
DUN HOVINS S*aI1do te 
• 

F/S L/3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~UNCIASSZFIED

AD
ADo ~~I2O __________________________________________________________________________________

__  I

_ S
_ _ _ _ _ _  I

END IDAVE —9LUVD •
N—.

9—77 I

I

I. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -~~~~ .~= _1 /1



j O ~ 2.8 I~I25

~~ I~~
2

~
.‘ ~I IOhI~ °

HH LB

I 

~ IIIII~ . llll~
MICROCOPY RESOLUTION TEST CH&RT

~~~ BU~ I ~~~~~~~~~~~~~ o



Technical Memorandum 20-77

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

FLAT-PLATE CANOPY DESIGN

Christopher Smyth

June 1977
AMCMS Code 624209.12.DC52

Approved f or public release;
distribution unlimited.

CD
C-)

‘±~U. S. ARMY HUMAN ENGINEERING LABORATORY

Aberdeen Proving Ground. Maryland 

-~ ~~., ‘



r

‘

S

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

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

Use of trade names in this report does not constitute an official endorsement
or approval of the use of such commercial products.

J



AMCMS Code 624209 .12 ,DC52 Technical Memorandum 20-77

~~“ :~
( - 

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

COMPUTING INTERNAL COCKPIT REFLECTIONS OF EXTERNAL
POINT-LIGHT SOURCES FOR THE MODEL 209 A l-I-iS HELICOPTER

FLAT-PLATE CANOPY DESIGN

• 1

/‘ ,, ,
I

Christopher Smyth ‘

/ /- 
~~~~~~~~~~ 

-
, 

~~~~~ 

‘

- 

. 

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

I 
US Army Human Engineering Laboratory

~JS ARM’~’ HUMAN ENGINEERING LABORATORY
Aber

~

en Proving Ground , Mary land 21005

L Approved kn public rc le4se .
di st r ibu t io n unl imi t e d .

H 
~~~~~~

_ _ _ _  -



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

~~~. ~~~ ~~~ 

-
~~~~~ irir iui

SE CURITY CLASSIFICATION OF THIS PAGE (IThen Oct. Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETIN G FORM
I. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT’ S C A T A L O G  NUMBER

Technica l Memorandum 20-77 1’
4. TITLE (aid Sobtitl.) 5. TYPE OF REPORT & PERIOD COVERED

COMPUTING I N T E R N A L  COCKPIT R E F L E C T I O N S  OF
EXTERNAL POINT-LIGHT SOURCES FOR TH E MODEL Final
209 AH- 1S HELICOPTER FLAT-PLATE CANOPY 6. PERFORMING ORG. REPORT NUMBER

DESIGN 
________________________

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER( S)

Christop her Smyth

9. PERFORMING ORGANIZATION NAM E AND ADDRESS - t O . PROGRAM ELEMENT, PROJECT , TASK
AREA & W ORK UNIT NUMBERSUS Army Human Engineering Laboratory

Aberdeen Proving Ground , Mary land 21005 AMCMS Code 624209. 12.DC52

I I .  CONTROLLING OFFICE NAME AND ADDRESS 12 . REPORT OATE

June 1977
13. NUMBER OF PAGES

F -  50
II. MONITORING AGENCY NAME a ADORES$(if dlff .r*,t from Controlling Off ice) 15. SECURITY CLASS. (of this report)

Unclassified
155 . DECLASSIFIC A TION/ D OWNGRAOING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

• 17. DISTRIBUTION STATEMENT (of (ha ab.(r.ct etlter.d in Block 20, if different f rom Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Conllnu. on t.v.,.. aid. if n.c.a.a.-,r aid id ent i fy  by block number)

Helicopters
Light-Reflection Program
Flat-Plate Canopy

~ AH-1S Helicopter
Human Factors Engineering

20. ~~ T~~AC~ (‘Vait~~ .. ai ,, ..r sl~~ U ,,aimav aid idsnlifr by block ntm,b.r)

The US Army Human Engineering Laboratory (HEL) has developed a computer program for
computing the internal cock pit reflections of external point light sources. Computations have

• been completed for the Model 209 AH-1S COBRA helicopter with the flat-p late canopy desi gn.
The results indicate that internal reflections are possible for a wide range of external source
locations. A computer grap hics output is included in the program to show the reflection points
on a perspective drawing of the cock pit canopy as seen from the pilot ’s position . This report
contains hard copies of such perspectives and describes the program and routines.

DO 
~~~~

“
J~J ~473 £DSTION OF I NOV 6S IS OBSOLETE

SECURITY CLASS IF ICAT ION OF T~IIS PAt ~E (W~.n D.t. Entered)

_ _ _  . j



_ _ _ _ _-____

SCCURITY CLASSI FICATION OF THIS PAOE(Wha ~ Data Entered)

SECURITY C L A S S I F I C A T I O N  OF THIS PAGE (Wtie n Date Enter.d~

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ .~~~~~~~~~~ . .  

-



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONT ENTS

INT RODUCT ION 3

METHOD 

DISCUSSION

RECOMM ENDATIONS FOR FURTHE R RES EARCH 9

CONCLUSIO N

REFERENCES 10

AP PENDIXES

A. Internal Reflections 11

B. Perspective Drawings 18

C. Computer Program 29

FIGURES

1. Top, Side and Front Views on the Flat-Plate Canopy 1)csign Without Airc raft . . 5

2. Perspective View of the Cockpit Interior for the Pilot ’s Nominal \ ‘ icv~ ing
Position and Direction 6

3. Entry Ray Positions Generating Primary Reflections on the Right-Hand
• Side of the Canopy

4. Primar \ Reflection Points Generating on the Right-Hand Side of the Canopy and
Their Associated Reflectance Values 8



?~~~dx,vc~ ;tQ~
e y~~rrnr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

COMPUTING INTERNAL COCKPIT REFLECTIONS OF EXTERNAL
P01 NT-LIGHT SOURCES FOR THE MODEL 209 AH- 1S HELICOPTER

FLAT-PLATE CANOPY DESIGN

INT RODUCT ION

The US Army Human Engineering Laboratory (HEL) has developed a computer program for
computing internal cock pit reflections of external point light sources. This work was
accomplished at the request of the US Army Air Mobility Research and Development Laboratory
for app lication to the flat-plate canopy des ign of the Model 209 AH- 1S COBRA helicopter. The
flat-plate canopy (FPC) design reduces the solar glint w hich occurs during daylight operations to
a momentary f lash at certain observer-aircraft-sun angles. Consequently, a moving aircraft no
longer has the continual solar glint w hich 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
like mirrors for external sources of light as seen from the pilot ’s position. These virtual images of
ground-level lights can cause disorientation. The pilot cannot discriminate between reflections
and light sources on the ground and creates a safety hazard dur ing 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 ref lection problem is a modification of the FPC side panels to a simple curved
shape. It is possible with litt le 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 visib le points on the internal transparent
surfaces of the canopy. Each such ray is continued backwards between internal canopy-surface
points unt il a non-transparent surface is reached. Such surfaces are assumed to be diffusive
wit hout 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 met hod 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 strai ght-line r~i~
given its directional cosines and origin point , with a plane containing each surface segment in
turn. The reflection point tor 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 a long with the corresponding reflectance arid t ra nsm itt a r Lc - s , i tuc s and
the directional cosines of the transm itted and reflected rays. Working bac kw ~ rth , the reflected
ray becomes the incident ray for the next set of computations (A ppendix A).

The program includes obstructing surfaces as well as the transparent surfaces ol the canopy
in the computations. These surfaces either obstruct the pilots ’ forward v ision or bloc k out
incident rays from external sources. These surfaces are (a) the pilot ’s disp lay panel and side
armor , (b) the copilot ’s seat , side armor and gunner ’s sight , and (c) the sides and flour 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 repeated for pilot-viewing directions which are indexed at equal
increments over a quarter sector . The sector is bounded by vision directl y 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 externa l-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 dr ,iv~ ing 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 app lication to the FPC are shown in Figures 1 through 4 . These fi gures
are hard copies of the computer-graphics output. Figure 1 shows side , top, and front V ic \s ~ ( i f  the
flat-plate canopy. Internal obstructing surfaces arc sketched in with broken lines. The pilot ’s
nomina l eye position is shown in each view. The aircraft is not included in the sket ch

Figures 2 , 3 , and 4 are perspective drawings of the cockpit as seen from the pilot ’ s p is it io l i .
The pilot ’s nominal viewing direction is shown by the smal l cross in the center of the Li~~ Cf front
canopy surface . The figure shows that the lower portions of the front and forward side ca no ps
surfaces are blocked from view by the pilot ’s instrument panel.

The ‘ do ts ” on Figure 3 indicate entry points of external rays which generate s isib le
4 rCi ect iol l s on the r ic ~ht-hand side of the canopy. The figure shows t hat some Cl i i i  points are on

I ‘~~~r front and side canopy surfaces which are outside of t h e  pilot ’s f ie l d -o f -s  iC\s  •

F ‘c~ire 4 s~ sss the correspon ding ref l ec t ion points which are generated on the ri ght-hand
s ide ‘ i t  the can p~ . I he reflection points ,iiC spaced at 2° x 20 increments. The number slioss ii ,ii
each refle lion ~ i ni is equal to the negative va lLic of the log~ii it hm (h

~oc 10) of the i~ lit
re f  cc Lan ce. 1 ~n’ r : ’ ’ hers are i i i inc , it cd to the integer va lues by dropping the lrac t ion~ l p~I r t . The

n mer ic ,.lf l u l l ’  ._ o r r C ~ i’(~ ndS to Iliost ’ ret lec ta nces wh ich  arc g icater  than 0.1 in s. ilue. The
lumP) U I ‘UP’.. ’’ IN c-~nnnds to those values equal to 0.1 or less hut greater than 0.01 . -\ sim dar
, i i c ~c e\~~N f i r  the n r i’.’ al “two . ”
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Figure 2. Perspective view of the cock pit interior for the pilot ’s nominal viewing position and direction .
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Figure 3. Entr~, ray positions generat ing primary reflections on the right-hand side of the canopy.
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The points sl1s ~~s ii on the f igures are b r  primary rd cc lanc es only. Secondar y and higher
• or der te t l ec t i un s  are possible. Entry rays and reflections can occur at surface points whi c h art’

hurt her back on the canopy. These points a rc outside of the perspect ive view. (See reference 5 for

~i further hreakdoss n ut entry point and pr rn/n ret lec t h ,~ point distributi ons by cariri; ’i
s~ii f a ces . )

RECOMMENDATIONS FOR FURTHER RESEARCH

The following recommendations are made for furth er development:

1. Investigate the perspective space fur ray tracing in place of the presently used object

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

3. Include the visual function of the pilot as a measure of the magnitude of the
e t le c t ion pro b lem.

4. Extend the program to canopy desi gns ot her than the flat-plate canopy.

5. Incorporate similar developments for the da~ tim -g llnt pro blem.

6. lncor pora~e photometric measurements and ~ube u  testing at suitable stages in the
development to confirm the val idi ty of the computatory ap t i r ’  I / I. P .

CONCLUSION

A computer program has been developed by HEI. to show internal coc k pit ref lect ions of
e x terna l point light sources. The program has been applied to the Model 209 AH-IS COBRA
hel icopter wi th  the flat-p late canops design. l i e  resu lt s  shoss t hdt during nighttime operations
ref lect ions are possible over much of the c i nopv  internal surfaces . ‘/sHcIi of these reflections
actually occu r  depends upon the p r t . u l a r  lighting si ln.ii on and flight sce na rio.

— 
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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 f lat surface with three adjacent vertices none being the same, P1
(x1,y1,z j ), P2 (x2,y2,z2), and P3(x3,y3,z3). The surface normal may be determined from the
crossproduct and dot product of the vectors P1P2 and P1P3. These vectors may be expressed in
te-rms of the unit vectors for the cartesian coordinate as follows:

—4 + -p -~P1P2 = + 
~ Y 211Y + ~ Z21 tz

where ~X 21 = X 2 —X- ~, ~Y 21 = Y 2 —Y 1, and = Z2 —Z 1. Let P2 be the

length of the vector P1P2 and P3 that of P1P3, i.e.,

I 

- 
- 

P2 ~~X~f
2 + ‘~Y~~

2 +~~Z~1
2 } ½

The dot product of the two vertice vectors is:

P1P3 = P2P3 cos 023,

where 
~23 is the angle between the two vectors. This angle is measured in the plane found

by the two vectors about the vertex P1. In terms of the coordinate ~mit vectors ,

-4 -~~~Pip2 • P 1 P3 = ~X 31 + ~~~~ • i~ Y21 + • t~ Z31

-4 -4
Thercfore ,E)23 = AR CCOSINE ~Pj P2 P1P~}

• 11
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The crossproduct of the Iwo vectors is given by :

. ,4  ...
~
..9 -#

pip2 ~ P iP3 t 1~P2P3 sin O23

where 1n ~ the unit vector normal to the surface. In terms of t he coo difldtC unit vectors ,

—4 4 -p
P 1P2 P 1P3 = ( AY~ . A Z 31 — A Z 21 ‘ A Y 31) ‘x

• - (~~ (~~ ‘AZ 31 - ~X 31 ~Z21) i~~~

+ ( AX~ LW 31 AX 31

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

1n = an ~x + bn l~ + c n ~~ 
where an,bn, and Cn are the appropriate

directiona l cosines. Combining expressions and using R=1/P 2P3sin @ 23 we see that

• an = (A y21 A x31 — Az21 • A y31)

• b~ = . - A x31 ‘ • R,

= ( A x ~ 
- A y ~1 - Ax 3 1 • Ay21 ) ‘ R

~~ Specification of trace ray direction

A straig ht ray may be specified b~ an orig in pi)int and a unit ve ctor  directed a lorg its
cnt~th . Consider a spherical coordinate system wit h the origin at the pilot ’s nominal Inc pos ition

m d  the v-ax is parallel to that of the aircraft ’s cartesian coordinate system . Let a be the angular
evat inn of a ray from the origin measured from the z-axis. Lat ~ be the azimuth angle of the ras

nea sureu frI rn the x- .’ plane toward the y-axis. The direction of the ray is spe c r f i e d  h~ the angles
3. Since nic axes of the two coordinate systems ire parallel , the directional cosines of the rac

lirection are :

OS ~ ) sin (a )

b5 sin (
~~~~)

c 5 = cos (
~ ) ~os ( :x)

~ 

.:: ‘
~~~ 

- -t-~~~~~~~~~~~~~~ 
‘
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1 Pc origin point is the pilot ’s nominal eye position

~~~~~~ o ” O)’  i.e.,

=

y s = y o

is Zo

(3) Intersection of ray w ith 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 5, y 5,

and the directional cosines of the fine a5,b5,c 5, the coordinates of the intersection point , P , are :

x x  + a  . R
7-. 

5 5

y = y 5 + b 5 R

z = z~ + c5 -

where R is the line length between the origin and the intersectio n 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), P1, must be perpendicular to the sur face normal.

-.—.
~ 9

For this reason , the dot product of the two vectors equals zero , i.e., P1 P. 1 ~~O. Therefore ,

an(x-x i) + bn(y
~yi) + cn(z-zi) = 0,

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

- . 

- 
R = {a~ • (x 1-x 5) + bn ‘ (y-j -y 5) + e n (z 1-z 5)

an as + b n .b s + c n cs

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

The consecu tive 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 wil l  be outward directed when the angle between the ray vector and the
surface norma l exceeds 900 . This occurs when the dot product between the two vectors:

Q = a s .a n + b s hni + c s c n,

13
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is negative , i.e., Q ~ 0. Note that Q is the denominator of the expression for R the line length.
This implies that for an outward directed intersection , R>_0.

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

The intersection point lies on the canopy surface when it is contained by the surface
edges. Consider one such edge defined by two adjacent sertices P1,P1~ 1, and the ray origin, P5.
These three points define a planar constraint surface. A unit normal 

~ c’ can be computed for this
surface as above. The unit normal will be directed inward if adjacent points are selected in the
same consecutuve order as selected for the canop y_surface. The unit normal for the constraining
surface is computed from the vectors i~I~j and P5P1+

’.
~ 

Noting that the angle between these two
vectors is geven by:

—3 -
~~~0 j, j +1 = arccosine {P 5P~ . P5P1~ 1}

c. p
1 

.

then ,
-p

t c = ~~~~ P5P1~ 1}

sin ( 0 j,j+ 1)

which may be decomposed into directional cosines ~~~~~~ 
as in section (a) above.

-
‘ The intersection point will be within the 1th ed ge if the angle between the line vector

and the unit normal of the corresponding constraining surface is less than 900. This is true if the
• dot product between the two vectors ,

0 i as . a cj bs~~ bcI + c s~~
ccj ,

r
is greater than zero , e~> 0. Here j is the number of the first vertex defining the edge. Therefore ,
the intersection point w ill lie on a canopy surface with N-vertices if e1 > 0 for all j 1 , N.

(6) Reflected and transmitted rays

The canopy material is assumed to be dielectr i~. The incident ray is ref lected from the
surface and refracted into the mater ial. The Unit vector , ~~~~ 

for the incident ray direct ion may be
separated into surface components using vector notation. The vector component in the direction
of the surface normal is equal to (T5 .l n)In’ w hile the component parallel to the surface equals

~ s
(1s ~In

) tn~ 
These two components are orthogonal and completely define the vecto r.

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

1R ~~ s 2 ( i~ 1n)
~~n

14

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _



r 
- 

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

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

aR = a
~ 

2 Ran,

bR = b5 -2 Rb~ ,

cR = c5 --- 2 Rcn,

where R=a5 a~b5 b~+c5 cn. Note that the angle of incidence equals 80=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 = ‘/2 (r5+r~), (1)

where ,

— 
rcos o~ — Sjn2 — sin2 °

~~
., 1r5 — 

~~~
— _

~~~ 
, and

Lcos e~ + + sin2 0
0 -i

r~ = [n
2cos 0 0 — 

.
~J 2  — sin 2 e ]

n2cos O o + Vn2 
+ sin

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., sinO0 nsinO, where n is the materia l
index of refraction . The surface transmittance is determined from energy considerations. The
energy f lux in the ray beam is equal to the product of the intensity (i.e., square of electric
ampl itude times dielectric constant) and the beam crosssectiona l area. The conservatio n of energy
specifies t hat 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:

r+t cos0 = 1 (2)
cosQ

~

15
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The refracted ray is multiply reflected between the top and bottom surfaces of the
canopy material. This internally transmitted energy is partiall y absorbed as it tra nsverses the
medium between the surfaces. At each surface the energy remaining is partially refracted from
the medium and the rest reflec ted toward the other side. The same reflection and refraction
equations app ly for this internal reflections as above except that the angles 8

~ 
and 0 arc

interchanged.

The total reflectance and transm ittance 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 para llel and that the material thickness is infinitesimal. All interna ll y 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 reac hes the surface.

Let r0 and t o be the surface reflectance and transmittance for the reflection and
refraction of an externally incident ray (see equations 1 and 2). Similar ly, let r

~ 
and t~ be the

internal surface reflectance and transmittance (equations 1 and 2 with 9 substituted for 
~~~~~~

)•

Letting T~ be the internal transmittance of t he material , the tota l reflectance is given by (3).

R = r0 + t o 
- T~ (r~ 

. T1 t~ ~~ ~~ r~
. t~ 

and the total transmittance by

T = t 0T~(t ,~ 
+R?.T 2. t 1~ + .

in closed form , these equations are

R r 0+t 0t 1 r 1T~
_________ (3)
(1-r? T

~

and

T=l ) t iT i
—5— f4 )
(1-r~ T2

The lo ta l  f i . n ~ u~~ttcd ray wil l  exit at the intersection point and have di r rc t io ual  cosi nes equal ~ I
those of ~~~~ inc id& ’nl ra~~, i_ c  , d-t aS,hT hS, and c 1 - c ~~.
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(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. , a5—a R,bS=bR,c5—c R, and the ray origin to the intersection point , i.e.,
X 5=X 1,Y 5 Y 1,Z 5=Z 1. Continuing the computation process will determine the next intersection
point , the corresponding ref lected and transmitted rays , and the ref lectance and transmitted
va lues.

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 NL!~ computation stage is the negative of an incident ray from an external light source.
This ray is transmitted through the canopy at the N.th 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)- R(i ) ,

where R ( i )  is the reflectance computed at the ~th 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 whic h is directed five degrees above the aircraft ’s longitudinal axis (negative
y-axis ). The fixation line lies 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 th is 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 grap hics terminal used in preparation has a span of 1024 rasters
(a 10 inches , b 5 inches, and c 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 wit hin 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. Consequentl y, 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 bac k surfaces are
hidden from view . In some cases , a surface wil l be partially hidden from view by intermediate
c-bjects and on ly an image of the visible portion should be drawn. Still other objects may be
comp letely hidden from view by intermediate objects. Ot her objects will be outside of the
viewing pyramid and comp letely hidden from view. Finally, some remaining objects will be
partia lly inside the viewing pyramid and partially outside.

The construction of perspective drawings fol lows a three-stage decision process: First , find
those surfaces which face toward the viewer. Next , find which of these surfaces are partia lly or
completely within the viewing pyramid. Finall y, 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 whic h do
not face the viewer .

2. Convert the coordinates of the surface vertices from the aircraft obje ct space t o the
viewer ’s space.

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

18
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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 whethe r the points are on constra ining edges of another surface ,
w hether they are in front of the test edge , and fina lly, what portion is blocke d 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 consecut ive ordering of surface vertices was chosen so that surface normals are are
directed into the cockpit volume. Consider a line from the pi lot ’s nominal eye position (x 0,y 0z0)
to a vertex on a surface P1 (x1 1Yi ,z 1). The directional cosines (a 5,bs,c5) of a unit vector directed
along this line are computed from the differences in coordinate values and the line length , R5,
i.e.,

a5 (x1 — x 0) /R5,

= (y1 -y 0) /R5,

c 5 = ( z 1- z 0) /R5

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 n,bn,c n) and the dot product is
given by

@ = a s~~an + b s~~bn + c s~~cn

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
vaIu

~ 
is less than zero , i.e., 0 < 0.

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

The coordinates of the surface verti ces are tran~foçmed from the aircraft ’s coordinate
system (x ,y,t ) to the viewer ’s coordinate system (x 1 

~ ,z ’ ) in two steps. The origin of the
coordinate system is trans lated to the pilot ’s nomina l eye position. The coordinate axes are then
rotated about the origi

9 
so that the transformed y 1-axis is aligned along the pilot ’s nominal

fixation direction. The x -axis remains in the x-y plane of the aircraft space.

19
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The aircraft ’s coord inate system is a left-handed cartesian coordinate system with the
y-axis directed backward along t he 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
oppos ite direction to form a right-handed cartes ian coordinate system. The pilot ’s fixation
direction may be specified in this coordinate system by the spherical angles a and ~ (see
Appendix 2A)). The angular elevation , a, of a ray from the origin is measured from the z-axi s .
The azimuth angle ~3 is measured from the x-z plane in the x-y plane.

The coordinate system may be aligned w ith the fixation direction by: (1) a clockwise
rotation about the z-ax is equal to the complement of the angle , ~, and (2) a counterclockwise
rotat ion about the x-axis equal to the complement of the angle , a. The rotations are performed
about the origin in the appropriate direct ions 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 point in the aircraft ’s space and (x 1,y 1,z 1) the equivalent point in the
pi lots ’ viewing space , then in matrix notation —

(x 1,y 1,z 1,1) (x ,y,z ,1) . MT 
. M~ 

. MX

The translational matrix is given by:

MT = 1 0 0 0
0 1 0 0

0 0 1 0

0 — Z 0

and the two rotational matrices by:

Mz sin e - cos~ 0 0
cos~ sine 0 0

o o 1 0
0 0 0 1

and

Mx~~ 
1 0 0 0

0 sincz cos~ 0

0 — co ~L sinct 0

0 0 0

20 
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The order of application of the transformations are to be preserved when the matrices
are multiplied together. The resulting equations are:

X 1 = X sinB — (y-.y 0)cos~

= — x  cos~ sina— (y_y0 )sin~ siru — (z -z 0)cosa

Z 1 = — xcos 8cosa — (y— y0)sin8cosa + (z — z 0)sina

In the case considered in this report , ~ 90° and a =850. The above equations reduce to:

Xl = X

Y 1 — (y-y 0)cos(5 °) — (z—z 0)sin(5°)

Z 1 = — (y -y 0)sin(S°) + (z— z 0)cos(5 °)

(3) Trimming surface edges ly ing behind the viewer —

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

Consider a trimming plane normal to the y-axis and placed a minute distance , Yt ’ in
front of the eye position. Surfaces behind the trimming plane are to be discarded , w hile surfaces
penetrating the plane are to be trimmed to reduced forms. In a sense , we are considering a
truncated view ing 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 

~v t~ 
then the vertex must be behind the trimming plane.

Let the ~th edge be defined by the ~th vertex , P1(X 1, Y.,Z~), for a starting point and the j +1 lb
vertex , P~~1 (X~+1 ,Y 1~ 1 ,Z~+1), for an ending point. The ~ollowing cases are possible: (1) if y~ and

Y
~+i are both larger than then the ~th ed ge is inside the trimming edge , (2) if ? 

~~~~ 
but ‘v’~+i

< ‘t’ t~ 
then the edge crosses out of the trimming plane, (3) if y 1 and y 1~ -~ < 

~~ 
then the edge lies

outs ide the plane , and (4) if y1 < y
~
, but ~~~ ~ 

y~, then the edge crosses inside the plane.

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

• ( 1) If y
~ 

and ~~~ are both larger than 
~~t ’ 

then set the coordinates °~ ‘~&~ 
equal to

those of P~ i.e., X ek x j ,y~k Yj , Zek Z j .

(2) If y1 ? y 1, but y1÷ 1 < 
~~t ’ t hen the coordinates of 

~ek equal to those of P~ as above ,
but set those of 

~ek+1 equal to those of 
~lj+1 • Here P1 is t he intersection point of the edge with

the trimming plane (see below).

21

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~~~ _ i i _~~  —



r 
- ________ _______________________ ____

(3) If y
~ 

and y
~÷ -1 < y 1, then disca rd the edge .

(4) If < ‘v’~~ 
but ~~ 

‘
~ ~ 

then set the coordinates of 
~ek equal to t hose of P 1

defined above.

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

corresponding surface.

The coordinates of the intersect ion point that an edge makes with the trimm ing plane

may be computed using the technique of Appendix 3A. Note that the directional cos ines of the

normal to the trimming plane are (0 ,1 ,0) and that a convient vertex point for this plane is

(O ,y t,O). Consider the j !L~ edge with starting point , P1 and ending point , P1~ -1. The directional

cosines for a unit vector along t he edge are given by:

a
~ 

= (x~+~
_ x j ) IR e,

b5 = (yj+ 1_ yj )/ R e~

c 5 = (z j + i_ z i)/Re,

where the edge length is given by:

Re = { (x~÷ i-x~
) 2 + (y~+1-y~)2 + (z~÷ i-z~

)2} ½~

The distance along the edge from the starting point to the intersection point is given h~ see

Appendix 3A) .

R1 = (y~-y 1)/b 5.

The coordinates of the intersection point are given by:

X 1 = X 1 + a5R1

Y 1 = Y 1 + b 5R1

Z 1 z~ + c 5R1

~ I
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(4) Converting the coordinates of surface vertices to a scene disp lay space.

~1 The scene coordinates (X D, 
~

D) for an image point of a surface vertex , P(x ,y,z ) in the
viewer ’s space , are defined by the intersection of a straig ht 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
vertex point. The ratio of the eye-scene distance , a, to the image-point distance normal to the
y-ax is, is equal to the ratio of the y-distance for the vertex point to the corresponding normal
distance , i.e.

X D ~~~~~~ a,
Y

Z D Z . a .
Y

Consider the addition of a third coordinate to add depth thereby forming a display
space,

This transformation converts the viewer ’s eye pos ition to minus infinity. All lines from the eye
position to surface vertex points are para llel to the Y D-axis. The (truncated) viewing pyramid is
converted into an infinite ly deep viewing box. The four sides of the viewbox parallel the Y D-axis.
Assuming that the scene borders parallel the scene coordinate axes (X D,Y D), then the viewbox
sides lie in the planes X D ±b and ZD=±b.

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
plane is transformed into a line running from negative infinity to the other endpoint image. This
is not readil y apparent when t he two endpoints are considered alone. Note also that placing the
trimming plane at a minute distance , 

~~~~ 
in front of the viewer precludes divisionby zero when

transforming trimmed edges.

(5)  Discarding surface~ completel y outside of the display space viewbox.

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

X
~ 

= XD,ii~
, and 

4 
= Z D/b.

If e ither the absolute value of X~ or Z~~, or bot h 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 disp lay space. A starting point
(x v ,yv,zv), directiona l cosines (a~

,b
~
,c

~
) and edge length , Rv, are computed from the end vertices

— (P1,P1~ 1). Let R0 be the distance along the edge line from the starting point to the initial point of

the edge portion within t he viewbox and RF the distance to the final point. Initiall y set R O O
and RF=Rv w hen entering the testing procedure. Note that if R0 is larger than RE, then no
portion of the edge is wit hin the viewbox.

The unit vector normal to the surface of a viewbox side is assumed to be directed into
the viewbox interior. Letting t he directional cosines of the surface normal be denoted by
an,bn,c n, a convenient vertex (x n,yn,z n) within the surface side is determined by x n -b

~
an,

and Zn~~
b
~
cn.

Consider the dot product of the unit vector taken along the edge line and the surface
normal of the viewbox side , i.e.,

Q = av . an + b
~ 

bn + cv c~

If the vectors are orthogonal , then the angle between them equa ls 900 and Q equals zero . In th is
case , the edge line parallels the side surface , and the starting point (x~,y~,z~) must be tested to
determine whet her 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.
The distance along the edge line from the starting point to the intersection point is given by (see
Appendix 3A).

= ( ( X i_ X v) an + (
~ n~~ v) bn + (z n_ z v ) c n)/Q.

If the edge line crosses into the side surface from outside the viewbox , then the angle
between the two vectors is less than 900 and the value of Q is greater than zero. In this case given
that the distance R1 is greater than R0, then the initial point of the contained portion must be
moved forward to the intersection point , i.e., R0 R 1.

If , however , the edge line is directed outward from inside the viewbox , then t he angle
between the two vectors is greater than 900 and Q is less than zero . In this case given that the
distance r~1 is less than RE then the end point of the contained portion must be moved back to

the intersection point , i.e., RF RI.
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(7) Removal of hidden lines on surface edges and disp lay of visible segments .

The cl i pp ing routine determine s which segment of a surface edge is contained wi t h in
the viewbox. The test edge is specified by: ( 1) a starting point ~~~~~~~~ (2) directional cosines
(av,bv,c v ) and (3) a length , Rv. 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 R0 denote the distance of the initial point and RF that of the final
point. Note that if R0 equals zero and RE equals Rv, than the complete edge is contained within
the viewbox. If R0 is greater than zero or RF is less than Rv or both , then only a portion of the
edge is contained. However , if R0 exceeds RF in value , than no segment can be contained.

The contained segment of the edge may be either partiall y 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
wit h an edge of the constraining syrface . For this reason , an intermediate surface can mask no
more than a single line segment from view.

Consider the apparent crossover point between the test edge and a constraini ng edge. A
starting point ~~~~~~~ directional cosines (a e,be,ce) and line length R

~
, may be computed for

the constraining edge given the coordinates of the starting and ending vertices (P 1, P1~ 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 e cv-av~

ce, does not equal zero. In this
case there is an apparent crossover point . It is determ ined 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 1,y1j , but different dept
values (y

~~,yIv ). Let Rlv denote the distance from the starting point of the test edge to the
intersection point with the viewing line. Let RIe denote the equivalent distance for the
constraining edge. The display coord inates for the intersection points are gi~en for the
constraining edge by —

X 1 = xe + ae RIe,

= 
~e + ce . R Ie,

and for the test edge by:

I - x 1 = X v + av R lv ,

= Y v + cv . Rlv.
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Solving the above equations for the intersection distance on the test edge results in:

Rtv = (c
~ 

. (x e xv) — ac (z e zv ) )/Q.

Similarly, solv ing for the intersection distance on the constraining edge results in:

Rie = (z v_ z e + 
~v R lv )/c e,

or equivalentl y,

Rie = (x v xe + a
~ 

. RIV )/a e.

- - 
.‘ The constraining edge will be part of a masking surface if two conditions e x i s t .  F i rs t ,

the intersection point must be wit hin the edge endpoints. That is , the distance must be
greater than zero , i.e., R Ie > 0, and less than the edge length , i.e., R Ie < Re. Furthermore , the
constraining edge must be between the viewer and the test edge. The d istan .e along the ~i .-~~ing

-~~ direction (i.e., the y-axis) to the intersecting point on the test edge is given by:

and the distance to the intersection point on the cuilstr. iining edge is g ise r l  h~

Y le = y~ b~ ~
R le.

The constraining edge will appear in front of the test edge ~ the d rs tan t .c is a i g e l  than l~ ’
i.e., 

~ le >
~~lv •

A masking surface will inter se L t the test edge line at tw o  p,,ints Let the distan o. e from
the test edge starting point to the ~ loscst int r ’ rs ect ion point he denoted bs R 1 h u e  t h at I I )

fart hest intersection point be R-, . Note that R2 is I. i rge r than R 1’ c . R ~
> R 1 . I I L~ I tfl .i~~~ u , i ~

cases are possible:

J (1) The surface may mask a seg m ent ot the test edge line which is ouisidc o~ the  edge
limits, In this case R is la rger than the edge length , R5 I ) !  R -~ is Icss than /e ro . [he ~ l i s t !  ,iining
surface does “ot mask the test edge and ma~ he ignored.

(2) The soi rl ,ice rn.t ’~ mask the ent i re  edge In this L.isc R 1 is less than /cro and R2 is
gre ater than Rv. No segment of the edge is visible

i~ 1~:’ ,‘
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(3) The surface may mask a central portion of the test edge. In this case R 1 is greater
than zero and R2 is smaller than Rv. The masked segment extends from R 1 to R2.

(4) The surface masks one end point of the edge but not the other. Here the above
three conditions do not apply , and (a) R1 is greater than zero or (b) R2 is less than Rv. In the
former case the masked segment extends from the starting point to R1. In the latter case it
extends from R2 to the end point.

The test edge may be masked by more than one constraining surface. Consider a fi le of
N visible segments for the test edge , C RO(i ),RF(i ), =1 ,N } . Here RO(i ) is the distance from the
edge starting point to the initial point of the ILl 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) R0 and RF(1) R F (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 ed ge . 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 R 1 to R2. Considering each of the visible segments in turn we note that for the
segment:

(a) If RF( i)  is greater than R 1 but less than R2 the segment protrudes into the masked
region and RF (i ) must be set equal to R1.

(b) If RO( i )  is greater than R1 and RF( i )  is less than R2, 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 R2 and RO(i ) is less than R 1, t he segment straddles the
masked sect ion . The segment is separated into two segments by setting RO(k) = R2,RF(k ) RF ( i
and R F(i ) R 1. The file number is increased by one to inc lude the segment , k.

(d) If RO(i ) is greater than R 1 but less than R2 and RF(i  ) is greater than R2, the
segment protrudes out of the masked region . In this case RO(i ) R - .
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(4) The constraining surface masks one end of the test edge. If the starting end is
masked let R

~0=R2 and Rvf=R
~. If the terminal end is masked let R~0 0 and R~~~R 1. Then

consi dering each of the visible segments in turn , we note that for the th segment:

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

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

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

(d) If RO(i) is greater than Rvf the segment is masked ; it must be removed from the
fi le number reduced by one.

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

- 

- 
eac h of the segment vertices are for the initial vertex ,

X i X v + a v R O ( i ) ,

Zv + c RO ( i ),v

and for the final vertex ,

• x F — x V + aV . R F ( i )

z F zv + by RF (I ).

The scene coordinates are converted to the display screen coordinates (x 5,z5) using x s=(x D+1). C
and zs (z D+l . Here 2~ is the screen dimension (C 5 12) .  A display line element is then drawn
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
assi gnment of vertices to eac h 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 coord inates and order of vertice
assi gnment to compute surface normals. Writes computed data into disk file. Called by CONTL .

4. READF - reads in previously stored canopy data from desk f i l e  to common area.
Called by CONTL.

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

• 6. INTEC - computes intersection point of straig ht 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 vert ices .
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 .

AS IN

ACOS - computes arcsin e 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 disp lay entities in display file using canopy data in common area , and
starts disp lay. Uses Fortran graphics commands. Called by CONTL.
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10. EMAR K

ETIC - Loads display file with line elements for display ent ity showing nominal eye
position in cailo py views . Called by DRW CN. ETIC called also by PER P.

II. LINS

LINF

LINT - loads disp lay file wit h line elements for canopy surface ent ities. Called by
DRWCN.

12. PE RP - generates perspective drawing of cockpit as seen from pilot ’s nominal eye
posit ion and shows entry and reflection points. Initiates disp lay, loads disp lay 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 disp lay. Called by CONTL.

13 . EFIX - uses INTEC to determine coordinates of fixation point upon canopy
surface for pilot ’s nominal eye position and view ing 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- axi s is
along his nominal viewing direction. Called by PERP and TRSDC.

15. T RSDC - converts coordinates of surface vertices from object space to equiv a lent
values in display space. Called by PERP.

16. INTEP - removes portions of figure ed ges which lie behind v ie wer .  Called h.
• TRSDC .

17 . TEST - determines whether surface vertex is outside of disp la’1 spate vi e ss box.
Called by TRSDC.

18. CLIPL - computes apparent intersection points of test  edge line with masking
surfaces and generates v isible portion on display. Called h~ PE RP.

19. CHKS - computes portion of test edge contained within disp !,is spaLe \ u -v. hI

Called by CLIPL.

20. ORDLN - orders apparent intersection points of test edge w i t h  edges if masking
surface. Called by CLI PL.

21. CKLIN - determines visible portions of test edge remaining after sum aL e masking.
Called by CLIPL.

21 . GIN , GBEG , GP UT , GEON and GSTART arc Fo rtran graph i cs m i io i t i ne s  SE EK ,
GETDEV and GEV T are system file control routines . See reference 6 for de t a i l s ,
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/ JO P 1 1C  A I’,

~ C R F  A T E  (F IM(S~~)
/FORT
C P A I N L I 1 ~E , RA Y  T R A C I N G  FC R P I L C T
C 3 C I~~EI’~S I C NA L  F L A T  PL A TE C A N O P Y  ~ ITi- ’ O PS TRIj CT ICts S

SU P PO LT I’IE C C NT L
CO~~~O ts/ FC R C/LFC
COP ~~CN /G A R E A /  IC F I t t  IC C CU )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CO O)i~/N CR)~/A X N( 1CC I , A YN( ICC ) ,A Z N( 1CC )
C 0’MO N /L II~E / A S,eS, C S ,X S, Y~ , Z S
CO~’WON/ P ILCT /X O ,YC ,iO
( t ) ’ E N S I O N  4 ) 5 ( 2 )
C A T A  A N / 2 t - V S , 2 ~’ NO /
(ALA A I1,412/2. ,2./
(A lA P IF3.1 4 A 5 ~~/
CALL G E T C E V (L L N ,’F lP ’JK SH ’ ,1C )
CALL GET IEV (LFC -,’FO R G R A ’ ,— l )

t I E  I 1, S S P

~ 98 FCPt ~4 T ( 2 X , ’ C A N C P V  C A T A  ON F I L F ~ ( V S  CR ) 5 O ) ’ )
R E A C ( 1,1CC 1 ) .~
IF (6 .EC.~~ I’. t 1 ) ) CO TC 1

CALL  R E 4 C ’ ~
CALL N O4t~L
CO TO 2

1 CC IsT IN U E
CALL R E A C F

2 COIS T J V ” U E
h R I T E ( 1, 1CCC

ICCC F O R )~A T (2 x ,’PR t ) s TOL 1  C A N O P Y  G A l A !  (VS OR IsO )’)
R E A C ( 1 , I C C 1  IA

ICCI FO R ~~b T ( 1 a2 )

I F ( V .EQ. A I s ( 1 ) )  C A L L  T E L T Y

~,R 1 TE(1,~~C C 2 )
10C2 FOR ~’A T (2X ,’C iSPL 4Y CA N C P Y  CC !S i F J C u R A T I O N I  (‘V S CR I~C )’)

R E A C t  l ,1 CC I ) A

tF( A .EC. A t ’ ( 2 ) )  CO IC 3
CALL CRWC P *

~R tIE (1, ICC 3)
10C3 F O P f r A T 2x ,’t-~~RC CCPY$ (VS CR !sC ) ’)

P E A C (  1, 1CC 1 I f
I F I ~~.LC. A)5(2 )) CO IC 3
),RI TE ( 1,L CC 4 )

10C 4 F O R M A T (2 X , ’P,~1 i I s T E R , TU R N  C)s’ )
PA U S E
CALL C S3 : (1)

i co~~i t r ~us
~R I T F (  1, 1CC~ I10C5 FOR ~~A T ( 2 x , ’C I S P L A Y  P E R P E C T I VES (VS CP N O ) ’ )
R E A C (  1 ,1CC 1 If
IF ( A .EC .M’, (2 ) ) G O TC 4
C A L L  P E R P ( C )
h R I T E ( 1 ,  . C CJ
R E A C  (1, ICC 1)4
I F (A .EC. a)5 ( 1 I ) C A L L G S 3 I (1 )

4 COI’II )5 IF
C A L L  SEE K (LLIs ,C )

• RE 41 (LLN)Md~,
b~R ITt I :,ccc

qqq FOR )~A T ( 2 ’ (,’CC M P U T :  P R I M A R Y  R F F I ( - C T !C I s  PCI T SI ( ‘V S c i.! P-, O ) ’ )

~~~~~~~~~~~~~~
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Q E A F (  i , I C C 1 ) A
I F ( A .~~C .~~)5( 2 )) CO IC 3CC
IPC~~C
~‘.R I T F (  l, sc 6)

i9~ F O R ~~A T ( 2 X ,’P r i I N T O L T  CC M P L 1 A 1 I C N S S  (‘VS OR P s C I ’ I
R F A f (  1 ,1CC !)
IF I ~ • EC • ~~ (1 ) )  I P C  = I
)5 V I I 0
C A L L  SF r # (LU~ ,NV W I

~R I T E ( L U~ )IsV L L
C I IS C EX F I I L T  ~I~~~ING C l u - t E C T I O N
C A l  E L E V A I I C ’ ,, ~~~~~ f~~CM Z A X iS  T C~~AR I) X A X I S  1)5 X Z P14 )51
C ~‘2 A Z I~~UT I- , ThC LE F R O M  X Z ~I AIsE lC~~A PC V A X I S
C 1 A X I S  T O~~A R C  UP v~A P C ,  X A X I S  TC~~A R C  LE F T  F A C I N G  F R O N T  OF C A N O P Y  ANC V A X I S
C T C~~A R C  1 4CM CF C~~NC 2Y A L C N G  L C N C I T 1 C I r ~AL  A X I S  OF A I R C R A F T

Al  ~C.
10 A 2~~~ 12
11 A 2~~~2—~~E~

IF I i2.UE. — S C . ) CC IC 15
41 =A1 i ( ’.t
I F I A 1 . G T . l e c . I  GO IC -2S~I~R lI E I i, cc~ ) A l

qq~~ F O P M A T ( 2 A , F1c . 4 )
CO IC IC

iS CC IS T IN U F
I / i F

A 2 M = A 2 ~~P I / l E G .
C (ETE R M I S E  C ! R E C T i C I s~~L C C S I ’ , F S  CF V I U ~~IN C -  D I n F C T I D N

A S =C O S ( A ) * S t N ( A .P’)
PS~~S IIs ( A~~M )
CS= CC S( .~Zf r ) * C C S ( 41 f r )
R=1 .
X S = X C
Y S •Y C
iS~~,o
I P LIs =C

C C E T E R M E I s E  SUl ~iF 4CE I~~IF~~CE P1
11 C C I S T I I s L f

[0 2C t S - = l , I s P
ESK C
C A L L  1)5 11 C C ISK ,IS, XR ,Y~~,ZR)
I F ( I S K .CT.C) CC IC 25

20 CO I S T I ! S UI

C - C IC 11 —

25 C C P s I I ? s U E
I F ( IS .

~
’T.)5P) CC IC 26

cc ic 2C
26 C C ) 5 T  LIsLE

IF (IS .1c .)5C) CC IC 11
C A L L  C C P! ’ (A r ’ C ,  L S , R T , I T )
T~~T T * P
P= R i * R
IF( I~ .1T . . C C C C 1 )  cc IC 11
IPL’ , 1i’ t. ’.4 1
A 1 = — A S
P 1 = — P S
C I A — C S
P X~~A S * A X ’  ( IS I S * A Y N (  IS )  +C S *A 1 I 5  I IS )
A R - ’ — A S + 2 . t R X * A X ’ ( l S )
E R = ~~PS.~’.tP X * A Y N ( I S )
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CR~~—C S .~ .$R X* AZ ’s t I S )
I F ( I P t .Is . [ C . 2 )  C- C IC 3C
I P p =  IS
A S P’
P SR =
CS P r C S
X P = 1 R
V P  ‘Y R
ZP= ‘R
A I P = A I
P IP= E’ I
C l P =C I
A R P = A P
FP P=P i . i

65

C S = — C R

‘V Sr  Y R
Z S = ’ R
CC T O ~ 7

3C C O P ’ T I~~L~) 5V11~~~V L t - 4 I
~R I T 1  (lt .\ ) A I  ,42 , 4 P ,PSP ,C S P , IPP ,X P ,Y P ,IP , A l P  ,P I P ,Cj P ,A R P , t ~RP ,CRP,

CQ , l S , X~~, Y Q , L~~, 4 l , e i , C I , A R , e ~~,cR ,T
I F ( 1 P C . F ~: • C )  CC T C 11
~~ [TE l 3, FCC I f 1, ‘i2 , AS P ,~~SP ,CSP

~,R 1T F (~~,- C I ) I PP ,XP ,YP ,lP,AIi- , P I P ,CI P,~~RP , t~RP , C R P , P

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
8C C  F C R f r $ T (2 x ,2 (F 7.2 ,2X) ,3 (F7 .4,2 ~~)
FC I F C P W A T ( 2 X , I 3 , ~~( I~~ .2 ,~?X ) ,  7(F?.~ ,,2X)

CC IC ~1
~~~ C C N T L ’ , L F

C A L L  S~~r K ( L L r , I s v~~I
~R ITE(IU , )NV L I

ICC C C N T I 1s I I
~ R 1 T F  I ., C C 6 I

ICC 6 FO A T (2~~,’P~~P P u C T I V~~’/2 X ,’PAV ~‘;Ti~~-\ChE ~C I ’ , l 5 ’ / 2 X ,’ PTGI - T ~‘~~-~n si c
ç F C C C M P I !  ( ‘ V s  C~ ~.e ) ’ )
R E A C (  1,IC C 1 f - ~
IF (’ .LC. I~t2 )) C C- IC 4C
C A L t  PF~~°( 1 )
%~R I T F (  :, :CC3 )
P r f r ( 1 , : c c l  ) t
IF(  A .L C .  ~P’(  1 ) )  C~~LL ;S3 1 1)

‘C CCP ~T IIsU E
- - ~R I ’ E ( 1 , C C 1 )

1OC 1 FCRpAT( 2~~,’PF RP rC TIVF ./2X, ’PpIp. ’4ky PcFIFC T IOIs S S , )
P E A r l  1, 1 C C 1 ) ~
! F U . f C . - ~) 5 ( 2 ) )  CO IC 41

C A L l P~~-!P(2)• 
~ R 1 1 E(  I, I C C 3  1
R E A C (  1 , 1CC 1 )‘
1 F ( ~~~.~~C . I ’ ) 5 ( I ) )  CALL C5 31(l)

4 1 C C N T I N L F
CAL L CFVI (L (_ Is ,C,C )

• P E T U R S
PSI

/F OPT
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C
C
C R E A C  IN S U R F A C E  v E P . T I C E t

SL E ~~C LII*E I~E A C V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
cc~~MCIs / V ~ R T / x v ( : ( u L I ,v v C 1 C C ) , z V ( : ( i i ) ,~~v R ( I C C .~~)
C C  CNI’\( R M /A X N (  •CC ) ,A VN ( ICC ) ,Ai’i( ICC )
C C P I - ’ C N / P I L C T / ’ C, Y C , I C
p E 4 1 1 2 , : C C C )

ICCO FOP~’4T( )
P F A G (2 , 1 C C  ) ‘\ T ~ ‘ 1P ,u\C ,\~

10 C 1 F C P~’A T ( / 4 (2 X ,  1 2 ) )
P E A I (2, 1 C C C  I
R E A C ( 2 , 1 C C 2 ) ( N V ( I I , I = l , ’J P J

ICC2 FCR M A T (  1~~(2x , 12 ) I
R E A I ( 2 , 1 C C C
CC 1C ~~~~~
PE A I ( 2 , CC2 )( N V R ( l , J ) , I = 1 , N P)

10 CO)5 T 1P ~tJL
R E A C (  2, 1CC C
RE A C (2,1CC ~ ) (X V ( I )  ,t= 1 ,~~~ T

10C3 F O P M A T (P ( 2 X , F 7 . 4 )
R E A C (  2, ICCC I
R E A C ( 2 , I C C f l ( Y V ( I ) ,L = 1 , N T )
PEAc (2,:Lcc
R E A r ( 2 , I C C f l ( Z V (  I ) ,1~~1,NI)
REAG( 2 ,IGCC I
P E A C ( 2 , I C C 3  ) X C , YCu ,IC
R E T U R N
E N E

C
C
C
C FsT Ae ~~IS)- SU c~F h C ~ NC ’~- M A L FOR EACh PLATE SURFACE
C S U R F A C E  N C R M ~~LS C I R E C T E G  TO ~~AR C CCC M P !T I N T F R I - 3 R

SUE ’~C!_ T I ’F IsC RM L
CC P~’OIs /C~~P~/N l,Is P ,N C ,N I3 , N V ( 1 C C ) , P X V ( 1 C O , S), P Y V ( 1 C C ,5 ) , P ZV (1 O O ,5)
CC M MC Is / V [ R T / X V ( 1 C C ) , Y V ( l C C ) ,Z~- ( I C O ) , N V R t 1 C C , 5 )
cc p ’wc7s,Is c R M , a x N ( : C O ) , A Y N ( 1 C C ) , Az ~~( l C O )
COM M O N/P I L C T / X C , Y C , Z C
NV C
CALL C V T C E V ( LU N , ’FIN )( SH’ , I C I
CALL  S E F K ( L U Is , C )
)~R I T E ( L U ~~)Nv~
~~ LI E (LU’ )NP ,NC ,NP
CO IC I~~~,”P
15 K = IS V ( )
)~R l T E ( L L IS )Ni<
CC ~
K V = 1 5  V P  I I , K )

PYV(t , K )=YV(I< V )
PZV( l, K ) = Z V ( X V )

l it C LUN )PXV ( I, ic ) ,P V V ( I , K )  ,PiV(t
S CC ISTIIsU~

1 A I = PX VI 1,K I — P X V ( L , 1 )
A 2 r PXV(L, K 4 1 ) — P X V I I , l )
P1= PYV (I , K)— P YV ( I , . )
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F2= PYV(I, K 4 1 )_ PYV( I ,I )
C1 PlV (I ,K )— Pl~~(I,LI
C ~ 

- ~I / ~ (I , K 4 1 )—P IV (I , 1)
P’ = cc P t ( A l S *~~.!.!l**24C1**2)
P2 r ~~..R T ( ~~2 ’ *~~, P 2 # $ 2 + C 2 * * 2 )
A = ( 1 I * 8 2 4 P I 4 t~24C i*C2 )/ (PltP2)
I F C ~~t~S 1~~) . L I . 1 . ) G C IC )

K -
~~ 4 1

I F ( ~~. t C _ • K )  ( C  T O IC
CC IC 1

~
P~~1./(P I* P2 $ SIIs(Ars) )
A X )5(II r_ (P 1* C2 _ C 1 *R 2 )*R
A Y ) s ( I I = + ( A 1 * C 2 — C I~~A2 ) *R

~iR I I F ( 1 U i ) A X I s C I ) , A Y \ ( I ) , A Z N ( I )
1C CC N T LIS LF

l,RIIE I I L’ IX C , Y C , i (
N V W A I s c ( R -  C ( I L N )
C A L L  SEi - t<( LUIs, C )
b,RI TF (LU ’, )ISV~’
C ALl C i V 1 ( L L I S , C ,O )
REI LPN
EN C

/FLP T
C
C
C ~F AC F I L E  FC -~ C A~ICPY CAT S

S L E R C L T L r.E R EAC F
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CC fr f r C ) 5 / - ’ ,C R f r /A X ) 5 ( !C O ) ,A Y N ( 1 C C ) , A/J ~ (1C C )
CCM ’~C)5/P ILC T / X C , VC, ZC

- C A L L  G F f l E V ( L U N , ’ F I N X S H ’ ,lC )
C A L L  S E ’ K ( IUS , C )
PEA ~~( Lu’, )t~V i~REAI(L (JN) ’,P~~t\C, ISP
CC IC I = 1 ,N P
P E A C ( L i ~’s ) I S K
NV ( I ) = N I (
CO ~ K I , l5K
R E A C ( L U N ) P X V I I , K ) , P V V ( I , K ) , P Z V ( I , K )

5 CC NTI NUF
R E A C ( LI .N)A X N ,( I) ,I\V N( I) ,A L IS ( t )

1C CCI\I INU’
P E A t h U N  )~~C, ’Y C , 1 G
CALL  C E V T ( L U N , C , C t
R E T U R N
INC

/FO RT
C
C
C PRINI C IT CF CAN C PY uai’i FCR R F s L F ~

SUP~~C1TI I E PUT Y
C C P~MC i~/C .~r~/IsT,NP ,IsC,’,P,NV (1CC), PXV(1C O ,5),PYV( 1C C,5 ), PIV (1O O,5)
CC frM CN/ NCRM/f X t ’ (1CC) ,A Y~~(1CC ), A lN(I C C)
C C P M O N / P J I C I / X C , Y C  , L

• q c P  F C R f r A I (2X , ’Pi~INTE R , TURN C N ’
PAU ~ F
b~R lT~ ~~~ ICCC )NT ,NP ,NC ,NB
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10CC FC R ~~A I ( 4 ( 2 X , 1 2 ) )
CO 1 C I’ ,N P
K N A N V ( l )
IC 5 K r l , K)5

~P 1T~ (1 ,1CC 1 )PXV ( I ,K I ,PYV ( I ,K I ,PZV ( I ,K )
1001 fCR fr A T ( 2 X ,3116.2,2 X ))

5 CCNTLNU F

~R IT E ( 3, CC2 )AX Is(I), AYN J (I ) , A Z N ( I )
10C2 FC R MA T (3(2X ,F 1 C. 4 ))

IC CC NTINUF
hR 111 (3 , ICC2 )XC ,YC ,LC
REIU R N
ENE

fF 0  P T
C
C
C C ETER MIN ES IF R A y  STRIKES CONv E~ SU’FACU

SUE R C U T I N E  PIEC( ISK ,IS ,X R ,VR ,l~-i)
C C M M O N / C  !N/ NT ,NP ,NC ,NB ,N v (  1C C )  ,P X V (  10-3 ,5) , P Y V I  ICC ,51 , P1 V( l 3O,~~)
CCM M O N / Is CR M /A X N (ICC ) ,A YN (1C G) ,A Z ~i (IC C)
COM MCN /LINE/ iI S , PS,CS, XS ,Y5,Z5
CX : A X Is II ~~)*AS -k AY’~( IS I *135+ A Z I s (  I S )*CS

-- :~ I F ( C K . G I E . C . )  R F T U ~~
C R A Y  S T R I K E S  S U R F A C E  I t ~ C1T ~i A R C  C I R I C T I C N

1=1
IF (X S. FQ .PXV (IS, II •A’ .YS .EC. PV V(IS ,I).AN C .lS .EC .F ZV (IS, I))I=I+ i
S:(~’XN (tS)* (!~~V ( t S , I )— XS )4A ’YN( IS)* (PYV (IS ,l)--Y S )+fLt ~(ISl* ( P/V (1S ,L

C )—l S I
X R = ~~S * S + X S
Y R P S * S 4 Y S
Z R : C S * S 4 / S
1N V I IS I
cc :c I= I , IIs
I C - I + 1
[ F ( I  • IC — IN I IC = I
4 1 = P X V ( I 5 , I ) — X S
U 1 = ! Y V I ( ~~, I ) — V S
C l= i’ iV ( 15 , 1  ) — Z S

- A 2 =P XV ( t~~, IC )— XS
P 2 = P Y V  ( I~~, IC I— V S
C 2 r P ZV(T S,~~C )_ Ic
PI X R — X~
P2= ’YP — Y S
P3=7 k—/S

• C=P 1* (~~I*C2— ~~2*C1)— P2* (414C2— C 1*S2)4P 3* (AL$P2— Pl *f2 )
lF( L.L~~~i.) ~E1LRIs

- - C RAY STR!K~~S ~U R FA C E cm5 ENCLO SED SIPI flF S U R F A C E  FOOt
IC C C N I I N U F

C RA Y STRIKE S ~P’C1CSEC SU R FAC E
I S K = 1
R E IL R’ ,
ENC

/ F ( - P T
C
C
C C C F ’ P U T t S  I~~r f C E ~ CE ~~u C L E ,  R E FLEC IA N C t, A ”~ T~~A N 5 f r I l 1 A N C t

C N A T U R A L  L I C ) - T ,  A C C I T I I N  CF P C L A P I ? f I I ( r \  (cM I ’gIs [IslS I C N O ~~E C
SL F’ CUT I \ F CCM P ( MSG, IS , Ri ,TI)
CC Mr ~C ) 5 / I S C P M / A X I S ( I C L ) ,A Y ~4 ( 1 C C ) , - 5 L~~( 1 C C )
C C M W C N / U J 1 5 F / .~S,~’ S , C S , X S , Y ! , Z S
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C X f ~, I N C E X  CF R E F N A C T I C N ,  I X,  I N T E R N A L  I R A N S N I I T A I S C E
C A T A  XN , T X / 1 . S , . 9 2 /
A~~— A S s A x N ( I S ) — e S s A Y N ( I S ) — C S * A Z I s ( I S )
I F ( A P S ( A I . C I • 1 . )  A = j •
A N G : A C O S ( A )
A N C P * 5 1 1 5 1  S I N  C AN G ) / X N )
C A = C C S ( A I s C )
S A = S I N ( A N C )

-; S 1=S ~~R T ( X P * * 2 — S A * * 2 )
R O = ( ( ( C A — S 1 I / ( C A + S 1 ) ) $ * 2 + ( ( C A * ( X N * * 2 ) _ S l ) / ( C A * ( X I s * * 2 ) . S 1 ) ) $ * 2 ) / 2 .
T O = ( 1 . — R O ) * C A / C C S ( A N G P )
C A = C C  SI A NC .P I
S A = S  IN( A N C P )
S1 SI~RT (  Xl5**2—SA** 2)
R I = ( ( ( C A — S 1 ) / ( C 4 + S 1 ) ) * * 2 + ( ( C A * ( X N * * 2 ) — S 1 ) / I C A * ( X f ~* * 2 ) ,S 1) ) * *2 ) / 2 .
11= 11. — R I  ) * C A / C C S ( A N G )
T T : T O * T I * T X / ( 1 . — ( R 1 * T X I * * 2 )
PT = RO + R 1*11
RETURN
ENC

/ F O R T
C

1~•~ C
C CCV ~P L T E S  A R C S I N

F U N C T I O N  A S I N ( X I
V = X
A X = A B S ( Y )
I F ( A X . G F . I . C J  GC IC 4
A C A T * N i Y / S ~~R T ( t . — Y * Y ) )
A S I I s =A C
R E T U R N

4 I F ( A X . G E . 1 . C C O 1 )  GO TO 10
A S I I S = 1 . 5 1 C 7 5

- I 
I F ( ’ V . L T . C .  ) A S I N = — A S I N
RETURN

10 h R I T E ( I , 1 1 ) X
S T C P

11 F O R M A T ( 8 F E R R C R  * , 2 3 } - 4 A R C S I N  A R G U M E N T  .GT .1 .  , 6 H 4 ) 5 C  ,116 .8 I
INC

/ F O R T

C PRI A R C C O S  ~C U T I I s E
C REF.  GLENN PE CK

FUNCTION I C C S ( X )
‘I- Y = X

A X :  A PS C V I
1 F ( A X . G E . 1 . C ) G C T O  1~

- . I F ( Y . t Q . C . ) C C T C  3
A C 4 T A N ( C C R T ( 1 . C ~~Y * Y I / Y I

1 I F I Y . L T . C . ) C C T C  ~
A C C S A C
R E T U R N

-u 2 A CC ~~~A C 4 h 1 4 I 5 ~~26
R E T U R N

3 A C C c = 1 . 5 i C 1 c~ 3
• R E T U R N

4 IF(AX. C E .1 .CCCC I)C C IC 10
A C = C .
C O T C  I
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S 
_

10 b ,R I T E ( 1 , I I I X
S TCP

11 F O P M A T ( P I - E R R C R  * ,2 3 b A R C C C S  ARG UM ENT .GT .1. ,6F44 )5C = ,t-16 .8 )
ENE

/FCRT
C
C
C CRA b S GR AP h IC P I C T U R E  CF CANOPY 1)5 3 FOL D LA YOUT

S U P R C I I I I S E  C RbI C N
COM M C N / F C R C - / L F C
C C M M C N / C A R E A / I C F I L  ( I C C C O )
C O M M C N / C A N / N T , NP ,N C ,N P, NV (1C 0), PXV (1CO , ’~I,P ’V V (1CC ,5) ,PZV(10 O ,5I
CCP’MCN/NCP M /A X )5(lCC ),A YN(l CC ) ,AlN(I CO)
C C M M C N / P  I I..CI /XC ,Y C ,l0
CAT ~ SX/~~.C2 35 /

- 
. h R I I E I I , SSP )

çqg FCR M A T I 2 X ,’CCNSC IF NC 1, TURN C t’’)
P A U S E
C A L L  G I N ( ~~C C C )
I X = ( Y C — 5 C . ) * 5 X

-, IY (lC ~~6C.)*S X
C A L L  G P E C ( 1 ,IX , IY )
C A L L  E M A R K
I y = (xC.qC .)*SX
C A L L  GC PY(2 , ,IX, I Y )
IX :(ZC + 5 C • ) *S X

C A L L  G~ F C ( 3 , t X , 1 Y I
CA L l  E T I C
N E=3

CC IC I = I S S , N P
C F N T I T Y  iS C A - \ C P V  S U R F A C E — — F E N C E  CR T R A N S P A R A I S I

CS = — AX N  I)
C F :— A Y S (l )
C T = A Z N (  I )
!X=IPYV ( 1,1 )—5C. )*SX
IF (hI.LE .NC . ANC .C5.LI.O.I.CR.(i .GT .NC .A~IP •CS•GT .C. )) CO IC I

C SU RFACE F A CE S VIEWER F-C CP ’  SIDE VIE ~
- 

- I Y = ( P Z V ( I , l  )— 6C .)*SX
NE :Nt 4~.
CALL C P E C C N I  ,IX , IV )
IF ( I .C-T.NP.ANC.I.L E.NC )CSIL GPUI(3,131 ,l,2I
C A L L  L !IsS(I )

2 C O N T I N U E
IV = ( P X V (I,1)4S C.) *S *
I F ( ( I • L F . N C . A N C . Q T . L T . O . ) . c p . ( I . G T . N C . A ’ : G . C I . O T . C . ) )  CO IC 3

C SURFACE F A C C S  V I E h E R  FrA C I~ lO P VI E~
15 1 F~ 4 1
C A L L  GPEC (NF ,IX ,I Y)
IF ( I.CT.NP. 8 -C.1 .lE .NC) CAUL C-P1l(3,130,1,2)
C A L L  U I N T I I )

I C C N I I N U C
I F ( ( I . L F .N C. AN C . i , F . L T . 0 . ) . C R . ( 1 . G T . N C . A N P . C F . C I . C . ) )  (10 IC 10

C ~1 R F 6 C E  F A C F  V I E b E R  F 4 C ~-’ FR ONT V 1 F~
IX : (PZV (I ,1 )-.S C .)$ SX
IS E= E+
CALL  G P E c ( N E , I X ,I’,- )

• 1F (t .GT .NP. A ND .I.L F .NC )CA LL GPLI(3,j1O ,1,2)
C A L L  1 1 1 5 1 ( 1 )

10 CO NI lNi i
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- - --

CC 20 I= ,N E
C A L L  GEC N ( I I

20 CCNT 11501
- -4 C A L L  C S T A R T

RETU R N
— 

INC
/FCPT
C

- ;  C
C M ARK EYE PC SI T IC IS 1)5 CANCPY

S I P R C L T I t ,E E M ARK
CALL G PUT(6,S C, — IC, — 5 1
CALL GPU Tfl,7C,C , 1C I
CALL GPUI (P,5O,1U, — 5 )
CALL c-pul (g, 7C, — 1 ,— IC )
CALL GPU T(IC,5C ,O,2C I

-
- R ETURN

(NC
/FO P T
C
C

S U E R C U T I N E  E T I C
CALL GP L T( 6 ,7C,C ,— 5)
C A LL GPUT(7 , 5C,C ,1C)
C A L L  G P U I (8,7C, — 5 ,— 5 )
CALL c PUl (c ,S C ,1c ,C )
RETUR N

/ F C R T
C
C

SUI P C L T IN E  L I N S (I )
C C M M C N /C 6 N / N T , NP ,N C ,N B , N V ( IC C ),PXV (100,51 , PYV (1CC ,5) ,PZV (100 ,SI
CIAT A SX/ 6.C235/
CALL  GPIJT (3,13C ,2,C )
N K = N V (  I)
tO I C  K= 1, NK
K 11(  + 1
L F (K.E0.NK) K l i
IX (PYV( 1,1(11 )—P YV ( I,K I 1*5)1
IV=( PZV (I, K 1 ) — P Z V ( I ,K ) )*SX
CALL GPUI (K45 ,53 , Ix , LV I

10 CONTINUE
RETURN
(NE

• 
~~FC R T
C
C

SU PR C L I I IS E L I N F ( I I
C CMW CN ,CA15 / tS T,N P ,NC ,N 8 ,NV (ICO ), PXV (ICO , S),PYV(1 CC,5 ) , PZV I10 0,5)
D A T A  SX/ 6.C2 35/
CALL GP U T (3 , 3C ,2,C)
NK=P V ( I )

• 
CC IC K l , N K
K 1= 1(41
1 F ( K . E i . ~.P~K )  (1= 1
I X = ( P i V ( I , K 1 )— P Z V (1 , K ) ) * S X
(Y= (P X V ( l , K l ) — P XV ( I , K ) ) * S ) 1

• CALL C P L T( K4L,53 ,I X ,IY )
10 C O N T I N U E
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RE IU R N
E N C

/FOP T
C
C

SU P~~C L T l I .E L I N I I I )
C OM fr C N / C~~N /)5I, 15P ,tsC ,N P ,N V I  I C O )  ,P X V (  100 , 5)  , P Y V (  1CC ,5 )  , P Z V (  100,5)

• C A T ? SX/f.C2~~5/
C A L L  G P U T (3 , i 3 C ,~~,LJ
Is I ( = N V ( I )
CO C K :I,NK
K 1= 1 (41
I F ( K . E C . N K )  K 1 1
I X (P Y V ( l , K l ) P Y V ( I , K I ) * S ) 1
IY = (P X V ( I , X l ) — P X V I I , K I I * S X
C A L L  C PL T ( K 4 6 ,5~~,IX , I V I

LC CC NT I I IU F
R E T U R N

• (N C
/ F U R T
C
C

- 
- C C R A b S  P IR P IC l I V E  CF CA ’ ,C PY USC F15I Q Y 4151 R E F L E C T I O N  P C I N T S  PILOT EYE

C P C S I T I C N
SUP ’~C U T l ’.E P F R P ( I F S )

-
, CC MM C N / F C R C / L F G

CC M M C N / C A R E A / I C F I L ( 1 C C C O )
CCM MCIS/ p R,NC,NS(1C C) , p x S (I C C , I C I , PY ’(l~~),1O), P/S (U’(,1 C)
CA TA AX ,PX ,Cx /1C. ,5.,512./
CA LL T R S C C
CALL GFI CFV (UIN ,’FI’,K Sh’ ,lC )
CALL  G I N ( 1 C C C C )
C A L L  E F I X ( X X , ’Y Y , lZ  I
C A L L  PI A C ( Y V ,L Z , P Y ,P 1I
IXE :X X *A A S C ) 1 / I P Y * t~x I + C x
I Y E = P Z * A ( * C X / ( PV * I ~X I 4 C X

• CA L ). CP F C I 1 , I X E ,IY ~~I
C A L L  (TIC

A C A L L  C F C - ( 1 )

I K = I C
CC 1C I=:, N-C
N K = ’ S ( I )
IF(  I K . C T . ~~ ) C A L L  G~~F G ( N F  ,I X F , I ’ V I

CO ~
K l ’ K 4 1
I F ( K . F C . . M )  K 1 1

C C l-IC )’ (ICES FCP t -1CIT F~ L I I S F S
C A L L  CII P L ( I K ,I, I( ,K 1 )

S CC NII1S U F
IF( I K .[ C .~~) C C TO Ic

• C A L L  C -5 C (N E )
NE =

1 141
4 IC C C N T L N U F

IF ([ES.EU .C) CC IC 21
C A L L  G P E C (1 5 E 4 1 ,I X E , !Y F  I
C A L L  C P L r ( ~~ , I 7 6 C , C , . F A L S ~~. I
[ F ( I c S . ~~L . 2 )  C A L L  G P I T ( S , 1 7 6 C , C , O I

C A L L  S F E V ( L L N , C )
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• P E A [ ( L U I I S I N V h C
C A LL SFEK (LUIs ,IsV,,C)
R E A l  ( ION I NV h
IK’6
CC 2 C l= ,N’Vb
R E A C ( L U N ) A 1~~, A 2 V , A S P , !ISP ,C S P , I P ,X P , Y P , Z c , A I P ,P IF ,C I P , A k P , PRP ,CKP ,

~R ,L~~,XR ,YP ,14 ,AI , PI,C !,4R ,PR ,CP ,T
I F C I ~~S . F G . 1 I  CC IC 3 C
C C I C  4 C

2C C CNTIISUF
C A L L  G t O I s ( N E s 1 I

21  C A L L  G S T ~~PI
CALL C E V T (L I N ,C,0)
PEIU R )5

C E N T R E N C F  PC I N T S  FC R E X T E R N A L  R A Y S
30 C C N T I N U F

-. C A L L  P L A C ( Y R , Z R ,PY , P1)
IF I P Y . L E . C . I  CC IC 2C
X X = x R * S X / ( P Y * P X I
Z Z : P Z * A X / ( P Y 4 B X )
IF I A PS(XX I.C 1.l. .CR .AA S (ZZI.G l. 1 •) CC 10 20
IX ~~X X* C X ,C X
IY=l Z~~CX ‘CX
C A L L  G PUT( IK ,43, Ix , I Y )
IK IK 4 I
CO IC 2C

C PRI M A R Y  R E F L F C I I C N  P O I N T S
4C C C N I I N U E

C A L L  PL A C (Y P ,ZP ,PV ,PZ I
IF ( PY.L~~.C.) CC IC 2C
X X ~~X P * A X / ( P Y * B X  I
Z l = P Z *A X / (P Y *B X I
IF A e S ( X x) . C I . 1 . . C R .A B S I Z Z I .G l . 1 . I  CC 10 20

• I X :X X *CX ,CX
- , IY = Z l* C X + C X

C A L L  G P U L ( I K ,1 C C ,I X — 4 ,C I
C A L L  G P U I (  I K - , - t , 1 1 C , L Y — 4 , C )
Ic :— A LCG :c C I I
IC ’IC ’L 76
C A L L  C PU T (I K + 2 , S O ,I C , C)
j)’: 1K 4 i
CO IC C C
ENC

/ F C Q I
C
C
C C C M P L T E S  (Y E  F I X A T I C ’ ,  C E I S T E R  F C P  F E R P F C T I V E  L I R A~,I15( 1

S O E R C L T I N E E F I X ( X R ,VR ,ZR)
COM M CN/ CA N /NT ,NP ,NC,’SFI ,NV (lCC I,PXV (lCO, S),PYV (l CC,S),PiV( lOO,S)
CCM M CN /P I L C I / X C , Y C  ,lC
C GM M C IS / L  I N E / A 5 , ’~S,C~~,XS, Y S , lS
C A T A ~~~~~~~~~~~~~~~~~~~
ANN :AIs*P 1/ 1E C .
X S X C
Y S Y C
Z S = f C
A S = C

‘1515 I
CS :~~IN (A ~~N )
I C  2 C  IS=1 ,N P

41
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ISK :C
CALL IN T E C ( L S K ,IS , XR, ’VR ,ZR)
IF( I SK .GT.C I R E T U R N

20 CONTINUE
-• R E T U R N

(ICC
• I,.. ,

C
C
C CO N V E R T S  0P JEC T SPAC E C C C R O L N A T E S  1 1510 EYE SPACE C C C P C I N A T E S
C PiLOT (YE D I R E C T E D  IN V—i PLA1% E CF A I R C R A F T  C O O R C I N A T E S  AND S—CE CR E FS
C A P O V E  N E G A T I V E  ‘V — A X I S

S U B R O U T I N E  PIAC (PYV , PZV , PY , PZ)
COW M CN/ P I ICT /X C,YC ,ZC
C A T A  A P415./
C A T A  P I F I . 1 4 1 E 9/
A N L ’AN*P I/1E C .

• PY :—(PYV — YC )4CCS (A N 1 ) — (P Z V — Z C ) 4 S IN (A 1 5 1 )
PL= — (PYV— Y C )9SIN( AN 1 ) -~(PZV-— iC )*COS (AIs 1)
RETURN

A 
(NC

/FORT
C

C CONVERTS OB JECT C O C R O I N A T E S  IC D I S P L A Y  CC OR IIINAI ES , REMOVE S LINES PEb IN C
C V I E W E R , SURFA C E S  O LI SID E VI E~.IING PCX , SURFACES NOT F A C I N G  V I E hE R

S UBR C UT INE TRSCC
COt’MON/ CAN /NI ,NP,NC ,NB ,N V I 1 C O )  ,PXV ( 100, 5) , P YV C 1CC ,5) ,PZ VI 100 ,5)
CO l~M C N / N C R M I A X N ( 1 C C I ,A V M ( 1 C C I , A l N ( 1 C C )
CCMM CN/P IICT /X C ,V C , 10
CO I’M0N /L INE /X j , Y1,L1 ,X2 ,Y2,12
COM W O N / P F R / N C ,NS(ICC ),PXS (1CC ,1C ),PY S (10 0 ,IOI ,PZS (ICO ,1 0)
CI P’ FN S L CN X S ( I C C ,5) ,YS (ICC ,5) ,lS (ICO,SI
D A T A  A ,P/1C .,5./
NST = NE + I

• N C = 1
tO 10 I:N51 ,NP
C AX N( I I * (P X V I  I ,1)— X C ) + A Y N ( I I * ( PY V ( I , 1 I — Y 0 J + A Z N U ) * ( P Z V I I , 1 ) — l O )
1F (C .GT.C .) CC IC 1Cr C SU R F A C E  FACES V I E W E R

V I  II
CC 2 K=1, KN
X 5 I N C , K ) = P X V ( l , K )r CALL PL AC(PY V ( I ,K) ,PZ V ( I  ,K), V5(N1’ ,K) ,ZSPSC, K)

C C C N V E R T E C  IC V I E h ER C C C R C I N A T E S
2 CO N T INUE

K C C
IXP :O
IXN :C
IzP .O
‘‘‘- ‘C
CO S K = I , KN
K j’K4 1
I F I K . E C •K N )  1 (1 = 1
I F ( V 5 I N C , K).LT .C. .A NO.Y S( N C ,K 1I.L T .C.I CO TO S
IF (VS(N C ,K) .LT.C ..CR.YS (f5C,l (1) .LT.C. ) GO 1 0 3

• X 1 :X S I N C ,K )
Y1 :Y S(NC, K)
Z 1=ZS (ND ,)’ I
C. I
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S

CC TO 4
3 CO N TI N UE

C AL L  I N T L P (X 5 ( N C , K ), V S I N D , K),1 4 (NFu ,K ) ,X S(N C , K 1 I  ,Y S(N C, X[),IS(N C ,1(j
C ) ,C I

C SU R F A C E  ECG L E X I E N C I N C  PE I -I M O 4, I EbI . 4 T R I M M E D
A KC K [ 4 1

• P X S ( N C , 1(C ) = X 1 * A / ( Y I 4 M I
PYS ( N C, K I I = — 1 . / V 1
PZS(N1, X[ ) ’Z I*A /(’V 1 4 R )
C A L L  T F S T (PX S ( N C , KU ), P ZS( ND , KC I ,IxP ,IX N ,IZP ,Il N )

C PC SI T I V~ P0 1151 C~ C R O S S I 1 5 C  L I N E  FR UM ME1-’1N0
IF(C. G T.C .) CC TO- 5
K C 141
PXS C NC ,KC ) =X *A/ ( ‘v24R )
P Y S(N C , K t I = — 1 ./ V ~

-- PZS (NC,KCI ~~Z2*A/ (V2*Fm I
C L E A D  P C I N T  FCR L I N E  C R O S S I N G  F R C M  IN F R C N T

CALL  T~~S T ( P X S ( N C , K D I ,PZ S (NC, Kr •I ,IXP ,IX 15 ,IL P ,I ZN)
C V F R T (X C C N V F ’~TEC TC D I S P L A Y  5 I E h P C X  C O C R D I N ’ T F S

- - 5 C C N T  [NUt
IF (X C . t C  .C I CO TO IC

C SLRF A C E  Nd l~~ - 1ISC V I E ~~ER
I F ( I X P . C F .K C . C P . I X ’ ~ . C E . K C . C R .I lP .G F• K D . o R • I l N • C F . K C I 00 10 10

C S U R F A C E  P A R T I A L L Y  CP CC~~P L E T E L Y  K I l l - I ’S V I E W  D C X
rS S (’ SCI= K~
N C = ~ C i i

IC C C N T IISU’
N C  = 15 C — I
P F TU RN
( PSI

/FO RT
C

• C
C T E S T  S U R F A C E  4~F ’ 4 T F X  F C R  PC S I T I C T  C L T C 1 r F  V L F W P C x

S UP DC I_ T I I • F PST( X ,1,IX ~’, I N  ,1l L- ,~~l N I
I F (x .IT• .I I X P ’ I X P ’ 1
IF I .11. — I  • II XN : I X N 4  I
I F ( l . C T . 1 .  I I A P = I / P ’  1
I F ( t . L T •— 1 . I I A N r I 1 N 4
F ( T U R N
(N I

/ F C RT
• C

C
C C A L C L L A T F ’  I l F ~~~FC T I C \  P C I~ uT EU ’ ~~~~ b 1 T 1  P 1*75 4- ~ O~~M A L  TO V — A X I S

I’ TE P I~~1,Y 1 , 7 1 , X 2 , ’v 2 ,lI’,$~)
CC W V C N I L  I N F /x S ,~~~,/c ,XF ,YF ,1F
I A T ~ y(’/ ./

• R = S L P I (  I ~~ — X I  )** 1 4(’v l— V2)’*24 (lI — 1 2 1 * ’2 1
A : ( x 2 — X I ) / R

C = (1 I — 1 ) / R
I F(I’ .Eu _ .(.) -~FIU-~Is

C EDGE N C T  P - ’ -~ -~lL E l IC P L A N t

R I = (V  I—V I I/P
( = ~ 1 4 ~ ~ I

• II P 1 4C ’ - -- I
I F (’ .Lt .C.I CC IC 3

C I INE C P I G ~~•A T1 S P14-INC VI~~u~FP
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X S :XI
V 5 = Y I
i s =i  I
X F : X 2
Y F  ‘ ‘V 2
1F= JZ
R E T U R N

3 C O N T 1 ~’IUF
C L T N F  C R I G L U A l E S  IN F R C N T  CF ‘ S I E h E R

XS :’xl
Y 5 = V  1
15= 11
X F = X  I
Y F = Y I
Z F = i  I
R ETURN
EN D

/FCRT
C
C
C D E T E R M I N E S V I S I P L E  PCR T! CN CF ECU ’ PY R F M O V I P ,G I-[CCE 1~ L I N E
C ALL C C N S T R - ~I I S U R F A CES C O N V F X

SU P Q C U T ! ’ E  C1! P1(I K , I V , K V ,K V 1 I
CC M WC ’S /L 1P5( /~~V, PV, CV ,XV , YV , ZV
CCM M CN / P rR /N 1 ,N 5 ( L C C ) , PXS (ICO, LC ) , PYS( j flO, IC), PZS (1C 0 ,1C)
C 0 M M C N / C Q a h / t ’ . S C , R V , R C V ( 1 C ) , R F ~~I10)
D A T A  CX ~~~l2 ./
XV P X S ( I V , K V )
‘V V ‘ P Y S  ( I  V , K V I
Z V = P Z S I  IV , Kv  I
R V = S C R T ( (P X S I I V ,K V 1 ) — X V ) 4 4 2 + (P ’Y S ( I V ,K V I I — Y V I 4 ’ 2 + ( P Z S ( IV ,K V 1 I — ZV ) ’ 4

C2 I
• IA V=( PX S (I~w , K V 1 ) — X 4~)/RV

B V = ( P V S ( I V , K V 1 I — Y ’ d ) / R V
C V = (P Z S ( I V , K V I ) — Z V ) / R V
P0=1.
R F = k V
CALL C bK~~1—1 .,C. ,C. ,RO, R F I
C A L L  C 4 - K S ( 1 . , C . , O . , RC , R F I
CA LL Cl- K SIC., C., 1 • ,RC ,~~F)
C A L L  C ) - X S I C . , C . , — I ., R C , R F )
IF( R F.L I .RC) R E T U R N

C EDGE CI-FC XED A C - A I N S I  V I E W B O X
N SC 1
R C V (  1 ) = R C
R F V (  1 ) : R F
CC IC I=I ,N C
I F( I V . E C . I I  CC TO IC

• C F INE A P P A R A N T  I 1 5 I E R S E C T I C M  P O I N T  CF EDG FS
ISC ’C

CO S K =1 ,K 15
• 1 (1 = 1 (4 1

1F ( K .FC.KN) 1(1:1
XE =PXS ( 1,4<
YE = PY SC I ,)’)
Z E = P Z S C  I ,)’)
R E = S C R I (I P X S ( I ,K 1 ) — X E ) 4 * 2 4 1 P Y 5 (1 , K I.I—Y E )**2 4( Pl5(1 , K1)—lt) **2 )

• A E = I P X S ( I ,X 1 I — X E ) / R E
( ( ‘ C  P Y S (  I ,X 1 I — V F I / R E
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CE= (PZ S( 1,4<1 ) — ZE I/RE
C. A E * C V — * ~~4 C E
IF IC .E Q •C .I CO 1 0 5

C EC GE S N CT P A R A L L E L
R I b ’ ( CEs IX V — X E  I—AE* (Z V — Z E )  I/C
IF I*E. FC.C. ) CC IC 2
R IE ’ ( XV — X E i A ’~4 R IV  I /A E
CC IC 3

2 C O I I I N IJF
R I E r I Z V _ 1 E 4 C V * R I V ) / C E

3 C O N T I N U E
‘V I E = Y E 4 A F 4 R  IF
V Iv :Y V .P V A R I V
IF (Y IE.C T .I Y I V — . C C L I I  GO TC 5

C C C N S T R A I N T  ED G E IN FRCNT OF TEST EDGE
IF ( RI E .C T.C..A NI ’.RIc .LT.RE) O C T 0 1

S CONT IN UE
I F I I S C . L T .2 I  CC TI IC
IF( RO.LT .C. .AN C.RF .CT .R V )  R E T L R t ~

C TEST EDGE N CT h I D D E N  P E t ’ IN D  C C N S T R A I N T  SURFACE
1 F IR C . G T . R V •C R . RF . L I .C.) CC IC 10

C TEST (CDI P A R T I A L L Y  B L O C K E D  B Y C C N S T R A I N I  SU R F A C E
CALL CK I I N ( R C .RF I
IF( N SC.E G .C I RETURN
CC IC C

1 CO 15 IINU~
C C C N S T R A I N T  ( CC - F  LCC *TED

ISC. I S C4
I F C  ISC.t~~.I I R~~= R I V
IF (ISC. EC. 2 I C A LL C R C L N (R 1 ,R I V , R O ,R F I
CC TO 5

1C C O N T I N U C
C V I S I B L E  P C P T I C N  CF EDGE R E M 4 I P S S

• CC 2C I= :, N SC
RO= R O V I I I
R F = P F V (  I I
XS :XV 4~~C* A V
ZS= ZV 4 R C *CV
XF V 4RF4 A V
Z F = l V 4 ~~F 4CV
IXS= (XS - ’- .)*CX
IZS= ( A S ’ I • )4CX
IXF = ( X F 4 1. I* CX
I ZF = (Z F + i. ) *CX
CALL CPU T (1K , ICC , Ix S , C )
CALL G P U T (1 K 4 1 , 1 I C , I Z S , O )
IC X = I X F — I X S
ICZ= liE — IZ~
CA L L  CPU II I K + 2 , 5 3 ,IC X ,I DZ I
I)’’ 11 (43

20 C O N T I N UE
R E T U R N

- - EK E
/FO RT
C
C
C Ch EC K S E D G E  •~C A I 7 5 S I  V I E W I N G  B C X  SIll

SUP~~CL TI ’E C I-K S (A N ,PN ,CN ,RC,R F)
C C M M C N/ L  I N E / A V , Pv , C v , X V , Y V , Z V
XN .—t~N
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YN~~— BN

1= A V 4 A N 4 P V * P N 4 C V * C N
IF(C.E Q .C .) CC 10 5
P l :( I X N — X V  I S I A N ,  C Y N — Y V  I$BNs ( ZN— ? VI SC (S)/C
IFC(. L ~~.C.) CC 10 3

C FEGE C I R E C T E C  I N T O  V [ € K P C X  FRCP O I I S I D E
I F ( P I . G T . R C I  RC ’ K I
R E T U R N

3 C C N T I N U F
C EDGE C I~~FCT F IT CLI  CF V L F W I 1 O X  FRC M INS ICF

1 F ( R I . I T . R F  I R F p ~I
R E T U R N

5 CC PS T INUE
C ED GE PA R A L L E L  IC SIDE

IF ( A P S I X V ) . C 1  .1..CR .ABS ( ZV) .GT. 1.) RF=R 0— 1.
PET U RN
EPI C

IFO R T
C
C
C O R CER  (CCL I\TE R S E C T I C N  P C I N T S  ACCC PO ING TO LOW AND (-104- V A L U E S

SU P °CUT !NF CR C L \ (Pl, R2, R C ,R F )
PC.I~ 1
RF =~~2
[FIR I .LT .P2 I RE IL RN -
R C = ? 2
RF = P 1
R E T URN
EN C

/FO RT
C
C
C C I -E CK EC P A R T I A L L Y  (LC- C KEC L I N E  ICR V I S I B L E  S - G M E N T S

S U B P C U T  17- I C KL [N(Rj ,R 2 I
CCMMCN/C RA b/N SC, R V , R C V I 1 C ),RF~~(LO )
C I M F N S I C ”  P C I 1C ) j I f (  1C)
IF ( R 1 .GT .C..AN C.~~2 .LT .-~V ) CC IC 20

C V E R T E X  CF TEST (ICE U E l - I N D  C O N S T R A I N T  SUR FAC F
IF ( P2.GI.R V I  C- C IC S —

C LCW END CF Iu ~-E (-I C flE ~
PV C = R 2
R V F  :RV
CC IC 1C

C (- [Cl- [NC CF FEC- F ( - I IOEN
5 CO N TIN UE

RV C = C .
RV F = R I

IC CCNII ’SUF
CC 12 1= 1.NSC
RC( I ) = Q C V (  I)
RF( I I = R F V I I  I
I F I R F V (  I I . U E . RV C )  R F( 1 1 = — I .
IF( °CV ( I I .LT .RV C I RC ( I )= R V C
IF ( R F V ( I I . C T . R V F )  R F ( I I = R V F
IF (R OV I 11 .01 .RV F I R E  ( 1 1 = — i .

12 C O N T I N U E
C - C I C  3C

C C C N S T P A I N T  S U R F A C E  S E P A R A T E S  ED GE IN TO TWO V I S I B L E  E N D S
20 C O N T I N U E
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R V C R 1
R V F = R 2
K ’ C
CC 22  1= ,NSC
K 1 ( 4  1
RC ( P(  ) =~l C v (  1)
PH)’ I~~-~F V C  I I
I F ( - 1 FV I  [ ) . C T . RbC I A N C . R F V ( I ) . L T . ~~v F )  R F ( K ) = R V C
IF( P CV ( II .GI .RVC .~~~(’.RFV( II .L1.~~VF I R F IK ) = — l .
IF I R F V I I I . l T . R V F . AN C. R O V ( I I .L T . Ryo) GO 10 27
IF (P F V (  II . C T .RV F . IA N C .R0V(I ) .GT .Rv0.A N D. R OV(1).LI.R Vf I R 0(IVI =RVF

22 C C N T I N U €
P SC =1<
CO IC 3C

21 CO N TIN U -L
R E C K  I :PvC
K = 4< 41
P O l K  ) = R V (
RF (K )= RF V( II
CC TO 22

C A R R A N C E  RE M A I N I N C  V I S I B L E  S E G M E N T S
3C C C N T I N U F

(5 4< ‘C
tO 32 t = I , P~SC
I F I R F I I ) .L E . C .)  CC IC 32
NK :NKsI
R O V I N K I = R C I  I)
R F V ( N K ) = R F I  I)

32 C C N T I P S L F
N SC ‘(SN
R E T U R N
(NC

C FLAT P L A T E  C AN C P Y  C A T A
C NC . VERTICES, AN C SL R FA C E S — — R C C Y ,  CCN ST R A IN T , A ND T RA NSP A RENT

SC 30 23 3
C NC. V E R T I C E S  PER SURFACE

4 3 3 4 4 4 A 4 4 4 4 4 4 4 4 4 4 A
4 A A A A 4 4 4 ~ 5 5 5

C SU R F A C F  VE R T I C E S  IN R C T A T I O N A L  C R C E R — A L I. 1ST V E R T I C E S ,  ALL 2ND, ETC.
1 1 2 IC 7 13 14 17 iF 22 22 24 23 25 29 3C 33 34
5 37 39 41 43 49 47 45 31 39 40 39
2 5 4 12 8 14 13 18 11 24 21 23 21 26 30 29 34 33
6 38 AC 42 44 5C AR 46 6 47 48 4 1
- 3 6 11 1C 15 16 IS 2C 25 23 26 28 28 31 32 35 36

ie 40 42 4~ 46 6 sc 48 SC 49 46 43
5 0 C 5 9 16 15 20 iS 27 24 25 26 21 32 31 36 35

37 39 41 43 45 5 49 47 48 5 44 45
C C C C C C C C C 0 0 0 0 C 0 0 0 0
C C C C C C C C A C 37 42 47

~ X— PCS I T ICN ALL V E R T I C E S

• 7 .23 — 1 . 2 3 14.41 —14.4 1 13.C79 — 13.079 5. —5 .
5. — 5 .  5. ~~~ 16. 16. 16. 16.
16. —16. —1 6. —1 6 . — 14. 14. —~~.5 5.5
5.5 —5 .5 14. —14 . 16. 16 .  16. 16.

— 1 6. — 1 6.  —16. —1 6 . 14.47 —14.47 16.944 — 1 6.94A
16.54A — 16.544 16.039 — 16 .C35 14.366 —1 4.366 13.273 — 13.273
12.C06 —l2 .CC 6 . • •

C Y— PCSII ICN ALL V E R T I C E S

I__,_S__ 
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25 .C6 2 5 . C6  6 1.25 6 1.25 56.769 56.769 67.769 67.169
67.769 67.169 67.769 67.169 85.928 85.928 99.928 99.928
85.921 85.525 S9.92~ 99.921 99.928 99 .928 99.928 99.928

113 .928 113 .921 113 .928 113.928 133.7 133.7 137.7 137.7
133.7 133.7 137.7 131.1 59.06 59.06 99.928 99.928
154.6C2 154 .6C2 153 .6C9 153 .6C5 152.257 152.257 108.032 108.032
11.~ 71.1 . . .

C i— P O S I T I O N  ALL V E RTICES
63 .829 63 .129 60. 6C. 76.018 76.018 76.018 76.018
16.C1E 86 .C11 76.018 76.C1E 71.717 71 .717 77.717 71.717
71.717 11.717 77.717 71.717 75.717 75.717 90.467 90.467
92.461 92 .467 75.717 75 .717 8C.3 84.6 84.6 80.3
(0.3 84.6 14.6 80.3 67.829 67.829 75.711 75.117
86.27 1 86.2 11 93 .726 Q3 .726 105.96 105.96 1C5.96 105.96
92.4 92.4 . . . .

C P ILCT —E Y E P C S I T I C N
0. 137 .7 95.67 . . .
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