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Abstract— Revised range point migration is a fast, noise-
tolerant technology for ultra wide-band imaging. One important
application of this technology is security systems to detect
concealed weapons in security-controlled places such as train
stations or airports. Such systems require higher resolution to
distinguish weapons from benign objects or artifacts. In this
paper, we propose a modified weighting function for the range
point migration method that suppresses sharp amplitude changes
due to the interference of multiple scattering waveforms. We
apply the proposed method to numerical data to investigate
its resolution and performance. We then apply the method to
measurement data, which were obtained from a mannequin to
demonstrate its imaging capability in a realistic scenario. By
introducing this weighting function, results show remarkable
improvement in resolution and image quality.

I. INTRODUCTION

Because of its high range resolution and penetration, ultra-
wide-band (UWB) radar imaging is a promising technology
for next-generation security systems. A variety of imaging
methods for UWB radar systems have been proposed [1],
[2], [3], [4], [5], [6], [7]. One essential requirement for real-
time security systems is computational speed, but many of
the conventional imaging methods are unable to satisfy this
requirement.

To attain adequate computational speed, we developed the
reversible inverse boundary scattering transform (IBST) [10],
[11], [12], [13] that gives the location of a scattering center
using the antenna location and delay time of echoes without
intensive computation. The IBST needs the derivative of the
delay time function in terms of the antenna position. This
differential operation is, however, unstable and too sensitive
to noise and interference. To overcome this issue, the revised
range point migration (RPM) method [8], [9] was developed,
which applies a weighted average using all the neighboring
peak points to calculate the derivative values stably.

The revised RPM method has been demonstrated to be fast
and stable through computer simulations and measurements
[9]. However, security systems designed to detect weapons
require even higher resolution to reduce the false alarm rate
and miss rate. The image resolution of the revised RPM is
compromised by the interference of multiple echoes. In this
paper, we propose a modified weighting function to suppress
this interference effect. We demonstrate the improved imaging
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Fig. 1. System model with a pair of antennas scanning in the (z = 0) plane.

capability of the proposed method with computer simulations
and measurements.

II. SYSTEM MODEL

We deal with a three-dimensional UWB radar imaging
system. Figure 1 shows the system model assumed in this
study. The measurement system consists of a transmitter-
receiver pair positioned in the z = 0 plane along the x axis
at a fixed distance 2d . The midpoint between the transmitter
and receiver is labeled (X, Y, 0). With the transmitter-receiver
pair being rastered at discrete intervals across a portion of
the z = 0 plane, UWB pulses are transmitted and pulse
echoes are received. The received signals contain not only
echoes from the target but also a coupling signal propagating
directly from the transmitter to the receiver. To eliminate this
coupling signal, the background signal, measured without the
target prior to the actual measurement, is subtracted from the
received signal. Given antennae midpoint (X, Y, 0), the signal
received is labeled s(X, Y, Z), where Z = ct/2. Here, c is the
speed of the electromagnetic wave and t is the time interval
between transmission and reception.

III. 3-D BISTATIC IBST

This section describes the procedures of the 3-D bistatic
IBST [14], the basis of the revised RPM method. First, we
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extract signal peaks, which satisfy

∂

∂Z
s(X, Y, Z) = 0, (1)

|s(X, Y, Z)| > Ts, (2)

where Ts is a constant threshold introduced to prevent noise
being picked up. These peaks are indexed as (Xi, Yi, Zi) for
(i = 1, 2, · · · , N). The corresponding amplitudes of these
peaks are for simplicity denoted si = s(Xi, Yi, Zi). For a
single simple-shaped target, these points are easily connected
sequentially to form multiple curved surfaces Z(X, Y ). This
function is called a quasi-wavefront.

Next, we apply the following bistatic-IBST to the quasi-
wavefronts to obtain images.

x = X − 2Z3ZX

Z2 − d2 +
√

(Z2 − d2)2 + 4d2Z2Z2
X

, (3)

y = Y + ZY

{
d2(x − X)2 − Z4

}
/Z3, (4)

z =

√
Z2 − d2 − (y − Y )2 − (Z2 − d2)(x − X)2

Z2
, (5)

using for simplicity ZX = ∂Z/∂X and ZY = ∂Z/∂Y .
The bistatic-IBST requires accurate values of X, Y, Z, ZX

and ZY , of which X, Y and Z are known. To obtain derivatives
ZX and ZY , signal peaks need to be correctly connected. Since
this is not an easy task for complex-shaped targets, we defer
using the bistatic-IBST.

IV. REVISED RPM METHOD

The RPM method [8] was developed to mitigate difficulties
with the SEABED algorithm. To further enhance the pro-
cessing speed, the revised RPM method [9] was proposed to
sidestep the time-consuming optimization process used in the
conventional RPM method. This method employs a weighting
average to quickly and accurately estimate the derivative of
the delay time. The relative orientation of peaks around the
i-th peak is estimated with a weighted average as

θi =

∑
j �=i,Yj=Yi

wi,j tan−1
(

Zi−Zj

Xi−Xj

)
∑

j �=i,Yj=Yi
wi,j

, (6)

where the weighting function wi,j is defined as

wi,j = |sisj | exp
(
− (Xi − Xj)2

σ2
X

− (Zi − Zj)2

σ2
Z

)
, (7)

and
∣∣∣tan−1

(
Zi−Zj

Xi−Xj

)∣∣∣ < π/4, and the summations are over
pairs of peaks with the same sign in the second derivative i.e.

szz(Xi, Yi, Zi)szz(Xj , Yj , Zj) > 0, (8)

where szz(X, Y, Z) = ∂2

∂Z2 s(X, Y, Z).
From this, we can estimate the partial derivative of the i-th

range point in terms of X as ZX = tan(θi). In a similar way,
we can estimate ZY . Finally, these derivatives are substituted
into Eqs. (3), (4), and (5), to obtain target images.

V. PROPOSED WEIGHTED REVISED RPM METHOD

In this section, we propose a modified weighting function
for the revised RPM method. In received signals for multiple
targets, the interference of two or more waveforms makes it
difficult to extract peak points. However, we can use the fact
that the amplitude along the wavefront changes sharply only
around the intersection of multiple echoes. We propose an
interference suppression method based on this characteristic.

In the proposed method, the revised weighting function w′
i,j

is defined as follows. If |si/sj | < 1 then

w′
i,j = |si/sj |p |sisj | exp

(
− (Xi − Xj)2

σ2
X

− (Zi − Zj)2

σ2
Z

)
.

(9)
Otherwise,

w′
i,j = |sj/si|p |sisj | exp

(
− (Xi − Xj)2

σ2
X

− (Zi − Zj)2

σ2
Z

)
.

(10)
In short, the amplitude ratio of si and sj is incorporated
in the weighting function, where a sharp amplitude change
suppresses the weight. In this way, signals with a sharp
amplitude change due to interference do not contribute to
the final image, mitigating the resolution deterioration due to
interference. We use this weighting function w′ instead of w in
the following sections. We have empirically chosen p = 25,
although the results are not sensitive to this parameter. The
conventional method corresponds with p = 0.

VI. PERFORMANCE EVALUATION

We evaluate the calculation time and image quality of
the original weighting function and the proposed weighting
function in simulations. The following parameters are assumed
in this section. The distance between the antennas is 5.5 cm,
giving d = 2.75 cm. The antennas scan from locations at
1.0 cm intervals ranging −37.0cm ≤ X ≤ 37.0cm and
−75.0cm ≤ Y ≤ 75.0cm. The total number of measuring
points are 75 × 151 = 11, 325. The revised RPM method ex-
tracts 20 peaks for each antenna position. We set σX = σY =
0.8cm and σZ = 0.3cm. The i-th target image point (xi, yi, zi)
obtained from Eqs. (3), (4) and (5) is weighted with amplitude
|si| to generate an image. Although the revised RPM method
generates three-dimensional images, we show two-dimensional
projection images. The volume image Iv(x, y, z) is projected
onto the x-y plane by

I(x, y) =
∫

|Iv(x, y, z)|dz. (11)

The grid sizes for x, y and z in images are all 1.0 cm. The
range of the depth z is calculated for 0 ≤ z ≤ 100.0 cm.

First, we apply the revised RPM method and the proposed
weighted revised RPM method to simulated data. Simulated
data are generated assuming two point targets in the plane
z = 50 cm, spaced at different intervals from 0 to 20
cm. The center frequency of the transmitted signal is 10.0
GHz and the 10-dB bandwidth is 10.4 GHz. Figures 2 and
3 are images generated with the conventional and proposed
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Fig. 2. Image generated with the conventional revised RPM method for two
targets 10 cm apart.
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Fig. 3. Image generated with the proposed weighted revised RPM method
for two targets 10 cm apart.

weighted revised RPM methods for a pair of targets located 10
cm apart. The figures show that the proposed method produces
a clearer image than the conventional method.

Figures 4 and 5 display the sections of the images on the
y = 80 cm plane for various target spacing from 0 to 20
cm for the conventional and proposed methods, respectively.
The figures clearly show that the proposed method has higher
resolution than the conventional method. The cross-range
resolutions for the conventional and proposed methods are 10.0
cm and 8.0 cm, giving a 20% improvement in the cross-range
resolution, where the resolution is defined by the half-power
(-3 dB) points.
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Fig. 4. Resolution analysis for the conventional revised RPM method.
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Fig. 5. Resolution analysis for the proposed weighted revised RPM method.

VII. APPLICATION TO MEASUREMENT DATA

We apply our proposed method to measurement data. A
mannequin is placed 50 cm from the antennas. In the frequency
band used in this study, the power reflection coefficient from
a human body is high. Therefore, to model a human body,
we substituted a metal-coated plastic mannequin. The antenna
separation, scanning intervals and range are the same as in the
previous section. Figure 6 is a photo of the mannequin used in
our measurement. Figures 7 and 8 are the images generated by
the conventional and proposed versions of the revised RPM.

As for the shoulders, the image quality of the proposed
weighted RPM is not necessarily better than the conventional
RPM. This is because the weight function used for the
proposed method suppresses signals that suffer interference.
Some information contained in the original data can be lost
by this process, compromising the sensitivity. However, from
other parts of the body including the torso and legs, the
image generated with the proposed method is clearer than that
with the conventional method. This demonstrates that under a



Fig. 6. Metal-coated mannequin for the measurement.
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Fig. 7. Image generated with the conventional revised RPM method.

certain condition, the proposed method is effective in obtaining
clearer images from measurement data.

VIII. CONCLUSION

In this paper, we proposed a new imaging method, which
is an extended version of the revised RPM method, for
UWB radar systems to achieve resolution higher than that
achieved with the conventional method. The resolution of the
conventional revised RPM method is compromised by the
superposition of multiple echoes. To overcome this problem,
we introduced a modified weighting function that suppresses
signal peaks with significantly different amplitude values. We
evaluated the performance of the proposed imaging method
by carrying out numerical simulations and measurements. In
the simulation, we quantitatively investigated the resolution of
the conventional and proposed methods. With the proposed
method, the resolution improved from 10.0 cm to 8.0 cm,
corresponding to a 20% of improvement. In the measurement,
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Fig. 8. Image generated with the proposed weighted revised RPM method.

we used a metal-coated mannequin as a target to demonstrate
the imaging capability for a complex-shaped target such as
a human body. Both results suggest improvement of the
resolution and imaging capability by introducing our new
method.
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