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COMPUTING INTERNAL COCKPIT REFLECTIONS OF EXTERNAL
POINT-LIGHT SOURCES FOR THE MODEL 209 AH-1S HELICOPTER
FLAT-PLATE CANOPY DESIGN

INTRODUCTION

The US Army Human Engineering Laboratory (HEL) has developed a computer program for
computing internal cockpit reflections of external point light sources. This work was
accomplished at the request of the US Army Air Mobility Research and Development Laboratory

for application to the flat-plate canopy design of the Model 209 AH-1S COBRA helicopter. The *
flat-plate canopy (FPC) design reduces the solar glint which occurs during daylight operations to :
a momentary flash at certain observer-aircraft-sun angles. Consequently, a moving aircraft no i

longer has the continual solar glint which occurred with the earlier compound-shaped canopy
designs. The continuous presence of solar glint increased the range of visual detection by ground
observers.

However, in certain situations during night operations the internal surfaces of the FPC act
2 like mirrors for external sources of light as seen from the pilot’s position. These virtual images of I

ground-level lights can cause disorientation. The pilot cannot discriminate between reflections
and light sources on the ground and creates a safety hazard during flight.

The computer program (Appendix C) was part of a larger study effort by HEL to determine
the full extent of the nighttime light reflection problem and review various proposals for solution
(5). The conclusion reached by HEL is that the most realistic solution to the combined daytime
glint/nighttime reflection problem is a modification of the FPC side panels to a simple curved
shape. It is possible with little additional programming to use the inclosed program to assist in
further canopy-design work.

METHOD

A three-dimensional ray-tracing program was written to trace straight-line rays backwards
from the position (nominal) of the pilot’s eye to visible points on the internal transparent
surfaces of the canopy. Each such ray is continued backwards between internal canopy-surface
points until a non-transparent surface is reached. Such surfaces are assumed to be diffusive
without specular reflectance. At each reflection point, the reflectance and transmittance are
computed along with the directional cosines of the corresponding incident external and reflected

| rays. In this way, a reflected ray is traced backwards from the pilot’s eye to all possible external
sources.

The method is applicable to any canopy design although application is limited to the FPC in
this report. The canopy is specified by a covering net of flat surfaces. Each surface is described by
the coordinates of its vertices in the three-dimensional space and the rotational order in which
they are listed.
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Tracing rays backwards, the program computes the intersection point of a straight-line ray
given its directional cosines and origin point, with a plane containing each surface segment in
turn. The reflection point for the ray is that intersection point which is contained within the
edges of the corresponding segment. The angle of incidence between the surface normal and ray
at this point is computed along with the corresponding reflectance and transmittance values and
the directional cosines of the transmitted and reflected rays. Working backwards, the reflected
ray becomes the incident ray for the next set of computations (Appendix A).

The program includes obstructing surfaces as well as the transparent surfaces of the canopy
in the computations. These surfaces either obstruct the pilots’ forward vision or block out
incident rays from external sources. These surfaces are (a) the pilot’s display panel and side
armor, (b) the copilot’s seat, side armor and gunner’s sight, and (c) the sides and floor of the
cockpit. They are specified in the same manner as are the canopy segments with however,
appropriate coding added. The computation of a reflection point for a ray on an obstructing
surface renders the computation complete since the backwards traced ray is considered to be
absorbed.

This computation process is repcated for pilot-viewing directions which are indexed at equal
increments over a quarter sector. The sector is bounded by vision directly to the front, to the
side, and bottom. In this way a table is constructed which lists at discrete intervals all possible
internal-reflection points and the corresponding external-light directions. This approach generates
a large amount of data and a computer-graphics routine is included for output. The incident-ray
entry points and the corresponding reflection points are shown on a perspective drawing of the
cockpit as seen from the pilot’s position for light-ray conditions of interest (see Appendixes B
and C).

DISCUSSION

The results of this application to the FPC are shown in Figures 1 through 4. These figures
are hard copies of the computer-graphics output. Figure 1 shows side, top, and front views of the
flat-plate canopy. Internal obstructing surfaces are sketched in with broken lines. The pilot’s
nominal eye position is shown in each view. The aircraft is not included in the sketch.

Figures 2, 3, and 4 are perspective drawings of the cockpit as seen from the pilot’s position.
The pilot’s nominal viewing direction is shown by the small cross in the center of the upper front
canopy surface. The figure shows that the lower portions of the front and forward side canopy
surfaces are blocked from view by the pilot’s instrument panel.

The “‘dots” on Figure 3 indicate entry points of external rays which generate visible
reflections on the right-hand side of the canopy. The figure shows that some entry points are on
the lower front and side canopy surfaces which are outside of the pilot’s field-of-view.

Figure 4 shows the corresponding reflection points which are generated on the right-hand
side of the canopy. The reflection points are spaced at 2° x 2° increments. The number shown at

each reflection point is equal to the negative value of the logarithm (base 10) of the light
reflectance. The numbers are truncated to the integer values by dropping the fractional part. The
numerical “zero” corresponds to those reflectances which are greater than 0.1 in value. The
numerical “one’ corresponds to those values equal to 0.1 or less but greater than 0.01. A similar
range exists for the numerical “two."”
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: Figure 2. Perspective view of the cockpit interior for the pilot’s nominal viewing position and direction.
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Figure 3. Entry ray positions generating primary reflections on the right-hand side of the canopy.
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Figure 4. Primary reflection points on the right-hand side of the canopy
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and their associated reflectance values.
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The points shown on the figures are for primary reflectances only. Secondary and higher
order reflections are possible. Entry rays and refiections can occur at surface points which are
further back on the canopy. These points are outside of the perspective view. (See reference 5 for
a further breakdown of entry point and primary reflection point distributions by canopy
surfaces.)

RECOMMENDATIONS FOR FURTHER RESEARCH
The following recommendations are made for further development:

I. Investigate the perspective space for ray tracing in place of the presently used object
space.

2. Extend the program to realistic nighttime lighting situations and approach scenarios.

3. Include the visual function of the pilot as a measure of the magnitude of the
reflection problem.

4. Extend the program to canopy designs other than the flat-plate canopy.
5. Incorporate similar developments for the daytime-glint problem.

6. Incorpora.e photometric measurements and subject testing at suitable stages in the
development to confirm the validity of the computatory approach.

CONCLUSION

A computer program has been developed by HEL to show internal cockpit reflections of
external point light sources. The program has been applied to the Model 209 AH-IS COBRA
helicopter with the flat-plate canopy design. The results show that during nighttime operations
reflections are possible over much of the canopy internal surfaces. Which of these reflections
actually occur depends upon the particular lighting situation and flight scenario.

q
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APPENDIX A

INTERNAL REFLECTIONS

The internal reflections are computed using standard vector geometry techniques (1).
Consider a standard cartesian coordinate system (x,y,z) with the y-axis taken along the
longitudinal axis of the aircraft, the z-axis directed through the canopy top and the x-axis
perpendicular to these two. The cockpit and canopy may be described by a set of flat planar
surfaces. Each such surface consists of corners and straight edges. It is described by a sequence of
adjacent corner vertices and their corresponding coordinates, with the consecutive order
determining the direction of the surface normal.

(1) Computation of surface normal

Consider a flat surface with three adjacent vertices none being the same, P4
(x1,¥1,21), P2 (x2,¥2,22), and P3(x3,y3,23)._The surface normal may be determined from the
crossproduct and dot product of the vectors P{P5 and P1P3. These vectors may be expressed in
terms of the unit vectors for the cartesian coordinate as follows:

—_— 5 -+ -»>
: PiPy = Axanix + AYony + 4Zyp17

where AXy1 = Xo —Xq, QY9 = Yo =Yy, and AZy = Z5 —Z4. Let Py be the
—
length of the vector P1Py and P3 that of F;T}%, ie.,

= 2 )

The dot product of the two vertice vectors is:
—

—
P1P2 . P]P3 == P2P3 C05923,

i where 923 is the angle between the two vectors. This angle is measured in the plane found
? | by the two vectors about the vertex Py. In terms of the coordinate ynit vectors,

— 5
P]PZ . P]P3 = AX21 © AX3 + AY21 'AY21 + AZm . AZ31
Thercfore, 853 = ARCCOSINE {PiPy + P P3)

PoP3

SR
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The crossproduct of the two vectors is given by:

-

— e -
P]P'z L.} P|P3 = 1”P2P3 sin 923

-

where 1, is the unit vector normal to the surface. In terms of the coordinate unit vectors,

—") ““) -
PPy @ PyP3 = (BOYqy - AZ3-LZy B8Y3) 1x

e
- (AX21 ‘ AZ31 - AX31 'AZZl) ly
+ ( AX21 . AY31 - AX31 'AY21)-{2,

The surface normal may be expressed in terms of the coordinate unit vectors as:

>
s 8 SRR - bn ly + ¢, 1, Where an,by, and ¢, are the appropriate

directional cosines. Combining expressions and using R=1/P,P3sin 893 we see that

ap = (Bypy - Bxy - bzy .+ byy) - R,
by = -(Axyq + BDzzp - Bx3 - Azy) + R,
¢n = (axy - Byz - 8x3 . Byy) - R

(2) Specification of trace ray direction

A straight ray may be specified by an origin point and a unit vector directed alorg its
length. Consider a spherical coordinate system with the origin at the pilot’s nominal eye position
ind the y-axis parallel to that of the aircraft’s cartesian coordinate system. Let & be the angular
slevation of a ray from the origin measured from the z-axis. Let 8 be the azimuth angle of the ray
neasured from the x-z plane toward the y-axis. The direction of the ray is specified by the angles
n, B.Since the axes of the two coordinate systems are parallel, the directional cosines of the ray

direction are:

cos (B) *sin (a)

b = sin (8)

Cq cos (B) ¢ cos (a)

e ———— e
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The origin point is the pilot’s nominal eye position

(Xo¥ordo)r i€

Xe = %o
Ys = Yo
Zg = 24

(3) Intersection of ray with surface

The intersection point of a line with a planar surface may be computed given the origin
and directional cosines of the line and a vertex and normal of the surface. Given the origin X, Y,

zg and the directional cosines of the line ag,bg,cg, the coordinates of the intersection point, P, are:

x=xs+aS-R

y=ys*b-R

N
]

z, + ¢ - R,

where R is the line length between the origin and the intersection point.

Since the intersection point, P, is in the planar surface, then the vector from P to any
vertice (assuming they are not the same point), Py, must be perpendicular to the surface normal.

y — 3
For this reason, the dot product of the two vectors equals zero, i.e., PqP-1,=0. Therefore,

an(x-x1) * bn(Y'Y‘) + Cn(Z'Z]) s 0;

and using the above expressions for the intersection point coordinates, the line length is given by:

R = {a, * (x1=%g) + by * (y1-¥g) * ¢p - (21-25) }

an'as+bn’bs+cn'cs

(4) Determine if ray intersects surface in outward direction.

The consecutive order of vertices assigned for the cockpit and canopy surfaces is
selected so that the surface normals are directed into the cockpit interior. The computed
intersection point will be outward directed when the angle between the ray vector and the
surface normal exceeds 909, This occurs when the dot product between the two vectors:

- - . + . ~
Q=ag-a,+bg byt Cp




' is negative, i.e., Q < 0. Note that Q is the denominator of the expression for R the line length.
3 This implies that for an outward directed intersection, R20.

(5) Determining if the intersection point is on the canopy surface.

L The intersection point lies on the canopy surface when it is contained by the surface
ks edges. Consider one such edge defined by two adjacent vertices Pi’Piﬂ’ and the ray origin, Ps-
‘ These three points define a planar constraint surface. A unit normal ’lc, can be computed for this
E surface as above. The unit normal will be directed inward if adjacent points are selected in the

f same consecutuve order as selected for the canopy surface. The unit normal for the constraining |
f surface is computed from the vectors P_S_I’i and PPy Noting that the angle between these two |
| 5
\

vectors is geven by:

- =3 =3 |

s 6 +1 = arccosine {P¢P; - PsPirgt i

’ :o Pj iy Pj+1 |
N then,

which may be decomposed into directional cosines a.,b.,c. as in section (a) above.

= The intersection point will be within the jth edge if the angle between the line vector
and the unit normal of the corresponding constraining surface is less than 90°. This is true if the
. dot product between the two vectors,

8j = ag - agj * by~ bgj +¢5 - <,

is greater than zero, ©:> 0. Here | is the number of the first vertex defining the edge. Therefore,
the intersection point will lie on a canopy surface with N-vertices if6i> 0 for all j=1, N.

(6) Reflected and transmitted rays

| The canopy material is assumed to be dielectrig. The incident ray is reflected from the
F & surface and refracted into the material. The unit vector, 1, for the incident ray direction may be
separated into surface components using vector notation. The vector component in the direction
of the surface normal is equal to ('{S -Tn)an while the component parallel to the surface equals
T T T,y These two components are orthogonal and completely define the vector.

The reflected ray lies in the plane defined by the surface normal and the incident ray.

The angle between the reflected ray and the surface normal is equal in value but opposite in sign

1 to that between the incident ray and the surface normal. Therefore, the unit vector for the
reflected ray equals the surface component for the incident ray minus its normal component, i.e.,

> -+

- !
-:R=-is‘2(ls “ Vo) n §

14
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This may be expressed in terms of directional cosines for the unit vectors of the coordinate
system,

ap =3, ~2Ra,,
bR = bS -2 Rbn,

CR = ¢ -2Rc,,

where R=ag ° anbs'bn+cs ¢,,- Note that the angle of incidence equals ©,=arccosine (- R).

Consideration of electromagnetic boundary conditions at the material surface results in
Ferrel’s law. Assuming non-polarized light the reflectance is equal to (2).

r=% (rs+rp), (1)
where,
" 2 _..28
f, = cos 60 n sm2 & .
cos eo £ \1717 + sin eo

n2cos Qs \ln2 - sin2 8o

n2cose of \/n2 + sin 60

The refracted ray lies also in the plane defined by the incident ray and surface normal.
The angle of refraction is determined by Snell’s law, i.e., sin@,=nsin®, where n is the material
index of refraction. The surface transmittance is determined from energy considerations. The
energy flux in the ray beam is equal to the product of the intensity (i.e., square of electric
amplitude times dielectric constant) and the beam crosssectional area. The conservation of energy
specifies that the sum of the energy fluxes in the reflected and refracted beams equals that in the

incident beam. Assuming distant sources of light so that the wavefronts are closely planar, the
surface reflectance and transmittance is related by:

(2)




| The refracted ray is multiply reflected between the top and bottom surfaces of the
canopy material. This internally transmitted energy is partially absorbed as it transverses the
medium between the surfaces. At each surface the energy remaining is partially refracted from
: the medium and the rest reflected toward the other side. The same reflection and refraction
| equations apply for this internal reflections as above except that the angles 8, and © are
interchanged.

The total reflectance and transmittance can be determined by adding together the
fractions of energy that leave the top and bottom surfaces. Assume that the top and bottom
surfaces are parallel and that the material thickness is infinitesimal. All internally refracted rays
leave at the same surface point as does the initially transmitted ray, and this point is the same as
that at which the incident ray reaches the surface.

Let r, and t, be the surface reflectance and transmittance for the reflection and
refraction of an externally incident ray (see equations 1 and 2). Similarly, let rj and t; be the
5 internal surface reflectance and transmittance (equations 1 and 2 with © substituted for ©).
Letting T; be the internal transmittance of the material, the total reflectance is given by (3).

[ R A {ri - t +r|2-T

i2 ri- t; - -

and the total transmittance by

T =it lilh: SRETE g 200

(8]

In closed form, these equations are

R=r0+totiriTi
L 3)

| T ]

and
3 T=t 4T,
(4)
(1372
i

The total transmitted ray will exit at the intersection point and have directional cosines equal to
those of the incident ray, i.e., ap=ag,b=bg, and cp=c,.




(7) Repeated computations and interpretation

The above computation process can now be repeated to determine a canopy
intersection point for the reflected ray. Put the incident ray equal to the just computed reflected
ray, i.e., ag=ag,bs=bR,cs=CR, and the ray origin to the intersection point, i.e.,
X=X,Ys=Y|,Z=Z,. Continuing the computation process will determine the next intersection
point, the corresponding reflected and transmitted rays, and the reflectance and transmitted
values.

Assume that N such successive reflections have been determined starting with a ray
from the Pilot’s nominal eye position. One interpretation of the results is that the transmitted ray
of the Nt computation stage is the negative of an incident ray from an external light source.
This ray is transmitted through the canopy at the N intersection point with transmission T(N).
The ray is then reflected in the direction opposite to that computed until it reaches the pilot’s
eye position. The final reflectance value is equal to:

R=T(N): §F R(0),
i=1
where R (i) is the reflectance computed at the ith intersection point. Note that for N> 1,
R(0)=1.
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APPENDIX B

PERSPECTIVE DRAWINGS

Perspective drawings of the cockpit as seen from the pilots’ nominal eye position have been
prepared using a computer-graphics terminal. The pilots’ viewing direction is assumed to be
fixated along a line which is directed five degrees above the aircraft’s longitudinal axis (negative
y-axis). The fixation linelies in the y-z plane of the aircraft’s coordinate system.

A perspective drawing shows a three-dimensioal view of objects on a two-dimensional scene.
The drawing should be held by the viewer at a specified distance (say a) from his eye position and
in a plane normal to this fixation direction. The two-dimensional scene is normally bordered on
four sides (each of length, say 2b). Not shown on the scene are objects which would appear
outside of this border or behind the viewer. The scene may be prepared on a graphics terminal of
dimension, say 2c. The drawings shown in this report fill a 10-inch by 10-inch scene and have a
10-inch viewing distance. The graphics terminal used in preparation has a span of 1024 rasters
(a=10 inches, b=5 inches, and ¢=512).

The viewer’s eye position may be considered as forming the apex for a four-sided viewing
pyramid. The sides of the pyramid are determined by the apex and the borders of the scene. The
objects within the viewing pyramid are projected as images onto the scene surface. A straight line
connecting the apex with a vertex of an object will pass through the corresponding vertex of the
object’s image. Consequently, the image is described by its vertices in the scene and the edges
connecting them.

Each object is described by its surfaces and the corresponding vertices and edges. Only the
images of surfaces which are facing the viewer should be drawn, since the back surfaces are
hidden from view. In some cases, a surface will be partially hidden from view by intermediate
cbjects and only an image of the visible portion should be drawn. Still other objects may be
completely hidden from view by intermediate objects. Other objects will be outside of the
viewing pyramid and completely hidden from view. Finally, some remaining objects will be
partially inside the viewing pyramid and partially outside.

The construction of perspective drawings follows a three-stage decision process: First, find
those surfaces which face toward the viewer. Next, find which of these surfaces are partially or
completely within the viewing pyramid. Finally, determine what portions, if any, of the surface
edges are not hidden by the sides of the pyramid or intermediate objects.

| The above decision process is implemented by a seven step analysis sequence (4).

1. Compare each surface normal to the viewer’s direction and discard surfaces which do
not face the viewer.

_ 2. Convert the coordinates of the surface vertices from the aircraft object space to the
viewer’s space.

3. Trim off surface edges which extend behind the viewer.




4. Convert the vertex coordinates from the viewer’s space to a scene display space in
which the viewing pyramid has become a view box.

5. Discard surfaces which lie completely outside the view box.
6. Determine what portion of a surface edge lies within the viewing box.

7. Determine the apparent crossing points of the surface edge with the edges of every
other surface. Determine whether the points are on constraining edges of another surface,
whether they are in front of the test edge, and finally, what portion is blocked by the
constraining surface.

This sequence determines the end points of the visible portion of each surface edge and the
resulting image lines are drawn on the perspective drawing.

(1) Discarding surfaces not facing the viewer.

The consecutive ordering of surface vertices was chosen so that surface normals are are
directed into the cockpit volume. Consider a line from the pilot’s nominal eye position (XY 4Zc)
to a vertex on a surface Py (xq,yq 21)- The directional cosines (as,bs,cs) of a unit vector directed
along this line are computed from the differences in coordinate values and the line length, R,
ie.,

e (x]_xo) /RS)

o
|

S _ (Y] —yO) /RSJ

O
I

s = (21-20) IR

Consider now the dot product between the unit vector along this line and the unit normal at the
surface. The unit normal is described by its directional cosines (a,),b,,c,) and the dot product is
given by

0 =a

‘ P . .
s “ap t by by gy

This value is equal to the cosine of the angle betwen the two vectors. The surface normal is
directed back toward the viewer when this angle is greater than 90°. In this case the dot product
value is less than zero, i.e., © < 0.

(2) Converting the coordinates of surface vertices to the viewer’s space.

The coordinates of the surface vertices are tranifogmed from the aircraft’s coordinate
system (x,y,z) to the viewer’s coordinate system (x],y ,2') in two steps. The origin of the
coordinate system is translated to the pilot’s nominal eye position. The coordinate axes are then
rotated about the origiq so that the transformed y'-axis is aligned along the pilot's nominal

fixation direction. The x '-axis remains in the x-y plane of the aircraft space.
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The aircraft’s coordinate system is a left-handed cartesian coordinate system with the
y-axis directed backward along the aircraft’s longitudinal axis. Consider now a translation of the
coordinate origin to the pilot's nominal eye position, and let the y-axis be directed in the
opposite direction to form a right-handed cartesian coordinate system. The pilot’s fixation
direction may be specified in this coordinate system by the spherical angles o and £ (see
Appendix 2A)). The angular elevation, a, of a ray from the origin is measured from the z-axis.
The azimuth angle B is measured from the x-z plane in the x-y plane.

The coordinate system may be aligned with the fixation direction by: (1) a clockwise
rotation about the z-axis equal to the complement of the angle, 8, and (2) a counterclockwise
rotation about the x-axis equal to the complement of the angle, o. The rotations are performed
about the origin in the appropriate directions when viewed from the positive sides of the axes.
The above translational and rotational transformations may be described by concatenated
matrices.

Let (x,y,z) be a pointin the aircraft’s space and (x],y',z]) the equivalent point in the ?
pilots’ viewing space, then in matrix notation — |

(xTylzl1) = (xy,21) - My - Mz - My
The translational matrix is given by:
T 1
My = 1 0 0 0
0 1 0 0
0 0 1 0
i 0 =¥y g ]_1
and the two rotational matrices by:
Mz = [ sinfB  -cosB 0 0 ]
cosR sin B 0 0
0 0 1 0
\ 0 0 0 1
| 3 .
and
i My = 1 0 0 0
0 sina COSqy 0
0 —Cco sing 0
0 0 0 1
i _
|
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The order of application of the transformations are to be preserved when the matrices
are iultiplied together. The resulting equations are:

x! = X - sinB - (y—yolcosg

<
I

—x * cosBsina— (y-yp)sinBsim — (z-z,)cosa

21 = —xcosBeosa ~ (y-yolsinBeosa + (z-zp)sina

In the case considered in this report, B =90° and 0. =85°. The above equations reduce to:

xU="%
vyl = —(y-yo)ecos(5°) - (z-24)sin(5°)
z! = ~(y-yo)sin(5°) + (z-zo)cos(5°)

(3) Trimming surface edges lying behind the viewer —

Our objective is to place a two-dimensional scene on a plane which is normal to the
fixation direction (i.e., the viewer’s y-axis) and at a distance a from the viewer’s eye. The scene
is to be identical in appearance to the three-dimensional view contained within the scene borders.
It will'be to our advantage to trim surface-edges which extend behind the viewer, for reasons
given later.

Consider a trimming plane normal to the y-axis and placed a minute distance, yy, in
front of the eye position. Surfaces behind the trimming plane are to be discarded, while surfaces
penetrating the plane are to be trimmed to reduced forms. In a sense, we are considering a
truncated viewing pyramid, since surfaces between the trimming plane and the eye position will
be discarded.

Consider the starting and ending vertices of each edge on a surface. If the value of the

y-coordinate of a vertex point is less than yy, then the vertex must be behind the trimming plane.
Let the iLb edge be defined by the jm vertex, Pi(xi’Y"Zi)’ for a starting point and the j+1Lh
vertex, Pj+l(xj+1’Yj+1’Zj+1)’ for an ending point. The Ijollowing cases are possible: (1) if Yi and
Yi” are both larger than yy, then the i-t—h- edge is inside the trimming edge, (2) if Yi 2y, but Yi+1
<yt then the edge crosses out of the trimming plane, (3) if Yj and Yi+1 < Yo then the edge lies

outside the plane, and (4) if Yji<Yp but Yi+1 Z Y¢, then the edge crosses inside the plane.

We may construct an equivalent but reduced surface by defining a set of vertices {Pek}
as follows:

(1) If Yj and Yj+1 are both larger than yy, then set the coordinates of Py equal to
those of Pi i.e., Xek=XjY ek =Yjr Zek=Zj:

(2) If y; 2y, but Yj+1 < yy, then the coordinates of P, equal to those of P; as above,
but set those of P 41 equal to those of P'i‘”' Here P| is the intersection point of the edge with
the trimming plane (see below).
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(3) If Y and Yi+1< Yo then discard the edge.

(4) If Yj < Yo but Yi+1 2 yy, then set the coordinates of Py equal to those of Py

defined above.

Note that if all vertices are outside of the trimming plane, this construction will discard the
corresponding surface.

The coordinates of the intersection point that an edge makes with the trimming plane
may be computed using the technique of Appendix 3A. Note that the directional cosines of the
normal to the trimminﬁ\ plane are (0,1,0) and that a convient vertex point for this plane is
(0,y(,0). Consider the j= edge with starting point, Pi and ending point, Pi”' The directional
cosines for a unit vector along the edge are given by:

B Y

ag = (xj+1-Xj)/Re,

E ~ bg = (Yj+1-Yj)/Res
S (Zi+1'zj)/Re’

- where the edge length is given by:

Re = {(xi+1—xi)2 ¥ (Y;+1‘Yi)2 * (Zj+1'li)2} 7

The distance along the edge from the starting point to the intersection point is given by (see
Appendix 3A).

Ry = (y¢vyjlbs

The coordinates of the intersection point are given by:

XI == X] e asRl
| Yl = Y] +* bSRl
j Zy = zj + csR
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(4) Converting the coordinates of surface vertices to a scene display space.

The scene coordinates (Xp, Yp) for an image point of a surface vertex, P(x,y,z) in the
viewer’s space, are defined by the intersection of a straight line with the scene plane. The line
runs from the viewer’s eye position to the vertex point. This line along with the y-axis of the

viewer’s space forms two congruent triangles, one for the image point and the other for the
i vertex point. The ratio of the eye-scene distance, a, to the image-point distance normal to the
y-axis, is equal to the ratio of the y-distance for the vertex point to the corresponding normal

distance, i.e.
XD = .& T a, ‘
Y z
Zn =2 o
- Y |
¥ Consider the addition of a third coordinate to add depth thereby forming a display 1
» space, :

This transformation converts the viewer’s eye position to minus infinity. All lines from the eye
position to surface vertex points are parallel to the Yp-axis. The (truncated) viewing pyramid is
converted into an infinitely deep viewing box. The four sides of the viewbox parallel the Y p-axis.
Assuming that the scene borders parallel the scene coordinate axes (Xp,Yp), then the viewbox
sides lie in the planes XD=ib and ZD=ib.

Edges which pass through the trimming plane in the viewer’s space are difficult to trace
. in the display space. The portion of the edge in front of the plane is transformed into a line
running from the endpoint image to positive infinity. On the other hand, the portion behind the
A plane is transformed into a line running from negative infinity to the other endpoint image. This
is not readily apparent when the two endpoints are considered alone. Note also that placing the
trimming plane at a minute distance, Yy, in front of the viewer precludes divisionby zero when

transforming trimmed edges.

(5) Discarding surfaces completely outside of the display space viewbox.

A surface vertex will not be seen if the image coordinates exceed the scene bounds of
o length 2b. Consider the coordinate conversions:

L T =
XD = XD/b’ and ZD = ZD/b

If either the absolute value of X}) or Z}), or both are larger than unity, then the vertex
image should not be in the scene.
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(6) The clipping of surface edges protruding beyond the viewing box —

The surface edge is tested against the viewbox in display space. A starting point
(Xy»¥ys2y), directional cosines (a,,by,c,) and edge length, R, are computed from the end vertices
(Pi'Pi+1 ). Let R be the distance along the edge line from the starting point to the initial point of
the edge portion within the viewbox and R the distance to the final point. Initially set RO=0
and Rg=R,, when entering the testing procedure. Note that if Rq is larger than RE, then no
portion of the edge is within the viewbox.

The unit vector normal to the surface of a viewbox side is assumed to be directed into
the viewbox interior. Letting the directional cosines of the surface normal be denoted by
a,,bpn,C,y, @ convenient vertex (xn,yn,zn) within the surface side is determined by x, =-b-a,
Yn=b'b,, and z,=-b-c,.

Consider the dot product of the unit vector taken along the edge line and the surface
normal of the viewbox side, i.e.,
Q=ay - ay*+b, ~bytec ¢,
If the vectors are orthogonal, then the angle between them equals 90° and Q equals zero. In this
case, the edge line parallels the side surface, and the starting point (xv,yv,zv) must be tested to

determine whether or not it is within the viewbox (see section 5, above).

; If the dot product, Q, is not equal to zero then the edge line intersects the side surface.
E = The distance along the edge line from the starting point to the intersection point is given by (see
Appendix 3A).

Rl = ((xl_xv) ; an ok (Yn_yV) 4 bn + (Zn‘zv) g cn)/Q'

If the edge line crosses into the side surface from outside the viewbox, then the angle
between the two vectors is less than 90° and the value of Q is greater than zero. In this case given
that the distance Rj is greater than R, then the initial point of the contained portion must be
moved forward to the intersection point, i.e., R,=R|.

If, however, the edge line is directed outward from inside the viewbox, then the angle
between the two vectors is greater than 90° and Q is less than zero. In this case given that the
distance R is less than Rp then the end point of the contained portion must be moved back to
the intersection point, i.e., Rg=R,.
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(7) Removal of hidden lines on surface edges and display of visible segments.

The clipping routine determines which segment of a surface edge is contained within
the viewbox. The test edge is specified by: (1) a starting point (xy,y,,Z2,), (2) directional cosines
(ay,by,cy) and (3) a length, R,. The contained segment is determined by its initial and final
endpoints on the edge. The endpoints can be described by their distances along the edge line
from the starting point. Let R denote the distance of the initial point and R that of the final
point. Note that if R equals zero and Rg equals R, than the complete edge is contained within
the viewbox. If R is greater than zero or R is less than R, or both, then only a portion of the
edge is contained. However, if R | exceeds RE in value, than no segment can be contained.

The contained segment of the edge may be either partially or completely hidden from
view by intermediate surfaces. Assume all surfaces to be convex. That is, any point defined as the
linear sum of edge points each times a coefficient the sum of which equals unity, is on the surface
contained by the edges. In this case, a line running along the test edge will appear to the viewer to
intersect a constraining surface at two points. Each point is the apparent crossover of the test line
with an edge of the constraining syrface. For this reason, an intermediate surface can mask no

N more than a single line segment from view.

Consider the apparent crossover point between the test edge and a constraining edge. A
starting point (xc,ye,ze), directional cosines (ac,be,ce) and line length R, may be computed for

3 the constraining edge given the coordinates of the starting and ending vertices (Pi’ Pi+1)- The
image lines of the two edges in the display scene will not appear parallel if the y-component of
the crossproduct is unequal to zero, i.e., the value of Q=a," ¢ -a,¢,, does not equal zero. In this
case there is an apparent crossover point. It is determined in the display space by the
intersections of the two edges with a straight line parallel to the y-axis and from the viewer's
position. The intersection points have the same display coordinates (x},y,}, but different dept
values (yle,y|v). Let R, denote the distance from the starting point of the test edge to the
intersection point with the viewing line. Let Rj, denote the equivalent distance for the
constraining edge. The display coordinates for the intersection points are given for the
constraining edge by —

— + .
X| = Xe + 2

B ¥ and for the test edge by: ?
x| = xy tay - Ry,
71 =yyt ey - Ry 1
i
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Solving the above equations for the intersection distance on the test edge results in:
Riy = (ce * (xe=xy) — a¢ * (z¢-2,) )/Q.

Similarly, solving for the intersection distance on the constraining edge results in:
Rie = (zy-2¢ + <y - Ryllce,

or equivalently,

Rje = (xy=Xe * ay . Ryy)/ae.

The constraining edge will be part of a masking surface if two conditions exist. First,
the intersection point must be within the edge endpoints. That is, the distance Ry, must be
greater than zero, i.e., R|o > 0, and less than the edge length, i.e., Ry, < R,. Furthermore, the
constraining edge must be between the viewer and the test edge. The distance along the viewing
direction (i.e., the y-axis) to the intersecting point on the test edge is given by:

Yiv = Yy ¥ by " Ry,
and the distance to the intersection point on the constraining edge is given by

Yie = Ye * be " Rie:
The constraining edge will appear in front of the test edge if the distance v, is larger than v,
Le., Yie” Yiy-

A masking surface will intersect the test edge line at two points. Let the distance from
the test edge starting point to the closest intersection point be denoted by Ry, while that to the

farthest intersection point be Ro. Note that Ry is larger than Ry, i.e. Ry> Ry. Four masking
cases are possible:

3 o] (1) The surface may mask a segment of the test edge line which is outside of the edge
limits. In this case Ry is larger than the edge length, R or Ry is less than zero. The constraining
surface does not mask the test edge and may be ignored.

(2) The surface may mask the entire edge. In this case Ry is less than zero and Ry is
greater than R, . No segment of the edge is visible.
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(3) The surface may mask a central portion of the test edge. In this case Ry is greater
than zero and R, is smaller than R, . The masked segment extends from Ry to Ro.

(4) The surface masks one end point of the edge but not the other. Here the above
three conditions do not apply, and (a) Ry is greater than zero or (b) Ry is less than R,. In the
former case the masked segment extends from the starting point to Ryq. In the latter case it
extends from R to the end point.

The test edge may be masked by more than one constraining surface. Consider a file of
N visible segments for the test edge, {RO(i),RF(i ),i=1,N}. Here RO(i ) is the distance from the
edge starting point to the initial point of the ith segment and RF(i) is the corresponding
distance for the end point. Initially, this file may be generated using the end point distances for
the edge segment contained within the viewbox, i.e., N=1, RO(1)=R and RF(1)=Rf (see section
6 above). The test edge may then be compared against each of the other surfaces in turn and the
change in the display file computed as each masking surface is located.

Suppose that a masking surface is in one of the above cases. The corresponding change
to the display file is as follows:

(1) The constraining surface does not mask the test edge. No change in visible segments
occurs.

(2) The constraining surface masks the entire edge. The number of visible segments
wihtin the file is set equal to zero.

(3) The constraining surface masks a central portion of the test edge which extends
from Ry to R,. Considering each of the visible segments in turn we note that for the ith
segment:

(a) If RF(i) is greater than Ry but less than R the segment protrudes into the masked
region and RF(i ) must be set equal to Rq.

(b) If RO(i) is greater than Rq and RF(i) is less than R, the segment is masked and it
must be removed from the file and the file number reduced by one.

(c) If RF(i) is greater than R and RO(i) is less than R1, the segment straddles the
masked section. The segment is separated into two segments by setting RO(k) = R2,RF(k)=RF(i )
and RF(i)=Ry. The file number is increased by one to include the segment, k.

(d) If RO(i) is greater than Ry but less than Ro and RF(1) is greater than R5, the
segment protrudes out of the masked region. In this case RO(i )=R;.




: (4) The constraining surface masks one end of the test edge. If the starting end is
masked let R, ,=R9 and R =R,. If the terminal end is masked let R,o=0 and R =Ry. Then
considering each of the visible segments in turn, we note that for the th segment:

(a) 1f RF(i} is less than R, the segment is masked; it must be removed from the file,
i and the file number reduced by one.

(b) If RO(i) is less than R, the segment protrudes out of the masked region and
RO(i)=R,.

(c) If RF(i) is greater than R, the segment protrudes into the masked region and
RF(i)=R .

(d) If RO(i) is greater than R the segment is masked; it must be removed from the
5 file number reduced by one.

The result is a file of N visible segments for each surface edge. The file contains an
g initial and final distance for each visible segment. The scene coordinates for the image points of
L each of the segment vertices are for the initial vertex,

Xg = Xy + a3, -~ RO (i),

21 =z,¥c¢c *RO (1},
v

i and for the final vertex,

{

. Xp =X, % 2, - RF (i)

F zp =z, + b, - RF (i ).

The scene coordinates are converted to the display screen coordinates (xs,zs) using xs=(xD+1 )-C

and zg=(zp+1. Here 2¢ is the screen dimension (C=512). A display line element is then drawn
b between the starting and ending vertices for each of the N visible segments.
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APPENDIX C

COMPUTER PROGRAM

The computer program is programmed for a disk-based batch operating system in Fortran
IV language (6). A listing of the subroutines follows. The program is attached.

1. CONTL - controls canopy data read in, computation of reflection points, ray
indexing, file writing, and data output.

2. READV - reads in from cards the number of vertices, the number of canopy
surfaces, the coordinates of each vertex, the number of vertices for each surface, and the
assignment of vertices to each surface in rotational order. Reads in also coordinates of pilot’s
nominal eye position. Called by CONTL.

3. NORML - uses coordinates of vertices and assignment of vertices to canopy surfaces
to determine coordinates of surface vertices. Uses these coordinates and order of vertice
assignment to compute surface normals. Writes computed data into disk file. Called by CONTL.

4. READF - reads in previously stored canopy data from desk file to common area.
Called by CONTL.

5. TELTY - prints out canopy data from common area. Called by CONTL.

6. INTEC - computes intersection point of straight line with planar surface given
origin and directional cosines of line and coordinates of surface vertex and directional cosines of
surface normal. Determines if intersection point is contained by edges defined by surface vertices.
Called by CONTL.

7. COMP - computes incident angle between ray and surface normal at intersection
point, and the corresponding reflectance and transmittance. Called by CONTL as a function of
INTEC return,

ASIN

ACOS - computes arcsine and arccosine of function value, Called by COMP and other
routines.

9. DRWCN - generates side, top and front views of canopy as a check on data input.

Initiates display, sets up display entities in display file using canopy data in common area, and
starts display. Uses Fortran graphics commands. Called by CONTL.
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10. EMARK

ETIC - Loads display file with line elements for display entity showing nominal eye
position in canopy views. Called by DRWCN. ETIC called also by PERP.

T1. LINS

LINF

LINT - loads display file with line elements for canopy surface entities. Called by
DRWCN.

12. PERP - generates perspective drawing of cockpit as seen from pilot’s nominal eye
position and shows entry and reflection points. Initiates display, loads display file using canopy
data in common, reads disk file for computed entry and reflection data, selects data for showing
according to parameters passed by calling routine, and starts display. Called by CONTL.

13. EFIX - uses INTEC to determine coordinates of fixation point upon canopy

s
! surface for pilot’s nominal eye position and viewing position. Called by PERP.
14. PLAC - converts coordinates of vertex in object space to their equivalent values in
perspective space. The origin of this space is the pilot’s nominal eye position and the y-axis is
: along his nominal viewing direction. Called by PERP and TRSDC.
15. TRSDC - converts coordinates of surface vertices from object space to equivalent
! values in display space. Called by PERP.
: 16. INTEP - removes portions of figure edges which lie behind viewer. Called by
. TRSDC.

17. TEST - determines whether surface vertex is outside of display space viewbox.
Called by TRSDC.

18. CLIPL - computes apparent intersection points of test edge line with masking
surfaces and generates visible portion on display. Called by PERP.

19. CHKS - computes portion of test edge contained within display space viewbox.
Called by CLIPL.

20. ORDLN - orders apparent intersection points of test edge with edges of masking
surface. Called by CLIPL.

} i 21. CKLIN - determines visible portions of test edge remaining after surface masking.
Called by CLIPL.

21. GIN, GBEG, GPUT, GEON and GSTART are Fortran graphics routines. SEEK,
GETDEV and GEVT are system file control routines. See reference 6 for details.
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/JOB(MCAN)
/CREATE(FINKSH)
/FGRY
C MAINLINE, RAY TRACING FCR PILCT
C 3 CIMENSICNAL FLAT PLATE CANOPY wWITH ORSTRUCTICAS
SUBROLTINE CCNTL
COMMON/FCRCG/LFC
COMVMCN/GAREA/ICFIL(1CCCO)
COMMON/CAN/NT 4NP o NCyNByNVILICO) ,PXVI1ICO45)4PYVILICC,45)4PZV(1C0,45)
COMMON/NCRM/AXN(LICC)AYNCLICC) 4AZN(ICC)
COMMON/ZLINE/AS,BS,CSyXSyYS,2ZS
COMMON/PILCT/X0,YCy20
CIVMENSION ANL(2)
CATA AN/2FYS,2ENQ/
CATA AlIl,812/2.42./7
CATA PI/2,1415G/
CALL GETCEVILUN,*FINKSH'y1C)
CALL GETCEV(LFG,'FORGRA',~1)
WRITE(1,568)
998 FORMAT(2X,*'CANCPY CATA ON FILF$ (YS CR NO)') |
REAC(1,1CC1)A
IF(A.EQ.AN(1)) GO TC 1
CALL REACV
CALL NORML
C0 10 2
1 CONTINUE
CALL REACF
2 CONTINUE
WRITE(L,y1CCC)
1CCC FORMAT(2X,'PRINTOLT CANOPY CATAt (YS OR NO)')
REAC(1,1CC1)2
1CC1 FORMAT(1A2)
IF(2.EQ.AN(1)) CALL TELTY
{ WRITE(1,:CC2)
10C2 FORMAT(2X,*CISPLAY CANCPY CCNFICURATIONS (YS CR ANQC)')
REAC(1,1CC1)A
IF(ALEQC.AN(2)) CO TC 3
CALL CRWCN
WRITE(1,1CC3)
10C3 FORMAT(2X,*'HARC CCPY$ (YS CR NC)')
REAC(1,1CC1)A
IF(A.EC.AN(2)) GO TC 3
WRITE(L,1CC4)
10C4 FORMAT(2X,'PRINTER, TURN CN')
PALSE
CALL GS31(1)
3 CONTINUE
WRITE(1,1CCZ)
10CS FORMATI(2x,'CISPLAY PERPECTIVES (YS OR NO) ')
REAC(1l,1CC1)A
IF(AEQ.ANL2)) GO TC 4
CALL PERPI(C)
WRITE(1,:C03)
REAC(1,1CC1)A
TF(ALEQ.AN(]1)) CALL GS31(1)
4 CONTINUE
CALL SEEK(LUAN,C)
REAC(LUN)IAVW
WRITE(1,566)
999 FORMAT(2X,*'CCMPLT= PRIMARY REFLECTICN POINTSE (YS QR NODY)
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MM AOD

REAC (1
IF(A,E
IPC=C
WRITE(1,566)

$39€ FORMAT(2X,*PRINTOLT CCMPUTATICNSS (YS OR KC)*)
REAC(1,1CC1)2
[IF(ALEQ.AN(L)) IPC=1
AVLL=C
CALL SELK(LULMNNVW)

WRITE(LLNINVLL

INCEX FILOT VIEWING CIRECTION

Al ELEVATICN, ANCLE FRCM Z AXIS TCWARD x AXIS IN X Z FLANE

AZ AZINMUTE, JINCLE FROM X Z PLANE TCwARD Y AXIS

Z AXIS TOWARC UPWARC, X AXIS TCWARC LEFT FACING FRONT OF CANOPY ANC Y AXIS

TCWARC FACK CF CANCPY ALCNG LCNCITULCINAL AXIS OF AIRCRAFT
Al=C,

10 p2=2412

11 p2=82-A1C
IF(A2.GE.-SC.) GC TC 15
Al=P1+A11L
[IF(AleGT18C.) GO TC 299
WRITE(1,665)A1

995 FORMAT(2X,FlCa4)

GO0 TG 10

15 CCATINUF
ALN=A 3PI/1EC.
A2FM=A2%P1/1EC.

CETERMINE CIRECTICNAL CCSINFS CF VIEWING DIRECTION

AS=COS(AZVM)2SIN(ALM)
BES=SIN(CAZV)
CS=COS(AZMI*CCSLAaLM)
R=1.

xXS=xC
YS=YC
15=7C
IPLA=C

CETERMIANE SURFACE INTERCEPT

17 CCATINUT
[0 2C IS=14NP
ISK=C
CALL INTEC(ISK,IS,XR,YR,ZR)
IF(ISK.CT.C) CC TC 25

20 CONTINUF
GC 7C 11

25 CONTINUE
IF(IS.CT.NB) GC TC 2¢
€O TC 2C

26 CONTYINUE
IF(IS.LE.NC) CGC TC 11
CALL COMPUIBNC,ISeRT,LTT)
T=TT*R
R=RT*R
IF(P.LT,.(CCCL1) GC TC 11
IPLAN=1PUN+]
pl=~AS
El=-RS
CI=~CS$S
RX=AS*AX N (IS)4BS*¥AYN(IS)+CS*AZN(IS)
AR==ASH+Z JHARXEAXN(IS)
BR=~PS42 ,#RX*AYN(IS)

) CO TC 32CO
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CR==CS+Z*RX®AZN(IS)
IF(IPUN.EC.2) GC TC 3C
IPP=1S
ASP=AS
ESP=¢§
CcSP=CS
XP=XxXR
YP=YR
IP=7R
AlP=a1
PIP=RI1
clp=Cl |
ARP=AR |
EFP=PR |
CRP=CR
AS==AR
BES=-ER
CS=-CR
XS=XR
¥YS=YR
I1S=7R
6@ T¢.217
30 CONTINUE %
A AVLL=NVLL+1
WRITE(LUNIAL A2 ,ASP RSP yCSPyIFP 4XP,YP4ZP,AIP,RPIP,CIP,ARP,BRP,CRP,
CReISo X2y YRGZRyALZEIyCIyARVBRGWCR,HT
IECIPC-EC«Q) GC FC 11
WRITE(3,6CCIAL,A2,ASP,RSP,CSP
WRITE(3y <CY)IPPGXP,YP,ZP AIP,BIP,CIP,ARP,BRP,CRFP,R
WRITE(34 Cl)ISyXReyYRGIRZATZRIZCI4AR$PR,MR,T
E8CC FORMAT(2X42(FT7e2y2X)93(FTe4,2%))
ECL FORNMAT(2X4I12,2(F6a292X) sy T(FTabe2X))
3 GO0 TG 11
4] 2GS CCATINUE
CALL SEFK(LULN,ZNVW)
WRITE(LUN)INVLL
3CC CCATINUE
WRITE(L,.CCE)
10C& FORMAT(2Xo*PERPECTIVE'/2X,y*RAY ENTRENCE PCINTS'/2X,'RIGHKT HAND SIC
€E CCExPIY (¥S CR NO)YY)
REAC(1,1CC1)2
IF(2.,EC.AN(2)) CU TC 4C
CALL PFRP(1)
WRITE(L,.CC3)
REAC(1,2CC1)2
IF(ALEGeIN(L1)) CALL GS31(1)
4C CCATINUE
WRITE(L, _COT)
10C7 FCRMAT(ZX¢"PERPFCTIVF'/2X, "PRIMAKY RFFLFCTIONSS")
REAC(1,1CC1)e
IF(ALECeAN(2)) COU TC 41
CALL PERP(2)
| WRITE(1,1CC23)
REAC(1,1CC1)A
IF(A.2CaN(1)) CALL GS31(1)
41 CCNTINUE
CALL CFEVI(LUN,C,yO)
i RETURN
ENC

/FOPT
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aoon

REAC IN SURFACE VERTICES
SUEBRCUTINE REACV
CCMMON/ZCAN/NT yAP G AC ) NRYNVILCCY yPXVIICO5) 3 PYVILICC5)2PZVILICO,5)
COMNON/VERT/ZXVIIOC) ,YVILICC) ,ZV(Z00) 4 NVRILCC,E)
COMMCN/NCRM/AXN(CLICC)AYN(LICC),AZN(1CC)
CCMMCN/PILCT/XCyY(C,2C
REAC(Z,1CCC)

10CO FORMAT()
REBC(Zo1CCIINT NP ,NC,NB

10C1 FORMAT(/4(2X,12))
REAC(2,1CCC)
REAC(2,1CC2)(NV(T)yI=14NP)

1CC2 FORMAT(LE(2X,12))
REAC(Z,10CC)
CC 1C J=1,F
REAC(2,1CC2)(NVR(I,J),1=1,NP)

10 CONTINUE

REAC(Z,1CCC)
REAC(2,1CC3)(XVI(I) I=1,NT)

10C3 FORMAT(O(ZX,FT44))
REAC(Z,1CCC)
REAC(Z,1CC2)I(YV(T)yI=1,NT)
REAC(2Z2,10CC)
REAT(2,1CC2)(ZV(I),I=31,NT) .
REAC(2,1CCC)
REAC(2,1CC2)XCyY0,2C
RETURN
ENC

s

/FORT
c
c
4 c
4 C ESTABLISF SURFACE NCRNAL FOR EACH PLATE SURFACE
C SURFACE NCRMALS CIRECTEC TOWARD CCCKPIT INTFRIOR
SUBRCLTINE NCRML
COMMON/CEN/NT 4NPyNCoNByNVI1CC) 4 PXVILCO,51 4PYV(1CC,5),PZV(100,5)
COMMON/VIRT/XVEICC)yYVILICC) 42V (1C0) ¢NVRILCC,5)
COMNON/NGRM/AXN(2C0) ,AYN(1CC),AZN(1CO)
COMNCN/PILCT/XCaYC,2C
NVh=C
CALL GFTCEV(LUN, *FINKSH®,10)
CALL SEEK(LLN,C)
WRITE(LUNINVR
WRITE(LUNINP,NC,NE
CO 1C I=14NP
AK=NV(I)
WRITE(LUNINK
| LC S K=1,NK
KV=NVR([,K)
PXV(I4K)=XVIKV)
PYV(I4K)=YV(KV)
PZVII4K)=2VIKV)
WRITECLUNIPXV (T oK) oPYV (I K) yPZV(T,4K)
5 CONTINLUF
K=2
7 A1=PXV(I,K)=PXV(I,1)
B2=PXV(T,K41)=PXV(I,41)
B1=PYVII,K)=PYV(I,y1)
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E2=PYV(I,K+1)=PYV(I,1)
CLl=PZVII;K)=PZNV(I,1)
C2=PIVIIK+1)=PIV(I,1)
PI=SQRT(AL**¢B1*%24C1%%2)
P2=SCRT(AZ*$ +R2%224C22%2)
A=(P1#A24E81%82+4C12C2)/(P1*P2)
IF(A@StA).LT.1.) GC TC 9
K=K+]
IF(K.EC.NK) CO TO 1C
€ec 1C 17
9 AN=ACCS(A)
R=1./(PL#P2%SIN(AN))
AXN(CI)=-(B12C2-C1*B2)*%*R
AYN(I)=4(A1#C2-Ci%A2) %R
AZN(T)==(A1#R2-A2%H]1)*R
WRITE(LUNIAXNC(I)yAYN(TI),AZN(T)
1C CCNTINUE
WRITE(LUNIXC,YC,2C
AVh=NEXR- C(LLN)
CALL SEFK(LLN,C)
WRITF(LUNINVRA
CALL CEVII(LULN,.C,0)

RETURN
ENC
/FORT
C
€

C REAC FILE FCR CANCPY CATA

SUERCUTINE REACF
CCMMCON/CAN/NT oNPyNCyNBGyNV(1CO) 4PXV(L00,5)4PYV(1CC45)4PZV(100,45)
COMMON/NCRM/AXNILCO) yAYNILICC) 4AZN(1CO)
COMMCN/PILCT/XCyYCyZC
CALL GFTCEV(LUN,'FINKSH',1C)
CALL SEEK(LULN,C)
REAT({LUNIANVHK
REAC(LUNINP ,KC AR
CC 10 I=1,NP
REAC (LUN)NK
NV{T)=NK
CO S K=1,NK
REAC(LUNIPXVII oK) PYVIIZK)sPZV(I4K)

5 CCNTINUF
REACCLUN)AXN(I) 3AYN(T),AZNCT)

10 CCONTINUE
REAC(LUN)IXC,YC,Z70
CALL CEVT(LLN,C,C!}

RETURN
ENC
/FORT
c
C

C PRINTCLT CF CANCPY DATA FOR REVIFM
SUBRCLTINE TELTY
COMNMON/ZCAN/NT GNP ¢ NCoAB NV IICC) 4PXVI10045)4PYV(1CC,45),PZV(100+5)
CCMMCON/NCRM/AXN(LCC) yAYN(1ICC) 4AZN(LCC)
COMMON/PILCT/XC,Y(,2C
WRITE(L1,668)

GGE FCRMAT(ZX,'PRINTER, TLRN CAN')

PALSE
WRITE(3, 1CCCINT,NP,NC,NB
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10C0 FCRMATI
o 10 1
KN=AV(I)
CC 5 K=14KN
WRITE(2, ICCTIPXVITZK)yPYV(I4K)4PZV(I4K)
1001 FCRMAT(ZXy2(FEWZ292X))
5 CCATINUF
WRITE(3, JCC2IAXNCI)yAYN(T)AZNCT)
10C2 FCRMAT(2(ZX4F1C.4))
1C CCNTINUE
WRITE(3,:0C2)XC,YC,2C0

4(2%X,412))
=1yNP

RETURN
ENC
/FCRT
C
C

C CETERMINES It RAY STRIKES CONVEX SURFACE
SUBRCUTINE INTEC(ISK,ISyXR,YR,ZR)
CCMMON/CAN/NT oNPyNCoNB NV (1C0) 4PXV(100,5)4PYV(1CC,5),PZV(100,5)
COMMON/NCRM/AXN(LCC) yAYN(LICC)AZN(LICQ)
COMVMON/ZLINE/ASBSyCSyXSyYSEy2ZS
CK=AXNITS)®AS+AYN(LIS)*BS+AZN(IS)%CS
IF(CK.GE.Ce) RETURN
C RAY STRIKES SLRFACE IN CUTWARC CIRECTICA
1=1
IF(XSeFQePXV(ISyI)eANDeYSeEQePYVIIS 1) ANCLZSECPZVIIS,I))I=1¢1
STUAXNCISIB(PXVIISyT)=XS)+AYN(TIS)=(PYVIISyI)~YSI+AZNCISI*(PZV(IS,I
CI=2S))/7CK
XR=AS®S4+ XS
YR=PS*S+YS
ZR=CS*S+/¢
IN=AVLIS)
CC 10 I=1,IN
IC=1+1
[F(I.EG.IN) (C=1
Al=PXV(IS,I)=-XS
El=PYVILIS,I)-YS
Cl=P2V(IS,1)-ZS
A2=PXVIIS,IC)=XS
B2=PYV(IS,IC)=-Y¥YS
C2=P2ZV(IS,1C)-2S
Pl=XR=XS
P2=YR=YS
P3=7R=1S
C=P1*(R1%C2~P2%C1)~P2*(A1%C2-C1l*¥A2)+P3*(A1%P2-B1%22)
IF(CLT.Ce) RETLRA
C RAY STRIKES SULRFACE ON ENCLOSED SIDE OF SURFACE ECGE
1C CCNTINUE
C RBY STRIKES ENCLCSEC SURFACE

ISK=1
RETLRN
ENC

/FORT

c

C

C CCMPLTES INCICENCE ANCLE, REFLECTANCE, AND TRANSMITTANCE

C NATURAL LIGHT, ACDITICN CF PCLARIZATION COMPONENTS ICACKED
SUBRCUTINE CCMP (ARG ISHRT,TT)
CCVMMON/NURM/AXNCLICC) 9AYN(ICC) 4AZMNILCC)
COMMCON/LINE/AS oS eCSeXSyYE42S
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C XNy INCEX OF REFRACTICN, TX, INTERNAL TRANSNITTANCE
CATA XNyTX/1e5y.92/
As=ASH*AXN(IS)-BS*AYN(IS)=-CS*AZN(IS)
‘ IF(ABRS(A).CT.1.) A=1,
B ANG=ACOS(A)
| ANCP= ASIN(SIN(ANG)Z/XN)
CA=CCS(ANC)
SA=SIN(ANC)
S1=SCRT(XN**2-SA%%2)
RO=(((CA=-S1)/(CA+S1) ) %2+ ((CAX(XN*%2)=S1)/(CA*(XN*%2)+S1))*%2)/2.
T0=(1.-RO)*CA/CCS(ANGP)
CA=CCS(ANCP)
SA=SIN(ANCP)
S1=SCRT(XN*#2-SA%2%2)
% RI=(((CA-S1)/(CA+S1))%*%2+((CA*(XN*#2)=-S1)/(CA*(XN#%2)+S51))*32)/2.
TI=(1.-RI)*CA/CCS(ANG)
TT=TO*TI*TX/(1=(RI*TX)%*%2)
RT=RO+RI*TT

RETURN
% ENC
: /FORT
c

) C
' C CCMPUTES ARCSIN
FUNCTION ASIN(X)
Y=X
AX=ABS(Y)
2 IF(AX.GE.1.C) GC TC 4
¢ AC=ATAN(Y/SCRT(l.=Y%*Y))
ASIN=AC
RETURN
- 4 [F(AX.GE.1.CCO1) GO TO 10
“ ASIN=1.51C176
IF(YeLToCo)ASIN==ASIN

: RETURN
10 WRITE(i,11)X
STCP
11 FORMAT(BFERRCR # ,23HARCSIN ARGUMENT oGTole ,6HANC = 4F1648)
ENC
/FORT
c
c

C BRL ARCCOS RCLTINE
C REF. GLENN PECK
l FUNCTION ACCS(X)
i Y=X
AX=ABS(Y)
. | IF(AX.GE«1.CIGCTO 4
- IF(Y.EQ.C.)CCTC 3
AC=ATAN(SCRT(1.C-Y%Y)/Y)
1 IF(YeLTCeICCTC 2
ACCS=AC
RETURN
2 ACCS=AC+3,14.5926
RETULRN
3 ACCS=1.51C76¢3
RETLRN
4 IF(AX.CGE.1.CCCC1)CCTC 10
AC=C.
GoTe 1
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10 WRITE(L1,11)X

STCP

11 FORMAT(EFERRCR * ,22HARCCCS ARGLMENY .GT.l. ,6HANC = ,E16.8)
ENC

/FCRY

c

C

C CRAWS CGRAPHIC PICTLRE CF CANOPY IN 3 FOLD LAYQUT
SUBRCUTINE CRWCN
COMMCN/FCRCG/LFC
CCMMCN/CAREA/ZICFIL(1CCCO)
COMMONZCAN/NT yNPyNCoNByNV(1CO) 4PXV(1C045) 4PYV(L1CC45)4PZV(100,5)
COMMCON/NCRM/AXNIICC) 4AYNILICC) JAZN(YCO)
COMMCN/PILCT/XC,YC,20
CATA SX/£.0225/
WRITE(1,558)
998 FCRMAT(2X,'CCNSCLE NO 1, TURN CA')
PALSE
CALL GINC(éCCC)
IX=(YC-5C.)#SX
IY=(20-6C.)%SX
CALL GREC(1,IX,IY)
CALL EMARK
IY=(XC+9C.)*SX
CALL GCPY(241sIX,1Y)
IX=(ZC+5C,)%SX
CALL GREG(2,IXy1Y)
CALL ETYIC
NE=3
NS=NB+!
CO 10 I=NS,NP
C ENTITY IS CANCPY SURFACE~-FENCE OR TRANSPARANT
. CS==AXN(I)
% CF==AYN(I)
CT=8ZN(1)
IX=(PYV(I,1)-5C.)%SX
IF((ToLENCeANCeQSelTe00)eCRe(IGToNCAND.QS.GT.C.)) GO TG 2
C SURFACE FACES VIEWER FRCM SIDE VIEW
IY=(PZV(1,1)-6C.)%5X
NE=NE41
CALL GREC(NE IXqaIY)
IF(TeCGT.NEeANCLI.LENCICALL GPUT(3,139,1,2)
CALL LINS(I)
2 CONTINUF
IY=(PXV(141)4SC.)%5X
IF((TelFNCoANCeQT ol Toe0u)eCRe(IaGToNCLAND.CT.GT.Co)) GO TO 3
C SURFACE FACES VIEWER FRCM TOP VIEW
NE=NE4+]
ol CALL GREC(NE,IX,IY)
E - IF(TeCToNPeARCeloLELNCICALL GPLT(34,1304142)
i CALL LINT(I)
B 3 CONTINUT
& IF(CTeLENCoANCeGF el TeOu)eCRa{IGT.AC.ANDLCF.GTLCWu)) GO TC 10
SURFACE FACFS VIEWER FRCM FRONT VIFW
IX=(P2ZV(1,1)45C.)%5SX
NE=NE+!
i CALL GREC(NE,IX,IY)
| 4 TF(IoGT NP AND 1. LEJNCICALL GPUT(3,130,1,2)
‘ CALL LINF(I)
10 CONTINUE

(@]
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CC 20 I=1,NE

CALL GECALI)
2C CCNTINUE

CALL CSTART

RETURN
ENC
/FCRY
C
C

C MARK EYE PCSITICN IN CANCPY
SUBRCLTINE EMARK
CALL GPUT(€45Cy=1Cy=%)
CALL CPUT(7,7C4C,1C)
CALL GPLT(84E5Cy10,=5)
CALL CPUT(S,7Cy-7,-1C)
CALL GPLT(1C,5C40,2C)

RETLRN
ENC
/FORT
C
C

SUBRCLTINE ETIC

CALL GPLT(€,47CyCy=5)
CALL GPUT(T7+5C4Cy1C)
CALL GPUT(B,7Cy=5,-5)
CALL CGPUT(S,2Cy1C,0C)

RETURN
ENC
/FCRT
5 C
C

SUBRCLTINE LINS(I)
CCMMCN/CAN/NT oNP,NCoyNByNV(1CO0)4PXV(10045)4PYV(1CC,5),PZV(100,5)
CATA SX/¢€.0225/
CALL GPUT(3,13Cy2s0C)
NK=AV(T)
CO IC K=1,4NK
Kl=zK+1
IF(KJEQaNK) K1=1
IX=(PYV(I,K1)=PYV(I,K))%SX
IY=(PZV(I4K1)=-PZV(I4K))%®SX
CALL GPUT(K4E,53,1Ix,1Y)

10 CONTINUE

RETURN
ENC
/FCRT
c
C

SUBRCLTINE LINF(I)
Ko COMMON/CAN/NT oNPoNCoNByNV(1CC)4yPXV(L100,5)4PYV(1CC45)4PZVI100,5)
n CATA SX/¢€aC225/
CALL GPUT(3,13Cy2,C)
! AK=AV(])
} i CC 1C K=1,4NK
Kl=Kk+]
IF(KLEQ.NK) K1=1
IX=(PZV(T4K1)=PZV(I4K))%SX
[Y=(PXV(I4K1)=PXVII¢K))*SX
. CALL CPLT(K+5,52,1X,1Y)
10 CONTINUE




RETLRN
ENC
/FORY
c
C

SUBRCLTINE LINT(I)
COMMON/CAN/NT GNP G NCyNRGNVILICO) 4 PXV(10045) 4PYVILICC,5),PZV(100,5)
CATA SX/€.C22S/
CALL GPUT(2,13Cy2,C)
NK=NV ()
[c '.C K=;thK
Kl=K+]
IF(K.EQ.NK) K1=1
IX=(PYV(IK1)=PYV(I,K))%SX
IY=(PXV(I4K1)=PXV(I4K))®ESX
CALL GPLTIK+E,52,1Xx,1Y)
1C CCNTINUF
RETLRN
ENC
J/FORTY
C
C
C LRAWS PERPFCTIVE CF CANCPY AANC ENTRY ANC REFLECTION FOIANTS PILOT EYE
C PCSITICH
SUBRCLTINE PERP(IES)
CCMMCN/FCRC/LFG
CCMMCN/CAREA/ZICFIL(LICCCO)
COMMCN/PIR/NCONSEICC) oPXSILICCo1C) oPYS(LD0410),P2ZS(1C0,10C)
CATA AXyPXyCX/1CayS5e9512.
'y CALL TRSCC
CALL GFTLEV(LUN, 'FIANKSH',1C)
CALL GINC(1CCCC)
CALL EFIX(XX,YY,Z2)
CALL PLAC(YYZZ2Z,PY,P2)
[XE=XX®AX3CX/(PY%XEX)+CX
IYE=PZ*AXHCX/(PY®EX)+CX
2y CALL CPECG(1,IXE,IYE)
CALL ETIC
CALL GECHN(1)
NE=C
IK=1C
CC 1C I=I1,NC
NK=AS(T)
IF(IKGT.€) CALL GBEGINF,IXE,IYE)
[K=¢
CC & K=1,NK
Kl=k+1]
IF(KJECNK) Kl=1
: C CHECK ECGES FCR FILCCEN LINES
j A CALL CLIPL(IKyIoKyK1)
5 CCAYINUE
IF(IK.EC.,€) CC TO 1O
§ CALL CECMN(NE)
NE=NE+1]
1C CONTINUF
IF(IES.EC.C) CC TC 21
CALL GREC(NE+1,IXE,IYE)
CALL GPUT(E,417€CyCyeFALSE,)
IF(IES.£0a2) CALL GPLTI(5,175C,C,0)
CALL SFEK(LULN,C)




SO T

.

N

2C

21

REAC(LUNINVRC

CALL SEEK(LULN,NVWC)

REAC(LUNINVRA

IK=¢

CC 2C I=14NVh
REAC(LUN)IALV,A2V,ASP RSP ,CSP,IPyXP,YP,ZP,AIP,RIF,CIF,ARP,ERP,CRP,

CRyISyXRyYRyZRyAT P11 4C19ARWBRHWCR,T

IF(IES.FC.1) GC TC 2C
CC TC 4C

CCNTINUE

CALL GEGON(NE+1)

CALL GST2RT

CALL CEVT(LULAN,C,0)
RETURN

C ENTRENCE PCINTS FCR EXTERNAL RAYS
30 CCATINUE

CALL PLAC(YR,ZR,PY,LPZ)

IF(PYJ.LE.Ce) GC TC 20

XX=XR#*AX/(PY2BX)

22=P7%AX/(PY®*BX)
IF(ABSIXX)eClalesCReABS(Z2Z)eGTele) GC TO 20
IX=XX*CX+CX

IY=2Z#Cx+CX

CALL GPUT(IK,43,IX,1Y)

IK=TK+1

CC T1C 2C

C PRIMARY REFLECTICN POINTS

4C
/FORT
C
C

CCNTINUE

CALL PLAC(YP,ZP,4PY,PZ)
IF(PY.L=.Ce) CGC TC 2C
XX=XP*AX/(PY*BX)
Z21=PZ%AX/(PY%*BX)
IF(ARSIXX)eCTeleoCR.ABS(ZZ).GTuls) GC TO 20
IX=XX¥CX+CX

[Y=2Z2*%CX+CX

CALL CPUT(IK,1CC,yIX=4,C)
CALL CGPUT(IK+1,11CyIY=-4,0)
IC=-ALCGIC(T)

IC=IC+17¢€

CALL CGPUT(IK+2,50,IC,C)
IK=1K+3

CO 1C 2C

ENC

C CCMPLTES EYE FIXATICN CENTER FCR PERPECTIVE CRAWING

SUERGLTINE EFIX(XR,YR4ZR)
COMMON/CAN/NT 4NPyNCyNByNVIL1CC) 4PXVILCO,5) 3PYV(LICC+5)4PZVI1004+5)
CCMMCN/PILCT/XCyY(C,2C
COMMON/ZLINEZAS,PSyCSyXSyYSy2ZS
CATA ANGPI/S.y2.1415G5/
ANN=AN*PI/1E(C.

XS=XxC

¥YS=YC

25=/C

AS=C.

ES==CCS(ANN)

CS=SINCANN)

€CC ZC IS=14NP
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I1SK=C
b CALL INTEC(ISK,ISsXR,YR,ZR)
IF(ISK.GT.C) RETURN
20 CONTINUE
RETURN
ENC
4 /¢0av7
: c

C
C CONVERTS ORJECT SPACE CCCRDINATES IANTO EYE SPACE CCCRCINATES

C PILCT EYE CIRECTYED IN Y-2 PLAANE CF AIRCRAFT COORCINATES AND 5-CEGREFS
C ABOVE NEGATIVE Y-AXIS
SUBROUTINE PLAC(PYV,PZV,PY,PZ)
COMMCN/PILCT/XCyYC,y2C
CATA AN/S./
CATA PI/3.1415S/
| AN1=ANSPI/1EC.
\ PY=—(PYV-YC)*CCS(AN1)=-(PZV=2C)*SIN(AN])
| B PZ=-(PYV-YC)*SIN(ANL)£(PZV=2C)*COS(ANL)

: RETURN
4 ENC
/JFORT
B ¢
| & C

C CONVERTS OBJECT COCRDINATES TC CISPLAY CULORDINATES , REMOVES LINES BEHINC
C VIEWER, SURFACES OULTSIDE VIEWING RCX, SURFACES NOT FACINC VIEWER
SUBRCLTINE TRSCC
COMMON/CAN/NT yNPyNCoNByNVI(1C0) 4PXVI10045) 4PYV(1CC,»5),PZV(100,5)
; COMMCN/NCRM/AXNIL1CC),AYN(1ICC) AZN(L1CC)
CCMMCN/PILCTAXC,YC,20
COMMON/LINE/X19Y19Z1,X24Y2422
COMMON/PER/NC 4NSU1CC) ¢PXS(1CC,1C)4PYS(100,10?,PZS(100,10)
CIMENSICN XS(1CCy5),YS(LCCsE)42ZS(100,+5)
CATA AyR/1Cey5e/
NST=NE+1
: NC=1
CO 10 I=NST,AP
g C=AXN(I)*(PXV(Io1)=XCI+AYN(IIX(PYV(I L)-YOI+AZA(I)*(PZV(I,1)-20)
1 IF(C.GT.C.) CC TC 1C
C SLRFACE FACES VIEWER
KN=NV(I)
CC 2 K=1,KN
XSINCoK)=PXV(I,K)
CALL PLACIPYVIIZK)gPZVII4K)YS(AD4K) ,ZSIND4K))
C CCNVERTEC TC VIEWER CCCRCINATES
2 CONTINUE
KC=0
IXP=0
! IXN=C
12P=0
1Zn=0
€0 5 K=1,KN
Kl=K+1
IF(K.EQ.KN) K1=1
IFCYS(NC oK) eLToCu eANDoYS(AC,K1) . LT.C.) GO TO S
IF(YS(NCyK) el TeCosCRaYS(NCyKL)oLTo0u) GO TO 3
X1=XS{NC,K)
Y1=YS(NC,K)
ll=lS(NC|K)
C=sl
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! GO 10 4
3 CONYINUE
} CALL INTEP(XS(ND oK) gYSIND yK) g ZS(ND oK) gXSINC oK1) g YS(AC oKIL) 9 ZS(NC,K1
C)eQ)
C SURFACE ECGE EXTENCINGC REKIND VIEWER TRIMMED
4 KC=KkC+]
PXS(NCoKC)=X1%A/(Y.i%*R)
: PYS(NC KT )==14/Y1
; PZSINCGKL)=21%A/(Y1*R)
CALL TEST(PXS(NCyKD)PZSIND,KC) JIXP,IXN,[ZP,1ZN)
C PCSITIVFE POINT CR CROSSING LINE FROM BEKIND
IF(C.GY.Cs) GO TO 5
KC=K[+1 ,
PXSINC KL )=XZ*A/(Y2#%R) |
PYSINC KL )==14/YC |
; PZSINCyKEC)=ZZ%A/(Y2%R)
C LEAC PCINT FCR LINE CROSSING FRCM IN FROANT
CALL TESTIPXSINCoKD),PZS(NCKD) ,IXP,IXN,I2P,1ZN)
C VFRTEX CCNVERTEC TC DISPLAY VIEWBCX COCRDINATES
5 CCNTINUF
% IF(KC.rC.C) CO TO iC
C SLRFACE NCY HEFIND VIEWER
IF(IXPoGE oKL oeCRoIXNeGEWKDWCRAIZPGFKDoORLIZNLGEL.KC) GO TO 10

" e

ol C SURFACE PARTIALLY CR CCMPLETELY WITHIN VIEW BOX
NS(NC)=K!
NC=hC+1
10 CONTINUE
ANC=AC-1
& RFETLRN
: ENC
/FORT
c
(o

a C TEST SULRFACE VERTEX FCR POSITICN CLTSINE VIFwWROX
SUBPCLTINE TESTUX,ZoIXP,IXN,IZP,1ZN)
IF(XeCTale) IXP=IXP#+]
TF(XablTa=1a)IXN=1XN#]
IF(Z.CTele) 12P=12P%]
TF(ZelTe=1o)IZN=12N41

RETLRN
ENC
| /FCRT
J C
C

C CALCULATES INTERSECYICN PCINT FCP LINE WITH PLANE NORMAL TO Y=-AXIS
SUERCLTINE INTEP(X1oYloZ1yX24Y2,422,%)
COMMCN/ZLINE/ XSy Y5428 o XFyYF,2F
CAYA YC/.is/

| RaSERT((XI=XZ)¥%24(YI<Y2)%%ce (L1~ )0%2)

8=(XZ=-X1)/R
B=(Yz=Y1)/R
C=(Z2-7211/R
IF(PECeCe) RETLRN

C ECGE NCT PARALLEL TC PLANF
YI=Y0
RI=(YI-Y!)/P
X[=xX]eA2 [
Li=214C*1
JE(RLET.Co) GC TO 3

C LINE CRIGINATES PEFINC VIERWER
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A

3
C LIN

/FORT
c
C
C LET
C ALL

C ECGE CHFCKEL ACAINST VIEWBOX

C FINC APPARANT INTERSECTICN POINT CF EDGES

T —————

XS=x1]
YS=vl
25=21
XF=Xx2
YF=Y2
lF=72
RETURN
CONTINUF |
F CRIGINATES IN FRCNT CF VIEWER ]
XS=x1 }
YS=Y1 i
2S=21 |
XF=x1I |
YF=Y]
lF=21
RETLRN
ENC

ERMINES VISIPLE PCRTICN CF ECGF PY RENMOVING HICDEN LINE
CCNSTRAI®T SLRFACES CONVEX

SUPRCLTINE CLIPL(IKyIVoKV,KVL)
CCMMON/LINE/AVoBV,CVyXV,yYV,2V

CCMMCN/PER/NC 9NS(1CC) yPXS(1C041C)4PYSLIN0,10),PZS(1C0,410)
COMMCN/CRAW/NSCHRV,4ROV(10),RFV(10)

CATA CX/%124/

XV=PXS(IVyKV)

YV=PYS(TIv,KV)

ZV=PZS{IVyKV)
RV=SQRT((PXS(IVyKV1)=XV)*%24 (PYS(IV,KVL)=-YV) 422+ (FZS(IV,KV1)=2V)e*
C2)

AV=(PXS(IVyKV1I=XV}/RV

BV=(PYS(IV,KV1)=YV)/RYV

CV=(PZS(TVy,KV1)=ZV)/RV

RO=C.

RF=RV

CALL CHKS(~149Ce9CasRO4RF)

CALL CHKS(layCeyUeoRC4RF)

CALL CHFKS(CeyCeyle9RCyRF)

CALL CHKS(CeyCeay=149RC,4RF)

IF(RF.LT.RC) RETURN

NSC=1

RCv(1)=R(C

RFV(1)=RF

CC 1C I=1,NC
IF(IV.EC.I) CC TO iC

ISC=C

KN=AS(I)

CO £ K=1,KN

Kl=K+]

IF(KFQ.KN) Kl1=1
XE=PXS(I,K)
YE=PYS(1,K)
ZE=PZS([,4K)
RE=SCRT((PXS(IyKIN=XE)**24(PYS(I KLI=-YE)I*#24(PZS(14K1)=2c)222)
AE=(PXS(I1,K1)=XE)/RE
BE=(PYS(I,K1)=YF)/RE




C

o o

CE=(PZS(1,K1)=ZE)/RE
C=RAE*CV-AV*(CE
IF(C.EQ.C.) CO YO 5
ECGES NCT PARALLEL
RIV=(CE*(XV=-XE)-AE*(ZV-ZE))/Q
IF(AE.FC.Cs) GC TC 2
RIE=(XV=-XE4AVA*RIV)/AE
GC TC 3
2 CCNTINUF
RIE=(2ZV=-ZE+CV*RIV)/CE
3 CONTINUE
YIE=YE+BEARI]E
YIV=YV4RVARI]Y
IF(YIE.CTa(YIV=-.CCl)) GO TC S
CCNSTRAINT ECCE IN FRCNT OF TEST EDGE

IF(RIE.GT 0o ANC.RIC4LT.RE) GC TO 7

S CCANTINUE
IF(ISC.LTL.2) GC TC 1C
IF(ROeLT.CeeANC.RF.GT.RV) RETLRA

TEST ECCE NCT FICDEN BERIND CCNSTRAINT SURFACE

IF(RC.GT.RV.CR.RF.LT,Cs) CC TC 10

TEST ECCE PARTIALLY BLOCKED BY CCNSTRAINT SURFACE

CALL CKLIN(RC,4RF)
IF(NSC.EC.C) RETURN
CC TC 10
7 CONTINUE
CCNSTRAINT ECCE LCCATED
1SC=1SC+.
IF(ISC.EQC.1) R1=RIV

IF(ISC.EQe2) CALL CRCLN(R1,4RIV,RO,RF)

CC TC S

10 CONTINUE

VISIPLE PCRTICN CF FDGE REMAINS

CC 20 I=1,NSC
RO=ROVI(I)
RF=RFV(I)
XS=XV4RC*AV
2S=7V+RC0*CV
XF=XV4RF*AV
LF=IV+RF2CYV
IXS=(XS+_.)%CX
12S=(ZS+1.)*CX
IXF=(XF4+41l,)%CX
TZF=(2F+1,)%CX
CALL GPUT(IK,1CC,IXS,C)
CALL GPUT(IK4+1,11C,12S,0)
ICXx=IXF=1xS
ICZ=12F-12°¢
CALL CPUT(IK+2,53,ICX,ID2Z)
IK=1K+3

20 CONTIANUE
RETURN
ENC

/FORT

C
C
C

CHECKS ECGE ACAINST VIEWING BCx SICE
SUBRCOLTINE CHKS(AN,RN,CN,RC,RF)
CCMMCN/LINE/BV4PVCV XV, YV,yZV
XN==AN
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YN==EN
IN==~CN
C=AVSANSRVEPNSCVECN
IF(C.EQ.C.) GC TO 5
RI=((XN=XV)#AN+(YN-YV)*BN+(ZN=-7V)*CN)/Q
IF(C.LE.C.) CC YO 3
C FCGE CIRECTEC INTC VIEWBCX FRCM OLTSIDE
IF(RI.GTL.RC) RC=RI
RETURN
3 CCANTINUE
C ECGE CIRECTEL CLT CF VIEWBOX FRCM INSICE
IF(RIWLLV.RF) RF=RI
RETLRN
S CCNTINUE
C ECGE PARALLEL TC SICE
IFUARSIXV)eCTeleaCReABS(ZV)aGTale) RF=RO-1.

RETURN
ENC
/FORT
C
C

C ORCER ECCEt INTERSECTICN PCINTS ACCCROING TO (Ow AAND KHIGH VALUES
SUPRCLTINE CRCLN(R14R2,RC,RF)
RC=R]
RF=R2
IF(RIJLTL.R2) RETUKN
RC=22
RF=P]
RETLRN
ENC
/FORT
C
C
C CHECKEC PARTIALLY BLCCKEC LINE FCR VISIBLE SrGMcATS
SUBRCLTINE CKLIN(RI,RZI
CCMMCN/CRAW/NSC,RV,RCV(1C),RFV(10)
CIMENSICN RC(1C),kF(1C)
IF(R14CTeCaeANDRZLLTSRV) GC TC 20
C VERTEX CF TEST ELGE BEHIND CCNSTRAINT SURFACF
IF(R2.,GT.RV) GC TC 2
C LCW ENC CF ECCE FICDEN
RvC=R2
RVF=RV
€C vC 1C
C HI1GF ENC CF ECCE HICDEN
5 CCNTIANUE
RVC=C.
RVF=R1
1C CCNTINUF
CC 12 TI=14NSC
RC(TI=RCV(I)
RF(T)=RFvI(TI)
IF(REVII)LELRVC) RF(L)==~1,
[F(PCV(T)aLT<RVCI RC(T)=RVC
IF(RFV(T).CT.RVF) RF(I)=RVF
IF(ROV(I) CT.RVF) RF(I)==~1.
12 CONTINUE
GC 7C 3C
C CCNSTRAINT SULRFACE SEPARATES ECCE INTO TwO VISIBLE EANCS
20 CONTINUE
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RVC=R1

RVF=R2

K=C

[C 22 TI=1,NSC

K=K+1

RO(K I=RCVLT)

RF(K)=RFV(I)
[F(RFVIT)CT.RVO.ANCLRFV(I) L TLRVF)
ITF(RCVIT)eCT4RVC«ANDARFV(I)aLT4RVF)
IF(RFVII)eCTRVFJANCLROVII)aLTL.RVO)

RE(K)=RVC
RFE(K)=-1,
GO T0 27

IF(RFVII).GTRVF.ANCLROVII)eGT.RVOLANDLROVIT)LT.RVF)

22 CCANTINUE

NSC=K

GO 10 3C

CONTIANUE

RF(K)=PVC

K=K+1

RO(K)=RVF

RF(K)=RFVI(I])

GO YC 22

C ARRANCE REMAININC VISIBLE SEGMENTS
3C CONTINUF

NK=C

CO 22 [=1,4NSC

IF(RF(I)eLELCe) GC TC 32

NK=NK+1

ROVINK)=RC(])

RFV(NK)=RFI(I)

CCNTINLF

NSC=AK

RETURN

ENC

raj

C FLAT PLATE CANCPY CATA

C NCe VERTICES, ANC SURFACES--BCCY, CCNSTRAINT,
50 20 23 2
C NCe. VERTICES PER SLRFACE

& 3 3 &4 4 & 4 & 4 4
& B G G g e e
C SURFACF VERTICES IN RCTATIONAL

1 1 2 1IC T 13 14 17 1e 22 22 24 23
S 37 39 41 43 49 47 4% 3f 39 40 39
2 5 4 1z gt 13 18 17 24 21 23 21
€ 38 4C 42 44 5C 48 4¢ € 47 48 4]
3 3 & 11 16 158 16 LS 26 25 23 26 28
38 40 42 44 4¢ € SC 48 SC 49 46 43
5 o} (o S 9 16 15 20 19 27 24 25 26
37 39 41 42 45 £ 49 &1 48 5 44 45
0 0 C C c C C C C 0 0 ] Q
C C C C C C C C 4C 37 42 47
C X-PCSITICN ALL VERTICES
7.22 22 14.417 -14.47 13.C79 -13.07S
5. "5. Se 'So 16. l6o
-16. -16. -16. -1¢. -14. l4.
S5e5 =585 l4. =14, 1¢€. 16.
-16. -1¢€. -l6. -1¢€. 14.47 ~14.47
16,544 -1€,544 16,039 -1¢.C39 14.366 =-14.366€
12.006 -12.CC¢ . B .

C Y-PCSITICN ALL VERTICES

47

4 4 4
5 5

CRCER-ALL 1ST VERTICES, ALL

RO(K)=RVF

ANC TRANSPARENT

4 4 4 4 4
2NC, ETC.
25 29 30 33 34
26 30 29 34 23
28 31 3z 35 36
21 32 31l 36 135
C 0 0 0 4]
Se -Se
l16. 16.
=55 Se5
16. lé6.
16.944 -16.944
13.273 -130273




25.C6 25.C¢ €l.25 €l.25 56.769 56.769 67.769 €7.769
€7.76S €7.766S €T.7€9 677665 85.928 85.928 $9.928 99.928
85.92¢ 85.62¢ 59.G2¢ GG.92¢ 99.928 95.928 99.928 99.928
113,628 113,628 113.928 112.52€8 133.7 133.7 137.7 137.7

123,17 1337 137.17 137.7 59.06 59.06 99.928 99.928
154.602 154.€6C2 153.609 152.6CS 152.257 152.257 108,032 108,032
71.5 71.5 . . - . L] -

C Z-POSITION ALL VERTICE
€3.825 €3.826 €0. 6C. 76.018 76.018 76.018 76.018

£€.ClE 8€.Clé 16.018 T€.C1E T1.717 17.717 17.717 T1.717
71.717 11.717 77.717 71.717 75.717 75.717 90.467 90.467

92.46€17 92.4€1 15.7117 Se7117 8C.3 84.6 84.6 80.3

€C.3 84,.¢€ 4.6 80.3 67.829 67.829 75.717 75.717

8€6.271 86.271 93.72¢ 92.72¢ 105.96 105.96 1C5.96 105.96

92l4 QZ.‘ . . - L] . .

C PILCT-EYE PCSITICN
O. 137.7 G5.€17 . . . . .
1

| 1
\
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