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Abstract—When the echo energy of multiple targets of vehicle volume
detecting radar diverge greatly, small targets are easily masked by
the platform of large targets, it is difficult to detect the all the
targets by the Wigner-Hough Transform simultaneously. In this
paper, a method based on binary Hough Transform and adaptive
time-frequency filtering is proposed, which can avoid the problems of
detecting the platform of large targets as well as platform masking
of small targets and detect all the targets with different energy at
the same time. The experimental results show the method has good
performance and high practical value.

1. INTRODUCTION

In vehicle volume detecting radar, the IF signals contain target signal
and disturbances, the target signal is approximately the LFM signal, so
the detection of target can be regarded as the detection of LFM signal
in noise background. The Wigner-Ville Distribution (WVD) [1] has
high time-frequency concentration and is usually used to detect LFM
signal, but because it is bilinear, it brings cross terms when applied to
multiple LFM signals, which degrades the performance of detection.
Utilizing the property in the detecting lines of Hough Transform, the
Wigner-Hough Transform (WHT) [2, 3] can suppress the cross terms
and estimate parameter of signals, while when the energy of multiple
targets diverge greatly, small targets are easily masked by the platform
of large targets, it is difficult to detect the all the targets by the WHT
at the same time. The “CLEAN” technique [4–7] can separate every
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target step by step to solve the problem, but the technique need to
perform the WHT several times and the burden of computation is
very large.

In this paper a method based on binary Hough Transform and
adaptive time-frequency filtering is proposed. The method first
performs the binary processing of the WVD of signals, then the WVD
is mapped to Hough space, which makes small targets and large targets
look the same energy in Hough space, at last the adaptive time-
frequency filtering is used for the more suppression of noise and cross
terms. The experimental results show the method can detect multiple
targets with diverse energy at the same time and has high practical
value.

2. PRINCIPLE OF VEHICLE VOLUME DETECTING
RADAR

FMCW radar [8] has been widely applied to measure range and velocity
of target [9–11], the vehicle volume detecting radar adopts the FMCW
system, it consists of RF module, IF filter and DSP module, the system
block diagram of the radar is shown in Fig. 1, the frequency of emitted
signal is modulated by a triangular signal and the center frequency of
emitted signal is 24 GHz.
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Figure 1. System block diagram of vehicle volume detecting radar.

The IF signals of the radar is expressed as:

S(t) = A cos 2π

(
f0τ +

2∆F

T
t · τ − ∆F

T
τ2

)
(1)

Where f0 is the carrier frequency, T is the period of the triangular
signal, C is the velocity of light, ∆F is the modulated bandwidth,
τ = 2R

C is the time delay, the difference frequency corresponding to the
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target is:

f =
4∆FR

CT
(2)

In practice, the radar is fixed on a pole standing on the side of lanes,
so that the radar can cover multiple lanes. Because the distances of
targets in different lanes to radar are different, therefore the targets in
different lanes correspond to different frequency range. When there is a
car passing the detecting area in a lane, the energy of corresponding IF
signals would enhance, the vehicle volume of the lane can be detected
through analyzing the variation of energy of the IF signals. Because the
echo energy of target is proportional to its radar cross section (RCS)
[12], when multiple targets with diverse RCS pass the detecting area in
different lanes simultaneously, the energy of IF signals corresponding
to the targets diverge greatly, it is important for the detection to judge
all the targets accurately.

3. PRINCIPLES OF BINARY HOUGH TRANSFORM
AND ADAPTIVE TIME-FREQUENCY FILTERING

3.1. Wigner-Hough Transform

The WVD of a signal s(t) is defined as:

WS(t, f) =
∫ +∞

−∞
s(t + τ/2)s∗(t − τ/2)e−j2πfτdτ (3)

The WVD has high resolution for single signal, but in the case of
multiple signals, it brings cross terms, the presence of cross terms can
seriously impair the capability of detecting the signal parameters.

For a LFM signal s(t) = exp[j2π(ft + 1
2gt2)], its WVD produces

a distribution of the energy concentrated along a line v = f + gt, the
problem of detecting a LFM signal can he interpreted as the problem
of detecting a linear pattern in the time-frequency plane.

The Hough Transform (HT) [13] is usually used to detect lines.
In the time-frequency plane, the parametric equation of a line can be
expressed as:

ρ = x cos θ + y sin θ (4)

Where ρ is the distance from the origin to the line, θ is the angle
between the normal to the line and the t axis. The points in the (t, f)
plane are mapped to the (ρ, θ) space by (4), each point corresponds to
a sine curve. If there are n points in a certain line, they correspond
to n sine curves, all the curves intersect in a point whose location
corresponds to the parameters of the line, a peak will occur at the
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point by the line integration. The HT changes the detection of line in
the time-frequency plane into the detection of peak in the parameter
space

The WHT combines the WVD and the HT, it can be interpreted
as a line integral of the WVD in the parameter space, the WHT of s(t)
is given by [3]:

WHS(f, g) =
∫ +∞

−∞

∫ +∞

−∞
Ws(t, v)δ(v − f − gt)dtdv

=
∫ +∞

−∞
WS(t, f + gt)dt (5)

The parameters corresponding to s(t) are:

g = − cot θ, f = ρ/ sin θ (6)

It can be seen that if s(t) is a LFM signal with parameters f and g,
there is a peak corresponding to the LFM signal in the parameter space
by the WHT.

3.2. Binary Hough Transform

The WHT can suppress the cross terms and improve the performance of
detecting multiple LFM signals. When the energy of multiple signals
diverge little, the WHT has good performance, while the energy of
multiple signals diverge greatly, small targets are easily masked by the
platform of large targets, it is difficult to set a threshold to detect all
the targets in the parameter space.

One way of solving the problem is to use “CLEAN” technique,
but it requires more computation. In the paper, the binary Hough
Transform [14] is proposed to alleviate the problem. The fundamental
principle of binary Hough Transform based on WVD is: the WVD
of multiple signals is computed first, then a primary threshold η is
set in the time-frequency plane, the value of point whose amplitude is
higher than η is defined as 1, the value of point whose amplitude is
lower than −η is defined as −1, the value of point whose amplitude
is between −η and η is defined as 0. Then only the points whose
values are 1 or −1 are mapped to the parameter space and integrated,
when the value of integration exceeds the second threshold µ in the
parameter space, a target is thought to be detected. The binary Hough
Transform makes small targets and large targets look the same energy
in the parameter space, which can solve the problem of the platform
of large targets masking the peaks of small targets and helps to detect
the small targets.
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3.3. Adaptive Time-Frequency Filtering

Adaptive time-frequency filtering [15] exploits the priori knowledge of
auto term, cross term and noise properties to increase the SNR. The
filtering consists of two parts: 1) distinguishing signal-rich and signal-
poor regions of the time-frequency plane; 2) applying a smoothing or
masking function to enhance the desirable signal. For multiple LFM
signals, the SNR can be improved by setting the confidence weights
proportional to amplitude of WHT. One simple way is to give different
weights to WHS(ρ, θ) with respect to different ρ, if there is a LFM
signal with respect to a certain ρ, the WHS(ρ, θ) with respect to the
ρ should be given great weight. The ratio of the maximum WHS(ρ, θ)
with respect to different ρ to the global maximum WHS(ρ, θ) should
be computed first, the adaptive weight is defined as:

fm(ρ) =


 max

θ
[WHS(ρ, θ)]

max
ρ

{max
θ

[WHS(ρ, θ)]}




β

(7)

where β is the parameter that controls the strength of the adaptability.
If β � 1, the weights are very small other than the ρ corresponding
to the most powerful LFM signal, which would suppress other LFM
signals; if β � 1, all the weights would be close to 1 and little
adaptability occurs. Empirically, the value of β is usually chosen to be
0.5.

4. EXPERIMENTAL RESULTS

In the experiment, the sampling rate is 500 KHz, the number of sample
is 512. When there is a car passing the detecting area in a lane, the
WVD of IF signals produces a distribution of the energy concentrated
along a straight line corresponding to the difference frequency of target,
because the difference frequency of target is approximately constant
during a sampling period, the line can be regarded as a LFM signal
with zero sweep rate.

Fig. 2 shows the WVD of IF signals that are sampled when there
are two cars with different RCS passing the detecting area in lane 1
and lane 4 simultaneously. It can be seen that the energy distributions
corresponding to large target and cross terms are obvious, while the
energy distribution corresponding to small target is quite weak.

Fig. 3 shows the Hough Transform of the WVD of the sampled IF
signals. It can be seen that the peak of large target is very large, while
the peak of small target is masked by the platform of large target. If
we choose a threshold low enough to detect the small target, we risk
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Figure 2. The WVD of sampled IF signals.
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Figure 3. Hough Transform of the WVD.

detecting the whole platform of the large target; but if we choose a
threshold above the platform of the large target, we risk missing the
small target, it is difficult to set a threshold that allows detecting small
target and avoids detecting large target platform.

Fig. 4 shows the binary Hough Transform of the WVD of the
sampled IF signals. It can be seen that the relative energy of small
target has been increased and the peaks of large and small target are
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Figure 4. Binary Hough Transform of the WVD.
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Figure 5. Adaptive time-frequency filtering for the binary Hough
Transform of the WVD.

distinguishable in the parameter space, while at the same time the
relative energy of noise and cross terms also has been increased because
of the binary processing.

Fig. 5 shows the results of adaptive time-frequency filtering for the
binary Hough Transform of the WVD. It can be seen that the filtering
provides more suppression for the noise and cross terms and makes
the peaks of targets more clear. The performance of detection can be
improved effectively by the filtering.
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5. CONCLUSION

When the energy of multiple targets of vehicle volume detecting radar
diverge greatly, it is difficult to detect all the targets at the same
time by the WHT. A method based on binary Hough Transform and
adaptive time-frequency filtering is proposed in this paper, it can
solve the problem of the platform of large targets masking the peaks
of small targets effectively and detect all the targets simultaneously.
Experimental results show the method has good performance for the
multiple targets detection.
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