
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CALL NUMU(R (8MAX ,ARAX,0 .07,N(A D,0 .,— 1) - 00023900
GO ID 19 00023910

15 AM!N YPLOT (1) 00023920
LMIN I 00023930
00 17 I:2.NPTS 00023940
IF(YPLOT (I).LT.AMIN) LMIN :1 0002395 0
IFILMIN.(0.I) ANIN:YPLOT(LMIN) 00023960

17 CONTINUE 00023970
AMIN (YPLOT (LMIN ) —ALPL )/DAL—0 .05 00023980
BMIN :(XPLOT (LMIN) —8(TL)/OBT 00023990
CALL NUMB (R(BMIN,A MIN,0.07,HEAD, 0 .,— 1) 00024000

19 CONT INUE 000240j~~
• IF (ICONT.(0.C) GO TO 40 0002$020

CALL SYM8OL(1.8,2.1,0.10,25HHEAOING OF AIRCRAFT (DEG),0.,25) 00024030
CALL SYMSOL (0..3 .L,.10. 22HSUN ELEV.AITON ANGLE : •fl..22) 00024040

• CALL NUMBER (999.,999.,.10,SUNELV,0.,0) 00024050
CALL SYMBOL (0.,2.8,.10,I6HA/C PITCH AlT = ,0.,16) 00024060
CALL NUM8(R(999.,999. ..10, THAC,O.,1) 00024070

CALL SYMBOL (0.,2.6,.10,15HA/C ROLL ATT = ,0.,15) 00024080
CALL NUMBER (999. .999., .10,PHAC, 0.,1) 00024090
IF (((JCONT—1)/3)*3.(Q. (JCONT 1)) CALL SYMOOL(3.4,3.4, 00024100

1 0.14,19H SUN GLINT SIGNATUR (,0.,19 00024110
40 RETUR N 00024120

END 00024130
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S LEVEL 21 GRID OA TE = 78102 10/47/48

SUBROUTINE SR 1O (XORG.YORG,DELVLS,OELHLS .NVSPS,NHSPS) 00024140
DYNAX NHSPS.DELHLS • 00024 150
OXMAX :PJVSPS .OELVLS 00024160
XMAX XORS .OXMAX 00024170
YMIX :YORG .OYMAX 00024180
NVLS NVSPS.1 00024190
NHLS NHSPS.1 00024200
XP R(S X OR G 0002*2 10
YPR (S:YORG 0002*220
DO 10 I 1,NVLS 00024 230
CALL PLOT (XPRES,YPRES,3) 00024240
FAC T (— 1 )* * ( t . 1)  

________________________ 
00024250

YPR(S YPRES.F 4CTeOYMAX 00024260
CALL PLOT (XPRES,YPR (S,2) 00024270
XPR (S~ XPRtSGOj~~LS 00024280
CALL PLOT (XPRES,YPRES.3) 00024290

10 CONTINUE 00024300
XPR (S=XOR G 00024310
YPR(S:YORG 00024320
00 20 I:1,NHL S 00024330
CALL PLOT (XPRES,VPRES,3) 00024~jQ
FACT :(—1 )**(I.1) 00024350
XPRES :XPRES .EACT .DXMAX 00024360
CALL PLOT (XPRES ,j~~~ES,2) 00024370

20 YPRES:YPR (S.CELP$LS 00024380
RETURN 00024390
(ND 03024400
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