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SHADED RELIEF IMAGES
FOR CARTOGRAPHIC APPLICATIONS

It is the task of the carte qapher to display spatially distributed data in the

most cost-cffective and easily perceived manner available. Since the uses to which
the data will be applied are varied, the optimum way of

I. INTRODUCTION displaying the data will also vary. This report examines
a variety of related means of displaying one type of data.

terrain elevation. for which versatile and efficient software has been produced at the
Automated Cartography Branch, U.S. Army Engineer Topograhic Laboratories (ETL).

The problem of presenting terrain relief is not new. The history of cartography
has been a progression from crude symbols representing mountains, to hachures.
and then to the familiar contour lines as a means of portraying the surface of the
earth.! With clear advantages owing to the presence of quantitative elevation infor-
mation and the cose of registration with non-hypsometric information, the contour
map has become the standard cartographic product depicting terrain refief. Never-
theless, terrain torm is often difficult to perceive quickly and accurately in a repre-
sentation limited to contours. Consequently, it is often desirable to supplement the
contours with additional terrain representations.” Additionally. contour maps are
not ideal for all users of cartographic products. With the advent of high speed digital
computers and the creation of comprehensive digital terrain models, o varicty of
inexpensive cartographic products can be created for special applications, such as
flight simulations or cut and fill studies.

The research described in this report approaches these problems from the
standpoint of the qualitative representation of terrain based on the generation of
idealized images. Two major types of products are investigated: (1) the analytic
creation of shaded relicf overlays for contour maps, and (2) the production of syn-
thetic photographs. Both products exploit the variation of brightness between different
areas of terrain owing to varying inclinations of the source of illuminaiion. Since the
resulting cartographic products are dependent on very few variables. 1t should be
easy to train people to use cfficiently the wealth of qualitative information present
in these products.

l/\. Robinson, R. Sale, and J. Morrison. Elements of Cartography, Vourth Fd., Wiley, 1978, pp. 15=31.

2], Deates. Cartographic Design and Production, Longman, 1973, p. 73,
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This report systematically examines the problems associated with the creation
of shaded reliet overlays, synthetic photographs, relief contours. and related products.
The theories of forming images by optical systems dand of light scattering from solid
surfaces are examined first. Constraints on the implementation of the results of the
theory imposed by available cquipment are discussed next. The algorithms developed
at  ETL  to produce shaded relief cartographic products are then described, with
cmphasis on the versatility provided by the polynomial terrain data base that is used
as the basis of the EFTL software. Finally, the report examines the results of the
implementation of these algorithms on the ETL-PDP-11/45.

As outlined in the introduction of this report, the goal of the work described

herein is to develop algorithms to produce terrain representations with significant

qualitative informational content. As with most cartographic

II. THEORY products. these terrain representations are visual representations.,

which are used because it is easier to interpret spatial data pre-

sented in a visual form. These qualitative representations are more or less highly

specialized shaded relief images of the terrain. In this manner, information regarding

landform can be quickly retrieved from the image on the basis of the continuous
tone image and implicit lighting directions and surface characteristics.

In this section. the physical processes that we seek to simulate are examined.
First, an analysis of the theoretical basis of the problem is essential. Although the
basic theory is not new, a source that contains all aspects of the basic theory is needed.

At the outset, it is important to note the level at which we seek to understand
the processes of image tormation. We are interested only in the basic aspects of image
formation. such as can be treated by means of classical physical quantities and by
means of simple geometric optics. We are not interested in the more detailed under-
stunding afforded by the use of clectromagnetic theory, nor are we interested in the
chemical details of image formation in real imaging systems such as the retina or
photographic tilm. Thus, we will not consider diffraction and interference or quantum
effects. This hardly seems a restriction for our purposes, since these effects are only
important at a much smaller scale than we are concerned with.
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f We will divide the problem into conceptually and physically independant sub-
problems and will discuss briefly the solution of each. There arc four intermediate
problems that must be solved if we are to simulate shaded relief images of the terrain. |
- These problems are ‘ '
i’i 1 1. The description of the lighting source illuminating the terrdin. ﬁ
2. The interaction of the incident light with the surface of the terrain. . 3
b‘i 3. The propagation of the light from the terrain to the particular {
2 (idealized) imaging system. { ,
4‘4 4. The recording of the important propertics of the reflected light in ‘
some permanent image.

v
.
—r—— .

3 The first and third problems deal only with the direction of the propagation of
¢ the light; consequently, we do not nced to consider the intensity of the light rays
with which we are dealing.

© - ——

b
Y
°
.:i ]
; The first problem is only implicitly dealt with in this section of the report, § '
since, as we shall see, it is sufficient to define the direction and intensity of the illu- {
minating light locally; i.c. at each point of the surface which we are imaging. Through- :
4 out much of this report, we shall assume a uniform direction and intensity of illumina-
i tion across the entire arca imaged.
1 The third problem is explicitly considered in some detail, since it is important
i to understand the various types of idealized images that we shall simulate. Two image
; » types will be examined. the orthonormal and perspective projections. The ortho-
' normal projection must be understood if shaded reliet overlays are to be produced.
r for example, contour maps. Perspective projections are the mathematical idealization
of the familiar types of imaging. such as vision and photography. These two projection

types are sufficient to produce a variety of cartographic products. A third projection
type which is also of cartographic interest is the oblique projection. This type has
been discussed in a previous report.3

In the two remaining problems, the interaction of light with the terrain surface
and with a recording medium, one must consider the intensity of light as well as the

o/ Bt

3('. Taylor. Farallel Profile Plots for Visual Terrain Display, U.S. Army { ngincer Topographic Laboratories, Fort -
Belvoir, Vireinja, | TL=0115, September 1977, AD-AOST 483, pp. R-11. i
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direction in which the light is propagating. We must therefore use some of the elements
of photometry, which has developed the concepts necessary to discuss these problems
mathematically. Since the reader may not be familiar with the basic concepts of
photometry, a brict discussion of the elementary photometric variables is included.
This will enable the two remaining problems to be examined.

The description of the second problem, the interaction of light with the surface
of the euarth. takes the form of a light-scattering “law.” Such a law is a mathematical
relationship between the brightness of the surface and a function of the relative posi-
tions of the observer and the source of illumination. It is important to note that we
know oi no law that accurately describes the interaction of light with all types of
terrain under all lighting conditions, nor do we want such law for our purposes. Any
such law would be very complex, since we would have to treat such variables as terrain
composition. More importantly, such a law would be extremely difficult to interpret.
Instead. we seek a light-scattering law that provides a good qualitative representation
of the form of the terrain. In this report. two such laws are described. The two were
selected for their simplicity of mathematical form, physical basis, and extensive em-
pirical justification.® Although this description of the interaction of light with the
terrain is not unique or in any sense the best. the two laws are representative and can
be quickly understood.

The last problem is that of recording in a permanent image the important
properties of the light reflected from terrain. The solution is a function relating the
brightness of a given surface point with the illumination of the corresponding point
of the image. For the case of the perspective projection, we derive an exact solution.
This solution simulates such photographic phenomena as vignetting. Such effects are
perceptually objectionable for our purposes since qualitative analysis of the image
becomes more complex. Thus. we shall simplify our formulas by using reasonable
approximations. The result will be readily amenable to algorithmic implementation
and will be suitable for the simulation of both perspective and orthonormal shaded
relief images.

Thus. in this section. the theoretical basis for the production of shaded relief
images of the terrain is developed. This problem is divided into four independent
subproblems. A theoretical solution is developed for each. Since the subproblems
are independent. this approach results in an algorithmic solution to the problem of
shaded relief images that is readily amendable to computer implementation.

4!9 Horn.  Hill Shading and the Reflectance Map in Image Understanding in Proceedings, 1d. by L. Baumann,
Saence Apphications, Inc., Report SA1-80--895, 1979, pp. 79--120.
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A. THE GEOMETRY OF IMAGE FORMATION. The first problem to be
addressed is that of the geometry of image formation for the imaging systems of
interest. This problem is treated first since it is the means of correlating points of the
terrain with points of the image. Its solution plays a central role in any algorithms
developed tor shaded relief images. The process of image formation is, as noted before,
best treated in terms of geometric optics. In such an approach, the formulation of
the problems is in terms of projective geometry. Thus, the solutions derived below
will be projection equations defining the geometry of image formation for the types
ot images of interest.

Two types of projections to generate images are considered here: orthonormal
projections and perspective projections. These two projections were chosen as being
of primary cartographic interest at the present time. The orthonormal projection of
gray shade information may be used as a4 contour map overlay, enabling a quick
analysis of terrain form by aiding the task of interpreting contour lines. Perspective
projections of gray shade data willi be valuable wherever a relistic portrayal of the
terrain. as seen from a given point, is called for.

1. Orthonormal Projections. An orthonormal projection may be defined
as the projection from an object onto a projection plane parallel to the base of the
object, using projectors that are uniformly perpendicular to the projection plane.
(sce figure 1). Thus. the projection cquations will define a transformation from a
three-dimensional space to a two-dimensional plane. Accordingly, a three-dimensional
cartesian coordinate system (X, y, z) can be introduced that will be used to define
the position of points of the object, and a two-dimensional (x!, ys) cartesian co-
ordinate system can be used in the projection plane. For simplicity, let the x+. x
and the yr. y axes be parallel. Then, the projection equations are simply

X' =X (1
Y =Y (2)

Note that the z-coordinate (elevation) drops out of the projection equations. Equations
(1) and (2) apply only to maps created ata 1:1 scale. To allow for other map scales.
a parameter, a, is introduced, such that foran «:1l map,

X' = jja X 3
Y= ljaY (4)
12
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FIGURE 1. Orthonormal Projection.
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It should be noted that the earth’s surface cannot be depicted in an
orthonormal projection where the projection plane is everywhere perpendicular to the
carth’s surface, since a sphere is a nondevelopable surface. All standard topographic
maps are projections in which this problem is minimized. and it is assumed that the
data base for preparing orthonormal shaded relief projections has been transformed
in this manner.

2. Perspective Projection. A perspective project:on is a projection of

an object onto an image plane. characterized by nonparallel projectors that converge
to a point behind the image plane (sce figure 2). We are concerned with the particular
case in which the image plane is parallel to the plane defined by the Z-and X-Axes
of some coordinate system associated with the object. This is not a limitation on the
generality of the transformation equations that will be derived: a suitable rotation
of the coordinate system of the object will enable any perspective view to be produced.

We begin our derivation of the projection equations by defining the
relevant parameters (see figures 2 through 6), assuming the usual right-handed
orthogonal (X, Y. Z) coordinate system associated with the object. The origin of this
coordinate system is at some point Q. At a point X=0, Y=(; Z=0, a projection
plane {PP) paraliel to the XZ — Z plane of the coordinate system intersects the Y axis.
The point F, located a distance h above the origin of the coordinate system plays a
role analagous to that of the pinhole in a pinhole camera: all rays from the object will
be assumed to converge to it. Two vertical planes, P and S. are used; P is per-
pendicular to the projection plane pp, and S is located at an angles to it. Both planes
contain points Q and F. Finally. an image coordinate system (X', Y') is used in the
projection plane, PP. This coordinate system has its origin at the point Q' with
the X' axis parallel to the X axis, and the Y' axis parallel to the Z axis. The
coordinates of Q' in terms of the (X. Y, Z) coordinate system arc

X Q) = X, (5)
Y (@) = ¢ (6)
Z Q) = Z (7)

Consider first the X coordinate of some point of the object, Q. with
coordinates (X, Y, Z). This point will be contained in some vertical plane S, in-
clined at an angle 8 =tan (x/y) to the vertical plane P (see figure 5). The pro-
jection of this point is seen to be

X = Qxfy) - X, (8)

o e K
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Now, determine the Y’ coordinate. Examine the vertical plane S. con-
taining the point Q being projected and the focal point F (see figure 6). Again,
simple geometry determines the transformed coordinate. As shown in figure 6. the
radial variable r=,/(X2 + Y?) and the distance € = ¥/cosf. which is the distance
from the line F - Q along the plane S to the plane PP, as introduced. The co-
ordinate Y' is thus

>

Y = (Z—h)Q/r+h—/“ ()]

Equations 8 and 9 are the basic transformation equations. As with
the orthonormal projection, some scale tactors may be desirable. Here, two such
scale factors will prove valuable: an image scaling factor B, and a vertical exagger-
ation . Fquation 8 and 9 thus become

X' = =X, + B¢ (/y) (10)
Y =Y, 4 B(LfcosO) (h - yZ)/r (1

whercwelet Y, = h~Z,.

Equations 10 and 11 are the defining cquations for a perspective
projection. A generalization of these cquations, incorporating a projection plane at
an oblique angle to the vertical axis of the object coordinate system, is possible.
Such a generalization is of little interest for most proposed applications, and. in any
case, can be easily accomplished by an appropriate rotation of the object coordinate
system,

— " — /4;
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FIGURE 6. The X Coordinate Determination in Perspective View.,
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B. PHOTOMETRIC VARIABLES. [n defining the tundamental photometric
variables, the ones of greatest importance in the rest of the report are brightness,
tlumination. and luminous intensity. Although the variables represent concepts that
are quite similar to the colloguial meanings of the terms, a  detailed understanding
ol the terms is needed. In defining the tenms, 1t is assumed that the concept of energy
transport by electromagnetic radiation is well understood. This concept. together
with clementary geometric considerations, will be used to define the needed variables.

It should be noted that the discussion of the elementary photometric concepts
is given to provide a background adequate tor the analysis of terrain brightness and
image illumination. In this introduction. the concepts are developed in a logical and
concise manner. but the approach is not intended to be detailed or exhaustive. The
reader interested in a more detailed treatment is referred to texts such as Walsh

Photometry is the branch of optics concerned with the measurement of light.
Although it is not. strictly speaking, a part of geometric optics, many practical appli-
cations are such that the geometric approximation is reasonable. The present work
is such an application. Hencee, we  shall adopt the geometrical model of light by which
light is regarded as the tlow of luminous energy along geometric rays.® This flow is
subject to the geometric law of conservation of encrgy. which requires that the energy
transmitted in unit time across a section of a bundle of rays is constant. This definition
will be used implicity. Consider the radiant energy emerging from a portion of some
surface, X.  This surface may be fictitious. the surface of a self-radiating (primary)
source, or it may be an illuminated surface of a solid (a secondary source).

The time-averaged transter of cnergy by a ray of light is defined by a vector

C o« =
S=— L x H (12)
47

5J.W:ll*ih. Photometry, Third I.d.. Dover, 1958.

h\l, Born and E. Wolt. Principles of Optics, 1 ourth bd.. Perggmmon Presse 19700 pp. 115-116.
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Where the Gaussian notation has been used. C is the speed of light, -I-:\ is the electric
field vector. and H is the magnetic vector of the clectromagnetic wave.” It is suf-
ficient to note that the vector S, known as Poyntings vector, defines the direction of
and represents the amount of energy that crosses a unit area perpendicular to the
direction in which the ray is traveling per unit time.

Theretore, 3 may be interpreted as the density and direction ot encrgy tlow
in a beam of electromagnetic radiation. The quantity with which we e primarily
concerned at this point is the total encrgy per second that crosses a given surface.
This quantity is known as the flux of radiant energy (i.c.. the total energy rer second)
crossing the surface. The flux is defined by

Fe f<3> naa (13)

surface

where i is the outward unit ngmlal to the surface. dA is an infinitesimal area
clement of the surface, and <S> is the time average of the Poyntings vector.?
It will be recalled that the dot product of two vectors is

A - B =IAIBI cosd (14)

where 8 is the angle between the two vectors. Thus, substituting cquation (14)
in equation (13), we find that

F = flsllﬁl cosf dA (15)

surtace
. . Fa)
or. since the normal vector was defined as the unit normal vector. Al = [, and

F = flSl cosfl dA (16)

surface

7M. Born and ¥. Wolt. Principles of Optics, Fourth Ed.. Pergammon Press, 1970, pp. 115-116.

f*;R. Longhurst. Geometrical and Physical Optics, Second kd., Longmann, Green and Co., 1967, p. 434,
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The above discussion assumes that the light with which we are concerned is
traveling in a single, specific direction and that it has no divergence. However, this
is an ideal situation, which doces not exist in physical reality. Instead, the light tra-
versing our surface will be composed of one or more rays of light occupying an in-
finitesimal solid angle. In general, for any direction defined by the polar angles («, §8).
there will be defined some differential Poynting vector (differential because it oc-
cupics a differential solid angle). Thus, in general, we have the differential Poynting
vector in any given direction («, B8), defined by an arbitrary function B (a. ). such
that N

dS(a.3) - B(a,B) d2 (17)

where we assume that B (a. §) has a unique, (time-averaged) value for all (a. ).

To determine the flux of radiant energy across a differential element of our
surface. one must integraie over all possible infinitestimal cones of light. Thus, one
integrates with respect to the differential Poynring vectors, or cquivalently, with res-
pect to the differential solid angle. For the differential flux across a difterential surface
clement with unit normal A,

di¥ = fd“é(a.ﬁ) SR A
af

= f B (a.B) cosf (. ) d2 dA (1R
ap

where the dependence of 0 on « and g has been explicity noted.

The deterimination of the total flux of radiant energy across our surface requires
integration over the differential surface element. It should be obvious that our dif-
terential Povnring  tunction S (a. §) will also. in general, be a function of position.
Thus. the total tlux across some surfuce A with local coordinates (€. n). and polar
angles (a. ) will be

F= [ Fama
£Em

= J‘ B (.8:£.m) Cosh (aB:E.m) dS2 dA (19)
tEn of
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Note the genceralization that has been made. Since the difterential flux incident
on our surface will, in general, vary from point to point. so will the defining, function
B. Similarly. since our surface may be curved, the value of the angle 0 between the
normal to the surface and some vector defined by the polar angles (o, ) will also be
a function of position. This additional functional dependence has been made explicit
in equations (20) and (21), with the two types of dependence differentiated by

semicolons.

Let us now interpret these mathematical results in terms ot photometrically
defined variables. The only variable entering into the mathanaticad definition of the
flux that is arbitrary is B (a. 8). This variable is the photometric brightness.? which
1s the photometric quantity that will be of concern throughout the rest of this report.
It is analagous to the tamiliar concept of brightness, ditfering tfrom it only in that
(1) the efficiency of the humun eve is a tunction of the intensity of the incident
light, and (2) the efficiency of the human eye is a function of the frequency of the
light.

Brightness is the most important photometric variable for our purposes, since
it is independent of distance. Qualitatively. this can be seen by considering a luminous
surface element d¥ at a distance |7 from the surtace clement of a photodetector.
da. We know from clementary physics that the tflux upon the detector arca clement
obueys the inverse square law. Noting that the solid angle subtended by the surtace
clemient also obeys the inverse square law and applying the differential form of equa-
tion (19), once can sce that brightness is independent of the distance of the observer:

B = dF/(dA costl 82} (20
Explicity writing the inverse square dependence of dbF as

diF = TR (21)
and of J§2 as

(22

dg, ITi°

i

aQ,

4 . . . . .
)l(. Longhurst. Geometrical and Phiysicad Opties, Second 1A Lonemann, Greenand Coll 1967, po 434,




2 where we have assumed all other quantities held constant. one can substitute into
(20) and see that

; B = dF, /(JA cos® dQ2,)) (23
l thus demonstrating the truth of our claim that brightness is independent of distance.
,1 Atter having defined flux and photometric brightness. two other photometric
- quantities can be defined that will prove useful. Rewriting equation (20). wue have .

the hasic photometric equation of

dEF = BdA cos0 d§2 (24

A

o

where the quantities are as defined above.

|

q E Consider a small luminous surface ¢lement, dA. as shown in figure 7. This

o luminous surtuce does not necessarily radiate equaily in all directions. To define the

‘% mtensity ot the clement’s radiation in a given direction, we define fuminous intensity,

I. as the flux emitted per unit solid angle in a given direction.!” Mathematically.

K ! this is written as 4
’ dl = JdF/d2 = B cosf JdA (25) 4

vhere dI s the differential luminous intensity of the surface element in a direction
inclined at an angle # to the normal to the surface element.

Pl 2 7Y

Now consider another surface clement, dA. which is illuminated: i.c. there

e is a nonzero tlux ot radiation upon the surface (see figure 8). Then the incident
1 flux per unit arca upon the surfuce element is defined as the illwmination of the 1
clement dAL'Y Thus, it we consider the illumination of the surface element by a

source of ilumination positioned at an angle 0 to the normal to the surtace clement,
the differential itlumination, dI. of the surface element may be written as

di: = dF/JdA = B cost dQ2 (26)

! These definitions complete the introduction to the basic photometric variables
- and will sulfice for the succeeding discussions of light scattering by surtaces and of 'i'
imave photometry.

[T
! M. Bornand FoWolt Principles of Optics, Pourth EdL Pergammon Press, 1970, p. 182, 3
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FIGURE 7. Luminous Intensity. ]

FIGURE &. Illumination.
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C. LIGHT-SCATTERING. 'the description of the scattering of light by a
terrain surtface is a central component of the theory of shaded relief images. It was
shown previously that photometry provides the appropriate language for this descrip-
tion. Within the context of this language. one variable, surface brightness, was shown
to embody all information of interest concerning light emerging from any surface.
The discussion of photometry, however, left “‘brightness™ as an abstract and arbitrary
function. Thus, the meaning of “brightness” must be defined as it relates to light—-
scattering by surtaces. This s done by examining the two specific light-scattering
tunctions selected for use in the ETL software.

The light-scattering function chosen is really the heart of any synthetic image.
This tormula determines how the terrain model is shaded. This shading of the terrain
model is. in turn, the principal guide to the form of the terrain available to a viewer
of a synthetic image. Such an observer will interpret the image on the basis of ¢ num-
ber of poorly defined preconceptions based on years of visual experience. Thus. the
light-scattering function chosen will, in a poorly understood manner, define the ap-
parent reliet of any synthetic image generated.

Two criteria were used to sclect the two light-scattering functions used at ETL:

1. Simplicity of mathematical form.
2. Extensive empirical justification.

The first is essential if the chosen law is to be used in efficient software to generate
shaded reliet images. The second requires an extensive collection of familiar physical
objects that are well described by the chosen functions. Any such formula should
therefore satisty the preconceptions of an observer interpreting the resulting image.

From the criteria, a deficiency exists in understanding the scattering ot light:
empirical results can rarely be expressed in terms of simple functions: however, the-
orctical tormulate rarely provide a good description of actual surfaces. The two light-
scattering functions chosen by ETL are complementary attempts to meet both
critersa. Thus. Lambert’s law accurately describes the light-scattering behaviour of
many common surfaces, and it can be simply expressed. However, no entirely satis-
factory derivation of it has yet been found. The Lommel-Secliger law. on the other
hand. was first derived from theoretical considerations. It is thus of simple mathe-
matical form. but it is not broadly applicable. Empirical justification of both laws
is presented below and discussion of the theory of each is included in appendix 1.
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The discussion below presents both Lambert’s law and the Lommel-Seeliger
law as functions describing the brightness of a terrain surface element. These functions
depend on the relative orientation of the surface element to the source of illumination,
and in the case of the Lommel-Seeliger law, upon the inclination of the surface to
the observer. To use this formulation, one needs only to calculate the flux on a photo-
sensitive surface. These results can then be qualitatively interpreted, emphasizing the
characteristic properties of each.

FYCIN NURRR

'] PrrevL . T NE
P

1. Lambert’s Law. The first of the light-scattering functions chosen :
for implementation in the ETL software was Lambert’s law. Lambert’s law describes s 5
the interaction of light with a surface that, by definition, is perfectly diffuse. In . :
contrast with a perfectly reflecting surface, which is infinitely bright in the direction . ]
of reflection and totally dark elsewhere. a perfectly diffuse surface is equally bright, 4 1

2.

regardless of the direction from which it is viewed. However, this brightness is not
independent of the source of illumination. This follows from the requirement that
no more light can be reflected from a surface than is incident on it. Since the flux
on a surface element will decline as the cosine of the angle i between the direction
of propagation of the incident light and the normal to the surface. Lambert’s law : !
may thus be written! 2 :

e wvmAE A

B = B, cosi (27)

The B, term is the maximum brightness of the surface and will depend upon the total
reflectivity ot the terrain and upon the illumination of the surface.

121. Walsh. Photometry, Third Ed., Dover, 1958, p. 137.




Many natural surfaces, which are of cartozraphic interest, obey Lambert’s
law to a high degree of accuracy. The surface of any body composed of discrete
particles that are translucent will obey Lambert’s law to a good approximation.!?
Thus. the law accurately describes the light-scattering properties of natural surfaces
such as snow. sand, pumice. hoarfrost. and some vegetation. Lambert’s law also ac-
curately describes the dittusing properties of a surface that is rough or corrugated and
that is composed of discrete low-albedo particles, cach of which scatters light equally
in all directions.I4 Mout rocks can be accurately modeled as such, and Lambert’s law
is thus applicable to them. This extensive collection of natural materials obeying
Lambert’s law suggests that, in addition to serving as a theoretical photometric stan-
dard. the law may also serve as a natural standard for diffuse surtaces for most people.

The two models given above for surtaces obeying Lambert’s law are
empirical in nature and cannot be justified in a rigorous theoretical manner.!' S This
is not a significant drawback for cartographic purposes. since Lambert’s law is both
empirical in nature and a simple mathematical form. However, the lack of theoretical
justification does indicate a deficiency in the current understanding of the scattering
of light. Appendix 1 includes, in a discussion parallel to the derivation of the Lommel-
Seeliger law. a brief mathematical discussion of the first model of Lambert’s law.
indicating the deficiency of this model.

Applying Lambert’s law to calculations of flux is straightforwurd. but
illustrates several features of interest. The features can be demonstrated by examining
a simple device for measuring the flux from a surface. The device consists of a photo-
sensitive surface of arca a, which through the use of apertures or some other system.
has a light acceptance cone subtending a solid angle of dw (see figure 9). This photo-
detector is situated a distance z above a surface obeying Lambert’s law. and the
detector acceptance cone is inclined at an angle 8 to the normal to the surtace.
Consequently. the distance from the surface area within the detector acceptance
cone to the detector is r=2zsec 0. The surface element within the detector accep-
tance cone is thus of area

dA = 12 dwicosh (28)

3y, Haphe and H. Van Horn, J. Geophrvs, Res., 68(1963), p. 4552,
thul.. p. 4583,

I\I'. Beckmunn, Scatfering of Livht by Rough Surface i Progress in Opties, V.V 1Td. by FoWoll, North-
Holland, 1967, p. S7
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From th. surtface, the photodetector subtends a solid angle of
dQ = a/r? (29)

It one uses the basic photometric identity, equation (24), the flux upon the detector
is equal to the fraction of the light from each point of the surface that falls upon the
detector (d2). times the effective area of the surface clement (dA cosf). times the
brightness of the surface:

F = B dA cost dS2
= B, cos (r? dw/ cosf) cosd (afr?)

= B, cosf dw (30)

Several implications of this equation should be noted. First, if one
assumes that the surface is uniform and of infinite extent, the flux upon the detector
is independent of the viewing angle . Second, if one makes the same assumptions,
the flux is independent of distance. The first of these is of greater general significance,
since for surface elements of apparent area dA =dA,/cosf. it is also true. As the
obscrver moves farther away, the flux will decline as 1/r?, but the independence
of observation angle is still true. This property is discussed in the section on image
photometry.

The implications of this discussion for the generation of synthetic images
is clear. Slopes facing the source of illumination will be bright, slopes facing away
will be dark, and flat areas or slopes parallel to the source of illumination will be
neutral. The precise nature of the shading should resemble that of actual terrain.

2. The Lommel-Seeliger Law. The sccond light-scattering function
chosen for implementation in the ETL software was the Lommel-Seelige: law. The-
oretical in origin. the function is based on a simplificd model of a low-albedo scattering
body. A slightly more general treatment leads to a widely applicable light-scattering
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function, which, however, cannot be evaluated in closed form in terms of kn>wn
functions.1¢ The simpler form of the Lommel-Seeliger law thus provides clear ad-
vantages for any simulation and, as discussed below, provides an approximate descrip-
tion of the light-scattering properties of a variety of natural surfaces. The principle
feature of the Lommel-Seeliger law that differentiates it from Lambert’s law is the
dependence on viewing angle. This dependence is expressed in the Lommel-Secliger
law:17

B = (3]'

Bo (1 + cost [cosi)

where B, i, and 0 are as defined in the description of Lambert’s law.

As noted, the Lommel-Seeliger law is derived from a simple model of
low albedo objects (see appendix 1). The principle criticism that this model is open
to is that it neglects the porous structure of many such natural bodies.} 8 This neglect
means that the pronounced backscatter common to many real low-albedo scatterers
is not modeled by the Lommel-Seeliger law. It should be noted that the degree of this
backscatter is an independent parameter in the detailed model. Thus, the Lommel-
Seeliger law may be considered as the limit of a more general model as the porous
structure of that model is reduced to insignificance. An additional parameter in both
the simplified and general models should be noted: the scattering law of the individual
particles composing the body is also an integral part of the general law. This additional
term is relatively insignificant, however, since both models are rather insensitive to
the term’s precise form, for moderate valves of the illumination and viewing angles.! %

Empirical justification of the Lommel-Seeliger law is essential if the
second criteria for its selection is to be met. Just as the general model of low-albedo
scattering bodies includes a parameter governing the significance of the porous struc-
ture, physical scatterers seem to embody such a parameter.20 Thus, the significance

16p_Hapke. J. Geophys. Res., 68(1963), p. 4575.
Tibid., p.4573.
8pbid., p.4573.
1bid., p. 4577.

208, Hapke and H. Van Horn. J. Geophys. Res. 68(1963), p. 4552,
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of the backscatter is highly variable, ranging from a sharp peak for some vegetation,
rocks, and the moon to broad, nearly insignificant peaks for other materials. Since
in any application, the form of the light-scattering law of the particles of which the
body is composed must be somewhat arbitrarily chosen, as does the structure para-
meter, there is at present no good empirical reason for not choosing the limiting
case of the Lommel-Seeliger law. Since it is simple, the Lommel=Seeliger law was
chosen for use at FTL, as well as for at least one previous study.?!

The application of the Lommel-Seeliger tformula for terrain brightness
is quite similar to that for Lambert’s law. If we mode! the same device introduced in
the discussion of Lambert’s law, the determination of the total ftux incident upon a
photodetector of area a is straightforward (see figure 9). Situated a distance r
from the surface, with a detector acceptance cone subtending a solid angle dw at
an angle 8 to the normal to the surface. the detector will accept light from a dif-
ferential area of dA = r?2 dw/ cosf. Since the detector subtends solid angle of
d2 = a/r?  at the surface, the total flux on the detector is

F = BdQ cosd dA (32)
B isa function of i and 6, as defined above. Hence,

B
= 2 cost dA dS2
1 +¢0s0 /o5

B, dwa (33)
1 +¢0s0/0g; i

This result is substantially different from the corresponding result for
Lambert’s law. It is dependent on both the angle of illumination and the angle of
observation. The formula does meet the clementary esthetic criteria mentioned in
the discussion of Lamber’s law: slopes facing away from the source of illumination
are dark. and slopes facing the source of illumination are bright. The dependence on
0 is less intuitive, since the brightness of the terrain reaches a minimum for an ortho-
normal view, and a maximum for high <0 =90°) values of 8. all else held constant.
This can be readily understood within the context of the model from which the
Lommel-Seceliger law is derived, and accurately describes the behavior of many physical
objects. Thus, any discussion of the case of interpretation of an image generated
using the Lommel-Sceliger law (or any other must be based on such images, and not
on the relative complexity of the light-scattering law.

A R. Batson, K. Fdwards, and L. Eliason. J. Res. U.S. Geol. Surv., 3(1975), p.401.
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D. IMAGE PHOTOMETRY. The remaining theoretical problem to be
addressed is that of recording, in a permanent image, the important properties of the
light reflected by the terrain. There are two aspects of this problem. First, what
quantity should be used to define the light reflected by the terrain? Second, what
quantity is a real recording medium, such as photographic film or the human eye,
sensitive to? The solution to the problem will be a mathematical formula relating
these two quantities for a particular imaging system.

We saw in our discussion of photometry that the brightness, B, of a surface
is a quantity that is independent of distance. All other basic photometric variables,
such as tlux, tuminous intensity, and illumination, can be expressed in terms of the
brightness and the variables that describe the geometry of a particular situation.
Further, light-scattering laws that define the interaction of the terrain surface with
the incident light may easily be cast in a form defining the brightness of the terrain.
Thus, the brightness will be used as the basic quantity defining the important pro-
perties of the interaction of light with the terrain surface.

The other basic quantity to which a recording medium is sensitive to can be
chosen from the photographic theory. The density of a photographic image is, in
general, a complicated function of the illumination as a function of time.22 In normal
photochemical reactions at light levels, such as those which we seek to simulate, the
amount of product per unit area that is formed is directly proportional to the product
of the illumination of the area and the time of illumination.23 By assuming a unit
time for all exposures, we may therefore use the illumination of a given point of an
image as the important property of the light incident on that point.

First, the problem for the case of perspective imaging systems, such as a camera,
will be discussed. The formula derived is more exact than is desirable for our purposes.
Consequently, several approximations will be introduced that are reasonable for the
cases of interest. The approximations will be used for both the perspective and ortho-
normal projections.

225 Walsh. Photemetry, Third Id., Dover, 1958, p. 435.

2 .
‘}II. Baines.  The Photographic Process in Photography for the Scientist, Ed. by C. Fngel, Academic Press,
1968, p. 7.




As before, the variables must be defined (see figure 10). An imaging system,
such as a camera, is composed of a lens of aperture a with a light-sensitive surface
parallel to the lens a distance r, behind it. This system is imaging a luminous surface
dS located a distance r from the center of the lens, at an angle 6 to the central
axis of the optical system. The normal to the luminous surface f is oriented at an
angle ¢ to the ray connecting dS to the center of the camera lens (assuming ]
to be coplanar with r for simplicity).

The flux emitted by the luminous surface into a solid angle dw, oriented at
an angle ¢ to the normal to the surface, is given by

dF = fcosp dw dS (34)
Now, for the case of the camera-object system described above,

da cosf

dw = —_— (35)
r

and hence,

B cosp dS da cosf

dF = 5 (36)
, r

Integrating over the area of the camera lens, we thus sece that the total flux incident
upon the camera lens is given by

cosp dS a cosé
o _PCosw — (37)
T

If we assume that all the light incident on the lens from the surface element
dS passing through the lens is concentrated upon the corresponding image clement
dS! and that a factor of (1 - ) of the incident flux is scattered or absorbed during
passage through the lens, then the illumination of the image clement is given by

_ods kL 8
ds’ ds M :
34
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The factor of dS/dS' must now be evaluated. Our surtace element dS is
positioned such that the unit normal may be characterized by a polar angle o« and
an azimuthal angle 8. Similarly the ray will be defined that connects the center of
the camera lens to dS by a polar angle 8 and an azimuthal angle . First, determine
the angle 8 that the radial vector makes with the central axis of the optical system.
Since the radial vector is treated as a unit vector, the x-component of the vector is
r. = cosd cosy (39)

X
Noting the definition of 6, one can sce that it is defined by
0 = cos! (™x/r) = cos! (cosd cosy) (40)

Now, in an idcal imaging svstem, linear features of an object parallel to the
image plane are transformed onto linear features in the image plane by a factor of
proportionality known as the lateral magnification, M.24 Area elements are similarly
transformed by a factor of M2. As defined, M = dS_,/dS" is inversely proportional
to the radius r. Features oriented to dS,. as dS is in the figure, will be transformed
as their projection onto  dS,, which is equal to the dot product of the respective
normals. Thus

A (dS,) - 7 dS) ds
= (-1.0.0) - ("cosw cosP, cosw sinf. sina)dS 4an

dS

O

= cosa cosf dS

Hence,
dS/dS = dS/dS,  dS,/dS
1 )|
= (42)
coso cosf M2
_ 2 1
M2 cosa cosp

N
‘4(;, t ranke. Physical Optics in Photograpity, Focal Press, 1966, p. 12,
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where M, is the magnification for some nominal distance r,. Substituting (42)
into (39) and (40). Onc has the illumination on dS' us

rl ap cosy cosd

MZ cosa cosB r

¢ B cosy cosf dS

= (t-v)
M2 cosa cosp Y

Equation 46 is the rigorous formula for the perspective projection. Note that
the illumination falls off rapidly as @ increases. In fact, since the other variables are
not independent of 6, the actual dependence, holding all clse constant. goes as
cos*0.%3 This effect is known as vignetting and results in a bright central image, which
darkens rapidly towards the edges. As such, the effect is undersirable. Hence. several
approximations shall be considered to eliminate this effect.

First, since

one may write

Cosp = cosa cosP cosy cosd
—cosa cosf cosd siny

—sing sind

For small ¥ and &, such asis the case near the center of the image. cosy =cosd = |
an. siny =sind =~ 0. Substituting for this case,

E a 8 cosa cosB cost

~ 1S (1 -
M2 cosa cosf3 4> (h=7)

2

5R. Longhurst. Geometrical and Physical Optics. Second Fd.. Longmann, Greenand Co., 1967, p 417




e

Since for small y and 6, @ is also small, we have

apds
S_M—Z—— (47)

where we have let

¥y =0 (48)

The result, which is a reasonable approximation for the central region of a per-
spective view, is independent of r and is independent of any of the defining angles.
Since the limiting case of the approximations used corresponds to the orthonormal
view, the result is also valid for the orthonormal projection of gray shade data. Thus,
for both projections of interest in this report, a formula now exists that relates the
brightness of a surface clement to the illumination of the corresponding point of the
image. Since the illumination defines the density of an actual image, recording the
illumination as a function of position stores the important information of the image
needed for simulation.
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In the previous section of this report, the theoretical basis was examined of the

creation of shaded relief images for cartographic applications. This theoretical basis

was divided into four independent components, each of

IlII. ALGORITHMS which was examined in detail. Now, the task of assembling

the components of the theory within a unified algorithm

for the gencration of shaded relief images, must be undertaken. The algorithms must

be understood before use of the software developed in undertaken, which is essential
before any major modifications of the software created are attempted.

First, some notes should be made regarding the nature of the model embodied
in the algorithms described below. In nature, the process of image formation may be
described as a continous process, at least at the level at which we seek to simulate it.
Every visible point on the object contributes light to a single point on the image plane.
Mathematically, this process could be defined by a function,a 1:1 mapping of visible
points on the object onto the points of the image plane. The image function will be
determined by the geometry of the imaging system, the geometric model of light, and
the geometries of the object and image spaces. The continuous nature of the process
is clearly defined. Although discontinuties may exist in the visible object space of the
perspective projection, as when a valley dips out of sight, every point contributing
to the image has another such point infinitesimally far away from it. Correspondingly,
the image plane is the basis for a continuous image. Thus, no inherently discrete
aspects to the process of image formation exists.

This continuity is to be contrasted with the inherently discrete nature of any
digital simulation. The image plane in such a simulation of the imaging process must
be modeled as an array of discrete pixels, each of which can assume one of a set of
discrete brightness levels. This discrete nature of the image space means that an in-
verse function mapping the image space into the object space is needed, at least
implicitly. Such a function cannot. in general, be analytically determined for the pers-
pective projection because of the complicated nature of the phenomena being mod-
cled. The inverse function must therefore be algorithmically determined by a series of
successive approximations for cach pixel of the image. Similar approximations must
be developed for each element for the theory embodied in the model.

The guiding principles in the development of the algorithms for the generation
of shaded relief images must, for our purposes, be cfficient and versatile when im-
plemented in the form of computer software. Since each calculation involved in an
algorithm takes a finite amount of time, severe constraints are placed on the form of
any algorithm developed, and hence on the nature of the approximate solutions used.
Thus, these constraints help to determine the specific content of any algorithms
developed.
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The discussion of the algorithms embodying the various aspects of the theory
proceeds in a manner reflecting the role of each algorithm within the ETL software.
The structure of this software for perspective and orthonormal images is quite similar.
As can be seen, there are four major computational components of the software,
cach embodying a corresponding 1'eoretical component. Thus, there are tour con-
ceptual divisions to the unified algorithms developed.

These parameters are determined once for each image, and they define the
particular characteristics of the shaded reliet image to be generated. The following
four components must be sequentially done for cach ¢lement of the image:

1. Define global image parameters (observer position, imaging system
characteristics. vector of illumination).

2. Correlate image/object.

Determine local surtace orientation.

4. Compute surface brightness/image density.

W

Since the coded digital image must be output in some graphic format, the fifth com-
ponent is:

5. Image generation.

The discussion of the first point is essentially limited to a brief treatment of the
mathematical definition of the vectors of illumination and observation. The vectors
are necessary, since together with the orientation of a local surface element. they
may be used to define the brightness of that surface element by means of Lambert’s
law or the Lommel-Seeliger law. Thus. vectors define the manner in which the illumin-
ation of the terrain is simulated. knowledge of which is crucial to interprete accurately
the image produced. Other global variables that must be defined. such as the focal
length of a perspective imaging system, should require no detailed explanation.

Having specified the global variables defining the image to be produced. one
can generate a simulated image by performing a series of local caleulations for cach
clement of the image. Once a given image element tpixel) is specified. some point
must be determined on the surface of the terrain whose projection lies within the
pixel. Since an analytic solution to this problem is not available tor the perspective
case, an algorithm yielding an approximate solution is discussed. This algorithm ex-
ploits the projection of a radial clevation profile that lies on a vertical line in the image
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plane. By sampling the e¢levation profile corresponding to a given column of pixels,
a point on the terrain with the required characteristics can be found by a process
of successive approximations. Elevation data points may be readily accessed as needed,
a minor problem when the polynomial data base is used. The situation is much simpler
in the case of the orthonormal projection, since projection equations (3) and (4)
may easily be inverted.

Having found a point on the surface of the terrain corresponding to a given
pixel. one may use the point as a representation sample of the pixel. After having found
a representation point, the orientation of the surface at the chosen point must be
determined. This orientation may be defined by the vector normal to the surface at the
point of interest. The determination of the normal is discussed for two types of terrain
clevation data bases. (1) uniformly gridded data, and (2) the polynomial terrain
deta base. Gridded data yields an approximate solution, and the polynomial terrain
data base viclds an analytic solution.

All that remains at this point is to use a given light-scattering law and the re-
sults of the above calculations to determine the illumination of the pixel of interest.
Since most commercially available gray shade output devices require input data
specifying the density of a photographic image and not the illumination, this con-
version is discussed, as implemented in the ETL software.

Once the shaded relief image has been generated and coded in the form of image
density values. it must be output to somie device capable of producing the graphic
product. Three such output devices are available at ETL: (1) an clectron beam
recorder (EBR) for very high resolution, near-continuous tone images: (2) a line
printer for the gencration of proofing images. and (3) a Versatec plotter, which is
used to gencrage moderate in resolution halftone images. The requirements of each
device are discussed. and the specific algorithms developed to mecet these requirements

arc outlined.

At the end of this section, several algonthms are discussed that are devised to
meet specific cartographic problems. These algorithms enable a variable (i.e. non-
global) sun angle to be used to generate perspective or orthonormal images. the simu-
lation of atmospheric haze in perspective views, and the orthonormal relief contour
images. The variable sun angle algorithm was introduced to accent terrain features that
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P would otherwise wash out because of poor orientation relative to a given source of
: illumination. This is accomplished by locally varying the azimuth of the source of
illumination around a principle source, a common cartographic technique. The result
is an enhanced representation of terrain form.26.27 Atmospheric haze is simulated by
a simple model designed to provide additional distance clues to the viewer of a shaded ;
reliet perspective image. Finally, a simple algorithm enabling the production of relief ]
contours is discussed. Based on a cartographic product first developed by Kitiro
Tanaka,2® one can combine the resulting image of the quantitative information of
contours with a striking visual representation of terrain form. These special purpose
algorithms substantially enhance the versatility of the ETL software.

——

The implementation of the theoretical results of the last section are discussed .
in a set of algorithms for the computer-generated shaded relief images. Corresponding g
to each part of the theoretical solution to the problem of shaded relief images is an _
algorithm embodying that solution, typically in an approximate manner. One section, !
defining the parameters of the image to be produced, is executed once for any image: ‘
the other component algorithms are executed sequentially for each image element. b
Although these algorithms were developed with the intention of efficiently using
the polynomial terrain data base, they are generally applicable to any digital terrain
model. Thus, the algorithms serve as the basis for versatile and efficient software to
generate a variety ot shaded relief terrain images. /

26!’. Yocli.  “Die richtung des licht  bei analytischen,”  Kartographiche Nachricten  Guetersloh  17(1967), . i
pp. 537-544,
27K Brassel. “A Model for Automatic Hill Shading,” Am. Cart. 1(1974), pp. 15-27. ]

28!(. Tanaka. *“The Orthographic Relief Method of Representing Topography on Maps,” Geogr. Rer. 40(1950),
pp. 444-456.
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A. DEFINITION OF GLOBAL VARIABLES. Most calculations made in
generating a shaded relief image are local in nature. The calculations for a given pixel
are independent of the calculations for any other pixel and are independent of any
terrain except that which s projected into the pixel of interest. Certain parameters
are global in nature and must be defined if the image generated is to appear coherent
to a viewer. These parameters govern those aspects of the image that are invariant
across it, and they define the characteristics of the imaging system, such as focal length
and field of view, the lccation and direction of view of the imaging system, and the
position of the source of illumination.

In discussing the local algorithms below, each of these parameters is treated as
a constant, which it is for a given image. The mathematical details of each parameter
are introduced as it seems convenient, since any formal discussion at this point would
be largely unmotivated. None of the parameters are complicated so that at this point
no more is required than to call attention to the role they play in unifying the local
calculations.

B. VISIBILITY ALGORITHMS.

1. Assumption. As noted, the visibility problem is one of areas. Tiwus,
visibile areas of an object corresponding to the area of a given pixel are sought. The
solution to the visibility problem that is used at ETL is based on the observation
that any visible point with a projection lying within a given image pixel may be used
to approximate the characteristics of that pixel. In essence, this means that the plane
tangent to the topographic surface at any such visible point may be used to model
the surface over the visible region of the object corresponding to the given pixel
(see appendix A). Although this may prove somewhat arbitrary, as when terrain dips
out of view and then rcappears, any refinement of the assumption will require global
knowledge of the object. As a practical matter, for images of sufficiently high re-
solution, the assumption is quite reasonable.

2. Algorithmic Solutions. Having made the assumption, one reduces
the visibility problem to determining a point (X, Y) on the terrain surface z(x, y),
subject to the requirement that the projection of this point, (X', Y'), lies within an
image pixel defined by image coordinates (x £ A x, y £ Ay). Asnoted in the intro-
duction, two cases are of interest, the perspective and orthonormal projections.

s
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a. Orthonormal Projection. The orthonormal projection of a
terrain surface z(x, y) is defined by the orthonormal projection cugations (3) and
(4). Since z is a function of (x, y) and since the projection equations are inde-
pendent of z, there is no visibility problem for the case of the orthonormal pro-
jection. One, and only one, point of the surface is projected onto a given point of the
image. Given the (X', Y/) coordinates of 4 pixel of interest and the scale factor
defining the projection, by inverting the projection equations, a point on the surface
is defined that meets the acceptance criteria. This point is given by

e AL e

X = aX (49)

Y = aY' (50)

-y
oF.

el AN

Thus, for the case of the orthonormal projection of a terrain data
pase, the problem of finding points on the surface that may be used to define an image
is relatively simple. Once such a point is found corresponding to a given image element.
processing proceeds as outlined below.

s

b. Perspective Projection. The perspective projection of a topo-
graphic surface z(x, y) is defined by the perspective projection equations (10) and
(11). These projection equations are not independent of z. and portions of the
terrain surface may be obscured by other arcas of the surface. The first observation
precludes a simple analytic object/image correlation algorithm. such as is available with
the orthonormal projection, since inversion of the perspective equations requires
knowledge of the surface z(x,y). The second observation indicates that not any point
with a projection lying within a given pixel is acceptable. for it may be obscured by
terrain in the foreground. Thus. in considering whether or not a given point is ac-
ceptable, some knowledge of the terrain between i and the observer is required.

et

X .
‘ Since an analytic solution to the visibility problem is not possibic,
' the ETL software addresses this problem algorithmically. This algorithm is an iterative
A procedure for finding a visible point on the terrain surface with a projection lying
within specitied bounds of a given point on the image. This is illustrated in figure 11,
In this figure. any surface point within the hatched region is acceptable, in that ‘
1. It will be visible. .

2. lts projection lies within 4 tolerance Ay of the prescribed
point YS.
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FIGURE 11. Acceptable Elements of a Raster Pixel (Any Point in Hatched Area).

This example will be used to examine the details of the algorithm used in the ETL
software. The algorithm is implemented in the FORTRAN subroutine GRNDPT,
to which the reader is referred (see appendix B). Note that the algorithm described
is not restricted to the perspective projection. All that is required for its use with
another projection is the substitution of the appropriate projection equation.

The analysis of the algorithm proceeds from the projection equa-
tions

>
i

X, + L (Xly) (51

-
1}

Y, + B(¥/cosd) (h - YyZ)/r (52)
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where the variables are as defined before. Recalling that the visibility problem has
been simplified to one requiring only the determination of a visible point corres-
ponding to a given pixel, the visibility problem can be solved by sampling the terrain
along a radial. Since equation (10) can be rewritten as

X = =X, + BLcotd (53)

and since @ is a constant for a radial elevation profile, the x coordinate will also
be constant for the projection of a radial profile. This will correspond to a column of
pixels for most raster display devices. Thus, a single radial profile of elevation data
may be used to determine the visible portions of the terrain for an entire column of
pixels. (see figure 3).

To illustrate the features of the algorithm, consider a general
example. The image to be generated is to be composed on m x (2n + 1) pixels, where
m is the number of pixels per column and the columns of pixels are numbered from
-n to +n as illustrated in figure 12. A visible pixel that will be projecied into the
j'h pixel (from the bottom of the image) of the k" column (-n <k < n) is sought.
The first task. which is not executed unless the column of pixels is being considered
for the first time, is the sampling of the terrain along a radial. This is accomplished
by filling some array. say Y. with p successive elevation data values, Y(R;. 0 ).
such that

YR, 0) = Y(Xx.Yig) (54)

P*-F-—vl/

k=--n

FIGURE 12. Radials in the Perspective Image.
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Where Xik = Rjcosty (55)

Y,k = R;sinbg (56)
R, = (I-1) AR (57)
0 = tan'l (KAY Jy (5%)
I<iI<?P (59)

Here, y! is the incremental distance between pixel centers, f is the focal length of
the imaging system. and r is the elevation sample interval. Note that

- >
AR = r J(P=1) (60)
where 1, is the maximum radius of interest and AR should be chosen such that
the radial increment is less than one-half the wavelength of the highest frequency
terrain feature of significance in the data base. A radial profile such as this. serving
as a local terrain model, is illustrated in figure 13.

The visibility problem is solved implicity by processing from the
bottom of a given column of pixels upward and outward along the radial elevation
profile (sce figure 13). The first time that the projection of two consecutive clevation
data points bracket the center of a given pixel of interest, then terrain lying between
those two data points will be projected onto the pixel. This search procedure, isolating
a visible portion of the terrain bracketing the pixel of interest, is the first component
of the correlation algorithm. The second cemponent is a recursive procedure for
isolating a point of the terrain just identified that will be projected with arbitrary
accuracy onto the center of the pixel of interest. This is done by

1. Approximating the terrain by a lincar model.

2. Solving for the point of the lincar model that will be projected
onto the center of the pixel.
3. Accessing the actual elevation data value at the predicted point.

4. Checking the projection of the actual point against the re-
quired tolerance and iterating the procedure again, if necessary.
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The first time that the correlation subroutine is called tor a given
. column 1, the counter governing the progression through the elevation radial is set
to unity.

Aok ol

The elevation values of the first and second entries of the elevation profile are retumed
in variables Z1 and Z2, since they will be needed in the second component of the
correlation algorithm. The array positions are replaced with the image Y' coordinates
of their projections (actually. Y(1) is replaced with a large negative number since the
actual projection is =100). This is illustrated by the following code:

Z1 = Y()
Z2 = Y(2)
Y(1) = -100

Y(2) = PROIJI(Y (2))
where PROJ(Y (2) ) symbolizes the operation
PROJY (2)) = Y_ + B (&/cosfg) (h =y Y (2))/r (61

the test of the first component of the algorithm is next executed. If the center of the
current pixel of interest. YS = j x y. is less than Y (2). then the correlation logic
described below is executed. If not. T is incremented. Z1 und Z2 are updated.
Y(I + 1) is transformed. and the search procedure continues. It YS lics between
Y (I and Y (I + 1), then the search ends and the correlition logic described below
is executed. It the current points don’t bracket YS. then 1 is incremented again.
unless the end of the clevation profile has been reached. In this case, o flag is set
specifying that the rest of the current column of pixels should be imaged as ‘sky’.
since no terrain within r, . will have a projection onto the current point or onto
any higher pixel in the current column.

The qualitative description given above of the first component of
the correlation algorithm may be symbolically coded as follows:

10 1 =1+1
IF (I.LNE.P) GO TO 70 _
NFLAG = | ‘.
RETURN

70 721 = 22
2 = Yd+ 1
Y+ 1)y = PROJ(Y (I + 1)
IF(Y Al + 1V.GEYSANDYY (D.LLEYS)  Goto 20
GO TO 10
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Assume that the above code has been successfully excecuted and
that two points of a radial elevation profile have been found with projections brack-
eting the Y' value of the current pixel of interest. The remaining component of the
algorithm needs to be executed, that is.to find the coordinates of a point along the
profile with a projection lying within the specified tolerance. TOL, of the pixel
center ' YS. The iterative procedure for this will now be examined.

‘The iterative procedure used to tind a terrain point between the
known array positions Y(l) and Y(I + 1) satistfying the tolerance criteria is based
on two observations:

1. The terrain between the Ith gnd the | + I8t elevation data
values Z1 and 22 will be monotone (increasing or decreasing)
if the resolution r is adequate.

2. An analytic solution to the problem of finding the point corre-
sponding to YS exists for the case that the terrain is linear.

In the first obscrvation, it is implied that a series of linear approxi-
mations to the terrain between the two data points will converge to a solution. In
the second observation, a quick, analytic method is presented for predicting the
position of a data point that will map onto YS, based on the linear approximations.
By then accessing the predicted data points and evaluating the projection of the
actual point in terms of the tolerance criteria, an casily developed iterative procedure
will yield a suitable point.

The key to this portion of the algorithim is the ability to determine
a point on a linear surface, the perspective projection of which will fall onto a pre-
determined point on the image plane. The X' coordinate of the point has alrcady been
determined from the radial profiles. Thus, the Y' coordinate is of concern. As above,
let the Y' coordinate of the screen point of interest take the value YS. If, as shown
in figure 14, it is known that two e¢levation points, ZU and ZL, arce visible at dis-
tances from the observer of RL and RU. respectively, then the terrain between the
two points may be modeled by the linear function

7y = LU-ZL) Ry +zL (62)
’ (RU - RL) - ’-
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3 FIGURE 14. Concave Radial Profile.
d
1 After substituting this into the Y' equation of the perspective projection and solving
: for the R such that the projection of Z(R) is equal to YS, it is seen that
_ ~hf + (ZL)By - [(ZU = ZL)¢By (RL)/ 4] ©3)
[YS = Yol cosd — [(ZU — ZL) (B /Al ‘
-
_'l' 4
. j
This predicted radius is then used to access the actual elevation at .4
that point. The elevation is then projected. and if within the tolerance criteria, is a ;
4 . suitable point. This logic may be symbolically coded as ]
4
; §
‘ XI = XO + R*COS(THETA)
YI = YO + R*SIN(THETA)
CALL ALT(XI1, Y1, 2)
YTRY = PRONZ)
YERR = YTRY - YS§S
IF(ABS(YERR).LLE. TOL)) GO TO 30

51




— e, e
e

e —

e a e

al

ML LT R L Akl .
T h “w ’_,
PO S .

where  ALT is a FORTRAN-callable subroutine that will return clevation values
(z) at spectfied points (x, y).

Two cases exist if the projection of the predicted point is outside
of the tolerance bounds. These, corresponding to locully convex and concave terrain.,
respectively. are illustrated in figures 14 and 15,

Consider the concave case first. In this case, YERR = YTRY - YS
is less than zero: the convex case corresponds to a positive value of YERR.
IF(YERR.GT.0) GO TO 40

This situation is illustrated in figure 4. It is clear that a new. more accurate linear
approximation to the terrain may be achieved by substituting the value of 2z derived
from the first prediction for the value of ZL, and correspondingly replacing the
value of RL with the predicted radius.

P = 77U - 7

/L = 7

RL = R

DELTA = RU - RL

GO TO 50

The progrimm will then predict a new radius. as outlined above,

and in successive approximations. will approximate the desired point with an arbitrary
degree of accuracy.,

The convex case is similarly simple (see figure 15). In this case.
the upper point and  radius are modificd bofore proceeding to the next iteration of

the algorithm. In a manner similar to that of the concave case, the logic may be sym-
holized by

/P = 2 - 7L
U =7
RU = R

DILTA = RU - RL
GO TO 30
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FIGURE 15. Convex Radial Prefile.

Similar. successively more accurate approximations to the desired point will be made
until a satisfactory point is found. i.c. until the projection of a predicted point lies
within the tolerance interval of the point YS.

Once a satistactory point is found. control returns to the main
routine. To reduce redundant operation of the correlation routine,  NFLAG, (the
sky’ flag noted above) one can pass the pointers to position in the elevation array
and the last two clevation values to the main routine. Further, with the polynomial
terrain data base. the orientation of the terrain may be determined at the same time
that the predicted points are tested against the tolerance criteria. Consequently. the
slope parameters described below are also passed to the main routine.
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C. SLOPE DETERMINATION. In this section. the problem of determining
the parameters necessary to calculate the brightness of the surface at an arbitrary
point on that surfuce will be discussed. In particular, the brightness of the surface
at points as determined by the algorithms of the previous section will be calculated.
The actual calculation of the brightness of the terrain at our point of interest will
not be discussed because it is conceptually and algorithmically better treated with
the calculation of pixel density in the next section. From the previous algorithms,
at a given point, the brightness of terrain obeying Lambert’s law is a function of the
cosine of the angle 0 between the normal to the surface and the vector defining the
mcident radwtion, Similarly. everything being equal, the brightness of terrain obeying
the Lommel-Seeliger law 1y o tunction of” cosél. and the cosine of the angle i between
the normal to the surtiuce and the vector tfrom the point under consideration to the
observer. Thus, in this section the algorithmic determination of the normal to a surface
for both discrete and polynomial terrain data bases will be discussed. In addition, the
calculation of the cosine of the angle between this vector and some arbitrary vector
as detfined by a polar angle o and an azimuthal angle 8 will be presented.

1. Normal to a Surface. Having tound i point on the surface of the
terrain with a corresponding projection within the pixel of interest on the image plane,
one’s next task is to determine the orientation of the surface at that point. The most
convenient way to define the orientation s by a unit vector that is normal to the
surface at that point.

A two-dimensional surface can be defined by the equation
L = Z{u.v) (64)

where u and v are arbitrary curvilinear coordinates on the surface of the terrain.
The normal-to-a-surfuce at a point is defined by the cross product of any two district
vectors tangent to the surface at that point. This is clear since the vector defined by
the cross product of two vectors is perpendicular to both of them. Two such vectors
are defined by the partial derivatives of the function with respect to the two variabies.
Thus, the normal vector (not a unit vector) is given by
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Generalized curvilinear coordinates are of little interest because most
topographic data bases are defined by the usual orthogonal cartesian coordinate
system. However, two algorithms are of interest at this point: (1) the generation
of normals from a discrete elevation duata base, and 2y the genceration of normals
directly from the coefficients ot a polynomual terramn data base. Algorithms of both
types were implemented in the FTL sottware.

a. Discrete Data Bases. First, consider an elevation data base
composed of discrete clevation data points. No particular format will be assumed
tor these data points (see Yoeli*)., Thus. the points may be tound at the intersection
of some orthogonal grid, maybe randomly distributed. or mayvbe composed of points
sclected on the basis of arbitrary criteria. Having dealt with the general case. one can
simplify the results for the case of data points tfound at the nodes of a uniform ortho-
gonal grid.

Let us consider three data points € (x. y. 2). a (x.y., 7). and
b (X, v, 7), surrounding the point P at which we seek to find the normal. These
three points define the local surface at this point. The boundaries of the surface can
be defined by two vectors @ and b. respectively. correcting the points € a andb
to 8. Algebraically, these vectors are defined by

a = al(x.y.z) = 0(x.v.2) (606)

a = (a, -0..a, =0,.a -0, (67)
and

b o= b(x.y.z) -~ 0(x.y. 2z} (€4

B o= by =0, b, ~0,.b, -0, (-

Since the vectors d and b define the local boundaries of the surface arounu P,
and are thus coplanar and hence tangent to the surface. then the (non-unii) normal
vectorat P isgivenby T = @ x b with components

n, = a, b, -a,b, (70)
n, = a,b - a.b, 7N
n, = a, b, - a, b (72)
*See footnote 26. B
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I'he length of Iﬁl of M is given by \/?nf + nf, + nf), and hence, n,  the unit
normal vector is given by

n = n/n (73)

If the data base is composed of elevation data points found at the
intersections of lines parallel to the X-and Y- axis and is uniformly spaced, then a
simplification in the formula is possible, resulting in reduced computation times. If a
liecs on a vertical plane parallel to that defined by the Z- and X- axis and b lies
on u)vcrtical plane parallel to the Z- and Y- axes. then @ is given by (a,, o, a,)
and b is given by (0. by.b,). Thus, the normal vector is given by

n, = -a, b, (74)
n, = -a, b, (75)
n, = agb, (76)

As a result, reductions will occur in the computations necessary to compute the cosine
of the angle between a normal vector and any other vector.

The above formulas are somewhat arbitrary, becausce the informa-
tion content of the data base is not used in an unbiased manner. Thus, if a pixel center
is taken to coincide with a given point of a regular grid data base. the four nearest
points arc all equidistant and, hence, are of cqual information content. The above
cquations use only two of these four points and, hence, are biased (sce figure 16).

The easiest way of removing this bias is by shifting the pixel center
to the center of one square of the grid of the data base and then using the mean of
the slopes determined along the sides of the square. Hence, the Z —components of
cquations (66) and (67) may be re-defined as

a,

12(Zy = 2 + Zy = Z3) (77)

b

7

f

where the 7, are as defined in figure 17. These formulas have been implemented

in the BTL software.
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FIGURE 16. Biased Use of Elevation Data Points.
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FIGURE 17. Unbiased Use of Flevation Data.
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b. Polynomial Data Bases. The problem of analytically deter-
mining the normal to a topographic surface at a point will be discussed for a terrain
modeled by a polynomial data base of the type developed for ETL.29

The elevations are defined as a function of position

ZX.Y) = L Z(X,Y) W(X,Y) : (79)
i=1

where the Z,(X, Y) are the four partially overlapping polynomial functions locally
defining the terrain around the point P(X, Y), and the Wi(X.Y) are the four corre-
sponding weight functions used to define the terrain in the overlap area.

The normal to the surface at the point P(X, Y) can be defined 3
in terms of the two partial derivations, 0Z/0X and 90Z/dY, as outlined above. From 1
straighttorward applications,

U a0 AL AN ARSI IS

Migx = L BZ(X. )X WiX.Y) + aW,(X. Y)/aX Z(X.Y))  (80)
i=1 E
1
4
BZjpy = L BZ(X. Y)Y WiX.Y) + WX, Y)BY Z(X.Y)  (81)

=1

¥,

To use equations (80) and (81), one must have a vector representation in a form
analagous to the vectors defined for the discrete data base. The best concept of this
Is to consider these tangent vectors d\ defining a plane tangent to the topographic
surface at the pomt ()f_l:]tul’t,st If @ describes 0Z/3X and b describes 4Z/3Y.
then the vectors @ and b can be defined by

.i..t‘"

a = (1.0.97/3X) (82) {
A D o= (0. 1.2/ (83)

et is et ot

2 . Ve - .
29, Jancaitis and J. Junkins, Mathematical Techniques for Automated Cartography, U.S, Armv | npincer Topo-
praphic Laboratories, Fort Behvoir, Virginda, | TL=CR--73--4, February 1973, AD-=758 300,
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remembering that @ and D lie in vertical planes paralle] to the X- and Y-axes, res-
pectively. The normal, N, is defined as above with

-0Z/5x (84)
-9Z/yy (85)
i (86)

n/Int = np\/(n + nf, + nl) (87)

2. Calculation Of Angles To A Normal. Next will be discussed the
problem of determining the angle i between T, the nor‘l\nal vector to our topographic
surface at a point P, ang determining some vector S, with component S,. S,.
and S,. We shall define S in terms of a polar angle ¢, and an azimuthal angle 0
(see figure 18). Then

sing cosf (88)

sing sinf (89)

CoSY (90)
Note: As defined. S is a unit vector.

As noted above, our interest actually lies in the cosine of the angle between
these two vectors. If the scalar product of two vectors is defined. then

2

S-a = I3 lil cosi = S ng +S,n, +5§,n, (91)

where 7 is the angle between the two vectors. If S is normalized. then. by equations
(38) to (60)
2 -

cosi = S A3 R (92)

cosi = S(a; b, —a, b,)+Sy(a, b, —a, by)+S,(a, b, ~a, by)/

ta. b, —a, b,)> +(a, b, ~a, b.)? +(a, b, —a, b.)?
y Yz 72 Uy 7z Ux x Yy v Yy y Ux
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If. as outlined above, @ and b fall into vertical planes parailel to the
X- and Y-axes, respectively, then this tormula is

-S,a,b, =S, a, b, +5 a,b,
cosi = \/{(a, by))? + (a, b,)? + (a, b)Y (94)

where a

y =0 and b, = 0 for this case.

Further, it the components of the normal vector are calculated from the polynomial
data base as in equations (84) and (85). then

-S, 92/3X - s, 9Z/3Y + s,
cosi = /{(3Z[3x)? + (3Zfayy + § (93)

It will be recalled that the Lommel-Seeliger law uses the viewing angle n,. which is
the angle between the normal to the surface and the unit ray V to the o_lzserver. as
well as the angle of illumination i between the unit ray V to the sun S and the
norn_l_;\ll to the surface. The g_t:ncrul case follows equation (93) with the components
of V., replacing those of S, and € replaced i. Similar substitutions arc held for
equations (94) and (95). For the orthonormal view, equations (94) and (95}
become

V,a, by
cosi = /{a? bf + a§ bi + ai bi} (96)
and
VZ
cosi = /{(3Z/ax)? + (OZ/py)? + 1} o7

where  V, is the Z-component of the unit ray from the point of interest to the ob-
SCTVET,
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D. DENSITY COMPUTATIONS. The current problem is to calculate the
illumination of a pixel of the image plane, for either perspective or orthonormal
projection of terrain obeying either Lambert’s or the Lommel-Seeliger brightness law,
for a given direction of illumination and a given observer location.

The position of a point on the terrain corresponding to the current pixel that
we are processing and the normal to the surface at that point have already been deter-
mined. First. computation of lighting and viewing vectors as used in the ETL software
will be defined. The vectors are then applied to the computation of the illumination
of our pixel. Next, the density concept used the concept of density to define the
properties of the pixel that was used to define the image produced on an output de-
vice will be introduced.

1. Definition and Calculation of Vectors of Observation and Hlumination.
First, the vector of illumination that describes the position of the sun relative to the
terrain of interest will be defined. Algorithmically. the normal vector is needed in
terms of its X-, Y-. and Z-components, in the (X, Y, Z) coordinate system of the
object. An angular definition is sometimes casier to understand, specifying an altitude
¢ and an azimuth 0 for the sun. Fortunately, a simple transformation is possible
(see figure 19). The ETL data bases, as well as most others, can locally define the
Y-coordinate of the terrain as pointing due north and the X-coordinate as pointing
due east. Acronautical convention fixes azimuth such that 0° is due north. or parallel
to the Y-axis, and 90° is due cast. or parallel to the X-axis. Altitude is defined such
that 0° is parallel to the surface. and 90° points towards the zenith. Thus. if S re-
presents the vector pointing towards the sun, the transformation is

Sy = cosyp cosh’ (98)

S, = cosy sin0’ (99)

S, = sing (100)
where we introduce the variable 6’ = 90°- 0.

Next, consider the definition of the unit vector of observation, V.,
pointing from the point of the surface that we are considering to the instrument of
observation. This vector is important only for the Lommecl-Seeliger law; it does not
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FIGURE 19. Definition of Solar Vector.

have a role in the brightness of a surface as described by Lambert’s law. Further. for
the case of an orthonormal image of terrain obeying the Lommel-Seeliger law, this
vector s always vertical, in accordance with the definition of an orthonormal image.

All that needs to be considered then is the caleulation of V. for a per-
spective view, and this need only be done when a Lommel-Seeliger image is to be
created. Consider a perspective image geometry as illustrated in figure 20. The tocal
point P is defined at some distance Z, above a point Q of the terrain. A vertical
plane corresponding to the 4" column of pixels is defined by requiring that it be a
vertical plane containing PQ and that it be positioned at an angle 0 to the northerly
vertical plane. From equation (58), ¢ can be defined in terms of a principle viewing
direction 0, specified by the user. and an angle 0; relative to the principle direction,
(figure 20). Thus.

g = 06, + 0. {101
AX
¥

{
6. + tan’! ¢ ) (o
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FIGURE 20. Definition of V.

where A X is the incremental distance between columns of pixels on the image plane,
i defines the current column of interest, and f is the distance between P oand the
image plane along the principle viewing direction.

Assume that point T (r. 0, Z) of the terrain is found. corresponding to
the pixel of interest, where 0 is as above, r is the distance from O to the projection
ot T onto the horizontal plane containing O. and Z is the clevation of T above this
plane. Then the angle of altitude ¢ is defined by

| L7
¢ = tan’! (———) (103)
r

-y - . . . = . . . .
I'hus. the components of the perspective viewing vector Voo for a given pixel of the
perspective projection as detined in terms of previously determined quantities is

V., = =cosyg sinfd (104)

AN

\/ = OS¢ CUS” ( l 05 )

V, = sing (100)

Ihus, the parameters necessary to compute the image illumination for the cases that
are being considered have been detined.
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2. Image Illumination Calculation. To calculate image illumination,
one must use the light-scattering laws previously reviewed. In the ETL Software,
the user may specify that the brightness of the terrain is to be modeled by either
the Lommuel-Secliger law, B = Eo bZ(a)/l + cosf@/cosi. or by Lambert’s law.
B = Lo cosi. where the variables are defined in appendix A.

First, normalize Eo: it is not a user defined parameter. Second, assumc
in the case of the Lommel-Sceliger law that bY («) is constant for all « and that
this factor drops out. Thus, in essence the light-scattering law is reduced to

B = [l + cosf /cosi]! (107)
for the Lommel-Seeliger law and to
B = cosi (108)

for Lambert’s law.

As mentioned in section II, D, the concern is with the illumination of
an image clement in an optical system, not with the brightness of the illuminating
point as observed at the optical system. As approximated within the LTL Software,
the relationship is one of proportion.

<E> = aB (109)

where < E > s the illumination of our pixel. and B is the brightness of some point
of the image found by the object-image correlation algorithm (sce section Il A).
The calculation for B is dependent only on the relevant angles, which are found by
evaluating the slope at the object point by means of the appropriate algorithm (see
section [lII, B), the position of the observer (for the Lommel-Secliger case) based
on equations (104) to (106). and the position of the sun as defined by cquations
(98) to (100). The angles are then used to determine the cosines of the relevant
angles by the appropriate formula of the sequence (91) to (97). The cosines are then
used to determine the brightness by which the illumination of the pixel is approx-
imated (after normalization).

However, the quantity that is to be ssed to define the image to be pro-
duced is not illumination, rather it is the density of the image. Before specitying the
relationship, the meaning of density miust be explained.

St ol
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Consider a piece of photographic film, with illumination Eo,normal to
the surface of the film. Let us assume that the film has been exposed and developed
and, hence, that some light will be absorbed. The change in illumination across an
infinitesimal layer of the fill will be

dEE = -bE dt (110)

where b s the fraction of the light absorbed in passing a unit thickness, E is the
illumination of the upper surface of the infinitesimal layer, and dt is the thickness
of the layer. Integrating, we find that the illumination of the far side will be

E = Eoeb! (1

where t is the thickness of the film. If the film is designed for viewing from the front,
then assuming that all light is reflected at the bottom of the film, it undergoes similar
absorbtion in the second pass through the film and obeys Lambert’s law upon striking
the upper surface (as in a matte print). The brightness of the film will be given by

B = Eoe?bt (112)

In any case, convention defines the image, not by the brightness or in-
tensity, but by the density. The density, D, is proportional to the exponent of equa-
tions (111) or (112). Consider (111) and let

D' = In(E/Eo) = In(e®) = -bt (113)

This is not the usual density, which is conventionally defined in terms of the log,
and must be positive. The relation is given by

D = log(EO/E) = log ge*®t = abt = a 2D (114)

where o = ]/1“10' The terin EO/E is known as the opacity.

Since the intensity Eo in the ETL algorithm is normalized, the density
D is defined as

D = log;, (I/E) (115)

where E is calculated as outlined above. Output devices have between 12 and 256
different discrete density values available, with the values linearly positioned between
some minimum and maximum density values. Consequently, a density scaling factor
is used in the ETL algorithms to take advantage of the latitude in densities offered
by the output devices. storing cach density value to an 8-bit byte.

Thus the analysis of the basic algorithms of the ETL shaded relief
softwure is completed.

S e, - -
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I GRAPHIC  PRODUCTION.  The basic algorithims governing the piael-
by-pivel generation ot the shaded relie! unages have been described. The result of

these alporithms, tor o ginven pinel, s a number. The process of converting this
number mto g pinel ot corresponding density at g given position refative to the other
v Uot the nage remains to be discussed.

Three types of devices are available at FTL to generate grav-shade nnages.
(1) line printers tor low resolution “proofing™  plots. (2) 4 VERSATEC raster
plotter to generate moderate resolution digital halt-tone images. and (31 an Flectron
Beam Recorder (FBR) 1o generate high resolution near-continuous tone images.
[he tirst two output devices require special algoritiuns to generate shaded retie! images.
and the third device directly accepts a file containing sequential rows. Since the soft-
ware to generate line printer or VERSATEC graphics requires sequential processing
simlar to that of the EBR und since it may be derived to output a given image to ans
or all output devices, the product of the ETL  shaded reliet software is a disk file
contouriny the coded density duta. Both files store 7 bits of data (densities 0-127)
o X-hit byvtes, Fach record represents one column of pixel. and successive records
represent stceessive columns, For compability with the disk access routine DSKTRN
used at  FTL. the image files generated are of uniform size. 2048 bytes by 2048
records for the file LPPERDAT wencrated by the shaded perspective routine SHDPLER.
and 1024 byvtes by 1024 records tor the orthonormal shaded retiet routine SSLPLIP.

The line printer routine nsed was devised by Fo Yoceli and uses muluple stikings
to eenerate vary e densitios. ™ The look-up table used tor this algorithm is shown 1
table 1. The  VIRSATHC  halftoning software creates g digital halvtone pattern.
characternized by 33 halftone dots perinch. ¥ Using the EBR s desenibed in the

hteruture. ¥

Since all the algorithms used are described in availuble Literature, no additiconal
discussion s necessary. s clear. though. that the file generated by the FTT soft-
wire can be used by any gray-shade graphics gencration device with minimal trouble

D9 yaeln *The mechanization of Anaty e il Shading.™ Cureo, 10196

k. Rosenthal, Private Communication, U S, Army Fogimeer Poporraphic aberatornes, Torg Bolvou, Visrin,
3 fuly 1979

1) . . B
YeOperation and Maintenanee Manual for Cariovraphic FER Svveon, linace Graphios, biv., under contiant N
DAAG=ST-75 00221, 1976, pp. 6772,
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TABLE 1. Line Printer Density Table.

CHARACTERS

2nd Printing

(«,

3rd Printing

DENSITY

0.00
0.07
0.10
0.12
0.15
0.19
0.22
0.26
0.30
0.35
0.40
0.46
0.52
0.60

0.70




F. SPECIAL PURPOSE ALGORITHMS. As noted in the introduction to
this section, a number of special-purpose algorithms devised to address specific carto-
graphic problems have been implemented in the ETL shaded relief software. The
algorithms enable the solar azimuth to be varied, thus enhancing the impression of
terrain relief and delineating the ridge lines.33 Producing “‘relief contours” enables
atmospheric haze to be simulated, thus providing the option of simulating an addi-
tional qualitative distance cue in the perspective images.

1. Variable Sun Angle Algorithms. A problem occurs when a single
source of illumination is used to delineate similar terrain features in different orien-
tations. This is as much a problem for aerial photography as it is for artifically gener-
ated orthonormal or perspective images. First, the problem will be analyzed, then the
various alleviating procedures developed by cartographers in the past will be con-
sidered. Finally, the adaptations of procedures implemented in the ETL software,
will be examined.

The problems inherent in using a single source of illumination may be
seen in figure 21, which depicts an idealized ridge illuminated by side lighting. The
ridge slop facing the sun is illuminated, and the far slope is in shadow. The form of
the terrain is clear to an observer if he is aware of the direction of illumination. Now
consider a situation such as in figure 2I1(b), in which the illumination is parallel to
the ridge line. In such a case, both sides of the ridge are equally bright, and no infor-
mation as to the terrain form is available to the observer. It is clear that in an area with
varied topography and illuminated by a single source of light, the form of the terrain
is poorly delineated. with some features exaggerated and some washed out.

As noted in the introduction, the problems associated with depicting
terrain form are not new. For sometime, cartographers have been manually shading
contour maps to improve interpretation of the terrain features. A simple solution
might be in the careful choice of the direction of lighting, thus optimizing the de-
lincation of the terrain. However, a problem exists that prohibits such a solution.
This is the problem of interpretation, which requires a near-intuitive knowledge of

3p. vouoli.  “pie richtung  des licht bei analytischen,”  Kartographische  Nachricten Guetersloh  17(1967),
pp. §37-544.
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lieht direction. Shaded reliet mages are usually treated us though lighting 1s from the
top or upper Ioft Because of this treatment. cartographers usually use north-west
lightine when producine shaded rehiet overlays for contour maps. thus preventing the

choice of the highting direction.

Lo overcome the problem. cartographers ave developed the procedures
of ophats varvimg the directuon of the hehting to emphasize sl major terrar fea-
tures  Vhe vanation i highting direction i cround o principyl direction defimene north-
wost bentng, Although cartographers manually prepare shaded reliel overlays ol con-
towr aps. substantial progress has been made in awtomating the process. Although
quite o ptsticaied. the present aleorithms are largely experiniental. ¥ The algorithms
vsed at E I are relatively simple, created dargely to demonstrate the capability.

e FIL software i~ based on the vartation of the azimuthal component
of the iunanuiion vector. hus, the vertical component will not be considered in ths
discussier. North-west Tivhting witl be used throughout. and algorithim will be based on
the locat oriptation of the surface. as detined by the normal vector . Thee azimuth

S
ab M be o

First. et us consider the case of ridges paralle) to the prinaipal direction
of lieht S tsee ficure 23) The normals to the two faces of the ridge lie roughly in
the second and fourth quadrants of the Cartesian plane. This is the case where the
createst variation will probably be necded. as this s an example in which the rided
would be wasiied onts Po euide our development of an algonithm. we note that as the
ridee i rotated e an ortentation parallel to the Y-avis to an orientation paraliel
to the X-avis. bace  bograduadly dims and faee a graduaily brightens, A corresponding

vanee will ov a1t the illumination vector S is chunged from a position parallel 1o
e N-anas toa peegtion paraliel to the Y-axis, Thus, Tor nornvals i the second quadrant

e wasbout™  effect can be prevented by defining the fight vector components
S .S m
\ A
(S, = =-LS = [ S A (o
1S, = .S = h 457 g, e 00 (e

Mk. Brassed VMol for Autonutie FLHIEShadine ™ o Cart, 1019740 ppa 1527,
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and by
(S, = -1.S, = 0) for 180° < p, < 225° (118)
(S, = 0,8, = 1) for 225° < ¢, <270° (119)

X

for normals in the fourth quadrant.

FFor areas in between, one would like a smooth transition between the
two lighting vectors used in equations (116 - 119). This can be defined by the first
quadrant

(S, = —cosp,, S, = sing,) 90° < ¢, < 180° (120)

and for the second quadrant

(Sx = cosp,, S, = sing,) 270° < ¢, < 360° (121)

In practice, one would like more control over the variation in lighting
direction. The ETL software enables the user to input the angular variation Z0
desired. The above formulas are altered accordingly. Thus, instead of the orthongonal
lighting directions specified by equations (116 - 119),

[S, = —cos(135°+6), S, = sin(135° +0)]. 325°+0 < yp, < 145° (12D

[Se = =cos(135° +0), S, = sin(135° -0)]. 145° < g, < 135°-0 (123)

[Sy = —cos(135°+6), S, = sin(135°+0)], 135°+0 < p, < 225° (124)
and

[Sy = —cos(135°~9). S, = sin(135°=0)], 225° < ¢, < 325°-0 (125)

Formulas (120 and 121) are unaltered, except that the ranges are modified in accor-
dance with equation (122 - 125). .

Determining the local illumination vector straight forward. and it cal-
culated immediately after the normals are determined, as outlined. The local illumin-
ation vector is then used to determine the illumination of the local surface arca and
hence, the density of the image.
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2. Relief Contours. Scveral attempts have been made to combine

directly the quantitative properties of contours with the qualitative advantages offered
by shaded relief images by creating an image of a contour terrace model. These at-
tempts implicitly involve creatine a “layer-cake™  model of the terrain, with the
elevation discontinuitics corresponding to contour lines. This model is then illumi-
nated. and shadows are cast by the tier structure, which is then photographed In
practice, actual models are rarely created. Instead. an ingemous manual method de-
veloped by Kitiro Tanaka is used.?s Working from a4 contour  map. one can trace
the contours away from the assumed source of light, heeping the nib puraliel to the
light source. Thus, a variable width contour line results. For complete representation,
a gray background is used. and contours tacing the light are similarly inked in white.
Ihe result is a striking. if costly. representation of the terrain.

An alternative method of creating a map with the visual impact similar
to that of Tanaka’s method can be created using the software developed at FTI.
The method uses the main orthonormal shiaded relief routine. SSLPLP. but calculates
slopes in a shightly different manner. Briefly, the relief contour option of program
SSLPLE involves creating a square grid of quantized clevation data. The quantization
interval is o user input parameter and corresponds to the contour interval of the
image. The quantized elevation values are then used to calculate slope for cach pixel
center. The slopes are used to calculate image densities at each pixel position as in the
usual method for creating a shaded relief overlay.

The calculation of the stopes is straighttorward. Fach pixel has o uniform
size and is assumed to be square. Elevation data values are generated at the ground
locations corresponding to the four corners of the pixel. Letting 7, be the Z-

value of the upper left corner of the pixel.  Z, . be the elevation value of the upper

right corner.and Z;; and Z; be the corresponding lower elevation values, we have
NLONX = =Ly Ay, =L AX (126)
A7, LY = "2l =1, 1y, LAY (127

where AX = AY = pixelsize.

’IS‘K, Faoana e Orthograping Relicd Method o8 Representing Topography o Maps,” Geowr Rev 00986

pp. 444146
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Since clevation values are quantized, uniess a4 corresponding contour
line passes through a given pixel, all elevations for that pixel will thus be assigned the
neutral background density corresponding to flat terrain. It a single contour line
passes through a pixel, then the mean plane fit to the four points corresponding to
the pixel can assume any of 24 different orientations. Since the resolution of the
‘ unage created is variable. more than one contour line may pass through a pixel. Thus
3 the number of orientations is correspondingly increased. !

4 It should be noted that c¢a n point of a contour line will be assigned !
to sors  pivel and that the width of the contour line cannot be less than the size of
. the pinch To maximize contrast, the ETL software alters the vertical exaggeration :
]

such that illumination of slopes facing the source of illumination is maximized. Since
contour lines parallel to the direction of illumination will be of low contrast relative
i to the buckground, it is usually convenient to utilize the variable sun angle algorithm

described in this report.

3

|
ij

3. Simulation of Atmospheric Haze. A simple model to simulate one
B 1 aspect of atmospheric haze has recently been proposed.3¢ This model treats only the

{ attenuation properties of such haze, predicting for uniform haze an exponential
by decay of the apparent luminous intensity of a surface element with increasing distance.

i

This is certainly one aspect of such haze, but only in the case of highly absorbent haze
(such as. perhaps, industrial smog) or when the haze is not actually imaged but shades
R the ground as do clouds. The most important prediction of this model is that, for
' thick haze, distant objects will appear very dark. This is not the case with most actual
haze. Consider a moderately thick ground fog. Distant “‘objects™ in such a fog ap-
proach 4 uniform. non-zero brightness. To model more accurately the effects of such
haze. ETL personne] have developed a new model of atmospheric haze.

S SN

b

L WP )

30w, Dungan, Jr. “A Terrain and Cloud Computer mage Generating Model,” Computer Graphics, 13(1979),

No. 2, p. 143,
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Careful consideration of the physics of light scattering results in a more
appropriate (though still approximate) model of haze. Consider a thin slice of the
atmosphere of thickness dr. measured along a radial to an observer. Fog or haze in
this atmospheric section can be modeled as a collection of small randomly distributed
particles with a cross section ¢, and brightness b, with a density of n such particles
per unit volume. The attenuation of a light beam traversing this section of the at-
mosphere along the radial to the observer will be

dE = -~Enoadr (128)

where E is the luminous intensity of the beam.

If the sun or other source of illumination shines upon the slice, then
there will be an additional term to the expression for the attenuation of a beam tra-
versing the ground haze. This term, expressing the fraction of the incident sunlight
that is scattered into the bcam, will be proprotional to bE.no. where E, is the
luminous intensity of the source of illumination. Detailed analysis of the situation
requires that the scattering be calculated in terms of illumination of an imaging cl-
ement, considering the area of the light sensitive clement, the size of the light accep-
tance cone of it, and the distance of & given scattering section of the atmosphere
from the clement. However, the net result of these considerations is a constant factor.
It is thus convenient to lump this constant together with the brightness, b, in a new
constant, C.

The differential equation governing the propagation ot light through a
ground fog, along a path roughly parallel to the surface of the carth is

dE = (~Eno + CEnog)dr (129)

Integration yiclds the solution
E(r) = exp(-mo) [CE, {exp(rmo)} + K] (130)
where K is a constant of integration. Two boundary conditions must be satisfied by
this constant of integration if the result is to be physically meaningful. These boundary

conditions are

1. E(r=E; as no—0. where Lk is the brightness of some
object in the distance: and

2. E(ry»CE{ as no—>OQ oras r—oQ

ey
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The first of these conditions corresponds to the physical situation of clean air, in
which distant objects should be unobscured. The second boundary condition requires
that the model of haze results in a uniforin, finite brightness as the thickness of the
haze increases. Both of these boundary conditions are satisfied by choosing

K = Ek, = CE; (131)
Thus, the model of haze implemented at ETL takes the form

Ly = Ck; + (k, = CE)) exp(-rno) (13

By applying the Tyndall effect to this formula, the effect of atmospheric
haze on the appearance of distant objects can be simulated. The Tyndall effect notes
that very small objects, such as suspended dust, will scatter blue light much more
than they will red. Thus, red light will pass through such a medium without appreciable
change in intensity. and most blue light will be scattered. In color-shaded relief dis-
plays. the bluish-purple cast of distant mountains may be simulated by generating
unattenuated shaded relief images for all colors, except blue or purple. In these image
components, the above model for haze will be used. The result should be a moderately
bright. relatively uniform, bluish tint of low contrast over distant objects.

From the above model of atmospheric haze. the effects of such haze
can be more accurately predicted than with previous models. Although only slightly
more complicated in form. this model should provide much more qualitative infor-
mation to the viewer of a shaded relief image. As such, the model should case the
problem of interpreting such images. In particular, the bluish-purple cast of distant
mountains can be accurately modeled, thus providing subtle distance clues otherwise
unavailable. This will cnable the accurate generation of color-shaded relief images.
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The algorithms discussed in this report have been coded in two  FORTRAN

routines. One set of routines, named  SSLPLP. generates orthonormal shaded relief

images;  and the other, named SHDPER. gencrates

IV, IMPLEMENTATION  perspective shaded rehief images. To test the algorithms

AND RESULTS and  software that have been developed, the two

routines  use un  elevation/slope  computation  sub-

routine,  ALSLP. that is “hardwired” to a polynomial terrain data base of Cache.
OKla. In thissection, the results of these tests are discussed.

A. PERSPECTIVE SHADED RELIEF ALGORITHMS. In this section.
the results will be described of the implementation of the true-perspective algorithms
in the shaded refief routines SHDPER. Running on a PDP-11/45 minicomputer.,
one can create a shaded relief perspective image SHDPER in a multi-user environment
in approximately 5 milliseconds per pixel of clock time. The image is subject to
cnormous variation, dependent on viewing parameters. machine utiliztion. and control
parameters. The user of the SHDPER routines can

Specity viewer location.

Specify imaging geometry.

Specity image resolution.

Specity the terrain viewed.

Specify a vertical exaggeration.

Define the position of the sun.

L nable local variation solar azimuth

within uscr specified boundaries.

Choose between the Lommel-Seeliger faw

and Lambert’s law to define terrain brightness.

Define the density scaling.

10. Specity program control parameters affecting
processing efficiency.

11, Simulate the effects of atmospheric haze.

NS Nk W=

x

b

The program generates

Diagnostic output.
A DSKTRN-callable disk tile of coded pixel densities.
Low resolution line printer plots.

W
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Sample outputs demonstrating these capabilities are shown in figures C1 through
C15. These images are cach composed of 700.000  pixel (706 pixeis by 1000
cotumns). The disk tiles containing the image density data were processed using BT L-
moditicd  VERSAPLOT  Software. To prevent the generation of overly dark. os-
thetically displeasing, halttone images, only > of the availuble density Jatitude of
the VERSAPLOT software has been used. This was done at the expense of somn

loss of tone continuity.

I'he mmages contained in appendin O are larpely self-explanatory. The first
image may be considered standard. In succeeding iimages, the effect of varying a single
parameter at a time is demonstrated. The etfect ot changing the observer’s altitude.
the tocal length of the imagery system, solar elevation, and solar azimuth are succes-
sive displaved. The eftects of a very hight ground haze are next portrayed. In figure
C11. the offects of degrading resolution and displayed, which isa 128 by 179 pixel
image that has heen magnified by bilinear interpolation. Figures C172 and C13 are
views of two different arcas using the same image parameters that were used for the
first image. Figure C14 is a view of the same area seen in the preceeding one. but
this image is degraded by a moderate haze. The final image, figure C15. shows
the parameters ot the first image. but with the local variation of solar azimuth to
cnhance terrain features, No perspective image was included that illustrated the Lom-
mel-Seeliger law. No satisfactory parameters have been found for such an image.

No attempt was made in coding to optimize the speed and  cefficiency of
SHDPER. Tests on the ETL PDP-11/45, using the parameters of figure C1, in-
dicate that approximately 4.8 milliscconds  of clock time are required to process
cach pixel. This value may be strongly influenced by the parameters governing image
generation. In particular, the dependence of execution time upon the sampling
density has been investigated for the first image. The relationship is roughly lincar,
and. for a D (depth of view) of 7.4 map sheet inches (18.8 ¢m), the total execution
time for this image may be estimated by

T (clockminutes) = 40 + .031 NPTS (133)
where NPTS is the number of sample elevation data points generated along the radial

clevation profile. This formula should not be considered to be generally applicable,
and may not be valid tor NPTS < 200.
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B. ORTHONORMAL SHADED RELIEF ALGORITHMS. In this section,
the implementation of the orthonormal shaded relief in the program SSLPLP s
discussed. From these routines, an orthonormal shaded relief image is produced that
15 defined by various input paramters from a polynomial terrain model. When the
routines are run on the ETL PDP—11/45 computer, one can produce an image in
approximately 3.3 milliseconds per pixel. However, the image is subject to variations
as noted in the introduction to the  SHDPER routines.

The user of the SSLPLP routines can

1. Specity the arca to imaged.

2. Specity the resolution of the image.

3. Specify the vertical scaling tactor for
the terrain.

4. Specify the shading law to be used to
moduvl the terrain.

5. Specify the position of the “‘sun™.

6. Define a variation in solar position to
highlight terrain features.

From the routines one can generate

1. Diagnostic output.

A DSKTRN - Callable disk file of
coded pixel densities,

3. Low resolution line printer plots.

[$%)

For sample outputs demonstrating these capabilities, sce figures C10  through
C21.  As with the perspective images, the examples were generated from disk files
containing coded image density data by the ETL-modified VERSAPLOT software.
The exception of figure C20 must be noted, since this image was generated by means
of a half~tone aignrithm developed by R. Rosenthal of ETL.37

oo e e et U SO Ay agineer Topoeraphic Laborataries, Fort Belvoir, Virginia,
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The orthonormal images contained in figures C10 through (22 should be
easy to interpret. Figure C16, which might be considered a4 “‘standard.” is an ortho-
normal view of much of the terrain seen in the first perspective image (the perspective
view is from the left of the orthonormal image, looking across the orthonormal view):
the image contours 600 by 900 pixels. The second orthonormal image uses the
same variation of solar azimuth used in the corresponding perspective view  (fivure
C15). Figure C18 is the same image, upon which contour lines generated by the
program  SIMCON3® have been overlaid by FTL-developed software.39 The next
two images lustrate the relief contour option of SSLPLP. with and without local
variation of solar azimuth (figures C19 and C20). These two figures display a portion
of the area of the previous orthonormal images. The final orthonormal image illustrates
the use of the Lommel--Seeliger law (figure C21). The image is dark and of very low
contrast.

As with the perspective software. no attempt was made in coding to optimize
the speed and efficiency of SSLPLP. From test runs, the execution time js approxi-
mately 3.3 milliscconds per pixel for images some  540.000 pixels. This time
shouldn’t vary appreciably with any variation of parameters. but no extensive tests
of this have been made *

*1he algorithms deenbed in this report have been substantially improved since the tirst draft of thas report. A
moditiecd  GRNDPI  routine has reduced execution times to an average of 40 pereent of the above figures. A
turther modification. exploiting the redundant processing ot previous appioaches, has reduced execution times
by an additionad tactor DF ™~ 2.5,

318 . . . .

1. dancaitis,  Maodeling and Contouring Surfaces Subject to Constraints,  University of Virginia, U.S. Army
Fngincer Topographic Laborstores, Fort Belvoir, Virginia, ETL~CR=74=19. January 1975, AD-ANIO 40(;
pp. 163-165. ' o

R. Rosenthal. Users Guide 1o MERGE, U8, Army Engincer Topographic Laboratories, Fort Belvoir, Virginia
to be published. ) v
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The problems associated with gencerating shaded relief images have been system-
tically investigated. Also, the theory of the formation of gray shade images by optical
systems have been investigated, as has the theory of the

V. DISCUSSION scattering ot light by solid surfaces with mathematical
models having been succeesstully developed. The theoretical ’ *

conclusions of this investigation have been used to develop a series of algorithims tor )

; .
4' tine efficient generation of a wide variety of shaded reliet images. Special algorithms l?
=~ designed 1o address the specific cartographic problems ot enhancing terrain teatures. o
- modeling haze, and generating relief contours have also been developed. These al- b
‘ gorithms have been implemented in two sets of  FORTRAN  routines: SHDPLER, :
P to generate shaded perspective images: and SSLPLP, to generate orthonormal shuded
' retiet images and relief contours. These programs have been tested using a polynomial
) 1 terrain data base ot the Cache, Okla. The images that have been generated demonstrate
4 { the teasibility. cconomy, and promise that shaded relief images hold for future carto- ]
” graphic applications and for tailored specific user need (see tables 2 — o),
:
3
-]
l
<
o
ed
1
It o concluded that: 1. Tlus cttort has resulted moversatile and cffiaent
shaded rehiet softwiare that can now ~erve oy the
o VI. CONCLUSIONS basis for tuture studies mto terrmn data user speaat
- rvquircmcnl\ and  needs 2. More work s neadaed 1
4 i two naun areas. anproved presentation and product use studies. 30 The mproved
, presentation should apclude color CRT and incorporate non-hvpsometrie terram data.
{
4
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TABLE 2. SHDPER FTN

Function/Source Code Correlation
Description of Program Function
Overhead
Interactive Parameter Entry
Parameter Computation
Loop Over Columns of Image
Calculation of Radial Profile (CALL PTS)

Calculation of Densities of Current
Column of Pixels

Determination (CALL GRNDPT. CALL AL'T)
Object/Image Point Correlation/Slope

Density Computation
Write to Disk fale
Write to Fine Printer (IFappropriate)

Overhead

83

Compilation Line Number

26
11

84

145

e

145
153

162

Y R v W,




TABLE 3. ALSLPFTN
Function/Source Code Correlation
Program Function
Overhead
Read Coefficients if first call
Retrieve needed coefficients
Calculate Z
Calculate 9%i/aX, 9Zi/pY
Calculate W;
Calculate aW"/(')X, Wijay
Calculate Z, 9Z/3x. 9Z/py

Overhead

1
14
33
54
68
77
84
92

100

Compilation Line Number

I3
32
53
67
76
83
92
98
111

TABLE 4. Outline of GRNDPT Source Code Function

Function Compilation Line Numbers

Initilize Flazs. Overhead
Yihy <Y, (Y{d + 1)
Calculate Ist iteration parameters

Calculate projection of algorithmically
determined point

Set parameters for next iteration. if needed

Return

1 - 13
14 - 23
24 - 40
41 - 44
45 - 59
62 - 63
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TABLE 5. The Angular Width of the Image
as a Function of DIS

DIS () Total Angular Width of Image
4. 122°
‘ 6. 101°
1 8. 84°
j‘ 10. 72 ’
: 12. 62"
i4. 55°
16. 49°
9 18. 44° 4
’ 20. 40° a
:} 24, 34" j
¥ 30. 27°

TABLE 6. SSLPLP.FTN

Function/Source Code Correlation

1 Description of Function Compilation Line Number
f Overhead 1 - 25
Interactive Parameter Entry 26 - 55
: Parameter Computation 56 - 97
A Loop Over Rows of Image 98 — 148
Calculation of Slopes for row (CALL SLPS) 101 - 110 i
3 Calculation of Densities: Lambert’s Law 105 - 120 q
Calculation of Densities: Lommel-Seeliger Law 122 - 139 '
1 Write Densities to Disk File 144 ~ 147
' Write to Line Printer (If appropriate)
(CALL LP) 149 - 158
Overhead 159 - 169
1
t
i
4
) 85




1. Theoretical Details. Lambert’s law is a scattering law that is an idealization

of cmptrical evidence. As noted in this report, no good derviation of Lambert’s taw

exists that is based on assumptions about the microscopic

APPENDIX Al structure of materials obeying it. This appendix presents

an inadequate derivation of Lumbert’s law. This derivation

has two components, just as Lambert’s law may be thought of as having two com-
ponents:

1. The brightness of a surface obeying Lambert’s law is independent
of the direction of view.

The brightness of such a surface s proportional to the cosine of the
angle between the vector of illumination and the normal to the
surface.

t9

The first component of Lambert’s law aceurately describes the functional
dependence of brightness of scH-luminous objects as well as that of some reflecting
bodies, Consequently, the derivation given below first postulates a model for the
microscopic structure of a self-luminous medium. and then shows that the surtace
of a body described by this model will be of constant brightness, regardless ot the
oricntation of the surface to an observer.

Fhe derivation of the second component of Lambert’s faw is not satisfactory .
In essence, this portion of the derivation is an attempt to justify the third assumption
given below about self-luminous bodies for illuminated reflecting bodies. This attempt
15 not suecesstul in a rigorous mathematical sense. but iy included for completeness of
this appendie, Tt must be noted that this attempt is the author’s: better “derivations™
may exist, but they are not Known to the author at the time of writing.

First, the variables involved in the derivation will be defined. As can be seen in
fieure AL, the system modeled might be used to measure the brightness of the surface
8. These measurements would be based on the determination of the total flux of
radiant energy  incident upon the light-sensitive arca, p, of a photodetector. This
detector has a light acceptance cone of width dw. the center of which is inclined at
an angle 0 to the normal to the surface 8. The distance of the detector from the
surface is R, measurcd along 4 ray within the detector acceptance cone, and the
corresponding distance to some volume clement dV is r, located a distance 2 =
{r = R)cost below the surface.

e,
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A derivation such as this must be motivated by empirical evidence. If self-
luminous bodies obey the first aspect of Lambert’s law. then the body with surface
S will be first modeled as a homogeneous, self-luminous medium. These assumptions
can be casily modified to treat non-radiant bodies that are accurately modeled by
Lambert’s law. as will be discussed. The medium presently being considered is char-
acterized by three features:

1. Each infinitesimal volume element radiates equally in all directions.
A ray of light has a mean free path of length before being absorbed
or re-scattered, and thus lost to a given beam.

3. All volume elements are equally luminous, with luminosity per volume
|

[$9)

It is a well known result of statistical mechanics that a beam of light char-
acterized by flun  F will, in such a medium. be attenuated by a factor of dF in
traversing a distance dx. such that

dF = =F(l'7)dx (134)

Fhus, o beam of initial inteasity F o will be of intensity  F(x) after traversing a
distance v such that

A

I fdl- = | M7 (135)

o w

Constdet now g volume element a distunce 2 beneath the surtace. A light
tiv cnntted frome thas clement towards the detector will traverse a path of length
\ i - Ry 7 sedth betore emerging from the surface. Now, |, = 1 dV d§.
where m this case. Byoas the lummosity per unit volume., dV s the differential volume
cle et and  d§2 s the sohid angle subtended by the detector at the volume element.

Henoo the ditterential luy madent upon the detector from this voluine clement
wi'l he

db= L dvd et T RYT (130)
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To find the total flux of radiant encrgy upon the detector. one must integrate

. all the volume elements within the detector acceptance cone dW. Hence. )
] F = di- = f 1, e = RYT gV gQ (137) :
. ' r=R :
:1 Now, dQ = a/r?. and dV = r? dWdr. Hence,

1
F . o0

;o= 2,2 At =R/
4 Fo= [ 1 ante? awet - KT g

‘ r=R

I, adwe!r = RIT gy

i
—

* r= R
‘ e
= I adwWr (138) ‘
[ i Thus, the flux received by a detector is independent of the inclination of the detector
i to the surface (i independent of 0y, if all else is held constant. The apparent
:} surfuce is a function of angle
dA = RZ dWrcost)) (139)

The solid angle that the light subtends is approximately constant:

i 2 = ar® =~ aR’ (140)
)
1 This is a valid approximation. it R ® 7. since all light emerging trom the surface
effectively cmerged from a radias 1 -2 (R4 10y) = R This follows from the ex-
‘ ponential decay of the cmerging tlux: less than 1 of the emerging light traverses
- a distance of more than 107, Having made this appioximation, one can keep the
. brightness of the surface constant:
3 )
1 B =
: dA cost) d§2
4 = F IR (W costh) costd ta R
| _

= Fta dW)
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The brightness off a surtace obeying lambertUs law is defined as being independent
of the direction from which it is viewed. which is the case of the surface of the body
st modeted. The first aspect of Lambert’s law has thus been derived from micro-
scopid considerations for a self-luminous body. in a form relating the brightness of the
surtace of the body to the flux incident upon a photodetector.

To complete a derivation of Lambert’s law, one must justify the third assump-
tion for reflecting bodies. This can only be done by making an additional assumption
about the microscopic structure of such bodies. In particular, reflecting todies that
obey Lambert’s law are composed of miscroscopic particies, cach of which is

1. Non-absorbing.
2. Defuses light uniformly in all directions.

It must be shown that these assumptions lead to the following conclusions:
In a semi-infinite body which may be modeled by these assumptions, (1) the intensity
of the light with the body is everywhere constant, and (2) the mtensity of the light
15 proportional to the cosine of the angie incidence of the incoming light.

First, examine a differential volume element dV a depth 7 below the surtiace
fsee figure Al). By showing that the net flux upon this volume clement is independent
of  Z. onc assumption can be justificd. Considerations of flux out (which. since no
absorbtion 1, assumed, must cqual flux i), will define the vaiue of the constant.

The tlus upon the volume element can be defined as an integral with two com-
ponents, the flux ot the incident light reaching volume element from the surface.
and the flax scattered from the rest of the body. This incident light is assured to be
of intensity - B above the surface and incident at an angle to the normal to the sur-
tace. By analvsis similar to that above, the fraction of the incident light reaching dV
will b

. N ] Y Yy

g = m ki AY etsealT (142)
onfo o

wltere it has been assumed  that the volume element s spherical and has o radius

AN TIAY 4.3 AY0 JdA = 1 AT OF this, a fraction A/37 will be scattered. Thus,

F of this fraction s

ot
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The contribution trom scattered light from the rest of the body must now be con- '
sidered. Here the differential contribution for a volume element  dV' of luminous S
intenstty 1) Gassured constant, we must find I, interms of E, and ) at a distunce
] rowill be
3 ) ) T A’ iy , ;
diyy o = 1, —— 7T dV (144
2
!
~ where m A2/r represents the solid angle subtended by dV at a. Asubove. d trac-
tion ot 437 ol this flux will be scattered. Thus.
“ 7713}
A (”‘““[ = l\ _ T V! (145,
. Y 3rr’

I'his must be integrated over the volume of the body. Since the surfuce delinnates

-
—ta

the body . the himits ol integration arce:

o 2T o s
. i L..L" . .
b, J‘ f f 1 et T gV
2 out Q 1.0
. 327
* 7 u [V} “2 2
3 /8 ~ T T2 T 4\\‘
. + f Y f f R IS SVARE TR
. R
Y tY L
) where i phernical polar coordinates,
3 . . )
N dV = e sind) drdf dg 14
[ ¢
!

[he tirst terme can be readiiv mtegrated by standard techmiques e second

4 cannot Teoevatuated o closed torni: henceel approxnnations must be oresorted tooat ot
i I~ 1o be cvaluated. This alone preddudes the success ot the approach. since o th
absence ot a ddosed torm reeresepntation, it cannot be shown that the resultadl conta

4 termy nesmating the /70 dependence of Fpo Strct hmits can be phiced on the /7 ‘
dependence of both  Foooand the nonapteprable term of Fooo bt o ose are not ad- 4
! : :
crudte oy are mconsistent wath the sssumptions necessary tor the Jdernvation ot the

frst o Caspedt T ot bambarts faw. Consequently . this derviation™  must be cone-

. stdered unsuceessiul
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2. The Lommel-Seeliger Law. The Lommel-Seeliger law is a scattering law
derived from realistic physical assumptions about the microscopic structure of a
scattering medium. From this law. accurate predictions can be made about the light-
scattering behavior of many natural surfaces. In particular. a scattering surface is
assumed to be apparent and that it is actually the surface of a material body composed
of many small, uniform scattering bodics. It is also assumed that the interaction of
light with the body is amenable to statistical analysis.,

The present derivation of the Lommel-Seeliger law is an extension of the treat-
ment given by Hapke* 0 Since the derivation assumptions about the nature of the
scattering body are. Explicit. the approach is representative of a large class of similar
theoretical laws and is included as a detailed examination of one of these laws. As
noted in the beginning of this section, the Lommel-Seeliger law was selected for the
simplicity of its final mathamatical form and theoretical basis and for its ability to
predict accurately the light-scattering properties of a variety of surfaces.

The following variables are used in the discussion that follows (sec figure Al).

Definition of Variables

n = mean number of scattering objects per unit volume:

o = average cross section of a scattering object:

0% = mean free path of a beam of light rays in the medium. We
shall assume that vy = 1/no is always a good approximation.

b = total reflectivity of a scattering object. Hence, (1 = h) s
equivalent to the fraction of light incident on a scattering
object which is absorbed.

i = the angle of the incident light with respect to the normal
to the apparent surface:

@ = angle between the rays ot incidence and reflection:

6 = angle of the ray reflected towards the detector with the
normal to the apparent surface:

d2 = solid angle subtended by the detector at the surface:

a = light-sensitive arca of the detector:

R = distance of the detector trom the apparent surface. measured
along the path of the reflected ray (dQ = a/R?):

dw = solid angle of the acceptance cone of the detector:

E = incident intensity  (flux of radiant cnergy per unit area
normal to the direction of incidence): and

Slay = scattering law of an individual object. Of the light reflected.

S (o) is that fraction of the incident light trom a unit
solid angle about the source reflected into the uait solid
angle about the direction of observation. Y(w) is normalized
so that _[m S()dQ = 1.

My Hapke. S Geophvs, Res. 68(1963), p.4575.
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Consider the fraction of radiation incident upon the apparent surface reaching
a volume element dV = r? dW  at some distunce Z = (r — R) cos)  below the
apparent surface. If the radiation is incident at an angle i to the normal to the up-
parent surface, then the distance traversed by the ray will be

Z' = Z/cosi = Z Seci (148)

The fractional change in the flux incident upon an infinitesimal volume clement
of the scattering material of thickness dZ' (measured along the path of the incident
ray), owing to scattering or absorption within the differential volume element. will
be

dE = -=E' nodZ' (149)
Hence,
E(Z') = E, en0? (150)
and
E(Z) = E en0ZSect = o2 Seehfr (151)

The light reaching the detector is the light within the detector acceptance
cone, dW. This light may be interpreted as being reflected from the apparent surface
area dA = R2dW/cos6.

Consider the volume clement dV  a distance Z below the apparent surface.
As above. the light intensity at the dV will be
b(zZ) = E_ ¢'%Sechir (152)
Now. determine the differential flux incident upon the detector owing to scattering
within this volume clement. First, not all light incident upon the volume element will
be reflected. Instead. only the light incident upon the surface arca  dS = no dV of
the scatterers within the volume will be available for reflection. Of this, only a fraction
b will be reflected. The detector is located at an angle o to the radiation incident
on the scatters; S () of the total reflected radiation will tall within a unit s»lid
angle around the detector. However, the detector doesn’t subtend a unit solid angle.
[t subtends a fraction  d§2 = a/r?  of a unit solid angle. The product of these tacters
represents the tlux incident upon the detector:
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Assume that the hizht reflected towards the detector will be turther attenuated
Byvoa tactor ot expl=/ Sce) yl before emerging trom the apparent sarface. sinee
it must agan pass through the scetterme body. Henceo the iy of radiant energy
reflected trom the volume chhoment  dV o and emergime trom the surfauce will he the
product ot equation ti7 3 and the new atienuation fuctor. [hus.

Vs ) lwz(u) no o SeenT i/ seclhr gy
= I ngab Z(m expl=r =Ryl +cosficosi rf drdW (154)
where tae identities 7 = (r = Rycosh and  dV = r7 dW dr has been used.
Thus. the total tlux of radiant encrey falling upon the detector within the
detector acceptance cone dW  will be tfound by integrating the differential flux from

cach Vo= 2 AW dr within the aceeptunce cone dW: te. b integrating over

JH o pieater than R

f | , ho ab Z((\’) JW ettt - Ryl 4 corllicosinT) dr
R

T

= V(L noab Y ) dW)

I+ confl cosd

Foab () dW
Z (15%)

It cos cos

A omenticoned betore. this report is not interested in the total incident Tas

photometrie apphications. such as photometry. but s interested in the photometrie

hrivhitness. Reculling the basie photometric identity and invoking the geometric faw

ol conservation of cnerey . one s
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B = b (dA cost) dQ2)

= bdA cos? (a/R?))

,
_obab Dt dw R i
I+ cosli;cosi a dA cosf
_bab 3@ dAcosd RS [
1+ cosficos R* a dA cost
I b () -
= “—_2:_ (1501
1 4 costticosi
This is the form of the Lomimel-Seeliger scattering faw ot mterest 1o us,
3. Image EFlement Mumination. Lot us repeat the problem addressed by

this report: that s the determination of the denstties of cach of an array of image
clements of o clearly defined optical system for the specitied lichting conditions of
Jooven terrain model.

The first problem to be considered is what cach image element is to represent.
Ieally: cach clement will reproduce the average ilfumination of that image clement.
Mathematically, this is a continuous process, defined by the integral of the illunnnation
at cach point of the image clement, divided by the Tinte arca ot this cloment. Thus,

[ar

b= =2 (157)

A

the average illumination is given by

whore A is the area of the image clement. and dbF s the illumination of a difterential
image drea clement. dS'. Recalling equation 31y and remembering that there s a 11

mapping of the ditterential surtace arca of the object into the corresponding clemen;
dS' one sees that cquation (43) can be written as
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> (158)

<E> =
where S' is the corresponding area of the object.

It is this continuous integral that we must approximate by a discrete sum.
If we let E; represent the illumination of the ith  point of the image element under

consideration, then

=

<E> = i W A (159)

If the i'" point of the image element is defined in terms of a local (x. y) coordinate
system by (X; Y;), and the corresponding point of the objects surface by (n;, &) in
terms of some (n, £) coordinate system on the surface of the object, then B = B(n.§)
and particular points can be defined as B;. Similarly. # and ¢ can be labeled by

0; and ;. Then

n B, acosy cosl;

e&t  Mo? cosa cost
(160)

<E> =
n

For realistic imaging systems. one may assume that 8 will not vary appreciably over
the image element. A more dubious assumption, although well-justified for image
clements of sufficiently small areas. is that B; and ¢, will also vary by a negligible
amount over the area of interest. Thus, we have

a B; cosy; cosl; (l61)

<E> =
Mo? cosa cosp

for some typical B,
this yoint should he at or near the center of our image clement. but in light of the

approximations introduced thus far. this is not essential,
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and corresponding @; and ¢ within the arca of interest. Ideally,
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Finally, the approximation is introduced so that the field of view of the imaging
system is small, and that for all elements of the image. 8; XO. However. it is an ap-
proximation only for the perspective projection; it is exact for the orthonormal projec-
tion. Having introduced this approximation and noting that

cosy = cosa cosf (162)
one has the formula for the “‘average™ illumination <E;> of the jth area element

of the image, which contains a typical point with a corresponding point on the surface
of the object characterized by a brightness B,.

aJ
<E> = = aB; (163)

This approximation is introduced for two reasons. First, the number of cal-
culations will be significantly reduced that need to be made to determine the densities
of a synthetic gray shade perspective image. Second, the final perspective
should be composed of image elements with densities that are well defined functions
of the terrain and lighting and that are not dependent on the arbitrary viewing para-
meter. In essence. the approximations introduced remove the vignetting effects that

the rigorous equation accurately models. These effects would probably detract from
the qualitative appearance of the image.
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1. Software Guide. Ihis appendix is a user’s guide to the ETL  shaded

reliet software developed during the course of the work desceribed in this report.

The software was developed in FORTRAN on a PDP-11/45

APPENDIX B. minicomputer under an RSX=11/D operating system. The

software is currently running on the FTL PDP=11/45 under

an RSX=11M operating system. Familiarity with the body of this report is desirable

betore reading this appendia. and limited fannliarity with FORTRAN and the RSX-
1T1:M operating system is assumed.

fhis appendix present the information necessary to use the three sets of routines
developed. First. the perspective shaded reliet routine SHDPLR.TSK  procedures
that are necessary to create the executable file from the FORTRAN  source files
will be examined, explaining the input parameters and detailing the format of the
polynomial clevation data base, the output line printer graphic. and the coded-density
disk file. The orthonormal shaded relief routine, SSLPLP.TSK  will be examined.
Finally. the program PDSKTP will be reviewed. The program reads the coded density
data from the disk file created by cither SSLPLP ora SHDPER and writes the data
to a nine-track tape to generate high resolution images, using cither the DICOMYD
or EBR gray shade recording devices available at ETL.

2. Perspective Routines. In this scction, the use of the true-perspective
shidded rehiet routines SHDPER  will be described. Running on a PDP--11/45 mimi-
computer. SHDPER  can created a shaded relief perspective image in a multi-user
Snvironment ina time on the order of S milliseconds per pixel real time. This figure is
subject to enormous variation, dependent on viewing parameters. machine use. and
control parameters. The user of the SHDPER routines can

Specify viewer location.
Specify imaging geometry.
Specity imuage resolution,
Specify the terrain viewed.
Specify a verticul evaggeration.
Detine the position of the sun.
t'nable a variable sun position within user-
spectfied boundarices.
Choose between the Lommel-Secliger law and
Lambert's law to define terrain brightness,
9. Define the density scaling,
10. Specify program contro) parameters afTecting
proccssing efficiency.
11, Sinvilate the effects of atmospheric hare

NS =

x
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The program generates

Diagnostic output.

A DSKTRN-callable disk file of coded
pixel densities.

Low resolution line printer plots.

a. Building the Task: SHDPER.TSK. In this section. the procedures
are examined for creating the file SHDPER.TSK to be executed on an RSX-11/M
operating system. The user should know how to create files of the source code, as
listed in appendix B. as well as the FORTRAN-callable 1/0 routine DSKTRN.

(1) FORTRAN Source Code File. In this section, the FORTRAN
source code files needed to create the task SHDPER. TSK are examined. First, the
algorithmic function of each of these files will be reviewed, and where appropriate,
sufficient information for specific minor modifications will be presented.

(a) SHDPER.FTN. The program SHDPER.FTN is the main
routine of the shaded perspective routines. An understanding of the basic structure
of the program can be quirkly gained by examining the listing and comparing it with

the functional outline cf the FORTRAN code presented in table 2.

There are two modifications of the file that the users might wish
to make: (1) in alter the size of the maximum image that can be produced, and
(2) to change the disk file created to another device.

To make the first modification, let M represent the desired max-
imuiin number of pixels per column of the image, and let N represent the maximum
number of columns of pixels in the image. Thus, M’ and N’ are the corresponding
lcast multiple of 256 greater than or equal to M/2 and N. respectively. Hence,
the byte anag SHADE should be re-deminsioned

LOGICAL*1 SHADE (M)
and the two calls to DSKFIL should be altered as
100 CALL DSKFIL (2, -1,” DB:, LPFER.DAT’.DUM, M. N)
CALL DSKFIL (2, -2.” DBi:, LPPER.DAT'.DUM, M, N)

The dimensions of the Y-array may be altered with that of SHADE.
The disk file name, or the device it is to be written on, can be cnanged by altering the
appropriate strings within the apostraphes of the two calls to DSKFIL.
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R where
3
. (X1, Y1)
S‘J (X2,Y2)
i NPTS
3
s B
DLN
IASCD

(as it is in SHDPER):

where
(XMINB, YMINB)
(XMAXB. YMAXB)

ELEVB

(b) PTS.

FTN. The PTS.FTN file contiins the subroutine
PTS. which determines the coordinates at which clevation data points are to be
accessed. The subroutine is compatible with the SHDPER calling routine and the
altitude— and slope—computing subroutine ALT found in file ALSLP.FTN. Because
it is simple. no outline of function will be given here.

The calling statement is

CALL PTS (X1. Y1. X2, Y2. NPTS. B. DLN. IASCD)

are the mapsheet coordinates of the observer’s location
arc the coordinates of the other end point of the radial
of interest.

is the number of elevation data points to be gencrated
along this profile and returned to the calling routinc.
is the array in which the elevation data points are to
be stored.

is. effectively, a dummy parameter for this application.
shouid be set to 0 to minimize execution time.

One COMMON block should be defined in the calling routine

COMMON/BOUNDS/XMAXB./YMAXB. XMINB. YMINB. ELEVB

are the mapsheet coordinates of the origin of the
area modeled by the polynomial terrain data base.
are the maximum mapsheet coordinates of the area
modeled by the polynomial data base.

is the minimum ec¢levation of the polynomial data
base.

These variables are appropriately defined in the overhead portion of SHDPER. FTN.
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(c) ALSLP.FTN. This file contains subroutine ALT. This
subroutine accepts the X and Y mapsheet coordinates of the current point of
interest and an integer flag IASCD. When IASCD = 0. only the clevation of the
point of interest will be returned. When IASCD is set to | in the calling routine.
both elevation and the partial derivatives (0Z/3X and 3Z/3Y) at the point of interest
will be returned.

3 The subroutine uses a polynomial terrain data base and currently
;' is structured to read the coefficients of the upper once--third the Cache. Okla mapsheet
" into the arrays COEF1 (90, 40) and COEF2 (90, 40. 3). By bringing these cocet-
Y ficients into core, execution time is considerably reduced.

.

'4 With this implementation, only data for points within the region

modeled by the coefficients brought into core can be evaluated. The subroutine
avoids inadvertent attempts to access non-modeled terrain areas by checking to sec
that the point of interest is within the region modeled. Points outside of this region
will have their z values set to a nominal elevation. and the partial derivatives will be
set to 0.

In table 3. the correlation is outlined between the function and
the FORTRAN compilation line numbers used in the listing in appendix B.

The calling statement is

CALL ALT (X. Y. Z. SN, AZ. BZ. IASCD)

where
(X.Y) are the coordinates of the point of interest.
Z will be the clevation of that data point.
SN is a dummy parameter.
AZ.BZ are respectively 0Z/0X and 4Z/8Y. IASCD should
not be cqual to zero it AZ and BZ  are desired.
Two COMMON  Blocks must be defined in the main routine.
) COMMON/BOUNDS: XMAXB. YMAXB. YMINB. ELEEVB
asin

ALSLP, FTN and COMMON/NEW 'MRDR

where MRDR should be next to 1 in the main routine.
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(d) GRNDPT.FTN. This file contains the image—object point
correlation subroutine GRNDPT. The subroutine accepts the number of the current
pixel of interest in the column of pixels being processed at the time of tiwe call to the
subroutine. On the basis of an array of clevation data points along the radial corres-
ponding to the current column of pixels and the parameters defining the perspective
view being generated, the subroutine finds a point along the radial, whose projection
lies within a specified distance of the center of the pixel of interest.

The algorithm used (described in section IV, A) is iterative and
makes several assumptions about the nature of the terrain modeled. Foremost among
these is  the assumption of continuity, which is violated at the “‘edge” of the area
modeled by the coefficients in core. Hence, those views of the terrain in which the
“chff™ would be visible are not amenable to analysis by the SP (or other) interative
routine. The subroutine  GRNDPT  detects this condition, issues diagnostic error
muessages, and sets NFLAG to 10, which halts the execution of SHDPER.

In table 4, the correlation ts outlined between the function of
the source code and the line numbers of the FORTRAN compilation of GRNDPT
in appendix C. In the table the notation found in section IV, A, is used.

The calling statement is
GRNDPT (J. Y, NFLAG. XI. YI. I. YMAX. IASCD. AZ. BZ. Z)

The argument and return vatues are as follows:

J is the index of the pixel for which we are seeking
a corresponding point on the ground. J runs from
1 at the bottom of the screen to NPIX  at the top,
where NPIX s the number of pixels in cach column.

Y is the array containing the screen Y-values of the
projections of the points comprising the radial of
clevation data.

NFLAG 1s a flag returned by GRNDPT to the calling routine.
NFLAG is 1. if a successful correlation has been
made. and it is set to 10 if an error condition has
been detected.

(XL, YD are the coordinates of the point on the ground whose
projection lies within the pixcel of interest.
1 is an index pointing to the last 'Y array position with
a valuce less than the last pixel center.
YMAX is the maximum Y value in the 'Y array in the range

Y1) to Y. Any Y array value greater than
YMAX is assumed to be visible.

TASCD is the flag directing ALT to pertform cither altitude
and slope, or just altitude computations. 1t should
he set to 0 before calling GRNDPT.
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Two COMMON Blocks must be defined in the calling routine:

COMMON/AARGH/Y, YO. THETAP. D. NPTS. DX. H.

YSE. I SCL. TOL. THETA. YIiST

and

COMMON/HGRAA/Z1. Z2. CSTP. SSTP. CST. SST

where

THETAP
THETA
YIST
DX

H

VSF
TOL
SCL

D.DIS,NPTS

te) SXSY.FTN.

are the SHDPER user specified “‘coordinates
of position” (sec SHDPER input Parameters
below).

is the absolute azimuth in radians (aeronautical
convention) of the current radial.

is the azimuth. in radians (acronautical con-
vention) relative to  the principal direction
of view.

is the clevation of the point (X, YO0).

is the increment between pixel centers (De-
fined as  14.5/tnumber of radials in SHDPER).
is the eclevation of the observer above ground
level (in meters).

is the vertical scaling factor.

is the user specified tolerance.

is the ratio of inches on the image plane to
meters on the ground. .

are as specified in SHDPER Input Parameters.

This file contains the variable sun angle sub-

routine  SXSY. The subroutine varies the azimuthal position of the sun to highlight
terrain features. within user—specified tolerances. Since the subroutine is well doc-
umented internally with respect to the functions outlined in section I, I, no table

of source code tunction is given.

T'he calling sequence is

CALL SXSY (SX.SY. AZ. BZ)




where

SX, SY will be the X- and Y-- components of the
illumination vector to be used tor the current
pixel.

AZ,BZ are the partial derivations 070X and aZ/0Y.
defining the normal at the point of the surface
of interest.

One COMMON Block must be defined:
COMMON/SEXY/DELTAG, COSEL. IVSUN, ANG. C1, C2, S1. S2

where DELTAG should be set to 1.

COSEL is the cosine of the elevation of the sun.

IVSUN is a tlag specifving that the sun angle is to be
varied (IVSUN = 1) or is not to be varicd
(IVSUN = 0).

(fy LPPER.DAT. The file LPPER.FTN contains the line
printer output algorithm LP. The subroutine accepts a byte array of arbitrary length
and outputs the coded gray shade information of the first 100 array positions. The
image format is summarized in section 111, E of this report. Each byte should contain o
value between O and 128. The correlation between density and input value can
be found by examining the listing of LPPER.FTN and correlating it with table 1.

The calling statement is
CALL LPLER (SHADE)

where SHADE is a byte (LOGICAL * 1) array of arbitrary length.

ANG is the angle of view (in radians, toliowing the
mathematical convention),

C1,C2, 81,82 are the values of S in cquations (108, 109)

and the values of S, in equations (108, 109).




(g) LPPER.IFTN. This file contains the line printer output
subroutine LP. The subroutine is a struighttforward implement of the Yoeli density
table found in table 1. The calling statement is

CALL LP (SHADL)
where SHADLE is a byte array containing the coded image densities.

(2 ) Compilation and Task Building. Before the  SHDPER
shaded relief perspective routines can be run, the source code files must be compiled.
and the object files created by compilation must be combined into an executable

file by the task builder.

Compilation is straightforward. If the user is logged on to the
system, then the Main Console Routine (MCR) will issue a prompt:

MCR >
The user should then enter
FOR object file name, LP: = source file name, [CR]

If no line printer listing of the compilation is desired, the “.LP:” may be deleted.
An example of this process is

MCR > FOR SHDPER. LP: = SHDPER [CR]

The output file containing the object code will be placed. by default. in the file
SHDPER.OBJ.

It should be noted that all of this assumes that the User ldenti-
tication Code (UIC) of the user is that whose library contains the needed source
code files as outlined in this appendix. If not. recourse to the RSX—11/M manuals
should be made. In any case. all source code files should be compiled.

At this point. the executable task SHDPER.TSK c¢an be built.
This is done by using the indirect file SHDPER.TKB. (listed in this appendix). After

the last source file has been compiled, one enters, in response to the MCR  prompt

MCR > TKB SHDPER [CR]
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This assumes that the FORTRAN --callable data access routine is stored under the
UIC (300, 300). If this is not the case, then the command file SHDPER.CMD
should be appropriately modified by the user. If the uscr is unsure as to how to do this,
he should review the RSX-11/M  operator’s manuals. It is also possible that the user
may desire alternative device assignments. These may be altered by changing the
command file before tuask building or at the time of the running of the program (see
the tollowing section). In table 5. a summary of device assignments and program
characteristics is shown.

b. Running SHDPER.TSK. Before discussing input parameters, it
1s appropriate to discuss the commands involved in initiating the exccution of the
SHDPER  routine. as welt as possible error conditions that might occur. Two pro-
cedures are available for initiating the execution of the task. Both assume that the
task file SHDPER.TSK has been created, that the user is privileged i has logged
on to a privileged UIC and has SET his UIC to that containing the task file).
that the data base CACHEL.DAT exists on DBO: (and is unlocked). and that
both disk drives (DBO: and DBI1:) have been properly mounted.

The first means of initiating execution is. in fact, a subsct of the second.
In response to an MCR prompt, the user enters

MCR > RUN SHDPER [CR]

Execution should now commence. as outlined in the next section. [t is possible.
however, for error messages to oceur as a result of any of several fauity conditions.
The most frequent is related to the files. Either the input data file or the output
data file may be locked. It is possible to check this (as well as correct ity by means
of the Peripheral  Interchange Progrum (PIP). In response to an MCR promipt. the
user should enter

MCR > PIP:CACHE 1 DAT. DB1:= LPPER.DATUN

If the files are not locked. PIP will respond with a message to that effect. I this is
the case with both files, check to make sure that the files exist on the appropriate
devices and are of the right dimensions. It they don’t exist, PIP will respond with
a message to that effect after the above command. It the files were locked. then no
message will be issued; an MCR prompt will be issued. and the user should again
attempt to run SHDPER,

artabiz .
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It should be noted that the active task created by the RUN command.
as uscd above. will be named by the name of the terminal from which the task is
excuted. Thus, if the user initiated operation on TTO:, then to abort the task during
execution, the user must first bring up MCR by entering a < Control > [CR{
command and then entering, in response to the MCR prompt

MCR > ABO TTO {CR]

Alternatively, the task can be  INSTALLLD  before running, and an

alternative name given to the active task. In response to an MCR  prompt, the user
onters

MCR > INS SHDPER/TASK = SHDPER {CR]

In this example. the task SHDPER  is installed under the name of SHDPER.
Any other name (6 characters) could be substituted for the second occurrence of
“SHDPER™. Having installed the task, one may alter the running priority by using the
ALT command. or logical unit numbers can be reassigned to other physical devices by
means of the REA command. See the RSX-11/M Operating Procedures Manual for

details. The installed task is then run as above. The task should be removed after
exccution by the REM command:

MCR > REM SHDPER |CR]

c. Input Parameters. It is now assumed that the program is executing
properly, In this section. the prompts issued by the program in scquential order will
be reviewed. and the meaning of cach of the input parameters will be explained. All
READ statements in the program SHDPER.FTN are list directed. Thus. no attention

needs to be paid to considerations of format.

Once the program has begun successtul execution, it will issue a prompt
ENTER COORDINATES OF POSITION

The user should enter the X and Y mapsheet coordinate (X, Y 0)

ot the position from which he wishes to create a perspective image. These coordinates
do not have to be within the arca modeled by the coefficients in core, but it this is

not the case, care should be taken to avoid circumstances such as those described in
the discussion of the subroutine GRNDPT in A.l.d.  An example of an entry in

response to this prompt is

7.0.14. [CR]
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The shaded perspective routine will now issue another prompt:

ENTER ALTITUDE, AZIMUTH. # RADIALS. PTS/RADIAL,
DIS. # PIX/COLUMN, D

The first value entered should be the altitude in feet of the observer
above ground level at the coordinates just entered. This defines the program variable
HT. Low values for the altitude (0 to 1000 feet) will result in images with most
of the image portraying terrain in the foreground; higher altitudes (1000 - 10.000
feet) will result in substantial coverage of distant objects.

The azimuth to be entered (AZ1), will specity the direction in which
the imaging system will face. The program accepts any value for this parameter. [t
assumes that the value entered will be in degrees and will follow the aeronautical
convention, such that 0° implies facing North, 90° implies facing East. etc.

The number of radial entered (NRAPS) specifies the number of columns
in the resuiting image. The actual number of columns in the image created will be

(because of the algorithm used)

#Columns = 2 times INT(#radials specified/2) + |

The number of columns are important in determining the vertical dimensions of the
image. The software assumes a  14.5-inch-wide display screen. and a nominal spacing
between pixels of DX = [4.5/(#columns—1). This DX, when mutiplied by the
number of pixel per column, yields the effective vertical dimension of the image.
The number of radials must be less than or equal to 1023, and the value entered

should be positive.

The number of points per radial entered (NPTS)  will determine the
number of clevation data points to be generated along each radial profile. The NPTS
number should greatly affect the time of execution: however, no study has been done
of the actual impact of the value on execution time. It should be greater than 10
times the parameter D (sce below) and must be less than 1024,

The distance of the image plane trom the focal point is defined by DIS.
Since the width of the tmage plane is internally fixed at  14.5 inch, the parameter
also defines the angular width of the image. In table S, a brief list of total angular
widths are presented for various values of this parameter, Values of DIS below 10
result in fish--eyed  views of the terrain, and values of DIS above 20 have narrow
ficlds of view and are telescopic in nature.
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The number of pixels per column  (NPIX) defines the height of the
image, as noted above. This number must be less than 100 if line printer output is
desired, and it must be less than 1024,

Finally, the mapsheet length of the radial of elevation data points gener-
ated is defined by D. Thus, only terrain within a radius D of the position of the
observer will be imaged. Although D may assume any value, the value chosen should
reflect the size of the arca modeled.

The values for these seven parameters should be entered sequentially.
seperate! by commas. For example, one might enter

5000., 0., 200., 10., 100., 10.. 100., 9.6 [CR]

The program will next issue the prompt

FNTER VERTICAL SCALING FACTOR. TOLERANCE

The first parameter to be entered. the vertical scaling factor VSF. is the
vertical exaggeration to be applied to the terrain. It corresponds to the v of equation
(9) and should take a value between 1 and 5, although any value is acceptable.

The second parameter to be defined. the tolerance TOL. is defined in
section 1II. B. There is no mathematically valid reason for defining TOL less than
0.5. Significantly greater values may under some circumstances result in images of
ragged appearance. Thus, 0.5 is the suggested value.

One might enter the following in response to the prompt being considered

3. 05
The next prompt asks the user to
ENTER O FOR LAMBERTS LAW, I FOR
LOMMEL-SEELIGER LAW; DENSITY SCALING FACTOR, ATNTN COEF

The first entry requested defines the light-scattering law to be used in
subsequent processing and sets a flag (LAW) in accordance with the entry.

The density scaling factor DSCL  defines the factor by which the nor-
malized densities that are calculated by the program are to be multiplied before
packing each in an  8-bit byte. Any positive value is acceptable. For the upper one-




third of the CACHE, Okla. mapsheet as modeled at ETL. with the sun at altitude
of 45°, with Lambert’s law and with a vertical scaling fuctor of three, a good value
is 200. A wide latitude is available, and it will be needed for various images. Thus,
it is always a good idea to “‘proof” a proposcd image with a line printer plot before
generating a high resolution image.

The next input requested defines the attenuation coefficient. This para-
meter effectively enables the user to define the amount of haze present over the terrain
viewed. Since haze is assumed to be of constant density, the contribution of the
haze to image illumination increases roughly exponentially with Jdistance. This para-
meter should be about half the value of D. An entry of 0. results in no haze,

A typical entry in response to this prompt might be
0. 200., 0. [CR]

The final input parameter prompt of SHDPSR asks the user to

ENTER ELEVATION, AZIMUTH OF SUN,
VARIATION OF SOLAR AZIMUTH.

This prompt enables the user to define the illumination of the terrain.

The first two inputs requested define the (principal) position of the sun.
The first value requested. the elevation of the sum (ELEV1), is the altitude of the
sun relative to a flat base plane. The parameter can assume values between 0° and
90°. such that zero degrees defines the sun to be on the horizon and 90° defines
the sun to be directly overhcad.

The second input parameter defines the azimuth of the vertical plane
in which the elevation of the sun is measured. Any positive value is acceptable. The
program assumes that the input will be in degrees and that the user will follow aero-
nautical conventions. Thus, an entry of 0 would define the sun as due north: and
entry ot 90 would define it as due cast.

The third parameter enables the user to vary the sun angle, as outlined
in section IIl, F of this report. The input requested is the variation in solar azimuth
to be used in the algorithm, which defines variable RVIEW1. The program assumes
an input in degrees, with any value between 0 and 90 being acceptable. Any value
below 1° results in no variation of solar azimuth and values of 90° enables variation
through one quadrant.
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= At the present time, no detailed guidance can be given to the user with
3 regards to the selection of these parameters. Optimum values arc highly dependent
on terrain, as well as on the other image parameters. A typical entry might be

45.. 300.. 0. [CR]

» After processing the image that the user has just defined. the user will
' be required to
=

ENTER 1 FOR ANOTHER IMAGE
e An entry of 1 enables the user to redefine parameters as outhined above.
E A

Any other entry halts execution.

3. Orthonormal Shaded Relief Routines. In this section the orthonormal
shaded relief routines SSLPLP will be described. The routines produce an ortho-
"i normal shaded relief image defined by various input parameters from a polynomial
terrain model. When being run on the ETL PDP-1/45 computer, the routines can
produce an image in approximately 3 milliseconus per pixel. subject to variations as
noted in the introduction to the SHDPER routines.

The user of the SSLPLP routines can

G &

Specify the area to be imaged.

Specify the resolution of the image.

Specify the vertical scaling factor for the terrain.

Specify the shading law to be used to model the terrain.

Specify the position of the “sun’.

Define a variation in solar position to highlight ;
terrain features. '

SNk W -

The routines generate

1. Diagnostic output. ;
. 2. A DSKTRN-Callable disk file of coded pixel densities. 1
3. Low resolution line printer plots.
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a. Building the Task: SSLPLP.TSK. In this section, the procedures
tor creating the file SSLPLP.TSK are reviewed. It is assumed that the user has alrcady
created files of the source code (as listed in appendix B) as well as the FORTRAN
callable disk /0 routine DSKTRN.

{1) FORTRAN Source Code Files. Betfore describing the actual
procedure to create the SSLPLP task file. the function of cach of the FORTRAN
source files will be reviewed. Since most of the files have already been described in
the SHDPER portion of this appendix. the previous discussion will not be repeated,
only referenced.

(a) SSLPLP.FTN. This is the main routine of the orthonormal
imaging routines. An understanding of the basic structure of the program can be
quickly gained by comparing the listing of SSLPLP.FTN with the tunctional outline
of the FORTRAN code presented in table 6.

SLPS.FTN. This file contains the source code for the subroutine
SLPS. which generates an array of x and y slopes at equally spaced points along
a protile of the terrain. The subroutine is called by

CALL SLPS (81, Y1, X2. Y2, NPTS, AZA, BZA. DLN)

where

(X1, Y1) arc the mapsheet coordinates of the first point
of the profile.

(X2, Y2) are the mapsheet coordinates of the last point
of the profile.

NPTS is the number of points along the profile at
which the slopes are to be evaluated.

AZA is the array that will be tilled with the x-slopes
0Z/0X.

BZA iy the array that will be filled with the y-slopes
az/ayY.

DLN is the distance in mapsheet inches between

successive points along the profile. It is com-
puted within SLPS.

Once COMMON  Block must be defined in the calling routine:

COMMON/BOUNDS, XMAXB. YMAXB. XMNB. YMINB. I'LEVB

112
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The common variables must be defined in the calling routine.
They are:

XMAXB, YMAXB The mapsheet coordinates of the upper
right corner of the area modeled by the
polynomial data base.

XMINB, YMINB The mapsheet coordinates of the lowcr
left corner of the area modeled by the
polynomial data base.

ELEVB The minimum elevation in meters of the
area modeled.

The subroutine is very similar to the SHDPER subroutine PTS in structure.

(b) ALSLP.FTN, LPPER.FTN. SXSY.FTN. The files ALSLP.
FTN. LPPER.FTN, and SXSY.FTN contain the remaining subroutines called by
SSLPLP.FTN. All have been described in this appendix.

(2) Task Building. Before the SSLPLP  orthonormal shaded
relief routines can be run, the source code must be compiled. and the object fites
created by the compiler must be combined into an executable task file by the task
builder. Source files should be compiled as outlined in this appendix.

When the source files have been appropriately compiled, the task
file can be created. This is done by entering

MCR > TKB @SSLPLP [CR]

As with  SHDPER.  the indirect command file  SSLPLP.CMID  assumes that the
FORTRAN--callable disk  1/0 routine DSKTRN s stored in the UIC 1300. 300].
If this is not the case. appropriate changes should be made in the command file.

b. Running SSLPLP.TSK. Exccution of the program should
begin. If an crror condition occurs, it can be corrected as outlined in the discussion
of the initiation of SHDPER in this appendix.

The prompts issued by the program will be reviewed in sequential
order. and the meaning of cach of the input parameters will be detailed. As with
SHDPER. all  READ statements in SSLPLP  are list directed. and no attention
needs to be paid to the format of the input parameters.
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Once the program has begun successful execution, it will jssue the
prompt

ENTER MAPSHEET COORDINATES OF LOWER
LEFT-HAND AREA OF INTEREST

The user should enter the X and Y mapsheet coordinates of
the lower left corner (north-up) of the area of interest. This point does not have
to be within the area modeled by the coefficients in core, though the unmodeled area
will appear as a featureless plane. An entry in response to this prompt might be

5., 15. ICR]
The program will next prompt the user to
ENTER HEIGHT AND WIDTH OF AREA OF INTEREST

Height is the y-extent of the rectangular region to be modeled, and width is the corres-
ponding x-extent. Both are measured in terms of mapsheet inches. A user might enter

4., 4. [CR]
The program next asks the user to
ENTER # PIXELS/HORIZONTAL LINE

The SSLPLP calculates one profile of elevation data points at a time. Each profile
has a constant Y-coordinate, with successive profiles running from the upper (greater
Y) boundary of the rectangle to the lower boundary. This prompt is asking the user
to define the number of pixels in each of the profiles, which defines the pixel size and,
thus, the number of profiles. It should be noted that a value of NPIX (the number
of pixels per profile) of 100 or less results in the immediate production of line
printer output. as well as of the disk file. Values greater than 100 will create only
a disk file. A typical entry might be

100 {CR]
The program next asks the user to

ENTER VERTICAL SCALING FACTOR




€ sroaias b S

The number entered will be used to scale the Z-coordinate of the terrain, resulting
in an appearance of greater relief. Values between 1 and 10 are reasonable. although
the values of other parameters will have an impact on the appearance of the final
image. No absolute guidance can be given. This and other parameters must be opti-
mized together, not one at a time. A typical entry might be

3. |CR]

The user next determines the light-scattering law that he will use
to model the reflectance of the terrain. The user is asked to

ENTER FOR LAMBERTS LAW, | FOR THE LOMMEL~SEELIGER LAW
The prompt is self explanatory. 4

The final image defining prompt asks the user to

ENTER ANGLE OF ELEVATION OF LIGHT. ;
DIRECTION OF LIGHT. AZIMUTHAL VARIATION _
This prompt plays precisely the same function that the corresponding prompt plays

in the SHDPER routines. The user is referred to that section for more information i
about this prompt.

At this point, the program cxecutes, and the user is asked. upon
completion of the image just specified. to respond to

ANOTHER IMAGE: ENTER #1
The user should enter

1. [CR]

in order to continue cxecution, Any other entry will halt execution.

1 115 i
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SHDOPER/PR:0/FP/CP/NOTR=SHUPER, 1300, ,00)DSKIRN
SXSY,LPPEKR,ALSLP

PTS,RGSTR, GKADP1

/

UNITS=21
ASG=DB2:0,11:5,11:7
ASG=DB0:14,DB0:13
ASG=DHB2:12

//
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& FORTRAN [V=PLUS V02-S1E 13121137 21-APR=81 PAGE 1 :
f SHDPER . FTN /TR:BLOCKS/WR !

C TH1S PROGRAM WILL PRUDUCE AN EBR=COMPATIBLE
C 9-TKACK ODD<PARITY MAGNELTLIC TAPE FlLE
¢ COUNLALNING THE CUDED DENSLITIES OF A PER-

|
1
) i C SPECTIVE VIEW OF THE CAChHE MAP SHEET,
C BASED ON USER SPECIFIED [NPUT PARAMETERS.
- C
’J C PRUGRAM BY CYRUS C. TAYLUR 1
: C AUTOMATED CARTOGRAPHY BRANCH 3
= ¢ USAETL, FORT BELVULR, VA -
B ¢ 18 JuLY 1978 b
b
: C
Y 000t LOGICAL*1 SHADE(2048) 3
| 0002 DIMENSION Y(2048)
; 0003 DIMENSIUN ATIM(Z) ,
0004 CUMMUN /BOUNDS/XMAXB,YMAXB,XMINB, YMINB,ELEVE ‘
- 0005 COMMUN /REG/NRD1,NRD2,NRD3,NRD4,NRG1,NRGZ,DXX
X 0006 COMMON /NEwW/MRDR .
‘ 0007 COMMUN /SEXY/DELTAG,CUSEL,IVSUN,ANG,C1,C2,51,582 :
0008 COMMON /AARGH/X,Y0,THETAP,D,NP1S,DX,H,VSF,

! o

Ll e

1 SCL,TOL,DELK,DL1S,THETA,Y1ST

2 C FULLUWING CUMMON AUDEL lo AUG 79 ,
C PUK NEW GRNDPT ROUTINE, C, TAYLOR :
0009 CUMMON /HGRAA/Z21,Z2,CSTP,SSTP,CST,SST i
: C
_ 0010 DATA XMAXB/17.696/,XMINB/,17717/,YMAXB/21,59/, .
E 1 YMINB/.17717/,eLEVB/390,/,1UN11/0/,KUDE/=1/,M0ODE/O/, [
K 1 1PAR/0/,1DEN/O/,ICTL/128/,KOUNT/128/
. 0011 DATA P1/3,1415926536/,5CL/,00078740106/
2l 1 MRDR/1/ ;
0012 DATA LIMG/O/,LPFST/0/,1RFSTZ0/ i
C OPEN(UN1T=4,NAME=*PL3DEM,DAT’, TYPES'OLD’,ACCESS= !
~ C 1 ‘DLRECT’,RELADUNLY,SHARED,ASSUCIATEVARLABLE=1V)
) C OPEN(UNIT=9,NAME="FOROQ5,DAT',TYPE='0LD ",
o C 1 ACCESS='V1RECT’,READONLY,SHARED,ASSUCIATEVARIABLESIW) 3
! ¢ i
e C CALL TAPTKN(IUNIT,KUDE,KOUNT,lER,NTRAN,1POS,ISIAT, !
N c 1 SHADE,MOUE, 1DONE) D
& C LF(iERRLEQ,0)GO TO 100
, C WRITE(S,1)LERR
c1 FORMAT(* TAPTRN BRKUK: °*,13)
C STUP |
] 0013 100  CALL DSKFlL(4,=1,'LB0’,°CACHE1,DAT’,DUM,1024,100
: 1 ,1FLAG,lERR)
0014 IF(IERR.2Q.0)G0 TU 102
0015 WRITE(7,2)1eRR,IFLAG 3
0016 2 FURMAT(* UPEN FALLURE UBU:CACHEL *,213)
0017 STOP . )
C 101 CALL DSKFIL(3,-1,'DBO*, CACHE2,DAT’,DUM,1024,122,
c 1  1FLAG,IERR)
C IF(IERR.EQ.0)GU TO 102 ;
C WRITE(S,3)1LRR,1FLAG i
c 3 FURMAT(® UPEN FAILURL DBOICACHEZ2 °*,213)
C STOP
0018 102 KOUNT=8%IPAR+IDEN+ICTL
0019 CALL USKFIL(2,=1,°DB2*, 'LPPER,DAT',DUM,1024,2047,

!
¢
!
j
] z




FORTRAN 1V=PLUS V02-51E 13:21:37 21=APR=8B1
SHDPER,F'TN /TRIBLOCKS/wR

[FLAG, IERR)

0020 IF(IERR.,EQ.0)GU TO 114
0021 WRITE(7,115)1ERR,IFLAG
0022 FORMAT(1X, 'DB2:LrPER UPEN FALLURE’,213)
0023 S1UP
0024 CONTINUE
0025 FORMAT(1X,2A4)
CALL TAPIRN(IUNIT,b,KOUNT,1ERR,NTRAN,IPOS, ISTAT,
SHADE, MODE, LDONE )
1F(IERR.EQ,0)GU TU 103
WRITE(S,1)ILRR

STOP
0026 103 WRITE(7,4)
0027 4 FORMAT(* ENTER CUURDINATES OF PUSITION')
0028 KEAD(5,%)X,Y0
002% WRITE(7,%)
' 0030 5 FORMAT(* ENTER ALTITUDE,AZIMUTH,#¥RADIALS,PTS/RADIAL’,
1 /,° DIS,#PIX/COLUMN,D")
,i 0031 READ(S,*)HT,AZ1,NRADS,NPTS,DIS,NPLX,D
X 0032 WRITE(7,6)
q 0033 6 FORMAT(* ENTER VERTICAL',
] 1 * SCALING FACTOR, TOLERANCE®)
% 0034 READ(S,*),VSF,TUL
| 0035 WRITE(7,7)
0036 7 FURMAT(* ENTER O FUR LAMBER1S LAW, 1 FUR LOMMEL=',/,
1 * SEELIGER LAW; DENSITY SCALING FACTUR;ATNTIN COEF’)
* 0037 READ(5,*)LAw,DSCL,ATNINI
0038 WRITE(7,8) 1
ﬁ 0039 8 FORMAT(® ENTER ELEVATION,AZIMUTH OF SUN;',/,’
i 1 VAR AZIMUTHIATIUN OF SULAR®)
0040 READ(5,*)EL1,AN1,RVIEW]

C FOLLUWING 3 LINES UF CUDE ADDED 1 AUG 79 BY
C C. . TAYLOR 10 IMPROVE EYFICLIENCY 1IN )
C °SNAPSHUT® PROCLSSELING, ETC,

i

i 0041 WRITE(7,125)
i 0042 12% FORMAT(1X, ENTER Y-OFFSET')
| 0043 READ(5,*)YFSET
| 0044 CALL TIME(ATIM)
i 0045 WRITE(7,127) (ATIM(IJKL),kJKL=1,2)
o 00406 IVSUN=ZO
4 0047 IF(RVIEW1,LT.1.)GU TU 104
. 0048 IVSUN=1
x’ 4 0049 104  AN=90,=-AN1
3 0050 1F (NRADS.GE.1024)GU TU 126
0051 1PEST=1024*% (LIMG=(2%(1IMG/2)))
0052 IRFST=1024%(11MG/2)
0053 126 CONTINUE
0054 AZA=(PI/2.)=(AZ1%P1)/180,
0055 RVIEW=RVIEW1/360.
0056 RVIEW= (Pl=2,*RVLEW)/2,
0057 EL=(EL1¥PL)/180,
0058 AN=(AN*PL)/180. :
- 0059 ANG=((135,*%PL1)/180,)=AN |
1 0060 DX=14./FLUAT(NRADS=1)

: C FULLOWING LINE ADLED | AUG 79 BY C, TAYLOR

|
L]
3 . | *’
|
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FURTRAN lVvePLLS VO02=5lt 13:21:3/ 21=APR-81 PAGE 3

SHDPERFTN

0061
0062
0063
0064
0065
0066
0007
0068
0069
V070
V071
0072
0073
0074
0075
0076
vo1?
0078
0079
0080
0081
0082

0083
0084

0085
0086

0os7

0088
0089
0090
0091
0092
0093
0094

009%
0090
0097
0098
0099
0100

10

11

12

(o X g}

1

noaococoOoOacoa

128

1

/TRIBLUCKS /7wR

OFST=YFSET/DX

DXX=DX

MRAD=NRADS/2 ]
H=HT*12.,/50000. ° .
SZ=SIN(EL)

SY=SIN(AN)*COS(EL)

SX=CUS(AN)*COUS(EL)

COSEL=COS(EL)

DELR=D/FLOAT(NPTS=1)

DELTA=D/FLUAT(NP1X)
DELTAG=(DELTA*50000.)%(2.547100,)
DELTAP=(DELTA/(((5.E~4)%100,/2.54)%9,))
C1=CUS(=RVIEw+(3,%Pl/4,))

S1=SIN(RVIEw+(3,%P1/4,))

S2=SIN(RVIEW=(PL1/4.))

C23CUS(=RV1EW=(P1/4.))

DELSQR=DELTAG*%2

ATNTN=ATNTN]

1TST=0

CALL IRGSTR

WRITE(6,10)X,Y0,HT,AZ1,VSF,LAW,ATNTN1

FORMAT(® X,Y¥=(*,2¢9.4,°) HI=’,F9.4,' AZ=',F9.4,' VSF=',
F9.4,° LAW=",15, ATNIN1=’,F8,.5)
WRITE(6,11)NRADS,NPTS,NPIX,MRDR,TOL,RVI1EW]1

FORMAT(’ NRAUS=’,I5,’ NPTS=',15,' NPIX=', 15,°' MRDRs',15,'
TOL=’,F9.4, 'RVIEw=’,F8,3)
WRITE(6,12)EL1,AN1,DSCL,1IVSUN,D,D1S

FORMAT(® EL,AN=(',2F9,4,°) DSCL=',FY9.4,°' 1VSUN=’, 15
e D=',FY,.4," DIS=',F9.4,/)

LO LOUP OVER THE RADIALS

DU 105 NRAD=MRAD,=MRAD,=1

PIRST PT OF RADIAL 1S X,Y¥; LAST POLINT FOUND BY
TRIGUNOMETRIC CUNSIDERATIUNS, NOTE THAT IN THIS PROUGRAM
RADLALS ARE SEPERATED BY A CUNSTANT DISPLACEMENT
(DX) AT THE IMAGE PLANE, RATHER THAN BY A CONSTANT ANGLE
AS IN THe TEKTRONIX PERSPECTIVE RUUTINES,

MULTIPLE IMAGE FILES MUST READ PREVIOUS IMAGE

Thnt PREVIOUS IMAGE IS Tu BE PRESERVED,

FOLLUWING 8 LINES ADDED C. TAYLOR 10 AUG 79

MRCNT=MRAD=NRAD+1+IRFST

1F(IIMG.EQ.0)GO TO 128

CALL DSKTRN(2,1,1ERR,MRCNT,NRLS,SHADE, 0, IDONE)
IF(1ERR.,EQ.0)GU TU 128
WRITE(7,118)IERR,1NRAD,MRAD ,MRCNT

STOP

CONTINUE

C END OF ADDITION 10 AUG 79 CCT

THETA=ATAN((NRAD*DX)/D1S)
LASCD=¢

THETAP=AZA+THELA
CST=COS(THETA)
SST=SIN(THETA)
CSTP=COS(THETAP)
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FURTRAN [VePLUS VU2=51E 13:21:37 21=APKeg1 PAGE 4

SHDPERJETN

0101
V102
0103
0104
0105

0106

vlv/

0108
0109
0ilv

0111
0112

0113

0114

Vild

[o¥ o

coconNnorsocnononNnecoc oo

oo mNeoCr

C

cnn

¢
C

/TR:BLOCKS/WR

SSTP=SIN(TIHETAP)

XEND=D#*(CSTP)

XEND=X+XEND

YENDSYO+D#(SSTP)

CALL PTS(X,Y0,XEND,YEND,NP1S,Y,DLN,LASCD)
FOLLUWING LINE ADDED FOR COMPATIBILITY WITH
NeEw GKNDPT ROUTINE, C. TAYLUR, 16 AUG 1979,

IASCD=1
FOLLUWING COMMENTS ARE NU LUILGER APPROPRIATE.
1HESE CUMPUTATIUNS ARE wUw DUNE 1IN GROUND
CURKELATIUON ROUTINE. C. TAYLOR 16 AUG 79,

WRITE(6,13)(Y(IGF),IGF=1,NPIS)

NOw HAVE THE RADIAL REPRESENTED BY A PROFILE OF
ELEVAIION DATA PTS. wk NEXI TRANSFORM THESE 10
SCREEN CUORDINATES, SU THAT wt MAY CUMPARE PIXEL
Y=VALUES W1TH PROJECTEL GRUUND P1S, EVENTUALLY
INTERPULATING TO FIND GRUUND PUSITIONS CORRESPONDING
TO PIXEL PUSITIONS,

FOLLUWING 3 LINES CUMMENTED OOUT FOUK NEW

GRNKFLT RUULTINE. 16 AUG 1979, C, TAYLUR
Du 106 IPI=NPLS, 2,1
YS=H+(Y(1)=Y(IPT))*VSF*SCL

100 YCIPT)=T,=YS5%D1IS/ ((IPT=1)¥*DELR*CST)
Y181=¥(1)

FULLUwWING LINE COUMMENTED QUT 16 AUG 79, CCT,
1(1)==100,

THE CURRENT RADLAL HAS NUW BEEN CUNVERTED TU SCREEN
Y-VALUES., NUw LUOP UVER THE P1XEL PUSITIONS UF
[ht SCKEEN, DETERMINING CORRESPUNDING GROUND
PUSITIONS, IF ANY, AND CUMPUTE IMAGE DENSITY AT
1hUSE PULNTS.

NELAG=0

YMAX=0,

I=1
WRITE(6,13)(Y(1GF),1GF=]1,NP1S)

13 FURMAT(10(1X,10F10.4,7),77)

DU 107 J=1,NPIlX
FULLUWLING LINE ADDED 1 AUG 79,C,TAYLUR,
1E(JLI.UFST)GL [0 108
FOLLOWING LINE COMMENTED UUT FOR NEw GRNPI
RUUTINE 17 AUG 79. C. TAYLUR,
LASCL=0
CALL GRNDKF1(J,Y,NFLAG,X1,Y1,1,YMAX,1ASCD
1 ,AZ,BL,2,115T)
LF(J.NE,10,AND.J NEL11)GO 10 112

C1s FORMAT(’ GKNDPT VALUES:®,4F10.4)
Cllz CUnTINUE

[V
C
C

1 (NFLAG.NE .U AND . vFLAG.NEL10)GU TU 108
I¥ (NFLAG,EQ.1U)GU TU 111

FOULLUWLING LINE COMMETED UUT 1o

AUG 79 FUR NEw ORNDPT RUUTINE. Co TALLOR
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FORTRAN 1v=PLUS v02=51lk 13:21:37 21=APR=81 PAGE 5
SHUPER.E TN /TR:BLOCKS/wR

v 1ASCL=1
C FOLLOWING LINE SUPERFLUQUS WITH NEwW GRNPDT
C ROUTINE, 16 AUG 79, C. TAYLOK

;‘ 0ilo CALL ALT(xl,Yl,4,SN8,AZ,BZ,1ASCD)
C FULLUWING 1wU LiINES CUMMENIED OUT C. TAYLOR 10 AUG 79
j< C AZ1=AZ
, C B21=B2Z
vill AZ=AL¥VSF*DELTAP . 3
:1 0118 BZ=BZ¥VSF*DELTAP ?
, 011y CALL SXSY(SX,5Y,A%,BZ)
- 0120 BEG==SX*¥ALMDELTAG=SY*BL¥DELTAG+DELSQR¥SL
iJ 0121 DISI=SQRT((AZ¥DELTAG)*%2+ (BZ*DELTAG) *¥*2+ (DELSQR*%2))
0122 CUSI=BEG/DISI
5 0123 IF(COSI.L1.1.E=6)CUS1=,000001
0124 1F(LAW,EQ.1)GO TU 109
i 01¢5 SHAD=CUSI
- C WRITE(S,113)AZ21,B21,A,,BZ,VSF ,DELTAP,SX,SY,82,DELTAP,VELTAG
B 0126 113 FORMAT(2(1X,6F10,5,7),//)
& C

TH1S LINE ADDED IN NEw FOG FCIR CALCS
C 24 AUG 79 C. TAYLOR

0127 IF(ABS(ATNTN) ,LT,1.E=3)GO TO 138

V128 109 CUNTINUE

4

Sl /'S

LUMMEL SEELIGER NUT AS LASY AS IN NORMAL VIEw,,.

~ae

0129 RIP=SQRT((X1=X)#*2+(Y1l=Y0)*%2)
0130 YS=SH+(Y(1)=Z)¥VvSF*SCL
0131 RKRSSQRT(RIP¥%2+Y5%%2)

C FULLUWING LINE ADDED FOR SMUG FACTOR

& C C. TAYLOR 24 AUG 79
) V132 I# (LAW,NE,1) GO 10 110
-ﬂ 0133 ALPHA=(ATAN(YS/RIP))
- 0134 VX=(CSTP)*CUS(ALPHA)
| 0135 VY=(SLIN(THETAP))*(CUS(ALPHA))
g | 0136 VZ=SIN(ALPHA)
E 0137 CUSE=( (=DELTAG*(AL*VX+BL¥VY)+VZ*DELSQR))/DIS1
A 0138 SHAD=1,/(1.+(COSE/COSI))
3 U139 1F (SHAD LT.1.E*6)SHAD=(,000001
B 0140 1F(ABS(ATNTN) ,LT.1.E=3)GO 10 138
4 0141 110 CONTINUE
| U142 FCTRSABS (RRR/ATNTN)
: 0143 SHAD=1,+(SHAD=1,)$EXP(=FCTR)
U144 138 SHAD=(ALUG10(1./5HAD) ) *¥DSCL
4 0145 1F (SHAD,LT,.1.)SHAD=1,
0146 IF(SHAD.GT.127.)SHAD=127.
0147 SHADE(J+1PFST)=SHAD
0148 GO TO 107
0149 108 SHADE(J+1PFST)=0.
0150 107  CUNTINUE
C
¢ NUW OUTPUT PRUFILE ;
C
C
C
C FOLLUWING 2 LINES MUD'FD 10 AUG 79 C., TAYLOR

0151 NRUD=MRCNT=]REST
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FURTRAN IV=PLUS V02=51E 13:213:37 21~APR=81 PAGE © 3
SHDPER,FTN /TR:BLOCKS/wR ’
3
0152 CALL RGSTR(NROD, SHADE)
0153 CALL DSKIRN(2,2,lERR,MRCNT,NRES,SHADE,V, IDUNE)
0154 IF(IERR.EQ,0)G0 TU 105
0155 WRITE(7,118)1ERR,NRAD,MRAD, MRCNT
0156 118 FORMAT (1X, *DSKTRN FAILURE’,13,310)
C WRITE(5,14)NRADyMRAD, MRCNT
C 14 FORMAT(* NRAD=',316)
0157 STOP
c
¢
c
0158 105  CONTINUE
0159 IF(NPIX.GT.100)G0 TO 136
0160 DO 116 NRAD=1, (2*¥MRAD+1)
C FOLLOWING LINE ADDED 10 AUG 79 FOR MULTIPLE
C IMAGE ‘PROCESSING. C, TAYLOR
0lo1 NROD=NRAD+IRFST
0162 CALL DSKTRN(2,1,IERR,NROD,NRES,SHAVE,0, IDONE)
0163 . IF(1ERR.EQ.0)GO TO 120
0164 WRITE(7,118) IERR o
0leb STOP «
C NUTE THAT PRUGRAM 15 NOT!!tiiitll MODIFLED TO
C CURRECTLY PRIN1 MULTIPLE 1MAGE F1LES UN LPO:
0166 120 CALL LP(SHADE)
016 116  CONTINUE
0168 136 CONTINUE
c
C BECAUSE OF EBR SUFIWARE PRUBLEMS, SEPERATE 4
C  IMAGES BY 5 RECORDS UF BALNKS, WLTH AN -
C EUF AFTER ALL 1IMAGES
c
C
C
¢
C
c
C
c
c
016Y 111 CUNTINUE
Covn 4 LINES COMMENTED QUT R, ROSENTHAL 6/79
C UNCUMMENTED C. TAYLUR, WITH MODS TO ALLOW
C MULTIPLE IMAGES TO BE GENERATED OVERNIGHT
C MEXT 3 LINES ADDED SAME TIME C. TAYLOR 9 AUG 79
0170 IIMG=1IMG+1
0ill CALL TIME(ATIM)
v172 WRITE(7,127) (ATIM(LJKL) ,1JKL=1,2)
0173 WRITE(7,139)1TST
0174 139 FORMAT(1X, *#ALT CALLS FROM GRNDPT=',18)
0175 1F(1IMG.GT.3)G0 TU 137
01176 ARITE(7,9)
0177 9 FURMAT(® ENTER 1 FDR ANUTHER IMAGE®)
u178 READ(5, %) 1ANS
0179 LF(IANS.£Q.1)GU TO 103
0180 137 CONTINUE

0181

CALL USKFIL(2,=2,°'DB2', LPPER.DAT',DUM,1024,2048, '




FUKRTRAN 1v=PLUS VO02=51E 13:21337 21=APR=81 PAGE 7
! SHDPERGFTN /TR:BLOCKRS/wK
1 IFLAG,lERK)
0182 CALL DSKFIL(4,=2,°DB0*, ‘CACHE1,DAT’,DUM,1024,100,
1 IFLAG,IERK) '
C CALL DSKFIL(3,=2,°DB0’, CACHE2.DAT*,DUM,1024,122, )
C 1 IFLAG,lERR)
C
X C CLUSE(UN1T=4,DISPUSE="SAVE"*)
- C CLOSE(UNLIT=9,DISPUSE="SAVL")
- C
%) ¢
| C
C
R C
f ¢ C
c
0183 STOP
ule4 END

B2 o 4 B0 P S
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FUKTRAN ly=PLud ¥02-31t IREPIRNY] 21=APR=Y] PAGE &
E SHUPER.E TN /TRIBLOCKS/wit
. PRUGRAM SECTIUNS
t‘ NUMBEK  NAME S1LE ATIRIBUIES
1 SCUVLL  UUSV3s 1295 Rw,1,Cub, LCL
2 SPDATA 00012e 4 Rw,D,CON,LCL
! 3 SIDATA 001574 446 Rw,D,CON,LCL
4 SYARS  02436b 5243 Rw,D,CuN, LCL
5 STEMPS 000012 5 ke, b, Cob, LCL
o BUUNDS 000024 10 Ka D, UVR, GBL
7 KLG Q0uo20 [} Hi D, 0VK,GBL
8 New 000002 1 #w,D,0¥R,GBL
v SEAY 000036 15 Rw,U,UVR,GBL
10 AAKLE  000U6D 27 R, D, UVR,GBL
11 HGRAA 000030 12 Re,0,0vk,GBL
VARLABLES

NAME TYbt AUDRESS NAME 1¥Pr  AUDKESS NAME 1YPE  ADUKESS NAME IYPE  ADURESS hAME TYPt ADUKREDS

ALPHA req 4=0¢d4332 AN K% 4=024120 ANG r*4 Y=uuivily AN1 LX) 4-02410¢ ATtIb we*§ 4024170
AINING Heg 4024072 LY Keq 4=0 24450 ALA Hed 4=924124 Azl Ked 4-024054 bEGL H% 4 4=u24276
HZ R34 4=024202 Cuse Red 4=024352 CUSEL R*4 3=000004 cusl 44 4-024306 CsT K*4  11-000020
Call k#4 11-00001¢ [ K+ 4 9-00001¢6 €2 R*d 9=000022 v R*¢4 10-000014 LELK Re4  10-0uL04e
VELSUR K#4 4=0¢4172 UELTA R*4 4=024102 DELTAG k%4 9=000000 VELTAP Kk*4 4=0£4166 vis R*4 310-400052
vist Heq 4=-024302 DLh k¥ 4+024230 bsCL K*4 4=024000 DUM R*4 4-024040 bx R%4  10=000022
Lar Hegq 1=000014 (A9 K4 4=024134 eLbvb K34 2=00004y ELl R*4 4=024070 FCTH K4 4=024350
o ko4 LU=UOUULE Hi w*q 4~u2405v¢ 1 102 4=v24242 1AMS 182 4-024304 JASCD 1%z d-uzdsln
e 132 a=024u22 1DEN 182 4=024v20 LDONE 132 4-024212 {ERk 1s2 4-024040 IFLAG 182 4-024v44
LiMe sz 4-024032 INI N9 s 4=024110 INKAD 132 4-ul4214 IPAK 1*2 4-02401¢ IPFST 192 4=024034
Lkr ST 1s2 4=024036 1151 i 4=024202 1Unir 12 4024010 LVSUN 192 9-000010 J 182 4=024244
KUbE leg 4-024012 KUUNT  1#2 4=024024 LAw 1902 4=0240064 MCDE 1%2 4-024014 MRAD 1%2 4=024144
SHOND 192 4=024206 MHUR s B=0ul0u0 NELAG 132 4-u24234 NPIX i%g 4-024062 MPLS 1% 1U=vlbuveu
WRAL ivg 4=0¢4204 NRAUS 1%¢4 4=uedGol MRUY 122 1=uyu0000 KL l*2 T=0V0G02 hrl3 12 T-u0U004
NKUG l1e2 7=000006 NRES 1*2 4=024210 WHGL 1% 7=0V0V1Y NHGZ 13g 7-000012 NRUL 1#2 4=024362
drol k*4 4-024140 el R*q 4+=v¢d0ze KiP Ke4 4=024310 KRK Re4q 4-024326 KvlEw R*4§ 4-024130
kylewl R%§ 4=0241006 5CL R*34  10-0v0V3b SHAD He 4 4=024312 SN K$q 4-024272 581 R%¥4  11=000044
s557TP H%4  11=000014 5% R*3 4=0241%6 Sy R*4 4=024152 s2 LAL] 4=02414b 51 K*3 9=-000026
52 req Y*UQui2 Ik TA k%3 Ju=ulu050 TnEIAP K®4  1u=v0OUlU Iul K*d  lyu=0Quudl vob F*4  10-0U003¢
VA feq 4=ul2433e Vi H¥4 4=024342 vi AKX} d4=ucd3do A red  1u=0000UU XENL R*d 4=024220
Xk K*4q 4-024240 AMAXE  HEY b=QuLUUY AMING K34 6=u00010 YEND LEL) 4024224 YESET K4 4=-024112
1l LAL ] 4024252 YMAX K¥$4q 4024230 YMAXB k%4 6000004 AMINB ke 6000014 ¥S5 R4 4v0c4322
139 h*d  1u=000004 18l k*4  1u=000uUb2 A k*4 4+0242060 1 Q¢4 11-000000 2 Kk*4  11=000004
ARRALD

NAME likk  ADUDKRESS Siie DIMENSIUNS

Allm LX) 4=024000  VOQU1Y 4 (2}

StiAUt L4} 4=0000Uu  VLAVOY  1V24 (2vas) X
] ke g 4°004000 usZuuul  duve (204v)
LABELS
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1
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PuUrIRAN Ly=rLLS vug=>le [REPIRER) di=APR=81 PAUL ¥
3 oHLPENLE LN slRIoLUCAS/ sk
LABEL  ALLFESS LABEL  AUDRESS LABEL  ALLKESY LABLL  AULKESS LABEL  ALDKESS
F 2° Smvutivy 4 S=0uulva 5’ S=vuulie v’ $=0v025¢ " JeuuLdsg
[ s=vobdie L d=vvliue 1w 3=Uuubev 1 3=000 70 12 3=00l0de
] [¥N 3] 10y . 102 1=000112 103 1=900236 104 1=00106¢
;. , 1o L=uudiee 1o? 1=0vdliod 1u8 1=0vdl42 109 1-003402 11y 1-0037586
i 1 [ ISYN . 114 1=000230 115° 3000040 110 "
1lg’ Jeuellns 140 1=u0d520 125° 3=006570 120 1-0G1lo4 147¢ 32060070
3 1ew Lecuebsd 130 Levudnse 137 1=0ubuye ¥ 1-U04v 34 1397 Je001 144
> 4
PUNCLIUND ANL SUBKRUUTINES REFEXENCED }
# il LSKEIL  DSRIR¢  GRADPT IRGSIR  LE Plo KGSTH  54SY I1se SALGIO  SATAN  SCUd SEAP $SIN SSYRT }
4 | IUlAL SPACE ALLUCATED = ussouz 7105
. 4
¥ PP Lo {TonubER '
i
#s '
4 ¢
'
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o
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FURTRAN 1V=PLUS V02<Siw

SXSY FIN

0001
VIVIVP2
(VIVIVE]
0004

0005
v00e
(V)
Quus
QouY
0o1u
gull
Oule

0013
0014
001b
00lo

ol
0018
uo19
yuzu

Vo2l

VRV ¥4
0023
uuc4
UJeod
VAV 4.)
vue/
[VVra.]

C
¢
¢

13:23:08

21=APR=81
/TR:BLOCKS/WR

TH1S SUBROUTINE 1S5 DESIGNED TO VARY THE AZIMUTH OF THE

*SUN' TO STRENGTHEN THE DETALL IN SHADED RELIEF IMAGES
CKEATED BY PRUGKAMS SHAADE,FTN AND SHALLP.FTN,

C REfERENCE: P, YOELL, ‘SUME REMARKS On THE COMPLETION

C
C
¢
C
C
C
C
C
C

a0

C

C

C

Ut THE ANALYTICAL HILL SADING PROJECT'
(UNPUBLISHED?<AUTU CARTO FILES)

PROGRAM BY CYKUS C, TAYLOK
AUTOMATED CARIUGRAPHY BRANCH
USAETL, FORT beLVUlk, VA

11 JULY 1978

SUBROUTINE SXSY(S8X,SY,AZ,BZ)

COMMUN /SEXY/7DELIAG,CUSEL,1VSUN,ANG,C1,Ce,81,82
REAL*4 WX,NY

IF(IVSUN,EQ,0)GO TU 110

NX==AZ*DELTAG

NY==BZ*DELTAG
DISFLI=SQRICINX** )+ (NY*%2))
I (LISFLl.LTel,e=b)6U TU 110
CO=NX/DISEL

SO=NY/DISF1
C=CO*CUS(ANG)=SO*SINCANG)
5=350%COS(ANG)I+CO*SIN(ANG)

In EbEECT, UUR X=Y COURDINATE SYSTEM HAS BEEN
KUTATED THrRUUGh AN ANGLE uF ANG RADIANS, NOTE
THAT THE ANGULAR COURDINATE SYSTEM USED IN THIS
KUUTINE AND IN SHADE OR SHADLP 18 NUT THE
AERKONAUTICAL ANGULAR CUORDINATE SYS1EM, BUT THE
TRAUITIUNAL ALGEBRAIC CUURDINATE SYSTEM., SINCE
UUK Xx=y1 CUUKDINATE SYSIkM HAS BEEN RUTATLED,

Sx Anp SY MUS] bk KUTATEUDU BACK bEFURE RETURNING
Tu THe MAIN ROUTINE,
SECIUK 1 CASE
IF(C.GTo(C1)e UR o5.LT.(S1))GO TO 10
SX==C*CUSEL
SY=-5*CUSEL
GU T0 1uu

StClur 111 CASE

10 IF(Cable(C2)¢ UR 45,.,6T,(852))G0 TO 20
SX=C+COSEL
SY=s¥CuskL
U TO 100

StLIuk 11 CASE: 2 SUBCASLES

2V IF((CaLTs0 AND S LT40)OR (CuLl 0,AND.S.LT.51)

1 «OR,(S.LI.OLAND,CoLT.CR)IGO TU 30
JP(Co0T (U, 7071))06U TUu 25
SX=U,
SY==CustlL
GU Tu 0V
25 SX=CusSth
S1=0,
Gu TQ 100
SECIUk 1v CASE: 2 SUBCASLES

PAGE 1

s e Pt -~y _.‘xj“

e




R i «

e TrRTaT————

FORTRAN IV=PLUS V02-51E 13:23:08 21=APR=-81

SXSYJFIN /TR:BLUCAS/wR

0029 30 IF(C.LT.(=0,7071))GU TU 35

0030 SX=0.

0031 5Y==CUSEL

0032 G0 TO 100

0033 35 SX=CUSEL

0034 SY=0,

0035 100 CUNTINUE
C wk MUST NOW ROUTATE OUR LOCAL X~=Y COURDINATE
C SYSTeM BACK, S0 THAT SX AND SY WILL BE CONSISTANT
C WwiTH THE MAIN ROUTILINES,

0036 Y=SY¥CUS{ANG)~SX*SIN(ANG)

003/ X=SX*¥COS{ANG)+SY*SIN(ANG)

OV3s Sx==X

0039 Si==Y

c040 110 CONTINUE

0041 RETURN

0042 END

PAGE 2
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! ek INAN L¥=blid vieg*2ie 13843500 dleAriren] PALE 3
SAS1F N FTHIBLUCAS/ aK

PRUGKAM SECTIULNDS
SUMBER NaME Site Allklpult>

SLubkl  wulvuy '$1] ke loCUN,LCL
SFUATA  woUO14 6 Rw,b,CuN,LCL
SVAKRS Vo004 i8 Re, U, CON,LCL
$TEMPY  UOUUYY 2 Re,0,CUN,LCL
SkX: 0v003e 15 He, U CYF,GBL

RV R e

tNIHY PULNTS

NAME Tikt AUDRESS NAME TiPe ALDKESS NAME TIPE ALURESS NAME 1YPE  ALDRESS NAME TYPE ADULKESS

DAY 1=YyuuuY

et § k)
e Al e
o h ke Bl ke i Ak S e a2

VARLABLES
NAAL TYPL ALDRESS MAME TYPL ADLKEDY NAME TYPE  AUUKESD NAME 11PE  ADUKEOS NAME TYPt ALDRESS
Anu Kkeq e=0yuvle AL K%q Feuuvlue® Bz K F=uvulive C Keq 4=000024 COsel R4 b=ut0004
: co He] 4-vo0ul4 [ RY§ 5=000016 c2 P*4 6=000022 DELTAG Re4 6=00000C DISEL R4 4-000010
-"} LyduUn  1#g 6+-00001v NA He 4 4=000000 Ny re4 4-000004 $ LEL) 4-000030 SX ey F=0Q0002*
b St K4 F-000004*  Sv Keq 4=00004v 31 K*4 b=0u0020 LY [32] 6=90u032 13 Ko g 4-v00040
¥ Keq =000y 34
LABELY
R LApEL ALUKLSS LAbel AVDRESS LABEL ADUKEDD LABEL ADURESS LABEL AUTKHESS
3
‘
1v I=yuuiy <0 1=0uvdls 5 1=00U54¢ v 1-000570 35 1=00C634
Loy 1=vuvoouy 110 1=uvulle

‘ FUNCTLUNS ANL DUBHUOUTLINES KEFEHENCED

sCud SS1b $SYRT

LUTAL SPAUL ALLUCATED = U0l1l42 297

2
4 +LPJLOISSXSY

FREVIY N 4 -
SN PSRN R I R SRR JSUR UAPEY SNPLY O S SR T SR Y

—— —a—
[

_aadmiitinrsdd S0lidil Sy B N
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FUKIRAN 1v=PLUS Vu2=51E 133123337 21=APR=81 PAGE 1
! LPPERFTN /IR3:BLUCKS/WR
!' i C FlLk NAME = LPPER.FTN
; C
i~ Joul SUBROUTInE LP{SHADE)
J002 LOGICAL*1 SHADE(1),CHAR(12)
2003 LOGICAL*1 PRNT(100)
Juo4 DATA CHAR/' .' ‘.., .-.’ '1', '/.’ 'V', .“" '0', 'U'l
1 A, W
¢ WRITE(5,51) (SHADE(M),M=1,32)
VU5 51 FURMAT(14,3203,/)
1 JUUb DU 10 1=},3
| 3007 DU 50 K=1,100
2] yous 1F (SHADE K} LT,0.)SHADE(K)=127, {
, JOUY PRNT(K)3CHAR(1) /
b Y010 50  CUNTINUE
. 1011 DU 20 J=1,100 !
g Jule IF (SHADE(J).6T.0)60 TU 21 !
: JUL3 IF(l.NE.,1)GU TO 20
: 1 )ul4 PRNT(J)=CHAR(1) ,
2 1015 GL TU 20 :
k| 016 21 IF(SHADE(J).GT.9)GO TO 22 E
;] Juli/ LF(1.NE.1)GU TO 20 i
e | wis PRNT(J)SCHAK(2) ;
k1 w19 GU TU 20 i
N 1020 2¢  1F(SHADE(J),.GT.13)GU TO 43
. 1021 IF(1.NE.1)GU TU 20
102¢ PRNT(J)=CHAR(3)
1023 GU Tu 20
1 1024 43 Lk (SHADE(J).Gl.15)G0 Tu 23
. 1o IF(L.,NE,1)GD TU 20
1 1020 PRNT(J)=CHAR(4)
% 1027 GU TO 20
¥ 1028 23 IF (SHADE(J).GT.19)G6U TO 24
3 1029 IF(loNe,1)GU TU 20
{ Qv PRNT (J)SCHAR(S)
031 GO 10 20 '
¥ 032 24  LF(SHAVE(J).GT,24)GU Tu 25
, | W33 IF(1.NE,1)GU 10 20
’ 034 PRNT(J)=CHAR (L)
b U35 GU 10 2v
& uso 25  IF(SHADE(J).GT,.28)G0 Tu 26
- 03/ LE(L.NEL1)GU TO 20 s
% 038 PRNT(J)=CHAR(T) [
l 039 G0 TU 20
Y 04y 26 1F (SHADE(J).GL1.33)GU 10 27
4 V4l IF(L1.NE.L)GU Tu 20
04¢ PENT(J)=SCHAK(8)
V43 GO TO 20
Va4 21 1F(SHADE(J).GI.38)Gu Tu 28
045 IF(1.,EQ.3)G0 10 20
046 IFL1.EQ.1)IPRNT (J)=CHAR(Y)
vd/ IF (1. EV.2)PRNI(J)=CHAR(2)
V4B GU TO 20
Vay 28 LF(SHADE(J).G1.44)GU Tu 29
05V IF(1.EQ.3)GU Tu 2v
! 051 IE (1 EQ.1)PRNT(J)=CHAR(10) ‘
i 052 1F (1.EQ.2)PRNT(J)=CHAK(5)
1
- -
[N ':”6
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UKIKAN lvePLUS V02=51E 13:23:37
PPEK . F TN /TH:BLUCAS/ wi

053 GO TV 2u

054 29 IF(SHADE(J).GLF.51)060U LU 30
uhs LE(1.ER.3)GU Tu 2u

ubo IF(LeeQe LIPENT (J)SCHAK(LY)
057 LE(leEQe¢)PRNLLJ)SCHARLS)
058 GO T 20

usY 30 IF(SHADE(J).GT.58)G0 10 31
0oy IF(l.EQ.3)GU 10 20

ubi [F(I.Qa1)PRNLIYISCHAR(LIV)
062 IF(lebtQe2)PRNT(J)SCHAR(SB)
Uo3 Gu TO 20

064 31 IF(SHADE(J),.GT.50)G0 [V 32
065 LF(1.EQ.3)PRNT(U)SCHAR(4)
(+1.1.} IF(L.EQ.1IPRNT(J)SCHAR(D)
067 IF(L.EQ.2)PRNT(J)=CHAK(10)
vos GO TO 2v

069 32 IF(SHADE(J) Gl 70)GU 1Tu 33
ulo PRNT(J)=CHAR(11)

071 IF(IJEQ.1)PKNT(J)=CHAR(10Q)
072 IF(L.EQ.2)PRNL(J)=CHAR(Y)
073 GU TO 20

U74 33 PRNT(J)=ChAR(12)

075 LECL EQLLIPKRNI(J)SCHAR(LIO)
0l6 IF(I+EQe2)PRNT(J)=CHAR(S)
077 20 CONTINUE

078 WRITE(6,500) (PRNT(L),L=1,100)
079 500 FORMAT("+°*,1X,100A1)

[V2-2V) 1 CONTINUE

0g1l wR1TE(0,501)

vyZ2 501 FORMAT(1X)

Uy 3 RETURN

084 END

<1=APR=81
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b URLIRAN LV=FELLY suZ=blt 13i¢3:30 21=APKes] Paue 3 i
i PrERLE LN ZIRIBLUCA S/ wn
] RUGKAM SECLIULND I
b UMBER  LAME slee allrlcules
1 stutrl  Vvllug L3 Ro,l,CUNLCL
3 SILATA  Uovu23 v o,y CUN,LCL
4 SYARd  0QUlTv by Ka, b, CuN,LCL
. E
%8
NiRY PULNTDS .
NAME 1kt  ADURESS NANE lxPk  ADLREdS NAME 1YPE  ADDKRESS NAME TYPE  ADDKESS NAME Ti1PE  ADURESS ' :
L | Le i=utuvue ’
.
ArlAbLES
‘g 1
{ wAME TiPe  AUUKRESS hAME [yPr ADURLESS NANE TP AUUKHESS NAME TiPE ADUKESS NAME TYPL  ADUREDSS
1 3 4-30C10u J 1% 4«000164 K l1e2 4=0001oz L 192 3-000166 [
-4 RUTYTY
NAME TibE  ALLRESS Siile CIMENSIUNS
CnaN  L#) 4+0U0UUL LUVl ° (1¢
P T Ley 4=u0uuld  ubuldd PR (10¢)
SHAUE  L*} [ SV IV F R SR VIVIVIVITRY v )
E, Abels
¥ 1
LALEL ADLFLEOD LADBEL AUURESD LAbtL ADUREDS LABEL ADURESS LAbbL ADUKESS
» 4
e 4 W s 'Y l=uvl534 21 1=-0vusle 42 1=000272 23 1-0004¢2 ‘
44 1-b00470 > 1=004552 o 1=0uvose 2l 1=000702 i8 1=00100« ’
A 24 1=0011V2 3v 1=vv1174 31 1=001200 32 1=-00136b 33 1=00G1460 3
= 43 ISR Y Sv L) 51’ LA suL’ 3=GQ0vue 501° 3=0uu010
¥
‘UFAL 5PACE ALLUCALEL = vv2l2u 99¢
1 LP LS ISLEPER }
< '
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‘'URTRAW 1V=FLUS VOUZ=S1E 13:24:20 dl=APR=81]
LSLP.FTN /TR:BLUCKS/wk
C THIS SUBRUUTINE ACCEPIS THE X,Y COORDINATES OF
C A POINTUN THE CACHE MAP SHEET, AND RETURNS
C InE 4 vaLubt AT THAT PUILNT
C
CBEPRREFERERB AR AR AR RRARRRRABARKREARRRRRNKNRRENR R
C
C SUBROUTLIwnE BY CYRUS C. TAYLUR
C CUMPUTER SCIEnCE SPECLALLIST(TRAINEE)
C AUTO=CARIU BR
C IDL,USAETL
C FORT BELVUIR, VA
C 23 AUG 1917
C
CHRBRARRBRBRRERRFRRRRRARRARRFRARRERRRRBRRENRRESRS
C
[IVIVD SUBROUTINE ALL(X,Y,Z4,5N,A2,B8Z,1ASCD)
1002 INTEGER CORF1
VIV LOGICAL¥*1 CUEFZ
o4 DIMENSLIUN CUEF1(90,40),BUF(512),C0EF2(90,40,3)
1005 DIMENSION F1T1(4),F1I2(4),F1T3(4),F1T4(4)
10voe CUMMUN /BUUNDS/XNAXD, YMAXB, XMINB,YMINB,ELEVDE
W/ CuMmMUN /iNEw/MRUDR
Wos IF(XeLT XMAXB JAND, Y. .LT.YMAXB
1 «ANDe XeGl.XMINB JAND. Y Gl.,YMINBIGO T0 2077
1009 Z=eLbVB
101y AZ=0,
Jull B4=0.
Jule RETURN
JO13 2071 CUNLINUE
)01 4 DATA IFIRST/U/
Julb 1F (LFLIRST.GT.V) GO 1TU 11
JUlob LFIRST=1
'R 1SAVE=U
Joly JOAVE=U
July BURDERS((S4b=4)%1U0.72,54)*8,
VY] FIT=(BURDEK/B,)*9,
Juel 0U 112 K=1,90
J0¢e CALL DSKIKN(4,1,lERR,K,uKES,BUF,0,1D0ONE)
Juesl lE(JERK.GIL,U) GuU Tu 999y
PV DU 114 J=1,4v
JUes L=4%(J=]l)+0+320
Julo CULFLI(K,J)=BUF (L)
Juel CORFZ2(n,J,1)3BUr (L+1)
Ju2s Cuek2(K,J,2)=BUF(L+2)
ey COEFZ2(K,u,3)=bUur (L+3)
Jusv 114 CUNTLINUE
JUusl 112 CuntTlivue
JU3¢ 111 CUunTINUE
Ju3s JEInT((X=vUuRDER)}/ZELL)+]
JU34 L=INT((Y~BUKDER)/FLT)+1
JU3S Jizdel
Julc IS IVHES R Y. P
Juis/ P (LoEQJIDAVEJAND ,,JWEQ.JSAVE) GU TU BU
PIVEY IFCIMUD.LELL) U Tu 9998
JU3Y I (JeGTa90) Gu 1U 9998

lo=(LlirQo=1)%4

PAGE 1
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TURIRAN Llv=PLUS vO2=51t

ALSLP.t IN

1041
pIVE: Y]
J043
Ju4d
Ju4s
JV40b
Joudq/
JU4sy
)04Y
JUSV
)051
J052
JU53
Jus4
JUS5
JUSL
Jus!
Juby
2059
206V
Ovuebl
Uub«
ulo 3
U004
VUob
uloo
uve?
uloyg
uJo Y
[Vl V]
V071
yuile
VIV ]
VU4
VulilS
udlo
yo77
uule
voi7l9
Juguy
uual
ulB e
vus 3
ulu4
VX331
Uubo
vog7
00y
VRV B
DUYU
UuYdl
oYy
uvuY s
vuY4
yuyh
Ulyo

75
1"

20V

13:24:2v
/TR:BLUCKS/wk

FIT1(1)=CUkFL(J,1iMUD)
FLT2(1)=CUEEL1(J,1MUD+L)
F1I13(1)=COEF1(J1,1MOD)
FIT4(1)=CUEFL1(JL1,1M0OD+L)
DO 1o 1P=2,4

L1z1B+ly

12=slb+4+ly

FIT1(IP)=CuEF2(J,1M0L,iPk=1)

FLI2(1P)=COEF2(J,1MUD+}

FI13CLP)=CUEE LCGUL, LMUD, LP~1)
FIT4(1lp)=CULF2LJl,iMUDL+]L,1P"1)

CUNTINUE

CONTINUE
XC=FLUOAT(J=1)*F11+BORVER
XL=(X=XC)/FIT
YC=FLUAL(l=1)*Fll+pURDER
YLUs(Y=YXC)rsr il

xLC=XL=-1,

{LC=YL=1,

C1=FLITLUL)+FITLI(2)4X0L + (FLLIL(3)+FIT1(4)*XL) #* YL
Z2=F1T2C1)4b L12C2)*XL + (FIT2(3)+F1T2(4)*%xL) * YLC

(PIL3C3)+FIT3(4)*xLC) * 1L
L4=FITAVL)+FLT4(L)*ALC + (F114(3)+F1T4(4)*XLC) *

Z3=sKIT3(L)+k113(2)4XLC +

AL2=ABS(XL** (MRDR+1)})
XLC2=ABS (XLC** (MRUR+1))
IL2SABS(YL** (MRDR+1))
YLC2=ABS(YLC** (MRDR+1))
LE{1ABCL.EV,0)GU 10U 200
AZ1=rLT1(2)+ELIL(A)*(L
Ac2=zF 11202+ 112(4)*YLC
AL3=FIT3(2)+F113(4)%(L
AZ4=riT402)+F1T4(4)*1LC
BC1=F1T1(3)+F 111 (4)*xL
BLLsE1T2(3)+112¢4)*XL
BL3=FLI3(3)+ri13¢4)*aLl
BL4=FL14(3) ¢k 112(4)*XLC
CuNTINUE

ALC==XLC

YLC==YLC

WIS(ALCZ¥ (=2, 2 XLC+3,.) )% (ILC2%(=2,*Y1C+3.))
WS (ALCL*¥(=2.¥ALC+3 ) )2 1L2%(=2.%YL+3.))
W3S(XL2*(=2,%XL+3,.))%(XLC2%(=2,%YLC+3,.))
WAS(XL2¥ (=2 *XL+3,) )% (YL2%(=2,%YL+3,))

e (LASCU.EY.0)BU TU 205

AUWI =0 *XLC* (1. =XLC)*¥LXLC2*(=2.*YLC+3.))
AUW3zo  ¥XL¥ (L, =AL)*(1LC2*(=2.%YLC+3,))
ADwl23=0 ¥ XLCH (L = XLC)¥(IL2¥(=2,%YL+3,))
ADW4=0 *FAL* (L "XL)*(YLZI¥(=2,%XL+3.))
BOW]lS=0 , ¥ILC*(1.=YLC)*¥(XLC2*(=2.%XLC+3.))
BOWZ2Z6 % 1L*(1=YL)*®(ALC2*(=2,2XLC+3,))
BUw3I=eb  FYLCH (1 =YLC)*F(XLZ*(=2.%XL+3,))
UWEZ0  F 1L (Ll =XL)*(ALL*(~2,4A0¢3.))
ALSLLIFAUWLIAZL%AUNZ+L3*ADWI+ZA%ADWY
ALZAZ+AZISWI+ALL¥NLAAL3I*WI+ALA Y
BLILLIMUBDW1422%BDW2+23FbBUNWI+Z4BDw4
BLEBL+BLL¥Al 44004843 %w34bBL4¥ndg

21=APR=81



uo97
ou9s

-
: 0099
| i viev
4 0101
& 0102
vlod
vivd
01ub
t Vlvb
: 0107
'{ 0108
vivy

U110

)
3
3
:
|

205
210

C

C

¢
101
100

9999
99491

999%

FORTRAN IVePLUS VO02=51E 13:24:20 21=APR-81 PAGE 3
ALSLP.FTH

/TRe¢BLOCKS/wR

2SL1¥WLZ2%W2+423%n3I+L4%n4

CONTINUE
WRITE(6,101)AL,BZ2,21,42,23,244,Ww1,W2,n3,W4,ADW],ADNW2,
JADW3,AUw4, ,BDwl ,bbw2,BDW3,BDw4,AZ1,A22,A23,AZ24,B21,B22,
BZ3,B4
FORMAT(1X,269,4,2X,2(4F9.4,2X),7,2C1X,3(4F9.4,2X),7),7/)
FORMAT(1X,15,15,2F10.3,F10,3,7/)
JSAVE=J
15AVE=1
LUSVE=LUNLT
RETURN
ARITE(5,99991)1ERR
FURMAT(‘14i/70 FAILURE ON DB1: = JERR = ‘,13)
S10P
Z2=310.
KE FUKN
EnND

£ e s e A e

Lo




FURIRAL Lyveblls vud=5it [3:ddsey Ll=App-sl rastk 4

L ALSLY Wb bl Z1EIBLUCRS/ ar
i
! PRUGRAM SEC T LU
* auMbeR  NAME NF3 ATTRIEUILS
,
} 1 UM S EVEVE R 19w Knal,CON,LCL
: 2 SPUATA 600024 L Rw,D,CUN,LCL
L] 3 SIVAIA 000966 21 Rw.,D,CON,LCL
4 SVARS  L47504 lulds Km,L,CuN, LCL
» 9 STEMES  Gu00Z2 Yy Ka,bi,CUM,LCL
. ° BULALYS  wvupued iv ko, LaUvh, 0ol }
4 1 Nbn ATvIVIvp ] 1 rael uvb, 0L }
4
eNtky PUINTDS
wAME Tike  Avuress wAML Likk  AULKREDD NAME Tire  ALurrdd LArE Tive AULKESS haME Iivk AUUBLSS
ALL 1=U0VUvY

vARLABLES

wAME Iike  Aubress tAME fibe  Auvured> NAME 1Yttt ALDLREDSD LYAR 3 Tive  ADURESS MAmE Tite  Aluress
Auwl k*3 4=U47449v ALwnz rhy EEIE R 317 ADa s k4 4=v47444 Alnd L] 4=047454 YA K*q Fev@uule
Al ke g N=U47300 ALl LT 4=udliod Al3 K44 4-04737v AL4 L34} 4=047374 bLwl R*4 4=u47400
Buag k%4 1°U47409 blad EAL] 4=04747¢C sDAd Feq 4=037474 BUHUEK R*3 4-04722b HZ [AX] F=000014%
Bl heq 4eudlgoy DLi rEy 4=1 47404 BZ3 h*q 4=ud741u YA k44 4=047414 ELeVh P4 o=00002¢ ;
ki Beq vl /g 3d 1 18 27 4mualede LAsCL 18y LR TITYS LI ] Le2 4=uaviey LAV I £ P2 d=047444
Ieki 1% d=v4alzav lekrdt 1%y LROT R PPy Moy 12 4=047250 v L*2 4-0472062 lohAvE i*y 4=041ez2z2
aunll  Lsg 4=Ud 790 luove 1% 4=udlove 11 1#y 4-047464 1¢ 142 4=04 17206 J 12 4=udisio
JhAve 182 4mvdiocd Ji L2 4=valesvd 3 1%2 4=v4723b L i*2 4=047250 MuLR 102 1=000uu
hetd 1 d=udede at req Pe0LuClCs  al K¥3 4=048742U w2 R4 4-047424 L3 k*g 4=047430
a4 red 4vudlaid A 44 [RIVIGVIIVPL S (4 vy 4=-valelu Al LEE] 4=047274 ALC Heq 4-valitu
ALl e XYY LRI FETT} AL ¢ req ERIE R AMAAD K4 b=0UUULL AMiler K4 b6=00uGiy 1 k*d Fevuvuuer
b Ko 4=v+l3uy L 3L 1 4-Ui7304 LC k*q d4=v47i14 YLC2 AL} 4=-047354 ¥Le K% 3 4=047350
IMAAD  H%G LRIV INE) RS LI A ] o=0yould Z (X F=0U00UBY  Z) k¥d 4=04732¢ (23 Re*g 4=ud47329
i3 Heqd =04 7330 2} Keq 4=U473349
‘4
h
Arrkaxd :
NAME  Iibk  ALUWEDS slze LIMERSIUNS
i
Buk [ 2] 4=04312U  vudLLY 1ued 15122 4
Cukbl  lss 4=uuyuIv  vioudy  dauy (90,40 i
CUBFZ L*1  4=0lbydu  uzduoy  Seud  L9u.du,3) Z
rill Ko G 4=U4714v LvULLY o 4
File AL} 42047140 uwluOev Ll 4 ’
Fil3 AR} 4=G3716U  wuuuay ) (4)
FL14  k#3  4=04720C  wluuen [ (X3 }
2 |
LABELS 4
i
LABEL AULiREod LAptL ALDRESS LAbel ALUKEDS LAvtl AUURESS LAbEL AULKESS M

B i
R S




- Yo o ? phst e B MDA . p_— AN, A W .- e

b
" FURLKAN dVvebLLs vugeblr Isizazteu Llenbrenl vhur 9
ALSLELE LN JleipLalrDs ok
. 15 L a4 4y 1=-vvullue IXVIVAS Ld lv1* LA 111 1=-0uuade
l1ie . 114 e 20u 1=uulTly <uY 1-0592700 21y "
auii laguilesd yyvs I=vususe 49y l=uu3tuo 9399l seuuvovY -
. PUNCEILNS AhL SUbruullnt> merbkenCed
|
t LR
L PULAL oPA(e ALLLCATEW = U3Z7b¢ 1luul q
e, 4
'1 sLPoLSIsALOLE A
{ 3
b
v
% 2

a2 v et gl -,

lo 4 LY -

AL el A
-
v
1
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FORTRAN IVe=PLUS V0UZ2=51E 13:25:0% 21=APR=81

PTS.FTN

0001
000¢
0003
0vo4
0005
0ulo
vou7
0008
0009
uulo
uoli
Vule
0013

uo1l4
0u1s
vllo
wol7
V0le
vo19
Voz2o

NNCOONOOOOOOOcOoCOanNaOonn

S0

100

/TR:BLOCKS/WR

[HIS SUBRUUTINE CALCULATES THE X,Y POSITIONS OF
ALL POINTS ALOUNG A LOS PROFILE AT WHICH THE
ELEVATION 1S TO BE CALCULATED

EEERERERRERRRRERRRRBRRF R R RN RN AR AR B AN R R AR A SRR KRR K

PROGRAM bBY CYRUS C, TAYLOR

AUTU=CARTU BK

TDL,USAETL

TDL,UASETL

23 AUG 1977
PRUOGRAM MODIFIED 19 JANUARY 1979
IN ORDER TO Bt COMPATIBLE WITH DUAL
ALTIIUDE/SLOPE CUMPUTATION
SUBROUTINE ALSLP.VTN, TU BE USED
BY SHADED RELIkF PERSPECTIVE SFTWR,
C. Co TAYLOR

CEERERE NN RA R R RN RN RN R RN RN R AR KRR RN R RN RN KR KL

SUBROUTINE PTS(X1,¥1,X2,Y2,NPTS,B,DLN,IASCD)
DIMENSIUN 8(1)

COMMUON /BUUNDS/XMAXB,YMAXB,XMINB,YMINB,ELEVB
FNPTS1=FLUAT(NPTS=1)
DLNS(SQRTI((X2=X1)¥%2+4(Y2=Y1)%22))/FNPTS]
DX=(X2=X1)/ENPTSY '

DYS(Y2=Y1)/FNPTS1

SN=DY/DLN

DO 100 1=1,NPTS

FIM1I=FLOAT(l=1)

XSX1+FIM1¥DX

YSYLl4b LM1%UY

IF(X.LT.AMAXB JAND, Y.LT,YMAXB

«AND. X GT XMINB ,AND. Y.GT.YMINB) GO TO 50
B(I)sELEVB

GO TU 100

CALL ALT(X,Y,Z,5N,AZ,bB4,1ASCD)

B(l)=2Z

CONTINVE

RETURN

END

e e i
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subiMAL dYePLUD vUgTOLE 13:45108 Z1=APKebl
wlogklae AT R S/ ak

FRUGKAM SBLTILNG

Audpbn AN Slee Allkiblles
stinkl  wavdde 151 ®w, b, COMLCL
S1LVALA 000032 13 Am, D, CON, LCL
SVAKD 0UUu92 ' Rmy L, CUN,LCL
SieMbs  vJQUUZ 1 Ke,D,CuN,LCL
vuunly  cuvedd 1v Fe,0,0vR,GBL

eldry Pulhl

RERTS Trre  alUKREDD AUDKESS ADLKESS ADUKESS ADUHLSS

Flo I=vyuuvuy

CARIABLED
NAME libe  ALOFESS AME AQLRESS AUUFESS ADDLKESS wAME ALOKESS

Al LALY A=viuude ne d=vyuudo F-uLUllo® 4=G000C4 vy 4=uluvld

Elbvb  we4 b=uvul 2l FIMi 4-000022 F 4000000 4=000020 IASCD F=000020"
weis 1oy F=Uutibler SN 4=000014 X 4=uyuuvie 6=000000 AMINB 6=vQ0u10

X1 k*4 [RDITIIVP L S ¥ Fe00000LY X 4=UYQ03s 6=000004 1IMIND 6=00u0t4

il r¥q Fe300004% 12 FetiGyulor o 4=0UG03s

AHKAYS
NAME ALUKESS Slse DIMEMNSIUNS

B F=uvuulas veuvud (B8]

LAbtLo

LABEL ADDKESS LAEEL ADDKESS LABEL ACERESS LABEL ADDRESS LABEL ACDFESS

Sv 1=LUG356 1ov 1=uyuid32

FUNC1LUNS AND SUBROUTINES REPEHENCEU

ALL sSuR1

TuTAL SFACE ALLUCATED = 000610 196

+LPJLST=PTS
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FORLRAN IV=PLUS Vv02-51L 13325544 21-APR=-81

RGSTR.FTN

0001
0002
PDIVE S
0004
0005
0006
0007
0008
0009
vol0
0011
0012
0013
0014
0015
001e
0017
001d
0019
0020
oozl
0022
0023
0024
0025

10

12
11

20

22
21

100

/TR:BLOCKS/HWR

SUBROUTINE RGSTR(NRAD,SHADE)

LOGICAL#*¥1 SHADE(1)

CUMMON /KEG/NRD1,nKDZ2,NRD3,NkD4,NRGL,NKRGZ,DX
IF(NRAD.LEJNRD2.AND WRAD,GENRD1)GU TU 10
IF(NRAD,LE,NRD4,AND,NRAV,GE.NRD3)GD TO 20
GO TO 100

LE(NRAD,NE.NRD1)GO TO 11

DO 12 J=NKG1,NRG2

SHADE(J)=127

SHADE (NRG2)=127

GO TO 100

IF(NRAD,NE,NRD4)GO TO 21

DU 22 J=NRG1,NRG2

SHADE(J)=127

SHADE(NRG2)=12/

GO 10 100

ENTRY 1RGSTR

NRD4SINT(13./DX+40,5)
NRD3I=INT(12,5/DX+0,5)

NRDI=INT(1./DX+0,5)

NRD2=INT(1.5/DX+0.5)

NRGLI=INI(B,5/DX+¢0.,5)

NRG2=INT(9,/DX+0,5)

RETURN

END
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! FORTRAN 1V=bLUS V02-5iL 13329320 21-APKeb1 PAGE ¢
! RGSTR.FIN /TRIBLUCKS/WR i
k PRUGHAM SECTIUNS
f NUMBER  NAME SIZE ATRIBUTES ]
" 1 SCUDEL 000462 153 R, 1,CON,LCL
. 3 $ILATA 000012 5 KwyU,CON,LCL k
4 SVAKS  U00002 1 R, D, CUN,LCL
5 STEMPS 000002 1 Rw,D,CON,LCL
o REG 000020 8 RW,D,0VR,GBL

ENTRY PUOINTS

!
NAME TYPE ADDRESS NAME [YPEL  ADDRESS NAME TYPE  AUDREDD NAME TIPE AUUDRESS NAME

TYPE ADDRESS

1 IRGSTR 1-000272  KGSIR 1-000000 i

o

NP

YARIABLES
NAME TYPE AUDKESS NAME TYPE ADDRESS NAME TYPE AUDRESS
4=0000vY NKAL 1% F=0u0002* NRU) ie2 6=000000 NRD2

NAME TYPE ADURESS NAME TYPE AULRESS
182 beUUUYLZ

[l
1
1 Q DX K4 beuuUULd U 132
I NRD3  1%2  6-00U004  NKDS 1%  £-000006 NKGl  I*2 ©=000010 NKG2 %2  6-000012
K|
N f ARRAYS
o
ui NAME TYPE ALDKESS Siik D1MENSLIUNS
'_:j SHALE L} F=000004% 00VULO} 0 11)
,'),
! LABELS
LABEL ADUREDS LABEL ALURESS LABEL AUDKESS Labtl ADUKESS LABEL AUVRESS

10 1=0Ulvo2 1 1-Uu014y 12 s 20 1-000166 21 1=00Ve4n
22 e 100 1=00u432

TUTAL SPRLE ALLLCATREL = goudey log

e s iy am

2 LP . LSTZKGSTK

At

z
|




FURKLRAN LV
GRNDPT FTN

00u!

e XeXeXakaNakKa!

vl

-~ . o
4l . e = -

T g

0003
voL4
JUUS
00U
(VIVIV
000y
U009
0010
0011
vole
Q013
uoii
0015
00lo
Vot
uuly
001y 7
000
V021
00¢2

.

-~

PRI SN

2

e 2]

voZs

vlZ4 P4

viZs

0020

0027

U2y

D029

003G

0031

0032

0033

0034 5
C
C
v

U033y 1

0036

o3’

Uusn

Vo 3Y

004V

v041

VU4

vo43

=PLUS vuse~5it 13:29:59 21=APR=81 PAGE 1

/TR:BLUOCKS/wR

SUBROUTINE GRNDPT(J,Y NFLAG,X1,¥1,1
1 +YMAX,1ASCD,AZ,BZ,2,118T)
THiIS SUBRGUIIwkE 1y UEBSIGNED AS A MORE
EFEFICIENT IMAGE/UBJECT CURRELATIUN ROUOUTINE
Thah THE ORIGINAL GRNDPL.FIN OF AUG 78,
SEE "CUMPUTER GENERATIUN OF SHADED RELIEF 1MAGES
Uk CARTUGKAPRIC APPLICATIONS" FOK
DUCUMENTATIUN, ALGURITHM AND KOUTINE
BY C. TAYLOR, 1o AUG 1Y
CUMMUN /AARGH/A,Yu,lHELIAP,D,NP1S,DX,
1 H,VSF,SCL,TOL,DELR,DIS, THETA,Y1ST
CUMMUN /HGRAA/4L1,22,CS1P,881P,CST,SST
DIMENSION Y(1)
IF(NFLAG,EQ.1)GL TO 30
1S=J*¥DX
irtlabE,.1)GU U LU
Z1=Y(1)
¢2=Y(2)
Y(1)=-100,
Y(2)=H=(Y(2)=Y15T)*VSF#*5CL
YU2)=7.=(1(2)*%0L1s)/(LELK¥*CST)
10 CuNllivue
TP (YS 6L Y (L) AND,,Y¥S.LELX(141))60 T0 20
[=1+1
I (1 NE.NPLIS)IGU TU TV
NELAG=1
GU 1u 3u
V] 41322
Z4zY(1+])
¥ (l+l)sn=(Le=Y1loL)*vst *#sCL
Y(L+1)=7.=-Ca(1+1)*D1S)/(FLUAT(L)*VELR®*
1 C€s8T1T)
Gu 1U 1u
O CUNnLLNUE
YAV Y Vi
2L=¢1
A=VSEF*SCL
ZP=4U=2L
Rzt LUA{(Ll=-]1)*DELK
DELIA=ZDELK
RL=R
RU=R+DELK
1TRIN=0
v CUNTIHUL
FULLUWLING Llik CUMMENTED OUT AFIEF LE-
BUGGING. 17 AUG /9. T. LTAYLUK
waRITE(D,100)4,J,DELK, DELTA,ZY, 24,220,051
(74} FURMAT(LA, 215,08 10.5)
ANUMS (=H*D1S=(L1ST=ZL)*A*01S=¢(P*A*RL*DIS/DLELTA)
DENZ(IS~T.)%CST=20%A%DLS/DELTA
KALSANUM/LEN
LIplu=slIrIneld
LECIIRINGERLLS)0U LU 60
AlzX+HAD¥CSIP
[L=Y0+nAL¥SHIPY
ITsi=t1s5i+1d

R,




P )

! . FORTRAN 1Vv=FLUS vuz-51E 13:25:59 Zl=bvirenl PAGE £
! GRNUPT.F1N /TRIBLUCKS /K E
: 0044 CALL ALT(X1,¥1,2,5N,AZ,82,1A8CD)
0045 YTRYSHe(Z=Y1ST)*#VSF*sCL
0046 Y ERYST.=(YTRY*DIS) /7 (RAUSCST)
0047 IERR=YTRY=YS
i 0048 LV (ABSCYERR) LT, (TOL*DA))IGU TU 30
: C TWU POSSIBILITIES:CONCAVE AND CUNVEX
= 0049 LE(YERK.GT.0)GU TU 490
. 0050 IP=LU~L
2 0051 Zusl :
! V052 RL=RAD 1
| 0053 DELTA=RU=KL i
0054 RL=ERAD ]
Rl 0055 wu TG S0 3
# 0050 4u LP=Z=2L i
. 0057 Lu=2
0058 RU=RAD
: 0059 VELTASRU=KL ]
: 0060 GU TU 50 ]
B 0061 60 CUNTLINUE
p 0062 30 CUNTINUE
¥ 0063 RETURN
2 0064 END 1
\
R ¢
1
3
(‘ 4
‘
l .
: é
}
H
! _,
. o
15
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FURTRAN 1V=FLUS VUZ=51CL 13325359 21=APR~H1 PAGE 3

GRNDPT,FTN ZTHRIBLUCKS /R
- PROGRAM SECTIUNS
NUMBER  NAML SIZE ATIRIBUIES

1 $CULEL 001412 489 Kn, i, CUN,LCL
3 SIDATA 000032 13 Rw,D,CON,LCL
0 SVARS 000076 31 Rn,D,CON,LCL

. [3 AAKGH 000066 27 Rw,D,0VR,GBL
7 HGRAA 000030 12 Kw,U,UVR,GBL

ENTRY PUINTS

NAME TYPE AUORESS NAME TIPE ADDRESS NAME TYPE  ADDRESS NAME TYPE ADURESS NAME TYPE ADDRLSS

il e i

:- GRNUPT 1=vvuoooy
; VARLABLES
V NAME TY¥e ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDKLSS
4
: A ne4 4-000014 ANUM K4 4-000046 AL K*4 F-000022% B2 re*q F=000024* (ST R4 T=000020
cs1e R#4 7-000010 D LR} »=000014 DELR R*4 6+000046 DELTA R*4 4=000030 DEN R%4 4-000052
vis Re4 6=000052 va K4 6-000022 H ne4 ©~000026 1 102 F=000014® IASCD 12 F=0Qu020*
ITRIN 12 4-000044 11sT 182 F=000030* 4 182 Fr000002¢ NFLAG 1%2 F=000006% NPTS 1%2 6=000020
R Re4 4-000024 RAD Re4 4-000050 RL keq 4=000034 RU R*4 4-000040 SCL R%4 6-000036 B
SN req 4-000002 §S8T L] 7-000024 SSTP R*4 7=v000t4 THETA R*4 6=000056 THETAP R*4 6=000010
TOL k¥4 6=000042 Vol hea ©-0000132 X ke4 6=0U0000 X1 R4 F=000010% YEKR R&4 4=-000072
13 Ked F=000012% YMAX Req ¥*000010* XS L1 ) 4=000000 YTRY R4 4000066 10 R4 6-000004
¥1ST Hed 6=000062 Z ke g F=000026% L R#4 4~000010 iP Re4 4=000020 zy Re*4 4-000004¢
21 Red 7-000000 2 K4 7-000004
;
AKRRAYS
NAME TYPE ADDRESS S1ZE DIMENSIUNS
14 (32 ] F=0000u4* 000004 2 (1)
LABELS
LAseL ADLRLDS LABEL ADDRESS LABEL ADDRESS LABLEL ADDRESS LABEL AUDRESS
10 1 R4 IPE Y] 20 1-000504 R0 1003410 L 14 1=001322 50 1+000626 ;
60 1-001402 70 1=000332 100° v
FUNCTIUNS AMD SUBRUUTINES KeFERENCED

ALT

TULAL SPACE ALLOCATEL = 0Qled0 472




FORTRAN 1VepLUS V02-S1E
GRNDPTLFTN /TR$BLUCKS/WR

+LP LST=GRNDPT

13:25:59

21=APR-81
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SSLPLP/PR:O/EP/CP/NOTRSSSLPLP, [300, 300} DSKERN
SLPS,ALSLP,LPPEK,SASY, QUANT,RCSLP
/

UNITS=21
ASG=TI1:1,TIl:e
ASG=T1L:8
AS5G=DBO:14,DB2:1 4
7/




FORTRAN 1V-PLUS V02=51t 13:27:0¢ 21=APR=B1
SSLPLP.FTN /TR:BLOCKS/nK

TH1IS PROGRAM WILL PKRODUCE AN OUTPUT 9 TRACK
MAGNETIC TAPE FILE CONTAINING THE OPTICAL
DENSLITIES OF AN UKRTRUNURMAL IMAGE OF A USER~
SELECTED AREA Ul THE CACHE, OK MAP SHEET,

Tht USER MAY SELECT BETWEEN TwO FOKMULA FOR
THE DETERMINATLION OF THE GRAY SHADES, SPECILFY
Thk POSITIUN UF THE SUN, THE PIXEL DENSITY,
AND A VERTICAL SCALING FACTUK,

CARKEAERARRRR R SRR R RB RN F AR R KRB AR AR KRR RN RS R R R KRR

cOoOoOOonNnOCcanNon

R

PRUGKAM BY CYRUS TAYLUK
AUTOMATED CARTOGRAPHY BRANCH
ENGINEER TOPOGRAPHIC LABS
FURT BELVOLR, VA

27 JUNE 1978

- B

il USSR Ny .

KEERRRRRB AR R AR AR R RN RN R SRR AN E R R R AR R R AR RN RNE : ;

DIMENSLION THE TwU ARAYS THAT wiLL
CONTAIN THE DATA PTS FOR TwO SUCCESIVE ;
ELEVATLON PROFILES. TIHESE wILL BE -
USEL TU DETERMINE THE LUCAL SLUPE OF '
Tht TERRALN, WHICH, T0GETHOR WITH OTHER
UbER DETERMINED FACIORS, DETERMINES
IFb INTENS11Y UF THE REFLECTED LIGHT,

0001 DIMENS10N AZA(1024),BZA(1024)

cOonNnOoOonmOonoOcocOono

ek gt N% y
- e

1 C ULkt iNE THE bYTE ARRAY CONTAINING THE
C LE&LITY INFUKMATION; [dIS ARRAY wlllL BE
s C WwKITTEN TO TAPE.
w C *FULLOWING STATEMENT ADDED R, ROSENTHAL 2/13/79
V002 DIMENSION IRYTES(1u)
C FULLUWING LINE ADDED FOR TIME STATEMENT
C C. I[AYLUKR, 26 AUG 1979
VIVIVRES DIMENSLIUON AL1M(2)
0004 LOGICAL*1 SHADE(1024)
- 0ous CUMMUN /BOUNDS/XMAXB, YMAXB,XM1NB,YMINB,ELEVB
» VoUL COMMON /SEXY/DELTAG,COSEL,IVSUN,ANG,C1,C2,S81,82
. 0007 CUMMUN /NEW/MRDR ]
E 0008 DATA XMAXB/1/.6Y0/,XMINb/ 1772/ ,YMAXB/21,59/ x
y ouu9 DATA YMINB/.1772/,ELEVB/310,/,1UNIT/0/,KODE/ =1/
VUL DATA MOLE/U/,L1PAR/0/,1DEN/O/,1CTL/128/
F ) 0011 DATA KOUNT/128/
Vo1 LERR=0
! 0013 MRDR=1
uuld PI=3.14159
¢ wk hAVE Nuw INITLALIZEU LAPTRN FUR LUNI
C NUW wk wILL UPEN THE DISKFILES

Vold CALL DSKriv(4.,-1,°'0bB0O’, CACHE1.DAT’,DUM,1024

1 ,100,1FLAG,lEKK)
OPEN(UNLIT=4,TYPL='0OLD’,ACCESS='DIRECT’,READUNLY,

I RECURDSI1ZE=493,5HARED,ASSOCIATEVARLIABLE=SLY) ‘

U0lo IF(lERR.EYeLIGU LU b o

ALL wKllk STATEMENTS MULILIFIED 10

whkllbt TO ONIT 1; lebes, ALL STATEMENTS

'WEITE (S5, CHANGED Tu wRITE(L, + « o

© CHANGES MALUE TU ALLOW DELAYED RUNNING

(oo}

i o e s ot bate o - S Mol 19D
TN




FURTRAN 1V-PLUS V02=)1E 13:27:02 21-APR=81 PAGE 2

SSLPLP.FIN /TR:BLOCKS/WR
C UF SOFTwWARE, C. TAYLOR, 26 AUG 1979
0017 WRITE(1,104) LERR,IFLAG
0018 104 FORMAT(* OPEN FAILURE ON DB1:CACHE1.DAT',213)
0019 STOP
Co CONTINUE
0020 6 CALL DSKF1L(2,-1,°DBO’, "SDRLF.DAT’,DUM,512,

1 1024,IFLAG,LERR)

C OPEN(UNIT=9,NAME='FOR005,DAT’, TYPE=OLD*,ACCESSS
C 1 °*DIRECTI’,READONLY,RECURDSIZE=405,
C 1 SHARED,ASSUCIAIEVARIABLE=1w)
0021 1F(IERR.£Q.0)GU Y0 7
0022 WRITE(1,107)1ERK
0023 107 FORMAT(* UPEN FALLURE ON DB1:SDRLF.DAT’,13)
0024 S510P
0025 1 CUNTINUE
C NUw SET PARITY AND DENSITY UF TAPE
C NUw DEF INE PARAMETERS
C *NEXT 7 LINES ADDED R. ROSENTHAL 2/13/79
0026 WRITE(1,#*)° ENTER DEVICE AND FILE NAME: °*’DDN:FILE.EXT®*’
0027 WRITE(1,%*)* TO INPUT FROM TERMINAL ENTER *'T1:°"’
C NEXT TwO READ STATEMENTS ALTERED 10 READ FROM
C UNLIT 4 1N ORDER TU ALLOwW DELAYED RUNS
0028 READ(8,5555) IBYTES
0029 5955 FORMAT(10A2)
0030 wRITE(1,%)° NUMBER UF CHARS IM FILE NAML'
V031 READ(8, ¥ )NBYTES
0032 CALL ASSIGN (4,IBYTES,NBYTES)
C $NEXT 3 COMMENTS ENTERED K, RUSENTHAL 2/13/79
C PRUMPT 1INPUTS ARE nNUw FRUM UNLIL 4
C LInPUT PARAMETEKS MAY NOW BE READ FROM DISK FILES
C CHANGES MADE TO *READ(S,*)* NOw ‘READ(4,¥%)
Vo33 20 CONT1NUE
PVER] WRITE(1,100)
0035 10V FORMAT(1X, "ENIER MAPSHEET COUORDINATES UF LOWER LEFT=HAND
1 °,7/,1X,* AREA UF INTEREST’)
VIVE L READ(4,*)XLL,YLL
Vo337 wRITE(1,101)
[E] ] 101 FORMAT(1X, ENTER HELGHT AND wlD1H OF AREA OF INTEREST')
V039 READ(4,¥)H,w
ov4v 13v FORMAT(* ENIER UKRDER UF WEIGHTING FUNCTION 10 BE USED®)
Vo4l whIJE(1,102)
0042 102 FURMAT(1X, "ENTELK # PIXELS/HORIZONTAL LINE®)
V043 READ(4,*)NPLX
0044 wRITE(L1,103)
004d 103 FURMAT(LX, “LNTER VERTICAL SCALING FACTOR')
Jude READ(4,%)VSF
ovgl wR1TE(1,1ub)
vuel 1uo FURMAT(1X, "ENTER 0 FUR LAMBERIS LAW,’,/,1X,
1 1 rOR THE LOMMEL=SEELIGER LAw’)
0049 READ(4,%*)LAw
0050 WwRITE(1,105)
vos1 1u5 FORMAL(® ENTER AMGLE OF ELEVATION UF LIGHY,*,/,°

1 DIZECTIUN UF LLIGHT (U=FRUM N,90 FROM E)’,/,
1 ° AZIMUTHAL VARLATIUN®)

DLy READ(4,*%)EL1,AN]L,RV]1EW]

0053 WRITE(L,131)
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FORTRAN 1lVePLUS V02-51E 13:27:02 21=APR=81} PAGE 3

SSLPLP.FTN

0054

0055
0056

0057
0058
0059
0060
0061
00602
0003
0064
0065
006606
0007

0068
0ve9
0070
0071
0072
0073
0074
0075
00/6

3071
2078
2079

Joso
Josl
J082
J083
J084
J085
Jo86
Jog?

Joss
JoB9
Jo9u
091
092
)093
094
)0Y5S
090
2097

131

1

/ FR:BLUCKS/WR ]

FORMAT(1X, *RELIEF CONTOURS?Y=},/,CONTOUR
INTERVAL (M)*)

READ(4,%)1RELCN, ICON

IVSUN=0Q

C PULLOWING 3 LINES ADLED FOR DCMNTN PURPOSES
C C. TAYLOR, 26 AUG 1979

134

CALL TIME(ATIM)

WRITE(1,134) (ATIM(1JKL),10KL=1,2)
FORMAT(1X,2A4)
IF(RVIEW].GT.1.)1VSUN=1
AN1=ABS(AN1)

AN=90,~AN1
EL=(EL1%3.14159)/180,
AN=(AN*3,14159)/180,
ANG=((135,%3,14159)/180.)=AN
RVIEWSRVIEW1*P1/360,
RVIEW=(Pl=2.*%RVIEwW)/2,

C NOW DEFINE PARAMETER=-DEPENDANT VARIABLES

(g}

DELTA=W/FLUAT(NPLX)

CNYRT=0,00078740106

CNVRT=1,/CNVRT
1F(IRELCN.EQ.1)VSF=TAN(CEL)*CNVRT*(DELTA/ ICON)*VSF
DELTAP=DELTA/(((5,k=4)*100,/2,54)%9.)
DELTAGS(DELTA%*50000.)%(2,54/100.)

NPTS=NPIX+1

XEND=XLL+wW

LSTRW=H/DELTA

*FOLLOWING LINE INSERTED R, ROSEN1IHAL 16-FEB=79

NUMRWS=LSTRW+1
DELSQR=DELTAG**2
Y¥CUR=YLL+H

C HOw PRECISE ARE THE FOLLOWING?

111
115
112
113

114

C1=COS(=RVIEW+3.*P1/4.)
C2=COS(=RVIEW~PL/4.)
S1=SIN(RVIEW+3.¥P1/4,)
S2=SIN(RVIEW=P1/4,)
SY=COS(EL)*SIN(AN)
SX=COS(EL)*CUS(AN)
SZ=SIN(EL)
COSEL=CUS(EL)

ESTABL1SH DENSITY SCALING FACTOR
ASSUME DMAX=127 CORRESPONDS TO
T0 DENSITY OF 2,3

DS5CL=127./2.3

WRITE(1,111)

FORMAT(* ENTER DSCL (55.2)°)

READ (4, %)DSCL ;
FORMAT(® ENTER 1 TO DUMP ELEVATIONS®)

WRIFE(6,112)XLL,YLL,H,W
E‘URMAT('IXLL)YL[.I:("["7|3"'.'F7-31.\'i' f',i?.jo',',l‘l7.3").)
wRITE(6,113)NPIX,VSF,LAW,MRDR

FORMAT(® NPLX=',13,° VSF=°',F7.3 +hAAs’,0 ., "MRDR= *,13)
WRITE(6,114)ELL1,ANL,DSCL,RVIEW],NUMKNWS

FORMAT(* EL=*,F7.3,°AN=’,F8,3,° 'DSCL®*,F7,.3, 'RV]IEN=’,

1F8,2, "NUMBER UF RUWS=°,14,//)

C *ABUVE 3 LINES, ADDITION TO WRITE STATEMENT ADDED R. ROSENTHAL




e . "URIRAN LV=PLUS VO2-5lE 13:27302 21=APR=81 PAGL 4

3SLPLP kTN /TR:BLOCKS/wR
X C ESTABLLSH DO-LUUP TO PRUCESS DATA
Y098 DU 1000 IRUW=0,LSTRW
! 1099 YCUR=YCUR=DELTA
| 1100 IF(IRELCN.EQ.1)GO LU 132
3101 CALL SLPS(XLL,ICUR,XEND,YCUR,NP1X,AZA,BZA,DLN)
k. 3102 GO T0 133
x 3103 132 CALL RCSLP(XLL,YCUR,XEND,YCUK,NPIX,AZA,BZA
1 ,DLi,iCON,DELTAP)
4 J104 133 CONTINUE
‘ 1105 IF(LAW.EY,.1)GU TU 11
- Y1ub DO 13 LP1X=1,nNPIX
)107 AZZAZA(IPLX)*DELTAP
; Ylud BZ=BZA(IPLX)*DELTAP
& y109 AZ=AZ*VSE
;1 )110 BZ=BZ*VSF
111 CALL SXS3Y(SX,S5Y,A%,BZ)
;i 112 BEGS=SX¥AZ*DELTAG=SY*DELTAG¥BZ+DELSUR*SZ
.3} 1113 DIS=SQRT((AZ*DELIAG)**2+ (DELTAG*BZ)*%2+(DELSUR®*2))
g 1114 COS1=BEG/DLS

foa.

C UPACLITY=1/10,DENSITY=LOG(GPACLTY),1=10C0S1
C NUTE:DENSITY MAY HAVE TO BE CHANGED

3

q 1115 1P (COSL.LI.1.E~5)CUS1=,00001
! 'ilb SHAD=ZALUG10(1./C0S1)
4 11/ SHAD=SHAD*DSCL

1n1s IF(SHAD.GT.127.)SHAD=127,

111y SHADE(1P1X)=SHAD

112V 13 CUNTINUE
3 1121 GO Tu 1500

¢ NUw DEAL wlIH 1He LUMMel SErLIGER CASE {

jed 1124 11 CUNTINUE ;
\{ ¢ DIFFERENTIATE SEIWEEN EVEN AND UDD ROWS

1243 DU 19 1PiX=1,NP1X
\ 1124 AZ=AZA(1PIX)*DELTAP
b 125 BLSBLA(IPLX) #OLLTAP
: ‘120 AZSAZ*VSF
} 112 BL=BZ*VSE
| 1124 CALL SXSY(SX,SY,AZ,BZ)
» 1129 BEG=ZDELTAG* (=SX*AZ=~SY*BZ)+DELSQR*SZ
q 139 DIS=SQRT((AZ¥DELTAG) ** 24 (BZSDELTAG) #%2+ (DELSUR*%2))
i 131 CUSE=DELSUR/DLS
; 132 CUS1=BEG/DLS
' 133 IF(CUSL LT.1,E=5)CUSL=,00001
3 ‘134 SHADZ1.7 (1.4 (CUSE/COS1))
! 1135 SHADS (ALUGIU(1,/SHAD) ) *DSCL
‘ ‘130 1E (SHAD.LT,.0,)SHADEV,

131 LE (SHAD.GLl.127.)8HAD=127.,
. 1130 SHAUR (LPLIXx)=SHAD

13y 19 CUNTINUE
: 140 1500 CUNTINUE

C NUn whITE LT UUT TU Dlon

4 141 JRUWS[RUN+]
' 142 CALL USKTRN(Z2,2,leRK,JRUW,NKES,SHADE,
g 1 0, luUNt) i
K 143 I (LERR,EY.VIGU TUu 15
’ 144 wRITE(1,108)1EFR {
i 145 1us FURMAT(® DSKIRN FALLUKE:®,13)
L]
A }
’ /

1




UKTKAN LV=PLUS vUZ=S1E 13:27:304 21=APR=81} PAGE 5
SLELPJFI'N /TRIBLUCKS/wR
1 ldo stoe
I 147 15 CUNTINUE
! 148 1000 CONTINUE
i ) C wrhlle AN END OF FILE MARKER
‘ 149 1F (NPLX.GLl,100)6U TO 1501
- 150 DO 1502 JFIL=1,JRUW
1 151 CALL DSKTRN(2,1,IERR,JFIL,NRES,SHADE,
1 0, l1DONE)
& 15%¢ 1IF(IERK.EQ.0)GO Tu L6
, i53 WKRITE(1,108)1ERR
194 s1up
1 155 < CONTINUE
oy 156 CALL LP(SHADE)
W 157 1502 CONTINUE
: 1538 1501 CONTINUE
159 CALL TIME(ATLM)
k- 100 WRITE(1,134)(ATIM(IJKL),1JKL=1,2)
f 1ol WRITE(1,109)
; loZ 109 FURMAT (' ANOTHER IMAGE:ENTER 1°) :
: 103 READ(4,110)IANS
' lo4 11¢ FORMAT(I4)
d los I (LANS EV.1)GU Tu 20 ;
; 16t CALL USKELL(4,=2,“DbU’, "CACHEL1.DAT’,DUM,1024,100
1 ,I1FLAG,IlEKRK)
167 CALL DSKF1L(2,=2,°'Db0’, *SORLF.DAT’,DUM,512,1024
_ 1 ,1FLAG,LEKR)
-y los STOP i
s 109 END
B
E
{
)
|
L |
{

i
?
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URFHAN 1¥=PLUD VU2-5lc 13:27:02 21=APR-81 PAGE © N

; SLPLP.FTN /TR;BLUCRS/aR ;
RUGHAM SECTIUNS i
- *
UMBER  NAML S12E ATIRIBUTES :
L
| 1 sCubel Uu4lod  1uBZ Rw, 1,CUN,LCL :
i 2 SPDATA 000306 99 Rw,D,CON,LCL
. 3 SIDATA 0ul574  44b RW,D,CON,LCL B
! 4 SVARS 022312 4709 RW,U,CON,LCL
! 5 STEMPS 000014 6 Re,D,CON, LCL
{ 5 BUUNDS 000024 v Rw,0,0VR,GbL ;
i SEXY 000036 15 Rw,D,0VR,GBL !
- ’ 4 NEW 000002 1 Rw,D,0VR,GBL R % K
1 ARLABLES é
1
,4 NAME  TYPE ADUDRESS NAME  1¥PE  ADDRESS NAME  TYPE ADULRESS NAML  1YPE ADDRESS NAME  TYPE ADDRESS ;
AN R%4  4-022142  ANG R%4 7000012 ANl R¥& 4022124 AL R*4  4-022244  BEG Re4  4~022254 1
| B2 R%4  4-022250 CNVRT R#4  4-022162 COSE R%4  4-022274 COSEL ke4  7-000004 COSI R%  4-022264 L
{ c1 Re4  7-000016 C2 R®4  7-000022 DELSQR R#4  4-022204 DELTA R%4  4-022156 DELTAG R*4  7-000000 ; 1
| DELTAP K84  4=022166 D15 K%4  4-022260  DLN K#4  4-022236  DSCL  Re4  4-022230 Uum R%4  4-022060 3
; eu N%A  4-02214b  ELEVB R4 5-000020  EL1 R*4  4-U22120 M K4 4-022100 1ANS 1%2  4-022310
ICUN 132  4-022136 ICTL 182  4-022046 IDEN  I%2  4-022044 IDONE 1%¥2 4~022304 IERR J%2  4-022052 )
LFLAG  1%2  4-022064  1JKL 182  4-022140  IPAR  [%2  4-022042 IPIX [%2  4-022242 IRELCK (%2  4-022134 ¢
H IvUW 192 4-022234  JUNLT 1¢2  4-022034 IVSUN 1#2  7-000010 JIL (%2  4-022306 JROW (%2  4-022300
) ; KODE 182  4~022036 KOUNT [$2  4-022050  LAW 192  4-022116  LSTHW J1%2  4-022200 MDDE  1%2  4-022040 ]
3 MRUK 182 ¥=000000 NBYTES 1%2  4-022006 NPLX 12  4=022110 NPTS 132  4=022172 NKRES 1%2  4-022)02 i
’ NUMHWS 182 4-022202 Pl H%4  4-022054 HVIEW R*4  4~022152 RVIEWL R*4  4=-022130 SHAD R%4  4-022270 .
sS4 H%4  4-022220  SY R*4  4-022214 sZ Hed  4=022224 St R$4 7000026 S2 K$4  7%000032
/ VSF He4  4=022112 » R%4  4<022104 XEND R®4  4=022174 XLL Re4  4-022070  XMAXE R*4  6-000000
. ! AMINB H$4  6-000010 YCUR R%4  4-022210 VYiL R®4  4-022074  YMAXB K%4  6-000004 YMINB R¥4 6000014 .
f
: ARHAYS
a4
“ NAME  TYPE ADDRESS S1ZE DIMENSIONS
B ATIM N34 4-020024 000010 4 (2)
’ AZA He4  4-000000 010000 2048 (3024) .
B BZA R4  4-010000 U©10000 2048 (1024) .
18ITES 192 4=020000 000024 10 (10) :
SHADE L%1  4-020034 002000 512 (1024) H
4 d
‘ wABELS
: LABEL  ADDRESS LABEL  AUDRESS LABEL  ADDRESS LABEL  ADDRESS LABEL  ADDRESS
< :
J 6 1-0001 36 7 1-000220 it 1003060 13 s 15 1-003560 :
16 1-003714 19 (34 20 1=0004006 100° 32000116 101° 3-000230 :
' 102° 3=000306 103° 3-0001350 104° 3=000000 105° 3-000510 106° 3-000412 [
. 107° 3+000046 108° 3-001212 109° 3001240 110° 3-001272 11 3-000750 ?
k 12’ 32000778 113 3=001046 114° 3=001110 119° . 130° 134 P
: 131° 3=000662 132 1-002462 133 1002500 13¢4° 3-000742 1000 o H
‘ 1500 1-003464 1501 1003746 1502 L1 $585°  3-000112
»
g 3
r
S
: v -
i *

i
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FURCIlunS AML SUBRUUTINES kebEkeNCRU
Aodlun  USAELL  LSATHN  LP KCOLP  dLES SA5Y 11re SALLIU  SCUS $SIN
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FURTRAN
SLPS.FTuw

Qo001
g002
vou3
U004
00Ud
VlVL
oo/
O0us
cou9
U010
0ottt
V012
UUl3s

vul1l4
0019
001lob
Vo17
0ol8
0019
0020
[(RV
0022

LV=PLLS Vv02+51cL 13:28:00 21-APkR=81

C

oo

50

100

/TR:BLOCKS/wR

THlS SUBROUTINE CALCULATES THE X,Y PUSITIUNS OF
ALL POINTS ALOWG A LOS PROFILE AT wHICH THE
ELEVATIu 18 1u Bk CALCULATED

FRARERBRERREREE IR KA RARKEARERKRR SRR IR AR RN SRR RER K KRR

PROGRAM BY CykUsS C. TAYLUR

AUTU=CARIU Bk
{DL,USAETL
TDL,UASETL
23 AUG 1977

RIS E RS R RS RS S R R RS R E R R R RS R E RS RS R R R R R R

SUBROUTINE SLPS(X1,Yi,x2,Y2,NPTS,AZA,BZA,DLN)
DIMENSIUN AZA(L),BZA(L)

COMMON /BUOURDS/XMAXE, YMAXB, XMINB,YMINb,ELEVE
FNPTS1=FLOAT(NPTS~1)
DUNZ(SORI((X2=X1)%%2+ (1 2=Y1)*%2))/FENPTISH
DX=(X2=X1}/FEnpPIS1

DY=(Y2«Y1)/FNPTSI

SN=DY/DLN

LU 100 1=1,NPTS

FIMI=FLOAT(L=1)

KEXl4b [“130UX

YSY1+F 1MLl *DY

IF(X. LT, AMAXB .AND, Y,LT.YMAXB

«AND, X ,GCT.AMIND JAND, Y .GT.IMINB) GU TU 50
AZA(1l)=v.

BZA(L)=C,

GU TU 10v

CALL ALT(X,r,Z,5N,AZ,BZ,1)

AZA(Ll)=AL

BZA(1)=B2

CONIINUVE

RETURN

END
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rURTHRAN 1verLud vué~51E

SLPS,r I

ZTRIBLUCRS/oR

PRUURAM SECTLIUMNS

NUMBE K NAME
1 stubel
B ¢ SPUALA
3 SILATA
4 SVAKS
> $TEMES
© BUUNLS
B ENIRY PULNTS
WAME 1abe
SLPY

VARLABLES

NAME,

Ae
tleve
3N
Al

[

AreAas

Tire

re3
AL ]
AL
ks
rey

TiPr

e
w3

boihl bPatt A

PP iLobEour

13;20:vy ii=AirK=b]

Stie

YouS1¢ loY

000004 2

Q0v043 iy

00u0%2 Z1

vuguy2 i

PRI 139
AL dRESS AARE Live
l=uudiue
Al oreas CAME Tire
4000032 YA Re R
e=uQuudd [T Keq
4-uouvld A LA}
eeguliind (32
Pelueal. L ey
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FORTRAN 1V=PLUS V02+51L 13:28:21 21-APR~81 PAGE 1
ALSLP,.FTN /TR¢BLOCKS/WR

0001
0002
0003
00v4
0005
0000
0007
0008

0009
0010
001t
0012
Q013
0014
Q015
00to
a1/
0018
001y
V20
0021
VU222
0023
0024
oU25
0020
ovel
00«8
0029
V0J3v
0031
0032
0033
0034
LL 3y
00306
0037
00138
0039
004vu

C THIS SUBROUTINE ACCEPTS THE X,Y COORDINATES OF
C A POINTON THE CACHE MAP SHEET, AND RETURNS
C THE Z VALUE AT THAT POINT

C
CEBERFXLEXERERAXFEPERERARENREREREEXSA SRR RERERNES

12X 2222222 222 22 S R SRR R 2R R RS2 AR S22 22 8

C

C SUBROUTINE BY CYRUS C. TAYLOR

C COMPUTER SCIENCE SPECIALIST(TRAINEE) ¢
C AUTO=CARTU BR

C TUL,USAETL

C FORT BELVOIR, VA

C 23 AUG 1977

C

C

C

SUBROUTINE ALT(X,Y,Z2,SN,AZ,BZ,1ASCD)
INTEGER COEF1
LOGICAL*1 COEF2
DIMENSION COEF1(90,40),BUF(512),C0EF2(90,40,3)
DIMENSION FIT1(4),F1T2(4),FIT3(4),FIT4(4)
CUMMUN /BUUNDS/XMAXB, YMAXB,XMINB,YMINB,ELEVE
COMMON /NEW/MRDR
IF(X.LT.XMAXB .AND. Y.LT,YMAXB
1 JAND. XeGT<XMINB .AND. Y,.GT,YMINB)GO TO 2077
Z=ELEVH
AZ=0.
Bi=0,
RETURN
2077 CUNTINUE
DATA IFIRST/0/
IF(IFLIRST.GT.0) GU TO 111
IFIRST=1
1SAVE=Q
JSAVE=0
BURDER=((5,£=4)%100,/72,%4)%8,
FIT=(BORDER/8,)*9,
v0 112 K=1,90
CALL DSKTRN(4,1,lERR,K,NRES,BUF,0,1DONL)
IFCIERKR.GT.V) GU TU 9999
DO 114 J=1,4V
L=4¢(J=1)+b+328
COEF1{n,J)=bBUL (L)
COEF2(K,J,1)=BUF(L+1)
CUEF2(K,Jd,2)=BUF (L+2)
CUOLF2(K,J,3)=pul (L+3)

114 CUNIINUE
112 CUNTINUE
111 CONTINUE .

JEINT((X=BURDER)/FLT)+1
I=INT((Y=BORDER)/FIT)+1

JlzsJdel

1MOD=1-82
IFCLEQ.LIDAVEANDJ.EU.JSAVE) Gu TO 80
IF(IMOD,.LT.1) GU TU 9998

IF(J.GT.90) GU TO 9998

IB=(1MOV=1)%*4

-y
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0041
0042
0043
0044
0045
0040
0047
0048
0049
0050
0051
0052
0053
0054
0055
00506
00517
0058
0059
0060
00o1
0002
0063
0064
0065
00bb
0067
00bd
00bY
0070
0071
0072
0073
0v74
vty
0070
0071
0o/8
00179
00BY
ougl
[V2V]. 93
U0y 3
004
gudy
OUBo
VIV
Quus
008y
0090
0091
0092
Uy 3
0094
009%
0096

75

200

V02-51E 13:28:21 21=APR=81 PAGE 2

/TRIBLUCKS/WR

F1T1(1)=CUEF1(J,IMUOD)
FIT2(1)=COEF1(J,IM0D+1)
FIT3(1)=CUEF1(J1,1IMOD)
F1IT4(1)=COEF1(J1,IMUD*1)

DO 75 1P=2,4

11=1B+1P

12=1B+4+1P

FIT1(1P)=COEF2(J,IM0OD,1P~-1)
FIT2(IP)=COEF2(J,1M0D+1 ,1P~1)
FIT3(1P)=CUEF2(J1,IMUL,1P~1)
F1T4(IP)=COEF2(J1,(MUD+1,]IP=1)

CONTINUE

CUNTINUE

XC=FLOAT(J=«1)*FIT+BORDER

XLs(X=XC)/FIT

YC=FLOAT(1-1)*F1l+BURDELR

fL=(Y=-YC)/t 1T

XLC=XL-1,

YLC=¥L-1 .

LISFITICL)+FITI(2)*XL + (FIT1(3)+F1T1(4)*XL) * YL
22=FIT2(1)+FIT2(2)*XL + (FIT2(3)+F1T2(4)*XL) * YLC
L3=FIT3(1)+FIT3(2)%XLC ¢ (FIT3(3)+F113¢4)*XLC) * XL
L4=sF1TA(1)+FIT4(2)*XLC + (F1T4(3)+F1T4(4)*XLC) * YLC
XL2=ABS(XL#*%(MRDR+1))
XLC2=ABS (XLC** (MRDR+1))

IL2=ABS(YL*¥ (MRDR+1))
YLC2=ABS(YLC**(MRDR+1))

LECLASCO.EQ.U)0U 1Y 200
AZLI=FIT1(2)+F1L1(4)¥)XL
AZ2zF1T2(2)+F1T2(4)*YLC
AL3=FIT3(2)+FIT3(4)%xL
AZ4=FIT4(2)+FIiT4(4)*YLC
BZ1=zFITL1(3)+F1T1(4)*XL
BZ2=F1T2(3)+F112(4)*XL
BZ3=F113(3)+br113(4)*aLC
BZ4=FIT4(3)+F1T4(4)*XLC

CUNTINUE

XLC==XLC

YLC==YLC

WIS(XLC2# (=2, #ALC+3,))%(YLC2*(=¢.*YL(C+3.))
W2 (ALC2#(=2.%XLC+3.))%(YL2%(~2.%YL+3,.))
WIS (XL2¥(=2.,%XL+3,))¥%(YLC2*(=2.,%YLC*3,))
WAS (KLZ¥(=2,%XL+3,) )% (YL2*(=2,%YL+3,))
IF(IASCU.LQ.0)GU 1U 205

ADWIZ=6 #XLC*¥ (1 =XLC)*#(YLC2%(=2.%YLC+3,))
ADWIZ0 *XL* L]l =XL)*#LYLC2*(=2.%1LC+3,.))
ADw2zep 4 ALC* (1 o=XLC)*(XL2%(=2,%)L¢3,))
ADW4=6 ¥ XL*(1,.,=KL)*(YL2%(=¢,*YL43,))
BOWlz=6.%YLC*(1,=YLC)*(XLC2¥(~2,%XLC+3,))
BOWZ2=0 , *YL* (1. =XL)*(XLC2*(=2,%XLC+3.))
BOW3==b, *YLC* (1. =YLC)*(XL2*(=2.%XL+3,))
BOwdzb ,#YL*(1,=YL)*(XL2%(=2.%XL+3,))
AZ=Z1*ADWLI+L2%ADWL+Z3*%AUW3+L4*ALWY
AL=ALHAZLI* w1l +AZ2%W2+AL3%W3+AL4% N4
BZ=Z1%BDUW1+¢Z2*BDwW2+23*BLUw3+424%BDwd
BZ=BZ+BZ1%wil+BZ2%n2+BL3*n3+bL4%w4
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/TR:BLOCKS/wR

ALSLP FIN
0097 205
((TVL-] 210
C
C
C
0uY9 101
0luv 100
0101
0102
01u3
uivd
0105 9999
Uluo Y9991
0107
vi08 9998
Ulu9
g110

LILI¥WI+Z2¥W2+23%n3+424%nd
CUNTINUE

WRKITE(6,101)AZ,BZ,21,22,23,24,w),42,43,n4,A0W1,ADNW2,
+ADW3 ,ADw4, ,BDW] ,BDW2,00w3,B0w4,AZ1,AZ2,AL3,A24,821,822,
BZ3,bZ4
FORMAT(1X,2F9.4,2X,2(4F9.4,2X),/,2(1X,3(4F9,4,2X),7).,/7)
FORMAT(1x,15,15,2v10.3,F10.3,7)

JSAVE=J

ISAVE=]

LUSVE=1UNIT

RETURN

wRITE(S5,99991)1ERK

FURMAT(’11/0 FALLURE UN DB1: = IERR = *,13)

STOP

=310,

RETURN

END

ke
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LPPER,FTN

0001
0002
0003
0004

0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0o1s
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
FDERS
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
00406
0047
0048
0049
0050
0051
0052

C
C

FlLE

51

50

21

22

43

23

24

25

26

21

28

/TR:BLOCKS/WR
NAME = LPPER,FTN

SUBRUUTINE LP(SHADE)
LOGICAL#*1 SHADE(1),CHAR(12)
LOGICAL*1 PRNT(100)

DATA CHAR/' v' o." o-o' 010, 0/" 'V" o'c' 050' cu!'

OAO'OQo'va/

WRITE(S5,51) (SHADE(M),M=1,32)
FURMAT(1X,3203,/)

pu 10 I=1,3

DO 50 K=1,100
LF(SHADE(K),LT.0,)SHADE(K)=127,
PRNT(K)=CHAK(1)

CONTINUE

DO 20 Jy=1,100
IF(SHADE(4).GT.6)G0 T0 21
IF(I.NE.1)GO TO 20
PRNT(J)=CHAR(1)

GO TO 20
IF(SHADE(J).GT.9)GO TO 22
IF(I.,NE.1)GD TO 20
PRNT(J)=CHAR(2)

GO TO 20
LF(SHADE(J),GT,13)G0 TO 43
IF(1.NE.1)GU TO 20
PRNT(J)=CHAR(3)

GU TU 20
IF(SHADE(J).GT.15)6G0 TO 23
IF(1.NEL1)GO TO 20
PRNT(J)=CHAR(4)

G0 TO 20
IF(SHADE(J).GT.19)GO TO 24
1F(1.NE.1)GOC TO 20
PRNT(J)=CHAK(Y)

GO TOU 20
IF(SHADE(J).GT.24)G0 TO 25
IF(I.NE.1)GO TO 20
PRNT(J)=CHAR(S)

GU TU 20
LF(SHADE(J).GT.28)GU TO 26
IF(1.NE.1)GU TO 20
PRNT(J)=CHAR(7)

GO TO 20
IF(SHADE(J).GT,33)G0 TO 27
IF(1.NE.1)GU TO 20
PRNT(J)=CHAKR(8)

G0 TO 20
IF(SHADE(J).GT,38)G0 TO 28
IF(1.EQ.3)G0 TO 20
IF(1.EQ.1)PRNT(J)=CHAR(Y)
IF(I1.EQ.2)PRNT(J)=CHAR(2)
GO TO 20
1F (SHADE(J) .GT.44)G0 TO 29
IF(1.EQ.3)GU TU 20
IF(I.EQ.1)PRNT(J)=CHAR(10) i
IF(I1.EQ.2)PRNT(J)=CHAR(S) i
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: LPPER.FIN /TRILLOCKS/WR
0053 Gu IT0 20 i
: 0094 29 1F(SHADE(J).GI.51)0WU 10 30 :
" 0055 IF(1.EQ.3)GD 10 20 )
3 0056 1l EU 1)PRNT (J)=ChAR(10)
1 0057 1IF(loby 2 )PRNI(J)SCHARLS)
! 0058 GU TO 20
0U59 3y 1F(SHADE(J).GT.58)GL TO 31
0060 1P (1.EQ.3)G0 kU 20
0061 IF(1.EQ.1)PRNT(J)SCHAK(10) p
0062 I (Ll EQ.2IPRNT(JUI=CHAR(Y)
0063 GU TU 20
V0bL4 31 1F (SHADE(J).Gl.06)GU TU 32 ,
0065 1F (L. EQ.3)PRNT(J)=CHAK(4) i
0066 IF(I.EQ.1)PRNT(J)=CHAR(b]
V067 IF(1.EQ.2)PRN1(J)=CHARC(10)
OLY] GU TU 20 :
0069 32 IF (SHADE(J).GT./o)su Tu 33 1
0070 PRNT(J)=CHAR(11) ;
0071 IF(l.EQe1)PRNT(JIZCHAR(LIO)
0072 IF(1.,EQ.2)PKNT(J)=CHAR(Y) ;
0073 GO TU 20
0074 33 PRN1(J)=CHAK{12) ;
0075 1F(1.EQ.1)PRNI(J)ISCHAR(1Q) 1
0076 1F (1. EU.2)PRNT(J)=CHAR(Y) 3
00171 20 CUNTINUE
0078 WRITE(6,500) (PRNL(L),L=1,100)
0079 500 FORMAT(*+*,1X,1U0A1)
0080 10 CUNTINUE
uOul wRITE(6,501)
0082 501 tURMAT(1X)
00y 3 KETURN

00484 eND




F
i
4

Lud vue=dle
IirinLCrosan

FURLRAL 1y =F
Lirkiar i
PHUGKA® SECTIUNS
UMbe NAME RY¥A
1 sClbel uGlLlvd LY
N 3 SILATA  vQrUO24 1c
4 SVARYD [FIv 1% i} oy
ek pulaid>
Name Tebke  allUwxkas AME
'
Le 1=upuyud
FAkLlAvLED
NAME bvke  ALukeds WANE
1 fe2 4=0Gulovy J
ARRALS
NAME J1Pk  ALDKESS Sl
CHAK L1 LY IVIVIVIVIR VI VIV B
PrNT Lel ELIVIVIVIVE K R VIVIVS 1)
SHALE  L*] E=00Co02% Ouuuul
LABELS
LABEL ALLFEOY LAreLl
13" L 4d I
23 1=-yuLdTe 5
29 I=sellue 30
44 1=uulian Sy
TUTAL SFACE ALLULCALEU = wuslev
fLPLLS1SLPEEY
¢
l
§

LR PR (learrenl

Atirlruies

LIS PTUa
Kw,boCubv, LCL
ke b, L UN,LCL

11t ALORkESS shwt
Tibe ALUPESE NANME
14, 4eutCios r
LIFENSILNS
4 Lie)
Su (SR
9 (G 9)
el MELS Lartel
1=0ul5 34 <l
1=uyuohe <
1=vull7s i1
() S1t

She

rAur 4

likt  aLDReSyH

Tebe  Aclkreod

18, ERL A Kb

ALLrEob

letuuele

1=Glvose

1= t2ee
‘e

hAYE

vAME

3-
b

(¥4 wredS

[R 14 IR

hoDREON
1=0uueid
1=00uTuve
1=00130t
Jeug oy

NAve

NAME

$YFE Lurkald

Tivt  ADurcSs

ac.rtoo

Peuluwee
Teiilule




FORTRAN 1V-PLUS Vv02=51E 13:29:38 21-APR=81 PAGE 1

SXSY.FTIN

0001
0002
0003
0004

0005
0006
0007
0008
0009
0010
0011
0012

0013
0014
0015
0016

0017
0018
0019
0020

0021

002¢
0023
0vZ4
0025
0020
0027
002u

/TR:BLOCKS/wR

THIS SUBROUTINE 1S DESIGNED TO VARY THE AZIMUTH OF THE
SUN' TO STRENGTHEN THE DETALL IN SHADED KELIEF IMAGES
CKEATED bY PRUGRAMS SHADE.FIN ANLD SHADLP.FIN,

KEFERENCE: P, YUELL, ‘SUME REMAKKS ON THE CUMPLETION
OF THE ANALYTICAL HILL SADING PROJECT’
(UNPUBLISHED?~AUTO CARTO FILES)

PROGRAM bBY CYRUS C. TAYLOR
AUTOMATED CARTUGRAPHY BRANCH
USAETL, FURT BELVUIK, VA

11 JULY 1978

[2XsiaNeRsEeXeXekeKeXeKeXKe!

SUBROUTINE SXSY(SX,SY,AZ,BZ) )

CUMMON /SEXY/DELTAG,CUSEL, IVSUN,ANG,C1,C2,51,582
REAL*4 NX,NY

IF(1VSUN.EQ.0)GO TU 110

NX==AZ*¥DELTAG
NY==BZ*DELTAG
DISFI=SSQRT((NX*¥*¥2)+(nNY*%2))
IF(DISF1.,LT.1.E=6)G0 O 110

CO=NX/DISF1

SO=NY/DISF1

C=CO*COS({ANG)=SU*SIN(ANG)
S=SO0*CUS(ANG)+CO*SIN(ANG)

IN BFFECT, OUR X=Y COORDINATE SYSTEM HAS BEEN
KUTATED THRUOUGH AN ANGLE UF ANG RADIANS, NOU1ER
THAT THE ANGULAR COURDINATE SYSTEM USED 1IN THIS
KOUTINE AND IN SHADE OR SHADLP IS NUT THE
AERONAUTICAL ANGULAR CUORDINALE SYSTEM, BUT THE
TRADITIONAL ALGEBRAIC COURDINATE SYSTEM, SINCE
UUK X=Y CUURDINATE SYSTEM HAS BEEN RUTATED,

SK AND SY MUST BE RUTATED BACK BEFURE RETURNING
TO THE MAIN RUUTINE.
SECTUR 1 CASE
IF(CoGT.(Cl)e UR S.LT.(S1))G0 TU 10
SX==C*COSEL
SY==5*CUSLL
GU Tu 100

SECTOR 111 CASE

10 IF(C.LT.(C2)s UR ,5.GT,(52))G0 10 20
SX=C*CUOSEL
SY=S*CuStL
GU TO 100

C SECIUK 11 CASt: 2 SUBCASLS

20 IF((C.LT,0,AND,.S5,LT,.0). .OR,(C,LT.0,AND.S,LT.S1)
1 +UR,{S.LT,V.,AND,C,LT.C2))GC 10 30
IF(CueGT,(0,7071))GU TU 25
SX=0,
S1==COSEL
GO Tu 100
25 SX=CUSEL
SY=0,
GO 10 100

cocOoonaomnn

(23

t

C SECTIUR 1v CASE: 2 SUBCASES

L T
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/TR:BLUCKS/WR

30 IF(C.LT.(~0,7071))GU TU 35
SX=0,
SY==CUSEL
GO TO 100
35 SX=CUSEL
SY=°.
100 CUNTINUE
C WE MUST NOW ROTATE OUR LUCAL X=Y COURDINATE
C SYSTEM BACK, SO THAT SX AND SY wlLL BE -CONSISTANT
C WI1TH THE MAIN ROUTINES,
Y=SY*CUS(ANG)=SX*SIN(ANG)
X=SX*CUS(ANG)+SY*SIN(ANG)
SX==X
SY=~Y
110 CONTINUE
RETURN
END

Lo
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PRUGKAM SECTLIUNS

NUMBER NAME £z
1 sCulkl  ouluvul
2 SPDATA 00004
Ll SVYARS $00044
S STEMFS  GulyU4
& SEX1 0uCole
ENTKY PUINIS
NAME TYPE  ALDRESS
Sa51 I=tyuuuu
VANLAOLES
NAME TYrk  AULLKES:
Alvu H* g o=yuirle
Cv keq 4-090013
Iyoun 142 LEIIVARS ]
Sy kg LI IVRNIVE
X kg 4=uu034
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GAbL L ALLEEDSS
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sovhl

FUTaL srace ALLUCAlE. =

JLr,Lafzsx8)y

Z50

18

15

NAME

whtit
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Ci
LT
Sy

LABEL

vullee

IEEPL ]

TiPr AuLkbSH NAME

TiPt ALLKESS NAME

AR} r=fLuvlor £

Kaq 6=00001b CcZ

AT 4=000C00 233

hed 4=u0ui2u 51
AULKESS Lebri
TeLuudls 5
L=viuile

ax

di=APr=b]

ATTHIEUIEDS

ke, 1, C0h, LCL
Rw,L,CUM, LCL
ke, L,CON,LCL
Kw,L,CON,LCL
Fa,l,Cvk,GbL

TikE

TYFE

L]
k¥ &
(XY
LLEY

PAGE 8

AUUKEDSS

ALURESS

F=uvtilve
o=0U0D2e
a=0uuous
D=LUULLO

AULKESY

I=luvdhed

KAME

AAME

LELTAG

52

LAbEL

a0

LIPE  ALLrESS
TYPE ACUKESS:
LAR] dmLUu0es
Req 6=00000¢
Hel 4=0uyuldv
r*q o=0yuvi2
ALUUFREDSS
t=vsunly

nAME

LANME
Cust i

Liotld
E23

LabptL

45

Trbe

Iyt

red
Fea
F*q
AR

AUurkres

ALubbos

Ceavuvuy
deuluvly
Fetuvuusr
d=uuuddy

ALikbod

=

va4

e n€ g

Ll




FUKTRAN [VerLus VUZ=blk

QUANT . FTN

2001
0002
Vuo3
Ju04

/TR:BLOCKS/Wk

SUBROUTINE QyUAN1
Z=FLOAT(EICON® ([N
RETURN

END

13137321 21=AbPke=y |

(Z,1CuUN)
T(42/C0N)))
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FURTRAN 1V=PLUS V02-51E 13137:2) 21~APR=81 PAGE 2
QUANT.E'TN /TRIBLOCKS/ WKk

PROGRAM SECTIUNS

NUMBER  NAME sIze ATTRIBUTES
B. 1 SCODE1 000054 2 Rw,1,CON,LCL
3 4 SVARS 000004 2 Rw,D,CON, LCL
ENTRY PUINTS ‘ 3
1 NAME  TYPE ADDRESS NAME  TYPE AUDKESS NAME  TYPE ADDKESS NAME  TYPE ADDRESS NANE  TYPE ADDRLSS . !
R QuANT 1-000000
e
VARIABLES
B NAME  TYPE ADDRESS NAME  TYPE ADDRESS NAME  TYPE ADDRESS MANE  TYPE ADDAEAS NANE  TTPE ADDAKES ) i
con R®4  4=000000 ICON 1%2 F=000004¢ 2z R*4  F=000002¢ 4
' TOTAL SPACE ALLUCATED = 000060 24
N 4
{ »LP LST2QUANT 1

“
g
S

e

Al ) i e

~a

N v e

Py
e

e S S i ol i

S




AR < T s P 3 S 4 B T

i {
b FORTRAN LV=PLUS V02=41k 13330303 21=APKR=U1 PAGE 1 ' }
RCSLP.FTN /TR:BLUCKS/wR ! E
0001 SUBRUUTINE RCSLP (XLL,YCUR,XEND,Y,NPL1X,AZA, :
1  BZA,DLN,1CUN,UELTAP)
C
C THIS SUBKOUTLINE CALCULATES ALTITUDES, QUANTIZES
1 C  1Ht ELEVATIUN VALUES, AND CALCULA1ELS SLOPES OVER
2 C A FINE GRID, IN ORDER TO SIMULAlE TANAKA'S i
= C  KELIEF CUNLIOUR REPRESENTATIUN OF TERRAIN. : 1
C ! b
3 C 1hl5 SUBROUTINE 1S RESTRICTED TU KECTANGULAR KEGIONS
3 C  wlIH EDGES PARALLEL FU 1HE CUOKDINALE AXES OF THE
- C  PULYNUMIAL TEKRAIN MUDEL
C
‘+ C PKUGKRAM BY CYRUS TAYLOR
C AUTU=CARTO BR.
: ¢ USAETL
¥ C FURT BELVULR, VA E
C 11 JUNE 1979
] C
o) 0002 DIMENSIUON AZA(1),BZA(1),ELVES(2,2) ]
3 0003 CUMMON /BOUNDS/XMAXB, YMAXB,XMINB,YMINB,ELEVH
: 0004 FNPTS1=FLOAT(NPIX=1)
0005 DLNZ(SQRI{ (XEND=XLL)**2+(YCUR=YEND)%#%2))/FMPTS]
e 0006 DY=(YEND=YCUR)/FNPTS1
y 0007 SN=DY/DLN
§ 0008 1ASCL=0
y 0009 DX=(XEND=XLL)/FNPTS1
0010 DX2=DX/ 2, 1
b 0011 X1=XLL=DX2
0012 X2=XLL+DX2
0013 Y1=YCUR=DX2
0014 Y2=YCUR+DX2
C NOTE THAT WE ASSUME THAT YCUR=YEND, AS wILL BE THE CASE
C  £UR ALL CALLS FROM SSLPLP.
‘ C
ml 0015 CALL ALT(X1,¥Y1,Z,SN,AZ,BZ,1ASCD)
= 0016 CALL QUANT(Z,ICONJ
3 0017 ELVES(1,1)=2 ]
‘ 0018 CALL ALT(X2,Y1,Z,SN,AZ,BZ,1ASCD)
0019 CALL QUANT(Z, 1CON) ]
0020 ELVES(2,1)=2
0021 CALL ALT(X1,Y2,%2,SN,A%,BZ,1ASCD)
| 0022 CALL QUANT(2,1CON)
- 0023 ELVES(1,2)=Z .
% 0024 CALL ALT(XZ2,Y2,Z,5N,AZ,BZ,1ASCD) 1
; ‘ 0025 CALL QUANT(Z,LCON)
1 0020 ELVES(2,2)32
0027 DU 100 1=1,NPLX
0028 LF(I.EQ.2%(1/72))G0 TU 101 3
. 0029 AZ=0.5%((ELVES(2,1)=ELVES(1,1))+(ELVES(2,2)=ELVES(1,2)))
! 0030 AZ=AZ/DELTAP
0031 AZA(1)=AL
0032 BZ=0.5% ((ELVES(1,2)=ELVES(1,1))+(ELVES(2,2)=-ELVES(2,1)))
0033 B2=BZ/VELTAP 1
0034 BZA(1)=82
0035 X1=X14DX *

0036 CALL ALT(Xi,Y1,Z,SN,AZ,BZ,1ASCD)




i i .

wVﬂmdﬂhqn.um&nhﬂﬂﬂu? "

FORITKRAN JVePLUS VUZ=~5SiL 13:30303 21=APK=~81 PAGE 2

RCSLP.FIN

QU337
0038
Q039
G040
0041
0042
0043
0044
0045
[VIVEYY
Qo4
0044
Q049
V050
0051
0052
0053
0054
0055
0050
005/
00Ss

ol

100

/IRIBLUCKS/wWR

CALL guanitZ,1Cun)

ELVkS(l,1)=2

CALL ALT(X1,Y2,Z2,5N8,A2,82,1ASCD)
CALL vUANT(Z,ICON)

ELVES(1,2)=2

G0 TO 10¢
AZ=0.5F(ELVES(l,1)=LLVES(2,1)+LLVES(1,2)~ELVES(2,2))
AZSAZ/DELYAP

AZA(L)=A2
BL=0.9%(ELVES(1,2)=ELVES(L1,1)+ELVES(¢,2)=ELVES(2,1))
BZsBZ/UEL LAY

BZA(L)=BY

Xi=x1+DX

CALL ALT(X1,Y!,%2,5N,As,BZ,1ASCD)
CALL QUANT(Z,I1CON)

ELVES(2,1)=2

CALL ALL(X1,Y2,2,5N,A4,BZ,1A8CD)
CALL QUANT(Z,iCUN)

ELVES(2,2)32

CUNTINUE

RETURN

LND

- e




L

FORTRAN fVv-FLUS Vyu2=5t 1438003 21=APR=Y) PAGE 4
RCSLP,FIN /THIBLUCKS/ wk
PRUGRAM StC11UNS
NUMBER NANME Size ATTFICJILS
1 sCuukl wUl14U0 E22 ) Hn, 1,C0M, LCL
3 SIDATA 000132 45 ke, D,CUN,LCL
L] SVANS Qoutlo 3o Hw, L, CUN,LCL
S5 STEMPS 000000 3 Ra,U,CON,LCL
] BOUNLS 000024 1 Fa,L,UVK,GBL

ENIRY POINTS
NAME TiPL RULRESS NAME TYPE  AVDKESS NAME TYPE  ADDRESS

RCSLP l=yuooue

YARIABLEDS
NAME TYPt ADDRESS NAME TYPE ADULKESS NAME 11PE ADLKESS

AL reg 4=000V e bBe [ 23] d=0u0lue VELIAK K84 E=0LUQ 4
0x2 R¥4 4~G30040 vY LA%) 4=00003¢ ELEVE k¢4 6=000020
1ASCL  1#2 4=00004¢ 1CUN 142 F=000U0LLr  NPLX 182 Feuulolee
XLL k&4 t-000002¢%  XMAXB K%4 620060006 AMINE  H*4 6+000010

¥ HEq F=000010% YCUK k4 F=000004® YEND ko4 4=600024
Y1 KHeq 4=00G00 e 193 k%4 4=00Uulbe Z ke 4~000072
ARRALS

NAME 1YPE  ADDRESS Slie LIMENSIONS

ALA HG Pe00U0RL4Y VULLU4G < (1)

BZA Hed FeGultlo® quito4d ¢ (1)

ELVES k*4 4=0000vu  OUOLL0 b (2,2

LABELS

LABeL AVDKESS LAastL AULKEDS LABEL AUUHESS

100 1=001450 101 1=0uiub2

PUNCTIUNS ABL SUBKOUUI Luks FhEERENCEL

ALl QUAM] SSURI

TulaL SPALE ALLLCAleU = Guleld 410

PLPLSESHUSLY

NAME TYPE

NAME TYPE
LLh He4
FNPTS1 R*4
Sh Req
X1 Re4
IMAKY R%4

ADDRESS

ADDRLSS

F=000y20%
4-000020
4=000034
4-000052
6=000004

LANBEL AUDRESS

NAME

NAME

ox

1
XEND
X2
YMINB

LABEL

TYPE ADORESS

TYPE ADDRESS

re 4 4=000042
102 4+000100
Red +=0000069
R4 4=0000%6
R84 6-000014

ADDRESS

L)







