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FUSTIS DIRECTORATE POSITION STATEMENT

This report describes a standarized technique for the evaluation of
the sun-glint signature of Army helicopter canopies. It can also be
used as a tool in the development of canopies that are required to
have low sun-glint signature levels so as to increase combat surviv-

ability of the aircraft.
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The findings in this report are not to be construed as an official Department of the Army position uniess so
designated by other suthorized documents.

When Government drawings, specifizations, or other data are used for any purpose other than in connection

with a definitaly related Government procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsosver; and the fact that the Government may have formulated, furnishud, .
or in any wey supplied the said drawings, specifications, or other data is not to be regarded by implication or
otherwise #s in any manner licensing the holder or sny other person or corporation, or conveying any rights or
permission, to manufacture, use, or sell any patented invention that may in any way be related thersto.

Trade names cited in this report do not constitute an official endorsement or spproval of the use of such v
commercial hardware or softwere. {

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator.
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1. Background

Sun glinting from the canopy is a major cue in the visual
detection of aircraft. An aircraft canopy reflects the sun--
produces sun glints--at azimuth and elevation angles which are
a function of the geometry of the canopy and the orientation
of the aircraft with respect to the sun. As the aircraft ro-
tates, 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 become the reflecting
surfaces. At any one instant, canopy sun glints may be visi-
ble at more than one set of azimuth and elevation coordinates
with respect to the aircraft.
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Canopy
Sun Glint

180°

Figure 1. Mechanism of Canopy Sun Glint
To reduce the chance of visual detection, aircraft cano-

pies should be designed such that no sun glints fall within the
band of coordinates which are probable positions for hostile
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observers. This document helps to meet this design objective
by presenting:

e A standard experimental procedure for determining
canopy sun-glint signatures

e A standard format for documenting canopy sun-glint
signatures

e An analytical procedure for determining canopy sun-
glint signatures

2. Experimental Equipment

Determination of canopy sun-glint signatures is performed
using a scale model of the aircraft being studied, a simulated
sun source, and provisions for observing and recording glint
patterns. A typical test facility, shown in Figure 2, contains
these necessary elements:

e Aircraft model e Viewing-screen support
e Model-mounting fixture e Sun simulator
® Viewing screen ® Sun-simulator support
Sun Simulator Viewing Screen

#

Sun-Simulator
Support

Viewing-Screen Model-Mounting Aircraft Model
Support Fixture

Figure 2. Test Setup for Determining Canopy Sun-Glint Signatures
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AIRCRAFT MODEL

A 1/32-scale model is convenient for these tests. 1If
another scale is selected, the diameter of the viewing screen
must be changed proportionally. Surfaces other than those
being studied should be coated with flat black paint to elim-
inate extraneous glints. Since this procedure for determining
sun-glint signatures does not measure absolute glint intensi-
ties, only position and coverage, glint intensity may be en-~
hanced, when practical, to improve visibility. For example,
painting the interior surfaces of transparent canopies with
glossy paint increases glint intensity without changing their
size or shape.

MODEL-MOUNTING FIXTURE

Any convenient mounting fixture with a head which rotates
in azimuth can be used. The rotating head should be calibrated
and marked in degrees. A vertical-adjustment capability is
required in either the model-mount fixture or the viewing-
screen support.

VIEWING SCREEN

The screen must be translucent to permit viewing the
projected sun glints from outside the cylinder. Since glint
patterns are manually marked directly on the exterior surface
of the screen, the screen must have the strength and the abil-
ity to accept marking. The screen must be replaceable since a
new screen is used for each sun elevation angle studied.
Drawing Mylar has been used successfully as a screen material.
A screen diameter of 48 inches (l1l.22 meters) is used for 1/32-
scale models.

VIEWING-SCREEN SUPPORT

The viewing-screen support must be sufficiently rigid to
prevent movement with respect to the model as a result of mark-
ing the viewing screen while outlining reflected sun glints,
The screen support must also permit installation and removal
of the viewing screens.

SUN SIMULATOR

The sun simulator is an incandescent light source, aper-
tured by a long, internally absorbing tube to provide a narrow
beam of relatively collimated light. The beam dispersion must
be sufficient to cover the model.

TRy



SUN-SIMULATOR SUPPORT

The sun-simulator support must permit movement of the sun
simulator through an angle in the vertical plane sufficient to
encompass the range of sun-elevation angles to be tested. It
must be possible to clamp the sun simulator at desired test ele-
vation angles. A fixed radius from the model is not required.

3. Experimental Procedure

The model is mounted on its mounting fixture with the
center of gravity of the aircraft on the nominal rotation axis
of the mounting fixture. The model is raised or lowered until
the centerline of the sun~simulator axis at an elevation angle
of 0 degrees passes through the nominal eye level of a pilot
seated within the aircraft. This position is marked as the
0-degree line on the viewing screen. The sun simulator is next
positioned at the desired test elevation angle. The aircraft
is positioned with its nose pointed at the sun simulator and
its waterline parallel to the viewing-screen support base. The
room lights are extinguished to improve visibility, and all
glints visible on the viewing screen are outlined with a mark-
ing pen. The model is then rotated to the right 20 degrees and
the glint-outlining process repeated. The sequence of rotating
the model 20 degrees and marking sun glints is repeated until
the model has completed 360 degrees of rotation. For aircraft
which possess left-right symmetry, 0- to 180-degree rotation of
the model is sufficient. For other sun-elevation angles, the
screen is replaced, the sun-elevation angle is changed, and the
procedure is repeated. At low sun-elevation angles, a gap must
be left in the viewing screen to permit illumination of the
model. It may be necessary to extrapolate for glint signatures
reflected at the 0-degree azimuth in such cases.

4. Display Format

Figure 3 is a top view of the test setup shown in Figure
2. As indicated, the sun is fixed and always located along the
0-degree azimuth. Any observer position can then be defined
uniquely in terms of an azimuth and elevation measured relative
to the aircraft rotational axis and referenced to the sun posi-
tion. Aircraft headings are also referenced to the sun direc-
tion and are measured positive to the right. If canopy sun
glints are marked on the screen, then the outlines of the sun
glints on the screen define the azimuths and elevations where

6
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o° Heading of Aircraft
With Respect to Sun

AD

Potential Observer
Azimuth Position
With Respect to
the Sun

+ 180°
Figure 3. Top View of Experimental Test Setup

sun glints can be seen for each aircraft heading. If the view-
ing screen is opened at the 180-degree azimuth and flattened
with the outside of the screen face up, there is a panoramic
display of the sun glints produced by the aircraft for the set
of heading angles selected. This display defines all possible
observer locations where sun glint may be seen. Fy specifying
the markings on the flattened viewing screen, a standard dis-
play format for test data can be obtained. Figure 4 is a
standard display developed in just this way.

Figure 4 presents the canopy sun-glint signature of the
AH-1G in standard format. This display contains the elements
which shall be included in the documentation of canopy sun-
glint signatures:

® Aircraft and caropy identification

® Sun-elevation angle and aircraft pitch and roll
attitude

® Scale ranging from 0 to -180 and 0 to 180 degrees of
azimuth locations from the aircraft, referenced to
the direction of the sun

7



® Analyst-specified band of potential observer locations
with respect to the aircraft

e Canopy sun-glint signatures, together with the air-
craft heading with respect to the sun which produced

them

@ Probability of sun glint occurring in the display area
bounded by the observer locations and the 0 to -180
and 0 to 180-degree azimuth boundaries

@ AH-1G; Standard canopy
Alraafttyps snd canopy type:
Sun-slevetion angle {deg):

Aircratt pitch attitude (deg): 9
[]

Airaraft roll attitude {deg): (:)

Handing of Alroraht With Raspest o Sun (dey
+100

+180

Powtiam of Otmervar Wrth Fampest i Sun ldug|

. ot gp; 0+ 635 {:)

Figure 4. Standard Foimat for Presenting Canopy Sun-Glint Signature

SUN-ELEVATION ANGLE AND AIRCRAFT PITCH ATTITUDE

The sun elevation angle shall be presented above and on
the left side of the display as shown in Figure 4 (A). Air-
craft pitch attitude and roll attitude shall be presented
directly below the sun elevation angle.

AZIMUTH

The horizontal space devoted to the display shall be
divided into twelve equal segments as shown in Figure 4 (B)
and the azimuth position of the sun glints with respect to the
sun marked in 30- degree increments at the bottom of the dis-
play. The display is viewed as an opened right circular
cylinder with 0 degrees being in the direction of the sun and
the angles increasing positively to the right and negatively to
the left as seen from the inside of the cylinder. The cylinder
axis is vertical

POTENTIAL LOCATIONS OF OBSERVERS

The observer-elevation angles shall be shown as in Figure
4 (C). The minimum observation band shall be *10 degrees from

8
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the aircraft horizon. The eye level of the aircraft pilot is
nominally taken as 0 degrees.

AIRCRAF1T HEADING

With two exceptions, each canopy sun glint which falls
within the display angular boundaries as the aircraft is ro-
tated on its yaw axis in 20-degree increments shall be shown
as in Figure 4 (D). If the canopy sun-glint signature is so
extensive that rotating the aircraft causes considerable over-
lapping, a single heading may be selected for display. (The
OH-6 data of this report is an example of this exception.)

If the canopy signature changes little with aircraft
rotation, other than a translation, data may be shown in incre-
ments of 40 degrees. (The OH-58 data of this report is an ex-
ample of this exception.)

Aircraft heading shall be given as 0 degrees with the
nose pointed at the sun. Rotation shall be positive to the
right. For right-left symmetric canopies, only the sun glints
generated for 0 to 180 degrees of aircraft heading rotation
need be displayed. Further rotation would only yield the
mirror image of the glint signatures generated in the first
0 to 180 degrees of rotation.

FROBABILITY OF SUN GLINT

For each display, the probability of a glint, Figure 4
(E), existing within the observer elevation band shall be com-
puted. Probability of glint is defined as the fraction of the
panorama area between 0 and -180 degrees and 0 and 180 degrees
with respect to the sun and between the upper and lower observ-
er elevation angle limits which is swept by the reflected
canopy sun glint as the aircraft is rotated 360 degrees in
heading. A swept area is counted only once. For example, if
the area between 60 degrees and 90 degrees with respect to the
sun and 0 degrees and 10 degrees of observer elevation angle
is the position of a glint with aircraft heading at both 20
degrees and 340 degrees, the fact that there is an overlap is
ignored in the computation. For the limits shown on Figure 1,
there is 360 degrees x 20 degrees = 7,200 degrees? total area.
The sun glint sweeps over 305 degrees x 15 degrees or 4,575
degrees?. The probability of glint is therefore 4,575/7,200 =
0.6354. The glint probability shall be displayed below and to
the right of the glint panorama as shown in Figure 4 (E).

9
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5. Experimentally Derived Canopy Sun-Glint Signatures

The following four figures display canopy sun-glint sig-
natures of four different canopy configurations in standard
format. Sun-elevation angles were chosen to bracket the sun-
elevation angles occurring in the Fulda Gap area of the Federal
Republic of Germany. Figure 5 is the canopy sun-glint signa-
ture of the AH-1G with the standard canopy. Figure 6 is the
canopy sun-glint signature of the AH-1G equipped with a canopy
having vertical sides, flat top panel and front windshield, and
a canopy centerline fence. Figures 7 and 8 display the canopy
sun-glint signatures of the OH-6 and OH-58 respectively.

6. Analytical Procedure

BASIC CALCULATIONS

The sun glint from a reflecting surface depends upon the
reflection angles of the sun's rays from each boundary point
of the surface. Determination of these angles depends on the
angle of incidence of the sun's rays and the normal to the
reflecting surface. The angle of incidence is given by the
specified sun elevation and sun azimuth, while the normal to
the surface depends on the type of surface and, in general,
the coordinates of any point. For example, in the case of a
geometric plane, or flat surface, the normal to the surface
has the same direction at every point. However, the quadratic
or second-order surface has a normal which varies in direction
from point to point. These two types of surfaces were consid-
ered to be representative of most canopy shapes. Combinations
of these two types would generate more complex shapes.

Surface normals and the angles of incidence must be re-
ferred to a common axis system in order to permit the calcula-
tion of reflection angles. A convenient axis system is one
which is fixed in space (see Figure 9). The positive Z-axis
points toward the center of the earth. The X-axis is chosen
perpendicular to the Z-axis and in such a direction as to cause
the sun to lie in the X-2 plane. In other words, a sun eleva-
tion angle of less than 90 degrees means that the sun has a
positive X and negative Z direction. It will also have zero
azimuth referred to this axis system. Finally, the Y-axis is
chosen so as to complete a right-handed cooidinate system.

10
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AH-1G; Standard canopy
Airerstt typs and canopy type:

Suneievetion angle (deg): 0
Aircraft pitch sttitude (dogt: . _ 0
Airoratt rol attitude (deg): 0
Heading of Aircraft With Respest to Sun (deg) Elovation of
+160 +140 +120 +100 : +80 +60 ; Otrserver (dey)
i . i .29 =
T 0
10
+180 0 -30 40 0 120 -150 -180
Position of Obssrver With Respect w0 Sun (deg)
Probebility of glint: 0=i6135
Aircratt type and oo AH-1G; Standard canopy
Sun-slevation sngle (deg): 30
Alraraft pitch attitude {deg): 0
Aircraft roll attitude (deg): 0
+120 4380 Heading of Aircratt With Respect to Sun (deg) Elevation of
+180 ! +100 +“160 +140 +‘120 +80 +60 +40 +20 0 J:BOM“.,
- £ 3 ’ i & sog £ g —
4 i N A
I L ug 1,
ks 5 -10
. 227 ; = o 30 Hq 120 180 100
Position of Observer With Respect to Sun (deg) #lEe
Probabilty of ghint: 0" 87>

AH-1G; Standard canopy

Aircrsft type snd canopy type:
Sun-slevation angle (deg): 60
Aircratt pitch de (deg): n
Abrcraft rol attitude (deg): 0 _
+140
Heading of Airereft With Respect to Sun (deg)

+180

+160 *180 / 4120 +160 +140

+30 o
Position of Obssrver With Respect %0 Sun (deg)

0.875

Figure 5. Canopy Sun-Glint Signature of AH-1G With Standard Canopy
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AH-1G; Vertical-side canopy
with centerline fence

Alroratt type and canopy type:
Sun-elevation angie (dey): 0
Airersft pitch sttitude (deg): 0
Aircratt roll sttitude (deg): 0
Heading of Aircraft With Respect to Sun (deg) Elovation of
Obssrver (deg)
+29 +140 +120 +100~T+80 +60 10
Y440 [ +160 M e +0 +20 | -20
w— ﬁm o + - K W o7 0
10
+100 +180 +120 +90 +80 +30 0 -30 0 0 -120 -150 -180
Position of Obeerver With Respect to Sun (deg)
0.
Probebility of ghnt 175
AH-1G; Vertical-side canopy
e bl e with centerline fence
Sun-slevetion angle (dey): 30
Airoratt pitch sttituds (deg): 0
Aircratt roll attitude (deg): 0
Heading of Alrcraft With Respect to Sun (deg) Elevetion of
Obeerver (deg)
+60 '; ey -60 +10
a = 0
+£OJ ~ \\\\-80 §
g <
+180 +150 +120 +90 +80 +30 0 -30 20 90 -120 -160 -180
Position of Observer With Respect to Sun (deg)
Probebility of glint: ___0 -058
AH-1G; Vertical-side canopy
A tyi ond =11 with centerline fence
Sun-elevation angle (deg): _____60
Airorsft pitch sttitude (deg): 0
Airoraft roll attitude (deg):
Heading of Aircraft With Respect to Sun (deg) Elevation of
+20 0 -20 Obsarver (deg)
l +40 1—— o Sy — =30 +10
+60 - == — \4?* -60 °
+180 +150 +120 +90 +00 +30 0 -30 &0 90 -120 -150 -180
Position of Observer With Respect to Sun (deg)
0.117

Probsbility of glint:

Figure 6. Canopy Sun-Glint Signature of AH-1G With Flat-Side Canopy
and Centerline Fence
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OH-6; Standard canopy
Aircraft type and Py typs:

Sun-slevation angle (deg): 0
Abrcraft pitch attitude (deg): 0
Aircratt roll attitude (deg): 9
Heading of Aircraft With Respect to Sun (deg)
+20 +20

=

180 4180 120 o 780 +30 [ -30 80 0
Position of Obssrver With Respect to Sun (deg)
1.0
Probebility of glint:
OH~-6; Standard cano,

Aircrsft typeand conopy type: Ry
Sunvievationangle (degl: 30
Aircraft pitch sttitude (deg): 0
Aircraft roll attitude (deg): 0

Heading of Aircraft With Respect to Sun (deg) Elevation of

+100 +150 4120 +90 +00 +30 [} -30 40 -90 -120 -150 -100
Position of Observer With Respect to Sun (deg)

Probebility of glim: __1:0
Abrcratt type snd vty OH-6; Standard canopy
Sun-slevation sngle (deg): 60
Abrcraft pitch attitude (deg): 0
Awcraft roll de {deg): 0
Heading of Alrcratt With Respect to Sun (deg) Elevetion of
Observer (deg)
+10
°
—J) .10
+180 +90 +60 +30 0 -30 60 90 -120 -150 180

Position of Observer With Respect to Sun (deg)

Probebility of ghim: __1:0

Figure 7. Canopy Sun-Glint Signature of OH-6 With Standard Canopy
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Alrerstt type and wnopy type: OH-58; Standard canopy

Sun-clovetion angle (dag): 0
Alrerslt piveh sttivude (dog): 0
Alrarsft rolt attituds (dog): 0

0 +160 +120 7+120 +80 +80 Obssrver (deg)
=T ‘Y b 51 +10
—_.__._. B & o
————— ey b — aits  [— — t— — — .‘o
+180 +180 +120 +90 +80 +30 0 -30 -180
Position of Observer With Respest 10 Sun (deg)
Probebitity of ghnt; 0+ 65
Adreraft type and oy type: OH-58; Standard canopy
Sun-slevation angle (deg): _———30
Alroraft phtoh attitude (deg): 0
Alreratt roll attitude (deg): 0
Heading of Aircraft With Respect 10 Sun (deg) Elevetion of
+80 +40 0 Obssrver ideg)
+10
]
-10
+80 +30 ] -30 0 0 120 -1860 -180

Position of Observer With Respect 10 Sun (deg}

Probebitity of ghim: 076

OH-58; Standard canopy

Airorsft type and pY type:

Sun-slevation angle (deg): 60 -
Aircraft pitch attitude (deg): 0
Alroraft roll sttitude (deg): U
Hasding of Alrerats With Ruspect ts Bun (dey! Blovstias of
Obwarver idag}
«10
[ ]
A0
o 120 1m0 -1
Posithon of Dbserver With Faspeet s San ldeg)
Prod of gim 0.65

Figure 8. Canopy Sun-Glint Signature of OH-58 With Standard Canopy
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Heading 7
*. Xgody ¥

Inertial
Z)nertial

Figure 9. Fixed-Coordinate System for Angular Measurements

Since the reflecting surface is normally described in
terms of an axis system fixed to the aircraft, a transforma-
tion of points and curves from one axis system to the other is
needed. This transformation of body-fixed axes to earth-fixed
axes consists of three aircraft rotations (roll, pitch, and
yaw). It is assumed that the origins of both axis systems
coincide.

Next, if there exist one or more fences on the aircraft,
the effect of shadows cast by these fences must be analyzed.
This is done by projecting the boundary points from both the
fences and reflecting surface along the sun's rays onto a
plane perpendicular to these rays. The intersection of the
shadow and the reflecting surface on this plane will determine
a new set of boundary points for the reflecting surface. This
new set of points will represent the portion of the surface
remaining outside of the shadow.

The normal to the surface at each remaining or new bound-
ary point is then calculated based on the geometric shape of
the surface. Generally, it is assummed that a great deal is
known about the reflecting surface. Either an exact mathe-
matical representation or general shape should be known. How-
ever, if this is not so, the boundary points may be curve-
fitted to a specified type of surface using a modified least-
squares error procedure. This surface equation then enables
the rapid determination of surface normals.

As was mentioned, the reflection vectors from each bound-
ary point are determined using the surface normal and angle of
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incidence of the sun's rays. Assuming a smooth reflecting sur-
face, the reflection vector is equal to the sun vector with

its normal component to the surface negated. It must now be
determined if the reflection vector intersects any fences on
its way to the observer. This is done by extending the vector
until it intersects the plane of the fence. If this inter-
section lies within the boundary points of the fence, then the
observer will not view the reflection.

Using all the remaining reflection vectors, a sun glint
at an assumed observer distance can be calculated. This
glint is referred to a specific reference point. Determina-
tion of this sun glint is obtained by extending each reflec-
tion vector until it intersects a cylinder whose radius equals
the distance to the observer. By measuring the elevation and
azimuth angles of the line-of-sight vector from the reference
point to each intersection, a sun glint is formed.

DIGITAL COMPUTER PROGRAM

A digital computer program was written to solve in detail
the above-described glint problem. It was coded in FORTRAN IV
and has been made operational on the IBM 360 system. The main
(executive) routine controls the general flow of the program.
It reads in the desired helicopter angles, plot information,
observer distance, and boundary points in body axes of both
fences and reflecting surfaces. It sets up necessary DO loops
and calculates surface normals. Figure 10 is a flow chart for

the main program.

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

e CFIT--Sets up boundary points in desired form to be
curve fitted.

® CURFIT--Sets up necessary matrices for least-square
curve fitting of given points. Calculates standard-
deviation error for calculated fit.

® EQNSOL--Solves a system of linear equations, either
homogeneous or inhomogeneous. This subroutine, along
with CFIT and CURFIT, curve fits boundary points to
either a plane or a quadratic surface, depending on
type specified by input.

e CVBI--Uses the body-to-inertial-axes transformation to
convert coefficients of our surfaces in body axes to
coefficients in inertial axes.

16
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SHADOW--Determines the intersection of a shadow from a
fence with reflection surface. Defines new reflection
surface boundary points based on portion of surface
outside of shadow.

PLANPT--Calculates the intersection of a line with a
plane. The inputs are a point in space on the line
and direction numbers for the line along the coeffi-
cients of the plane.

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

CHECK3--Checks to see whether a particular set of
X and Y values of a point lie outside of a given range.

SORNOT--Determines whether a particular boundary point
of a fence is between sun and reflection surface or
behind it. It is also used in regard to finding inter-
section of reflection vector with cylinder of radius
equal to observer distance. In this latter case it is
used to choose between two possible solutions by deter-
mining which solution lies in positive direction of
reflection vector.

TRANSP--Contains transformation that takes inertial

axes into set of axes where the Z-axis lies in the

same direction as the sun vector. If a set of points
lies in a plane perpendicular to the sun, this sub-
routine converts this set of three-dimensional inertial
coordinate of points to a set of two-dimensional coordi-
nates of points in this new axis system. It also pro-
vides inverse for transforming points back to inertial
axes.

CLOSE-~Determines which point in set of points is
closest to a given point.

CHECKl--Determines whether a given point is already
contained in a set of points.

CHECK2--Similar in function to CHECK1l except that the
given point must first be transposed to same coordi-
nate system that set of points is in.

CIRCLE--Determines whether a given point is enclosed
by a given set of points if each point in the set is
connected by a straight line.
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e INTERF--Calculates whether reflection from any par-
ticular boundary point intersects any fence.

® TRANQ--Projects points on quadratic surface to points
in plane, where the plane is a best-fit plane through
a set of quadratic surface boundary points. Projection
is alorng sun rays. This subroutine will also perform
reverse projection assuming that nearest intersection
of quadratic surface preserves one-to-one mapping.

® QUADPT--Calculates intersection or intersections of a
line with a quadratic surface. Inputs to the sub-
routine are a point on a line, direction numbers of
the line, and coefficients of the quadratic surface.

® PLOT--An on-line digital plot of glints from a re-
flecting surface for a range of helicopter headings
for a given sun elevation and helicopter pitch and
roll attitudes.

e PROBL--Calculates swept-out area between glints on an
elevation-versus~azimuth basis. Minimum and maximum
elevation angles are used with straight lines drawn
between corresponding values for different glints.
Area is calculated using triangular area law of
points.

® ADDPTS--Will, if desired, supply additional boundary
points along curved portions of quadratic surfaces.

A detailed description of all input variables and their
format is contained in Appendix A. A complete FORTRAN IV
listing of the program appears in Appendix B. Basically the
inputs are desired aircraft attitudes, sun elevations, ob-
server elevations, and boundary points. An assumption was
made that all fences could be handled as combinations of flat
surfaces only. For the purpose of calculating shadows, it was
felt that this was sufficient. As mentioned before, reflect-
ing surfaces were assummed to be combinations of flat and
quadratic shapes. It was also necessary, in order to save
some sorting and execution time, to require that the boundary
points be simply connected. That is, point 1 is connected to
poin?: 2 and point 2 is connected to point 3, and so on, with
the last point connected to point 1. No other combination is
allowed.

In calculating the intersection of a shadow with a re-
flecting surface, the assumption was made that the points
could be connected by straight lines. An input to the program
will cause the generation of additional boundary points for
curved portions, if necessary, thus minimizing the error re-
sulting from this straight-line assumption.
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An example of a complete set of inputs is tabulated in
Figure 11. These inputs are for the AH-1G with straight sides.
The configuration is symmetric with respect to the X-~Z plane,
so only the top, front, and left side are needed to generate
the glint signature. Also, only 180 degrees of aircraft rota-
tion is needed.

Output to the program is in the form of tables and on-line
plots, as shown in Figures 12 through 16. The tables consist
of all necessary input information along with reflection vector
and glint angles. Figure 12 is a tabulation of boundary points
for the center fence and the resulting curve-fit. Figure 13 is
a tabulation of boundary points for the first reflection surface
and the resulting curve-fit. Figure 14 is a tabulation of the
output reflection vector and glint angles as a function of air-
craft azimuth for constant sun elevation and aircraft pitch and
roll. This table is for reflection surface number one. The in-
formation contained in Figures 13 and 14 is repeated for each
reflection surface. Also, if on-line plots are requested, Fig-
ure 15 shows the plot for the first reflecting surface corres-
ponding to the data of Figure 14. There will be an on-line
plot for each surface at each sun elevation with the numbered
points corresponding to the different input aircraft yaw azi-
muths, as shown in Figure 15. In addition to a plot for each
separate surface, there will be a composite plot of all surfaces
for each desired sun elevation, as is shown in Figure 16.

VERIFICATION OF ANALYTICAL PROCEDURE

The first step in verifying the above-described computer
program was to input simple shapes with known solutions. Once
this was done successfully, the next step was to input canopy
configurations for which experimental data was available.
Results for three configurations were compared. The three
configurations were the AH-1G with vertical sides, the OH-6,
and the OH-58.

Figure 17 is the glint signature for the AH-1G with verti-
cal sides as shown in Figure 6 with the computer results spotted
on. As can be seen, the comparison is good. This is to be
expected since all surfaces are planes and thus have constant
normal directions. Some discrepancies appear in the range of
azimuths corresponding to glints resulting from side window
reflections at zero sun elevation. There are at least three
possible causes. The plastic canopy used in generating the
experimental data was not smocoth, causing some dispersion. The
light source used in the experiment had some associated disper-
sion. The third error could be in the computer input data, in
that the dimensions were not generated from a detailed drawing
but calculated from a partially scaled drawing.
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Input
Card
Type

10
10
1
12
13
13
12
13
13
12
13
13
12
13

13

SRR U

=180,
0,00

4,0
6,0

14
50.
100,

13,170

4,0

12,79

180,
0,0

0,0

0.00
60,
120,

1,5
1,5
0
1,5
1.5
0
1,5
1,5
0
1,5
1,5

Input Data

={06,

t,
»{,88

1.

.1'38

v, 38
1,38

1,
1,0

1,38
1.

100,

64,

20,0
a0,

{60,

i1,

12,79

i1,

11,

¢,

11,

30,0

S0,

{,S
1,5

10,

40,0

-{ 88

1,

1.

.1158

ef{,38

1,38

-{,38

1,38
e

Figure 11. Computer Printout of Inputs for the AH-1G With Flat-Side Canopy

and Centerline Fence

21




o

SR

S S

g

s

%

i

AT

s

o ISR ADACE S Tpeer M o ioans S L LTI ARG T G O Ty AT s i o WP TIRIY, o

20PIINS UOTODTIOY ISITL IO0F Sjurog Axepunog Jo Jnojurrg zozndwo) €T 2Inbrd
Gl=don2E°0 =LId4 47 H3443 vasIS
00C0° T (n ) §¢e0°0= (g ) vt (2 tgee®o (1)

3AMND 0591179 40 §1x3II1 243503

mm”ﬂ- 051 00°11 (n ) HE'Tl= 0s°1! 20°11 (g )
00°1 081 6l°21 (e ) oot 0%t~ LT - AR Y e
4 A X r 4 A b 4

SIXT AD0e = Q€ 10d AGYCNNNS

I 3441 T M3awiin q3nivg MDT1Ei33V43y

PouUsg I9IU)D IOJ SjUTOg ATepunog Jo InojurIg zsandwo) *ZT7 9Inbrd

0°0 =114 40 »uyxnd vw2IS

0°0 (n ) 0°0 (£ coov®tl (2 ) 0y (1)
IANND 2ILLT S 40 Sin3IIIL44303
001 0°0 00°n (n ) TR L %0 o0°n (g )
g8’ le 0°0 on°1t (¢ ) 001 0°0 L1°¢l (1t )
2 A X 2 A X .
§3IXV AINH = §1:10d AMVINNOM
T H3snN 3IN3S
e Y LA L R =R e i

22

Bulbnsaetande s




e

B
8orFINS UOTIOSTIOY ISITI I0F
sarbuy JUTITH pur uorzoaryey ndinp Fo 3nojurxg zoindwo) “pr SINnbTJI

&
22°se 6l°gt £1°ne 69°L1Y 00°t 06t slLt21t 6%0 0°0 00°0S
2¢°0L £1°12 €Ll 99°ge T & 0s5°1= 00°11 0%y 0°0 00*on
tntaL YT gEncLL 99°¢g2 gg° 1. 08°1 00*t1t 0°0 0'0 oo..oa
eS° 1L 2get [ 4.2 ¥] 99°¢g2 00°1 0s°t oL*21 00 (] oo°on
£n°69 9¢°91t tntLl 99°¢e 00°*1 05°1=- elL®21 0%0 0°0 oo*or
1s°€s $5°82 85°6S t1L%92 et 1= 0S°~ 0211 0'o 0*o oo°og
9u’ss 50°62 85°6S 1L%e2 CI ol O 05°1 00°t1 0o c*o M1
LAY gs*2e 95°65 1L°92 00°t 0s°t 6L%21 0%0 0°0 00°0¢
6lL2s 60°g2 85°6S 1192 00°t1 05°t= gLl 0°0 0o vo*of
ne° st ni‘ge es‘on 65°2% 9€°1=  0S8°l=  Qu°1t 0°0 00 00°02
SE°eE s8°92 85°0n 65°2¢ 8g%t=  0§°3 00°11 0°0 00 00°02
ng*LE 88°s2 gs°0on 65°2¢ 00°t 0s°1 6L21 00 0°0 00°02

.m. paliips @ S — o s

£ 2E°st Lerve 850N 65°2¢ 00°t 08°t= sL°21 0°0 0°0 0002

m LIAFA 0L°0€ 65°02 S0°SE e€t=  08°1= Q0°tl% 0°0 0°0 00°01
€0°02 sncog 65°02 §0°S€ gg*l=  0s°t 09°11 0°0 G0 09°0¢

i 28°e1 20°82 65%02 §0°SE 00°t 0s°t Y&EAS 0°0 0°0 00°0%
eI Ll ne*ee 65°02 S0°S§ 00°t 08°1e gi°21 00 0°0 00°0%

w ng'le 62°1§ 0o 68°5¢§ CI AR O 05°1= 00°1t 0°0 %0 0°0

: ng*L 62'1¢ 0%0 68°SE 9g°te  0§°t 001t 0% 6% 0%o

i ng*l £8°92 0°0 6e°s¢ 00°% 06"t 6l°21 0%0 0°%0 0°0

m ngei= t8°02 0°¢ sE°sL 00"t 0s°t= gL°21 0°0 0°0 0°0

3 - - S Ty Sl ] ——— J— e P " et -N—

m. HiNWIZVY NOILYA3N3 HiNmIZw NOTLYa313 z A X 19 183

Z = ICI L] 2 : BEOLIEA O sH— - — 83V AQOE*SiN104 ANVANNOS NOISHI4SIO NS~ Ww¥Yx 7V

S

3 ©00°%9 S8i8IaX — —— - e it I

0°0 4382 0°0 33NLIL4vY 08 I/

i 0°0- - 4384 - = T : U0t e ICNITIIVWILTE Y

: 0°0 438x 00°0¢ NOILVAZI3 NOS

_nw T *On 30v4ung N04 IFHNLYNDIS LNITO wAE

m

mu H . . .

- ol £ N sz PR R K - B - S e AN ST Soocea i

DT AR ORE N eC

R SN R 2t

23




-

Halig-=2

ll-noee

000°00t=

000°SLe

000°05=

000°62=

000°0

000°s2

000°0%

000°SL

000°00t

8UBJING UOTIOBTISY 3ISITJ IOF

saTbuy JUTTH pur UOT3OBTFSY ndinp yo 3orqg Io3ndwo) ‘6T 9Inbrg

§338930 = NNS 0L £I3dSIK WLIm WiINWIZY iNIT9

000°08t= 000°00%te 000°09= 000*02~ 000°02 000°u9 000%00¢ oco®onrt r0* oWt
m....Q...lﬂ'...'...'Hl.l......“.ll.I....Hl..-l'.I.Hl.l.'l..l“.'.l'..l'ﬂl......l.ﬂl.lc..l.'ﬁ EO'OQﬁ'
L] -
L] L]
1 T 71 T To00sle
[ ] -
L] -
. .
m I _000°98-
[ ] L]
L] -
. -
1 7 000°52=
L ] .
] ] [ 8 S0 S oo
. [
L[] = Joccon—=s -
1 I _ _000°0
[ ] .
[ ] L]
. e S
. (14 I
b £ no 1 0oc°s2
: LI I + S s
[ ] L]
[ N i i 0
I ) 1. 000’os
L] -
. - - T T T T o -
. L
1 R ST YT T eeotsz
L] .
. - g -
[ ] L
L] - - o T~ -
ﬂ‘nt.. .-lH..-.-..O.M...ll”.l.l..H.I..I....Il.ﬂ‘.l.l.-.N.l...i.i.ﬂ..l.l...lH.l.l‘i.l.nH..“...l.l..“llIH OOO.OOﬂ

$334930 - ITINVY

NOILVYA3T3 ¥3AY3SE0

R $33493¢ - 3TINY
NOI1VA3TI W3A¥ISEO0

00°%0 3001114V 0N IV

= 00°0=___30NAI1LY wWllld /¥

00°0¢ a0ILvAIII NNE

T °ON Idv4ang ¥04 3IuNLYNOIS ININD NNS

24



P ik e

s

25

el DRR e o N o >
aIn3eUbTS IUTTH-UNS TPIOL JO 30Td I93ndwo) 9T 9Inbrd
$33¥930 = NNS 01 1334834 Wilw HANWIZY INTT9
000°09t= 000°Onte 000°00%T= 000°09= 000°02= 000°02 000°09 000°001  000°0nT  000°0§%
°°°.°°ﬂ' -l.-.-.|.H...IIOOODN.'.-.-...HI.III-.OQH-I--I.lIH-l.-.l-..H.......t.Hl.....I..H..l.....lh bpolabﬂ.
I il LU0 ‘nats.
: 5
L[] -v
L[] L]
000°SLe 1 O T 1 000°SL~
. o -
L] L]
000°0S= 1 . 1 ooo*ose
L] .
1 2 £ L] 3 -
1 2 £ ) 13 O =
000°52e 1 1 000°52-
L ] T o . - - - .
L ] .
L[] - == N—
000°0 1 1 000°0
L] = o .
L] L]
[ ] s . T T A - - - - - - .
U ‘ o s . -
000°s2 1 £ 0o 1 000°52
o 3 : B o 1T 22 s¢ g R
3
oe »
oz £ " S == = g = = -k Foo Ame— mmmw
oL z 000°0§ 1 - b 000°08
0 3 . bl el - — e
(Sop) 10QquIAS K S
ung 7] S - - T T o - .
Pedsey . .
yum s - o oS =l oS - S LY
o 000°52 1 1 000°SZ
yaoAw . - e m— = o =
. .
. e e e
°°°I°°ﬂ N.I.-.... N-........H......-IN...lII-..H...I.....HI'l.....lH.I.......H...III..I"ll.I.I..IH °°°l°°ﬂ
$33¥930 - 379NV - o ) ) ) o $33¥930 - 379NV
N0 11VA3T3 ¥3AYISEO NOILVAITI ¥3AU3ISEO
- - "~ 00°0 30NLTL1Y 10 /Y
) _ - =~ = e ___Q0°e 30NATALY WTH /Y
00°0¢ NCILYAIII NNS
T T T 3unAwN9Ts ANIN9 NNS vi0or I




24y

é
k
|
]

AH-1G; Vertical-side canopy
with centerline fence

Alreraft type and Y type:
Sun-clovation angle (deg):
Aireraft piteh sttitude (deg):
Alreraft roll sttitde (deg): 0
Heading of Alrersft With Respect %0 Sun (deg) Elovetion of
Obnerver (deg)
%20 +140 +120 +100 +80 +60 g0
Y40 | +160 ” 0 +20 | -2009
-10
+180 +190 +120 +50 +80 +30 [} -30 90 20 -120 -180 -100
Position o/ Observer With Respect 1o Sun (deg)
Prosebiity of gint: 0+ 175
AH-1G; Vertical-side canopy
— — with centerline fence
Sun-slevetion angie (deg): 30
Alroratt pitch attitude (deg): o
Aicratt roll attinude (deg): 0
Hesding of Alroraft With Respect to Sun (deg) Elovation of
Obsarver (dog)
+60 S ep—60 +10
y \‘hl\ 0
+80 ‘\\\ -80
A -
> ~ -10
+180 +150 +120 +0 +00 +30 0 -30 0 0 -120 -150 180
Position of Obssrver With Respect to Sun (deg)
Probebility of gimt: 0= 058
AH-1G; Vertical-side canopy
Aireratt type and A—_— with centerline .fence
Sun-slevstion sngle (deg): 60
Alroratt phtch attitude (deg): 0
Aircraft roll sttivude (deg): __0_
Heading of Aircratt With Respect 1o Sun (dey) Elevation of
+20 _ 0 _ -20 Obsarver (deg)
+40 — po= — =T -0 +10
+60 == =" —= ~60 °
/;TE - | S~y -0 o
+180 +150 +120 +90 +90 +30 [} -30 40 20 -120 -160 180
Position of Obsarver With Respest to Sun {(deg)
Probabitity of gint: 0117

Figure 17. Computer Results Superimposed on Sun-Glint Signature
of AH-1G With Flat-Side Canopy and Centerline Fence
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Figure 18 is the superimposed computer results for the
OH-6 at specified aircraft azimuths. Here, as can be seen,
the digital results are not nearly as good as the AH-1G with
vertical sides. Possible causes are:

e The plastic model may not have been completely repre-
sentative of the OH-6. Slight changes in certain di-
mensions can cause apparently large changes in results.
For instance, a change of 0.05 inch in the model cut-
out of the front windshield could cause a 20-degree
shift in azimuth of one of the glint boundaries.

® The exact location of the reference point used in the
generation of the experimental data was not known.

e The mathematical representation for the reflecting
surfaces was obtained from three-view drawings with
some necessary simplification.

However, the general location and shape of the glints were in

agreement. It must also be remembered that a l-degree error
in calculation of surface normal will result in a 2-degree
error in the position of the reflection. For rapidly changing
normals, this multiplying factor becomes significant.

Figure 19 is the glint signature for the OH-58 with com-
puter results plotted on top. Of the three confiqurations,
the mathematical expression of the windshield of the OH-58 was
the most difficult to determine and thus the most questionable,
Also, the question of model exactness must be raised again.
The windshield is not a simple shape, and without detailed
cross-sectional drawings, the representation of the windshield
as a combination of simple shapes was difficult. The refer-
ence point again was not known. However, as with the OH-6,
the results show general agreement.

The conclusion from these comparisons is that if one is
looking for relative merits or problems of a particular canopy
design, then curve-fitting of relatively crude inputs will
yield adequate results. However, if absolute answers in terms
of precise location of each glint corresponding to each air-
craft and sun location are desired, then a very good grasp is
needed on the mathematical expression of the canopy design.
This last statement is not as confining as it may seem, for if
a person is designing a canopy, he will normally know the
precise shape of his canopy.
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OH-6; Standard canopy

Airoraft type snd canopy type:
Sun-sievation angle (dey): Y
Abrcratt pitch attitude (deg): 0
Aircraft roll attitude (deg): 0
Heading of Aircratt With Respect %0 Sun (deg) +20 Emeian.t

+20 +20 ot (deg)

Position of Obssrver With Respect to Sun (deg)

1.0
Probability of glint:
r —— oyitvee OH-6; Standard canopy
Sunelevstionangle (deg: 30
Alroraft pitch sttitude (deg):  _____ 0
Aicoratt roll attitude (deg): 0
Heading of Aircraft With Respect to Sun (deg) Elevation of

+190 1120 +90 0 +30 0 .30 %0 4 120 "1s0 180
Position of Observer With Respect to Sun (deg)
Probebility of glint: _ 10

OH-6; Standard canopy

Alrcraft typs and canopy type:

Sun-elevation angle (deg): 60
Aircraft pitch attitude (deg): 0
Aircraft roll attitude (deg): 0

Handing of Alrorwft With Faspect 1o Bun (deg) Elrtion of

+180
Position of Observer With Respect %o Sun (deg)

Probebiity of ghime: 1.0

Figure 18. Computer Results Superimposed on Sun-Glint Signature
of OH-6 With Standard Canopy
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Alreraft type and cenepy type: OH-58; Standard canopy
Sun-slovation angle (deg): 0
Alrorsit piteh attitude (deg): 0
Alrersit roll ettitude (deg): 0

Heading of Alrersft With Respect 10 Sun (deg)

Efevation of
+80

Position of Ohesrver With Respect to Sun (deg)

Airerstt type and conopy type: OH-58: Standard canopy

Sun-slevetion sngle (deg): 30
Alrraft pitch sttitude (deg): 0
Alroraft rolt attitude (deg): 0
Hesding of Aircraft With Respect to Sun {deg) Etevation of
+80 +40 0 Obeerver (deg)

RuE
b

+30 0 -30 20 -120 -150 -190

Position of Obssrver With Respect to Sun (deg)

Proebitity of ghnt: 0:76

Aircraft type snd 2y type: OH-58; Standard canopy
Sun-slevation angle (deg): 60
Alroraft pitch sttitude (deg): 0
Airoraft rolt sttitude (dey): 0
Hasding of Alroraft With Respect to Sun (dey) Elowasion of
+40 0 Observer (deg)
_____ T +10
[
3
— = — S -10
) ] ) 0 120 150 -180
Position of Obssrver With Respect to Sun (deg)
Probebility of glint: Qo160

Figure 19. Computer Results Superimposed on Sun-Glint Signature
of OH-58 With Standard Canopy
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Appendix A

Input and Output of Digital-Computer Program

INPUT

All card types with (*) are optional, depending on the type
and number of inputs.

Card Type l--Format 4E10.0

XSCMIN

XSCMAX

YSCMIN

YSCMAX

Lower limit for glint azimuths for on-line
plots

Upper 1limit for glint azimuthks for on-line
plots

Lower limit for observer angles for on-line
plots

Upper limit for observer angles for on-line
plots '

Card Type 2--Format 6E1l0.0

XREF

YREF
ZREF

DISTG

OBSMIN

OBSMAX

X distance along X-body axis to reference
point, reference point being point from which
glint angles are measured

Y distance to reference point

Z distance to reference point

Distance in X-Y inertia plane to assumed
observer

Lower limit on observer elevation angle used
in calculating probability function

Upper limit on observer elevation for prob-
ability calculation

Card Type 3--Format 2E10.0

THETA

PHI

Pitch attitude of aircraft (positive up)

Roll attitude of aircraft (positive right
wing down)
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Card Type 4--Format 15,5X,5E10.0

NGAM Number of sun-elevation angles for which data
is desired

GAM Array containing desired sun elevations

Card Type 5--Format 5E10.0

GAM If NGAM > 5, additional values of sun
elevations

Card Type 6--Format 15. 5¢, SE10.0

NPSI Number of aircraft azimuths for which data
is decir=d

PS Array cortaining desired aircraft azimuths

Card Type 7--Format 5E1l0.0

PS If NPSI > 5, additional values of aircraft
azimuths

Card Type 8--Format 15

NFENCE Number of fences for which boundary point
will be read in

Card Type 9*--Format 15

NFPTS Array containing number of boundary points
for each fence

Card Type 10*--Format 6E10.0

FPTS Array containing boundary points for each
fence. X,Y.Z locations in body axis are read
in with two points on a card. This card type
is continued to be read until all points for
particular fence are read in. Then another
type-9 card is read, and so on, until all
fences are read in. Card types 9 and 10 are
used only if NFENCE > 0.

Card Type ll--Format 515

1}

NPANEL Number of reflecting surfaces to be read in
IANGL Determines form of glint azimuths in print
out:
IANGL = 0 +180 degrees
IANGL =1 0 degrees to 360 degrees
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IPLOT

IPROB

NDISP

Are on-line plots desired?

IPLOT
IPLOT

0 No
1l Yes

Is probability function to be calculated?

IPROB
IPROB

0 No
1l Yes

Is sun dispersion of 0.5 degrees to be used?

NDISP
NDISP

0 No, parallel rays
1 Yes

Card Type l2--Format 515.

ITYPE

NPTS

ICOEFS

NBETW

INTERN

Type of reflecting surface:

ITYPE
ITYPE

1 Flat surface
2 Quadratic surface

Number of boundary points for reflecting
surface

Determines whether coefficients for reflecting
surface will be read in or curve-fitted from
boundary points. Also can be used to specify
shape of fit:

ICOEFS = 0 Curve fit data using
built-in method of
selecting terms

ICOEFS = 1 Read in coefficients

ICOEFS = 2 Particular terms to be

fitted will be specified

Are additional boundary points along curved
surfaces desired?

NBETW
NBETW

0 No

N Yes. N = Number of addi-
tional points between each
pair of points read in

Are internal cockpit reflections permitted?

INTERN
INTERN

0 Yes
1 No
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Card Type l3--Format 6E10.0

XPTSB

Array containing boundary points of reflecting
surface in body axis. X,Y,2Z components of
each point are read in with two points to an
input card. This card type is continued to be
read in until all points are used.

Card Type l4*--Format 1015

NCOEFS

IFIT

Number of coefficients in desired curve fit

Array containing location of each desired term
in basic equation. This card type used only
if ICOEFS = 2 and ITYPE = 2, The following is
an example of how this is inputed. The basic
quadratic surface equation as assumed by the
program 1is

AX2+BY?+CZ 2+DXY+EXZ+FYZ2+GX+HY+KZ+L = O

If it is desired to curve fit boundary points
to the equation

AX2?4+CZ2+HY+K2+L = O
Then the inputs would be NCOEFS = 4,

IFIT(1) l, IFIT(2) = 3, IFIT(3) = 8,
IFIT (4) 9.

Constant term is not counted. 2lso,
IFIT must contain integers in ascending
magnitudes only.

Card Type 15*--Format 6D10.0

COEFB

Array containing coefficient of reflecting
surface equation

For ITYPE =1, COEFB(l)X + COEFB(2)Y
+ COEFB(3)Z + COEFB(4) =0
For ITYPE = 2, COEFB(1)X? + COEFB(2)Y?

+ COEFB(3)2% + COEFB (4)XY

+ COEFB(5)XZ + COEFB(6)YZ
+ COEFB(7)X + COEFB(8)Y

+ COEFB(9)Z + COEFB(10) = O

This card type is used only if ICOEFS = 1.
Two cards of this type are required to input
the 10 coefficients. Zeros must be included
for undesired coefficients.
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OUTPUT

A The output to the program is simply a tabulation and, if
desired, an on-line plot of the elevation and azimuth angles of
each glint boundary point associated with each reflection sur-
face boundary point. Reflection boundary points which are

read in but lie in a shadow of a fence will not appear in out-
put,. and points whose reflection vector intersects a fence will

have ‘reflection vector angles and glint angles printed as a
row of asterisks.

The elevation and azimuth angles are calculated for each
desired sun elevation and aircraft yaw angle, and are referred
to a particular reference point. An additional output, if re-
quested, is a simplified estimate of the area covered by the
sun glints as the aircraft rotated through a range of azimuths.
This is put in terms of a ratio to total area and is termed
the "probability function®.

\
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Appendix B
Program Listing
SUGGESTIONS FOR PROGRAM USERS

The analytical procedure given in this report is sensitive
to errors in canopy geometry. It is suggested that the user
take advantage of defined fuselage lines from engineering de-
sign data when available for the aircraft canopy under consid-
eration. For flat-panel canopies, this degree of precision is
not required.

The analytical procedure is designed to operate using
simply connected boundary points of the individual canopy
panels. For curved canopies, it is suggested that an initial
run be made with boundary points and nonboundary points in-
cluded in order to obtain a good equation for the surface of
the canopy. For this purpose request a 0-degree sun elevation
and a 0-degree aircraft heading and check the output to see if
the reflection vectors are in the expected direction. For
example, if the canopy is parabolic so that a normal to the
highest point on the canopy is perpendicular to the aircraft
waterline, then the reflection vector should be at nominally
180 degrees azimuth and a low elevation--0 to 10 degrees.
Similarly, if a normal to the outermost point on the canopy in
the Y direction is perpendicular to the X-Z plane, the reflec-
tion vector should be at nominally 180 degrees azimuth and 0
degrees elevation. By continuing this procedure for other
points on the canopy where the normal to the canopy is known,
the user can assure himself that the equation for the canopy /
is reasonable. As a starting point, specifying only equation
terms 2, 3, 7, and 9 on card type 14 has been found useful for
parabolic canopies. Once the canopy equation has been defined, ‘
the user can remove the nonboundary points from the data set
and specify the canopy equation terms for further runs. The
added runs would encompass all sun positions and aircraft
positions desired.

There is a note of warning when running with fences. Bound-
ary points which were inputted may not appear in the output;
boundary points which were not inputted may appear in the out-
put. This is due to the fact that a new set of boundary points
is generated whenever the shadow of the fence intersects the p
reflective surface. Additional boundary points may also appear :
in the output when the shadow does not intersect the reflective
surface if the reflective surface is curved (ITYPE = 2). This
occurs because the intersection of the sun's vector with the
curved surface, under a given condition, may have two solutions.
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OIMENSION FPT3(5,30,3), NRPTS(5),RP81(S5,30,3),
1 FPSI(30,3),NFPTS( S),6AM(4),PS8(18)
DIMENSTON COEFT(10),DIRCOS(3,3),VNORM(3),SUN(3),REFLTN(S)
DIMENSTION XPTSR(30,3)
DATA TOL/1,0EeQ4/
REAL»8 SIG,COEFR(10),COEFD(10)
REAL#8 COEFBQA(10).COEFBF(S,4)
OIVMENSTION COEFS(10),COEFTIFCci0)
COMMON/CTRO2/DIRCOS, XPTSR,XMIN(3), XMAX(3),NPTS
REAL#B DIRCOS,COEFS,COEFI,COEFIF,SUN,REFLTN,DISC,X,Y,Z,X1,Y1,21,
t x12,v12,212,002,NDATANZ,DARS,DSARTY
COMMON/FENCE/COEFBF
DIMENSION ALPHA?(IOOO),BETAZ(IOOO),NPSPTS(7;0,18)
COMMNN/FIT/ICOEFS,NCNEFS,IFIT(9)
COMMON/PLPR/MGAMS(7,4)
RADNRT 29578
READ(S,100) XSCMIN,XSCMAX,YSCMIN,YSCMAX
READ(S,100) XREF,YREF ,ZREF,DISTG,088MIN,ORSMAX
{0 READ(5,100) THETA,PM]
READ(S,103) NGAM, (GAM(I),I=m1,NGAM)
REAN(S,103) MPSI, (PS(1),1m1,NPSI)
1n3  FORMAT(TS,5%,(SE10,0))
SUMWEB3A0, * (OHSMAXNBSMIN)
IF(SUMM,EQ,0,0) SUMWS1,0
READ(S,101) MFENCE
TF(NFENCF,EQ,0) GO TO 14
LINESES]
ICNEFS=0
PO 12 189 ,NFENCE
READCS,101) NFPTS(TI)
NENFRTS(T)
READ(S,100) ((FPTS(I,J,K)sK=my,38),J21,N)
DO 1Y Jsy,N
DO 11 w=y,3
i1 XPYISAR(J,R)SFPTS(1,J,K)
CALL CFIT(XPTSR,MyCUEFH,)1,8IG)
TF(LINES,GT ,30) wRITVTE(6,210)
TFCLINES GT,30) LINES=0
210 FORMAT(IHY)
SRITE(N,211) ]
211 FORVAT(LHO,?FENCF NU~BER?,13)
WRITE(6,212)
212 FORMAT({HQ,5%,  ROUMDARY POINTS = RUDY AaXES® /1HO,2(20%X,°X°*,
t 11X, Y%,11%,%77,2X))
NPaN
TF(24(N/2) LT N) NPINPw]
NO 150 Jsy,MP,2
JP1zJed
150 wRITF(6,P13) (M, (XPTSR(M,K),K31,3),Mx),JP1)
218 FORMATOUHM ,2011X,°0%,72,°)%,1%,2(F7,2,5X),F7,2))
TE(Pa(N/2) LT, N) wuiTh(6,214) Ny (XPTSR(N,K),n=1,3)
214 FORMATCOIM 11X, °0%,12,%)%01%Xs3(FT7,2,5X))
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WRITE(6,21%) (J,COEFRC(J),Js1,4)

FORMAT (1H0,5X,"COEFFICIENTS OF FITTED CURVE®/1MHO0,10X,4C°(?,12,
it *)*,F10,6,8X))

NRITE(A,2186) SIG

FORMAT (1HO0,5X,?SIGMA ERROR OF FIT3?,D12,4)
LIMESZELINESs124NaN/2

00 12 Kk®1,4

COEFBF(1,K)aCOEFR(k)

CONTINIIE

READ(S,101) NPANEL,TANGL, IPLOT,IPROR,NDISP
IFC(INTISPEN,1) NDISPaY

IF(NDTISP EQ,N) NDPISPaY

FORMAT(1219)

VASE(

DN 2000 Ts1,LPANFL

READ(S,101) ITYPE,,MPTIS,ICOLFS, NHETW, INTERN

READ(S,100) ((XPTSR(L,J),J021,3),LB1,NPTS)

TFCITYPE ER,1) 6N TO 26

IFCICOEFS,EQ,1) GO TO 20

IFCICOFFS,ER,2) KO TO 25

NCNEFS=§

N0 17 L=1,6

3L

TFEL,GT,8) Kel+3

IFTT(L)=k

GO YO 28

READ(S,102) (COFFH(L)Y,L=31,10)

NCDEFS29

FORAAT(AD1N,N)

CONTIMUE

IFCTCOEFS,E0,2) REAND(S,101) WCOEFS, (IFTT(L),Lel,NCOEFS)
CALL CFIT(XPTSR,MPTS,COEFR,1TYPE,SIG)

S1645=%,#S16

TRCOITYPE N2, ANDGNHETA (Y 4 0) CALL ADNPTS(XPTSH,MPTS,COEFR,
1 StG,NARETH)

“RITE(6,217) 1,1TYPF

FORMAT (1K1, PREFLECTION PANEL NUMBER?,13,20X,°TYPE?,12)
ARTTE(6,212)

MPENPTS

TF(2%(nPT8/2),LT,HPTS) MPENPey

DO 160 \""10'49'2

JP1=0+1

WRITF(A,213) (M, (XPTSR(M,K),Kx1,3),M=],JP1)

TR (2 (tPTS8/2) LT NPTR) wRITF(h,214) MPTS, (XPTSHINPTS,K),Kel, )
TFCICOFFS,FN,1) wRITF(6,219)

FORMATCIHO,5%, PCOBFFICTENTS FUOR FITTED CURVE ARF BEING READeIN?)
VHTITE(R,215) (J,L0eFia(J),Jsi,u)

TECITYPE JEU,2) vRITE(6,218) (J,CUEFH(J),J=5,1n)
FORMATOIH p 10X, 400 (%, T120%) kB4, 1OXI/EH 410X,20°(°,12,2)°,FR, 4,
1 1nX))

WRITE(hy216) SIG

IF (HFENCE JFQ,0,0R, TTYPE JAE  2) GU TN §p
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CALL CHECKS(X,Y,2,X1,Y1,21,INTCS,1)
ICOEFS=»0
CALL CFIT(XPTSAR,MPTS,COEFRNR,1,816)
C WRITE(6,432) (COEFBQCLL) LLZ1,4)
Cu32 FORMAT(1M0,4020,4)

30 CONTINUE
0N 2000 IGAMBY,NGAM
MGAMS(I,IGAM)aMAS
LINESESY
GAMMAZGAMCIGAM)
NO 1060 TPSIs1,NPST
WRSPTS(TI,IGAM,IPS] )0
PSIs PS(1PSI)
SNPH2STN(PHI/RAD)
CSPHEC NS (PHI/RAD)
SnTHaSTHN(THRETA/RAD)
CSTHECNS(THETA/RAD)
SNPSESTN(PSI/RAD)
[SPSeNS(PSI/RAD)
NIRCNS1,1)8C8THACSPS
DIRCNS(),2)8CSTHASNPS
NIRCNS(1,3)8=8NTH
NIRCOS(2,1)88NPHASHTHACSPI»SNPSCSPH
DIRCNS(2,2)2SNPHaSNTHRSNPS¢CSPHACSPS
DIRCOS (2, 3)=8SNPHACS T~
NIRCNSCS,1)3CSPHASNTHACSPS+SNPSASNPH
NIRCOS(4,2)0(SPHaSNTHxSNPSeSNPHRCSPS
NIRECNS(,3)208PHR(,STH
CALL CVRT(COEFR,NIRCOS,CCEFT,ITYPE)
[P CUFENCF EO, 0, OR, TTYPE NE_2) GU TO 4o
00 85 (.=23,19

38 COEFSCLY=CNEFT (L)
CALL CVRT(CNEFRA,DIRCO3,CNEFT, 1)

40 CNNTTwie
o 1non INISP=L,H0)8P
GAMYBAMMA
GAYL=0,0
[FennIsp,ER,1) 6N T 4%
TFeINISP LE ,2) GAMVSGAMV 4 (el )anIDISP/4,
IFCINTSP, 6T, 2) GAML s(e])axINISP/Y,

4%  COMT Y ibif
BVSHAMY Awl3AMY
St (1)eseCS(HAMY/RAD Y*CNS(GAML/RAD )
SUNCP2YISCNS(GAMV/RAD YaSIN(GAML/RAD )
SUMI3)=SIn(GAMYV/RAD )
no Sy Lst,MP18
no 99 Jd=1,3
KPST (1,0 ,J)B0.0
N S1 k=q,3

851 NRPSTC1,L,JY3RPST(1,L,))eDIRCOS(K,J)«XPTSR(L,K)
NRPLS=
ARPTS(1)SNRTS

S s e
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S10

52

53
535

540

545
sS4

55
6

58

70

80

IF(NFENCF ,ER,0) 6N TO S4

TF(ITYPE ,EQ,2) CALL TRANR(RPSI, 1 ,NPTS,COEF],8UN,1)

DO 53 =1 ,NFENCE

0N S10 Jst,u

COEFDCJ)SCOEFRF (L, J)

CALL CVRI(COEFD,DIRCUS,COEFIF,1)

CALL PLANPT(CNEFIF(1),COEFIF(2)COEFIF(3),COEFIF(4),SUN(C1),8UN(2),

1 SUN(3),DISC,0,0000,0,0000,0,0000,x,Y,2)

IF(DABS(DTISC),LT,TOL) GO YO 53
NFPSSNREPTS(L)

DO %2 M=1,MFPS

DO S2 J=1,3

FPSI(N,J)=0,0

NO K2 x=1,3
FPSI(N,J)2FPST(N,J)+DIRCOS(K,JIFPTS(L,N,K;
CALL SHADOW(RPSI,NRPLS,NRPTS,FPSI,NFPS,SUN,COEFT,GAMV,GAML)
IF (NRPLS,EQ,%) GN TO 835

IP(NRPLSEG,0) GO TO 900

CONT INUF

IF(ITYPE,EQ,1) GO TO S4

DO S40 TRPL=!,NRPLS

LPTSaNRPTS(IRPL)

CALL TRANG(RPSI,IRPL,LPTS)COEFS,S8SUN,2)
NRPTS(IRPL)BLPTS

CONTINUE

N0 5S4y Lxy,10

COFFI(L)=CNEFS(L)

DO AS0 JRPLs=),NRPLS

LPTSeNRPTS(IRPL)

DD 800 x=i,LPTS

MASaMAS+]

X12RPSI(IRPL,K,1)

YI3RPST(IRPL,K,2)

218RPSTI(IRPL ,K,)

IF(ITYPEEQR,2) GN TO S&

00 55 t=1,3

VNORM (L )SCDEFI(L)

GO TO S8

VNORM(1)m2,%COEFT (1IaX1¢COEFI(UIRYI+COEFI(S) 2 ¢COEFI(T)
VNORM (2182 , #COFFT(2)AYI+COEFI(4)nx1+COEFI(6)«21+COEFI(B)
VNORM(3)B2 , #COEFT(3)/Z14COEFI(S)AX1¢COEFI(6)aYL4COEFT(9)
ASNE0,0

ABSNSQE0,0

PO 70 L=1,3

ASNEBASNSSUN(CL)#VNORM (L)
ABSNSGEABSNSQeVNORM(L)®VNORM(L)
IFCINTERN,EQ,1 ,AND,ASN.GT,0,0) GO TO AS
ASNSASN/ABSNSG

IF(ABS(ASN) LY, ,1,0E»08) ASNE(,0

00 80 L»1,3

REFLTN(LINSUN(L)w2 ,OnASNAVNORM(L.)

ICLEARSD
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IFCHFERCF ,EN,0) BN TN 90
Call, JIHTERF(FPTS,NDIRCOS,“FENCF ,HFPTIS, Xx1,Y1,21,RFEFLTN,ICLEFAR)
IFCICLFAR F,0)Y GO TN 90
RS  ALPHAZIONOO
nETAz{an0n,
GO TG QR
Q0 COMTINLE
IFI(DANSIREFLTIN(E)),6T,0,9999) GU TO 97
sLpHEa DATANP (mREFLTH(R) ,NSGRTIREFLTMN (1) 2a2¢RFFLIN(R)I2#2))
HETAS NMATANDP(REFLIN(2) ,REFLTNC(1))
98  ALPHASRAD XA PHA
BETA= WAD «BFTa
CRPB=NISTGADISTH
CALL RHADPT () ,0000,1,0000,0,0000,0,0000,0,0P00,0,0D00,0,0D00,
X N,0000,0,0Nn00,002,REFLINCY),
t REFLTM(2)WREFLTICIRY o X1aYY 2 )Xo Yo ZoXTI2,Y1P,212,INTC)
TFCLNTCF,1) GO TOH 96k
CALL SHWNOTEREFLINCE),REFLIN(P) ,REFLTNCS) X1 ,Y1,21,X,Y,2,18HAD)
IF(ISHADER,1) GO TO 94
XzX12
y=vlip
13712
96  ALPHAZ2(MAS)ISRADANATANP (=72 42RFF USURT((XeXREF) a2+ (Yo YREF)wn2))
RETAZ2(AS)IZNATANP (Yo YRFEF ,XaXREF)WRAD
TF(TANGL EQ 1 AND RETA,LT, 0,0) BETAZ3A0, ¢RETA
TR CTANGL (F N1 JAND RFTA2(MAS) ,LT40,0) RETAZ2(MAS)S3H0,¢RETAR(MAS)
GO TN 798
Q7 ALPHAZ=REFLTMEZ)*90,/DAHS(REFLTIN(R))
RETA=0,0
9R  A|.PMAR(MAS)mALPHA
RETA2(*AS)ISRETA
798  X{RININCOS(]1,1)aX1eDIRCOS(],2)aY14DTRCOS(L,3)n21
Y1ReNTRCOS(2,1)4X14DTRCUS(P,2)%Y1+DTIRCOS(2,3)nlt
21HaDIRCOS (S, 1) uex14DIRCOS(T, 2 Y1 eDIRENG (3, Y)Y
CALI. CHECKA(XPTSR,MPTS,X1R,Y1R,L18,91G3)
IFCLINES,LT,50) GO TO 794
WRTTE(A,200) 1,GAMMA, xREF,THETA, YREF,PH],ZREF, NDISTG
200 FORMATCIM],40X,°SUN GLINT SIGNATURE FOR SURFACE NN, ¢, 13/
X 1HO,SX,e8UN FLFVATION? ,F12,2,76X,9XRFF?,F9,2/1H ,5X,
1 "A/C PITCH ATTITUDE?,F7,2,76X,YREF*,F9,2/1H ,5X,
2 °A/C ROLL ATTITUDF?,FB,2,76x, °ZREF?,F9,2/1H ,106X,°XN1STG?,FT7,2)
NRTTE(bs202) |
202 FORMAT(IRO,5X,*A/C YAW®,BX,’SUN DISPERSION?,RX,
1 "ROUMDARY POINTS«RGNDY AXES?,9X,»?HEFLECTTION VECTOR’, 16X,
? 'OLINT?/IH 21X, VFERTY,SX,?LAT?,13X,?X?,TX,°Y*,TX,?27,12X,
§ PELEVATTON? X, A2 INUTH? JAX, PELEVATION® ,3X,?AZIMUTH?)
LINVES=9
796 WRITE(6,201) PSI,GV,GAML,X{H,Y18,218,ALPHA,BETA,ALPHAR(MAS),
f RETA2(MAS)
LINESsl IMNESe?
201 FORMAT(IHO, AX FTa2¢9NF542s3XsFSe2)8X,3FB,2,11X,F0,2,4X,F7,2,10X,
1 FR 2 U4%,FT7,2)

40



s s

A AL B

B paielbod de T o d

800
850

900

950

1000

2000

2020
2050

tno

CONTINVUE
NPSPTS(I,IGAM,IPSI)SNPSPTS(I,1uAM,IPSI)+LPTS
CONTINUE

GO TO 1000

CONTINLE

DO 9S50 xat,?2

MASEMAS e

ALPHAZ2(MAS)®10000,

BETA2(MAS8)E1INNO00,
NP3PTS(1,164M,1PS]1)uNPSPTS(I, IGAM,IPST)+2
CONTINUE

IF(NPANEL ,EQ,1) GO TN 2000

IFcIPLnT EQ,1) CALL PLOT(RFTAP,ALPHA2,GAMMA,],NPST,NDISP,
{1 NPSPTS, XSCMIN,XSCMAX,YSCMIN,YSCMAX,PHI,THETA,IGAM, 1, 1ANGL)

COMTINUE

IF(IPRUBLER,0,ANDGTPLNTFQ,0) GU TO 2050
DO 2020 1GAME],MNGAM

GAMMASGAM(IGAM)

IF(IPLNTEQ, L) CALL PLOT(BETAR,ALPHA2,GAMMA, 1 ,NPSI,NDISP,NPSPTS,
1 XSCMIN,XSCMAX,YSCMIN,YSCMAX,PH],THETA,]GAM,NPANEL, 1ANGL)

IF(IPRNK,EQ,0) GO TO 2020

CALL PRORL (ALPHA2,RETA2,GAMMA,NPST ,NDISP,NPSPTS,NRSMIN,

t ORSMAX, SIIMW, [GAM,NPANEL)
CONTINUE

READ(S,101) ICONT
IFCICOMT 4 NEL1) 8STOP

60 TN 10

FORMAT(6E10,0)

END
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SURROUTINE CHECKU4(XPTSB,NPTS,X1B,Y1B,Z18,3163)
DIMENSION XPTSB(30,3)

IF(SIG3,LT,1,0Ewnd) SIG3=0,000%

DISCS=S1IGY

00 10 T=1,NPTS
DISTaSORT(XPTSR(I ) na2¢XPTSB(I+s2)wa24XPTSB(I,5)nn2)
DIST2BSART ((XPTSB(1,)1)wX{B)wn2e(XPTSB(],2)oY1B)%a2¢(XPTSB(1,3)w
1 Z1B)we2)

N18CaDI8T2/(NIST+S8IGI)

IF(OT18C,6T,81G3) GO T0 10

IF(DISC,GELISCS) GO TU 10

X1ASXPTSH(I,1)

Y183XPTSA(I,2)

Z1RmXPTSA(I,3)

NISCSeNTSC

10 CONTINUE
RE TURN
EnD
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SUBROUTINE CFIT(XPTSA,NPTS,COEFB,ITYPE,SIG)
DIMENSION XPTSB(30,3)

REAL+8 81G,DET,TOL

REAL#B A(9,9),8(9),XCURF(9,30),F(30),COEFB(10),COEFS(Y9)
COMMON/FTIT/ICOEFS,NCOEFS,IFIT(9)
DATA TOL/t,0D=02/

ICs0

IF(ITYPE EN,2) GO TO 32

00 20 (st ,NPTS

F(L)=1,0

pn 20 Ja1,3

XCURF (J,L)SXPTSH(L,J)

CALL CURFIT(F,XCURF,3,NPTS,COEFB,A,B,DET,816)
IF(ICOEFS,EQ 1) RETURN
COEFR(u)seDET

RETURN

DO 38 L={,NPTS

XCURF (1,L)mXPTSB(L,1)an2
XCURF(2,L)SXPTSB(L,2)*%2

XCURF (3,L)SXPTSB(L,3)an?

XCURF (U4, L eXPTSB(L,1)Y2XPTSR(L,2)
XCURF(S,L)axPTSR(L,1)#XPTSR(L,3)
XCURF (AL )SXPTSR(L,2)*XPTSR(L,3)
XCURF (T7,1L.)8xPTSB(L,Y)

XCIHRF (R,L)SXPTSH(L,2)
XCURF(9,L)SXPTSB(L,3)

F(L)=1 ,0

IF(NCUEFS,E,9) GO To 460

N0 4k T=),NCOEFS

KISIFITCI)

IF(KEQaI) GO TO 4s

NO 4% L=y ,NPTS

XCHRFE (T,L)SXCURF(K,L)

CONTTINLE

CALL CURFIT(F,XCURF,NCOEFS,NPTS,COEFB,A,R,DET,S1G)
FCICOEFS,EQ,1) RETURN
IF(NCOEFS,ER,9) GO TO SO
IFCICOFFS,EN,2) GO TO 47
TF(NPTS,LT,(NCOEFS3) ,0R,31G,L.T.T0L) GO TO 47
NCOEFSENCOEF S+3

IFINCOEFS,EQ.8) 60O TN 44

GO 16 32

NN 48 1=y ,NCOEFS
CIEFSCI)SCOEFR(T)

N 40 18,9

COEFR(T1)30,0

DN 49 T1=1,MNCOEFS

KsIFIT(I)

COEFB(x)BCOEFS(1)

CONTINUE

CUEFR(10)a=DET

RETUYRK

END 43

AR S
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20
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50

40

SUSROUTINE CURFIT(F,x,N,™,COEF,A,B,DEY,S8I6)

IMPLICIT REAL## (AeH,0s2)

NDIMENSION X(9,30),F(30),CO0EF(10),A(9,9),R(9)

COMMON/FIT/ICOEFS,NCOEFS,IFIT(9)
IFCICNOEFS,EQ,1) GO TN 25

DD 10 I=3,N

B(1)z0,0

nNo 10 Js1,N

A(1,J)=0,0

NO 20 1s3y,M

D0 20 Jst, N

R{JIBR(J)I+F (TIaXx(J, 1)

NO 20 L3f,N
ACL,J)2ACL,J)YeX ], T)ax(L,])
CALL EnNSOL (A'B'MQCOEFODFTpl)
5(G=n,0

TFCICOFFS,EQ,1) NET=«COEF(10)
nd 4n tsg,™

SUvsn, 0

No 30 J=g,N
SUMESIUIFGCOEFCIY«X(J, 1)
SiMsSUrMeNET

SIG=SIGeSUMRSUM
SIGEDSART(SIG/ ™M)

RETURN

END
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10
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14

15
150

16

20

25

30

35
40

4e
as

47

e el i e S i i A

SURROUTTIHE EANSOL CA,H,NyX,DET, NHOMD)

IMPLICYIT RFAL#R (AehH,(1eZ)
DIAENSTON A(9,9),R(9),X(10)
HATA TOL/Z1,00=08/

NRAMK =M

no 10 Tey,N™

X(1)e=0,0

1=)

[cnt.=n

13]+¢

ICOL=ICOL ¢

IP12T¢4

AMAXT=2A(CT,TCOL)

L=!

IFCIPL ,GT NY GO TO 150

N0 1% waIPg,n

IFCDARSCA(K, TCOLY) BT DARS(AMAXI)) L=k

AMAXT=A(L,ICOL)

IF(DARS(AMAXT),GT,TOL) 6N TD 16

x(1CoL)=1,0
NRANKSFRAMK®t
IF(ICOL,EQ,N) GO TO 45
1CoLsICOL+t

GO Th 14

IF(L,ER,T) GO TO 2§

No 20 Jst,N
SwaAP=A(TY,])
A(T,J)sA(L,))
A(L,tJ)=SwaAP

SWAPSA(])

R(IYsACL)

R(L)=8naP
xOtvsa(l,1Cc0L)

Do 30 JsICOL,N
A(T,J)=A(I,J)/7XD]V
RCIIBB(I)/ZXDIV
IF(IPY,GT M) GO TO 42
DO 40 KzIPi,N
xMuLsACK, ICOL)

D0 35 JsICOL,N
A(K,J)zA(K,J)aXMULRA(T,J)
B(K)SB(K)mXMyUL*AC])
IFCICOL,LT,N) GO TO 2

TF (NRANK ,EQ N, OR NHOMO,ER,0) X(ICOL)SB(I)/A(T,ICOL)

1JuUMPaICNLe]

DO S0 T=2,N

Kavele+d

1F(X(K),EW,0,0) GO YO 47
1JliMPe T JUMPe

GO T0 80

IF (NRANK  EQ N OR  NHOMO ER,0) X(K)=B(K)

KP{3Ke1
45
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PO 4R J2KP,N
X(KYsX(K)mA(KuTJlM

CONTINDIE AR LR
NET=1,0

IF(NRANK LT Ny DET20,0

RE FTUKN

Fnn
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»emE T

ST B

-



T

SURBROUTINE ADDPTS(XPTSR,NPTS,COEFR,SIG,MNRETW)
REAL*B CNEFR(10),CPEFP(10)
REAL#*8 S1G,S1G2
NIMEMSTON XPTSR(30,3),XPTS(80,8),XSTNRE(30,73)
REAL*R A2,R2,C2,02,E2,F2,G2,H2,K2,L2,A1,R1,C01,D1,A3,B%,C3,03,€%,
{ F3,63,43,k3,L%,3A,5R,SC,DaBS,FACT,DISC,DSQRT
NDATA TOL/Y,0Fw0U/
A23CDEFR(1)
R2sCNEFR(2)
C2sCOEFR(Y)
DPsCNEFB(Y)
E23CUEFH(S)
F23COEFR(6)
23COEFB(T)
HPaCOEFR(A)
K28COEFA(9)
LesCOEFK(10)
1IFLAGED
Mz0
00 100 I=t,NPTS
MaM$
NO 19 k=1,3
1S  XSTURE(M,K)aXPTSH(1,%)
[Pialet
1F(I,E0,NPTS) lPIEY
IF(IFLAG,ER,1) GO TO 200
S XE(XPTSB(I,1)+XPTSR(1IP1,1))/2,
Ye(XPTSR(I,2)eXPTSR(IP1,2))/2,
2a(XPTSA(1,3)+XPTSA(IPLI,)Y))/2,
VELBA2aX#n2eH2aYnw2eC20lnn24D20XnY+E2aXn74F2nYeZ+G2nXe
1 M2aYeK2uZ¢L 2
IF(ABRS({DEL),LE,3,28IG) GO TO 100
1P23TPt+1
IF(IP1,EQG,NPTSY) TP2a1
DO 20 k=my,3
B XPTSC1,k)BXPTSB(TsK)
XPTS(2,K)¥sXPTSA(IP],Kk)
20 XxPTS(3,K)aXPTSA(IP2,K)
CALL CFEIT(XPYS,3,CO0EFP,1,58162)
A13COEFP(}Y)
RIwCOEFP(2)
C13COEFP(3)
D1aCOEFP(4)
60 10 208
200 DELBA{#XPTYSB(IR],1)+B1nXPTSA(IP1,2)+C1aXPTSB(IP1,3)¢D} 5
IF(ARS(DEL),LE,TOL)Y GO Tn 204
{FLAGRO
GO0 Tn 8§
204 D0 2nS K=1,3
XPTS(1,K)BXPTYSR(T,Kk)
205 XPT8(2,K)mXPTSR(IPY,K)
208 1F(DABS(B1),GT,DARS(AL1),AND,DABS(BL),GE,DABS(C1)) GO YO 30

P R AT s

O S
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TP COAKS(CLY, T NARS(AL) JANR  DARS(CY1) 6T, DARS(HL)) GO TO 4o
IF(IFLAG,EM,1) GO TOH 209
RYI=R24+62% (1781 avP=iPARY /A
C320P7¢0P22 (01 /A1 Y aP=f PaC 1/ M)
FI32F24p #A22C 1 aR1 /A1 042002401/ =FPaR1/AY
MISHP 4R % A2ANT1 AR /A 2al=NPal| /81 =l2»R) /A
KIBK242, 2 A2+ 1 201 /A L ne2nE 22D /a1 nG2aC1 /A
LISLPeA2A(N1 /81 ) an2e(3 22D /0
209 IFCARSIXPTS(P,2)mXPTS(1,2)),6T,ARS(XPTIS(2, )eXPTS(1,3))) GO TO 24
N 230 uyz=),NRETw
M3IMe
Z3XPTS (1, 3)+FLOAT(N) « (XPTSI2,3)eXPTS8(1,3))/FLOAT(NRETH])
SA=RY
SRFIx24K}
SCaC3x727eX3nZ4L Y
TF (DARR(SA) LT, 1,0Nn=DR) GU TH 23
FACT=Z1,0
DISC=SHewpmy ,4SAXSC
IF(PTSC,LT,0,0) 2RTTE(H,600) DISC
TFOISC,LT,0,0) DISC=0,0
KOO FORMATE/Z//)15C7%?),8Y, *DISCRIMINANTY 1S LFSS THAN ZERD IM ADRING RO
fANARY PRIMTS, ZERN ASSUMEDL®/1IHOD,20%x,*ACTUAL VALUE TS?,D1A,4)
210 Z®8H/2,/SA+PACTADSNRT(FISC) /2,754
NISTZARS(XPTS(1,2)=Y)+ARS(XPTS(2,2)»Y)
TR CY LT XPTS(1,2),AN0, Y, LT XPTS(2,2)) GO TO 2P
IFEY GT XPTS(1,2),ANN, Y GT  XPTS(2,2)) GO Tn 22
215 XSTORE(M,2)=Y
lSl’f.WE.(!"‘,1):-01/151-('.1*Z/Al-&ltYlnl
XSTNRE(V,8)=27
GO T 230
P2 IF(FACT,LT,0,0) GO Th 220
FACTz=1,0
NISTI=r18T
GO TDO 219
220 TFMISTLLT,HDISTLY GO TU 295
YSe3H/2,/84¢DSNRT(DISC)/2,/84
GOTA 215
2% TF(DARS(SBYLT,TOL) GN TO S00
YS«Sf /S84
GO Th 218
230 CONTTINOE
GO YO ap
P4 NI} 2B Nz ,MHETw
MSHe
YEXPTS(1,2)+FLOAT(N) & (XPTS(2,2)=XPT8(1,2))/FLOAT(NRETW])
SA=CY
SRaF Iav+K3
SCEASAYRY$MZaYel Y
IF(DABS(SA),,LT,1,0D=m0R) GO TO 25
FACT=Y,
NI1SCzSAxe2el , vSASC
TFLDISC L T,0,0) “RITE(nsa00) DISC
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IF(OI8C,LT,0,0) DISCs0,0
240 Zme8B/2,/3A+FACTDSQRT(DISC)/2,/84A
DISTRABSEXPYS(L 3wl )+ABS(XPTI(2,3)e2)
IF(Z,LT, XPTS(1,3),AND,2,LT, XPTS(2,3)) GO TO 242
IF(Z,GT XPTS(1,3),AND,2,GT,XPTS(2,3)) GO TN 242
241 XSTOREtMyPIaP
XSTORE(M,2)mY
XSTORE(M,1)8eD1/AleCinZ/AlaBlinay/A]
50 Y0 28
242 1F(FACT,LY,0,0) GO TO 243
FACTE=],
D18T180I8T
G0 TO 240
243 IF(DIST,LT,DISTL) GO TO 24t
28«88/2,/9A+080ART(DI8C)/2,/8A
GO TO 241
25 IF(DABS(SB),LT,TOL) GO YO S00
28e8C/858
GO TO 241%
28 CONTINUE
60 TO 90
30 I1F(IFLAG,EQ,3) GO TO 309
A3mA2+B2w (AL /BI)xn2eD2RA1 /8]
CisC2+820(Ct /By )an2afF24(1 /B
E3mER42,#H2wA1xC1/B14a2aN24aCl/BleF2aAt /B
G33G242,#B24D1aA1 /Bl ne2=D24D1/8len20A)/B1
KInK242 ,4B24D1#C1 /81 en2eF2aD1/Blan2uaCy/BY
L3nL2+R2w(D1/B1)an2ari2aid]/RY
309 IF(ABS(XPTS(2,1)eXPTS(1,1)),67,ABS(XPTS(2,3)exPTS(1,3))) GO TO 34
DO 330 Nm{,NBETW
MEMs
ZuXPTS(1,3)¢FLOAT(N) 2 (XPT8(2,3)eXPT8(1,3))/FLOAT(NBETHN¢])
SAmA}
SBaEINZ24G3
SCuC3InZnZek3InZ+lL3
JF(DABS(SA),LT,1,00=08) GO TO 33
FACTsY,
DISCuSR*+SBey ,#SARSC
IF(NISC,LT,0,0) WRITE(6,600) DISC
1F(018C,LT,0,0) NDISC=0,0
310 X3=88/2,/SA+FACT*DSORT(DISC)/2,/8A
DISTSABS(XPT8(1,.)mX)+ABS(XPTE(2,])e=X)
IFCX, LT XPTS(1,1),AND X LT XPT8(2,1)) GO TO 32
IFIX,GT, XPTS(1,1)AND X 6T XPTS8(2,1)) GD TO 32
316 XSTORE(M,{)mX
XSTORE(M,2)m=D]1/RleAis*X/RleCinZ/B]
XSTORE(M,3)m2
GO T0 330
32 IFCFACT,LT,0.0) GO T0 320
FACTaet,
OISTIaN]IST
GO TO 310

EET Y
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320

33

330
34

340

341

42

343

315

48
40

409

IF(DIST,LY,DISTL) GO TO 31S
X8e88/2,/8ADSQRT(NISC)/2,/8A
6N 70 31§

IFC(OABS(S8B),LT,TOLY GO TO S00
X3e«§C/8A

GO TO 31$

CONTINUE

60 TO 90

DO 38 M=y ,NBETW

MZM$

XTAPTS(1,1)4FLOAT(NI#(XPTS(2,1)eXPTS(1,1))/FLOAT(NBETW])

SAsC3

SREE3InyYeK]

SCuAZaXaXelG3aXely

IF(DABS(8A),LT,1,0D=08) GO TO 3%

FACT=y,

DISCu3R#SRey ,#SASC

IF(DISCLLT,0,0) WRITEC(SL,600) O1SC
IF¢DISC,LY,0,0) NISCmn,0
I2eSR/2,/8A+FACTADSORT(D]ISC)/2,/84A
NISTBARS(XPTS(1,3)e2)+ARS(XPTS(2,3)m])
IF(Z LY XPTS(1,3),AND,Z,LT XPTS8(2,3)) GO TO 342
IFCZ.GT XPTS(1,3),ANN,Z,GT,XPT(2,3)) GO TO 342
XSTORE (M, 1) =X

XSTORE(M,2)meD| /RinAiaX/R1aCl*Z/B1

XSTORE (M,3)m7

G0 TO 138

1IF(FACT,LT,0,0) GO Tu 343

FACTaey,

DIST1=N]ST

60 TO 340

IF(DIST LT DISTYI) GU TU 34y
22«8H/2,/7SA+DSART(PISC)/2,/8A

GO TO 341

IF(DABS(SR),,LT,TOLY GN TO 500

73«8C/88

GO T0 34t

CONTINUE

60 TO 90

IFC(IFLAG,EN,1) Gn TO 409
AYzAP+C2%(A1/C1)nnPeEPaA /(Y

BB+l 2n(R1/C1)anw2eF2aBl/CH

N3aN242 ,#C2#A14B1/C andwb2efi]/CleF2nAl/CY
G32G2¢2,4C2«D1¢A1/CinnloE2aD]/CleK2aA) /(Y
HIaH242 ,2C2«D1wH1/ClealnF24N]/CleK2eB]/CY
LisL2+C2n(D1/C1)mn2en24L]/C]

TF(ABS(XP18(2,2)eXPTS(1,2)),6T,ARS(XPTS(2,1)=XPTS5(1,1))) 6O TO 44

DO 450 nNEt,NRETH
MEMe |

XSXPTS(),1)¢FLOAT(N)w(XPTS(2,1)=XPT8(1,1))/FLOAT(NBETW+1)

SasRY
SBENIax+H}
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410

415

ue

420

a3

430

44

a40

da

4up

a3

SCEAZAXAX+GInXeLY
IFCDARS(SA),LT,1,00208) GO TO 43
FACTmY,

DISCsSRxSHwy,#SASC

IF(DISC,LTY,0,0) WRITE(6,000) DISC
1F(01SC,LT,0,0) DISCs0,0
Y3+3R/2,/8A+4FACT#DSART(DISC)/2,/8A
DISTIARS(XPTS(]1,2)=Y)¢ABS(XPTS8(2,2)=Y)
TFCY LT XPTS(1,2) AND, Y, LT XPTS(2,2)) GO TO 42
IFCY,GT XPTS(1,2),4ND, Y, 6T XPT5(2,2)) GO TO 42
XSTORE (M, 1)8X

XSTURE (M,2)8Y

XSTORE (+,3)2wD] /C1eAixX/CiwBinY/C1

GO TO 43n

IFCFACT,LT,0,0) GO TN 420

FACTS-’.

NIST1an]I8T

GO Tu 4t0

IF(DIST LY, NDISTYY GO 10 4iY
Y=e8R/2,/S50¢NSORT(NISC)/2,/84A

GN TO utsS

TF(NARS(SR)Y, LT, TOLY) GO TO 500

Y2=8C/88

G0 TO 418

CONTINUE

GO 10 90

00 4R mmy,NBF TR

Mz
YZIXPYS(1,2)eFLOAT(N)#(XPTS(2,2)»XPTS(1,2))/FLOAT(NBETW+])
S$4sA3

SHaNIay+G3

SCEAINYRY+HIaY 2}
TF(DARS(84),LT,1,0DPe08) GO TO 45
Facrst,

NISCESRxSRey , +SARSC

TF(UISC,oLT,0,0) wRITE(H,600) DISC
IF(DISC,LT,0,0) NISCz0,0
XSaSR/2,/SA4FACTADSNRT (LISC)/2,/5A
DISTEARSIXPTS(1,1)=x)+aRS(XPTS(2,])eX)
TRIX LT, XPTSI1,1),ANN X LT XPTS(2,1)) GO 1O 442
IF (X, 6T, XPTS(1,1) AN X, GT XPTS(2,1)) GN TO 442
XSTORE (M, 1)-X

XSTORE (M, 2)=Y

XSTORE (M,3)3eD1/CiwA1nX/CleHinY/(CY

GO TO 4R

IFCFACT, LT,0,0) GU TO 44y

FACTewt,

NISTI=nT8T

GO TO aun

IF(DIST,LT, DISTYL) 6D TU 4y
XZm§R/P,/8A+DSRRT(NISC)/2,/8A

GN TO uidy
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48 IF(VABS(SR), LT, TOL)Y GO TO %00
Xa=3C/8H
GO TO dut

4R CONTINUE

90 I1fFLAGEY

100 CONTINUE
NPTSsM
0O 110 Is{,NPTS
DO 110 Jsy,3

110 XPTSHA(1,J)=XSTORE(I,J)
RETURN

S00 WRITE(6,610) SA,SH,SC

sTOP
610 PORMAT(///,18("%*),5%,*QUADRATIC EQUATION SOLUTION FAILS IN ADDING

1 BNUNDARY POINTSe CHECKR INPUT e PROGRAM wILL STOP HERE®//im0,20X,
2 "VALUES 0OF COEFFICIENTS OF QUADRATIC EGUATION ARE A=?,D15,4,2X,
2 'B3?,D1S5,4,2%X,°Ce?,N15,4)

END
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S0

Sne

S5nd

505

506

SURROUTINE CVRI(COFFR,DIRCOS,COLFL,ITYPF)
IMPLICTIT REAL#B (AwH,0w2)

NIMENSION DIRCNS(3,3),COFFIC10),COEFB(10)
IF(TTYPEEN,2) GO TO K02

DO 50 |1 =§,3

COEFI(L)B0,0

N so6 J=1,%
COFFT(L)=COFFI(LYINIKCOS(I,L)#CUEFR(J)
COEFIty)=COEFR(4L)

RETUR™

CONTINIE

DO S04 (21,3

SAs3DIRCOS(1,L)

88B3DTRCNS(2,L)

SCaNIRCNS(3,L)
CNFFICL)=COEFR(1)%SA»SASCOFFR(2)wSRSA+COEFR(3)#SCaSC+COEFB(U)w
1 SA#SReCOEFR(SINSAnSC+COEFR(6)#8ARSC
IF(L,E0,3) GO TO S04

SA23NIRCOS(1,Le+t)

SH823DIRCNS(2,L+1)

SCA=NIRCOS(3,L+1)

60 TO 505

SA2aDIRCOS(1,2)

$82=NIRCOS8(2,2)

SC2aDIRCNS(3,2)
CUOEFI(L¢3)®2 ,4COEFR(J)#8aa82242,#CUEFR(2)%SBa8B242 ,«COEFB(3)a8Cw

1 SCP¢ CNEFRIUI*(SA*SR2¢SA2+3B)+COFFR(S)#(SA*SC2¢8A2#SC)+COEFR(H)
1 (SHaSC2+4SH2#SC)

COEFI(L+b6)B0,0

N0 S06 Kat,?

COEFI(L+A)RCOEFTI(L+6)+DIRCOS(K,L)«COEFB(K+s) &
COEFI(10)=COEFR(10)

RE TURN

END
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SURROUTINE TRANQ(RPSI,IRPL,NPTS,COEFI,SUN,IC)
DIMENSION CNEFI(10),8UN(S),RP81(5,30,3)
REAL#8 CNEFYI,8UNn,A,B,C,D,E,F,G,H,CK,CL,SL,8M,8N,DISC,X1,Y1,21,
1 X,Y,2,%X02,Y02,21n2,08QKT
DATA T0L/Y,0E=04/
COMMON/SAVE/SL,8™,8N,DISC,CSTH
ASCOEFI(1)
8aCOFFI(?)
C3COFFT(3)
NaCOEFT(4)
GO TN (10,30), IC

10 SLsSUNC1)
SMaSuUN(2)
SNeSUNCS)

c WRITF("IEOO) A'B)CQD’SLOSMOSN
CSTHE(aaSL+BeSMeCa8MN)/0SART (AnA+BaBeCaC)
IF(ARS(CSTH)Y,LT,0,17) RETURN
no 2n 1s1,NPTS
X12RPST(IRPL,1,1)

YI18RPSI(IRPL,1,2)
218RPST(JIRPL,I,3)
CALL PLANPT(A,B,CoNsSLsSMiSN,DISC,X1,Y1s21,%,Ys2)

c NRITE(6,200) X1,Y1,29,X,Y,2,01SC

C200 FORMAT(1MO,7016,4)

IF(NDARS(NISC) LT, TOL) RETURN
RPSI(IRPL,I,1)mX
RPSI(IRPL,I,2)8Y

20 RPSICIRPL,T,3)sZ
RETURN

30 IF(DAHS(DISC),LT, TOL) WETURN
TF(ARS(CSTR) LT,Ny17) RETURN
EaCOEFI(S)
FSCOFFI(6)
GaCNEFI(Y)
HICOEFI(R)
CKaCNEFI(9)
CL2CNEFIC10)

c WRITE(A,200) A,B,C,D,E,F,G,H,Cr,CL,8L,5M,SN
L=n
N0 50 Isy,nNPTS
X{sRPST(IRPL,I,1)

Y1aRPBI(IRPL,],P)

Z132RPSTI(IRPL,I,H)

Call BUADPTCA,R,CoNsEsFoGaH CHRpCL,SLySMySN,X1,Y1,21,X%,Y,2,
1 XN2,YR2,702,INTE)

TFCIMTCL,ER,0) VRITE(H,%00)

TE(INTCF0,0) GO TO SN

Ly WRITE(6,200) X,Y,Z,X02,Y02,2Q2
[FCINTC,FR, 1) GO TO 45
CALL CHECKS(X,Y,2,X02,Y02,202,INT(CS,2)
IFCINTCS JEQ,0) WwRITE(S,500)
IF(INTOS,EN,0) 6O TO S0
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IFCINTCS,EQ,1) GO TO 45
LeL+1l
RPSICIRPL,tL,1)EX02
RPST(IRPL,L,2)=YGP
RPSI(IQPL'Lp:S)HZQZ

45 LslLet
RPSI(I”PL sLotYeX
RPSI(IRPL,L,2)=Y
RPSICIRPL,L,3)22

50 CONTINUE
NPTS=zL

S00 FORMATCIHO,10("%?),?DUE

i B TR e

T0 CURVATURE OF SURFACE *,

{ PCERTAIN HOUNDAKY POINTS wILL Bt MISSING IN OUTPUT?/
e 1M L,10X,?FOR THIS COMBINATIOM OF SUN ANGLE AND A/C AZIMUTH?)

RETURN
END
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20
30

40

50

aO

SUBROUTINE CHECKS(X,Y,2,x02,Y0G2,ZQ2,INTCS,IC)

COMMON/CTRR2/DIRCOS(3,3),XPTSB(30,3),XMIN(3),XMAX(3),NPTS

DIMENSION XB(3),XQ2R(C3)

REAL#B X,Y,2,X02,Y02,262,DIRCOS

GO TO (10,30), 1C

ho 20 Imy,3

XMAX(I)mXPTSB(1,1)

XMINCI)®BXMAX(T)

N0 20 Je2,NPTS

IFCXPTSBOIsI) LT XMINCI)) XMINCI)SXPTSR(J,1)
TFEXPTSR(J,1),GT xmAX (1)) xmAX(1)SxPTSB(J,1])

RETURN

XB(1)RDIRCOS(1,1)nX$DIRCOS(1,2)xY¢DIRCOS(),3)2Z
XB(2)30IRCOS(2,1)*X+DIRCOS(2,2)*Y+DIRCOS(2,3)#Z
XB(3)mHOIRCOS(3,1)#Xx+DIRCOS(3,2)nYeDIRCOS(3,3)nZ
XR2R(1)SNIRCOSCL,1)2x24DIRCOS(1,2)%YR2+DIRCOS(1,3)+202
XR2AR(2IBLTRCNS(2,1)2XQ2¢NTRCUS(2)2)2YR2¢DIRCNS(2,3) %202
XQ2R(3)SDIRCNS(3,1)#X024NIRCOS(3,2)wYn2+DIRCYS(3,3)*2R2
IX20

I1x2=0

[INTES=N

DO 40 k21,3

IFCXR(RY LT (XMIN(K) w0, 05% (XMAX(K)XMIN(K))®0,01)) IX=1
IF(XBEK) (GT, (XMAX (KIS0, 08 (XMAX(A)mXMIN(K))*0,01)) IXmi

TF (XQ2R(FI,LT, (XMIN(K)=0 OSA(XMAX(K)eXMIN(K))w0,01)) IX2®)
TP (XGPRIK) ¢GT o (XMAX(K)+0, 050 (XMAX(K)®XMIN(K))¢0,01)) IX2sE]

TFCIX,FN,1) GO Th 40
tF(Ix2,60,1) GO TU K0
INTCHSP

RETURN

INTCH=1

RETURN

TF(Ix2,FG,1) RETURN
INTCS=Y

Xsxfe

Ysvyhe

13202

RETURN

€y
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SUBROUTIME PLAMPTCIA, M, LoDy SLoSMpSH,DTISCaXY, YL ,41,X,Y,7)
IMVPLICTIT REALXR (A=wH, (1s])

ARS(XX)SNARS(XX)

DATA TOL/ZT ,0FE=Dyy

TF(ARS(SL) ,GF JARG(ANY Jamn ARS8 (SL) ,GE ,ARS(SM)) VISCSA+R&«SM/SL+
1 Cx8hy8L

1F(ARS(SL ) ,LT,4RS(SN) ,AND BRS(SM) LFE,ARS(SN)) DISC=AxSL/SNe¢
1 RaSVv/S8StM4(

TFCARSISL ) (LT ABS(SMY AN ARS(SN) (LTL,ARS(SM)) LISC=ARSL/She
{ B+LaSr/8M

[FCARS(DTSC), LT, TOL) REVIkN

IFCAPS(SL Y LT ARSISN) JAND,aRS(SM) LELABRS(SN)) 6O TO 10
[FCARSISL ) (LT, ARS(SM) ,ANDARS(3M) (L T,ARS(SM)) LO TO 20

XS (wNefiayY ] +HReX] xSM/SLaCrZ1+CaX1aSM/SLY/ZDTSC
YSY1e8ra(XmX1)/SL

2521 ¢S5 x(X=X1) /8L

RE TURN

12(®NmwpAdX]+AR/1ASL/SMmHAY L 4R/ 1 ASH/8NY/NDISC

X3X]1+8L *(Zw21) /8

YRY14Sa(2mZ21) /8N

RE TR

yE(mlimlaX] +42SLay ] /S41eCa2 1 ¢CaSNaYL1/8MY/ (L2SL/7SMeBACASN/SM)
XZX{+SLA(Y=Y])/5N

2371+Sna(YeyY]) /8™

RFTURHN

F N1
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SURROUTINE SHANDOW(RPST,WRPLS,NRPTS,FPSI,NFPTS,SUN,COEF],GAMV,GAML)

DIMENSION RPSI(S,30,3),NRPTS(S),FPSI(30,3),8uUN(3),

1 CNEFI(10),RP8IN(S,30,48) ,RPS(30,2),NRPTSN( S),8P8(30,2),
2 SP81(30,3)

DI4EMSTION RPSNC30,2)

REAL*B SUN,COEFI,A,B,C,D,SL,9M,SN,N18C,X4,Y8,24,XX,YY,22,D8Q0RT
DATA TOL/1,0E=0U/

A=COEFI(1)

ReCAFFI(2)

C=CNEFT(R)

DSCOFF1(4)

SLuSUNCT)

SmMaSuUn(2)

SnsSUNCY)

CSTHA(AXSIL ¢RASMICaSN)/DSGURT (AxA+BxR¢Ca()
IF(ARS(CSTH) (L.T,0,417) RETLRN

NSs0

DO 10 18y ,MFPTS

X4sFPSI(1,1)

Y4sFPSI(1,2)

ZusFPST(1,3)

CALL PLANPT(A,R,C,D,5L,5,5M,DISC,xU4,vd,24,XX,YY,22)
TF(DARS(NTSC) LT, TOLY RETURN

CALL SOWNOT(SL,SM,SN,X4,Y4,24,xX,YY,Z2,18HAD)
IF(ISHADLEL,0) GO TN 10

NSINS+1

CALL PLANPT(SL,SM,8N,0,0D00,8L,8M,8N,NISC,Xd,Y4,24,XX,YY,22)
SPSI(nN8,1)=XX

3PSI(NS,2)BYY

SPSI(nS,3)m722

CONTINDE

IF (NS, LE,2) RETURN

NRPLSNEO

00 120 IRPLa3j,NRPLS

132

[F(IRPL ,ER,1) ICmi

NRANRPTS(IRPL)

DO 19 T®1,ANR

XUsRPSI(JRPL,I,1)

YyumRPST(TRPL,1,2)

T43RPST(IRPL,T,S)

CALL PLANPT(SL,8™,8N,0,0D000,8L,5™,3N,NISC,X4,Y4,24,XX,YY,22)
RPSI(IRPL,I,1)BXX

RPSI(IRPL,1,2)mYY

RPSI(IRPL,1,3)m22

CALL TRANSP(RPSI,IRPL,VvR,SPSI,NS,RPS,SPS,IC,GAMV,GAML)
IRz}

XCuRPS(IR,1)

YCERPS(IR,2)

CALL CIRCLE(SPS,N8,XC,YC,INCR)

IF(INCR,NE,2) GO TO 17

IF(IR,EQ,NR) GO TO 120
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pprmmanty

17

25

0

85

18

40

1

[RallRet

0 7O 1n

tFLAGSS

[FCINCRLEN, 1) THLAGSEA
NEXT=0

IFCTFLAG,EDN, ) NRMa0
IF(IFLAG, B, 6) GO TO P25
MRPLSAZNRPL 8¢

HRe1

RPSH(1,1)sX(
HPSM(Y,2)=Y(C

IFLAGS)

[RPISIR+I
TF(IRFL,NR) TRPZ2Y
10N1RLEN

X12RPS (1R, 1)
YIZRPS(IR,?)
Y22RPS(IRPL, 1)
Y2=RPS(IKPY,2)

CALL IMTERC(SPS, NS, X1,Y1,X2sY2e X, YKL, IFAULT,IDOUBL,

XALLSO,YALSD)
[PelrLAG EU, 6 8NN TFAULT FR,0) GO TO 70
IFCIFLAGLFUGY ANDGTFAULT EN,0) GO TO 40
IF(IFLAG En a AnD IFAULT b, 0) GO TO 4V
IFCLFLAG,EN,6) GN TO 38
CALL CHECKT (X2, YR sRPSN,NRN, ICHK)
IFCICHK ,FR,1) 6O T 90
TFLAGSY
NRNSNR ¢
RPSM(NMRN,1)=2X?

KPSN{NRN,2)2Y?2

IR=IRP

IFCIRPY (FQAa1AND, IFLAGEG,6) GO TO 90
TRPIsTR+Y

TFCIR,FII,NR) TRPY3Y

100URLRO

60 70 30

IFLAGs?

NEFXT=IRPY

XSEP=X

YSEPRY

CALL CHFCX1(X,Y,RP8N,NRN, ICHK)
IF(ICHK,,ER, 1) GO TO 90
NRYSNRN+1

RPSN(NRN, 13X

RPSN(NRN,2)3Y

183Kt
ISP13]18e}

[F(IS,EY,NS) 1SPi=&y
[0NURL =1
XALS80=X
YALSOaYy
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60

~8

70

T4

15

LOREE-T

X133P8(1S5,1)

Yia8KS015,2)

¥P=SP8fI58R,1)

YA=8PS(TS5P, )

CALL TMTERCCRPS MH, X1, Y1, 02, Y2, XY, KL, [FAULT, TUNYBL, XALSO, YALSD)
TFCIFLAREN 2 AMn TFALILT b 0) 6D TO 75
TFCTFLAG,EQ, 8 AND TFAULT ER,0) GO 1O 75
IFCIFLAG Fia, 3, aNn _®DTR _EJ, 1) GO T g0
[FITFLAG,EU,3) RN TN Sk
TF(TIFLaG, kA T AND TFANLT FR_0) GU TN 7§
[FClRLAG Fu, T anh wVTRGEG, LY Gi) TN S4d
CALL UTRCLF(FPS, MR, x1,Y1,INCH)
IFCINCR Fid 1) GO TN S5

TFEIFLAG,FI, 1) 6N T 3N

CALL NTHCLE (HPS, MR, X2,Y2,1MCR)
[FLIMCR,FALLY RN TD AN

IF(IFLAG,FR,T) 1FLAGa]

IFCIFLAG,EN 1) RO TO F0
IFLIFLAGLEN,TY IFLaGay

IFLAGET

TR =

XAl SO=x

vaSnay

TF(INCR,ER,0) 6D TN SA

GO T0 wA

MRYSMRN ¢4

HPSHINRN, 1)=X]

RPSy(NRN,2)SY

[OMIRL =0

1FLAGSY

[sPi3]s

1S2[8=1

IFCIS,FN0,0) ISsNS

KNIRzw

GO TO 80

NRVBNRA S

RPSN(NKN,1)EX?

RPSN(NAN,2)-Y2

INOURLED

1FLAGSY

18s18PY

1SPiglS¢}

IF(IS.FR,NS) I8P1=9

KDIR=]

GO TD 50

IF(NRPLSN,FR0) GO TN 74

CALL CHECK2(X,Y,RP8 L, wKPLEN,MRPTSN,ICHK2)
IF(ICHK2,EQ,1) GO TO 120
NRPLSNENRPL SN

GO 1N 76

CALL CHECK1{X,Y,RPSN NRN, TCHK)
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PRI e, oo =

IFCICHR ,EQ,1) GO TO 90
76 NRNINRN4§
RPSN(MNRN,1)=X
RPSw(NKkN,2)2Y
Xi=x
Yiay
10NtIAL=Y
XA SN=Y
YaLSNsY
[FCIFLAG,Fu,bh) TFLAGE1
IF(IFLAG,FR,1) G TO 35
TRP =KL 41
IF (KL FN NRY TRPI={
IFLAGSH
GO TN 38
g0 TF(MNRM EG,0) GN TD 129
TF (uR LF 42) NRPLSVEMRP Shed
IE(NRN LF,2) GO TU 120
[FINEXT G, 0) GO TR 100
NRPTSNEMRPLSN)SNRN
CALL TRANSP(RPSIH,NRPLSM,NRN,SP8],NS,RPSM,SPS,3,GAMV,GAML)
NHisO
X1=sX8EF
YisvYS§Ep
IFiaGze
[RPY{INF XY
INDURAL =9
XALSOSYSFP
YALSOSYSFP
IF (nRPLBMER,SY 6N TO 120
GO TH 1Y
100 x12SPS8(1,1)
y1=5P5€1,2)
CALL CTRCLE (RSN, IR, X1,Y1,TNCR)
TROIRCH EN,N) GO T 110
X1SRESH(MRrM, 1)
Y1=SRPSH(MEN,2)
CALL CLNSE(SPS,NSyXt, Y1pkM)
X13RPSA(1,1)
Y1zRFSE (1,2)
CALL CLDSFE(SPS, NS, x),Y1.r}1)
Ny 1nY khik=1,?
K2KH
TPACTS (o) )aa(XKDIREY)
Bnn {02 tst,ns
LeK+lFACTR(I=1)
TF(L,GT,H5) Loy
[FEL,LYe1) L=NS
TF(L BN, aMD KDTR kR 1) Kele]
TFCL Fri S AMD KNRTIR FN,2) kKznSeley
tAmAWlie ]
DO Y0y gy, 2
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101

102
1020

10295
103
200

104

1ns

1n6

107
104

109

— —
D

120

140

RPSN(M,J)s8PS(L,.J)

IF(L,EQ,ni) GO TO 1020
CONMTINUE

N0 1025 kK=1,NS§

X1a8PS(KK,1)

Y123PS(KK,2)
CALL CIRCLE(RPSN,M,X1,Y1,INCR)

IF(INCR,FR,1) GO TN 103
CONTINUE

GO TN g04
CONTINUE

YRITE (h,200)
FORMAT(1HL,*SOMETHING »ROMNG SHADOw SUBROUTINE?)
STNe
NRPTSN(MRPLSM)SM
CALL TRANSP(RPSIN)MRPLSH,M,SPSI2NS)RPSN,SPS,3,6AMV,GAML)
on 108 J=i1,2
RPSN(],J)ERPS(NRN,.T)
KSK™
NO 107 T=21,N8
LEkm[FACTH(l=])

[F(l., T M8) L=t

TFlLLLTe1) L=NS

[FQLENGY AN, TFACT Bl =1) k32wl

TF(LE I " S, AND TFACT EN,1) KaNS¢lm]

LR

No 106 0=Y,2

RPSN (M, JYsSPS(L,.])

IF(LENGRLY 6N T 104
CouTiane

M2 A g
un 1n9 J=21,2

APSN(M, J)arPS(Y,])

VRPLSMSNRPL SN 4
GO 10 1158
LTI

RETRY (WHL S )aM
CAaLL Twin 36 (nPS&Ye,  REL3e, ,SPST, §,0PS,8PS,4,6avV,GaxL)
T B

Cepi Nz S

N ST S I

I PR

em w TS (L)

2180 )= -

Y 180 ey, e

vy=ekST (L,Te1) ' 3
YASARST (1 ,T,2) ‘
242HST (L, 1,38)
CALL Pl PIEA,M,0,0,8L 08 80, 0)8C, xuyYd,2u,%XX,YY,727)
PG (L, 1,1)3¥%X

WPSItL,1,P)8YY

RPSI(L,I,3)=277

RE TUR N 62
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SUBROUTINE INTERFP(PPTS,DIRCOS,NFENCE,NPFPTS, X1,Y1,21,REFLIN,ICLEAR)
DIMENSION APT(2:%),8L(Y)

DIVENSTION FPYH(S,30,3), OIRCOS(3,3),NPPTSEC S),
1 XI(3),XP(3))REFLTNCS),COEFB(4),FPS(30/2)
REAL#8 COEFBF( S,4)

COMMON7FENCE7COEFSF

DATA TOL/§,08e04/

XYrrynxy

X1c2)ayy

XI1(3)a2y

00 S Im; 3

XB(1)m0,0

SL(1)m0,0

DO §Usl,3

XB(I)uXB(I)eDIRCOS(I,J)aX]I(J)
SLCI)RSL{I)¢DIRCOSCI,JINREFLTIN(J)

PO-S0 XWY,NFENCE

DO {0 Jsi,d

COEFR(J)uCOEFBF(K,J)

CALL PLANPT(COEFB(1),COEFPB(2),COEFB(3),COEFB(4),SL (1),8L(2),
§ SL(3),DISC,XB(1),XB(2),XB(3),X,Y,2)
TF(DABS(OISC),LT,TOL) GO TO S0

CALL SORNOTCSL LI SLT2Y St ¢3),XB(1),XB(2),XB(3),X,Y,Z,)INT)
IF(INT,EQ,0) GO TO SO

IFCINT EQ,2) GO TO SS

DIsSTE0,0

DO 12 I1=3,3

DISTEDIST+COEFB(I)«COEFB(I)
DISTESGRT(DIST)

DO {4 1my,3

COEFB(T)SCOEFB(1)/D1ST
tPCDABSC(COEFA(1)),6T,TOL,0R,DABS(COEFR(2)),6T,TOL)Y GO T0 16
6vx1,57079¢6

GL=0,0

G0 TO 8

GVaDARSIN(COEFB(3)%0,9999)
GLBDARSIN(COEPR(2)/COS(GV)*0,9999)
SNGVSSINIGY)

CSGVeCOS(GY)

SNGLBSIN(GL)

C3GLuEOS(GL)Y

AFT(1,1)u8NGV

AFT(1,2)80,0

APY(1,3)8C3GY

AFT(2,1)8C8GV#SNGL

AFT(2,2)8C86L

AFPT(2,3)e8NGVRINGE

NFONFPTS(X)

D0 40 JFmy,NF

DO 40 J=y,2

FPS(1F,J)s0,0
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0N 40 whz=t,3
FPS(IF,J)srpS(IF,J)+AFT(J,KK)*FPTSIK.IF.KK)
XIPBAFT(1,1)#XeAFT(1,3) %7
VtPSAFT(?.1)tXfAFT(2,2)*Y+AFT(203)*Z
cALL CI“CLE(FPS.NF.xlp.Y!P.INCR)
[F(INCREQLL) GO TN 8§

CNnTINNE

RETURIN

[CLEAREY

RE TURN

FND
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SUBROUTINE QUADPT(A;B,CDO'E'F'G'HDCK'CLDSL,SM,SN,X"Y!OZIQXIl'YIio
1 211,X12,v12,212,INTC)

IMPLICIT REAL#8 (AmMH,0wZ)

SART(XX)EDSQORT (XX)

ABS(XX)mDABS(XX)

DATA TOL/1,0E=08/

INTCs0

IFC(ABS(SL) LT, ABS(SN) AND,ABS(SM),LE,ABS(SN)) GO TO 30
IF(ABS(SL), LY, ABS(SM) ,AND ABRS(SN),LT,ABS(SM)) GO TO S0
SARA«Ba(SM/SL)Inn24Cu (SN/SLY##2¢Da8M/SL¢FaSMagGN/SLun2¢EnSN/SL
SBR2,2RxY{28M /8L w2 #BRX 1 (SM/SL) 2242 xCZ1aSN/SLwl #ChX1n
1 (SN/SL)ww2eDayiaDaX 1 w8M/SLIERZ1oEaXI1aSN/SLEFRZiaSM/SLoFaXiaSMe
2 SN/SLau2¢F Y1 aSN/SLoF X #SMASN/SLr#2+G¢HRSM/SLECKaSN/SL
SCaBAYIAYIRRX aXIn(SM/SL)an2eChZinZ a2 aBaY ] aXInSM/SLeCaX]aX n
1 (SN/SL)aw2w2  aCaX 1 #2 I #SN/SLAFaY a2 imFaXxiaY{aSN/SLoFa)XinZieSM/SLe
2 FaXx1aXiaSMaSN/SLxa2eHaY {oMHaXIASM/SLeCKeZ1eCKaX|®8N/SL¢CL
ICONTRs

DISCeSAnSHey ,#8ARSE

WRITE(6,200) ICONTR, X1,Y1,21,84,
1 88,8C,DISC

FORMAT (1HO0,IS5,5X,6E15,4/1H0,10X,4dE1S5,4)
IF(DISC.LT,DARS(SA)/10,) RETURN

IF(DISC,LT,0,0) RETURN

IF(AR8(84),GE,TOLY GO TO g0

IFCABS(SR) LT, TOL) RETURN

X]13e8C/SB

INTCs1

TF(ICONTR,FO,2) GO To 60

IFCTCOLTR,EQ,3) GO TO 40

GO0 T0O 20

XI{m=8SR/SA/2,+SORT(DISC)/SA/2,

X128a8R/54/2,«SOGRT(NISC)/84A/2,

INTCs2

IFCICONTR,EN,2) GO TO 60

IF(ICOMNTR,EN,3) GO TO 40

YI1zYieSma(Xx]1l1eX])/8L

Zl18Z1+SNa(X]1eX]1) /8L

IFCINTCLEN,1) RETURN

YI2av1+SMa(X]I2eX1)/SL

212871 +¢SNa(XT2eX1)/8I

RETURN

SASCHBa (SM/SNIAn2 AN (SL/SN)anPeF aSM/SNEEASL/SNeDRSMaSL/SNanp
SHR2 ,ARMY | #SM/SNwD  #RAZ 1A (SM/SN) %2242 wARX %S| /SN2 nAZ]w

1 (SL/SNYaw2¢Fay mFaZ1a8M/SNoEaX1mE47 a8SL/GNEDAXI#GM/ SN IRT | aSMa
2 SL/SN#a24NaY | #SL/SMeN*Z |  aSMaSL/SNanQ4CK+HaIM/SN+GASL /8N
SCIBAYIAY I ¢HAZIn71a(SM/SN)anlad g aBaYInZIASM/SNEARX AN +ARTInT] %
1 (SL/SMYaaPwe qwAaX a2 a8L/SNeDaY X ePNaYiaZinSL/SNaDaX{a21#aSM/SNs
e DaZix21w8MaSL/SAnn2eHsY wpHaZl aSM/SNeGaYimGaZinSL /SNeCL
{CONTR=Y

GO0 Tn §

ZIlisxny

Y11ayY148i4a(211=21)/8N

65



XI1mx1+8Lw(Z11e23)/8N

IFCINTC,EQ,1) RETURN

Z12sXxI2

YI2mY148Ma(212m21)/8N

X12=X1eSLw(Z212=21)/8N

RETURN
SAZBPAN(SL/SMINNR4CH(SN/SMInAR24DNSL/SMEERS L ASN/SMan2eFaSN/SM
SUB2 wAaXi#SL/SMe2  wAnYIn(SL/SM)Rn242 ,#Ch2]143N/SMu2 aCaY s

1 (SN/SMYaa240aX1aDaY1aSL/SMIEAXInSN/SMOERT I nSL/SMu2 aEnY IS w8N/
2 SYR2+F a2 1wFaY{nSN/SMeGRSL /SMeHECKAIN/SM
SCRARXIAXI*ARYIAYIA(SL/SM)a 2202 v AAY L aXiwSL/SMeCR2 02 {¢CnY nYin
1 (SN/SM)®n202 ACKYINZINSN/SMOERX{vZ wEAXInY|{aSN/SMeEaY iaT]nSL /SMe
2 ExYiayY{wSLaSN/SMan24GaX oGy aSL/SMeCKaZ1aCKaYinSN/SMeCL
ICONTR22

GO 70 S

YIisxIy

XIlaxX{+SLa(YIleY])/8M

211821 +8Na(YIloY])/8M

IF(INTC,EQ,1) RETURN

vlasxI2

X12aX148La(Y12eY1)/8M

712821 ¢SNa(y]l2myl)/SM

RETURN

END
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SURROUITINE SHRNGT(SLpSMuSNoXIle.Z\.X.V.ZoISHAD)
1P ICTT REAL#A (Awh,0=2)

ARS (X X)=NARS(XX)

NATA TOL/Z1,0Fe0d/

1sHAD=?

SLisX=X1

SMiaveyi

SN12Z=7)
IF((AHS(SL‘)#ﬁRS(Snl)+AHS(SN1)).LT.TUL) RETURN
DIRSC,0

IF(ABS(SL),GT,TUL) piraSL1/SL
IF(AHS(SM).GT.TUL) DIR=UIR+SM1/SM

IF(ARS(SM) 6T, TOL) DIRSDTReSNY /SN

[SHAN=

IF(DIR,LT,0,0) 1SHAD=0

RETURN

END
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SURRDIITINE PRORL (ALPHA2,HETA2,GAMMA, NPSI,MDISP,NRPTS,
t YSCMIAN, YSCMAX,SUMn, IGAM,NPANEL)

DIMENSION ALPHAR(1000),BETAR2(1000),NRPTS(T7,4,18),IMNMX(18,2),
1 HPTS(L,2),8P8(30,2),PTS(3n,2)

COMMON/PLPR/MGAMS (T, 4)
AREACX],Y1,X2,Y2,X3,Y3)SABS((XIAY2+X2aYIsXTaY {aXinY2e

1 X1*Y3eX22Y1)/2,)

TF(NPST FA,1) RETURN

NRTTE(6,200) GAMMA,YSCMIN, YSCMAX

FORMATC1M1,u9x, PROBARTLITY FUNCTIUNS?/1HO,43X, *RATIOS OF SWEPT AR
1EA TN TOTAL ARFA’/1HN,5X, SUN ELEVATION?,F20,2/1H ,5X,’MINIMUM ORS
PERVER FLEVATION®,F7,2/71h ,5X,?MAXIMUM OHSERVER ELEVATION®,F7,2//
3 {HO,80X, *SURFACE NO,*,5X, ?SWEPT AREA®,SX, *PROBARILITY FUNCTION®)
DG 2000 KL=y,NPANFL

TOTA20,0

MEMGAMS (KL, IGAM)

no 20 L=1,4P8]

NPTSENRPTS (KL ,1GAM,L)

TMMMY (L »2)%80

JJ=0

NO 20 k=1 ,NDISP

N0 20 JE1,NPTS

MBMe Y

IFCALPHAR (M) ,GT,90,) GU TO 20

JJsJJey

IF(JJGT1) GD TN 10

IF(L,6T,1) GO T &

RMINSHETAZ2 (M)

BMAXEHMT M

TMNMX (L , 1) 3M

IMAMX (L ,2)8M

YMAXSAL PHA2 (M)

YMINZYMAX

GO TO 20

IF(ALPHA2 (M) LT, YMINY IMEMY(L,]1)aM

IF(ALPHA2(M) ,GT, YMAX) IMAMX(L,2)=M

TF(M,ER IMNMX(L,1)) YMINSALPHAZ(M)

IFCIMNMX (L 2) ,EQ M) YMAXBALPHA2(M)

1F(RETA2 (M), LY RMIN) RMINSRETA2(M)

IFCRETAQ(M),GT,BMAX) RMAXBRETA2(M)

CONTINUVE

SPS(1,1)mBMINGS,

SPS(1,2)mYSCMIN

SPS(2,1)8BMAXS,

SP3(2,2)mYSCMIN

SPS(3,1)=BMAXes,

SPS(3,2)ayYSCMAX

SPS(4,1)mBMINS,

SP8(U,2)mYSCMAX

NM{BNPSlel

DO 10060 L=y, M

IF(IMNMX (L,2) ,EQ,0) GO TO 1000
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LPisL+!
IF(IMNMX (LPY,2) ,EQ,0) GO TO 1000
PO 30 1m41,2
METMAMY (L ,T)
BRPTS(I,1)=2RETA2(M)
30 RPTS(I,2)sALPHA2(M)
DO 4o I=3,2 1
NEdmw]
METMNMY (LPL,])
BPTS(iv+2,1)=RETAR(M)
40 BPTS(Ne2,2)3ALPHA2((M)
INDOUKLEO
ICHK20
LInE=O
NPTSeO
[R=]
8§50 XC=HPTS(IR,1)
YCanPTS(IR,?2)
CALL CIRCLE(SPS,u,XC,YC,INCR)
TFCINCRMEL,2) GO TO 80
IF(IR,EQ,4) GO TO 4N
IRZTR+|
G0 TO &0
A0 DO 70 T=i,4
DO 70 Js1,2
70 PYS(1,J)=RPTS(1,J)
NPTSed
GO 10 90an
A0  TFLAGS]
IFC(INCR EN,0) TFLAGE?
IF(IFLAG EM,2) GO TO RS
NPTSRel
PTS(MPTS,1124PTS(IK,1)
PTS(MPTS,2)23PTS(IR,?)
RS [RPis[R+]
IF(IR R, 4) IRPIZY
95 X1sBPTS(IR,1)
YI2BPTS(]IR,?2)
X28KPTS(1WPL, 1)
Y2sBPTS(INPL,2)
CALL TwTFWC(SPS, U, X1, Y1 s XP, Y2 )Xo Y, JJL, IFAULT, IDOURL,
1 XALSO,YalL80)
TF(IFADLTER,0) GU Tu 110
TFCIFLAG Fu,2,0R, TFLAG,EG,3) GO T9 100
FFCaRTR , 3T,0) CALL CHECKYI (X2, Y2 PTS,NPTS,ICHK)
IF(IOHK b0,1) GO TO Q00
NPTSsNETS¢d
PTS(NPTS,1)8X?2
PTS(NPTS,2)aY?
1000RL =0
[FL Al Y
100 IFCIFLAG,FG,3) TFLAGS?
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ez

105

110

900

950
1000

20t
2000

U e e , -

IF(IRPY,EQG,1) GO TO 900
IRRIRe+}§

IRPIsIReY

IF(IR,EQ,4) IRPim}

60 YO 90

IF(NPTS,GT,0) CALL CHECK1(X,Y,PTS,NPTS,]ICHK)

IF(ICHK ,EQ,1) GO TO 900
NPTSaNPTSe1

PTS(NPTS, ) uX
IF(IFLAG,EN, 4) IFLAG=?
IF(IFLAG,EQ,2) GN TO 105
I00URL R

XALSOaX

YAL3O®Y

IFCIFLAG,ER,]) IFLAG=3
[F(IFLAG,E(,2) 1FLAGRY

GO TO 108

IF(NPTS,LE,2) GO YO 1000
NENPTSe?

X13PTS(1,1)

Y12PTS(1,2)

V0 950 Isy,N

X23PTS(I+1,1)
Y23PT8(1+1,2)
X32PTS(1+42,1)
Y3I=2PTS(1¢2,2)
TOTARTOTAGAREA(XY,Y],X2,Y2,X3,Y3)
CONTINUE

PRTOTSTNTA/SUMK
IFCPRTOT,GT,1,0) PRTGT=Y O
WRITE(H,201) KL,TOTA,PRTOY

FORMAT (1HO, 34X, 7(¢?,11,°)°,9%X,F7,2,16%,F5,3)

CONTINUE
RETHRN
g£nn
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SUBROUTINE PLOT(XPTS,YPTS,GAMMA, IPANEL ,NPSI,NDISP,NRPTS,
i XSCMIM,XSCMAX,YSCMIN,YSCMAX,PHI ) THETA,IGAM,NPANEL ) TANGL)
DIMENSTON XPTS(1000),YPTS(1000),NRPTS(7,4,18),8YMROL(18)
DIMENSTINN XPR(10),0UT(91)

DATA SYMBOL/IHT )I1H2 ) IH3 ) 1HU, IHS, 1H6,1HT,1HB,1HS,1HA, 1HB, tHC,1MHD,
§ IHE, 1HF, 1 HG, 1 MM, HK/

DATA BLANK,PERIOD,FIZIN ,1H,, 1K1/
COMMON/PLPR/MGAMS(T7,4)

TFCIPANEL ,EQ,NPAMEL) WRITE(6,208) IPANEL
IF(IPANEL ,NE  NPANEL) WRITE(6,209)

WRITE(6,200) GAMMA , THETA,PHI
DELXE(XSCMAXeXSCMIN) /90,
DELY=(YSCMAXeYSCMIN)/Z40,

KPRINTES

TY22YSCMAXGDELY/?,

NO 140 1=1,41

TYi12TY2eNELY

Do %0 Jm1,91

OUT (J)sRLANK

IF(KPRINT £0,5) NUT(]1)sF]

IF (KPRINT (NE,S) QUT(1)SPERIOD

IF(KPRINT (EQ,5) CUT(91)EF]

IF(XKPRINT (NE,§) OUT(91)RPER]IOD

IF(I NE 1 AND T NE 41) GO YU 50

L=9

D0 40 J=my,91

Lel+t

QUT(J)=PERIND

TF(L,ERNg10) QUT(J)eF]

IF(L,EQ,10) (80

DO 90 KL=IPANEL ,NPANEL

MaVGAMS (KL, IGAM)

DO 9n L=y ,NPSE

NPTSENRPTS(KL,16GAM,L)

DO 90 k=Y ,NOISP

DO 90 Jsy,NPTS

MaMe |

IF(YPTS(M),,6T,90.) GO Tu 90

YIYPTS (M)

IFLAGSY

ULER 1oL B

TIF(J,EN,1) MM{ZMeNPTSel

MPiEMe Y

IFCJ EQ,NPTS) MPisMaNPTS+]

TFCTEQ, 18NN, Y GE,(YSCMAXSDELY/2,)) GO TO 52
TFCI, BN 4y ,ArD Y LT, (YSCMINDELY/2,)) GO TO 56
TFCY,GE,TY2,NR, Y, LT, TY1) GO TO 90

XsXPTS(M)

GO TO &0

IF(YPTS(MML) ,GE, (YSCMAX4DELY/2,)) GO - TO S4¢
1FLAGE?

XEXPTS (MM )4 (YSCHMAXmYPTS (MM ) IR (XPTS(M)eXPTS(MM1))/(YPTS(M)e
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5h

b}

60

70
RO

90

140

150

208
2na

207
201
2nh
202
20d
209

1 YPTS&(+»M1))

6o 10 A0

TFCYPTS(NMPY) GF  (YSCHaXeELY/Z2,)) G TO Q0
IFLAG=Y

XSXRTS (P14 (YSE aYuYPTIS(MPLI)IR(XPTS (1) aXPTS(MP1))/(YPTS(M)m

1 YPTS(~E1))

GO T0 A0

TECYRTS (1) LF , (YSCYTNaDELY/2,)) GO TD SR8

[FLAG=Y
XSXPTS(MY4+(VSCHTaYPTS{M) YA (XPTS(M 1 )axPTS(4))/(YPTS(MM])m
f YPTS(Y))

(1 Th mi)

TF(YPTS(MP1Y LE, (YSCHhaDELY/2,)) GO TU 90

IFIL AG=Y

XSXPTE (Y4 LYSCVINaYRTS (MY YR (XPTS(MPL)=XPTS(M))/(YPTS(MP] )=
1 YPTIS())

TXP2YSCMTINeDFL X /P,

N 70 xKks1,91

TX12Tx2anF| X

TFOX,GF ,TXY AP X LT, TX2) GO TJ AO

TXP=2Tx2+0FE L X

LLSKH 4 (1 ANGLYR(9P=P aKNK)

OUTILLISSY~RGL (L)

GH TN (9N,54,90,58,90), 1FLAGL

CONTTNOE

YPLNT=TY?2=ELY/2,

[F(KPRTINT L FN,SY wRITE(A,201) YPLOT,0UT,YPLAT
TECRPRTIET b 8) =RITFI6,208) GUT

IF(RPRINT BN ,5) #PRINTSD

KPRIMTEXKPRINT &

TYPSTY anElY

XPR(1)=XSCHMTN

TFeIANGL Fli,n) XPR(1)=XSCMAX

DO 1I/RD 122,10
XPREIISXPR(Pat)ar=1)ex(lolaniL)*lu #DFLY

WRTITF(kr,204)

VRITE(6,202Y XPR

ARITE(KH,207)

FORWMAT(yrysunX,?Sur GLINT STLMATURF FNR SURFACE NO,*,13)
FORMAT(IRO, 280h ELEVATTIONS,

1 F12,2/71% , *ayC PITCH ATITITUDE®,F7,2/1H ,
? 'A/C ROLL AVTTTITUDE?, Fh,2//1H »OBSERVER ANGLE?,93X,
3 PORSEFVFR ANGLF?/1n ,3X,*DEGREES?,100X%, *DEGRFES?/)
FORMATI(/,3RX, GLINT AZIMUTH ~]1TH RESPELT TO SUnv = NDEGREES?)
FORAAT(IH L,F10,3,5%,91A1,1X,F10,3)

FOVRMAT ({1 ,18%,914A1)

FORMAT(IH ,9X,10F10,%)

FORMAT (/)

FORMAT(YIHE 47X, TOTAL SUN GLINT SIGMATUKE?)

RETURN

END
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SURRONTINE TRAMSP(wPSI, IWPL ,NR,SPSI,NS,kPS,SPS/,IC,GAMV,GAML)
DIvENSTON RPSTIC(S,50,3) ,SPST1(30,3),~PS(50,2),3F3(30,2)
CAMMONZTRAM/ZAT(2,3),ATTIHV(Y,2)
GOOTN (10,110,130), IC
10 SUGVERSTL(GAMY /R8T 3)
£SGVeCNS(GArY/RT §)
SHALESTINIGRAML /5T ,3)
CSHLBCNS(GAML /8T, 8)
AT (1,1)=S5¢6V
AT(1,2)20,0
41 ¢1,3)1=CSGY
AT (2,1)3CSGVeEnisL
AT(2,2)2C86L.
AT(2,3)2=SNGVRSNAL
N 15 129,13
an 1S Jst,”?
1% ATINVCT,J)sAT(I,T)
oL 100D [=1,A5
DO 190 J=1,2
SPS(I,J)=0,0
DO 100 KEy,
100  SPS(T,.0)sSPS(T,JY+AT(J,K)*SPST(1,K)
110 N0 120 Iz ,NR
ND 120 J=y,2
RPS(I,J)30,0
ND 120 K=1.3
120 WPS(JT,JIBRPS(L,JY+AT(J)KIRXRPS](LRPL »],K)
RET”HM
130 DO 1480 Isq,nR
00 tao -.'.".‘
RPST(IRPL,1,J)30,0
D0 1up x3t1,2
140 RPSI([PPL,I,J):RDST(IRPL.I,J)+ATINV(J.K)*'QPS(I'K)
RFE TRN
LAY
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SUBROUTINE CHECK2(X1,Y1,ARRAY,NPLS,NPTAR,ICOMP)

NIMENSTON ARRAY(S,30,3) ,NPTAR(S)
COMMON/TRAN/ZAT(2,3),ATINV(3,2)
DATA TOL/1,0k=0U/

1CovPan
X2BATEINV (Lo )aXTeATINV (] ,2) Y}
Y2SATIMVE2,1)%X1eATINV(R,2)nY]Y
128ATIAV (3,1 )aX14ATINYV3,2) Y]
N0 10 Lsy,vPL S

NPTSEHPTAR(L)

no 10 Tay,MPTS

XEARRAY(L,1,1)

YEARRAY(L,1,2)

I3ARKAY(L,I,?)

1P (ARS(X2»X) ,GE,TOL) 6O TO 10
IF(ARS(Y2=Y)  GE,TOULY GO TO 10
[F(ARS(Z22«2) ,GE,TOL) GU TO 10
1COMPey

RETURN

CONTINUE

RET RN

End
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SURROUTINE CLOSECARRAY,NPTS,X1,Y1,k)
OIMENSION ARRAY(30,2)
K=
NISTR(ARRAY(1,1)eXi)nn2¢(ARRAY(]1,2)mYi)nn2
IF(NPTS,FR 1) RETURN
DO 10 1a2,NPTS
DIST23(ARRAY(I,1)eX{)w#2+(ARRAY(I,2)ov])nn?
IF(DIST2,LT,NIST) K=zl

10 CONTINUE
RETURN
END
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SURROUTINE INTERC(POINTS,NPTS,X1,Y1,X2,Y2,X,Y,KL,IFAULT,
{1 IDOUBRL,XALSO,YALSO)

DATA T0L/Y,0E=Q4/

DIMENSTON POINTS(30,2),IPTS(30),XINT(30),YINT(30)
NINTCaOD

IFAULTEY

N0 74 Iw1,NPTS

IP{sl+}

IFCIEN,NPTSY IPtey
X3=2POINTS(I, 1)

Y3sPOINTS(I,2)
X4mPOINTS(IPL,1)
Y4SPOINTS(IPY,2)

XMINEXY

XMAXKBXY

YMINEYS

YMAXeY}

TFIX4, LT, X3) XMINBXY

TF (XU, GT X3) XMAXEXY
TF(Y4,LT,¥Y3) YMINRYY
IF(Y4d,GT,¥Y3) YMaAXeYd
DELI=X2=X

NDEL2aX4=X3
[FCABS(IDELY),LT,TOL) GO 70 10
SAts(y2eY1)/NELY
QR1aYleSAL &YX ]

10 IFCABS(PEL2),LT,TOL) GO YO 20
SA23(YueY3)/DELR
SR2ZY{wSAPAX]

20 IF(ARS(DEL1),GE,TOLY RO TO 40
IF(ARS(DEL2Y,GE,TOL)Y GO TO 30
GO 10 74

30 NINTCanINTC ¢t
XIMT(NINTC)E XY
YINT(NINTC)ZSA2aX]¢8R2
IPTS(NINTC) @]

GO 10 70

40 IFCARS(DEL2),GE,TOL) GU 10 %
NINTCENINTC +1
XINT(MINTC)®XS
YINT(NINTCYmSAL#X34SH]
IPTS(NINTC )]

60 TO 70

50 OIFFAESA{=SAQ
TF(ARS(DIFFA) LT, TOL)Y GO TO Tu
NINTCBHINTC ¢!
YIMT(NINTC)=(SRP=8R1)/DIFFA
YINT(NINTCY)BSALaxINT(NINTIC)+SRY
[PTS(NINTC)a]

70  COMTINUE
CALL CHECKI(XMIN, XMAX, YMIN,YMAXp XINT(NINTC), YINT(NINTC) ) IRETW)
JFCIHETW,ER 1) TPTS(NINTC)RO
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ARy

Py

74

75

RO

AL

90

1

CONTIHNE

[F(HNINTC T 4,0) IFAULTSRO
TF(TFAULT,ER 1) RETURN
XYYy

XhaxsX)

YMINEYY

YNAXSY Y

TE(XP, LT, X1) XMTINmXQ
IFIX2,GT,X1) XMAXRX?
TECYP LT, Y1) YMIL=Y2
TF(YP,GT, Y1) YHAXBY?

N RN 1=1,NINTC
IFCINNURL BN, DY GO TO 7%

IFCARSIXINT(I)eXallSO) LT, TOLAND,ARS(YINT(]I)YALSOD),LT,

TAL)Y IPTS(T1)s0
TF(XINT (1), LT, XxMINY TPTS(1)=0
IFOXTHNT(TI)GT,X4AaX)Y IRPTS(I)=0
IFCYINTCI) LT, YMTHY IPTS(Ll)=0
IF(YTNT(T) T, YMAX) TIPTS(1)=0
CONTTINtiE
IFALLT=1
N 90 131 ,NMINTC
TFCIPTS(I),Flign) GN TO 90
TECIFANLT,EQ,0) GO TO KS
IFAtlL Te=0
NISTS(XINT(T)aX 1) x4 (YINT(T)myl) 222
Mt
GN T 9y
DISTR2IEXINT(T)mX ) waP2e(YINT(])=Y1)na?
IF(NIST2,LY,NIST) M=l
IF(M,en, 1) NISTENIST?
CONTINLE
IF(IFAULT,ER,1) RETURN
KLsIPTS (M)

XSXTNT (M)
YsYINT (M)
KETURN
gD
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SUHROUTING CHECKT(XMTg XVAX ) YMIN,YMAX, X, Y, 1HETH)
T fran

IFCX LY ¥MINY TRFTs)

Ib (K, T ,x480%) TRFTa2

IFCY I T oY 21Ih) TRETas

FFCY,GT YYAXY) TRET+~=1

RE Tl‘pl.'
Fan
[}
i
3
H
i |
4
i
b ]
2
g
i
t
|
¢
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SURROUTINE CIRCLE(POINTS,NPTS,XC,YC,INCR)
OIMENSION POINTS(30,2)
NDATA TOoL1/1,0Ee04/
NPCs=0
NNCS0
DO 10 T=31,NPTS
IP1s]l+y
IFC(I,EN,NPTS) IP1m}
NISX1aPOINTS(TI,1)wXC
DISY1=2POJNTS(1,2)=YC
NISX23P0TmTS(IPL,1)exC
DISY23POINTS(IPY,2)=sYC
IFCARSCOISXI), LT, TOLY  AND,ABS(DISY1),LT,TOLL) GO TO 20
TF(ARS(DISX2) LT, TOL1 AND ABS(DISY2),LT,TOLY) GO TO 20
IF(ARS(NISXY),GE,TOLEY GO TO 3
IF(ARS(DISX?),GE,TOLY) GO TO 3
IFCCLISY1/NISY2),6T,0,0) GO TO 10
GO TH 20

1 IF(ARS(DTSY2),GE,TOLY) GO TO 2
xshDIsxp
GO Th R

2 IF(ARSENISY{wDISYR2)LT,,TOLY) GO TO 10
GO TO §

3 IFCARS(DISYL),GE,TNLYL) GO YO 32
IF(aRS(NT§X2),LT,TNLY) GO TO 10
1F(ARS(DISY2),GE,TOLL) GO YO 10 i
IFCCNISN1/DISX2),GT,0,0) GO TO 10
GO Th 20

32 TF(ARS(NISX2),GE,TOLY) 6N TN 34
GO TO s

34 IF(ARS(NISY2),GE,TOLL) GO TO 36
XsDISX2
GO 10 A

36 IF(ARS(DISY2«NISY1), LT, TOLY) GO TO 10
TFCARS(NTISX2eNISXT) (HGETOLY) 6O TG S
[FC(NISY1/DISYR),67,0,0) GO TO 10O |

1
i

b X2N1SX2
8 50 TC 8
i S SAs(NISYP=DISY1)/(NISX2eN]I8X1)
i SH3DISY 1 wSAXDISXY
; Xx3e58/58
. TR LT, 018X, 8NN, X, LT,DI8X2) GO TO 10

IF(X,GT NISXY AND X GT,DISX2) GU TO 10
8 TP (ABS(X),LT,TOL1) G0 TO 20
. IFEX,LT,0,0) MNCENNMC+Y
] [F(X,6T,0,0) nPCENPCe
10 CONTTIHUE
INCRe0
TF 20 (nPC/R2) JEN KPC) RETURN
TF(2a(NNC/2) ,FR,NNCY RETURN
TMNCRSY
RETURN

20 InChe? 79
RETURN
END




s an bR g TR R

SURRCUTIME CHECK1(X1,Y1,ARRAY,N,ICOMP)
RTH#ENSTON ARRAY(30,2)
DATA T0l /1 ,0F=0ly
p 1CNwpzp
PO 10 Ts,wN
X2ARKFAY(T,1)
YEARKAY(T,2)
[FCARS(XmX1) LT, TOL,AND ARS(YeY1) ,LT,TOL) GO TO 18

{10 COMTTinlE 2
RE ViR
15 TCnesy
WETHRN .
[ S
3
1
{
|
80 12191-75
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