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Abstract—In this paper, we propose a distance estimation scheme
for radar systems using direct sequence ultra wideband (DS-UWB)
signals. The proposed distance estimation scheme averages out the
noise by accumulating the correlator outputs of the radar, and thus,
helps the radar to employ a short-length DS-UWB signal reducing
the correlation processing time. Numerical results conﬁrm that the
proposed distance estimation scheme provides a better estimation
performance and a reduced correlation processing time compared
with those of the conventional DS-UWB radars.
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PN sequence in the overall SNR range of practical interest, and
eventually, to reduce the overall correlation processing time.
The rest of the paper is organized as follows: Section
II introduces the DS-UWB radar system and the proposed
and conventional distance estimators. Then, in Section III,
performances of the proposed and conventional radars are
compared in terms of the average correlation processing time
(ACPT) and root mean square error (RMSE). Finally, Section
IV concludes the paper.

II. P ROPOSED DS-UWB R ADAR S YSTEM

I. I NTRODUCTION
N direct sequence ultra wideband (DS-UWB) radar systems, a distance between the radar and an object is estimated by transmitting a DS-UWB signal, and then, estimating
the time delay until the reﬂected DS-UWB signal returns
to the radar. Due to its high time resolution, the DS-UWB
radar has attracted much interest as a distance estimation
unit in vehicular parking assistance systems, vehicular precrash sensing systems, and security sensors [1]-[3]. As the
length of the pseudo noise (PN) sequence used in the DSUWB radar becomes larger, a higher correlation gain can
be achieved, resulting in a more reliable distance estimate.
However, a long PN sequence calls for a large amount of
correlation processing time [4], and thus, it is not suitable for
time-sensitive applications such as vehicular pre-crash sensing
systems where a fast distance estimation is required to avoid
a collision between a vehicle and an obstacle.
Thus, DS-UWB radar schemes using variable PN sequence
length [5]-[7] have been proposed, where multiple PN sequences with various lengths are employed instead of a single
long PN sequence and the PN sequence length is selected
based on the standard deviation of the estimated distances,
thus reducing the correlation processing time while keeping
the estimation performance. Nonetheless, the schemes still
have a long correlation processing time at low signal-to-noise
ratios (SNRs) since the standard deviation becomes larger at
low SNRs, and thus, long-length sequences are required to
maintain the performance.
In this paper, we propose a novel distance estimator for radar
systems using DS-UWB signals. Since the ﬂuctuated noise in
each correlation output is independent, the correlation accumulation process of the proposed distance estimator averages out
the noise, and thus, allows us to employ a single short-length

I

Figure 1(a) shows the structure of the DS-UWB radar
system for estimating the distance D between the radar and
an object. First, the DS-UWB signal
s(t) =

(1)

j=0

is transmitted to the object, where Ec is the chip energy of
the PN sequence with a length of N chips, pj ∈ {−1, +1} is
the jth chip, Tc is the chip duration, and
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(2)
is a UWB pulse with unit energy√over [0, Tc ), where the time
normalization factor γ is set to 4π/7Tc , making 99.99% of
the total waveform energy included within the chip duration
[8]. The transmitted signal is reﬂected by the object and returns
to the receiver with a delay τ , and thus, the received signal
r(t) is obtained as
r(t) = s(t − τ ) + w(t),

(3)

where w(t) is an additive white Gaussian noise process
with mean zero and double-sided power spectral density
N0 /2. Subsequently, the received signal is correlated with
a reference signal with a candidate delay τ̃ ∈ Δ =
{0, Tc , 2Tc , · · · , (N − 1)Tc }, yielding the mth correlator
output

Rm (τ, τ̃ ) =
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Fig. 2.
The average correlation processing time of the proposed and
conventional schemes as a function of Ec /N0 when D = 30 m.
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Fig. 1. The structure of the distance measuring unit of conventional and
proposed DS-UWB radars

for m = 1, 2, · · · , M , where M is the number of correlations,
⎧
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(5)
is the autocorrelation function of g(t) [9], and {Wm }M
m=1
are zero-mean independent identically distributed Gaussian
random variables with variance N Tc N0 /2. Finally, the estimator yields a distance estimate D̂ using {Rm (τ, τ̃ )}M
m=1
as shown in Figure 1(b): In the conventional estimators,
{Rm (τ, τ̃ )}M
m=1 are exploited individually, i.e., M delay estimates {τ̂m }M
m=1 (and consequently, M distance estimates
=
{cτ̂m /2}M
{dˆm }M
m=1
m=1 , where c is the speed of light)
are individually obtained per correlator output and the ﬁnal
distance estimate D̂c is obtained by averaging {dˆm }M
m=1 .
In addition, the standard deviation of {dˆm }M
is
yielded
m=1
for selection of the PN sequence length. In the proposed
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Fig. 3. The root mean square error of the proposed and conventional schemes
as a function of Ec /N0 when D = 30 m.

estimator, on the other hand, a single delay estimate τ̂ and
the corresponding distance estimate D̂p are made through
M
1
R(τ, τ̃ ) = M
m=1 Rm (τ, τ̃ ) obtained by accumulating M
correlator outputs. It is easy to see that the noise variance of
R(τ, τ̃ ) is reduced by a factor of M than that of Rm (τ, τ̃ ), and
thus, it is expected that the proposed DS-UWB radar performs
better than the conventional radars when a PN sequence with
the same length is employed.
III. N UMERICAL R ESULTS
In this section, the proposed and conventional DS-UWB
radars are compared in terms of the ACPT, which is the time
required
 to obtain an estimate D̂ on the average, and RMSE,
i.e., E[(D − D̂)2 ], where E[·] denotes the statistical expectation. For simulations, we assume the following parameters:
M = 100, N = 7, 15, 31, 63, and 127 chips. For the best
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TABLE I
C OMPUTATIONAL COMPLEXITY OF THE PROPOSED AND CONVENTIONAL
DS-UWB RADARS .

20
N=7

18
16

N = 15

14

Number of
addition

Number of
multiplication

Conventional

3M − 2

3M + 2

6M

Proposed

(N − 1)M

3

(N − 1)M + 3

Radar system

12
N = 31

10

ﬂop

8
N = 63

6
4

IV. C ONCLUSION
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Fig. 4. The root mean square error of the proposed and conventional schemes
as a function of distance when Ec /N0 = −20 dB.

In this paper, we have proposed a distance estimation
scheme for DS-UWB radar systems. The DS-UWB radar with
the proposed distance estimator employs a short-length DSUWB signal by virtue of the correlation accumulation, thus
reducing correlation processing time. From numerical results,
we have demonstrated that the DS-UWB radar employing
the proposed distance estimator can provide a shorter ACPT
and a better RMSE performances compared with those of the
conventional DS-UWB radars.
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performance of the conventional DS-UWB radar, we have ﬁrst
numerically obtained and then employed the optimum value
of the standard deviation of {dˆm }M
m=1 .
Figures 2 and 3 show the ACPT in chips and RMSE of the
proposed and conventional DS-UWB radars as a function of
Ec /N0 , respectively, where the ACPT of the proposed DSUWB radar is constant regardless of the SNR values since
it uses a single PN sequence unlike the conventional one
using variable PN sequence length. Here, we consider a ﬁxed
distance of D = 30 meters (the maximum detectable range
for short range radars [10]). From the ﬁgures, it is observed
that the proposed radar employing a single PN sequence with
a length of 15 provides a shorter ACPT and at the same
time a better RMSE performance over the conventional radar
using multiple PN sequences including a long PN sequence
with a length of 127 chips in the SNR range -20 ∼ 0 dB
of practical interest. In addition, Figure 4 demonstrates that
the proposed radar employing a PN sequence with a length of
15 outperforms the conventional radar in the detection range
for short range radars (i.e., D ≤ 30). This is because the
proposed radar can offer a more reliable distance estimate only
with a single short PN sequences by averaging out the noise
effect through the accumulation of the correlations, unlike the
conventional radar exploiting the correlations individually.
Table I shows the computational complexity in estimating
the distance for proposed and conventional DS-UWB radars,
where a ﬂop is deﬁned as a real ﬂoating point operation, and
a real addition or multiplication is counted as one ﬂop [11].
Although the number of ﬂops required in the proposed radar
can be generally larger than that of conventional radars, the
difference would be insigniﬁcant since the recent Intel microprocessor is ideally capable of 4 ﬂops per clock (i.e., a 2.5GHz Intel microprocessor has a theoretical peak performance
of 10 billion ﬂops per second) [12].
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