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1.0 _INTRODUCTION

Both synthetic-aperture antennas and focused-real-aperture antennas can
be used to achieve fine resolutions in the across-range dimension of the radar
cross-section measurements. Both antenna schemes are achieved by phase error
correction. With relative motion between the antenna and target, and digital
correction of the phase error, a relatively large aperture size can be
synthesized, This gives a narrow antenna beamwidth and, therefore, fine
resolution. However, by axially displacing the feed, a quadratic phase
distribution is created over the aperture of a parabolic reflector antenna.
This produces a plane wavefront over an aperture in the radiating near-field
region of the same size as the reflector. The focused parabolic antenna has
far-field pattern characteristics in the radiating near-field region.
Therefore, it can provide fine resolutions in the across-range dimensions.

The technique of focusing the parabolic antenna is discussed and applied
to a 2-1/2-foot parabolic antenna at X-band. The results of the patt. ™M

measurements at various ranges from 2.8 m to 5 m are provided.

2.0 REVIEW OF DIFFRACTION INTEGRAL

The pattern at a distance R of a parabolic antenna with an aperture
diameter D and focal length f (see Figure 1 for geometry), can be represented

by the well-known diffraction integral as [1]

02r2

ikl
I{u) = fcl) F(r) e TR rdJd_(ur) dr (1)

of
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FIGURE 1: Geometry of a Parabolic Antenna Focused at Infinity

where:
r = radius in the aperture normalized to D/2.
u = (n0/2) sin@, 6 is the aspect angle.
F(rj = complex aperture illumination function.

The complex exponentiai term in (1) is usually referred to as the
"Fresnel contribution". This can be treated as an equivalent quadratic phase
distribution over the circular aperture, so il dictates the range-dépendent
variation of the angular pattern of the antenna.

However, for practical purposes, the Fresnel contribution can be iénored
and the angular antenna pattern can be treated as range-independent, when the
range R exceeds a certain boundary. A loose value of this boundary used in
this report is DZ/A, which corresponds to a maximum phase error of 45° (at the
edge of the circular aperture). At this distance, an insignificant degree of

the degradation of the pattern characteristics, such as gain reduction and



ORIGINAL PAGE IS
OF POOR QUALITY

higher sidelobe level, is expected when compared with that of the far-field

pattern at infinity.

3.0 FOCUSING THE PARABOLIC ANTENNA-THEORY

The technique of focusing the parabolic antenna to simulate the far-field
pattern in the radiating near-field region has heen developed [3-6] because it
is desirable to relieve the severe requirement on antenna pattern-measuring
ranges for an antenna with a large value of DZ/A.

As reported in [3] and [4], one can obtain the far-field pattern of the
parabolic antennaz by axially displacing the feed away from the aperture. The

requirement for focusing, for the geometry shown in Figure 2, can be described

by [3]
Potr, = OF" 4 OF +e (2)
1 2

For a given focusing range R., the amount of axial displacement of the feed

(away from the focal point of the dish) € can be found as

2 2

[1+ (z3) ] (3)

-4

m
n

=

€

Because of the focusing there exists a region, known as the "depth:of-
field" [7], around the focusing range R_ and bounded by Rin and R,,¢ as shown
in Figure 2, within which the normal far-field pattern is retained. The value

of Ry, and Ry, are found, for the uniform illumination case, as [3,5]

b?
A
T \ (4)
in 2
Y

€
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~ X for R < QE (52)
Rout =~ 2 o e :
.1+ 272
RG
or
) 02
Rout = o for R » A o

A detailed derivation of (4) and (5) is given in Appendix I.
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FIGURE 2: Geometry of a Focusing Parabolic Antenna

Mote that (3) indicates that the focusing range R. depends only on the

antenna parameters (f and D) and the amount of feed displacement, but is

e g ey 0



independent of the operating freuency. However, R;, and Rout depend on the

frequency).

4.0 FOCUSING THE PARABOLIC ANVENNA - EXPERIMENT

The parabolic antenna used in the present experiment has the following

parameters:
D =76.2 cm
f/D = 0,34
f =259 ¢cm
e = 2.35 c¢cm
R, = 3.63m

The measurements were taken at 3 frequencies, which are Tisted below with the

corresponding values of Rin and Ry

Frequency Rin’ m Rout' m
GHz
9.0 3.0 4.59
10.25 3.07 4.44
11.5 3.12 4.34

The actual measurements were taken at the following ranges: 2.8 m, 3.5 m,
4 m, 4.5 m, and 5 m. The results are shown in Appendix II.

The recorded patterns at various ranges provide the following
observations: (1) 3 dB beamwidth remains essentially the same; (2)
deterioration of the close-in nulls and sidelobes can be observed clearly, and
the deterioration worsens as the measuring range is farther away from the‘

focusing range. i
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5.0 CONCLUSIONS

The theory of focusing a parabolic antenna and its implementation with a
2-1/2-foot dish at X~band were studied. The observed pattern characteristics
indicate that tﬁis antenna can be used to measure the radar cross-section of

targets located in the range of 3 to 5 m away from the antenna.
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APPENDIX I:
DERIVATIGN OF Ry, AND Ry,
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Displacing the feed away from the focal point results in path length
differences for the rays, omerging from the feed, which get reflected back to
the aperture. The difference along the radial dimension of the aperture is

given by:
6= -2¢ [1 - —F—] (A1.1)

By realizing that 0 < r <1 and f/D 0.25, one can approximate (Al.l) as

r2
§ = -2¢ 1 - -—-_3T_-_] (AL.2)
() +1 |
0
Substituting (Al.2) back into (1), we have
2 2
jk[G - D_._"l..)

I(u) = fi F(r) e 8R rd (ur) dr (A1.3)

To solve (Al.3), we proceed as follows. First,

ke = (B) (-2e) [1 - —5—] = =4 m? B2 (A1.4)
()« M)+ 1
using (3), we have
2 2 2 2
Rl it = SR (C UMY (A1.5)
€

(Al.5) indicates that, for given antenna parameters and focusing range, /X is
a constant. Therefore, one can ignore (within the integral) the first temm on

the right-hand side of (Al.4), and (Al.4) becomes

e
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K = nré R (A1.6)

MED + 1) ;

Applying the result given above, we can rearrange the parameter of the complex

exponential term in (Al.3) as follows:

2.2 2 n2 2.2 2
Dory _mr” D7/A 20 D°r” o, omrT
k(s - ) = R, " A B B3 (AL.7)
where
2
D
- (ﬁ-t--%) (AL.8)
MHow, one can write (Al.3) as
n I
eyl 3B
I{u) = fo F(r) e rJo(ur) dr (A1.9)

which c]éar]y indicates the analogy (and thus the variation of the pattern
characteristics) between the focused and unfocused (as focused at infinity)
parabolic antenna.

Upon applying the far-field requirement for the unfocused dish, namely,
maximum phase error not to exceed 45° (w/4) at the edge of the aperture {r=1),

we obtain from (A1.9) that

And from (Al.8), we obtain the inner and outer boundaries of the depth-of-

field, Rin and Rout’ as



and

R . D%/
out _1+02/A

RC

Which, therefore, complete the derivation of (4)
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APPENDIX II:
RESULTS OF THE ANTENNA PATTERN MEASUREMENTS

Azimuth and elevation-plana patterns, with the parabolic antenna

vertically puinrized, are recorded in the scales of 5°/in. and 10 dB/in.
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