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Abstract

This paper proposes a Doppler resolution enhancement algorithm based on signal extrapolation for frequency-modulated
continuous wave (FMCW) radar systems. In conventional FMCW radar, Doppler estimation is performed by repeatedly
transmitting multiple chirp signals and analyzing the phase variations of the received signals via the fast Fourier transform
(FFT). However, when multiple targets have similar velocities, their Doppler shifts become indistinguishable, often result-
ing in the detection of multiple targets as a single peak in the Doppler spectrum. A common approach to resolving this
issue is to increase the observation time, which improves resolution but at the cost of additional resources. To overcome
this limitation, the proposed method enhances Doppler resolution without extending the observation window by extrapo-
lating the received signal through simple signal manipulations. Simulation results verify that the proposed algorithm
achieves improved Doppler resolution without incurring additional resource overhead. Compared to the conventional FFT
approach, it achieves up to 33% reduction in RMSE and up to 68% reduction in missing rate under moderate SNR and
closely spaced targets, while maintaining a similarly low computational cost.

Keywords FMCW radar - Doppler - FFT - Resolution improvement - Low complexity

1 Introduction

Radar sensors have become an integral part of modern sens-
ing systems, playing a central role in various applications
such as automotive safety, industrial automation, surveil-
lance, aerospace, and biomedical monitoring. Since they are
Co-corresponding Author: Sangdong Kim. robust even in harsh environmental conditions such as rain,
fog, darkness, and dust, they are generally more advanta-
geous than optical or infrared sensors that rely on favorable
lighting and viewing angles [1, 2]. Radar systems can pen-
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Fig. 2 Structure of TX and RX signals of FMCW radar

cost. Furthermore, unlike continuous-wave (CW) radar sys-
tems, FMCW radar enables both range and Doppler mea-
surements from a single transmission, making it suitable for
high-mobility and time-critical applications.

In FMCW radar, the fast Fourier transform (FFT) is
widely used for both range and Doppler estimation due to its
computational efficiency and simplicity [6]. The introduc-
tion of the FFT algorithm significantly reduced the process-
ing time required to analyze frequency-domain signals [7].
However, FFT-based methods are fundamentally limited by
their resolution, which is governed by the time-bandwidth
product. When multiple targets exhibit similar velocities,
their Doppler frequencies can fall within the same FFT bin,
making them indistinguishable in the frequency domain [8].

In [9], an extrapolation-based method for FMCW radar
was proposed to improve resolution using beat-frequency
slices in the short time Fourier transform (STFT) domain.
The technique involves extrapolating frequency-domain
slices between sweeps, followed by phase correction and
inverse STFT reconstruction. This approach effectively
extends the usable observation window but incurs increased
computational complexity due to time-frequency transforms
and prediction-based filtering.

To address these limitations, super-resolution techniques
such as the Estimation of Signal Parameters via Rotational
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Invariance Techniques (ESPRIT) and the Multiple Signal
Classification (MUSIC) algorithm have been proposed [10—
13]. These algorithms exploit the signal subspace to resolve
closely spaced spectral components beyond the classical
resolution limit.

Nevertheless, such methods are computationally inten-
sive and often require prior knowledge of the number of
sources, which may not be available in practical real-time
radar systems. Various alternative techniques have been
explored to improve resolution without high computational
cost. For example, signal extrapolation and virtual opening
expansion were used to improve resolution synthetically [8].

In this paper, we propose a novel Doppler resolution
enhancement algorithm that does not require additional
resources or complex subspace estimation. The proposed
algorithm enhances Doppler resolution by extrapolating
the chirp signal through simple mathematical operations,
thereby extending the effective observation window with-
out increasing resource usage. Furthermore, mathematical
analysis demonstrates that interference terms are not domi-
nant even in multi-target scenarios. Through simulation
results and complexity analysis, we show that the proposed
approach provides improved performance in resolving
closely spaced Doppler components compared to conven-
tional FFT-based techniques.

The remainder of this paper is organized as follows. Sec-
tion 2 and Sect. 3 describe the FMCW radar signal model
and Doppler estimation algorithms as related work. Sec-
tion 4 presents the proposed algorithm in detail, including
its mathematical formulation. Section 5 provides simulation
results and computation complexity. Section 6 concludes
the paper and discusses future work.

2 System Models

This section discusses the system model of radar signals.
Among various radar types, the FMCW radar system is con-
sidered. Figure 1 illustrates the system model under con-
sideration. A total of MMM targets are assumed, where the
m-th target is located at a distance R, from the radar and is
moving at a velocity v,

Figure 2 illustrates the structure of the transmitted and
received signals in an FMCW radar system. A total of L
symbols are transmitted and received per frame. In Fig. 2, B
represents the bandwidth, T denotes the duration of a chirp
symbol, and t,, indicates the delay component caused by the
m-th target, which is determined by the distance R,,.

The beat signal corresponding to the /-th chirp in an
FMCW radar system can be expressed as follows:
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Fig. 5 Structure of Doppler estimation of the conventional FFT-based
algorithm

M

yi(t) = Z am exp(27pimt) exp(j27 FRT) +2(t) "
m=1

range term velocity term

for0<I<L—-1

where a,, is the complex coefficient that includes the ampli-
tude and phase components of the signal reflected by the

m-th target, u, is the slope of the FMCW radar, fD rep-
resents the Doppler frequency caused by the velocity v,
of the target, and z,(¢) denotes additive complex Gaussian
noise. The beat signal y,(¢) is sampled using ADC with a
sampling interval ¢, and the resulting discrete digital signals
is expressed as:

M
yin] = Z am exp(j2m pmnts) exp(§2n f2TL) + z[n). 2)

m=1

Figure 3 shows the data structure based on (2). The vertical
axis represents the sample domain n, while the horizontal
axis corresponds to the chirp domain /. By estimating the
frequency in the vertical direction, i.e., u,, the range R,
can be determined. Similarly, by estimating the frequency
in the horizontal direction, the Doppler frequency fD can
be obtained, enabling the estimation of the target’s velocity.

3 Range and Doppler Estimation Algorithms
Based on FFT

3.1 Conventional FFT-Based Algorithm

Inthis section, the algorithm for estimating range and Doppler
by performing FFT on the beat signal is described. First, an
Np-point FFT is performed where Ny is the FFT size used for
range estimation, and it is larger than the number of samples
N,, as shown in Fig. 4. Additionally, zero-padding is applied
to make the FFT input length equal to N, which is denoted
as y?[n], i.e., y?[n] = [w[0], ..., wi[Ns — 1],0, ..., 0]T where
()" is transpose operator. Specifically, the k-th FFT output
for y;[n] is denoted by Y;[k] and is expressed as follows
[14]:

Np—1

Yilk = Y wffnlexp

n=0

j2
(-’J@f”) for 0<k<Ng—1.  (3)

Then, N, times Np-point FFT is performed on range FFT
output Y;[k] in order to estimate Doppler as shown in
Fig. 5. The g-th FFT output for Doppler estimation Y, [k] is
expressed as follows:

Not ( j2mql

Yylk] = > YP[k]exp Ny ) for 0<¢< Np-—1 4)
=0

where Y°[k] is the zero-padded version of Yj[k], i.e.,
Ye[k] = [Yolk], ... Y—1[K],0, ..., 0] of length L, obtained
by appending N,—L zeros in order to perform N-point FFT.

Subsequently, the final range and velocity of the target
are estimated through the FFT output ffq [k] processed using
a constant false alarm rate (CFAR) algorithm. Then, using

@ Springer



Journal of Electrical Engineering & Technology

/N e i \I]\'TD_pOint
L Yolkol W[kl - Yia[ke] 0 --0; FFT
Uy [k, ) Y[k - Y, a[ki] 0 .0 i Np-point
L Jole]  hlk] v X el 0 0 gy
[T m s T e e e e s m - — - R} .
Yolkny-a] Yalkps] - Yiakyyog] 0 - 0} Moo

Chirp index, /
Fig.6 Structure of Doppler estimation of the Rol based algorithm

Ng-point FFT

__________

AR (1 I A (1)
ol k) an
E}’+ [Ns — 1] §[> Y.[k] DeI::onn [> Y+5[k1]
0 i Y, [k, ]
0 V-1l

y+[n]"—"“%:';1 yi[n]

Fig. 7 Structure of Rol detection algorithm

the m-th estimated range bin index ki, and Doppler index
Gm, 1.€., the ordered pairs (l%m,cjm) for m=1, 2,..., M, the
estimated range R, and velocity V,, are calculated as fol-
lows [15]:

A Col%fs

Rm = 5
5uNn (5)

> CO(im
™9 fIT'Np ©)

where c, is the velocity of electromagnetic, i.e., c,=3 x 108
m/s.

3.2 Rol-Based Complexity Reduction FFT-Based
Range and Velocity Estimation Algorithm

This section describes a complexity-reduced FFT-based
range and velocity estimation algorithm utilizing a region of
interest (Rol), referred to hereafter as the Rol-based algo-
rithm. In the conventional algorithm discussed in Sect. 3.1,
an Np—point range FFT is applied to each of the L chirps,
resulting in N, chirp domain signals of length L. Then, N—
point Doppler FFT is performed on each of these N, signals.
In contrast, as shown in Fig. 6, the Rol-based algorithm
reduces computational complexity by restricting Doppler
estimation to Nj selected range bins, which are identified
as likely to containing targets, instead of processing all
N, signals where N is the number of the detected peaks.

@ Springer
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To aid understanding, Fig. 7 illustrates an example of Rol
detection. In Fig. 7, all chirp signals are summed to improve
SNR [14]. The summed signal y,[#] is processed by an N,
-point FFT, followed by peak detection. As a result of the
Rol detection process, Np indices are identified, i.e., &, for
u=0, 1, ..., Np—1, representing the range bins estimated to
contain targets.

Subsequently, Np times Np—point FFT for Doppler esti-
mation is performed only for for 0<u<N,-1 instead of
0<k<Ng-1 as in the conventional algorithm. The u-th FFT
output of the Rol based algorithm is denoted by ¥, [u] and

is expressed as follows:

Not <7j27rql

v Rol o .
Y u] = ;YZUCU]GXP ND>7f010<q<anl 7

where Y)°[k,] is the zero-padded version of Y[k,], i.e.,
Y°lky] = Yilky] for 0 < u < Np —1 and Y°[k,] = 0 for
Np<u< Np—1. Since Ny is typically much larger than N, the
computational complexity is significantly reduced.

4 Proposed Range and Doppler Estimation
Algorithm

4.1 Proposed Extrapolation Algorithm

This section describes an FFT-based estimation algorithm
with improved resolution, achieved through simple signal
processing. The process up to the Doppler FFT estimation is
identical to the Rol-based algorithm described in Sect. 3.2.
In other words, the proposed extrapolation algorithm is
applied to the component Y[k, ], which corresponds to the
k,-th row among the NpxL range bins estimated to contain
targets through the Rol detection process.

After Rol detection, the selected signal corresponds to
the k,-th range bin; that is, Y;[k,] is used for the proposed
extrapolation. Figure 8 illustrates the proposed extrapola-
tion algorithm. In the proposed algorithm, the extrapolated
vector is denoted by YE* which is constructed by concat-
enating two vectors, YP™ and YP°, both of which are
generated based on Yj[k,], i.e., YE* = [YP™ YP*']. The front
vector of length L is denoted by YP™ and expressed as:
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Yo [V b, VI ). ]
9 YL*I [ku]] 9

=Y [ku] X [YO[ku]v Y1 [ku}v

Sy ©

where Y;”"°[k,,] is the /-th element of vector YP™. In a simi-
lar manner, the rear vector YP°St, which has a length of L-2,
is defined as:

Yo = [V ), Y ),
= Yi-alka] % Vil Yalkal, -

Ypost ku]]

k),

where Y,"°*"[k,] is the /th element of vector YP°st,

Finally, the extrapolated vector Y**[k,] with of 2L—1,
is generated by concatenating YP'® and YP°5t as follows:
YEx — [Ypre, Ypost] . (10)
Since the signal length is extended from L to 2L.—1, an
improvement in Doppler resolution is expected. As in the
Rol-based algorithm where FFT is performed for Doppler
estimation, an Np-point FFT is applied to the extended sig-

nal. This allows the Doppler information of each target to
be estimated.

4.2 Analysis of the Extrapolated Signals with Single
Target

In this section, we mathematically analyze that the proposed
extrapolation not only extends the length of the signal but
also retains its sinusoidal characteristics. For simplification,
considering a single target, the target index m is omitted,
allowing a,, 7,, and fm to be simplified as a, 7, and /P,
respectively. After Rol detection, (7) is simply expressed as
follows:

Yi[ku] = Ay, exp (527 fPIT) + Zy[k.] (12)
where Ay, is the complex amplitude term after range FFT
operation and Z;[k,] is the k,-th FFT output of z;[n]. By
substituting (12) into (8) and omitting noise Z; [k, |, the /-th
element of YP*® are expressed as:

Ylpre[ku} = Yi[ku]Yi[ku] (13)
= A} exp(j2r (I+1)TfP) for 0<I<L—1.

Similarly, the /-th element of YP°' can be expressed as
follows:

VPO u] = Yy [ulYilu]
= A} exp (j2m (L+1+1)TfP) for I<I<L—1.

(14)

By concatenating (13) and (14), we obtain (10), where
the extended complex sinusoidal signal of length 2L—1 is
preserved.

To summarize the extrapolation procedure for a single
target, Algorithm 1 presents a step-by-step construction
of the extended signal based on vector multiplication and
concatenation. This simple yet effective approach preserves
the sinusoidal structure while doubling the signal length for
improved Doppler resolution.

Algorithm 1 Extrapolated Signal Construciion
1: Input: Original signal y[k,] = [Yo[ku], Yi[kd], . ..
2: OQutput: Exirapolated signal y*¥[k,]
3 /* Pre-part */
1
3

H YL—I [ku]]

:fori=0t0 L—1do
Y(pm[kn] - Y[[ku] - [kn]

6: end for

7: /* Post-part */

g: forl=110 L—1do
% VP [k] = Yia[ku] - Yilku]
10: end for

11: Concatenate: y**[k,] = [yP*[k.], yP™![k.]]

4.3 Analysis of the Extrapolated Signals with Multi-
Target

In this section, we address the analysis of extrapolated
signals in cases ranging from a single target to mul-
tiple targets. To simplify, the complex sinusoid signal
due to Doppler frequency at the /-th chirp is denoted as

Lo ie, l = exp (j2rT1fL). Hence, Y,""°[k,] is simply
expressed as follows:

YPky] = Vi[k Z Amtm Z Apt,  (15)

where A, is the m-th target’s complex amplitude term after
range estimation. By expanding (15), the expression can be
written in terms of a dot product term and a cross product
term:

M M

Ypre Z m¢l+1 + Z Amwm Z Ap'l/)l
m=1 m#p pF#EM (16)
—_——

dot product term cross product term, CPre

In the dot product term of (16), the sinusoidal structure is
clearly preserved, as it contains Doppler information and
exhibits a linear phase variation with respect to the index
I. Meanwhile, the cross product term CP*® in (16) can be
expanded as follows:

@ Springer
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CP™® = Aypy (Aghh + Agthy + Aatl + ...
+As0s (A1} + Azl + Al + ...) (17)
+..+ Aptns (Aﬂ/)i + Agi/)é + Ag’l/)é + ) .

By factoring out A,,v! from each product in (17), the
expression can be rewritten as:

CP™ = Ayl (Agthy + Asths + Agtpy + ...)
+ Aol (Arir + Agthy + Agthg + ... (18)
ot Aphy (Arthy + Aoty + Agtis +..) .

By expressing the terms inside the parentheses in (18) as
Am, ie., flm = Z%#m A, CP™can be represented

as another sinusoidal signal as follows:

M
CPe =" A, (19)
m=1

Similarly, by applying the same approach to the rear part,
Y;P*[k,] is simply expressed as follows:

Y,lpost [ku} — YL—I [k‘u]yvl [k'u]

M M
=D AntpTt Y A,

m=1 m=1
M M M (20)
= 3 AT S A Y A
m=1 m#p pF#Em
—————

dot product term cross product term, C'Post

where CPt is cross product term. As can be seen from
(20), the dot product term in Y;>**'[k, ] is connected to the
product term generated by Y;""°[k, ). Furthermore, the cross
product component CP°* can be analyzed as follows:

CPo = Aoy~ (Agthh + Asih + ...)
+ Ay (Al + Asyh + ) Q1)
oo+ AprpET (Argh + Aol + L)

By factoring out A,,v!, from each product in (21), the
expression can be rewritten as:

CPst = Ayl (Agpd ™' + Agypy ™ + )
+Ah (Appf ™+ Agypf T+ L) (22)
o+ Anhy (Arf ™+ Aol ™t 40

By expressing the terms inside parentheses in (22) as A,
. A M
ie, An =>

m'£m AprpETE, OPtcan be represented as

another sinusoidal signal as follows:

@ Springer

M
crot =3 Ay, (23)

m=1

As observed in (19) and (23), the dot product term becomes
more dominant due to extrapolation, while the cross-prod-
uct terms are composed of linear combinations of sinusoids
sharing the same frequency components. Therefore, their
overall influence on the frequency structure remains lim-
ited, and the extrapolated signal retains a strong sinusoidal
behavior centered on the true Doppler frequency.

Moreover, while the extrapolation process operates on
beat signals that include additive complex Gaussian noise,
the operations involved—such as vector reversal, con-
catenation, and element-wise multiplication—introduce
cross-terms involving noise products. Although these opera-
tions lead to non-Gaussian noise behavior, it is known that
the product of independent complex Gaussian variables
remains bounded with finite variance [16]. As a result, the
extrapolated signal does not suffer from uncontrolled noise
amplification. This robustness is supported by the simula-
tion results in Sect. 5, where the proposed algorithm dem-
onstrates superior resolution even under noisy conditions.
Furthermore, the proposed algorithm assumes complex-
valued input signals, as phase preservation is essential for
extrapolation.

5 Performance Evaluation
5.1 Simulation Results

In this section, simulations are conducted to verify the
resolution improvement of the proposed algorithm, and the
results are reviewed. The conditions for the simulation are
as follows: the center frequency f. is 24 GHz, a chirp signal
duration 7 is 400 us, the bandwidth B is 500 MHz, the num-
ber of chirps per frame L is 40, the number of FFT points for
range estimation Ny is 1024, and the number of FFT points
for Doppler estimation Ny, is 128.

Figure 9 compares the FFT input and output of the con-
ventional FFT-based algorithm with the proposed algorithm
for the single target with the velocity of 3 m/s. It can be
observed that the signal length in the proposed algorithm
is nearly twice as long as that in the conventional method.
Additionally, the FFT output shows that the side-lobes of
the proposed algorithm are smaller compared to those of the
conventional FFT algorithm.

Figure 10 compares the FFT input and output of the con-
ventional FFT-based algorithm with the proposed algorithm
for two targets with the velocities of 3 m/s and 3.3 m/s. In
Fig. 10(a), it can be observed that the signal length of the
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Fig. 9 Comparison of FFT input and output between the conventional and proposed algorithms with M=1

proposed algorithm is twice as long as that of the conven-
tional algorithm. In Fig. 10(b), the conventional algorithm
estimates a single target, whereas the proposed algorithm
successfully estimates two targets.

Figure 11 illustrates the root mean square error (RMSE)
of the estimated velocity difference between two targets
under varying SNR conditions. RMSE is computed based

on 10* independent simulation trials at each SNR. The three
cases correspond to target velocities of vi = 5 m/s and v
=5.2,5.3, and 5.4 m/s, resulting in velocity differences of
Av=0.2, 0.3, and 0.4 m/s, respectively. As expected, larger
velocity separations lead to lower RMSE for all methods.
The proposed algorithm outperforms the conventional FFT-
based algorithm, particularly at lower SNRs and smaller
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Av. In contrast, the conventional algorithm shows relatively
stable but inaccurate performance for small velocity differ-
ences due to its limited resolution. The MUSIC algorithm
provides the best RMSE performance except at low SNRs,
but this comes at the cost of significantly higher compu-
tational complexity. It is important to note that RMSE is
computed only for detected targets. In cases where only a
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single peak is identified, the error is calculated based on
the available estimate, while the missed target is excluded.
Therefore, alow RMSE does not necessarily imply that both
targets were successfully resolved, particularly for the con-
ventional and MUSIC algorithms. This limitation is more
clearly reflected in the missing rate results shown in Fig. 12.
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Figure 12 shows the missing rate for each algorithm
under the same conditions as in Fig. 11. The missing rate is
defined as the proportion of trials in which both targets are
not successfully detected either due to merging into a single
peak or complete failure to detect one or both targets. Addi-
tionally, a trial is considered a miss if the estimation error
exceeds 2 m/s. The proposed algorithm achieves a signifi-
cantly lower missing rate than the conventional algorithm,
particularly at smaller velocity differences, indicating supe-
rior robustness. In contrast, the conventional method exhib-
its a consistently high failure rate. Compared to the MUSIC
algorithm, the proposed algorithm shows a higher missing
rate when Av=0.2 m/s, but achieves a lower missing rate for
Av=0.3 and 0.4 m/s. Despite its high resolution, MUSIC
suffers from noise sensitivity, leading to higher missing
rates than FFT-based methods under high SNR and suffi-
cient target separation.

SNR (dB)
(b) Av=0.3 m/s

6 8 10 0 2 4 f 8 1o
SNR (dB)
(a) Av=0.4 m/s

5.2 Complexity Analysis

This section analyzes the computational complexity of the
conventional, the proposed, and the MUSIC algorithms.
The comparison is based on the number of complex mul-
tiplications, which dominate the overall computation time
in typical radar signal processing pipelines. To ensure a fair
comparison, all methods are implemented with a Rol-based
structure that limits Doppler estimation to N, range bins
identified as likely containing targets. Range estimation is
commonly performed using an Np-point FFT for all meth-
ods, providing the basis for subsequent Doppler processing.

For the Rol-based conventional algorithm, a total of
(1+L) Ni log,N, multiplications are required to perform
one Np-point FFT for Rol detection with high SNR, L
additional Np-point FFTs for range estimation processing
across all chirps. Then, Doppler estimation is performed
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Fig. 13 Computational complex-

10

(10 i . 10 : : .
ity comparison according to L 10
yeomp ® —E&— Conventional —O— Conventional
i —#— Proposed —#— Proposed L
E 4 ||—«—MusiC " o? | music
=
E 10" 1
i',l
E .~,
5 10 1
£ 3 ;
§
E 100} 1 100 .
z
@ €
107 , 0’ _
] A6 47 - -4 ~3 ~ B o7 ~ 8 -9
Number of chirps, L Number of chirps, L
(a) N =2 (by N =3
,r.! I
. ) ) . Table 1 Performance comparison of doppler Estimation algorithms
on N, selected range bins using Np-point FFTs, requiring Algorithm Resolution  Performance Complexity
N,Np log,N, multiplications. Therefore, the total number  Conventional ~25m/s  Lowaccuracy with  Low
of multiplications for the Rol-based conventional algorithm high missing rate
is given by: MUSIC <0.5 m/s High accuracy with ~ Very high
high missing rate
Cleonventional = (1 + L)Ngloga Ng + NpNplogyNp. (24) Proposed 0.5~1m/s Moderate accuracy  Low

The proposed algorithm performs the same number of range
FFTs, requiring (1+L)-Nzlog,N, multiplications. After Rol
detection, each of the N, selected bins undergoes extrapola-
tion, which involves simple signal operations equivalent to
2L multiplications per bin. Following extrapolation, Dop-
pler estimation is performed using Np-point FFTs for each
extended signal. This step requires an additional N, N,
log, N, multiplications. Therefore, the total number of mul-
tiplications for the proposed algorithm is as follows:

Cproposed = (1 + L)NR10g2NR + NP(2L + NDlogzND)~ (25)

The MUSIC algorithm also begins with the same Rol detec-
tion and range processing stage, where an Np-point FFT is
applied to each of the L chirps, resulting in LNylog, N, com-
plex multiplications. Based on the resulting range-Doppler
map, N, candidate range bins are selected as likely target
locations. For each selected bin, Doppler estimation is per-
formed using the MUSIC algorithm, where L chirps are
treated as temporal snapshots to construct the sample cova-
riance matrix. This includes covariance matrix estimation
L2, eigenvalue decomposition 1613 /5, projection matrix

@ Springer

and low missing rate

construction, and spectral evaluation over Ny, points. These
operations can be simplified and expressed as [17]:

Cymusic = (14 L)Nglogy Nk

L—M)L+1)

16, ( (26)
+NpL (EL + .

+ Np(L + 1))

Figure 13 shows the computational complexity compari-
son in terms of the number of complex multiplications as a
function of the number of chirps L. The proposed algorithm
introduces moderate additional cost compared to the con-
ventional approach, while the MUSIC algorithm requires
significantly higher complexity, especially as L increases.
As shown in Fig. 13, the proposed algorithm significantly
reduces the number of complex multiplications compared
to the MUSIC algorithm. For instance, when L=256 and
N,=2, the proposed algorithm requires approximately 240
times fewer complex multiplications than MUSIC. In the
case of N, =3, the gap remains substantial, with a reduction
factor of about 360 times observed at L=512.

Table 1 summarizes the qualitative comparison among the
conventional FFT-based method, the MUSIC algorithm, and
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the proposed method in terms of Doppler resolution, estima-
tion performance, and computational complexity. While the
MUSIC algorithm provides the highest resolution, it suffers
from a high missing rate and significantly increased complex-
ity. The conventional FFT method is computationally efficient
but exhibits low accuracy and high target miss rates. The pro-
posed method offers a balanced trade-off, achieving moderate
to high resolution and accuracy with low computational cost
and reduced miss rates.

6 Conclusion

This paper proposed a Doppler resolution enhancement algo-
rithm for FMCW radar that improves target separability with-
out increasing observation time or computational complexity.
By extrapolating the chirp signal through simple operations,
the algorithm achieves higher Doppler resolution with mini-
mal resource usage. Simulation results demonstrated superior
performance in low SNR conditions, achieving lower miss-
ing rates and improved RMSE compared to conventional
FFT-based methods, with similar computational cost. Future
work includes validating the proposed method using real radar
measurements. A 24 GHz FMCW radar system is being pre-
pared to collect practical beat signals, and further studies will
explore the algorithm’s robustness in dynamic environments
and potential integration with adaptive or Al-based techniques.
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