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Abstract— An approach to improve the range resolution of
a 24-GHz industrial, scientific, and medical (ISM) band pulse
radar is presented for the automotive short-range radars. The
resolution of the range profile was improved by applying the
regularized least squares method to a discrete baseband signal
at the receiver. For a 24-GHz ISM band pulse radar adopting a
regularized least square method, a triangular pulse was identified
as the optimal pulse shape under the regulations and in terms
of cost effectiveness. To resolve multiple adjacent pulses with
a constant false alarm rate, MATLAB simulations based on
the least absolute shrinkage and selection operator (LASSO)
algorithm were used to derive additional threshold values for
output signals after the LASSO operation and the required
signal-to-noise ratio (SNR). The simulated and measured values
of the required SNR were 20.5 and 21.1 dB, respectively, for
the two-target detection with a range resolution of 30 cm, at
the detection and false alarm probabilities of 0.9 and 10−3 ,
respectively.
Index Terms— Automotive radar, high range resolution,
LASSO, narrowband pulse radar, regularized least squares.

I. I NTRODUCTION
S THE number of vehicles increases, the need for automotive safety systems also increases. Automotive safety
systems can be grouped into two types: passive systems (such
as adaptive air-bags and seatbelts) and active systems (such
as dynamic control and collision avoidance systems). The
probability of a collision can be significantly lowered when
hazardous objects are sensed in advance, using active safety
systems with radar sensors [1], [2]. However, active safety
systems are usually available only in high-end vehicles due
to the high cost of radar sensors [3]. In general, to detect
objects in all directions around a vehicle, four or more
short-range radar (SRR) sensors are required, while one longrange radar (LRR) sensor is needed to detect objects in the
forward direction [4]. Lowering the cost of SRR sensors is
an important requirement to achieve wider adoption of active
safety systems.
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There are three frequency bands allocated for SRR: the
24 GHz industrial, scientific, and medical (ISM) band,
ultra-wideband (UWB) band, and the 79 GHz UWB band.
Since the semiconductor technologies that are used in
79 GHz radars are not yet cost effective, the 24 GHz
bands are still more attractive [5]. The maximum detectable
range can be enhanced by increasing the signal-to-noise
ratio (SNR) through signal averaging, but this increases the
range update time. Higher emission power reduces required
signal averaging, and also allows the use of cheaper signal
processors and a shorter update time. With 24 GHz UWB
radar, even though the high range resolution of a few
centimeters is available, a lot of averaging is required to meet
the maximum detectable range of 30 m [3] due to the low peak
emission power allowed. On the other hand, with 24 GHz
ISM band radar, the allowed emission level is much higher,
but its 200 MHz bandwidth significantly limits the range
resolution. The range resolution of SRR for automotive safety
applications has to be at least 30 cm to identify pedestrians in
all directions [6]. However, with a 200 MHz bandwidth,
the range resolution is 75 cm from the Rayleigh
criterion [7], [8].
Many techniques to improve the range resolution beyond
the Rayleigh criterion have been reported, such as superresolution [8]–[10] and compressed sensing [11]–[13]. Most
high resolution techniques enhance the range resolution by
using various regression methods, including the regularized
least squares (RLS) method [14]. One solution for a
cost-effective and high range resolution SRR sensor would
be to combine the proper regression method with a 24 GHz
ISM band radar, thereby reducing averaging and improving
range resolution. Although frequency modulated continuous
wave (FMCW) radars are usually used for 24 GHz ISM band
automotive applications due to their high SNR, pulse radars
usually have lower hardware complexity and reduced calculation load for high resolution techniques than FMCW radars.
Therefore, the present feasibility study on a 24 GHz ISM band
radar with applied regression method was conducted using
pulse radars.
In this paper, to improve the range resolution of 24 GHz
ISM band pulse radar, the RLS method was applied to a
discrete baseband signal at the receiver based on the least
absolute shrinkage and selection operator (LASSO) algorithm [15], [16]. In addition to showing improved range
resolution, the optimal pulse shape and additional detection
threshold values for a constant false alarm rate (FAR) were
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determined, and the required SNR for a range resolution
of 30 cm was derived at a given FAR.
The remainder of this paper is organized as follows.
Section II compares the estimated performance of automotive
radars considering the regulations for frequency band
selection. Section III analyzes and explains considerations
when applying the RLS method to a 24 GHz ISM band pulse
radar. Section IV presents simulation results of a 24 GHz
ISM band pulse radar adopting the LASSO algorithm, and
Section V presents conclusions.
II. F REQUENCY BAND S ELECTION FOR SRR S ENSORS
Among the important parameters that affect radar performance such as range resolution and maximum detectable
range, the bandwidth and peak power of the transmit signal
are dominant. From the Rayleigh criterion, it is possible
to distinguish two echo signals that are separated by more
than half of the signal pulse width [8]. Therefore, the range
resolution R can be given by [17]
c
c · TP W
=
(1)
2
2B
where c is the speed of light, T P W is the signal pulse width,
and B is the signal bandwidth. Equation (1) shows that a
narrower pulse width due to a wider signal bandwidth allows
better range resolution.
On the other hand, the maximum detectable range Rmax is
given by [17]
1

EIRPpk · G R X · λ2 · σ · G avg 4
(2)
Rmax =
(4π)3 kT B F (SNRmin )
R =

where EIRPpk is the peak effective isotropically radiated
power, G R X is the receiver antenna gain, λ is the signal
wavelength in air, σ is the target cross-section, G avg is the
processing gain obtained by averaging, kT is the thermal noise
per hertz, F is the receiver noise factor, and SNRmin is the minimum required SNR. The SNRmin can be calculated from the
specified probabilities of detection (PD ) and false alarm (PF A )
based on the detection theory [17]. In general, the wavelength,
bandwidth, and peak power of the transmit signal are given
by regulations, whereas the receiver noise factor, antenna gain,
target cross-section, PD , and PF A are set to satisfy the system
requirements. Therefore, when the operating frequency band
and system requirements are given, the single-shot detectable
range can be estimated from (2) by setting G avg = 1, or the
required G avg for the targeted maximum detectable range can
also be found from (2). A typical automotive SRR sensor
requires PD and PF A values of 0.9 and 10−3 , respectively,
which correspond to the SNRmin of 11 dB [4].
The maximum detectable range can be effectively improved
through pulse compression [17]. Pulse compression enables
the transmit signal energy to be increased without decreasing
the range resolution by using a long transmit pulse that
consists of coded short-pulse trains. For pulse compression,
a matched filter correlates received signals with delayed
versions of the transmitted waveform. However, the matched
filter often suffers from sidelobes masking echo signals from
nearby targets [18]. Other pulse compression methods, such as
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TABLE I
R ADAR P ERFORMANCE E STIMATION

mismatched filtering and least squares estimation, have been
reported to reduce the range sidelobes [18]–[20]. By applying
the least mean squares (LMS) method to the envelope of
an oversampled signal in the range domain, a range profile
with an improved range resolution can be obtained [21], [22].
To adopt the LMS method in the range domain, each
echo signal has to be received without matched filtering
and converted to a discrete signal by an analog-to-digital
converter (ADC). An insufficient SNR problem due to the
digitization of each non-compressed pulse can be solved by
averaging successive received pulses. To increase the SNR
and thus increase the maximum detectable range, only the
averaging technique is discussed here.
To select a suitable operating frequency band for
automotive SRR sensors, radar performance parameters have
to be estimated for the allocated bands. For automotive
SRR sensors, the European Telecommunications Standards
Institute (ETSI) has allocatedthe 24 GHz ISM and UWB
bands as well as the 79 GHz UWB band, whereas the Federal
Communication Commission (FCC) has allocated the 24 GHz
ISM and UWB bands [4], [5]. In the 24 GHz UWB band,
the peak EIRP is −34 dBm/MHz [23] with bandwidths
of 4 and 7 GHz, whereas in the ISM band, the peak EIRP
is 20 and 12.7 dBm with bandwidths of 200 and 250 MHz,
as stipulated by ETSI and FCC standards, respectively.
In the 79 GHz UWB band, the peak EIRP of 55 dBm with a
bandwidth of 4 GHz is standardized by ETSI. Considering the
cost advantage of the 24 GHz radar compared with 79 GHz
due to semiconductor technology costs, 24 GHz radar was
selected, and a performance comparison between 24 GHz
radars considering the regulations is shown in Table I.
Assuming the system noise figure (NF) of 5 dB, antenna
gain of 15 dBi, radar cross section (RCS) of 1 m2 , PD of 0.9,
and PF A of 10−3 , the range resolution and single-shot
detectable range of the radar can be calculated by (1) and (2),
respectively. The number of coherent averaging operations that
meets the typical maximum detectable range of 30 m can also
be found by (2). Table I shows that, with the UWB radar,
although the range resolution is very high, large averaging
numbers of 226,669 or 80,318 are required to detect targets
up to 30 m. On the other hand, much less coherent averaging is
required for the ISM band radar. However, with the ISM band
radar, the range resolution is more limited, since its signal
bandwidth is narrower than that of the UWB radar.
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Fig. 1. Normalized baseband pulse candidates satisfying OBW of 100 MHz
(raised cosine, Gaussian, and triangular pulses).

Fig. 2. Peak power spectral density of triangular pulses (FWHM = 6.5 and
8 ns) with the peak EIRP of 20 dBm.

In the ISM band pulse radar, it is difficult to distinguish each
pulse signal when several long pulse signals are overlapped.
However, a high-resolution range-profile can be constructed
from a received signal based on the regression method using
a transmitted pulse waveform, and in that case each echo signal
coming from targets becomes distinguishable. Therefore,
a 24 GHz ISM band pulse radar which adopts the RLS method,
a regression method, can provide improved range resolution,
while requiring less averaging due to high EIRP.

in Fig. 2, with a FWHM of 8 ns (pulse width of 16 ns),
the peak unwanted emission level is −22.0 dBm/MHz which
is the peak value of the first side-lobe. With the same peak
unwanted emission level, the FWHMs of the raised-cosine,
Gaussian, and triangular pulses are 9.1 ns, 9.3 ns and 8.0 ns,
respectively, confirming that the triangular pulse still has
the smallest FWHM. To meet the unwanted emission level
of −30 dBm/MHz, the average power can be controlled by
lowering the PRF based on the equation given by [17]

III. I MPLEMENTATION I SSUES OF 24 GHz NARROWBAND
P ULSE R ADAR A DOPTING THE RLS M ETHOD
A. Design of Baseband Pulse
To implement a pulse radar that operates in the 24 GHz
ISM band, the pulse shape, amplitude, and width of the
baseband transmit pulse signal have to be optimized considering the regulations and other important factors, such as the
full-width at half-maximum (FWHM) of the pulse and the
hardware complexity for pulse generation. To design a transmit
pulse signal, only the ETSI standard [24] is considered because
the pulse signal tailored to the ETSI standard can be applied
to the FCC standard allowing a shorter pulse width. In the
ETSI standard, when the baseband pulse signal is unipolar,
the symmetric spectral nature of the transmitted pulse requires
an occupied bandwidth (OBW) of 100 MHz. The OBW must
contain more than 99% of the pulse power. The peak amplitude
of the transmit signal is limited to meet the peak EIRP
of 20 dBm. The unwanted (out-of-band) emission must be
less than −30 dBm/MHz, and it can be met by reducing the
pulse repetition frequency (PRF).
Fig. 1 shows the normalized baseband pulse candidates,
namely, the raised cosine, Gaussian, and triangular pulses with
the pulse widths needed to meet the OBW of 100 MHz.
As shown in Fig. 1, the raised-cosine pulse has the longest
FWHM (7.0 ns), whereas the triangular pulse has the smallest
FWHM (6.5 ns). In addition to the advantage of the
small FWHM, the triangular pulse can be easily generated
by a charge pump circuit. Therefore, the triangular pulse was
selected as the optimal pulse shape.
Fig. 2 shows the peak power spectral densities (PSD) of
triangular pulses (FWHM=6.5 and 8 ns) with the peak EIRP
of 20 dBm. To get some margin in the OBW and for a
lower unwanted emission level, the FWHM of the triangular
pulse in Fig. 1 (6.5 ns) was increased to 8 ns. As shown

Pavg = Ppeak + 20 log (T P W · PRF)

(3)

where Pavg is the average power, Ppeak is the peak power,
and T P W is the pulse width. From (3), when the peak
power and pulse width are −22.0 dBm/MHz and 16 ns,
respectively, the average power becomes −30 dBm/MHz with
a PRF of 24.9 MHz, which is larger than the maximum
PRF of 5 MHz to provide an unambiguous range of 30 m.
Therefore, the average power of unwanted emission can be
made lower than −30 dBm/MHz.
B. Discrete Baseband Signal at the Receiver
To obtain a baseband signal at the receiver, which is an
echo signal reflected from targets, two methods were utilized: signal generation by MATLAB and measurement using
a radar module. Fig. 3 shows examples of generated and
measured echo signals from two targets with a range spacing
of 30 cm at the SNR of 20 dB. An echo signal generated by
MATLAB simulation is shown in Fig. 3 (a). To generate an
echo signal, a triangular pulse with the pulse width of 16 ns
and point scatterers were used as a transmit signal and test
targets, respectively. For convenience, an ideal echo signal was
generated from the given target positions without considering
the path loss, and Gaussian random noise was summed to an
ideal echo signal depending on given SNRs.
Fig. 3 (b) shows echo signals obtained through the
measurement of the radar module. In order to get an actual
echo signal, a 24 GHz ISM band pulse radar was implemented
using commercial chips and 0.13-μm CMOS integrated
circuits (ICs). Fig. 4 shows the block diagram and photograph
of the ISM band pulse radar module. As shown in Fig. 4 (a),
a transmitter (Tx), which consists of a pulse generator,
an up-conversion mixer [25], a power amplifier (PA), and an
antenna, generates and emits a triangular pulse signal with a
pulse width and center frequency of 16 ns and 24.125 GHz,
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Fig. 3. Examples of echo signals from two targets with the range spacing
of 30 cm at the SNR of 20 dB. (a) Generated echo signal by MATLAB
simulation. (b) Measured echo signals from a radar module.

respectively, whereas a receiver (Rx), which consists of an
antenna, a low noise amplifier (LNA), a down-conversion
mixer, and a programmable gain amplifier (PGA), amplifies
and outputs a down-converted echo signal. A 24 GHz
LO signal is generated and divided by a voltage controlled
oscillator (VCO)/phase-locked loop (PLL) and a power
splitter, respectively. The PRF is determined by a switching signal from a clock generator. Fig. 4 (b) shows the
implemented 24 GHz ISM band pulse radar module. The
measured pulse width and amplitude of the triangular pulse
are 16.0 ns and 577.0 mVpp , respectively. With a 5 MHz
PRF, the measured average power of the emitted pulse is
−25.9 dBm, and the OBW of the triangular pulse is 160.2
MHz, thus satisfying the regulations. Two trihedral corner
reflectors were used as test targets, and measurements were
conducted in a radio anechoic chamber to avoid clutter signals.
Baseband echo signals at the receiver output were measured
by an oscilloscope and processed by MATLAB simulation.
The averaging number was set to meet a given SNR.
To adopt the RLS method, a baseband echo signal needs to
be converted to a discrete signal by an ADC. The sampling
rate of the ADC has to be greater than twice the maximum
signal bandwidth based on the Nyquist rate. The desired range
resolution for SRR applications is 30 cm or less [6], requiring
a bandwidth of 500 MHz based on (1). Therefore, the sampling
rate is determined by the desired bandwidth of 500 MHz to
obtain a precise envelope of an echo signal without using an
interpolation filter, even though the signal bandwidth of the
ISM band radar is 200 MHz. Overlapped echo signals from
adjacent targets can be decomposed using a transmit template
signal by applying the RLS method to an oversampled signal
in the range domain, and thus the range resolution can be
improved [21], [22]. In this study, a 1 GS/s 6-bit ADC was

Fig. 4.
24 GHz ISM band pulse radar module. (a) Block diagram.
(b) Photograph.

chosen to achieve a discrete baseband signal. Noting that
various CMOS flash ADCs that provide the sampling rate of
more than 10 GHz have been reported recently [26], the ADC
can be developed by medium-level CMOS technologies.
C. Regularized Least Squares Methods
The LMS method can be utilized to solve the discrete linear
equations defined as
⎤
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where y is the measured echo signal at the baseband in
the discrete time domain, D is the correlation matrix, and
x is the estimated discrete range vector. The range profile x
contains the amplitude of the reflected signal at the position
index where the reflection occurs. In (4), the correlation
matrix D is parameterized by the columns of the discrete
range-shifted versions of the normalized transmit pulse signal
s = [s1 s2 · · · s L ]T having a discrete and fixed range-width of
an integer L. Since y and D are known in (4), x can be found
by minimizing the mean-squared error given by [14]
arg min Dx − y22 .
x

(5)

However, when the measured signal y is noisy, some
non-zero components in x can occur to fit the noisy signal,
which is called overfitting. Therefore, to suppress overfitting
as much as possible, the sparse estimation of x is desirable.
Sparse non-zero components of x mean that few non-zero
components of x due to noise occur.
To reduce the non-zero components in x, the
lp -regularization, a regularized form of (5), can be adopted
and given by [14]
arg min Dx − y22 + α x p ,
x
⎧ n
1/ p

⎪
⎪
p
⎪
|xi |
, p≥1
⎪
⎪
⎪
⎪
⎪ i=0
⎪
n
⎨
x p =
|xi | p ,
0< p<1
⎪
⎪
⎪
i=0
⎪
⎪
n
⎪
⎪
⎪
⎪
1xi =0 ,
p=0
⎩

(6)

(7)

i=0

where x p is the lp -norm, and α is the regularization
parameter. The l0 -, l1 -, and l2 -norms mean the number of
non-zero components, the sum of the absolute values, and the
Euclidean length of x, respectively. The l0 -regularization finds
the sparsest solution of x by minimizing the l0 -norm. However,
it is difficult to find the correct solution of the l0 -regularization,
because the number of all cases of x has to be checked. From
the l2 -regularization, a closed-form solution can be achieved
by minimizing the l2 -norm, but it is not sparse enough. On the
other hand, by the l1 -regularization, the sparsest solution can
be obtained with a proper regularization parameter.
Fig. 5 shows simulated PD and PF A when two targets are
located with a range spacing of 30 cm. To find a proper
algorithm for a 24 GHz ISM band pulse radar, four wellknown algorithms, the conjugate gradient method (CGM) [27],
In-Crowd [28], LASSO, and least square with QR factorization (LSQR) [29], were applied to echo signals that were
generated by MATLAB, as shown in Fig. 3 (a). Conventional
detection threshold values were determined for PF A
of 10−3 based on the detection theory by assuming that the
noise has a Gaussian distribution [17], [30]. After applying
each algorithm, non-zero components occur, and a decision
of detection or false alarm is made by positions of
non-zero components which exceed the detection threshold.
As shown in Fig. 5 (a) and (b), when the LASSO algorithm
is applied, a more accurate range profile can be obtained,

Fig. 5. Simulated PD and PF A for detecting two targets with the range
spacing of 30 cm. (a) Probability of detection. (b) Probability of false alarm.

while suppressing non-zero components caused by noise
(false alarm). LASSO [15], [16] is one of the algorithms
capable of finding the l1 -regularization solution in a short time.
Therefore, to improve the range resolution of the ISM band
pulse radar, the LASSO algorithm was chosen to implement
the RLS method by applying it to a discrete baseband signal
at the radar receiver.
D. Additional Detection Threshold for LASSO Outputs
Fig. 6 shows the dual detection thresholds (first and second
thresholds) values at each PF A and the SNR. In the
conventional detection method, in order not to exceed a
given FAR, a detection threshold, called the first threshold,
is determined uniquely from the noise probability density
function [17]. However, after the LASSO operation, false
non-zero components in x can be generated due to noise
and signal distortion. Therefore, to sustain the required FAR,
an additional detection threshold, called the second threshold,
is introduced to reject the incorrect components of x.
By adopting the second threshold after the LASSO simulation,
the FAR can be reduced significantly because at moderate or
high SNRs, most false alarm signals have smaller amplitudes
than real pulse signals. Note that the first threshold is used
in the LASSO simulation to select non-zero components
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Dual detection thresholds (first and second thresholds) values.

in submatrix D and subsection x, where the intervals in y
exceed the threshold from (6), and this effectively reduces
calculation load. The second threshold values are found from
the output data of the LASSO simulation to meet a given FAR.
The LASSO simulation was performed ten million times for
two equal amplitude pulses spaced with a range distance ΔR
at each SNR. Here, ΔR was changed from 30 cm to 75 cm
with a minimum range step of 15 cm, which corresponds to
a 1 ns round-trip time. The threshold values in Fig. 6 were
used in the following simulation.
E. Range Update Time
The short-range update time is an important factor for
automotive radar. To determine the effect of the regression
methods on the range update time, the computational
complexity of the regression methods has to be considered.
When D is an M×M matrix and y is an M×1 vector in (6),
the LASSO algorithm has a computational complexity
of O(M3 ) [16]. However, as mentioned earlier, because the
LASSO algorithm operates only with the range bins that
are over the first detection threshold, the computational
complexity can be much lower than O(M3 ). For example,
assuming that one-third of the entire range exceeds the
first detection threshold, the computational complexity is
reduced to one twenty-seventh of O(M3 ). Assuming that
10% of y entries exceed the first detection threshold when
two targets exist with a maximum range of 30 m, requiring a
200×200 matrix D, a 20×20 sub-matrix in D and a 20×1 subvector in y will be used for the LASSO algorithm. Using
a low-end DSP of TMS320F28335, the LASSO operation
for detecting two targets is expected to take an average
calculation time of 0.8 ms. With the DSP, it takes 0.1 μs
to perform single floating point multiplication. Neglecting
data acquisition time, 0.8 ms corresponds to a range update
frequency of about 1.25 kHz, which is an acceptable value
for automotive applications, and the range update frequency
can be increased further with a high-end DSP or dedicated
field programmable gate array (FPGA) ICs.

Fig. 7. Simulation processes in discrete time domain: (a) initial position of
two targets, (b) received signal y with noise, (c) result of LASSO simulation
in x, and (d) two successfully detected targets in x.

IV. S IMULATION R ESULTS
As discussed earlier, the RLS method was implemented to
improve range resolution by applying the LASSO simulation
to a discrete baseband signal at a radar receiver using the first
and second threshold values. Also, as previously mentioned,
a triangular pulse with a pulse width of 16 ns was utilized as
a baseband pulse signal. The generated or measured signals
shown in Fig. 3 were used as the echo pulse signal y in (6).
Fig. 7 shows the MATLAB simulation processes in the discrete
range domain used to construct a range profile which has a
higher range resolution. Since the unit discrete range index
corresponds to 15 cm, the maximum range index of 200 corresponds to a 30 m range. As shown in Fig. 7 (a), the positions of
two targets are given in the discrete range domain. An example
of a received signal y from two targets at an SNR of 20 dB is
shown in Fig. 7 (b). As mentioned earlier, the first threshold
(conventional detection threshold) is used to select the nonzero subsection of x, where the intervals in y exceed the
threshold value. In (6), with the
LASSO algorithm [15], the
regularized parameter a is set by ni=1 2|D · (y − D · x0 )|i /n,
where x0 is initial x. After the LASSO simulation with the
subsection of x, LASSO outputs of more than two non-zero
bins are shown in Fig. 7 (c). Applying the second threshold
in Fig. 6, two targets were successfully detected as shown
in Fig. 7 (d).
Fig. 8 shows the probabilities of exactly detecting two
targets within the range accuracy of ±15 cm at PF A = 10−3 .
Based on Fig. 8, to resolve two targets separated
by 30 cm at the PD of 0.9, the required SNRmin are
20.5 and 21.1 dB for the simulated (generated) and measured
echo signals, respectively, which are 9.5 and 10.1 dB higher
than that required for conventional single-target detection,
respectively. In other words, for PF A = 10−3 and PD of 0.9,
the SNRmin of 11 dB is required only to discriminate the
existence of echo signals regardless of target numbers [17],
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Fig. 8.
Accurate detection and ranging probabilities of two targets
at PF A = 10−3 .

whereas the SNRmin of 21.1 dB is required to exactly identify
two targets with the range resolution of 30 cm. Thus,
successful detection for the multi-target condition requires
both the exact coincidence of target numbers and the satisfaction of the specified range accuracy and resolution, resulting
in a higher required SNRmin . To satisfy the SNR of 21.1 dB,
the coherent averaging number of 1,066 is required, which is
still much lower than that of the UWB radar shown in Table I.
The proposed radar shows better range resolution than the
typical ISM band radar and much less averaging than the
UWB radar. Therefore, the proposed pulse radar can be a good
candidate for cost-effective SRR sensor applications.
V. C ONCLUSION
The application of SRR in the 24 GHz ISM band has been
limited, due to the narrow bandwidth which results in a low
range resolution of 75 cm. To improve the range resolution,
this paper proposed a narrowband pulsed radar which adopts
the RLS method based on the LASSO algorithm. A triangular
pulse with a pulse width of 16 ns was utilized as a transmit
baseband signal to satisfy the ETSI regulation. To implement
the RLS method, LASSO simulation with dual detection
thresholds was applied to a received baseband signal. Using
the proposed method, the typical range resolution of 75 cm can
be improved to 30 cm with simulated and measured values of
SNRmin of 20.5 and 21.1 dB, respectively, for PF A = 10−3
and PD of 0.9. The acceptable coherent averaging number
with the improved range resolution compensates the SNR
penalty and makes the radar proposed here a good candidate
for SRR applications. The proposed method also predicts the
probabilities of target detection and false alarm within the
specified range resolution and accuracy.
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