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1.0 BACKGROUND

The computer code described in this report — The
APL RCS/Statistics Code — represents years of de-
velopment by E. Shotland, J. W. Follin, Jr., and F.
C. Paddison (APL) and J. W. Crispin, Jr., A. L.
Maffett, and K. M. Siegel (the University of
Michigan). The results are in the form of first- and
higher-order statistics for the radar cross section
(RCS) of a complex target as a function of fre-
quency, polarization, aspect angle, and constituent
parameters of the target. The statistics are developed
from the premise that a complex target can be broken
down into a set of simple scatterers whose RCS can
be more manageably calculated from available tech-
niques (thus, the program can be conveniently up-
dated to include the most accurate techniques cur-
rently at hand) and whose relative phases are ran-
domly (i.e., uniformly) and independently dis-
tributed.

Methods for determining both first-order RCS sta-
tistics for a complex target and also simple com-
ponent scatterer RCS data were developed by mem-
bers of Siegel’s Radiation Laboratory at the Univer-
sity of Michigan, principally Crispin and Maffett.
The extensions of these methods to include the
(higher-order) lobe and glint statistics were developed
by Shotland and Follin under the sponsorship of the
Advanced Research Projects Agency in an extension
of the Advanced ALBIS Program. The (higher-
order) beta statistics were developed by Follin during
the Cruise Missiles Observables Program. All of
these statistical methods were organized into a coher-
ent program by Maffett, and the result was coded by
H. W. Klimach. Paddison served as Program
Manager for the APL efforts.

The techniques upon which the simple scatterer
RCS calculations are based are, to a large extent, the
methods of geometrical and physical optics with their
attendant assumptions and restrictions on body
smoothness and size relative to illuminating wave-
length. Included in the code, however, are other
methods that are appropriate, for example, to travel-
ing-wave phenomena and wedges (with straight
edges).

For regions where the ratio of body length to wave-
length may become important (particularly if radar
absorbing materials have been used to reduce large
RCS contributions), diffraction effects have not been

taken into account, but several methods are being
evaluated to determine which would be most appro-
priate to the nature of the APL code. The methods
include the geometrical and physical theories of
diffraction,'? the equivalent current technique,’ and
the numerical electromagnetic code.* The
geometrical theory is based on the tracing of rays and
can be described by currents induced on the illum-
inated portion of the structure. The physical theory
adds currents induced in the shadowed area by dif-
fraction of the incident field. The equivalent current
technique adds edge currents on assumed filamentary
edges. The numerical electromagnetic code is an
integral-equation surface-current determination in
which the structure is broken up into small cells, and
the induced charge and current on each piece are
calculated from the incident field and from the
charge and current of each other cell. It is planned to
include one or more of these methods in the APL
code to account for various diffraction effects caused
by some of the scattering components of a complex
target.

Bistatic RCS computational capabilities are not yet
fully incorporated into the code. The complexity of
bistatic RCS estimation over monstatic is greatly in-
creased by its additional aspect variables, so the sta-
tistical approach gains still more importance as a re-
ducer of data bulk. The bistatic capability will be in-
cluded in the APL code as soon as possible.

New coordinate system arrangements have been in-
troduced recently to simplify the execution of
conical-aspect views of a target (see the Appendix).

'I. B. Keller, “Geomerrial Theory of Diftracuon,” J. Opt.
Soc Am., §2.116-130(1962).

17 Ya. Ufrimises, “Metbod ol Edge Waves i the Physical
Fheory of Difracton,” 12d-Vo. Sov. Rudio, 1-243 (1962);
translanon by US. A Force Foreign Technotogy Division
(971).

‘L. F. Knou and T. B. A. Semor, *Comparison of Three High-
Frequency Dhiffraction lechmgues,” Proc. EEE 62, 1468-
1474 (1974).

1G. ). Burke and AL ). Poggro, Numerical Lleciromagnetic
Conde - Method of Momenis, Naval Eleciromes Systems Com-
mand ID 116 (1977).
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2.0 GENERAL DISCUSSION OF RCS DATA

Experimental and predicted RCS data usually are
in the form of a received signal referenced to the
transmitted signal, versus aspect angle. Typically,
there are separate tabulations for each frequency of
interest. The radars used for aircraft, missile, and
space-object detection, tracking, and identification
are usually at wavelengths that are small in compari-
son to the dimensions of the targets. Usually the
targets are complex shapes. At some aspects such as
broadside, the RCS of a target may be many orders
of magnitude greater than al other aspects, may be
dominated by a single component, and hence can be
characterized simply. However, at most aspects there
is a complicated interference pattern with maxima
spaced roughly A\/L apart in angle and ¢/L apart in
frequency (where A is the wavelength, c is the velocity
of light, and L is a typical length parameter). If, for
example, L is 10 meters (i.e. a small missile), roughly
10° data points are needed to cover X band for all
polarizations. A statistical description is needed to
reduce the data storage and retrieval problem.

The magnitude of RCS data is not the only reason
for an interest in a statistical description. The main
users of these data are the hardware designer, the
radar system designer, and the performance analyst.
The latter iwo have long searched for a statistical des-
cription of the amplitude scintillation of RCS. The
literature contains many attempted fits of experi-
mental data with single-parameter statistical des-
criptors.

The parameters of interest in the vicinity of any
one aspect are the mean RCS and its probability dis-
tribution, the lobe widths in angle and frequency,
and the mean centroid and its variances.

Over the years, the technique of breaking down a
complex target into a finite set of component scatter-
ers has been evolved together with statistical descrip-
tions of lobe structure and the appropriate descriptor
of amplitude scintillation, the two-parameter beta
distribution function. The computer code described
in this report embodies the aforementioned predic-
tive RCS and its statistical descriptors.

3.0 THE CAPABILITIES OF THE CODE FROM THE VIEWPOINT
OF THE RCS ANALYST

The APL RCS/Statistics Code, designed for the
PDP 11/60 computer, has been checked out with
several missile configurations. Its computational
capabilities fall into two categories, either of which,
with various options, can be executed from a master
code. They are:

1. First-order statistics for RCS, and
2. Lobe and higher-order statistics for RCS.

At this stage, the first- and higher-order statistics are
limited to monostatic situations. However, the lobe
statistics are coded in such a way as to be applicable
to bistatic situations as soon as that capability is in-
troduced.

VAZN

4 7‘111- .y w5 v‘bv ta._.“\

P o '

The entire development is based on the premise
that a complex scattering body can be broken down
into a finite set of component scatterers (usually
chosen to be elementary scatterers, some of which
may correspond to simple geometric shapes).* If the
contributions from this set of scatterers are combined
with proper phases, the result is an estimate of rela-
tive-phase RCS; this option is available in the APL
code. Figure 1 is an example of relative-phase RCS.

5w, Crispin, Jr., and A. L. Mallen, “‘Estimation of RCS for
Sinple Shapes.”™  “Esumanon  of  RCS  for Complex
Shapes,” Proc. HEEE 83, (1965).
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Frequency 17.96 GHz

A l T v l T T l T T ' LI ] LEBLI 4 ) A
Horizontal polarization
Frequency 17.96 GHz 64.1% shadowed
- Horizontal polarization W Pitch O
Pitch 0 Roli 0
Roll O _ Yaw 0
20— Yaw O Tilt 0
Tilt 0 (port)
| {port) _ 30
g 10 -
g
o
g a
% o x
.g
- w0 T
N¢ (GHz2) 2751 3.083 0371 0.748 1.409
Major 71 1.6 3639 7.76 942
Minor 1.26 073 081 127 122
Angle 82 82 80 76 74
[T BT G T U AR T B |
-20 () 0 60 90 120 150 180

150

60 90 120
Observation angle (deg)

]
0 30

Figure 1 — Example of calculated monostatic relative-
phase RCS 1/24th scale Convair 990.

If it is assumed that phases among scattering com-
ponents are distributed independently and randomly
(i.e., uniformly, over the interval 0 to 2x), a
hierarchy of statistics can be developed. Under first-
order statistics fall the usual mean RCS and root-
mean-square (rms) spread about the mean (see Fig.
2). Under higher-order statistics fall higher moments
from which skewness and kurtosis may be derived 10
show the appropriate beta distribution characteristics
for the RCS data under examination.®* (These
higher-order statistics can also be used to analyze

180

3. W. Follin, Jr., Statistical Properties of RCS, JHU/APL QM.
781-! 15(1981).

J. W, Follin, Jr., and A. L. Maffen, *RCS Scimillations and
Their Statistical Description,’’ in Proc. Second Annual luc-
tical Air Surveillance Control Conf., Rome Air Development
Center (1981).
%). W. Follin, Jr., F, C. Paddison, and A. L. Maffeu, ** The RCS
of Two Cruise Missiles and Their Statistical Descriphion,”
DARPA 8th Strategic Space Symposium (1982).

Observation angle (deg)

Figure 2 — Example of calculated monostatic mean RCS
with rms spread (including lobe statistics), 1/25th scaie
Convair 990.

measured RCS data; this feature is not part of the
APL code.) Various properties of the autocorrelation
of RCS can be used to describe lobe statistics (in both
frequency and aspect).’ Lobe characteristics are illus-
trated in Fig. 2 at observation angle intervals of 30°.
The terms “‘major’’ and ‘‘minor’’ refer 10 half the
long and short axes of the ellipse; they give the mean
lobewidth at that aspect in both the horizonal plu..c
(minor) and the normal plane (major). ‘‘Angle’”
refers to the tilt of the lobe ellipse with the
observation axis. N, (GHz) refers to the number of
lobes of RCS per gigaheriz of frequency.

At this writing, the component scatterer analyses
rest largely upon physical and geometrical optics
methods. However, the code could be expanded
readily to include diffraction ireatments and even the
more exact integral-equation analyses exemplified by
the numerical electromagnetic code.*

The program as written and described here was in-
tended for targets of modest complexity at observing
frequencies in the centimeter region. We plan (0 re-
code the program for a more capable computer in the

YE. Shotland, Stanstical Analvsis of Radar TLarger Scimultation,
JHU/APL TG 955 (1967).
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near future to allow the handling of more complex
targets up to the mid-millimeter range of
frequencies.

The effects of a surface treatment with radar ab-
sorbing material can be taken into account through
the uniform application of a reflection coefficient to
the component on which the material is placed. No
account is taken of the possibility of volumetric scat-
tering for either radar absorbing material or dielec-
tric components.

The major emphasis of the code is on a statistical
examination of the RCS of a target. Considering the
number of variables upon which RCS depends, a
very voluminous collection of data can be amassed
for a single target, even when domains of variables
are rather severely restricted. A statistical examina-
tion of RCS offers a condensation of facts and, thus,
an economy of output not available with a determin-
istic treatment of similar scope.

All of the RCS statistics are essentially unaffected
by small changes in target configuration or frequency
that may drastically affect the lobe structure of deter-
ministic treatments (especially for frequencies of 1
GHz and above).

Last but not [east, statistical RCS results mesh well
with the requirements of detection and tracking sys-
tems for statistical formulations.

3.1 Inputs

The inputs usually required for the code are wave-
length; polarization (linear, but extendable to ellip-
tical); plane of observation; range of observation
angle in the observation plane; pitch, roll, and yaw of
the target; and tik of the target rotation plane (to
make comparisons with RATSCAT measurements).

For a particular complex target, a suitable mathe-
matical model must be derived in the form of a set of
component scatterers matched to the target features
with the help of drawings, pictures, and artists’ con-
ceptions. The set of component scatterers must, of
course, be limited to the types presently available to
the APL code (some 20 as of this writing).

Computations of RCS are performed in coordinate
systems generic to the various components and so
must be transformed to the coordinate systems in
which the statistics are formulated.

3.2 Outputs

The first-order and lobe statistics have already
been illustrated in Fig. 2. Note that for the latter
case, for any line through the lobe ellipse center, the

distance from the center to the ellipse intercept gives
the lobewidth for that direction of observation. For
example, at the 30° observation angle, the ellipse has
a major axis oriented 82° frofih the observation axis,
indicating thin lobes in the horizontal planc of the
target and fat lobes in the perpendicular plane.

The output for the higher-order statistics may be
either printed or graphical. Let us consider the latter.
One has available skewness versus width or kurtosis
versus width (width, skewness, and kurtosis are de-
fined in Section 4 of this guide). Skewness and
kurtosis are plotted in Figs. 3 and 4, respectively, ver-

2 7 T T T Lo T
- Frequency 17.96 GHz
Horizontal polarization
1.8 64.1% shadowed —
. Pitch 0 1
Roll O
1.6~ Yaw 0 —
| Tk 0 :
port
14 L— + 40 i
1.2 20 —]
s 30 4
16,170
1= 130,140 ]
X & 120 -
100
08— 180,60 %/ 50 —
0.6 -
0k 110 _*
70
0.2 -
- w -4
ol 1, 1 | T T
0 0.2 0.4 0.6 0.8 1
Width

Figure 3 — Calculated width-skewness statistics for the
RCS scintillation of a 1/25th scale Convair 990.

sus width for a typical target at 10° observation angle
intervals. It should be noted that the data presented
in Figs. 3 and 4 may be based either on experimental
data or on theoretical calculations. The code can pro-
vide the theoretical values. The points are plotted
within boundaries that denote the limits for beta-dis-
tributed component-RCS values. Locations denoting
normal, lognormal, chi-square, and Rayleigh distri-
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Figure 4 — Calculated width-kurtosis statistics for the RCS
scintillation of a 1/25th scale Convair 990.

butions all fall outside of these boundaries, for both
width/skewness space and width/kurtosis space.

For example, consider Fig. 4 where the observation
direction 100° produces in width/kurtosis space the
point (0.7,0.7). These statistics yield the parameter
values

a=096 b=382

VO ST W N

......

for the beta distribution given by

Fa@a+b) _ |

—_— - b-1
N

B(x;a,b) =

where I'(a) denotes the gamma function of an argu-
ment a. Thus, the component scatterers that con-
tribute to the RCS at 100* from nose-on produce,
under the radom-phase assumption, an RCS that is
distributed according to the above beta distribution.
[Note: The skewness can be calculated to be 0.88,
which agrees very well with the skewness for 100°
found at width 0.7 in Fig. 3. The beta distribution for
the above values of g and b is skewed to the left, with
a long tail to the right. ]

The beta-distributed quantity x is actually o/a,,,,
where o is the RCS for some fixed aspect, frequency,
and polarization. So, for example, since o,,,, (100°)
= 1.14 m? and since the mean of B(x;a,b) is
a/(a+b) = 0.2, the mean RCS at 100° is ¢ =
0.2(1.14) = 0.23 m? or —6.4 dBsm (dBsm is decibels
relative to a square meter). Note that this value
agrees with the mean RCS at 100°, which can be read
on Fig. 2. The beta distribution of RCS at a fixed
observation angle arises from, and depends on, the
assumption that the phases among components are
randomly distributed (i.e., uniformly, between 0 and
2x) for every observation angle value.

3.3 Glint

Illustrations of the output of the program predict-
ing glint are not included in this writing; that portion
of the program has yet to be validated. However, a
discussion of the theory used is given in Section
4.6.
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s 4.0 CALCULATIONS oy
.7 4.1 Relative-Phase RCS where the asterisk means complex conjugate and /
o Consider a class of complex targets, each of whose ~ &. t: ‘ )f'"dlct";:es an average over all phases. The de- .
o members can be broken down into a finite set of ' atOniromthe meanis .
o8 component scatterers. Each component scatterer is FeAA* - E —f",
N assumed to be in the far field of the transmitter so = (o] o
. that it is illuminated by a plane wave; it is also in the ) E _ ‘
e far field of the receiver so that the observed field has =% & a8ccos ¥, = V) -
N a plane wavefront. The major dimension of a com- ' o9
e, ponent is assumed to be large with respect to the b
' wavelength A. Polarizations of the transmitter and _ — ‘
% ;" receiver are taken to be horizontal (H) or vertical (V) =2 E 0,0, cos(¥, — ¥i) ©) 2
h in this discussion; however, they could be circular or i ‘
elliptical. The possible combinations are HH, HYV, . .
'\Q-. VH, and VV; only the first and last are considered whence the variance is .
. here. n
2o Let the signal scattered by the ith component be N,
189 denoted by wm=(FPy=25=2Y a0
\4 i<k a3
aexpGy),  J=V-T, i) N 2
N -(£ay-Lo
5"{ where the amplitude a; (which is usually taken to be i=1 i=1 o
Ay Vo, where o, is the RCS of the ith component) and ;}
Rl the phase ¥, may depend on aspect (for both trans- . . .
L4 i 4 -
s mitter and receiver, or on their bistatic separation 3), 4.3 Higher-Order Statistics ‘
frequency, polarization, and the constituent param- If the triple and quadruple sums are written as =
) eters of the component. The scattered amplitude is :j i
: then |
:, o N S, = | E 0,0,0; N -: |
3 A= YL Vo exp(y,). @ ket v
- = and
s:i. The relative-phase RCS, o, for the complex target is
N S,= Y oo00,, 8) e
"ﬁt o=AA* = ' E ﬁ‘ cxp(jqﬁ,.) ? i<k<t<m ‘
2 \ i) . .\.
o) N the third and fourth central moments are, respective- ,_;
o = ¥ Vo Vo, exp(i¥)exp(—jve) - B IS =
4 k=1
<
R uy = (F*) = 125, ©)
: ‘ 4.2 Random-Phase RCS -
X For the random-phase approximation, the mean ..
e RCS, E[a], over all random phases, is and o
L —
Li », {mE[o]]) = (4A*) = Lo, @ pe = (F') = 65,7 + 125,85, + 1325,.  (10)
¥ e
fti-,.i 12 w5
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In order to examine the nature of the distributions
governing RCS for a complex target, we have
modified Pearson’s method somewhat. Instead of
examining target RCS behavior in skewness-kurtosis
space, we have set up two spaces, one a width-skew-
ness space, the other a width-kurtosis space, where
width wis defined as

w=pu,/»’ (an
In fact, to simplify the analysis somewhat, we have
defined a modified skewness as

014 =#3/#z”| . (12)
Kurtosis is defined in the standard manner as
I
T =—5 -3. (13)
[ 2]

From the nature of the sums S;,, i = I, 2, 3, 4,
above, it can be shown that the allowable regions in
width-skewness (actually, read modified skewness)
and width-kurtosis spaces are almost triangular and
are restricted as follows (see Figs. 3 and 4):

4.3.1 Width-Skewness
Right boundary:

’

v, = 4w - 2,

A
T
IA

(14)

DN =

Lower boundary:

(15)

v, =0, Osws

Left boundary:
_ t(t+2)
T+’

2t(t + 3)

" = m—z) s (16)

0<stsoo.

4.3.2 Width-Kurtosis

Right boundary:
RN S T
72_(n+l)(n+2) mw n 0

VTRV R O ARG,

Vv,

« e e
a‘a’a

WL

-\
l'~
D
where "
y + 2 .
=0 - and v/ is as above, .
2w — v, “
I . o
iswsl, limy, =6; »
w—1 :
Lower boundary: .
1
Y. = - LS, Oswsi; (18)
Left boundary:
partl: w=0, - 1.5 v, <0; (192)
1t +2)
art 2: w = as above) ,
_6!([+4) (19b)
LER PR

The location of points within the restricted regions
will vary with the aspect at which a complex target is
illuminated and viewed. The corresponding beta dis-
tribution parameters may be calculated from those
coordinates. The beta distribution is defined as

_Ma+b) | R
B(x) = T@)T®) (1 -x) (20)
0<x=<l,

where I'(a) is the gamma function of argument a,
and x = o/0,,,. Then, for example, the parameters a
and b can be determined from width-kurtosis space.
The result can be used to find skewness, which can be
checked against the location of the aspect point in
width-skewness space. The equations are

- b
Ta@a+ b+’
2(b - a)
aa+b+2)’
6(a+b+1)
(a+b+20a+ b6+ 3)

a b 1
x(3+2 " avss1 ~ Y

N =

Y2 =

20
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The values of a and b may be determined from any
pair of these equations, but the first two should be
used for experimental data. If one takes, for
instance, the aspect of 100° (Fig. 2), one can compute
a =0.96and b = 3.82.

In order to check the beta distribution theory
against measured data, a slightly different viewpoint
must be taken because the output of a measurement
exercise is usually in the form of RCS versus aspect.
If the RCS is sufficiently oscillatory in the chosen
aspect interval (usually 10°, but ranging from $ to
30°, depending on frequency), the random phases
have had the opportunity to range over most of the
intervals of definition, and so the RCS in the aspect
interval should be distributed in essentially the same
way that the RCS at a fixed aspect was owing to the
random phase fluctuations.

4.4 Modified Statistical Distribution

An extension of the statistical theory just presented
has been developed where the requirement of con-
stant component RCS is relaxed and an individual
variance and third and fourth moments about the
mean are assigned. The physical regions of the statis-
tical space resulting in this modification will be pub-
lished shortly.

4.5 RCS Lobe Structure

If, instead of taking the relative phases 10 be ran-
dom variables, one examines their variation (and
hence the variation of relative-phase RCS) as a func-
tion of receiver aspect (in a bistatic situation, either
aspect or bistatic angle), it is possible to obtain
scintillation statistics. The results are derived from
the RCS correlation function, using the zero crossing
theorem of Rice.'® They represent an extension of
results for the monostatic case obtained by
Shotland.®

Suppose the target is at the origin of a £, 3, { coor-
dinate system whose £¢ plane contains the transmitter
and receiver. Then the phase term y, of Eq. 1 is given
by

v, = k[{(1 +cosB) + & sinfB], (22)

s, 0. Rice, **Mathematical Analysis of Random Nowe,”
Selected Papers on Noiwse and Stochastic Processes, Nelson
Wax, ed., Dover Publications, New York (1954).
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where k is the wavenumber. The results obtained are
the number, N,, of lobes of RCS per hertz of fre-
quency:

1
No= < (E ool =)0+ cosd)

crh

+ (6 = E)sing)?) (23)

where ¢ is the speed of light and S = Vi, is from Eq.
6. Also obtained are the number, N , of lobes of RCS
per radian in traverse relative to a rotation axis
oriented at an angle é with the ¢ axis in the £¢ plane:

N =)‘_'s (;‘:A,‘d,d\) ,ons=12, (24)

where

d, =siné, d. = -cosd, 25)

and

A, = Yoo lt5 - £)(1 + cosih)

(RS

- (& = &)sing]'

X 1(n =) +cosp)]' " *. (26)

The numbers N, and N , considered as a function of
6 for a fixed aspect angle, form ellipses. They can
also be converted into local lobewidths of frequency
and aspect, respectively, by considering their recipro-
cals. For any line through the ellipse center, the dis-
tance from the center to the ellipse intercepl gives the
lobe rate for that direction of rotation axis.

4.6 Glint

The apparent electrical location of the target re-
flection depends on the type of radar seeker used to
measure it. For the relative-phase return (Eq. 2) with
the receiver location at X, Y,Z; X, Y < <Z; we have

3 k(X - -
o= = — (Kkr)) = ( £) =kX - £, . 27N
ax r

s |

i

Y
wala, e,

)

“-
)

.




and
o, k(Z-¢§) -
3z g_r,_ = k. (28)

The apparent source location is

_, (9A13X
A/9z

. L ika; ¢, exp(iy;)
~ Lika, exp(iv;)

_Z: a,a;t; exp((¥; — ¥;))

Y, a,a, expli(y, — ¥))
(¥

Y aat cosy, - v;), 9)
W

tyl -

where the real part is taken in the last step since the
RF signal is actually proportional to the real part of
Eq. 2.

The di ision is normally performed by an auto-
matic gain control (AGC) circuit with a time constant
so that the numerator and denominator are averaged

_ independently. The result in the random-phase ap-

proximation is
£- ”E"ff . (30)
i

With a fast AGC, the fluctuations of Eq. 29 become
larger but cannot be expressed in closed form. In
addition, the result depends on the dynamic range of
the circuits. Note that in a bistatic geometry the glint
is measured relative to the receiver and is indepen-
dent of bistatic angle except for the effects of
shadowing of components.

Subtracting Eq. 30 from Eq. 29, we have the devi-
ation from the mean for the slow AGC case.

1
A¢ -z E aa,(§ - Hcos(y, - )

inj

i
=z Lot +4-20cos(v ~ ), B
i<j .

13

and the variance of the glint is

2 _L - 2
(AF) = Y g0, (8 +¢ —28. (32)

i<j

So far we have discussed only one component of
glint, but it is clear that expressions similar to Eqs. 30
and 32 are needed for 5. In addition, the variance is a
tensor operator so that an off-diagonal term is
needed.

Defining

B, =Y o0,(§ + & — 28"

inj

X (g +m—-20""2, mn=1,2 (33)

and

B=Y B,,a,a,, (34)

where @, = cos o, a, = sin a, the standard deviation

of glint in the « direction is
S, = ! vB 35)
“ " 2E(e)

Further in analogy to the derivation of Eqs. 23 and
26, we define

Con = L, 0,0;(£ + £ — 26"

inj

X (n; + n - 2";)'“"_2

X [(5 = &) (1 +cosf) + (& — &) sin )2,
(36)

Dpprs = E o;0; (£ + & — 2£)4-m-n

inj

X+ - 2p)men-2

x [(§ — &) (1 +cosB) — (§; — §;) sin B~

X [(n =) (1 + cos§)]"+*2, 37
C= Y C,ana,. (38)
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and

p=)Y, Y D,..a.a,dd,. (39)

mn s

Then the number of glint lobes in the « direction per
cycleis

1
N , =
7 2¢8

vC, (40)

a

S

and the number of glint lobes in the « direction per
radian of rotation about the axis oriented in the &
direction is

1
Noy = 55 VD. @)

a

Note that Eqs. 40 and 41 are correct even though
the assumption of a slow AGC has been used; only
the amount of the displacement is in error.

5.0 USER'’S GUIDE TO THE CODE FROM THE VIEWPOINT
OF THE COMPUTER ANALYST

5.1 Introduction

The APL RCS/Statistics Code-is a computer soft-
ware package capable of computing and displaying
the collective cross section from a group of simple
components using physical optics as the main model-
ing basis. In addition to average cross section, it is
also able to compute and display relative-phase cross
section, RCS lobe and glint lobe characteristics, and
higher-order beta statistics of the collective object as
a function of observation angle, in either printed or
graphical form. Input for the program is taken from
a data base in batch mode process, and output results
are displayed on a graphics terminal, plotter, or line
printer. The RCS analytical basis is given in Refs. 11
and 12.

The program is currently running on a PDP 11/60
computer using the RSX-11M V3.2 operating system.
The graphical peripherals available on this system are
the Tektronix terminal and the ZETA plotter. The
program is executed by issuing the computer com-
mand RUN RCS. It responds by prompting the user
for the name of the input data base file. The data

WA, L. Maffett, Bistatic Lobe Statistics, JHU/APL M80-7 (Nov

1980).

125, L. Maffett, Linear Transformations Relating Theoretical and
Experimental Coordinate Systems Used in RCS Determing-
tion, JHU/APL QM-80-049 (M80-4) (Feb 1980).

TPy i B S i Tt IS e TP T S S O S Y S
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base name must then be entered, followed by any
optional switches. The available options are:

/G  enable graphical debugging

/GC enable graphical debugging
(combined components)

/P enable printed debugging

/Z  direct graphics output to plotter
(default is terminal)

The program then performs the functions defined in
the data base and returns to computer command
mode.

This section of the report provides the user with a
basic understanding of the program along with a
comprehensive reference manual for actual program
operations. The internal structure and program capa-
bilities are presented in Section 5.2. Section 5.3 pre-
sents the display options, including the available de-
bugging output. General features of the input data
base, such as looping and command priorities, are
described in Section 5.4. The actual RCS commands’
are presented in detail in Section §.5.

5.2 RCS Program Operations

The program is designed to compute the combined
RCS (called random-phase RCS) of several simple
components as a function of observation angle,
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wavelength, and polarization. In addition to average
cross section, the program also computes relative-
phase cross section, RCS lobes, average glint, and
glint lobes. Finally, it may also be used to compute
higher-order beta statistics.

A complex object to be analyzed in terms of RCS
must first be separated into its constituent com-
ponents, The basic components available to the pro-
gram, such as ogives, cylinders, corner reflectors,
etc., are described in Section 5.5. Each component
must, at a minimum, be specified by its name, physi-
cal dimensions, and orientation in the radar coordi-
nate system. The location of each component (or
scattering center) in the radar coordinate system must
also be specified if lobe or glint output is required.
The geometry describing the scattering centers of
each available component has been specified in Ref.
13.

The program may be divided functionally into four
areas: input, cross-section computation, statistics
and lobe/glint computations, and output display.
The input function, which is actually in continuous
operation throughout the computations, is described
in detail in Section 5.4 in the context of a data base.
In summary, the input must be ordered to supply the
program with global parameters, followed by local
component parameters, and ending with display pa-
rameters. Since knowledge of the input function or
output display function is not necessary to under-
stand the program’s computational algorithms, they
will not be discussed further in this section.

The program first zeros an array of accumulators
and then adds in the cross-section contributions of
each component read on input. This process con-
tinues until the advent of an output display instruc-
tion, which causes the accumulated results to be dis-
played as specified. The RCS program operates com-
pletely on one component at a time by computing the
component RCS at a fixed wavelength, polarization,
and radar phi angle and then varying the radar theta
angle (phi and theta are the radar polar coordinates).
Each cross-section value as a function of theta is
stored in a separate accumulator. The range and
number of theta values desired, specified on input,
must not require more than 181 accumulators (a pro-
gram limitation). This limitation may be circum-
vented in some instances as described in Section 5.3
and defined in Section 5.5.

In addition to accumulating average cross-section
responses, the program also saves the square of the
values of the responses in order to compute and dis-

DA, L. Maffett, Component Scattering Centers, JHU/APL M81-
1(7 Jan 1981).

play the standard deviation of the overall response at
each theta increment. If relative-phase rather than
average cross-section output is requested, it will use
the two accumulator vectors to save the complex
components of cross section rather than the detected
sum and sum squared values. All results generated
thus far may be stored in computer memory since
they are relatively few in number. The lobe and/or
glint options, however, require the temporary storage
of large volumes of intermediate data. Those data,
which consist of the cross section and three-dimens-
ional position of each subreflector in the object for
each theta angle of interest, are stored on a disk file
for later processing.

The following paragraphs summarize the RCS pro-
gram procedure for computing cross section for a
single component. Cross-section calculations do not
actually begin until a component description has
been read from the input stream.

The program begins to process a component by
computing a transformation matrix from component
space through object space to radar space. The com-
ponent-to-object transformation matrix (TRANS)
will have been read previously as input. The object-
to-radar transformation matrix will have been com-
puted from previously read values of radar platfo:.n
pitch, roll, yaw, and tilt (PRYT).

The program then enters the THETA loop to com-
pute the cross section at each required theta angle. In
the loop, it determines if the current radar theta and
phi angles are valid for that component. If valid, they
are transformed into the component coordinate sys-
tem. At that point, calculations that correspond to
the specific component of interest are performed.

Although they differ in detail, all groups of com-
ponent calculations (i.e., subroutines) have several
things in common. They must first collect their ap-
propriate inputs and then determine if a valid
response is possible from the current parameter con-
figuration. Each component subroutine must then
compute its RCS as a function of geometry, radar
characteristics, and observation angle. If lobe output
is also required, the component subroutines must
also compute the location of the reflecting source or
sources for multiple reflectors. Component position
information, after being transformed to the radar co-
ordinate system, is stored in a file for future lobe
and/or glint processing.

When the component cross section has been com-
puted, it is added to the accumulator bin appropriate
to the current theta angle. The powers of these results
are computed and stored in another file if optional
beta statistics are desired. Beta statistics are com-
puted in the output display section of the program
using the relatively simple equations from Ref. 7. In
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any case, the observation angle is incremented by
repeating the THETA loop. After the component
cross section has been computed for all required
values of theta, program execution returns to the in-
put section to obtain new component information
from the data base, and the process is repeated.

Basic RCS computations pause when a display in-
struction is read on input. This causes the program to
display its cross-section results (described in Section
5.3) and then begin lobe and/or glint calculations if
required. The remainder of this section highlights the
general procedure for computing lobe and glint char-
acteristics. A complete analytical description is given
in Refs. 14 and 15.

The RCS lobe calculations begin by reading tem-
porary results stored by the main program. Each
component’s contribution to RCS at the observation
angle of interest (specified by DELTA, a subset of
THETA) is read by the lobe subprogram along with
its position in space. The first parameters computed
from these data are a simple cross-section sum and
standard deviation. Cross-section products of com-
ponent cross section and position are then computed
and summed. The square root of this result divided
by the standard deviation and the speed of light
yields the number of lobes of radar cross section per
hertz of frequency. A different set of summed cross
products is used to compute lobe width.

The glint calculations begin by computing average
moments for the components read in the lobe sec-
tion. Sums of cross products using component cross
section, position, average moments, and an intersect
plane defined by the angle alpha are used to compute
the glint standard deviation. The average moment
arm length, along with standard deviation, as a func-
tion of observation angle (theta) is the primary out-
put from the glint section,

Glint lobes are computed from the same set of data
used to compute glint moments. In this case, an ex-
panded set of summed cross products is computed
and used in conjunction with glint standard deviation
to yield the number of glint lobes per hertz of fre-
quency with respect to observation angles delta and
alpha. An even greater expanded set of summed cross
products is then computed and combined with glint
standard deviation to yield glint lobe width.

The RCS lobe and glint lobe computations are re-
peated for each required observation angle defined

3. W. Crispin and K. M. Siegel, Methods of Radar Cross Section
Analysis, Academic Press, New York (1968).

ISA. L. Maffeu, Geomelric and Ph ysical Optics Formulas and Or-
thonormal Transformations for an RCS Compuier Program,
JHU/APL M80-3 (28 Jan 1980).
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by the angle delta; in contrast, RCS and glint
moments are defined by the observation angle theta.
When computations for all values of delta have been
completed, the results are displayed, and execution
control is returned to the main program.

5.3 Display Options

The real power of the RCS program lies in its
ability to display cross-section output results in a
complete and elegant manner in both printed and
graphical form. This section discusses the standard
display options available in the program followed by
additional debugging output. The standard display
options are RCS, RCS lobes, glint, glint lobes, and
higher-order statistics.

The commands that initiate the display function
are GRAPH and PRINT (defined in Section 5.5). As
the names imply, GRAPH produces graphical output
on a terminal or a plotter, and PRINT produces
printed output on a terminal or a line printer. Since
the results displayed by these commands are general-
ly the same, only differences in the data presented
will be described in conjunction with the overall data
available for display. Program results are not altered
because of their being displayed. This alfows muitiple
display commands to be included in the data base in
order to view either accumulated results or new
results if program accumulators are cleared (see the
CLEAR directive).

The basic program shows monostatic full-scale
RCS as a function of observation angle. Both aver-
age cross section (shown with the optional plus or
minus standard deviation) and relative-phase cross
section may be displayed in square meters on a
logarithmic scale (i.e., in decibels relative to a square
meter). Relative-phase cross section may also be
shown in square meters on a linear scale. Graphical
RCS output also lists certain program parameters,
such as frequency, polarization, and percent
shadowed, on the edge of the graph. The output
from this section is always displayed as part of the
GRAPH or PRINT operation.

The RCS lobe output is displayed on top of the
basic cross-section output in graph mode and follow-
ing it in print mode if LOBE is active. The lobe out-
put shows the number of RCS lobes per hertz of fre-
quency and the number of lobes per spatial increment
around a circle. In graph mode, the spatial lobes are
displayed inversely to yield lobe width. Samples of
lobe width are computed around a circle and plotted
as an ellipse centered at the observation angle of in-
terest. The major and minor axes of the ellipse along
with the orientation angle may then be found and dis-
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played. Since these values are searched out rather
than computed, lobe width must be sampled often
enough (from 4 to 180 times as defined by
DELTA(4)) to converge on the required accuracy.

If GLINT is active, monostatic glint is displayed as
a function of all the independent parameters men-
tioned thus far and also the angle alpha, which de-
fines an observation plane that cuts through the lobe
structure. Since a complete graph or print list show-
ing glint results is produced for each value of alpha,
only certain values , namely 0 and 90°, are used. The
varying independent parameter on a glint graph or
print list is the observation angle theta. The depend-
ent parameter represents the glint moment arm dis-
placement in degrees; values of standard deviation
are included as an option.

Monostatic glint lobe output is displayed in a man-
ner completely analogous to cross-section lobe out-
put. It, therefore, similarly shows the number of
lobes of glint per hertz of frequency and the number
of lobes per spatial angle at samples evenly spaced
around a circle. The amount of glint lobe data output
is, as with the RCS lobes, completely defined by the
parameter array DELTA.

The final standard display option presents higher-
order beta statistics computed from the basic RCS
results. The type and amount of output produced by
this option are very different between graph and
print modes. The two plots generated in graph mode
show skewness and kurtosis as a function of beta
width. Distribution acceptance boundaries are drawn
on each plot, followed by the actual computed data
values, which are annotated with their corresponding
observation angle. Many additional statistics are
computed during print mode. The results are dis-
played within the normal RCS output listing rather
than at the end.

Three mutually exclusive debugging display
options are available in the RCS program. All three
are intended to provide partial results corresponding
to each separate component rather than the com-
bined object. When the cross-section contribution of
a component is computed, it is immediately displayed
on either a printer (option /P) or a graphics output
device (option /G). After it is displayed, the
accumulator vectors are reset to zero, and the next
component is computed and displayed on a new
listing or graph. This process continues until the
entire data base has been read. Prints or graphs for
which there is no component contribution are not
displayed. Furthermore, component display may be
aborted in graph mode by entering a control - C
from the terminal keyboard for each component not
desired. The final debugging option, /GC, instructs
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the program to combine all component curves onto
one graph.

Debugging display options may not be used in con-
junction with lobe, glint, or higher-order satistics
output. Any PRINT or GRAPH commands found in
the data base are simply ignored by the program in
this mode.

5.4 Data Base Description

All inputs 10 the RCS program must be suplied
from within a data base. A data base is a file that
may be created or modified by an editor. It contains
all the instructions necessary o control the program.
Each line in the data base, except comment and title
lines, constitutes a single, complete instruction to the
program. Each instruction line begins with either
four or five characters, defining the directive type,
followed by a space and up to nine numeric parame-
ters. All directives (i.e., instructions) recognized by
the program and their functions are defined in detail
in Section §.5.

In this section we will discuss directive interactions
and usage protocols, the concepts of global and local
directives followed by their relative ordering within
the data base, and then looping capabilities within
the data base.

All valid directives in the RCS data base fall into
one of two functional categories: component defini-
tion or program control. All component definition
directives are considered 1o be local parameters. The
program control directives may be either global or
local. A global parameter, once defined, retains its
specified value until explicitly aliered later in the data
base. A local parameter only retains its assigned
value until the occurrence of a component definitien
directive, which has the effect of resetting all local
RCS program control directives and then canceling
itself. The local parameters must therefore be reas-
signed before the occurrence of the next component
directive, if required. The local RCS program control
directives and their defaults or reset values are:
ORGN (zero), RAMDB (zero dB), TRANS (identity
matrix), and VALID (all angles).

As previously indicated, local parameters must be
ordered so that all control directives related to a
component directive appear before the component in
the data base. Global RCS directives that define
radar parameters musi also appear before the
component directives. The radar directives are:
DELTA, GLINT, LOBE, PHIR, POLAR, PYRT,
RPRCS, STATS, THETA, and WLEN. The display
directives GRAPH and PRINT (either or both may
be specified) must appear in the data base after the
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required component directives. A single title line
must always be placed immediately after the display
directives. The two directives NEWTH and
NEWWL, which control data base looping, must
always be placed at the end of the data base, if used.
If both directives are used, NEWTH must precede
NEWWL. The remaining directives may appear
anywhere in the data base within the constraints
given.

The RCS program may be instructed 10 reexecute
the entire data base by using the directives NEWTH
for new THETA and/or NEWWL for new
wavelength (WLEN). The maximum number of
THETA increments allowed on one pass of the daia
base is 181. That limit may be extended by using the
NEWTH directive in conjunction with the parameter
THETA(4). The actual number of increments used
(NOD is computed as 1 + (THETA(2) -
THETA(1))/THETA(3). For the first pass through
the data base, the observation angle ranges from
THETA(1) to THETA(2) in NOI steps. If the
directive NEWTH is detected, the RCS program
stops current processing and starts reading the data
base from the beginning. If, when the THETA
directive is read, THETA(2) is larger than or equal 10
THETA(4), the RCS program immediately jumps 10
the first line following the NEWTH directive. The
only directives that may follow NEWTH and
NEWWL are comments. If, on the other hand,
THETA(4) is larger than THETA(2), the starting
value, THETA(1), is replaced with THETA(2), and
the ending value, THETA(2), is replaced with the
minimum of THETA(2) + NOI and THETA(4).
This processing loop continues as described while
THETA(4) remains larger than THETA(2). All
grapical output resulting from this loop is placed on
the same graph. Debugging options and the directives
LOBE, GLINT, and STATS are not valid if THETA
looping has been specified.

The set new wavelength directive, NEWWL,
instructs the RCS program to reexecute the data base
in a manner similar to NEWTH. However, in this
case, each time the directive WLEN is read, the next
value in the parameter list will be used as the new
wavelength. For example, if the WLEN directive has
three associated parameter values from a maximum
of nine, the wavelength will be set to the first param-
eter value on pass one, the second value on pass (wo,
and the third on pass three. The RCS program will
not loop for pass four because a fourth parameier
value was not specified on the WLEN command line.
The only valid lines following the NEWWL directive
are comment lines.
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5.5 Data Base Directives

This section presents a complete list of valid RCS
directives and associated parameters. The directives
have been divided into two groups: RCS control and
component definition. A compicte description of the
available RCS components is given in Refs. 11 and
12. All angles must be specified in degrees and dis-
tances in meters.

5.5.1 RCS Control Directives

CLEAR Clear RCS -clears all ac-
cumulated radar cross-sec-
tion results.

COMM «n Comment — ignores the next

n lines in the data base. This
instruction may be used (o
insert a specified number of
comment lines in the data
base.

COME Comment End - ends com-
ment block mode. This in-
struction will cancel the ef-
fect of COMS. The next data
base line will be processed
normally.

COMS Comment Start - staris com-
ment block mode. All data
lines following this one in the
data base will be ignored
until the COME directive is
found. These two directives
(COMS and COME) provide
the user with an efficient tool
for ignoring blocks of data.

DELTA nl,...,n4 Delita Angles - dcfines the
lobe display angles. RCS
lobe and glint lobe results
will be displayed at angles
ranging from nl 10 72 in in-
crements of n3 degrees. The
number of lobe samples, be-
tween 4 and 180, is defined
by n4. Only delta angles that
lie within the theta range will
be used.
Glint Switch - activates the
glint lobe calculations if 7 is
set to 1 or 2 and LOBE is ac-
tive. Glim data will not be
computed otherwise. If n is
set to 2, the standard devia-
tion will be added 1o the dis-
placement curve.
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GRAPH nl, .. .,n9 Graph Display — collected re-

GSIZE

LOBE

NEWTH

" A% B o
EAEL A S S s

nl, ...

n

WA
b

,ns

>

sults will be output in graph-
ical form (see Section 5.3).
For average cross-section
output, plus/minus standard
deviation curves will be
added to the graph if the
absolute value of nl is equal
to 3 instead of 1. If nl is
negative, terminal graphs
will be automatically sent to
a hard-copy device. The x-
axis end points are specified
by n2 and n3. The number of
x-axis labels and tick marks
per label are specified by n4
and n5. The y-axis end points
are specified by n6 and n7.
The number of y-axis labels
and tick marks per label are
specified by n8 and n9. The
next line following this in-
struction is always used for
the title. This instruction will
not affect any RCS results.
Graph Size—locates the
graph boundaries on the
plotter page. The lower left-
hand corner of the graph will
be placed at n1,n2 inches
from the paper corner and
the upper right-hand corner
at n3,n4 inches, The column
of data displayed at the right
of the graph may be further
displaced by n5 inches. The
default values for nl through
nS are 2.25, 2.25, 8.75, 6.25,
and 0 inches, respectively. If
used, GSIZE must appear
before the GRAPH di-
rective.

Lobe Switch — activates the
cross-section lobe calcula-
tions if n is set to 1. Lobe
data will not be computed
otherwise,

New Theta-reruns dala
base with new theta angle
range. This instruction will
cause the RCS program to re-
execute the data base from
the beginning using the next
theta range computed by the
THETA directive. The in-

R '\--.. Ceae
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NEWWL

ORGN

PAUSE

PHIR
POLAR

PRINT

PRYT

LA I i A

xX,y,Z

n

n

n

P.T,Y,t

NN NN

struction will be ignored if no
new theta range is required
(see THETA and Section
5.4).

New Wavelength - reruns
data base with new wave-
length. This instruction will
cause the RCS program to re-
execute the data base from
the beginning using the next
wavelength on the WLEN di-
rective. The instruction will
be ignored if no new wave-

length is available (see
WLEN and Section 5.4).
Component Origin —the

component following this in-
struction will have its origin
located al x, y, and z in radar
coordinates. This instruc-
tion, useful for lobe and glint
computations only, will be
reset to zero after the next
component.

Pause Program —the RCS
program will stop and wait
until a carriage return is re-
ceived from the user termi-
nal. This command should
not be used in batch mode.
PHI Radar - sets radar phi
angle to n degrees.
Polarization —sets  system
polarization to either vertical
(n = 1) or horizontal (n =
2).

Print Display — collected re-
sults will be output in printed
form (see Section 5.3).
Printed output will be dis-
played on the user terminal if
n = 0. It will be sent (0 a
nonspooled line printer i{ n
= 1, a spooled line printer if
n =2, and a fileif n = 3.
The next line following this
instruction is always used for
the title. This instruction will
not affect any RCS results.
Pitch, Roll, Yaw, Tilt —de-
fines radar rotation angles.
These angles will be used to
construct the radar-to-object
coordinate system transfor-
mation matrix. PRYT will
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{ default to the identity matrix specified, the following com- .:
be. if not defined. If all angles mands are not  allowed:
o are zero, the resultant matrix LOBE, GLINT, STATS, and
}"« will have its x and y com- debugging options.
J.'} ponents switched. " TRANS nl, ... ,n9 Transformation Mairix - as- f‘:-
of RAMDB n Radar Absorption Materi- Signs component orientation, )
- al— modifies the effective The nine values n11 through
cross section of a compo- n9, specified in degrees, de- -
:‘-} nent. The RCS of the next fine, by row, the direction -
s component following this in- cosine matrix of the compo-
5 struction will have »n dB nent following this instruc-
'.:f added 1o it before it is used. tion. The transformation ‘_
Thereafter, the value of n matrix will be checked for o
i will be reset to 0 dB. validity before being used by
b RPRCS nl, n2 Relative Phase Switch —ac- a component and then resel >
G tivates the relative phase 1o the identity matrix after o
\ RCS calculations if n1 is set being used. -t
- to 1. Relaltive-phase data will VALID nl, ... ,n8 Valid Range—sets range of
’. not be computed otherwise. valid angles for component. oy
: Relative-phase cross section The values of n1 through the »
- will be displayed on a loga- maximum n8, specified in de-
i rthmic scale unless n2 is spec- grees, will define observation -
i ified, which defines the maxi- angles for which the follow- )
4 mum linear value to be ing component is visible. The
’ graphed in square meters. parameter values must be
. STATS n Statistics Switch — activates specified in pairs and imply &a
the beta higher-order statis- the following: nl, n2 = first =
. tics calculations if n is sel to valid range of THETA; n3, -
1. Higher-order statistics will n4 = associated valid range
3 not be computed otherwise. of PHIR (all PHIR if not
. THETA nl,... n4 Theta Angle Range-—sets present); nS, n6 = optional -
» radar theta range and incre- second valid range of )
ment. The radar observation THETA; n7, n8 = associ- -
angle, theta, will vary from ated valid range of PHIR. 1
o) nl to n2 degrees in increments All ranges are assumed 10 be N
§. of n3. The total number of counterclockwise from the
e, discrete values may not ex- first element in a pair to the =
3 ceed 181. If the total maxi- second. The valid range will e
: mum angle, nd4, is present, be reset 1o all angles after be- ..
theta will vary from nl 10 n4 ing used for a component.
& degrees in groups oI: (n2 - WLEN »nl, n2... Wavelength - assigns _pro- N
wt n1)/n3 increments. Since this gram wavelengths. This in- R
% option reruns the RCS pro- struction sets the initial pro- "
" gram for each THETA gram wavelength (o nl .
% group, the number of dis- meters. Each following pass -
A crete observation angles al- through the data base in P
e lowed becomes unlimited. looping mode will set the
?' The command NEWTH program wavelength to the "
% must be included at the end next n on the command line .
'é of the input stream (but be- (pass 2 would use a wave- ks
e fore the directive NEWWL, length of n2, etc.) up to a
o if present) to force the maximum of n9, The instruc- s
< program to loop to the next tion NEWWL must be used Y]
- THETA group (see Section at the end of the data base if - 9
ﬂ 5.4). If the parameter nd is multiple wavelength passes )
ol
22 '
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(i.¢., looping) are desired (see
Section 5.4).

5.5.2 Component Definition Directives

CAVA
CAVD
CFLAT
CONE

CYLIN

DIHED

ECORN

LWIRE

OGIVE

a
d
r

A,n,a,
L1, L2

a,b,L

a,b,c

a,b,c

R,a,b,A

Cavity — defines a cavity with
equivalent circular area a.
Cavity — defines a cavity with
circular diameter d.

Circular Flat Plate — defines
a flat plate with radius r.
Truncated Elliptical Cone —
defines a cone with lengths
Ll and L2 from the im-
aginary cone tip. Cone tip to
L1 is truncated. The elliptical
cone base’s major radius
length is @ and the major-to-
minor ratio is n. The cone
half-angle is defined by 4.
Elliptical Cylinder — defines
a cylinder with major radius,
a, minor radius b, and length
L.

Dihedral —defines a 90° di-
hedral with sides g and ¢ and
height b.

Elliptical Corner — defines an
elliptical corner with edges q,
b, and c.

Loop Wire—defines a cir-
cular wire loop with radius
a.
Ogive — defines an ogive with
radius of curvature R and

PARAB

RCORN

RFLAT

SOLID
TCORN

TORUS

TWAVE

WEDGE

WIRE

p

a,b,c

a,b

a,b,c

a,b,c

ab

p.L.g

ALB

L,a

center to nearest side length
a. If ogive is truncated, pa-
rameter b and angle A
specify the amount of trun-
cation (b is zero otherwise).
Parabola — defines a parabo-
la where the parabola equa-
tion is p = (x**2 +
y**2)/ -4z,

Rectangular Corner — defines
a rectangular corner with
edges a, b, and c.
Rectangular Flat Plate — de-
fines a flat plate with sides a
and b.

Solid — defines an ellipsoid
with radii a, b, and c.
Triangular Corner — defines
a triangular corner with
edges a, b, and c.
Torus — defines a torus with
inner radius ¢ — b and outer
radiusa + b.

Traveling Wave —defines a
traveling wave with the pa-
rameters p (relative-phase ve-
locity), L (length), and g (re-
flection coefficient).
Wedge — defines a wedge
with angle A and height L.
Parameter B is used to limit
the cross section to
B/WLEN"**2.

Wire —defines a wire with
length L and wire radius a.
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6.0 PROGRAM LISTING

FILE s 8Y0:[111,12)ACS.FTN 27-SEP-83 14:32:52 ««¢
;0’ g'll'llﬂlﬂlllll.l!lllﬂl“ﬂlllllﬂﬂ*llll!ll!llllll
(1}
30> C RRRA ccce 888S
40> C R R C s
50> C RARA c L1 1]
60> C AR ¢ s
70> C R & CCCC 888§
80> C
90> C
;?g> g RADAR CROSS SECTION
>
} 205  Coro0 030205000 36 0850 5030 50 36 3030 30 90 369030 30 30 98 06 30 306 00 06 06 90 366 90 3606 96 36 00 36 34 36 30 04 94 3¢
30> €
}gg» g NOTE! THIS PROGRAM STORES MATRICES BY ROWS (NOT COLUMNS)
>
160> C MAXRCS CONTAINS THE CURRENT MAXIMUM RCS BUFFER SIZE (181}
170> REALNS T1,72,73,74,75,76,80Q,ZERO
180> REAL¥4 CMDS(26),08J8(18) ,RCS(181) ,RCS2(101) ,TRANS(9),VALID(8)
180> REAL¥4 ARR(9) ,PRYT(9) ,MAT(9),COMP(9) ,PRYTV{4) ,PRYT2(9)
100> LOGICAL®2 ATTN
210> LOGICAL®1 FILE(80) ,BUF(80),SLASH,AG,AP,OBJECT,AZ,AC,AN,DOT,DRCS(4)
220> REAL*4 POLVH(Z),YYV(181,2) ,XV(181),SLOBE(4,181,2)
230> EQUIVALENCE (FILE,BUF), (YYV,SLOBE), (XV,SLOBE(1,1,2))
240> REAL¥4 IDENT(9) ,GRARR(9) ,SIDE(2,4) ,DEBOUT(6),0RGN(3) ,M60DB
250> REAL%4 DELTA(4) ,ALPHA(4) ,SCALE(G) ,THETA (4! ,GSIZE(S)
;;g’ ¢ INTEQER%2 LSIDE(4) ,ROUTE
»
%0 INTEQER®#2 DEBUG,COMBIN,QL INT
290> LOGICAL®2 GOULD,LP,OPENE,LPF,OLDGRF,MQARAPH,GDAUTO
300> COMMON/SWITCH/ 10W, THETA,GOULD,LP,OPENE,LPF,OLDGRF ,MGRAPH,
:;g’ ¢ 1 GDAUTO,DEBUG,COMBIN,GLINT, IBVUG,LBUG, ISTATS, IZETA,STATS ,NRCS, IOR
>
30 COMMON/RCSCOM/CUTOFF ,WLEN,P1,P12,RCSC,THP ,CTHP ,STHP ,PHP ,CPHP , SPHP,
340> 8 C2PHP,S2PHP,RAD,POLAR,LOBE,
350> $ ARR
360> COMMON/RCSLOB/ IOL ,ORGN,COMP , SLOBE ,BETA,
70> $ ANG,CANG, SANG,PHR,CPHR, SPHR,KLOBE
380> COMMON /RPRCS/ IRPR, IRCS,RAM,RCS,RCS2
:zg’ ¢ COMMON /QGRCOM/ QRLID
>
410> DATA POLVH/’VER’ ,’HOR’/,CLEAR/'CLEA’/,COME/ ' COHME’ /7 ,SLASH/" /' /
420> DATA CMDS/’COMM’® ,'COMS’ , WLEN',’POLA’, TRAN’,'VALI’,'PHIR’, THET',
430> $ 'GRAP'.'Pl!N'.‘PRYT’.’PAUS'.'CLEA'.'DEIU'.'NEI".'RAHD'.'LOBE'.
440> $ "BETA',’ORGN', 'DELT', ALPH', 'RPRC’', ' STAT', 'GLIN', NEWT','GS8IZ2'/
450> DATA OBJS/'0GIV’, CYLI', ' CONE','PARA’,'SOLI’,' TORU','WEDG',
400> $ "WIRE’,’LWIR’ ,"CAVA’ ,"CAVD’,'CFLA’ ,"RFLA’ ,'TWAV', "DINE’, ' TCOR’,
470> $ "RCOR’, ECOR’'/
480> DATA lDENT/'.. 0.,0.,1. 0 0. .I.I.AGI G /, AP/'P'/ AC/°C’/
490> DATA DEBOUT/O.,’ comw’ , ’PONE' *NT O’ ,°UTPV", 7, ALL/°ALL °/
800> DATA GRARR/- 1.0.1.0 7, 8 -80, 60.7.1/.A2/'Z'I ANI N'7,001/7'.°/7
810> DATA SIDEI'STAI'.'IOAR'.'D' PORT',0,0,'TOP’',0,0, BOTT’.'OH'.OI
820> DATA LSIDE/T7, J.S.GI.DICSI' ' ﬂ'.'C'.'S'I.ZERO/O.DOI
830> DATA G81ZE/2.25,2.258,8.78, 6.25,0./
840> C
§80> C DEBUG OUTPUT
$00> C (8UGs12>RCS OUTPUT
870> € 18UG=23>TRANS,PRYT, COMP
:::: g IBUGs45>ANGLES (RADARAPA IME)
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! 600>
610> C SET RCS CONSTANTS
620>
- 630> NCMD=26
) 640> NOBJ=18
5 650> MAXRCS=181
660> P1=3.1415926
670> P12:P1/2.
680> RAD=P1/180.
y 690> CUTOFF=1.E-10
& 700> LINE=0
710> QOULD=.FALSE.
720> ¢
‘ 730> C
¥ 740> C ASSIGN LUNS AND ATTACH INPUT FILE
750> C
760> 10R=1
770> 10w=2
X 780> (0P=3
790> 10624
800> 10F=$
- 810> 10Lz6
N 820> 10E27
E 830> ¢
840> CALL ASNLUN(IOR,’TI®,0)
850> CALL ASNLUN(IOW,’TI',0)
& 360> CALL ASNLUN{IOF,’SY’,0)
nq 870> CALL ASNLUN(IOP,'GD’,0)
W 880> CALL ASNLUN(IOL,'SY’,0)
890> CALL ASNLUN(!OE,'SY’,0)
900> OPENEz.FALSE.
910> ¢
920> WRITE(I1OW,1)
930> 1 FORMAT (' ENTER RCS DATA FILE NAME')
940> READ(IOR,2,END=9999) FILE
G 950> 2 FORMAT (80A1)
& 960> CALL TRIMSO(NF,FILE)
A 970> FILE(NF+1)30

INPUT OPTIONS

¢
990> ¢
1000> C
1010> C /7Z = DRAW GRAPHS ON ZETA PLOTTER
1020> ¢ /P = PRINT RESULTS FOR EACH COMPONENT
1030> € /@ = QRAPH RESULTS FOR EACH COMPONENT
g; 10405 € /Gc s ORAW ALL /G OUTPUT ON ONE GRAPH. (COMBINE)
]
1060> DEBUGSO
1070> COMB | N30
1080> 1ZETA20
! 1090> IF21
4 1100> 100T20
1110 DO 6 J=IF,NF
1120 34z
F, 1130> IF(FILE(JJ) .EQ.DOT) 1DOTEJJ
. 1140> IF(FILE(SJ) .EQ.SLASH) @O TO 7
11505 ¢ CONT I NVE
1160> 40 TO 8
5 11705 7 NFzJJ-1
iq 1180> IF(FILE(JJ+1).EQ.AZ) |ZETA200
N 1190> IF(FILE(JJ+1) .EQ.AG) DEBUG=!
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\ 1200> lFlFILEIJinl EQ.AP) DEBUG=2
o8 1210> IF (DEBUG.EQ.1.AND.FILE(JJ+2) .EQ.AC) COMBIN=-1
- 0e. 1220> IFzJJe2
A 1230> & IF(1DOT.GT.0) GO TO 9
oy 1240> C DEFAULT FILE EXTENTION TO .RCS
O 1250> DO 13 J-I 4
o 1260> NF=NF+1
1270> FILE (NF)=DRCS(J)
1280> 13 CONT | NUE
Pl 1290> 9 FILE(NF¢1)z0
SRS }ggg» c OPEN(UNIT=10F ,NAMESFILE, TYPE='OLD’ ,READONLY)
_‘,‘_‘, ’
e 1320> TIME=SECNDS(0.0)
po > 1330> CALL GRINIT(O,1ZETA,10GQ, IER)
N 1340> CALL GRHV('H')
1350> CALL GRPIC(2.25,2.25,8.75,6.25)
) :g;g» ¢ IF(1ZETA.EQ.0) CALL GRDEV('TEK', 'HARD',IER)
Lot >
N 1380> ¢ INITIALIZE RCS VECTOR & OTHER STUFF
; 5 1390> €
RN 1400> CMD30 .
DA 1410> 1wL=1
N 1420> OLDGRF=.FALSE.
1430> G0 TO 70
o 1440> C
A fg_". 1 450’ c
Pl 1460> C 0006 3090 3008 38 08 30 3090 30 30 10 3030303000 96 38 90 00 30 9490 00 3¢ ¢ ¢
R N
XK 1470> ¢ READ NEXT LINE IN RCS DATA FILE
)‘\-\. :::g> g 050 38 00 06 3000 3000 30 36 90 0 36 20 96 3¢ 2 30 36 3¢ 50 0F 00 3¢ 30 08 90 3¢ 3¢
5 ' >
P e 1500> 3§ CONT INVE
1510> IF (OBJECT.AND.DEBUG.EQ.1) GO TO 43
3 1520> IF (OBJECT.AND.DEBUG.EQ.2) GO TO 50
w2 1530> C
v 1540> LINESLINE+1
RN 1550> READ(IOF,4,END=9990 ,ERR=9993) CMD,ARR
, 1560> 4 FORMAT (A4,1X,9F10.0)
gAY 1570> ¢
N 1580> C DETEAMINE IF CMD IS A DIRECTIVE
1590> C
. 1600> DO 5 J=1,NCMD
SN 1610> IF(CMD.EQ.CMDS(J))
N 1620> $ Q0 TO (10,12,15,20,25,30,35,40,45,50,55, o 70,80,85,85,
SN 1630> $ $00,510,520,540,550,560,5670.580,590,600), J
"’y 1640> § CONT I NUE
;s::ﬂ 1650> C
[ }:;3» g Q0 TO OBJECT SEARCH IF NO DIRECTIVE MATCH FOUND
e >
- 1080> a0 TO 90
NS 1690> ¢
- 1700> C
i3 1710> ¢
t 1720> € 360000 00 0 38 90 30 30 90 8 3¢ 26 30 30 30 0 35 36 36 36 96 30 30 36 3¢ 3¢ 36 3¢ 34 3¢
QY 1730> C EXECUTE APPROPRIATE DIRECTIVE
D 1740> C 000 000030 00 909030 100030 00 0 0090 30 0 009030 0 009030 1096 90 30 30 ¢
— 1750> ¢
e 1760> ¢
AR 1770> ¢ “COMM” - SKIP COMMENT LINES
el 1780> ¢
> 1790> 10 NCOMMEARA (1)
A,
25
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¥
3 - 1800> IF (NCOMM.LE.O) GO TO 3
» B 1810> DO 11 J=1.ucouu X
¥ 1820> LINEZLINE+ .
q ~ 1830> 11 READ(IOF, 4, snn 9990) CMD .
N~ 1840> a0 10 3 .
Ny o 1850> C ~COMS" - SEARCH FOR "COME" :
X 1860> 12 READ(IOF,4, END 9093) CMD :
' 1870> LINESLINE+ ;
1880> IF (CMD.EQ cousl @0 TO 3 ,
N 1890> Q0 TO 12
< I 19005 ¢
) 1910> C “WLEN® - SET WAVELENGTH
. 1920> C -
; E§ 1930> 15  WLEN=ARR(IWL)
¥ 1940> IF(WLEN.LE.O.AND. IWL.EQ.1) GO TO 9991
1950> IF(WLEN.LE.O) GO TO 9990
, 1960> a0 TO 3
S D 1970> C
N }::g’ g “POLAR™ - SET POLARIZATION VECTOR
4, > .
L 2000> 20  POLAR=AMAX1(1.,AMIN1(2.,ARR(1))) .
M 2010> a0 T0 3 g
N o 2020> C .
- ;g:g» g “TRANS" - COMPUTE COORDINATE TRANSFORMATION MATRIX 1 ;
- >
¢ 2050> 25  CONTINUE .
] 2000> DO 26 J=1, X
R 2070> 26 TRANS(J)'COS(ARRIJ)!RAD) :
2080> CALL TRANSP (TRANS,MAT) .
2090> CALL MATMUL (TRANS,MAT ,MAT) :
ey 2100> C MAKE SURE rnAns IS VALID :
2110> DO 24 J=i
2120> lF(AISIHATlJ)-IDENT(J)) GT.1.E-8) GO0 TO 27
X 2130> 24 CONT INVE
% 2140> a0 10 3
“ BN 2150> 27 WRITE(2,28)
S 2160> 28 FOAMAT(* RCS> -- BAD TRANS DIRECTION COSINE MATRIX'/' RCS»>')
v B 2170> WRITE(2,29) ARR
. 2180> 29 FORMAT(® RCS> ' ,8F10.3)
2190> WRITE(2,29) =
2200> WRITE(2,20) MAT
bd 2210> a0 T0 9993 .
2220> C .
2230> C "VALID™ - SET VALID ANGLE REGIONS .
P 2240> C :
0 2250> 30  CONTINUE :
2260> DO 31 J=i,8
2270> 31 VALID(J)ZARR(J)
N m 2280> a0 TO 3
£ ] 2290> ¢ .
2300> C "PHIR® - SET RADAR PHI ANGLE :
g 2310> C
q 2320> 35  PHR=ARR(1)
q b 2330> IF(ABS(PHR) .QT.180.) WRITE(IOW,36) P
3 2340> 3¢ FORMAT(® RCS> -- PHIRz' ,F8.1,' |8 our OF BOUNDS')
' 2380> Q0 TO 3
- 2360> C
25 ;:zs» g “THETA™ - SET THETA RANGE (MIN,MAX,INC) & TOTAL MAX
>
: 2990> 40 IF(OLDAGAF) GO TO 43

27
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X ‘J'
3]
\ 2400> THETA(1)=ARR (1)
B\ 2410> IF(ARR(3).LE.0.) GO TO 42
™ 2420> THETA(21=AMAXI(THETA(I).ARR(?!)
g 2430> THETA (3) =ARR(S)
o 2440> THETA(4)SARR{4)
T 2450> MQRAPH= . FALSE.
! ;:;g> c IF(THETA(4) .QT.THETA(2)) MGRAPH=.TRUE.
>
2480> NRCS= (ARR(2) -ARR (1)) /ARR(S)+1.001
ol 2490> IF(NRCS.LE.MAXRCS) QO TO 8
<\ 2500> WRITE(I10OW, 41)
N 2510> 41 FORMAT(’ RCS> -- TOO MANY OUTPUT POINTS')
155 2520> G0 TO 9993
P>, 2530> ¢
e 2540> 42 THETA(2)=ARR(1)
2550> THETA(3) =1,
L 2560> NRCS=1
P,
23 >
1) 2590> 43 T=THETA(1)
23 2600> THETA(11=THE
sl 2610> THETA (2) sAMIN lTHETAlll -T,THETA(4))
e 2020> G0 T0 3§
‘ 2630> ¢
A ;:;g» g "QRAPH" - GRAPH RESULTANT RCS VECTOR = CMD(9)
PN >
) 2600> 45  CONTINUE
o 2670> C IF(ISTATS.EQ.1) GO TO 4542
N 2680> {F(NRCS.LE.1.0R.DEBUG.EQ.2) GO TO 3
NG 2690> IF(1ZETA.EQ.0.AND.COMBIN.LE.O.AND. .NOT.OLDGAF)
. 2700> 1 CALL GRMODE (*ERASE’,3)
27105 ATTNz FALSE.
A 2720> IF(CMD.EQ.CMDS(9)) GO TO 4546
N 2730> ¢
Ny 2740> C QRAPH DEBUG MODE
1< 2750> M60DB=1./10u86
; &« 2760> DO 4541 Jz1,NRCS
B o 2770> IFIRCS(J).GT.M6ODB) GO TO 4540
" 2780> 4541 CONT I NVE
2790> G0 TO 4558
o 2800> C
Pl 2010> 4840 CALL TRAPCCIIOR,ATTN)
b2 220> DO 4545 J=1,9
2%e 2830> 4548 ARR(J)2GRARR(J)
=% 2840> 4546 CALL GRSCL(ARR(2) ,ARR(6),AR (31 JARR(7))
! 2850> IFC(IRPA.GT.0.AND.APRCSG.QT.0. )CALL GRSCL(ARRI2),0. ,ARR(3), APACSE)
XA 2960> SCALE{1)ZARR{2)
2870> SCALE (2) =ARR(6)
o 2880> SCALE(3)ZARR(S)
L 2890> SCALE(4)=ARR(T)
33 2900> SCALE(S)=ARR(4)
i~ . 2910 SCALE (6)3ARR(5)
w3 ;:ggx c IF(COMBIN.EQ.1.0R.OLDGAF) GO TO 4547
4 >
I 2940> Y2Q812E(2)
T 2980> IF(KLOBE.LE.0) @O0 TO 44
e 2960> YaY-.08
% 2970> CALL GAPLOT(QSIZE(3),G81ZE(2),0)
2N 2980> CALL GRPLOTIGSIZE(1),@81ZE(2),1)
o 2990> ¢
hTa"
o
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3000> 44 CONTINUE

3010> CALL GRAXIS(O,GSIZE(1),Y,QSIZE(3)-GSIZE(1),0.,ARR(2) ,ARR(Y),

020> 1 IFIX(ARR(4)), IFIX(ARR(S)) ,"OBSERVATION ANGLE’ ,99.1)

3030> DY=QSIZE(4)-GSIZE(2)

:g;g> c IF(IRPR.EQ.0.OR.RPRCSG.EQ.0.) GO TO 4560

>

060> CALL GRAXIS(3,8812E(1),0S812ZE(2),DY,90.,0. ,RPARCSG,LRAPACS,2,

070> 1 'RCS (SM)’,8,1)

3080> Q0 TO 4847

3090> C

3100> 4860 CALL QGRAXIS QSIZE(1),GS1ZE(2),DY,90. ,ARRIG) ,ARR(7),IFIX(ARR(S)),

110> $ IFIX(ARR(9)),’RCS (DBSM)’,10,1)

8120> C

§130> 4847 ANG=THETA (1)

3140> DO 46 J=) ,NRCS

3180> XV(J)=ANG

3180> ANQ=ANG+THETA(Y)

170> YYYSRCS(J)

$180> IF(IRPAR.EQ.0) GO TO 4561

190> YYY=SRCS(J)uu2+4RCE2(J) 402

3200> IF(RPRCSG.EQ.0.) GO TO 4561

210> YYWiJ,1)syvy

8220> G0 TO 46

3230> 4801 YYV(J,1)210.0ALOG10(AMAXT (CUTOFF,YYY))

3240> 40 QONTINUE

8250> CALL GRWIND(-NRCS,XV,YYV,I18,0,.1,0.,1)

3260»> IF(COMBIN.EQ.1) 00 TO 48558

3270» IF(ABS(ARR(1)) .LE.1.OR.DEBUG.EQ.1.0R.IRPR.EQ.1) GO TO 49

200> 81GN=z-1,

3290> DO 47 K=1,2

3300> DO 48 J=1,NRCS

310 SISORT(AHAX1(0..R¢SlJlll2 -RCS2(J)))

3320> 4% YYVIJI,KI=10.%ALOGTO (AMAX 1 (CUTOFF, ICS(JlOSIGKuSII

3330 CALL QRWIND (~NRCS,XV,YYV(1,K), ll.o..l 0.,1)

3340> 47 slaN=1.

3350> 49 IFIIZETA EQ.0) CALL GAMODE (’ALPHA’,2)

$360> IF(CMD.EQ.CMDS(9)) QO TO 4548

370> DEBOUT (1) 3CMD

380> IF(COMBIN.EQ.~1) DEBOUT(1)=ALL

3390> CALL GATXT(DEBOUT,21)

3400> Q0 TO 4549

3410> 4348 READ(IOF,2,END29993) BUF

420> LINE=LINE+1

8430 IF (OLDGRF) GO TO 4559

440> CALL TRIMSOINB,BUF)

480> CALL GRTXT(BUF,NB)

460> QDAUTO= ,FALSE.

3470> IF(ARR(1).LT.0.) GDAUTO=.TRUE.

475> 4849 XMiDz(QSIZE(3)+GSIZE(1))/2.

430> CALL GRSXY(XMID,GSIZE(4)+, 75 XX YY)

3490> CALL GRPANT(0,XX,-1,YY,.15,0.

500> CALL lﬁTXTI'lONOSTATlc FULL SCALE ',0)

510> IF(IRPR.EQ.0) CALL GATXT('RCS’,0)

820> IF(IRPR.EQ.1) CALL GRTXTI'RPRCC'.OI

3$830> CALL QRSXY(XMID,GSIZE(4)+.5,XX,YY)

:g:8> ¢ CALL GRPANT(O,XX,=-1,YY,.15,0.)

38060> C SET TEAMINAL TO ALPHA MODE AND SCALE TO INCHES

870> IF(IZETA.EQ.0) CALL GRMODE (*ALPHA’ ,3)

880> CALL QRSCL(GSIZE(1),G812E(2), eSIZE(Oi GSI1ZE(4))
29
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i 3390> X=GSIZE(3)+1.05+G81ZE1(S5) .
N 3600> C ~
:‘ 610> YSQSI1ZE(4)+.7$§

' 620> FREQ=z 3 /WLEN .

5 3630> CALL GRTXT(’ FIEOUENCY *,0) N
) 3640> CALL GRPRNT(1,X, 0 Y,.12,0.) N
¥ 3650> CALL GRNUMI(’ F’ FREO)

L 3660> CALL GRTXT(’ GHZ'
3670> CALL GRPHNT|-1.X.0.Y..12.0.I .
ey 3680> Yzv¥-.2 .

a; 3090> CALL GRTXT(’ POLARIZATION ',0)

5% 700> CALL GAPANTI!1,X,0,Y,.12,0, l
] o CALL GlTXT(POLVH(IFIXlPOLAR)) 3)

> 8720> CALL GRPRANT(-1,X,0,Y,.12,0.)

X 3730> IF (MGRAPH) 00 70 4542
W 3740> ysY-.2
. 3750> PEISHSlOO.-IOO.QFLOAT(IVALlDl/AIAXOII.NTOTALl
O 3760> CALL GRTXT('X SHADOWED ° 0)

.o 770> CALL GRPANT{1,X,0,Y,.12, 0.

Cx 780> CALL GRNUMI(' F' -1 1 PERSN)

.~ 790> CALL GRPRNTl-l.X.o.Y..il.O.l
™ 3800> 4842 YzY-.2
] 3810> CALL QGRTXT(’ PITCN ', 0) .
N 820> CALL GRPRANT(1,X,0 12,0.) -
N 3830 CALL GRNUM(’ F' -1 3 P YTV )

v, 3840> CALL QRPANT(-1, X 0 .12,0
>, 3850> Y=Y-.2 .

) 3860> CALL GRTXT('ROLL ' ,0) .

870> CALL GRPRNTI(1,X,0 Y. 12,0.) 3

' 3880> CALL GRNUM{’'F’,~1,3,PRYTVI(2))

- 3490> CALL GRPRNTI-i.X.O.Y .12,0.) -
¥ 3900» YzY-,2 —a

3910> CALL GRTXT(’YAW *',0) =

w 3920» CALL GRPRNTI(1,X,0,Y,.12,0.) .
) 030> CALL GRNUMU'F’ ,-1,3, PRYTV(3))
™ 3040 CALL ORPRNT(-I.X.O.V .12,0.) .
N 3980> Y=Y-.2

) 3960> CALL GRTXT('TILT ',0) o

y 970> CALL QGRPANT(1,X,0,Y,.12,0.)

- 3980> CALL GRNUM('F’ ,-1,3,PRYTVI(4)) -

090> CALL GAPANTI(-1,X,0,Y,.12,0.)

- 4000> Y3Y-.2 -
g 4010> 181DE30 g
'» 4020» IF(PHR.EQ.90.) ISIDE=1
&, 4030> IF(PHR.EQ.-90.) IS8IDE=2 -
'5 4040> IF(PHA.EQ.0.) 1SIDE=S

4080> IF(PHNR.EQ.180.) ISIDE=4
i 40800> IF(ISIDE.EQ.0) GO TO 435S
4070»> CALL GRTXT(SIDE(1,ISIDE),LSIDE(ISIDE)) -—

‘ 4080> CALL QAPRANT(0,X,0,Y,.12,0. O
Y 4090> Q0 TO 4587 AT,
i 4100> 4886 CALL GRTXT('PHIR ',0) =
» 4110> CALL OIPRNTil.X.o.Y..il.O.) K
; 4120> CALL QRANUM(’ F'.-l.S.PHI) WY
A 4130> CALL QAPANT(-1,X,0,Y,.12,0.) >
i 4140> 4867 CONT I NUE 25
- 4180> IF (MGRAPH) GO TO 4559

:};g» c IFIDEBUG.NE.O) QO TO 4550 .

j » A
g 4180 C COMPUTE AND QAAPH LOBE STATISTICS IF REQUIRED \:
- on)
‘l
Al .
» S
A\l o
¥ 30
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! 4190> ¢ ®
o 42005 IF (KLOBE .LE.0) ao TO 4551 .
4210> CALL GAPLOT{11.,0.,0) -
- 4220> 1GAPR=1 -
- 4230> WRITE(IOL'1) 1GRPR,KLOBE,GLINT,NRCS,NLOBE, THETA ,ALPHA ,DELTA, X
> 4240> 1 BETA,SCALE, I1ZETA. IPCODE,WLEN.LBUQG,NB,BUF ,GDAUTO .
4250> 2 FREQ.POLVH(IFIX(POLAR)) ,PERSH,PITCH,ROLLYAW,TILT,PHR,Q$1ZE -
42605 CLOSE (UNIT=10L) b
4270> CALL SPAWNS \
e 4280> OPEN(UNIT=|OL,NAMES’ LOBE. TMP’ , TYPE='OLD’ ,RECORDS I ZES181,
- 4290> 2 ACCESS2’DIRECT’, SHARED) g
4300> ¢ .
. :g;g’ 3551 IF(ISTATS.EQ.0) GO TO 4550 <
> -
é: :}:8’ g GRAPH HIGHER ORDER BETA STATISTICS IF REQUIRED %
> "
_ 4350> CALL HOSBD(1,DUMMY, 10E,DUMMY, SLOBE, BUF ,NB, v
o ::;3» c 1 FREQ.POLVH{IF IX(POLAR) ) ,PERSH,P ITCH,ROLL,YAW, TILT,PHR) 3
' >
. 4380> C CLEANUP GRAPHS 3
4390> C N
- 4400> 4850  IF(GDAUTO.AND.IZETA.EQ.0.AND.DEBUQ.EQ.0) CALL GRTEKG o
! 4410> IF (DEBUG.EQ.1.AND.COMBIN.EQ.0.AND. .NOT.ATTN) CALL GRTEK@ .
& 4420> 4559  IF(I1ZETA.EQ.0) CALL GRPLOT(O.,8.4, on 3
44305 IF(IZETA.EQ.0) CALL GRMODE (’ALPHA’, :
. 4440> IF(IZETA.GT.0.AND. .NOT.MGRAPH) CALL lnPLOTlll..l.s.-il .
z 4450> IF(1ZETA.QT.0.AND.MGRAPH) CALL GRUPPN -
b 4460> IF (CMD.EQ. cuos(on) no T0 8 b
s 4470> 4558  COMBINZIABS (COMB| -
4480> IF(ATTN) CALL DETACH(IOI.IERI ;
4490> CMD=CLEAR y
Ii 4500> CALL GAPLOT(0.,8.4,0)
4510> CALL GRMODE (*ALPHA’,3) <
4820> @0 T0 70 -
_ 4530> 4544  READ(IOF,2) BUF -
< 4540> LINESLINE+1 =
v 4350> G0 TO 3
Wt 4560> ¢ -
4570> ¢ *PRINT* - PRINT RESULTANT RCS VECTOR .
4380> ¢ >
H 4590> 50  CONTINUE v
N 4600> IF (DEBUG.GE.1.AND.CMD.EQ.CMDS(10)) GO TO 4544 -
4810> 10z10W .
4620> C FORCE OUTPUT TO LINE PRINTER FOR DEBUG :
: 4630> IPCODE=ARR (1) 3
4640> IF(ARR(1).GE.1.0.0R.CMD.NE.CMDS(10)) 10210P .
4650> ANGETHETA (1)
4660> ANGINCSTHETA (3) -
- 4670> LP2.FALSE. :
o8 4680> LPF3.FALSE. .
2