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THE VERIFICATION OF A COMPUTER MODEL OF INTERNAL LIGHT REFLECTIONS

FOR HELICOPTER CANOPY DESIGN

INTRODUCTION

The US Army Human Engineering Laboratory (USAHEL) has developed
several computer programs for evaluating helicopter canopy designs. The
programs provide a point-wise computation of the internal glare
reflections, external solar glint and the optical effectiveness of the
transparent surfaces of a helicopter canopy design. The programs were
developed using geometrical ray tracing methods.

The purpose of this report is to verify the application of ray tracing
concepts to the computation of canopy performance. The report describes
the method used to test a computer model for the internal light
reflections on the transparent surfaces of a helicopter canopy and the
test results.

METHOD

A mockup of the Model 209 AH-1S Helicopter, flat plate canopy design,
was placed in the enclosed bay of a building. A coordinate reference
system was laid out on the floor about the mocxup. An observer sitting in
the pilot's position of the mockup used a pointer to pinpoint the
locations of direct view and reflected images, on the canopy surfaces, of
an outside light source. In the first phase of this test, the luminances
of the images were measured with a telephotometer. In the second phase,
the coordinates of the locations of the images on the canopy surface were
measured. The data were measured at different positions of the light
source on the outside floor. The source positions were different for the
two phases.

The transmittance and coordinates of the image locations were computed
for the different light source positions using a computer program. The
measured and computed values were compared by a student's t-test for
matched samples and by a linear regression analysis.

TEST FACILITIES

The helicopter mockup was supplied to USAHEL by the Project Manager's
Office, USA Aircraft Survivability Equipment (ASE). The mockup had been
built in accordance with the specifications for the Model 209 AH-1S
Helicopter, flat plate canopy design. The mockup was placed in an enclosed
bay area for the test. The room was sealed for light control and the walls
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and ceiling were painted with a flatbase black paint to prevent extraneous
reflections. The two ceiling lights were shielded to prevent direct glare
and the lights were dimmed during the test.

A brow pad was installed in the cockpit of the mockup at the pilot's
position. The pad extended vertically downward from the top canopy surface
and was positioned so that the eyes of an observer, sitting in the pilot's
seat, would be in the nominal position when his brow was against the pad.

A rectangular (x,y) coordinate system was laid out on the bay area
floor for positioning the light source during the test. The origin of the
coordinate system was positioned directly under the nose of the mockup
with a plumb bob. The y axis was laid out directly beneath the centerline
of the mockup parallel to its longitudinal axis. The x axis was laid out
normal to the y axis. The x and y axes were marked in l-foot intervals for
use when positioning the light source during the test.

A 5-foot stand was built with a movable clamp to hold the l.5-inch
diameter light bulb. The stand could be moved to any position on the bay
floor. The clamp holding the light bulb to the stand could be raised or
lowered to any height up to 5 feet above the floor level. The stand and
the light bulb served as the light source for the test.

Apparatus

The apparatus employed in this test were used to measure (1) light
luminance, (2) the coordinates of the canopy surface points, and (3) the
coordinates of the vertices of the mockup frame. The apparatus and their
usage are as follows:

1. Light Luminance

a. The luminance of the light source images on the canopy
surfaces was measured with a telephotometer with the following components:
Model 220-31 photometric telescope (aperture setting, 20 minutes), Model
820A digital photometer, Model 820-18 control module, Model 820-18
photopic correction filter, Model 820-18~2(S4) photosurface tube, Model
820-19 general-purpose housing, and Model 700-3B fiber optics probe (Gamma
Scientific Co., Burbank, CA). The instrument error is 5 percent.

b. The telescope was focused and centered on the image of the
light source by the observer who was sitting in the pilot's seat. The
luminance was read from the digital meter and recorded by an assistant
while the observer kept the telescope centered on the image.

c. The luminance of the 1-1/2-inch diameter light source was
measured from outside the mockup. This direct line of sight measurement
served as a baseline for transmittance computations and was rechecked
during the test.




2. Coordinates of Canopy Surface Points

The three~dimensional Cartesian coordinates of the light source
on the canopy surfaces were measured using a plumb bob, a level and a tape
measure. The observer sitting in the pilot's seat used an expandable metal
pole during the test to pinpoint the location of the light image on the
canopy surface. The position was marked with a small tab of adhesive tape.
The distances separating the image position from a convenient vertex on
the mockup frame were measured using the level, the plumb bob, and the
tape measure. The coordinates of the 1lmage position are the distances
along the three-dimensional axes of the Cartesian coordinate system for
the mockup, which separate the image from the vertex.

3. Coordinates of the Vertices of the Mockup Frame

a. The coordinates of the vertices of the mockup's internal
structure and canopy frame were measured using a surveyor's transit
theodolite (Keuffel and Esser Co., Hoboken, NJ). The internal structure
included the copilot's seat, gun sight and display panel, and the pilot's
side armor and control panel. The canopy frame included the beam structure
over the cockpit which held the transparent surfaces in place.

b. The coordinates of these vertices were measured in the
three-dimensional (x,y,z) coordinate system of the mockup. The y axis was
along the longitudinal axis of the mockup with the positive direction
toward the increasing station lines. The z axis was the vertical axis
directed along increasing water marks. The x axis was orthogonal to the
other two axes.

c. The coordinates were measured using the theodolite, a steel
rod and a tape measure. The theodolite was positioned in front of the
mockup and two reference directions were laid out on the bay area floor.
One direction was along the longitudinal y axis of the mockup, and the
other orthogonal to it (x axis). The theodolite was then lined up with the
appropriate axis for the coordinate to be measured; l.e., along the y axis
for the x coordinate values, along the x axis for the y coordinate values,
and leveled with the horizon for the z coordinate values. The coordinate
values were measured by placing the point of the rod at the vertex being
measured. The rod was aligned with the coordinate axis using the
crosslines of the theodolite. The distance along the rod from the vertex
to where the crosslines crossed the image of the rod was measured as the
coordinate value.

Observer

The test 1s of a mathematical model for light reflections and no
subjects were employed. The single observer was one of the data collectors
for the test. His ability to place a pointer at the position where he
observed a light image on a surface was not considered to be a test
variable.
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Procedure

The test was divided into two phases. In the first phase, the
luminance was measured for all direct view and reflected light images. In
the second phase, the coordinates of the canopy surface positions were
measured for the direct view and reflected light images. The two phases
used different sets of light source positions.

A set of 15 test positions was selected at random for the light source
used in each test phase. The set was delected from a larger set balanced
with respect to floor location and stand height about the mockup. The set
was also balanced, as much as possible, with respect to the windows and
canopy surface locations where reflections were expected to occur. The
test set was randomly ordered for presentation to the test observer.

The light source was presented to the test observer from the selected
test positions in a series of test runs. The test assistant positioned the
light source at the floor location and stand height specified for the test
run. The stand was located on the floor by tape measurements from the
previously laid out coordinate axes (see Test Facilities). The stand
height was measured from the floor level. The overhead lights were then
dimmed to start the test rumn.

The observer sat in the pilot's seat with his forehead positioned
against the brow pad. He searched for light images on the canopy surfaces.
The observer located three types of light i{mages. The first was a direct
view of the light source through the canopy. The second type was a primary
order reflection in which the light image was reflected once from the
surface before reaching the observer's eye. The third type was higher
order reflections in which the light image was reflected more than once
before reaching the observer's eye. The higher order reflections were
distinguished from the primary orders by their movement when other canopy
windows were disturbed.

The type of data collected at the end of each test run was determined
by the particular test phase. For the first phase, the observer focused
the telephotometer and centered it on the light image while the assistant
recorded the luminance value. This was repeated for each of the located
light images in turn.

For the second phase, the observer used a metal pointer to pinpoint
the location of the light image on the canopy surface. The assistant
marked the position with a small tab of adhesive tape. He then measured
and recorded the distances between the image point and a convenient canopy
frame vertex. The distances were measured along the coordinate axes of the
mockup. This was repeated for each of the located images in turn.
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RESULTS

The reduction of the data for the luminance and coordinates of the
test light images, computation of a matched sample by computer program
using the mathematical model for light reflections, and the statistical
analyses of the matched sample of measured and computed values are
discussed below.

1. Data Reduction

a. The transmittance values of the light source were calculated
for the image points of the first test phase data. The transmittance
values equal the luminance readings of the light images divided by the
luminance reading of the light source.

b. The three-dimensional coordinates of the imag surface
points in the mockup coordinate system were calculated for the second
phase test data. The coordinates of the image points equal the sum of the
coordinates of the appropriate vertex and the corresponding displacement
distances which were measured for the image points. The coordinates of the
frame vertices were measured separately using a surveyor's level (see
Apparatus).

2. Computation of a Matching Sample

a. A computer program (see Appendix C) was written to compute
the transmittance values and coordinates of the images on the canopy
surface of a light source. The program was developed using ray tracing
concepts (see Appendix B) and is applicable to direct view and primary
order reflections.

b. The input data to the program are (1) the canopy frame data,
(2) the location of the mockup on the bay-area floor, and (3) the location
of the test lights on the floor. The coordinates of the vertices of the
frame and canopy surfaces are program input data. The vertice coordinates
were measured after the test using a surveyor's level (see Apparatus). The
coordinates of the origin of the mockup's coordinate system, measured in
the rectangular coordinate system on the bay-area floor (see Methods), are
program input data. The orientation of the mockup's coordinate system, as
measured from the floor system, is also input to the program. Finally, the
floor system coordinates of the light source positions in the test are
read by the program.

c. The program computes the transmittance value and the
coordinates of the direct view and reflected image points on the canopy
surfaces for each light source position. The computations are done for
both eyes of the observer, one to the right and the other to the left of
the pilot's nominal eye position. The image point coordinates are computed
in the coordinate system of the mockup. The printout of computed image
point transmittance and coordinates for each of the light source test
positions is a matching sample to the values measured in the mockup test
(see Methods).
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d. The measured and computed values for the image-point
transmittance and coordinates are listed in Table lA for the light source
test positions (see Appendix A). The table shows that the coordinates
computed for the right eye vision are slightly closer in value to the
measured values. This is in agreement with the fact that the observer is
right eye dominant. The right eye set of data was chosen as the matching
sample.

e. The table lists two computed image points that were not
observed in the test and two observed values that were not computed. A
physical check of the mockup and the light source locations for these
unmatched light images showed that they were caused by slight
discrepancies between the mockup and the frame input data. These
discrepancies are listed in the next paragraph. The unmatched images were
dropped from the samples leaving two balanced and matching samples.

f. The unmatched images dropped from the samples and the
reasons for their occurrances are as follows:

(1) A computed image point that was in actuality blocked
from the observer's view by the brow pad which was not included in the
frame input data.

(2) A computed image point that was blocked from view by two
overlapping canopy frame edges that were represented as slightly
separated.

(3) An observed image point which occurred at the edge of
the canopy surface and which showed a portion of the 1-1/2-inch diameter
test bulb, but which was not computed for the point light source assumed
in the model.

(4) An observed image point which did not occur in the
computations because the mockup nose was assumed to be 2 inches longer
than it actually was, and the light source was placed near the nose.

3. Statistical Analyses

The difference score for the transmittance and the three
coordinates (x,y,z) were treated in a students' t-test for matched samples
(Welkowitz [6], p.142-143). The difference scores were calculated by
subtracting the measured values from the computed values for the matching
image points of a given light source position (see Appendix A). The main
difference scores (D), the standard deviation (sD) of the difference
scores and the corresponding t-values (tp) are listed in Table l. The
t-values were calculated by dividing the mean difference scores by the
standard error of the mean. The null hypothesis is that the mean of the
difference scores is zero. The degrees of freedom (df) for the number of
sample pairs are listed along with the corresponding eritical t-values
(tc) at the .05 level of significance for a two-tailed test (6, Table c,
p. 257). The dimension of the transmission value is in fractional parts
and that of the coordinate value is in inches.
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TABLE 1

Student's t-Test for Matched Samples

Variable p) sp tp df te*
transmittance .0112 0471 .8257 11 2.228
x-coordinate -.6378 .9769 -2.9197 19 2.093
y—-coordinate -.6940 1.4163 -2.1914 19 2.093
z—-coordinate 1.6190 1.1491 6.3009 19 2.093

*,05 level of significance for a two-tailed test.

A comparison of the t-values listed in Table ! for the scores, with
the critical t-values, shows that there is not sufficient reason to reject
the hypothesis that the measured and computed transmittance values are the
same. However, the hypothesis that the measured and computed coordinate
values are not different must be re jected at least at the .05 level of
significance (see Discussion).

The matched data for the transmittance and the three coordinates were
treated in linear regression analyses (6, p. 152-170), Table 2 1lists the
Pearson's correlation coefficients (r) for the matched data, the degrees
of freedom (df) given by df=N-2 where N is the number of matched data, and
the corresponding critical r-value (r.) at the .0l level of significance
for a two tailed test (6, Table D, p. 258). The table also lists the slope
(b) and intercept (a) of the linear regression lines and the corresponding
standard errors of estimate (s.). 1ne coefficients of the linear
regression line were computed using the method of least squares.

The correlation coefficients listed in Table 2 are nearly equal to
unity. A comparison of the coefficients with the critical values shows
that the coefficients are statistically significant from zero at the .0!}
level. The matched data are linearly related in the statistical sense.

DISCUSSION

It was shown in the results that the mean difference scores listed in
Table 1 for the x-, y-, and z-coordinates are statistically significant
from zero. The mean difference scores are equal to the differences between
the sample means for the measured and computed coordinates. The mean
differences may be the errors for centering and aligning the coordinate




TABLE 2

Linear Regression Analysis for the Match Data

Variable r df r.* b a Se
transmittance .9923 10 .708 .9476 .009 .0444
x-coordinate .9985 18 .561 9145 .3561 .9228
y-coordinate .9973 18 561 .9987 .8385 1.380
z-coordinate .9897 18 561 1.0981 -10,655 1.149

*,01 level of significance for a two-tailed test.

system of the test-area floor with that of the mockup. The centering was
done by plumb bob and the alignment by tape measure and line of sight. The
height of the mockup's top canopy surface above the test area floor was
measured by tape sometime after the test. The intervening period was used
by other personnel to measure the coordinates of the vertices of the
mockup frame. The mockup was inadvertently braced during the operation
thereby changing slightly its height above the floor level.

The 90 percent confidence limits for the slopes (b) and the i{ntercepts
(a) of the linear regression lines are listed in Table 3 for the test
variables. The table lists also the standard estimates of error (se) for
the measured variables and the corresponding degrees of freedom (df=N-2).
It i{s assumed that the measured values for a given computed value form a
normal distribution (1, p. 197-198). The confidence limits for the slope
and intercept are computed using the standard error of the mean and the
critical t-value (.05 level significance) for the degrees of freedom (I,
Table A5, p. 464). The confidence bounds for the standard errore of
estimate are computed using the critical values (.05 and .95 level of
significance) of the ratio of Chi-squared to degrees of freedom (1, Table
Abb, p. 466).

The slope of the linear regression line should be equal to unity (b=1)
and the intercept equal to zero (a=0) when the matched samples are equal
within the limits of the measurement error. Furthermore, the astandard
error of measurement should be equal to the measurement error for the
equipment and procedure. These values are contained within the confidence
limits for the transmittance as shown in Table 3.
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TABLE 1

Student's t-Test for Matched Samples

Variable i) sp tp df t.*
transmittance .0112 .0471 .8257 il 2.228
x~coordinate -.6378 9769 -2.9197 19 2.093
y~coordinate -.6940 1.4163 -2.1914 19 2,093
z-coordinate 1.6190 1.1491 6.3009 19 2.093

*,05 level of significance for a two-tailed test.

A comparison of the t-values listed in Table ! for the scores, with
the critical t-values, shows that there is not sufficient reason to reject
the hypothesis that the measured and computed transmittance values are the
same. However, the hypothesis that the measured and computed coordinate
values are not different must be re jected at least at the .05 level of
significance (see Discussion).

The matched data for the transmittance and the three coordinates were
treated in linear regression analyses (6, p. 152-170), Table 2 lists the
Pearson's correlation coefficients (r) for the matched data, the degrees
of freedom (df) given by df=N-2 where N is the number of matched data, and
the corresponding critical r-value (r.) at the .0l level of significance
for a two tailed test (6, Table D, p. 258). The table also lists the slope
(b) and intercept (a) of the linear regression lines and the corresponding
standard errors of estimate (s.). The coefficients of the linear
regression line were computed using the method of least squares.

The correlation coefficients listed in Table 2 are nearly equal to
unity. A comparison of the coefficients with the critical values shows
that the coefficients are statistically significant from zero at the .0l
level. The matched data are linearly related in the statistical sense.

DISCUSSION

It was shown in the results that the mean difference scores listed in
Table 1 for the x~, y-, and z-coordinates are statistically significant
from zero. The mean difference scores are equal to the differences between
the sample means for the measured and computed coordinates. The mean
differences may be the errors for centering and aligning the coordinate
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TABLE 2

Linear Regression Analysis for the Match Data

Variable r df r.* b a Se
transmittance .9923 10 .708 .9476 .009 0444
x-coordinate .9985 18 +561 9145 .3561 .9228
y-coordinate .9973 18 561 .9987 .8385 1.380
z-coordinate .9897 18 «561 1.0981 -10.655 1.149

*,01 level of significance for a two-talled test.

system of the test—-area floor with that of the mockup. The centering was
done by plumb bob and the alignment by tape measure and line of sight. The
height of the mockup's top canopy surface above the test area floor was
measured by tape sometime after the test. The intervening period was used
by other personnel to measure the coordinates of the vertices of the
mockup frame. The mockup was inadvertently braced during the operation
thereby changing slightly its height above the floor level.

The 90 percent confidence limits for the slopes (b) and the intercepts
(a) of the linear regression lines are listed in Table 3 for the test
variables. The table lists also the standard estimates of error (se) for
the measured variables and the corresponding degrees of freedom (df=N-2).
It is assumed that the measured values for a given computed value form a
normal distribution (1, p. 197-198). The confidence limits for the slope
and intercept are computed using the standard error of the mean and the
critical t-value (.05 level significance) for the degrees of freedom (1,
Table A5, p. 464). The confidence bounds for the standard errors of
estimate are computed using the critical values ( .05 and .95 level of
significance) of the ratio of Chi-squared to degrees of freedom (1, Table
Ab6b, p. 466).

The slope of the linear regression line should be equal to unity (b=1)
and the intercept equal to zero (a=0) when the matched samples are equal
within the limits of the measurement error., Furthermore, the standard
error of measurement should be equal to the measurement error for the
equipment and procedure. These values are contained within the confidence
limits for the transmittance as shown in Table 3.
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i TABLE 3

Confidence Limits (90%) for the Slope (b) and the Intercept (a)
of the Linear Regression Line, and the Standard Errors of
Estimate (sg)

Slope (b) Intercept (a) Error (sg)
1
Variable df max min max min max min
transmittance | 10 1.0119 .8834 .0322 -.0143 «1252 .0328
x-coordinate | 18 | .9403 | .8887 .7139 | -.0017 | 1.8567 | .7695 A
y-coordinate 18 1.0272 9702 1.3736 «3034 | 2.7767 1.091
z-coordinate 18 1.1603 | 1.0359 -10.2098 |-11.1008 | 2.3119 .9084 g
¥

The confidence limits in Table 3 for the coordinates do not in all
cases contain the expected values noted above for the regression line
slopes and intercepts. The confidence limits for the slopes of the x and z
coordinates are close to, but do not contain the expected value (b=1).
Similarly, the limits for the y coordinate's intercept are close to the
expected value (a=0) but do not contain it. This discrepancy is highly
noticeable in the case of the z coordinate's intercept which is on the
order of -10 inches. However, the values of the z coordinate range from 80
to 100 inches. The line intercept must correct for an additional increment
in value due to the slope (or the order of 0.1x90=9 inches), as well as
the 1.62 inches mean difference between the computed and measured samples.
A slight tilt of the mockup on the bay area floor, not accounted for in
the alignment measurements, is a reasonable explanation for the slope
values of the x and z coordinate samples. The observer would dismount from :
the mockup during the second test phase to assist in coordinate |
measurements. The resulting weight shift in the mockup between the times "
of observing and measurement could be the cause of a tilt in the mockup
frame.

Similarly, the lower limits on the standard errors of estimate are
larger (on the order of 1 inch) than would be expected for the equipment
and procedure used to measure the positions of the light image (see
Apparatus). However, an in-depth error analysis would include the effects
of errors in locating the light source on the bay area floor and in
pinpointing the position of the image of the 1%-inch diameter light bulb.
These additional factors may explain the otherwise larger-than-expected
standard errors of estimate.

cnctnrer: 25




RECOMMENDATIONS FOR FURTHER RESEARCH
The following is recommended:

l. The model should be tested using cyiindrically shaped panels as
well as the planar panels used {n this test. The use of the surveyor's
level to measure coordinate values should be extended to measuring the
positions of the light source and the surface image points as well as the
mockup frame vertices.

2, The locations on the canopy surface of the primary reflections
of the {nstrument panel lights can be computed using the computer model.
This area of application should be investigated further.

CONCLUSION

The US Army Human Engineering Laboratory (USAHEL) has experimentally
verified a computer model for the internal light reflections on the
transparent surfaces of helicopter canopies. The model was verified using
a mockup of the Model 209 AH~1S Helicopter with the flat plate canopy
design. The transmittance values and the coordinates of the light images
on the canopy surfaces were measured for a wide range of light source
positions. A matched sample was then computed for the source positions
using the computer model.

The matched values of the measured and computed samples show a high
correlation. The Pearson's correlation coefficients for a linear
regression analyses are greater than 0.98 and the coefficients are
significantly different from zero at the .0l level. However, the mean
differences between the measured and computed coordinate samples are on
the order of 0.6 inches to 1.62 inches. Furthermore, the slopes and
intercepts of the linear regression lineas are not the expected values for
all of the coordinate samples. These differences are presumably due to the
inaccuracies in the alignment of the mockup with the coordinate system on
the test-area floor.
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TEST DATA AND STATISTICAL ANAYSES

The measured and computed values of the light image transmittance and
coordinates are listed in Table 1A for the test positions of the light
source. The table lists the transmittance and coordinates of the matched
direct view and primary reflection data for the first phase. The second
phase data includes the coordinates of the matched direct view and primary
reflection data, as well as the unmatched reflection data.

The light image coordinates are in the coordinate system (Xms Ym» Zm)
of the mockup, which was aligned as closely as possible to the design
gspecifications for the actual aircraft. The coordinates of the light
source positions are in the coordinate system (x¢, y;, z¢) laid out on the
test area floor. The origin of the mockup's system was located in the
floor system as follcws: x¢ = o, y; = 24,75, and z; = -30.586 inches. The
z axis of the mockup was directed parallel to that of the floor system,
while the y axis was directed in the parallel but opposite direction of
that of the floor. A light source located at the coordinates x4, y;, z§ In
the floor system was located at the mockup coordinates: xm ™ ~X¢, Ym ™= ~¥j
+ 24,75 and zm= z§ + 30.586 inches.

The attached computer program MSTT was used to compare the matched
data in a student's t~test. The data were treated in a linear regression
analysis using the program LSA attached below.

16
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TABLE 1A

Transmittance (T) and Position Coordinates (x,y,z) of the Direct View (D)
and Primary (P) Reflected Images for the Light Source Test Positions

Light Source Computed Measured
X y zZ e X Ye z, T c _xﬂ Z.“l i E
I. First Test Phase Data
60. -52. 12. P -7.65 130.14 105.97 .0734 .0901 :
36. -40.4 12. P -5.96 128.49 105.97 .0543 .0502 ;
36. 7.56 36. D -14.77 87.06 83.12 .7235 .7907 ;
60. 43.57 24, D -15.29 96.83 84.5 .7672 .7326 ‘
P 15.34 111.74 91.86 .1019 .0858 %
48. -88.4 48. D -16.75 129.62 89.31 .8693 .9002 :
i P 15.14 133.53 95.36 .0658 .1089 é
? 72. -64.4 48, D -16.38 128.17 91.76 .8672 .7698 ?
P 15.01 131.83 96.2 .0663 .0494 %
72.  -4.43 48. D -16.45 115.07 91,74 .8239 .7531 é
P 14.88 121.62 96.28 .076 .0673 i
12.  31.56 24. P -2.84 114.26 105.98 .1347 .0908 |

II. Second Test Phase Data

48. -100.44 36. D -17.45 133.78 84.5 -16.  133.69 83.17
P -9.31 136.09 105.96 Note (1)
E ' 60. -88.44 36. D -17.11 131.31 86.85 -15.75 131.31 85.16 %
! P 13.78 136.91 91.81 Note (2)
36. -76.4412. P -4.24 133.61 105.96 -2.72 133.22 105.97
I (Continued)
E
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TABLE 1A (Continued)

Transmittance (T) and Position Coordinates (x,y,z) of the Direct View (D)
and Primary (P) Reflected Images for the Light Source Test Positions

T

T y—

Light Source Computed Measured
X Y z Twpe x, Ye % Te X Ym fm Im
72, -40.44 48. D -16.48 121.30 91.38 -15.25 121.94 88.91
P 14.97 128.50 96.20 14.28 130.66 93.31
84. -40.49 24 D -17.18 123.19 86.67 -15.75 123.69 84.66
P 15.31 129,80 93,67 14,66 132.16 91.31
48. -28.44 24. D -18.40 104.99 79.24 -16.12 107.94 78.16 i
P -7.29 124.43 105.97 -5.72 123.97 105.97 !
36. -4.43 36. D -15.11 91.15 82.85 -15.5 90.69 80.41
P -6.75 115.9 105.98 ~5.22 115.47 105.97
P 15.34 115.75 92.24 14.782117.16 89.44
72. 7.57 48. D -16.54 109.71 91.36 -15.5 111.94 88.91
P 14.89 121.78 96.18 14.532123.16 93.31
12. 19.57 12, P -5.34 73.22 92.81 Note (3)
36. 31.57 48. D -13.53 81.72 88.8 -12.78 81.97 87.69
P 14.01 95.89 94.2 14.782 99.66 92.31
60. 31.57 24. P 15.35 116.45 92,23 14.782117.16 90.31
12, 43.57 48. D -4.80 67.87 87.83 -3.375 68.94 88.75
24 43.57 36. P 13.61 82.38 88.02 13.78 83.41 87.81
60. 43.57 48. D -14.46 98.97 91.14 ~15. 96.44 88.41
P 14.8 113.75 95.79 Note(4)

NOTES - An examination of the mockup showed the following reasons for the
occurrence of unmatched data:

(1) The computed reflected image was actually blocked from the observer's
view by the brow pad which was not included in the mockup frame vertice data.
(2) The observed image of the 14-inch diameter bulb appeared at the
window edge and was not computed for the point source used in the model.

(3) The mockup nose was assumed to be 2 inches longer in the model than
it actually was, and the light source was placed just under the nose.

(4) The computed image was actually blocked from view by two overlapping
frame edges, but they were represented as slightly separated in the model.

RS YO
y'm
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SMYTH»STMFZ.
ACCOUNT, HE®»s,

LGO.
PROGRAM MSTT(INPUT»OQUTPUT,TAPE2SINPUT,TAPEL=QUTPAUT)
T-TEST FOR MATCHED SAMPLES
XMy RANDCM VARJABLE MEASURED BY TESTING
XC» COMPLTED VALUES FOUR TEST MEASUREMENT CONDITIONS
N» NUMBEKR OF PAIRED OBSERVATIONS
OIMENSION XM(100),xC(100),FL(100)5D(100)
REAC(251000)NR
00 100 IR=1,NK
C READ IN TEST AND CUMPUTED VARIBLE VALUES
READ(2,999)(FL(I)»1=1,540)
999 FORMAT(40A2)
WRITE(1»999)(FL(I),»I=1,40)
READ(2»1000)N
1000 FORMAT(2X,14)
XN=N
READ(251001)(XM{I),Ia1,N)
1001 FORMAT(2X»6(F10e4s2X))
READ(2,1001)(XC(I)sI=1,yN)
WRITE(1»1011IN
1011 FORMAT(2Xs*TEST LATA'/2X» *NO. MEASUREMENTS=9,14/2Xs *TEST MEASUREME
ANTS )
WRITE(L1,1012)(XM(I)s1=1sN) '
1012 FORMATI6(2XsF10.4))
WRITE(1s1013)(XC{L)nl®lsN)
1013 FORMAT(2X»*COMPUTED VALUES'/6(2XsF10.41))
DO 5 I=1,N
D(I)eXCUI)=XM(])
5 CONTINUE
WRITE(1»1015)(0(I)yInlpN)
1015 FORPAT(2Xs"DIFFERENCES™/6(2XsF10.4))
SDs=0.
SD2=C.
D0 10 I=1,N
SD=SD+D(I)
S02=502+4D(1)*D(1I)
10 CONTINUE
SMD=SD/XN
STOsSQRT((502~-SD*SD/XN)/(XN=1.))
TVaSD/SQRTU(XN®SD2-5D*50) /7 (XN~14))
WRITE(151014)SMD,STD,TV
1014 FORMAT(2Xy"MEAN=DIFFERENCEM»2XsF10.4»2X,"STANDARD DEVIATIONY,
Q2XsF1064/2Xs"T-TEST VALUE™»2XsF10.4)
100 CONTINUE
sToe
END

AT OO
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TRANSMITTANCE

12
« 7907
«0502
«Tc3Y
«0543

X-POSITICN

15.35

Y-POSITICAN

20
133.69
111,94
132.16
117.1¢
133.78
112.43
129.8
116.45

Z-POSITICN

20
83,17
88.91
91.31
90.3!
84.5
9174
93,067
Q2.24

« 7326
« 088
« 7672
«1019

~-1%.7%
-12.7¢
=572
13.78
-17011
-13.953
"7.29
13.01

131.31
R1.97
123,57
53.41
131.31
81.72
124,43
tZ436

85.16
€7.69
10%497
87.81
8¢.8%
6848
10597
E€e62

G002
. l(“bq
8693
«Ct98

-1%¢2%
’3|375
’5-2?

-16.48
“Aceb
-t.7%

121.9¢4
6EReN4
115447

121.3
€7.87
11%.9

84.91
68.75
10%.97

91.38
87.83
10Y.98

20

. 7698
s Q4Y4
BO6T2
U063

=-15.7%
-1%.
14.78

-17.18
-14,40
19434

123.69
Gbhab &
117.16

123,19
98.97
11%.75

Ba.b0
8.4l
£C &b

B6e067
91.14
G2.24

<7931
«0e73
«8?239
<076

-2072
14.9%3

~18.4
-4 .24
14459

107.9¢4
133,72
123.16

104.99
133,61
12178

78.1
10597
€3,31
79424

105.9¢
96,18

«Cv01
«CSJt
« 0734

=199
14.2¢8
14,72

_1‘1011
14,97
14.C1

50,09
l3C.606
9G.6¢

Gleld
128.5%
GHet9

bCabl
93.31
9¢.31

BZt5
9€.2
Qas2

d
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SHYTHISTNFZ,
ACCOUNT  HE s s,
FIN,
\GO.
PRUGFAM LSACINPUT,OUTPUT»TAPE2«INPUT,TAPCLIsOUTPUT)
C LINEAR REGRESSION ANALYSIS BY LEAST SQUARES
C XMy RANCCM VARIABLE MEASURLD BY TESTING
C XCs» COMPUTED VALUES FUR TEST MEASUREMENT CONCITIONS
C Ny NUMBEr OF PAIRED OBSERVATIONS
DIMENSION XM{100),2xC1100),FL{100)
PEAD(Z2» 1OO0INR
00 100 IR=1yNR
C READ IN Teg317 AND CQOMPUTtD VARI3LE VALUES
PEAD(2,99G)(FL(I)sIm1,40)
939 FOFMLT(40CA2)
WRITE(15999VC(FL(1hol=1042)
KEAL(25,1000)N
1000 FOWMMAT(2Xs14)
XN=N
REAC(ZyLGOLI(XM(TII, I=1yN)
1001 FORMAT(2X,6(F1l0s4)r2X))
READI2,1001)(4C(1),i=1,N)
WRITE(L,1011)N
1011 FORMAT(2X,*TEST DATAY/72X» ¥*NDe MEASUREMENTS=sv,14/2X, *TEST MEASUREME
QNTSY)
WRITE(I,IC12V(XMII)sI=1,sN)
1012 FORMAT(OI(2XyF1lO.6))
whk ITECL,10133(XC(I)s1%1sN)}
1013 FORMAT(2Xs YCOMPUTED VALUES!/6(2Xst10.4))
C READ FOK CONFILENT INTERVAL CALCULATIONS THE TYPE 1 ERRQR VALUE AND
C COFRESPCMIING TWwD-SIDED STUDENTYS T-vALUE AT N=-2 DtGREES CF FREEDOM®)
READ(Z,10101AT, TV
1010 FORMETUI2Xy3(F10.492X))
C READ FCLR TEST VARIANCE CALCULATIONS TYPE 1 ERROR LEVEL AND CCRKESPONDI
C RATIC OF ZHI-SQUAKED TO DEURECS DOF FRELDOM
READ(2910101AC,CFU,CFL
C COMPUTE LINEAR CORRELATION COEFFICIENT FOR RAWw MEASURED AND COMPUTED V
SMC=C,
SMaC,
SC=C.
SC2=(.
SM2=(,
800 1C Is=1sN
SM=SMeXM{T}
SCeSC+xC(I
SMCesSMC+XM(TI)%XC(])
SM2sSM2eXMLT)eXMI])
SC2=SC2+xC{I)*XC(1)
1C¢ CONTINUE
SSC=SQRTU(SC2-SC*SC/XNI/(XN=-14))
RXY2={XNESML-SC*SM) *%2
RXY2oRXY2/C(XN®¥SC2-SCH*SCI*LANESM2-5M25H) )
RXY=SQRT(RXY2)
WRITE(LI»1ICOZIRXYSRXY2
1002 FORMATI(2X,'CORKELATION COEFFICLIENT R »F 7,492y "SQUARLED COEFFICIENT
U, F10.41}
C COMPUTE LINEAR REGRESSION EQUATION COEFFICIENTS FOR ESTIMATING MEASURE
C XM{ESTIMATED)s B#XC+A
AVM=SM/ XN
AVC=SC /XN
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BoRXYS(XNPSM2-SMHASM)/{XN*¥SC2-SC*SC)
AsAVM=R*AVC
WRITE(1,1003)8,4
1003 FORMAT(2X»'REGRESSION tQUATION COEFFICIENTS) BatyFl0.4,2Xp A0, F]0
Q.4) !
E C COMPUTE STANDARD tRROR 0OF tSTIMATE k
StsQ, :
DO 20 lel,yN
SEsSE+{XM(I)-BeXC(I)-A)®e?
20 CONTINUE :
SE®SURT(SE/XN) !
WRITE(L,1004)5L
1004 FUPRPMAT(2X,*STANDARD FRRUR NF ESTIMATE=',4+10.4)
C COMPUTE CNFIDENT INVERVAL FOR REGRESSION EQUATION COEFFICLENTS
RGA=TY*SE/SQRT I XN)
RGBeTVHSF/Z(SQOKkT(XN~1.)%55C)
BLsE-RGB 4
QUsR+R (A
AL =A-RGA
AUS A+RGA
WRITe (151005041
1009 FORMAT(2X,*CONFIDENT INTERVAL TYPE 1 ERROR LEVELs A®?,F10.4)
WRITE(1,1006)BL,BU
106 FURFAT(Z2X)'REGRESSIUN LQUATION CUEFFICIENT*/2Xs 'LUWER LIMIT, HL=t,
QF1C.4»"' UPPLR LIMIT, BUS',F10,4)
WRITE(1,1C0T)ALsAY
1007 FORMAT(2X»'LOWER LIMITy) AL=yFlue4s? UPPER LIMIT, AUs?,Fl0.4)
C COMPUTE ACCEPTIBLE TeSI-VAKIANCE DUE TU TeST PROCEtDUKE AND INSTRUMENT
STUSSE/SORTI(CFU)
STLeSE/SQRT(CEFL
WRITE(1,1CO09)AC»STUNSTL
1006 FORMATI2XWYEST VARIJANCE TYPE 1 ERRGR LEVELs A=W, }10.4s2X/
Q27X "TEST~VARIANCE UPPER LIMIT, STU=®",F10.472X,
QUYLOWER LIMIT, STLe",F1lC.4)
100 CONTINUE

N

STCP
END
4
TRANSMITTANCE
12
« 7907 7326 « 6002 + 7668 731 « 0901
«0502 0858 « 1049 « 0494 0673 «0908
«7235 « 7672 «8693 8672 82139 «C734
«0543 «1019 0658 « 0663 «076 1347
el 1.812
ol 126 l.83
X-pQsITIOM
20
-16. ~15.75 -1%.25 =15.7% -16.12 =19.5
-15.5 -12.78 -3.375 =~15. -2.72 14420
14466 =5%.72 -5%.22 14,78 14493 14470
14,78 13.78
=17.65 -17.11 -16.48 =17.18 -18.4 -15.11
-16.47 -13,53 ~4.86 =14,46 =4.24 14.97
15.31 -7.29 “6.79 15434 14,89 14.01
15.3% 13,61
ol 1.734
o1 247 1.6
22
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Y-POSITION
20
133.69
111.9¢
132.16
117.16
133,78
112443
129.8
116.45
ol
ol
I-PCSITIOM
20
83.17
28,91
91.31
90.31
864.5
91.74
93.67
9z.24
ol
ol

131.31
81.97
123.97
83.41

131.31
81.72
124.43
82,38
1.734

« 247

€5.16
87.66
105.97
87.81
86.85
€E.8
105.97
88.62
l.734%
« 247

121.94
68.94
115.47

121.3
€7.87
115.9

1.6

88.91
88.75
105.97

91.38

87.863
105.98

1.6

23

"123.69

96.44
117.16

123.19
98.97
115.75

64,66
88.41
89.44

86.67
91414
92424

107,94
133,72

104,99
133.61
121.78

Toal
105,97
93.31

79.24
105.96
96.18

S0.69
130,66
99.66

91.15
12849
95,89

8Co4l
93.31
92.31

62.85
96.2
94.2

W

?
t
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PRIMARY ORDER REFLECTIONS

The computation of the transmittance and position coordinates of the
direct view and primary order reflection images are discussed in this
section. The computations for & direct view image are discussed first. A
primary order reflection occurs when the light ray from the light source
{s reflected once before reading the observer's eye. We consider next the
computations for the primary order reflections from a planar surface, then
that from a cylindrical surface.

DIRECT VIEW IMAGES

The computational procedures for direct view image points are derived
from established techniques. The position coordinates are first computed
for the point where the straight line ray from the light source to the
pilot's eye position intercepts a window surface. The directional cosines
are computed for the ray from the end position coordinates and the length.
The interception point is computed from the light source position, the
directional cosines of the ray and the parameters of the surface using
eatablished techniques for a planar surface (Smyth, June, 1977, App A) and
a cylindrical surface (Smyth, July 1977, App A). The interception point is
tested against the window edges to ensure enclosure. The light
transmittance is computed next from the angle of incidence between the ray
and the surface normal (Smyth, June 1977, App A).

PRIMARY ORDER REFLECTIONS FROM A PLANAR SURFACE

The coordinates of the reflection point on the window surface are a
function of the light source position, the pilot's eye position, the
surface normal and the position of a window vertex. We consider the
geometry (see Figure 1B) formed by the positions of the pilot's eye (P, =
XosYo s%o)s the light source (Py = x4,y,,%,) and the reflection point (P, =
X¢,Ye2Ze)e The plane containing these three points contains also the
surface normal (an,bp,cp) by the laws of reflection. Furthermore, the
angle between the ray Py Py and the surface normal is equal and opposite to
that between the ray P, P, and the surface normal by the same law.

The straight line, P P,, from the light source to the pilot's position
is specified by its starting position (P; : X,4,Ys ,Z,), the directional
cosines (a5, ,bge sCos) 8nd 1its length (Roy). The last two parameter sets
are easily computed from the known end positiona. We denote the point
where the line PyPp intersects the extension of the surface normal by P;(x,,
¥Y1»2;)e The extension separates the triangle Py P;Po into two smaller
triangles with sides a and b such that a + b = Rg, We find it useful to
derive the coordinates of the point (P;) as an intermediate step in the
derivation.
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P‘ (x 8,y $,28)

aos , bos cos Pe (xe,ye,20)

e‘(lmah”lm\

Po(:to ,¥0,20)

Figure 1B. Primary reflection from planar surface.
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The coordinates of the point, Py, are determined from the ratio of the
length of the line P P, to that of the line P, P, ; 1.e., Q = Rg/Ry. The
ratio is computed using:

1. the cosine of the angle between the line P P, and the surface
normal. .

2. that of the line PPy and the surface normal, and
3. that of the line PP, and the normal.

The first term is equal to zero while the second and third are equal to
each other. The results are:

Q an(xe = xg) + by (ye = ¥g) + cqlze = 2zg) (1)

an(xe = Xx5) + b, (ye - yo) + cn(ze = 2,)

The length (a) of the line PgPe is determined by the law of sines for the
two triangles and the expression Rog = a + b,

2 = QRos (2)
1+Q
The coordinates of the point, P,, are given by:
Xy =Xy +a. 8599
yl - yB +a . bOB’ (3)
zy -zs+a- cos-

The coordinates of the primary reflection point Pr are determined by
the point P;, the directional cosines of the surface normal, and the
distance, Ryr, from the point, Py, to the surface in the direction of the
surface normal. This distance may be computed by established techniques
(Smyth, June 1977, App A).

Rir = an(x1-xe) + bp (yy-ye) + cn (zy-ze). (4)
The coordinates of the reflection point (Py) are,
Xy = X - anRyr,
Yr ® y1 = baRyr, (5)
zr = 21 - coRyr,
The point, Pr, is a reflection point for the light source if the value of
Q is given by equation (1) {s greater or equal to zero; f.e., Qo, for

then the light source and observer are on the same side of the panel
surface.
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The reflection point (P.) 18 tested against the window edges to ensure
enclosure. The light reflectance is computed from the angle of incidence
between the ray and the surface normal (Smyth, June 1977, App A).

PRIMARY ORDER REFLECTIONS FROM A CYLINDRICAL SURFACE

The computation of the primary reflection points for a cylindrical
surface will be derived first for a simple case and then extended to all
cases in general. We consider a cylindrical surface with the following
parameters (see Figure 2B): (1) the origin for the cylindrical axis is
located at the origin of the coordinate system, (2) the cylindrical axis
is directed along the y axis of the coordinate system, and (3) the
cylindrical radius is equal to unity. The analysis 1s similar to that
developed above for the planar surface. f

Consider the geometry formed by the positions of the light source, the
reflection point and the pilot's eye. The straight line from the light
source to the eye is specified by its starting position, the directional
cosines (a,g,byg,Cog) and the line length (R, o). The surface normal (ap,by,
cp) 1s contained within the plane defined by the three points Pg,P,
and P,. We let the point where the extension of the surface normal
intersects the line PgP, be denoted by P, and its coordinates by xy, vy,
and z3. The line separates the triangle PgPyP, into two smaller triangles
and the PgP, into two line segments of lengths a and b. The length (a) of
the line PgP; 1is determined by the law of sines for the two triangles and
the expression Rpg = atb. The length (a) is given by the equation (2),
where Q is the ratio of the length of the line PgP, to that of the line Pp
Po; i1.e., Q = Rg/R,. The coordinates of the point P; are given by
equations (3).

The surface normal is orthogonal to the cylindrical axis, and the
distance (R) along the surface normal from the point, Py, to the point
(0,y,,0) on the cylindrical axis is given by,

R = ((xg + Qx)? + (z, + Q20202 /(1 + Q). (6)

The directional cosines of the surface normal at the reflection point may
now be computed as,

a, = (xg + Qx,)/R,
by = O, (7 ?
cn - (zs + on)/Ro

Finally, since the cylinder radius 1is unity, the coordinates of the
reflection point (P,) are:
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Y(o 1,0)

an,bn,cn -

Ps(xs.xs.xs)

aos,bos,cos

0,0,0

Po(zu'.v.yo.zo)

Figure 2B. Primary reflection from a cylindrical surface.
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xr = -an ’

Yr -ys+a' bos’ (8)
Zr = -Cno

The Q factor used in equations (2) and (3) is determined by setting
the cosine of the angle between the line P.Pg; and the surface normal,
equal to that of the angle between the line P P, and the normal. The
result is a fourth order polynominal,

a @ + 3@ + a0 + 2 + = o, (9
where a = (x;2 +2z.2) - x? - z. 2,

ay = -2 (x x  + z,Zg ~ X

2 - 2
o7s 25 )s

S

- 2 2 2 2 - - 2 2 2
ay = (xO + x4 20+ oz 4xoxs bzoz + 2 (xo + z, ) (xS +

s
zsz)))
- - 2 - 2
s = =2 (xoxs + z,z, = X, z,%),
a, ='(x02 + zoz) - xo2 - zoz.

The equation may be solved by synthetic division and the Newton-gradi-
ent method or other numerical solution techniques. (Hildebrand, p. 451).

There are, in general, four solutions to equation (9), each
corresponding to a point on the cylindrical surface. The point is a
reflected image of the light source if the light source and pilot's
position are on the same side of the surface. This is the case if the
ratio of the cosines of the angles between the rays PP, and P P. and the
surface normal,

Qoo 1 = 35% ~ ¢z (10)
1 - apx, = cpzg

is larger than or equal to zero; i.e., Qg4 o.

The computary scheme worked out above for the simple cylinder case 1is
used as a solution space. The coordinates of the positions of the light
source and pilot are transformed into their equivalent values in the
solution space. The reflection points are computed and the coordinates are
transformed back into the original problem space. The coordinate
transformation from the problem space to the solution space consists of
four steps: (Newman, Ch. 3)

1. Translate the origin (x.,y.,2.) of the cylindrical axis into
the origin of the coordinate system of the solution space, (2) rotate the
cylindrical axis (a_.,b.,¢ ) clockwise about the x axis until it {is

31

‘ s e

TIETRI I




=TT

aligned with the y axis of the solution space, (3) rotate the cyiindrical
axis clockwise about the z axis until the z axes are aligned, and (4)
scale the original space by the cylinder radius, R..

The translation of the coordinates (x,y,z) into their equivalent value
(x‘.y‘.z‘) in the solution space is performed by matrix multiplication;
i.e. »

(x!,yl,2z1,1) = (x,y,z,1) MMM,M,. The corresponding matrixes are ;
given by: i

Mp=y1 0 0 O
0o 1 0 O
0 o 1 oO 5
“Xo “Yeo "2, 1 ’ @
i
M = 3 o 0 o0 "t
X Vc vc 5
0 b ¢ O
0 =co b O
0 0 0 Ve ,
an
Mg =, vo -a¢ 0 0

where vc-VIac2 +cl? .

Once the reflection points are solved, the position coordinates (x,! ,
ypls 2zp!) are transformed back into their equivalent values (xy, yr , Zy)
in the problem space. This operation is done by an inverse matrix
transformation; i.e., (Xp, ¥ps Zp, 1) = (xg!, yety 2.0, D M o Mt
Mgt . M," . H1?‘. The corresponding matrixes are given by:




X Ye z, 1 ,
i 0 0 0
X vc Vc
0 b, Ce 0
0 -Ce b 0
0 0 0 Vo R
\ (12)
M, - a. ve 0 0
=V, a. 0 0
0 0 1 0
0 0 0 1 .
-1
Mg =1, 1 0 0 0

The reflection points are checked against the window edges to ensure
enclosure (Smyth, July 1977, App A). The light reflectance is computed
from the angle of incidence between the ray and the surface normal (Smyth,
June 1977, App A).
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COMPUTER PROGRAM
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Comguter Program

The computer program used to compute the transmittance and coordinate
values of the matching sample is attached below. The listing includes the
program and subroutines, the mockup frame vertices input data, the
position and orientation of the mockup on the test-area floor, and the
positions of the light source used in the test. The program is written in
the Fortran IV language and was run on the CDC 7500 Computer System. The
subroutines are listed as follows:

l. CONTL- Main program calls for read in of data and computations.

2. READV- Subroutine reads in frame vertice coordinate data.
Called by CONTL.

3. NORML- Subroutine computes surface normal for each canopy
window. Called by CONTL.

4. FLEG- Subroutine reads in mockup position and orientation on
test-area floor. Called by CONTL.

5. SLIGP- Subroutine reads in test light position on test-area
floor and calls for computation of light images for the left and right eye
of the observer. Called by CONTL.

6. STPS- Subroutine converts the light source position into the
coordinate system of the mockup, and calls for the computation of the
direct view and primary reflected images. Called by SLIGP.

7. PRNT~ Subroutine prints out direct view and reflected image
point information. Called by SLIGP.

8- MTRNL-
MROTX-
MROTY-
MROTZ~
MSCAL- Subroutines called by STPS to convert light source
position on test-area floor into coordinate system of mockup.

9. COMPO- Subroutine controls computation of direct view image
position coordinates and transmittance. Called by STPS.

10. COMPL- Subroutine controls computation of primary reflection
image position coordinates and transmittance. Called by STPS.

11. INTEC- Subroutine computes direct view image point on a planar
surface for a given light source position and checks whether point is
enclosed by surface edges. Called by COMPO and COMPL.
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12, INTCY~ Subroutine computes direct view image point on
cylindrical surface and determines whether point is enclosed by edges of
cylindrical window. Called by COMPO and COMPL.

13. TRSCY- Subroutine converts coordinates of a cylindrical
coordinate system into a rectangular system, Called by INTCY and INTS when
testing a surface point against surface edges.

14. INTPL- Subroutine computes primary reflection point coordinates
for a planar surface and determines whether the point is within the
surface edges. Called by COMPO and COMPL.

I15. INTCL- Subroutine computes primary reflection point coordinates
for a cylindrical surface and determines whether the point is within the
surface edges. Called by COMPO and COMPL.

16. TRANC- Subroutine converts point in:o cylindrical solution
space. Called by INTCL.

17. SPOLY- Subroutine computes coordinates of image points in
cylindrical solution space. Called by INTCL.

15. SOLN- Subroutine checks image point to ensure that 1t is
reflected and controls conversion to problem space. Called by INTCL.

19. INUC- Subroutine converts image point from cylindrical solution
space into problem space. Called by SOLN.

20. INTS- Subroutine determines whether reflected image point on
cylindrical surface is enclosed within surface edge. Called by INTCL,

21. COMP- Subroutine computes transmittance and reflectance for
image point. Called by COMPO and COMPL.

o ceanad .




ACCOU
FINCS

SMYThH»STMEZ,

N"Ht.“o
LsR )

MAP»CN,

LGO.

C REA

1¢6C

1001

10Cec

10

1Cc03

20

100+

C E5T
C SUR

ML PASE 1 0 7 Y IYY PRAGRIGANLH

PROGRAM CUNTLUINPUT»OUTPUTpTAFEZeINPUT)TAPEI0DLTPLT)
CALL READV

CALL NNamg

CALL FLEG

CALL SLIGP

STGe

ENC

SUBRLUTINE READV

D IN SURFACE VERTICES
COMPMUNICANINToNBsNCoNPoNASNDyNV(L100),PXV(L100sc)sPYV{100st)ePLlVI10C
A,€)
CUMMINZVERTZAVIZ2CO) s YN (?2N0)»2ZVI200)NVRIL00,8)
COMMONZCYL/NCY,NSCULIC)sNSPCIO» 10} pXCC10)sYC(10)20C10)oARL10)BF (]
QC)H»CELLIU)RCLL10)

CCMMUN/PTILOT /XU YO, 20

REAL(?25,1000)

FORMLT ()

KEAL (251000)

READ(Z2s 1001 INToNEONCHNE) NAPND

FIXMAT(B(2Xy[3))

FEAT(?2+,1000)

KEAL(2510C2)INVLIL)pIml,ysND)

FORMAT(R(ZX,I3))

kcAC(2,1000)

N JC Jdelsptn

READ(251002)(NVR(19J)einleND}

CUNTINUE

READ(2+1000)

REAL(251003)M(xVviidelm]l,aNT)

FORMAT(B(2X»FT743))

READI(2,1C00)

READ{2,1003)(YV(I)}sIaly)NT)

KEAL(?2»1000)

FEAC(2,1003)0LV(1)sIm]l,pNT)

REAC(2,1000)

READ(251002INCY

TFINCYEQ0)GUTL 25
REAL(291002)Y(INSCUIYpIm)lynCY)

D0 2C I=1,NCY

KPaNSC(])

READ(201002)(NSP{ToK)yKelykp)
READ(251004)(XCUINoYCOINo2CUINsAE(L)ocbCL)sCELL)SRCU)I,1m])sNCY)
FORMAT(7(?X»F743))

CONTINUVE

REA[(251000)

REAT(2»1003)X0,YL,20

RETUPN

END

SUBRCLUTINE NORML
ABLISH SUWHACE NORMAL t0OF EACH PLATE SURFACE
FACE MIwMLLS DIKECTED TOGwARD CLCKPIT INTERIOR
COMMON/CAN/NT yNBaNCH NP s NAPND,NVII0C) ok XVIEL1000H),PYV(10098)»PIV(100
Q,r)
CUMMUN/IVERT/ZXNVI200)sYV(200)92VI200)sNVE(100,1)
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[aXaNeaNal

[a]

COUMMON/NORMZAXN(LOO0)» AYN(100),AZN(100)
CUMMCN/ZCYL/NCYONSCCOLODsNSPLIU»10) R (10)2YC(10),2C(10)»AE(L10)sBE(]
Q0),CE(10)5RC(10)
COMMUN/PILCT/R0,Y0»20
DU 1¢ [s),ND
NKsNV(I)
DU 9 K=]l,NK
KVSN\R (oK)
PXV(IsKIaXV(KV)
PYVIIeK)aYV(KV)
PIV(]sRk)ImZVIKY)
% CUNTINUE
K=2
7 ALesPxV Tk )=PXV(Is1)
A2ePXV(lskel)=PXvilel)
BlsPYV(I»K)=PYV(Is1)
B2asbYV(IsKel)=-PYVLI,])
ClepPZV(Isk)=PIV(lsl)
CZosPIVIIsKel)=PZVLII»1)
F1oSURT(AYI®S ¢BLla82¢C1%02)
P2oSCxTIA2%#24B20424(C20%»2)
As(AL*¥AZ+b]*B2+C1*C2)/(P1%P2)
IFLAES(A) LT 1e) GO TO 9
KsK+]
IF(KGZQWNR) GO TP 10
G0 TU 7
9 AN=ACIS(A)
Rel./(P1laP2#SINLAN))
AXN([)m=(R1#*Co=C1ak2) %R
AYN(1)s+(AL® - 1%A2)*R
AINL])==(A1%RZ-Az4B])*R
10 CONTINUE
RETLRN
END
SUBFCUTINE FLEG
CRAFT PUGSITION IN SCENE
CRAFT UFITENTATLIONS OIRECTICNAL CUSINES OF Y-AXIS AMND Z-aXx1S OF CRAFT 1
SCeNE SPACESs Y=AXIS CIRECTED BACKWARDS ALUNG LONGITUDINAL AXIS» Z-AXI)
TOWARD VEKTICAL
COMMUNZSC/XLsYLstLoALstLoCLsAALIBBLSCCL
CRAFT PCSITION ANG ORIENTATLIION IN SCENE
FtAL(29996)
999 FOKFMAT()
KEAL (2510040 XLsYLoZLoALsBLICLyAAL)BBLCCL
10G6 FORMAT(ZXp 3 Flue@p2X)/2Xp3(F10a402X)/2%33 F10.402X))

WRITE(3,10C5)
1005 FNRMET{2X ) FOSITICNY/4Xs x=PUSY,4Xp tY=POSs4Xst2=POS?) A
WRITE(351006)XLsYLs2LsaLsRL,CLYAAL,BEL,CCL o
1006 FORMAT(GXp3(F10ebs?X) 76Xy 3CFTats2X)/4Xs3(FTabs2X)) 3
RETUKN J .
END A
SUBRCUTINE SLIGP i‘:;
COMMINIGT/XgYy2 5
CUPMON/PILOT/ XU YU 20 2 a
CATS NE/24/ o &
DATA AP/1H=/ L7
X0C=x0 N
READ(2,1CGC1INDP Qg
WRITE(3,1001)INCP a0
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1000 FORMATL2)2,13)
PO 16 Ye),sNDP
rtAD(221002)X5Y0¢
1002 FORMATIB(2X,F10.4))
WRITE(3,1C00)1 koYl
1000 FORMAT(IM 0L Gat,)15,2Xy ' XLwt,yFl0,4y2Xs ' YLuVyF10,402Xp?ZLe?,$10,4)
X0s=x00-~3,
DO 7 J=l,¢
X0sx(¢DE
WRITE(3,10031X0,Y0,20
1003 FORMAT(2XyPPILUT-EYE FUSITLION",3(2XsF1C.4))
CALL STPS
CALL ¥RNT
7 CAONTINUE
WRITE(3,1004)(4PsK=1,80)
16C« FORMAT(2X»R0A1)
10 CONTINUE
RETULFN
END
SUBROUTINE STPS
C CUMPUTES AND STORES STATIC ANALYSIS CF LIGHT SOQURCE R:tFLECTILNS
COMMUN/ZLIGHY/xLoaYLZL
COMMON/SC/XSPYSH T s AS»B8S»CSrAASHBBSHCCS
COMMUN/GT/XGrY¥G» 26
COMMUN/FEP/INSLIXPyYP2ZIP, TP
XsX$
YsYS
1s1S
Al=apsS
BlepS
CleCS
AAlspAS
881sddS
CC1sCCH
VCesSCRT(B14#24+Cl%¥2)
CALL MRUTX(21/V(sCl/VCoRAL,BB1,CCY)
Calt M20T2(vlsalsaAlsnRlalll)
XLeXG
YL=YG
L= 26
CALL MTIRNL(-Xs=Ys=24XLoYL,y2L)
CALL MROTX(BLIVC)CL/VCoXLyYL2L)
CALL MPOTZUIVCr»ALp XL YLAZL)
Call MRITY(CCL,ABLo XL pYL,ZL)
CALL CUMPOUINSLoXPYP»ZP»TP)
CALL COMPL
RETURN
END
SUBRLUTINE PRAMNT
C PRINTS DULT LIGHT SOURCE DATA, DIRECT VIEwW AND REFLECTIGN POINTS
COMMUN/LIGHT/XLsYL» IL
COMMON/FPINSPIXFYP 2P TP
COMMON/FY/NSL»15(10) s XSELOD»YSUL0) 223010 LRCLODoXRELODWYRULLG) 2 2RY
Q10}),121(10)
WRITE(3»1000)XLsYLsZL
10C0 FCRFATUIH 52X 'LIGHT SCURCE®/2Xp " XL ot F10eb4s2Xe 'YLmtpF)0oahsPRs Il
Q' F1l0,4)
IFENSPLEQ.OIGOTO 5
WRITEC(3,100LINSPoXPsYP2ZPs1P
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1001 FOURMATCLH »2X»*01PECT VIeEw'/2Xs1392X94(3XsF1l0e4})
% CONTINUE
IF(NSLEQ.O)IRETURN
UG & [s1,NSL
6 WRITEU(3,1C02)IS(I)sXSET)oYSCIDoZSCINIRCIIoAR(IIsYR(IDSZRUIDISTR(I)
1002 FORMAT(1R »2Xs '"REFLECTYION POINTO/(2X»2(1292X93(Fl0,4022X))sFlCe4))
RE TURN
END
SUBRTUTINE CLMPOU(NSLsXPoeYP»2P»TP)
C COMPUTES IMTLFCePITUN PUINT UfF STKAIGHT LINE FAY BeTeteEN PILCT AN SOU
COFMON/CAN/NTSNByNCoNPMASND)MVILICC)»pPXV(L100»8)sFrV(100,8)sPZVI1CL
Q,8)
COUMMUN/Z/LIGHT /XL, YL ZL
COMMUN/PILOT/XO0sY0»20
COMMUNZLINEZAS S »CSo XD YS9 LS9 CHBL,CC
NSL=(
TP.].-
xSay¢
YS=Y(
1S=2¢C
RoSGRTI(XL=XO)**Z+(YL=YO)*#24+{Z1L~-20)*%2)
AS= (XxL-XC)/R
BS=(YL=-Y(0)/R
CSe(2L=-20)/%
DO 1C IS=1.ND
ISK=(
IFCIS.LESNPICALL INTECCLISK» ISeXPeYPsZP)
IFCYIS R QaNAICALL INTEC(ISKs LS»XPyYP,ZP)
IF(IS.GT.NPICALL INTZY(ISKeISsxPaYFylIP)
IFCISKLGTLUIGLTL 272
1¢ CONTINULE
KETLEN
20 CUNTINUE
If(]SoLEQNC’KtTUFN
IFCISCEQ.NA)GDTL 3¢
NSL=]SK
CALL CNMP (ANGYkT,»TT}
TPeTF*TT
RETURN
30 CONTINUE
CALL CCMPIANGskT,»TT)
TPeTE=TT
GO TC 16
END
SUBRLUTINE CUMPL
C COMPUTE P<IMAKRY REFLECTIIN PIINTS FOR SINGLE SQURCE F LIGHT
COMFMOMICAN/NT pMBINCHNPINAS NG NV (100D, PXVI1009E)»PYVIICOs3),P2ZVII0OC
Qsr8)
COMMUN/NURM/ZAXN(100) s AYN(100)sAIN(100)
COMMUGNICYL/INCY,»NSCLL10)sNSPL10s10)sXKCL0)»YC(LO)»2ZCI1C)sAE(LO)sREL]
QO)»CE(10)HRC(10)
COMMUN/LINE/ZAS»BS»CSsXS»YS5»7S5sACsBCH»CC
COMMDN/LIGHT/XLsYL»ZL
COMMON/COFF/NNSANCLO) »SSCL0)»NSH)XRREL0IS YRR(L10)#ZRR{1C)
COMMUN/ZFY/NSLsISXCL10) o xSXUL0)sYSXCL0)»ZSXCLO) o 1RXCLOIs XRRCLICI2YRX(
010),22x(10),TEX(1C)
NSL=(C
NSSapC+1
DG 20 15=NS5SeND
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LR R PRGN

3¢

1001

36

32

40

4“2

[FCISJLENPIGOTO 30
1FLIS.GTLNPIGLTL 40
60 TC 20 1
CONTINUE }
AC®ARN(IS)
BCeAYN(IS) ,
CCoAZNLIS) ]
XS8PXV(ISy1) :
YSaPYV(ISel)

IS=PIV(1S,1) !
1SKks(

CALL INTPL(ISK,1Y)

IFCISK.EQ.0)G0TO 20 .

CALL CCMPLANGIR,TT)

00 32 [e],NN

ISK=(

TFUIabQ.15)GDT0 32
IFULLESNFICALL INTECUISKs[oXRpYK2R)
IFCLeGU.NPICALL INTCY(ISKy)IsXFpoYRy2R)
IFCISK.LELCIGUTD 3¢
IFUISLELNCIGODTU 20
IF(I.EQ.NAIGLTL 36
RXeAS®AC+LS*BC+Ci*(CC
ASeAS—2 ,#RX*A(
BSabES=2.,2PX*R(
CSa(S=2,%kx2((

CALL COMP(ANG»RT,»T1)

TeR#1T

NSLaMNSL¢1
WRITE(391COLINSLoISoxS)YSoZSsloXhaYRsIR,T
FORMAT(2Xs1592Xp 1392253 (F10.452Y)92)9»1392X94{F10.452X))
ISK(rSL)=]S

ASX(NSL)=XS

YSX{N3L)eYS

ISXINSL)=2S

IRX(ASL )=

XRXANSL ) e Xk

YRX{NSL)=YR

IRX(NSL )22k

TRAINSL )T

GO 10 2¢

CONT INUE

CALL CUMPIANGSRTHTT)

Rok*TT

CONTINUE

GO 10 20

CONTINLE

00 411 ICelsNCY

KPsNSC(IC)

00 &«1) XCsloKF
IFINSPUICHKC) sewedSIGRTL 42
GO TC 411

CONTINUE

CALL INTCLLIC)
IF(NS.GTL.CICALL INTS(IC,IS)

Gty

PRy S

IF (NS EG.0)GUTO 20 audi Y
DU 44 [Kel,NS nnL!?‘““s‘“?;:;gouuu
X38xkROIK) 'ngncgrxrda‘¥°

YSesYRR(IK)
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[aNaNal

&5

411
20

cor
VER
DET

LI16

1S 2uR{fK)
RLeSURTU(XS~XL)*#2+(YS-YL)*22+(2S-2L)%%2)
ASs (XL=-XS)/RL

BSes(YL=YS)/RL

CS=(ZL~-1ISMH/IRL
RO®(XS=-XCCIC)I*ACCIC)I(YS~YCCIC))I*BE(IC)+{ZS-2C(IC))I*CECIC)
ACe {XCCICI=XS+xROQ*AE(ICI)/RCCIC)
BCs(YC(IC)-YS+nO*BF(ICII/ZKC(IC)
CCs(ZCCIC)-IS+RC*CECIC)I/RC(IC)

CALL CUMP{ANGsk,sTT)

D0 43 I=]1,ND

ISKs(

IFUl.EGaISIGUTO 43

IFULoLECNPICALL INTEC(ISKs 1o XRsYkyIK)
IFC1eGTNPICALL INTCYUISKsIaXRsYRy2K)
TIFUISKL.LELO)IGOTO 43

CONTINUE

IF(].LENCIGUTO 44

IF(leQNAYGULTL 460

RXsAS*HACHRS*B(+(S*CC

AS=AS-2  ¥RX*A(

BS2pS—2.*RX*BC

CSeCS=24%Rx*(CC

CALL COMP{(ANGRT,TT)

Tek*TT

NSL=NSL¢1
WRITE(301001INSLsISoxS»YSp2o0loXFPrYRPIRST
GU TL 44

CONTINUE

CALL CLMPILANGRT,TT)

RaR*T1T

COr 1 INUE

CONTINUE

GC 10 20

CONTINUE

COUNTINUE

RETUEN

END

SUBKOUTINE INTPL(ISK,IS)
PUTES PRIMARY REFLECTION POINT OF LIGHT GIVEN POSITION WITH PLANE G
TEX AND SURFACE NURMAL AND POSITICON OUF vIEWER
ERMINES TF keY STRIKES CONVeX SURFACE
COMPONICANINT o NBINCoMPsNAYNDs NVIIO0O0)»PXV(1005s8)»PYVv(1C0,8),P2V(100
Qs8)
COPMUN/LINE/ZAS»BSsCSe XSy YS»2SsALsEC,CC
COMMOCN/ZLIGHT/ XL YL, ZL
COMMCN/PLILOT/X0,Y0,20
QLeAC*{XL-XS)+BRC*{YL-YS)I+CC*(2L=-2S)
QO=AC*®(X0=-X5)+BC*{YO-YS)+CC*(20-25)
ALF2QL/QC

JFCALF oLT o0 )RETURN
HT SUURCE AND PILOT ON SAME SICE Of PANFEL
RLOSQRT((XL=XO)**2¢(YL-YU)%%2+(2L-20)2%2)
ALC=(XO~-XL}/RLOD

BLO®(YO=-YL)/&LO

CLO={Z0=-2L)/RLC

AVsALF*RLC/(1a¢+ALF)

XEeXL+ALO®AY

YE=sYL+BLO®AV

TN T




C RAY

C RAY

o2l +CLOMAY
FESACO(XE~XSI4BLO(YE=YS)eCCo(2E-2%)
X3axE-ACHRE

YSeYE-HBCORE

LS ZE-CLeRE
RLOSQRT(IXS=XLI*24(YS-YL)»82¢(1S-2L)ws2)
ASs(XL=-XS)/RL

BSe(YL=-YS)/RL

CSe(7L-25)1/RL

INsAV(IS)

CU 10 IslylN

IC=1+}

1F(1.EQ.IN)ICs]

AlePXV(IS,I)=X0O

BlePYV(IS,»1)-YO

Cl=pP(V(1IS,1)-20

a2aPxV{l>s1C)=X0

B2sPYV{IS,1C)-YC

C2aFzVllIS,1C)-23

PlaxsS=-xQ

P2=YS-Y0

P3=1S-120
QuPla(B19C2-B2% 1) -P2%(A1#C2~Cl*A2)¢P3*(A1#B2~B1l%A2)
IF{Q LT CLIRETURN

STRIRES SURFACE UN EMCLOSED SIDE OF SURFACE tOGE
CONTINUE

STRIKeS (NCLOSEUL SURFACE

ISKe)

KETURN

END

SUBRCUTINE INTCL(IC)

C DETERMINE CrtL INDRICAL REFLECTIIN PDINTS

CCMMUN/LICHT/XLLoYLLyZLL

COMMCN/PILOT/X00,YC0,200

COMMOGN/COFF /NN ANCTIO)»CSCLCIINSs XRR(L10)s YRRELO),2ZRR(10)
COMMON/PLAC/XLsYL2ZL»X0» Y0020

DATA nNN/&/

XLsXLL

YLsYLL

=21

CALL TRANC(IC,»XLsYL,21)

X0sX00

YO=Y0O

10=200

CALL TRANC(IC,XUsY0,20)
ROLBEQRT((XL=XO12224(YL-Y0)R02¢(2L=10)82%2)
BOL=({Y0=YL)/ROL

ANC(1)m(XO%%24720%22 ) 482-xX08%2=-20%32

AN(2Ve=2 % (XO®XL 402 ( -X0%¥%2=-20%02)

ANC3) o (XCOP2e XL 624708 %247( 0424 ,0XQ¢X[L -4, %700/ ¢2,8(X0¢22¢200¢2)

Qelx|*22471%¢2))

AN(6)e=2,8(X0XL420%ZL-XL*$2-21%%2)
AN(S)s(XL®924 2L %02 )02 -x 8422 282

CALL SPOLY

NS»0

0O 10 Is]l,NMN

AFsRCL/Z(CSUII*L,)
RESSOPT(UXGHCSUTIAXL)®®2+(200CS(I)021L)092)
Ate(XOeCS(INoXL)}/RE




10

CE={Z7J¢CStIN*ZL)/RE

YE=sYL*AF®BOL

XRmAb

YRsYE

IR=(Ct

CALL SULNC(IC)XKyp YRy ZR)

ARs=pE

YR=YE

IRa-(CE

CALL STOUINUICoxRsYRPZP)

CONTINUE

RETURN

END

SUBRLUTINE SOLNCIC»XRsYRyZIR)
COMMIN/CCFF/INNSANCLIO) »CSCL10) s NSoXRE(LOI2 YRR{LIO)9LRR{IC)
COMMUN/PLAC/XLaYLs2LoXQ»Y0,20
RLeSQRT((XR=XL)I*®*2¢ (YR=YL)I*%24(Jk=21L)%%2)
RCeSCRT{IUXKR=X{)*#2¢(YR=-Y(O)*#24(ZR=~-2Q)%%?2)
QLe()e-(XROXL4ZR* L)) /RL

Qo= (1.-(XR*X(O+ZR*20))/FO
IFCLL/7QQ0eL ToO«)RETURN

Qs QL +30

lF(c'EQOOD,RETUFN
TRCARPS((QOL~Q0)/Q) aGT4e01)RETURN
NSanS+]

CALL INVC(ICsXR,y)YRyZR)
YPRINI)I®XEK

YRR{NS)=YR

IRRINS) =2k

RETUKEN

END

SUBRGUTINE MTIRNL(XTsYT22T2XsY42)

C TRANSLATION AY POSITIVE SCALARS

XsX+XT

YaY+YT

137477

RETURN

END

SUBRDUTINE MEOTX(A9ReXsYs )

AXs= A

BX=-¢

YVafiXxeY=8Xx*?

IVeBXaYeAXR]

Y=YV

l=2y

RETURN

END

SUBRUUTINE MRUTY(AsBsXyYsZ)

AVYep

BYs~R

XVespAYeXeBY®?

IVe=p Yo X4 AY %]

Xe Xy

Isly

RETUFN

END

SUBRCUTINE MROTZ(A»BoeXsYsZ)

C ROTATION aBOULT POSITIVE X-AXIS OF Y-AXI3S IN POSITIVE DIRECTION

C RUTATION ABOUT POSITIVE Y=-AXIS OF 2-AX1S IN CLOCKWISE DIKECTION

B SO




€ ROTATION ABNUT POSITIVLE 2-AXIS UF Y=AXIS IM CLOCKWISE OIRECTICN
Alswa
82sp .
AVwA[eX=-B20Y
YVspZeX+AZeY
Xedry
YsYV
RETURN
END
SUBKCUTINE MSCAL(R29X»Ys2)
C MAGNIFICATION BY PLSITIVE SCALARS
Xos Aty
Ys A%y
2eAe)
RE TURN
END
SUBRUUTINE TRANCUICeX,Y,2)
C TRANSFER [NTU CYLINCKRICAL SULUTION SPACE
COMMOCN/CYLZNCYSNSCULO)ANSPLI0s100sxCCLOY»YCLL0)»2CCL0)»ACL10),BCHL1
Q0)sCLCLCI»RC(10Q)
CALL MTIRNUL=XCLIC)»=YCUIC)s=2CCIC)oN,Ys )
VCoSCRT(EC(ICI*e24CC(IC)®"2)
CALL MROTX{LICCICI/VCsCCULICHI/INCIXpY Y 4
CALL MRIATZ(VC,ACCICIoKpY,2) 3
CALL MSCALIL./RCUIC)sXnYyl) ]
KETUFN
END
SUBFLUTINE INVCUICeXoYsl)
C INVERSE TRANSFURM FRLM CYLINNRICAL SOLUTION SPACE
COMMIN/ZCYL/NCYSNSCULLO)oNSPEY0»10) o XxCU10)sYC(10)»ZCC1CY»ACLLQ)»BCLL
0)sCCL30)»RC(10)
CALL MSCALIRC(IC)I»XeY)rl)
VCsSCRT(ARCLICIee o CC(ICIw®n2)
CALL MRUTZIVC»=aC(ICIsxsYsl)
CALL MROTX(BCLICI/VCH»=CCUICI/IVCsXsY,2)
CALL MIRNLAUXCUIC)»YCUIC)I»2CLACHaXNpYy2)
RETUKN
END
SUBRULUTINE SPOLY
C REAL RLCTS TD POLYNOMYAL ECUATION USING SYNTHETIC DIVISION AND NEWTON?®
C GRADIENT METHOD. ASSUMPTION THAT NO CUMPLEX ROOTS PRESENT,
COPMUN/COFF/NN)ANLL10) o XS(LOIsNSHXRR{L10)»YRRILO)»ZRR({10)
CIMENSIUN AN(10)
NapNN
00 3¢ I=]1sNN
”(M\(l).E').O.)GLH-’J 41
IFCAR(2)eEQeDIGRT 42
XEo=2N{1l)/7ANC(2)
GG 1C 5
41 XFe(C,
GO TC 5
42 JF(ANC3D).EQ«0)GLTO 43
2emCSORTIARSEANCLYIZANCAYY)
¢0 TG 5
43 JF(AMI&L)EQ.0.)G0TY 46
Xeu{-AN(l)/7AN{4))}**,23333
60 1C 5
44 Xeo (ABSUANCYL)I/ZAN(S)) ) e ,2Y
% CONTINUE

o e TR DR TN TR e

Ry EIGH. T L A SR B B N o,
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P

1¢

46

15

20
22

30

b0 20 J=1,100

BN(N+]1)sAN{N¢]1)

Ce0,

00 10 Ks'l,N

LeN¢]l-K

BNCL)®ANCL)+XE®BN(L*])

CaCe¥XE+BNLIL¢1)

CONTINUE

IF(CecQ404)GUTO 40

XRsXE-BN(1)/C

G0 TC 15

CONTINUE

XR=-10000,

IFCUXR+XE)EQ.0.)GOTO 20
IFCARS((RR= )/ (XR#YXE) )} LT,.001)GOTO 22
XE=XxR

CONTINUE

XS{I)=XE

Nak-] ]
AN{N+1)28BN({N+2) >
DO 3C J=1,N

LeN+]1=-J

AN(L)=BN(L+])

CONTINUE

PETLEN

END

SUBRLUTINE INTSCICHIS)

PR SIRPARAD. <. 55 3

C DETERMINE wHETHE® KEFLECTEO RAY POINT IS wITHIN ENCLOSED SURFACE UN
C CYLINDER

0,8)

CUMMON/ZCAN/NT )N NCoNPoINAS NDS)NVII00)»PXVI100s2),PYV(100sE)sPZVI1CO

COMMON/ZCOFFINNS AN(LIO) s CSULN) NS XS (LC)»YSUICH»ZS(10)
COMMIN/PILGT/XCr» YO0 20
XSS=X0

YS<=YQ

25S=70

CALL TRSCY(IC»XSS»Y5Ss2SS)
ISKsC

00 Z¢ IK=1,NS

XRR=XS(IK)

YRR=YS(IX)

IRR=2S(IK)

CALL TRSCY(IC,XRR,YRR,ZRR)
Pleyknr=xS$S

P2=YRR~-YSS

P322RR-2SS

X1=PYV(ISsl)

Yi=PYV(IS»1)

L1=P2ZVLIS,»1)

CALL TRSCY(ICsX1sY1sZ1)
Al=X]1=XSS

Bl=Y1l-YS$S

Cls21-175S

INsNV(IS)

D0 I1C Il=1sIN

Inl]el

IF(I].€Q.IN)]Im]
X2ePxV(I1S»I)

Y2sFPYV(ISsl) N
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i ""‘M

e

e~ T ———

Coia .

C Ray

10
C RAY

2C

12eP2VIIS,1)

CALL TRSCYCICIX29Y2922)

A2eX2~-XSS

B2sY2-YYS

C2s22-158
QapPle(AL#C2-H2%Cl)-P2e(al*l2-C10A2)¢P30{2]1%02~R1%A2)
I1F(O0.LT.0.)GOTD 20

STRIKES SURFACE ON ENCLOSED SIDE OF SURFACE EODGE
AleAg

Bl=B2

ClsC?

CONTINUE

STRIKES ENCLOSED SURFALE
ISK=]1SK+])

XSCISK)aXSEIK)

YSUISKImYS(IK)

ISUISK)=?S([K)

CONTINUE

NS=]SK

RETURN

END

SUBRLUTINE INTCYL1SK»ISrXRy YRy ZIR)

C COMPUTES INTERSECTION POINT UF LINE WITH CYLINDER

COMMUN/CAN/NToNOs NCoiNPoNASNDINVIIOCH)PXVILO0s 6) 0P YVIECOEYHPIVILOC

0:8)

COMMON/LUINE/ZAS)RSsC3oX59YSp25»aCBC,CC
COPMUN/CYL/NCY)NSCULOD»NSP(10s10)sXCL102»YCL10),2CC1C)»AECL0),BL(L

Q0)»CLI10)},RCK1D)

CUMMON/PILOT/ AP, YPLP

C DETERMINE CYLINDENICAL SURFACE wHICH UONVEX SURFACE [S A PART GF

2
5

00 2 I=1sNCY

KPsNSCI(1)

CL 2 Kelypxw
IFI(NSP(IsK)EQ.ISIGATA 5§
CONTINUE

RETURN

CUNTINUE

C DETERMINE INTERSECTIUN PUINT

X0=sXC(I)

YOsYC (D)

10=2C (1)

ROsRCI(I)

ACe=AE(T)

80stt (1)

CCsCELI)
RCSeSQRT((XS=XUI#424(YS-YO)*324(25-1C)ee2)
ACO=(x5=XC)/ROS
BOC=s(YS-YCI/ROS
COC»125-2C)/RCS
AmAQ®AL+EC*8S+C0*(S
BeRCS*LAQ*AQD+BU*3004L0%C0D)
AlmAS~A®{(AQ)**2)
A2eBS~A*((80)**2)
A3sCS-A%((CCIee,)
B12ACI*RUS-B*{(AC) ¥ e2)
B2eBO0*ROS~B%({AQ)ee2)
B838CONCRGS=d®((CVIe2)
AsAl8e24A20820A3082
BoAl®nlenlen2+Aadefl
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CeB]222+¢B2%%24p3%8?

ABe-f /A
BBe{LoRT(Hee2-AB((=RO*%2))) /2
RS=AB-88

IF(PS.L‘.C.'RS-AB'BB
XRSXS+AS*RS

IR3Z5¢C3*RS

YReYS+RS#RS
FaRS*(AQ*AS+3085+CO*CS)I+ROS*(AQ*AQO+E0%B0O0+CO*CCT)
X1eXQeAL®R

Yil=sY(¢030*R

I132C+C0%K

AC=(X1-xXR)/RU

BC=(Y1l-YR)/RO

CC=(21-2k) /RO

C DETERMINES wHETHER RAY STRIKES ENCLOSECD SURFACE

C RaY

1¢
C RaAY

C CONVERTS CYLIMORICAL COORDINATES INTOD RECTANGULAR CCORDINATES
COMMUN/CYL/INCY)NSC(I0IoNSP(10»102sXC(10)»YC{10),2CL10)»ALI10)s8E(]

XSS=x?

YSS=yP

15Ss7¢9

CALL TRSCY(LlsXSSeYLS92>S)
YRRs ¥R

YRE=YR

Ihkks/R

CALL TRSCYUIpXkroYRPy2ZKER)
PlesxkR=¥XSS

P2sYRR-YSS

P3e7rk=7SS

xX1=PXV(IS,})

Y1sPYV{]S,1)

21ePiV{ISs1)

CALL TRSCY(I»x1sY1,21)
Al=X1-XSS

Bl=Y1=-YSS

C1s21-2SS

INsNV(IS)

DO 1( 1Is],IN

ICs]1+1

IF(II.EQ.IN)ICs]
X2sEXV(IS,ICYH
Y2oPYV(IS,IC)
12sPIVIISHIC)

CALL TRSCY(lpXZpY2,22)
A2=Xx2-xSS

fgey2-YS¢

CZ=?22-15S
QsfF12a(BL*C2-R2%C1)—P2*(AL*C2-C1l¥A2)+P32(A]1*B2~-81%A2)
IF(QeLTe0IRETURN

STRIKES SURFACE CN ENCLOSED SIDE NF SURFACE EDGE
Al=A¢

Bl=8¢

CleC2

CONTINUE

STRIkES FNCLOSED SURFACE
ISKs=1

RETUFN

END

SUBRUUTINE TRSCYU(IpXRpYR»IK)

&9




C DOET

C RAY

A tai nang of

Q0N CELLIUDRC(10)

CNeLURT (] e=Ct([)se2)

ANs—2p (I)®CELLI)/CN

LNe~BECTI*CFLLY/CN

APeRE (1) e CN=yN®CE(])

BPa-(AF (I )SCN=-ANSCEL]))

CPaAr(l)I*BN-AN®BE(])

ROSAE (I I*(XR=XCUII) B (L) e (YR=YC(III4CLLiI®(2R=-2C]))

X¥eXC{I)+AELT)®RL

YYsYC(1)+RE(I)#®RC

24320 T)4Cr (1) C

ReSCRT((XP=XX)®2  +{Yw=YY)®224({IR~-127)%%2)

AAm (XR=-XX)/R

APRe (YR=YY)/»

CC=(ZR=-722)/%

AsANSAA+UNEBBCCNSCC

[F{2RTaYW)Ls]),

IF(AQLT.‘l.,A.-IQ

ANGeACUSLA)

UsSAPRAAGEPRRRGCHULC

l;(Q-LT.( «JANGE =ANG

XRsANGORC (1)

YRwk

IRsR=RC 1)

KETUFN

ENC

SUBPLLTING INTECULSKs ISakR,yYP,y20)
ERMINE IF RAY STRIMES CONVEX SuUxraCE

COFPONFCANINT NG R CoNFINASNDSAVIL0G)sPXVILICOeB)»PYVIICO»B)pPZVLILCC
Q.8)

CUPMUN/CYLINCYSRSCULL0YONSPLLI0210)» 22110 )sYC(L0)»2CCLC)»AEC(TIO),»BE(]
Q0)»CE(LO)H»RC(10)

COMPUN/NCRM/AXNLIOO), AYNC100)»AZN(10C)

COMPFONILINEZAS)RS2CSs XS YS92S0AC,BCCC

CRoAYN(ISI®AS+AYN(ISI®BS+AIN(LIS)eCS

IFUCKeGEWCIRETURN

STRINES SURFACE IN DJUTWARD UIRECTIGON

Is]

,F"ﬁogoof-"v‘IS’I)QAN!-"YSOE.U.J’YV‘ISIJ)QANDQZSOEJC?ZV(IS’I,)I‘;'l

SECLAXN(IS)I®(PXV(ISy ) =X 4AYNCISI®L{PYVILL, Y=Y S)eAZNCIS)®(PZV(LISsI
Q)-25))/CX

XReAS*S¢XS

YReuS®SeY>

IReCS#5+2 ¢S

INSAV(1S)

DO 10 Is=s1slN .

IC=[+,

IFCleECTINYIC]

AleFXV(iSsT)=x3

BlabPYV(ISsI)-YS

Cl=P2V(IS,»1)-2%

A2ePxylISslIC)-XS

BesPYVIIS,ICZ)-YS

C2sP2VIIS»ICI=-2S

Pleywaxs

P2ZaYR-YS

P3e2p-2S

QeP 1 (4102220 C ) =P22 (A1 0(2=L1#22)¢P30(A)0R2~n]10A2)

IF{O0LToCa)RETURN
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2. avy vagrdr

C RAY STRIKES SURFACE (N ENCLUSED SIDE OF SURFACE €£DGE
10 CONTINUE
C RAY STRIKES ENCLOStU SURFACE
ACe=£XN(TT)
BC=-AYN(IS)
CC==-BINC(]S)
ISke]
RETURN
END
SUBRCUTINE CORMP{ANGsRT»TT)
C COMPLTES INCICENCE ANGLEs WEFLECTANCEs AND THRANSMITTANCE
C NATURAL LIGHT, ACNITION OF POLARIZATION COMPONENTS IGNQORED
COMMCN/ZLINEZ2S»8SeCSaXSsYS»25Ss8C,BCHCC
C XNy INCEx OF REFRACTIGN, T¥, IMTERNAL TRANSNITTANCE
CATE XNy TXX/14554C5/
T1s=C.
AsASH*ACHBSH(C+(Sx(CC
IF(L LT CoadAz=A
IFLAES(A) «GTulu2Am], F
ANG=ACOS(A) £
ANGF= ASIN(SINCANG)/XMN)
CAsCCS(ANC)
SAsSIN(ANG)
S1sSCRT(XN¥£2-SA%%T)
RO=(((CA=S1)/(CA+S1) )22+ ({CA*(XN*%2)=C1)/(CA¥{XN%$2)43]1))%%2)/2,
TO=(1.-ROV*CA/CCSCANGP) ’
CA=CCS{aANGP)
SAsSIN{ANGP)
TXsEXP(=TXxX/CA)
S1sSQRT(XN%%2-5A%47)
RI={U{CA=SLI/(CA+SLII*#2+((CAR{XNKR2)=S]))/(CAX(XN®#2)+5]1))%%2)/2,
TI=(1.~RIV*CA/COS(ANG)
TT=TO*TI*Tx /{1, -(RI*TX)%%2)
RTsRC4RI*TT*TX
RETURN
END
C COBRA MCCKUP FLAT PLATE CANDPY DATA, MOOJEL 209 AH=1S HelICOPTeR
C NNDe VERTICES, AND SURFACHS==00DYs COMSTRAINT, AND TRANSPARENT

Y AP Ty g

190 t 83 90 c &)
C NO. VERTICES PER SURFACE
4 4 4 “ 4 4 4 4
4 4 4 4 4 4 4
4 4 4 & I 4 4 4
4 6 6 4 4 4 4 4
4 o 4 4 4 4 4 4
4 4 ) 4 4 4 4 4 i
4 4 ) 4 4 4 4 o
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 ) ) 4 4 4 5 5
5 5

C SURFACE VERTICES IN ROTATIOUNAL NRDER- ALL 1ST VERTICES, ALL 2ND» eTC,
4 4 1 5 3 12 9 9
13 15 17 16 15 22 19 22
24 19 25 29 29 3¢ 3% 62
39 “8 43 49 £2 53 56 €0
57 64 61 65 72 72 71 7¢
73 &g 77 %1 &1 g2 63 e8¢
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o

89

SC
106
121
137
153
160

1t
24
“7
63
76
Gl
104
1¢¢C
141
15
1869
s
27
46
62
78
109
12«

1o?

—
[+ <]
WC QO TOCACOOCOPrOC

&

q1]
10%
121
140
inl

21
26
44
62
7€
92
106
12%
141
152

T OO0OODDOONTC O

POCO

&

97
111
127
143
146

20
34
50
b€

102
119
130
147
160

21
33
51
67
88
v9

11¢

13¢

150

161

-

32
92

g4
98
114
121
146
16¢

~
=

CcCOoOoC

[ Ne Nl

w7
111
127
145
163

19
ic
%1
67
w2
98
112
131
146
164

20
31

6¢
g6
S99
116
132
150
169

16
32
49
€5
¥
102
115
128

lto

COODOo0LCOODwWNC

O o

102
117
132
145
1617

11

37
L
71
63
101
113
133
149
let

100

DPOCCDCOOODDC

— O O C

49
113
129
143
171

10
22
36
%Y
70
)
100
114
133
la4
17¢

1Ccl

wCoOoOoOoo0oOVOCcCoco

—
-~

A" OCO

163
119
139
1%4
1F0

1C7

[ NeNoNoNoNoRolNele Nolle)

17
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X=P3SITILN ALL VERTICE>

-6 -6, 6.
-17. 17, 13,
-20 -2. 2.
-2 Zo 2o
-6.2Y -1%.% -10.607
100093 5.312 -16.
-10.9 -10.% -10.%
1%.5 14.938 15,063
-15u125 150125 15-‘25
13.5 15.n32 15,032
13. 11.37% 11375
=11le1%7 -12.782 =-12.782
~-13., 13, 13,
10,125 11.7% lde344
-12. -10,37% -11.282
1C. 782 12.282 17.062
-13.282 -11.7Bz -15%.%¢2
12.282 12,282 =-12.282
1. 657 12,657 14.375
-13.25 =1ll.?832 =12.37%
10,125 -10.375 =10.37Y
12.375 -11,313 13.9
=-15.063 =-16.7682 =-13,25
144375 -13,282 =1C,.6F8
Y-POSITICN all VERTICES
22.758 22,788 ‘e 738
57.248 57,288 5%.28¢%

“6.25
16.
-lo.b

15.063

15,675
13.5
13,

-11.15%7

13.
1171

9

'130282
1%.562
'160782
-12.282
124375
_1‘01375
10,09¢
15.032

-12.6%

7

-16.688

22.78
55,28

8
I3

33

95.288
57.28¢

-12.
15.
-2
155
=~5.969

£.37%
1C.%

-1‘1.906

-1%.75

-15.032
10.125

-12.

-13.
13.34¢

-1l.282
19.75

-17.2%

=-12.2¢82
14.375

-12.375

-11.282
13.625
17425

~14.375

55,288
97.280

12.

Ze
=2
15.%

6,25
—5.812
1C.5

~14.,875
15,875
-15.032
1C.129
‘12.
11.795
-10,37%
12.282
=11.75
12.282
12,657
-11.28?
-110 157
-12.375
12,157
l6.262

5%.288
57.78€

12.
2.
2.
6.2%
10.875
-16.093
10.5
'1‘0675
~1%.4
'131607
11.75
-10.37>
1C.1295
=12,
12.782
-13025
12202
10.657
-13.2¢&2
11.375
11.719
13,407
16,063

55.288
57.78¢




H5T.74F 97,7486 674280 67,20ur 61.,28b hT.280
67.2H88 67,288 73.188 73,188 92,78 2. 7db
101.788 99. 288 98.40% 101,788 101.843 99,843
99,78 101,874 110,788 110.788 110.2% 11C.062
104,788 110,063 10647856 107768 104,77ttt 110.6613
133,038 1%4,1c9 141,659 135,596 133,038 154,030
59.158 929,158 152.908 154.658 15%1.408 151,408
57.962 99.97% bl.&75% 99,06° 97,343 59.47%
57.187 “T.187 V. 187 Y7.187 72.218 12,218
564537 Y6437 Yt e 537 Y4537 72421b T2.210
71.375 Tl.4b8 72421 73,2158 73,210 72.21R
724218 72.¢13 11¢.218 110.218 110,218 110.214
72.218 Teodlv  1lCeé1P 1104218 110.218 110.218
110,468 (10,46~ Sb.437 93,437 101,199 101,155
109.1%6 luveldo GP,437 98,21t 1014343 101.15%%
11C0.218 110.21¢ 1lore23 108,28 110.218 108,28
108.28 109.298 13,28 153.28 153.28 153,28
1084312 1084312 11ee65% 1106659 11C465% 110.€695
71.406¢ 71437 73,215 73,218 10b.2% lvo.312
153, 2¢ 193.125 99.0062 61.379 984437 106,03
61.312 98,218 10¢€.312 73.2% 108.937 101.19%
152.28 109,1%¢6 101,343 159%.37% 156,875 153.2%
I-+0STITIGN ALL VERTIZES
bbb Y, 446 Y440 Dbekbt 7Tl1e2n0 45,448
6l.946 61,946 1t bbb To,440 5,446 49,4406
6hoG4t bb.G4 b TheGab 1444t Ta. 646 T8aa&b
Tl.44¢ Tlebb46 f1ea4t Tl.44¢ 69,446 69,440
B84.94¢ 7% 660 79,718 19.94¢ 83,343 83.750
83.687 3.3an 7v.570 79570 79.430 U'34562
T7.47¢ Q078 r3,576 n3.57¢ 77.97¢ 10,076
R3.07¢ 379072 57187 4,437 83.C7¢ 17,629
70.8c1 70,821 Yy,321 94,696 104,94t 104.9406
77.1%4 56,215 66279 77.1%6 77.25 66,
76425 Tcelb Tae2Yy 74625 92.,1%7 24107
76.003 76,033 74,093 74,043 92.562 R2.562
91.312 Jlet2H 92.187 92.81¢ 92.5¢2 92.187
90. 147 90,187 105,968 105,968 103.968 103.948
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