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ABSTRACT

Radiation returning from a target at low elevation to a radar can
have a_ ;;;ide variet.:‘y of characteristics, Infgeneral. we see‘retqrn not
only from the target. itself, but from its image as well; this is the
‘essence of multipath. The nature of thié r;iultipath depends on a number
of factors, the most 1mﬁ6rtant of which 1is the 'ro;ghneas of the
reflecting surface, The study of thia retun;x is essential in order that
we {:_1;:1} overcome the problems associated with target detgction in
‘ _multip:l'th environments,

In this thesis.. methods of simulating diffuse multipath are

 discussed, and a hybrid system has been  constructed “which illustrates

the effect of a phaqed array receiver on the observed radar return.
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CHAPTER 1

INTRODUCTION

Radar (radio getecting and ranging) received the bulk of 1its
development during World War II, 'The decimeter wavele.ngt:,h r:adars of
that time being larg_ely unimpaired by such things as f‘og. cloud and the
eptical horiidn atimulated radar's usage in military surveillance.
weapon control and navigation [2,3]. The use of radar at- present tinme,
however, goes far beyond that of the military with wav:eiengthh extending
into the millimeter range, though most are centimeter radars[G]. Mdst
air travel is controlled with either on board or ground based radars,
.while the navigation of ships. monitoring of traffic speed, and the
exploration of the universe all involve various f‘orms of radar.

All. radar systems involve the deteetion of objects, be they
natural or man-made. This detection is accomplished by the observation
of electromagnetic signals either'reflected from the object by the
radar; or transmitted directl‘y to the radar as in-the case of a beacon.
Not only does radar permit the observation of an object which may be
optically obscured, but they also relieve perceptual problems often
associated with optics by allowing these objects to be viewed in a
planar f‘on_nat (as in the case of the PPI "plan position indicator™)
"'rega.r"dless of the illumination angle [2]. Another plus for radar 1is
that not on-ly can objects be viewed in ttie three dimensional space of
azimuth, elevation and range, but a target's veloeity ean also be

1



;letermined by the radar's doppler coordinate.
: At this t;me. 1t may be of value to look at the course radar has
taken since World War II, what 1its limitations were then and theiz:
present day state. The major concern of early radar engineqrs '..4‘83 to
increase the signai—to-noise ratio in both the pulsed and continuous
wave (CW) radars. Throughout the 1940's, emphasis. was plae.ed on 'the
development of systems tran_smitting large amounts of power [2]. This

F

level of -radiation""was required in order to provide the relatively
insensitive receiver 'égmpone'ﬁts with sufficient signai return to permit
target .detection. With the simple waveforms being transmitted at that
‘time, resolution was being sacrificed f‘or ’].onger' detection times, At
this point, pulse compression techniques such as "chirp" were being
develo'ped to satisfy the resolution and detection problem. New tech-
nology in the form of diode mixers andithe 1like, resulted in systeﬁm of
much higher sensitivity accommodating much greater fange measurements,
These high-sensitivity systems now extending into the centimeter
wavelengths were plagued with problems, Many abnormalities ﬁot visible
to the earlier radars were now crowding t'.hte~ screens of the new systems,
Clutter in theq form of rain, clouds, birds, land and sea reflections
were impairing the operation of these radars_.. Neve}'theless by the early .
1960's the problems associated with target detection limited by recelver
noise. had been for the most part overcome. This improvement, largely
due to. the existence of better sign'al processing techniques, 6pened the

door to many studies involving the statistical characteristics of other

forms of interference, By the late 1960's, much had been determined
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about the statistical nature of clutter. In the 1970's, advanced signal
processing techniques produced -favourable results; however, errors still
occurred in severely cluttered environments.

-Considerable interest has been directed in‘recent years %o the
errors encountered through system response to multipath environments.
In the early chapters of this thesis ‘the characteristies of both '

specular and diffuse multipath are reviewed in some detail. 1In Chaptey

'3, three ways of generating realistic multipath in the laboratory are

discussed. These methods are: microwave ﬁolography. phased arrays, and
the last (hybrid) method involving synthetic “aperture techniques., In
Chapter 4, an outline of the design and imblementation of the latter
technique is'given. A comﬁarison of the experimental results uith those

found in practice are discussed in the Chapter 5 of this thesis.



CHAPTER 2

. ) THE MULTIPATH PROBLEM

2.1 Multipath Interference

' Multipath 1s a problem not unique to the radar situation, in
fact, it occurs in most areas of communications. A mlicrowave rad'ic?
signal transmitted between a fixed base station and a moving vehicle in
a typical urban environment exhibits extreme’ vari;tions in both
amplitude and apparent frequénc} {4]. This occurrence of multipath
interference is caused by the numerous signals reflected from buildings
and other obstacles in the vicinity of .the mobile unit, The above

me‘ntioned case is illustrated in Figure 2.1.
o

BUILDING #2

REFLECTED
- SIGNALS

L)
T/ o] MBILE UNIT

TRANSMITTER SUILDING #1

Figurs 2.1 [Tlustration of a typical myltipach occurrencs fn mobile communications.
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‘ Multipath also accounts for errors generated in high performance
missile tracking systems. Figure 2.2 illustrates such a system. In
this case, ranging beﬁﬁeen the missile and a ground location'£s accom-
plished 5y menasuring the phase difference between a réferenée CW trans-
mission and a replica of the reference which has traveled to the missile -
and back to the ground location [5]. Ground reflections in the vicinity

of the ground receivers cause errors in the phase measured in this

system. . :
TRANSPONOER
OELAYED
DIRECT SIGNALS
SIGMALS
RECEIVER #1
TRANSMITTER b
RECEIVER #2 -
RECEIVER #3

flgure 2.2 A wicrossve position trienquiation systam.

The occurrence of multipath in a low-elevation tracking radar
environment will be developed in this thesis. Emphasis has been placed
on the recent work of D.K. Bartoqr{gl. The types of multipath signals
encountered can vary widely in-nature. The term specular is given to

multipath which is coherent (varies deterministically with respect to
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the ioeal oscillator). Specular multipath is found wherellow elevation

targets are being tracked above smooth surfaces. One incidence of a

specular multipath problem would be the tracking of an airplane making

“its landing approach above the pavement of a runway. Microwaves

radiating isotropically from the airplane will be refleeted specularly
from the pavement since its surface would .appear smooth to this
radiation. The recelving element 'seeing signals directly from the
plane and the reflected signals as well, may indicate the present of two
targets, or one dumbell target depending on the plane's elevation.: The
tracﬁing of a‘target_above a rough surface sucn as the sea, would on the
other hand result in a multipath component which is diffuse in nature.
Diffuse multipath is incoherent with respect to the local oscillator,
appearing as narrow band noise, and it hay be distributed over a large
area between the target and the residing radar [71.

The characteristics of multipath depend onrmany factors-sueh as;
wavelength, polarization, grazing angle and the chemical properties of .
the reflecting surface. These reflections from the earth's surface will
H{’\?bcular or diffuse in nature. Pure speeular reflections will result
only . from perfectly smooth surfaees such as pavement " conerete and
especially calm water. The earth's natural surfaces in general produce
reflections- that contain both specular‘ and diffuse components. The
specular reflections give the same radiation .pattern as that of a'
"perfectly” smooth surface, whlle a spherical pattern is observed in the

diffuse case [3].°
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2.2 Specuiar Multipath

Figure 2.3 indidﬁtes the multipath geometry for a flat egrth upon
Wwhich the following analysis of sﬁecular multipatg is based.. Assuming
‘the target to be an isotropic radiator, we ‘have two - signals 11.m1:>1.nging on
thq’ recalving aperture. Thg‘ first, being the target diract signal
arriving at an angfe ed (wiéhr;espect to the receiver's boresights. adds
to thé surface-reflectad signal at a__ngle -er_: this combination results
in a net 'electric signal, given by: .
Ja 2.1

E=A +Ar_ e

d

Flgure 2.1 Multipath g-u;-try far a fTat earth.

The ternm Ad represents the signal stangth of the direct
component'and Ar the reflected signal's strength, such that the surface
reflection coefficient is given by s of ;ﬁu;tion (2.2):

Py = AL/A, (2.2)
) Theqzreflection coefficient % i1s a funetion okﬂi’?grazing angle ¥,
wavelength , and polarization. Flgures 2.4 and 2.5 taken from, (8],

1llustrate this relationship for ‘land and sea.

The a term of equation (2.1) répresents the total phase shift due
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to path length difference between the direct and reflected rays (first
term of equationé(2.3)). The phase ;hift introduced bf‘the surface
itself (second term of.equation (2.3)) is illustrated in figures 2.6 and
2.7 as a function of %, A and polarization.

The total phase shift in the reflected path is given by

N

. a =6, + 0 S (2.3)

where the path length difference 60 1a’calcu1ate6 belowﬁuith reference
] : ) ~.

to figure 2.3:

§-= (R, + R.) - R
o 1 2 - )
2 2.1/2 2 2.1/2 :
z [(hT + hR) + G - [CpT - hR) + G
' +h, 2 ' -h 2 '
2 c{[c—hL.G—R) NP R [(5—5——‘% FRILE

However, we have the series expansion
S AR I % A - % el

Also noting that

will be'fbryq;mall for the low elevation case (since G > (hp £ hp)),
this andi%l; ﬁémaining terms may be disgarded without‘significant error.

Therefore, we have:

_ .1 P tBp? - Bp - hp 2
60 = G{[E { S ) o+ 1] - [5'( G 3 B 1]?
2hb. b,
= —.CI;-—R ’ . (2.4)
<
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Another.factor to be considered is that of the antenna ﬁain. The
antenna gain varles with 1look 'angle, and as such, iﬁ‘determines the
extent to which a particular receiver wiil be affected by multipath

g
modify equation (2.1) to account for the antenna look angle, as followk:

reflections. - Representing the antenna gailn pattern by f£(8), we czga*
E =y flo) « A flo) oo . (2.5)
Specular reflection occurs within the first fresnel zone If the surface
" height difference ah meets the Rayleigh criterion
1 A ’
.ah < B'm . ‘ (2.5)
The first fresnel zone 1= that ?fg; of the surface for which (6-60) <
A/2; where ‘3; is the path length difference for reflection at the
theoretical specular reflection point x, = h_cot ¥ (see figure 2.8) and

6§ i3 the path length difference resulting from refiection at any other

point on the surface.
JAccording to reference (8], the strength of the specular com-
ponerit may be better represented by including the root mean square (rgb)

. spegular scattering coefficient pg» such that'the\ezzggce reflection

coefficient is p = Py Pq where

uwah siny 2 . .

5 = exp [- () ] (2.7

-

Here the rms surface height variation is given by ah which is assumed to

have a Gaussian or normal distribution [91.
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2.3 Diffuse Scattering

The "glistening surface" (Figure 2.9) is the area from which most

" of the scattered power may be cbserved. By scattered power we mean that.

power which has ‘not been absorbed or specﬁlarly reflected Hy the
surface. This surface may be idealized as a homogeneous, normal dis-

tribution of small facets“with rms slope g, = 2°h/dc' where %, and dc

are the rms surface height deviation and correlation distance

fewpectively. ) N
-The glfsten{;g surface consists of that area f%r which radiation
incident at angle ﬁ reflects to the radar bj way of a facet having slope

<o.
- a

-~

. As in the specular reflected case the reflection coeffiecient is

ELEVATION 12 \
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modified by means of the diffuse scattering coefficient Py such that
P Py Py where p, is commonly taken to be a function of (chlx sin P
A comparison of the diffuse and specular scattering coefficients is

given in Figure 2.10.
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Assuming the target to be an isotropic beacon, the power recelved
along a direct path is given by the beacon equation:

Py G

A : (2.8)

where Pt is the transmitted power, Gt is the transmitter gain, Ar is the
“recelver aperture. and R is the target range. _ Since the recelver
aperture, Ar' can be written in terms of receiver gain and wavelength as
Gr xaluu. and the transmitter gain is unity for an lsotropic radiator,

we can rewrite equation (2.8) as:
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-
o . Py Gr A
(uwe) R2

. (2.9)

Let_us now consider the small surface area d3 to be a radiator with

transmitted power dP, i N
s ‘
Pt k2 dGS
dP, . = 5= (2.10)
s (4n) R1 ¥
and gain
)
dGS = g dS

where Uo is the radar cross-section of the surface, This surface will

T

thus contribute ch of clutter power to the radar at a distance R2

where:

G P 12 4%s
1 dP_ = —

= g (2.11)
(4x)” R

For further analysis, it is convenient to express this clutter power in

terms of the diffuse scattering coefficient °d [9l.

2 ch R 2 a° '
437 = (R R ) I= ds - . (2.12)
r 1 2

do

’ L
Note that the cancellation of receiver -gain Gr implies that the reclever

is a uniform gain, omni-directional antenna, Assume thé surface to be a

(o]

Py = 0), the glistening surface can be characterized by o = co 2

8 £ o and zero for 8 > o , where 8 = (v, = ¥;)/2. The glistening

uniform distribution of facets having rms slope 7 (th;s is Zﬁﬁicase for

g for
a

surface may be represented in Cartesian coordinates by the following
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e )
%quation
X. X h h h h, 2 1/2
1 2 r t 2 1 r t
y = ¢ (—+ =) (d° = {(—— - =—) ) ' (2.13)
X+ X, x0T, a " F X, T X,

Flgure 2.11 illustrates the glistening surface coordinates where

X, + xz-/v’G and R.I - X, R2 - Xy and the g?,i'stening sui'face is bounded in

x by xa = hr’2°u and xb R = xa. The total diffuse ;?ower can be

derived by integrating equation (2.12) over t‘.h’e ‘glistening surface.

However, the integration may be in x alone by noting that the integrand

will be relatively constant over y for a given x. Noting that since the

surface 13 symmetrical in y, we have ds = 2ydx, Setting H'1 = x'1.

= X, and ¢ = 1/a2 (since c:oi:.2 g = 1/02) in equation (2.12), we .
0 a @ a .

ve:
2 T : : .
g ¢ R, ___ydx (2.14)
P
d 2 2 2 .
_ 211'0Cl x. (R-x) x '

A

, -
Fioure 2.11 Glistening surface gecmetry of df ffuse muitipatn.

LN -3
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2.4 Diffuse Roughness Masking’

It is, in general, necessary:to consider the contributions of
both specular and diffuse multipath alike, since 1in practice  few
sur faces will result in these two extreme cases. It is for this reason
that Barton [9] has introduced the rohghness factor Fg to scale the
diffuse component,
=2 s 2

5

Fd=1—p

As can be seen in equation (2.15), Fg represents that fraction of
reflected power ;ot attributed to the spécular coﬁponent. From equation
(2.?). wé see that €§ is, however, a function of ¢, the g;azing angle
for specular reflectioﬁ. In the diffuse case, theﬁincident angle and
the reflecting éng}e ¢2 are not necessarily que}; for this reason, pg

must be calculated to accommodate both. Taking the geometric mean of

the two paths, we have

2 | .. _ 2 2
Fd = Fyy Fyo = /(1 = 951)(1 - Pgp) (2.16)

~vhere the subscripps 1 and 2 correspend %to the contribution pf the
incident and reflected paths.

Equation (2.14) may now be updated to include the roughness

_?actor. i |

.

It is perhaps more instructive to view the power pi as a function of the
receiver look angle ¢. This may be accomplished by making the substitu-

tioﬁ below.

(2.15)
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X

h tansg
r
' 2
' dx = - h_ csc™ ade

r
-1 -1
Ba = tan (hr/xa) eb = tan (hr/xb)
The term os can now be hritten as
8 2
3]
5 -R2 b Fd yh r.c::sc
Py = 3 J > de -
' 278 ] h 2 h
' A (R ——y L
tan® tanae
8
2 b F, y de
-R d
) 2rh 2 g {(R-h_ ¢ ta)2 c0326
rfo %3 -n, ¢o _

Since Xy > X, 5 > Bb: therefore, reversing the 1imits, we have

J:
Ei) 2 R2 Ia Fd y de

Dd = "ﬁ' 3 z . (2.18)

Znhr-go By, (R'hr cots) cos .
Equation (2.18) can be written in the form of eq. (2.19) below.
2

dey R° . Fqy
- [ 1 (2.19)

de 2rh 2 (R-h_ ¢ te)zrcoaze‘

wh .8, r

- Y- 2 :
Note that equation (2.19) 1is the slope of 5, and that p, = 0 for

aa <8< ﬁb. It is now possible to construct a curve representating the

‘reflection coefficient pd“= (03)1/2. This is done by averaging the
slope of pi over N small intervals of size 48, The next value of

172

pd(1+1) =‘pd(i) + (mean (dpzfde) x A@) , where od(o) = 0 andlpd(ﬁ) =

. . .
Patotal] [0 this way we may arrive at a value for. the total diffuse

power,




CHAPTER 3

L4

SIMULATION TECHNIQUES

3.1 The Simulation of Multipath

In this chapter, we shall discuss three possible —methqu bf
simulating multipath. Section 3.2 describes a holog%aphic method 1n-
which the amplitu@e ,and‘ phase information required to simulate a
multipath environment 1is recorded on. a holgraphic plate. A microwave
source may be transmitted through or reflected from. this platé.J
producing the desired multipath wavefront. A phaﬁed array approach 1is
discussed in Section 3.3. In this case, discrete elements are used to’
approximate the ﬁumerous reflections asssicated with diffuse multipath.
This sectian i3 then followed by one on a hybrid simulation system in
whichtéhe numerous radiators are obtained experimentally from a single
sohrce. then combined by means of software to produce any number of dif= :
fuse environments. it should be nbted that a pure software simulat[:;*—i\'

has been excluded, because of the desire to test the response of .an
J -

actual array (and its own specific {imperfections) to the impending
N

multipath.

~

3.2 Holographic Approach to the Synthesis of Multipath

Thé extension of holography to the microwave frequencies of the

electromagnetic spectrum seems to offer new possibilities for the

solution of a number of problems such as antenna synthesis [10]. The

19
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concept of holography has been around for quite some time. A number of
years prior to 1947, Dennis Gabor photographically.recordéd the inter-
ference pattern, generated by the interaction of'.scattered quasi-
monochromatic light from an object and a cobérent reference wave [11].
ﬁeconstruction of Lﬁe original wavefront was then acﬁievéﬁ by defraci}on
of coherent light through the developed holographic ﬁransparency.
"Hologram" was the description label Gabor put on these transparancies,
taken from the greek word "holés", meaning whole. This was a fitting
name, since a hologram fetains.all the information contained in the
original signal.

The extension of'holégraphy to the microwave frequencies, being a
conceptually trivial matter, has the practical limitation that tﬁere is
to date no microwave analog to photography. That 1; not téﬁsay that it
i;\igpossiblé to generate fucréwave holograms; it 1is just that it is
more_difficult'than in the-optical case. The remalnder of this section
will, for the above ment;oned reasons, be dedicated to summarizing the
theory behind the poss;blp techniques used in -acquiring microwave

.hologram.

As in optical holography, it is desired to record oniy.“the
ﬁodulus of the interference pattern of interest, since the phése infor-
mation is encoded in the modulus. Assume we have a plane in x and y
upon which a holbgram is to be constructed. The réference wave ER (in®
the far fleld of this plane) is given in equation (3.1):

Ep(x,¥) = A cos(ut + dp(x.¥)) ' C(3.1)

R
The term AR is the reference signal's amplitude, while ¢R(X.y) is its

h
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phase which varies spatially, as given'by equation (3,2):

b (X,y) = %1 [x sine, + y. sinec] ' (3.2)

where eA and GE are the azimuth and elevation aggles {(with respect to
boreaight) respectively. A wéve scattered f;om an object (in our case a
land or water surface) can be expressed as

Eo(x,y) =z Ao(x,y) cos(ut + ¢°(x.y)) .(3.3)
Note that now both amplitude and phase are functions,of position. ‘Seen
as a whole, both A (x .¥) and ¢ (x,y) will be extremely complex. If,
however, we consider only the contribution of one point on the object
(azimuph = By elevation = 951)' we hafe

Eoi(x.y) = Aoi cos(wt + ¢oi(x.y)) (3.4)
Now, Aoi will be a canstant'uhose value depends only on the refléction
coefficient of the surface aé that poiht. The function ¢01(X-Y) will

once again i? a simple function as in equation (3.5):

~o 2n 1 .
¢oi(x.y) ol Ix si_neAi + ¥ sineEil : (3.5)
For this analysis, we shall consider only the contribution of this one
point source, moting that the total object wiil be represented by thg

s

sum of all contributing poihts.

It is the interference pattern of ER(x.y) and Eoi(x.y) that 1is
recorded to form a hologram. In the bptical case, this is done with a
photographic fllm which merely‘records the power‘of the interferencg.
This process is eqﬁivalent to squaring and low-pass filtering [11] the
intereference electric field EI of equation (3.6):

- . : )
EI(x.y) = ER(x.y) + Eoi(x.y), (3.
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The intensity pattern i3 calculated a3 follows -

2 _ ' 2
'EI(x.y) = [EI(x.y) + Eoi(x.y)]
. L2
= [AR cos{ut + ¢R(x.y)) + Agy COS(m§§+ ¢°i(x.y))]
a2 2 ‘
= [AR cos Smt + ¢R(x.y))
+ EAR Aoi-canqt + ¢R(x.y)) cos{ut + ¢°i(x.y))
.. .2 2 <
f Aoi cos (wt +'¢°1(x.y))]
But
00320 = % (1 + cos2a)
and
' ‘ 1 1
cosa cosB = 3 cos{a-B) + 3 cos(a+B)
Therefore,
2 “g
EI(x.y) =5 (1 + cos{2ut + 2¢H(x.y)))

2 | -
. A
v A Ay(cosCogta,y) = 6o (R + %5 (1 + cos(@ut + 20, (x,y))

A low-pass fllter rf’bvas all but the constant terms, giving the

o

intensity :
A ‘ Aoy ,
x,y) = 3= + Ag Aoi°°5(¢ﬂ(x'y) - ¢°1(x.y)) arad , (3.7

It can now be seen that the aﬁplifude and phase of the object signal are
preserved in the second term of equation (3.?). It is an important
observation that the other two terms are constant for all'points x and ¥
on the hologram, since only the phase of the sgqcond term is a function

of x and y.

The effect of the first and third terms of equation {3.7) i3 only
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to add a constant brightness to the hologram. This brightness 1s a

quantity contributing to a term known as the fringe visibility L11].

given by:
vz (Imax - Imin)/(Ima-x + Imin)
. where from equation (3.7) '
A2 ] A2 B
T TL O Y.
max = 2 Rol 2
A2 A2
I = 2 AA . + ot
min = 2 "R ol 2
Therefore, o
2 A_A
v = ——R—& (3.8)
(A2 + AZ ) '
R oi '

The amplitude transmittance of a Lho}ogram is ﬁﬁoporgional to
I(x,y), and therefore the reconstructed wave EN is.given by equation
(3.9), the product of the intensity pattern and the reference wave:

E(x,¥) = I(x,¥) Eglx,y) . SN K-Y
| Ay Ay
AR cos(ut + ¢R(xﬁ¥))[§— + ARAoi cos(¢R(x.y) - ¢oi(x.y)) + —5—]

A 2
5 coslut + ¢R(x.y)) + [Ag Ay cos{¢p(x,¥)

n

- A A2

2°i cos(wt + ¢R(x.y))

- ¢oi(x.y))x cos(wt + ¢R(i.y))] +
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by o 2 Ag A
=5 [AR. + Aoi] cos(wt + ¢R(x.y))_+‘

i cos{wt + ¢Oi(x.¥))

-

“: Aot . ‘ ’
¢ cos(uwt + 2¢R(x.y) - ¢oi(x.y)) (3.10)
The aﬁove hologram will have three beams., The f{irst represented
by term one of equation (3.10) will bg a scaled version of thé reference
beam énd occurring at the éame azimdth and elevatipn. The‘othér tﬁb
terms are the - sidebands _gituated 'sym;trically in phase about the
reference'beam. The r ’o of sideband to reference amplitude is v/2,
which will have a max um value' of 05 .when the reconstructive ‘an.ld

ob ject wéve émplitudg AR and'Aoi are equal, it is these sidéfBand terqs
which'qpntaiq 511 the informatiqp of the original object wave. The
third term of equation (é.iO). the conjugate wave, ﬁaﬁ complementar}
phase information and %s such, it is undeéirablé. ‘Onl; the second term
i1s of the’correct form and is the only signal we yish-to see. It 1is
" possible to separapg the second ‘béam by making ¢R(x.y) large when .

/;£brming the-hglggran.'. L . '
In the fbllowing, two mgthdds of producing microwaﬁe holograms

are briefiy deseribed. | ,

An experiment apparatus for the recording of microwave holograms
is illustrated in Figl 3.1. The receiver of Fig. 3.1 1$ moved about a
two dimensional plane which is to become the plan of the hologran. The
Interference inteﬁsity pattern reéﬁlting from the reference and object

antenna.angj?bégrded for a suitably large number of points to

accommodéte accurate interpolation when constructing the resultant
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Holographic reproduction of the object antenna of Figure 1.1,
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hologram can be constructed with aoplate §f varliable attenuation or
phase, having a br;file equal to that‘ of the recorded interference
pattern., Figure 3.2 shows the resulting reconstruction of the ob ject
antenna. A recent paper by N.H. Farhat (12] describes another method of
producing amplitude and phése modulating microwave transparencies. A
Short summary of the techniqze is as follows; the wavefront to be
spatially modulated radiates on a thin semiconductor plate. The plater
initially having uniform thickness and resistivity, is altered by means
of excess carrier generation by photoexcitation or electron beam carrier
injeétion.' The électromagnetic \pfoperties of the plate change as a
result and exhibit a change in reflection and transmission coefficients
[12]1. Phase modulation can béfbbtained through a process known as
relie{.grating. where the apparent phase modulation is due to difference
in path lengths- derived by reflection of the reference beam off grating
of various depths.

The elegance of holography in reproductidn of a realistic
multipath environment becomes most obvious when we consider the fact
that holograms being mere amplitude records. are. easily added to one
another producing a superposition of the hoiographic images. The
multipath signal as developed in Chapter 2 may be viewed as the sum of
numerous radiators from various anglas and.having different amplituaes.
A hologram can be developed, through the composition of holograms
representative.of these numerous fadiators. This transparency may then

}\Qe used to radiate a full multipath signal in real time with the use of

a single transmitter (the reference signal).
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3.3 The Phased Array Multipath Simulator

Another possibility for the simulation of multipath in real time
is the phased array transmitter; This method is without a doubt the
direct approach. Assuming'multipath‘to be the net résult of numerous
radiators of the form given iﬁﬁxequation 3.4, it is theoretically
possible to physically simulate tpeir individual contributions. It is
merely required to provide the necessary hardware toc accommodate
variations in the phasé and amplitude of each radiator. Figure 3.3
illustrates the hardware requirements of one sugh radiator.

In a complete.system; the ra&iators would be arranged 1n such a
fashion that the angular assignments of the array element correspondeg
to the angular extents of the glistening surface as illustrated in Fig.

3.4,

3.4  The Hybrid Multipath Simulator

In this context, the word hybrid is uséd to describe a system
which has a hardware ﬁasis. but uses the versitility of software to
achieve a flexible system. Once again we assume the.multipath signal to
be composed of many radiaéing elements of varilous amplitudes and phases.’
It is then not only possible to coqsider discrete radiators additively
creating the multipath environment, but to monitor ghese contributions
individually. After all the elements have been considered}their con-
tributors are added through software. What we are actually producing is

a synthetic aperture transmitter where the discrete radiators, found in
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the phased array of the last section, have now been spaced in time.

The hybrid system was chosen as the simulation method used; the

’

merits of this system resulting in this decision are discussed in the

following section.

3.5 Merits of Hybrid Simulation

Although the hybrid method has the limitation that it cahnot
simulate multipath in reai'time. it has a number of advantages which
make it a desirable method: Probably the most obvious limitation of
both the phased array‘and holographic method are their required physical
3ize. For Instance, a typical multipath may have an angular
distribution of ten degrees; then the phased array and holographic plate
would both have”a physical extent of seven feet (based on. an anechoic
chamber length of forty feet). Not only wduld this exteﬁt be outside

the quiet zone of the chamber but the required hardware for both methods

,wduld be incredibly expensive. ' For these reasons it can be seen that

the hybrid appreoach 1s the obvious choice.
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CHAPTER U

HYBRID 'SYSTEM FEATURES

4.1 Overview ’

[—

It has been shown earlier. in this thesis that diffuse multipath
. ) _

may be modelled as the net sum of nﬁmerous' radiating elements dis-
tributed over\ a wide ranée of angles. It was desired to test the
response of an actual receiver to-a diffuse-waverront. Realization of a
diffuse multipath trénsmitter in hardware being extremeiy expensi#e and
virtually impossible to implement led to -the hybrid simulator.. The
hybrid simulator desﬁribed in this chapter combines the ability to‘use a

real receiver and still be able to simulate. almost any number of

transmitters aécurately and cheaply.

[y

N.é Hardware - o &i:v

A block diagram of the hybrid system is shown in Fig. 4.1.. The
microwave hardware is as folléua. The klystron source is split to
provide trénsmitter and receiver power. The phase of_éhe transmitted
signal 1s varied relative to the -in-phase local oscillator: of the
receiver via d2. This signal 1s'phen amplified t& a sufficient‘lgvel
before being transmitted from a 25 dB horn 40 fe;t from the receiving
array. The receiving array consists of eight 10. dB horns. The quad~
rature oscillator supplyiqg these horns has phase shifter d1 to provide

the appropriate phase shifting with respect to the in-phasb oscillator.

32
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The depression angle with respect to the recei#er boresight is
obtained by elevation of the traﬁsmi£tef and/or tilting the receiver.
The desired anglé is elther entered manuglly into positién conﬁrol
system two (PCS2) for transmitter position con£r01 or under computer
control into PCS1. for receiver control. A detalled description of the
above mentioned system components and others can be found 1n'Appendix A‘

~

4;3 . Software
J

The software for this system is divided ‘between four programs.
The first program "DVST2" tAppendix B) is used to acquire data from the
phased array recéive;. This program interfaces the hardware and
software of the hybrid sfstem. .Thi% interface involves data collectiﬁn.
receiver position control, and necessary user prompts to provide
essential hérdware adjusﬁments, ; *

The second program "ADJUST", desaribed in Appendix B, 1s used to
make  the reduired data éqjustments. These adjustments account for
nonuniform channel gains, pﬁaaés and offsets. The next program "DFGEN"
‘generates the appropriate sbrface refleétion'characteriatics. us?d to
shape the acquired data. The 1last program "SHAPE™ applies the
reflection coefficients of "DFGEN" to the éata of "DVST2". It also
provides the charac;eristic phaze distribution of diffus; multisath agd
displays the final data format. \ -

A detailed description and 1listing of the.above mentioned

programs can be found 'in Appendix B.



CHAPTER 5——

RESULTS

5.1.1 Theoretical

~ In Chapter 2 the nature of diffuse multipath was p;eaented.in a
mathematical sense, developed from a physical model of a surface,. It.
was found that the resulting equation (2.19) discribed the diffuse power.
reflected into the receiver from a surface area contained within the -
small look angle sweep of d8. This equation being a composite of many
factors such as; the extent of the glistening surface in Ehe y-axla, the
roughness facﬁor and the target geometry, made it difficult to visualize
exactl& how the diffuse multipath changes for a given set of pa;ameters.

It is for this reason that the diffuse multipath versus 'look
angle has been displayed by use of program "DF3DP" in a three
dimeﬁsional format. This allows for one of the various contributing
parameters to be varied alongrone_axis with the remaining parameters
being fixed, This gives us not only a pleture of how the multipath
characteristics vary for a given parameter, but also the sensitivity of
ﬁhese characteriﬁtics to varying one parameter, as compared.to another.

In the following sections the diffuse reflection coefficient is
displayed in 3~D for varying RMS surface slope, RMS surface height dev-
iation and target elevation angle. 1In ali plots the target range is 10
km, the uavele;gth 3 cm, and the radar {s situated at a height of 5 m. .

»
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5.1.2 BRMS Surface Slope

Tne five figures of this section (Figs. 5.1.2A-E) will be
consi?e;eé in two groups of three (Figs. 5.1.2 A, B, C) and (Figs. 5.1.2
D, B: E). Sin;e the figures of this sections display a large amount of
mutual information it is perhaps best to describe these feature first

. 3ince they ihfact vreveal the affects of varying Bo the RMS surface

slope. There are two predominate features that are worthy of noting,
they are the narrow peak and the wiqe f;fhge found in the right and left
Hackgrounds respectively. The narrow peak occuring at small slopes, is
to he expected since the extent of the glistening surface depends only
on the target geometry and the slopé of the reflecting surface. A patch
of surface displaced far from the_ specular point requires a steeper
sloped surface facet to reflect powér in the direction of the receiver
£han deoes a point near the .specular point. ©Since these . surface facets
aregﬁssumed to.be normally disturbed, you would expect (ignoring all
other facters) diffuse power to be reflécted no}mally about the specular
point. It shquig,also be not;d that the glisten surface width y is
greater about the specular'point. se¢ Fig. 2.9.

As Bo increases the extent of the glisténing surface increases
from only .016 degrees at B, = .001 radian§ to 45.0 deg at Bo = .1
radians. Since the behavioﬁr of the }eflection coefficient is rela-
tively continuous for large look angles, the plots have only begn made
up to 1.0 degree. The fringe in the left back ground arises because as

B increases the extent of the glistening surface increasing (i.e. f;bm

very small angles to very large angles). The actual amount of surface
13
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aggg%erm which power can arrive is.large (dx = --'hr c.?r.c2 o do) for
small angles, it is also apparent ﬁhat the extent of the glistening
surface in the y axis incrgases;tremeqdously for decreasing look angle.
The combination of these two affects results in the observed fringe.

In order to investigate the effect of. surface height deviation
~Figs. 5.17.2 A, 5.1.2 B énd 5.1.2 C were plotted with respectively
decreasing ay, - The elevation angle was held constant at .5 degrees. It
can be seen that the relative magnitude of the reflection coefficient
increases for increasing o

——

factor Fd equation 2.16. A more intéresting feature, however, is the

this is due to the increasing roughness

apparent exageration of features as Uh decreases. It is interesting to
note that percent difference betweeﬂ peaks and Qalleys is much greater
when % is small. This affect will be ﬁade élear in the RMS slope
section (section 5.1.3). '

If we now focus attention on figures 5.1.2 D, 5.1.2 B and 5.1.2
E, we can see the effect that variocus target elevation angles have on
‘the nature of this distribution. Holding . the RMS spinf'a;e height
deviation cﬁ at .15 meters or sx‘the plots of relfection coefficient
. Versus look'anéle versus Bo were generated (Fig.‘D. B, E) for target
elevation angles of 1.0, .5 and .25, reSpectively. Some features afe
quite’ obvious, those being the fact thét the peak %bllows the specular
point and tﬁe fringe increase in amplitude with’respect.to the peak.
Some less obvioﬁs points are that the gl&stening sur face extends over a
greatef angular range and that the diffuse Eéfiegt coefficient is larger

vhen the elevation angle‘is larger. These points will be more easily

seen in the section on elevation angle (section 511.“).

4
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# .
5.1.3 RMS Surface Height Deviation

The five figures (5.1.3 A - E) of this section will, as in
section 5.1.2. be arranged in two groups of three. The first of these
groups (Fig. 5.1.3 A - C) d15p1ay the change"in the diffuse reflection .
coefficient vefsus look angle with surface height deviation ch,‘and is
shown for three different values of RMS surface slope 80. These figures
were chosen 3specifically -to enhance the dominant figures of section
5.1.2. Figure 5.1.3 A' shows the change in the peak of section 5.1.2

h
- fringe. Figure 5.1.3 B illustrates a transition stage at Bo = .0

(Bd = .001) for varying o' while figures 5.1.3 C (Bo = .1) shows the

radians. Notice that tﬁe max imum peak{pf figure 5.1.3 C 1is Pq = LOlY4 at
-Uh = .6 metres‘ao = .001 radians is the same peak found in figure 5.1.2
A at Bo z .OOT_ana_for o, = .b naturally.g}ging the same value of Pq*
It is interesting to note the dramatic change 'in the amplitude of this
'peak as e chanées. It should be pointed out that the slope of Py versus
%, approaches zero for large e

By close inspection of figure 5.1.3 A we can seé that the effects
of var*}ng_uh are more dominant at the very small look angles. HNotice
that the slope of the cross section at a look angle of 1.0 degrees is
far less than that at .03 degrees. The combined effects of increased

amplitude for decreasing look angle and inecrease o, are perhaps most

h
obvious in figure 5.1.3 B, note the siénificant difference in the shape

of pq Yersus look angle for g = .038 and o, = .6 metres. The above

h

mentioned feature can be explained with reference to equation 2.15 and

2.7. Notice the psz term of equation 2.15 found in equation 2.7



ny’

consists of two factors; o, and the SINE of the look angle. This means

h
that the roughness factor will increase for increasing @, or decreasing
look angle, We can also see from figure 5.1.3 C tha£ there is no chanée
. in the extent of the glisbehing surface as a result of varying L

By consideration of flgure 5.1.3 D, B, and E we cdn see the
effects that different target,'elevations have on the coefficient's
distribution Notice the 1ncreasing of pd‘for decreaing elevation.
Also notice the lack of fringing in figure 5 1.3 D (elevation angle of
1.0 degree) as compared te 5.1.3 E (elevation angle of .25 degrees) and

the transition stage found in figure 5.1.3 B for target elevation angle -

of .5 degrees.
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5.1.4 Target Elevation

fﬁghfigure of this section (Fig. 5.1.4 A - E) are also arranged
in two groups of three plots with a total five. The first group figures
5.1.4° A, B, .C haye been chosen such that the Bo of .01 will give tEe
transition between peaks and fr;hges for an elevation angle of .5
degrees, |

It\ is now quite cobvious that the amount of fringing (or the
amount power reflected from small angles) is dependent on the elevation

angle of the target. We can alsc see the effect that 9 has on this

" distribution. ' When og is larger (figure 5.1.4 A) the magnitude of the

diffuse reflection coefficient is larger particularly at asmall 1look
angles. On the other hand when o is small (figure 5.1.4 C) the overall
reflection coeffipient is smaller and the emphasis is on the peaks

rather than the fringes. We saw in Figure 5.1;3 B the effect 9 had on

o4 versus look angle and now it is possible to see how the elevétion

versus look angle plots have been deformed for the three value of g

-~ .

(.0375, .15, .6)’

-

As in section 5.1.3 figures 5:1.4 D, B, E were chosen to enhance
the three dominant features associated w&@h varylng Bo. The surface

‘helght- deviation ¢, has been maintained at a constant value of .15

h
meters for the three Bo values of .1, .01, .001 radians figure 5.1.4 D-E

respectively. These plots represent the fringes, transition, and peak

stages discussed in sections 5.1.2 and 5.1.3 for a target elevation
angle of .5 degrees. We can see, as pointed out earlier, that the

distribvution of figure,.5.1.ﬁ B toggles between the fringef.and peak

n



-

!

stggég, ‘reachir;g t‘l'le-t'r'ansition stage at elev.ation éngle ot: .5 degrees,
"It is very clear in figure S5.1.4 E that the peak follows the
target elevation angle. It can be seen however that for véry small
elevation arféies even this distribution begins to show signs of
f‘;'ingingk_\ '. ‘
| In figure 5.1.4 D we c‘an .see- that thé fringe distr'ibution
associated with a large B become- very large. In’f’act the fringe
attains such a large value of Py between poinf.s {large slope)' for '.'s',mall
look and elevation angles tr.lat 1t is difficult to e#"'/ajiuate with a look
angle resolution of only .01 ‘degrees; ] | - |

\
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 5.1.5 Summary of Thedretical results

Perhaps the single most important factor contributing to the
characteristics of the diffuse multipath reflection coefficlent cbserved
i1s that of the RMS surface slope Bo. _There are drastic vgriations in
the shape of pq Vversus igok angle over tth:;hge of Bo = .00t to .1
radians, It can be seen tﬁat except for very small angle~the reflection
coefficient within an angular step of ;01 degrees decre;aes in
amplitude for increasing Bo' This, however, 1a‘not to say “that the
amount .‘gf‘ diffuse power is reduced, Jjust that the amount of power

: oriéinabing%from a particular’ section of the sdrface has decreased. The
total diffuse power in fact has incréased considerably uitb increa:}ng
Bo since this power can be disﬁfibuted over extremely large angles (U5
degrees for a target alevation of .5 degrees and a B;‘Qfg.1 radians)

when Bo is large.

It hés been observed that the HEMS surface-height deviation % haf
no affect on the extent of the glistening surface, but that its effects
are observed in both the look angle and 9% coordinates. Remembeming
that ah'is a product term with the SINE of the 1;ok apgle in an equation
defining the roughness factor, we can see that this variation wiil
oceur. -From section .5.1.3 ith may be observed that the effepts of
changinghoh are most dominant in the range .038 to .3 (1.25 1 to‘10 1)-
after which time the effects seem to plateau. )

Increasing the target elevation has a two fold effect on ;he

diffuse reflection coefficient since not oniy does the magnitude of the

coefficient increase, but the angular spread of the glistening surface
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increases as well. This effect of spread in the glistening surface is
however nowhere near as dominate as in the case of changing Bo (at least

one order of magnitude less),

5.2.1 Experimental

In the development and subsequent analysis of diffuse multipath
it was assumed that the receiver was omnidifectional with unit gain. In
such a case the receiver would see that which was diSpiayed in the
figures of sections 5.1.2, 5.1.3 and 5.1.4. It was however, desired to
observe the effects a real antenna would have on these distributions
(i.e. what feature; would be observed b} a given anntenna). ' With the
use of program "DVST2" (Appendix B) data was obtained from the eight
element phased array (described in Appendix A) in steps of .1 degrees
over the range 0.0 - 5.0 degrees. This data was then stored in a file
i# DATA) on the CRL's HE‘1600 computer. Program hAJUST" then retrieved

. e~
the data and made t&s_ﬂgggssary amplitude and phase adjusﬁments'(seé
Appendix B) to make the successive angular samples combinable, This
adjusted data was then dumped into file "g#AJUSTY,

The data describing the diffuse multipath distribution had been

generated by the use of program "DFGEN" and was stored in file "DFGEN".

. Program "SHAPE" read data from both "AJUST" and "#DFGEN" combining them

as described in appendix B to give the resulting or affective diffuse

reflection coefficients.
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5.2.2 Case 1 |

Case I is displayed first .since it best describes the eféects of
anntena patterns on the observed characteristics of difru3e multipath.
The charactaristics found 1n the following two cases are far easlier
explained with reference to Case I, and have been 30 arranged for that

reason,

@ In this example our target ié.situated at an elevation angle of
.25 degrtgtlwith a range of 10 km. The.residing array 1s found 5 metres
above a moderately rough surface (8, = .1 radians o, = «15 metres).
Figure 5.2.2 A illustrates the glistening surfaces from which power 1s
reflected toward; the receiver. The extent of the glistening surface in
the y axis i3 shown in metres over the look anglé extent of 10.1
degrees, The acéual glistening surface extends to 11.9 degrées but has
been truncated for display purposes. It should be noted that the
glistening surface is aymﬁetric about y = O with only half the surface
shown. Note that the extent in y-incieaaes very rapidly for very small
angles uﬁile ifs di;tribution for larger angles decreases monotonicly.
Figure 5.2.2 B shows the distribution of reflection qoefficient over
this glistening surface.

. It is very important to note the increased overall and decreased
relative amplitude of‘the.horizon splke and the monotonic section for
the plots of this section compared to their correspondingrcrossections
of sections 5.71.1 -'5.115. fhis observation i{s easily explained; the
plots of this section represent diffuse :Eflection‘coefficients

corresponding to patches of surface contained within an angular step of
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«1 degrees while the plots of the previous section were genérate at
angular steps of .01 degrgeb: Since the stéps slze is gféater in this
section we observéd an averaging of features.

Figure 5.2.2 C 11 the. corrésponding phase of the reflection
coefficient of figure 5.2.2 B; as might be expected, there is little if
any Informatlion extractable from the phase plots.

| Flgures 5.2.2 D and 5.2.2 E are blow ups of figures 5.2.2 B and
5'2°2. C; This was done so that these theoretical plots might be
compared d;rectiy with their experimental partners: fiéure 5.2.2 F and
5.2.2 G §ver‘tﬁe 5.0 degree range experimental data. In figure 5.,2,2 F
we have shown the model distribution of figure 5.2.2 D with the element'
pattern of one form of our eight element array applied. The two
distributions (D and F) are quite similar, this is, of course, to be
expected since the gain of one element shdﬁld beg§ery near unity over
the 5.0 degree range of our data. It may, however, be noged that this
curve lacks the smooth trend of the theoretical curve of figure 5,2.2 D.

It might also be noted that the phhse plots illustrated are the change

in phase observed at element eight \for varied depression angle.
In figures 5.2.2 H and 5.2.2)I, we see the result of combining
the eight array elements. 1In this“and all other cases examined the main

beam of this pattern has begh cehﬁred on the target (in this case at

-.25 degrees), and the arrjy elements have been welghted equally. We

-can see that we obtain an/effectlve null at 3 degrees or 3.25 degrees

<

from the centre of the main beam. HNotice that there is a falr amount of

gain increasing the effewtive p, in the main'lobe.‘ It is apparéﬁt that

d
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5.0 degrees i3 quite sufficient to observe the effects of antenna gain
on the distribution of diffuse power, since the amount of power in the

sidelobe 13 small comparably speaking.

e

.‘,—
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5.2,3 Case II /

As in Case I, we are looking from a 5 m high radar at a target 10
kilometers away at an elevation of .25 degrees. In this case however
the BRMS slope‘of the surface (Bo) is .07 radians wiih an RMS surface
height deviation of .15 metres.

The figures of this section 5.2.3 4 - I are arranged in the same
format as in figures 5.,2.2 A = I. Figure‘5.2.3 L shows . the extent of
the glistening surface in y and look angle, it has been ?ﬁgtted on the
Same x scale as figure 5.2.2 A for comparison. Note that the glistening
.surface's extent in both ';lévation angle and in y has been greatly
reduced by a reduction in 8 . |

The reflection coefficient of figure 5.2.3 is shown on the scale
of 0 - 10,1 degrees and again in figure 5.2.3 D over a 5. degree range.
Upon application of the element pattern figure 5.2.3 F we again notice
no apparent change in the distribution. It'gs. however, possible to
detect -a reduction in the amplitude of the }eflection coefficient for
increasing look angle in figure 5.2.3 H. Notice the extiremely large
effective reflection coefficient resulting from the' combined array

pattern of figure 5.2.3 H.
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Keepihg the radar at a height of 5 m, target at' a range of 10 km,

L

the values of a and %, at .01 and .15 respectively, the target was'

raised bo.an elevation of -2.5 degrees Once again-‘%e figures are
erranged in the same pfevious fashion. The glistening surface of figure
5.2.04 A 1s now somewhat symetric about the specular reflection point of

2.5 degrees. This same symetry is ob3erGEd in the diffuse reflection

coefficient of figure 5.2.4 B and its blow up.(5.2.4 D), Notice that -

s

the od = 0 point on the left is missing; this is because there is no .
- r " .

data point within the glisteningksurface that corresponds to it. Sinee
it “has a value of zero, its absence makes no difference.
Applying the element pattern to this curve results in figure
5.2.4 F with no'epparent change.
. The combined pattern of -figure 5.2,4 H shows a small amount of
gain and shaping caused by the side loee which this distribution‘i;lin

5 -
since the main beam has been centred on the target at -2.5 degrees.
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5.2.5-Summary of Experfmental Results

Although a far larger amount of power 1s directed in the viecinity
‘of the radar when Bo 13 large, the amount of power observed maybe much
' smaller., For example when Bo was‘large as in:Case I, the reflectibn
coefficient was distributed over J1r9 degree; however, after aﬁplying

thg array pattern, tife effective bart of this between 0, and ?Lo

degrees,. The case when B, was moderate (.01) and the elevation angle,

was .25, all of the glistening surface was witﬁin the main beam.
Altﬁaugh the glistening surface was smaller and the resultant total
power smaller the reflection coefficient was much larggr. If, however,
the target 13 moved out of the main beam as in case III, the effective

-

reflection coefficient is suppressed by the gain of the sidelobe.

} it is for thes; reasons that we conclude tg;t_ the most
undesirable condiﬁions occur for mo&érate '80'3 and very low target
elevatio;s. ) Note, however, ithat this analysis has been comﬁleted
assuming a flat'earth. If we were to consider the effects of a curved
earth we ‘would find that as the target got very low in elevation a large
percentage ,of the glistening surface would 1lie beyond the radar 3
visible hor;zon. This may imply that moderately low targets provide
more undersirable condition (i.e. more diffuse power in maln beam) than

do very low ones,

—

¢ e~



CHAPTER 6

“ ' . - CONCLUDING REMARKS

6.1 Conglusions

In this thesis it was desired to produce a ‘laboratory

apparatus capable of generating a multipath environment
v {
approprtate to the study of diffuse multipath as it occurs in the

jase of low elegation’{;acking. Three. simulation methods were

investigated (holographic, phased array, and hybrid) with the
, . _ . = v,
hyBrid, model being implementéd. The' results of this

implementation w;F;d;;Lplayed in Chapter 5.

.From these results it can, be seen that by using the hybrid

A

method it is possible: to produce a @uitipath epvirgnment.
containing virtually aqyﬁnuﬁber of multipath components. By using r
an array of some .predesignated ﬁattern as the receiver, it 1is
po;sible to obserJE_the‘qays in which this multipath will affect
‘it. 1In the investigatioﬁ of the.effects of diffuse multipath on a
given receiver, it was found_ that antenna pattern played an
important fole. It was found that large amounts of power were
reflected in the direction of the receiver when the RMS.surface
slope fﬂo) wa; 1arge. This was largely du? to ghe fact that the
glissening surface extended 6;er a large range of angles. The

power density was found to be higher for more moderately sloped

‘surfaces, which leads.to interesting resu&t; when considering’

92
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.

antenna aperture. If, for example, we have a target aE Extremely

low elevation above two surfaces, the firsﬁ being rough (large

surface.slope).uthé second mogerately r?Lgb, we find the pecgnd

case to be potentially more damaging to’ the radar. This is due to

the fact that, if the target 1s at low elevation, the main lobe of

the antenna pattern will lie on top of'tﬁf-target.and a large
-

amfunt of energy near the horizon. Although it is que that the

target and 1ts image are separated, for decreasing 30 the fact

remains that this distance may still be unresolvable. The antenna

will be ‘effecteﬂ mainly by the main beam,- since much  of the’

remaining' energy 1is suppressed. This means ‘that the surface
generating the large;t power density within the main lobe will be
the most damaging; and this has‘been found (for very low targets)

. to be the surface that is rough but not 80 rough that the<pgwer 13

extremely disperse. ' o

If, however, the target and its image are separated by a

large amount, without a doubt, the rougher 'the surface, the

greater the effect on the radar, This is due to fact that as 8,
decreases, th? diffuse multipath becomes more and more symmetrical
» - .

about the specular point with far less sSpread. This means that

smoother and its effect lessened by tﬁé smaller sidelobe gain.

4

6.2 Recommendations

It is this author's opinion that there is little hope of

the power ﬁill'move away from Ehe horizon as' the surfacé gets-

4
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adequately resolving a target and the diffuse power refiected at

small angles, unless we use the diffuse image to somehow enhance
1 . . Lo

what is known about the target. The knowledge that there will be
. a sharp peak at low angles for low targets Hver rough and
moderately rough surfaces should be of great value when’ tracking

L
under such circumstances. -

In conclusion, it seems the next logical step is to collect

real data with a known target geometry for the worst possible case
% ' .

and apply a little creative thinking when approaching the signal

processing.
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APPENDIX A

A.1.1 Mlerowave
The microwave source in this system (Fig. A.1) is a 27 dBm (500
milliwatt) 9.97 GHz klystron oscillator. This power is divided in two

(3 dB down) by way of a hybrid tee, which feeds the t

smitter and

recelver. On route to the transmitter, the first compogyent encountered
is an isolator. Iﬁs purpose 1s to suppress reflections caused by the
apparént impedance mismatch of thé next component, a pgecision variable
phase shifter. This phase shifter 1is used to set the phase of the
transmitted signél with respect to the in-phasellocal oscillator. At
the output pf the phase shifter iS a klystron amplifier. This deviqg
adds 10 dB of gain to the transmitted signal, making it 34 dBm.\?B'Ei'e
again we encounter én isolator, this time it 1is used to attendafe
refl?cted bouer caused by mismatches after this point. At this point,
the rectangular wavegulde is Joined to a f&fty-féot section of
elliptical waveguide‘(VSHR test is found at end of this section). At
the far end of the anechoic chamber, the eliiptical waveguide is joined
to a section of semi-ridged coaxial cable by means of -an N-type bulk
head connector. The signal, now around 28 dBﬁ, is transmitted towards
the receiver by means of a 25 dB horn.

The roﬁte from Klystron to receiver_mixers is first attenuated by.
7 dB. This signal is then split (3 dB dowﬁ) to provﬁde in-phase and

quadrature phase__bscillators. The in-phase arm passes through an
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isclator, then continues to microwave hardware which is identiéél to the
quadratu;e éide. &he quadrature arm first encounters an isolator sup-
pressiné phase shifter mismatéhés. This phase shifter is used to bring
the two local oscilla%ﬁfs in quadrature, Like the in-phase side, the

quadrature side passes through another isolator. These i{solators are

used to attenuaté reflection from the one by eight power dividers shat-

follow. These two power-dividers are used to provide sixteen local

oscillators (eight I, eight Q). Each of these signals (5 dBm) enters

the L port of 'the RHG DM 8-12 double balanced mixers, The R port is fed

from one side of'a two way power divider dividing the power received
from each of the eight element phased array 10 dB horns. The resulting

base~band signal (port X) is then passed on to the data acquisition

system,

A.1.2 VSWR Test Performed on New Eliptical Wave Guide

Figures A.2 and A.3 11lustrate the test equipment used to measure

the VSWR of the eliptical waveguide,
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99



Backward Power

100

POHER
4ETER -

. MAGIC
- = o TEE
13 ELIPTICAL WAVE GUIDE
TERMINATION
{SULATUB
XLYSTRON
SOURCE
" Figure A.3 Apparatus for reflectad Sower messuresent.

N

TR

TR IR T



101

Let us first consider the operation of a Hybrid or Magic TEE of Fig.

A4,

Figure A.4 Magic or Hyarid of Tes.

Energy transmitted into port C will be divided evenly between A and B,
uith none to D. If a signal is fed 3n A, its power will be divided
evenly between D and C with no power transmitted to B [1%}. The above
two properﬁiea' of the magic TEE will .be suffic}ent to explain the
operation of Figure A.2 and A.3. |

In both Figures A.2 and A.3, the ﬁbwer transmitted to the cable
through arm A is 3 dB down from that of the klystron source 27 dBm - 3

dBm = 24 dBm. This same power is transmitted through'arm B. A matched
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* ., .

load or terﬁination absoébs the power at B. An isolater located between
arm C and our source attenuates any power reflected béck from A. When
measufing the forward power, a termination is placed at D to absorb the
power at D reflected back from A. The transmitted power {3 then
measured at the cable's end (E). |

A matched load 1is.placed at the end of the cable (E) when
measuring the backward or cable mismatch reflected power. This load
attenuates all power transmitted through the cable, so that the
reflected power is due only tb.the cable characteristiq impedance. The
povwer reflected back into A 1s divided evenly between C and D. The
portion goihg to C is attenuated by the isolator, while the part going
to D 1is measured by <fhe power meter. This mg?ns :tpat thé actual
reflected power is 3 dB greater than that measured at D.

The reflection coefficient of the cable can then be calculated
with equation A.1.

_ . REFLECT POWER

1172
e -—12§CIDENT POWER

- [2X POWER AT D,1/2 .
POWER AT E °

log[%a(PD(de) + 3 dbi - PE(dbm))] (A.1)

The voltage standing wave ratid\ VSWR can then be calculated ‘from

equation (A.2)

VSWR = %—t—ﬁ _ (A.2)
. - p

The tests resulted in a VSWR of (1.48) which was considered acceptable.
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A.2.1 Data Aquisition System ’ .

Data Conversion:

»*

The data acquisition system shown in Eigukes A.5 i3 based on a

.

Burr-Brown SDMB53 data acquisition sysFem.

_I£ has sixteeen single-epded inpdts. tﬁese signals being supplied
by the elght in-phase and eight quadrature phase receiver outputs.
These sixteen base band signals are first passed through passive low-
pass filters with cut-off frequency of 200 Hz. The filter cutputs are

-
connected to two eigﬁt channel CMOS multiplexers. The channel selection
is accomplished with use the of the foUr-blt address counter. The most
significant bit selects ﬁhe appropriate multiplexer, while the remaining
three specify the channel number. . |

The selected channel now at the multiplexer output enters the'
poﬁitive side of a low drift, high speed instrumentation amplifier. The
negative terminal is connected to the signal ground. The amplifier gain
is cghtrolled by means of a 2 Kff external resistor and i3 presently set
for a gain of 50. Next, the amplified signal (now in the range *2.5 V)
is held by a sample and hold to the input of a 12-bit analog-to-digital

converter,

hl
L

The 12 data bits and 4 address bits are then %Eht via 50 ¢ line

drivers_as one 16-bit word to the HP 1000 computer.

A.2.2 Timing
Figure A.6 shows the data acquisition system timing. Data

acquisition is initiated by the device command line from pin number 17
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of the HP1000 computer. This signal makes a high to low transition, at

the STROBE pin 58 of the SDM 853. This transition first causes the

address counter to be incremented by one, aelecﬁing the next multiplexer

channel. It also initializes the delay timer, producing a falling edge

at DELAY OUT (18), remaining low for 31 usec (set by means of the RC

_network between pins 21 and 56). This time-delay is sufficient to allow

for the instrumentation amplifier and sample and hold to settle, .

The rising edge of DELAY OUT 118), applied to A/D TRIG (20) and

'accompanied by a low level at A/D TRIG. t57). triggers the A/D to

converter., This causes the A/Q STATUS line (30) to go high. The high
level on this status line causes the sample and hold previously tracking
the instqvmentation amplifier‘fo hold its output.

Téélve—bit conversion .takes place over the 24 usec that the

status line is high. A falling edge triggers a u§6 usec monostable high

. 8]
and is also sent to pin 18 of the HP 1000 computer flagging valid data.

-

The monstable's high output applied to A/D TRIG (57) presents further
data conversion for the 476 usec ﬁime period. This delay 1is used to
allow_the computer time to transfer data. ‘

When the moééstablg's level falls low, this causes the STATUS
LINE to again go_hééh; h§1ding the sample and hold again. This Rrocess
continues until théjcomppter has received a software specified number of
data samples. At this éoint. a devicg_command once again increments the
address counter and stafts the procesS all over. This is continued

until the specified number of data samples is received from all of the

16 channels.

-
—
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A.2.3 Grounding

.The SDM853 1is contained within\awshielded package. " This, along
with 1its support hardware, i3 conpained w}éhig*a shiglded box. The box
‘1s securely mounted to the wall of the\énééhoic'chﬁmﬁer providing a
system ground. All power supplies, microwave and chputer ground
connect to a common point on the chamber wal thus' completing- the

oo ’
grounding requirements.

A.3.17 Receiver Position Control System

s

" The function,of this system 1is tO/ﬁgzé the receiver in elevation
.

L%

to a specified angle. Figure A.7 is a block diagram showing ‘the major

component of this system,

The elevation angle of the Scientific Atlantic series 5300

Azimuth/elevation Fractional-Horsepower Positioner is sent in the rorml

of syncro signals via the syncro transmitter to the sclenti{fic-Atlanta

serles 4422 indicator units. The three synchro signals S1, S2, S3 are
converted .1q‘ the trig module to sines and cosines of thg\\fiﬁyation
angle, These signals along with the 6G Hz reference signal are passed
on to the converter module. This ﬁodule_ compares the analcg coded
[synchro information with the digital coded desired angle\and genérates
"the error signal prdbortiongl to the difference.

This error signal is used firét of all to control the forward éndr
reverse direction of the motor depending on its Qig;; Secondly, the

motor'sY angular velocity is controlled proportionaly with the magnitude

of this error signal.' When the desired angle has been reached, the

e - e ———— e ——— el

£ ———— .
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A }

forward and reverse relays are opened (see switching) and the motor
comes to a halt. At this point, a flag is sent ‘to the computer,

signaling completion,

b .
Flgure A.8 shows the complete system layout.

A.3.2 Switching Circuits

The scientific Atlanta positioner comes equiped with a port (J2)
giving the user access to the motor suppl& vol€ages. These lines are
STEP, REVERSE, COMMON and are used to control the posiﬁioner when the”
~selection dial on the front panel is turned to PCP.

' Joining the STEP and common causes the pésitioner to move inAthe

forward direction at a speed governed by the variac. supply voltage
(controllable at the front panel}. If. in addition, éhe commen and
reverse are joined, the positioner will move in the reverse direction.
The positioner will not move if the step and common lines are not joined
regardless of the reverse state.

The eircuit of Figure A.9 is used to control the above functions.
An error signal frdm the convérter module passes through three filter
stages (op ambs 1, 2, 3) to clean up noise. This negative. error signal
" 13 then compared to a small reference signal § = 10 mV at the output of
op amp 4 (an isolator). The next stage op amp .05 i; a unity-géin
inverting amplifier giving us a negative reference.

Ideally, we would want the motor to stop when the difference ;
error between the desired angle.and the actual angle.was zero. It is, %

however, not possible to stop the motor "exactly" at zero error. This

L
“
ot
-\ ‘.
- . b
'



| 7 { . | ] ¢ e | ]
[q(g‘;osubhmf-‘c 1
TS
§ : xl
- - Y Y
3. ‘ ) . 3 < 3 @
I Yy
4T L
g ) : [ '/'\\
] “Li EED |
$ il & vCoOZ>WEN W S0Q>-
I s| 5
A R 5
‘ 555 u
X ANY §JS . ilg .§
T 2 —-fll 3 I
x}
B:: 'ﬁ' |47_“ [N
It 3 X 3 :
JIOF SN
T 2 * 23 I 444
él: . '9' 3&_4 L' I
It " ~
1J-L 'f ‘
[AE L
3
[ .
\ 4, &, : —&
u = - “ Y ~ r ~
wurdt C-brdi g2 o -
j\)———l———ol “g : E 3 g
| IZ-ZZq Lou~~_ 2
Figurs A.8 Complate circuit dlllgm for Recefver Positfon Control systes
— i r. | . { ) i 4 | 3
—



I s ' s | 2 [ z 1 ! 110

£ i xl
- 5);
% n
g «q gm f§ o T ov o
~ LY
bicy
7 z —
. B
hie'd
Gﬂbl\ L

LCOZ>WE kW ToQO+w

i

ra124

Leg
wa002

" iyt & Al 4I“ T .
:': 5 * ':: ) _Ki_LK}— ol
5—|I' L
/ ———ki—
‘ol ot jud = v-a
§ g:i‘ ! g ) - —
o R S S
» H 4 EA =
P 3 r 3 T
L --Dl"-lll L ~ Aa—]l [" - o
—Llu.x.r“' g%g & '
— = g 5 8 ? 7 J
T : 1 3 Il o o -
> > hia b A
LW Q==L 2w - ((’
1 A.8 Complats circuit d_ingru for Racaivn‘lr Position Control systq. -; .;.5;;;
v\ = I |

| 5 4 4 |l 3 .|. 2 I/\\‘

'\. .2%2- "



111

WHIIS
£ Wl

-AANAA—- O
0514

ra!ay switching,

frouit df agm‘%r

~
-

Figura A.9.



112

1s the reason for the small reference 6, L.e. 1if the error Goltage is
within & of zero (-§ < e < §) the positioner will stop.

This means that the MRRQIAR reed relay (normally open) wi}l be
sWwitched off whengver -§ <le <'6. TQig/ds done by means of voltage
comparators 1 and 2. When the error voltage -e at terminal #5 of
voltage comparator, 1 is less than -¢ (|e} > +8), the output (piﬁ #2) 1is
Saturated to the negative supply voltage of =12 V. The INU00O2 diode
Will be reversed-biased and therefore off; this allows the output at
. Pin 2 to maintain a 12 volt drop- across the 1000 0 relay coil causing it
to turn on (close), connecting STEP and COMMON. When -¢ > -¢ (|e| < §)
(pin #2), the output is +12 V. This +12 V is held belogthe necessary
12 V coil voltage by the INU0O2 diode thus preventing the relay from
closing. Similarly, voltage comparator #2 compares -¢ against § if -¢ >
§ (+e < «§) the ;elay'ﬁill be closed (turned on).

Voltage compartor 3 is exactly the same as 2 and is uSed to close

& relay joining REVERSE and COMMON to change the positioner's directfon.

AY

A.3.3 Speed Control Circuit

Thgfcircuit of Figure A.10 13 used to slow the positioner down as
. it approaches ithe desired elevation angle., The first two. op -amps are -
configured to give the absolute value of the error signal e¢. If e ¢ 0,
then diode #1 is turned on and the output of op amp #1 is = €. Diode
number 2 is_gff and op amp #2, seeing a virtual ground at its input, has
a zero voltage outpup. If ¢ > 0, then Qiode #1 i3 off and op amp #1 has

Zero output. Diode #2 will be turned on, op amp nuﬁber 2, being'a unity

-
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gain %nverting amplifigr. gives -e at 1its output.
| The next stage op amp #3 is a unity gain inverting sumter. It
"sums the outputs of op amps 1 and 2 (wh}ch islalways ~|l€]|) then iAverts
the sum, resulting in a level of |e| at its output.
The foilowing stage is a voltage reguiatdr. which in this case,
is an‘;p amp. The ﬁarlington coupled tr;nsistor pair form the emitter
‘fqllower output stage of this new op amp. 'The resistor divider feedback

brovides the necessary gain. This circuit is capable of supplying over

8 amps of current to the positioner motor. The input voltage.vin is the’

source voltage dsed‘to drive the positioner motor. Its value.can be set
by heaqs of, the variac transformer in the position unif (this value
should not exceed 20 V). The voltage drop from Vih’to Ve Wi be
proportional to ici. such that vin is equal Lo the-stall Voltage of the
détor (10 V) when |e| = 0.

A.3.4 Transmitter Positioning Device

The mechanism 1llustrated in figure A.71 1s used to 'mo@e two
‘horns syqetrically in elevation abouf'it‘s mid-point. i spécial design
feature 15 that the main beams of the horns are always focused on the
centre of tﬁL recelving array. Thiﬁ'has been éécomplished by:means of
‘two screws. The main or lead screw anq the tilt Scréw motor away or
toward the mechanisms centre at diffgrent rﬁtes. This is a result of
the difference in gear ratios and‘the ngmbér of threads per inch on each
screw. The tilt screws moving at a faster rate then the lead screw
causes the horns to tilt inward as the 'distancejy[rom the centre

lncreases. Blue prints and parts list prepared by Peter Young of
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Mechanical Engineering are provided in figureas A.12, A.13 and Tables

A.3.4.1, AL3.4.2,
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Figure A.12

Drive housing far Positioning Mechanism,
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Drive housing for Positioning Hechanism,
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Figurs A.13 Carriage of Positioning Mechanism.
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Table A.3.4.1

S

PARTS FOR TRAVERSING A-900 MECHANISM
¢ .

Drive Housing:

Item Name Mat'l® Req'd Description

1 Upper Plate o CRS | 1
2 . Lower Plate ° CRS 1
3 Side Plate CRS 1 —
y . Guide Bar Support ’ N
Ass'y ‘ . 1
’ o]
5 Guide Bar Support - o ‘
Screws _ ' _ 12 1/4%20 UNC x 3/4" socketeap
6 Drive Screu'Housiné CRS 1 ‘T
7 Drive Screw Bearing//\\\\\ b SKF 6204-2RS 6; equivalent
8 "\ Drive Screw quléy 1 Dodge huxLOBT {or equiv)
9 ,rfbppqcfput . ' 2 5/8-11-UNC-RH-2B JAM
10 Lower Nut | ) .2 5/8-11-UNC-LH~2B JAM
11. Taper Pin ' 4 4
12 . Tilt Screw Housing = CRS 1
J3.r Tilt Screw Bearing ‘ . | y SKF 6203-2RS or equivalent
14 Tilt Screw Pulley 1 Dodge 24xLO37 (3/4 bore)
15 Upper Nut -2 1/2-20-UNF-RH-2B
16 Lower Nut . 2 1/2=-20-UNF~LH=2B
17 ,_Set Secrew : 1 #6x1/é" socket hd,

T8 pelt - .1 Dodge 140xL x 3/8 wide
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Drive Housing:

23

33

Cover

~

Ttem  Name Mat 'l Req'd Description
19 DC Servo-Mothbr 1 ECC 586/91 or equiv. +
. . 586 BPC
20 uide Bar 1 1" dia superior shaft . 78"
. long
21 Upper Drive Screw 1 5/8-11-~UNC=-RH~3A
22 Lower Drive Screw 1 5/8-11=-UNC-LH-3A
Upper Tilt Screw 1 1/2=20-NF-RH=3A
24 Lower Tilt Screw 1 1/2=-20-UNF-LH=34
25 Motor Pulley 1 “11xL0O3T Do&ge
26 Upper End Plate CRS 1
27 Lower End Plate CRS 1 Now Shown
28 Upper Drive Bearin
Retainer : CRS 1
29 Lower Drive Bearing '
Retainer CRS 1 Now Shown
30 Upper Tilt Bearing. .
Retainer ' CRS 1 Not Shown
31 Lower Tilt Bearing .
Retainer CRS 1 Now Shown *
32 Guide Bar End Support CRS 2
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PARTS LIST FOR A901

CARRIAGE DESIGN FOR TRACKING SIMULATOR

Item Name Hatfl' Req'dnhﬁgfscription
1 Carriagg Plate CRS 2
2 Horn 2 12-8.2 sa
3 Tilt Plate CRS - 2
4 Pivot B&lt | 2 172" % 1.750 std. shoulder
bolt )
5 Front Horn Mount CRS 2
6 Rear Horn Mount CRS 2
7 Bearing Holder 'CRS 2
118 Drive Nut Bronze 2 ~
9 Tilt Nut ~ . Bronze 2
iO Tilt Nut Pivgts “ CRS b4
11 . Bearing 2
12I Nut Key 2
13 Nut Set Screw 2 #8-32 x 1/2"
14 Front Horn Mount Cap 2
15 Rear Horn Mount Cap . 2
Set Scréw ' 2
Horn Mount Assembly Screws 16 6—3é X 3/4 socket hd.
Horn Centering Screwsl 8 6-32 x 3/4 socket hd.

Guide Bar

Drive Screw (upper shown)

1" superior shaft

5/8-18 UNF CL 3A

-
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PROGRAM DVS72
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* B.1.1 PROGRAM DVS72
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Program "DV572" is used to set up the
heccessacy communications between the system
hardware and the HP 1256613-002 microcizcuit
intecface card. This communication is obtained
by calling the syatem executive which uges the
HP DV572 softare to exchange information with
the digital I/0 port.

Data is collected from various angular
position by succesive calls to subroutines
"POSIT" and "DATA“. The number of angles (NAGLS}
is user specified and is the first entry writtan
on LU#10. Program "DVS72" uses. the file ¥DATA to stocre
information. This i3 accessed by spooling #DATA
as a write file for LU#L0 by the following
Commands: SL,10,#DATA:GW:17,WR. Aftar
running "DVS72", the spool is then closed by Cs,10.
The first call to “POSIT® (= used to sat the pogiticner.
to it's-boresight position. Since thia poaition is
to be usmed to provide a means of calibration, tlie
array will remgin at this position while three
sets of data are collected.

Data id collected for transmitter phase settings
of 180,90,0 degrees and in that respective order.
These values will provide a measure of =cos(thi),
ain(thi) and cos({thi) reapactively. These
three measures are sufficient to solve for the
hardware system chacracteristics of DC oifset,
phase shift and amplitude, These systenm imperfections
are calculated and adjusted in program “AJUST" .

Subroutine "MESS™ provides user prompts .to
signal that a new transmitter phase is desired,.

A wait and attention pariod is obtained through
subroutine- "BELL" which waits in a loop sounding
the bell until such time as the usmer has completed
the desized task (ie, manually shifting the
Cranamitter phasay, .

>>>>>> PARAMETERS <<<<<<

n 0 nnnnnnnnndnnnndnnnnnnnnnnnnnnnnnnnnn

HAGLS : NUMBER OF ANGLES PROM WHICH DATA IS TO BE OBTAINED

REWIND 10 ‘
WRITE(1,2)
READ(1,*)NAGLS .
WRITE{10,4)NAGLS
NAGPI=NAGLS + 2

4

9122
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WRITE(1,1)
CALL POSIT(l)

DO 1 I=1,NAGP3
IP(I.LE.J)CALL MESS(I}
IF(I.GT.3)CALL POSIT(I)
CALL DATA(I)

CONTINUE
ENDPILE 10

PORMAT ("FROM HOW MANY ANGLES” IS DATA TO BE OBTAINED"}

FORMAT ( *THE DEPRESSION-ANGLE SHOULD BE 0.0 DEGREES TO ALLOW FOR C
"+ALIBRATION®//) . A

PORMAT (I4) _

S

STOP '
END



SUBROUTINE MESS(IMESS)

SUBROUTINUE MESS PROVIDES PHOMPTS. °

DIMENSION IPHASE(3)
DATA IPHASE/180,90,0/

WRITE(1,1) IPHASE(IMESS)  ~ ot

CALL BELL

FORMAT (“SET THE TRANSMITTER PHASE AT ",I3," DEGREES™)

v . -

RETURN
END

124

”a



nonNnnon

aanooo 0

125

SUBROUTINE DATA({ICOUNT)

“'DATA " IS USED TO TRANSFER DATA FROM THE DATA AQUISITION
SYSTEM - (LOCATED [N ROOM 2I5),TO A FILE ON CARTRIGE GW ACCESSED
THROUGH LU#10. THE NUMBER OP SAMPLES ACQUIRED FROM EACH
CHANNEL IS ALSQ RECORDED ON LU#10, ON LU#10.

—

© »>>>>> PARAMETERS <<(<((

t 1«READ PROM INPUT neVICE.

LU : LOGICAL UNIT NUMBER OF l6~-BIT INPUT PORT.
IBUPR : BUFPER WERE INPUT DATA I3 STORED IN MEMORY.
IBUPL ; NUMBER OP WORDS TO BE READ FROM INPUT DEVICE.
IMODE : l=INTERRUPT MODE, ONE DEVICE COMMAND SENT,
DEVICE FLAG INQICATES VALID DATA.

ICQODE

- -
<SEE HP 93542A GENERAL PURPOSE RTE DRIVER DVS72 MANUAL>

DIMENSION IBUFR(1000) ..

I?(ICOUNT. NE 1)GOTO 1 .
WRITE(1,4)

READ(1,*)IBUPL

WRITE (10,3} IBUPL

ICODEw]l

LU=70B

IMODE=]

DO 2 I=1,l6

CALL BXEC(ICODE LY, IBUFR,IBOFL, IHODE)
WRITE(14, 3!(IBUFR(K1 K=1,IBUPL)
CONTINUE

FORMAT(I6) °

. FORMAT ("ENTER THB HUMBER OF SAMPLES' REQUIRED")

RETURN . -
END
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SUBRQUTINE POSIT(ICOUNT)

L

THIS SUBROUTINE'IS USED TO POSITION THE RECEIVER TO
THE APPROPRIATB ANGLE DETERMINED' BY THE USER.
THIS ANGLE IS HRITTBN OH LU#10 FOR FUTURE REPERENCE.

>>>>>> PARRMETERS <<<<<¢ ’ \

ICODE : 2=WRITE TO POSITION CONTROL DEVICE.

Lu : LOGICAL UNIT NUMBER OF 16-BIT OUTPUT PORT.

IWORD : WORD CONTAINING ANGULAR POSITION.

YWORD :- NUMBER OF WORD TO BE WRITEN.

IMODE : Q=SEMD DEVICE COMMAND,WAIT FOR DEVICE FLAG INTERRUPT.
ICNTRL: SPECIFY RECEIVER QR TRANSMITTER CONTROL. 4
ANGLE : ANGLE TO WHICH POSITIONER IS TO BE LOCATED. -

IP{ICOUNT.NE.L1}GOTOD 1

WRITE(1,3) ‘

READ(Ll,*) ICNTRL

ICODE=2

LU=718

NWORD=]

IMODE={

WRITE(1,4)

READ(1,*)ANGLE

WRITE (10,5) ANGLE

IF({ICNTRL.EQ.2)GOTO 2 ! T
IWORD=INT (ANGLE*409%.6) hd
CALL EXBC{ICODE,LU,IWORD,NWORD, IMODE)

. RETURN

CALL BELL .
FORMAT{“INPUT : 1/ RECEIVER POSITION COHTROL'/SX 2 / TRANSMITTE
+R POSITION CONTROL®)

/
FORMAT ("WHAT IS THE DEPRESSION ANGLE DESIRED 2?*)
PORMAT(P10.6) \

~
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SUBROQUTINE BELL (:i;r’ﬁ\ L ——

SUBRQUTINE BELL IS USE TO HALT THE PROGRAM TO

ALLOW TIME FOR THE USER TO SET UP THE REQUIRED HARDVWARE,
RETURN TO PROGRAM IS POSSIBLE WITH USE OF THE "BR" COUMAND
WHILE IN BREAK MODE,

>>>>>>  PARAMETERS <<<<<<

IBELL : CONTROL "G® ASCII CHARACTER FOR BELL

IPBRK : SET TO 1 IP THE "BR* COMMAND IS USED IN BREAK HODE
EXEC : THIS EXEC PROVIDES A TIME DELAY OF i SEC

DATA IBELL/34008/

WRITE(1,2) IBELL

CALL EXEC{12,0,2,0,-1)

IF { IPBRK{IDUM) .EQ.0)GOTO 1

FORMAT{Al)

RETURN .
END

¥,
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FTH4,L : } .
SEMA(X¥Z,0)
PROGRAH AJUST . .

\ .

IR TEE T TR R RN BEE K N REE S S B 2 N I DN D BN BN R
* @ W # % % % w * ¥ kN Kk & &Rk Kk F WX ¥ N
"

B.2.1 PROGRAM AJUST .

L

A X N & W F & W R ¥ kN & E F F RN N RN &
LA # W * * &K & ¥ % % #® # * * ¥ &« ¥ & A ¥

1
Thya program is used to compansate for channel v . !
non oviaity. The firat three data samplas blocks of
"DVS72" ate used to find the channel amplitudes, phames, : ’
and offsecs. These are then used to transform the . .
array into one with uniform channel chazacteristica. ‘
This is not to say that the array chacacteciatics will
be altered, all the information pertaining to the acray
itself will bes prasearved. Each element's gain pattern
- will not be changad by these tranaformations, and the
group pattern being of maln interest will of course be
prasarved in the relative phase beatwaen the array

T ® R & ¥

nNaoaanoonoo
** xR
L 3

elements. 3 :
Subroutine "INPUT" reads the prerscorded data !
from LULO. LU#10 is the data f£ile "#DATA" into which N

program “"DVS72" wgote the array data. T is data is
rand in-"INPUT" .with a READ(10,formatt). It is thus
necessary to spool LUSL0 aa a (fead only) file, this is
done by the filemanager command :5L,10,8DATA:GW:37.
The number of angles from which data was
obtained and the numbet of samples per channel are
racorded on L 10 allowing the appropriatas ‘humber of

-~ data sapples to be transferced. Each data’ word
consliats of four address and twelve signal bits.
Subroutine "INPUT* performs the task of separating the
two words.,

Subroutines "OPSET", “"PHASE", and "AMPLI"
calculate the individyal channel offset, phases and

_amplitudes., This information is then Dassed on to
subroutine "NORM®" which normalizes the data compen-
sating for variations in gain, phasa shife, and DC
offsec. .

The next subroutine "SHIPT" shifts the phase of
all the channals by the phase of the bottom array
slement. This is done 80 that all the channels are
phase relative to channel sight. In this way it
appears as Lf the array was rotating about a point
centprad in that element. Future programing (in
program shape) will then be able to provide phase
shifts which correspond to the path langth differences
and surface ceflection characteristics, independent or
path langth differences from within the chambecr.

The resuitant calibrated data is wcittan on fila )
PAJUST accessed through LU$ll. .This f£ile has been

spooled as a write only file by the file manager ’
copmand SL,1l,$AJUST:GW:GW,WR. r
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COMMOD
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NAGLS
ANGLE

NSHRLS
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N/XYZ/A(16,1000)

N/SPAC/ANORM (16) : :
N//K,NSMPLS,AMEAN(16} ,OFSET(16) ,PHAZE (16} ,AMP (16)
H/ANGLE/ANGLE

PARAMETERS <¢<<<<<

NUMBER OF ANGLES FROM WHICH DATA IS AVAIVABLE
SPECFIC ANGLE TO WHICH PRESENT DATA CORRESPONDS
HUMBER OF DATA SAMPLES AVAILABLE FROM THBSErANGLES_

" e e

« ¢+ FLAG USED IN CALIBRATION STEPS.

LY

Al

REWIND 11 e
REWIND 10
REWIND 8 ;

READ(
READ (
WRITE
READ(
IP (AN
K=l
CALL
CALL
CALL
CALL
CALL
Km=2
CALL
CALL
CALL
CALL
CALL
CALL

001

WRITE
READ({
WRITE
CALL
CALL
CALL

10,2)NAGLS

10,3)ANGLE: . .
{8,5)ANGLE -
10,4)NSMPLS ! g
GLE.NE.0.0) PAUSE

INPUT .

OFFPST ' _

INPUT ‘

PHASE . .
AMPLI ] ' :

tNPUT .

OFPST

PHASE

ARPLEY - .

RORM . i
SHIPT :

K2wl,NAGLS

(1,6)K2

10,3 ) ANGLE

(8,5) ANGLE .
INPUT - . ) ’
NORM :
SHIFT

CONTINUE

WRITE

ENDPIL
ENDPL

(11,7)666.

LE 11
LE 8

PORMAT(14)
FORMAT(P10.6)

PORMAT(I6)

¢
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5 FORMAT("1 THE FOLLOWING INFORMATIO!N CORRESPONDS TO A DEPRESSION AN
+GLE OF “FS.3" DEGREES"///)
, 6 —" PORMAT("THE DATA CORRESPONDING TO DEPRESSION,ANGLE #"I3
_ +* HAS JUST BEEN WRITTEN Ol TAPE®)
? : 7 FORMAT(GL3.6)

.

STOP .
~ EHD n
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- SUBRQUTINE PHASE

This subroutine computes the phase of each
channel in the following mannar.

STEP #1: When the first'call ls made to phase
the transmitter phase iz adjusted to 90 Degrees.
The average value of all sample for each channel
ia stored by "INPUT" in vector AMEAN. When thia
firat call Lla made to “PHASE™ this value i5 stored
in the firat column of array FAIE, .

STEP #2: In the secohnd call to "PHASE™ AHEAN
containa the mean values of data corresponding to
a trapsmitter phase of 0 Deqgrees and ia stored in
the second column of FAILE.

STEP #3: Assuming the signals obtained to be
of the form AG{theta)cos{thi} + OPSET. Then the
s8ignal of Step #l is AG(O)cos{thi - 90Dagress) +
OPSET. Where A is the signal amplitude, G(theta)
is the element pattern for theta = (Degrees and
OFSET the.DC offset of a given channel,

: Subrricting the offset (calculacpd
gubroutine "OPSET") from each of Step
we have

ne. and two,

PAZB(!,l{ = AG{O)coa{thl-90) = AG(O)ain(thi}

PAZE(I,2) = AG(0)cose(thi)
The ratio of PAZE(I,1) to PAZE(I,2) resmults
in the cancellation of the AG(Q0)} term, giving us
tan(thi) from which{thi] Ls obtained.

. DIMENSION FAZE(16,2)

-

COMMON//K ,NSMPLS ,AMEAN (16 ) ,OFSET{16) ,PHAZE(16)

r

TWOPI=8.0"ATAN(1.Q)
PO 1 Il=1,16
‘PAZE(I1,K)wAMEAR (I1)
COUTINUE

‘IF(K.EQ.1)RETURN ' ’

D0 2 I2=1,16

PAZE{I2,1)=PAZE(I2,1) - OPSET{I2)
FAZE(I2,2)=FAZE{12,2) - OPSET{I2)

PHAZE (I2)=ATAN2(FAZE(I2,1),FAZE(I2,2))
IF(PHAZE(I2).LT.0.0)}PHAZE (I2)=PHAZE(IZ) +TWOPIL

.-
CONTINUE - >

RETURN
END

131
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SUBROUTINE AMPLI

The amplitude of each channel {3 calculated
assuming the signal (at tranamitter phase smet to
zZero) to be of the form below.

X{0) = A*G(cthetajcos{thi{) + QOFSET. :
And the mignal for t:an:mi:tn: phase ot 90 deg:enn'
to ba of thim form.
X(90) = A*G{theta)ain{thi) * OPSET
The signal amplitude is then calculated by
sub:rac:ing the ofsats and summing the squares,
1/2
AMP = [({X(90)=QFSET}**2 + (X(0)=-QFSET}**2)
AMP » A*G(theota)” ' "
c »3>>>> PARAMETERS (<<<<< B
c AMP : VECJOR OF THE CALCULATED CHANNEL GAINS. ’
c PHAZ : P E EXPRESSED IN DEGREES.

DIMENSION AHPTE(IG 2}
/EHJ/'COHHON//K +HSMPLS AHEAN(lG];OPSET(lG).PHAZE(IG},AHP(IG)

RADEG=4S . /ATAN(L.0)
DO 1 Il=l,l6 ‘
AMPTE(I1,K}=AMEAN(IL)

1 COUTINUE

IF(K.EQ.1)RETURN
WRITE(8,3)

0O 2 I2=1,16

AMPTE (I2,1)=AMPTE(12,1) - OFSET(I2)
AMPTE(I2,2)=sAMPTE(I2,2) = OFSET(I2)
TAMP(I2)=SQRT(AMPTE(12,1)"*2 + AHPTE(I2,2)**2)
PHAZwPHAZE (I2) *RADEG
WRITE{8,4)I2,AMP(12),PHAZ,OFSET(I2)

2 COUTINUE
l PORMAT (JX"CHANMEL ¢*,7X,"AMPLITUDE",13X,"PHASE",15X,"OFFSET",/)
4 FDRHAT(SX.IZ55(101.?10.51)

RETURN

END '
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SUBROUTINE BELL

This subroutine is used as an alarm to
indicate that some error has occurred in the data
handling. The alarm will be accompanied by an

appropriate message lndicating the natuce of the
errcor. .

DATA IBELL/3400B/ T
WRITE (1,2} IBELL

FORMAT (AL}

CALL EXEC(12,0,2,0,~-1)

IF (IFARK (IDUM) .EQ.0)GOTOL

RETU
END -

133

R



: 134

SEMA(XYZ,0)
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SUBROUTINE INPUT

: 9

Reading from LU#10, subroutine "INPUT" acquires
the ociginal data obtailned from the syastem hardwars,
The data words read (IDATA) are 16 bit intagecs.

The four most significant bits contain the addcess
from which the data word (lower twelve bita). was
obtalnad., The 50 ohm line drivers of the data
acquisition system givea a ones complement of the
actual address and data words, For this reason .the
the ficrst step in decoding the data is to subtract
it from 1777778 octal undoing the anetting affact
qiving IDA.

The address (IADR) ia then obtained by masking
of the most significant. four bits (LOGICAL AND with
170000B), then shiftipng right twelve bits by dlviding
by 2**12=4096. If an error is detected in the address
word, an error message will be printed on the CRT
and gubroutine "BELL®" will be called. .A logical
AHD of the IDA with 007777B masks off the eleven bit
DATA magnitude word {IDA). The data word is in two's |,
complemant form, with the sign bit in the 12th bit
place. The HP 1000 is a 16 bit computer with its
g2ign bit in the 16th location. Bit twelve (5 masked
to f£ind the sign bit, If this bit is cne, then bits -
12-16 of the computer words must be one 80.that the
sign and magnitude of the data word ara correct.

This number i8 then divided by 4096 to give a
number in the range of +/=1. A maximum, mean,
minimum and standacd deviation are then calculatad
for each channel.

COMKON/XYI/A(16,1000)

-COMMON //K,NSMPLS,AMEAN(16}

COUBLE PRECISION AHBSS(A)
DIMENSION. AMINI(16), AHAXI(IG}:SD(IS)
DATA AHBSS/SHOHAXI.SK MEAN,5H MINI,S5H SD /

DO 2 Jwl,l6

DO 2 I=l,NSMPLS

READ{10,10) IDATA
IDAT=1777778=IDATA

IADR={ IDAT.AND.170000B) /4096
IP(IADR.LT.0) IADR«IADR+16

- IP(I.EQ.L)INEXT=IADR

IF(IADR.EQ.NEXT)GOTOL

WRITE(L,3)

CALL BELL

IDA={IDAT.AND.CO077778)
ISIGH=(IDAT.AND.Q04000B)
IF(ISIGN.EQ.0040008) IDA= IDA + 1700008



I
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A(IADR+1,I)= FLOAT(IDA)*.001221

CONTINUE

DO 7 Ilsl,16

AMINI{Il)=3, "
AMAXI (X1)=~=3.

AMEAN(IL}=0.

SD(Il}=0.

DO 5 I2=1,NSMPLS .
IP(A(I1,12} . LT.AMINI (I1})AMINI (I2)=A(IL,I2)

IZ(A{I1l,I2).GT,AMAXI(Il)}JAHAXI(I1l)=A({Il,12)
AMEAN(I1)=A(I1l,I2)+AMEAN{IL)

COHTINUE

FLOTN=FLOAT (NSHPLS)
AMEAN(IL)}=AHMEAN(IL1)/FLOTN

DO 6 I3=l,NSMPLS
SD{ILl)=(A(I1,I3)~AMEAN(IL})**2 + SD(Il)
CONTINUE ‘ : f}
SD(I1)=SQRT(SD(Il}/(FLOTN=1,0))

CONTINUE

WRITE(8,8) (AMESS(1), (AMAXX(IT),II=l,16))
WRITE(8,8) (AMESS(2), (AMEAN(II),II=l,16))

WRITE(8,8) (AMESS(3) , (AMINI(II),II=l,16])
WRITE(8,8) (AMESS(4),(SD(II),I1I=1,16))

PORMAT(AS,16 (1X,F7.3))
FORMAT ("AN ERROR HAS OCCURED <INPUT SEQUEHCE):TBRHINATE RUN')
PORMAT(I6)

RETURN
END

135
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SUBRQUTINE OFFST

The first call to subroutine "OFFST® i3 made
with the vransmitter phase set at 180 degraes. The -
mean value of the signal at each channal given by )
AMEAN is stored {n the first column of array OQSET, .
When the second call is mada to OFFST, the tranamitter
phase has been set to 0 degrees. This mean is then
stored ln the sacond column of OSET. We now have a
measure of A*G(Q)cos(thi~180) + OFSET and |
A*G(Q)com(thi) + QFSET where A, G(0), thi, and
OFSET are the channel's amplitude, element gaih, ‘ \
phase and DC offget respectively, :
The sum of these two components results in the
cancallation of the first term. Division by two then
gives the offset of sach channel. :

DIMENSIOM OSET{16,2)
COMMON/ /K, NSMPLS , AMEAN (16 ) ,0PSET(16)

DO 1 I=l,ls

‘OSET(I,K);hHEAN(I)

CONTINUE
IP (K.EQ.1)RETURN
DO 2 Ilwl +16°

OPSET(Il)=(OSET(Xl,1}+0SET(X1,2}}/2.0

CONTINUE

ERD
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- to subtract the offsets and divide by the amplitude

137.

SUBROUTINE NORM

This subroutine normalizes the data such that
all the inphase channels hava a maximun of unity for
boresight alignment and 0 degree tranamitter phasa.

The Eirst step In the normalization procasa is

A*G(0)., This is done to the I and Q pairs giving:
I Gn{theta)cos(thi+phil) ) !
Q = Gn({theta)ain(thi+phiq)

whare phil and phiq are the inphase and quadratuze
phasa misalignments calculated in subroutine “PHASE"
for thi=0, Thi ia the ¢hannel phase which muat

be preserved, it will be common to both I and Q
channels. Gn(theta)=G(theta}/G{0) ia the elemant
pattern normalized w.r.t. depression angle thata=s0
(boresight), The normalized In and Qn channels arce
then calculated in the following fashion:

In = [Isin(phiq) - Qsin(phii)] / sin(phig-phil) .
= Gn{thata)cos(thi)

Qn = (Icos(phiq) - Qcos{phii)j / sin(phig-phii)
= Gn{theta}sin{thi)

Notice that Qn 'is now a sine function as it should
be 1n the strict sense of quadratura.

Foron/ sure/ANorn (16)
COHHON//K, NSHPLS , AHEAN (16) ,OFSET (16, PHASE (161 /AP (16)

DO 1 Il=l,8

12=Il+8 -
Cl=COS(PHASE(I)))
C2=COS (PHASE (12))
SleSIN(PHASE (I1))
S2=SIN({PHASE(I2})

- DIPPER®PHASE (I2) -PHASE (I1)

SINDIP=SIN(DIPPER)
T!HPI-(AHEAH(II)-OESET(Illi/AHP{III
TEMP2= (AMEAN(22)-OPSET(I2))/AnP{I2)
ANORM(Il)={TEMP1*SZ? - TEMP2%51)/SINDIF
ANORM(12)=»(TEMP1*C2 -~ TEMPZ*Cl)/SINDIF

COUTINUE

. .
WRITE(8,2) {ANORM(I2) ,I2=1,16)
FORMAT (1X, "NORM" ,16 (1X,F7.3))

' :

RETURN
END
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SUBROUTINE SHIFT

-

In this subroutine the normalized signals In and
Qn are shifted in phase so that no matter which angle
the array is being illuminated from, the first element
Always has a phase of zero. This means that the

. bottom element of the array 15 our reference, and the

acray ls rotating about this point. The signal

amplitude of this alement will be zero for the gquadrature
component and G{theta) (gainfof the horn for look

angle theta) for the inphase component. The resulting
gain phase and aignal value are then stored file '
SAJUST (LU#1l} to be used later by program "SHAPE".

COMMON/SHIP/ANORM (16)
COMMON/ANGLE/ANGLE
DIMENSION SIGHAL(lGI.GXIN(B),PHASB{GJ

,?HOPI-B.O'ATAN(I.O)

DO 1 I=1,8 ' ,

IPG=X+8

PHASB(I)~ATAN2(ANORH(IPBI.ANORH(I)! o
GAIN(L)=SQRT{ANORM(IPB)}**2 + ANORM(I)"Z)
IF(I.EQ.1)PASE1l=PHASE(1)

PEASE (I)=PHASE(I)-PASEl

IF (PHASE(I) .LT.0.0) PHASE (I)=»PHASE (I)+TWOPE
SIGHAL(I)=GAIN(I)*COS(PHASE(I))
SIGNAL(IPB)=GAIN(I)*SIN({PHASE(I))

CONTINUE

WRITE (8,3) (SICNAL(I) ,I=l, 16)

WRITE(8,4) .
RADEG=45.0/ATAN(1.0)

DO 2 Iw=l,8

PHAZE=RADEG*PHASE (I)
WRITE(8,5)I,GAIN(L) ,PHAIE

CONTINUE !
TEMPLaANGLE®ATAN(1.0)/45.0

WRITE(1ll,6)TEMPL B
WRITE (11,7} (GAIN(I),BHASE(I),I=1,8) -

PORMAT (1X,"SGNL",16 (1X,P7.3})

138

FORMAT (1H0,6X"THE SIGNAL GAIN AND PHASE AT EACH HORN "///,8(Il0,S

+X,F10. 5,/))
SORMAT(1X, I3, 3(10X,F10.6)) L !
FORMAT (G13.6] .

FORMAT (8G13.6) ‘

RETURN
ZND



BLOCK DATA

\
COMMON/ SHDF/ANORM (16}
COMMON/ANGLE/ANGLE
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PROGRAM DFGEN

I IR I I R B B R TSI I I R IR I
R E EEEEE R I I T I R
. » ) * w
. » B.l.1 PROGRAM DFGEN L
. " . w
IR A IR I B B N 2 I " e I A I TR N IR AN N R

' N R R R R R TR R ERNN RN -

b

The pucrpose of this program 13 to genarate the
diffuse raflection coafficients requirad to shape
the antenna pattern acquired through "DVS72" and
transformed with "“AJUST". ‘

Subroutine "INTI* initiallzes the stalting *
pacametars. "GEOM" calculates the target geometry
defining the extent of the glissening surface. This
surface is divided into equal angular steps by
subroutine "ANGL®". The function d(RHOd**2)/d{angle)
is then formed via "PD2" which calla upon two
functions "YSIZE®" and "FD2",

REWIND 12
CALL INTI
TALL GEOM . i}

CALL ANGL - . ha
CALL PD2

CALL RHO N

CALL OUTPT

WRITE(12,1)666,,566.,666.

ENDPILE 12

PORMAT (3G13.6)
- , L\ -
STOP .

END
1

C
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SUBROUTINE INTI

*

(o} >>>>>> PARMMETERS (<<<<K
. ’
c RADEG : QNE DEGREE EXPRESSED. IN RADIANS .
o PIDEG : ONE TENTH OF A DEGREE EXPRESSED IN RADIANS
C WAVLEN : RADARS WAVELENGHT { 3 CENTIMETERS }
c RANGE : TARGET'S RANGE )
C ELEVA TARGET'S ELEVATION IN DEGREES '
c ELEV 1 TARGET'S ELEVATION IN RADIANS
C RADHI RADAR'S HEIGHT PROM GROUND
C TARRI-" TARGET'S HEIGHT FROM GROUND
C BETA H RM5 SURFACE" SLOPE QP GLISSENING SURFACE R
c SIGHAH : RMS ACE HEIGHT DEVIATION
C .~ TFPsHOL : FOUR SIGMAH OVER LAMBDA :

1o

.

iV

COMMON/GEQOML/ GE,ELEV ,RADHI, TARHI ,ANGLA, THETA, ANGLE
COMMON/SURFU/BETAO ,SIGMAH, RADEG, P, PLDEG,WAVLEN, FPSHOL
COMMON/PLT/LU,ID

TEMP=ATAN({1.0}
RADEG=TEMP/45.0
PI=4 . 0*TEMP
P1DEG=,1*RADEG
WAVLENw, Q1
WRITE(1,10)
READ(1,*) RANGE,ELEVA,RADHI, BETAQ,SIGHAH

. LU=40 \ -

I1D=2 v ’
ELEVsELEVAYRADEG
FPSHOLw4 . 0*PI*SIGHAH/WAVLEN

FORMAT (//™INPUT: 1 / TARGET RANGE"/9X*2 / TARGET ELEVATION"/9X
+*31 / RADAR BEIGHT®/9X"4 / RMS SLOPE OF SURFACE FACETS"/9X

‘+"5 / RMS5 SURPACE HEIGHT DEVIATION®) .

" RETURN s e
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SUBROUTIT& GEOM

THIS SUBROUTINE PERFORMS THE FUNCTION OF SOLVING
EQUATION 13 CHAPTER #2 FOR ¥=0, THIS GIVES THE'
EXTENT OF.THE GLISSENING SURFACE IN TERMS OF RANGE.
THE RANGE COORDINATES ARE THEN CONVERTED TOQ ELEVATION
ANGLES.

P

>>»>>> PARAMETERS <<<<<<

~

BETAQ
'GROUND

RMS SLOPE QF SURFACE FACETS
GROUND RANGE OFP TARGET

ANGLA NEAR LIMIT OF GLISSEMNING SURPACE .

ANGLB : _ FAR LIMIT OF GLISSENING SURFACE

RANGE : TARGET RANGE

ELEVA : TARGET ELEVATION

RADHI RADAR HEIGHT FROM SURFACE

TARHI : TARGET HEIGHT PFROM SURFACE

THETA DEPRESSION ANGRE FOR SPECULAR REFLECTIOHN
t
:

COMMON/GEOMI/RANGE , ELEV, RADHI , TARHT , ANGLA , THETA, ANGLB .
COMMON/SURFU/BETAO ,SIGMAH, RADEG, P1, P1DEG,WAVLEN, FPSHOL

142

CONHON/IN/ANGLE(IOZ&J,PD(1024),DELAY(IOZ4),HIDTB(1024! RHOD(1024J

COMMON/STUFF/N,DELRAD
COHHOH/XAXES/XI X2 ,GROUND

TARHI=RANGE*SIN(ELEV) +RADHI
THETA=ATAN(TAN(ELEV) * (RADHI+TARHI) / (TARHI-RADHI))
WRITE(1,2)

READ{1,*)ISPEC -
IF{ISPEC.EQ.0)GOTD 1 .

ANG#AINT (THETA/PLDEG)

TESTwANG*P1DEG-THETA ~

IP(TEST.GE.HYALP) THETA=ANG*P1DEG

1P (TEST.LT.HALF) THETA= {ANG+1.0) *"P1DEG
TEMP=TAN(THETA) /TAN(ELEV)

TARHI=RADHI* (TEMP+1)/ (TEMP=1)

RANGE= {TARHI-RADHI)/SIN{ELEV) /
GROUMND=RARGE*COS (ELEV)
BA==(RADHI+TARHI+2,0*BETAQ*GROUND) )
BB==(RADHI+TARHI=2,0*BETAD*GROUND) '

%A= (=BA=SQRT (BA*BA-8.0*BETAQ *GROUND*RADHL ) )/ (4. 0*BETAO}
%XB=(-8B~-SQRT (BB*BB+8,0*BETA0 *GROUND*RADHI) } / (-4 .0*BETAQ)
. ANGLA=ATAN(RADHI/XA)

ANGLB=ATAN (RADHI/XB)

FORMAT ("SPECULAR POINT A INTEGER MULTIPLE QF PLDEG ? l/O;Y

RETURN o )
END
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‘17 (ANGLE (1) .LT.ANGLB) GOTO 4"
»t M

A

'FORHLT('AT WHAT ANGLE SHALL IT BE TERMINATED 27)
. RETURN T

rd
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SUBROUTINE ANGL

v

THE GLISEENING SURFACE DEFINED IN SUBROUTINE "GEOH"
IS NOW BROKEH (P INTO SMALL STEPS.
. -

>»>>>> PARAMETERS 7 ¢<<<<(<

ANGLE (L) : VECTOR OP ANGLES ANALYSIED
DEL 4 STEP SIZE BETWEEN SUCCESSIVE ANGLES
ANGLA . ANGLE OF REFLECTION AT NEAR EDGE OF GLISSING SURFACE

H
ANGLB : AHGLE OF REPLECTION AT FAR EDGE OF GLISSING SURFACE
THETA : ANGLE OF SPECULAR REFLECTION :

COMMON/GEOMI/RANGE ,ELEV, RADHY , TARHL , ANGLA , THETA , ANGLB
COHHOH/SURPU/BE?AU.SIGHAH.RADEG'PI,PlDBG.WAVLEN.FPSHOL
COMPON/IN/ANGLE {1024) ,PD(1024) ,DELAY (1024} ,WIDTH(1024) ,RHOD(1024)
COMMON/STUPP/N,DELRAD T

RADEGATAN(1.0)/45.0 -
ANGA®ANGLA/RADEG ‘
WRITE(1,5)ANGA .
READ(1,*)IOK -

17 (IOK.EQ.1)GOTO 7 '

WRITE(L,6) ' ‘ ,
READ (1, *) ANGA ’ ,

ANGLA=ANGA*RADEG . ) P :

DELRAD= (ANGLA-ANGLB} /100, -

IP (DELRAD.LE.P1DEG) GOTO 1

_DELRAD=AINT{DELRADL/PLDEG) *P1DEG

GOTO 2 PR -
DELRADsP1DEG . "

ANGLE (1) =ANGLA .
START®AINT (ANGLA/DELRAD ) *DELRAD+DELRAD

- /
DO 3 1=2,1024 . .

Nwl %
ANGLE {1)=START -= FLOAT (I-1{*DELRAD «

CONTINUE .

ANGLE (N} »ANGLB
— .
FORMAT("THE GLISSENING SURPACE EXTENDS TO "FP6.4" COK' ? 1/0%)

END
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SUBROUTINE PD2

HERE THE POWER DEHSITY IS CALCULATED. THE PQWER
DENSITY d(RHOd*+*2)/d{angle) IS GIVEN BY EQUATION 19
QP CHAPTER #2. THE TERMS Fd AND Y OF THIS EQUATIOU
ARE CALCULATED IN FUNCTION “FD2" AND 'YSIZB'

TR PARJ\HETERS <<<<<<, ~

SIGHAH s RMS SURFACE- HBIGHT DEVIATION °

PD(I) : VECTOR bOF REPLECTION COEFPICENTS' SLOPES AT ANGLE{(I)
FD2’ : ROUGHNESS PACTOR (SEE' PUNCTION FD2) | Lo

WAVLEN WAVELENGTH OF THE RADAR ‘

-

COMMON/GEOMI/RANGE , ELEV . RADHI, TARHI.ANGLA THETA , ANGLB :
COMMOW/SURFU/BETAQ ,SIGHAH , RADEG, PI, P1DEG,WAVLEN, FPSHOL i
COHHON/IN?ANGLE(1024},PD(1024),DELAY(lOZ(),NIDTH(1024} RHOP{1024)
COMMON/STUPF/N,DELRAD _
-COMMON/XAXES/X)1,X2,GROUND

NN o 0aaon

AMULT=(KANGE**2)/(2.0%PI) ‘
STEP=P1DEG/304. -
HALF=P1DEG/2. :

DO 2 I=2,N-1

TEMP1=0.0 . ' : :
TEMP2=0.0 -
STORE=C, 0

DO 1 J=l,300 - ’

ANGSANGLE (I) +FLOAT (J=1) *STEP~HALF '

IF { (ANG.LT.ANGLB) .OR. (ANG.GT.ANGLA) ) GOTO 1

Y=YSIZE (ANG)

WIDTH(X)=WIDTH{I)+Y" .

CALL DELA(I}

STORE=DELAY (I} +STORE

IP(Y.EQ.0.0)GOTO 1

F=FD2 (ANG)

TEMPL=1.0/ ( { (GROUND=RADHI/TAN(ANG) ) **2) * (COS[ANG) **2))
TEMP2=AMULT*Y*P*TEMP1/RADHI  + TENMP2

1 CONTINUE |

= PD(I)=TEMP2/300. L ) -
WIDTH(I)=WIDTH(1)/300. i : .
DELAY (I)=STORE/300,
_ IF(PD(I).EQ.0.0}DELAY(I)=0.0

P4 CONTINUE

RETURN ‘ ‘
END : _ g
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SUBROUTINE DELA(I)
THIS SUBROUTIME IS USED TO FIND THE PATH LENGTH
DIPFPERENCE BETWEEN THE DIRECT AND REFLECTED PATHS.

>2>>>> ' PARAMETERS CCCCLC o

. S

Rl :  THE PATH LENGHT FROM RECEZIVER TO REFLECTION POINT -
R2 } THE PATH LENGHT PROM TARCET TO REFLECTION POINT-..
RAKHGE THE PATH LENGHT PROM RECEIVER TO TARGET
DELTA THE PATH LENGHT DIPPERENCE(IN FRACTION OF WAVELENGHTS)
DELAY : PHASE DELAY DUE TO DIFFERENCE IN PATH 2
THI t PHASE SHIFT INDUCED BY THE REPLECTING SURFACE

g
COMMON/XAXES/X1,X2,GROUND
] COHHOH/GEOHI/RANGZ,BL&V,RADH!EQARH WANGLA, THETA, ANCLB
COMMON/ IN/ANGLE (1024) ,PD(1024) ,DELAY 1024) ,WIDTH(1024) ,RHOD(1024)
COMMON/ SURFU/BETAQ , SIGHAH , RADEG, PI, P DEG,WAVLEN, FPSHOL

gt
RLQEUNT (X1 2+RADHI **#2)
RZ-QQRT(XZ"2+TARHI"2]

T

THI=.018 - —
DELTA«{RL+R2~RANGE \(WAVLEN +¥Hu1
DELTA=DELTA~AINT (DELTA) v

DELAY (I) =R 0*PI*DELTA
RETURI® 5 o

END

o . \

\
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FUNCTION YSIZE (ANG)

~

¢ THE EXTENT OF THE GLISSENING SURFACE IN THE Y

c DIRECTION IS EVALUATED HERE. N

c i 223> PARAMETERS <<{<<<<

c YSIZE : WIDTH OF THE GLISSENING SURPACE AT ANGLE ANG
COMMOM/GEOMI/RANGE ,ELEV, RADHI , TARHI ,ANGLA , THETA , ANGLB
COMMON/SURFU/BETAC ,SIGHAH , RADEG, PT, P1DEG, WAVLEN, FPSHOL
COMMON/IN/ANGLE (1024} ,PD{1024) ,DELAY (1024) ,WIDTH{1024) ,RHOD(1024)

. COMMON/STUSP/N,DELRAD
COMMOR/XAXES/X1 ,X2 ,GROUND
q -
‘ N
TEMP1=TAN(ANG) G
Y, %*1=wRADHI/TEMFL
X2=GROUND~X]
TEMP2=TARHI/X2
. TEMP3® (X14X2/ (X1+X2) ) * (TEMPL+TEMP2 )

TEHPA=BETAQ**2~-( (TEMP1~TEMP2) ¥*2) /4.0
IF{TEMP4.LE.0.0}GOTO 1 B :
YSIZE«TEMP3*SQRT (TEMP4)
RETURN .

1 YSIZE=0.0 -

. ) .

RETURN
END <




0

naononaon

147

PUNCTION ED2 (ANG)-

THE ROUGHNESS FACTOR(FD2, EQUATION 16 CHAPTER #2), IS
CARLCULATED HERE,

>>>3>> PARAMETERS ({<<<<«<

FD2 : THE ROUGHMESS FACTOR AT ANGLE ANG )
P5I1 : REPLECTION ANGLE SEEN BY RADAR

PSI2 ¢ - INCIDENT ANGLE OF RADIATION FROM TARGET
PSl2 : . SPECULAR REFLECTION COEFPICENT FOQR PSIl
P522 :  SPECULAR REFLECTION COEFFICENT FOR PSI2
BETA : BISTATIC ANGLE

SIGHAD

BISTATIC RADAR SCATTERING COEFFICIENT

COMMON/GEOMI/RANGE , ELEV, RADHI , TARST ,ANGLA , THETA , ANGLE
COMMON/ SURPU/BETAQ ,SIGMAH ,RADEG, PI, P1DEG,WAVLEN, FPSHOL
COMMON/XAXES/X1,X2,GROUND

PSIk=ATAN(RADHI/X1)
PSIZ=ATAR{TARHI/X2)

PS12eEXP (= {PPSHOL*SIN(PSIl)y)**2)
PS22«EXP(~{PPSHOL*SIN(PSIZ)) **2)
BETA={PSI2-PSI1}/2.0 )
SIGHAO=EXP (= (TAN(BETA)/TAN{BETAQ) ) **2)/ (TAN(BETAO) **2) .
FD2wSIGHAO*SQRT((1.0-P5S12) *(1.0-P522)) .

RETURN
END

N,
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SUBROUTINE RHO

IN THIS SUBROUTINE THE VALUE QP THE DIFFUSE
REPLECTION COEFPICIENT (RHOD) IS EVALUATED. THE
ANGLE, MAGNITUDE, AND PHASE OF THE REFLECTION
COEFFICIENT ARE WRITTEN OM LU¢12 IN FILE #DFGEN.

>>2>>> PARAMETERS ((<<<K<

2D : RHO d SQUARED PER, PLDEG
RHOD :+ THE DIFFUSE REPLECTION COEFFICIENT

148

COHHOH/IN/ANGLB(1024),PD(1024i +DELAY(1024) ,WIDTH(1024) ,RHOD({1024} °

COMMON/STUFP/N,DELRAD

COHMON/SURFU/BETAQ, SIGHAH , RADEG, P, PIDEG, WAVLEN, PPSHOL

-

RHOSQ=0,0

DO 1 Is=N,1,-1

RHEOD (I} =SQRT(PD(I)*P1DEG)
WRITB(IZ.Z)ANGLE(;JaRHOD(I)'DELAY(Ii

CONTINUE

FORMAT(3G13.6)

.RETURN

END

r'«\

.
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SUBROUTINE OUTRT

COMMOL/GEOMI/RANGE ,ELEV,RADHI , TARHI ,ANGLA , THETA , ANGLB

COMMOM/SURFU/BETAQ ,SIGHAH , RADEG,PL,P1DEG,WAVLEN, FPSHOL
COMMON/ IN/ANGLE (1024) ,PD(1024) ,DELAY{1024) ,WIDTH(1024) ,RHOD(1024)

COMMONU/STUFF/N,DELRAD

COMMON/PLT/LU, ID ,

ELEVA=ELEV/RADEG
A=ANGLA/RADEG
B=ANGLB/RADEG
THET=THETA/RADEG -
DELRAD=DELRAD/RADEG

DO 1 I-lpﬁ

ANGLE (I) =ANGLE (1) /RADEG
YMAXZ=AMAX]L (YMAX2,RHOD(I))
YMAX=AMAX] (YMAX,PD(I))

FAZEM=AHAX] {FAZEN,DELAY (1)}
WIDHAX=AMAX] (WIDMAX,WIDTH(L}]) -
IF(PD(I) .EQ. YHAX } ANGHAX=ANGLE (1)
IF(REOD(I).EQ.YMAX2)ANGHX2=ANGLE ()

COUTINUE

XHAX=ANGLE (2) +DELRAD

™

WRITE(6,10) RANGE ,ELEVA,RADHI, TARHI ,A,THET,B,BETAQ,SIGHAH, DELRAD,N

+, YMAX, AHGHAX YMAX2 ,ANGMX2

CALL GRA?H(ANGLB WIDTH, N, l 1,0.,XMAX,0.,HIDMAX)

WRITE (1,440}
PAUSE

CALL GRAPH(ANGLE,RHOD,N,1,1,0.,XMAX,0.,YMAX2)

WRITE(1,40)
‘PAUSE -

CALL GRAPH(ANGLE,DELAY,N,1,1,0.,XMAX,0,.,FAZEN)

WRITE(6,20)

HRI?B(S,JO)(I,ANGLE(I),PD(I),RHOD(I},WIDTH(I),I-l.N}

FORMAT ("™ TARGET STATISTICS"///" TARGET RALGE

+" TARGET ELEVATION : "Gl3.56/" RADAR HEIGHT

+* TARGET HEIGHT :  "Gl3.5/" NEAR REPLECT
+" SPECULAR POINT : *Gl3.6/" DISTANT REFLECT
+" RMS SURFACE SLOPE: "Gl1.6/° RMS SURFACE DEVI.
“Gl3.6/7 NUMBER OF STEPS :4
*Gl3.6/" MAX. POWER AMNGLE :

+" INTEGRATION STEP
+* MAX. POWER PD

H
H
T

+" MAX. RPLCT COEP. : ®Gl3.6/" MAX. RFLCT AMNGLE :
FORMAT (" SAMPLE#*SX"DEPRESS ANGLE“9X"d(RHOD**2)/d(THETA)"9X"RHOD" .

+9X*YSIZE"/////)

FORMAT(1X,15,7X,G13.6,13X,G11.6,13X,G13.6,13%,G13.6/)
FORMAT ("CHANGE PAPER IN PLOTTER 2ED")

RETURN
END

»

*Gli.56/
"Gl3.6/
*Gl3i.6/
"Gll.6/

"Gli.6////)
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BLOCK DATA

COMMON/GEOMI/RANGE ,ELEV,RADHI, TARHI ,ANGLA , THETA ,ANGLB
COMMOH/SURPU/BETAO , SIGIHAH,RADEG, PI,P1DEG,WAVLEN, FPSHOL
COMMON/STUFF/N,DELRAD i
COMMON/XAXES/X1,X2,GROUND

COMHOL/ IN/ANGLE{1024) , PD(1024},DELAY(IOZd!,WIDTH(lOZG),RHOD(lOZGl

END

r_-..u‘"

S

-4
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PROGRAM SHAPE

P R I A T R I A
D T B B 2 R N
» "
o B.4.1 PROGRAM SHAPE b
. "
P A I A T

P I A B B A I N R I

F;“ .

The purpose of this program (s to shape the surface
caflection coefficient with the antenna pactern

acquired from the phased array cecelver., The computer
generated diffuse reflection coefficlants are acquiraed
from f£ile DFGEN via LU#12. Tha experimentally acquired
element gains and phases are read from #$AJUST at LUSLL.
In the main program these two files are then procesed in
subroutine * DFSIG " to form the hybrid diffuse reflection
coafficient accounting for antenna gain,

L N B BN
* % & » W

>>>>>> PARAMETERS  <<<<<<
MAXIMUM ANGLE OF THE GLISSENING SURFACE

AGMX]
AGMX2 MAXIMUM ANGLE POR WHICH DATA IS AVAILABLE
RHEHOD “DIFFUSE REPLECTION COEFFICIENT

GAIN ELEMENT PATTERN . 1
PHASE RELATIVE PHASE OF A GIVEN ELEMENT

DELAY : PHASE DELAY OF REPLECTION COEPPICIENT
IEOP : END OF PILE MARKER

COHMON/DFSIG/AMP(200,8) ,PAZE(200,8)
COMMON/LU12/ ANG1{200),RHOD(200) ,DELAY(200)
COMMON/LU11/ GAIN(200,8),PHASE(200,8)

. REWIND 13

REWIND 12

. REWIND 11

IEOF=666

RADEG=ATAN(L1.0)/45.0 , : .
PLDEG=.l*RADEG A ’
AHALF=,5*P1DEG '

MAHALF »~AHALP

Em]l

ANG?.--]. . . .
READ{12,10)ANGL (K) ,RHOD( LAY (K}
DIPPER®ANG2-ANGL (K) \/ -
IF(IFIX(ANGL(K)}.EQ.IEQP)GOTO 4

IF (AGHX1.LT.ANGL (K} )AGHX1=ANG] (K}

&
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IF(DIPFER.GT.AHALP)GOTO 1

IF (ABS{DIFFER) .LT.AHALF)GOTO 3
READ({11,11)ANG2

DIPFER=ANGZ-ANGL {K)
IF{IPIX{ANG2).EQ.IEOF)GOTO §

READ(11,14) (GAIN(K,I),PHASE{K,I),I=1,8)

IP (AGHX2.LT,ANG2)AGUX2=ANG2

IF (DIFFER.LT.MAHALF)GOTO 2

IF (ABS(DIFFER) .GT.AHALF)GOTO 1 ,
WRITE (6,99} K,ANGL(K) ,ANG2 ,GAIN(K,1} ,RHOD(K)
PORMAT{" INDEX¥ "I4"™ ANGLEL "Gl3.6" ANGLE2 "Gll.6

+" GAIN "Gl3.6" RHO d "Gll.6}

CALL DIFSG(K)
R=g+l

GOTO 1
TEMPLl=AGMX1/RADEG

© WRITE(1,12)TEMPl

GOTO 6

" TEMP2=AGHX2/RADEG

WRITE(1,1)) TEMP2
CALL SUHER({K)
CALL PLOTR(K)
ENDPILE 13

FORMAT (3Gl3,.6)

FORMAT (G13.6)

PORMAT("END OF PILE ENCOUNTERED AT LU#l2 THE MAXIMUM ANGLE PROCESS
+ED WAS "Fl0.6" DEGREES") ‘

FORMAT ("END OF FILE ENCOUNTERED AT LU®ll DATA OHLY AVAILABLE UP TO
+ A MAXIMUM ANGLE OF "P10.6" DEGREES")

FORMAT (8G11} .6}

sToP s

A\
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SUBROUTINE DIFSG{K)

The resultant diffuse reflection ceoefficient is the
product of the generated coefflicient an the reciever

element gain pattern, The aignal phase is the antenna elament

phase (PHASE} relative to the eighth element pluas the phase

of the generated diffuse model (DELAY) and the phase shift (FI)

input to position the receivers main lobe. to (ANGLE).

COHMO/DFS P{200,8) ,FAZE(20Q0,8)
COMMON/LUX2/ANGL (200) ,RHOD (200) ,DELAY (200)
COMNNO 11/GAIN(200,8),PHASE(200,8)
COMMOft/MAX/AMPMAX , FAZMAX , RHOMAX , DELMAK

IP(K.GT.1)GOTO 4
RADEG=ATAN(1,0)/45.0
TWOPI=8,0*ATAN(1.0)
ALAM=3 .01

Dm6.58

WRITE(1,3)
READ(1,*)AlGLE
ANGLE=RADEG*ANGLE
ALwD*SIN(ANGLE}
FI=THOPI®AL/ALAN

00 1 I=-1,8

IP{GAIN(K,I).EQ.0.0)GAIN(K,I)=GAIN(K=1,1I) ~
IP{GAIN(X,I).EQ.Q0.0) PHASE (K,I})=PHASE{K~1,I)

AMP (K, I)=RHOD (K)*GAIN(X,I)
FAZE(K,I)=PHASE{K,I)+DELAY(K)=(I~1)*FI
IF{PAZE(X,L).LT.0.0)PAZE(K,I)=FAZE(X, ) +TWOPI
IP(PAZE{K,I).LT.0.0)GOTO §

IF(PAZE(K,I) .GT. rwopx:razz(x.ra-rnzz(x I)=THOPI
IF (FAZE(K,I).GT.TWOPI}GOTO 6
IF(AMP{K,I}.EQ.0.0)PAZE(K,L1)=0,0

IP (AMPMAX. LT, AMP(K, L) ) AMPMAX@AHP (K, I)

IP (FAZMAX.LT.PAZE(X,I)) PATHAX=PAIE(K,I)
:r(aﬂonax.nr.aaontx))Ruotii;auon(x1

IF (DELMAX.LT,.DELAY (K) }DE =DELAY (K)
WRITE(13,2)AMP(K,I),FAZE(K) L)

1
CONTINUE /,_~f”7-““*’

ANGL (X} sANGL (KJ/RADEG - °

FORMAT (1X,2G13.6)
FORMAT ("AT WHICH ANGLE DO YOU WISH TO PLACE THE HMAIN BEAM?Z®)

RETURN ’
END
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SUBROUTINE SUHER{K)

In this subroutine the I and Q's of the eight

‘alementa are summed for each angle and the resulting

amplitude and phase values are determinad,

COMMON/DFSIG/AMP(200,8) ,PAZE(200,8)
COHMON/MAX2/APSHAX , FZSHAX

COMMON/ SUM/AMPSM (200} ,FAZSA (200}
COMMON/LUL2/ANGL (200} ,RHOD (200) ,DELAY (200)

COHMON/LUL1/GAIN(200,8) ,PHASE(200,8)

TWOPI=8.0*ATAN{1,0) .
KoK=l

.D0 2 I2=1,K

SUHI=0.0
S5UMQ=0.0

DO 1 Il=l,8

SUMI=SUMI+GAIN({I2,I1)*COS{PAZE(I2,I1)}
SUMQ=SUHQ+GAIN(I2,I1)*SIN{FAZE(I2,I1)}

COUTINUE

FAZSM(I2) =ATANZ {SUNQ,SUNI)

IF(PAZSH(X2) .LT.0,0)PAZSM(I2)=PAZSM(12) +THOPI
IF(FISHMAX.LT.PAZSM(I2))PISHAX=PAISM({I2)
AMPSM(12)=SQRT{SUMI**2+5UMQ**2) *RHOD (12}

IP (APSMAX.LT.AHPSH(I2) ) APSMAX=AKPSM(I2)

CONTINGE

RETURN
ED

¥4
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SEHA (DFSIG,0)
SUBROUTINE PLOTR(K)

o In this subroutine the various amplitude and phase
C plots are generated, .
COMMON/PLT/LU, ID

COHMON/LUIZ/ANGLB(ZOO},RHOD&ZOO),DELAJ(ZOO)
COMMON/DFSIG/AMP(200,8) ,PAZE(200,8)
COMMOU/MAX/AMPMAX , FAZMAX , RHOMAX , DELHAX
COMMON/MAX2/APSHUAX , FZSHAX
COMMON/SUN/AMPSHM(200) ,PAZSH(200)

DIMENSION AMPLT(200),PZPLT(200)

L

WRITE(L,4)

READ(1,*)IPLT

LU=40

1D=2 '

CALL GRAPH (ANGLE,RHOD,K,1,1,0. ,ANGLE{K) ,0, , RHOMAX)
WRITE(1,2)

PAUSE

CALL GRAPH (ANGLE,DELAY,K,1,1,0. ,ANGLE(X) ,0.,DELMAX)
WRITE(1,2)

PAUSE

DO ) I=1,8

Do 1 J-l.K

AMPLT(J) =AMP (3,1I)

PIPLT(J)wFAZE(J,I) .
3 CONTINUE & .

IF{ (IPLT.EQ.1l).AND. (I.HE,.8))GOTO 1

CALL GRAPH{ANGLE,AMPLT,K,1,1,0.,ANGLE(X},0.,AHPMAX)
WRITE(1l,2) )

PAUSE

CALL GRAPH(ANGLE,FIZPLT,X,1l,l,0.,ANGLE(K),0.,FAZHAX)
WRITE(1,2) -

PAUSE

1 CONTINUE -

. 3
CALL GRAPH (ANGLE,AMPSM,K,1,1,0.,ANGLE(K),0,,APSHAX}
WRITE(1,2)
PAUSE '
CALL GRAPH(ANGLE,PAZSM,K,1,1,0.,ANGLE(K),0.,FZSHAX)
2 FORMAT (“CHANGE THE PAPER IN PLOTTER BED"™)
4 FORMAT(“IF YOU WANT TO PLOT ONLY ONE ELEMENT PATTERN ZNTER ") .

RETURN
END



BLOCK DATA .

.

COMMON/LULL/GAIN{200,8) ,PHASE(200,8)

- COMMON/LUL2/ANGL{200) ,RROD(200) ,DELAY (200}
COMHON/SUM/SUNI (200) ,SUNQ{200)
COMMON/ MAX/AMPMAX , PAZHAX , RHOHAX , DELMAX
COMMON/MAX2/APSHAX , PZSHAX

END
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PROGRAM DF3DP
S
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This program is used strictly to plot the diffuse
power density and reflaction coefficient found in
chapter 2. Program "DFIDP® is the threa dimensional’
extension of program "DFGEN".
the same basic functions with the exceptlon that in
"DFIDP* one salected parameter maybe varied.

)
PROGRAM DFIDP

—”
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+ & & &
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All routines perform

The resulting diffuse reflection cosfficient

Qaybe calculated as a function of look_angle or range
by calling elither "ANGL1" or “ANGL2"™ respectively.

COMMON/COUNT/ ICOUNT
COMMON/WAIT/IWALT

COMMON/STERS RADSTP, XSTEP,STPFLG
/z(lo00, 100),ARGLE(3000),SLOPE(3000)

COMMORN/MA

WRITE(1,2) »
READ{1,*)STPFLG

/JRI‘!E(I:“

READ(1,*) IHAIT
DO 1 ICOoUNT=1,100

CALL INTI

CALL GEOH
IP{STPPLG.EQ.Ll.0)CALL ANGLL
I? (STPFLG.EQ.2.0)CALL ANGL2
CALL ILOPE

WRITE(1l,3) ICOUNT

CALL PTRHO

CONTINUE

CALL PLOT

S
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FbRHAT('SELBCT(l 2> ¢ 1 / POWER DENSITY.AS A FUNCTION OF LOOK ANG .

+LE"/15%X"2 /. POWER DENSITY AS A PUNCTIOM OF RANGE"/)
PORMATA” ITERATION ¢ “I3" HAS JUST BEEN COMPLETED"/)
FORMAT{"DO YOU WANT PROGRAM TQ PAUSE FOR PLOT")

STOP
END

>

|
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SEMA{MATRX,0)

SUBROUTINE PTRHQ

w

COMMON/COUNT/ ICOUNT
COMHON/MATRX/RHO (160, 100);AHGLB(JOOO),SLOPE(BOOOP
COMMON/STEP/RADSTP,XSTEP,STPFLG . :

IF(STPFLG.EQ-l.U)STEP-RADSTP
IF{(STPFLG.EQ.2.0) STEP=KSTEP

DO 2 Jwl,100 ) .
ASLOPE=0,0

K2=J*30 .

K1=K2-29 -

Y

ASLOPE=SLOPE(I) + ASLOPE

DO 1 I=K1l,K2

CONTINUE oy
RHO{ICOUNT,J) =SQRT{STEP*ASLOPE/J0.)

-

CONTINUE ' ‘ﬁx\\~ . ;TE\*-;

RETURN
END
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" .
SEHA (MATRX ,0) S o
X SUBROUTINE PLOT,
COMMON/LABEL/LABEL(23)  — . T
COMMON/WALT/ IWALT
COMMON/ PRMTR/ PRUTR (10)
. COMMON/MATRX/Z (100,100} ,ANGLE {3000} , SLOPE {3000} :
N COMMQU/ BURFU/ BETAO ;5IGHAH , RADEG , P ,ELEVA _ .

COMMDN/STERP/RADSTP,XSTEP, STPFLG g
COMHDN/PRIHT/IPRAH ANGMAX , ANGUIN, VARLO, VARUP , XHAX , XMIN

Douans PRECISION: LABEL, PRINT(S),MESI(S) ,KES2(5) ,HESI(5)
. DOUBLE PRECISIOL nES&(SI,HESS(S),HESE(SI,HES?(S}.MBSB(S]
DOUBLE PRECISION MES9(S),MESA{S5),BET,S5IG,ELE .
DATA PRINT/BHSIGHA H ,BHBETA Q ,BHELEVATON,8HLOCK ANG,THDIFFUSE/
DATA MES1/8HTHE DLPF,8HUSE REFL,8HECTION C,BHQEPFICIE,BHNT V5. L/
DATA MES1/8HOOK ANGL,8HE FOR VA,8HRYING 8HS SURPAC,8HE HEIGHT/
DATA MES]/BHOOK ANGL,BHE FOR VA,B8HRYING RM,8HS SURFAC,BHE SLOPE /
DATA MES4/8HOOK ANGL,BHE FOR VA,8HRYING TA,8 ncar ELE,BHVATION ./
DATA MESS/BH RMS ,B8HSURPACE ,B8HSLOFE = ,a ,8H radians/
DATA MES6/8H  RMS -S;8HURPACE H,OHEIGHT = . .BH eters /
DATA MES7/8H RMS ,8HSURFACE ,8HMSLOPE = ,8H ,BH ZFadians/
—~ DATA MES8/8H TAR,BHGET ELEV,8HATION = ,8H T8 degrees/
L]
-

DATA MESS/0H TAR,B8HGET ELEV,8HATION ,8H (88 degrees/
DATA MESA/BH RMS S,-BHI_JRFACE H,8HEIGHT 8H »88 meters /

-

LABEL (21) =PRINT (2 PRAM)
LABEL{22)=PRINT(4)
LABEL (23 ) =PRINT(S) : : . ,
c HORIZONAL EXTENT OF PAPER '
PRMTR (1) #23. :

i~ VERTICAL EXTENT oF PAPER

- PRMTR(3) =20, -
PRMTR (4) «VARUP
PRMTR(S) sVARLO, - .
PRMTR (7) =ANGHIN/RADEG -
PRNTR(8) =ANGMAX/RADEG ,
. IP(STPPLG.EQ.L.0)GOTO 1 .
" LABEL{I2)=§HRANGE .
: PRUTR (7) =XMAX -
PRNTR ( 8) =XMIN N ___”//’
1. DO 2 Is=1,% . .
LABEL(I)wMESL(I} . -
2 CONTINUE ",
o 3 I-S;J.O .,
IF (IPRAH.EQ.1) LABEL{I}=MES2(I=5)
. IF (IPRAM.EQ.2 )} LABEL (I} »HES3(I-5)
IP(IPRAM.EQ.3)LABEL(I) =MES4 (I=5)

3 CONTINUE

DO 4 I=l11,15
IF (IPRAM. zo IJLASEL(II-HESS(I ro:
IF (IPRAM.EQ.2)LABEL(L)»HES6{t~10) -~
IF(IPRAM.EQ.3 ) LABEL(I) wMEST (1-10)

4 COUTINUE a
DO § I=16,20
IP (IPRAM.EQ. lnnaaant::-uzsa(: 15)
IF (IPRAM.EQ.2)LABEL(I)=MES9{I~15)

-

e



. 20

10
30

-1

160

IF (IPRAM.EQ.3) LABEL (1) =MESA(I~15)

CONTINUE . .

REWIND 15 ’ .
WRITE (15,10)BETAO,SIGMAH,ELEVA . .
REWIND 15

READ(15,20)B8ET,S5IG,ELE
IF{IPRAM.EQ.L)LABEL(14)=BET
IP(IPRAM.EQ.]1)}LABEL(19)=ELE
IF (IPRAM.EQ.2)LABEL(14) »SIG
IF{IPRAM.EQ.2) LABEL{19) ~ELE
IP{IPRAM.EQ.J) LABEL (1 4) =BET
IF{IPRAK.EQ.J) LABEL(19)=5IG
PRMTR(6) =0,

PRMTR{2)=20.
IMIWAIT.EQ.0}GOTO &
WRITE(1,30)

PAUSE

CALL PLT3D(100,100,3,4,1)

FORMAT(FB.5)

FORMAT (AB) .
FPORMAT ("THIS PROGRAM IS WAITING FOR THE OK TO PLOT(BREAKHODE GO)*)
RETURN ) '

END
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SUBROUTINE INTI w

COMMOH/GEOMI/RANCGE ,ELEV, RADHI, TARHI ,ANGLA, THETA ,ANGLB, XA, XB
COMNMOtI/SURFU/BETAQ , SIGHAH , RADEG, PL,ELEVA
COHMON/STEP/RADSTP ,XSTEP; STPPLG :

COUMON/ COUNT/ TCOUUT

COMHON/ PRINT/IPRAM, ANGHAX , AHGHIN, VARLO, VARUP, XIAX , XNIN

DIMENSION VAR({100,3)7, ggﬁ(lﬂDl;BET(lOO)-ELE(IUO)

EQUIVALENCE {VAR(1l,1l),3IG{(1)),{VAR(1 ZI;BET(IJ)-(VAR(l 3) ,ELE{L}})
DOUBLE PRECISION PRINT(J)

DATA PRINT/SHSIGMAH,6HBETAQ ,6HELEVA /

IP(ICOUNT.GT.L1)IGOTO 6
ANGMAX=0.
ANGHMIN=1,0E1Q .
XHIN=1.0E10 :
XHAX=Q .0
TEMP=ATAN(1.0)
RADEG=TEHP/45.0

PIwd O*TEMP
WRITE(1,10)

READ (1g® ) RANGE , RADHI
WRITE(L,20)

READ(1,*) IPRAM
Il=l

12=2

Ilw2 -

I2=3 , -
GOTO 1 , .

Ilwl

12«3

WRITE(1,40) PRINT (IPRAM) .
READ(1,*)VARUP,VARLO . .
WRITE(L,50) PRINT(Il},PRINT(I2)

READ({1,*)VARYL,I1l),VAR(1,I2)

STEP= (VARUP-VARLO)/99. .
DO 4 Iel,100 ' ,
| WAR(I, [PRAN) sSTEP*FLOAT (I-1) +VARLO . .
VAR(I,I1)=VAR(1,11) _ 2
VAR(I,I2)VAR(1,I2}
SETAOeBET(I) : .
SIGHAH®SIG(I) ) 9
ELEVASELE (I) , . :
ELEVeELEVA®RADEG | -
WRITE(1,60)SIG(I),BET(I) ,ELE(D)
CALL GEOM C : )
_IP(ANGLA. GT. ANGHAX ) ANGHAX=ANGLA - - :
. “IE{XB.GT.XMAX) XNAX=XB :
L? (ANGLB: LT . ANGMIN) ANGHIN=ANGLB A7
TP (XA.LT.XHIN) KHIL=XA
CONTINUE
TEMINeANGMIN/RADEG S, :
TEMAX=ANGHAX/RADEG . : . .

WRITE(1,70) TEMIN, TEMAX



10
20

30
40
30
60
70

80

READ(1l,*)L
JIF(L.EQ.1)GOTO 5
WRITE(1,80)
READ(1,*)TEMIN, TEMAX
ANGHAX=TEHAX*RADEG
ANGHIN=TEMIN*RADEG
RADSTP'(ANGHAA-ANGHIN}/2999.
XSTEP= (XMAX-XMIN) /2999,
BETAO=BET ( ICQURT}
SIGHAH=SIG(ICOUNT) ¥
ELEVA=ELE(ICOUNT}
ELEV=ELEVA*RADEG,

.

FORHMAT (//" IHPUT: 1 / TARGET RANGE"/9X"2 / RADAR HEIGHT"////9X)
FORMAT ("WHICH PARAMETER IS VARVIABLE?"//" SELECT: 1 / RMS SURFAC
+E HEIGHT DEVIATION (SIGHA H)"/11X"2 / RMS SLOPE OF SURFACE FACETS
+ (BETA 0)*/11X"3 / TARGET ELEVATION ANGLE"///)

FORMAT ("HOW MANY STEPS OF THE VARIABLE PARAMETER ARE DESIRED ?"/)
FORMAT ("WHAT ARE THE UPPER AND LOWER LIMITS OF "A&" ?*/)

FORMAT (“"ENTER VALUES FOR “A6" AHD "A6/) -

FORMAT (* SIGMAH "Gl3.6" BETA0 "Gl3,6" ELEVATION “Gl3.6//)
PORMAT("THE CURRENT EXTENT OF LOOK ANGLE IS "F6.4" TQ "P6.4" DEG"/
+"IF THIS IS ACCEPTABLE ENTER 1 IF IT IS NOT THEN ENTER 0")

FbRHAT('ENTER THE DESIRED VALUES OF ANGMIN AND ANGMAX*)

RETURN
END
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SEMA (MATRX,0Q)

nOonnnaonn

SUBROUTINE GEO!l

RANGE TARGET RANGE

ELEVA : TARGET ELEVATION

RADHI RADAR HEIGHT FROM SURFACE

TARHI TARGET HEIGHT' FROM SURFACE .
THETA DEPRESSIOH ANGLE FOR SPECULAR REFLECTION
BETAQD RMS SLOPE OF SURFACE FACETS

GRQUND : GROUND RANGE OF TARGET

COMMOH/GEONI/RANGE , ELEV, RADHI , TARHI ,ANGLA, THETA , ANGLB, XA ,XB

COMMON/SURPU/BETAQ,SIGHMAH , RADEG,PL,ELEVA
COMMON/STEP/RADSTP, XSTEP,STRPLG
COMMON/MATRX/PD(100,100) ,ANGLE (3000) ,SLOPE (3000)
COMMON/XAXES/X1,%2,GROUD

4

TARHI=RANGE*SIN(ELEV)+RADHI
THETA=ATAN{TAN (ELEV) * (RADHI+TARHL )/ {TARHI~RADHL))
GROUND=RARGE*CCS (ELEV)
BAm={RADHI+TARHI+2,0*BETAO*GROUND)

BBw=(RADHI+TARHI-2.0*BETAQ*GROUND)

XAw (~BA=5QRT (BA*BA-8 .0 *BETAQ *GROUND*RADHI) ) / (4. 0*BETAOQ)
XBe (-BB-SQRT (BB*BB+8 . 0*BETAQ*GROUND*RADHI} ) / (=4, 0*BETAQ)
ANGLA=ATAN (RADHI,/XA)

ANGLB=ATAN (RADHI/XB)

RETURN
END

LD
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N SEMA ({ATRX,0)
SUBROUTINE ANGL1

ANGLE(I): VECTOR QOF EQUALLY SPACED ANGLES

c

C RADSTP STEP SIIZE BETWEEN SUCCESSIVE ANGLES ¥ : \
c ANGLA t ANGLE OF REFLECTIQN AT NEAR EDGE OF GLISSING SURFACE

c ANGLB ! ANGLE OF REFLECTION AT FAR EDGE OF GLISSING SURFACE /
c THETA t ANGLE OF SPECULAR REPLECTIONM .

COMMON/GEQHI/RANGE , ELEV, RADHI , TARHI , ANGLA +THETA,ANGLB, XA, XB
COMMON/SURPU/BETAC, SIGHMAH , RADEG, PI ,ELEVA
COMMON/STEP/RADSTP,XSTEP, STPFLG ‘
COMMON/MATRX/PD (100,100} ,ANGLE (3000} ,SLOPE (3000)

- COMMON/PRINT/IPRAM, ANGHAX , ANGHIN, VARLO, VARUP , XHAX , XHIN

- ] :
START*AINT (ANGHAX/RADSTP) *RADSTP+RADSTP o
DO 1 I=1,3000
ANGLE (1) =START - FLOAT{I-1) *RADSTP

1 CONTINUE  ~ .
( S ' ' ' ' ®

RETURN , / : -
END : ‘
o : : .
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SEMA (MATRX,0)
SUBROUTINE ANGL2

- C ANGLE (I} : VECTOR OF ANGLES REPRESENTING EQUAL RANGE SPACING
C XSTEP + . STEP SIZE BETWEEN SUCCESSIVE BANGE POLNTS

COHMON/MATRX/Z(100,100) ,ANGLE(3000) ,SLOPE{13000)
COMMON/GEOMI/RANGE ,ELEV ,RADHL , TARHI ,ANGLA , THETA ,ANGLB , XA ,XB
COMMON/ STEP/RARSTP,XSTEP, STPPLG

COMMON/PRINT/ IPRAM , ANGMAX , ANGHIN, VARLO , VARUP , XHAX , XI{IN

START=ALINT (XMAX/XSTEP) *XSTEP + XSTEP
DO 1 Ie1,3Q00

X=START=-FLOAT(I-1) *XETEP * .
ANGLE (I)=ATAN(RADHI/X] x:? .
~

1 CONTINUE 4f/

RETURN
END




L

SEMA{MATRX,0)

ann

‘SUBROUTINE ZLOPE

RMS SURFACE HEIGHT DEVIATION

SIdﬁAH

FD2 ROUGHNESS FACTOR E FUNCTION FD2)

SLOPE&I); VECTOR OF SLOPES QiETHE FUNCTION PD**2 AT ANGLE(I‘
: (

L .
COMMON/GEQMI/RANGE, ELEV,RADHI, TARHI ,ANGLA, THETA ,ANGLB , XA , XB

COMHMON/SURFU/BETAQ ,SIGMAH, RADEG, PI,ELEVA
COHMON/STEP/RADSTP,XSTEP, STPFLG

COHMON/MATRX/PD (100, 100),ANGLB(3000)55L095(3000)
COMMON/XAXES/X1 ,X2,GROUND l

AMULTw (RANGE**2) /(2,0*PI)
DO 2 I=1,3000 -
YsYSIZE(I)

IF(Y.EQ.0O. O)GOTO 1
F=FD2(I)

~

~

‘Aﬂ-cq_

TEMP=1.0/( ( (GROUND- RADHI/TAH(AHGLE(I))!"2)'(COS(ANGLE(I))"2)]

TEHP1=)l .0/ ({X2%*2) *(X1**2))
IP(STPFLG.EQ.1. 0ISLOPB(I)-AHULT'Y'F‘TEHP/RADHI“‘
IF(STPFLG.EQ.2.0)SLOPE(I) wAMOLT*Y*F*TEMP]

CONTINUE

RETURN

END ’ -

—_-t
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SEMA {MATRX,0)
PUNCTION YSIZE(IANG)
<, YSIZE : WIDTH OF THE GLISSENING SURFACE AT ANGLE ANG

. . Kk
COMMON/GEQMI/RANGE, ELEV ,RADHI , TRRHI, ANGLA , THETA, ANGLB, XA, XB
'‘COHMOU/SURFU/BETAO ,SIGMAH, RADEG,PI,ELEVA
COMMON/STEP/RADSTP ,XSTEP,STPFLG >
COMMOU/MATRX/PD(100,100) ,ANGLE (3000} ,SLOPE{3000)
COMMOMN/XAXES/XL1,X2,GROUND /

IP (ANGLE ( TANG) .GY.ANGLA,OR.ANGLE (IANG} .LT.ANGLB) GOTO 1
TEXP1=TAN (ANGLE (IANG) ) *
X1=RADHI/TEMPL ) , -~
TEMP2=TARHI/X2 ) =
TENPI=(X1%X2/ (X1+X2) ) * (TEMPL+TEHP2)
TEMP4=BETAQ**2~{ (TEMP1-TEMP2)**2)/4.0.
IF{TEMP4.LE.0.0)GOTO 1
YSIZE-TEMPI*SQRT (TEMP4)

TURN

1 SIZE=0.0 : >

£

-

END

»J

’
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SEMA{MATRX,0)
e, PUHCTION FD2(IANG)

-

c F02 : THE ROUGHNESS FACTOR AT ANGLE ANG

C PSIl :  REPLECTION ANGLE SEEN RADAR “Qb
c PSI2 :  INCIDENT ANGLE OF RADIATION FROM TARGET %
c PS12 :  SPECULAR REPLECTIOHN COEFFICENT FOR PSI1

c P322 : SPECULAR REFLECTION COEFFICEKT FOR PSI2

c BETA 1 BISTATIC ANGLE = : .

C SIGNAD

BISTATIC RADAR SCATTERING COEFFICIENT

COMHON/GEOMI/RANGE ,ELEV, RADHI , TARHI ,ANGLA , THETA ,ANGLB , XA, XB
COMHON/MATRX/2(100,100) ,ANGLE (1000} ,SLOPE(3000) *
COMMON/ SURCU/BETAQ , SIGMAH , BADEG, PX,ELEVA

COMMON/STEP/RADSTP ,XSTEP, STPFLG

COMMON/XAXES/X1,X2,GROUND

FPSHOL=4 .0*PIYSIGMAH/.03

TANBET=TAN (BETAO)

PSI1=ANGLE ( IANG)

PSI2=ATAN(TARHI/X2) A
PS12=EXP{-(PPSEOL*SIN(PSIL1)) **2}
IP(P512.GT.1.0)P512=1,0

PS22=BXP (- {PPSEOL*SIN(PSI2))*"2)
IP(PS522.GT.1.0)P522=1.0
BETA=(PSI2-PSIl}/2.0

SIGHAQ=EXP (={TAN(BETA)}/TANBET) **2)/ (TANBET**2)
PD2=SIGHAO*SQRT ({1.0-PS12) *({1.0-P522))

RETURN
END
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<
BLOCX DATA
4
/ Il
COMMON/GEQMI/RANGE , ELEV, RADHI , TARKT , ANGLA , THETA , ANGLB, XA, XB
COMMON/SURFU/BETAQ,SIGHAH ,RADEG, PI,ELEVA
COMHON/STEP/RADSTP, XSTEP,STPFLG ,
COMMON/XAXES/X1,X2,GROUND .
COMMON/WALT/IWALT
COMMON/COUNT/ ICOUNT . .
COMMON/PRINT/IPRAM, ANGMAX , ANGUIN, VARLC, VARUP , X{AX , XMIN
‘ . -
..END e
£
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