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INTRODUCTION

Analysis of radar detection performance in moving platforms, either
in a satellite or aircraft, is8 a continuing area of interest. The need
to detect smaller targets in look-down geometries, plus the expected
difficulty of achieving deterministic low sidelobe patterns in space
deployable antennas and for conformal antennas on various airframes has
dictated a relook at the moving target detection design for such radar

systems,

This report describes a simulation analysis computer program which
examines the target detection performance of space based and airborne
surveillance radars in look-down clutter. The computer model samples
ground clutter with specified radar cross section and grazing angle
effect and analyzes clutter signal power intensity as an effective area
in range and range-rate (doppler) space. With included targets and
antenna parameter data, a computed target to clutter ratio plotted for
some range over all range-rates is shown as a means of measuring target
minimum detectable velocity. A 3-D plot of clutter intensity as program
output indicates how antenna systems may be compared with one another in
terms of target detectability. The program is capable of plotting in
3-D format the clutter intensity or clutter to target ratio over all
range and doppler which is visible to the antenna. The 3-D plots at a

glance indicate the relative merit of given radar antenna systems.

General ©program parameters are developed with geometric
consideration of both a non-rotating and a more complex rotating earth

model . Current program limitations are discussed as well as continuing

and future improvement efforts. Although this program is applicable to

any set of monostatic antenna and platform parameters, a specific

example i8 given as an illustrative example.

RANGE-DOPPLER CELLS

The problem of computing range-doppler sample data from a moving
platform 1s outlined in figures la and lb. A range gated doppler radar
analyzes the returned signal in both time (range) and frequency
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(doppler). The signal is processed by first dividing it into a number
of intervals 1in time (range gates) and then analyzed by passing it
through a set of doppler frequency filters. The locus of points of
equal range from a monostatic radar antenna which intersects the earth
is called an isorange and is a circle centered about the platf.cm
subpoint, A1l such sampled ranges produce a series of concentric

circles on the earth (figure 2a).

@T%@
< 1

EQUAL RANGE CONTOURS EQUAL DOPPLER CONTOURS
FROM AN ELEVATED PLATFORM FROM AN ELEVATED MOVIRG PLATFORM
Figure la. Figure 1lb.

Unfortunately, the 1locus of equal range-rates intersecting the
earth is not as easy to characterize. Relative to a moving platform the
locus of points in space of equal doppler shift is a cone whose vertex
is at the antenna, and whose axis coincides with the velocity vector of
the platform. Intersection with the spherical earth results in a
distorted conic section called an isodop. The maximum doppler component
of ground clutter is thus the platform velocity relative to the earth
multiplied by the cosine of the minimum cone angle which intersects the
e “th (fipr e Jb). The zero doppler component will be at all range

posrr Wl :h lie orthogonal to the velocity vector (neglecting rotating




earth effects).

The 1intersection of isoranges and isodops for a radar system with
contiguous range gates and doppler filters is sketched in figure 2a. To
limit the processing required, the radar clutter returns may be sampled
at a finite number of ranges equally spaced from the minimum to the
maximum expected range. The doppler data may also be sampled by a
finite number of doppler filters equally spaced between maximum and zero
doppler. The minimum width of the range gates may be taken down to the
range resolution limit of the radar system. Similarly, the doppler
filter bandwidth minimum 1imit depends on the radar system
characteristics. The intersection of N isoranges with M 1isodops and
their respective resolution widths define NxM range~doppler cells (see

figure 2b). It is from these cells that the simulation clutter data is
sampled and computed.

Isodop Range-doppler
Cell

f
U

Figure 2a. Equal Range and Equal
Doppler Map on Earth's Surface
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Range-doppler
Cell

Figure 2b. Sampled Resolution Limited Map

GEOMETRIC ANALYSIS

Figure 3 shows a moving platform radar antenna at a distance H
above the earth’s surface in a right hand coordinate system. A
geometric analysis of figure 3 yields the equations necessary to
calculate the range-doppler cells and their effective clutter

contribution to the radar echo.

Any point in the far field of an antenna can be repregsented by a
pair of direction cosines T, and ?y' where the relationship with

spherical coordinate angles 1is:

T, = cos(A,) = sin(f)cos(s)
1& = cos(Ay) = gin(6)sin(d)

It {8 convenient to place the moving antenna platform at the center
of the coordinate system with the velocity vector V coinciding with the
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Y axis and the Z axis pointing up. The reference to a point on the
ground may be given in terms of a vertical elevation angle C and an
azimuthal scan angle S measured from V. The direction cosines are
simply related by:

Tx = gin(C)sin(S)
Ty = gin(C)cos(S)

Prom figure 4a the elevation angle of the horizon, which is the
complement of the minimum horizon cone angle Aymin' and the range to the
visible horizon R, are:

sin(Cp,y) = °°’(4wnin) = Re/(Re+H)

Rpae = ((Re+)? - Re?)®

A Cone
‘u‘lo
T Bevatton, |aNJ  nn
P angle LA
-+ c(1) Grastas o)
horizon angle
Re
-t
Figure ba. Figure Lb.
Geometry at the Horizon Geometry at Intermediate Ranges




Similarly, for any given range R(I) corresponding to some range bin I,
figure 4b and the law of cosines results in the elevation angle C(I):

2 2 _ R2
RZ(I) + (R_+H) RZ

C(1) = arccos
2R(I)(Re+l-l)

The grazing angle G(I) at a particular range R(I) is given by
figure 4b and the law of sines:

R +H
G(I) = arccos| —=— sin(C(I))

R
e

Consider now the equally spaced sampled range and doppler bins of
figure 2b. The distance between the N range bins is determined by
dividing the total range difference by the number of range gates less

one:
Dy = (Rmax H)/(N-1)

The range of the 1th (I=1 to N) bin is calculated from:
R(I) = (I-1)Dy + H

where the nadir is at R(1)=H and the horizon is at R(I=N)=Rpgx.

To avoid the problems of clutter cell area on the horizon, for the
purposes of the simulation the range difference is divided by N instead
of N-1. This has the effect of decreasing D, slightly and placing the
last range bin R(N) a small distance back from the horizon. If the
range resolution of the radar is Ar, from figure 4b the effective ground

range coverage for small Ar is Ar/cos(G(I)). Of course N must be chosen
so that pr is significantly larger than this value to prevent range

overlapping in the range bins of interest.

The M equally spaced doppler bins are equivalently computed from
the radial velocity components, since the two way radar doppler shift is
proportional to the radial velocity seen at the antenna platform and the
wavelength of the radar operating frequency:




F = 2v
d r/x

where the radial velocity component is related to the platform velocity
} (for a stationary earth):

V =V cos(A )
r P y

Then the frequency difference between the M equally spaced doppler
filters, and the cone angles which yield the M isodops are:

D = 2V cos(A  )/Mx
f T ymin

Ay(J) = arccos(JDf A/ZVp) J=1 to M

If the doppler filter width is Af, then the angles which yield the N
isodops of width Af are between Ay(J) and:

Ayd(J) = arccos((JDf+Af)k/2Vp)

A critical factor arises at this point in the calculations. Since
a cosine function has its most rapid change at large angles, most of the
equally spaced doppler bins will be crowded at cone angles greater than
45 degrees away from the velocity vector. By the same reasoning, the
ground coverage due to these angles is larger for smaller cone angles
(i.e. close to the plane of motion near the horizon). In effect the
area of the range-doppler bins of figure 2b becomes larger as the plane

of motion is approached.

Now the clutter intensity in the radar echo will be a function of
the area of the range-doppler cells 1in figure 2b. From here on a
simplifying assumption must be made concerning the shape of the
range-doppler cells. As long as the resolution width of the range bins

and doppler bins 1is small compared to the distance between them, each
cell can be approximated as a rectangular area. The radial component is
a simple function dependent on the grazing angle and range resolution,

but the lateral component requires a somewhat more complicated geometric
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analysis of the vectors which define the isodops &nd their equivalent
resolution widths at each range.

'§
{

!
H % CLUTTER INTENSITY DIAGRAM
3 Consider the case of continuous scatterers uniformly distributed on
the earth”s surface and a radar with infinitely fine resolution. If the
radar 1is unambiguous in both range and doppler, the clutter scatter
signal strength C(r,f) will be a function of at least four components.

First is the 1/R“ two way path loss attenuation factor from the radar

range equation. Second is the radar cross section 0,, of the ground
scatterers. Several models are available which describe ground RCS as a
function of terrain type and grazing angle. The third component is the
two way relative antenna gain as a function of directional cosines Ty
and xy. The directional cosines correspond to those angles which yield
r and r at the earth”s surface. Finally, the area of the range-doppler
cells must be computed which will determine the number of discrate

scattering centers, providing the integrated clutter signal power.

Presuming for the moment an omnidirectional antenna with unity gain
and uniformly distributed range-doppler scatterers, the clutter
intensity diagram takes on the smoothly shaded appearance of figure 5a.
Range R 1s plotted along the ordinate axis and the direction cosine
angle Ay is plotted on the abscissa. Dark shading represents regions of

hlgh clutter echo intensity (integrated radar return signal power).

The distinctive "U" shape of the expected clutter return of figure
5a 1s strictly a function of platform altitude and earth radius.
Outside this shaded area is a clutter free region where no combination
of range and cone angle intersect the earth”s surface and in this region
a target would not compete with surface clutter. Directly beneath the
antenna platform corresponds to a zero degree elevation angle and 90

degree cone angle, with range equal to platform altitude (figure 1b).

Progressing outward in range one reaches the radio horizon, which is the
range of the visible horizon from the elevated antenna platform.
Greater ranges would correspond to range-doppler cells which do not
intersect the earth. Range excursion along the central vertical of

figure 5a at a constant 90 degree cone angle is a vertical scan in

LY e n e e Y -
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elevation orthogonal to the plane of motion, while travel along the "U"
edge is a vertical scan in the plane of motion. A depiction of the
relationship between a pencil beam antenna footprint and the clutter
intensity diagram 1s shown in figure 5b. Notice that near the edge,
close to the plane of motion, the intensity rises due to the increased
area size of the range-doppler cells. Since the cell area {s larger,
effectively more point scatterers are covered per cell resulting in a

greater pover intensity.

iz s.ene 37
actiot

o e demaied
s.atfors
] -
T + o
range -
l LIPS M Lis ]
T sliitude
v oF * -
AN ::.- AL >
- 330¢ aB§.¢ —v T
Figure 5a. Figure 5b.
Clutter Intensity Diagram C(r,r) Relationship Between a Pencil Beam Antenna

Footprint and the Clutter Intensity Diagram
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: Now consider a somewhat more realistic antenna with finite range
; resolution oAr and finite doppler resolution Ar corresponding to discrete
i noncontiguous range-doppler cell scatterers. The clutter scatter
! function for each cell is depicted in figure 6. This discrete
» characterization of the distributed returns C(ar,At) for the fh
specific range bin and the Jth specific doppler bin is used in the
computer program simulation. The clutter scatter function of each cell

is an integral over the range and doppler cell widths.

r +Ar/2 T +AT/2

i J
Ci’J(Ar,Ai‘) = 5 S C(ri,fj)dridfj
r.-Ar/2 r,-Ar/2
i J

Distance detween
range dins
&r ]
Hi Distance be
[ doppler bins
]| >
At
Figure 6.

Clutter Intensity Diagram .
Discrete Scatterer Case C(Ar,Af)

For an unambiguous range gated pulse doppler radar with a known far
field antenna pattern weighting (including sidelobes) as a function of
directional cosines, one only needs to multiply the discrete clutter by
the ﬁeighting function ANT(T&,T&) to obtain the clutter intensity

function of the antenna.
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DIRECTING THE ANTENNA
The question of directing the antenna main beam toward some

specified point on the earth’s surface must be addressed. In a phased
array this is accomplished by electronic beam steering, which simply
redefines the weighting function ANT('I;( ,ry). Alternatively, the antenna
platform may be mechanically steered in roll, pitch, and yaw as defined
in the right hand coordinate system of figure 7.

z
A yaw axis

N

piteh axis X-Y plane

-t
' anteans in
|

X aadir

Figure T.

Coordinate Transformation Axes

Mechanical steering is accomplished by applying the Jacobian

matrix:
T! cos(pit)cos(yaw) -cos(pit)sin(yaw) T,
e sin(rol)sin(pit)cos(yaw) -sin(rol)sin(pit)sin(yaw) T
L‘y +cos(rol)sin(yaw) +cos(rol)cos(vaw) y
§ J L

(From Mathematical Handbook for Scientists aud Engineers, norn and Korn,

2ad ed., NeGraw Hill, 1968)
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vhere the primed coordinates are in the steaered frame of reference.
These new directional cosines are input to the modified weighting

function ANT(I;‘,I&’). The antenna has been effectively steered toward
the specified patch of earth.

ROTATING EARTH MODEL
Up to this point the effects of the rotating earth have been
neglected. This assumption is valid for airborne antenna platforms

which are in a rotating earth frame of reference, but the motion of

space based radar platforms is independent of earth rotation and the
earth will provide a component of doppler velocity. Consider a platform

stationary in space with the earth rotating beneath as sketched in
figure 8.

+ doppler - doppler
component component

Figure 8.
Rotating Earth Doppler Comvonents

Clearly for an orbiting platform, the earth’s doppler velocity
component will be negative when looking 1in the eastern hemisphere,
positive in the western hemisphere, and zero along the central meridian.
O0f course, to the earth component radfial velocity must be added the
radial component due to the orbital velocity of the satellite. Note
that the line of zero total doppler velocity will no longer be precisely
orthogonal to the velocity vector (except in an equatorial orbit). In

- 13- Lo
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general for a moving platform in circular orbit, the radial doppler
velocity component depends on altitude, orbit inclination, and the
grazing angle of the ground clutter patch. In the simulation of a

range-doppler cell radar system the total radial velocity component from
each of the individual cells is given by:

Ve(I,J) = Vpcos(Ay) - Vecos(G)cos(lat)cos(scan)

scan = arccos(cos(Ay)/sin(C)) - arccos(cos(inc)/cos(lat))

where Ay is a function of I and J; G and C are functions of I; "inc" 1is
orbital inclination; "lat" is instantaneous satellite sub-latitude; and
V, is the equatorial rotational velocity of the earth. The term 'scan"

is essentially the azimuthal scan angle measured from the satellite’s
instantaneous velocity vector.

The maximum total doppler velocity component will be at the horizon
in the plane of motion. (Actually, depending on the position of the
velocity vector, the rotating earth may change this maximum component

direction, but for circular orbits up to geosynchronous altitudes the
effect is small.)

Vrmax = Vp°°3(Aymin) = Vecos(inc)

The velocity differential between each of the M equally spaced doppler
bins is thus:

' v ™

diff  rmax
th
and the doppler velocity of the J  doppler bin is:

Jvmax /M = Vr(I,J)

Solving for the cone angles AY(I,J) which yield the desired equally
spaced doppler bins results in a considerably more complex function than
for the nonrotating earth model because of the combined I,J dependence.

- 14 -
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DV1-DV2 * Dv3-SQV-sin(C(I))

cos(A,(L,J)) = P —

vhere:

DVl (Vpcoo(Aymin ) - vecoa(inc))J/H

V2 @« V_ - vgco:(inc)/cos(A

e ymin )

bv3

, i
(cos“(lat) ~ cosz(inc))’vg/¢°8(Aymin)

L
NV [szz + ov32 - Dv12/sin2(c(1))] -

If the doppler filter bandwidth {s Af, then the angles which yield
the N isodops of width Af are between A\;I,J) and:

Ayd(r"n B Ay(I’J),Dv1=Dv1 + AfA/2

Care must be exercised when applying these equations to take into
account the direction of orbit and whether the antenna is pointed toward
the northern or southern hemisphere. For the nonrotating earth case
(V;-O), or for the satellite subpoint over a pole (inc=90, lat=90) the
equations reduce to the simpler form previously derived.

THE CLUTTER SIMULATION PROGRAM

The program CLUTR is designed for either a space based radar
antenna in circular orbit or for an airborne platform in level flight.
The antenna far field weighting input data resides in a file which
either has been previously generated from PAAS (Parametric Antenna
Analysis Software) or from an actual antenna data tape.

The inputs for a circular orbiting space based moving platform

radar are:

(1) The altitude above the earth’s surface.

(2) The range and doppler bin resolution size.

(3) The rasar operating frequency.

(4) The orbit inclination and platform sub-latitude.

(5) The direction of orbit, east or west.

(6) The main beam pointing quadrant, north or south.

oo




(7) The antenna roll, pitch, and yav pointing angles.
(8) The target radar cross section.

(9) The far field sntenns veighting values ANT(T.,Ty).

Inputs for an airborne platform are the same except items (4), (5), and
(6) are omitted and an input ground speed is required. Figure 9 1is a
block diagram of the basic components of the program.

Figure 9.
Program CLUTR Block Diagram

The data from two auxiliary programs are required for inputs to the
main program CLUTR. This is to insure that the radar main beam falls
within one of the sampled range-doppler cells. Program RANGE provides a
listing of range bin numbers with range R(I), elevation angle C(I), and
grazing angle G(I) for each range bin I. Given a desired grazing angle,
for example, the range bin number yielding the nearest grazing angle is
selected. This grazing angle and corresponding elevation angle value
must be entered iuco CLUTR and will center the main beam in range I.
Program SCAN provides a listing of azi{muthal scan angle §$(1,J) and cone
angle AY(I,J) for each doppler bin J at the range I. The value S(1,J)
centers the aain beam in doppler bin J.

- 16 -




EXAMPLE CLUTTER PROGRAM RUN

The wutility of the simulation is best demonstrated with an example
case. Comsider first an omnidirectional antenna (i.e. all T and T,
antenna weighting values are unity) with the antenna platform in a 4000
nautical mile high circular orbit. Samples of !28 range bins and 128
doppler bins are taken, resulting in 128 range-doppler cells. The 3-D
sampled clutter intensity diagram output is shown in figure 10. Notice
that figure 10 is just one half of figure 6, with the inter-cell spaces
compressed. The ragged edge is an artifact of the sampling process, as

no samples are taken exactly in the plane of motion, but the distinctive

"U" shape is clearly evident.

s DOPPLER >

Figure 1D,

3-D Cmnidirectional Antenna Clutter Intensity




Next consider PAAS generated far field weighting for the following

hypothetical antenna system:
Diameter - 35m circular
Wetghting - 40dB Taylor
Blockage - None
Wavelength - L Band
Range Resolution - 100m
Doppler Filter Bandwidth - 50Hz
Element Grid Spacing - .52
The central portion of the far field antenna pattern is shown in figure

11.

Figure 11. |

40 dB Taylor Far Field Antenna Pattern
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Now place the antenna aboard an orbiting platform with the

following observation characteristics:

Altitude - 4000 nautical miles

Inclination - 60 degrees

Sub-latitude Point - 20 degrees

Main Beam Scan - True north (000 degrees true)

Desired Main Beam Grazing Angles - 5 degrees and 30 degrees

Target RCS - 20dBsm

From the auxiliary program output RANGE, the grazing angle closest
to 30° is 30.0443, corresponding to an elevation angle of 23.59 at
range bin number 55. Similarly from the same output listing, a grazing
angle of 4.84° is in range bin number 115 with an elevation of 27.4% .
The antenna 1s steered by providing the elevation angle as a roll or

pitch angle.

Frd RANGY

INPUT THF ALTITUDE IN NM
=4M0.

ALTITUNE = 0.74080000C N7 METERS
1 HMAX = 0.12217659€ 08 METERS
CREMAX = 0.27540163E 02 DEGREES

6

7 1.1156754E 07 27.4623659E 20 41,3535554E-01
8 1.1904329E 07 27.4750142E 20 37.8495097E-0!
9 1.1941995E 07 27.4865022E )0 34,34R6792E-0)
N FL1R7944NE 07 27.4968429€E 0 30,8504 /S9E-0!

I RANGE([) CRE(D) SRAZ(1)
110 1.1903725€ 07 217.,34N2605E 20 66.34%9975E-01
1 TLI9413)E 07 27.3613998E 20 62.73399711E-0I
12 i.1578816E 01 2171.3B12790E 20 59.136451%5E=01
113 1.1616452E 07  27.3999195E 20  55.5939829E-01
114 1.16940276 07 27.411713350E 0 o1,9357126E-01
1 1, 1691633 0! 1,4335396E 48,.43128 =0l
:: 1 UI29VT8E 07 27.448%452E Y0 44,8707 1 13E-0I
"

1
121

Sample Output Program RANGE

SO Grazing Angle Case
At this point in the orbit, the velocity vector heading relative
to true north 1is:

HDG = arcsin(cos(inc)/cos(lat))
= 32.15 degcrees

- 19 -
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Thus to scan to a true heading of 000 degrees a steering yaw of 32.18°
is required. From the auxiliary program output SCAN, the nearest scan

angle for the s5th range bin is 32.718° in the 103rd doppler bin; for
the 115%h range bin it is 32.232° in the 119th doppler bin.

FRN SCAN

INPIT THE ALTITUDE IN NM
24000,

ALTITUDE = O.40000000E 04 NM
ORBITAL VELNCITY = 0.53814544E 04 M/S
ORBITAL vELOCITY = 0,1046071V1E 0% KNOTS

INPUT SATELLITE INCLINATION ANGLE
AND INSTANTANENS LATITIDE

=4¢), . 20.

IF FLYING EAST ENTER E

[F FLYING WEST ENTER W

=

€

[F LOOKING [N NORTH QJUADRANT ENTER N
IF LOOKENG [N SOUTH QUADRANT ENTER S
=N

ENTER T4l RANGE 3IN NUMBER

TO SEE AlLL NOPPLER COMPONENTS AT THAT RANGE

={1>

VECT R AEADING = 0,32146700E 02 DEGREES

[

ALPHACT () SCANC(T ., ) vDoP  KTS

R} AL.524112TE 70 37,31800v3E 00 3.9946537E 03
5 A8,2399192E N 36.,4217615E M0 3.9409225E 03
o 57.9915810E 7O 35,4333115E 00 3.97/51914E 03
7 A7.559173RE 00 34,408B478E 00 4,M94603E 03
C] 57.3563743%E 1O 33,3437486E NO 4,N437292€E 03
v 47.,3529845E N 32,2323437E N0 4,0719990E€ 03

0 B L2 0E 03
tat 46.4445915E 0N 29,8401928E "0 4.1465358E 03
b22 S0.1251125E N0 28,5383661E ™M 4,.130R047E 03
123 55.7970142E 00 27,1457619E N0 4.2150737€ 03
124 49.458296RE 0N 25.6392046F 0 4,2493425€ 03

Sample Output Program SCAN

50 Grazing Angle Case

Figure 12 is a 3-D plot of the antenna pattern weighted clutter
intensity diagram for the 5° grazing angle case. The main beam clutter
region is clearly defined (centered at range bin number 115 and doppler
bin number 119), although it i{s smeared in range near the horizon. At
low grazing angles such as this, even if the main beam has relatively
narrow angular beamwidth, It will cover many range clutter cells due to
the curvature of the earth. Again the "U" shape similar to figures 5Sa
and 10 1is apparent, with most of the clutter along the doppler edge.
Even though the main beam is pointed well out in range and the sidelobes

are very low, there is some close in clutter do to (1) the I/R“ factor

-2 -
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Figure 12.

3-D Clutter Intensity Plot
50 Grazing Angle

Figure 13.

3-D Clutter Intensity Plot
30° Grazing Angle
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which has much less effect for small R, and (2) the grazing angle effect

which increases the ground patch clutter RCS for near ranges.

A similar plot in figure 13 1s for the 30° grazing angle case.
Here the beamwidth on the ground is relatively narrow and the sidelobes
still contribute to the near range clutter, although performance is
better because there is not such a large difference between the range of

the main beam clutter and the nadir.

ANTENNA WITH BLOCKAGE

Consider the same PAAS generated antenna pattern, only this time
with a 5% central blockage. The far field pattern is shown in figure
l4. Notice that the blockage has significantly degraded the sidelobe
structure so that this antenna would be expected to have degraded off

axis clutter suppression.

A0 4B

Figure 14.

40 dB Taylor Far Field Antenna Pattern
With 5% Central Blockage

-22 -




Figure 15 is a 3-D plot of the clutter intensity diagram for the 5°

grazing angle case with the blockage antenna. The general form is, as

expected, the same as figure 12 but a considerable amount of sidelobe
clutter has been introduced. Figure 16 is similarly a degraded version
of figure 13.

“igure 15.

3-D Clutter Intensity Plot With Blockage
57 Grazing Angle

30° Grazing Angle

- 23 -




WD OwtPBD BDIASErO Ot —INOBP—

MINIMUM DETECTABLE VELOCITY

The target to clutter ratio output of CLUTR for the 55th range bin
over all doppler bins is plotted in figure 17a and expanded in figure
17b. Output for the 115'h range bin is plotted in figures 18a and 18b.

200.9%

..
.
"2 ececsmm cmbere e imimen
: e e oy 3

~50.000

: + ;
000 M. 000 $4.000 96.0600 186.000
RARGI PR PN MMETe

Figure 17a.

Target to ClutBer Ratio Versus Doppler Bin
30" Grazing Angle

Range Bin 55
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Notice that the minimum plot value falls in the 103¥d doppler bin
for the 55th range bin of figure 17b. This doppler bin corresponds to
the radar return of a target which is stationary with respect to the
earth. The rise to an infinite target to clutter ratio at doppler bin
112 corresponds to cone angle (target doppler) and elevation angle
combinations which do not intersect the earth and hence the target does
not compete with any clutter (clutter free region). Similarly, in
figure 18b the stationary target minimum value falls in doppler bin 119.

The fixed clutter echoes with which the desired target signal must
compete are those included within the same radar resolution cell as the
target, or those which enter the receiver via the antenna sidelobes. To
interpret the above plots in terms of minimum detectable velocity, note
that the minimum value of the target to clutter ratio corresponds to a
stationary target (relative to the earth) located in the same
range-doppler cell as the clutter patch that the main beam is pointed
to. This cell location is set to zero relative velocity between ground
and target. Thus, in order to detect a stationary target a hypothetical
receiver would require a detectability of better than -20dB at a 30°
grazing angle and better than -12dB at a 5° grazing angle. However as
the target’s radial velocity 1increases, detectability performance
increases markedly. Each doppler bin number is equivalent to a radial
velocity difference of 34.3 knots (another output of SCAN), which is
constant over all range bins. At a 30° grazing angle, with a target
velocity of +64.6 knots (two doppler bins) the receiver detectability
requirement jumps to a more reasonable value of 25dB. Similarly at a 5°
grazing angle, a target velocity of +64.6 knots increases the

requirement to 32dB.

A composite of all 128 target to clutter ratio range bins produces
the 3-D clutter to target ratios of figures 19 and 20. As clutter is
the dominant factor and the target RCS is nonfluctuating, the 3-D
clutter to target ratio plots are near copies of their respective 3-D

clutter plots.

- 78 -
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Figure 19.

3-D Clutger to Target Ratio
5~ Grazing Angle

Figure 20.

3-D Clutteg to Target Ratio
30" Grazing Angle
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LIMITATIONS

The waveform characteristics are not included in the simulation
model. There are two consequences of this limitation. First, the total
energy transmitted in the radar range equation is unknown and as a
result there can be no absolute level set on probability of detection of
any given radar system; only the ratio of target to clutter return
signal. Second, the particular shape of the waveform determines the
resolution size (above that already determined by the physical antenna
parameters) and the ambiguity function. The true radar return signal
will be the convolution of the clutter intensity diagram and the
ambiguity function.

| The minimum detectable velocity is computed radial to the antenna
' platform, and as such the actual velocity of the target over the ground
may be much larger in specific cases. This is especially true for large
grazing angles where the target is illuminated from overhead. Dividing
by the cosine of the grazing angle will in some sense result in a

minimum ground speed in the radial plane.

The simulation presumes a "snapshot' radar image, and then only at
designated sampled range-doppler cell positions. The intersection of
the beam with the ground for a moving platform 1is a dynamic process
(even more so for a moving target) which in a real system must be
considered over an interval of time. Additionally, the target RCS is

assumed nonfluctuating and independent of aspect angle.

The simulation program orbit 1is presumed circular. Many

surveillance space radar applications, however, are in highly elliptical
orbits. A minor program modification will handle elliptical orbits if

the orbit’s radial and tangential velocities are known.

To completely describe the far field antenna pattern of a radar

system requires an enormous amount of computer memory space. The

pattern can only be sampled at a finite number of discrete points in T
space. The quality of the program results depends to a large extent on
the fidelity of the far field pattern and the extent to which the
sidelobe structure i{s detajiled.
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FUTURE DEVELOPMENT EFFORTS

The program CLUTR 1is in a continuous state of change and
improvement. Current goals lead to inclusion of the radar waveform and
eventual convolution with the ambiguity function. This will result in a
true target to clutter ratio prediction for a given radar platform and
will allow quantitative analysis of the system. The present program 1s
only applicable to monostatic radars with no ambiguities, but the
increasing importance and development of bistatic radar systems will
dictate program expansion to bistatics capabilities as well. Ongoing
future developments seek to expand the utility of the simulation with

greater accuracy and a wider range of applicatioms.

CONCLUSION

A major problem in designing a radar system with look-down
capability is determining target detectability in the presence of ground
clutter. The simulation analysis program is useful for the designer of
a range gated pulse doppler to determine the clutter levels with which a
target in a given cell must compete for detection. The results, while
only a model and subject to certain limitations, should be most useful
for comparing various candidate radar systems 1in the early concept
stages. Considerable engineering savings 1in time and cost may be
realized by the early elimination of inferior candidate antenna/platform
system designs. The procedure described in this report should lead to

more efficient radar system tradeoff analyses for the design engineer.
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. LISTH CLUTR
g4/%6/81 13.60 -

g¢ 18C A SIMULATION ANALYSIS OF SPACE-BASED AND AIRBORNE MOVING
gusC PLATFORM RADARS [N LOOK-DOWN CLUTTER !
9840C TU RUN. ATTACH PLOTD.F FILE
8863C :
8969C VARIABLES: .
9970C :
gBeC Rt _« RADIUS OF THE EARTH
9097C HGT = ALTITUDE
#190¢C VEL % VELOCITY OF THE PLATFORM
g112¢ VE = EARTA ROTATIONAL VELOCITY
7120¢ XLAM # WAVELENGTH
81331, AMAX ¢ MAXIMUM RANGE
9142C DELR = DISTANCE BETWEEN RANGE BINS
9150¢ DELTAR = RANGE BIN WIDTH
g186C DEL7 = DISTANCE BETWEEN DOPPLER BINS
9174C DELTE » DOPF.ER BIN WIDTH
v189C ALPHA = ANGLE B/N VELOCITY VECTOR AND VECTOR TO POINT ON GROUND .
gryer AL PHAM = MINIMUM ANGLE ALPHA
920C¢ ANT = ANTENNA PATTERN FACTOR
8ec1en SF e SCALE FACTOR
9700 CEE » ANG.t MEASURED FROM NADIR
2308 UFJ. LRE « MAXTMUM NUMBER OF RECORD LENGTHS ACROSS TX AND TV
pzaec JWIDE. KWIDE » WUMBER OF DISCRETE VALUES IN TX AND T¥
2507 XLAT w SUBLATITUDE POINT OF SATELLITE —
NrBuC »INC » ORBITAL INCLINAYION ANGLE )
yzer QUAD + NORTH OR S0UTH LOOKiNG QUADRANT o,
TueC DIRE » EAST OR WEST ORBIT DIRECTION
re9nc TMAXX . THINX = MAX AND MIN VALUES OF TX IN T PLANE
8390 TMAXY . THINY = MAX AND MIN VALUES OF TY IN T PLANE
g414C
9329C
Quwen"ll“ll‘lil CHTAN I BEABANARSANREARARARAASAAARN AR SN NAANALANANAAAARARNIAN SO NOW
0349C [ NP U T S5 ECTTION L
9725 1C
Bibe.
93/¢ DIMENSTON ANT(Z2S56)
03¢y COMMON/ANTRANS/AL11,A12,A13,A21,A22,.A23,A11P A12P
037¢ COMMON ANTENX ANTX( 286,256 ) . RBMAX , CTRWT
04909 COMHON/TR1G/S INC,CDSAZ
0410 COMMUNZTPLANE, TMAXX . TMINX , THAXY . TMINY
#4cd COMMON/HANGE /LR, JWIDE  KWIDE ,RANGEX ,RANGEY
“43C COMPION CLUVYER/CRRDOT(128), 4n:><_OA_‘zv
DY RY:) COMAGHACONE /8. PHA  ALPHAD, _nz

04. 9 OCZJ::~>20-\=. .mu&z>.~um, .GRAZ(128?
- YA

4.m.‘< N
e A
ol BT NEEL MR I DI RPETUSR TS~ TARUSE, U
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gh498 XiaMs, 247 DELTARS?7B./ . DELTF/29./,5F/1.0E30/,LRI/16/,L.RK/16/.
#5504 TNAXW/ .2 umm\.ax_zx\s.unou—\.ﬂz>x<\.NQON~\€43~2<\:.NQNGQ\
0563 DATA Y/IHY/ . N/IHNS ,S/1HS/ E/LHE/ W/ 1HW/
es7ecC
eBBY 1990 FQIVAT W)
#6900
J69VC hqnbr: c:qvc_ DATA FILE FOR RTI AND 3-D PLOYTING
Ablo Co.t ACH(27,"BHICLANCY/DATA.R:",.3.0,ISTAT, )
gule raLl z;r 12¢27.148)
Pb30C
0964 .3C
g680C SET UP ANTENNA PATTERN FORMAT
gubY NBMAX w LRJ™LRK
2679 JWIDE = LRJ*18
o680 KWIDE « LRK*16
4690 RANGEX = TMAXA-TMINX
o7¢y RANGEY w TMAXY-TMINY
971060
07290 WRIVE(BG,1008)" *
y73d VRITE(D6,1000)*"INSURE THAT MAX ANTENNA VALUES®
Mumaﬁ WRITE(D6,1600)"AND LIMITS ARE SET"

1Sen
0760 WRLTE(RG,1000)"
Qr7y ALTI=HGT/1882.9
=quh WRITE(BG,1000)"ALTITUDE w" ALTI.* NM*
u799
opoe WHITL(9Y,10001"00 YOU WISH TO CHANGE THE CIRCULAR ORBIT ALTITUDE
g8ly WEITE(PG,\UO0)"ENTER ¥ OR N*
gazy Hiz2D.95, 1000 )RESHI
833C
pBaVC SET SPACE/AIR TRANSITION ALTITUDE
2859 ANq=31,
P69 IF(RESP3I.EQ.N) GO TO 14
g870C
g8EY WRITE(BG,i3€8)" INPUT THE NEW ALTITUDE IN NM*
oe9e READ(95, 1000 JHNM
900 HGTwHNM*1852. 0
MWmMn VEL=1.99?6E87*SQRTC1/(HGT+RE )

[A
8930C FUR ALTITUDES LESS THAN 20 NM., ASSUME AIRBORNE PLATFORM
8949 IF(HHM.GT.9¢¥.8) GO TO 81
2950 VRITE(Q6,1000)* INPUT AIRCRAFT'S GROUND SPEED IN KNOTS*
2960 READ(YS,100€) GS
9979 QUADeB . B
2980 DIRE=9.0
8999 ALAT=0. U
1949 X1HNC=9 .0
1813 VEL=GS*0.B5144444

1920C

1930 VRITE(D6,1909)"GROUND SPEED »",VEL." M/S"

1940 GO 1O 14
19863 81 WRITE(WG.1989)"ALTITUDE =" UGT," METERS*
—Qoan WRITE(PB, 089 )"ORBITAL VELOCITY =" VEL." M/S"
1470
1981 14 LONTINUE
109 WRIVL(HG ., \Gua) " "

| B

111 v INPUY SATELL 1Y ORYIT DATA

11e BYIPAL S SAIELLITE DAYA IF AIRBUINE PLATFOKRM

113 LECHHM L T.9¢,86) GO 10 8Y

114y MULLE (L, 36U JHPUT SATELL1IE INCLINATION ANG.E®
1154 VIILIL(B6 , )0 1" AND INSTANYORFUUS LATIVUDE®

116 HEADC@L, 1 89¢ )Y INC, XLAT

117 SIRL eI uPy 18, U

2
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COMPUTE THE MINIMUM CONE ANGLE WHICH INTERSECTS THE EARTH
AND THE RANGE TO THE HORIZON

ALPHAM=4P1/2.)-ARSIN(RE/(RE-HGT )
CAM=COS ¢ ALFHAM)

COMPLIE
Ve '«

CQUAYORTAL ROTATIONAL VELOCTITY
SDIRESRESU640Y LY

1189 XLATXLAT®P1/180.8
1199 CINCCOS(XINC)
1299 CLAT=COS( KLAT)
1219 CDuARCOS(CINC/CLAT)
[ 4
12360 WRITE(86.1890)°1F FLYING EAST ENTER E*
1249 WRITE(86,1999)"1F FLYING WEST ENTER W~
1289 READ (9B, 1968 )RESP
1269 IF(RESP.EQ.WIDIREw-1.9
1278 IF(RESP.EQ.E IDIREw1,
1299° WRITE(86.1888)°1F LOOKING IN NORTH QUADRANT ENTER N*
1399 WRITE(26,1089)°1F LOOKING IN SOUTH QUADRANT ENTER §*
1319 READ(@B . 199€ IRESP2
1320 IF(RESP2.EG.N) QUADw-1.9
1338 IF(RESPZ.EQ.S) QUADe1.d
1349 TF(XINC LT.8.2) QUAD=-QUAD
135¢ 89 UDeIUAD*DIRE
136£C
1379 WRITE(S6.1805) *INPUT TARGET RCS (M*#2)*
1380 READ(96.1888) TRCS
3G
1400C  SEY FLAGS FOR DESIRED PLOTTING
1412 WRIFE(BG,1809)"ENTER § FOR 3-0 CLUTTER, 1 FOR C/T 3-D PLOT*
1420 REANCOE 1009)ICT
1439 WRITE(b,1808)"ENTER -1 FOR 3-D ONLY"
1449 READ(OS 1000) ITD
1450 IFC(ITD.LQ.-1) GO TO 413
1460¢C
1479 WRI1TE(Db,18¢0)" INPUT 3 RANGE BINS TO BE PLOTTED"
1480 READ(95, 19900 )INR]1 . NR2 . NR3
1493C
_WQM 413 CONTINUL
181¢C
1620¢C COMMON/GEOM/P [, RE \HGT,VEL ,XLAM,DELTAR . DELTF ,SF
1630C COMMON/ANTENNA/ANTY LRI LRK, TMAXX . TMINX . TMAXY , TMINY
1543C COMMON/CLUTTER/CRRDOT.ALPHA,CEE
155.¢
1669C
1679 CALL COORD
158.JC
159¢@ CALL ANTEN
1696C
”N.—N"~M'l‘u~“l‘l"ﬁ‘!l‘Iil"I!‘Ill'l"“i“""l‘ll“‘I"l“‘l"‘l""'l"‘."'l
1630C
-M;qﬁ PROGRAM SECTT]ION
1
16
16
16
1b
17
17
172
17:
H
i

oo DML EARYS FOQ LATER USE

Lo 2CINe foplg

10w PA SRR 22 (AT =2 -CINLT L LA A2
1799 D3 LORY el

| NI DV Lo (Ve - L8 - VESLINC) /320,08

1017 VS e e 3%

_u:;w.ppatrud
177 Mo
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2899

2
2
2
2
2
2
2
2
2
2
e
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A

(213}
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CALL GRZ(HGT,RE)

CALCULATE C(R.RDOT) FOR EACH RANGE/DOPPLER BIN
1 = RANGE LOOP
3« DOVPLER LOOP

EHTEF RANGE LOOP
DO 72 lal.le
RlduR(])2"gq
RI4SF=5F /R1d4
S{NC=SIN(CEE
COSAZ COS(CE
SET CLUITER F
1CHay
e

COMPUTE TARGET TO CLUTTER RATIO
TPUR=TRC3*RI4SF

ENTER DOPPLER LOOP

DU g Ju1,128
IN=)

BYPASS CLUTTER AT NADIR
1F(1.€EQ.1) GO TO 717
CALL RGTEAR(SINC,.COSAX.8717)
CALL AREA(RI4SF .CRHDOT.IX.JX,DELTAR.$717)

GO TO 719
ZERO CLUTTER FLAG
nz ICRag
ny CALL CWEIGHT(ALPHA.COSAX.TPWR,ICR,ICT,IX.JX.8621)

GO T 633

SET 2ERO CLUTTER
821 ’ CRRDOY(J)wy. @
TCRATIO0(J w0 .9

RESET CLUTTER FLAG
613 ICHa)

1y CORTIHL!
EL OF LOZALER LOOP
C2E 1) LERDOT

RI V¢
".—dc.ms..—~ GO T0 72
)

v
1
} CHL NI )Y AND . (T.NE.NR2),AND.(1,NE . NR3))GO 1O 72

[ENS B

Y

¥
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2467 4444 CALL PLOTD(TCRAT!O0,120.1.9.1.9..1.0)

2479 WRITE(OG6,1008) ' 130°

2489 READ 1009, 15TAT

2439 IFCISTAT.EQ.1) GO TO 4444

2392 PRINT, ' Tvpe CR When Readv'

2619 READ 1989 ,RPLY

2829 712 CONTINUE

2838C

2B4¢ 871 CALL DETACM(27.ISTAT., )

2869 CALL DETACH(29.ISTAT, )

2569C

2873 TECCICT . NE. V). AND.CICT.NE.2)) GO TO 142

uanu WRITE(DG,1998) "TYPE CTRL F BEFORE 3-D PLOTTING"

2890 WRITE(P6.1008) "NEXT RUN CONVER.F*"

SV IHCICT.NE.P) GO TO 14)

2619 WRITT(P6.10069) “THEN RUN DBCONVER*®

2629 13) WRIVTE($%5.10089) “FOLLOWED BY PAAS.VEM"

2639 142 SyoP

2649 END

mmma

MOWQA\.!I!.II!I.II‘IIIlllllllll’lll.lllbl"'hll““."l‘l‘I“I"II“'III‘I'I"II

hBOC

uwwsn SUBROUTI(NE COORD

b d [

Nupmo ROUTINE TO TRANSFORM DIRECTIONAL COSINES COSAX AND COSAY

crle FRIOM HORIZONTYAL COORDINATES TO AHBITRARY COORDINATES OF

WWWer KNOWN ROLL., PITCH, AND YAW

275¢C VELOCITY VECTOR ALONG Y AXIS

uwwmm NADIR ALONG -Z AXIS

2710

2789 COMMON/ANTHANS/AL] ,A12,.A13.A21,A22,4A23 .A11P.A12P

27990 DATA P173.1418927/

<899 19099 FORMATI V)

«8l10C

28cuC

283¢0C INPUT ANTENNA DIRECTIONAL PARAMETERS

2849 WRITE(Mb.1098)" INPUT ROLL., PITCH, YAW IN DEGREES"

mmwwﬁ READ(ES 2A9UIROL . PIT,¥YAW

2370 tn_dm Jb.,190@)" INPUT ANTENNA ROTATION ANGLE (CCWee)*®

2880 RCAC(P5.,10990) ANTROT

2899C

c980°

919 RDL =« ROL"P|/1BE,

2929 P1Y o PL1"P]/180.

293¢ YAW « YAW*P1/189.

mwm«ﬂ ANIROT v ANTROT#*P1/1880.

29689

2960C COMPUTE COUKRDINATE TRANSFORMATION MATRIX VALUES

29’9 Al) = CO5(PIT)"COS(YAW)

299¢@ Al v -COS(PITHI®SIN(YAW)

c9Yy9 Ald o STIMPIT)

30Ky ¢l @ SIN(ROL ™ m_zﬁw—aV‘nOm.<>fv4ncmﬁxcr¢-w_zA<>iv

B AN S e cSIHIHOLY TS (N(PTITIZSINCYAW ) ¢ COSERDL I*CUS O YAW)
e R LHCC v o FEOS(P) I

K730 LERN W)

ey AL AHIEGT)

e oL

Iy RN

il VN

t o

..“m.ccntﬁ“;-iu. fo. T OIS AL LR IPARS TRE LTI SRR T AT YRR LI AP AN AN AN IR ROY

Al-5

Tl L HAIA &

+

P




g

3190C .

m“wun SUBROUTINE ANTEN &

313¢C READ ANTENNA PATTERN FROM INPUT FILE AND PLACE INTO el

wuham 2-DIMENS [ONAL LOOK-UP TaBLE ANT(IX.J¥? w.
34F

3184 COMMON/ANTENX/ANTX (286,266 ), NBMAX ,CTRYT %

3179 DIMENS {ON ANT(28B8) by

Jlse COMPLEYX ANT 3

3150C .W

3200 CALL ATTACH(29,“FFL1ANTONIK/ANT:",3.0,1ISTAT. ) ¥

3219 CALL RANS1Z(29.812) -

3220C

3230 DO 4908 1X=], NBMAX

3240 READ(29°' 1¥X+1)ANT ;

380 DO 398 JXw1,286 -

3266 ANTX(I%,dX) = CABS(ANT(JX))

3279 300 CONTINVE o

3280 400 CONTINUE )

3292C

330¢C FIND THE ANTENNA WEIGHTING MANIMUM VALUE

INs CTRWT=ANTX(137.,1)w"4 g

3329C

3339 RETURN

3340 END

33%9C

UUGQ“‘IS‘.I!I‘ISlIl‘.IiiI“i!'llliit‘Ill"ll""lIl“llll“"""'!l"‘l

3370¢C

wwwwn SUBROUTINE GRZ(HGT,RE)D

34902C CALCULATE ELEVATION ANGLE CEE FOR EACH RANGE INCREMENT

w“mwm AND GRAZING ANGLE GRAZ

3439 COMMON/ANGLE /R(128),CEE(128),51GMA(128),GRAZ(128) J

w»nnn DATA P1/3.1418927/ © A

3460C COMFPUTE RANGE BIN SPACING SUCH THAT THE LAST BIN IS PRIOR TO 1r

3470C THE HORIZON <

3480 RESQuRE#»2

3499 RHTSUs (RE+HGT )"»2

3600 RMA{wSORT(RHTSQ-RESQ)

wwwwa DELR«(RMAX-HGT)/128.

3539C THE FIRST ELEVATION ANGLE IS NORMAL TO THE EARTH

3649 CEE(1)uwg. @

3569C

2569 0O b9 1w1,128

3879 R(1)eHGT+(FLOAT(1-1)"DELR) 3

3b89C

3993 IF(1.EQ.1) GO TO 83

wmauﬂ CEECI)wARCOS((-RESQ+(R( 1)"R(1))+RHYSQI /(2. "R{I)*(RE+HGT))) "
1¢C E

16290 COMPUTE THE GRAZING ANGLE w

63y B3 GRAZ(1)=ARCOS(((RE+HGT)/REI*SIN(CEE(]1))) 4

1647 GRAZUDEGeLRAZt L) * 18 . 8/P1 4

KIRIN ;

3o GRAZANG ANGLE EFFECT E

Jo7ve 4

Fhasr FFIGRAZDYG . 6T,15.0) GO 1D 111 :

At Ye SIGHMADB-Z . GB7*GRAZDEG-32 .4

3r7¢0 &0 1D 333

d7y0r ]

378 11l TF:GRAZVER.AT.60.8) GO 1D 22

3758 SIGHMADBuY ., 156"GRAZDEG-24, 3




3749 &0 TO 333

3788C

3760 222 1F (GRAZDEG.GT oc T0 49
37719 SIGMADBu1.8%GR -185.9
1780 GO YO 313

37%8C

Jeys 49 SIGMA(1)=31.082

019 GO YO 59

3828 2333 SIGMA(1)«18,.87"(31GMADEB/185.8)
339 B CONTINUYE

3949 RETURN

3882 END

388aC

%“ﬂuw SUBROUTINE ROTEARCSINC,COSAX.*)
w“w"m CUMPUTE ANGLES CORRESPONDING TO DOPPLER BINS
uwm. COMMON/ROTATE/DV1J.DV2.DV3, VV2,9
340 COMMON/CONE/ALPHA ,ALPHAD. ICR

wmwuh COMMON/CONST/XLAM, XINC.DELTF .QD
J979C COMPUTE FRACTIONAL DOPPLER VELOCITY
39¢e8 DV12FLOAT(J)*DV1Y

“MWMﬂ 3QVS0eVV2-(DV1/SINC)»n2

4918C TEST FOR INVALID ANGLE OFF EARTH
4920 1F¢53vSQ.L7.8.8) GO TO 91

49389 SQV=SART( SQvsa)*ab

»“m“n XNUME=DV1*DV2+DV3I*SINC§QV
4968C COMPUTE CONE AHGLE ALPHA

»Wwﬂn ALPHAWARCOS ( XNUME /VV2)

4930C COMPUTE SCAN AWGLE AND RELATIVE SCAN ANGLE
418y SCAN=ARCOS(COS(ALPHA)/SINC)
4119 RSCAN=QD*SCAN

4129C

413ecC COMPUTE X DIRECTION COSINE

n“m“n COSAX=SIN(RSCAN)*SINC

4)69C NEGATIVE INCLINATION TEST

»“M“n IFCXINC.LT.9.8) COSAXe-COSAX
4196C COMPUTE DIFFERENTIAL ANGLE ALPHAD
420¢ OVID=DVI-DELTF*XLAM/2.08

4219 SQVSND=VV2-(DVID/SINC)®=2

4229 sQvD=+5aP T(SQVSQaD)I*Qd

4239 XNUMED=DVID2DV2+DVI*SINC*SQVD
4249 ALPHADSARCOS({ XNUMED/VV2)

42684 RETURN

A2603 91 HEYURNL

4278 END

4.88C

.—m..c.w-u";ﬂ:‘ttlﬁill\. ALEXS VRNAATCAARNARNRARANANRANTANRNSIRARNSRARTTIRARR SRR OINIES

4 Jeni

Adiy CURRGUT LHL £HLAIMT4F LCRRDOT. §.3.DV L TAR,*)

Do d

43308 CUM UTE PAMGE-DOPPLER CELL ATEAS

um“:ﬁ AMND THE CLUTTER INTENSITY C2Rbu}

3eel

$300 COMMON /.ONE /8LPHA L ALPHAD . 1CR

4370 LOMMON 7 ~HGLE/R( 1250 CEE (1207, 5 TGMA(12E) ,GRAZ(128)

Al-?

et e s et




4389 DIMENSION CRRDOT¢128)
4390¢C

4408C

4418 AR{II*SINICEE(T))
4429 SCL=g.

4430 XNUMB g

4449 62 CONTINUE

4489 B=R{ 1 Y*COS(ALPHA)

4469 Cah

4479 D=R(I)1*CUS(ALPHAD-(SCL"XNUMB))
4480 IF (¢ .GE., D) GO TO 69
44989 IF (A LT, B) GO TO 71
4509 SCL»(ALPHAD-ALPHA)/19.
4510 XNUMBuXNUMB- 1.

45 LY YL 62

4h59 69 IF (A LT, 8) GO TO 71
4549 SIX=SQRT((A”A)-tB*B))
4L.6E S1Y¥=8

45680 S1ZuR¢ [ )*COS(CEE(I )
4670 SAX=SGRT((C"C )1 D*D)
ABBS S2Y=D

4590 SCZw512

4600 EXn(SIN=-824)"(SIX-52X)
4610 EVYa(SIY=- mN "(§1Y-52Y)
4629 EZe(512Z- an.uuNumnNg
4630 nz-c~4qg-l.m024amx4m<om emr4>=\o°manz>Nauvv-m~ax>.~v
4649 CREDOT(J y=CRRDOT(J)"RI4S
4669 RETURN

4662 ?1 RETURN1

4679 END

4689C

4G6IUC OIS AARARARRNLANA AR RNN RN ERN AR ARNTARNRIARANRNARRAANNARSA SR NN INARNNERY

SUBROUTINE CWEIGHT(ALPHA.COSAX,TPWR,ICR,ICT.1,0,")

ROUTINE TO WEIGHT CRRDOY BY COMPUTED ANTENNA PATTERN ﬂtax
KNOWN VELOCITY VECTOR ANGLE ALPHA AHD NADIR ANGLE CEE(1)

COMMON/TPLANE/TMAXX , TMINX , TMAXY , TMINY
COMMON/TRIG/SINC ,CDSAZ
COMMON/RANGE J/LRJ ,JWVIDE ,KWIDE . RANGE X . RANGE ¥
COMMON/CLUTTER/CRRDOT(128), TCRATID(128)
COMMON/AHTRANS/A11.A12,A13,A21,A22,A23,A11P ,A12P
COMMON/ANTENX/ANTX(266,266),NBMAX .CTRWT

IF(ICR.EQ.#)G0 TO 66

DIGITIZE COSINE ANGLE INTO COLUMNS AND ROWS, ROUNDING OFF
IXCOL., 1YROW = COLUMN, ROW NUMBER OF TX AND TY VALUE
LRECJ « LOGICAL RECORD NUMBER ACROSS TX

LRECK » LOGICAL RECORD NUMBER DOWN TV

LREC » ABSOLUTE LOGICAL RECORD NUMBER IN ANTENNA PATTERN

CUNVERT FROM NADIR ANGLE CEE TO ANTENNA ANGSLE ALPHAX
CONVERT FROM VEL VECTOR ANGLE ALPHA TO ANTENNA ANGLE ALPHAY
COSAY « COStALPHA)

CobUWTE TRANSEORMED DIREC 108 COSINES

Al-8

YEAU @ A2V7COSAY+AZ2RCUSAU-A23+C)3A2
ey e bu_tn9m><.>_~;n0¢bx ~A132CUSAZ
TC o ¢ G)2PWICAY+ALLIP~TCA
LAY « ALIP®TCAY-A)2P*TYCAY

TeY v ARCDSETCAX)
127 » AILLOSITCAY)




gezec ALUHAX = TAX

”“m“m AL’HAY = TAY

893s8C CHECK FOR LOOK ANGLES BEYOND AVAILABLE DATA COVERAGE AREA
LT LT TESVXeTCAX-TMINX

8870 TES ' YeTMAXY-TCAY

5908 TFC(TCAX.GT.TMAXX ). OR. (TCAX.LT.TMINX)) GO TO 822
8999 IFC(TCAY . . GT.TMAXY) . OR.(TCAY.LT.TMINY)) GO TO 822
5180 HCOL w TESTX"(FLOAT(JWIDE)-1.}/RANGEX+]1.B

5119 IXCOL = XCOL

8129 YROW = TESTY®(FLOAT(KWIDE)-1.)/RANGEY+]1.8

813% IYROW » YROV

B14€C

8189C

Blogl FIND THE LOGIZAL RECORD LOCATION OF THE LODK ANGLE
8173 LREC) = INTC((FLOAT(IXCOL)-1.)/18.)+1

6189 LRECK = INTU(C(FLOAT(IYROW)-1.)/16.)+1

meun LREC = LRECJ+LRI*(LRECK-1)

B21ec 1ACOLJ. TAROWK = COLUMN, ROW IN EACH LOGICAL RECORD
8220 [ACOLJ » MOD: IXCOL,16)

6239 [AROWK &« MOD({IYROW,16)

524¢ IF (1ACOLJ .EQ. @) 1ACOLJI=16

826% IF (1AROWK .EQ. 9) IAROWK=186

5269C 1A = ABSOLUTE POSITION WITHIN EACH LOGICAL RECORD
mmm“n 1A = JACOLJ+(IAROWK-11"16

3

829eC DETERMINE MULTIPLYING FACTOR FROM LOGICAL RECORD
MW%Wn CRRDOT(J) = ANTX(LREC.IA)**4*CRRDOT(J)

83200 SET TARGET TO CLUTTER RATIO TO INFINITY FOR ZERO CLUTTER
6339 TCRATIO(J)w19."ALOG18( TPWR*CTRWT/CRRDOT(J})

B34y GO TO 93

83%9 56 TCRATIO(J)=999.9

6350 CRRDOT(0)=0.8

6379 ICR=g

8380 93 IFCICT.NE.1) GO TO 792

6399 CRRDOT(J)=-TCRAT10(0)+3090.0

RELEE tro1r P CRRDOT( (I e, @

DAy Yy RN H

ha [

tdsr Heo I v

v l

~ o




APPENDIX - II

Listing of Program RANGE

‘
E i
'i
;
z

- R T ’ T T e e ‘




=  LISTH RANGE

89.08
PROGRAM TO DIVIDE THE EARTH INTO EQUALLY SPACED
RANGE BINS AS SEEN FROM AN ELEVATED PLATFORM

VARIABLES:

RE » RADIUS OF THE EARTH

HGT » ALTITUDE OF THE PLATFORM ABOVE THE EARTH'S SURFACE
RMAX = MAXIMUM RANGE (NORIZON)

DELR = DISTANCE BETWEEN RANGE BINS

CEt » ELEVATION ANGLE

GRAZ = GRAZING ANGLE

.w@‘ﬂ“lilli!lltIIIIIIllll'iililii““l“'!Ill‘llll"“'5""""!“."""."

vi6ec D ATA S ECTION

98178c
“wunn DIMENSION CEE(128),R(128),GRAZ(128)
- ) L3 L3

uweu DATA P(/3.1415927/,RE/63710080. / HGT/ SN/
82.9¢e
g2z CRARACTER*3 RESP3.V.N
9238 DATA N/LIHN/.Y/1WY/
9248C
o258 WRITEI186. 18083 *
9269 ALT1=H5T/1852.9
ez WRITE(96.1998) "ALTITUDE =" ALTI.* NM"
“Numn WRITE« 96, 1000)"

KEY;
2359 WRITE(96.1630)"D0 YOU WISH TO CHANGE THE
9319 VRITEI46.1088)° CIRCULAR ORBIT ALTITUDE 3
939 WRITE1#6.1008)"
9339 WRITE1 96,1000 )*ENTER ¥ OR N*
8349 READ{ 06 ,18U2)RESP3
93990 IF(RESP3.EQ.N} GO TO 14
“wm“n WRITE196.,1998)" *
83u9 WRITE1§6.100812" INPUT THE NEW ALTITUDE IN NM"
9349 READ( 65, 1608 YHRM
g4ug HGTeHNM#1852.8
#8413 14 CONTINUE
#42acC
9433C

‘o.baﬂ‘.‘I“‘l:."‘I!“I1-i":.'I"l“""lI‘ll"""“l“.“"I‘-'l"“"'-“""l

PatC P RO S RAM SECTION

gd60C

BT 0L

fdho RE & c;rm‘&J

S499 yen

CUYE] - KESQ)

a3 ) C i3 bt e CRELHGT )

g% 3 f ...,.::?x.uwra..s:._

[\ATIR0 14

cu;.~ COMPUCE T SPAL INGS SUCH YHAY THE LAST BEANGE BIN IS MUY AY THE HORIZ
. DELHe aki-Nar)Lie .

SET WM DIYPUY ) ABRELS

S T i arad ek A G

R P S T N S CRE WS

A2-1




95LYC

96%9 WRITE(G6.1900)"

969 WKITE(86. 16883 "ALTITUDE =" HGT," METERS*

8619 WRITEC(RG,1808)" RMAR “' JRMAK . " METERS*

00 WHITE(UB, 1PUB) "CEEMAX  »" ,CEMAXDEG," DZGREES"
9639 WRITE(36,1000)* *

9649 ORINT 1889

9659 WRITE(06.1008)" *

9668C

8671 1803 FORMATIV)

0339 1989 FORMAT(3X."I*, 7%, "RANGE(1)", UX,"CEECI}" 10X, "GRAZ(11")
“ww“n 1018 FORMATI 14.2X,1P1E16.7.2P2E16.7)

g718C CALCULATE ULEVATION ANGLE CEE FOR EACH RANGE INCREMENT
g728C AND GRAZING ANGLE &GRAZ

§740C THE FIRST ELEVATION ANGLE IS NORMAL TO THE EARTH
07%9 CEE(1)wy .9

a7/’ 00O B9 I=1
g76¥ RiI)=

I-

1*DELR)

Bu—-

._
.c-b nmn~
PBLO8 (2."REIIW(RE>

A2-2




e

APPENDIX - III

Listing of Program SCAM




LISTH SCAN
94/96/81 $9.09

#919C PRUGRAM TO COMPUTE SCAN ANGLES OF EQUALLY SPACED
90383 DOPPLER BINS AS SEEN FROM A MOVING PLATFORM
9938¢

9949C

9868C VARIABLES:

8869C

2879¢ RE_« RADIUS OF THE EARTH

9989C HGT « ALTITUDE

9995C VEL « VELOCITY

g1lvec ALnM w VAVELENGTH

#1'0C RMAX # MAXIMUM RANGE

91:9C DELR = DISTANCE BETWEEN RANGE BINS

g1ier DELTAR = RANGE BIN WIDTH

g148¢ DELF v DISTANCE BETWEEN DOPPLER BINS

$159C DELYE » UOPPLER BIN WIDTH

2160C ALPHA = ANGLE B/N VELOCITY VECTOR AND VECTOR TO POINT ON GROUND
8178C ALPHAM « MINIMUM ANGLE ALPHA

2108C SF_» SCALE FACTOR

#198C CEE = ANGLE MEASURED FORM NADIR

9209C XLAT w SUBLATITUDE POINT OF SATELLITE

#210C XINC = ORBITAL INCLINATION ANGLE

82:6C QUAD = NORTH DR SOUTH LOOKING QUADRANT
PZ239% DIRE w EAST OR WEST ORBIT DIRECTION

8249

126.2¢

Qﬂcen“"i!hiiﬁil"i“‘ll'i:.clll“‘!“Si"!‘"“II"I"‘5".""“"“"“!“‘

#2'aC D ATA SECTILON

92u4C
92%0C
0359 DIMENSION VDOP(128,128),VDEC12R.128),YDS(128.128)
630 DIMENSION CEL(128),ALPHA(12R, 128} .R(128).GRAZ(128)
8329 DATA P1./3.1415927/ RE/GENEEER / . HGT /SN, .Vt /AR / .
930 XLAM/ .24/ ,DELTAR/7B,/ DELTF/20./.5F/1.8E38/

CHARACTER*3 RESP,N,S

CHARACTER*3 WESP2.E.W

CHARACTER*3 RESP3.Y.N

DATA R/1IHN/  Y/1HY/,5/1HS/  EZIHE/ M/ 1HW/

WRITE(DG, 108@)" "
ALT[eHGRT/ 13529
WRITZ(MG, 1360 ALTITUDE =" ALTI." NM*

(z—.mASc.-Qﬁ=.=cc <0ct~mxﬂcn:>znm4:mn~xncr>zoza~4>r4—4cum4:
B K ENTER ¥ o2 N
- ub 3

CEENBITION ALY) Ul
MY 6o 1O 14
SR INPYT THE WEM ALTVITUJE IN NM®




8549 HGYT aHNM* 1892 . & ;
“wwwn VEL 21 QY ?BEUP*SGRT(1/(HGT+RE) )
\
b 'oC FOR ALTITUDES LESS THAN 99 NM, ASSUME AIRBORNE PLATFORM
a5ur 1FCHNM G199 9) GO TO 8)
25%9 WRITE(Bb,1080)" INPUT AIRCRAFT'S GROUND SPELD INH KNOTS"
g6ve READ(OB 1000 GS
9619 Quabse. o
IB1Y DIREwg . B
9610 XlATeg. g
0640 XINCwD .0
J650 VELeGS U . bl1d4444
P6HLOC
9690 WRITE (U6, 1OV ) "GROUND SPEED «" VEL.," M/S"
o640 GO TO 14
L0 81 WRIE(I6, 1000 "ALTITUDE =" HGYT.,* METERS"
“w:@ WRITE(Hb,1000)"ORBITAL VELOCITY »® VEL.," MWM/S§"
718C
87,9 14 CONTIN®
3730 WRITE(W c 1gep )" "
9740C
a7%¢cC INPFUY SATELLITE ORBIT DATA
grbnC BYPASS SATELLITE DATA IF AIRBORNE PLATFORM
9779 IF(HNM.LT.99.98) GO TO d9
g7y WRITE(BH.1008)° INPUT SATELLITE INCLINATION ANGLE"
0799d WRITE(D6.,1000 ) "AND INSTANTANEOUS LATITUDE"
880y READ(PB ., 1098 IXINC . XLAT
gy Q RINCwX(NHC*P1,180.0
gaca XLATeXLAT*PI . 180.8
8¢ CINCsCOS XING)
0449 CLATaCOS XLAT)
9449 COARCDSCINUC/CLAT)
veoec
ye WHITEC28 , 10" [F FLYING EAST ENTER E*
I WRITE(H6, 1000 IF FLYING WEST ENTER W*
980 READ(OB, —&QQ.ﬂmmv
[ A IF(RESP EQ . WIDIREw-1.@
c_M IHLRESP .EN.EIDIREv] .0
sac
9330 WRITE(AG , 1 80E)"IF LOOKING IN NORTH QUADRANT ENTER N*
948 WHITE(W6, 60060)" {F LOOKING IN SOUTH OUADRANT ENTER S§*
0949 zm\a.ﬂr.—QQQ.ﬂmmtu
8Y60 IE(RESPL.FQ.N) QUADw-1.98
o97'M uw*nm.vu..a.m- QUAD=] . &
a9t o IFOXINC.LY.3.0 QUAD»-QUAD
99y B9 QD=RUAD*DIRE
19¢vyC
18190

—em—cﬁlllﬂiliihl‘l‘lllII"l‘l‘lll.‘“““‘ll“‘hil“."i‘i‘l"""‘i““‘

1e2¢. VPV ROUOGRAM SECTI1ON

[E XL

120 \wifis F GHMAT V)

bAR RELDURE#RE

|1 Ed) RH vcu.zm.xoq~uaxmox T

_-. o

5 4 N(C zm (RE+NGT )}
17128, 1*CD5(ALY HAM)

[ECANLSCLANER B B C FOR EALH RANGE INCREMENT
LHT A ING

AU N N

A3-3.

i R R

-y

B

Uhd -3

-y

KP4




T+{FLOAT(1-11*DELR)

.1} GO TO 36

w:m S({-RESQ+(R(I)*R(I1)I+RHTSQA)I/(2."RCI)I*(RE+HGT) )
SINC((RE*HGT?

“-BETA+1P1/2.0

38 v
\nm.sm_z..mmg—vvv

-~ lﬂn

1
E
H
1

aa o

WRITE(B6.1000)"ENTER THE RANGE BIN NUMBER"
WRITE(HL,1900)"TO SEE ALL DUPPLER COMPONENTS AT THAT RANGE"
READ( 1B . [ B0Q INRAN

2ec COMPUTE EQUATORIAL ROTATIONAL VELOCITY
Juc AND ASSOU(ATED CONSTANTS

VE+*2.8"PI1*DIRE"RE/B640650 .0
CIWCuCDS (X IN!
CLAT=COS(XLA
CIN
LK

4 T o~ OOn
RuI3BC-acEvew

©

COsARLCS(
CAMaCOS (A
D/eadil ~VE*CINC/CAM

DVILAuVE #2280 ( CLATAW2-CINC®*2 ) /CAM**2
DY3w mc=4ﬂc<4mo~

VVieD /o2 0V3SQ

COMPUTE [HE MAX DUFPLER Bl
XJIMAXe 128.0"SIN(CEE(NRAN)
KIMAX X JHAX®SQRT( (DV2w* 2+
JMAXe [HT(XIMAX)
IFCIMAX . GY.128) JMAX=.28

HOG»ARSIN(CINC/LLAT)

HOGDEG=HOG*188, .PI )
]
o
-

cti—lgu:iownm
SoexuInas

Qoo
ac

N
)/ (VEL"CAM-VE=*CINC)
pvisan

[}

[

ALPHA LOOP
ISELLIE
GRACO (GRA
SIHZ=SIN(CE

DO .50 Jv~
DONT COf

IQVBWMN RO T ™

STUNIQANTINQCOEESE IS

a

Ry
o
Ll

-
(o}

FIRST RANGE BIN
ALPHA( 1V, JViep]
GO TO 459

COMFUIE FRACTIONAL DUPPLER VELOCITY
OVIubLDAT(IVI*(VEL"CAM-VE*CINC)/128.2
RTe(DV2"*2+DVISQ)-(DVI/SINC)I®*2

TEST FOR INVALID ANGLE OFF EARTH
IF(RT.LT.P.0) GO TO 4bY
SQIV=SQRT(RT)I*QD
YNUM oDV 12DV -DVI*LINCASQTY
FLEESCIY IV =ARCOSSJANNE /YYD Y

/2.8

CRARARP TR ATEN AL LeslbhbhdWWWWWWWWwWWNNNMNPINNEI NN -

Ao
LXIT O
oSeqr.ea

[xYe) O

« 2

. ot B B G Gt B Gt S G B G e B G0 GO BEP B e B Ut Gt Gnf BEP GEP G Bt e Gt G e P Gt Mt Bt Db G B Wl Gt et B B B b e G Bt B et At Bt b e
s
-

A ) )

okl GCAR LNGLE
SUAN APLDGCIOWCALPHAT YAV )/ SIRC
ALVHADLLGeAL PHACIV. IV i 380 . 8/P1

A:.:_.mn>_m~fﬁ-m=31u.mz021 m:ﬂ
JULECIV IV = VELALOSCALPHACTV IV ) )

HUYE EAKYNH DUPPLER COMPONLHT




““mm. VDE( IV.JV)eVE"GR*COS( SCAN-CD*QUAD } *CLAT
;1%
184.3C COMPUTE TOTAL DOPPLER COMPONENT
“umma VDOP(IV.JV)eVDS(IV,JV}-VDECIV.IV}
h 0
1875 498 CONTINUE
1883¢C
1898C
-Uhﬂdﬂtb!‘!llll‘ltl‘i EARANANUANAANNARRNNARBAARSANRNNERAANNEANWNNARNSIRERRININSS
191, OUTPUT SECTION
18:9C
1936C
1949 WRITE(HE, 199" *
1962 WRITE(96,19L4)"VECTOR HEADING =" HDGDEG."  DEGREES*"
1964 WRLVE(D6 . 1am5)" *
197 PRINT (B04
1989 1894 FORMATCIX, "0" , 7X, “ALPHACT 09", 7X."SCANC] I ", 7X,"VDOP KTS")
1999 WKITE(B6.1000)" ¢
2809C
2019 N0 4b2 JIPal, JMAX
2028 ALPHADEGeALPHA(NRAN,JP )"188,8/P1
2919 VDE ( NRAN , JP 1w =VDE (NRAN,JP )
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Glossary
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ANT(L ,Ty) Antenna pattern weighting function.

Ay Polar angle from X axis.

Ay Polar angle from Y axis.

Ayd Polar angle from Y axis with doppler increment included.
Aymin Minimum Y axis angle which intersects the horizon,

c{1) Elevation angle as a function of range.

Cmax  Maximum elevation angle which intersects the Earth.

C(r,r) Clutter intensity scatter function, dependent on range and doppler.

D¢ Frequency separation of consecutive doppler bins,
D, Range separation of consecutive range bins.
Fa Two way doppler shift of radar echo.

G(1) Grazing angle as a function of range.
H Height of radar platform above the Earth's surface.

inc Satellite orbit inclination angle,

Isodop Locus of equal doppler points on the Earth’'s surface.
Isorange Locus of equal range points on the Earth's surface.
lat Instantaneous satellite subpoint latitude.

R(1) Range as a function of range bin number.

R Radius of the Earth,
Rnax  Range of the most distant range bin,
L Directional cosine from X axis.
Ty Directional cosine from Y axis,
Vdiff Velocity differential between successive doppler bins
Ve Equatorial velocity of the rotating Earth.
R Vr Radial velocity component of a target.
- V!mﬂx Max mum relative radial velocity of the Earth's surface,
: Vp Radar platform air/orbital velocity.
b Af Doppler filter bandwidth.
Ar Range cell resolution width.
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'MISSION
of
Rome Awr Development Center

RADC plans ciid executes neseanch, development, test and
selected acquisition nrograms in support of Command, Control
Communications and Inlolligence (C31) activities. Technical
and engineening suppoat within areas of technical competence
48 provided to ESP Program Offices (POs) and other ESD
elements. The principal technical mission areas are

- communications, electromagnetic guidance and control, sun-
veillance of ground and aerospace obfects, intelligence data
collection and handling, information system technology,
4onospheric propagation, sofid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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