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REPORT SUMMARY

Reported is Phase I of a research task to refine the classical multipath
theory. The study completed has culminated inthe design of a measureme-it
program which can obtain data on terrain and sea reflection phenomena. ‘he
processed data can be used to quantify existing theory to assist in impro\ing

the performance of tracking radars operating at low elevation angles.

The measurement program may be carried out in Phases II and 11l
which include respectively, measurements and data reduction, and compre-

hensive reporting.

The theory of specular and diffuse reflections is discussed in consid-
erable detail, including the most recent modifications which deal quantitatively
with the interaction of specular and diffuse reflection and which also describe
the distribution of diffuse reflectivity over the glistening surface. A computer
simulation based on the advanced theory is described, and typical results

presented.

The experimental measurements to be performed have been considered
in detail. To obtain adequate resolution of diffuse reflectivity measurements
a low sited wide bandwidth receiver is to be used, sensing signals from a
narrow pulse transmitter (1 nanosecond) supported aloft by a balloon, kite or heli-
copter. The narrow pulse provides the principal resolution over the glistening
surface fcr obtaining the distribution of diffuse reflectivity. For regions near
the receiver, additional resolution is provided by the receiving antenna, which
will have a beamwidth of 0.5 degrees. Measurements are planned at a fre-

quency of 16 GHz,

Independent measurements of the terrain and ocean surfaces to be studied
will be made by aerial photography. For land areas accurate contour maps
will be produced from the data. For ocean regions the Stilwell process will
be employed to provide ocean spectra data. These data will be used in con-
junction with the computer simulation to assist in interpretation of the diffuse

multipath measurements.

Measurements and Data Reduction (Phase Il)are planned for an 18
month period and Comprehensive Reporting (Phase III) for the subsequent

six months. The results of the total effort will be published as a handbook

«f surface retlectivity information,
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FINAL TECHNICAL REPORT y
MU. . TIPATH MEASUREMENTS {

SECTION 1. INTRODUCTION

1.1 Total Program Objectives

The studies reported represent Phase I of a research task to refine the
classical multipath theory, Central to the activity is a measurements program !
to obtain data on terrain and sea reflection phenomena. These data will be used

to quantify existing theory and provide a means for accurately predicting and im-

proving performance of tracking radars at low elevation angles.
Three phases were initially planned as follows:

° Phase I - Measurements Program Design
[ ] Phase II - Measurements Program

° Phase III - Data Reduction and Reporting

Phase I has been performed to define requirements for the multipath
measurements and recommend the best design configuration for the experiment.
As a result of this planning effort, it has become evident that Phases Il and III
should be redefined to insure a closer relation between measurement activity and

data reduction. Hence, objectives for each are now the following:

° Phase Il - Measurements and Data Reduction

e Phase Il - Comprehensive Reporting

Phase II will involve developing the configuration and techniques designed
in Phase I so that measurements may be taken at a variety of sites at different
times of the year. Alternate or overlapping measurement and data reduction

efforts, gradually building in complexity, will be performed over land and sea areas.:

Phase III will begin once a significant body of reduced data has been accumu-
lated for a comprehensive collection of sites. The reduced data will be correlated
and compared with existing information from other sources, and a handbook of

surface reflectivity information will be published for future use in multipath and

other studies.




1.2 Phase I Onjectives

The objectives of the current phase have been to develop a comprehensive il
computer model, to define the measurement conc=2pt to be used in Phase II, and
to develop specifications and plans for implementing the measurements and ’

associated data analyses.

The multipath computer model s based upon the theory discussed below
in Section 2, and the simulation itself is described in detail in Section 4. The
model can simulate the measurement experiment quite accurately, including the
effects of specific terrain/ocean characteristics. In addition, it can operate in

a radar tracking mode.

Development of the measurement concept has been guided by the principle
that complexity should be avoided in favor of obtaining repeatable reliable data.
Thus, fundamental one-way reflected power measurements are to be made and
involved applications such as closed loop radar tracking in the presence of multi-
path are to be avoided. Sites chosen for initial measurement activities are like-
wise to be uncomplicated, e. g. flat or gently rolling terrain or ocean at moderate
sea states. Measuremeut of more complicated surfaces will be deferred until the
initial information is processed and understood. The concept selected is sum-

marized in the following subsection and is described in detail in Section 3.

The specifications and plans comprise an Equipment Specification, an
Equipment Implementation Plan, a Measurements Plan, and a Data Analysis Plan.
They will be submitted separately as part of a proposal for the Phase II effort, al-

though the basic material is to be found in this report (see Section 3. 0).

1.3 Summary of Experimental Concept

The experimental measurements are intended to gather data which will
quantitatively define the magntiude and spatial distribution of diffuse reflections.
The classical theory treats specular reflections in a satisfactory way, but pre-
cisc measurement data are needed to confirm and refine the models that treat

diffuse reflections.

Consider a low sited receiver and an elcvated transmitter as in Figure 1.

The transmitted energy will arrive at the receiver on a direct path and aay

number of indirect paths. If the surface appears smooth at the propagation
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frequency and target elevation angle chosen, the only significant indirect path is 1

the specular one. For rough surfaces, there are many indirect paths, each {
characterized by a different diffuse reflection factor. The region over which

these reflections occur is called the glistening surface. '

The purpose of the experiment is t> examine the received power and from
this determine the relative diffuse power reflected from each point (or small sub

region) of the glistening surface. If the power arriving via the direct path is used !

#s a reference, the power received via each other path can be used to determine
the diffuse reflection coefficients, provided the geometry and equipment charac-

teristics are accurately known.

The key requirement is to achieve sufficient resolution over the glistening
surface so that an adequate number of sub regions can be identified. Because of
the shallow sight lines to the surface from the low sited receiver, gooa resolution
in the down range direction cannot be achieved from the receiving antenna pattern

alone for any practical size antenna at transmission frequencies of interest.

To remove this difficulty and obtain fine down range resolution, a trans-
mitter generating a very narrow pulse (=~ 1ns) will be used with a receiver having
a 1 GHz bandwidth. The resulting resolution will approximate that shown in
Figure 2. In the receiver, a time reference is provided via a small auxiliary

antenna which receives the direct signal pulse.

Figure 2 is a plan view of the glistening surface for a transmitter-
receiver ground distance of about 6 km. To show the narrow glistening surface
adequately, the scale has been greatly expanded in the cross range direction. The
entire glistening surface for the example shown is included within approximately
0.5 degrees in azimuth. A 0.5 degree beamwidth is planned. If the frequency is

high enough, the receiving antenna size can be kept within reasonable bounds. At

p——

the planned frequency of 16 GHz, the antenna diameter will be about 2.5 meters.
For rougher surfaces, the glistening surface will be wider, thus permitting the

beam azimuth resolution capability to be effective.

The transmitted pulse moves along the ground toward the receiver providing

a broadening resolution as it moves. Several examples of the apparent pulsewidth l
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(resolution) at various down range locations are illustrated in Figure 2. Although

the resolution cells are shown with straight line boundaries, they are actually
somewhat curved concave toward the receiver. The resolution cell is never greater
than 240 meters up to about 300 meters from the receiver. For shorter ranges,
the 0.5 degree receiving beam provides finer resolution as the receiving beam is

directed towards steeper negative elevation angles.

For maximum flexibility, the receiving equipment will be mounted on a
truck or transportable trailer. The transmitter (a solid state low power unit
weighing less than 2 pounds) will be suspended either by a tethered aerodynamic

device or by a helicopter, depending on constraints imposed by the site environment.

Typical system parameters are listed in Table L. It is believed that
reasonable extrapolation of results from 16 GHz can be accomplished to predict
effects at X-Band and at lower bands commonly used for radar. It is also possible

to make measuremerts directly at X-Band. Azimuth resolution would be degraded

somewhat at X-Band, but down ranse resolution would not be affected.

Table I

Typical Experiment System Parameters

Frequency 16 GHz
Receiving Antenna Diameter 2.5 meters
Transmitter PRF 40 - 80 kHz
Receiving Antenna Height 4 meters

T ransmitter Height 50 - 600 meters
Transmitter Peak Power 100 watts
Pulsewidth l nsec
Transmitter-Receiver Ground Distance 3 -10km

1.4 Data Collection and Analysis

A number of potential data collection sites have been investigated. It is be-
lieved that initial activity should take place relatively near Raythecon facilities
to minimize operational burdens. Initial measurements should occur over

simplc terrain or over water at an accessible location. Accordingly, three sites




within Massachusetts have been tentatively selected for measurements next spring.

They are list.d with prospective measurement dates in Table 11. ‘

Table II.

Measurement Sites

Date Site
March 15-April 7 Ctis Air Furce Base, Cape Cod (near Falmouth,

Massachusetts)

April 23-May 15 Race Point Coast Guard Station, Cape Cod
(near Provincetown, Massachusetts)

June 1-15 Westover Air Force Base

(near Springfield, Massachusetts)

The Air Force bases are now operated by the Massachusetts Air National
Guard and traffic is relatively light. Westover can provide clear coverage over
flat grassy anu paved terrain up to 4. 6 km (15, 000 ft.). Otis is similar although
the clezr distance is shorter; but becausc of its location, Otis loses its snow early
in the season. Consequently, Otis has been selected for initial equipment shake-
down measurements in March. Later, terrain measurements at Westover will be

performed to examine longer distances.

To insure accurate correlation of measurements with theory, a 3-dimensional

map of the terrain will be made by Raytheon s Autometric facility from aerial

photographs.

Diffuse reflection measurements of the ocean surface will be taken at Race

Point. Ocean statistics will be simultaneously gathered photographically and

reduced via the Stilwell process (see Appendix F),

In all cases, theodolites, tracking telescopes and/or lasers will be used
as required to accurately locate the transmitter while measurements are taking
place. In addition, power measurements will be referenced against the direct

path by pointing the receiving antenna at the transmitter occasionally for cali-

bration.

P

All data will be stored on tape at the site. Data reduction will utilize the

multipath computer program described in Section 4 to determine the accuracy to




which the theory would predict the power vs, reflection location, given detailed
knowlege of the terrain or ocean surface and the geometry. Deviations between
prediction and measurements will be examined to improve the theory and/or com-
puter mode. A ccmprehensive discussion of the measurements and data analysis is

given in Section 3, Note that no phase measurements are contemplated, since the

basic difficulty in prediction concerns power amplitude, not phase.

Once the basic measurements have been successfully completed, sites with
more complex terrain will be visited and mcasurements made and analyzed.

More details on plans and schedules may be found in Section 5.

1.5 _1\_Yotation

In preparing this report consistency in the use of notation has been
emphasized. However, some range :ud angle terms used in the scction covering
theory, differ from those of equivalent meaning used in the sections covering
measurements. To avoid confusion, all terms are clearly defined in the sections

in which they appear, and are further defined inthe glossary included at the beginning
of this report,

|
I
b
i
}
f
I
|
|
!




SECTION 2, MULTIPATH THEORY

2.1 Introduction

The multipath problem is due to contamination of the direct signal return
from a source by the indirect return from the same source which arrives bv a re-
flected path., Multipath can cause errors in all three of the radar tracking coordi-
nates, and the errors may become quite large when, for example, the main beam
of the antenra intersects the ground plane and the surface reflectivity is such that

the reflected signal is of magnitude comparable to that of the direct signal.

The first step in studying the multipath phenomenon has been the development
of a specular multipath model. In such a model, all of the reflected energy is
assumed to arrive at the radar from an image source at a well defined position
below the real source. It is clear that for such a model to be valid, the reflecting
surface must be relatively smooth. Since the earth's surface consists, in general,
of small scale surface irregularities superimposed on hills, mountains, etc., it
is not surprising that past proposals for the elimination of multipath error, based

on this specular reflection model, have for the most part proved disappointing.

The need for a multipath model that may be applied over general terrain
with varying degrees of roughness has led to the development of a theory which
describes the effects of diffuse scattering from the terrain between the source
and receiver. In this theory, the power per unit area scattered via diffuse scat-
tering is considerably less than the power reflected per unit area in the specular
direction. Nevertheless, the diffuse scattering is important and often dominant
in low angle tracking because the area producing the diffuse scattering (Glistening
Surface) includes virtually all of the terrain between the source and receiver. The
onset of dominance of diffuse over specular returns is determined in the theory by

surface roughness. The rougher the surface, the lower the elevation angles at

whi ch diffuse scattering dominates.

The purpose of this section is threefold. First, a brief description will be
given of a simplified specular/diffuse multipath model which is based on the
classical multipath theory (Refs. 1 and 2) and which has been used over the past

few years in lieu of a more detailed treatment of the same classical theory.




Secondly, to provide understanding of the restrictions on the use of the simplified

model and the characteristics of the detailed multipath model developed under this
contract (see Section 4), a brief description of the classical theory will be given
with a more detailed discussion appearing in Appendix C, Finally, the latest
theoretical modifications (also included in the detailed multipath simulation)
leading to the refined multipath theory proposed by D. K, Barton (Ref. 3) will he

described.

2.2 Simplified Specular/Diffuse Multipath Mode]l

Specular Reflection

Consider the smooth tflat earth geometry depicted in Figure 3. Here it
is assumed that the source radiates or reflects signals uniformly in all directions
and that the antenna receives a direct signal from an élevation angle Bt and a
reflected signal from an image source at an elevation er’ whero Loth angles are
measured with respect to the antenna axis. In accordance with the laws of geo-

metric optics, the total signal received by the antenna is

E=Af(8)+A R £(-8 )e 1" (2.2. 1)
where

At = free-space field strength of the source .t the antenna

Ar = free-space field strength of the source at the image antenna

f(8) = antenna voltage gain pattern

Ro = magnitude of the FrZeTsTrgel reflection coefficient R = Roe i

& - total phase shift = _X_o +

)\ = wavelength

o path Jdifference = R1 + RZ - R3 (see Figure 3)

As the plar.ar surface becomes rough - that is, when surface irregularities
are superimposed on the planar surface - theoretical considerations suggest that
the amplitude of the specular component of the surface reflections (second term in
(2.2, 1)) is reduced by an amount dependent upon the roughness of the surface. To
be specific, a more precise evaluation of the amplitude of the specular reflection

component ‘- sbtained by replacing Ro in (2. 2.1) by the product

o= Rops (2.2.2)
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where N is the rms specular scattering c:oefficient1 for a perfectly conducting

rough-earth and is given by

. 2
2 41 jh sin y '
ps = exp |- —_T_— (2.2.3) )

with L denoting the rms surface height variation of the surface irregularities

(assumed normally distributed) and y is the specular reflection angle.

In order to account for the effect of the earth's curvature on the Fresnel
reflection coefficient, which is usually derived for a flat earth, an additional

factor (divergence factor)
-1/2

2R
2 , | (2.2.4)

D= }i+ :
a(R1 + RZ) sin y

is introduced as a multiplier of Ro. The "a' in (2. 2. 4) is an effective earth's

radius derived in theory to account for atmospheric refraction.
The total signal received by the antenna is now given in this specular re-
flection theory by

= -iem
E —Atf(et)+Ar(DRo)psf(-6r)e (2.2.5)

The second term in the abave expression should be considered as the signal re-
ceived by the antenna that is reflected in the specular direction only, by a curved

earth with small scale surface irregularities.

Since Equation (2. 2. 5) is valid only for surfaces that are relatively smooth,
an agreement has to be made as to when a surface can be considered smooth for

the proper application of the above specular theory.

Specular reflection theory may be considered to apply when

This scattering coefficient may be regarded as the rms field intensity at the
antenna for a perfectly conducting rough earth that is due to a point source

located at the image source and normalized to the smooth plane earth return
for the same geometry.

e -y e | T

12




ch
)

This inequality should be interpreted as the condition for which specular reflection

sing < .065 (Ref 1, 2). (2. 2. 6)

will dominate, or equivalently, the condition for defining a smooth surface. Con-
versely, a surface is considered '"rough' when the sense of the inequality in (2. 2. 6)
is reversed. Again, from (2. 2. 6) surface roughness is a function of both fh/)\ and
the angle of incidence | (or equivalently, source position) and cannot be expressed
solely in terms of terrain characteristics for a given wavelength . That is, a

surface may be considered smooth when either

-0 or y¢y-0. (2.2.7)

>J|:,9

Ditfuse Scattering

In general, as a surface becomes rough, diffusely scattered energy arrives
at the antenna from an extended region about the specular point, and the specular
reflection theory will, in itself, no longer be valid. This scattering region, known
as the glistening surface, may extend over virtually all of the terrain between the
antenna and the source. More specifically, the glistening surface may be con-
sidered as the region from which power can be reflected to the radar by facets

having slopes, B, less than or equal to

B, = 20p/d, (2. 2. 8)

the rms surface slope. Here d, denotes the correlation distance of the surface
heights, Figure 4 illustrates the extent of various glistening surfaces in the
azimuth and elevation coordinates for targets at different elevations over terrain
with constant 'Bo (or equivalently, in view of (2. 2. 6), for different degrees of
surface roughness), These glistening surfaces were calculated using flat earth

seometry and the approximation et ~ 0 _(see Figure 3).
r
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The diffuse power return may be regarded as that power reflected from the

glistening surface in a non-specular direction and is given by

2

Poo= (R op“ P, (2.2.9)

where
Ro is again the magnitude of the Fresnel reflection coefficient
P is an rms diffuse scattering factor

Pr is the direct power from the source

The problem in (2. 2. 9) is in the determination of 04 Figure 5 is an attempt

to express od as a simple function of (ryh/k sin y), and is at best a compromise
(the validity of which is questionable) between theory and a few sets of experi-
mental data. In general Pq is a complicated function of y, Tpy A, and the

receiver/source geometry,

Theoretical derivations with source elevation angles and specular angles of
incidence that are small compared to the rms surface slope Bo, indicate that the
sources of significant diffuse power are concentrated near the two ends of the
glistening surface. In view of this, a simplified diffuse model has sometimes
been used in which the diffuse power is equally divided between the foreground
component immediately in front of the antenna and a horizon component below and
in front of the target. In addition, the power is apportioned in this model between

the specular and diffuse components in accordance with Figure 5,

This simplified model, when applied to radar tracking problems, can lead
to overly optimistic results. This, together with the questionable estimates
of Pg from Figure 5 suggests the need for the development of a more detailed

and more accurate multipath model.

A brief treatment of the classical theory, together with the latest modifi-
cations to this theory (Ref. 3) will follow. The treatment is intended to provide a
theoretical background for the understanding of the detailed multipath model de-
veloped under this contract (Section 4). In addition, it will provide a better under-
standing of the spatial distribution of diffuse power and the limitations to the use

of the simplified multipath model. A more complete discussion of the theory is

given in Appendix C.
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2.3 Specular/Diffuse Multipath Theory

Notation

In the following discussion, unless stated to the contrary,

C=¢ (xy) 2,3 )

denotes the height of a normally distributed surface (rough in two dimensions)

with mean and variance

< C > = 0 (2. 3. Z)
- 2
D{¢} = Ty, (2.3.3)
respectively l. Figure 6 shows a surface element S of incremental area 55,

together with an associated coordinate system, Without loss of generality, the

projection of S onto the xy-plane is assumed to be rectangular with area
HA = 40XNDY (2.3.4)

and the mean level of the surface element is taken to be the plane z = 0.

Figure 6. Surface Patch Geometry

INotation used in this section is consistent with that used throughout Reference 1.
A list of symbols and definitions is provided at the beinning of this report.




All quantities associated with the incident field will be denoted by the sub-
script 1 and those associated with thg scattered field by the subs_}cript 2. Accor- ‘
dingly, th_e; incident field is denoted E] and the scattered field EZ' In what I
follows, E] is either vertically or horizontally polarized (although the results

may be generalized for arbitrary polarization), It is therefore necessary here to

> -
consider only the scalar value EI(E\ E] |} of the vector E]. Also, El is assumed
to be the harmonic plane wave
) -
E = A etk ¥ -wt) (2.3.5)
where
- 1

= oo -&m ;
kp = K TR K (2037 B

k. = unit vector in the direction

of the incident wave

- ~ ~
r is the radius vector xx_ +yy_+ 2z (sece Figure 6.)
-iw
e Mt is a time factor which will henceforth be suppressed
Al (assumed constant) is the amplitude of E.l 1

Further notation connected with the scattering geometry is shown in Figurcs
7 & 8.

2
€ it - 1€ -
R+ Csmlbl [ o - cos wl

: I 2
€ ! - It
c smlll K ec 78 "l (2.3.7)

_ sin ".'l -Jec - cos2 ‘l’l
R =

. e . )
sm‘l’1+JC cos lbl

~

g > 2 T :
Similarly, kZ 3 kkz = 3‘1 kZ where kZ is a unit vector in the direction of the

reflected wave.

Finally, the Fresnel reflection coefficients for a smooth plane are ' ]




where the ''+'" and ''-'"' denote vertical and horizontal polarizations, respectively,

and €,C is the complex dielectric constant of the terrain.

Figure 7. Scattering Geometry

Figure 8. Local Scattering Geometry

Mean Patch Power Determination

A general expression for the scattered field E2 at a point of observation

P is given in the theory by the Helmholtz integral




where ¥ is an appropriate fundamental solution of the three-dimensional wave

o
cquation, E is the voltage field on S and b—}i is its normal derivative. It is
assumed here that the radii of curvature of the surface irregularities are larpe

o]
in comparison to the wavelength » so that E and 5% may be approximated on S by

(E) - (1+R™ E))
S
(2.3.9)
o) . od - A
(s2) -0 -ROE G, H
S

where n denotes the unit normal to S (see Figure 8). The derivation of the
mean scattered field from S using (2. 3.8) and (2. 3.9).is heavily dependent upon

the rovghness of the patch, that is on the value of the roughness parameter g,

where
2™

Ve = )}h (cos 91 { cos 62) (2.3.100

With the surface assumed very rough (g >> 1) (2. 3.8) and (2.3.9) lead to the
approximation
1

(5P,) = 3 Y (E, E, ) (2.3.11)

for the mean scattered power from the surface patchS. The asterisk (¥) in

this expression denotes the complex conjugate and YO is the admittance of free

space. Also <E2 E2*> is given as

200 g2 .2

2 P.g g5t .R(wl)l cot” P_ = <- tanls >6A
Yy (4am3 2
5 ) (R R,)

E.E. ) = (2.3.12)
2 5) oy
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Here P is the peak transmitter power; g, and g, are the power gains of the

transmltter and receiver, respectively, in the direction of the patch; R1 nd
R2 are the transmitter and receiver distances from the patch; and all other
quantities have previously been defined. If (2.3.11) is normalized by the direct

power return at the receiver, the normalized mean squared scattered field is

M S
gy = ROPITLoy (2.3.13)
where
g.g R 2 2
2 : - s
0y - 2 (% > cot® & exp(t20Z)8a (2.3. 14)
810820 \""'172 ° tan“s

and g0 and g, are the power gains of the transmitter in the direction of the
receiver and of the receiver in the direction of the transmitter, respectively,

and R3 is the transmitter-receiver separation,

For a very rough surface the scattered field is completely incoherent,
that is, the phases of the elementary fields are independent and uniformly dis-
tributed over 2 basic interval of length 2T, Accordingly, powers add and the

total mean power from the glistening surface is given in this classical theory by

(Py) - P_J\bu) (2.3.15)

or equivalently

o 12 a2
<p2):Pr IR Apd (2.3.16)

The notation Pr appearing in (2. 3.15) and (2. 3.16) is used to denote the direct

power at the receiver from the source.

Unfortunately, the above expression for <P2> is valid only for glistening
surfaces that can be classified as rough (g > > 1) at all points. In practice,
portions of the glistening surface are rough and portions are not.

This is true even if the surface is uniform with respect to the roughness param-

Q ’ .
eters 0 and 3h,because the roughness parameter g is also a function of the

reflection angles to the elementary patches and may vary considerably from

patch to patch along the glistening surface. As surface patches become smooth




the diffusely scattered power given by (2.3.11) or (2.3.13) must be scaled appro-
| priately and the specularly reflected power determined. The mean scattered

patch power is then the sum of the resulting diffuse power and the specularly

reflected power.

The most recent development in the multipath theory (Ref 3) suggests a
method of scaling the diffuse power contribution for varying surface roughness.
The procedure used is to apply separate scaling factors to each surface patch
on the glistening surface, so that in effect each ADdZ is multiplied by a factor
depending on the local angles of incidence and the rms height of the surface
irregularities over the patch. Because the effect applies separately to the
two paths R1 and RZ’ a geometric mean of the two grazing angles 1111 and ‘;2

| is used:

' .
L Fdz =ji1-oz) (1-:32) (2.3.17)
| 51 )

where

5 4o sin v\
0, b e )| 1,2 (2.3.18)

It should be noted that the above choice for the scaling of the diffuse power

4 contribution includes the horizon effect for a curved earth and also accounts
for the energy reflected specularly at low angles of incidence from the tops

4 of rounded irregularities.,

2
With the introduction of Fd , a general expression for the mean

scattered patch power is given by

2 2

2 2 B8 B P 2
bp_y\ = P_|R( D [.____ __3 )} s 2| (2.3.19)
( 2) L IR G D] B \R ) A +Fy 003

where psz is the specular contribution from the patch and Fd2 AP d2 the

appropriately scaled diffuse contribution. In practice Ds is taken to be
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4~c_  sin V¥ e
exp |. h 1 if the specular point
. 2 - ) is on the patch
s 0 otherwise (2.3.20)

and is defined as the rmnean square specular reflection coefficient., Refer to

Appendix C for a detailed cerivation and discussion of OSZ.

The D2 in (2.3.19) is the divergenc> factor introduced in section 2.2
(equation 2., 2, 4),

The equation (2.3.19) should e considered as an improvement to (2 3.11)
where < EZ EZ \7 is defined b, (2,3, 12). With regard to its use in determining
the total reflected power from the glistening surface, the incoherence of the
scattered field is still necessary if the elementary powers are simply to be

added together. In the.ry it is known that a continuous transition {rom incoherence

to coherence (constant phase) exists as the surface becomes smooth, but there is
as yet no established method of measuring this transition for the purpose of
accurately defining the criteria for adding the elementary powers in the deter-

mination of the total scattered power.

One alternative to adding elementary powers is to establish the scattered
ficld distribution. Random fields tor each patch can then be chosen and vector-
ially added for each member of a Monte Carlo process to determine the sample

voltage field from the glistening surface and an associated power., The mean

* scattered power from the glistening surface is then found by averaging the
A sample powers over all Monte Carlo samples,
] It follows from the derivations in Appendix C that the mean and variance
of the scattered field distribution'for a patch are given respectively by
) 1/2 2

] - A 410, cos €

D glgz R (Wl)/Pt, exp[ik(Rl +R2)- _1_ <__h 1
) (Bz= 1 (R) + R\ Y i A

’ if the specular point is
on the patch
L o otherwise

(2.3.21)




2
2 PDz(g g X)?‘ IR (¥,) I?‘ cotz B F 2 exp T oA
i ite : a1l ¢ (2.3.22)

D {Ez} 25

Y  @4m’ (R,R,)° o
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Where g, and g, now denote voltage gains in the source -patch, and receiver-
patch directions, respectively.
The random vector field from S can be represented as the sum of a constant
vector and a fluctuating Hoyt vector with components chosen from normal distri-

butions with mean zero and appropriate variances. To be specific, introduce the

notation,
EZ =X+ jy 1 .
5, = D{x} (2.3.23)
5, = D{y}

for the scattered field E, and the variances of its real and imaginary parts,

2
and let x',y’ denote new coordinate axes turned through an angle @, with respect
to the axes x,y so that x’ and y’ are independent (see Figure 9). This

rotation transformation is well known in probal..ity theory and the required

angle CDO is found from

ZC»/sl S,
tanzwo =—;—-—_—¥ (2.3.24)
1

where C is a correlation coefficient. Let
7 7 . 7
E2 =x +Jy

where

X =xcoscpo+ysm¢‘o

<
1

ycos® -xsinQ®@
o] o

Here EZ' is merely the scattered field E2 expressed in the x’,y’ system,

lThe j is now being used to denote J?f in place of the i used previously to
eliminate confusion on the following few pages.




In this x y' system
<x> cos CDO + <y> sin CDO

<y> cos CDO - (x) sin CDO
(2.3.26)

2 . 2
sl cos CDO+52 sin CDO

2 ., 2
52 cos CDO + s1 sin CDO

Equiprobability
Curve

Figure 9. Random Scattered Field
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Now the random (vector) field E2 from the patch S can be represented in the

x'y’ coordinate system as the sum of the constant vector<E2 '> and a fluctu-
ating Hoyt vector with x’ and y' components chosen from normal distributiuns

. . I /7 .
with mean zero and variances §p » s2 . That is

/_ 7 I . I
E, -<E2>+[sl U+js, V] (2.3.27)

where U and V are random numbers chosen from a normal distribution with

zero mean and unit standard deviation. Rewriting (2. 3.27) as
E2'=g+jn (2.3.28)

where

(2.3.29)

the random field E,’ can be rotated back to the xy coordinate system with the

2
result
E2 =x + jy 7
x=8cos® -Msin® (2. 3. 30)
o o

= B =
y == smcpo+ﬂcos q)o

Now introducing the subscript i to denote the ith patch on the glistening
surface and the superscript n to denote the nth sample of a Monte Carlo process,

the random scattered field from the ith patch and for the nth sample is given as

E."=x."+jy (2.3.31)
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x."=F"cos® -M"sin®
i i o, i o, .
i i
y.n =€£" sin®_ -1n"cos®
i i 0. i 0.
i i
£ n _ . ’ n
T <x>.1 cos @+ (y)i sin®_ + s Ui (2.3.32) '
i i i /
n R ’
e = (Y>i Ees O% & (x)i sin® 8, ¢ 0 r
i i i i -
! ~ & sZCD P . 2 ©
Sy, = %3 S8 o. ' S, S0 o.
i i i i i
p 2 2
B, T~ B 1808 Po, T Sy lI5in coo.
i i i i i

Accordingly, the total field from the glistening surface for the nth sample is
M
n n, . n
By =2 B vyl (2.3.33)

where M is the number of patches and xin and yin are defined by (2.3, 32).

Expressing the total reflected power (at the receiver) for the nth sample in
terms of Ezn,

Y, (E n EZ“”‘), (2.3.34)

o n
S P (2.3.35)

where N is the number of samples.

It remains only to determine s;, and s, and the correlation coefficient
i i

C appearing in (2.3.24), To do this, the asymmetry factor




K. ' (2. 3. 36)

is introduced. It may be shown that

2 (1 - XZ(VZ) ) 4 ()(2 (v,) - X(2v,) ) cos B if specular point
Ki S 3 3 is on patch
(1 - X (Vz) ) - (X (Vz) - (2 VZ) ) cos B

1 otherwise (2.3.37)

is a reasonable approximation, where

27

7 er] - - g

Y X (cos ) + cos 62)

; ~ 1 2 2

X (x) exp <' > Oh X > . . (2. 3.38)
£ = 2 (kR2 +®
¢ = Phase of the Fresnel reflection coefficient.

Since
- 2. 3.
D {.EZ].1 51.1 + s2i (2.3.39)

is known, s) and s, can be determined (using (2.3.36) - (2. 3.39) with the
result ! :

D{E,
s, = —21t s - K®% s (2.3.40)
L Ki2 F1 2, L

With regard to the correlation coefficient C, it can be shown that if the
distribution of surface heights is symmetric about zero and normally distributed
(as has been assumed throughout this discussion)

(X2 (vy) - X (2 vz) ) sin B if specular point
C = -— is in patch
J -2 Ean® - 0F(va) -x(@2v,)° cos” B

(2.3.41)

0 otherwise

is an appropriate approximation to C.
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In the event experimental data indicates that an asymmetrical distribution for
¢ (x,y) is more appropriate, only minor coding changes to the simulation will

be required.

Final Remarks

Consider a receiver at an altitude of five meters and a source at a
distance of 10 km from the receiver and at an altitude of 105 m. In addition,
assume oh/)\ = 5 and Bo = .1. Equation (2.3.16), with |R (\111)\2 set equal to 1
and withAod2 defined by (2. 3.14) leads to the graph in Figure 10 (Rcference 3) for
the distribution of diffusely scattered power in down-range increments of 500 m.
In this case the source elevation angle and the specular angle of incidence are
small compared to the rms surface slope 8, and the graphs shows that the m- or
contributions to the diffuse power come from the encs . of the glistening surface in
agreement with the simplified multipath model discussed in section 2.2. However,
equation (2.3. 14) is valid only for a very rough surface, and since, in general,
surface roughness is a function of receiver-source geometry and surface patch
location in addition to terrain characteristics, the graph in Figure 10 may be

misleading. Indeed, if each term on the right-hand side of (2.5.2) is multipled

by the roughness factor Fdz, which scales surface .roughness according to
patch location as well as surface characteristics, Figure 11 (Reference 3) is ob-
tained. In this figure it is seen that the diffuse contribution directly below and in
front of the transmitter is substantially reduced over that indicated in Figure 10.
This does not suggest that the simplified model is totally incorrect, but it
does indicate that care should be taken in the applicatior of the simplified
model to certain receiver-source configurations. In the geometry leading to
Figure 11, the source (transmitter) is near the horizon where the earth
appears relatively smooth to the receiver. This horizon effect is included
in the roughness factor Fd2 and accounts for the reduction of the diffuse
contributions in this region,

The multipath model described in Section 4 gives a precise treatment of the
refined multipath theory presented in Reference 3 and supports the preliminary

computations made in this reference that lead to Figures 10 and 11,
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complicated concept has been selected and an effort made to minimize equipment

complexity.

par: meters for the experiment, (2) the equipment configuration salected, (3) the
mezasurement approach, including site selection and auxiliary mea:urement re-

quirements, and (4) data analyses needed to make best use of the measurements.

how diffuse power is distributed along the glistening surface. Key factors which

SECTION 3. EXPERIMENTAL MEASUREMENTS Ny

The measurement approach is intended to provide accurate and reliable data/ .

for refining and quantifying the theory discussed in section 2. To this end an un-

This section discusses (1) trade-off studies performed to establish basic

3.1 Trade-Off Studies

3.1.1 General

In order to proceed with design of the experiment certain ground rules were

established early in the study. Major emphasis is to be placed upon determining

have been considered tr achieve this goal in the most straightforward way are the

following:

Radar vs one way measurement

Path orientation and length l

Desirability of measuring phase

Techniques for achieving sufficient ground resolution

Choice cf frequency

Choice of polarization

S BN NS N -V N S N
[ ]

Signal strength

Radar vs, One Way Measurement

A major area of application for the refined theory will relate to radar
tracking, which involves consideration of two-way paths., All basic information
needed to determine the multipath effects of diffuse reflection may be obtained,
however, from one-way measurements, Therefore, even though a tracking radar
is modeled in the computer simulation (see Section 4), the measurement system

needs to employ one way measurements. As a result,only a separate receiver

and transmitter are needed rather than a complete tracking radar and a beacon target.
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Path Orientation and Length

The geometry of greatest interest to the radar designer and user in-
volves tracking targets close to the horizon from a radar site close to the ground.
For the measurements, it was decided to let the receiver be located on the ground
with the processing and recording equipment, The transmitter, a light weight,
low power device, could then be in the target position, slightly elevated in angle
above the horizon, supported by a balloon, parafoil, or helicopter, Maximum dis-
tance between transmitter and receiver should be the horizon distance as viewed
from the ground sited equipment. The height of the phase center of the receiving
antenna was selected to be 3 to 5 meters above the ground. Corresponding horizon

distances are as given in Table LI

Table ITT

Distances to Horizon

Antenna Forizon
Height (m) Distance (km)

7100

4 8200

9200

Since significant reflections may be expected at least up to the horizon, measure-

ments should be made with transmittrr-receiver distances at least this great.

Desirability of Measuring Phase

The complete description of the reflectivity of any patch on the ground
requires that both amplitude and phase be given. Phase observed at the receiver,
however, will vary rapidly with small changes in geometric placement of trans-
mitter, patch and receiver. For wavelengths at microwave frequencies, practical
geometric measurements will not be accurate enough to correlate with measured
phase. In addition because the phase will vary rapidly in a real application, the

precise phase bias indicated by the reflection is relatively unimportant. i




Knowledge of the amplitude of the diffuse return, on the oth.er hand, is

of great importance if the theory is to be refined, and it is also easily measured,

It has been decided, therefore, to obtain data on the diffuse power
from each patch without attempting to extract the phase information, This leads
to an equipment simplification since CW signals need not travel simultaneously

over both direct and indirect paths.

Techniques for Achieving Sufficient G¥ound F.esolution

Because of the oblique geometry, it is very difficult to divide the glist-
ening surface into small enough patches using angular resolution alone. The
narrow angular resolution must be carried out either by the elevated transmitter

or by the low sited receiver.

As an example, consider a receiver antenna 4 meters above ground
level, and a transmitter located at horizon distance (8200 meters) at an elevation
of 2.6 degrees above the horizon (372 meters high), If a ground patch resolution

of 300 meters is to be provided by the transmitter in the receiver -transmitter

direction, an elevation angular resolution of 0. 107 degrees is needed. This would call

for an antenna elevation dimension of 11,6 meters a2t Ku band and larger at lower

frequencies.

To achieve this resolution along the glistening surface with the low
sited receiver instead would call for a far larger antenna because of the extremely

oblique geometry.

Although the geometry allows for a reasonable solution in azimuth,the
range dimension must be treated differently. Use of a narrow pulse to provide
downrange resolution appears to be feasiltle. A 1 nsec pulse generated at the
transmitter will keep the resolution below 300 meters at all points on the glistening
surface for geometries of interest. As indicated in Section 3.2 a very light weight

transmitter ¢. n provide this capability.

It is intended to meet the resolution requirements with the narrow
pulse transmitter and a directional receiving beam of about 0.5 degree beamwidth,
The receiver will have a broad bandwidth (1 GHz) and the airborne transmitter

antenna will be nearly omnidirectional to minimize angular control requirements,




Details of resnlution studies for variation in test gecometry parameters

arc covered in Section 3,1.2 below.

Choice of Frequency

Refinement of the diffuse reflection theory is desired over a broad

range of frequencies. On the other hand the frequency should be high to achieve

desired resolution, both keep antenna sizes within bounds for the azimuth dimen-
sion and to achieve the very wide bandwidth needed for the down range resolution.

A Ku band (~ 16 GHz) frequency has been chosen because it meets these require-
ments, because much radar and communication activity currently exists at hu banc,
and also because it is believed that much of th.. (iffuse reflection data gathered

can be successfully extrapolated to lower bands such as X, C, S and L.

Choice of Polarization

As discussed in Section 3.2, it may be feasible to perform experiments
with either vertical or horizontal polarization. If not, the equipment will be con-
firured for horizontal polarization only, since the least complicated correlation of
measurements and theory can be developed at this polarization. For this case the
Brewster angle reduced return does not occur, so that uncertainties in expected

sn.ooth earth return, due to angle of incidence and reflection, will be minimized.

Sipnal Strength

For reliable measurements, adequate signal-to-noise ratio, S/N, must
exist at the receiver. For the geometry of Figure 13, (sece page38 ) the direct path
S/N per pulse is given by

2
P c
t Gr Gt i

s e ré

S/N =

KTo Fn L.
where

¢ transmitter pulse power
gain of receiving antenna

r
t gain of transmitting antenna

P
G
G

velocity of light
pulsewidth

frequency




rp = direct path distance between transmitter and receiver
K = Boltzmans Constant (1. 38 x 10723 watts/Hz/°K)

T0 = standard receivir reference temperature (2900K)

Frl = receiver noise figure

Lr = losses in receiving system

The transmitter losses are not explicitly called out because Pt is

Since the transmitter may be moving about quite freely, the antenna will be as

omnidirectional as possible, and a gain (Gr) of 0 dB is therefore assumed.

The receiver gain is given by

4 A
r

where A is aperture and

r, ape rture efficiency

In terms of antenna diameter (d) and rf frequency, the gain can be

expressed as

2 .2 .2
G _n-d f n
r CZ a

For £ =16 GHz, d = 2.5 meters, and n, = 6, the gain is 50, 2 dB.

For calculations,a gain of 50.0 dB has been assumed.

It is expected that a solid state light weight transmitter with a peak
output power of 100 watts and a pulsewidth of | nanosecond can be obtained (a
potential source is discussed in paragraphs 3.2. 1.). Assuming these values

| and the following ‘

rD=6km
F =8dB
n
L =2dB
r

The direct path, single pulse S/N becomes

S/N = 41,9 dB

defined as the power radiated from the transmitting antenna when its gain is unity.




For the indirect paths relative attenuations of 30 dB may typically be expected,

resulting in a S/N of 11.9 dB.

Should this level vf signal prove inadequate, the pulses may be inte-
grated incoherently to achieve desired signal strength, For most situations, .
an integration of 10 pulses (adding about 8 dB) should be adequate although inte- ‘
gration of larger numbers would not be difficult. See Table IV, where S/N is
given for various measurement ranges, I
In the table
(S/N)D - Single Pulse Direct Path S/N

S/N = Single Pulse Indirect Path, Minimum S/N

(b/N)IO = Ten pulse Integrated Minimum S/N [or Indirect Path

Table IV

S/N at Various Ranges for 30 dB Indirect Path Attenuation

Range (rD) (S/N)D S/N (S/N)lo [
km
3 47.9 17.9 25.9
' 5 43.5 13.5 2135
| 6 41.9 11.9 19.9
| i 40.6 10.6 18,6
10 35 7.5 i545

The simulation computer program developed under the current study has
been run to predict some typical results (sce Section 4.0, Figures 49 through 60).

Depending on conditions in these examples, indirect path recturns exhibit attenua-

tions of 17.8 dB and greater. Diffuse attenuation is particularly large when the

*
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terrain is very smooth. On the other hand for moderately rough terrain the
diffuse return from a significant portion of the glistening surface will produce
acceptable S/N levels. In developing the experiment, it must be recognized that
for a given beam position only a portion of the predicted signal level can be
observed because of equipment limitations,

However, for a reasonably rough surface most portions of the glistening
surface can be examined by using various beam positions to illuminate each region
of interest. If in these regions, the observed power matches theoretical pre-
dictions, confidence in the theory can be increased and theoretical extrapolation
beyond observations can be justified. The transmitter power level planned for

the experiment is therefore expected to be adequate.

Detailed Parameter Trade-offs

The above considerations have led to the choice of the experimental configura-
tion outlined in Section 1. 3. Detailed parameter trade-offs which were used in
selecting configuration parameters and determining some of the requirements for
auxiliary equipment follow. Discussed are 1esolution, shape of the glistening sur-

face, and accuracy with which transmitter location must be determined.
3.1.2 Resolution

The critical resolution direction is along the ground projection of the direct
transmitter-receiver path, The geometry 1s treated briefly below and trace-off
curves presented for typical cases which show the relationships which govern re-
solution among receiving antenna beamwidth, transmitter pulsewidth and geometric
placement., Next are shown the contours of receiving beam intersection with the
ground so that the cross range resolution attributable to receiving beam shape

may be understood,

Resolution Along Transmitter-Receiver Ground Path Projection

Relationships governing angular resolution have been developed using

the geometry of Figure 12, for a spherical Earth, where

R, = 4/3 times geometric Earth Radius
hr = height of receiving antenna (R)
Dl = Ground Distance to resolution cell center (C)
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0

Look angle to C with respect to vertical

The relationships are:

|
1 R
e
R sina
B. = arc tan € 1
1 R+h-R cosa
e r e 1

The required beamwidth 48, for given resolution ' stance AD1 can be obtained by

solving these equations for values of Dl at each end of the desired resolution

interval,

Figure 13 represents the corresponding situation for time delay range
resolution, In the figure, ht is the height of the transmitter (T). D is the recciver

transmitter projected ground distance,

L 4

EARTH CENTER EARTH CENTER
Figure 12, Figure 13,
Angular Recolution Geometry Range Resolution Geometry
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The total path length (r) is given by

1 2 1
ALd sin #
r., = - :
1 e sin A !
1 "
h R
where Dl Re sin Ml
fe = em——— = '
1 R and 8) = arc tang——x cos #
e e r e 1
2ing sin (4-¢,) {
T2 " ®e " sin 8 !
where
¢-6, = (D—Dl)/Re

R_ sin (#-¢))
ez = arc tan R +he- R cos (¢-¢,)
e t e !

The direct path distance (rD) is given by

_ sin &
'p = (Re & hr) sin A

where

(R +h )sin?®
A = arc tan =
D R +h -(R_+h_)cosg
e t e r

Resolution may be expressed in terms of the change in Dl’ i. e, ADI, as
the differential time between direct and indirect paths is varied, Thus in the
measurement equipment a pulse received over the direct path is used as the refer-

ence for signals received from points C over indirect paths.
Time delay ( 'rd) is
Tq (r-rD)/c

where c = velocity of light

Since r. is constant during a set of measurements the change in time

D
delay, A’rd, is

A’rd = Ar/c

This may be interpreted as the pulsewidth. The resolution, AD,» is
directly related through the above equations to A'T‘d as a function of the location of

point C,




Angular and range ground resolutions have been computed for geome-
tries of interest and are presented in Figures 14 through 20. Results assume a
receiving elevation beamwidth of 0.5 degree and a transmitter pulsewidth of 1
nanosecond, since these appear to be reasonable values for the measurement

program. For other values linear scaling may be applied.

Displayed are rcceiver-transmitter distances of 3, 5, 7 and 10 kun for
a receiver height (hr) of 3 meters and distances of 5, 10 and 15 km for hr of 5 meters,
Resolution is shown as a function of ground distance (Dl) for a range of transmitter
heights (ht)' Maximum values of ht are great enough to insure a resolution of 300
meters or less at all points. The maximum resolution occurs when the angular
resolution and pulse resolution curves cross. This occurs fairly close to the
receiver. The slight kink in the angular resolution curve represents an approxima-
tion to the cross over between far and near field patterns for the receiving antenna.

It was assumed that the beamwidth is 3 meters at the cross over point.

There is little difference due to change in receiver height. Further-
more all curves seem to indicate that if 300 meters resolution is to be met at all
ground points the elevation angle of the transmitter as viewed from the recciver

must be no less than about 2.5 degrees.

Receiving Beam Contours

The shape of the receiving beam intersection with the ground at its
3 dB contours has been calculated for a flat earth, This provides the beam shape

contribution to resolution boundaries. Figure 21 illustrates the geometry.

Resolution contours are traced out as ¢ is rotated through 360 degrees.

Parametric equations for the contours are

r (cos P cos & + sin A sin & cos *)

b
i

r sin A sin A

~
i}

hr/(cos 8 sin & - sin A cos ® cos @)

where

=
"

receiver height

distance from receiver to intersection point on resolution contour

half beamwidth (conical beam)

n» DO =
I

depression angle of beam axis

*

p r— sy - ks (-
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Contours developed for a 5 meter receiver height are presented in
Figure 22. The black dots on the down range axis represent position of
the beam axis for each contour. These contours assume a 0.5 degree beam-
width at all ranges. Actually, close to the receiver the near field pattern ex-
hibits a larger angular beamwidth. Hence for ranges less than about 400 meters
L the resolution contours will be somewhat longer than illustrated. Nevertheless
it is clear that good two dimensional resolution can be obtained with the receiving

antenna at short distances.

Figure 21, Receiving Bean Geometry

3.1.3 Glistening Surface Shape
The shape of the glistening surface is of interest because it represents
the region over which diffuse returns may be expected. The boundary of the

surface for a flat earth is given by (Ref. 1):
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This equation defines a boundary line in terms of an ordinate y (cross
range) and an abscissa, Dl’ (down range distance), measured with respect to an
origin beneath the receiver and a line projected on the earth below the receiver-

transmitter direct path.

In this equation

D = ground distance between receiver and transmitter

D2 = D—D1 = down range distance measured from transmitter ground projection |
hr = height of receiver

ht = height of transmitter

B = slope of terrain

If the slope, g . is distributed such that g is maximum magnitude,
then all diffuse reflections will arrive from some location within the boundary.
If, instead, B, is the rms slope then most diffuse reflections originate within the

boundary, but some returns will come from outside.

All the geometric conditions of Section 3.1.1 have been examined for
glistening surface shape. In each case plots have been made for B values of . 1,

.25, .5 and 1.0 radians. Representative examples are shown in Figures 23

through 28. In each contour, bounding increments of 0.5 degree receiver beamwidth
are superimposed to show conditions under which azimuth resolution will provide
useful information,

A listing of parameters selected for each figure is given in Table V

Table V.

Glistening Surface Parameters

Fig. No. D(km) hr (m) ht (m)
23 3 3 200
24 5 3 200
25 7 3 100
26 7 3 300
27 10 3 400
28 10 5 400
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Although the earth is actually curved these plots may be expected to be
accurate except when the horizon distance from the receiver is exceeded (refer to

Table III ). For these cases the glistening surface terminates at the horizon.

To achieve the desired resolution of 300 meters maximum, the trans-
mitter elevation angle should be at least 2.5 degrees as viewed from the re-
ceiver, For these cases the g = 0.1 radian boundary is enclosed within a single
0.5 degree beamwidth, For greater values of surface roughness beamwidth azi-
muth resolution becomes important, For example, if §,= 0.5, five angular beam- !

widths are enclosed within the glistening surface boundary.

The shape of the boundaries (for flat earth) is little affected by
receiver height changes, as long as the height is relatively quite low. Thus
Figures 27 and 28 appear identical even though receiver heights are 3 and 5

meters respectively.
3.1.4 Transmitter Location Accuracy Requirement

Since the transmitter is to be held aloft by a non-rigid support (e.g. balloon
or helicopter) the effect of inaccurate knowledge of its position with respect to the
receiver must be evaluated, This inforrnation will determine the specifications
needed for auxiliary tracking equipment, Accordingly the unobservable change in
reflection point due to an unknown change in transmitter height (elevation error) or

in receiver-transmitter ground distance (down range error) has been examined,

Figure 29 shows the ''flat'' earth receiver-transmitter configuration.
Check calculations with a curved earth have confirmed that this approximation
gives a very accurate result for the error relationship. Symbols used have equi-

valent meaning to those used in Figure 13,
T

- D s =

Figure 29. Geometry for Error Analysis
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Elevation Error

This is defined as the change of ground distance to the reflection point,
C, given a change in transmitter height under the constraint that the net path length,

r, be constant. Net path length is '

This is the quantity directly measured by the timing circuits in the receiver. /

Changes in Dl with net path length constant will be undetectable by the measuring

equipment.

aD
The elevation error, h has been derived from the geometry of the
t
figure with the above constraint, namely

ar =6rl+ar2- arD Y
aht aht aht aht
The result is
o0, 1y [raMhy-h)-Tphy]
aht rD[rZDl - rl(D-Dl)]

Down Range Error

This is defined as the change of ground distance to the reflection point,

C, given a change in receiver-transmitter ground distance under the same constraint

as above.

The down range error is

{')D1 _ r [rZD -rp (D-Dl)]

D N [rZDl - T (D-Dl)]




and its value is a function of the elevation angle to the transmitter. For the no- !
minal value (2.5 deg) selected in Section 3. 1.2 for resolution purposes, the eleva-

tion error has a magnitude of about 12, i.e., al meter change in ti1ansmitter height

requires a 12 meter change in reflection point to keep the time difference constant.

There is as well some anomalous behavior close to the receiver, but
resolution in this region will be handled by the receiving beam pattern so that

timing effects will not be important,

The error of value 12 implies that an elevation tracker located at the

receiver and having an accuracy of 0.5 mr will introduce an error of 60 meters at

midrange if the transmitter is 10 km distant. This is less than the 90 meters re- 1
solution expected at that point and considerably lower than the desired resolution of
about 300 meters. Azimuth tracking errors will be less severe since no geometric

dilution exists. 3

Figure 34 shows a representative case for down range error, hr
3m, D=7km. No geometric dilution exists here except for an anomalous
behavior close to the receiver,

The abuve results indicate that requirements for tracking the trans-

mitter are not severe, and place relatively mild demands on auxiliary equioment.

}

|

4

Numerical Results |
The errors have been evaluated for all cases examined in Section 3.1. 2. :
3D |
Representative results for Sfl are given in Figures 30 through 33, which cover .
t |

values of D from 3 to 10 km, with hr = 3m Results for ht = 5 m are substantially '
the same. )

The error reaches its maximum near the center of the reflective region
»

Em e P R T - .
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3.2 Equipment

Measurements to provide an expcrimental basis for validating multipath
theory will require a transmitcer to be suspended at a height of from 50 to 600
meters above the earth, with an antenna having a beamwidth broad enough to illu-
minate an area which will include substantially all of the glistening surface, and a
receiver with an antenna mounted three or four rmeters above the earth and having
a narrow beam which can be directed to various parts of the glistening surface
(see Figure 35 ). The received information will be processed for display, to
permit immediate local monitoring, and will be converted to digital form and
recorded for subsequent detailed analysis. (The transmitter and receiver could,
of course, be interchanged, but this would entail airborne telemetry to return the
received information to earth. Since the necessary transmitter power level (see
Section 3.1) can be obtained from an LSI diode oscillator which, complete with
modulator, power supply and battery, will weigh less than two pounds, the arrange-

ment shown in Figure 35 is more practical.)

Means for suspending the transmitter are discussed in Sectioa 3.2.4, below.
A helicopter will be required in some situations; in others, a tethered balloon or
kite may be used. The receiving antenna and its pedestal will be mounted on a
vehicle which will be capable of traversing the various kinds of terrain to be mea-
sured, and which will have space inside for the receiving, processing, display,
antenna control and accessory equipment, and for people to operate and observe
the equipment. A separate small antenna will be provided for receiving the direct
signal from the transmitter; this antenna may be mounted on the vehicle or on a

tripod nearby.
3.2.1 Transmitter

Figure 36 is a block diagram of the transmitter. The power supply,
modulator, and diode oscillator (shown enclosed in dotted lines) will be bought as

a package, probably from Cayuga Associates.

Cayuga has developed LSA (Limited Space-charge Accumulation) solid-state
diode oscillators capable of considerably higher peak power output than can be ob-

tained from other solid-state microwave sources. They can presently provide, as

a catalog item (CA-8000), an X-band source which has a peak power of 100 watts




SUSPENSION
LINE u

TRANSMITTER

TRANSMITTING
ANTENNA *
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RECEIVING
ANTENNA

F ————— 10 km (max)

Figure 35, Measurement Configuration
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and a pulse width of 2 nsec. They have made a short-pulse source at 14 GHz with
150 watts of peak power. They are confident that they can produce 100 watts at

16 GHz, with a pulsewidth at, or very close tn, one nsec. They will provide, in a
12-ounce package, a Ku-band LSA oscillator, a solid-state modulator, and a DC-
to-DC converter to supply 150 volts to the LLSA diode. The input voltage can be 6

to 30 volts, at our option. We will probably choose 6 volts and use four alkaline

"D'" cells or two lithium cells for primary power.
3.2.2 Transmitting Antenna

It is desivable for the transmitting antenna to be omnidirectional horizon-
tally so that the transmatter/antenna can be hung by a single line and permitted to
rotate freely about a vertical axis. This necessarily entails having a vertical
null in the radiation pattern; hence the ground directly below the antenna will not
be illuminated. No special care in antenna design will be required, however, to
keep the vertical null adequately narrow. In the first place, the diffuse reflection
to the distant receiver from near-vertical incidence is expected to be too low to be
detected even with full illumination. In the second place, since the transmitter
height will be five to ten pefcent of the horizontal transmitter-to-receiver baseline
distance, the null could have a ha.’-width of 45° and ninety to ninety-five percent
of the baseline would still be illuminated. Patterns for two simple antennas
(Figures 38 and 39 ) show nulls with half-widths of 20° and 35° at the -3 dB

points.

It may be of interest to run tests with both vertical and horizontal polariza
tion. Figure 37 shows two suitable lightweight low cost printed-circuit antennas,
which have been designed for S-band and can readily be scaled to Ku-band. Their
vertical patterns are shown in Figures 38 and 39 . For illumination near the

A% s 57, depending on transmitter height

receiver, the elevation angle is about
and distance. If the distance away froni the receiver is limited to corresnond to
an elevation angle at the transmitter of -45%, as discussed above, then the total
variation for the horizontal polarization pattern is less than 2 dB. The vertical
polarization pattern is even better; it puts its maximumn power near -45°, where
the diffuse reflectivity should be weakest, and lets the power decrease for areas
closer to the receiver. Similar patterns can probably be achieved for the triple

dipole by putting a reflecting plane a quarter wavelength above it.
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Figure 37. Printed Circuit Antennas
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Figure 39, Triple Dipole Antenna Pattern
(Horizontal Polarization)
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The transmitter/antenna assembly will be designed to hang vertically in the
absence of wind. However, if it should sway in the wind so as to deviate from the
vertical, the null would scan about the landscape accordingly. This can be minimized
by attaching a long rod to the bottom of the assembly, extending downward for per-
haps 50 to 100 cm. This rod may be made of a rigid plastic foam to minimize its
effect on the antenna pattern. A lightweight line, twenty meters long or so, Will
be attached to the bottom of the rod, with a lead weight at the bottom ¢nd of the line.
This will not only tend to keep the {ransmitter/antenna assembly vertical but will
also be very useful when the assembly is being brought down at the end of o »un of
measurements. Whether the means of suspension is a helicopter, a balloon, or a
parafoil or other kite, it is possible if there are uneven winds near the ground that
the rate of descent will be erratic and at times perhaps faster than might be de-
sired. The lead weight can thump against the ground without being damaged, and
the line attached to it can then be used to guide the transmitter/antenna down and

prevent it {rom striking the ground,
3, 2.3 Ground Receiving Equipment

Figure 40 is a block diagram of the ground receiving equipment. Most of
this equipment will be mounted 1nside a mobile vehicle. The main antenna and its
pedestal will be mounted on the vehicle on the outside or possibly on a separate
trailer or on a modified forklift. The auxiliary antenna will probably be mounted
on a tripod which will be set up near the vehicle with the associated TWT ampli-

fier and detector located close by, to minimize transmission line losses.

Main Receiving Antenna

The main receiving antenna, for receiving signals reflected from the terra.n
or ocean, will use a parabolic reflector about two and a half meters in diameter
with a 133 cm focal length, It will have a half-power beamwidth at Ku-band of about

Lalf a degree. The reflector will probably he spun from quarter-inch thicl adumi-

num and then machined to a iolerance of + .25 mm rms, This is expected to weigh

considerably less than a fiberglass panel reflector would, permitting the use of a
smaller pedestal and making it easier to mount the entire assembly on a vebicle nf

reasonable size.
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During the measurement of reflections from an entire glistening surface, the
antenna will be required to move only a few degrees in azimuth and no more than
45° in elevation. However, we will allow for 180° or more of azimuth rotation so
as to avoid having to align the vehicle with the transmitter/receiver bascline.

We will probably avoid the use of rotary joints, either by using a length of flexible
waveguide or by mounting the TWT preamplifier on the back of the reflector and

using a length of flexible coax at the output of the preamplifier.

Ku-band Microwave Receiver

All of the gain required in the receiver will be provided directly at rf, rather
than using a superheterodyne receiver. This will permit realization of the band-
width necessary to take advantane of the resolution provided by the one nanosecond
pulsewidth, with no difficulty. A bandpass filter in the reflected signal amplifier
channel will restrict the bandwidth to match the pulse bandwidth, so as to main -

tain an acceptable noise figure.

Low-noise TWT preamplifiers and amplifiers having the characteristics
indicated in Figure 40 are available from more than one source; the particular
specifications given are for Watkins-Johnson tubes (the WJ-371 and the WJ-425-10,
respectively, the former being optimized or selected for low noise at 16 GHz).

The same high gain amplifier tube will be used in both the direct and reflected

signal channels, permitting one spare tube to serve for both.

The filter, and probably the detectors, will be designed and fabricated at
Raytheon's Wayland Laboratory.

Direct Signal Channel

The channel for receiving direct signals from the transmitter will consist of
an auxiliary receiving antenna, a TWT amplifier, a detector, and a meter to indi-
cate the relative level of the received signals. The antenna will use a small center-
fed parabolic reflector, 40 to 45 cm in diameter. It may be mounted on the vehicle,
with the other equipment inside, but it will probably be more convenient to mount
it on a tripod outside the vehicle. The other equipment will be placed nearby, to
minimize the length of transmission line between the antenna and the amplifier
and to make the level meter conveniently usable as an aid in aiming the antenna.
Since the antenna will have a beamwidth of about thrce degrees, there will be no

difficulty in aiming it manually toward the transmitter.
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Signal Reception

Figures affecting the signal-to-noise ratios and signal levels in the direct
path and reflected path signal channels are tabulated below., The signal levels
given are minimum levels, under the assumptions discussed in Section 3.1, above,

for a transmitter-to-receiver distance of six kilometers.

DIRECT PATH REFLECTED PATH

Antenna diameter 45 cm 250 cm
Antenna gain 36 dB 50 dB
Assumed reflection loss none 30 dB
Signal level at antenna -46 dbm -62 dbm
Transmission line loss negligible 2 dB

Signal level at receiver -46 dbm -64 dbm

Bandwidth I GHz 1 GHz
KTB -84 dbm -84 dbm
Noise figure of receiver 12 dB 8 dB

Noise level -72 dbm -76 dbm

Signal-to-noise ratio 26 dB 12 dB

Total TWT amplifier gain 46 dB 76 dB
Filter loss n/a 2 dB
Net gain 46 dB 74 dB
Signal level at detector 0 dbm +10 dbm

If the detector in the direct path signal channel has a sensitivity of 0, 3 mV/

1tW, the minimum trigger output will be 0. 3 volt,

1.. the reflected path signal channel, video integration may be used to enhance
the signal-to-noise ratio, particularly if interest develops in 1eflection losses

greater than 30 dB or baseline distances greater than six kilometers.

The signal levels given above assume normal propagation through the atmos-

phere. Abnormal propagation conditions are discussed in Section 3. 3.7,




Data Display and Recording

The direct signal from the transmitter will trigger the display oscilloscope
and will serve as a zero time reference for the data processor, as shown in Figure
40, The signals reflected from the ground, delayed for various amounts of time
according to the distance along the glistening surface, will appear as vertical de-
flections on the display. The receiver path gecometry is shown in Figure 41: for
2 six kilometer baseline, a 300 meter transmitter height, and a 3 meter receiver
height, the time difference between the direct and reflected signals varies from one
nanosecond to one microsecond. A sketch of the corresponding display is shown at
the bottom of Figure 41. Since the receiving antenna height is not very great,

the specular reflection point (minimum time difference) is close to the receiver,

. well within the region where the receiving antenna clevation angle rather than the
} time difference is used for range resolution. Fo1 reflection points further from
the recciver than the specular point, the time difference is a monotonically in-
creasing, but highly non-linear function of distance. If the horizontal axis of the
display is linear with time, the four tic marks shown on the display baseline in

Figure 41 correspond to horizontal distances from the receiver of 1/2, 3/4,

the . 95 point begin to fall into the illumination null of the transmitting antenna
(see Section 3.2.2), so in practice, the region of the display te the right of the
. 95 mark will usually be eliminated and the rest expanded to fill the display.
The display circuitry will be designed to give the opcerator the choice of making

the horizontal axis linear with time or with distance.

} 7/8, and . 95 of the total receciver-to-transmitter distance. Distances beyond
{ A sampling system will be used, in order to permit the waveform out of the

| detector to be analyzed with one nanosecond resolution, with reasonable bandwidth

require'nents for the display and for the data digitizing and recording circuitry. A
the sampling plug-in will be modified to permit consiuerable flexibility in the se-

quence of sampling delay times and to allow a number of returns to be integrated,

if desired, for improved signal-to-noise ratio.

-

comrniercial oscilloscope, sampling plug-in, and sampling head will be bought, but
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The amplifier, A/D converters, and digital tape recorder will be standard

commercial items. The antenna azimuth and elevation position information may be
generated in digital form directly, rather than using servos and A/D converters as
indicated in Figure 40. Transmitter position information will be put in digitally
or verbally (see Section 3.3.6), and a track will be provided for any verbal com-
ments that may be useful during the subsequent analysis of the data. W will design

a data processor to accept the various inputs and put them into suitable form for

the tape recorder.

A more detailed discussion of the proposed data display and recording

equipment is given in Appendix G.

3.2.4 Support for Transmitter

A number of means of supporting the transmitter at the required altiindes

have been considered and investigated:

l. Towers, tall buildings
2, Helicopter

N Tethered balloon

4, Kytoon

5. Kite

6. Tethered helicopter

Towers and Buillings

Towers and tall buildings could provide a very low cost support for the
transmitter (assuming that appropriate arrangements could be made with the owners
of suitable buildings) and the transmitter's position in space could be more firmly
fived an‘d more readily detcrmined than with any other kind of support. Measure-
ments could be made day or night and i1 any reasonable conditions of wind or
weather. However, the restriction on kinds of terrain to be measured to those in
the vicinity of suitable buildings is so severe a limitation that little if any use will

likely be made of this approach., (There is also the possibility that reflections from

the building structure or from nearby vuildings could cause unplanned multipath. )




i

HelicoEter

A helicopter can be taken almost anywhere and can operate at any altitude we

may require. Unlike balloons or kites, it requires no tether. This makes its use
virtually mandatory when measurements are being taken at or near an airport,

since it can respond quickly to a command from the control tower to clear the area;
any tethered device at 600 meters would require several minutes to be brought down.
When measurements of the ocean as a glistening surface are being made, the
Stilwell process may be used to determine the state of the surface at the time

(sec Appendix F'). Since this would require the use of a helicopter for taking aerial
photograohs, it may well prove feasible to use the same helicopter to support the

transmitter.

The chief disadvantage of the use of a helicopter is its high cost - approxi-
mately $125 per hour over land and $200 per hour over water. Also, it is diffi-
cult for a helicopter to hover in one spot in space, though it can be done for a
short time if the wind is steady and not too strong or too weak. It is possible, in
theory, for a helicopter with a load hung at some distance below it to fly in a small
circle at a constant speed in such a way that the load will remain near the vertex
of a cone swept out by the line supporting it and will move in a much smaller circle
than the helicopter. This maneuver is sensitive to the weight of the load, the
length of the supporting line, the speed of the helicopter and the radius of the
circle it flies, as well as ambient wind effects. Ther= is little practical exper-
ien:e to indicate what success might be expected. If it turns out not to be
practical to hold the transmitter fixed in space, an acceptable alternative is
to fly it along slowly over a fixed visible reference point on the ground (or a
boat at sea) keeping a constant altitude. Either the pilot or a ground observer
at the reference point will communicate with the receiver site when the trans-
mitter is directly above the reference point and a data run will be recorded at

that time.

Use of a helicopter requires reliable two-way ground-to-air communica-
tions. Operation is not practical at night or during conditions of severe wind

or weather, but these are probably not important limitations.
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Tethered Balloon

A tethered balloon which depends on buoyancy alone for lift would have to be
very large in order not to blow down in the winds that generally prevail at one or
two thousand feet. Such a balloon would be expensive; it would require a crew of
several people to handle it, and it would consume a large quantity of helium cach
time it was flown. FAA requirements for banners on the tether lines in daylight
and lights at night would have to be observed. This approach can be considered to

be ruled out unless some new considerations justify reconsidering it.

Kytoon

This is Dewey and Almy's company tradenaine for a sraall tethered ballcon
with an aerodynamic shape which depends on wind as well as buoyancy for devel-
oping lift. It is a low cost device and should be comparafively easy to store, in-
flate, launch and maneuver. It is just about small enough to he exempt from FAA
requirements. It is launched with no payload; when it is up a few hundred feet and
in a steady wind which gives it sufficient lift, the payload is attached to the tether
and it is sent up until the payload is at the required height,

The "Kytoon'' may be considered for possible use when there 1s a strong

steady wind aloft but too little wind at ground level to launch a kite.
Kite

There are kites of advanced design, such as the Jalbert "Parafoil, which
are capable of supporting loads considerably heavier than our transmitter/antenna,
when there is a suitable wind. This is generally true at the altitudes at which we
wish to sperate. Enough wind at ground level to permit launching is required; a
kite would be launched with no load and the load would be attached to the flying line
when the kite was at a sufficient height to assure reliable lift. This is a very low
cost device and might well be brought along for use in place of more expensive

means, when conditions are right for it.

Tethered Ielicopter

A small unmanned tethered helicopter should be able to provide a great deal

more lift than a non-aerodynamic balloon, for a given horizontal cross-sectional




area, with considerably less bulk and presenting a much smaller profile to hori-
zontal winds. In the winds that prevail aloft, it should be able to keep its tether
line more nearly vertical than any balloon or kite can, possibly making it feasible
to establish the location of the transmitter in space with sufficient accuracy merely
by runaing the tether out through a footage counter from a known location on the
ground, Presumably, the tether would comprise two insulated conductors to per-
mit the rotor and the counter-rotation propeller to be electrically powered. Alter-
natively, it might prove feasible to use a liquid fuel motor, with the helicopter
carrying enough fuel for an hour or so of operation, after which it would be

brought down for refueling.

So far, insufficient information relative to this approach has been obtained to

permit an evaluation of its practicality. It seems likely that there would be

severe problems with aerodynamic and rotational stability,

Summary

A helicopter (with a pilot) will almost certainly be chosen to support the
transmitter when measurements are being taken at airports. It will probably be
used for ocean surface measurements as well, For making measurements over
land and away from airports - particularly in remote areas - a parafoil or 2 Kytoon
or even, in some cases, a parafoil hauled aloft by a Kytoon and then set free, would
appear to offer a rather attractive, convenient and economical alternative to a
helicopter as a means of flying the transmitter. It might turn out to be practical

to use such a tethered device, flown from a boat, for ocean measurements as well,

3,2.5 Receiving Equipment Vehicle (s)

The vehicle(s) for housing and transporting the receiving equipment should be
capable of being driven over many kinds of terrain. A particular problem is opera-
tion on a sandy beach for low-sited ocean surface measurements, During measure-
ments the main receiving antenna (2 1/2 meters in diameter) must be supported
with its center three or four meters above the ground. In transit it should be
possible to negotiate any underpass that is likely to be encountered. A rather ex-
pensive solution to these difficult problems was found some years ago when the
AN/MPFS-34 was designed and built, This is a semi-trailer van with top panels

near the rear which fold back and a pedestal on an elevator me shanism to which a
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CPS-9 weather radar antenna was mounted, so that it could be raised for operation
and lowered for transit, Three of these vans were built and equipped. They are
government property and are presently at White Sands; although it appears that one
of them might readily be made available for use in the multipath program, it is much
larger than would actually be needed and it is doubtful that it could be satisfactorily
adapted for this project, Other possibilities are a military six-by-six (GFE) with

a suitable body added, or a large commercial van or truck, probably with four-vwheel
drive. Adding an antenna erection mechanism to such a vehicle appears to pose a
number of problems, particularly in relation to stability on the rvad and during

operation.

An alternative to a single vehicle is the use of separate vehicles for housing
and operating the equipment and for transporting and erecting the antenna. The
latter could be a low trailer - perhaps a modified large boat trailer - with a
mast upon which the antenna and its pedestal would be swung up and down about a
horizontal pivot, or it could be a large forklift, witt a bracket for the antenna
pedestal replacing the fork, which would move the antenna up and down along a
straight vertical line of motion. The forklift would be mechanically independent of
the equipment vehicle, permitting the latter to be a lightweight van or four-wheel
drive station wagon. For long distance highway transit, the forklift would
have to be hauled on a low trailer, but once at a selected site, it would permit
moving the antenna about with maximum mobility and minimum risk from one
location to another, to take advantage of the varieties of terrain and sighting angles
which might be available in the vicinity. Because of its weight, the forklift would
minimize the need for sway braces or guying cables. For operation on a beich,

however, it would probably require that mats be laid down for it to run on.

The various possibilities will be evaluated in detail early in Phase Il to

permit timely specification and, procurement of suitable vehicles.

3,2.6 Miscellaneous Accessory Equipment
A number of pieces of accessory equipment will be required. These
inclvde:

1% Equipment for communication among the receiving site,
a referznce point below the transmitter, a helicopter, an

airport control tower, and a horizon check point, as required.
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2; Equipment for establishing the location in space of the trans- 1

mitter. (See Section 3. 3, 6)

3. Equipment for checking the refractive index of the air. (See
Section 3. 3. 7)

4. Helium tanks, pressure regulator, valves, etc., if a lighter-than-
air device is used.

3 Motor -generator set for operation away from public power,

3.3 Measurement Approach

Ideally, initial measurements would be made over a section of terrain
three to eight kilometers long and smooth within a quarter wavelength. (At Ku-
band this corresponds to a surface roughness not exceeding about half a centimeter.
Cement or asphalt probably qualify but it is doubtful that anything in nature does*;
large bodies of water, for instance, have waves.) Following that, measurements
would be made over similar uniform expanses having graded degrees of roughness,
for which accurate theoretical predictions could be made. If analysis of this
experimental data gave results which generally conformed to theory (e.g., the
width of the glistening surface increasing with increasing roughness as predicted,
etc. ) this would provide a basis for confidence that subsequent measurements
of more complicated terrain could provide new information not readily derived
from existing theory. The theory might then be refined and extended, and new
predictions made, to be tested by further measurements, Thus a body of know-

ledge would be built up for use by designers and users of future radar systems,

In practice, such a range of ideal terrain may not be available. For the
initial measurement, however, airport runways approach the ideal for smooth-
ness and for overall flatness, Our measurements could hardly be carried out
at a busy airport because of intolerable mutual interference between our activi-
ties and the activities incident to normal airport operation. There are, how-
ever, two former Air Force bases, Otis Field and Westover Field, which are
within a two hour drive of Raytheon's Wayland Laboratory and where the current
level of activity (Air National Guard, Coast Guard, etc.) is such as to permit

considerable periods of time in which measurements can be taken,

#*For a possible exception, see Section 3. 3. 5,
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We have visited both of these bases, to assess the suitability of the

runways and of the adjacent terrain for our measurements and to make initial
contacts with the officers in charge of flight activities. We also visited the
Race Point Coast Guard Station, near Provincetown, Mass., with a view to
using the adjacent beach for an ocean surface measurement with a low =ite«t
receiver and then going to a nearby cliff at Highland Light in North Truro for
an ocean measurement with a high sited receiver. Our reception, on all of
these visits, was cordial and cooperative. Considerable interest was shown
in our proposed experiments, particularly as they ultimately relate to air

safety (GCA, etc.).

3.3.1 Power Level Calibration

For all measurements regardless of terrain complexity or sca conditions,
accurate calibration of received power level is very important. Measured power
tevel will be referenced to the direct path signal by pointing the receiving antenna
at the source be‘ore the start of the measurement series and periodically between

sequences.

To obtain a calibration power level measurement, the antenna will be pointed
at the source and manually adjusted in elevation and azimuth until maximur pulse
power is received. The received power level will be recorded or an attenuator

will be set so that the receiver output is at a predetermined reference value,

Next the antenna will be positioned to the elevation desired for the mcasure-
men. sequences and reflectec pulse amplitude levels recorded as a function of

time as discussed in Section 3.2 ,

Since several factors can change the calibration level, such as variations
in transmitter output power, drift of transmaitter position, and changes in trans-
mitting antenna orientation due to wind, frequent calibration checks may be neces-
sary. Therefore, at the first measurement site, particular attention will be paid
to evaluating the frequency of calibration checks needed. It may be that conditions
will normally be stable enough to require only infrequent calibration. Should the
opposite be true, however, the equipment will be capable of performing power
calibration before each measurement series. Since each series will require only
a few seconds to complete, maintenance of adequate calibration over such a

sequence should be easy to guarantee.
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3,3.2 Terrain Measurements

The longest stretches of pavement at the air bases (including the work-
ing runways themselves and the paved overrun areas at either end) are about
2.9 km at Otis and about 4.1 km at Westover. Adjacent to the runways at both
Otis and Westover, there are areas of mowed field grass which are nearly as
flat (though not as smooth) as the runways themselves and which extend over a
somewhat greater clear distance -- about 3. 7 km at Otis and about 4. 8 km at
Westover. With proper scheduling, it should be possible to make measurements
of a grassy area before and after mowing, to show the effect of varying the

vegetation factor.

We expect to start measurements in the Spring of 1975, as soon as the
snow is gone, Hence, although Westover offers the pdssibility of longer maxi-
mum baseline distances, the first measurements will probably be made at Otis
where, because of its proximity to the ocean, it will likely be free of snow long
before Westover is. The generally milder weather at Otis will be helpful during
the time when we are becoming accustomed to using the equipment in the field and
are developing the skills required for rapid and effective deployment and operation.
After Otis, we will make measurements at Westover, and then at a number of

other locations, offering terrain of increasing complexity.

If it is feasible to plan return visits to Westover during the winter of 1975-

76 on a flexible, fast-response basis, it might be possible to obtain measurements

of a long flat expanse of new-fallen snow of various depths, before the plows arrive.

3.3.3 Physical Description of Terrain

In order to correlate the Ku-baud measurements with the actual physical
features of any terrain over which measurements are taken, it will be necessary
to acquire independent information on the physical configuration of the terrain.
Information on existing maps is inadequate (e. g., elevation contours at ten
foot iutervals) and, in some cases, out of date. We will rely, for the most
part, on aerial photogrammetric surveys, which can be produced by Raytheon
Equipment Division's Autometric Operation -- conveniently located at our

Wayland Laboratory. The output of such a survey will be a set of photomaps,
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rectified for accurate location of details horizontally with superimposed eleva-

tion contours at one foot intervals. This information may be supplemented,
in some cases, by information acquired at ground level (e. g., inclinometer
readings at certain locations, verbal descriptions of vegetation, etc). A de-

scription of the photogrammetric survey process is given in Appendix D.

3,3.4 Ocean Surface Mcasurements

Measurements of reflectivity from the surface of the ocean under condi-

tions ranging from calm to stormy will be of interest. These will be taken in
much the same way as terrestrial measurements, with the transmitter taken

aloft by a helicoptor or a tethered lifting device at a suitable baseline distance
out over the ocean and the receiver set up on the beach or, for a high sited
measurement, on a cliff overlooking the ocean. If a tethered device is used

to fly the transmitter, a boat will be required; if a helicopter is used, a boat
may still be needed to give the helicopter pilot a visible point of reference to
fly or hover over, and perhaps to serve as an observation post for transmitter

location measurements (sce Section 3. 3, 6).

3.3,5 Physical Description of Ocean Surface

Independent information on the physical configuration of the ocean sur-
face when the reflectivity measurement is being taken can be obtained in a num-
ber of ways. The Joint North Sea Wave Project (JONSWAP) in which Raytheon

| Equipment Division's Advanced Development Laboratory is participating, has
brought to bear on this problem a number of diverse techniques (four-frequency

| radar, laser profilometer, aerial photographs analyzed by the Stilwell processl,
aerial stereo photographs, underwater laser sensors, waverider buoys, pitch
and roll buoys, underwater pressure sensors, wave staff arrays, white cap
density analysis2 etc. )3. A joint JPL/Univ. of Miami/ Raytheonair-sea inter-

action experiment, planned for this fall, and a third JONSWAP effort, to be

1 See References 6 and 8, Appendix F_

2 See Reference 7

3 Brief summary treatments of several of these techniques are given
in Reference 5

86

|
i
i
i
i
k
i
i
J
1
!
‘_




g —————

.

mounted in the Summer of 1975, may provide furthe r information of interest to

us; meanwhile, we have concluded on the basis of information presently avail-
able that the Stilwell process can provide more useful information more economi-

cally than any other approach.

The Stilwell process is the only means by which information for the en-
tire glistening surface can be obtained instantaneously (by taking a single photo-
graph from a height of 20, 000-30, 000 feet). Since most of the Ku-band data
(for a single azimuth position) can be taken in less than a millisecond. this per-
mits a direct comparison, assuming that a radio link can provide suitable syn-
chronization and that an independent means of flying the transmitter is avail-
able. Only the low-frequency (gravity) waves can be analyzed from such a
long range photograph., A statistical evalu.tion of the fine structure of the high-
frequency (capillary) waves can be obtained from a series of overlapping photo-
graphs taken at a much lower altitude and this will permit comparison with a

statistical analysis of a number of runs of Ku-band data.

Ovr Advanced Development Laboratory's Electro-optics Department can
make available the laser and optical bench equipment and the engineering assis-
tance needed to make Fourier transform transparencies from the sea surface
photographs, as required for the Stilwell process. Autometrics can scan the
transparencies, using a microdensitometer, and store the digitized output on
magnetic tape for subsequent data analysis, For selected cases, the original
sea photo transparencies can be similarly scanned and the resulting digital out-
put processed through an FFT (fast Fourier transform) computer code for direct

comparison with the optical transform results.




For best 1esults with the Stilwell process, photographs should be made early
in the morning locking toward the west or late in the afternoon looking toward the i
cast. Near the tip of Cape Cod in Massachusetts, it is possible to find beaches in ft
close proximity which provide views over long uninterrupted expanses of occan
looking either east or west. Hence, this is an ideal area for initial ocean mea-

surements.

When the ocean surface is too rough for effective use of the Stilwell process,

other, less accurate, means of describing it will have to be used, such as white -

cap density, wave height estimates by experienced observers, etc.

3.3.6 Saltmarsh Measurements

Located conveniently close to the sites selected for ocean surface measure- {
gty ! !

L mcnts (e.g., between Herring Cove and Race Point in Provincetown) broad ex-
L panses of saltmarsh may be found. Such an area provides unique measurement 1

| possibilities. At high tide, it may be rather like open water, with very little
vegetation protruding above the surface. The marsh grass below the surface,
however, suppresses wavc. and makes the surface smoother than a similar ex-
panse of open water would be. At low tide, it may look rather like a field of grass,
but with the mud beneath providing a wide range of moisture content over a rela-
tively short period of time. On solid land, measurements of a given arca with a

" full range of vegetation heights may require repeated visits over a period of sever-

al months: in a tidal marsh the full range of effective vegetation heights recurs

’ / in twelve and half hours cycles.
»

3.3.7 Transmitter Location Measurements

Transmitter location accuracy requirements are discussed in Section 3.1.4.

oy $oEERg $ WEERW e

The errors in locating a ground reflection point which re sult from errors in mea-
| suring the transmitter location ve rtically or borivontally (longitudinally toward g
or away from the recciver ortransversely)are a function of the range of the re-
flection point from the receiver. For a reflection point directly below the trans-
mitter, the ratio between the error in reflection point location (longitudinally or
transversely) and the corresponding horizortai ~rror in transmitter location is
unity; for reflection points closer to the receiver, the error in “eflection point 1

decreases--linearly for transverse errors and in accordance with the curve shown

in Figure 34 for longitudinal errors. (J
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However, for vertical errors in transmitter location, there is a longitudinal
error in reflection point which is quite small directly below the transmitter and J
increases to a maximumn near the midpoint of the baseline, as shown in Figures 30
through 33. If the elevation angle of the transmitter as seen from the receiver site
is limited to no less than one degree, then the ratio of longitudinal reflection point

error to vertical transmitter location error will not exceed about 30.

It follows that horirvontal errors in transmitter location oi 50 or even 100
meters are quite tolerable, but the vertical location should bc correct within three
or four meters. If the transmitter is suspended from a helicopter, the pilot can
determine his altitude with a surveying altimeter (set to zero at ground level) to
within about one meter and the length of the line between the helicopter and the
transmitter can be accurately known. If a balloon or kite is used, it may prove
practical to release the tether through a mechanical measuring device (footage i
counter) and correct for tether angle as seen by an observer looking tranc-erse to

the wind direction.

Commercial theodolites have more than adequate angular accuracy to deter-

mine the azimuth angle and the height (given the distance) of the transmitter from

the receiver site. Two theodolites with a suitable separation could determnine the

transmitter location completely, if independent distance information were lacking.

Raytheon's Special Microwave Devices Operation can supply a laser distance

measuring device on a mount with digital distance and angular axis position read-

outs, which permit the location of the transmitter to be completely determined
from a single location with a single instrument, Much less expensively, a the-

odolite and an clectronic distance measuring device can be used alternately on the

same mount to give complete information from a single location,

Although the angular accuracy of available devices is adequate to permit them
to determine the transmitter's location by manually tracking it from the receiver
site, it may be difficult, at the maximum ranges contemplated, to initially locate

the transmitter in the field of view. The proceaure then would be to establish

observation stations at one or two locations on the baseline fairly close to the
transmitter. Position data would be given to an operator at the receiver site by
radio and he would digitize it manually, using thumbswitches, for processing and

recording.




3.3.8 Propagation .\nomalies

Under normal undisturbed conditions, there is a single unique direct signal
path and each reflecter. signal path involves a single reflection from the ground
or ocean surface {(or, at least, no multiple reflections from widely separated
areas). These signal paths deviate from straight lines only by the slight curva-
ture which results from the normal vertical gradient of the atmospheric index
of refraction. This curvature has the effect of extending the microwave horizon
beyond the geometric horizon as if the effective radius of the earth were greater
thar its actual radius; a commonly used model assumes a four/thirds earth radius,

and that was the model used in the calculations in Section 3.1,

However, there are knowu to be propagation ancmalies (fading, ducting,
scintillation, etc.) under conditions associated with irregular tropospheric grad-
ients of index of refraction. " Such disturbances are more likely to occur near
the ocean than far inland. Under extreme conditions, they could result in fading
of the direct or reflected signals, in more than cne "direct' signal, or in spur-
ious multiple reflected signals. Under less extreme conditions, they could still
change the curvature of the propagation paths sufficiently to markedly modify the
position of the microwave horizon and to cause errors in the reflection points
associated with the measured time differences between direct and reflected signal
paths. An example is given in Appendix E, in which it appears that a disti.rbance,
sufficient to affect the micrawave horizon drastically, produced reflection point

range errors of less than 50 meters.

For the relatively short signal paths and low altitudes involved in the pro-
posed reflectivity measurements, disturbances which might cause serious
reflection point errors are not expected to occur often. Three things ~ill be done

to detect such conditions if and when they do occur:

1. When the main antenna is pointed directly at the transmitter
to establish a reference signal level, it will be held in that position
long enough to pe rmit observation of any fluctuations which might
indicate shifting tropospheric cisturbances. When it is pointed down
to receive reflected signals, the level of the direct signal received
by the auxiliary antenna will be similarly monitored.

2. Equipment (e.g.. similar to that used in a radiosonde) feor deter-
ing the approximate index of refraction of the air at ground level

# For further discussion of these anomalies, see References 9, 10, 11, and 12,

an
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will be used to check for fluctuations. So long as there is any
wind at ground level, variations of refractive index in space are
likely to appear as variations with time at a fixed location.

3. Before measurements are taken, where the terrain permits, the
transmitter will be carried away from the receiver in a vehicle
or boat to determine the distance to the microwave horizon. *
Deviations from the normal distance will indicate abnormal re-
fractive index gradients.

If severely abnormal conditions are observed, measurements will not be
taken., Moderate disturbances will be noted and taken into consideration when in-
terpreting the data. Disturbances not detected by the techniques described above
will be an undifferentiated part of the statistical variation which will characterize

all of the measured data,

* If the transmitter were at ground or sea level, there would be too much
sensitivity to terrain irregularities or nearby waves. Actually, the transmitter
will be taken well beyond the horizon and then raised and lowered through a range
of a few meters to determine the height at which the signal at the receiver appears
and disappears. Given the receiver antenna height and the receiver-to-trans-
mitter distance, the effective horizon distance can then be determined.
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3.4 Data Analysis

Introduction

The experimental data taken at each site will ultimately yield mean
power curves in decibels below the direct return as a function of delay time, also
measured with respect to the direct path. At each site these power curves will
be generated for different receive beam positions, and mean scattered power will
be measured from the resolution cells formed by the intersections along the ground
of the narrow ( ~. 50) beam (for azimuth resolution) and the narrow ( ~1 ns) pulse
(for range resolution, except at very close ranges, where the . 59 beam provides
better range resolution). Typical beam depression angles and main beam cover-
age diagrams are shown in Figure 42 for a receiver height of 4 mmeters. As seen
from this figure, poor range resolution is obtained from beam positioning alone
for depression angles less than about . 5° since, for such angles, the narrow
beam illuminates a sizeable portion of the terrain bet.veen the source and the
receiver. A l-ns pulse transmitter on the other hand, if used as the source, will,
in conjunction with the narrow receive heam, provide the necessary resolution

within the ground coverage of the beam.

The computer simulation (S:ction 4) has a measurement mode which
was designed to simulate the experiment and calculates mean power curves (also
in decibels below the direct return) as a function of delay time, using the most
recent developments in the multipath theory (Section 2 and Appendix C). Efficient
data analysis techniques will be needed to compare the calcu'ated data (curves)

with the measured data for the purpose of:

1. Kefining and validating the existing multipath theory
2. Measuring the spatial distributions of scattered power from
glistening surfaces with different terrain characteristics

3. Measuring reflectivity coefficients associated with different

types of terrain,

Two data analysis techniques are outlined in this section, one for
rough terrain (Uh/)\ 2~ 0), and one for terrain of moderate to slight roughness.
For a rough surface, elementary patch powers will add, and a deterministic
approach is used in the computer program to simulate the experimental results.
Fo- moderate to slight roughness, however, an option is available to monte carlo
the powers within a resolution cell by appropriately defining the scattered field

distribution over the cell, The deterministic and Monte Carlo modes require
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the definition of different data analysis techniques. Both techniques should be
applied to each set of measured data in an cffort to more accurately define the
criteria for the use of the deterministic approach in lieu of the Monte Carlo

process.

Data Analysis - Rough Surface

Let <6P2>i denote the scattered power received from the ith patch

within a particular resolution cell. This power 1s given by

g8 R 2
<6p2>i prDiz lR("l)liz (12 ) (R +3R B, ¥
\B1of204 \"17 T2 i
5 ;

) i (3.4.1)
.
a 48y
1 1

wnere

Pr is the direct power return from the source
Di is the divergence factor for the ith patch

|R(1£'1)|i2 is the rms Fresnel reflection coefficient for the ith

patch at an angle of incidence ',
i

2 . ¢ tad
o s the rms specular reflection coefficient for the patch

F, is the diffuse roughness factor

&

i
2
d.

1
z .
is the rms patch cortribution to the normalized, diffusely

d.

1
scattered power

g) is the source power gain in the direction of the patch
g, is the receiver power gain in the direction of the patch
810 is the source power gain in the direction of the receiver

250 is the receiver power gain in the direction of the source

R, are defined in Figure 3

Ry» Ry, Ry

1 . . . ; .

All equgtlons in this section, if not derived here, are discussed in Section 2 or
A‘ppendlx C. For the most part they are merely repititions of equations pre-
viously derived but are repeated here for convenience to the reader.
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The first step in correlating theory with data is to select terrain (see Section 3, 3)

that is relatively uniform with respect to the small scale roughness parameters
0y, and Bo (rms surface height and slope, respectively), and which is free from
hills and other large scale ground irregularities, For such a site, the receive
beam can be directed away from the specular point to eliminate any specular
contribution to the reflected power from the beam/pulse resolution cell. In this

~ase, the first term inside the brackets in (3.4, 1) may be dropped and

- 2 2 2 ,2
<6P2>i- pr[l)i IR(wl)li Fdi Apdi] (3.4,2)

Since Aog is rigorously derived in the theory for a rough surface and

since no theoretical vérification for the choice of F: (see Section 2,3 and Appen-
§ L
dix C) is given, it 1s more appropriate to consider Fd2 (as opposed to Apg ) as
i i

the unknown in this analysis, Alsqg F2 is introduced in the theory to scale the

d,
i

diffuse contribution Apg according to patch roughness, and leads to a reduction
i

in the diffusely scattered power as the surface becomes smooth., Within the
roughness restrictions the theoretical model, (that ig accepting the hypothesis

that surface roughness can indeed be defined in terms of the small scale rough-

ness parameters ;o' 9, » wavelength A, and the reflection angles v 1 and { 2) Fj

1
may be considered constant within the resolution cell since the terrain in the

cell is chosen uniformly in the parameters Bo and O anc since the glisterning

surface is quite narrow, suggesting little variation in wl' and V¥ , over the resolution

cell. Accordingly the subscript i on the Fdz term in (3,4, 2) is dropped with

tke result: y

J 2 2 . 2 2
(“’z> i =P, Dy IRGyI; 804 Fq W3
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In view of equation (3. 4. 3), the total mean scattered power from a resolution

cell is given as

-

- gl 2 A a 2 ¥
<P2>- Fy prz[DilR(Vl)li ’udi] (3.4. 4)
from which the expression
P

2 <2> &

Fe a (3.4.5)

d 2 ; : , . &

PrZ[Di | R () I wji]

is obtained for the roughness factor I’(Zl and a given resolution cell.,

The rmeasured power from the resolution cell, when substituted into
(3.4.5) will yield a measured roughness factor as a function of the dimensions of the
subpatches within a resolution cell. Reducing the  -es of these subpatches until
the summation in the denominator of (3.4, 5) is constant defines the patch sizes
needed for the determination of the measured roughness factor 1:‘(21 1ssociated with

. . _— |
the resolution cell in question .

Consider a ground patch (the larger the better) between the transmitter

and the receiver that does nnot contain the specular point and over which F‘O and oy,
may be considered constant. Let the '"'roughkness' parameter g be defined by

A——_Z""h - b i)
(g (sin ¥, +siny,

and again assurne Yy and ¥ , are constant over a given resolution cell. Considera-
tion of many cells within the ground patch will yield the following measured curves

for fixed o and B8 :
n o
1. F(Zi vs roughness
2. Govs roughness

where G is the bistatic reflectivity coeff.cient given by

22
tan .
G, = rt cotzﬁ i exp - — (3.4.6)
o d 2 I3
cell tan A

for a Gaussian surface,

1This expression is consistent with that given in Section 2.

90




For the same resolution cells and roughness parameters oL and Bo'

theoretical curves for FCZ1 and hence alsoG_ will be calculated and compared
with the measured curves. A fitting process which cannot be defined until data i

are availabic will then be used to generate a refined empiric2l expression tor Fs !
in terms of the roughness parameter g and for fixed c, and F o ’

The theoretical F(Zi given in Reference 3 is a function of On, A, v | and /

Vg It may be that these parameters are not sufficient in themselv~s to express

F(Z1 empirically., In fact, it is expected that at least the rms slope 2o
should be added to this list of parameters. As a result, the above procedure will
be repeated many times for different ;‘:‘o, 9, using the refined F(Zi each time and

a fitting process yet to be defined which will generate refinements in F*, in terms

d b
of the necessary parameters. Ultimately then, emperical expressions for both

Fs and Go will be determinaed which will best fit the measured data.

Next, data froin the same set of experiments that were performed for
the determination of Fs v7ill be analyzed for resolution cells containing the specular
point, Measured specular reflection coefficients can be determined from the
measured power by subtracting the diffuse contributions determined by the above
procedures, These measured coefficients will then be compared with the theoretical

values and appropriate modifications to the specular theory will be made.

Finally, with the theory and computer model refined to give the best
fit to all data, the computer simulation will be re-run for each set of experiment
geometries and parameters to generate updated estimates for the spatial distribu-

tions of diffuse power from the glistening surfaces.

Data Analysis - Moderate to Slight Roughness

It is known in the theory that for a very rough surface the phases of the
individual scattered waves are uniformly distributed over the interval [-m, ], that
is, the scattered field is incoherent and it can be shown that the field intensities
are Rayleigh-distributed. In general the scattered field can be expressed as the
sum of a constant, coherent (with constant phase) component and a random, Hoyt-
distributed component, that is, a vector with components chosen from normal distri-
bution with zero means and appropriate variances (see Section 2 and Figure 9).

As the surface beconmes smooth the Hoyt-distribution continuously shrinks to zero
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and the scattered field becomes coherent, As this continuous transition between
incoherence and coherence takes place summing powers within a resolution cell
may not give an accurate representation of the total reflected power from the cell.
Rather, it may be necessary to establish the Hoyt-distribution mentioned above
and follow a Monte Carlo process in order to obtain reliable estimates of the
power contributions fro'n given cells. For this reason and for the purpose of
defining more accurate roughness criteria fc. the summing of powers, a

Monte Carlo option has been included in the computer simulation in addition to

the power option in which the cell contribution to the scattered pov.er is found by

this option will contribute significantly in understai.ding and refining the multipath

theory as experimental data becnrnes available,

Let E; denote the random scattered field for the ith patch in a reso-

1
lution cell and the nth sample in a Monte Carlo Process If the recolution cell
is again chosen to exclude the specular point, the discussions in Section 2. 3 imply
that

summing powers from elementary patches withir the cell, It is expected that l
2y, a8 (3.4, 8) l
2 4« i . '

L

where T‘ is a complex number depending on the patch location and the sample

under conmderatmn, and M is the number of patches in the cell Accordingly, ‘
"o 1f2Y F"‘)Ifjd . % " (3.4.9)
i T ofae i & Uk - '
i=1 k=1
and the meanpower from the resolution cell is l
N M M
Tr e 4 1 n I
Faps Y R " §= . 7 (3.4.10)

where N is the number of Monte Carlo samples.

Equation (3. 4. 10) should replace (3.4.5) for the determination of the measured
roughness factor when this Monte Carlo option is used, Other than this replacement,

the data reduction procedures will be the same as those described for rough surfaces,

1

'Flli’1 can be derived from equations (2, 3.21) to (2.3,33), Its specific value is

not important here.
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SECTION 4. COMPUTER SIMULATION

4.1 Introduction

The inultipath computer program represents an accurate treatment of
the classici:.l multipath theory (Ref, 1) with refin2ments (Ref. 3). A review
of this theory is given in Section 2 and Appendisx C of this report, The pro-
gram is unique in its detailed treatment of this theory and is designed to vali-
date and further refine the theory as experimental data are generated from

the measurements program,

Two major options are available to the user, a multipath measurements
option and a closcd loop tracking option. The former closely simulates the
measurements program designand at the rame time remains flexible by al-

lowing the choice of any of the following equipment configurations:

o Passive Receiver - Pulse Beacon
° Passive Receiver - CW Beacon
° Pulse Radar - Passive Target

The first two configurations are of specific interest here, and will be used in

conjunction with the measurements program to

° Determine spatial distributions of diffuse/specular surface reflec-

tions for different receiver-beacon geometries and terrain

characterictics,

° Aid in the generation of a handbook of surface reflectivity in-

formation,

The second two configurations will be used more in future multipath
measuremer.: programs once the multipath theory has been refined and vali-
dated and will at that time provide a means for accurately evaluating and

quantifying the multipath cffect on tracking radar at low elevation angles. It

is for this purpose that the tracking option has been included in the computer




model. In this option closed loop tracking in the elevation coordinate with
GHK filtering (3rd order digital filter) is possible. The same detailed .nulti-

patch theory used in the measurements mode is also used in the tracking mode

to quantify the tracking errors introduced by surface reflections from virtually

all of the tcrrain betweer the radar and the target.

Curved earth geometry is used in both the measurement and the track-
ing modes of the simulation. In addition, the program is coded to allow the
user to insert gross terrain features as a function of dowa range distance
between the receiver and beacor/target. Small sccle roughness variations,
vegetation variations, and variations in the electrical properties of the ter-

rain at different dowr range distances are also available.

4,2 Program Inputs

All data card input is handled via namelist statements. There are a

total of three namelists:

Namelist/INPO/ Tracking Information

Namelist/INP1/ Tracking/Measurement Mode Decision

Receiver/Source Geometry

Scan Beam Depression Angles
Namelist /INP2/ Antenna Parameters

Source Parameters

Surface Statistics

The input parameters are given below in table form according to Namelist.

Namelist/INPO/
Symbol Definition Default Value
PRF Pulse Repetition Frequencv {Pulses/sec) 0.0
TIMEOUT Time Increment Between Flight Path

Niilestones (sec) 0.0
RTRMIN Minimum Rece'er-to-Tar-get Slant

Range (meters. 0.0
RTRMAX Maximum Rec¢ceiver-to-Target Slant

Range (meters) 0.0
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Namelist/INP1/

Symbol Definition

TRACK T = Tracking Option
F = Measurement Option

Namelist/INP2/

Symcol Definition

DGBALL Maximum allowed change in Diffuse
Gain across patch in Down Range Direc-
tion. (Controls patch subdivisions in
Down Range Direction)

DGBALLI Maximum allowed change in Diffuse
Gain across patch in Cross-Range
Direction. (Controls patch sub-
divisions in Cross-Range Direction)

DX Down-R. nge Patch
Dimension (meters)

DY Cross-Range Patch
Dimension (meters)

GR Peak Receiver Gain

GRO Initial Receiver-to-Source Ground
Range (meters)

GRMAX Maximum Receiver -to-Source Ground
Range (meters)

GT Peak Source Gain

HR Receiver Altitude (meters)

HT Source Altitude (meters)

ICALC = 0 If Delay, Delay Min., and Delay Max
are to be Calculated

MAXDEL Maximum Delay (meters)
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Default Value

F

Default Value

.01

. 01

100.0

10.0
1.0

10000. 00

10000. 00

1.0
4.0

200.0

2000.0




Symbol

MINDEL
NBEAMS

NOUT

NP

NR

NSAMPLE

NSLOPE

NYMAX

DBBDIR

NXSDMX

NYSDMX

PT
PWIDTH

SIG7Z7.0

XLAM

XV

YV

Definition

Minimum Delay (meters)

Number of Beams

Number of Delay Bins

(may be modified by program during
execution)

Number of Points in Pulse

Number of Runs

Number of Monte Carlo Samples
Number of Down-Range Patches over
which Different Surface Statistics are
specified

Maximum Number of Cross-Range Patches

= T If Relative Power in dI} is to be
Determined.

= F If Absolute Power is to be
Determined.

Maximum Number of Subdivisions in
Down- Range Direction for each Patch

Maximum Number of Subdivisions in
Cross-Range Direction for each Patch

Peak Source Power
Pulse Width (sec)

Radar Ci'oss Section of Target
(meters”)

Wavelength (meters)

X -Coordinate of Target Velocity (Reference
Coordinate System) (meters/sec)

Y -Coordinate of Target Velocity (Reference
Coordinate System) (meters/sec)

Default Value

0.0
10

20

[ €Y

10

10

10

1.0
1.0 x 10~

1.0

. 0164592

-1000.0

0.0




Symbol

Vv

GRAPH

NEWBEAM

NEWSLOP

OUTPUT

PASSTGT

PULSE

SQPULSE

UNIFORM

VOLT

VPOL

SPEC

DIFFUSE

Definition

Z-Coordinate of Target Velocity
(Reference Coordinate System)
(meters/sec)

L]

m

]

1]

L}

T T T G e L |

T

T
F

for Graphing

for 1st Run

for Additional Runs

if no New Scan Beams are Introduced.

T
F

for First Run

for Additional Runs

if no New Surface Statistics are
Introduced.

T

= e

T
F
T

if Printed Output is Desired

if Passive Target is used

for Beacon

if Pulse Source
if CW Source

if Square Pulse

if Cosine Pulse

if Distribution of Surface Slopes is

Uniform.

F

if Distribution of Surface Slopes is

Gaussian

T

for Voltage Option
for Power Option

for Vertical Polarization

for Horizontal Polarization

If Specular Returns are Accumulated

Otherwise

If Diffuse Returns are Accumulated

Otherwise

Default Value

0.0




-

Symbol

PRINTI
PRINT 2
PRINT3
PRINT4
PRINTS

PENPLOT

SANGLE (I, 1)

SANGLE (I, 2)

SLOPE (L, 1)

SLOPE (1, 2)

SLOPE (I, 3)

SLOPE (1, 4)

SLOPE (I, 5)

SLOPE (1, 6)

SLOPE (1, 7)
SLOPE (1, 8)

SLOPE (1, 9)

NPN

(11}

|

‘Def'mition

F on All Runs
F on All Runs
F on AlIl Runs
F on All Runs
F on All Runs

T Cards are Punched containing Data for
Graphing

F Cards are not Punched

Ith Scan Beam Azimuth Angle
(Deg)

Ith Scan Beam Depression Angle
(Deg)

Maximum Ground Range for Ith set of
Surface Statistics (meters)

RMS Surface Slope (Bo) (radians) for Ith
set of Surface Statistics.

Mean Slope of Gross Terrain Feature
in Down-Range Direction for Ith set of
Surface Statistics (rad)

Mean Slope of Gross Terrain Feature
in Cross-Range Direction for Ith set of
Surface Statistics (rad)

Surface Permittivity for lth set of
Surface Statistics.

Surface Conductivity for Ith Set of
Surface Statistics (mho-m/sqm)

Vegetation Factor

RMS35 Surface Iteight (meters)

tteight of Gross Terrain Feature for Ith
set of Surface Statistics (meters)

Initial Number of Points in Pulse
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It should be noted that the logical variables PRINT], PRINT2, PRINTS3,
PRINT4, PRINTS in Namelist/INP2/are included and held in common between
subroutines for the purpose of providing switches for the output of variables
defined by and of specific interest to the user. However, unless additional

output is defined by the user these variables should be set equal to F.

4.3 Program Outputs

A detailed flow diagram showing the program output that is currently
available is given in Figure 43. Basically, the catputs may be divided into
two main types, those from the measurements mode and those from the track-

ing mode.

If the measurements mode is selected, output is written on tape 12 and
will vary in content depending on whether the source is pulse or CW (see Flow
Diagram). The same information stored on tape 12 is also printed if OUTPUT
= T. Also in the case of printed output, all specular points; associated delays
measured with respect to the direct path; specular reflection coefficients (:SZ);
and specular patch gains pSZ/(Rl #* RZ)Z are printed. Finally, printer plots,
and card output of the data arrays necessary for pen plots (e.g., for the Zeta
plotter) are available in the measurements mode independent of whether or not

printed output is specified.

In the tracking mode printer plots of elevation error vs slant range as
well as the coordinates of each data point are printed. Also, card output for

pen plots is available (as in the measurements mode) by setting PEN Plot = T.

4.4 Program Description

Coordinate Systems

Two coordinate systems are employed in hoth the measurements and the
tracking modes of the computer model. They are a Reference (x,Y, 7) coordin-
ate system and a Receiver (x',y', 7') coordinate system. The reference
coordinate system is fixed with its origin at the center of the earth with the
z-axis passing through the receiver site. The receiver coordinate system on
the other hand, with its origin also at the center of the earth and the z'axis
coincident with the z-axis, is allowed to rotate in the event the source (target)

is moving (tracking mode). It amounts to a counter-clockwise rotation of the
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reference coordinate system through an angle % equal to the angle between the
nositive x axis and the projection into the xy plane of the line segment through
the foot of the receiver and the source (see Figure 44). In the measurements

mode the source is always in the xz plane (i.e., y = 0) and the receiver coor-

dinate system is identical to the reference coordinate system. It is also assumed

without loss of generality, that in the tracking mode the source is initially in
the x7 plane. Accordingly, in both modes of operation surface statistics are

read in relative to the reference coordinate system.,

Antenna Patterns

In the measurements mode there are provisions for up to ten different
scan beams and one source beam. The scan beam depression angles are
specified by input and each scan beam has the same beamwidth, also specified
by input. The source beamwidth is variable (input) but in practice is sect to a

large value to simulate an isotropic source.

In the tracking mode the tracking beam is established as a four-beam
amplitude sensing cluster to allow for monopulse tracking in all radar coordin-
ates and for general target flight paths. Subroutines TBEAM, PATTERN, and
B1POSTN initially establish and position the cluster about the antenna axis. It
is assumed that the antenna axis is initially pointed at the truc target. At later

times the subroutine BIPOSTN is all that is needed to reposition the cluster.

Currently all antenna patterns (both modes) are analytic and are modeled
by Bessel functions of variable (input) orders. This allows flexibility in
establishing the desired sidelobe levels. However, with regard to the computer
examples that follow.the Bessel function of order three is used to establish the
patterns. Inthis case the sidelobe level is 30. 6db down. Since the pattern: are
all established in subroutines (as opposed to the main program) they may be
easily replaced by actual patterns during the experimental phase of the multipath

measurements program.




RECEIVER ~o}

Figure 44. Receiver/Reference Coordinate System
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Glistening Surface

The terrain between the receiver and the source is divided into down-
range/cross-range ground patches, the dimensions of which are specified by
input (Figure 45). Two criteria for a patch corner to be on the glistening

surface are available depending on the sense of the logical switch UNIFORM:

o If UNIFORM = T, a uniform distribution of surface slopes is

assumed with mean vero and standard deviation

8 20
B __/0-_d’,‘ ! (4. 4. 1)
/3 o
Under this option a patch corner is on the glistening -surface when
8 SSO . (Figure 40) (4.4.2)

o If UNIFORM = F, a Gaussian distribution of surface slope is
with 7zero mean and standard deviation 0 = Bo. In this case a patch
corner is on the glistening surface when

8 < 38_ (Figure 46) (4.4.3)

o
The subroutine Scan generates the glistening surface and stores the necessary
data associated with its subpatches. The left half (positive y) of the glistening
surface and its patch data are generated/stored first. The computer starts at
the foot of the receiver and generates the subpatches for positive y in the
sequence shown in Figure 45. For each down-range position, cross-range

patches are constructed until any one of the following criteria are met:

° Both far patch corners (in y-direction) are off the glistening
surface.
° The average of the two far corner (in y-direction) diffuse patch

gains Go (equation 3. 4.7) is less than . ol.

1. The notations used in this section are defined in Section 2.
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BISEC TOR OF INCIDENT AND REFLECTED RAYS

SOURCE
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SURFACE

Uniform surface slope distribution:8 < 8¢

Gaussian surface slope distribution: 8 < 38,, 0 =8,

Figure 46, Glistening Surface Determination




° The number of cross-range patches is greater than or equal to

NYMAX (input).

This process is continued for cack down-range position until the far patch
corners in the down-range (X) direction lie beyond the minimum of the ground
range to the receiver horizon and the ground range GRMAX specified by inpat.
When this happens the computer starts back at the foot of the receiver and
generates the right half (negative y) of the glistening surface using the same

procedures.

Although the initial patch dimensions (Ax, Ay) are specified by input, the
computer will subdivide each patch intn an appropriate number of subpatches

according to the following scheme:

Let Pl, PZ, P3,

patch shown in Figure 47, The computer first determines the maximum

P4 be the corners of a typical curved earth surface

differential change in diffuse patch gain across the patch in the x-direction

according to the formula
GRADX = max (|G_(P,) - G_ (P))|, |G (P,) - G (Py)])  (4.4.4)

where G_(P,), i=1,2,3,4 is the diffuse patch gain (equation 3.4.7) at the ith

patch corner. If GRADX is greater than the maximum allowed patch gain
differential (DGBALL) in the x-direction, the surface patch is subdivided into
NXSD subpatches in the down-range direction, where NXSD is computed from

the following

(4.4.5)

N = INT (GRADX/DGBALL)
NXSD = Min (N, NXSDMX)

Here INT denotes conversion from decimal to integer constants (via truncation)

and NXSDMX is the maximum number of down-range subdivisions specified

by input.

115




Next, the gain differential across the patch in the y direction is calculated

from the formula
GRADY = max ( GO(P3) - Go (Pl) > IGO(P4) - GO(PZ) ), (4.4.06)
and if this value is greater than the maximum allowed gain differential (DGBALLI)

in the y-direction, NYSD subpatches are established in the cross-range

dire_tion according to

M = INT (GRADY/DGBALL1)
NYSD = min (M, NYSDMX)

(4.4.7)

where NYSDMX is the maximum number of subdivisions in the y direction.

A total of NXSD . NYSD subpatches are therefore generated. Also,
patch dcta for each subpatch, in addition to that generated for the father patch,
is computed and stored for each subpatch corner. The same patch information
computed and stored for the father patch is also computed/stored for the sub-

patches and is given in Table V1.

NXSD
SUBDIVISIONS

AX

CROSS-RANGE
Ay

Figure 47. Glistening Patch Subdivision
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Variable

BETA

FUDGE

GAINB (BETA, I)

DELAY

ROZERO

X

D

UXLN

UYLN

UZLN

SLOPE (L, 7)

SLOPE (I, 8)

THETI1

THET2

Table VI

Definition \

Angle between the local normal at the patch
corner and the bisector of the angle between il
source-to-patch corner and patch corner-to-
receiver vectors. (Figure 46).

Roughness factor

Diffuse patch gain for the angle BETA and for the
Ith set of surface statistics.

Path difference between the direct and indirect
paths at a corner.

Fresnel reflection coefficient

X-coordinate of rough-earth patcl corner
(Receiver coordinate system)

Y -coordinate of rough-earth patch corner
(Receiver coordinate system)

Z -coordinate of rough-earth patch corner
(Receiver coordinate system)

Divergence factor

X -coordinate of local (unit) normal at patch
corner (receiver coordinate system)

Y -coordinate of local (unit) normal at patch
corner (receiver coordinate system)

Z -coordinate of local (unit) normal at patch
corner (receiver coordinate system)

Vegetation factor at a corner associated with the
Ith set of surface statistics

Rms, surface height of the small-scale surface
irregulariti-s at a corner associated with the Ith
set of surface statistics

Angle between the source-to-patch corner vector
and the local normal at the patch corner

Angle between the patch corner -to-receiver vector
and the local normal at the patch corner.
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B
’

the father patch and subpatch corners

As indicated in the preceding table,
or each patch the surface statistics are

rrain feature (hill). If so, the

are rough-earth corners, that is, f
scanned to see if a patch corner liecs on a gross te
patch corner is located on the terrain feature.

Once Table VI has been generated for a particular patch/subpatch, the

data are averaged over the four patch/subpatch curners and the resulting infor-

mation is used to determine the ficld distribution associated with the patch/sub-

patch and the mcan reflected power from the patch/subpatch.

Measurements Mode

The scan beams arc first positioned in azimuth and elevation to look at

various regions on the glistening surfacce. Sidelobe as well as main beam rec-

flections arec all accounted for in measuring surface reflections from a given
patch.

Three Fortran variables PULSE, VOLT, and PASS TGT are introduced

to denote, respectively, a pulse source as opposed to a CW source, a voltage

and a passive target as opposed to an

option as opposed to a power option,
arious

active transmitter. The voltage option implies that all signals from v

portions of the glistening surf
are summed at rf with amplitude and phase pr

power option assumes that only the powers are summe

ignored.
These variables arc logical switches taking on the values T (true) or
F (false) and the simulation is capable of running in any of the modes shown 1n

Table VIL.
Table VII
PULSE VOLT PASS TGT
¥ X F
r I F
F F F
I F F
r T T
T 13 T
F F FIf
T F T
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Assume until stated otherwise that PASS TGT = F, then if Volt = T a reflected
field distribution is establ shed for each glistening surface patch/subpatch

and each scan beam,and will vary from patch to patch for each beam as the
patch data (Table VI) changes. A sample reflected field is then chosen for each
patch/subpatch and each beam (see Section 2) from the appropriate distribution
and summed. The result is a one-dimensional array of sample field represent-
ing the total fields reflected from the glistening surface, one sample for each
scan beam. Although the direct field from the source enters only the sidelobes
of each of the scan beams, it is never-the-less calculated and added to the
sample reflected fields for each beam. The resulting array is then transformed
to a power array, the components of which are the sample powers associated
with the different beam positions., Carrying out this sampling process over all
Monte Carlo members, and averaging for each beam position over the total
number of samples yields the mean power seen by the receiver for each beam

position.

If PULSE = F and VOLT = T, in addition to summing the sample fields
over the total glistening surface, they are also stored in down-range and
cross-range arrays for the graphing of the spatial distribution of power as a

function of down-range or cross-range position,

In the event Pulse = T and Volt = T, delay bins (with delay measured with
respect to the direct path) are created for each beam. Then for each of the beams,
sample reflected fields from each patch/subpatch are appurtioned (subroutine
SPREAD) over the correct delay bins that fall between the minimum and maxi-
mum delays for the patch/subpatch. After scanning the whole glistening surface
the fields collected in each of the delay bins are convolved with the pulse and
transformed to power (in that order) to form a two-dimensional array, the ele-
ments of which denote sample power returns as a function of beam position and
time delay. Such arrays are determined for each Monte Carlo sample and then
averaged (element wise) to form a two-dimensional array of mean power returns
as a function of beam position and delay time. For a fixed beam position the
power for a given time delay is the mean power returned within a pulsewidth of

the given delay time and is associated with a specific resolution cell on the ground.
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When Volt = F a deterministic (as opposed to a Monte Carlo) approach is
used to quantify the glistening surface reflections. In this case mean reflected
powers are computed for each patch/subpatch (see Section 2) and each beam and
added beamwise over the glistening surface to obtain the total mean reflectcd
power for each scan beam. The direct power entering the sidelobes of the scan
beams is then added to the total reflected power to vield the total apparent power
at the receiver for each beam position. Now if Pulse = F, the mean patch powers
are stored in down-range and cross-range arrays for graphing the spatial dis-
tribution of power as a function of down-range or cross-range position. If on the
other hand Pulse = T, delay bins are created just as in the case when Volt = T,
except now mean patch powers are stored in the bins in place of sample ficlds
and the pulse is convolved with these bins for each beam to form mean power

arrays as a function of delay for each scan beam.

Finally, in the event that a common antenna is used for both transmission
and reception (PASS TGT = T), all the above options and associated procedures
hold except that they are first carried out to determine the power at the target
and the pulse shape (if Pulse = T) at the target. Thev are then repeated for the
return paths. In this case the glistening surface is scanned twice, once for the

forward paths and once for the return paths,

Tracking Mode

When operating in this mode the program sets Volts = T, PASSTGT = T,
NSAMPLE = 1. Since NSAMPLE = 1, only one sample field is taken from each
patch during a scan of the glistening surface. Accordingly, the output of this
mode of operation represents typical tracking errors (as opposed to mean
tracking errors) that may be encountered during any one pass of the target.
This was done specifically to save computer time since tracking error deter-
mination at each data point along the target flight path requires scanning the
glistening surface twice (approximately .46 cp minutes per scan). In the

event mean tracking errors are preferred only slight program modifications

are required.




At present tracking in the elevation coordinate only for in-plane (xz-plane)
flight paths with constant target velocity is simulated. However, three-
dimensional tracking geometry is used so that tracking in all radar coordinates

for general target fi'ght paths can be added at a later date without major changes
to the main program coding.

Basically, this mode of operation simulates a closed loop tracker with
GHK filtering. Initially the main heam (4 beam cluster - see Section 4. 4,
Antenna Patterns) axis is directed at the target but is subsequently allowed to
wander from the true target direction as the multipath reflections are received at
the radar. At each data point along the target flight path, the total voltage field
returned to the radar is computed for each of the four beams in the tracking
beam cluster according to the procedures described for the measurements mode

when Volt = T, PASSTGT = T, NSAMPLE = 1, and either pulse = T or pulse = F.

In the event Pulse = T, the voltage field arrays established for each beam
in the cluster are added in the correct way to determine two voltage arrays, one
for the difference channel and one for the sum channel. Each of these arrays
contains voltages as a function of delay time. These points in each array that fall
within the range gate of the radar are then computed and averaged vectorially to
give average voltages associated with the range zate for tl.e sum and difference

channels. If Pulse = F, corresponding to long pulses, the voltages in the sum

and difference channels are not given as a function of time delay;
and the averaging is not necessary.

the arrays

for each channel contain only one element;

Once the sum vector (L) and the difference vector {4) at the radar have been

dete rmined, the rough boresite error is computed as

A X
(4.4.8)
|z) /1|2 + |a]2

DELPHI =

where the Dot (- ) denotes the classical dot product of two vectors and || denotes

the magnitude of a vector. Using (4.4.8) a rough estimate of the target elevation




is computed and then passed through a GHK filter to yield a sm

of the target's presecat elevation

oothed e¢stimate
and a prediction of its elevation at the next
data point along the flight path. Based on this prediction the tracking beain

is re-aimed and time is incremented to consider the next data point on the target
flicht path. Before moving to a new data point the estimate of the current tarpet
clevation is compared with the true target elevatior to determine the tracking
error in the elevation coordinate. These errors are stored as a function

slant range to the target for graphing purposes.

4.5 Computer Examples

Three receiver-source geometries that are typical of those to be used during

the measurement phase of the multipath program are considered here.

Fhey are
summarized below in Table VIII and depicted in Figure 48.

Table VIII
RCVR-Sourckc—-_ ]
Geometry RCVR Ht Source Ht Gr Dist
1 4 m 200 m 3 km
2 4 m 300 m 5 km
3 4 m 500 m 10 km
|

Figures 49 through 55 depict mean power curves for each of these pen-

metries and a 1 ns pulse beacon. The mean power reflected from the glistening

surface together with the direct power return entering the sidelobes of the receive
beams is graphed in each of these figures against time delay, measured with
respect to the direct return, for cach of the scan beams shown in the main beam
coverage diagrams, Figure 42, Figures 49, 51, and 53 correspond to geometries
1, 2, and 3, respectively, with the terrain bet'veen the receiver and the source
having an rms slope of .1 and oh/)\ = 5 (moderately rough surface). Figures

50, 52, and 54 are for the same respective geometries except that a hill has

I Elevation is measured vith respect to the local horizontal at the radar.
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l
|

been added between the receiver and the source. The hill has a slope t. 04796
radians; a maximum height of 3 m; and extends from 989.6 m to 1114.4 m down-

range. Figure55 corresponds to geometry 1 over an ocean at sea state 3.

A comparison (geometry 1) between the power option (VOLT = F) and the
VOLTAGE option (VOLT = T) is given in Figures 56 through 60 for each of the

scan beams in Figure 42 and for a very rough surface (8, = . 25, 0,/% = 10),

4.6 Recommendations for Program Refinements

Although the computer simulation is detailed in its treatment of the current
multipath theory, there are certain modifications which should be made that
would add to its flexibility and usefulness as a model for practical measurements
over ground and water. Some of the more important refinements are suggested

below:

1. ln the present version of the computer simulation the user may alter the
surface statistics and allow for gross terrain features between the receiver and
source. This is done however, as a function of down-range distance from the
receiver, that is, the terrain features may be accounted for and the surface
statistics altered on various down-range intervals between the receiver and the
source. To bring this terrain model into closer agreement with what will be
found at the measurement sites, provisions should be made for the input of terrain
characteristics as a function of both down-range and cross-range position. This
can be done by dividing the terrain (independent of the glistening surface sub-
divisions) between the receiver and the source into patches and allowing for the
input of a matrix of surface characteristics, with each row of the matrix contain-
ing the surface data for a patch. Then as the glistening surface is scanned, the

matrix of surface data can also be scanned for the correct terrain statistics over

a glistening surface patch.
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2. Although the user may allow for gross terrain features between the

receiver and the source, the shadowing of terrain features by others is not
accounted for. If the model is to simulate actual test data, the inclusion of these

shadowing effects should be added to the computer model.

3. The antenna patterns currently used in the simulation are analytic
(Bessel functions), Although they served the purpose during the simulation
construction, debugging, and testing, provisions should be made for the input of
actual far field and near field antenna patterns. Since all analytic patterns are
currently established by subroutines, this modification would require only the
“ceplacement of these routines by those appropriate for the input and interpolatior

of the actual patterns.

4. The simulation currently uses the equivalent 4/3 earth's radius which
appplies only when the index of refraction decreases uniformly with increasing
height. A normal profile of refractive index however, does not describe all
propagation conditions. Provisions should therefore be made for computing
the effect of the propagation medium (changes of atmospheric refraction) on
radar coverage and tu incorporate these effects in measuring the glistening

surface and the reflections from this surface.

5. Finally, in-plane closed loop tracking is now available in the elevation
coordinate only. Modifications should be made to allow tracking in all radar

coordinates for targets on general flight paths.
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SECTION 5. RECOMMENDATIONS FOR PHASES 11 AND 111

The material presented in the previous sections represents a compre-
hensive study of the feasibility of performing and carefully interpreting
meaningful diffuse reflectivity measurements. The techniques developed
appear promising and it is believed that the equipment can be assembled

quickly so that measurements can begin early in the spring of 1975,

Figure 6l. is a tentative recommended schedule for carrying out Phase
[I, Measurements and Data Reduction. Phase Il would be performed over an 18
month period, terminating in April 1976. Phase 111, Comprehensive Reporting,
would follow directly, concluding after six months with the publication of a hand-
book of surface reflectivity incorporating all the latest information. The
total effort would be completed over a two year period, which allows adequate
time for gathering data over varying terrain/ocean sites during all seasons

of the year.

It is recommended that the first three measurements sequences be per-

formed at Otis AFB, Race Point Coast Guard Station, and Westover AFD

in that order. Subsequent measurements will be made over more complex
terrain to be selected after experience with initial measurement activity has
been gathered. As the seasons change a few sites will be revisited to obtain
comparative data. Analysis effort will be interspersed with measurement
activity. This procedure will contribute to continual improvement of tech-
nique and it will also insure true availability of up-to-date reflectivity infor-

mation.

Phase 1I would begin in November 1974 with a four month preparation
period during the winter months during which equipments would be ordered,
coustructed, assembled and checked out. In addition, analysis software would
be generated to permit accurate interpretation of measurements in terms of
the current diffuse reflectivity theory. Final preparation would be made at the
first site (Otis) and measurements would begin in March assuming that all
snow had cleared away, which is normally the case at that time of year. Data
analysis would be performed at Raytheon, Wayland immediately following the

measurements,
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The measurement, analysis pattern would recur a number of times through
March 1976, with measurements in January and February constituting winter
repeats at sites visited earlier. Consolidated data analysis would then be per-
formed and issued in a Final Report early in May 1976,

The plan for Phase II will be provided in greater detail in a formal pro-

posal soon after submittal of this report.
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OVER CORRECT ¢
DELAY BINS
AND COLLECT
POWER OUTSIDE
MAX + MIN
DELAY BINS l
HAS
N VES ALI no | EsTABLisH
£ATON BESS SUBPATCHES NEXT |
SUB-DIVIDE CONSIDEREL, SUBPATCH
\ i
NO YES 1
Za i
SHEET ¢ b l
5
STORE VOLTAGE
AS A FUNCTION
OF DOWN-RANGF
PATCH POSITION
(EACH BEAM)
STORE POWER STORE VOLTAGE | ]
AS A FUNCTI AS A FUNCTION
OF DOWN-RA OF CROSS-RANGE
PATCH POSITION PATCH POSITION
(EACH BEAM) (EACH HEAM)
i ! i
STORE POWER
AS A FUNCTION
OF CRO RANGE
PATCH POSITION
(EACH BEAM \
I : l
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ESTABLISH
NEXT

DOWN RANGE
PATCH

M
SHEET 5

FIRST = F

SHEFET 8

POWER IN
CORRECT
DELAY

BIN FOR EACH
DEAM

TOP

ON GS

PATCIHlI CORNERS

ESTABLISH
NEXT CROSS
RANGE PATCI!
ON RIGHT SIDE
OF GS.

ESTABLISH
NEXT CROSS
RANGE PATCH
ON LEFT HALF
OF GS.

L

@

COMPUTE
VOL TAGE
ALONG
DIRECT PATII

COMPUTE
POWER
ALONG DIRECT
PATII FOR EACH
BEAM

ey
STORE DIRECT

SUBROUTINE

SCAN

STORE
DIRECT FIELD
IN CORRECT
DELAY

BIN FOR EACIHI
BEAM

ADD DIRECT
FIELD TO
REFLECTED
FIELD FOR
EACH BEAM

ADD DIRECT
POWER TO

REFLECTED
POWER FOR
EACH BEAM

V




CHANGE
VOLTAGE FIrOM
GS TO POWER
(EACTE BEAM)

l

1 suprov
CONVOL

st

SHEET §2

JHROUTINE CONVOL

CONVOLNVE
PULSE WITH
VOLTAGE
STORED IN

DELAY BINS (FOR
FACH BEAM)

FINE

LBEANMY

SONVOLNVE
LS. WL
POWERS STORLI
N DELAY BINS
FOR EACH

CHANGL.
CONVOLU THON
ARRAYS 10
POWER ARKAYS

POWER AT
RCVR = POWER
FROM G5
(EACIE BEAM)

POWEI AL
RCVR
CONVOLUTION
(EACTI BLAM)
ERRESEN
DEPENDENT -

POWER AT
RCAVIE - POWKR
ARRRAY (HACH
BEAM)

- TIME
DEPENDENT -

ll

STORE SAMPLE
POWER
ARRAYS

SUBROUTINT, SCAN

PARAMETER
REINITIAL-
FZATION

NS NS+i

NO

SHEET 4

W

MSANE L

YES

AVERAGL
POWFER ARRAYS
Uy Br NUNBER
OF AL LES

CONVERT
POWELRS 1O
RELATIVE
POWEKS
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PRINT
POWERS FOR
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CARD
OuUTPUT
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APPROPRIATE,

CARDS

E> —¢o FORWARD
rs

CIIANGE
VOLTAGE FROM
GS TO POWER

L

PARAMETER
RE-INITIAL-
IZATION

VES

SHEET |

CONVOL
CONVOLVE —|
PULSE WITH
POW ERS STORED
IN DELAY lHNSl
(DIRECT BEAM

SUBROUTINE

SUBROUTINES
PLOTT » PENN

’-\/‘
DRAW GRAPYS
FOR
APPROPRIATE
OPTION

SUBROUTINFE. CONVOI,

CONVOLVE
PULSE WITH
| VOLTAGES STORED
IN DELAY BINS
(DIRECT BEAM
ONLY)

COMPUTE NEW PULSE
SHAPE AT TARGET
(IN VOLTAGE)

FROM CONVOLUTION

ONLY)
8O . J
COMPUTE NEW
PULSE SHAPE
POWER AT AT TARGET
TARGET (IN POWER)
POWER FROM
FROM GS CONVOLUTION
NBEAMS =

NUMBER OF
SCAN BEAMS

SHEET 4




SHEET 10

P % SHEET 11

COMPUTE
VOLTAGE FROM
GS FOR EACH
B AM IN
TRACKING BEAM
CILLUSTER
SUBROUTINE
CONVOL

CONVOLVE COMBUTL,
G puM 4

il DIFFERENCE
VOLTAGES VECTORS FOR
STORED IN EACH DELAY
DELAY BINS BIN

IN TACKING Y
BEAM CLUSTER {

NUMBER OF
BINS IN
RANGE GATE
COMPUTL I ({"NRNG)
SUM ¢+ DIFFER-
ENCE VECTORS
AT RCVR

COMPUTE
NUMBER OF
BINS IN
RANGE GATE
(NRNG)

~——

AVERAGE

SUM + DIFFER-
ENCE VECTORS
OVER BINS IN
RANGE GATE

ROUGH BORE-
SITE
ELEVATION
ERROR

SUBROUTINE TRCK

@

|
|
I
I
I
I COMPUTE
|
I
I
|
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I
I
|
|
L

COMPUTE
ROUGH!
ESTIMATE
OF TARGET
ELEVATICN

PASS THROUGH
GHK FILTER

SUBROUTINE TRCK

PREDICT
TARGET
ELEVATION (8)
¢,8, FOR
NEXT TIME

IIME
TIME + LT

PARAMETER
REINITIAL-
1ZATION

POINT

TRACKING
BEAM FOR
NEXT TIME |

SHEET 1

COMPUTE
TRUE TARGET SUBROUTINES
POSITION & PLOTT & PENN
ALTITUDE FOR .

NEXT TIME RAPH
ELEVATION
ERROR VS SLANT
RANGE

COMPUTE
SMOOTHED
ELEVATION
ERROR FOR
THIS TIME

ouUTPUT
SLANT RANGE
O TARGET &
ELEVATION

ERROR

A-13




APPENDIX B

MULTIPATH COMPUTER PROGRAM LISTING

PAGE 1
PRUGRAM MULTPTH

PROGRAM MULTPTH(INPUT,NUTPUT,PUNCH, TAPESEINPUT, TAPEG=OUTPUT,
$ TAPE7=pPUNCH, TAPELZ)

c WRITTEN BY P,E,CORNWFLL AND 8,PQWERS MAY 1974

CUMMAN yDUT2(102,10),RDYNUT2(102),RYNUTE(102,10)

COMMON DELDOUT(127,109,X0UT(102,10),YNUT(107,10),EXTRA(L10,2),

1 OUTC(127),0ARRAY (127)

COMMON RDELUUTCL127,10) RXOUT(102,10),RYQUT(102,10),RFXTRA(10,2),
1 RRHNARY(10)

COMMON/TRP/JCALL
CUMMDN/BEAMS/SANGLE(10,2),UXx8(10),UY8(10),11258(10)
CUMMDN/DERV/PARNAY(127), ARYPAR(S),GBETZ0(10),610,G20(¢10) /NP,

! DJROOP,DFLT,UNIFORM,RANGLE,STIGZ0,RNZERND,NCC,
2 FURPI,PIN2,XTR,YTR,ZTR,RTR,RHOARY(10)
COMMON/EXT/NYMAX

CUMMON/ INC/UX,0Y

COMMONZ INPUTS/XTR,YTP,2TP,XTV,YIV,7TV,XRP,YRP,ZRP,GRMAX ,GRAPH,NG,
$ NSAMPLF,VULT,VPUL,NSLUPE,SLOPE(10,9),

$ NYSDMY,NYSNMY,DGRALL,UGBALLL, TRACK,NOUT,

s PI,REARTH,XLAM,PASSTGT,FNRWARD ,PULSE,SOPULSE,PWIDTH
CUMMON/PATD/JD,BWD,CN,AD,ST10N,JS/BWS,CSCAN,ASCAN,SIOSCAN,

) JB,8WB,CR,AH,S510R

CUMMON/PGAIN/GT,PT,GR,RANCON

CUMMON/PLTYPE/PENPLUY
COMMDN/PDINT/UXPOINT,UYPDINT,UZPOINT,DSINE(1N)
CUMMON/PRUPT/PRINTL, PRINT2,PRINTI, PRINTY,PRINTS,IPRINT(20)
CUMMON/RTYPE/SPEC,DIFFUSE

CUMMDN/XSTUFF/RDXQUT 102 ,RDOYOUT(102)
COMMON/TGAIND/G20OP(4Y,G10P(4)

CUOMMON/TGAINP/GIP(4),G2Pf4)
CUMMON/TRK/PHITP,PH1TPN,PHITPDPD,ANTSLOP

CUMMON/SINFU/SCUUNT, SOATAL1100),8DATA(100),90ATLS(100)
CUMMON/SPUINTS/Z X8P(100),YSP(100),758P(100)
COMMON/MULSPEC/SPCHErRK

DIMENSIUN ITITLE(S),TTITLEI(S)

NIMENSION PHIERR(S00),SRANGE(S0Q?

DIMENSIUN SUM(127),DFLTAC12)

LUGICAL VPOL,PULSE,PASSTGY,FNRWARD,5NPIILSE, TRACK,GRAPH, QUTPUT
LUGICAL UNIFORM,VULT,NEwSLOP,nEWREAM

LUGICAL PENPLLT

CUMPLEX ROZERU,VDELOUT,OUTC,EXTRASXNUT, YJUT, HOARY
CUMPLEYX YQUT2

COMPLEYX SUM,DELTA

REAL MINDEL,MAXDEL

LUGICAL SPEC,DIFFUSE,DRBNIR

LOGICAL PRINT1,PRINT?,PRINT3,PRINTU,PRINTS

REAL MINDELF,MAXNDELF




INTEGER SCNUNY
INTEGER RUNN

PAGE e

PROGRAM MILTPTH

[«
(g
OATA ITITLE /10m PNWFK FNH,10H CW CASE ,i0M
i 10n +10M /
DATA ITITLEL/10M POWFR FNR,10H PULSE CAS,10WF
i 10M W 10H /
DATA FTCONV,REARTH,PY/ 304B,R, 566,3,1415926515R9A/
OATA JD,JS,JB,%XDR/2,2,2,3,/
DATA BWD,BWS,BWd /459,¢5,90,/
DATA IDIM 10/
NAMELIST/0UT/ZUXS,UYS,UZS,UXPNTINT,,UYPNINY, yZPNINT
NAMELIST/INPO/PRF,YIMEDYY,RTPUIN,KTHMAY
NAMELISY/INPY/TRACK
NAMEL IST/INP2/0GRALL,DGBALLYL,DX,DY,
X GR,GRO,GRMAX,(T,HR,
§f MT,ICeLC,MAXDEL,MINDEL ,NREAMS,NUHT,NP,NR,NSAMPLE,NSLOPE,
2 NYMAX,DBBDIR,
3 NXSDMX,NYSDMX,PT,PwiNTH,8IGZ0,XLAM,XV,YV,IV,GRAPH,
U NEwRLAM,NENSLOP,QUTPUT,PASSTGY,PULSE,SUPULSF,UNIFNRM,
9 VULTsvPUL,SPEC,DIFFUSE,PRINTL,PRINT2,PRINTI,PRINTL,PRINTS
o PENPLUT,SANGLE, SLOPE,)NPN
C
c INITIAL CUNSTANTS
c
JCaLLs=s0
JYIME=O
JJsi
JT1Tsn
JTsQ
JJMaXelno
RUNNE |
DEGCNANVEPLI/ 180,
As],/80GRT(2,)
FURPIsdU #P1]
P1D2sPl/2,
READ INPY
PRINTY INPHY
1P ¢ NOT, TRACK) GN YU S
READ INPO
PRINT INPO

PR1s{,/PRF
IF(PRI.GE,TIMEOUT) GN YO o
TLNTHBYIMEOUT /PRI
KYLNTHEINTC(TLNTH)
TLNTHPEKTLNTH

IFCTLNTHP EQ, TLNTH) 0 TN S

o

. 3
| — e o Mo




o0

PAGE 3

PROGRAM MULTPTH

TIMEOUT=TLNTHP#PR]
WRITE(6,3051) TIMEOUY
60 10 S

TIMEOUTEPR]

GO 10 8

INITILIZE INPUT DATA

8$1Gzoml 0
GT=1,0

PTei,0

GRei,0

XLAMB, 0464592
SRMAX®10000,0
NBEAMS®RDIM
NGe Y

NPe§

1CALCEO
NSLOPE®
NQUT®20
0X®100,0
Dy®i0,0
NXSOMX®10
NYSDMX®{0
NSAMPLERY
DGBALL® 01
DGBALLLI=,.NY
NRSY
PENPLOTe,FALSE,
DBBDIRe FALSE,
PHIDTHSBY ,0E=09
NEWBEAMe, TRUE,
NEWSLOPe, TRUE,
VOLTe,FalSE,
UNIFORMe , FALSE,
$1620e1,0
OuUTPUTS ,TRUE,
VPOLs,FALSE,
GRAPHE,FALSE,
PULSEe, TRUE,
SQPULSEw, TRUE,
PASSTGYe ,FALSE,
SPECe, TRUE,
DIFFUSEm,TRUE,
HR®4, 0
H18200,0
GRO®10000,0
NY"AXI!0.0

[a X e Nsl

1010

jo11
10

12

14

13
18

PAGE 4

PROGRAM MILTPTH

XvE=3000,0

Yy =0,0

v =0,0
MINDEL=O,0
MAXDEL®2000
PRINT)= FALSE,
PRINTY2m FALSF,
PRINT3= FALSE,
PRINTYm FALSE,
PRINTSE FALSE,

ZERQ OUT STURAGE ARRAYS

U 7 Jmy,10IM
UXS(J)®0,0
UYS(J)®o,0
Uz8(J)®o.0
CUNTINUE
CONTINUE
UXPOINT=0,
UYPDINTeO,
UZPOLi'Te0,

00 10 Jei,i27
PARRAY(J)=0,0
CONTINUVE

Pley,

00 12 Jei,t02
00 {2 Kel,IDIM
XQUT(JrK)B0,0
YOUT(J,K)m0,0
Yout2(J,X)e0,0
RXOUT(J,K)=0,0
RYOUT(J,K)®0,0
RyOUT2(J/K)B0O,
CONTINUE

00 4 Jel,127
SUM(J)®0,0
DELTA(J)®m0,0
CONTINVE

00 13 Jsi,i27
DO 13 Kel,IDIM
DELOUT(J,K)®0,0
RDELOUT(J,X)m0,
CONTINUE

00 15 Isi,20
IPRINT(I)00

00 20 Jsi,IDIM
G20(J)®=0,




RHOARY (J) 80,0
RRMUARY (J)®0,0
EXTRA(J,1)80,0
EXTRA(J,2)80,0
REXTRA(J,1)80,0
20 REXTRA(J,2)80,0
1FCTRACK,ANDJT,EG,1) GO TN 16
c
c
READ INp2
Cnnnntnntnntt.nunntntnnnanntttnntnttt.nnntnnntn.atnntnnnn.a
PRINT INP2
1F ¢ NOT ,SPEC ,AND, ,NOT ,DIFFUSE)STOP10
SPCHECKBSQRT(DXaw24DY##2)

[a Mgl

ESTABLISH PULSE SHAPE
16 1FCPULSEICALL PSHAPE (PWINDTH,NPN,PARRAY,DELT)
1FCTRACK AND,JT,EQ,13G0 YO A

RECEIVER POSITIUN IN REFFHENCE COURDINATE SYSTEM

(s NaNal

XRS0,0
YRS0,0
IRBREARTHeHR

INITIAL TARGET PNSITTOUN IN REFERENCE COURDINATE SYSTEM

[a Mg Xl

XTS(REARTHNT )#SIN(GRO/KREARTH)
YT80,0
ZT8(REARTHeNT)#CNS(GRO/REARTH)

SET UP VECTUR FROM RFCIEVER TO TAHGET (REF, fOORD, SYSTEM)

aNslal

18 XRTsXT=xR
YRTaYTeyR
ZRY8IT=2R

CHANGE TO A UNIT VECTUR

o000

RRTASGRT(XRT#n2¢YRTan2¢ZRTnD)
UXRTSXRY/KRT
UYRTSYRT/RRT
UZRTEZRT/RRT

RECTEVER POSITIUN IN RECIEVER COORDINATE SYSTEM

[aNaNal

RANGLEBATANCYT/XT)
CALL RCOORD(RANGLE,XR,YR,ZR,XKP,YRP,ZRP)

PAGE 5

PRUGRAM MULTYPTH
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PRUGRANW MILTPTH

4
c VECTOR FRUM TARGEY Tn RECEIVER
c
CALL HCOORD (RANGLE ,=¥RT,«YRT,~ZRT,XTR,YTR,ZTR)
RTRSRRT
c
c TARGFT POSITIUN IN RFCIEVER CONRDINATE SYSTEM
c
CALL RCUORD(RANGLE,XT,YT,2T,XTP,YTP,ZTP)
€
c TARGET VELOCITY IN RFCIEVER CUNROINATE SYSTEM
4

CaLL RCUORD(HANGLEpXV;VV-ZV.!TV.VTVpZTV)

INITIALYIZE TRACKING FILTFRS

[a NalNal

1F( NUT,TRACK) GO T0U 17
1F(JTIMELGT,0) GO Tu 17
CALL TRKINIT(SUM,DELTA,1,PHITS, TIMFUUT)

Co— n—w = — -— ——

CUMPUTE MURIZON GHOUND RANGE

17 CUEASACUS(REARTH/(REARTHeHR))
HGRSREARTHaCOEA

COMPUTE SLANT RANGE TO HNRTZON
HSLBREARTHaTANCCOEA)
ESTABLISH ARYPAR (GRAPMING LIMNITS)

IFCICALC,EQ,0) GO YU 55
ARYPAR(1)SMINDEL
/ b ARYPAR(2)BMAXDEL fhs
G0 10 To
L, 55 ARYPAR(1)SMINDEL
IF(HR,LY.HT) GO YO 67
AXBXTP
AysyTpP
AZS2TP=REARTH
RARBSQRTCAXAR2¢AYan2eAZan)
ARYPAR(2)BRAR¢NR=RRY
G0 10 70
60 I1F(GRO,GE,HGR) GO TU Sé
AXBREARTH«SIN(GRO/REARTH)
AYSQ,0
A28 ZReREARTHCOS(GRO/REARTH)
3 RARSSQRYCAXWR24AY a0 24AZRn2)

B Vel 00 © Shedl oo o e TR MR
s ot | j : i
(e X2 X2l o000 [a XaXal

SIS |

e &




56

70

75

76
’

177
J
)

700

(e Na Nel

78

(e N NaNel

-1

85

3OO0

90

ARYPAR(2)ERAR+HT=RRT

GU TO Yo
CUEA1=GRO/REARTH
DTHETAA=ABS(COEAL1=COFA)

TGIMREARTHAN24 (REARTHOHTIn #2222 , aREANTHA (REARTHOHT)#COS(DTHETAA)

TGRSART(TGL)
ARYPARC2)®HSL+TG=RRT
IFC(PULSE)Y 6O TO 75
ARYPAR(3)®(ARYPAR(2)=ARYPAR(1))
ARYPAR(CZ)ISARYPAR(3)/NOUT

GUTU 76

ARYPAR(3)=DEL T3 EB
BOUTR(ARYPAR(2)=ARYPAR(1))
BOUTEBOUT/ARYPAR(Y)
NUUTEINT(BOUT)

IFC(NOUT EQ,0)GD YO 77
IF(NOUT,GT,100INDYTR00
CUUTaNOyYT
ARYPAR(2)BARYPAR(3)#COUT
ARYPAR(2)EAKYPAR(2)¢ARYPAR( 1Y
GO 10 78

NPNENPNe 1

NPBNPN

DELT®PWIDTH/NPN
ARYPAR(3)=DELT»3,E08
IFINPN,GT,100)GU TD 700

CALL PSHAPE(PWIDTH,NPN,PARRAY,DELT)
GO 30 Te

JiaJJ=1

WRITE(6,3054)

GO TO 4999

CALCULATE THE DIRECT DOPPLEN
DIRDOPEXTVAUXRYOYTVaIYRTEZTVAUZRT
DIRDOPELDIRDOP

IFCJY.EQ,t) GO TO 6000

SURFACE SLOPE INFORMATION

DO 8S J=m1,NSLUPE
GBET20CI)S(1,/TANCSLAPE(JT,2)) ) a2
CONTINUE

ESTABLISH ALL ANTENNA PATTERNS

IFCTRACK) GO TO 100

PAGE
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PROGRAM MULTPTH
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PROGRAM MULTPTH
1F CRUNN,GT, 1360 TQ 120
DIRECT BEAM f
CALL PATTERN(JD,RaD,CD,AD,8200,4) !
SCAN dEaM
CALL PATTERN(JS,BwS,SCAN,ASCAN,ST0SCAN,A)
TARGEY BEaM

o000 (s Nalgl (s e Mgl

110 IF(,NOT,PASSTGY) CALL PATTERN(JB,BWB,CR,AB,5108,4)
GO 10 120

RACKING BEAM ]

L 4
o0

> 100 CALL TBEAM(uwWD,Jn,¥DR,CD,AD,810D,811D) :
J1my
GO TO 6000

I1F PASSTGT ESTABLISH PDINTING DIRECTION OF
TRANSMIT BEAM IN RECFIVER CONKDINATE SYSTEM

o0

120 IF(,NOT_ PASSTGT) GO YU 125
UXPOINTa=XTR/RTR 1
UYPOINTa=YTR/RTR
UZPOINTa=2TR/RTR

c
{ c CUMPUTE UNIT VECYORS OF SCAN ANGLES
c

125 1F( NUT NEWBEAM)GOTO 133
l 00 130 Joi,NBEAMS \
SANGLECJ,1)a8ANGLE(J, 1) #DEGCONV X!
SANGLE(J,2)nSANGLE(J,2)#DEGCONY
XB8COS(SANGLE(J,2))#COS(SANGLECJS,1))
Y8uCOS (SANGLE(J,2) ) mSIN(SANGLE®Y,1))
2383 IN(SANGLE(J,2))
} ROESORT(XB#n2eY5nn2e28%02)
UXS(J)ax3/R3
; UYS(J)ay8/RE
UZ8¢J)m23/R8
130 CONTINUE

CUMPUTE DIRECT BEAM PUWER

o0

131 OPOWERSPTAGTaGRa(XLAM*#2)/((FORPIaRRT)#n2)
IF(PASSTGT) OPNWERBDPOWERSIGZO/ (FORPI#RRTR#2)




\ P

o000 o000

o0n

6000

149

150

199

200
6010

209
208

GO TO 150

NBEAMPEY

VOLTe,TRUE,

PA2STGYa, TRUE,
NBEAMSSY

IFCITTLEQ 1) GO YO 149
UXPOINTa=XTR/RTR
UYPOINTa=YTR/RTR
UZPOINTa=2TR/RTR

JTTay

CALL BIPOSTNCUXS,UYS,UZS,S11M)

ESTARLISH SLOPE OF DFLTA VECTOR AT URIGIN
ASSUMING INPLANE MOTTON AND ANALYTIC PATTERNS

PAGE 9

PROGRAM MULTPTH

IFCJTIMELEG,N)CALL D!FSLOP(JD,CD'AD.UxS,Uvs.uzs,ANYsLoP,xaT.ZRY)

CcoMPUTE PUWER AND PULSE SHWAPE AT TARGY

1FC,NOT,VULY ,OR, TRACK)NSAMPLE =]
D0 2000 NS=1,NSAMPLE
NPSNPN

ESTAALISH PULSE IF PILSE 3 TRUE. AND NS (NF, 1

IF(NSLEQ.1)GNTN 199

IF (PULSE)CALL PSHAPE (PWINTH, NP, PARRAY,DELT)
IF(TRACK) GU TN 40140

IF(PASSTGT) GO TO 200

FORWAROm FALSE,

CALL OPGAIN(NBEAMS)

CALL SCaN(NBEAMS)

GO 10 AQO

NBEAMPEY

FORWARDS, TRUE,

CALL OPGAIN(NBEAMP)

CALL SCAN(NBEAMP)

1F (PULSE) GU TN 210

PTRRHUARY (1)

1F(,NUT,TRACK)GD TO 209
suN(i)-.S-tRMOARV(1)oRHuARVtz)0nHOARV(33onHUARV(u))
PIBSUMC L) nCUNJG(SUM(1))

GO 10 208

CONTINUE
TF(VOLT)PTERHUARY (1) aCONJG(RHOARY (1))
CONTINVE

GTei,0

GU T0O 220

B-8
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el

noo

4

210

213
212

214
211

240
220

800

A0}

830

840
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PROGRAM MILTPTH

PTe1,0

GTs1,0

IF( NOT,TRACK)GU TN 211
D0 212 Js1,NBEAMS

callL CONVOL(CT)

DU 213 x®1,NEC
DELOUT(KsJ)BOUTC(K®
CONTINUE

CUNTINUE

DD 214 KSi,NCC

NPaNEC

SUM(K)® ,Sa(DELOUT(K,1)¢DELDUT(K,2)¢DELNUT(K,3)+DELOUT(X,d))
SaSUM(N)*CONJGI(SUMIR)Y)
PARRAY(K)3SGRT(S)
CUNTINUE

GO 1O 220

CALL CONVUL(Y)

NPENCC

DO 240 Js1,NEC
PARRAY(J)BOUTC(J)
8s0UTC(JIRCONJG(OUTCLJ))
IF(VOLT)PARRAY(J)=SQRT(S)
CONTINUE

FORWARDS FALSE,

CALCULATE PUWER FQR RETURN TR]IP

CALL DPGAIN(NUEAMS)

CALL SCAN(NBEAMS)

1F(PULSE) GU TO 820

1F (¢ NOT, TRACK) GO TO 804
SUM(1)8,Sw(RHOARY (1) +RHUOARY (2) ¢RHOARY (3) *RHUARY (4))
DELTACL)S((RHUARY(1)eRHOARY(2))a(RHUARY(3)*RHOARY (4)))
DELTA(L)S,SwDELTA(Y)

GO 70 8000

DO 830 Jsi,NBEAMS
IF(VOLT)RHOARY (J) sRHNARY(J)wCONJG(RHNARY(J))
RAMOARY (J)SRHOARY (J) ¢RRHNARY (J)

CONTINUE

DO 840 J®1,102

00 840 KSi,NBEAMS

TF(VOLT)XOUT (J,K)aXOUT(J,K)wCONJG(XQUT(JsK))
TF(VOLT)YOUT(J,K)SYOUT(J,KIRCONJGC(YOUTC(JiK))
TF(VOLT)YOUT2(J,K)SYNUT2(J,K)nCONJG(YOUT2(J,K))
RXOUT(J,K)SXOUT(J,X)eRXQUT(J,K)
RYOUT(J,K)SRYQUT (JsK)@YOUT(J,K)
RYOUT2(JsK)SRYOUT2(J,K)eYOUT2(J,K)

CONTINUE




a0

[a XaNal

820

823
822

824

82!

850

880

8000
9000

PAGE 11
PROGRAM MULTPTH

GO 1N 2000

1F (,NOT,TRACK) GO YD 821

DO 822 Jui,NBEAMS

call CONVOLCI)

DO 823 k®i,NCC

DELOUT(K,J)®NUTC(K)

CONTINUE

CONTINUL

DU 82 KE3,NCC
su"(t)l.S-(DELGUY(K.i)OOELOUT(K.z)OOELOUT(K.!)ooELOUT(K.“))
DELTA(K)-DELOUT(K.l)ooELﬂUT(K.Z)-DELOUY(K.S)-DELnuY(K,u)
DELTA(K)S,SeDELTA(X)

CO~TINVE

CALCULATE NyMBER OF PTS, 1IN GATE (NANG)

RESCULTN® (3 E0B)#Pw1DTH
ANRNGESRESOLIN/ARYPAR(])

NRNGEBINT (XNRNG)

YNRNGENRNG
TFCYNHNG LT o XNANRINRNGESANG# Y
!F(ﬂESOLYN,b1.ARVPAR(?))NRNGINCC

GO 10 9000

DO 850 Jsi,NREAMY

CaLL CONVOL(J:

DO 850 KSi,NCL

DELOUT(X,J)FIUTC(K)
!F(VOLT)D&(dUT(KaJ)lnELOUY(K.J).CUNJG(DELQUT(K.J))
RDELnuY(K.J)-RDELUUYtK-J)oDELOUT(K.J)
CONTINUE

DU 8RO Jui,NREAMS

DO 8RO KS1.,¢2
!r(VOLY)ExTRA(J.K)-vaﬂA(J.K)aCuNJG(eruA(J,K))
RElTﬂA(J'K)IREITRA(J.K)OFXYRA(J,K)
CONTINUE

Go 10 2000

NRNG®Y

call Tﬂc“(su“-DELTA.NRNG.P"ITS-T!MEuUI)

COMPUTE THUE TARGET FLEVATION

TISSART(XTa22eYTR0247T0e2)

T2uSOHT (XRa#24YReaDeTREe2)
YllSﬂRT((XT-!R)..20(V?-vﬂ)..?o(z?-ln)--g)
TtLEVIlCOS((Ylﬂl2072--?-71--?)/(2.0130123)
TELEVaTELEV=P1/Z,

TELEVDS 80,/P1eTELFY

B-l0

|
|
|
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PRUGRAM MILTPTH
c POINY TRACKING BEAM(FOR INPLANF TARGET UNLY)
PHIRADEBPH]ITPaPI/ 180,
AlPs0,0
UXPTaCOS(PHIRAD)*CONS(AZP)
UYPTaCOS(PHIRAD)#SINCAZP)Y
UZPTaSIN(PHIRAD)
ROTATE PCINTING DIRECTION YO RECEIVER CUDRD, SYSTEM
CALL RCUORD(AZP,UXPY,UYPT,UZPT,UXPOINT,UYPOINT,UZPOINT)
SET POSITION UF TARGFT FOR NEXT TINME

CUNSTANT VELOCITY ASSUMED

OoOO0OOO0 (2N alN gl

XTEXTeXya TIMEQUT
YT8YTeYVeTINEUUT
IT82TeZyeTIMEQUT

COMPUTE NEW TARGET MFIGHY

[a X e Xel

3 HTBSQRT(XT#224YT20247T002)
HTSHT=REARTH

COMPUTE GROUND RANGE TO TARGET FOR NEXT TIME

OGO

XYLSSQRT(XTea2eYTae2)
STHsATANCXYL/LY)
GROSREARTH®STH

COMPUTE ERROR

e,
oo

PHIERRPsPHITS=TELEVD

9010 PHIERR(JJ)SPHIERRP
SRANGE(JJ)BRTR
WRITE(6,3052)SRANGE(JJ),PHIERR(JJ)

X 3052 FORMATCoXTHSRANGESE20,8, THPHIERRSE20,8)
IFCRTRGLERTRMIN,OR,RTR,GT,RTRMAX) G0 TO 4999
IFCJIL,GE,JIMAX) GD TN 4999
JisJJet
JTInEst
GO 10 101t

4999 DO 59998981,J
INSJJe!
INNSIN=)
SRANGE ( J)SSRANGE ( INNY
PHIERRCJISPHIERRC(INN)

R

B-11
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PROGRAM MULTYPTH

5999 CONTINUE

2000

890

691

892

895

896

CALL PICTUR(SRANGE,PHIERR,JJ)

IF(PENPLOT) CalLL PENN(SRANGE ,PHIERR,JJ)1,8)
G0 10 So00

CONTINUE

DO 890 J®1,100

DO 890 K®=1,NBEAMS
RlOUY(J,K)lR!OUY(JoK)/NSANPLE-(l./(120."!))
QVOUY(J.*)INVDUT(J.K)/NsnnnLE-(1./(120.-913)
RVOUTZ(J,K)IRVUUYZ(J,K)/NSANPLEQ(1./(120.'9!))
1F ¢, NOT,DBBDIR)GOTD A0
!F(RlOUT(J.K).LT.l.E-uO)'xouT(J.K)ll.i-uo
TF(RYOUTCJ,K) WLT, 1 End0)RYOUT(J, X)L, End0
!F(nv0072(J.K).LT.1.F-uoaavourth.ljlx.e-un
RXOUT(J,K)810,%#AL0OGLIO(RXOUT(J,X)/DPOWER)
RYOUT(J,K)810,#AL0GLO(RYNUT(J,X)/DPOWER)
RVOUTz(J.Kinlo.-ALocso(RVOUTz(J,K)/oFouen)
TF(RXOUTC(J,K),LT,=200,)RXOUT(J,K)S=200,
TF(RYQUT(J,X),LT,=200,)RYOUT(J/K)S=200,
TF(RYUUT2(J, %), LT,=200,)RYOUT2(J/K)8=200,
CONTINUE

DO 891 Js)1,NBEAMS

RRHOARY (J)SRRANARY (J) /NSAMPLER(]1,4/(120,4P1))
CONTINUE

DO 892 Jei,NCC

DU 892 x=1,NBEAMS
RDELDUT(J.K)IRDELoquJoK)/NSAnthttx./(120.-P!))
1F(,NOT,DHBDIR)GO TO 892
TF(RDELOUTCJ/K) oL T2, E~u0)RDELOUT(JsK)BL,EniO
CONTINUVE

1F A PULSE RADAR 1S i'SED, ESTABLISK DPNWER AS A FUNCTION OF TIME

NPOWERTPPUWER/ (120,2P]1)
pDPDBE10,*ALUGLO(DPONER)

DELOUT(1,1)=DPOWER

DO 895 Jm2,N0OUY

DELOUT(J,1)80,0

CONTINUVE

CaLL COnvVOLI(Y1)

DO 896 J®),NCC

DARRAY(J)SOUTC(J)

CUNTIRUE

1F ¢, NOT,DBBDIRY GO TN AQY

DO 898 Jm1,NBEAMS

DO 898 x=®1,NCC
RDELOUT(K.J)-xo.-ALosxo(RDELOUT(K.J)/DPONeR)
1F (RDELOUT (K, J),LT,=200,)RDELOUT(N,J) =200,

g OEN  YER  SEe-

I
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PRUGRAM MULTPTH

CONTIWUE

DU 893 Js1,NBEAMS

D0 893 x=1,2
aExrnA(J.x)-REx1ﬂA(J.x)/NSANPLE-(l./t120.-91))
1P (¢, NOY,DBBDIRYIGO YU 893
IFCREXTRACJ M) o LT, 1,FeU0)REXTRA(J,K)B],E=u0
REXTRACI,K)BL10,aALOGIOCREXTRA(J,X)/DPOWER)

1P (REXTRACI K)ol Y, =200, )REXTRACIIK)B=200,
CONTINUE

oUTPUT

WRITE(6,3000)SCOUNTY

DO 3010 Jei,SCOUNY

WRITE(6,3020)

WRITE(6,3030)X8P(J),YSP(J),29P ()

WRITE(S,3040)

WRITE(6,3050)8DATAL(J) s30ATA2(J)SOATAS()

IPCPULSE) GU YO 910

WRITE(L12,995)(ITITLECJ),J81,5)
HR!TE(IE.OZO)(SANGLE(!'l)'SANGLE(I.Z).RQHOARV(!).lll.NBEANS)p
lt(nxnuY(J.K).le.;oz).xnl.NBEAMsJ.t(ﬂvouYtJ.K)'Jlt.toz).lll.
SNBEAMS), (ROXOUT(J) ,Ju1s102), (ROYOUT(J),JBL,102),
|((Rv0uvztd.n).J-1.102).«-1.~05An8).(noVOUTZtJJ.Jlt.1oz>.0P0nER
16 (,NOT, OUTPUT) GD YO 10600

WRITE(S,930)
ua!rzto.ORS)(SANGLEt!.l).sANGLEt!.ZJ.RRHOAﬂvtx).!-t.NeEA"aa
WRITE(6,940)DPONRER

PRINT 1001, (ROXQUT(J),JE1,102)

PRINT 1002, (ROYOUT(J),Jm1,102)

PRINT 1003, (ROYOUT2(J)rJu1,s102)

PRINT 1004, C(CRXQUT (JsK),J81,102 ) K81, NBEANS)

PRINY 1005, CCRYOUT (J,K),J81,102 ),Ku],NBEAMS)

PRINY 1006, ({RYOUT2(S,K),Jm1,102 YoKBL ,NBEANMS)

GO Y0 1000

WRITE(12,995)(ITITLEYLJ),Jm1,5)

WRITE(12,950) (CROELOUT(J,K),Ju1,NCC),KB1,NBEAMNS),
l(OAnnAV(J).le.nouv).((aExYnAtJ.K).Jlt.NBEAMS)rnll.z)
IPC,NOT, OUTPUT) GO TN 1000

dRITE(S,960)

WRITE(6,970) ARYPARC1),ARYPAR(2) ,ARYPAR(3)

00 980 Jui,NBEAMS

WRITE(®,985)J,8ANGLE(J»1),J,)SANGLE(J,2)

WRITE(6,990) (K,J,ROELOUT(K,J),Xal,NCC)

CONTINUE

WRITE(6,999)

WRITE(6,996) (DARRAY(J) »Ju1,NOUT)

WRITE(S,940)DPDB

B-13
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PROGRAM MULTYPTH

WRITE (6,997) )
WRITE (6,996) ((REXTRA(J K, Ku1,2)0Ju1 NBEANS)
1F(GRAPH) CALL PLOTT(NBEAMS)

cHECK To SEE IF ANOTWER RUN IS 70 BE MADE

IFCRUNN ,GE, NR) GN YO 5000
RUNNERUNNS!
GO TD 1010

FORMATS

PORMAT(6X,3E15,0)

FORMAT(E18,6,2E24,6)
runnnt(/ox,7NA21nu7u.1oxouELEv1710N.lolsNPnNER/)
FORMAT(OX,6E15,6)

FURMAT (/22X ,*0PUWERSs E1?,6)
FORMAT(/ox.LNMIN.alx,anAx.aox.unDELﬂli
FORMAT(ELIb,0,2E24,6)
FORMAY(leo'SANGLE('!Z'olJIOFlS.bo'SINGLE('I?-cZ)l'ElS.o)
FORMAT(25X,9RDELOUT(#13,0,012,*)9E15,6)
FORMAT(//9%, *RDXOUT AND RDYQUT ARRAYSe)
FURMAT(//9X, #RYDUT AND RYQUT2 ARRAYSs)
FORMAT(6X,5A10)

FORMAT(SX,5E15,06)

FORMAT(///14% «EXTRA POWER RETURNs#)

FORMAT(/// 1uxe DIRECT POWER RETURNe)

FORMAT(//e ROXDUTe /(10E12,4))

FORMAT(//7e ROYDUTe /( 0E12.44))

FORMAT(//# RDYDUTR2e/(10E12,4))

FORMAT( 7/ RAXNUTe/(10EL2,4))

FORMAT( 7/« RYOUTe/(10E12,4))

FORMAT(//e RYUUT2e/(10E12,4))

FORMAT(2THNUMBER OF SPECULAR POINTS =Id)
FORMAT (32X, 1U4NSPECULAR PNINT)
'O.Hl!(.l'lH(pEZO.Q'lN05200001”05200501"’)
FORHIT(xalSHSDELR.l!laﬂunsz.IZISNGIINS)
FORMAT({XSUMTIMESTEP BETWEEN QUTPUTPOINTS wa8 REEN ADJUSTED TU EQU

$,2HaL,€20.8)

FORMAT(23HADJUSTHENT IN NP NEEDED)
sTOP
END
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SURRNUTINE ANTGAIN

SUBROUTINE ANTGAIN(PDATA,GY,G2,NBEAMS,SINE)
EXTERNAL GAIN

CUMMON YOUTZ2(102,10),RDYNUT2(102),RYOUTE(102,10)
COMMON DELOUT(127,10,X0UT(102,10),YNUT(102,10),EXTRA(L0,2),

i OUTC(127),DARRAY(§27)
CUMMON ROELUUT(127,10) oRX0OUTC102010),RYOUT(102,10),RFXTRA(L0,2),
1 RRHOARY(10)

COMMON/TGAINP/GIP(4) ,GRP(4)
CUMMON/TGAIND/G20P(4),G10P(4)
CUMMON/BEAMS/SANGLEC10,2),UXSC10),UYS(30),U28(10)
COMMON/DERV/PARKAY(127) ,ARYPAR(S) ,GBETZ0(30),G10,G20(10)sNP,
1 DIRDOP,DFLT,UNIFORM,RANGLE,S1G20,RNZERN,NCC,
FURPI,PIN2,XTR,YTR,)2TR,RTR,RHOARY(10)
COMMNN/ INC /DX, DY
COMMON/ INPUTS/XTP,YTP,21P,XTV,YTV,2TV,XRP,YRP,2RP,GRMAX ,GRAPN,NG,
NSAMPLE,VULT,vPOL,NSLUPE,SLOPE(10,9),
NXSDMX ,NYSDMX,0GBALL,DGBALL Y, TRACK,NOUT,
PI,REABTH, XLAM,PASSTGT,FNRWARD,PULSE SQPULSE,PWIDTH
CUMMON/PATD/JD,BWD,CN,4D,8100,J8,BWS,CSCAN,ASCAN,STOSCAN,
JB,BwWB,CR,AB,8108
COMMON/PGAIN/GT,PT,GR,RADECNN
COMMON/POINT/UXPOINT ,UYPOINT,UZPOINT,DSINECLN)
COMMON/SPUINTS/ X8P(100),YSP(100),28P(100)
COMMON/SINFO/SCOUNT,SDATAL(100),3DATAR2(100),8DATA3(100)
COMMON/PROPT/PRINTL,PRINT2,PRINTI,PRINTY,PRINTS, IPRINT(20)

DIMENSION PDATA(9),G2(10),8INEC10)

LOGICAL VPOL,PULSE,PASSTGT,FORWARD, SOPULSE,TRACK,GRAPN
LOGICAL PRINT{,PRINT2,PRINTI,PRINTY,PRINTS

LOGYICAL UNIFORM,vOLY

COMPLEX ROZERQ,DELOUT,OUTC,EXTRA,XNUT,YQUTY,RHOARY
COMPLEX YOUT2

INTEGER SCOUNT

IPRINT(L)BIPRINT(§) e}
IF(PRINTS)PRINTY 7777
7717 PORMAT(n ANTGAINS)

ZERD OUT ARRAYS

DO S Jeyg,i0
Ga(J)=o,0
S CONTINUE
Gim0,0
D0 o Jug,d
GiP(J)ep,0
Gar(J)eg,0
6 CONTINUE
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SUBROUTINE ANTGAIN

COMPUTE VECTOR FRUM TARGEY TN PATCH

XTGaPDATA(Y)=xTP
YTGaPDATA(2)=YTP
I17GePDATA(2)=2TP

CUMPUTE VECTNR FROM RECEIVER 1O PAYCH

XRGePDATA(L)=xXRP
YRGaPDATA(2)=YRP
IRGePDATA(3)=2IRP

CHANGE 70 UNIT YECTORS

RTGESQR (XTGaR2eYTGRa2eZTGnn2)
RRGBSGRT(XRGEn2¢YRGRa2¢ZRGRe2)
RTGIsi,/RTG

RTRIs),/RTR

RRG1=y,/RRG

UXTGeXTG*RYG!

UYTGaYTG®RYGI

UZTGEIYGRRTGT

UXTREXTR*RTRI

UYTRBYTR*RTRI

UZTRaZTR*RTR!

UxRGeXRG*RRG!

UYRGEYRG*RRG!

UZRGEZRG*RRG!

TFCPASITGT) GU TN 10

COMPUTE GAIN ANGLE FMR TARGET TQ PATCH DIRECTINN
ALPHASACOS (UXTRAUXTGOUYTRUYTGEUZTR#UZTE)
CUMPUTE VOLTAGE GaIN Gi

GImGAIN(ALPHA,JB,CH,:B)

COMPUTE GAINS FUR EACH SCAN BEAM POSITION

D0 20 Jai,NBEAMS
ALPHAIU!S(J)tulﬂGoHYs(J)tuVﬂGoUlS(J)tUZRG
ALPHASACOSCALPHA)
Ga(J)IGA!N(ALP“A-J!,CSCAN.ASCA”)
SINE(J)IsGLeG2(J)

SINE(J)SSIGN(L,,8INECY))
G2¢J)aG2(J)nme




aann
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SUBROUTINE ANTGAIN
CONTINUE
CHANGE G! TU POwER

GisGlan

RETURN

1F(TRACK) GU TD Sp

1F ( NUT ,FORWARD) GO YO 30

COMPUTE VGAIN AT RADAR FOR DIRECTYION OF PATCH
ALPHABACOS(UXRGRUXPOINTOUYRGaUYPDINTOUZRGAUZPOINT)
GIuGAINCALPHA,JD,CD,aD)

Ga(1)m}

SINE(1)mGinG2(1)

SINE(1)uSIGNIY,,SINEC]))

G1eGiang

RETURN

Gimy

GO TO 4o

DO bU Jl‘pa
ALPHABACOS(UXRGAUXS(.1)SUYRGRUYS(J)IGUZRGRUZS(]))
GIP(J)NGAIN(ALPHA,JD,CD,AD)

GarP(J)my,

SINE(J)eG1IP(J)*G2P())
SINE(JImSIGN(L ., SINECS))

GIP(J)SGIP(J)an2

CONTINVE

1F(FORWARD)RE TURN

00 70 Jsi,d

Ga2P(J) GiP(I)

GiP(J)my,

CONTINVE

RETURN

EnND
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SUBROUTINE B1POSTN

SUSROUTINE B1PDSTN(UXS,UYS,U28,8110)
COMMON/POINT/UXPOINT,UYPOINT,UZPOINT,DSINE(10)
DIMENSION UXS(10),Uys(10),Uzs(10)
THETASATANC(UYPOINY/UXPOINTY)
SISATANCUZPUINT/SQRT(UXPOINTR®2,UYPOINTRR2))
RADSSIID*},1415926535898/180,
XimCOS(SI)*COSC(THETA)2COS(RAD) * a2
X28COS(RAD)#SIN(RAD)IASIN(THETA)

- XISSIN(RAD)*SIN(SI)aCOS(THETA)

Y18COS(SI)aSINCTHETA)CQOS(RAD)*a2
Y28COS(RAD)*SIN(RAD)«COS(THETA)
YISSINCRAD)#SIN(SI)InSIN(THETA)
Z18SIN(SI)ACOS(RAD) #n
ZasSINCRAD)#COS(S])
UXS(1)exieX2mx3

UyS(1)syleY2eyl

UZ8(1)sz1¢22

UXS(2)sxiaX@ex3

Uv8(2)sylev2eyl

Uz8¢2)szie2e

UXS(3)eyiaXexd

UvS(3)syleveeys

UZ28(3)mz1=2¢2

UXS(u)exieX2eX3

UyYS(u)syleY2ey3

UZ8(4)mz1e22

RETURN

END

B-17
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SUBROUTINE BESJY
SUBROUTINE RESJ(XsFNUsN,F) |

c..............--....--..-.-..-..-...-.........-....--.................. |
c REGULAR BESSFL FUNCTIGNS OF REAL ARGUMENT,
c................................-........-.-..-..-.............-.......
c ARGUMENT DEFINITION

X 1S THE ARGUMENY OF THE BESSEL FUNCTINN,

FNU IS THE FRACTIONAL PART OF THe ORDER,

N 1S TWHE INTEGRAL PART OF THE HIGHESTY NRNER YO BE

CUMPUTED,
F 1S THME OUTPUY ARRAY OF BESSEL FUNCTYINNS,

c
c
c
c
c
c-...--.-..-..-.---.---.--.-...------..-..-----...-.---.-.-....-.-..--..
c REFERENCES

c M, GOLDSTEIN AND R M, THALER, RECURRENCE TECHNIOUES FOR THE

¢

c

c

c

¢

c

CALCULATION NF BESSEL FUNCYIONS, MTAC, 1959, |
M, GOLDSTEIN AND R, M, THALER, BESSEL FUNCTIONS FNR LARGE H
ARGUMENTS, MYAC, 19SA, {
G,No WATSON, A TREAYTISE ON THE THEORY OF 8ESSEL FUNCYIONS, i
CAMBRIDGE UNIVERSITY PRESS, 1948,
DIMENSION  F(1),C(S)
DATA P12/1,57079632/
F(l)mi,0
DO 100 I®i,N
100 F(Iel)mo
NNBIABS(N)
Cxma,/X%
IF(FNU,GT,1,5)G0 10
1vmy
GO Y0 2
i FNUnFPNUe2,
Iye X
2 CANUBCXaFNU
1F(X,67,50,)60 7O 12
KKexe20,
MaMAXQO (KK, NNe10)
IF¢X,LT,1,)60 YO 3
KK®39 wxwa, 333333333
GO 10 4
3 KKB172,069388/(3,6888795«AL0G(X))
4 MBMINO(M)KK) /2
KoMoMel
P(Kel)my,E=3?
F(Ke2)m9,
KKeKe |
TTSFNUOKK
00 S5 Imy,K
JeKKa?Y
TTe1Yei,
5 PLJISCXaTTRF(Jel)aF(Je2)




10
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SUBROUTINE BESJ

IP(X,GT,10,)G0 7O 12
PrIsfFNUe2,
ALFARF (1) eF (3)aPH]
T{aFNUs=},

T2eTia=i,

11y,

0O & Im2,M

TTETTel,

PHIGPHI CFNUSTTeTTIR(TLoTT)/(TTal(T24TT0TT))
ALFASPHInF (2010l )eALFA
CALL GAMMACE,#FNU,TT, IXXX,JXXX)
IFCIXXX,EQ,1)G0 TO 540
IP{JIxxx,EQ,1)G0 TO SO
ALFASCXanFNUNALFARTT
PSR I

00 8 I’11,K
F(l1)sF(1)/7ALFA
IF(N,GE,0)GU TO 1}
IF(IY,EQ.2) GO TO 49
F(2)sCXNURF(1)=F(2)
IF(NN,LE,1)RETURN

TTaPNy

DO 10 !IZ‘NN

TTatT=y,
F(let)mCXaTTIoF(]1)aF(T=])
I1FCIY,EQ.1YRETURN

NaM

XaYy

FaUmYR

RETURN

KK®y

FUBFNU

XxXXmy,/%

XXSXXX®YXX

TTey,/90RT(PI20X)

Aafyen2a,2S

C(S)e,25

C(ltl)'. ‘5635"‘.}75

C(3)m{,31718750am,15625) %A} ,87S
C(ZJI((,09521060375-1-2.3667lGTS)aAO10.2205025)-A-19.6675
C(l)l(((o06091201719tl-u.100565937)-1058.220609375)11-277.67§)t103
*54,375

PeC()

00 14 1e2,5

PaPaxxeC(])

BTR(PaAaXXel, )*TT

€(S5)n,S

B-19
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SURROUTINE RESJ

C(U)l.balbbbbbetA-.aﬁ
C(3)m(,0125%A=,35)%As,75
C(Z)l((.000558035718:A-.u201071u28)tlol.60207857)'A-S.bzs
C(l)!(((.005035190“'A-.086111)'A010.286u5833)"-56.)'l’75o75
PaC(1)

Do 15 1s2,5

PaPaXxxeC(l)
PHIEXeXXXaPrAa(FUe,5)eP]2
IF(kn,EQ,2)60 TO 16
FieaTaCO8(PHI)
Y{sBTaSIN(PHI)

FUBFNU®Y,

KK 2

GO 70 13

FespTalpS(PNI)
Y28BTaSIN(PHI)
IP(X,GT,50,)60 70 {7
IF(ABS(F1). LY, AB8(¢F2Y)G0 TN 20
ALFAsfF(y)/F1

GU 10 22

F(l)sFi

5. 2)mF2

IF(N)9, 11,18

IF(N,LE,1)GU TD {1

TTsFNU

DO 19 Is2,NN

TTaTTel,
F(let)BCXRTTaF(])uF(Tal)
GO O 1y

ALFABF(2)/F2

F(i)eF1

F(2)mF2

118}

GU YO 7

END

B-20
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SUBRQUTINE CONVOL
SURROUTINE CONVUL (NREAMC)

CUMMON yOUT2(102,10),R0YNYUT2(102),RYNUT2(102,10)

CUMMNN DELDUT(127,10),X0UT(102,10),YOUT(102,10),EXTRACLO,2))

1 OUTC(127),DARRAY(127)

COMMON RDELUUT(IZ?;ln).RIOUT(102;lO);RVUUT(lna;lO)oREXYR‘(IO;Z)o

1 RRHNARY (10)

COMMON/TGAINP/GLP (4),G2P(4)

CUMMNN/TGAIND/G20P(4)Y,G10P(4)

CUMMON/DERV/PARRAY(127),ARYPAR(S) )GBETZ0(10),610,G20C10) NP,
OIQDOP;DFLV.UNIFORN,RANGLEoSIGZO.ROZERO,NCC,
FURPLI,PIN2,XTR,YTR)2ZTR,RTR,RHOARY(10)

COMMON/ INPUTS/XTP,YTP,2TP, XTIV, YTV, 2TV, XRP, YRP, ZRP,GRMAX, GRAPH,NG,
NSAMPLF,VOLT,VPUL,NSLOPE,SLOPE(L0,9),
NXSDMX,NYSPMX,DGRALL,DGBALLY, TRACK,NOUT,
PI,REARTH, X|LAM,PASSTGY, FORWARD,PULSE, SOPULSE,PWIDTH

COMMON/SPOINTS/ XSP(100),YSP(100),2ZSP(100)

CUNMON/sINFUISCUUNT.SDATAL(xno),SDATAZ(lno).SDATlltloo)

COMMON/PROPT/PRINTY, PRINT2,PRINTI,PRINTE,PRINTS, IPRINT(20)

LOGIC/L PRINTY,PRINT2,PRINTI,PRINTU,PRINTS

LUGICAL VPNL,PULSE,PASSTGT,FNRWARD,SOPULSE, TRACK,GRAPH

LUGICAL UNIFNRM,VOLTY

COMPLEYX RUZERY,DELOUY,OUTC,EXTRA)XOUT, YUUT,RHUARY

CUMPLEX YQUTZ

INTEGER SCOUNT

(N N ] n -

PROGRAM TU CNNVULVE RANGE(TIME) OELAY WITH THE
TRANSMITTED PULSE SHAPE,

{ DONE FOR ANTENNA BEAM(NBEAMC)

RESULT PLACED IN QUTC FOR NUTPUT

WRITTEN BY STAN POWERS MAY 1974

-
22322 aXaXakaKaNalNaXy Nal

IF(PRINTSIPRINTY 7777
7717 FORMAT e CONVOL®)
IPRINT(2)=IPRINT(2) et

c
¢ FIND NUMBER NF QUTPUY PUINTS
c
NCCuMINQ(125,NOUTeNP=])
C
c ZERQ UUT ARKAY
(8

BE-21




100

OO0 [2 N e Nl

[a NaJ

300
200

10

20
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SUBROUTINE CUNVOL

00 100 Imi,NCC
ouTC(iim0,0
CONTINUE

D0 CONVOLUTION
DO 200 Nmi,NCC
FIND LOWER AND UPPER BOUND

NLEBAMAXO (L, N=NOUTe))
NUBMINO (N, NP)

DU 300 J=NL,NU

KKBNe Je¢
DUTC(N)IOUYC(N)'PARHAY(J)'DE[OUT(KKpNBEl“C)
CONTINUE

CUNTINUE

RETURN

ENVL
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SUBROUTINE DIFSLAP

SUBROUTINE OIFSLOP(JN,CO,aAD,UXS,UYS,UZS, ANTSLOP, XRT,2ZRT)
DIMENSION UXS(1),UYS(1),UZ8(¢1),DER(4)
PHiIn, iEel(

ELEVEPHISATAN(IRY/XRY)

XOER®COS(ELEV)

IDER®SINCELEY)

YOER®0,0

DU 10 Jll'u
ANGLESXDERAUXS(J) ¢ YOFR#UYS(J) +2DER*UZS(J)
ANGLEnACOS (ANGLE)

DER(J)NGAINCANGLE, JD,CD,AD)

CONTINVE
ANTSLU’-.S‘(DER(1)00FH(2)-DE9(3)-DER(M))
ANTSLOPeANTSLOP/PHI

WRITE(6,20) ANTSLOP

FORMAT (6 XBHANTSLOPSE20,8)

RETURN

EnD

rav—y bummg  howny
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SUBROUTINE NPGAIN
SUBROUTINE DPGAIN(NBEAMS)

COMMON/TGAINP/GLP(4),G2P(4)
COMMON/TGAIND/GROPC4Y,G10PCH)
COMMON/BEAMS/SANGLE(10,2),UXxS(10),UYS(CL0),UZ8(10)
COMMON/DERV/PARRAY(127),ARYPAR(S) ,GBETZ0(10,G10,620¢10) NP,
OIRDOP,DELT,UNIFNRM,RANGLE,S81G20,RNZERND,NCC,
FORPI,PIN2,XTRy)YTR,2ZTR,RTH,RHOARY(10)
CUMMON/ INPUTS/XTP,YTP,2TP,XTV,YTV,2ZTV,XRP,YRP,ZRP,GRMAX ,GRAPH,NG,
NSAMPLF,VOLT,vPOL,NSLOPE, SLOPE(10,9),
NXSDMX,NYSHMX ,0GBALL,DGBALLYL, TRACK,NOYT,
PI,REARTH, XLAM,PASSTGT ,FORWARD,PULSE, SOPULSE,PWIDTH
COMMON/PATD/JD,BWD,CP,AD,810N, 8, BWS,COCAN,ASCAN,SI0SCAN,
JB,BwW8,Ch,AB,SI0N
’ COMMON/POINT/UXPOINT,UYPOINT,UZPOINT,DSINECL0)
COMMON/PROPT/PRINTY,PRINT2,PRINTI, PRINT4,PRINTS, IPRINT(20)
COMMON/SPUINTS/ X8P(100),YSP(100),28P(100)
CUMMON/SINFU/SCUUNT,SDATAL(100),9DATA2(100),3DATA3(100)

N e

LOGICAL PRINT{,PRINT2,PRINTI,PRINTY,PRINTS

LOGICAL VPOL,PULSE,PASSTGT,FNORWARD,SAPULSE, TRACK,GRAPH,QUTPUT
LOGICAL UNIFORM,VOLT,NEWSLOP

COMPLEX RUZERU,RHUARY

INTEGER SCOUNTY

IFCPRINTS)PRINT 7777
T777 FORMAT(a DPGAINR)
IPRINT(3IBIPRINT 3¢t

UXRTeeXTR/RTR
1 UYRTE=YTR/RTR
UZRTeesZTR/RTR
f IF(PASSTGTIGOTO 10

30 G10mt,

00 20 Jui,NBEAMS
/ ALPHABUXS (J)aUXRYQUYACJ)@UYRTOUZS(J)RUZRT

ALPHABACOSCALPHA)
G2O(CJ)UGAINCALPHA,JS,CICAN,ASCAN)
DSINE(J)BSIGN(CY,»G20¢J))
GR0(J)EG20(J)Inw.2

20 CONTINUE
RETURN

1C IF(TRACK) GU TN 4o
1F(,NOY,FURRARD)GOTO 30
ALPHABUXRTAUXPOINTOUYRTRUYPOINTQUZRTRUZPNINT
ALPHABACOSCALPHA)
CLO0uGAINCALPMA,JD,CD,AD)
C20(y)my,
DSINE(L1)®SYGN(CY1,.,610)

B-23
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SHBRUUTINE NPGAIN

G10sG10wn2
RETURN
40 DO S0 Jsi,d .
ALPHABUXRT#UYS(J)oUYRT#UYS(J) #UZRTAUZS () .
ALPHASACOS (ALPHA) |
GLOPCJYSGAINCALPHA,JD,CD,AD)
G20P(J)=1,
DSINECJISSIGN(L,,G10PCI))
GLOP(J)=sGLOP(JIwn2 '
50 CONTINUE
IF(FORWARD)IRETURN
DO 60 JI‘,“
G20P(J)sGiOPC))
G1o0P(J)sl,
60 CONTINUE /
RETURN

GNP PAGE °8

SUBROUTINE FIELD

SUBROUTINE FIELD(V”LYAGE:GAINS'PDATA,Gl'GZ:NHEDHS,PHOZERH,GD:
SFRPHASE,FR,0Y,DY, ANGY, ANG2,RGR,RGT,SINE)
COMMON/GRAZE/PARPP(2,2,2)
COMMON/TGATNP/GIP(4),G2PCY)
COMMON/PGAIN/GT,PT,GR,RANCON
CUMMON/TGAIND/G20P(4Y,G10P(4) i
CO"MON/INPUTS/!TP,VT9,ZTP,KTV,VYV,ZTV,!RP,VRP'ZR9,GR¥A!,GRAPH,NG,
$ NSAMPLE,VOLT,VPOL,NSLOPE,SL.OPE(10,9),
$ NXSDMX,NYSHMY,NGBALL,OGBALL Y, TRACK,NOYT,
3 PI.REARTH,XLAM,PAsSIGT.FORNARD,PULSEoSOPULSE.PWIDTH
CDHHON/DERV/PARRAY(1’1),ARVPAH(SJ,GBETZotxo),510,020(10)'NP,
1 DIRDOP'DEL7.UNIFORH,RANULE,SIGZO,ROZEHO,Ncc, I
2 FORFI,PIN2,XTR,YTR,ZTR,RTR, KHOARY(10)
DIMENSTQN FIELDH(:O),GZ(!O),S!Nitlo).Vlktio),sltlo),sztxo)
DIMENST N FIZERD(10),X(10),Y(10),31P(10),52P(10),vOLTAGE(10)
DIMENS ' PDATA(9)
LOG1IC dNIFORH,GRAPu,VOLT'VPOL,TRACK;PASSTGT,FURWARD
LOGIcaL PULSE,SQPULSF
COMPLEX RUZERO.R“OARV,VOLTAGF.FRoEZ.AvG.ExPON,FxELDM
SIFUN(XYSEXP (= (PDATAI9)IwX)Rn2/2,)
E2s0,
00 { Jsy,10
FIELDM(J)SO,
VAR(J)S0,
81(J)s0,
82(J)s0,
FIZERVU(J)=O,
X(J)s=o0,
Y(J)so0,
S1P(J)=0,
82P(J)so,
1 CONTINUVE
EXPONSO,
AVGmO,

L 4

COMPUTE MEAN VOLTAGE FIELD FOR PATCH

[a Na gl

IF(GAINE,GT.,0,0) GO TO 10
GO TO 20

10 CONST1IsSQRT(GAINY)
CONSTIsCcONSTL/FORPI
CONST28aPDATA(U)I#XLAMRSQRT(PT)nCONST!
CONST3ISFORPI/(2,#XLAM)
CONSTUSCONSTIn(RGReRGT)
EXPONSCMPLX(COS(CONSTU),SIN(CONSTY))
AVGECONST2#EXPON#FR
00 30 Js!,NBEAMS
FIELDH(J)lSINE(J)aSGRthxP(J)aGZP(J))tAVG
1P( NUT, TRACK)FIELDM(J)SSINE(J)«3URT(G1#G2(J))™AVG

B -24




30
c
c
C
20
l
40
c
c
c
]
‘ 50
|
c
¢
4
60
70
r X
90
c
¢
C
l
-
|
PR

CONTINUE
FIND VARIANCES O} VOLTAGE FIELDS

CUNISPTa(PDATA(4) a%2)a (PHOZERD#42)aGD
CONSSCONIADXADYR(XLAMNR2)
CON{SCONI/(CFORPIan3)a(RGR*RGT)an2)
DO 40 Jsi,NBEAMS

VAR(J)SGIP(JIaG2P (J)aCONY

IFC NOT,TRACKIVAR(J)IBGI#G2(J)IwCONY
CONTINUE

COMPUTE CURRELATIUN FOEFFICIFNTY

IF(GAINS,GT.N,0) GO TO SO

Cs0,

GO 10 60

VIs=FORPI/(2,0XLAM)
VIsyZa(CNSCANGL)*COS(ANG?))
ANG3IBFCRPI/(2,2XLAM)

ANG3Im2 .« (ANGI#RGR¢FRPHASF)
XNUMISSIFUN(VZIna2=8TIFUNC2,0V])
XNUMISXNUMI*SINCANG])

YDENIB(] ,=SIFUN(VZ)Ina2)anp

XDENISXDENI=((SIFUN(VZ)#a2aSTFUN(R,#4VZ)IACNSLANGT) ) wa2

XOENISSQRT(XDENY)
CaXNUMI/XDENY

COMPUTE S1 AND 82

IF(GAINS,GT.0,) 6O TN To
XKsy,

GO TN 8¢

XNUM28] (=STFUN(VZ)wa?

XNUM2BXNUM2¢ (STFUNIV7)I®a2=SIFUN(2,4VZ))2COS(ANG])

XOEN28] ,»STFUN(VZ)es?

XOFN2ZXDEN2=(SIFUNIV7)#42=SIFUN(2,#V2))aCOS(ANG])

XKSXNUM2/XDEN2

XKBSORT (XK)

DU 90 Jxzi,NBEAMS
S1(J)aVAR(J) /7 (XKna241,)
$2(J)S(xXKan2)u8q(J)
CONTINUE

COMPUTE RUTATION ANGLE FNR INDEPENDENCE

DO 100 Jsi,NBEAMS
IF(S1(J).E0.82(J)) GN TO 110

PAGE 29

SUBROUTINE FIELD




aNaNal

o0

100

120

130

150

FIZERD(J)=2,#C#SORT(S1(JI=82(JI))
FIZERU(JI=S*ATAN(FIZERD(II/Z(S1(JI=S2(IIN)
GO 10 100

IF(C,LT,0,)FIZERO(J)2=P1/4,
1F(C,GT,0,)FIZFRO(J)aPI/U,
1F(C,EQ,0,)FIZERN(J)=20.0

CUNTINUE

COMPUTE COMPONENTS OF MEAN FIELDS

DO 120 J31,)NBEAMS
X¢J)sREAL(FIELDM(J))
Y(J)SAIMAG(FIELOM(JI))
CONTINUE

CUMPUTE RUQTATED STANNARD DFvIATIONS

DL 130 JE1/NREAMS
S1P(J)8S1(J)#(COS(FIZERD(J)) #ed)
S1P(J)RSIP(J)¢S2(J)# (SINCFIZFRI(J)Iwe2)
S§{P(J)NSRRT(S1P(J))

82P(J)xS2(J)* (COS(FIZERQ(J) ) we2)
saP(J)lsZP(J)o51(JJa(sIN(FIzERO(J))--a)
82P(J)ESQRT(82P(J))

CUNTINVE

CUMPUTE RANDNM FIELDS

CaLL GAUSS(i,,0,0,V)

DO 150 Js1,NBEAMS
ssIlX(J)'cos(FIZERO(J))oV(J)-sIN(FIZERn(J))
85128514V 81P(J)
ATA-Y(J)-COS(FIZERO(J))-X(J)-SIN(FIZERO(J))
ATARATAGV#82P(J)
XPRESST«CUSC(FIZERO(J))=ATAsSINC(FIZERD(J))
YPRESST#SIN(FIZERO(J)) ¢ATA*CNS(FIZERN(J))
E23CMPLX (XPR, YPR)

VOLTAGE (J)st?2

CONTINUVE

RETURN

END
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SUBROUTINE FINDPAR
SUBROUTINE FINDPARCYF,XF,NR,NC,PAR,PARP)

COMMON YDUT2(102,10),RDYNUT2(102),RYOUT2(102,10)
COMMON DEL0U7(127'XO)o'OUT(XOZvIO)OVOU7(102010)oElYRl(lolZ)o

i QUTC(127),0ARRAY (127)
COMMON RDELUUT(127,10),RX0UT(102,10),RYOUT(102,10) ,REXTRA(10,2))
{ RRHOARY (10)

COMMON/GRAZE/PARPP(2,2.2)

COMMON/TGAINP/GLIP (4} ,G2P(4)

COMMON/TGAIND/GROPCU)G10PC4)
CUMMON/BEAMS/SANGLE(10.,2),UxSC10),UYSCI0), LZB(10?
tahnnurniuuxﬂnnulvtiari.lﬂvPhRfﬁl,ﬂuE?rnrlﬁJ.Gln.ﬂ!ur:ﬂj-NP.
1 DIHDUP.D'LT,UNIFHH“.NlNELE.SIGZU.Hﬂl[dU,NEE,
2 FORPT,PIN2:XTH;YTR;ZTRH,RTH,RHOARY (10)
EHFHﬂH!INPUTSIITP.?TF,ITF,ITH,?rﬂ,ITV,!RF,?HP,IRP,ERHnt,GRlFH,NG,
] NSAMPLF,¥YOLT,VPOL,NSLUPE,SLOPEC10,9),
] NASD™X, NYSDMX, BGBALL,DGBALLL, TRACK, NOUT,

PI,REARTH, XLAN,PASSTGT ,FORMARD, PULSE, SGPULSE,PWILTH

COMMON/PATO/J0, BWD,CH, AD,8T0N, J8,BW5, CACAN, ASCAN,STOSCAN,
$ JB:B“BJCQQ‘B;S‘OB

LOMMON/PGAIN/GT,PT,GR, RADCNN
COMMON/PROPT/PRINTL,PRINT2,PRINT3, PRINTY,PRINTS, IPRINT(20)
COMMON/RCOEF /FRES(2,2)

CUMMON/RTYPE/SPEC,DIFFUSE

COMMON/SPOINTS/ X8P(100),Y3P(100),28P(100)
CONMON/sINFU/SCOUNT,qurAx(100),SDATAZ(loo).sDATAS(xoO)
COMMON/RANGE /RGR,RGT

CUMMON/MULSPEC/SPCHECK

DIMENSIQN PAR(2,2,6),PARP(2,2,9)

LUGICAL VPOL,PULSE,PASSTGT,FNRWARD,SAPULSE,TRACK,GRAPH
LUGICAL UNIFNRM,VOLT

LOGICAL SPEC,ODIFFUSE

LUGICAL PRINT1,PRINT?,PRINT3,PRINTU,PRINTS

COMPLEX ROZERQ,ULELOUT,OUTC,EXTRA,XOUT,YUUT,RHOARY
CUMPLEX YOUTZ2

comMPLEX FRES

INTEGER SCOUNT

F(A,B,C)REXP (= (U, wPIwAWSIN(B)/C)¥n?)
77 (PRINTS)PRINY 7777

7777 FORMAT(» FINDPARw)

IPRINTC(4)®IPRINT(4) ¢}

SMOOTH EARTH PATCH CNRNER (RECEIVER COORDS.)

ANGX®mXF/REARTH
ANGYRYF JREARTH
ANGYYRSQRT(XFus2eyFue2) /REARTH
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SURROUTINE FINDPAR

XZREARTHWSINCANGX) /
\ VEREARTHASINCANGY)

CEREARTH*COS (ANGXYS :

GRReXF !

SURFACE SLOPE DETERMINATIUN

a Na Mg

IF(,NOT, TRACK) GO Tn 24
RANGLEPs~RANGLE
CALL RCUDRD(RANGLEP,X,Y,Z,XREF,YRELF,ZREF)
ANGLESASIN(XREF/REARTH) :
GRREREARTH® (ANGLE) 3
24 DO 20 Is1,NSLUPE
RDIFF23| OPE(Y,1)=GRR i
IF(RDIFF ,GE, 0,) GO 10 10 .
20 CUNTINUE {
STOP103 !
10 XPSLOPEsZLOPE(L,3)
YPSLNPE=SLOPE(L,4d)
RILLWTSSLUPEC(],9)
IF(,NOT,TRACK) GO Y0 11
CALL RCOORD(RANGLE,SLUPE(I,3),S8LOPE(],4),3LO0PECL,9),XPSLOPE,
S YPSLOPE,HILLHT)

MEAIN ROYGH EATH PATCH CNRNER (RECIEVER CONRNS,)

[ Na Nal

{1 RRESQRT(Xweeyruw2 2asn?)
Uxsx/RF
Uysy/RR
UZ®Z/RR
X3(RFARTHeHILLHTIR X
YE(REARTHeMILLHT) wUY )
I8 (REARTHeMILLHT)#UZ 1

VECTOR FROM PATCH CORNER TO TARGET

a NaNg)

XGTeXTPaX

YGTmay

26Tu2TPal
RGTESQRT(XGT#22¢YGTRa2426TRR2)
RGTI®y,0/RGT

VECTOR FROM PATCH CURNER TO RECEIVER

[a NaNel

XGREYRPaX

YGRE=yY

ZGRIZRPHZ
RGRESQRT(XGR*R24YGRaw2¢2GRRR2)

B-28




o000

[a NaNel

o000

o000

(s Nalel

o000

RGRI=y,0/RGR
FIND EQUATIUN OF THE BISECTING VECTOR

XBIWXGTwRGTI+XGRWAGH]
YBIBYGT#RGTI+YGR*RGR!Y
281=ZGTwRGTI¢ZGR*RGRY

REI=SQART(XAIwn2eYBIna242ZRIn02)
FIND UNIT VECTORS

UXGTEXGT*RGTY
UYGT=YGT*RGTY
UZGTe2ZGTeRGTY
UXGRBXGR*RGR]
UYGR=YGR*RGR]
UZGRBZGR*RGR!

FIND BETA

PROJIBSQRT (Xww2eZuw2y
PROJ2BSQRT(Ywn2eZwn2y
ANGXPBACOS(Z/PROJY)
ANGYPeACOS(Z/PROJ2)
GAMIBANGXP=ATAN(XPSLNPE)
GAMRBANGYP=ATAN(CYPSLNPE)

LOCAL NORMAL

XLN@SIN(GAML)
YLNBCOS(GAMIYwTAN(GAMR)
ZLNmCOS(GAMY)

UNIT VECTCR

RUNESQRT(XLN#w2eY  Naew24ZI NenD)
RLNImy,/RLN

UXLNEXLN*RLNT

UYLNsYLN®RLNT

UZLNEZLN*RLNY
CHETAR(XBIWNUXLNeYBIwUYLNeZBI*UZLN)/RB]
BETABACOS(CHETA)

REFLECTION ANGLES

THETL18ACOS(UXGT*UXLNOUYGT#UYLNSUZGT*UZLN)
THET2mACOS (UXGRWUXLNSUYGRWUYLNSUZGRRUZLN)

PAGE 13
SUBROUTINE FINDPAR
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SURKNUTINE FINDPAR

ACHANGE=ZTHET?
1F ¢ NUT, FURNARNIAGQT 25
THETP=THET
THET{=ACHANGE

25 GAMAL3IPID2=THET!
GAMAPEPID2-THET?

CALCULATE DUHGHNESS FACTNAR

OO0

ALESLOPECI, 8)«SIN(GAMAL) /XL AM
A2sSLUPEC(L,8)aSIN(GAMAZ) /XLAY
TFCAL LE-e2.NQ,A2,1.L,,2)R0T0 12
FUDGF=1,
GOTU 13
12 FUDGESSQRT( (1 ,=F(SLOPECL,8),6AMAl, XLAMI)Iw(], =F (SLUPEC(] ,8), AMA?,
$XLAM)))
13 IF(G‘"‘] DLT. 0.0 QOQQ GAMA2 .LT. N,0) FUDGt=°l°

[«
C ESTABLISH PAR (PATCH CORMER NaATA)
C

PAR(NRyNC,5)=BETA

PAR(NR,NC,3)2FUDGE
PAR(NR/NC,6)2FUDGE~GAINB(BETA,])

1F(SPEC ,AND, NOT ,DIFFUSE)PAR(NR,NC,b)20,
DELAY =RGT+RGR=RTR

PAR(NR)NC,2)2DELAY

DUPE= (XTVAUXGT4YTYywUYGT4ZTVRUIZGT)
PAR(NR,NC,1)aDIRDOPenyP

CALL FRESNEL(I,GAMAYL ,PHUZERY,D)
PAR(NR,NC,4)=0,0
FRES(NR,NC)SRUZERQD
PARP(NR,NC, 1) =X
PARP(NR,NC,2)mY
PARP(NR,NC,3Ya2
PARP(NR,NC,4)=D
PARP(NR,NC,S)=UXLN
PARP(NR,NC,6)3UYLN
PARP(NR,NC,7)aUZLN
PARP(NR,NC,8)=SLOPEC(T,T)
PARP(NR,NC,9)38LDPE(1,8)
PARPP(NR)NC)1)STHET)
PARPP(NR/NC,2)STHET?
RETURN

END
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SURROUTINE FINDPuR

SUBROUTINE FINDPWR(PAKRP,PAR,DX,DY,DPOWER, SPORER,VOLTIGE ,NBEAMS)

COMMON YOUTR2(102,10),RNYNUT2(102),RYOUT2(102,10)
COMMON DELOUY(127,10%,X0UT(102,10),Y0UT(102,10),FXTRAC10,2),

1 QUTC(127),DARRAY(127)
COMMON ROELUOUT(127,10),RYDUT(102,10),RYQUT(102,10),PEXTRA(L10,2),
i RRMDARY(10)

COMMON/GRAZE /v ARPPI 2,242}

COMMON/TGAIND /G2OPFUY ,GLAP[Y)

COMMON/TGAINP/GIP (U], G2PT4Y
COMMON/BEAMS/SANGLEC10-2,UXS(10),UYSCLOY,UZN(10)
COMMON/DERV/PARRAYIL2T) ,4RYPARIS) ,GEETIOC1N),G10.G20LL10) NP,
1 DIRDOPLFLT ,UNTFNHM, RANGLE,SIGZ0O,HNZERD,NCE,
2 FORPI,PIN2sXTH,YTR,ZITR HTH AHQARY(10)

COMMON/ INPUTS/XTP, Y TR, ZTR, MTV, YTV, ITV,XAP,YHP , ZTHP ,GAMAY ,CRAPH, NG,
s NSAMPLE , VULT,¥PUL,NSLUPE,SLOPEfL10,9),

$ AXSDME , NYSPMY NGRALL ,DGBALLY  TRACK , wOUT,

[ PI,REARTH ML AM,PASSTGT,FNAWARD ,PULYE ,SOPL L3E,PWINTH
CUMMON/PATD/JD,BWDCN, AD,5100,J8, 8BNS, COCAN, ASCAN,STOSCAN,
$ JB,BWB;CA,kH,5I08

COMMON/PGAIN/GT,PT,GR,RANCIN
COMMON/PROPT/PRINTL ,PHINT 2, PRINTH, PHINTE,PRINTS, IPRINT(20)
COMMON/RCUEF/FRES(2,7)

COMmMON/RODD/RUD

COMMON/RTYPE/SPEC,DIFFUSE
COMMON/PATCH/XGR,YGR, 2GR XGT,YGT» 26T

COMMON/SPOINTS/ XSP(100),YSP(100),25P(100)
COMMON/SINFUO/SCOUNT, QDATALC100),8DATA2(100),80ATA3(100)
COMMON/MULSPEC/SPCHEEK

REAL IPARY

LOGICAL PRINT1,PRINT?,PRINT3,PRINTY,PRINTS
LOGICAL SPEC,DIFFUSE

DIMENSION PAR(2,2,6),PARP(2,2,9)

DIMENSION PDATA(9),62(10),8INEC10)

DIMENSION DPOWER(10),SPOWER(10)

DIMENSION VULTAGE(10Y

LOGICAL VPNL,PULSE,PASSTGT,FNRWARD,SAPULSE, TRACK,GRAPH
LOGICAL UNIFORM,VOLTY

COMPLEX DDELR

COMPLEX RQZERQ,DELOUT,NUYC,EXTRA,XNUT,YUUT,RHODARY
COMPLEX VOLTAGE,CDELR,CPH]

COMPLEX YOUT?2

COMPLEX FRES,FR

INTEGER SCOUNT
NAMELIST/INFOL/RTR,RRR,RGT,GS,GDskND
NAMELIST/INFOR2/DELRMIN,DFLRMAX
NAMELIST/INFO3/PHASE
NAMELIST/INFN4/DPOWER, SPNWER, VOLTAGE




IF(PRINTS)PRINT 7777
FURMATC» FINDPRw#)
TPRINT(S)IZIPRINT(S) +1

ZERD QUT PATCH DATA ARRaAY

DO t0 Jz1,9
PDATA(J)®O0,0

FIND AVERAGE PAICH DATA

DO 20 Jx1,9

DO 30 k=z1,?

no 30 Lst,2

PDATA(J)ZPDATA(JI) ¢PARPIK,L,J)
POATA(J)SPNDATACI) »,25

FIND AVERGF PATCH GATN AND AVG, FRESNEL REFL, COEFF,

ANG1®(,

‘NGZBO.

FRz0,

GD®0,0

DO 40 Js1,2

DO 40 Ksi,2
FRBFReFRES(J,K)
GDRGD+PAR(J,K,5)
FRBFR®,2S

GDaGD», 25

DU 41 Jsi,2

DO 41 Kmi,2

ANGIBANGI ¢PARPP(J,X, 1)
ANGRBANGR+PARPP(J,K, )
ANGISANGI®,25
ANG2BANG2#,25
IPARTRAIMAG(FR)
RPARTEREAL(FR)
PMOZERORSQRTI(RPART# 2D+ T1PARTR#2)
CPHIsPFR/PHOZERD
FRPHASERACNS(RPART)
IF(IPARY, LY, 0,0)FRPHASER? ,#PT«FRPHASE

FIND APPROXIMATE PATCH AREA
PAREABABS (DX4DY)

FIND YECTOR FROM PATCH TN RECEIVER
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SURRNUTINE FINDPWR
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XGRz=PDATA(1)
YGRu«PDATA(Z)
ZGRaIRPaPDATA(Y)Y

PaAGE 37
SURRNUTINE FINDPWR

FIND VECTOR FRuUM PATCW YO TRANSMITTER (TARGET INCASE OF PASSTGT)

XGTsXTP=PDATA(Y)
YGTIPDATA(2)
IG732TPaPDATA(Y)

FIND VECTUR LENGTHS
RGRSEXGRA%2¢YGRAN24 IRA D
RGTSEXGT*#224YGTaR2¢ 2R THRD
RGR2SQRT(RGRS)
RGY=SQRT(RGTY)

COMPUTE DIFFUSF REFLFCTINN CNEFFICIENT FNR PATCH
ASSUMING OMNIDIRECTINNAL ANTENNA

ROD=(1,/FORPI)*(RTR/(RGR#RGT)I)I"n2
RODERUNAGUAPAREA

FIND ANTENNA GAINS

CALL ANTGAIN(PDAYA,GY1,62,MREAMS,SINE)
IFCTRACKIGO YO 100

FIND DIFFUSE PATCH PNWERS

DU S0 Jz1,NBFAMS

DPOWER(J)SRADCAN®GY #G2(J)«GD*PAREAX(PHNZFRNAPDATA(A) Y a2

DPOWER(J)SNPNWER(J) / (RGTS#RGRS)
FIND SPECULAR GAIN FPR PATCH

CALL SGAIN(PARP,PDATA,GAINS,SDELR)
CUMPUTE SPECULAR PATEH PNWER

DO 70 J=i,NOEAMS

SPOWER(J)SRADCONAGIAR2(J) #GAINSa (PHUZERUNPDATACE) APDATA (L)) w2

IFCTRACK)CALL SGAIN(PARP,PDATA,GAJNS,SDELR)

CALL FIELD(VOLTAGE,GAINS,PDATA,GY,G2,NBEAMS,PHNZERN,GD

SFRPHASE,FR.DX,DV. ANG Y, ANGRR2,RGR,RMT,SINE)Y
IF(PRINT2)PRINT 94, (NPOWFR(J),Jr1,NBFAMS)
IFC(PRINTZ2)PRINT 95, (SPOWER(J), . 51 ,NOFAMS)
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PAnGE L] {
SURRNUTINE F INDP 4R

1F (PRINT2IPRINT 9o, (VULTAGF (.J),J=1,NREAMS) PRINT2 J
90 FURMAT (e RTR,HGR,KGT,55,R0,RND,DELRMIN,UELAMAXS AE12,4) u
93 FURMAT(//» PHASE F1D2,4) y
QU FURMAT(//» UPUWER#/(SEL12,4)) ;
9S FURMAT(//#* SPUWERs/(5E12,4))
96 FURMAT(//# VNLTAGE#/(10EY12,4)) 0
RETURN
END

PAGE 19
SURROUTINE FRESNEL
SUBROUTINE FRESNEL(I,GAMAL,PHOZERU,V)

CUMMON YOUT2(10¢,10),RDYNUT2(102),RYNUT2(102,10)
COMMON DELOUT(127,10),X0NT(102,40),YNUT(102,10),EXTRA(L10,2),

1 0UTC(127),DAKRAY(12T)
COMMON ROELUUTC127,10),RXOUTE102,10),RYQUT(102,10),RFXTRA(10,2),
1 RRHOARY (10)

CUMMON/BEAMS /SANGLE (10,2),UXS(10),1Y8(10),025¢10) ’
CUMMON/TGALINP/GIP(U),G2P (W)

CUMMNN/TGAIND/G20P(4),610P(4)
COMMON/DERV/PARRAY(127),ARYPARIS) ,GBEL120(10),G10,620(¢(10) /NP,

1 DIRDNP,DFLT,UNIFNRM,RANGLE,SIGZ0,RNZERN,NCC,

2 FURPI,PIN2,XTR, YTR)ZTH,RTR,RNNARY(10)
CUMMON/INC/DX,DY
CUMMNN/ INPULS/XTP,YTP,2TP,XTV, YTV, 2(V,XRP,YRP,ZRP,GRMAX ,GRAPH, NG,

[} NSAMPLE,VOLT,VPOL,NSLOPE,SLOPE(10,9),

s NXSDMX,NYSHMX,NGRAALL ,UGBALLY,TRACK,NOUT,

s Pl,RFARTH,XLAM,PASSTGT,FORWARD,PULSE,SAPULSE,PWIDTH !
CUMMON/PATD/JD,BWO,CN,AD,S10N,J5)BWS,CSCAN,ASCAN,S108CAN,

Y JB,8wy,CR,AB,S10R

COM”ON/PG‘IN/GT' PT,GQ, RADCAN
CUMMON/PRUPT/PRINTL,PRINT2,PRINTY,PRINTU,PRINTS,IPRINT(20)
COMMON/SINFU/SCUUNT,QDATAL(100),SDATA2(100),90ATA3(100)
CUMMNN/SPOINTS/ X8P(100),YSP(100),28P(100)

COMMNN/RANGE /RRR,RGT

REAL IPaRT

LOGICAL PRINTY,PRINT?,PRINTS,PRINTL,PRINTS

LUGICAL VPNL,PULSE,PASSTGT,FNRWARL, SQPULSE, TRACK,GRAPH
LUGICAL UNIFORM,vVOLT

COMPLEX RUZERQ,DELOUT,NUTC,EXTRA,XxNUT, YOUT,RHOARY
CUMPLEX YOUT?

CUMPLEX EP,A,8,C

INTEGER SCOUNT

1F(PRINTS)PRINT 7777
7777 FORMAT(a FRESNEL#®)
IPRINT16)SIPRINT(5) ¢

EPRzSLOPE(T,S)

EPIzap0,00XLAMSSLUPE(],)5)

EPECMPLX(EPR,EP1)

Azl ,

IFCVPUL) AZEP

BEA®SIN(GAMAL)=CSQRT(EP=CUS(GAMAL) ##2)

CoAaSIN(GAMAL)4CSQGRT(EP=COS(GA4ALl)#n?2) ]
RUZERU =R/C

CUMPUTE DIVERGENCE FACTDR
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SURRNUTINE FRESNEL

36 Ca8IN(GAMAYL)

D18y ,42,*KGRaRGT/ (REARTHA(RGR4RGT) L)
Disy,/8QRT(D1)

N2sy , +2 ,ARGRa4RGT/(REARTH* (RGR+RGT))
nesy,/8GRT(D2)

DaDieD2

IPART2AIMAG(RUZERN)

RPARTaREAL (KNZERD)

PH. ‘ROSSURT(IPART#aD+RPARTa2)

REY RN

END

FUNCTION GAIN(A,K,R,r)
CUMMON/TGAINP/GLP(U),GPP(4)
COMMON/TGAIND/G20P(4),G1NP(u)
COMMON/PRUPT/PRINT1,PRINT2,PRINTI,PRINTU,PRINTS,IPRINT(20)
LOGICAL PRINTY,PRINTD,PRTINTS,PRINTY,PRINTS
NIMENSION F(100)

Ny 10 Jsl,10n

F(J)=0,0

CONTINUE

IF(PRINTS)PRINT 7777
FORMAT(« GAIN#)
IPRINT(7)SIPRINT(7) ¢t

NeKey
BETA®180,/3,141592651589A«4
SIsCeBETA

CALL BESJI(SI,0,,N,F)
GAINSBAF(N)/(STanN)

RETURN

END

FUNCTION GAINB(HETA,Y)

CUMMON YOUTR(102,10),RDYNUT2(102),RYNUT2(102,10)

COMMON DELTUT(127,10),X0UT(102,30),YNUT(102,10),EXTRACL10,2),

| OUTC(127),DARRAY(127)

COMMON RDELUUT(127,10),RX0UT(102,10) »AYOUT(102,10),REXTRA(10,2),
i RRHOARY(10)

COMMON/TGAIND/G20P(4)Y,G10P(4)

COMMON/TGAINP/GIP(4),G2PCY)
COMMON/DEKV/PARRAY(127), ARYPAR(SY ,GBETZ0(10),G10,620(10) /NP,

1 DIRDOP,DELT,UNIFORM,RANGLE,S81G20,RNZFRO,NCC,

2 rUnPIIDIHZO!TRoVTROZTRoRYRoR“Q‘RV(lOJ

COMMON/ INC/DX,DY

COMMON/ INPUTS/4TP,YTP,27P,XTV,YTV,2ZTV,XRP,YRP,ZRP,GRMAX,GRAPH,NG,
3 NSAMPLE,VOLT,VPOL,NSLOPE,SLOPE(10,9),




11717

10
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SURROUTINE FOESNEL

S NXSOMX,NYSDMY,DGBALL,DGBALLL, TRACK,NOUT,

3 Pl,REARTH, XLAM,PASSTGT,FNRWARD,PULSE,SOPULSE,PWIDTH
COMMNN/PATD/JIL ,8WD,CN,AD,SION,JS,BWS,CSCAN,ASCAN,STIOSCAN,

$ JB,BWB,CR,AB,SI0R

COMMON/PRAIN/GT,PT,GR,RANCNN
COMMNN/PROPT/PRINTY,PRINT2,PRINTI,PRINTY,PRINTS, IPRINT(20)
CUMMON/SINFU/SCUUNT,SDATAL(100),8DaTA2(100),S50ATA3(100)
CUMMON/GPUINTS/ XSP(100),YS5P(100),25P(100)

LUGICAL PRINTL,PRINT?,PRINTZ,PRINTU,PRINTS

LOGICAL VPOL,PULSE,PASSTGT,FORWARD,SOPULSE, TRACK,GRAPH
LUGICAL UNIFORM,VOLT

COMPLEX RUTZERQ, DE(NUT,OUTC,EXYTRA,XNUT, YUUT,RHOARY
COMPLEX YuUT2

INTEGER SCOUNT

IF(PRINTS)IPRINY 7777
FORMAT(a GAINB#)
IPRINT(B)ZSIPRINT(B) ¢}

TF¢,NUT, UNIFQRMY GU T0 10

GAINB=GHETZO(])

IF(BETA ,GT, SLUPECI,2)) GAINB=Q,0 ~
RETURN

GAINBEGRETZO(I)EXP(=TANCBFIA)#22/(TANCSLOPE(T,2))%82))

IF(BET& ,GT. 3,«SLOPF(I,2)) GAINB=z0,0

RETunN

END
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SUBROQUTINE  GAMMaA

SUSRNUTINE GAMMA(X,GAMMAX, IRTN3, IRTNG)
c--------..--.-.--------------.----.----.------.-.----.----.-.--.--.---.
c CALCULATIUN OF THE GAMMA FIINCTION OF X,
c.--'---.-.-----.---..--..-----.----.------....-.---.---.-.-...--..---.u

DIMENSIQON ACB)

DATA (A(IJ;!:!oa)/-.577101052o.068205A91,-.A°7050°37..018206857.-

%,756704078,.,482196394,=,193527818,,035808343/

DATA Cy/,43u294up?2/

IRTN3I=O

IRTNUSBD

IF(ABS(Xx),LY,33,) GO TO 1
c.------.----.--.-------.-----.-.--m--.--.-v.-v---.-.------.-------..--.-.
C THE MAGNITUDE OF x 1% GRFATER THAN 33,

[+ THE RHIGGSIAN LUGARITHM NOF THE GAMMA FUNCTION NF x IS5 CALCULATED,
c--------.--.-----..-.--.-.-.--..-----.-.-.-.--..--..-..--...-..-..-....

GAMnsz(x-.SI-CV-ALOG(ABS('))-Cv'10.199060050cV-ALOG(1.01./(12.'11

0t ], /(288,2XaX)=136,/7(518U0,#XnXnX))

GO TO 7310
C.--.....-.-.---...-...-.-....------.-..-.....--...-.-...-.-..--..-.....
c INITIALIZATION UF FACTOR (FACTNRIAL ¥X) AND XFACT (¥X=1),
c..--..---.----..----.----.----.--.-----.-----.-.....----..--.-.----.-.-
i FACTONK®Y,

] XFACTzXel,

1F(XFACT,LT,0,) GO TP 3
c-...-...-.--....--.-.-.--.-.-...-.....---.------.-.-....--....-.----.--.
c POSITIVE X
c..--.--.....-.-..-....-.--......--..-.--.-.-...-........-..............
e IF(XFACT,LT.1,) GO TN S

FACTORBFACTURaXFACY

XFACTRXFACT=1,

GL TN 2
c....-...--...........-‘:..--.-...-.........-.......-.-..........-.......
c NEGATIVE X ’ -
c...----.-.-...-..--..-..-.-----.--....----.--..-..-.--.....-.-..-..-...
3 XFACTEXFACT+1,

FACTORSFACTURAXFACY

IF(XFACT)3, 744
4 FACTNREY,/FACTOR
c-............-...............-.....---.........-.........-.......-.....
c CALCULATIUN OF THE GAMMA FUNCTION OF x
c THIS I8 EQUAL TU THE GAMMA FUNCTIUN OF XFaACTei,
c....-....................-n...........-.-..-.-.........-.........-.....
S GAMMAXEBO,

Lis(1ABS(1=(8))+1)/}

60 6 L2mi,L1

108¢(Lewl)*(=])

6 GAMMAX® (GAMMAX®A(TI))aXFACT

GAMMAXB (' ,¢GAMMAX)*FACTOR

RETURN

PAGE
SUBROUTINE

c--.-.........------.--.-..-.-.-...-..---..----.-..-.-.-.-....-..--.- -

c ERRUR RETURN FOR X NFGATIVE INTEGER,

c.-..w.

? 60 10 7311

7310 IRTN3m!
RETURN

7311 IRTN4E!
RETURN
END
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SURRNUTINE LAUSS

SUBRNUTINE LAUSS(3,A%,V)
Az0,0

DU 50 Is1,12

YERANF (0)

AsAeY

VE(A=p,)*5+AM

RETURN

PAGE 4s
ENnD

SURRNUTINE PATTERN

SUBROUTINE PATTERN(N,THETA,CP,AP,510,4)

DIMENSION F(100)

CUMMON/TRP/JCALL
CUMMON/PROPT/PRINT],PRINT2,PRINTI,PRINTY,PRINGS,IPRINT(20)
LOGICAL PRINTY,PRINT?,PRINT3,PRINTY,PRINTS

IF(PRINTS)IPRINTY 7777
FORMAT(a PATTERN®)
TPRINT(Q)SIPRINT(9) 41

INITIALIZATION

K30

S1InC=,01

KoK=y

$1=x,1t=08

Ca2,anlnNey)

XzNe?

CALL GAMMA(X,GAMMAX,TRETY,IRET2)
CeCaGAMMAY

MzN¢y

CALCULATE VALUE NF ST FOR WHICH BESSEL FUNCTTCN EQUALS a

CAaLL BESJ(S1,0.,M,F)
IFCJCALLEQ.1)CALL BFSJ(SI®AP,0,,MyF)
1IF(JCALL,EQ,1)C=CP
YECAF (M) /(S1naM)

IFCY ,Gt. A) GO TO 1

IF(x ,Eus 1) GO TQ 20

KKy

812381

S11e81=SIINC

Kz

313811

DIFFe ABS(Y=A)

IF(DIFF LT, ,001) Gn T 39
SIINCE(S12=511)+,5
§12S1+STINC

IF(KK GT, 1000) STUPSO00
KKIKKe]

GO TO 49

1F(Kk ,EQ. 0) GN TO 50
S11=S1

GO TN 69

812=81

GO 1M 70

S§10es12
IF(JCALL.EQ,1)RETURN PAGE us

SURRNUTINE PATTERN
CP3(w(THETA/(2,%510))nnm
AP=2,#S10/TnHETA

RETURN
END

B-38
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47

SUBRUUTINF PENN

SUBRNUTINE PPFNN(X,Y,N,K,])
DIMENSIUN X(1),Y(1)

PUNCH

100,N/,K

GO T0(10,20,30,40,50,61),J

PUNCH
PUNCH
GU T0
PUNCH
PUNCH
GU T0
PUNCH
PUNCH
G0 10
PUNCH
PUNCH
GO 10
PUNCH
PUNCH
GQ 10
PUNCH
PUNCH
PUNCH

RETURN

200
210
500
250
260
500
390
310
500
350
360
500
490
410
500
700
710
600,(XCI), Y1), 138,N)

FORMAT(215)

FORMAT(10xX,4SHPLNT OF REFLECTED PUWER VS DOWNRANGE DISTANCE)
FURMAT({BHOOWNRANGE NDISTANCE,2XSHPNWER)

FORMAT(10x,52HPLOT OF REFLECTION CNEFFICIENT V8 NUWNRANGE DISTANCE

$)

260 FURMAT({BHDUWNRANGE NISTANCE,2X4MRHUN)
300 FURMAT(J0XSSHPLUT OF REFLECTION COEFFICIENT vS CRUSSRANGE DISTANCE

310
35¢
360
490
410
600
700
710

s)

FURMATC{9HCROSSKHANGE DISTANCE, 1 x4HRHAD)

FURMAT({0XU4OMPLOY OF REFLECTED POmtR VS CROSSRANGE OYSTANCE)
FORMAT(19rCROSSRANGE DISTANCE, 1 XSHPUWER)

FURMAT({0X21HPLOY NF POWFR VS TIME)

FURMAT{YMTIME, 16%,SHPUWER)

FURMAT(4ER0,7)

FURMAT(10X28HPLOT NF ERRNR vS SLANT RaANGE)
FORMAT(SHRANGE , 15X 9MELEVATINN)

END
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SURROUTINE PICTIUR
SUBKOUTINE PICTUR (X,Y,N)
CHAIGES PLOTTING ROUTINE "

INTEGER S$,5%,5N0,S] '
RIMENSION X(1),Y(1),L(101)
DATA SD/LMH/,SX/1HX/, ST/ IRT/,871% / Y

Yusy(1)
yLsy(1)
DU 9900 1=a2,N
2ay(l)
1F (Z .67, YU) YUsZ !
IF (2 oLT. YL) YL3Z
CONTINUE
YD3YU=Y|
1F(YN)B8950,8999,8950
CONTINUE
YME (YUsYLY/2,
DU 9902 1=1,101
L(Y)asD
WRITE(6,9912)
WRITF(6,9913)
WRITE (6s 991%) YL,YM,YU
WRITE(6,9914)
WRITE(6,9911) L
00 9903 131,101
L(l)=s
L(1)sSD
L(S1)s8D
L(101)msD
DU 9904 I=1,N
KNEIFIX(CCY(1)=YL)/YP)I#100,0+,5)¢!
LSAVEIL(KN)
L(KN)=SY
WRITE(6,9910) X(IY,Y(I)
WRITE(6,9910)x(1),L,v(])
WRITE(e,9911) L
L(KN)=S
L(XN)aLSAVE
CONTINUVE
RETURN

WRITE(6,9300)YD
RETURN

FORMAT(1X,///,% VALYE OF GRAPH 1S CONSTANY 8 w,E20,8,///)
FURMAT(1M1)
FORMAT(3MN X=m,j12X,3H YB)
FORMAT (5X,1E20,8,30%,1E20,8,30x,1E20,8)
FORMAT(1HO)

PAGE 49

SURROUTINE PICTUR

9911 FURMAT (1H®,14%,101A1)
C9910 FURMATC(IH ,EfUaT M, , 491N, ,49X1H,,E14,T)
9910 FORMAT(IN ,E14,7,10141,E14,7)

END

B-40
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SUBRNUTINE PLOTT(NREAMS)

CUMMON vOqu(xoz.10),RDY"Uthloz).BYDUTZ(aoZ.XO)

COMMON oELouT(127.101.lourtxozoxo).vﬁuTclo?.10).!xYRA(10.2
QUTC(127),DARRAY (127)

COMMON RDELUUT(127.ln)oRIUUltlozo10).RVUUT(Xﬂaolo)oRFxYRl(
RRHOARY (10}

1
CUMMON/ INC/DX,DY

1
e

$
$
$

10

30

20

CUMMON/DERV/BARRAY (127),ARYPAR(S),GBFTZ0(10),610,620(10) /N
DIRDOP,DELT,UNTFORM,RANGLE,SIGZC,RNZERD,NCC,
FORPT,PIN2,XTR,YTR,)ZTR,RTR,RHOARY (10)

CO“HON/[NPUTS/XTP,VY’.ZTPplTVpVYVpZTV,XﬂP,VRP,ZRp,GRFAX,GR

NSAMPLF,VOLT,VPOL,NSLUPE,SLOPE(10,9),

NXSONX,NVSDHX,DGBALL,OGBALL1, TR‘CK'NOUT,

PI.REART“,XLAM,PAsSTGT.FORHAPD.PULSEoSQPULSE
cunnow/pﬂoprlpﬂxnrx,PRINYE.Pﬂxnvl.paxntu.annrs,IPRINT(zO)

CUMMON/PLTYPE/PENPLOY

CUMMON/XSTUFF/RDXOUT (102Y,RDYQUT(102)

DIMENSIQN X(loZ).v(th),vptxnz).VPP(ZOU).POnFR(ZOQ),T(l:?)

LUGICAL PRINTY,PRINT?,PRINT3,PRINTU,PRINTS

LOGICAL VPOL,PULSE,PASSTGT,FORWARD,SOPULSE, TRACK,GRAPH

LOGICAL PENPLOT,VOLT

COMPLEX RUZERU,DELOUT,OUTC,EXTRA,XAUT, YOUT, RHOARY

COMPLEX YuUTR

1F (PULSEIGOTN 1000
YP(1)=0,

Y(1)80,
X(1)s1.€E=10

D0 10 J=2,102
X(J)mx(J=1)+Dx
Y(J)mY(J=1)¢DY
YP(J)sYP(J=i)aDyY
CUNTINUE

PLOY UF REFLECTED PUWER VS DOWNRANGE DISTANCE

DO 20 X=i,NBEAMS

WRITE(5,6000)

bo 30 Jsi,102

POWER (J)=RXQUT(J.K)

CONTINUE

IF(PENPLOTICALL PENN(X,POWER,102/,K,1)
CALL PICTUR(X,POWER,102)

CONTINUE

PLOT OF REFLECTION CNEFFICIENT v8 DUWNRANGE DISTANCE

IF(VOLY,OR,PULSE)IGOTN 40
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SUBRNUTINE PLOTY
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SUBRNUTINE PLOTT
WRITE(6,6010)
TF(PENPLOT)CALL PENNEX,ROXNYT,102,1,2)
CALL PICTJUR(X,ROXQUT,102)

PLNT OF REFLECTIAN CNEFFICTENT VS CRNSS RANGF

aNeNal

40 DU S0 J=1,102
KxJe
KKZ102=K
YPP(J) =YP(XK)
S0 CONTINJE
00 60 J=103,203
YPP(J)EY(J=101)
50 CONTINUE
IFC(VOLT,OK, PULSEIGNTN 70
WRITE(6,6020)
DL 80 Jzsi,102
KzJ=i
KKE]02=K
PUWER(J)SRDYNYI L FKK)
80 CUNTINUE
nU 90 J=103,203
POWER(J)YZRDYNUT (J=101)
90 CONTINUE
1 1F(PFNPLOTYICALL PENNIYPP,PNwER,203,1,3)
CALL PICTUR(YPP,PUWER,201)

o PLOT UF REFLECTEN POWER VS CRUSS RANGE
70 DO 100 LELI,NBEAMS
WRITE(6,6030)
nO 110 J=1,102
KgJel
KKB]0d=K
PUWNER(J)BRYUUTI2 (KK, L)
110 CUNTINUE
pU 120 J=103,203
POWER (J)SRYUUT(J=10),L)
120 CUNTINUE
IF (PENPLOTICALL PENNIYPP,PNwFR,203,L,4)
CALL PICTUR(YPP,PUWER,20%)
100 CUNTINUE

GUTU 5000
c
c PLOT UF PUMER VS TIMF
c

1000 WRITF(6,6040)
00 1010 Xz},NBFAMS
T(1)=aRYPaR(1)

PAGE 5¢

SURRNUTINE PLOTT

T(1)2T(1)/7(8.,£08)
PUWER(1)ZROELUUT (1,K)
ny 1020 Js2,NCC
TCJ)ET(J=1) ¢DELT
PUWER(J)SROELUUT (T, ")
1020 CUNTINUE
1F(PENPLOTICALL PENNET s PNRER,NCC R, D)
caLL PICTUR(T,PUMER,NCC)H
1010 CONTINUE
S RE TURN
bggg FgR:AT’xOl'USHPL”T UF REFLECTED POWER V§ DNWNRANGE DISTANCF///) )
8010 FURMA](10X,52WPLNT UF REFLFCTION COEFFICTENT VS DUWNRANGE DISTANCE
$///
6020 FGR:AY(XOKSSHPLOT F REFLECTIUN COFFFICIENT VS CPUSSRANGE DISTANCE
11/
oososran:AttxoxuoHPLuT AF REFLECTED POmER ¥§ CRNSSRANGE DISTANCF///)
5040 FORMAT(10X21HPLUT NF POWFR vS TIME)
END

Laa
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SUBROUTINE PSMAPE
SURROUTINE PSHAPF(PATDTH,NP,PARRAY,DELT)

CUNHONIINPUYS/!TP,YTD,ZTP,XTV,YTV,ZTV,KRP,YRP,ZRP,GRNAX,GRAPH,NG,
NSAMPLF,VOLY,VPOL,NSLUPE,SLOPE(10,9),
NXSDMX,NYSOMX,DGBALL,DGBALLY . TRACK,NOUT,

PI,REARTH, XL AM,PASSTGT,FORWARD ,PULSE, SOPULSE,PWIDDUM
COMMON/PROPT/PRINTY,PRINT2,PRINT3,PRINTU, PRINTS, TPRINT(20)
COMMON/SINFU/SCOUNT,SDATAL(100),8DATA2(100),8DATAS(100)
COMMON/SPUINTS/ ¥SP(100),YSP(100),25P(100)

LOGICAL PRINTY,PRINT?,FRINT3,PRINTU,PRINTS

DIMENSION PARRAY(1)
LOGICAL SQPULSE,VULT
INTEGER SCOUNT

IF(PRINTS)PRINTY 7777
FORMAT(a PSHAPE®)
IPRINT(10)SIPRINT (1041

XNFaNp
PIDZlPIIZ.

IF A SQUARE PULSE IS NNT CHOSEN, A COSINE PULSE 1S USED

IF(,NOT, SOPULSE) GO TN 10

DELT & PWIDTH/(XNPay,)

DU 20 Jm1,NP

PARRAY(J)=m1,0

CONTINVE

RETURN

TORPWIDTM2,S

NMEGA=PID2/T0
IF(VOLT)OMEGASACDS(,414213586)/T0
DELTR2,aP L/ (NMFGAR(XNP=1,))
T8=P]l/0OMEGA

DO 30 Jsi,NP

PARRAY(J)=(1,0 ¢ COS(OMEGAWT))*,S
TaTeDELTY

CONTINUE

RETURN

END

PAGE 54
SUBROUTINE RCNURD

SURRDUTINE RCUORD(THFTA,X,Y,2,XP,YP,2P)
COMMNN/PRUPT/PRINTY ,PRINT2,PRINTI,PRINT4,PRINTS,IPRINT(20)
LUGICAL PRINTY,PRINT?,PRINTI,PRINTU,PRINTS

IF (PRINTS)PRINT 7777
FURMAT (» RCUORN=)
IPRINT(11)=IPRINT(11) ¢!

XPEXAUS(THETA)+Y2SIN(THETA)
YPEY*COS(THETA)=XaSIN(THETA)
142 ¥4

RETURN

END
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SURROUTINE SCAN
SUBRNUTINE SCAN(NAEAMS)

CUMMON yOUT2(02,10),RDYNYT2(102),RYOUT2r102,10)

CUMMON DEL0u1(1e7,103.Xauvtloa.10).vnu7(102.103.FxTu1(10.2).

1 UuTCe127),DARRAY (12T7)

CUMMON RDELULTC127,10) s RXOUTC102,10),RYQUTI102,10),REXTHAL10,2),
| RRMOARY ( (D)

CUMMON/GRATIE/PARPP(2,2+2)

COMMON/TGAINN/G2OP(4) GNP (U)

COMMON/TGAINP/GLP (L) ,G2P(4)

CUMMON/BEAMS /SANGLE (10,23 ,UXS¢30),UYS(10),UZ8(10)
CUMMDN/DERV/PARRAY(127), ARYPAR(S),GBETZ0(17),610,620(10) /NP,

1 DIRDOP,DELT,UNTFORM, RANGLE,SIGZ0,RNZERD,NCE,

2 FURPT,PINZ, XTR,YTR,ZTH,RTA, RHOARY (10)
COMMDN/ZEXT/NYMEX

CUMMON/INC/DX,DY
coumn~/1~9uts/xr°.vrn.ZYO.XTV.VrV.ZTV.XRP.VR°.ZRPoGR“AX.GRAP".NG'
[ NS‘M”L’;"ULT;VDOL'NSLUDE;SLODE(lolo)'
s NXSDMX,NYSOMY,NGRALL,OGBALLY, TRACK,NOUT,
[ PI,READTN,YLAM,PASSTGT,FHRWAQD,PULSL:SOPUthop“IDT“
CUMMDN/PATN/JO,BWD,CN, 4D, 5100, J5,BWS, CSCAN,ASCAN,STOSCAN,
$ Ju,Bwl,CR,A8,5708

CUMMON/PGAIN/GT,PT,GR,RANCON

CUMMON/POINTZUXPOINT ,UYPAINT,UZPOINT,DSINE(L0)
CU"MON/PRUPY/Pnlnri,nRINTe.PGINTI,PRINTu,pOINTS.IPPINY(20)
COMMON/RCUEF /FRES (2, 2)

CUMMON/RODD/AUD

CUMMON/XSTUFF/RDXQUT (102 ,RDYUUT(102)
CO"nnN/sINFU/SCOUNY,SDATlx(100),501112(100),SDATA5(100)
COMMON/SPUINTS/ XSP(100),YS8P(100),25P(100)
CUMMON/MULSPEC/SPCHECK

NIMENSIQON PwROIS(10)

DIMENSION X(2),Y(2),%5(2),YS5(2),68FTA(2,2)

DIMENSIUN PAR(2,2,6),PARP(2,2,9)

NDIMENSIOM PARS(Z2,2,6),PARPS(?,2,9)

NIMENSIQN nPnnsaer),oPuHERSfxO).spuwen(xo),epn~£u5(10)
DIMENSIQN VULTAGE (100

LOUGICAL V?OL.PULSE.PASSTGT.FHRNA°D.SO"”LSE.YPACK,GGAPN
LUGICAL PRINTYI,PRINT?,PRINTS,PRINTU,FHINTS

LUGICAL UNIFDRM,VULT,FTRST

CUMPLEX RUZERU,DFLOUT,NUTC,EXTRA, XNUT, YJUT,HHUARY
CQMPLEX VULTAGF,PwRDTS

CUMPLEX YUUT2,FRES

INTEGER SCOUNT

EQUIVALENCE(GBETACY),PAR(1,1,0))

NAMEL IST/UUTYI/VULTAGF

1F(PRINTS)PRINT 7777
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99

98
100

210

211

200

250

FORMAT(» SCAN®)
IPRINT(12)ZIPRINT(12Y ¢!

CUMPUTE RANAR RANGE PUNSTANT

RADCOANEPTGTaGRo(XLAMA#2) /(FNRPI#w])
IF(PASSTGT ,AND FORWARD)RANCONEPTwGTwSIGZ0/(FURPIAWD)

ZERQU QUT POWER ARRAYS

DU 100 Jsl,¢

DU 100 x=y,2

D) 39 L=,
pAR(J'K'L):Q.O
PARS(JsKsL)BO,0
PARP(JoxsL)30, 0
PARPS(J,K,L)=0,0
CUNTINUE

DU 98 Ls7,9
PARP(J,x,L)B0,0
PARPS (J,X,L)80,0
CONTINUE
CONTINUE

DU 200 J=1,NREAMS
VOL7IGE(J)IO.°
DPOWER(J)E0,0
DPOnEKS(J)30,0
SPOWER(J)=0,0
SPOWERS(J)s0,0
RHOARY(J)20,0

DO 210 x=1,102
XQUT(x,J)30,0
YOUT(K,J)=0,0
Youra(x,J)so,
DELOUT(x,J)30,0
CUNTINUE

DO 211 Kk3103,127
DELOUT(K,J)30,0
CONTINUE
ExTRA(J,1)30,0
ExTRA(J,2)80,0
CUNTINUVE

DU 250 Js1,102
ROXQUT(J) a0,
ROYUUT(J)s0,
RDYUUT2(J) 30,
CUNTINUE

Do 212 Jsi.127

PAGE
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SCAN
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SURROUTINE

ouTC(J)=20,0
212 CUNTINUE

INITIAL CONSTANTS

aNaKal

X(1)mxRpe1,0E=10
Y(2)80,0

NXE]

NYE]

SCOUNT=Q,0

MINIM M OF GRUUND RANGE YO WNRIZON AND INPUT GRUUND RaNGE

[aNale)

THETASACOS(REARTH/ZRP)Y
RHOKEREARTHATHET A
RUORBAMING (KHQR,GRMAYX)
FIRSTs, TRUE,

EPS1x,01

EPS2=,01

LUOP FUR NEXT X

—_0on

01 CONTINUE
X(2)3X())+0X
TF(X(2),GT RMUR)X (2)=HHQR

C
c FIND PARAMETENRS FUR THF R(TTNM PATCH CNRNERS
[«
CALL FINDPAR(Y(2),X(P)s2,2/PAR,PARP)
CaLL PINDPARCY(R2),X(')s2,1,PAR,PARP)
[«
C FIND NEXT Y
[«
102 CUNTINUE
Y(l)eY(2)+DY
[«
o FIND PARAMETERS FQOR twE TUP PaTCH CURNERS
[«
CALL PINDPAR(Y(1),X(P)s1,2,PAP,PAKP)
CallL FINDPAR(Y(1Y,X(1)s1,1,PAR,PARP)
[«
d CHECK GRADIENT IN TwWwF Y DIRECTIQN
C
GRADXEAMAXL (ABS(PAR(?,1,h)=PAR(292,0)),AR5(PARI1,1,86)=PAR(1,2,6)))
[«
C DIVIDE x INTD REAUTWKFD INTFRVALS
[«

TvizGRADX/DuLRALL
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o000
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o000

20

IF(TV1.G6T,1000,) TVi=1000,
NXSDRINT(TVL) et
NXSDEMINO(NXSD,NXSNMY)

CHECK GRADIENT IN Y DIRECTION

GRADY®AMAXL (ABS(PAR(1,1,6)=PAR(2,1,06)) s ARS(PAR(1,206)=PaR(?,2,6)))

DIVIDE v INTO REQUIRED INTERVALS

Tv2sGRADY/DLRAALLY
IF(TVe,G7,1000,) Tv2mi00n,
NYSDBRINT(TV2) ¢l
NYSOBMINO(NYSD,NYSDMY)

ZERQD UUY PWRDIS ARRay

RHODS=0,

Bo 20 Jsi,10
PwRDIS(J)=0,
CUNTINUE

CHECK TN SEE IF TWE PATCH HWAS BEEN DIVINED

IF(NYSD ,EQ,1 ,AND, NYSD,EQ.1) (O YU 103
DOXeOX/NXSD

DOYEDY/NYSD

xS(2)sX (1)

D0 10 JJmi,NXSD

XS(1)sxg(2)

XS(2)sXg(1)+DDX

vS(2)sy(2)

FIND PARAMETERS FUR mQTTOM UF THE SWUARE
CALL FINDPARC(YS(2),X8(2),2,2,PARS,PARPS)
CALL FINDPAR(YS:2),X8(1),2+1,PARS,PARPS)
D0 30 Ksi.NY5Sy
YS(1)8YS(2)+DDY
FIND PARAMETERS OF THE TNP OF THE SQUARE

CALL FINOPARCYS(1),X%(1),1,1,PARS,PARPS)
CALL FINDPARCYS(1),X%(2),1,2,PARS,PARPS)

FIND POwER FOR A SMALL PATCH

CALL FINDPWH(PARPS,PARS,D0X,DDY,DPONERS,SPONERS,VOLTAGE,

SURRNUYINE

S8

SCAN
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27

600
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0
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29
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SUBROUTINE SCAN

SNBEAMS)

IF(VOLY , OR,PULSEIGNTN 27

RHOD=RHYD+ROD

DU 25 JUmi,NOEAMS

IF(VYOLT) GO YU 600
PwRDIS(J)ZDPNWERS(J)+SPUWERS(J)+PRRDIS(J)
RHOARY(J)SRHNARY (J)¢NPNWERS (1) ¢+SPUWERS(J)
1FC(PULSE) RHNARY(JIZNPOWERS(J)SSPUWERS(J)
G0 10 2%

RHOARY (J)YZRHNARY (J)+VOLTAGE(.])
PwRDIS(J)=ZPwRDIS(J)+VOLTAGF (J)
TF(PULSE)IRMUARY (J)aVALTAGE (J)

CONTINUE

CALL SPREAD(PARS,NREAMS)

PREPARE TU GO YO THE NEXT PATCH ﬁﬂ”,,”’

CALL SHIFT(PARS,PARPS) i
¥s(e)evys(1) o
CONTINUE

CONTINUE

1F(VOLT ,OR, PULSEIGOTN 104

RDXQUT(NX)ZERDXOUT (NX)¢RHND

IFC(FIRSTIGOTO (1}

RDYQUT2(¢(NY)ZRDYUUT2(NY)+AKHND

GOTO0 104

RDYDUT{(NY)SRNAYDUT(NYY+RNND

GO 10 104

CONTINUE

FIND POWER FNOR A LARARE PATCH

CALL FINDPWR(PARP,PAR,DX,DY,NPNWER, SPOWER, VOL TAGE,NBFAMS)
IF(vOLTY,OR,PULSEIGNTN 28

RnOD=RAD

ROXUUT (NX)BRDXOUT(NX)¢RHND
IF(FIRSTIGOTN 29
PDYOUT2(NY)IRDYOUT2(NY)+RHOD

GOYO 28

RDYDUTU(NY)ZRDYNUT(NYY+RHOD

DD 26 Jal,NBEAMS

IF(vOLTY GO T0 610

PuRDIS(JIZNPORER(J) +SPOWFR(J)

RHOARY (JISRHOARY (JY+NPOLER(J)+SPOWFR(J)
TF(PULSEIRHUARY (J)SUPUWER(J)+SPOWER(.))
GO 10 26

RHOARY(J)SRNOARY (JY+VULTAGE(J)
PWRDIS(J)=VULTAGE (J)

B-48
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SUBRNUTINE  SCAN

IFCPULSE) RANARY(J)svULTAGE(J) 4
26 CUNTINUE

CALL SPREAD(PAR,NBEAMS) !
104 CONTINUE
[+
C RANGE DJISTRIBUTINNS
o

IF(PULSE) GuU TN 22°
DU 230 Jmy,' “LAMS
XOUT (NX, J)=XOUT (NX,J)¢PWRDIS(J)
IFCFIRSTIGNIN 230
YOUTR(NY,J)BYQUT2(NY,J)+PWRDIS(J)
GUTO 220
230 VUUT(NV,J)lYOUY(NYoJ70°HEDIS(J)
220 SCHECKI=CPARCY,2,6)¢PAR(L,1,8))/2,
IFINY . GE.NYMAX)GD Ty 221
IFESCHECKY 6T, EPS1Y GU TN 105
221 IF(Xx(2),6GE,RHUR)GOTY {0p
X(1)=x(2)
V(EJIO.O
NY=y
NXBNX¢1
GU 10 1901
105 CONTINUE
NYsnYel

PREPARE TU GD TU NEXT PATCH

a N N o

CALL SHIFT(PAR,PARP)
Y(2)sY(y)
GO 10 192
106 Dy=a=DyY
Y(2)®0,0
X(1)=xRpe) E=10
IFC,NOT,FIRST) GO YO 900
FIRST= FALSE,
NX®Y
NYs{
GO 10 190}
900 IF(PASSTGT ,AND,FORWARDIGNTN 300
IFLVOLT)IGUTO 310
DU 320 J=y,NBEANS
oPOuER(J)-PTtGTaczo(J)t(xLAn-aa)/((FORPI-RTR)--Z)
RHOARY (J)=RHOARY (J) ¢ PPNWER(J)
!r(PuLSE)oELOUT(1.J)-DELnuT(1.J)00P0HER(J)
320 CONTINUE
RETURN
310 DO 330 Jmi,NBEAMS




31
312

3130

300

910

930

920

PAGE L}

SURROUTINE SN

1F(,NOT , TRACK)GU TN 111
VULTAGE(J)=D$1NEtJ3'SGRTtPT'GT'GZOP(J)'(XLAM-'Z)/((FORPI'HTH)"Z))
Gu 1N 312
VULTAGE(J)lDSINE(JﬁﬂsuRT(PTaGT'GZO(J)-(xLA~.n23/f(FORPInRTR)'t?))
RRMOARY (J) SRHNARY (JY¢VULTAGE (1)
XF(PULSE)DELOUT(1,J)=0ELOUT(1,J)oanTAGE(Ja
CONTINUE
RE YURN
1F(vOLT)IGUTL 910
DPONER(x)lPT'GTtSIGZﬂtﬁlol(FORPI'(RTR--eﬁ)
RHOARY({)=RHNARY (1) +NPONER(1)
IF(PULSE)DELDUT(!,l)sDELnUT(1,l)'DPUUEP(l)
RETURN
IF(.NUT.THACK)GU TN Q20
NO 930 J=2i,4d
VOLTAGE(J)lDSI”h(J!ﬁSQPTtPT'GT'sIGZOtulOP(J)/(FURPI-(RTR"?)3)
RHOA“Y(J):RHOA”Y(J)OVOLTAGE(J)
!F(PULSE)DELHUT(l.J):oFLnuY(x,J)oanTAGEtJa
CUNTINUE
RETURN
VULTAGE(l)SDSINtt13t5091(PT'GT'sIbZOtcl0/(FURPI-(RTRt-2)))
RHOARY C {)BRHNARY (1) ¢VOLTAGE (1)
IF(PULSE)DELOUT(l,1)=DELnuT(1,l)OvﬂLTAGEtiﬁ
RETURN

END
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SUBRNUTINE SGAIN
SUBROUTINE SGAIN(PARP,PDATA,GAINS,SDELR)

CUMMON YOUTZ2(102,10),R0YNUT2(102),RYNUT2(102,10)

COMMON DELOUT(127,10),Y0UT(102,10),YDUT(102,10),EXTRA(10,2))

i QUTC(127),DARRAY(127)

CUMMON RDELUUTC127,10),RXOUTC102,10),RYUUT(102,10),REXTRA(10,2))
1 RRHOARY(10)

CUMMON/BEAMS /SANGLE(10,23,UXS(10),11¥8(10),UZ8(10)
CUMMON/TGAINP/GIP(L),G2P (W)

CUMMON/TGAIND/G20P(4Y,610P(4)
COMMNN/DERV/PARRAY(127), ARYPAR(S) ,GBETZ0(10),610,620(10) /NP,

1 DIRDOP,DFLY,UNIFNRAM, RANGLE,S51G20,R0NZERO,NCC,

F] FORPI,PIN2,XTR,YTR)2TR,RTR,RHOARY (10)

CUMMON/ INPUTS/XTP,¥TP,2TP,XTV,YTV,2TV,XRP, YRP,ZRP,GRMAX,GRAPH, NG,
s NSAMPLF,VULT,VPOL,NSLUPE,SLOPE(10,9),
$ NXSDMX,NYSDMX,DGBALL,DGBALLY, TRACK,NOUT,

] P1,REARTH, XLAM,PASSTGT,FNRWARD,PULSE ) SUPULSE,PWINTH
CUNHON/PATD/JD;ewD;Cn.‘D.SIOD;JS;BNS.CSCAN.ASCA~.SIOSCANo
$ Ju,BwB,CR,AB,S5108

CUMMON/PGAIN/GY,PT,GR,RADCAN
CUMMON/PRUPT/PRINT1,PRINT2,PRINTY, PRINTU,PRINTS, IPRINT (20)
CUMMON/PATCH/XGR,YGR,ZGR, XGT,Y6T,ZGT

CUMMON/RTYPE/SPEC,NIFFUSE
CONHON/sINFUISCUUNY.SDITAl(100),SDATAZ(XOO);SDATABthO)
CUMMON/SPUINTS/ X8P(100),YSP(100)},28P(100)
CUMMON/MULSPEC/SPCHECK

DIMENSIQON PARP(2,2,9),PDATA(9)

LOGICAL VPOL,PULSE,PASSTGT,FORWARD,SOPULSE, TRACK,GRAPH
LOGICAL PRINTY{,PRINT?,PRINTS,PRINTY,PRINTS

LOGICAL UNIFORM,VULY

LOG1CAL SPEC,DIFFUSE

COMPLEX ROZERO,DELOUY,OUTC,EXTRA,XOUYT,YOUT,RHOARY
CUMPLEX YQUT?2

INTEGER SCOUNT

IF(PRINTS)PRINT 7777
7777 FORMAT(a SGAINW)
IPRINT(13)RIPRINT(13)¢1

SDELR=0,0
GAINS=0,0
1F ¢ ,NOT,SPEC)RETURN

FIND UNIT NURMAL 10 PATCH

o0

RLNTHESQRT (PDATA(SIna24PDATACE) 2% 24PDATA( 73 002)
RLNTHIBY,/RLNTH
UXLNSPDATA(S) wRLNTHI

B-51
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SUBRNUTINE SGAIN

UYLNZPDATA(B)YARLNTH]

UZLNEPDATA(TI*RLNTH]

HRPEXGRaUXLN*YGRaUYLNeZGRaUZIN
HTPEXGTWUXLNOYGTHYYLN+ZGTaUZLN

IF(HRP L T40,0,0R, HTP LT, 0,C)RETURN
QCOEFFIPDATA(l)tUXLNoPDAYA(2)thLho(PDATA(S)-ZRP)'UZLN
XRERCOEFF «UXLN

YRERCOEFFalJYLN

IR3RCOEFFaUIZLNZRP
YCOEFFsuxLN-(PDAYA(13-XTD)OUYLNuPoA1A(z)ouzLun(pnAYAtJ)-Zrn)
XTRTCOEFFaUXLNeXTP

YTRTCOEFFeUYLN

ZT3TCOEFFaUILNSZTP

CALCULATE VECTNR IN TANGFNT PLANE FRNw RFECFIVER YO TARGEY

PxzxXT«XR
PYsYTeYR
PZe7T=1R

CUMPUTE UNIT VECTOR

APRESURT(PXw#2+PYan24Plan2)
RPRI=},/RPR
UPXsPX#*RPRI
UPY=PY*RPRI
UPZaPI*RPRI

COMPUTE SPECULAR POINT IN TANGENT PLANE

RLERPRAHRP/ (HRPOHTP)

XSPECER »yPX

YSPLCaRLwUPY

ISPECSR *yPZ

XSPECEXReXSPEC

YSPECsYReYSPFC

ISPEC=ZR+ZS8PEC

XMINEAMING (PARP(1,1,1)PARP(1,2,1),PARP(2,1,1)sPARP(2,2,1))
XMAXEAMAX] (PARP(1,1,1)0PARP(1,2,1),PARP(2,1,1)/PARP(2,?,1))
YHINSA"INl(PARP(i.lo?).PARD(ioE.E).PARP(Z.ioE)oPlRP(?oE.E))
V”‘lll“lxl(p‘ﬂp(lolpa)lplab(l'aoa)lP‘Rp(at10?)0PIRP(2'202))
IF (XMIN,GT,XSPEC,UR,XSPEC,GT,XMaAX)RETURN

IFCYMIN GT,YSPEC,GR,YSPEC,GT,YMaX)RETURN

SPECULAR PNINT IS In PATCH

IF(SCOUNT, EW,0) GO TN 200
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SUBROUTINE SGATIN
o CHECK Ty SEE IF SPECULAR PNINT 18 REING COUNTED TwliCF

{
DU 90 J=z1,8COUNT 4
ARABS(XSP(J)=XI3PEC) X
BzABS(YSP(J)=YSPEC)
C=ABS(ISP(J)=ISPEC)
SUMsA+eBeC
1P CSUM, LT, SPCHFCK)RETURN
90 CONTINUE

STORE SPECULAR POINT AND CNMPUTE SPECULAR GAIA

o000

200 SCOUNTESCUUINT¢Y !
XSP(SCOUNT)SXSPEC
YSP(SCOUNT)=YSPEC
ISP (SCOUNT)3ZSPEC
GAMARATAN(NRP/RL)
GaFORPIAPDATACO)RSINIGAMA)/XIAM
GuGawg .
IF(G,6T,220)RETURN ;
GAINSSEXP(=0() d
SDATA2CSCUOUNT)BGAINS :

s KeNg)

CUMPUTE DISTANCE FRUM SPECULAR POINT TO TaRGET |
DT'SQRT((XYP‘XSPEC).lZO(VYP‘VSPEC)"?Q(ZTP‘ZSPEC)!'Z)

CUMPUTE DISTANCE FRUM SPECULAR POINT TN RECEIVER

s Kelgl

DRESORT ( (XRP=XSPEC) ##24 (YRP=YSPEC)# 24 (ZRPaZSPEC)I #w2)

CUMPUTE SPECULAR PATH DIFFERENCE

[a Xe Nal

SDELREDT+DR=RTIR
GAINSEGAINS/((DT¢DR)wn2)
SDATAL(SCUUNT)BSDELR
SDATAI(SCUUNT)BGAINS
RETURN

END

e
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SUBROUTINE SHIFY
SUBROUT INE SHIFT(PAR,PARP)

c
CUMMON/PRUPT/PRINTY,PRINT2,PRINTI,PRINTU,PRINTS,IPRINT(20)
LOGICAL FPRINTY,PRINT2,PRINT3,PRINTY,PRINTS

: DIMENSION PAR(2,2,6),PARP(2,2,9)

IF(PRINTS)PRINT 7777
7777 FORMAT(a SHIFTe)
IPRINTC14)SIPRINT(14) ¢}

00 10 J=si,6
00 10 K=1,2
PAR(2,K,J)SPARCL,K»JY
PARP(2sXsJ)BPARP(1,K,J)
10 CUNTINUE
00 20 Js7,9
00 29 Kllpz L
PARP(2/KsJ)SPARP(1,K,J)
20 COUNTINUE
RETURN
END
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SUBROUTINE SPREAD

SJUBROUT INE SPREAD(PAR,NBFAM)

COMMON yOUT2(102,10),RDYNUT2(102),RYNUT2(102,10)

CUMMON DELOUT(127,10),X0UTC102,10),YNUT(102,10),EXTRAC10,2),

{ QUTC(127),DARRAY(127)

COMMON RDELUUT(127,10),RXOUTC102,10),RYQUT(102,10),REXTRAC10,2),
| RRHNARY (10)

CUMMNN/TGAIND/G20P(4)Y,G10P(4)

CUMMON/TGAINP/GLP(4),62P(4)
COMMON/BEAMS/SANGLE(10,2),UXS(10),UYS(10),UZ8(€10)
COMMNN/DERV/PARRAY(127) ,ARYPAH(S) ,GBETZ0(10),610,620(10) /NP,

1 51RDNP,DFLLY,UNIFNRM,RANGLE,STG20,ROZERD,NCC,
2 FORPL,PIN2/XTR,YTR)ZTR,RYR,RHOARY (10)
COMMNN/ INC /DX, DY

COMMON/ INPUTS/XTP,YTP,2TP,XTV,YTV,2TV,XRP,YRP,ZRP,GRMAX ,GRAPH, NG,
s NSAMPLF,VOLT,vPOL,NSLOPE,SLNPE(10,9),
$ NXSDMX,NYSDMX ,DGBALL,OGBALLY, TRACK,NOUTY,

3 Pl,REARTH,XLAM,PASSTGT,FNRWARD,PULSE,SOPULSE,PWiDTH
CUMMNN/PATD/JD,BWD,CN,AD,810N,JS,BWS,CSCAN,ASCAN,STQSCAN,
$ JB,BWB,CR,AB,5108

COMMON/PGAIN/GT,PT,GR,RANCON
CUMMON/PROPT/PRINTYL,PRINT2,PRINT3I,PRINTL,PRINTS, IPRINT(20)
LUGICAL PRINTY,PRINT?,PRINTS,PRINT4,PRINTS

DIMENSION PAR(2,2,6)

DIMENSIQUN PPR(3Q)

LUGICAL VPOL,PULSE,PASSTGT,FNRWARD,SRPULSE,TRACK,GRAPH
LOGICAL UNIFORM,vVULT

COMFLEX RUZERU,DELOUT,NDUTC,EXTRA,XOUT,YOQUT, RHUARY
CUMPLEX YOUT2

{F(PRINTS)PRINT 7777
FURMAT(» SPREAD®)
IPRINT(1S)RIPRINT(15)+1

1F CW CASE PARAMETERS ARE NUT STNRED

IF(,NOT PULSE)RETURN

AMNVALBAMING (PARCL,1,2),PAR(1,2,2),PAR(2,1,2),PAR(2,2,2))
AMXVALSAMAXL(PARCY,1,2),PAR(1,2,2),PAR(2,1,2),PAR(2,2,2))
IF(ARYPAR(3),GY,0,)GNTO 11}

DUMBAMNYAL

AMNYALBAMXVAL

AMXVAL®DUM

CONTINVE

OVALEABS((AMXYAL=AMNVAL)/ARYPAR(3))

DO 101 I®{,NBEAM

PPB(1)mRMOARY (1) /DVAL

CUNTINUE
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14

102

16

172

170

[aNaNal

173

[aNaNal

174
15

152
151

BINMNS (AMNVAL=ARYPAR(1))/ARYPAR(3) 4,
RINMXS(AMXVAL=ARYPAR(1))/ARYPAR(3) e},
IFCBINMN,OGT FLOAT(NOUIT®1)Y GN To (2
IF(BINMX,LTel,) GO TN 13

NBINMNBINT (BINMN)

NBINMXSINT (BINMX)
IF(NBINMX=NBINMNe1)14,15,16

CUNTINUE

D0 102 I®1,NBEAM
DELOUT(NBINMN,IY30DELAUT(NBINMN,I)¢RHOARY(])
CUNTINUE

GO TN 10

CUNTINUE

KKSNBINMN® 1

KKKSNBINMX=1

D0 17 KsKK,KKK

IP(K,LY 1) 6D TO 170

IFCK.GT NOUTY GO 1N 171

D0 172 181 ,NPEAM
DELQUT(K,I1)SNELOUT(K,I)ePPR(T)

GO Y0 17

HERE IF WITHIN DISPLAY RANGE
CUNTINUE

HWERE IF BELOw DISPLAYV

D0 173 181 ,NREAM
EXTRACI,1)SEXTRA(I,1Y¢PPR(I)
CONTINUE

G0 10 17

CUNTINUE

HERE IF ABOVE DISPLAY

DO 174 181 ,NBEAM
EXTRA(I,2)SEXTRA(I,2)+PPA(])

CONTINUE

CUNTINUE

CONTINUE

PENBINMN® 1B INMN

IFONBRINMN ,LT,1) GN YO 151}

DU 152 181 ,NBEAM

DELUOUT(NBINMN, I)SDELNUT(NBINMN, ) ePwPPB(])
CONTINUE

GO 10 153
CONTINUE

DO 154 181 ,NBEAM

PAGE 67
SUBRQUTINE SPWEAD
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SUBRQUTINE SPREAD

EXTRACI,L1)BEXTRA(I,1)ePaPPR(I)
CONTINUE
CONTINUE

!
DU UPPER PARTIAL BIN

PEBINMXaNBINMY

IFC(NBINMX ,GT, NOUT) GN YU 1SS
N 1S6 131 ,NBEAM
DELQUTINBINMYX, 1)SDELNAUT(NBINMX, ) ¢P#PPA(Y)
CONTINUE

GO 10 197

CUNTINUE

DU 158 I®1,NEEAM
EXTRA(I,2)SEXTRA(],2Y+PuPPR(T)
CONTINUE

CONTINUE

GO 10 10

CUNTINUE

HERE IF ALL VALUES ARE BELNw ARRAY

DO 121 1®m1,NBEAM
EXTRA(I,1)SEXTRA(C],1Y¢RMNARY (1)
CONTINUE

GO 1N 19

HERE IF ALL VALUES ARE AROVE ARRAY

CONTINVE

DO 131 I=31,NBEAM

EXTRA(],2)SEXTRA(I,2)¢RHNARY(])

CUNTINUC

CUNTINUE

RETURN
END
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SURROUTINE TBEAM

SUBROUTINE TREAM(TMETA,N,XDB,Csa,S10,811)

COMMON/TRP/JCALL

COMMON/PROPT/PRINTY ,PRINT2,PRINTI,PRINTY,PRINTS,IPRINT(20)
LUGICAL PRINT],PRINT?,PRINT3,PRINT4,PRINTS

IF(PRINTS)PRINTY 7777
7777 FORMAT(» TBEAMw)
IPRINT(16)SIPRINT (1061

JCALL=O
AAm),/8QRT(2,)
CALL PATTERN(N,THETA,C,A,S10,AR)
DBLEVELsXDB/20,
DELEVEL=®Y ,/7(10,00eNBLEVEL)
1 JCALLSsY
CALL PATTERN(N,THETA,C,A,3811,D0RLEVEL)
JCALL=O
RETURN
END
Al

PAGE 70
SHBROUTINE TRCK

SUBKNUTINE TALCK (SyH,MELTA,NRNG,PHITS,PRIY
: CUMMON/ TRK/PHITP ,PHITPN,PHITPOD, ANTSLOP
COMMNN/DERV/PARRAY(L2T) , ARYPARCS) ,GRETZOC10),G10.,G20(10)aNP,
1 DIRDOP,DFLT, | INTFORM, RANGLE,STGZ0,RNZERD, NCE,
ﬁ 2 FORPI,PINZ, XTR,YTR2TRRTR, AHOARY(10)
/ COMMON/INPUTE/XTP, ¥TR ZTP, NTW, YTV, ITV, AP, YRP, ZHP  GHYAY , GRAPH, NG,
' 1) MBAHMPLF , YULT, VPOL NELUPE.SLUPECL10,9),
$ MESDMY  NYSOME, AGBALL ,OGBALLYL, TRACK NOUT,
L Pl REARTH, XL AM,PASATGT, FORAWARD , UL SE, SOPLLSE,PWIDTH
CIMENSION SUM(127),DFLTal12T)
COMPLEX RUOIERU,R™MOANY
COMPLEX SUM,DELTA
COMPLEX SuMi,DELTAL
REAL KT
LOGICAL UNIFORM,VPDL,vOLT,GRAPH, TRACK
LOGICAL p‘stGT'FURN‘ﬂD'DULSE'SQPULSE
D‘TA GT'HY'KT/.S'QOQIOOOI
NAMELIST/INP1/8SUML,DELTAY,YSIUM,TDELTA
NAMELIST/FILYER/DELPMI,PHITR,PHITS,PMITSD,PHITSDD,PHITP,OHITPD,
$ pHITPND
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SUBROUTINE TN GENERATE BNRESITF ERRURS
TRACK TARGET AND POINT TRACKING ANTENNS

CURRENT TRALKER 1S AN AVFRAGE POWER UNIFNRM WEIGHMTING TRACKER

FIND AVGE SuU™ AND DIFFERFNCE vECTURS

DELTAL®D,

SuMisQ,

DO 160 Jsi,NRNG
SyMimSUMLeSUM(J)
DELTAYSDELTAI+DELTA(Y)
CONTINUE

SUMiaSUML/NRNG
DELTALISDELTAL/NRNG
TSUMBSUMLaCUNJG(SUML)
TDELTABDELTALaCUNJG(NELTAYL)

FIND ROyUGw WNRESITE FRRR

DOOTIXSREAL (SUMLI)AREALCDELTAL)
DOOTSYEAIMAL(SUMI)®ATMAGCDELTAL)
NONTEsDPNTSXeDDUTSY

DELPHIBDDUTS/ ((SART(TSUMSTNELTA) ) @SQRT(TSUM))
PHITREPHITP4NELPHT

PASS THMROUGH GMK FILTERS

PHITSSPHITP4GT®(PHITR=PKITP)
PHITSDZPHITPN4HT/PRIa(PHITRPHITP)
PHITSODIPHITPDD42 ,aKT/(PRI%a2) e (PHITR=PHITP)

PREDICTED VALUES

PHITPEPHITS+PHITSDAPRI+PHITSNDaPRIw2 0 5
PHITPDSPHITSDePHITSONAPRY
PHITPDDZPHITSDD

RETURN

ENTRY TRKINITY

CALL UNCE AT START UF TRACK TQ INITIALIZE FILTERS
PHITP3180,/PIaATANCITR/XTR)
PHITPDR|B0,/PIa(((XTRaZTVaITRaXTV)/(RTR#2)))

PHITPDBaPHITPD
PHI1TPDD20,0

PAGE

RETURN
EnD
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APPENDIX C
DETAILED MULTIPATH THEORY

Kirchhoff Solution for the Scattered Field

Let P be an observation point and R’ the distance of P from a point
(x, v, & (x,y) ) on the surface element S (Figure 61)_ The scattered field
E2 at P satisfies the reduced wave equation

v2ELREE=- O (1)

together with appropriate boundary conditions on S. The solution of (1)

in terms of values of E and its normal derivative on S is given by the Helmholtz

integral
: o) E
EZ(P)=4—1,jf(E5i-vrn)ds (2)
S
where
oiKR’
Y = S (3)

is a well known fundamental solution (in 3-dimensions) of (1).

Assumgption 1: Let the surface element S be small enough so that the

reflected rays reaching P may be considered parallel (or equivalently, let

R’ = @, that is to say, remove P to the Fraunhofer zone of diffraction).

Under assumption 1, (3) may be replaced by the approximation
- -
ol (kR2 -k, 1)

2
RZ

~

(4)

1All notation and assumptions throughout this Appendix are consistent with those
introduced in sections 2.1 through 2.3 of this final report.




where R2 is the distance of P from the origin of the selected coordinate system

(see Figure 6).

Assumption 2: Assume the surface does not contain a large number of

sharp edges or other irregularities with small radii of curvature, i.e., assume
the radius of curvature of the irregularities is large compared with the wave-
length A, (1)

Within assumption 2, the field and its normal derivative on S may be
approximated by

L
- " (2)

(E)S =(l+ R El

RE . * > .

5= J O -RIE (k '

S

where n denotes the unit normal to S (see Figure 9).

Substitution of (4) and (5) into (2) now leads to the equivalent integral

representation of the scattered field at P

5 - (3)
2(P) 4TYR Alff (aQ +C€ - b) eIV-

(1 - R) sin 91 + {1 + R) sin 92 cos 63

(1 + R) cos 92~(1-R)c059
(1 + R) sin 92 sin 93
v =k [(sin 81 - sin 62 cos 93) x - sin 92 sin

1

3 Vo - (cos 6, + cos 8,) zo].

Brekhovskxkh (Ref 4) suggests the crxterxon 4TTrc cos (J) > > 17T where r¢ is the
radius of curvature of the surface irregularities and «f is the iocal angle of
incidence.

2Hencefort;h the superscript ¥ on R will be dropped for notational convenience.

3Imbedded in A, are the peak transmitter power and the antenna gains for non-

isotropic antennas,




and the integration is now over the rectangular projection of S onto the xy-plane.

Also gx and gy denote partial derivatives of { (x,y) with respect to x and vy,

respectively.

Mean Scattercd Power

The mean scattered power from the surface patch S is given by

(5 P\ = '
(5 ) 1/2Y  E,E, (1) (7)
whe re the asterisk (%) denotes the complex conjugate, and Yo is the admittance

of free space.
To facilitate the determination of <E2E2*>, set

2

P Be—u (8
EZO

where EZO is the field at P reflected from a smooth, perfectly conducting plane
element in the direction of specular reflection. In addition, the plane element
has the same area as the surface element S, and is under the same angle cl
incidence and at the same distance from P, Finally, the incident wave is
assumed horizontally polarized. Under these restrictions, the integrations in
(6) can be carried out to yield

WP KR, oin ba (9)

E . =505
20 2""R2 1

With the above normalization the rnean scattered patch power is

R 2
\ "2, * 1/2Y_IE, | pp: (10)
and it remains only to determine <po==> from the expression for P:

-

-
_ 1 iv* r
p -Z—CT)—STI_B_K jj(acx+ ng -b)e dA (11)
A

l. Here E, has been time reduced and denotes the field at the peak of a sine
wave (in t). The 1/2 has been included to account for averaging over time.

C-3




From this expression

1 Y
|
4 cos 81 (5 A) 3

- - -
(E(,xz + E’Cyz ety u iy - r2)> dx, dy, dx, dy, (12)

- -
where r, and r, denote vectors from the origin to the variable points

(xl’ Yy Ql) and (xz. oY -CZ)’ .-respectively.

Assumption 3: Assume the covariance between a, b, c, Z, B, c and the
partials of { may be neglected. In addition let <R (Cx> ~ R (Cx = gx )= R (¥ = )

and the refiection angles 91, 92, 93 remain essentially constant over S,

Assumption 4: A>> ),

Assumption 5: Let the surface elementS be very rough, that is to say,

Z“Oh
/g = 3 (cos 91+cos 92)>>1. (13)

Within the assumptions 3 and 4, (12) may be replaced by

<pp=:=> = BB 5 7 i Y[ ) <3i [v, (k) - %) + vy Yy - va)
4 cos2 81 (5A) 1 :

v -X - -
ei v, (Cl - C2> dxl dy1 dx2 dy2 (14)
where
2 V12
BB* = [R (V)] Jll—z (15)
(kvz)

-
and Vs vy, w denote the x, y, z components, respectively of v (see (6) ). It

should be noted here that (14) follows by expanding (12) and integrating by parts

term by term taking, at the same time, the term BB* out from under the

'
:
|
1

ey OWE } ]




integrals (assumption 3). Boundary terms that arise during the integrations by

parts are also meglected in arriving at (14) as they remain small (by assumption
4) in comparison to other remaining terms.

ivz(gl'gz)
The cerm ( e >in the integrand of (14) is the two-dirnensional
characteristic function of the distribution

2 2
1 z) -2Cz122+22

)"—2—_7 exp-
2 aro, f/1-c?

W(zl,z (16)

2 2

and is equal to

iv_ (€. -C))
< 2= 2>‘ exp [-g (1 - C)] (17)

where g is defined in (13) and the C appearing in both (16) and (17) is the
normalized correlation functinn

r2/4 2
C(T) =e ¢ (18)

Here 7 is a separation parameter equal to the distance between the variable ,.
points (xl,yl) and (xz,yz) in A, and d. is the correlation distance equal to the
distance in which ¢(T) drops to the value e_]. This value of d. should be

small compared with A, for in the contrary case the surface element S, in

contrast to being rough, would contain just a few irregularities,

To proceed with the determination of 639), first approximate the integral

on the right-hand side of (14) by an integral over the smallest circle, containing

the rectangular region A, With the radius of this circle equal to L, and with

the introduction of the polar coordinate transformation




Xy - Xy = T cos ¥
(19)
Yy~ Y © T sin®@
L 2m
<po==’>‘% BZB* [ f Qi Vv, Tcos®P+i e T sin ®
4 cos” 8, (5A)
1 o o
x exp [-g (1-C)] TdTd® (20)

The integral over © in the above expression may be evaluated and leads to a

Bessel function of order zero so that @D> may be taken as

L
BB *
pp*y = fJ (v. T) exp [-g (1 -C] 7dr (21)
< > 2 cos2 91 (6A) ] o xy

where

=y 24y 2 ; (22)

v
Xy X Yy

Now it may be shown (using the assumption 5) that the integral in (21) receives

significant contributions only from the neighborhood of T = 0, whence <DD>

is set equal to

/pp:::\ - B B* f‘I (v. 1)y exp[-g (1 - C)]rdT (23)
N\ 7 Pucos” 8, (64) ef Xy ]

(o]

In addition the approximation exp ('rz/dcz) =C(T)=1 - Tz/dcz may also be
used to yield

153 . 2
<pp=:> = "ZBB /Jo (Vg ™) exP <—&%>¢d¢ (24)

(o]

d

2 cos 91 (6 A) ]




Now the integral in (24) is well \nown and can be evaluated with the result

2
” d
"EB' S exp(-v, g S (25)
4 cos 91 (5 A) g y ¢

PPy =

The quantities Eo' B defined by

- 20
tan Bo h/dC ]
(26)
tanf =v__/v
xy '@
are nowintroduced to further simplify the expression for (PP*), Note here that
Bo may be considered as a measure of the rms slope of the surface irregularities
and B is the angle between the bisector of the incident and reflected waves and
the local normal to S (see Figure 8). Equation (15) together with {26) leads
to the final expression for {PP*) :
| R4)Z cot?B 2
5 °4 exp ___-tanz = (27)
(dA) k coszta1 cos R tan B

(PP*) =

Accordingly, within the assumptions of this section

A,l2 |R(ll'1)‘2 cot2 Bo
2
2

-tanZB 6

5P, = 1/2 Y J
tan Bo

A (28)

exp
ATR

where the cos4B in the denocminator of (27) has been dropped, since in general

B is small.

Theoretical Modifications

Unfortunately (28) is quite restrictive in view of assumption 5, that is,
it was derived on the assumption that the surface element is very rough.
Now in general the glistening surface contains many surface elements S, and

even if the total glistening surface is uniform with respect to the roughness




parameters Bo, G dc, some patches may be classified as rough and others

as smooth since by (13) the parameter g is not only a function of these

rougl ness parameters, but is also a function of the reflection anglesto the

patch, It is therefore clear that before the total power from the glistening
surface can be determined, (27) must be altered appropriately and the

assumption 5 relaxed,

In general, the variance Dip} is given by

D{p} = PPy - (PP *

where

YoX i{v.x + v y) iv ¢
-B
<> " 2 cos BI(OA) _[fe X Vke ® >dxdy
Y

and

(a)vx + () vy

Z

B = (b +

ivzg
Now with €e >given by

1

wzg>= exp (_2 th VZZ)

Ce

the integrations in (30) can be carrvied out and

. v C>
'R(wl)f(elnezle3) po(e Z

€]

/

2?2
- RV £(8),8,,85)p  exp \%0 d"zz)

1 (30) and (31) were ohtained in the same manner as (14) and (15),

(29)

(30)

(31)

(32)

(33)

Laa




where

1 + cos 61 cos 92 - sin Bl sin 82 cos 8

_ 3
£1(8). 8.8, = cos B (cos A F cos 7,) (34)
1
po - sinc (vxx) sinc (vyV) " (35)
Under assumption 4, po is ® 0 except very near the direction of specular
reflection (Bl 5 82, 93 = 0). It is therefore customary to set in practice
1 at the specular point
P =
° 10 otherwise. (36)
Along with this replacement goes a re-interpretation of (33):
2
g
R(V.) e [_ 1(411 h €S e1) if the specular
P = 1 xp 2 A point is on patch
0 otherwise (37)
and thus
IR (¥ l)| exp |-\———y—-= if t.:h:: -specula: .
<D)<p>* - poilint 18 on patc
0 otherwise (38)
In the case of a rough surface (g >> 1) <p> <p>% M™O0 and
2
TR (¥)]% cot® B 2
Dip} =~ ¢pp») - L 2 exp ~tan B (39)
2 2 2
k™ cos 91 tan ﬁo

Recent developments (Ref 3) suggest an approach for the determination of

D{p} for arbitrary roughness. This approach involves multiplying (39) by

’ sin x
sinc (x) = ——

X




-

an approprate roughness factor Fd2 so that for arbitrary roughness

2
TR (4 t2 7)
plpt - F 2 — (17 cot? By exp [-tan B (40)
d 2P 2
cos” 8, tan“f
! )
and
2 2 2
F,°TR (¥,)|“ cot® B 2 .
(Pp*x) = d 5 12 O exp "EE%EJE 8A
k® cos” © tan” B
1 0/
4m0. cos 6.\2 if the specular point
R (‘l!l)'|2 €xXPl. <—h)\—l> is on the patch
+
0 otherwise (41)

At this point of this discussion, a few remarks about the replacement of (33)

by (37) and about Fdz are in order. Consider the geometry in Figure 3
for the case of an isotropic source (beacon) and receiver. The expression

(33) is a continuous representation of the mean normalized scattered field

from the surface S and was derived from a continuously distributed field over

S. The implication of this expression for {P) is that the most significant

contribution to the mean scattered field arrives from a region concentrated

about the specular point and is due tc a point source located at the image source.

The replacement of (33) by the discontinuous expression (37) is a bit artific

On the other hand, it is considered only as an approximation to (33) for practi-

ial,

cal determinations in typical applications, and should be valid »rovided it is

used within the assumptions leading to its derivation, of whica a major assurnp-

tion is that the patch size is large in comparison to the wave length . Along

with the approximation (37) goes a re-interpretation of EZO It should now be

considered as the free space voltage field at the receiver (or the point Pin
previous analysis) reflected or transmitted by the image source. As such,

should be taken as

the
it

l
)
b
!
4
I
!




ik (R1 + RZ) .

200 AT R TR (42)

e —

where Rl and R, are defined in Figure 3, and Al is associated with the pcwer

of the transmitting beacon. In light of the above remarks, the mean scattered

field from S (for isotropic transmitting and receiving antennas) istaken as

SR (V) A elK (Rl t Ry) 470, cos B 2 if specular
CE. - i) — l( h €°f 3‘) point is on
27 (Ry + Rz) 2 A patch
0 otherwise
(43)

In reference to the roughness factor Fd2 introduced in (40) to s cale the

diffuse surface reflections, its value, given in the literature as

2 2 >
Fa '-jrl-psl ) (1 =P

where (44)

1 2
o i
p 2 = exp \\—(4 h o (wl)> } i=1,2
si >\ / !

is theoretically unproven. This however, should not in itself preclude its use,

as it was logically determined in an effort to correlate the rough surface
scattering theory with experimental data and in addition accounts for both

the horizon effect for a curved earth and the energy reflected specularly at

low grazing angles from tops of rounded irregularities. On the other hand,
very little experimental data exists to support a general use of this specific
roughness factor. The experimental measurements program developed under
this contract is therefore designed in part to validate and improve (if necessary)
this choice of Fdz.

contrary

ThlS modification of Ezq applies only in the determmatlon of {(E2)and not in the
previous determination of(EpE* :> for a very rough surface.




In view of the above, for the case of isotropic antennas the mean-scattered

power from S at the receiver is given as

2 2, 2
Pt\R(‘.vl)\ cot’B Fj

2.
-E'xEJ -_ta.'-.ﬂ—e— &A

<HhP,> = 5 5
2 (41 (R R,) tar 8
(45)
2
P, [ R(Y))| ato, :
> exp | - )\ cosel if the specular
t 4 (Rl+ RZ) point is on the
Patch
0 otherwise

where Pt is the peak power of the transmitting antenna. To obtain equation (45)

from the previous analysis, replace Al in (9) and Al in (42) by their values

1

Py LN Py ‘
A | —t—— , A 2| =%
Y\ on YORIZ LR

, respectively. Then using the

resulting expressions for EZO' together with equation (41), the mean scattered

power from the surface patch S is calculated in accordance with equation (10).

If the transmitting and receiving antennas have different power gains,
B and 8, respectively, in the direction of the surface patch S, the mean

scattered patch power is determined by multiplying (45) by }\2 g 8,

Finally, since the Fresnel refiection coefficient R (\yl) is theoretically valid
only for a planar surface, it should be replaced wherever it appears in the
above discussions by DR (‘1’1) where D is the divergence factor introduced in

Section 2. 2 to account for the earth's curvature. The final expression for the

mean scattered patch power is then
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APPENDIX D

PHOTOGRAMMETRIC SURVEY

Orthophoto maps will be prepared for a strip of approximately 15,000 feet

long by 1500 feet wide at a scale of 1" = 100 showing contours at a vertical
interval of one foot. The orthophoto map enables a photographic image to re-
place the planimetric information contained in a conventional line and symbol
map without loss of accuracy on all ground level detail. The maps will be

prepared as follows:

1. Aerial Photography

Aerial photography will be acquired along the proposed strip to be
mapped at a scale of 1'" = 280' using a precision six inch focal length mapping
camera. It is estimated that approximately twenty exposures will be re-

quired with a nominal 60% forward overlap.

2, Horizontal Control

Sufficient horizontal control will be established on the ground to provide
two poiwn*s of known position within each stereo pair (note - a stereo-pair con-

sists of the overlapping portion of two consecutive exposures).

3, Vertical Points

Two lines of vertical control will be established - one line along each
side of the strip to provide four points of known elevation within each stereo

pair,

4. Photogrammetric Compilation

a. Hypsography (elevation data)

Using a Wild A-10 precision stereo-compilation instrument, con-

tours at 1.0 ft vertical intervals will be plotted. Where contours

are in excess of 100 ft apart spot elevations will be plotted.

e
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Planimetry

Concurrently with the preparation of hypsographic data, a limited T
amount of planimetric information will be plotted. The photo- J

graphy will be enlarged from 1'' = 280' to 1" = 100' and rectified

to fit the planimetric detail plotted on the A-10 instrument. This
produces a photographic image where all ground level is true

to scale,

Map Sheets

The hypsographic data will be drafted and combined with the
photographic image so that the contours appear as black lines
superimposed on the photo base. Approximately 10 sheets,

18" x 24" will be produced for each mapping area.

Accuracy
Horizontal

90% of the planimetric detail at ground level will be
within +1/40" of its true position at map scale relative

to any other point of detai!, and no point pair shall be

in error by more than 1/20".
Vertical

90% of all contours will be accurate to within 0,5 ft
of their elevation with respect to map datum and no

contour will be in error by more than 1.0 ft.

90% of spot elevations will be accurate to within 0,25 ft
of their elevation with respect to map datum and no spot

elevatior shall be in error by more than C. 5 ft.

> annl ammm [ d ey

Man Datum

Arbitrary vertical and horizontal datums will be used.




APPENDIX E

EFFECTS OF TROPOSPHERIC DISTURBANCES

In order to obtain some idea of the order of magnitude of the effects of
tropospheric disturbances,a Ratheon developed computer program, Raytrace
(developed for another pro_]ect) was run using an actual measured vertical
profile of varying refractive index. This profile was chosen from a large number
of such profiles to represent a rather severe deviation from the normal, such as
might occur near the ocean no more than a third of the time. This test profile is
shown in Figure E-1, together with the standard profile normalized to the same
ground point value. The N numbers along the horizontal axis represent the
amount by which the index of retraction (n) exceeds that of a vacuum: Ns =
(n -1)x 106 (e.g., if the index of refraction is 1.€00250, N‘S = 250 ), Notice
that at A there is an inversion in the slope of the measured curve as compared
with the normal curve and that at B the slope is in the normal direction but very
much steeper than normal (i.e., N changes more for a given small change in
altitude). An inversicn causes generally horizontal propagation paths to be con-

cave upward and so brings the horizon (tangent point) closer than the geometric

(straight-line propagation) horizon, as shown by curve A in Figure E-2 .
Gradients in the normal direction (index of refraction decreasing with increasing
altitude) result in propagation paths that are convex upward. If their radius of
curvature is greater than the earth's radius (plus one-half the antenna height)
then the horizon (tangent point) is further away than the geometric horizon, as
shown by curve B in Figure E- 2 . If their radius of curvature becomes less
than the earth's radius, there is no tangent point, and the definition of 'ttorizon'
becomes questionable. Long before that, however, the theoretical horizon would
have moved so far away that the disturbed tropospheric gradient which gave rise

to the assumed curvature could no longer be expected to prevail.

For the Raytrzce runs, it was assumed that the transmitter and receiver
heights were 300 and 4 meters, respectively, and that the baseline distance was
sach that the elevation angle of the transmitter, from the receiver, would be
2 1/2°, looking along the curved path corresponding to the chosen tropospheric

conditions. Two conditions were chosen:

o
b4

See Reference 13.
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HA DISTANCE TO HORIZON FOR CONDITION A
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Figure E-2. Effect of Ray Curvature on Horizon Distance

E-3




Condition A: The disturbed profile of Figure E - 1 was used
as shown, so that the direct and reflected propagation paths were
mostly confined to the region of the inversion, around point A,

Condition B: The disturbed profile of Figure E -1 was assumed

to have drifted downward so that the propagation paths were con-

fined to the region of steep slope, around point B.
Condition A resulted in a horizon distance of about 5,6 kilometers from the
receiver as compared with a geometric horizon at 7. 15 kilometers or a "four-
thirds earth' standard profile horizon at 8.25 kilometers. The receiver-to-
transmitter baseline distance was 6, 7 kilometers. Condition B resulted in a

no-tangent curvature and a haseline distance of 6.8 kilometers.

The geometry of the simulation is shown in the inset at the top of Figure
E -3 , A number of reflection points were chosen and the path lengths,
rps Ty and T, with the assumed disturbed gradient profile were computed,
as well as the corresponding straight-line path lengths. The differences,
ArD, Arl. and Arz, were used to calculate the error in the difference between

the times of arrival of the direct and reflected pulses:

ERROR,. — Ar1+Arz—ArD (in nanoseconds)
time = —gpr——

The resolution curves of Figure 16, corrected for baseline distance, provided
the approximate sensitivity of range to time difference, as a function of ground
distance, Dl‘ The sensitivity at each range multiplied by the time error gave
the corresponding range error. These errors are plotted in Figure E - 3
Note that the errors as plotted are those that would result from assuming
straight-line signal paths instead of the curved paths which actually result from
conditions A and B. The data reduction procedure, however, assumes the cur-
vature associated with a four-thirds earth model corresponding to the standard
gradient profile which is in the direction of condition B. Hence, for condition
A the errors would be somewhat larger, and for condition B they would be some-
what smaller, than those shown in Figure E-3, Overall, the maximum absolute

error for both conditions would be well under 50 meters.
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APPENDIX F

THE STILWELL PROCESS g

1. Optical Fourier Transform Photography

A photograph of the sea surface may be utilized to obtain a quantitative
measure of the two-dimensional wave slope power spectrum density. If the
skylight incident on the sea surface is a slowly varying function of zenith and
azimuth angles, then the light reflected from the surface to an aerial camera
will be intensity modulated by the sea surface slope structure. To the first
order the reflected light intensity, which is a function of the water reflectivity,
will be proportional to the local value of sea slope. The fundamental principle
of wave to photographic image transfer is illustrated in Figure F-1. In A is shown |

the functioanal relationship between the local slope angle a and the corresponding

image point in the fiim emulsion given by 3. Curve B is the water reflectivity

T (r) and dictates the point value of reflected light intensity for a givena (or 9).
If the incident okylight is of uniform value I0 over the camera field of view, then
the light exposing the film is Io T (a). Curve C is the film characteristic

curve (Hurter-Driffield curve) which relates photographic density D to the log of
exposure. Exposure is proportional tolyT(a). The outcome relationship between
density and q is illustrated in D. Here, the density as measured by a scanning
microdensitometer is functionally related to the slope angle. Treating the de-
veloped film negative as a diffraction grating and applying coherent optical signal
processing methods will yield a two-dimensional power density spectrum., Alter-
natively, the sea negative density record may be digitized and the spectrum com-
puted by FFT.

2. Experimental Procedure

The technique requires no special camera system. Conventional camera
and optics such as a 35 mm Nikon with 50 mm lens for wavelengths in the range
of 3 cm to 1 meter and at a stationary camera height of 19 meters above the

surface have been used for the study of spectral trends. (1) A K-17 aerial camera

(I)D. Stilwell, ''Optical Analysis for the 1971 ARPA Tower Experiment, '
Naval Research Laboratory,' Report 7445, May 12, 1972.

F-1 .




Figure F-1,
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Principle of Wave - Image Transfer




with 12" focal length lens has been used to study long wavelength spectra. The

camera was at an altitude of 1500 feel mounted in a DC-3 and was not image
motion compensated.(z) Ocean swell wavelengths of 366 meters and propagation
direction have been measured from Apollo 7 space photography. A 70 mm
Hasselblad camera with an 80 mm planar l¢ s and loaded with SO - 368 film
was used, (3) Measurement of very short waves of the order of 1 cm and less,
called capillary waves, involves special considerations. This is because of
their excessive slopes and propagation characteristics. Slopes are greater
than 14° and may be nearly vertical, and propagation occurs at about 25
cm/sec in all directions. Effective very low altitude photography of capillary

(3)

waves requires an exposure time approximately 1/500 sec

(4)

and a skylight
luminance rapidly varying with zenith angle. Exposure latitude is now more
critical and consequently depth of field must be carefully considered if the
gravity wave heights exceed about | meter. Vertical photographs of the

sky using a fisheye lens for skylight luminance calibration are now required.

For wind speeds in excess of 12 meters/second, fractional whitecap
coverage becomes sufficiently great to preclude useful photographs for optical

analysis. Significant haze level may also preclude useful photography.
3. Information Content of Sea Photographs

Optical analysis of the sea photograph negative or diffracting grating
yields the power spectral density (or Fourier transform) of the normal angle of
the surface (local normal zenith angle) as a functicn of directional wave numbers,
The wave height spectrum and wave slope spectrum may be derived from the

normal angle spectrum.

2
( )"Space Geodesy Aircraft Experiment, '' Raytheon Company Equipment Div.,
Wayland, Mass., NASA Contract NASW 1932 Final Report.

3
( )V. E. Noble, '""Ocean Swell Measurements from Satellite Photographs, "'
Remote Sensing of Environment 1 (1970), p. 151-154,

4)_.. A .
( )Du‘ectlonal Wave Spectra From Daylight Scattering (Ref 8)




The mean-square wave height is determined by integrating the two-
dimensional wave height spectrum over all wave number space. The mean-
square slope spectrum for radar analysis is found by integrating the two-
dimensional wave to slope spectrum over all wave number space. The slope
of the sea has been {ound to be much more sensitive and instantaneously re-

sponsive to the wind speed than is the wave height.
4. JONSWAP 2

Raytheon is presently involved with capillary wave spectrum measure-
me:ts in the North Sea using the optical Fourier transform technique. These
measurements are part of the Joint North Sea Wave Project (JONSWAP) to
study the energy balance of the overall wind wave spectrum which is character-
ized by a strong energy transfer from long waves to short waves. Results of
this study will provide a unique opportunity to evaluate the technique against a
number of alternative measuring techniques including laser instruments and
capacitance probes, JONSWAP is an international joint air-sea interaction

program sponsored by the Scientific Affairs Division of NATO.

Raytheon has been under contract with NATO, NOAA and NASA for sup-
port in JONSWAP,




APPENDIX G. DATA PROCCESSING

Introduction

A system is described here for processing, displaying, and recording
the received signal due to reflection from a glistening surface as described
in Section 3. Provision will be made for displaying and recording the average
signal within a time resolution cell of 1 nanosecond. Circuitry is included
within the system to present the data as a function of time or as a function of

ground range between receiver and transmitter.

The basic measurement is made by sampling the video-detected received
signal with a sampling gate that has an extremely narrow acquisition time. One
sample will be taken each pulse period. The beginning of each pulse period is
to be indicated (initiated) by the reception of a direct path signal. Samples will
be taken at times measured from the occurrence of the direct path pulse. In
order to obtain video integration, as may be required, a predetermined number
of samples will be made during each time slot. The time will then be incre-
mented in a predetermined fashion and an equal number of samples will be taken
at this new time. This process will be continued until the entire video signal

has been sampled.

A sampling oscilloscope will be used to perform the sampling function
and to provide a display. It will be modified to permit video integration as
described. In addition, the time base (X-axis) will be modified so that the
display can indicate average signal versus either time or distance. Circuitry
will be included to record magnetically the sampled signal data as well as the
receiver antenna beam pointing information, transmitter location data, and

verbal comments.

Sampling Technique

Sampling oscilloscopes produce a point-by-point replica of fast repetitive
waveforms. The basic procedure is to sample the repetitive waveform once

each pulse period and hold or store each sample until the next sample is taken.

Successive samples are made slightly later in time until the entire waveform has

G-1




been sampled at least once. The technique requires that the time between samples
be equal to the pulse period augmented by a time increment small enough to
permit observation of the most rapid variations in the waveform to be measured.
This technique permits the use of comparatively low frequency methods to

observe high frequency phenomena.

The timing of the sampling strobe is accomplished as depicted in
Figure G-1. A trigger is established at the PRF from the detected direct signal.
This trigger causes a linear ramp to run up. The linear ramp is compared to
a reference signal. When the two are equal, the sampling strobe is initiated,
the reference signal is increased a predetermined amount and the ramp is
reset. The next trigger starts the ramp again, the comparison initiates the
strobe, again the reference signal is increased and the ramp is reset. As
this continues the reference voltage increases in :teps, each step being used for
ramp comparison and for horizontal displacement un the oscilloscope display.
When the reference reaches maximum horizontal displacement, it is set to zero

and the whole process is repeated.

Modification to Sampling Oscilloscope

Figure G-2 is a block diagram of the Hewlett-Packard sampling oscilloscope.
The two blocks connected by dotted lines are those which will be modified or

added for the multipath equipment (Scan Generator and Integrator).

Scan Generator

It was shown above that the time between the trigger and the strobe is
determined by comparing a linear ramp with a staircase reference, the height
of each staircase step determining the position of the corresponding strobe.

By keeping the reference constant, the strobe can be made to occur at the same
time after a number of triggers. By linearly incrementing the reference,
successive strobes can be made to occur at linearly increasing times. In
general, by suitably shaping the staircase it is possible to vary the strobe
positioning as desired. Thercfore, by properly modifying the staircase, it
will be possible to provide video integration as required, as well as to sample

in any predetermined sequence (e.g., equal increments of ground range).

e
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Figure G-3 shows, in block diagram form, one possible way of doing this.
The strobe from the comparator will be fed to a ""divide by N' circuit, the
value of N determined by the number of samples to be integrated, as selected {
by a front panel selector switch. The output pulses from the divider will then
be counted. The count thus obtained will be used to address a programmed '
read-only-memory (PROM) which will in turn produce a sequence of binary
words which when fed to the D/A converter will give the proper levels for the A
reference voltages used in the comparator to produce successive strobe pulses. "
As many PROM's may be used as staircase shapes desired. The particular

PROM to be used will be selected by a front panel selector switch,

Integrator

The integrator (Figure G-4) will take its input from the stretched sample

(held voltage). Since it is necessary to ccnvert the analog signal to a digital
word for recording this can be done at once, thus simplifying the integrator
circuitry., When the proper number of pulses have been summed, the shift

register delay is connected to the ENCODING circuit for recording and D/A

converted for use as the vertical signal on the oscilloscope display.

Recording, Timing, etc. (Figure G-5)

It is suggested that a digital magnetic tape recorder be used to
record the data obtained in this experiment. The advantage of having the
data recorded in a form that can be used directly by a computer should prove

beneficial in the data-analysis phase of the program.

The data to be recorded includes receiving antenna position, transmitting
antenna location, and the reflected signal strength information obtained as
previously described. In addition, file and/or record keeping words must be
introduced for identification as needed in the analysiz and it may be desirable
to provide for recording verbal comments. Start and stop recorder commands

must also be generated.

To accomplish this with no loss of data, the following sequence will be

used:
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First, the receiver and transmitter antenna positions, file number,

and record number will be stored in a register. The detected PRF (trigger)

will be used to clock this informatioa into the register.

The completion of this task will be indicated by counting, whereupon
the sampling of data will take place. The sampled data will be stored in the '
same register. However, the sampling strobe will be used to clock the register

during this time.

When all samples for a complete scan in range have been taken, the counter )
will indicate a predetermined number, and a sequence to empty the full or nearly
full register will begin. The recorder will be started and the sampling counter

reset to zero. When the recorder is up to speed, it will so indicate and a register

read-out clock will be initiated. This clock will transfer the data stored in the
register to the tape recorder. The counter will keep track of the clock and when
the register is empty, the recorder will be stopped, the counter reset, and the

logic prepared for a new cycle.

If verbal comments are to be entered, a front panel selector switch
will be set accordingly, and the up-to-speed indication will then cause a
COMMENT indicator light to be lit. At the end of the verbal comment input,

a manual pushbutton will initiate the register read-out clock.

A typical format for one complete record will appear as follows:

File Identification Number

. Verbal Comment
. Record Identification Number
. Receiver Antenna Azimuth Angle
.  Receiver Antenna Elevation Angle
.  Transmitter Elevation Angle observation post of known location
.  Transmitter Range
. Spare
10. Spare
11. Saxlnpled Data

1
2
3
4
5
6. Transmitter Azimuth Angle (as seen from the receiver or from an
7 |
8
9
0
1
:
] [}

L} |
1000. Sampled Data
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