
the plasma edge first absorbs laser energy as a result of
changes of temperature, ionization degree, and electron den-
sity. The pressure distribution in the plasma region is rela-
tively complicated and reaches the order of 102 atm. There is
a wave hollow 0.2 mm from the target surface, and this is
related to the production of a rarefaction wave in the plasma
expansion process.
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( )ABSTRACT: A joint-Fourier-transform JFT correlation technique
wherein the reference image is synthesized from the point-spread function
( ) ( )PSF of a preselected filter is in¨estigated. The phase-only filter POF
and one of its ¨ariations are considered to be possible candidates for the
synthetic PSF. Filters with optical distortion in¨ariance and higher
discrimination can be easily implemented with the use of this technique,
resulting in an efficient target recognition system. Q 1997 John Wiley &
Sons, Inc. Microwave Opt Technol Lett 14: 274]278, 1997.

Key words: target recognition; filters; Fourier transform

1. INTRODUCTION

Included among the more significant methods used in optical
Ž .pattern recognition operations are phase-only-filter POF

w xbased matched correlation 1 , and joint-Fourier-transform

Ž . w xJFT correlation 2, 3 . When compared to the classical
w xmatched filter 4 , a POF results in a sharper correlation peak

w x1 but it also requires a complex filter fabrication. In compar-
Ž .ison, an amplitude-modulated phase-only filter AMPOF

produces a correlation peak that is sharper than that of the
w xPOF 5 . However, it also necessitates accurate alignment of

w xthe system. The JFT correlator 2, 3, 6 , on the other hand,
can be implemented in real time because it requires no
complex filter fabrication and generally uses a flexible setup.
To ensure sharper correlation peaks in a JFT correlator,
however, it becomes necessary to process the joint power

w xspectrum 7]12 , but this makes the correlation process
somewhat slower.

The motivation to this work is the realization of sharper
and more discriminating correlation peaks such as that of a
POF or AMPOF in a JFT correlator. The proposed correla-
tor considered herein will thus integrate the best of both the
worlds: improved correlation discrimination as well as real-
time applications. We also address the possibility of eliminat-
ing the postprocessing of binarization and fringe adjustment
otherwise necessary in a JFT correlator. This is accomplished
by synthesizing the reference image from the point-spread

Ž .function PSF of the corresponding correlation filter. Be-
cause the preprocessing is done beforehand, it only incurs a
one-time cost. Section 2 discusses the proposed JFT model,
and the corresponding simulation results are presented in
Section 3. Discussion and conclusions are presented in Sec-
tion 4.

2. THE SYNTHETIC JFT MODEL

The JFT correlation is a two-step process. In the first step,
Ž .the joint power spectrum JPS of two images placed side by

side is obtained by squaring the joint Fourier transform of
the input joint image. Then the correlation between the
images is extracted by performing an inverse Fourier trans-

Ž .form on this JPS. The input joint image g x, y is thus given
by

Ž . Ž . Ž . Ž .g x , y s s x , y y d q t x , y q d , 1

Ž . Ž .where s x, y y d and t x, y q d respectively, represent the
object scene and the reference target. The joint Fourier
transform of this input results in

Ž . Ž . Ž . Ž . Ž . Ž .G u , ¨ s S u , ¨ exp qj̈ d q T u , ¨ exp yj̈ d , 2

where S and T are the Fourier transforms of the object scene
and the reference target, respectively, u and ¨ are indepen-
dent variables in the frequency domain scaled by a factor
2prl f , l is the wavelength of the collimated light, and f is
the focal length of the transforming lens. The JPS is given by

< Ž . < 2 < Ž . < 2 < Ž . < 2G u , ¨ s S u , ¨ q T u , ¨
Ž . Ž . Ž .q S u , ¨ T* u , ¨ exp qj2¨d

Ž . Ž . Ž . Ž .q S* u , ¨ T u , ¨ exp yj2¨d . 3

In the proposed synthetic JFT model, the reference target
is constructed from the PSF of the selected correlation filter.
For example, an AMPOF of the reference image can be
formulated as follows:

De jf

Ž .H s , 4
< <T q a
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where D and a are constant parameters. The synthetic refer-
ence target is then given by the inverse Fourier transform of

y1� 4H, that is, FF H . Note that, because the filter H is Hermi-
tian, the corresponding PSF results in a real image. Now Eq.
Ž .3 can be rewritten as

< Ž . < 2 < Ž . < 2 < Ž . < 2G u , ¨ s S u , ¨ q H u , ¨
Ž . Ž . Ž .q S u , ¨ H* u , ¨ exp qj2¨d

Ž . Ž . Ž . Ž .q S* u , ¨ H u , ¨ exp yj2¨d . 5

< Ž . < 2 2 Ž < < .2The term H u, ¨ s D r T q a is very small compared
< Ž . < 2to the term S u, ¨ . In fact, with proper choice of the

parameters D and a, we can find a minimum value for this
term. Experimentation with a wide variety of gray images

< < 2shows that the maximum value of H is 1.95 for a choice of
D and a equal to 1 and 0.1, respectively. In the same

< < 2simulation the minimum and maximum values of S are
found to be 42 and 5 = 1010, respectively. Therefore, for all

Ž .practical purposes, Eq. 5 can be approximated by

< Ž . < 2 < Ž . < 2 Ž . Ž . Ž .G u , ¨ s S u , ¨ q S u , ¨ H* u , ¨ exp qj2¨d

Ž . Ž . Ž . Ž .qS* u , ¨ H u , ¨ exp yj2¨d . 6

The output correlation C is found by subtracting the zero-
Ž < < 2.order term contributed by the input scene i.e., S from the

JPS and then taking the inverse Fourier transform:

y1� Ž . Ž . Ž .C s FF S u , ¨ H* u , ¨ exp qj2¨d

Ž . Ž . Ž .4 Ž .qS* u , ¨ H u , ¨ exp yj2¨d . 7

Now if the input image s turns out to be the same as the
reference target t, this results in deltalike correlation peaks.

A block diagram representation for the simulation proce-
dure is shown in Figure 1. Note that the postprocessing
operation uses a computer to subtract out the input-scene-
only JPS from the original JPS.

3. SIMULATION AND RESULTS

To validate the performance of the proposed model, two
images of a T72 tank at different orientation and one F16
aircraft, as shown in Figure 2, are considered. Each image
taken is of 32 = 32 size, and the joint image is of size
256 = 256. For the simulation results of Tables 1 and 2, the
T72 serves as the reference image. The synthetic reference,

Ž .that is, t x, y , is then derived from the PSF of the filter,
Ž .described by Eq. 4 with the use of the 256 = 256 2D FFT.

Ž .Three cases are considered in the simulation: a an object
scene containing an F16 as the input image, which is a

Ž .nontarget; b an object scene containing a T72 tank as the
Ž .input image, which is a target; and c an object scene

Ž . Ž .containing both an F16 nontarget and a T72 target .

Figure 1 Block diagram of the simulation procedure

Ž . Ž .Figure 2 The images: a T72 and b F16

Ž .Performance criteria considered are normalized peak NP ,
Ž .peak-to-average correlation energy ratio PACE , peak-to-

Ž . Ž .side-lobe ratio PSR , correlation width CW , and discrimi-
Ž .nation ratio DR . NP is defined as the peak value of a ratio

of the total correlation values, which is scaled to a factor of

TABLE 1 Single-Object Correlation Performance

Ž . Ž .Classical JFT Binarized JFT SJFT POF SJFT AMPOFPerformance
Criterion Target NT Target NT Target NT Target NT

NP 0.135 0.118 1.46 0.1521 1.78 0.52 246.2 .082
PACE 61.1 54 17354 231 6560 892 65536 119.5
PSR 0.0053 0.0057 1.87 0.0127 0.112 0.0182 3.0e q 07 0.0045

Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .CW 21,21 25,25 1,1 4,4 1,1 7,7 1,1 10,10
DR 1.4 75 7.4 548

NT} nontarget.
SJFT} synthetic JFT.
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TABLE 2 Multiple-Object Correlation Performance

Performance Classical Binarized SJFT SJFT
Ž . Ž .Criterion JFT JFT POF AMPOF

NP 0.079 1.0086 1.05 1.11
PACE 37.73 10871 4688 17686
PSR 0.0051 1.117 0.112 1.77
DR 3.08 18.53 18.4 202.7

Ž . Ž . Ž . Ž .CW 21,21 1,1 1,1 1,1

SJFT} synthetic JFT

w x255 5 . This metric is useful for measuring the relative
correlation peak value. PACE is the ratio of the correlation

w xpeak intensity to the average correlation plane energy 14 .
This measures the intensity of energy concentration in the
correlation peak in terms of the average energy in a pixel.
PSR is defined as the ratio of the autocorrelation peak

w xintensity to the correlation power in the side lobe 14 . The
side lobe here is taken as the correlation area where the
intensity is less than 50% of the correlation peak. This is a
relative measure of the autocorrelation peak sharpness with
respect to the side-lobe width and intensity. CW is the width

w xof the correlation term at half its peak value 13 . DR, on the
other hand, is defined as the square of the ratio of the

w xautocorrelation peak to the cross-correlation peak 14 . This
is often the most useful metric where consideration of dis-
crimination between target and nontarget is of prime impor-
tance.

First, the simulation is performed with a single object
present in the input scene. Figure 3 shows the corresponding

Ž .autocorrelation with object scene having the target and
Ž .cross correlation with object scene having a nontarget out-

Ž .puts with the use of simulation models of a a classical JFT
Ž .correlator, and b the proposed JFT correlator based on the

PSF of the POF of the original reference. Similarly, Figure 4
Ž .shows the outputs with the use of a a binarized JFT correla-

Ž .tor, and b the proposed JFT correlator based on the PSF of
AMPOF of the original reference. The classical peaks are
seen to have, as expected, lower normalized power, wider

Ž .Figure 3 Single-object correlation: a classical JFT with object
Ž .scene including only the target, b classical JFT with object scene
Ž .including only the nontarget, c synthetic POF-based JFT with

Ž .object scene including only the target, d synthetic POF-based JFT
with object scene including only the nontarget

Ž .Figure 4 Single-object correlation: a binarized JFT with object
Ž .scene including only the target, b binarized JFT with object scene

Ž .including only the nontarget, c synthetic AMPOF-based JFT with
Ž .object scene including only the target, d synthetic AMPOF-based

JFT with object scene including only the nontarget

correlation width, and lower discrimination capability. The
performance criteria for these correlators are enumerated in
Table 1. Note that in the case of the binarized JFT, the JPS is

w xbinarized with the use of median thresholding 7 . The most
meaningful result obtained from the proposed model with
AMPOF PSF is its discrimination capability, which is im-
proved sevenfold over the binarized JFT. Comparing the
other figures of merit, it is seen that for the synthetic JFT
with AMPOF PSF, NP improves 168 fold, and PACE and
PSR are increased by factors of 3.77 and 1.6 = 107, respec-
tively. The synthetic JFT with the POF PSF yielded better
results than the binarized one in terms of the normalized
peak, whereas its PACE and PSR values are lower than those
of the binarized JFT.

Next, the model was tested with the use of multiobject
input scenes. Accordingly, we here consider an object scene

Ž . Žthat contains one target i.e., T72 and one nontarget i.e.,
.F16 . Figures 5]8 illustrate the correlation output resulting

from the four correlator models: classical, binarized, syn-
thetic POF-based JFT and synthetic AMPOF-based JFT cor-
relators. Autocorrelation peaks are on the upper left and
lower right, whereas the cross-correlation peaks are on the

Figure 5 Multiple-object correlation with the use of a classical JFT
correlator
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Figure 6 Multiple-object correlation with the use of a binarized
JFT correlator

Figure 7 Multiple-object correlation in a synthetic POF-based JFT
correlator

Figure 8 Multiple-object correlation in a synthetic AMPOF-based
JFT correlator

upper right and lower left. Table 2 enumerates the perfor-
mance comparisons among these schemes. Here also, the DR
for the AMPOF-based synthetic JFT model has improved
10.9 times over binarized JFT. The NP, PACE, and PSR are
also found to be the best in this model. As in the case of the
single object, the POF-based synthetic JFT model performs
well in terms of the NP. The DR value is comparable to that
of the binarized JFT while considering PACE, and PSR, the
POF-based synthetic JFT model, does not exhibit any distinct
advantage. Among all four correlators, the synthetic JFT
model based on the AMPOF PSF demonstrates the best
correlation performance.

To validate the above-mentioned results still further, we
have experimented with a variety of images. For each of these
simulations the correlation performance was qualitatively
found to be the same as that mentioned in Tables 1 and 2.
For the sake of clarity, we here furnish the average correla-
tion performance of six simulation runs for the multiobject
case. These six different cases are obtained from the three

Žimages the combination of one image as a reference and one
.of two others in the input scene along with the reference .

Table 3 summarizes the mean and standard deviation of the
performance criterions. Note particularly that the same quali-
tative correlation performances are obtained with the various
correlator models considered.

Next, an interesting variation of the synthetic JFT model
based on AMPOF PSF is investigated. In the case of the
multiple object scene, zero thresholding of the modified power
spectrum is carried out. Let the dc subtracted power spec-

Ž .trum be P. The thresholded spectrum P is then given byt

q1, if P ) 0, Ž .P s 8t ½y1, otherwise.

This means that the power spectrum is now binarized to q1
or y1, depending upon whether the original power spectrum
values are larger or smaller than 0. Note that the threshold
value of 0 is known beforehand. It is therefore easy to
implement, thus reducing the computational burden of me-
dian calculation otherwise necessary in the binarized JFT
used in Reference 7. Figure 9 shows the corresponding corre-
lation output. The NP is now increased by a factor of 1.77.

ŽThe PACE and PSR values are increased to 33,263 1.88
. Ž .times and 3.87 2.19 times , respectively. The discrimination

ratio, however, is reduced to 68, but the value still remains
higher than that of binarized JFT, which has a value of 18.53.

4. CONCLUSION

In this work we have explored a novel method for target
recognition with the use of the synthesized PSF of two
correlation filters in a JFT architecture. Because the refer-
ence image synthesis is accomplished off-line, it does not slow
down the real-time recognition applications. The synthetic

TABLE 3 Average Correlation Performance for Multiple-Object JFT

Ž . Ž .Classical JFT Binarized JFT SJFT POF SJFT AMPOFPerformance
Criterion Mean Std Mean Std Mean Std Mean Std

NP 0.069 0.0068 0.8 0.14 0.82 0.16 0.98 0.17
PACE 28.2 5 7410 1540 4112 1015 12514 2530
PSR 0.0052 0.0001 0.86 0.17 0.103 0.01 1.41 0.24
DR 2.1 0.68 20.2 3.1 14.2 4.3 124 23

Std} standard deviation.
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Figure 9 Zero-thresholded correlation output for the AMPOF-
based JFT model

JFT based on AMPOF PSF yields better performance in
terms of the normalized peak power, peak-to-side-lobe ratio,
discrimination ratio, and correlation width. Median computa-
tion and thresholding of the binarized JFT are sequential in
nature, and therefore time consuming. The proposed JFT
model drastically reduces the amount of time because it
involves neither any median-based thresholding nor postmul-
tiplication of the fringe pattern. Although the results men-
tioned here are scene specific, the trend is similar for a wide
range of images that we have studied. This scheme can easily
be applied to any optimal pattern recognition filter.
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ABSTRACT: The nonresonant-length backfire bifilar helix is often used
as a ¨ehicle satcom antenna, as it has a circularly polarized conical
beam with azimuthal symmetry. Some antenna configurations, howe¨er,
exhibit poor back-lobe le¨els. It is shown that radiation patterns can be
significantly impro¨ed by correct termination of the helix. Q 1997 John
Wiley & Sons, Inc. Microwave Opt Technol Lett 14: 278]280, 1997.

Key words: antennas; helical antennas; bifilar helix antenna

1. INTRODUCTION

Backfire bifilar helix antennas with nonresonant-length heli-
cal wires and small diameters have the ability to form
conical-shaped beams that are circularly polarized. This was

w xfirst demonstrated by Patton 1 , and for this reason the
w xantenna is sometimes referred to as the Patton coil 2 . With

the use of the coordinate system shown in Figure 1, this type
of antenna exhibits a conical beam with a peak at some value
of u between 08 and 908, and with symmetry about the Z axis,
when the two helical conductors are excited in antiphase at
the top T and with the helical windings shorted together at
the bottom, at O. The elevation angle of the beam peak
depends on the helix diameter and pitch angle, and the
beamwidth of the conical beam depends on the overall length
Ž .and therefore the number of turns of the helix. In general,
more turns give narrower beamwidths. The sense of the
helical windings determines whether the antenna operates in
RHCP or LHCP.

Because of the conical beam shape, this type of antenna is
often used for satcom terminals on vehicles. Terminal an-
tenna dimensions are typically 3]5 wavelengths in length and
0.05]0.1 wavelength in diameter. Antennas with mechanically
variable helix dimensions have been demonstrated. With
these, the beam elevation angle can be manually adjusted for

w xa wide range of satellite elevation angles 3 .
One disadvantage of the backfire bifilar helix antenna is

that with some configurations, the radiation pattern back-lobe
w xlevels are high. Kilgus 4 has shown that this problem can be

overcome with a more complex quadrifilar form of backfire
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