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INTRODUCTION

Canopy sun glint is a major cue in the visual detection of aircraft. There-
fore, it would be desirable to have a method to calculate the magnitude of
these sun glints for a proposed or experimental canopy. The computer pro-
gram described in this report is an attempt to provide an analytical

method to solve this problem for smooth reflecting surfaces. However, cer-
tain limitations were necessary to maintain a degree of simplicity. These
limitations, which include the restriction that any section of a reflecting

surface have a quadratic representation, are discussed.
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DESCRIPTION OF PROBLEM

An aircraft canopy reflects the rays of the sun at azimuth and elevation
angles that are a function of the geometry of the canopy and the orienta-
tion of the aircraft with respect to the sun. As the aircraft rotates, as

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

* aircraft changes with respect to the sun, more or different canopy panels -
can become the reflecting surfaces. At any one instant, canopy sun glints

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

The objective then in designing a canopy to minimize visual detection is to
limit the size and number of sun glints occurring within the band of co-
ordinates which are probable positions for hostile observers. To evaluate
the effectiveness of such a design, there is a choice between experimental
testing and analysis. There are at least two problems with experimentally
testing new canopy designs. First, if a scaled model is used, getting the
proper curvature on the panels could be time-consuming and expensive.
Second, if a mockup is used, greater distances are required to simulate a
real situation. In either case, the evaluation of a large family of curves,
; or variations of a basic design, would be difficult. This is not to say
that an analytical approach is without problems; there are certain limita-
tions that must be imposed. But the simple fact that a large number of
different designs can be evaluated rapidly makes the analytical scheme

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

mine the coordinates of the sun glint.
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DEFINITIONS

Before proceeding any further with the discussion, some useful definitions

are presented:

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

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

® Fences - Opaque surfaces which may either prevent the rays of the sun =
from striking a reflecting surface or obscure the reflection from the
observer. The program assumes that all fences can be described by flat
surfaces. This seems permissible, since it is not the curvature of the
fence surface which is of interest but merely where in space the fence

| is located.

® Sun vector - A sliding vector which represents the rays of the sun as
they strike a reflecting surface. The orientation of this vector as
referred to inertial axes (earth-fixed) is defined by the elevation of
the sun. The vector has unit magnitude and terminates at all boundary
3 , points of all reflecting surfaces. The vector can be viewed as simply
a sliding arrow which remains parallel, but opposite in direction, to
an arrow whose tail is at the origin of the inertial axes and points

toward the sun, as shown in Figure 2.

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

reflection vector associated with it, as shown in Figure 3. Mathe-
matically, it is formed by taking the sun vector and retaining the
portion which is tangent to the reflecting surface while reversing the
portion which points toward the surface along the normal. As the nor-

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

® Inertial axes - Earth-fixed axis system with origin at the center of ) ;

rotation of the aircraft. The positive X axis points in the direction
of the sun while the positive Z axis points away from the center of

earth. The Y axis forms right angles with the X and Z axes and has ’
positive sense to the right when facing the sun (see Figure 4).
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Figure 3. Basic Relationship Between Striking Sun Ray and Reflection Vector.
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Aircraft headings are measured relative to this axis system and are
positive as shown in Figure 1. Sun glint position is also measured

relative to these axes as shown in Figure 5.

® Body axes - Body-fixed axis system with origin at the center of rotation
of the aircraft. The positive X axis points toward the tail of the air-
craft while the positive Z axis points toward the top of the aircraft.
The Y axis is positive out the right side of the aircraft and, along
with the X and Z axes, forms an orthogonal system. These axes are as-
sumed parallel to the station line, buttline, and waterline reference

{ system as shown in Figure 4.

® Sun glints - In this report, a sun glint refers to the single image
produced by one reflective surface for one set of aircraft and sun po-
sitions. If the reflection vectors are extended, as shown in Figure 5,
until they intersect an imaginary cylinder in space, the image produced
is a sun glint. The whole thing can be visualized as if the aircraft
were sitting in the center of a circular stadium and the stands were
filled with hostile observers. These stands are strictly vertical and
form the rim of the stadium. The reflection vector from each boundary
point, when extended, will strike someone in the stands. If each person
that is struck stands up, the outline of an image is formed. The image
formed from the reflection vectors of one reflective surface will be
called the sun glint of that surface at the specified aircraft and sun
conditions. Since the radius (distance to observers) of the stadium is
a fixed input value, the location of any person in the stands is defined
completely by specifying two angles. The two angles are measured rela-
tive to the inertial axes. To locate a person, fir.t rotate the X

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

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

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

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

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

results of this program.
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® Sun glint signature - This is the plot of all the coordinates of all

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

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

] ® Probability - The probability of being observed is defined to be the
ratio of two areas. The numerator is the area within the glint signature
plot which is swept out by the reflected canopy sun glints as the air-
craft is rotated 360 degrees in heading. The denominator is the total
area enclosed by the rectangle formed by the maximum and minimum allow-
able elevation and azimuth angles of the observer. As an example, con- 1
sider Figure 6. The area swept out is approximately (135- (-150) ) X
(5- (-5) ) = 2,850 degreesz. The total allowable area is (180- (-180) )
X (10- (-10) ) = 7,200 degreesz. The probability would then be

%’—g—g—g = 0.396. 1In the calculation of the swept area, overlap is ignored;
’

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

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

Lo AIRCRAFT HEADINGS 9
ELEVATION 160° 120° 60°
OF — o o —— o . —— ———
OBSERVER 0 12 0
— DEG &AJ
e = L ————
-10 -10
—180 -135 —90 -45 0 45 90 180

AZIMUTHAL POSITION OF OBSERVER
RELATIVE TO THE SUN — DEG

Figure 6. Sun Glint Signature.
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METHOD OF SOLUTION

The rays of the sun, treated as parallel vectors, strike the canopy and
are reflected by the canopy. The method of solution is basically simple;

! the trimmings make it complicated. The reflecting surface is assumed to be
smooth, and therefore, the reflection vector becomes a function of the
angle between the striking sun rays and the normal to the surface, as was
shown in Figure 3. This angle may vary as the relative position between
the aircraft and the sun varies, for instance, due to aircraft heading

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

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

It is necessary then to determine at all the boundary points of all the
reflective surfaces the normals to those surfaces. One method considered

was to input the normals for all the reflective surfaces.

However, these normals are not readily available in most cases. Therefore,
an alternate approach was taken. The location of the boundary points in
terms of aircraft station lines, buttlines, and waterlines was used.

From these points the program fits a surface through the points in a least-
squares error sense. This method does have a drawback. There are an un-
limited number of types of surfaces that could be used. To keep things
relatively simple, and still handle the majority of cases, a general second- |

order surface was chosen. More complex reflective panels can be handled

by breaking them into smaller panels (sections), thereby allowing each
section to fit a different second-order equation. For instance, if a panel
looked like that shown in Figure 7, breaking it up into three panels as

shown should yield an acceptable fit. 5

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

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

sun glints can be formed, as was shown in Figure 5.
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Figure 7. Segmentation of a Compound Surface.




It has been assumed so far that the sun rays are free to strike every
boundary point on the surface. The program, however, is capable of de-
termining whether an opaque surface (fence), defined by boundary points,
cames between the sun and a reflective surface boundary point. The pro-
gram is also capable of determining whether a reflection vector, if ex-
tended, will intersect an opaque surface before reaching a possible
observer. Finally, the program is capable of determining whether the re-

flection is internal to the canopy.

Basically, this is the method used by the program to solve the sun glint
problem. The program is dressed up a bit by providing print plots and
graphic plots of the resulting sun glint signatures. The total scheme

is as follows:

® Input desired aircraft orientations

® Input desired sun elevations

® Input desired observer restraints

® Input the boundary points for all fences and all reflective surfaces
® Curve-~-fit boundary points

® Calculate relative position of sun vector and reflective surface
® Determine if any fences lie between sun and reflective surface

® Calculate normals to reflective surface at boundary points

® Calculate reflection vectors

® Determine if reflection vectors when extended intersect any fences
® Determine if reflection is internal to canopy

® Calculate observer positions (sun glints)

® Calculate probabilities from sun glint signatures.

16

e s b a—— —

e e i S -,:..i o "5':.* i e —— St — ————t 0 ———




PROGRAM FLOW CHARTS

Presented in this section are the flow charts for the executive (main)
routine and each subroutine which contains at least one CALL statement.
The blocks that are shown within a particular flow chart refer only to the
CALL statements in that routine. If a subroutine is called which calls
another subroutine, only the first CALL statement appears. However, in
the flow chart for the first subroutine called will appear the CALL state-
ment to the second subroutine. In other words, only one level of calls
appear in any flow chart. For example, in the executive routine there is
a call to subroutine CFITF, which would result in calls to subroutines
NORM, CURFIT, SIGNF, AND EQNSOL. This can be seen by looking at the flow
charts for CFITF and CURFIT.

17
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+
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Figure 9. Flow Charts for Subroutines (Sheet 1 of 3).
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DESCRIPTION OF SUBROUTINES

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

® INPUT - Reads data into program from cards. Generates boundary points
for symmetrical surfaces. Sets certain variables to default values,

? when variables are left undefined.
® OUTPT1l - Prints out input data with suitable headings.
® OUTPT2 - Prints out results from curve-fitting. Coefficients of the

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

of all fences and reflective surfaces are printed and labeled.

i ® OUTPT3 - Tabular printout of boundary points for each reflective surface
i with condition flags and required observer coordinates (azimuth and
elevation). These observer coordinates are those shown in Figure 5.

The condition flags refer to whether the reflection vector from each

particular boundary point is an internal reflection, whether the reflec-

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

the shadow of a fence.

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

represent minimum and maximum values of elevation and azimuth for each

glint.

® DRPLOT - Prepares and sorts tabulated glint data to be plotted by
CALCOMP plotter.

T —E Y W ——TY e
.

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

——

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

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

computer run.
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® PLOTS, FACTOR, PLOT, AXIS, SYMBOL, NUMBER, and LINE - CALCOMP software
functions which are supplied by CALCOMP BASIC SOFTWARE package.

® GRID - Normally a CALCOMP software routine; this subroutine was written
and included as part of the program since it is not part of the basic
packages supplied to some CALCOMP users. If system already has GRID,
modify subroutine name and call statement to make it unique, i.e., GRIB

instead of GRID.

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

in space.

® NORM - In an attempt to minimize numerical errors during curve-fitting,
boundary points are normalized. This routine calculates a norm which
is the root-mean-square value of the set of coordinates representing the

boundary points.

® CURFIT - Sets up the normal coefficient matrix and constant terms for
the least-squares solution. Calculates the root-mean-square error of
the fit by plugging boundary points into the equation of the fitted 4

surface.

® EQNSOL - Solves a system of linear, homogeneous or inhomogeneous,
equations using the technique of Gaussian elimination. It is used to

solve for coefficients of the fitted surface.
® SIGNF - A surface which is represented by an equation in terms of its

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

other words,
AX + By +Cz2 + D=0=-Ax - By - Cz = D.
In one case, the program will generate an outward normal to the canopy
while in the other case it will generate an inward normal. In subsequent h

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

using tests on the two possible normal vectors.

CFITS - A set of boundary points representing a reflective surface is
used to produce, in general, a quadratic equation (a plane surface is
considered a degenerate quadratic surface). This equation is an analyti-
cal representation of the points in a least-squares error sense. There
are three options available when trying to match an equation to a set of
points. The first is to specify the coefficients, either all or some.

In this case the calculated values are overridden by the input values.
The second option is to specify which coefficients are to be included in
the matching equation. For instance, if the program user wished the sur-
face through the boundary points to be quadratic in x while linear in z,
he would specify through his inputs that the other terms in the general
quadratic equation be ignored. The third option, which is probably the
most useful, starts out by trying to match the points to a linear
equation (plane surface). If this equation fails to satisfy the error
criteria, the program continues to form quadratic combinations. The

combination with the minimum least-squares error is selected.

GLINT - Calculates the sun glints for each reflective surface as air-
craft varies heading. First the components of the sun vector are trans-
formed from the inertial axes to the body axes by the transformation

in Figure 4. Then each boundary point of the reflective surfaces is
checked to see if it lies in the shadow of a fence. Next the normal

to the reflective surface at each boundary point is calculated followed
by the calculation of the reflection vectors. Each reflection vector

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

of the reflection vectors are transformed from the body axes to the
inertial axes. Finally, these reflection vectors are extended as in

Figure 5 to find the coordinates of each sun glint.

SHADOW - Answers the question, "Is a boundary point of a reflective
surface in the shadow of a fence?" To answer this question, first it

is determined whether any of the planes containing the fences are
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located between the boundary point and the sun. If a fence plane lies
between the sun and the reflective surface boundary point, the inter-
section of the line formed by projecting the boundary point along the
sun vector with the plane of the fence is saved. Finally, it is deter-
mined whether any of the saved intersections lie within the boundaries
of their respective fences. If any of them do, then the reflective sur-
face boundary point is indeed in a shadow and the ISHAD flag is set to
one for this point. The coordinates of the sun glint for this point

are still calculated and tabulated but not plotted and not used in the
probability calculation.

PLANPT - Given the equation of a plane surface and the representation of
a line by a point and direction cosines, the intersection of the line

with the plane is calculated.

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

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

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

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

INTFER - Answers the question, "Does a reflection vector intersect a
fence before reaching a possible observer?" To answer this question,
first it is determined whether any of the planes containing the fences
are located between the reflective surface boundary point from which
the reflection vector eminates and any possible observer. If a fence
plane lies between the boundary point and the observer, the intersection
of the line formed by extending the reflection vector with the plane of
the fence is saved. Finally, it is determined whether any of the saved
intersections lie within the boundaries of their respective fences. If
any of them do, then the reflection vector does indeed strike a fence
and the INTFER flag is set to one for the reflective boundary point
corresponding to the reflection vector. The coordinates of the sun
glint for this point are still calculated and tabulated but not plotted

and not used in the probability calculation.
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® QUADPT - Calculates the intersection or intersections of a line with a
quadratic surface. Inputs to the subroutine are the coordinates of a
point on the line, the direction cosines of the line, and the coefficients

of the equation describing the quadratic surface.

® MINMAX - Determines minimum and maximum values of the elevations and
azimuths for each sun glint. At this point, 0.25 degree is added to the
maximums and subtracted from the minimums to represent sun dispersion

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

® PROBL - As the aircraft changes heading, with fixed sun elevation and
fixed aircraft pitch and roll attitudes, the sun glint from a reflective
surface may change position on the sun glint signature plot, as was
shown in Figure 6. If all intermediate positions between the discrete sun
glint positions calculated are assumed possible, then there is a continu-
ous area swept out-during the heading changes. The total of all the areas
swept by all the reflective surfaces, but counting any overlap only once,
divided by the total area possible will yield the probability for this
sun elevation. In programing a method to calculate the swept area, cer-
tain assumptions and simplifications were found necessary. Figure 11 shows
a hypothetical example of the motion of a sun glint from one reflective
surface. The four points shown for each sun glint are the results from
MINMAX, which represent the minimum and maximum observer elevations and
azimuths for this glint. This is simplification number one, to use only
the minimum and maximums to represent each glint. This allows for the
generation of the polygon shown in Figure 11 by the dotted lines. The
single point (:) at zero aircraft heading is another simplification or
assumption and is caused when all the boundary points of the reflective
surface at this heading are in the shadow of one or more fences or when
the generated reflection vectors are blocked by one or more fences. In
other words, there is no glint for this surface at zero heading. However,
at headings of *80 degrees there are glints; therefore, the approach
chosen was to place a single point at the average azimuth and elevation

of the observers had the fences not beenthere and thus a glint created.

26

. -

n—




2ND

UNIT
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VECTOR
POSITIVE NEGATIVE
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POINT SENaE i
Figure 10. Determination of Positive Sense Between Two Points.
10 10
160°
®
80° — ™
AIRCRAFT -~
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ELEVATION
OF 0
OBSERVER —
DEG
-10 -10
-180 -90 0 90 180

AZIMUTHAL POSITION OF OBSERVER
RELATIVE TO SUN — DEG

Figure 11. Area Swept by Sun Glints From Single Reflective Surface,
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By doing this, the area is tapered to zero on both sides of the point ()

As shown, the points () ® 0 © ® ® ® ® ©
~ ® @© @ when connected by straight lines in this order form a
polygonal shape.

A polygon will be generated for the glint motion of each reflective sur-
| face. The overlap must now be considered. Figure 12 shows two polygons 8
' representing the areas swept by two different surfaces. The shaded
area represents the common area to both polygons. The program treats
; polygon C) as if polygon C) does not exist; thus the shaded area is
; included in (:} Then polygon (:) is broken up into two polygons formed
by the points ® @ @® @ Q® and @ e @® ® ® ®

Qﬁ} When finished there are three polygons, instead of two, but with

noc common area.

i ® OVRLAP - Inputs to the routine are two sets of points representing two
: polygons. One set of points is designated the shadow, while the other
L set is the surface. It is the purpose of this routine to generate, if
necessary, a new set or sets of points which represent the portion or

: portions of the surface which lie outside of the shadow. This routine

is used in probability calculation to account for overlap. Referring

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

two portions of surface lying outside of shadow.

® INTERC - Finds intersections, if any, of a line between two points in
E a plane with the set of lines given by a set of connected points in 3

the same plane.

® CLOSE - Determines which point in a set of points in a plane is closest |

to a given point in the same plane.

® CHECK 1 - Determines whether a given point is already contained in a

set of points.
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® CHECK 2 - Similar to CHECK 1, except it automatically checks a number

of sets for common point.

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

are outside of a given range.

® CHECK 4 - During the overlap process, it becomes necessary to check to see

if any lines from one polygon lie on top of any lines from the other

OVRLAP.

! ® CIRCLE - Used to determine if a given point in a plane is enclosed by
a polygon created by connecting a given set of points. First, a trans-
lation is performed to make the origin of the axis sytem lie on top of
the given point. With this done, the number of positive or negative
X-axis crossings is counted. If the number is odd, the point is
enclosed; if the number is even, the point is not enclosed. This is

shown by two examples in Figure 13.

! ® AREA - Determines the area enclosed by a polygon. Figure 14 shows the
method used.

® SORT - If part of the polygon representing glint sweep, or part of the
glint itself, is outside of observer limits, new points at the inter-
E sections with the boundaries will replace those outside limits. This

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

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

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

180-degree azimuth, or -180-degree azimuth, as shown in Figure 15, the
points (@ (® of the glint will be plotted close to the -180-
degree azimuth line, while the points () C) will be plotted close
to the +180-degree line. The program will assume that the glint C)
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POINT ENCLOSED

AT
E —

» X

A 4

E NUMBER OF POSITIVE X CROSSINGS IS 1 (ODD)
NUMBER OF NEGATIVE X CROSSINGS IS 3 (ODD)

¥
7'y

POINT NOT ENCLOSED

x| -
Nodd

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

Figure 13. Determination of Point Enclosure.
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Figure 14. Area Enclosed by Polygon.

+10 |

v ©
® )
& ®
AREA OF ABCDEF = AREA UNDER ABCD — AREA UNDER AFED
—» X

OBSERVER
ELEVATION

— DEG

0

AZIMUTHAL POSITION OF OBSERVER
RELATIVE TO SUN - DEG

Figure 15. Discontinuity at +180 Degrees Azimuth.
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© @® @ is connected as shown with the solid lines. To handle
this situation properly, the glint (@ © ©® @ is replaced
with two glints, (@ © ® ®and © ® © © -

The new glints are shown shaded in Figure 15. The method employed is

to first add 360 degrees to points @ @ , moving them to the
right as shown. Subroutine SORT is then used to find points ® @ -
Next, 360 degrees are subtracted from points @ @ , moving them to
the left as shown. Subroutine SORT is then used to find points @ @ .




EQUATIONS USED IN THE PROGRAM

The mathematical expressions used in calculating the sun glint coordinates

are presented in this section.

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

Ax + By + Cz + D = 0.

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

is a quadratic surface,

sz + By2 +Cz2 +Dxy + Exz + Fyz + Gx + Hy + Kz + L = 0.
The sun vector referred to inertial coordinates is of the form

§ = ai + b3 + ci ’
where (I, 5, R) are unit vectors in the direction of the inertial x, y, 2z
axes, respectively. The coefficients a, b, and c are defined using y, the ’

sun elevation, as

a = -cos Yy

b=20

-sin v.

The normal to the reflective surface in body axes is

where (IB, EB IB) are unit vectors in the direction of aircraft body x,

: 3 3
y, z axes, respectively, and the coefficients 22. -2' and = are the first
ax dy 9z

partial derivatives of the equation representing the surface.
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3t
T =2x + Dy + Ez + G

9x
¢
5; = 2By + Dx + Fz + H
3¢
5; = 2Cz + Ex + Fy + K.

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

T T
(S »S +S ) =D (-cos y, 0, -sin y)

where (S , s , Sz ) are the components of the sun vector in body axes and
B B B

D is the transformation matrix shown in Figure 4.

The magnitude of the sun vector along the normal to the surface is the
projection of the sun vector onto the normal vector. Mathematically, it
is the dot product of the sun vector and the normal vector, divided by the

magnitude of the normal vector.

s, =S5 .N/|N
N B B/IBI'
where § =s i + S 3 + S k. and
X_ B Yy, B 2., B
B B
- 2 2
IN_| = 8 R +W .
B B B
x y z

Using the value of SN' the reflection vector Eé is

Re*R I +R 3 +» k =58 2s) N/In]|.
» x B yBJB z, B p —\2 By B/IBl

Transforming the components of the reflection vector from body to inertial

axes is done by

T T
(RX e R s RO wmy AR, R ;R ) '
$ "5 e R




T
where D is transpose of the matrix of Figure 4.

Each boundary point of the reflective surface is transformed from body

coordinates to inertial coordinates.

(xS » ¥, 4 6 ) G T z_ )
I T i B B, B

The intersections caused by the line passing through the point (xS ’ yS

I

z ) with direction numbers (R , R , R ) and the cylinder
e o L

which is the imaginary surface containing the possible observers, are

. 2 Yoo 2y ) and (X o Y 5 25 ).
0 0
R B Mo 5y

0 (-b + Vb -4ac) /2a
Vb2-4ac)/2a

Y =25 + (R /R ) (x -xX_ )
0
Xy Yp ¥ 0 S;

L]
]

i

»
]

(-b

Y. =Y. + (R /R ) (x. =x_)
0 0
2 I Y 3

2o =2, + (R /R ) (x, =X )
1 p by g 1 I

N
[}

2+ (R /R ) (X wx )
02 SI Z2p Xg Ol SI

where a=1+ (R /R )2
vy, x

T *1
b=2y. (R /R ) -2x_ (R /R )°
o R gy ¥y %

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

designated (xo, yo, zo), and the polar coordinates of this point are

o= tan"l (z / vxz b Y2)
o o o

-1
tan (yo/xo) '

™®
I

where o is the elevation angle and B is the azimuth angle as shown in

Figure 5.
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INPUT VARIABLES

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

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

e DEFLT - Specifies whether default option is to be used during inputting
of reflective surface data. The default option reduces the amount of

necessary input.

DEFLT

]

0 Default option not used

DEFLT

1 Default option used

® PRINT - Controls how much and what type of data will be printed. Any
plots, whether printer plots or CALCOMP plots, will be controlled by

another input. Figure 16 shows the results of each option.

® PLOT - Plot options. When plots are requested, a sun glint signature
plot for each sun elevation is produced either on CALCOMP plotter or on

printer, or both.

PLOT = 0 No plots

PLOT = 1 CALCOMP plots only

PLOT = 2 Print plots only

PLOT = 3 Both CALCOMP and print plots

® PROBL - Specifies whether to calculate probability.

PROBL

0 Probability calculation bypassed
PROBL

1 Calculate probability

® THETA - Aircraft pitch attitude in degrees. Posit#bgpfor nose of air-
! 1

craft up. Used in forming the inertial-to-body axis transformation

shown in Figure 4.
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PRINT = 2

PRINT INPUT
DATA

PRINT=0 PRINT =1
PRINT INPUT PRINT INPUT
DATA DATA

PRINT TABLE
OF GLINT

COORDINATES

PRINT CURVE-
FIT
EQUATIONS

PRINT TABLE
OF GLINT
COORDINATES

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

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

in Figure 4.

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

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

value of 3.

GAMI - Value of initial sun elevation in degrees. Positive for sun

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

DGAM - Increment by which each successive sun elevation is increased.
Value is in degrees. If not specified, the program will assume a value

of 30.

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

three sun elevations, 0, 15, and 30 degrees. The inputs would be
GAMN = 3. GAMI = O. DGAM = 15.

PSIN - Number of different aircraft headings to be analyzed. Value
should be less than or equal to 9. If not specified, a value of 9

is assumed by the program.

PSII - Value of initial aircraft heading (yaw) in degrees. Heading is
positive for nose right as shown in Figure 1. A value of -180 degrees

is assumed by the program when no value is specified.

DPSI - Increment by which each successive heading is increased. Value

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

XROT - Station that locates the center of rotation of the aircraft (see
Figure 4). Usually the aircraft center of gravity. If not specified,

a value of zero is used.

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

value of zero is used.
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ZROT - Waterline location of the center of rotation. If not specified,

a value of zero is used.

DISTG - Radial distance (feet) in inertial x-y plane from origin of
inertial axes to projected glint. This distance is specified as R in

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

ELVMIN - Lower limit on elevation angle of possible observers. Value
is in degrees. If not specified, a value of -10 degrees is used.
ELVMTN is used in probability calculation and lower boundary on sun

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

ELVMAX - Upper limit on elevation angle of possible observers. Value is
in degrees. If not specified, a value of 10 degrees is used. ELVMAX
is used in probability calculation and upper boundary on sun glint

signature plot. Value cannot be greater than 90 degrees.

AZMMIN - Minimum allowable azimuth angle to observer, in degrees. If
not specified, a value of -180 degrees is used. AZMMIN is the boundary
on the left of the sun glint signature plot. Value cannot be less than

-180 degrees.

AZMMAX - Maximum allowable azimuth angle to observer, in degrees. 1If
not specified, a value of 180 degrees is used. AZMMAX is the boundary

on the right of the sun glint signature plot. Value cannot be greater
than 180 degrees.

FENCES - Number of fences. Maximum number is 10.

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

FPTS - Number of boundary points on a fence. Maximum value is 10.
XFPT - Station for a fence boundary point.

YFPT - Buttline for a fence boundary point.
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ZFPT - Waterline for a fence boundary point.

TITLES - Transparency (reflective) surface identificatiop.

SYMTRY - Specifies whether the transparency surface just identified is
symmetric to the surface, whose data has just been read in. This option
will be made clearer with the sample cases in Appendix A. The possible

values for SYMTRY are:

SYMTRY = 0. Not symmetric to previous surface and therefore data
for this surface is necessary.

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

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

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

If SYMTRY #0, then the following variables are not necessary for this

reflective surface.

The variables XFIT, YFIT, ZFIT, XYFIT, XZFIT, YZFIT, XSQFIT, YSQFIT,
ZSQFIT, XCOF, YCOF, ZCOF, XYCOF, XZCOF, YZCOF, XSQCOF, YSQCOF, ZSQCOF,
and CTERM are used only if DEFLT = 0. With these variables, the
program user may either specify which terms in the general quadratic
equation he wishes to use in the curve-fit routine, or he may specify

the actual values for these coefficients.

XFIT - Should the linear x term in the quadratic equation be used in

the curve-fit analysis of this surface?

XFIT 0. No
XFIT = 1. Yes

YFIT - Should the linear y term in the quadratic equation be used in

the curve-fit analysis of this surface?
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YFIT
YFIT

0. No
1. Yes

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

the curve-fit analysis of this surface?

ZFIT

0. No

ZFIT 1. Yes

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

used in the curve-fit analysis of this surface?

‘ XYFIT 0. No

XYFIT l. Yes

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

in the curve-fit analysis of this surface?

XZFIT

0. No
XZFIT

1l. Yes

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

in the curve-fit analysis of this surface?

YZFIT
YZFIT

0. No
l. Yes

- 2 i ;
® XSQFIT - Should the quadratic x term in the quadratic equation be used

in the curve-fit analysis of this surface?

XSQFIT = 0. No
XSQFIT = 1. Yes 5 3

2
® YSQFIT - Should the quadratic y term in the quadratic equation be used
in the curve-fit analysis?
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YSQFIT

0. No
1. Yes

YSQFIT

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

in the curve-fit analysis?

ZSQFIT = 0. No

I

ZSQFIT 1. Yes

XCOF - If a nonzero value is read in for XCOF, then the value for XCOF
will be used for the coefficient of x in the quadratic equation repre-

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

used.

YCOF - If a nonzero value is read in for YCOF, then the value for YCOF
will be used for the coefficient of y in the quadratic equation repre-
senting this reflective surface. YFIT must be set to one when YCOF is

used.

2COF - If a nonzero value is read in for ZCOF, then the value for ZCOF
will be used for the coefficient of z in the quadratic equation repre-
senting this reflective surface. ZFIT must be set to one when ZCOF is

used.

XYCOF - If a nonzero value is read in for XYCOF, then the value for
XYCOF will be used for the coefficient of xy in the quadratic equation

representing this reflective surface. XYFIT must be set to one when
XYCOF is used.

XZCOF - If a nonzero value is read in for XZCOF, then the value for
XZCOF will be used for the coefficient of xz in the quadratic eguation

representing this reflective surface. X2ZFIT must be set to one when
XZCOF is used.
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® XSQCOF - If a nonzero value is read in for XSQCOF, the value for
e 2 ; (ol
XSQCOF will be used for the coefficient of X in the quadratic equation

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

XSQCOF is used.

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

2
* YSQCOF will be used for the coefficient of y in the quadratic equation
? representing this reflective surface. YSQFIT must be set to one when

YSQCOF is used.

® ZSQCOF - If a nonzero value is read in for ZSQCOF, the value for
ZSQCOF will be used for the coefficient of 22 in the quadratic equation
representing the reflective surface. 2ZSQFIT must be set to one when

ZSQCOF is used.
® CTERM - If a nonzero value is read in for CTERM, the value for CTERM
will be used for the constant term in the quadratic equation for this

reflective surface.

® RPTS - Number of boundary points on reflective surface. Maximum value
is 30.

® XSPT - Station for a reflective surface boundary point.
® YSPT - Buttline for a reflective surface boundary point.

@ ZSPT - Waterline for a reflective surface boundary point.

Fifty-one input parameters have been defined, but the actual number of
inputs depends on the particular case. The arrangement of the input
parameters on data cards for a configuration consisting of two fences and
two reflective surfaces is shown in Figure 17. The first fence has three
boundary points and the second fence has four. The two reflective sur- 3

faces are symmetric about the x-z plane and are defined by four boundary
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1
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it | -l I I I | ]
1 1 21 N a1 51 60 80
([xmT JveT [zFiT [xver [xzew  Jvzer ] ]
S 1 1 21 3 4 51 60 80
ree | [xsorir_Tvsarir [zsarm | T T i =
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* FOR THIS SETUP
DEFLT = 0. SYMTRY = 1. (SECOND REFLECTIVE SURFACE)
SYMTRY = 0. (FIRST REFLECTIVE SURFACE) ** DEFLT=1.

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

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

default option is used.
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GENERATED SYMBOLS

The symbolic names for the variables of interest which are assigned values

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

® COEFFB - Array containing the coefficients of the equations represent- 1

* ing the fences.

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

ing the reflective surfaces.

i ® SIGF - Array containing the root-mean-square estimate of the error for

each fence curve-fit.

® SIGS - Array containing the root-mean-square estimate of the error for

each reflective surface curve-fit.

® GAMMA - Sun elevation angle. Takes on values specified by the inputs
GAMN, GAMI, and DGAM.

® ALPHA2 - Array containing the elevation angles for all the sun glints

generated.

® BETA2 - Array containing the azimuth angles for all the sun glints
generated.

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

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

INTRFL = 0 External reflection

INTRFL = 1 Internal reflection

4v




ISHADW - Array containing a set of condition flags. Each flag records
whether a particular set of sun glint coordinates was generated from a
boundary point in the shadow of a fence.

ISHADW = 0 Boundary point not in shadow

ISHADW = 1 Boundary point in shadow

INTERF - Array containing a set of condition flags. Each flag records
whether a particular set of sun glint coordinates was generated by a
reflection vector which intersected a fence.

INTERF = 0 No intersection with fence

INTERF = 1 Reflection vector blocked by a fence

APLOT - Array containing the mipnimum and maximum elevation angles which

were formed at each aircraft heading.

BPLOT - Array containing the minimum and maximum azimuth angles which

were formed at each aircraft heading.

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

sun vector in inertial axes.

SUNB - Three-dimensional array containing the coordinates of the unit

sun vector in aircraft body axes.
DIRCOS - Three-by-three matrix containing the orthonormal transformation
shown in Figure 4 used to transform coordinates of a vector from inertial

to body axes.

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

Array is redefined for each boundary point being analyzed.

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

VNORMB ~ Coordinates of normal to reflective surface.
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® RFLTN - Coordinates of reflection vector referred tc inertial axes.

® .égLOT - Array of azimuthal values of points forming the polygon repre-

ty

RS i oS, & 15

senting the area swept by glints from a reflective surface.

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

senting the area swept by glints from a reflective surface.

SWEEP - Area swept by the sun glints from all the reflective surfaces,

ignoring overlap.

SWA2 - Area swept by the sun glints from all the reflective surfaces,

counting the overlap area only once.

TAREA - Total possible area of sun glint signature plot.

VPROBL - Value of probability calculation. SWA2 divided by TAREA.
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QUTPUT

The output from the program is broken up into five sections and controlled
by the input variables PRINT and PLOT as defined previously. The five

types of output are:
® Input data
® Curve-fit results

® Tabular suh glint results
'
® Sun glint signature plots using printer

® Sun glint signature plots using CALCOMP plotter.

The printout of the input data is just a feedout of the data read in from
cards. Sheet 1 of Figure 18 shows the first page of this type output. The
first group of input data is printed out under the caption **CONTROL
OPTIONS. The input parameters presented are DEFLT, PRINT, PLOT, and PROBL,
respectively. The second group of input data comes under the caption
**ATRCRAFT INITIAL EULER ORIENTATION. The input parameters printed are
THETA, PHI, AND PSII. Under the third and fourth captions, **SELECTED YAW
ANGLE ROTATIONS and **SELECTED SUN ELEVATIONS, are printed the values for
the variables PSIN, PSII, DPSI, and GAMN, GAMI, DGAM, respectively. The
fifth set of information, **REFERENCE INFORMATION FOR MEASURING SUN GLINT
ANGLES, in the printout of XROT, YROT, ZROT, and DISTG. The sixth and
seventh sets of information, **PLOT SCALING, and **BOUNDARIES FOR CALCU-
LATING PROBABILITY, are printouts of the same variables, AZMMIN, AZMMAX,
ELVMIN, and ELVMAX. They are printed out twice, under different titles, to
show that the same values are used in both places. Sheet 2 of Figure 18

is a printout of the fence input data. The rumber of fences (FENCES), the
number of boundary points (FPTS), and the location of each boundary point
(XFPT, YFPT, ZFPT) are printed out. : Sheet 3 of Figure 18 shows how the
input data for a reflection surface is output. Under **REFLECTIVE SURFACES
DATA, the number of reflective panels (PANELS) is printed. Then, for each
reflective surface, an identification title (TITLES), preselected curve-fit
terms (XFIT, YFIT, ZFIT, XYFIT, XZFIT, YZFIT, XSQFIT, YSQFIT, ZSQFIT),
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preselected curve-fit coefficients (XCOF, YCOF, ZCOF, XYCOF, XZCOF, YZCOF,
XSQCOF, YSQCOF, ZSQCOF, CTERM), and boundary points are printed.

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

of each fence and reflective surface. Sheet 1 of Figure 19 shows the co-
efficients of the plane best approximating the boundary points of the fence.
For the case shown, the equation would be 0.01476y = 0 or just y = 0, which
is the equation of the x-z plane. Sheet 2 of Figure 19 shows the coeffi-
cients of several quadratic equations approximating several reflective
surfaces. For the case shown, the equation for the first surface is a

plane, -0.006923x + 0.005206z -1 = 0.

The third type of output is the tabular sun glint results. Each table
represents the results for one reflective surface at constant sun elevation
as aircraft heading changes. Part of a typical table is shown in Figure
20. At the top of the page, the reflective surface is identified. Next,
the sun elevation, aircraft pitch and roll attitude, location of aircraft
center of rotation, and radial distance to observers are printed. Then,
for each aircraft heading, each boundary point is listed along with three
condition flags and the point on the sun glint resulting from the reflec-
tion from this boundary point. The condition flags INRFL, ISHAD, and
INTRF specify whether the reflection from this boundary point is internal,
whether the boundary point lies in a shadow, or whether the reflection
vector from this boundary point intersects a fence. A value of zero means

no while a one means yes.

The fourth type of output is a print plot of a sun glint signature, as
shown in Figure 21. Each plot is for a constant sun elevation. The values
that are plotted are the minimum and maximum azimuths and elevations for
each sun glint resulting from each reflective surface at each aircraft
heading analyzed. Each letter, as the legend below the plot shows, is for
a constant aircraft heading and may have resulted from more than one sur-
face. The probability as previously defined is also shown in the right-

hand corner below the plot.
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The fifth and final type of output comes from a CALCOMP plotter. It is, as
can be seen from Figure 22, a continuous plot. As was the case for the
print plots, each CALCOMP plot is the total sun glint signature of the con-
figuration at a constant sun elevation. The aircraft headings are shown
on the plots as near as possible to the sun glint they represent. However,
when more than one surface produces a glint in the same area, as in the
bottom plot, the values are sametimes printed on top of each other. This
nuisance has not been corrected yet but should cause no problems, since

the numbers can still be distintinguished.

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

The program is written in FORTRAN IV computer language. It has been suc-
cessfully caompiled and executed on the Boeing Computer Service's IBM 370-158
at Philadelphia, Pennsylvania. In addition to the program itself, the
CALCOMP Basic Software package is used for continuous plots. This CALCOMP
package includes six routines that are called from the program if the
input variable PLOT = 1 or 3. The routines are PLOT, SYMBOL, NUMBER,
SCALE, AXIS, and LINE. These are the only CALCOMP subroutines required.
The following is a physical setup of the deck required to compile and
execute on the IBM 370-158 at Boeing.

£2 JCL cards particular to IBM 370-158 at Boeing Computer Services.

Input is read from unit 5 and output printed on unit 6.
//EXEC COMP2GO

//FTC.SYSIN DD*

(Program goes here.)

//G@ .FTOS5F001 DD¥*

(Data deck goes here.)
/t
//

At Boeing Vertol, the compiled program is stored on a disk; therefore, once
compiled, any subsequent runs require only the proper JCL cards and the
data deck. It is not known whether the user has such a capability, so any

reference to the JCL's used at Boeing Vertol could be meaningless.

The program takes about 35 seconds to compile on the IBM 370. Typical
execution times, depending on the amount of output reguested and the number

of conditions analyzed, are approximately 8 to 12 seconds.
As for the form of the input, all titles are read using an alphanumeric

format, which allows for the mixing of letters and numbers in the input.

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

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

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

SAMPLE

CASES

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

The first example deals with the configuration shown in Figure A-1l. The

panels are all flat. There are six panels, four of them being identified

in the isometric. The right-forward and the right-aft panels are hidden

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

about the x-z plane of the aircraft.

Likewise the right-aft panel is sym-

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

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

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

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

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

points may be selected; however, in most cases of flat panels a large

number of boundary points is not necessary. Using the three-view drawing

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

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

can then be described by a set of locations as tabulated in Table A-1l. For

instance, the windshield is defined by the locations of (B © © .

These are the boundary points that are used by the program.

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

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

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

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

which will appear on the first

variables, DEFLT, PRINT, THETA,

card.

and PH

The second card contains the input

I. The default option is chosen

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

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

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

zero (THETA = 0. and PHI = 0.).

This

takes care of the second card. The

third card will specify the desired sun elevations and aircraft headings

(GAMN, GAMI, DGAM, PSIN, PSII,

DPSI) .

Three sun elevations are chosen,

0, 30, and 60 degrees. Therefore, GAMN will be equal to 3., GAMI will be
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TABLE A-1l. COORDINATES OF CASE I HELICOPTER CONFIGURATION

|

£ Coordinates of Center of Rotation (CG)

Station Buttline Waterline

150. 0 36.-

Coordinates of Windshield Boundary Points

; Station Buttline Waterline
&) 27.6 -18. 42.
54. -18. 72.
© 54. 18. 72,
® 27.6 18. 42.

Coordinates of Top Panel Boundary Points

I Station Buttline Waterline
® 66. -18. 72
© 118.8 -18. 72.
® 118.8 18. 72.
® 66. 18. 72.

Coordinates of Left Forward-Panel Boundary Points

Station Buttline Waterline
i @ 27.6 -18. 42.
54. -18. 72,
® 54. -18. 42.
Coordinates of Left-Aft Panel Boundary Points
Station Buttline Waterline
® 66. -18. 72.
© 118.8 -18. 72,
® 118.8 -18. 42.
® 66. -18. 42.

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

Station Buttline Waterline
® 22.32 0 42.
® 54. 0 78.
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TABLE A-1 - Continued

Coordinates of Fence No. 1 - Continued

Station Buttline Waterline
54. 0 T2
27.6 0 42,

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

Station Buttline Waterline
54. 0 785
118.8 0 78
118.8 0 72
54. 0 72.
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0., and DGAM will be 30. Aircraft headings shall cover the whole 360-degree
range; therefore, PSIN will be equal to 9., PSII = -180., and DPSI = 45.
These six values will take care of the third card. The fourth card contains
the location of the center of rotation (XROT, YROT, ZROT). These values

are measured on Figure A-1 and recorded at the top of Table A-1. The values

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

This is all the information needed for the fourth card. The fifth card
contains the radial distance to all observers (DISTG), the minimum (ELVMIN)
and maximum (ELVMAX) elevation angles, and the minimum (AZMMIN) and maxi-
mum (AZMMAX) azimuth angles. The distance to the observer will be assumed
to be 1,000 feet. The elevation limits on the observers will be +10
degrees and the azimuth limits will be +180 degrees. Therefore the fift'.
card has DISTG = 1,000 feet, ELVMIN = -10 degrees, ELVMAX = 10 degrees,
AZMMIN = =180 degrees and AZMMAX = 180 degrees. The sixth card contains
the number of fences (FENCES), the number of reflective panels (PANELS),
the plot option chosen (PLOT), and whether to calculate probability. For
this configuration, FENCES = 2. and PANELS = 6. To get both printer-type
and CALCOMP-type plots, set PLOT = 3., and to have probability calculated,
PROBL = 1. This takes care of the control cards. The next six cards will
contain fence data. The seventh card contains the number of boundary
points associated with the first fence (over the windshield). There are
four points; therefore, on the seventh card FPTS = 4. The eighth and
ninth cards contain the four boundary points (@) C) @D C)
from Table A-1.

The tenth card has the value for the number of boundary points defined for
the second fence (over the top panel), FPTS = 4. The eleventh and twelfth
cards contain the four boundary points ® () (@ (@ This completes
the fence data. The rest of the data cards contain information about the
reflective surfaces. The thirteenth card is an identification card for the
first reflective surface read in. For this case it is the WINDSHIELD. The
fourteenth card is the symmetry card for this surface. Since this is the
first surface and therefore data must be read in for it, SYMTRY = 0. Since

DEFLT = 1., the optional cards shown in Figure 17 pertaining to selecting
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certain terms in the curve-fit equation will be omitted. The fifteenth
card contains RPTS, the number of boundary points for this surface; RPTS

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

boundary points for this surface, (@ e O .

This completes the data for the first reflective surface. The next surface
to be read in will be the TOP PANEL, so identified on the eighteenth card.
The nineteenth card is the symmetry card for this panel. This panel is
not symmetric in any way to the windshield; therefore SYMTRY = 0. for this
surface. The twentieth card contains the number of boundary points for
this panel (RPTS = 4.). The twenty-first and twenty-second cards are for
the four boundary points & @ @ @ . This completes the data for
the second reflective surface. The next surface to be read in is the LEFT
FWD PANEL, so identified on the twenty-third card. This panel is symmetric
to the right forward panel, but since it is read in first, SYMTRY = 0
for this surface. The twenty-fourth card is for the number of boundary
points recorded for the left-forward surface; this number is three. The
twenty-fifth and twenty-sixth cards are used for the three boundary points
for this surface, @ ® - The next panel to be read in should be
the RIGHT FWD PANEL, since it is symmetric to the panel just read in, and
therefore only an identification card and symmetry card are required. The
twenty-seventh card will contain the identification for the right-forward
panel, while the twenty-eighth card is the symmetry card which has a value
of one since the right-and left-forward surfaces are symmetric about the
x-z plane. The next panel to be read in is the LEFT AFT PANEL, so identi-
fied on the twenty-ninth card. Since this panel is not symmetric to the
right-forward panel just read in, the symmetry card (the thirtieth card)
contains a zero. The thirty-first card represents the number of boundary
points for the left-aft panel (RPTS = 4.). The thirty-second and thirty-
third cards contain the four boundary points for this surface, ® © ®
C) . The next surface to be read in is the RIGHT AFT PANEL, so identified
on the thirty-fourth card. Since this surface is symmetric to the surface
just read in, namely the left-aft panel, the thirty-fifth card (the sym-

metry card) will have a value of one, representing symmetry about the x-z
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plane. This completes the input data for this case. The complete input
in card image form is shown in Figure A-2. The complete results from this

input are shown on pages 71 through 116.

FLAT SURFARCES WMITH FEMCZES SHMFLE CRSE OMHE

jli 2. o, 9,

e =, A, = - 128, 45,
15&, Q. e

16963, -1a, 14, -1283, 128,

2 Fe G B

4.,

o238 . 4. St o, =
St . T 276 M, 3c.
3.

54, . et 112.8 & TE,
11=2.2 5 Tee 54, A, TCs
MIMDSHIELD

l-1.

4.

2 B =12, 4. 54, -13. ek
54, 18. Te . e = 1=, 4.
TOF FPAMNEL -

4.

4.

. -13. T 115.2 =15 T
1153 12, TCe B, 12, TC.
LEFT FORWARD FAMHEL

1.

-IbHT FHPMHFD FRMEL
1.
EFT T FRHEL

‘:n
4-
=] ~ = =

L
.
DI

—

1T
T &
4
n

48.

Figure A—2. Input for Case I; Card Images.
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SUN ELEVATION ANGLE = 60.
A/C PITCH ATT = 0.0
R/C ROLL RTT = 0.0

o PROBARBIL.ITYD.CIO
> HERDING OF RIRCRARFTY (DEG)

10
0
L3

=] [80

w'-18C.00 -120.00 -60.00  0.00 .00 120.00  18G.00
OBSERVER HZIHUTH

SUN ELEVRTION ANGLE = 30.
A/C PITCH RTT = 0.0
A/C ROLL RTT = 0.0

o PROBRBIL.ITYD.004
> MERDING OF RIRCRRFT (DEG)

P4 -8

w'-186.00 -120.00 -60.00 0.0 0.00 120.00  185.00
per OBSERVER RZIHUTH
SUN GLINT SIGNARTURE

SUN ELEVATION ANGLE = O.
A/C PITCH ATT = 0.0
A/C ROLL ATY = 0.0

o PROBABILITYO.06¢4
. HEADING OF RIRCRAFT (DEG.

ATION OF OBSERVE
3.30
it
%

@ '-180.00 -120.00 -60.00 0.00 120.00  180.03
= OBSERVER RZIHUTH
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The second case represents a configuration with curved surfaces, shown in
Figure A-3. The tabulation of points is shown in Table A-2. Some of the
output data has been suppressed by setting PLOT = 2., no CALCOMP plots.
Also, only one sun elevation, zero degrees, was chﬁsen by setting GAMN = 1.
and GAMI = 0. And since the glints from the windshield alone will vary
from -180 to 180 degrees in azimuth at an aircraft heading of zero, only
two headings were chosen to avoid much overlapping. The headings chosen
were -45 and 45 degrees, by setting PSIN = 2., PSII = -45., and DPSI = 90.
The card images for this case are shown in Figure A-4. The default option
was not chosen for this case, in order to demonstrate the additional inputs
required. These additional inputs, which specify which terms to use in
the curve-fit analysis, come after the symmetry card for each reflective
surface input except those that are symmetrical to the preceding surface.
Additional engineering judgment must be exercised when using this option.
For instance, the first and second surfaces appear to be a function of x,

2 2

2 X<, yz, and z“. Therefore, a value of one is placed on the data cards

corresponding to these inputs. The side panels seem to be independent of
x and x2. Therefore, a value of one is placed or the data cards corres-
ponding to z, y2. and z? locations only. The results from the inputs of
Figure A-4 are shown on pages 123 through 138. It was found using these
terms that the error for the curve-fit of the windshield was substantially
higher than that for the other surfaces. This brings up a point. By in-
specting the results of the curve-fit analysis, the program user can decide
if one or more of the surfaces needs to be broken up into smaller pieces.
A closer look at Figure A-3 reveals that part of the windshield actually
looks like a side panel, thus independent of x and xz. If an imaginary
line is drawn on the windshield connecting points @ @ @ , two
surfaces are formed. Surface number one, which will be identified as
WINDSHIELD FORWARD SECTION LEFT SIDE, will be formed from points ® ®
CF) @ @ ® @ @ . The second surface, WINDSHIELD AFT
SECTION LEFT SIDE, will be formed from points (@ © © ™
6@9 . The modified inputs for case II with this decomposition of the
windshield are shown in Figure A-5. The curve-fit result for the windshield
as shown on page 145 is greatly improved; the complete results are on pages
139 through 158.
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TABLE A-2.

Coordinates of Center of Rotation (CG)

Station
114.

Coordinates of Windshield Boundary Points

Buttline

0

Station
72.
66.
60.
48.
16.25

6.43

6.43
16.25
48.
48.

Buttline
0
-33.75
-41.57
-48.
-36.
—24.

-37.47

COORDINATES OF CASE II HELICOPTER CONFIGURATION

Waterline
18.

Waterline
72.
60.
48.
24.
24.
24.
24.
48.
60.
72.
54.

Coordinates of Lower Panel (Left Side) Boundary Points

Station
48.
30.

8.2
18.6
48.
48.

Coordinates of Forward Side Panel (Left Side) Boundary Points

Buttline
-41.57
-37.47

-37.47

Waterline
0
0
0
=12.
-22.48
= 6.

Station
72
96.
96.
96.
84.
72.

Buttline
-48.
-48.
-44.5
-31.75
-31.75
-46.48
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Waterline
24.
24,
42.
60.
60.
36.
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Coordinates

TABLE A-2 - Continued

of Aft Side Panel (Left Side) Boundary Points

Station
108.
144.
144.
144.
108.
108.

00O

TR

Buttline Waterline

-48. 24.
-48. 24.
-44.5 42.
-31.75 60.
-31.75 60.
-44.5 42.
i
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. Y,
9. 2.
18.

1.

]

3
e =38
1. 0.
1‘4. 0.
1500.
0. 8.
LEFT SIDE OF NINDSHIELD
1. 0. 1. a.
1. 1. 1.

| e. a. e. 9.
e. a. 0. a.
i1 _
72. 9. 72. 66.
60. -41.57 48. 48.
16.25 -36. 24. 6.43

: 0. 0. 24. 6.43
16.25 9. 60. 48.
48, -37.47
’ RIGHT SIDE OF NINSHIELD
¢ LOWER FRONT PANEL LEFT SIDE
1. a. 1. a.
1- l. 1.
a. 9. 8. 8.
2. 0. 0. B.
48. -41.57 8. 30.
8.2 -12. B- 18-6
48. =1ec. -22.48 48.

LOWER FRONT PANEL RIGHT SIDE

1.
8Fuﬂfﬁl] SIDE PANEL LEFT SIDE
o. a. 1. a.
e. 1. 1.
a. a. 0. a.
0. 9. o. 8.
6.
7. —48. 24. 96.
6. -44.5 42, 96.
84. =31.79 60. 72.
1FMD SIDE PANEL RIGHT SIDE
g"T SIDE PANEL LEFT SIDE
a. a. 1. 0.
9. 1. 1.
e. a. a. a.
2. a. a. 8.
108. -48. 24. 144,
144. -44.5 42. 144,
1&- -3l ?5 60- 108.

AFT SIDE PANEL RIGHT SIDE
Figure A—4.
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-45.

el

_31-5

—24-
8.
e.

0.

-37.47
"18-
-37.47

—48.
'.31 . ?5
-44.5

Input for Case II; Card Images.

CURVED PANELS WITH NO FENCES SAMPLE CASE TWO

90.

2. |ADDITIONAL

INPUTS
8. | WHEN
DEFLT=0
60.
24.
24.
48.
e.
6 ADDITIONAL
* | INPUTS
a. |WHEN
DEFLT=0
B-
-1c.
-6.

o. |ADDITIONAL
INPUTS
WHEN
DEFLT=0

24.
60.
36.

. |ADDITIONAL
INPUTS

8. |WHEN
DEFLT =0




CURVED PANELS WITH NO FENCES SAMPLE CASE TWO
- MODIFIED WINDSHIELD

A 2. B a.
1. E1- ‘jl E. _45- .5“:1
114, (519 12.
1588, =18, 18. -1:9. 124,
4, 18, 2
WINDSHIELD FORWARD SECTION LEFT SITE
E‘-
1. 4. 1. (518 5 a.
1. 1. 1.
Q. 5 Q. d. 8. (518
i, a. a. 4,
43, 4ﬁ. o4, 16.25 =36, o
.43 24, c4. a. a. c4.
.93 ﬁ. 4d. 16.25 (518 Q.
4. (518 Pt 43. =37.47 54.
WINDSHIELD FORWARD SECTIONM RIGHT SIDE
1.
WINDSHIELD AFT SECTION LEFT SIDE
a. i
5 g. 1. d. 8. : Q.
B. 1. 1:
a. 518 H. . i a.
a. g. . a.
6- E
7C. A. = E5. -2l 84,
8. —41 74 43. 43, -4, c4.
43. =37.47 S54. 43. . Ve
NINDSHIELD HFT SECTION RIGHT SIDE
1.
LOWER FROMT PAMEL LEFT SIDE
B.
1. 5 1s 4. Q. 5
) bs ) I
5 Q. Q. a. a. 2.
a, Q. a. (518
-
48. —4115? B- 39- -°3?o 4? E'-
B.E -12- B- 18.6 _12- —13-
48- -120 -82. 48 48- —-3?¢ 4? _6-

LOWER FRONT PANEL RIGHT SIDE

Figure A-S5. Input for Case II (Windshield Modified); Card Images (Sheet 1 of 2).
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FORWARD SIDE PANEL LEFT SIDE

‘3' E‘I 1. Bl B. 8-

, , a. fe i.
3. a. @, @, @. 3.
a. a. Be a.
6.
72. -4, 24. 26, 43, 24.
%6, -44,5 32. 6. -31.75 6.
24, -31.75  68. 72, -46.48  36.
FORWARD SIDE FRAMEL RIGHT SIDE
1-
RFT SIDE FAMEL LEFT SIDE
.
a. a. 1 . . &,
. 1. b,
. . a. a. &, @,
a. 3. a. a.
B,
193. -43. 24, 144. -4, 24.
144, -44,5 42. 144. -zl.7s  se.
162, -31.75 60. 192, -44.5 42.
AFT SIDE FANEL RIGHT SIDE
1.

Figure A~5. Input for Case II (Windshield Modified); Card Images (Sheet 2 of 2).

123

o ——— RS

Sk R v e




%0t WOWIXY W 081 WARIXYH
! 00t~ WNWINIW 0°081- WNHINIW
S : o NOILWA31I INITY — - HANWIZY INIT9
ALI716VE04d SNILVINDIVI 04 S3INVANNOGss
; EL L SN : s g0t WOWIXYHW 0°0B1_ . _WNWIXVM
0*o1- WNWINIW 0°081- WNUININ
NOILVAITI INITO HLNWIZY INIT9 -
L A : . _SNITWIS 101dse o
tae 6t 0°8 ooceul
z A X

JYNLYNIIS INITD 40 SITINY INIYNSVIW ¢0k‘hzuwm ERLELEFEL]
SITONY UINITO NNS ONIUNSYIW Y04 NOTLVWHOINI 3IINIYIIInes

0o IN3IW3IYINT 379NV 0°0 319NV WILINI >3 ) S319NY 40 °*ON
SNOILVAITI NNS 03423013Ssee

0°0s ANIWIYINI 39NV d°Ge- 3TNV WWILINI *e muautc 40 °ON
SNOILVIOY 319NV AVA 031)313Sss

000°00ST (*14) QIMYOJ IUALYNOILS INIT HIIHA Lv 3IINVISIQ

0°Ge- Ava 0°0 RRL %9 HI11d
NOILVINITYO ¥3n3 TVILINI L14vHI¥IVee

oy 140 Al171avaoud ez NOIldo 101d
.2 NOILdO INIY¥a *0 NOILdO 17nv430
SNOILJO TOYLINOI*s

sss ¢LVO ANAN] s>+

URAL 3SV) 31dWYS S3IN3IJ ON HLIA SIINVd 03ANND

Sm i

e

R e




00°09 0°0 c2*91
09°42—— 002 —— $4°9
00°8y 15°1 00°09
2 A X
%0 __ Ny3l _2X ()
00°09  0°0  2°91
00°s2Z 00°v2-  £v°9
00°8% _ _ LG°Te= __ 00°09
2 i X
% ($)

*0 Wi¥3l

(6 )
(9 )
(€ )

5
3

(6 )
9 )
(<)

e T T TIPS T
|
|

00°4sS LecLs 0c*8e «an 00°2L 0°9 08° 8 o1
0°0 $ve9 ) co° ez 0°0 0°0 W
—- 00°9¢ s2°91 (s ) 60° 2 00°8¢ 20°84 )
00°09 sLo1g 06°99 (2 00°zL a0 00°2L ()
3. A X 2 A X
_ . (INITN3LVACINITLLNG*INIINOILYLS) SIXy AGOS =-=- SINIOA ANVONNOE
0°0  LNYVISNOD (0T
0°0 3303 0SZ (&) 0°0 4303 BSA () 0°0 3302 BSX (1)
C°0 4302 ZA (9 0°c 3302 2X (S) 0°0 4302 AX (e
0°0 3303 Z (©) 0°0 4303 4 (2) 0°0 4303 X (1)
33v48NS 40 SINIIDI44300 ¥04 SINIVA LANdNI
Wy3l USZ (6) °T  WY3IL OSA (W) °l  Wy¥3dL BSX (L) 0  WyIL ZA (9)
WH3L AX (8D . °T _wudl 2 (§) *0 WML 4 (2) I wWyit X (D)
: ONTLLI3-3A¥NID ¥O4 SW¥3L QINISIC
ViVO iN4NI LI3-3A¥ND
a¢u~xMz_a 40 30IS LH9I¥ SNOILVIIAILNIOL Z 0N 32viuns IATLIIVIIne -
00°S _ Lv°LS- 0o°8y 339 0e*2L 00 0o° 8y “n N
00°8y 0°0 Sve9 8 ) 00°+2 e°a 0°q T} ~
00°%2 00° 9¢- s2* 9t sy . 20°42 00°gv- 00° 9y v )
00°09 SLe1g- 00°99 (2 ) so0°zL 0°0 00°2L . 41 )
bl A X z A x
CINITYILVASINIILLNGS INIINOILYLIS) SIXV AQ08 -- SLINIOJ A¥vONNOG |
0°C  INVISNOD (D12
0°0 4303 0SZ (6) 0°0 4302 BSA (8) 0°0 3302 BSX (L)
0°0 4302 2ZA (D 0°0 4300 2X () 0°0 4303 AX (%)
0°0 4300 2 () 0°¢ 4303 4 (2) 0°6 4303 X (D)
32V4¥NS 30 SINITII 434202 ¥03d S3INIVA LANANI
Wil USZ (6) °l  wW¥3l OSA (8} °1  wWu3l BSX (1) 0 wWull ZA (9)
WY3L AX (W) *3 Wdaidl 2 (g} *0 Wil A (2) i ¢ w¥il X (D
9NIL1LI4-3A¥ND ¥0J SW¥Il 03IN¥ISI0
VAVO 1NdNT LI14-3ANNI
013IHSONIA 340 JOIS 1437 :NOILVIIAIAINIUIL T °ON 3Jv4uns 3A1i337143ye

°s $3Jviuns 40 °*ON
Viva 30v4unS JAILI3N43¥er

sss VIVQ INdNI eee

OAL 3S¥D 37duvS S3IN34 ON HIIA STINVG 03A¥ND

R

e =

¥
4
|




B

*% w43l 0SZ (6) ! Wydl OSA (&) 0 wWy¥3L OSX (1) 0 W¥3L ZA (D)
*0 WY3L  Zx (S) 0 w¥31L  AX (¥) 1 Wyl Z (1) ] L LK A (2) *0 Wy3lL X (0
e . ONILLT4-3ANND w04 SW¥IL 03NISIO
. ViVO AINGNI L114-3A¥ND

e e i il 30IS 41437 I3INVY 30IS GUvANOd SNOILWIIJIAN3UI S °ON 33viNNS 3AILI3V43Ne
00°9- 13 A3y 00°9e 9 ) 9z~ 00°2t 0°ue s ) * . 00°2t- oo°2zt 09°%1 (v )
-a*a _____pQc2x __ __o02°% € ) [ } VS ¥ 3 oa°og (2 0°0 LS°1Ty 00°we (280}

4 A X 4 A X 2 A X

CINITYILVACININLANGSINTIINOLILYLS) S3XV AQ08 == SINIOd ANVONNCSE

0°C  INVISNOD (OT)

2°0 430) ©0SZ (&) ['Rd] 430 OSA (®) ['Rd ] 4300 OsSx )
- S CRer, (o RO AN 2°0 4301 24 (9) 0°C 4300 2X (5) 0°8 4302 Ax (%)
. 0°c 4300 Z (%) 6°0 4300 A (2) 0*0 4300 X (D
. 3Iv4ENS 40 SIN3III4430) ¥04 S3INTVA LNJNI
ALl PR L , .
L | w43l O0SZ (6) 3 Wdil OSA (u) L W¥3L OSX (L) b ] W¥31L 24 (9) o~
‘0 Wi¥3L ZXx (S) 9 PTEDNN AX (%) b Wall Z (x) °0 W¥3l A (2) o ¢ Wy3l X (D —
Aot A PD] e e L0 ONILL1I4=-3A4NI ¥O4 SWY¥3L O3¥IS3a
YiV0 LINANT L114-3A800
3 R R L s i 301S LHYIYM T3INVd INOYI 43R0 SNOIAWDIIIANIUI &  °ON 32V JNNS 3AI133743Ye
00°9~ Le*lS- co°8y (9 ) gec2e~ 0o0°2t- 0:°8y S ) 00°2t~ 00°2i~ 09° 8t v )
8°0. . _ 09%2T=  02°% « 0%0 Le°15-  00°0§ (2 ) 0*0 Is°Te=  00°8% _ . (I )
z A X z A X 2 A x
CINTTU3LVACININANE* INIINOILYLS) S3XV AQO8 -- SINIOd ANVONNOS
P 0°0  INVISNOD (GT)
0°0 4302 0SZ (6) 0°0 4300 8SA (9) 0°0 3300 BSX ()
ISP LT X 3°0 4300 . za (9) 0°a 4300 2X ¢s) £°0 4302 Ax (%)
9% 4303 Z ¢5) 0°0 34300 A (2 0°c 4309 K (D)
3IV3uNS 40 SAIN3ITIIII430) ¥O04 SINTVA LNdNI -
i L *1  W¥3L 0SZ (6) ol wall 0SA (%) °l  W¥IL BSX (L) 0 WML 24 (90
‘0 Wy3lL IZXx (S) °0 wlddl AX (W) LA ¢ Wyl Z () *0 WY¥3l A (2) A ¢ Wyl X 0

s A . S S HA ONILLT4-3A¥ND ¥O4 SWNIL Q3INIS3Q
Viv0 INdNTI 1I4-3A8N)

’-lA -l: u.:mruu.—..ut-uhzo:ux»:cdu-::hqu—u—bzuc— noczuu-uﬁ.MUD—»uu.-suxc

%8s VYIVA LANdNI e

OAL 3SV) 37dWyS  S3INIJ ON HLIA STINVA 0IA¥ND

b i

P TR




e iaiuboni e

b4
_ /
!
- ; [ LNVASNOD (GT) i
0*0 4302 0SZ (6) 0% 3300 BSA (9) 0°d 4303 osx ()
0% 3303 ZA (9) 0% 4300 ZX (%) 0°0 4303 AK (%) .
il Ao e 0°0 4303 2 (§) 0°c 4300 4 (2) 0°0 _ 4303 X (N '3
32v38NS 30 SINIIII44303 ¥O3 SINIVA ANINI
o YYD W TIRL ST °1  W¥iL BSZ (&) o1 w¥il US4 (8) *0  WM3L BSX (1) °0  Wy3L __ZA (92
*0 Wil Zx (S) *0  wd3l AX (W) 1  wyiL 2 «5) 0 W¥IL A (2) 0 W¥Il X (1) A
ONIL114-3A¥ND 04 SWy3IL 03I¥ISIO i
A % VivQ 1NdNT 114=3A¥NI
! 300S 1337 1sNvd 30IS Lsv SNOILvII4ILNIQI L *ON 3Iv4¥ns 3AILI3V33ye i
00°9¢ 8v° 9y 00*2L (9 ) 00°09 sLets ‘008 (S ) g0°09 sLe1s 00°96 (% ) : N
: 00°2Ze oS vy 09°96 (5 ) 00° %2 00° 4y 03°%6 €2 ) n0°e2 on°ae go*2L (1 ) ;
i R S SR 2 A X z i X - ; 7
(INITWILVASINITLLNGSINTINOLLYLS) S3XV A0S == SINIOA ANVONNOE 4
- ; 3 0°0  INVISNOD (0T ~ ;
0°0 4303 8SZ (6) G*0 4302 8SA () €°0 3303 OSX (1) ~ s
3°0 4300 ZA (9) 0%0 4303 2X €S) e°0 4300 AX (%) — 3
e I P 0°d 3300 Z () 9°c 3303 4 (2) e*s 34303 X (1) f
33v4NS 30 SINITII44303 ¥04 S3INIVA INdNI
B s o *1 4431 BSZ (6) °I  wy3l OSA (8) °0  Wuil OSX (L) 0 W¥IL_ 24 (9 ’
*0  Wydl X (S) *0  W¥IL AK (%) °1  wWa3dlL  Z () °0  W¥IL A (2) 0 Wyl X (D)
ONILLI4-3A¥ND ¥04 SwWu3i QINISIQ _
H B AP wt . YivQ 1NdNI L14-3A¥ND 5
30Is 4AH9IY TINV4 30IS GUvAY04 SNOILVIIJILNIUI 9 *ON 3Iv4unS 3IAILIIV43Ne .
00°9¢ 8v*9%=  00°2L (9 ) 00°09 SL°1s-  00°e8 (S ) 00°09 SL°TE-  00°96 (¥ ) !
00°2y CS*we=  00°96 (S ) C0°%z _  00°8v-  0i°96 (2 ) cosez 00°8v-  DO°2L (% ) {
G S X z A X 2

A X .
(3NITYILVACINIVLLNGSINIINOILYLAS) S3XV AQO8 == SLINJOd AY¥VONNOS®
0°g ANVISNOD (21D

0°0 4300 082 (6) 0°0 4300 0SA (9) e°0 4300 osx ()
99 3300 ZA N 0°3 4300 2x (%) (3] 4300 AX (W)
- .- - G*o 330 Z (D 0°c 4300 A t2) cee 4300 X (D) = -

3IV4NNS 340 SAIN3IIII4430) ¥04 S3INTIVA ANINI
301IS 1437 V3INVJ 301> G4VANOI INOIAVIIFIANIGI s °ON 3JV3uNnS 3AL4237434e

*ss YIVO LNAN] ess

0AlL 4S¥D 31dWVS S3IN34 ON t-—: S13INvd 03ANND




00°2e 0S°sv  00°80T

00°2hy 0S v 00°eel
- SIECSNIRSIEGE TSI |

0 W¥IL ZX (S)

00z 0Svy-

00°601
00°2Ze GS*ve- 00°wet
SO S W—— X

(&
(€

00°09
00°ve
&=

ste

15 09°80T (S ) 00°09

SL°TE 00wl (& )
00° 8y 00°veT (2 ) 00° %2 00°84 00°80T (T )
~RSLP e ) b § 2 S RS L I =

0*0 34300 0SZ (6)
0°0 4300 2ZA (9
0°0 4303 _Z (5)
W¥31 0SZ (6). _  °T.
Wi3L  AX (#) ot
30IS iH9
00°09  su°
20° e TH
R
- 301S 44

C(INITY3LVACINIVLLNG*INITINOILYLS) S3IXV AQO08 == SINIOd »uinz:o-.

0°0 . _ANVISNOD ¢OX) .

0°0 4300 PSA (%) 0°0 4300 osx ¢L)
Q°Q 4302 X (%) Q9 4363 AX (W)
0% 4303 A (2) 0°0 __4303 _x (2. .. __ __
3IV4¥NS 40 SLNIIIIJ430) ¥O4 S3INTIVA LNANI
Wyl 0S4 (8) SL) | WH3L BSX (&) °0 WH¥3L 24 (92 .. .
Wall Z (%) | WyiL A 2y ® L1 XY X (D

SNILLI4=-3A8ND ¥OJ SWY¥IL QINISIO
Vi¥0 ANdNT_114-3A3ND _

I¥ 13NVd 30IS 14V INOILVII4LLINIOI 8 °ON 3IVJUNS IATLIITV4Ine
- 00°80T (S ) 00°09 SL°TS-  00°wel (% )
gv=  00°wel (2 ) 00°%2 00°86-  00°8GT (T )

X - - 2 sy i e A e i = 5 s
»UZ—JUUh-:ouz—a.::n.UZquo-bdevwuxdbcanllm»z—ea>¢talao-

37 13NVd 30IS 44Y INOILVII4IANIGL L °0N_3JVNAS _JATLI3743Ne "
®ss VYIVQ LNAN] sss

OAL 3S¥) 31dWYS  S3INI4 ON HLIA STINVd Q3A¥AI

128




£0-399L4°0

20-388L5°0~

£0-398L%°0
B.
20-3S828°

£0-49651°0
ﬂl
20-32L02°0-

£0~396S1°0
0°0
20-3ZL02°0~

#0-38S62°0 =114 JO ¥O¥N¥3 3¥VYNOS NVIN L00OW

10 3000T°0  LNVASNOI (OT)

430) 62 (& €0-3968L4°2 4300 oS4 (@) S0-3L8L6°C 4303 OSX (L)
4307 Z4 (92 - . 0°0. 3300 2x () 00 4300__AX (%)
4300 Z () 00 4300 A (2) 10-361£9°0 4302 X (1)

3Iv4¥nS 30 SINITIT44302 ¥03 SINWA
30IS LHOTY 1INYA INOW3I b3R0T SNOTAVIISILNIGL v °ON 33vi¥nS IAILI3V13Tye
1 s _e8=39S62°0 s1I4 J0 YOMWI JNVNOS NYI¥ 100M

10 30001°0 ANVLISNOD (01D

4302 BS2 (61 . __ £0-398L8°0. 3303 BSA (8) £0-3L8L0°0 4302 BSX (L)
4300 24 (<) 0°0 4300 X (9) %0 4300 AX (¥)

302 Z () [ A} 4300 A (2) 10-361£9°0 4300 X D

e 0 i e : =4 ; 3Jv4¥ns 40 SAINIIII 44302 ¥04 Sanva

301IS 4437 J3INVd AINOY¥4 ¥IAOT INOILVII4ILNIOL € °ON 3IvJuNnS 3AILI3N43Ne

10-36099°0 =414 30 ¥ONW2 IWVNOS NYIW 100N
i, 19 30001°0 _ LNVISNOI €OTD. _ .

4302 0SZ (6) £0-3589T°0 4303 OSA (8) £0-36582°0 4307 OSX (1)
4300 ZA (%) 00 4300 2X (S) 0°0 4300 AX (¥
4303 .Z.45) . _ 8% . 3303 A () 10-3T200°2  4303._ X (1)
3DV4unS 40 SINITIT33302 ¥03 SINTIWA
__G13IMSNIA 40 30IS LW9I4 :NOILVIIJIINIGI Z °ON.33v4¥0S IAILIIV43Ne
10-36099°0 =114 30 ¥O¥¥J 3¥VNOS NYIH 100Y
SAE T 10 30001°C  INVISNOD (OT)
4302 0SZ (6) €0-36891°0 430 BSA (¥) £0-36592°0 4303 OSX (1)
4302 24 €92 . . . . . 0°3 34303 2% (S) 9°0_ 4300 _AX fu).
4303 Z (£) 0°0 330 4 (2) 10-31400°0 4303 X ¢I)
3)v4UNS 40 SINITIT 43309 04 SINTVA
013IHSONIA 40 3QIS 1437 :NOILVIIJIANIOL T °ON 3Iv3uns IAILIIV33¥s
R VAVO 32v4¥NS 3A1433143¥ee

sse SISATYNY LI4=3A8NI 340 SLNS3IY ess 4

OAL 3S¥D 37dWYS  S3INI4 ON HAIA SI3INVA QIA¥NI

N
N
—~

R N e

e

e ey 1

s AL g g, o

RS o %7




P

€0-35Tv0°0
0°o
20=-3L085°0~

£0-381e0c0
9°0
20-3L085°%0~

£0-3vler°0

20-32186°0~

£0=-30T00°0
9°0
20-32186°0-

4302 9SZ (6)
4303 24 (N
4300 Z ()

£C-30T00°0
9°0
0%y

301s LH91d 13NV4 30IS

4300 6sZ (e
4300 ZA (%)
4307 Z ()

£0-301e0°0
(]
0°0

301S 1437 13Nvd 3018

4303 BSZ (6)
4303 2A ¢9)
4300 2 (2

301Is 1HIIY
430 8SZ (&)

4300 24 (9
3300 2 (%)

J0ls 1437

ses SISATUNY

44v INOILAVILIIILANICL 4 °ON 3)viNS 3AI123143ue

S1=3981¢°0 =414 40 ¥OWYI 3WVNDS NVI4 LOOW

T0 30001°0= ANVISNOD (OD)

430) osA (&) 0°0 4300 oSk (L)
4303 X (%) ceo 4300 AX (%)
4303 A () e*o 4300 X (D

3)v4unS 40 SINIIII 334300 ¥04 SINTVA
44v INOILVIIJILNIOL 8 °ON uoquxaw PO ERFE] 1]
SI=-39310°0 =114 40 ¥O¥N] 3J¥vNDS NYId 100¥ __ o
10 3000T°0- ANVISNOD (OT)

4300 0SA (&) 0°e 4300 Bsx (L)
4300 22X (%) 0°9 4300 AX (%)
4300 A (2 [ Ad'] 4300 X (1

3)v4uns 40 SAN3IIII44300 ¥O4 SINWA

130

v0-322§2°0 =114 40 ¥O¥Y3 3IYYNOS NVIW 100¥

10 30001°0- AINVISNOD (OD) .

£3-30Tee*0 4302 OSA (W) 0°0 3303 BSX (1)
0°0 4300 2X (%) 0°0 3303 AX (%)
0°s 4302 A (2) . t*0 4300 X (12 .
30v4uns 40 SINIIII44300 ¥04 SINTWA
13NVd 30IS O¥VA¥04 SNOILVIIATANIQI 3 _°ON_32viNns. 3AI123143ue
v0-322€2°0 =114 40 HONYI 3IWYVNDS NV3W 100¥
10 3000T°0- ANVISNOD (0T)
€0-301vv°0 4303 BSA (9) 0°0 3300 OSK (L)
0°Z 4302 2X ¢S) 0°0 4302 AX (%)
0% 4300 4 «2) c°0 4300 X (D)
3Iv4¥NS 40 SINITII3430) ¥04 SINTVA
13INVd 3015 Q¥VANO4 INOILVITsILN3QL S °ON 3IVINNS IAT123V43¥e

Viv0 3IVI¥NS IALILIIW3Nes

414=3A¥NJ 40 SLINS3Y eese

OAL 3S¥) 37dW¥S  S3IINIJ ON HIIA SIINVA 03AWND

A1

P

<

o L, e




1562 L9%051- 0 r ‘o, 00°vs Lveis-  03°%y 00°ce :

6L2GT= - - 262211 P ¢ 1 o0* 2L a%0 0ceee 00°sy “ |

st 2e vieLt 0 0 0 00°09 00 sz*91 00°ce ,
T w9esz 6596 0 o 0 00°9s 0°0 o9 T 7 onese
2800 — _11°66. ) ) 0 00wz 0°0 0°0 00°se

9sez- 96° 24 0 0 ¢ 00° 2 00°%-  £°9 00°ce {
T 0%~ ss*9 0 e o 00°v2Z 00°9g-  gz°St 00° Gy !
_ 10%2=____ $6°8QI-. 0 LR 00° vz 30°8v-  00°8e _ oacse

69°8 Letst- 0 0 0 00° 9% LS*Te-  00°09 00°se
Tgeez- | z9csut 0 o 1 00°09 SL°Tg-  00°99 00°se ..
Lethh= . 8R°L20 o 0 1 00° 2L 0°0 00°2¢ . oe*se

Secuv-  21°68 0 0 1 c0° v tveis- oote 00°Ge-
TeLest-  zscult- 0 g g 00°2L 0°0 TS 00°Ge-
I TN TYE | 20 0 0% S g 00°09 0%0 s2* 91 oA, 08°Ge-

v9°52 6596 ¢ ) 0 00°8 v 0*0 ) c0°Ge- m i
T T § 8 e 00° vz a°a 8°6  ootse- ;
L 10%Ta 99095~ 0 o 0 0002 00°%2+  £v°9 o 08°5e- ;

91°0- TUNE 0 0 0 00° v 00°9g-  SZ°91 00°Ge- -
Tescz zzenz 0 ORI T 00°v2 00°8v-  00°He y 90°Ge- _
_wL%0a= _ §1°62 0 ° 1 00°8e LS°Te=  0u°09 00°Gh- &

wez9-  19%- 0 ° T 00°c9 SL°lg-  00°99 00°Se- w.f
Tlveee-  eecrate 0 g2 00czL  0%0 00e 2L B 0050~ i
SR T RO e e . z L X _ i
NOILVAI1I  HINWIZY JUINI GVHSI  M4Mal  ° (INITWILVACINITLINGS INITNOTLVLS)

INIO SINIOd ¥04 S9V14 SALVIS SIXV AG08 =- SINIOJ AWVONAUY AvA 27v |
00c0est sisia iy ol ot ”
00°8T  1o0¥2 *0  300LIidv 1708 4V
_0°0 —__10WA E 0°0  30NLIALY WOLId /¥
00°eTT  10uX 00 NOILVA 313 MAS
SR e QIIIHSONIA 40 3GIS 1437 NOTAVILIIILNIOL T *oN 33viNAS 341133143

eve JUNLYNOIS INIT9 NAS eoo
S A OML 3S¥D 314W¥S  S3INI3 ON HIIA S1INvd QIANND




S6°Av
61061
STe2e

v3cse

__zuel-
toer-

‘91°0-
9g°2
RIS

vz

- 48%8b=2.__B8°L2L..

2166
zsc Lt
viesmt
68096
11°68
89° 95t
Tgeesur
. zze1e-
£L%62-

L9%6

15062 L8 0st
eLest-  zsclul-
STe2s ___ s1cLUI-
vI*sz 65°9¢6-
29s1-  11%68-
.BG%2= __ . 96°2Z¢
6Coc- Gge9-
1aez-  gsesot
638 _ Lwessl
g5 z- z9°su1-
Letwe-  wecLeI-
NOTIVAITI  HINWIZY
INITD
00°00ST 91SI0
00°81  lo¥Z
-.0°0 . . LOMA
00° %Il 10X

G G 1 00 vs
0 0 1 00°2L
0 0 0 00°09
c o o YT
0 0 0 00° 42
6 0 0 00° vz
. 0 0 00° vz
0 0 St 00°v2
0 9. 1 00°8y
0 0 1 60°09
0 0 e 00°2L
G 0 0 00°4s
0 87 e i T BT LT
0 o P 00°09
0 [} 0 . 00°9v
3 0 PR 00° %2
0 rAGE T S 00°%2
0 0 0 0042
0 AT 00° 2
0 0 o 00°8
0 0 i 00°09
0 0 1 00°2¢L
z

JUINI  OYHST  148NI
SINIQJ ¥04 S9V14 SNLVLS

GIIIHSNIA 40 301IS LHOIY

sss JYNLYNOIS INIT9 NNS wese

Le*LS

00

00
00°42
00°9¢
00°5e
Ls*Te
sLets
0%0
Letls
00
0%0

00

00°s2
00°9¢
00°8v

L5y

OML 35¥3 31dWYS

00° 8¢
03°ay
S¢* 91
€959
90
£°9
Ge*91
00° by
00°09
09°99
00°2L
00°8e
00° 8y
se* 91
£4°9
0°C
€69
§2°91
00°Be
00°09
00°99
oo*2eL

X

CINITILVACINITLLNGSINTI INOLLVLS)
S3XY AQ0d == SINIO4 A¥VANNOS

SNOILVIIdIANIOL

00°Ge
__00°se
00°se
00°sy
’ . 00°Gh
00°Se
00°cy
. . _00°se
50°cy
00°Ge
. _ D0%Sk.
00°ge-
00°Ge-
. g9%ge-
00°Ge-
00°Se-
RN
00°sv-
00°Se-
. no*se-
00°Ge-

00°Se-

AvVA /v

6°0 30NLI1LY 0¥ 7V
[ Ad ] 3001111V HOLId /v
L 0] NOILVAII3 NNS

*ON 3Jvi¥0S 3A1123743¥

$3IN3I4 ON HLIA S1INVA Q3ANND

132

B T )

W s o L ) S o

a
!
i




bl ™ " B " ¥

GLeShr . GWc22l- 0 I3 o 00°9- Le*ls-  00°8e 00°se
61°02-  62°9L1- 0 0 0 ¥ve22-  00°201-  06°84 00°5y
" 8T°93-  o0*e2r 0 0 0 00°21-  00°21-  09°81 I T )
3 _19%%=__ _£0°GL._ 0 Ol 6 0%0 00°zi-  o0z°d 00°se
LL°vS-  ZI°wG- 0 0 0 00 Le*1s-  0oeosg 00°Ge
s8elg-  zzeeol- ) 0 6 0°0 1S°Te- 008 00°Ge -
- 0LeSe . TicZ21 I3 i 1 00 9- Le*ls-  0G°He 08°se- i
96°61 se* 9.1 P 0 1 8e°22-  00°2[-  cC*8b 00°5v-
2L°2z-  16°661- 0 0 LG 00°2T1-  00°2T-  09°81 30°Gy-
. 12%hZe_ _TNe9§I- 0 o 0 0*0 00°21- 0% 00°Ss-
89°91 89°061 0 ‘ T 0*0 Lvess- g0 00°Se-
veels vee8at . 0 T 0 e 0°0 LS°Te-  00°Hs co*Ge-
P, Lala % 1% 2 A X
NOILVAIII  MINWIZV 4MINI QVHSI  14uNI (INTTILVASINITLINGS INLINOTLVLS)
INIT9 SINIOd Yud S9¥I4 SNIVLS SIXV AJUH -- SINIOd A&VONNOGE AvA /v
00°00ST 91510
00°81  lo¥z ¢*0  30ALTLLY 1708 3/¥
—pen____lowd 9°0 3004144V HILId I/¥
00°%IT 108X 0°0 NOILVA313 NAS
2y 301S 1431 13INvd INOY¥4 83AUT INOILVII4ILNIOL £ *ON 3Iv48nS 3IATLI3143¥

sse JYNLYNIIS LNIT9 NNS see

OALl 3SV¥) 31duvs S3IN34 ON HLIM STINVG QIANND




—~0L%Se. ___TL°221-

96°61 s€°9Ll-

ZLezz-  16°6st

12°%2= __Is°9SL.
89°91 g8°06st~

Ceeels eeesol-
- GLoEem — Be* 22

61°02- 62°9411

81°99-  00°621-

19%%=__ £0°GL-

LL®¥S~ [543

geeLs-  zzesor

NOTLVYA3T3 HLNW 12V
ANIT9
00°00ST 91SIQ
00°81 lo¥2z
0°0 . __10¥4
00° eI 404X

0 ) Sy 00°9- Lyess 00°8¢
0 0 1 ¥vez2-  00°21 00° 8.
0 & e 00°21- 0021 09°81
2 0 0 2 0°0 oozt 02°s8

0 0 1 %0 LeeLs 80° o€
0 0 1 0%0 LS° Iy 00° 8
(i U PR 00°9- Lvess 00° 8y
0 0 0 geizz- 00zt 00° 8
0 g, e Ay G0°21-  00°ct 09° 61
0 o 0 0°0 002t 0z*8

0 0 0 a0 Lvees 00*0¢
0 ° G 0%0 LSty 00°8v

74 A X
CINLTYILVACINTITILING*INTINOILYLS)
S3XV AQOd == SINIOd AdVONNOH

JulINI QVHSI RELL)S
SINIOd ¥0J4 S9V14 SNLVLS

301IS LW9I¥ TINVd LNOYJ ¥3A07 SNOILVII4ILNIOQL
sss JUNLYNILIS LNITY NNS ses

UAL 3SV) 31dwysS

L ]

20°Se

00°se
00°Gy
00°Gy
00°Ge
00°se
o . _00°Ge-
00°Ge-
00°Ge-
00°Se~
00°Ge-

00°5y-

AVA J/v

0°0 30NnL 144V 77708 J/V
0°9 30N1111v HWILId 2V
0°o NOILVA3TN3 NNS

*ON 3JvJ¥NS 3AIL23743d

S3IN34 ON WLIA S1INVA GIANND




R ol X SR

.30%0Z - 19°CE- B 0 o 00°9¢ ge*9s-  00°2L 20%Sw
; 19w 90281~ 6 0 0 00°09 GLoTE-  00°8 00°ce
59e sosz M- ) 0 o 00°09 SL°Tg-  00°%6 03°cw i
A 69°62 . . wI*56- 2 0 0 002z GS*eb- 0096 R ¥ " .
100 Gt 6 8- 9 0 0 00% %2 00°8b-  00°96 00°Se
10 18%66- ¢ o 0 00%62 00°8b-  00°2L 00°Ge
2002~ - ga°5é6 ¢ 0 1 00* 9 4e*9v-  00°2L ‘ 00°Ge- - !
i
ZSvbe-  9zezel 0 0 1 0009 SL°1s-  00°8 00°Ge- )
05 we-  92°zel 0 0 1 * 00409 SLe*Ts-  00°96 00°G4-
¥o%62= - LE°6E ¢ 0 1 002 0S°se-  00°96 ] 00°Ge-
500 10°0¢€ 0 0 1 cocee 39°8v-  00°96 20°Ge-
S6%0 10°0¢€ 0 0 1 00° vz 00%8ev-  G0°2L 00°G-
; 2 2 X
NOTIVA3ITI  HLNWIZY JMINI  QVMST  T4uNI CINIT8ILVASINTILLNGSINIINOL LV LS)
LNIT9 SINIOJ ¥03 SIV14 SALVLS SiXv AQUE -- SINIOJ AN¥VGNNOG AVA /v
00°00ST 91510 .
00°6T 1042 0°0  30NLILLv 1708 27V
0°0 1044 0%c  3JQNLTLLY WILId /¥ |
00° eIl  L0¥X 0°0 NOILVAII3 NNS .
JOIS 1437 13Nvd 3015 U¥vAgud SNOTLVIL4TLNIAL G *ON 32v4EAs IALL33143 |

ses JYNLYNIIS LNITY WNS »

i 0AL 3SYD 31dw¥S S3IN34 ON HLIA STINVG 03A¥ND




200022 $8°f6-

Z3%ee- 92201~

T ostee-  9z°2el-
se062-.  1S°66-
50°0 10%06-
s3%0 15°06-
90202 19°5¢
19 wh 90°2et
Tgocwe S0z
. 68°62 s1*66
toe0- S8°6€
19°0- 08°66

NOILVAITI  WLNWIZV

INIT9

00°00sT 91sIq
0G°9t 1042
.-0%°0 - l0ouA
00° o1l 404X

0 0 - T 00°9¢ e 9 0o0*2L
¢ '] 1 00°09 SL°1¢ oc* s
0 0 1 00°09 SLe1¢ 00° 96
[ 0 I P4 ] 0S° ey 00° 96
0 0 1 00°v2 00°8e 00°*96
¢ 0 1 00° %2 00 *B¥ 00°2L
0 0 0 03°9¢ By 9y 00°* 2L
7 [} 0 00°09 SLt1g AR 1]
¢ [} 0 00°09 SL*1g 00° 96
0 0 0 002w 0S° ey 00° %
0 0 0 00*e2 00°8y 00°9s
0 '] 0 00°%2 Go°By 00° 2L
Z A X

Jd¢UNI UVHS I RELT}S
SINIOd ¥04 S9VI4 SNLVLS

(INITHILVACINITLINGCINIINOI LV LS)

S3IXv ACGOH ==

SINIOd A¥VUNNOB

301S 1H91¥ TINvd 301S QuvANLd
ese JUNLYNIIS LNIT9 NNS ses

INOILVIIJILNIGE

OAML 3S¥D 37TdWYS

9

00°se
00°Se

00°Ge

4 00°Ge
00°Se

00°Se

00°Ge-

00°Ge-

00°Se-

. . 00°Ge-
00°Se-

00°Se~

AVA J7V

n°0 3001114V 0¥ J/Y
0°0 . 3GNLILLY HILId J/V.
(A} NOILVA3T] NNS

*ON 32V4dNS 3AIL1I3743¥

S3ONI4 ON HLIN STINVd QIANND

136




1862 41°66- 0 0 ) 00°2s as*we-  00°HOT : po°se
£9° oy veez - 70 0 0 00°09 SLele-  00°801 00°Se
T escey  coe2el- ¢ B e 00°09 SLelS-  00°wel B noese
. £8%62_ _ §2°66= A A 00* 2 0S%%v-  0G°wel ok _ pocse
00°0- 96°68- ¢ 0 ¢ 00°¥2 00°8e- 00 wel 00°se
T 80%0-  98°66- 0 T 00° ¥2 00°8v-  00° 80T 00°Gy
L Sh%6Za _ 066 o g oy 002 0S°s-  00°80T . . _ spese- e
™
6vobe-  wZo20l 0 0 1 00°09 SL°TS-  00°80T 00°cy- —
TGeswe-  s2e2Mt 0 o Ty 00°09 SL°TE-  00°wsl T egese-
_65%62= . ._S¥°GE. s R T 00° 2 25%we- 0G°wel . oo®Gw-
v0*o 91°06 o 0 1 00°%2 00°8v=  00°evT 00°Gy-
veo 60°06 0 TR 0042 00°dv-  00°80T T ooese-
e TR z A X et
NOILVAI1I  HINWIZY JUINI  QVMST  14MnI (INITHILVASINITLLNGS INTINOTLVLS)
INIT9 SINIOd Y034 S9¥I4 SNLVLS SIXY AQOH == SINIOd AWYONNOE AVA /¥
00°005T 91SI0 . AN
00°8r  louZ 0°0  30ALILLY 170¥ I/V
0°0 _ . 10M4 : i) 0°0  30NLI44Y HILId /¥
00°wll  iouX 0°0 NOIIVAIII NS
o, ‘ 301S 1437 1INv4 301S 14¥ INOILYITJTLNIOL L °ON_33v4¥ns 3AT133143¥

ses JYNLVYNIIS INIT9 NNAS see

OAL 3SYD 37dwyS S3IN3d ON HLIA ST13INVd GIA¥ND




L Se%6Za D866 3 AR 00°2v 0S% e 00°801 . ___ p8*se
6ver-  vZo2el- 0 0 T 0009 sLets 00°801 00°Se |
— bt Aot Esaes v o -~ s R A 54 e e e - = L}
Seeve-  gzezel- 0 ° 1 00°09 sLo1s 00°vet 00°sy
F
o 68%62s . _98%66e _ e S| B W 00°2e 0s°%e . 00°wel . _go°sw i
v°o 8T 06 o [} 1 00° v2 00°8e 00° ool 00°ce
T 80°0 60°06 0 T 00° %2 00°8s 0ce 80T T soese i
b2 1T%66 0 gt ote gl 00°2+ oS s 80801 WL Y ) R o |
1 o
£9°ve vaczel e 0 0 00°09 sLets 00°801 00°se- %
TTescee  g0°zel 00 < oo O] £t ? et 00°09  SL°TE 00°wel T 7 goese-
_.S8%2 . £2°66 - 0 ° 0 0o*2e oso ey 00° vol SN PR R 1 = 1
00°0- 96°68 0 3 o 00° vz 00°8y 0cewvt 00°Se- |
" eece-  99°6s 0 e 0 00° 42 0o°uy 00°801 7 oocse- :
S s R i z A X Sy ¢
* NOILVAINI  HINWIZY JUINT OWHST  1duNI (INIT¥ILVASINITLLABSINTIINOTLVLS ) }
INTT9 SANIOd Y04 S9VI4 SNLVIS SIXY AOOH -- SINIOd A¥YONNOB AvA /v i
e8°s0st 91s14 - e ; e ; id
0081  10¥Z 8°0  I00LILLY 0¥ I/V
_.0%0.___ 10MA . e ‘ 8°0  3GNLIL1Y HI1Id 37V i
00°¢ET 108X . %0 NOILVA313 NAS ']
. 1}
i e e K i ~30IS LH9IN 13NVd 30IS 14V SNOILVIISTLNWIGL 8 °ON 33vi¥ns 3AILI3143¥

...ug:_qzomw»z_Juzzm...

OAL .umcu ERELLA S3IN34 .c: zhv:.‘m..uzf- Q3A¥Nd

2 vl b =i




s A EIERS re FEN

LR 2] SSPNIIBIVINNIBOININIBNNNINNNIIINIIIIBIINISTS
» . |
- - A . - - - - -
- 3 .
» " o L
- 2 . | d . -
4 9 00°Sy 8 .
. 4 Qg°Se~ v L]
AL T +  (930) 9NIQVIH /¥ 108443 (930) ANIQVIH 27Y FORHES) ¥ e T
. .
% S104WAS L0Vd OL AN o
- s —_—— A3 - . sl -
. LI AR R L] PPV PIITIIPIIINIIITINEPINIIIIIIBIBIIIVIIOIIBOINOGS
956°0 :ALIIavVE0¥d
(R ] $334930 = NNS 01 103dS3¥ HIIA HINWIZY LNIO AT = i
. . __ . 000°08T 000°0e1 000°00T 000°09 . 000°J2  000°02- 000°U9-  000°00I- 0C0°O%T=..000°08T~
|°°=‘°ﬂ- N .Iﬂ.. l-.. LR N ] .n..... '—.‘...I..'_.........h.....‘.m1‘“ ‘....“'
. L]
o
. . 3
- g S = JEaH -
. o -
000°S- 1 I 000°5-
s g s e o NS o
L] Q - .
. 0 < L]
S e . - L ST e
0°0 I8 v X d v )
L] .
- - — . - -4 - -
© - L ]
. .
000°S 1 . _1. _ ooe°s
k) Ll
5 .
RAL . By
. ‘ n L ]
°°°.°ﬂ —...l....'-.........nl.'.“...-‘. ........H.........ﬂ........." ....‘ﬂ
$334933 ; $33¥930
319NV ¥3AY3Isa0 319NV ¥3A¥3SE0
0°0  30NATALY 110¥ /¥
0°0  300LT1LY HILI4 /¥
¢*0 . NOILVAII3 NnS
IuNLYN9IS LNIT9 NS
\ " ORL 3S¥D 37dWyS  S3INIS ON HLIA STINV 03IA¥ND
—— :




(°13) 03Wa04 JUNLIVNIIS ANITY HIIWA LV 3INMVLSIQ

0°d

AN3NWIYINI 379NV

ANIN3¥INI 39NV

ess VIV]

o°ut WNWIAve 0°o03tl WNnIXvW

001~ WNWIN s 0°05 1~ WIKINI W
NOILVA3III INIT® HINWIZY INIYS —
ALITI8YB04d INILVYINIIVD 404 SIT4VONNOGes
0°31 WNWIXVMW 9°031 WNWIXYW
0°Cl- wNalNla 0°051~ WAAINIW
NOTAVA LTS AN HiNWIZv UINITS
INITVIS I0Tasw
co*8l 9°0 go° il
4 A X

3YNLYNIIS ANIT9 40 SJTONVY ONIWNSVYIW ¥O3 AINIOd 3IIN3NIJIN
SITINV ANITY NNS UNIENSYIW 803 NOTAVWEOINI 3IN3¥IJIyes

0°o 379NV WILINI ‘1 S37INY 40 °*ON
SNDI1VA3I3 NNS 03133735 es

0°Ge- 379Ny WVILINI *z S379NV 40 °ON
SNOILviuy 3TINY AVA 031)373Sse

0*a 10y 0°eo 4114
NOILVINITNO ¥3IN3 TIWILINI L14vad¥iVves

°1 440 ALITNI8VHEUNa "2 NOILdO 1074

b4 NOL1d0 iINIdo *6 NOILld0 171v430

SNII1d40 TO¥INOI® T —

ANanl

UAL 35V) 314avS S3IN3I4 ON HLI® ST3Nvd Q3ANN)

o
bl
~

e o p—— g




wdil Z W)

J T SNILLT4-3A¥ND ¥04 Swu3l 0I¥IS3O

JUIS 1437 NOILIIS 13v OQUIIHSINIA INOLAVILIILINGGL € °ON 3IvIuNS JAILIIViINe
00°eS LeéLs ou°*8e 8 ) og°zL 9°0 00°sv R =D s
09°C9 g°o S¢° 9t 9 ) 1 0G°uy 0°o0 £v°9 (s co°e2 0°0 0°0 v )
00°e2 q0°e2 £e°9 (£ 90° e 09°9¢ w2°®91 ) 00°%¢ 00°we 00°%ev LA O}
2 A X 4 A X - b4 A x pE—
CINITY3ILVACINITLANG INIINOILYLS) S3XV AQOS == SINIOd A¥VONNOS
0°0 INVLISNOD (1) e
el 0°o 4300 UsZ (o) 0°c 3303 OSA (8) (3] 430) 9Sx (L)
(3] 4300 ZA (9 0%0 1300 2x () c°0 4300 AX (W)
| g*0 4300 Z () 0°o 3300 A 0°0 430 B Ry ea—
3JV3¥NS 40 SIN3II1344300 ¥O4 SINWA ANGNI
! 1 W¥31L 0SZ (6) % W33l 0SA (@) *3 WYl 9sx (L) °0 wy3lL 24 €9 - ———
0 Wysl  2¢ (S) *0 Wgil  AX (V) *3 L1 EPY Z () °0 LLETY A O 1 Wull X (1)
INTLLT4=3AMND ¥OJ SKWY¥IL O03INISIO
. VAVQ INdNT L114-3A3NI
301IS LHIIY NOILI3S QavA4U4d GIIIHWSINIA SNOTAVIISIANIAX Z °ON v INS 3AILI3V43¥e
00°es Lo L~ 00°%e (v ) do0°2L 0°0 00° 8% w)
00°39 [ Bd] s2°*91 9 ) o8y 0°o0 £e°9 (s ) [ Bd 74 c°0 0°0 v )
00°v2 00°v2- £6°9 (2 00°e2 00°9¢- s2°9t €29~ co°e 00°¥e- 0o 8y B G smes
2 A X 4 A X 4 A X
CINITYILVACINITLANG*INIINOILYLS)  SIXV AGQOS =~ SINIOd AN¥VONNOS
0°0 ANVISNOD (GT)
(] 4300 USZ (o) 0°0 330J 0SA (%) 0°o 430) osx w)
0°0 4300 Za (9 0°0 1300 2x (©) 0°o 4300 AKX () S—
0°0 4300 2 (D) [ ] 4300 A (D 0°0 4309 X (D
3IV4uNS 40 SIN3TI144300 w04 SINTA LNANI
1 wall 9SZ (6) *1 W¥3L USA (4) 1 W¥31 0Sx (L) 0 W¥3l  ZA (9)
*0 W¥3L  2ZC (S) *0 w33l AX (W) 2 *0 wall A Q) ‘1 CLETS X (D)

VAVQO LNANT LI 4-3AWND

301IS 1437 NOILI3S OavAY0S CIIIMSONIN SNOIRVIISILANIOQL

® VAVO ANdNI ssese

ORL 3SVD 3Tdwys

1 °ON 1IVINNS JALLIFHSI—

ot S3IVHNS 40 °ON
Viva 3IviEns INIITMIINYYT —

S3IN3J ON HLIN ST3INVd Q3AWMD

141




T w43l USZ (o) °T  W¥3l USA (d) *l a3l USX (L) °0  W¥3L 74 (3)
*C  Wddl 2% (3) *C madl AX (W) T w4l 2 ) 0 WE3L A (O T wi¥il X (D
INILLT4=3A¥ND ¥04 Sad3l J3¥1SID :
big VivQ LNJNT LI4-3AaN) y
JUIS 1437 VINYJ INO¥J ¥3IMOT INOILVIISILANIOI S °ON 3Iv4¥ns IAILIIN43¥e — — '
3 3
00°2L 0°G 92°de 5 ) 03°%S Le*Ls 00°dy s 10°%e 00°8v 00°8¢ (L)
03°%av L5 1e 32°09 ) 0c°09 se° g 00°99 €z 90°2¢ (34 ] 20%2t (80 ] ;
2 A a z A X 2 A x
] CINITEILVACINITLLNGCINIINOLLYLS)  S3XV AUOE == 3.NIOd AavONMI@
0°0  INVISNOD (OD) '
3°0 340 USZ (6) 0°0  440J BSA (&) 9°0  430) OSX ()
2°0 4300 A (D) 0°3 4300 ZX (%) 0°0  J3L)  AX (%) :
¢ 9°0 4300  Z (f) 0°0 4300 A (&) 0°c 439 X 1) |
3Iv4uNS 30 SLKITIT4430D H0J SINTIWA LadWi i
T w¥31 9SZ (6) 1 WdilL 0SA (a) *C wd3l 9SX (W) *0  wWd3ll 7h (N ¥
*C wWdil 22X () *0 w43l AKX (W) I wadl  Z ) v wW¥IL A () 0 wall X (D) ’
ONILLIT4-3A¥ND ¥OJ SW¥IL O3INISIT = '3
VIVO ANJNT LT3-3A¥ND ~ ik
4
33IS 1HIIY¥ NOILIIS L4V 01ILHsONIA SNOTLVITSILNIUT v "ON 3IVI4NS IAI1IIV4I¥e N.. A
P
LIRS ] 03°3¢ 9 0ce s Lty*18- Go*ue S ) to°e2 0c de- 065 v )
LR L5° Te- 00°09 () 00°09 SLeIg- 06°99 2 secaL 00 coezt (S ) =Sy ,
2 A X b4 A X z A X
CINITUSLVAC NI TLLNG INTINOLAVLS) S4XY A0S == SLINIOd AN¥YONAGE
0°0  INVISNDD (D)
6°0  430) 0SZ (6) 0°3  430) BSA (8) 9°0 430 6SX ()
0°0 4300 ZA (9) 8°0 3303 Zx (S) C°0 4302 AX W) soiore
0°0 4300 2 (%) 0° 3300 A (D 0°0 4303 X (D) 4
3IV34¥NS 40 SIN3IIII4430D 803 SINTWWA LNGII
o8 s sl ook i
*l  «¥31 0SZ (6) T 4431 BSA (4) *0 WYL USX W) *0  w¥3dl ZA t9) | {
‘0 Wyl 22X () 0 wH¥3L AX (W) T W¥dL 2 W) 0 WYL At 0 W¥M X (D)
ONILAI4=3AdNI ¥OJ3 SwWY¥3L J3WIS30 s f
VIVO LNANT LI4-3A¥0D
|
30IS 1437 NOILI3S L4V QIIIHWSONIA INOTLVIISILANIOL € °ON 3IVANS JATLIFVIIWS |
|4

0 ANAN] esse !

OAL 357) 3TdAYS S3IN34 ON HLIN 573NVd 03A¥ND

BRSO S, By




. S L
3 &
§
{
0°0 ANVASNOD (1)
°0 440 USZ (o) 0% 2300 B34 (4) [Ad"] 330) esx (L)
39 430) A D) 0% 430) 22X (%) 9°¢ 4300 AX ()
0°? 3309 Z () 0 3300 A Q) ('R} 430 X (1)
m 3Iv3ans 40 S1wIII134300 Y04 SINWA Lnanl
. *1 a¥3l 0SZ (&) *1 wd il V34 (W) ‘0 w¥3L USX (1) 0 w¥il ZA () =
3 0 w33l 2% () L] a¥3L AKX (®) 1 Asdl Z Q) *0 wyil A 0 ad3l X (D
9NILLT3=3ANND ¥Ud Swddl 03VISIC
VivQ LNANT L14-3A3ND
301S 1337 13Nvd 3015 OdvAaud Olavdl3dlanidl L *GN 32v3¥NS 3A1,.23043%e
0J°*9~ Le®Ls QC%uw 9 ) a0° 22~ 0d*z2t co°ue (5 ) (A4 £ 03zt 09°vl (v )
J*C 02°21 R4 ] (v ) v Le* LS LR Y z2) 0°o0 LS 1 no°® e (SO}
2 A x 7 4 A X 4 A X
CINIVEILVASNINLLNASSNITNOTLYLS)  S3IXV AGIE == SINTud Agvd¥au3
Lad INVISNOD (U D)
00 4400 USZ (o) (] 3302 OSA (3) £20 4300 oS« ()
0°0 4300 ZA () o°c 4300 X (%) c*0 4302 AX (W)
0°0 133 Z () g0 130 A c°c 4389 X 1)
32v450S 30 SINIIIIJ430d 404 SINTIA LIINI
(3]
2 ¢ n¥3l ISZ (6) g Wdil USA (¥) i 4 w¥lL usSx 2 ‘0 w3il ZA D) -
°c wddl 2% (S) ] wddl AKX (¥) b § mail Z () * wdil A Q) X a¥il x () —
SNILLI4-3ANND ¥U 4 Sw¥31 J34153]
vivQ ANINT L14-JANND
3005 AHle 1340y Levad aIA0T INULLVJUTILANIOL 3 *ON IviINS INL12IIV4Tde
g3¢9~ LY® Lk~ acese (9 ) a9®2s~ 00° 2L~ 0C°uev (s ) tacer=- 09°21~ 09°6l (v )
2°0 0s°21~- uz*d (v ) 0°o Lo L3~ 06°*0¢ ) A L6° L= [ M1 (SO0}
2 A X 4 A X 2 A X R
(INTIMILVAS Jl VWL NG® INITNOILVLIS)  SaXY AQUB == SLNTOd ANoONOGE w-
. LA ANVISNOD (CTD) m
9°0 4300 432 (6) (] 430J 0SA (&) neg 4300 sk ) !
['Ad] 4303 ZA ¢9) [} 32300 X (s) c*c 4300 AX tw) i
J°0 3310) Z (D) G0 4300 A2 A4} 430 X (1) !

3Iv43n5S 4U SL41214430) 404 SINTWA LIdNI

3GLS 1337 VINCD Leo¥d 33IAIT IWOLAVILAILNIGL S *GW 3IvNNS 3AI123743¥e 7 .

sss ULV] 