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Abstract: The interrupted-sampling repeater jammer can sample, store, process and transmit part of the radar
transmitter signal multiple times and the fake targets will form on the radar receiver. To improve the radar
performance in the aforementioned jamming scenario, in this study, a new signal differential feature extraction
method is proposed, and a judgment criterion is formulated based on the difference between the target echo and
the Interrupted-Sampling Repeater Jamming (ISRJ) in the differential feature space to effectively identify and
suppress the ISRJ while achieving target detection. Simulation results show that the proposed method has a
remarkable ISRJ suppression performance. The equivalent signal-to-noise ratio is improved by at least 4.2 dB
compared with three typical time-frequency domain filtering algorithms.
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1 Introduction

The electromagnetic environment of modern
radar systems has become increasingly complex,
resulting in significant constraints on radar detec-
tion performance due to various types of electron-
ic interference. The interrupted-sampling repeat-
er jammer adopting Digital Radio Frequency
Memory (DRFM) technology achieves multi-false
target jamming effects at the radar receiving end
by slicing and sampling the radar transmitted sig-
nals and repeating the forwarding. It exhibits flex-
ibility in application, strong adaptability, and

poses a high threat, thereby emerging as a
prominent method within radar jamming techno-
logy*8l,

With the advancement of interrupted-
sampling repeater jamming technology, extensive
research has been conducted by scholars globally
on the identification and suppression of interfer-
ence in the spatial, waveform, and time-fre-
quency domains. In the spatial domain, multi-
channel array adaptive beamforming technology is
utilized in Ref. [9] to suppress interference.
However, if the jammer is positioned within the
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radar transmission beam’s main lobe, significant
target energy loss occurs during interference sup-
pression'’. In the waveform domain, effective
suppression of interrupted-sampling repeater jam-
ming can be achieved by designing intra-pulse or-

L2 Doppler-sensitive wave-

thogonal waveforms!
forms!"®' and mismatched filters!">"'"). These
methods, however, necessitate solving complex
waveform optimization problems, making them
challenging to implement in real-time for rapidly
evolving interference scenarios. In the time-fre-
quency domain, two primary approaches exist for
identifying and suppressing interference: one in-
volves estimating the source's time-frequency
parameters from the time-frequency diagram,
identifying and reconstructing the interference,
and subtracting it from the radar received signal
to achieve interference suppression!'®; the other
constructs a time-frequency domain bandpass fil-
ter based on the time-frequency diagram to sup-
press interference 2!/, Among them, the Refs.
[19,20] perform time-frequency analysis on the de-
chirped radar received signal and construct a
bandpass filter by extracting pure target seg-
ments; the Ref. [21] conducts time-frequency ana-
lysis on the pulse compression result of the radar
received signal, extracting the 3 dB width charac-
teristic of the peak value in the frequency dimen-
sion of the time-frequency diagram to identify the
targets and interferences, and designs a filter
based on the identification results to obtain a time-
frequency diagram containing only the targets.
Short-Time Fourier Transform (STFT) is essen-
tial for time-frequency analysis in all aforemen-
tioned methods. The short-time Fourier trans-
form with a sliding window in the time domain
reduces the resolution in both the time and fre-
quency domains. For the first type of method, it
will lower the accuracy of parameter estimation
and affect the reconstruction and suppression of
interference signals. For the second type of method,
it will result in the contamination or loss of pure
target samples and influence the construction of
bandpass filters. Additionally, time-frequency
analysis is computationally intensive and de-
mands substantial storage, thereby imposing high-
er hardware requirements on the radar system.

In contrast to interrupted-sampling repeater
jamming suppression methods employed in the
traditional spatial, waveform, and time-frequency
domains, this paper introduces the incorporation
of a “differential window” in the original matched
filtering process to extract multi-order differen-
tial features of the radar-received signal. By lever-
aging differences between the target echo and in-
terference in the differential domain, and using
the ratio of the first-order differential feature to
the total energy of other-order differential fea-
tures as a statistical metric, target detection is
achieved while simultaneously identifying and
suppressing interference. Notably, the proposed
method avoids complex optimization operations
and time-frequency analysis, demonstrating super-
ior performance in interference identification and
suppression, as well as target detection, making it

suitable for engineering practice.
2  The Principle
2.1 Signal modeling

Assume that the radar emits a rectangular
envelope Linear Frequency-Modulated (LFM) sig-

nal, denoted as:
t
so(t) = rect (T) exp [jo(t)] (1)
P

Where denotes Tp the pulse width of the trans-
mitted signal, and rect (¢/Tp) represents a rectan-
gular window of width Tp, defined as:

t 1, O0<t<Tp
t [ — = 2
ree (Tp) {0, other @)

The phase of the transmitted signal
o(t) = 2n fot + Tkt? (3)

Among them, fy represents the carrier frequency,
and k denotes the chirp rate of the linear fre-
quency modulation signal. Assuming the distance
from the target to the radar is Ry, the target echo
signal can be expressed as

s1(t) =Arso(t — 79) = Arrect (t _ TO)
Tp

~exp [j(t — 70)] (4)

In this equation, At represents the amplitude of
the target echo, 7 =2Ry/c, and c denotes the
speed of light.
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The interrupted-sampling repeater jammer
conducts slice sampling, storage, and retransmis-
sion of the collected radar-transmitted signal.
This paper considers the fundamental intermit-
tent sampling and repetitive retransmission jam-
ming model, as outlined in Ref. [21]. Specifically,
we assume that the jammer samples the signal Ng
times and immediately repeats the retransmission
Ny times upon completion of sampling. The
radar-received jamming signal can be mathemat-

ically expressed as

_ Nr Ns—1 t—1s—n1Ty—noTg
s3(t) =A; an:l Zm:() rect( T

()

Among these parameters, Ay represents the inter-

~explje (t — 75 — 1Ty — noTk)]

ference amplitude, 75 denotes the delay corres-
ponding to the distance between the jammer and
the radar, Tj signifies the slice width (where Tj <
Tp), and Ts indicates the time interval of Ng
samplings conducted by the jammer. The process
of intermittent sampling and retransmission jam-
ming, including sampling and retransmission, is il-
lustrated in Fig. 1.

Thus, the radar received signal can be ex-

pressed as
S(t) = 8T (t) + SJ(t) + n(t)

Among them, n (t) is the noise component.

(6)

2.2 Differential features
The matched filtering processing adopted by
conventional radars, namely the pulse compres-

sion process, can be expressed as

also be regarded as the feature extraction of the
target echo. However, the one-dimensional fea-
ture extracted by it is only applicable for differen-
tiating the target echo from noise and is unable to
distinguish the target echo from interference.

To effectively differentiate target echoes from

interference, it is considered to utilize such as
M-1

Eq. (8)
Zm:O e (m)rect < > (8)

The presented segmented window function

—t — mTc
Tc

wpg (t)

wyy (t) weighs h(t) to construct a filter with an

impulse response function

T (t) = war (8)h(t) (9)
The segmented window function wyy (¢)
evenly divides the interval of length Tp into M
equal parts, each having a length of T, and the
value of each part is denoted as cy (m),m =
0,1,---,M — 1. For the filter to exhibit a zero re-
sponse to the target echo and a non-zero re-
sponse to the interference signal, the impulse re-
sponse function Ay, () of the filter must satisfy
the specified conditions.
s7(t) * har(t) =0
{ s3(t) % hag(t) #0
For this purpose, the coefficients cps (m), m =
0,1,

per are selected as normalized difference se-

(10)

,M — 1 of the window function in this pa-

quences, as presented in Tab. 1.

Tab. 1 Normalized differential sequence

Foo M Various coefficients cpr (m),m =0,1,--, M — 1
x(t) = s(t) x h(t) = / s(T)h(t —7)dr (7) 1 1
- 2 1/v2,-1/v2
Among them, the symbol * indicates convolution, 3 31/v/6, —2/1/6,1//6
and h(t) = sj(—t) is the impulse response func- 4 1/2v/5,-3/2/5,3/2v5, —1/2v/5
tion of the matched filter!l. Matched filtering can 5 1/v/70, ~4/v/70,6/v/70, =4/v/70,1/v/70
% s
% (Ns~1) T
Transmitted signal
Slice 1 Slice Ny
’(—% t
T T] ______________ . Repeater
Jamming Slice 1_1 Slice 1_N,, Slice Ny 1| ...

Fig. 1 Schematic diagram of ISRJ
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This normalized difference sequence satisfies

1, =0
c1(m) = {O :% 0 (11)
Err(m) = { epr-1(m) - 87M’1(m - m;gémyj\z U ors (12)
C]u ) , m=0,1,--- M —1 (M> 1) (13)

\/ZM ' |Enr (M

It can be seen that when M > 1,
M-1

Zm:O en(m) =0 (14)

In this paper, the response of the radar received signal via h (t) is defined as the differential charac-

teristic of the signal. A method for extracting the Mth-order differential characteristic as presented in
Eq. (15) is proposed.

xp(t) = s(t) x hag(t) = s(t) x (war ()h(t)) = / s(M)wp(t — 7)h(t — 7) dr (15)

where £ (t) is referred to as the differential reference signal and wy, (t) is called the differential window
function. In particular, when M = 1, the corresponding first-order differential feature x; (¢) represents the
conventional matched filtering result.

Therefore, the M-th order differential feature of the target component in the radar received signal
can be expressed as

xrpm(t) = /+OO st(T)wp (t —7)h(t —7) dr

M—1 (m+1)Te T—1To ) )
— Z I / Arcp(m)rect <T> exp(Jcp (r— To))exp (=jo(r—1t))dr

mT(
M1 t4(m+1)Te _
= Z Aren(m) exp(jor (t)) / rect (TTO) exp(j2rk(t — 70)7)dT (16)
m=0 t+mTg Tp
Among them
o1 (t) = 2nfo (t — 10) — ©k (t — 70) (t + 70) (17)

At the target location, there exists

ITm TO E e 0/
T

Similarly, the M-th order differential characteristic of the interference component within the radar

To+(m+1)T; ArTp, M =1

18
0, M>1 (18)

M—-1
ATCM(m)dT = ATTC Zm:O C]y[(m) =

o+mTg

received signal can be expressed as

Foo Ns—1
xJM(t):/ sy(T)wpr(t — T)h(t — 7) dT_an 12 ‘ Z Ajen(m) exp(jos (1))

—00 no=0
t+(m+1)Tc Cda— Ty — 1o T
. / rect (T L St Bl S) exp (jQTYk‘(t —1q—m Ty — ngTs)T) dr (19)
t+mTc TJ
Where
w1 (t) =27 fo (t — 175 — 1Ty — naTg) — wk (t — 75 — n Ty — n2T5) (t + 75 + 11Ty + naTs) (20)

At the interference position, there is

M—1 Tg+n1Ti+n2Ts+(m+1)T¢ e — Ty — 1T,
Zom(7s + Ty + naTy) = E : Ajenm(m) rect oW RS Yar (21)
m=0 Ts+n1Ty+n2Ts+mTc Ty
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The value of Eq. (21) is related to the slice
position and the slice pulse width. Generally,
Zym (18 + 1Ty + noTg) # 0.

Consider the scenario where the jammer
samples and retransmits the first one-sixth seg-
ment of the transmitted signal. Fig. 2 depicts the
first to fourth-order differential characteristics of
both the target echo and the interference. It is
evident that, for the target echo, all differential
characteristics atp (t), M # 1 obtained by the
aforementioned method, except for the matched
filtering result, exhibit a notch with a lower amp-
litude at the target position compared to adja-
cent positions. In contrast, this phenomenon is

absent in the interference signal. Consequently,

40
20
0
-20

-40
-04 03 -0.2 0.1 0 01 02 03 04

Relative distance (km)

Amplitude (dB)

(a) The 1st order differential feature of target
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o

_40 L L L L L L L
-04 -03 02 -0.1 0 01 02 03 04

Relative distance (km)

(¢) The 2nd order differential feature of target
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0
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(e) The 3rd order differential feature of target
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'
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[N}
(=)

I
Do
(=]

Amplitude (dB)
o

—40
-04 03 02 01 0 01 02 03 04

Relative distance (km)

(g) The 4th order differential feature of target

the target echo and the interference signal exhib-
it substantial differences in the differential charac-
teristic space.
2.3 Judging criteria

In a conventional radar system, the output of
the matched filter is processed by a square-law
detector, and the result is subsequently compared
with a predefined threshold v for target detection.
The decision criterion for this process is presen-
ted in Eq. (22).

H,

yi (1) = |21 () = (22)

Herein, H; indicates the existence of the target
and H, indicates the presence of noise only. The

decision outcome can be represented as

= 40
=
o 20t
k!
B
£ of
g
< -20
-04 -03 -0.2 -0.1 0 01 02 03 04
Relative distance (km)
(b) The 1st order differential feature of ISRJ
= 40
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o 20}
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Fig. 2 Comparison of the differential features between target and ISRJ
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17 yl(t) >

nit) = {0, yi(t) <7 &

The detection threshold v is determined
based on the distribution of y; (¢) when only noise
is present and the false alarm probability of the
conventional radar. Since the first-order differen-
tial feature z; () does not adequately capture the
difference between the target echo and interfer-
ence signals, the aforementioned decision-making
method can only detect the target in the absence
of interference and results in a significant num-
ber of false alarms in the presence of interference.

To fully exploit the disparity between the tar-
get echo and interference in the differential fea-
ture space, suppress false alarms caused by inter-
ference effectively, and enhance the radar's detec-
tion performance under interference conditions,
this paper proposes a new decision criterion to re-
place the conventional radar target detection
method.

1, H;
r(t) = ri(t)r2(t) = { (24)

0, Hp

Among them, 7 (t) represents the decision result
of the conventional radar target detection meth-
od defined in Eq. (23), while r; (t) represents the
identification result of the alternative source that
exceeds the conventional detection threshold
~. The identification method is illustrated in
Eq. (25).

1, target

ro(t) = R(t) > e = { (25)

0, jamming

Where R (t) is defined as the ratio of the energy
of the first-order differential feature to the accu-
mulated energy of the second-order to M. th-

order differential features, as illustrated in
Eq. (26).

1 ()]
Moo e
ZM:2 T (t)|

The threshold € can be determined based on

the minimum error probability criterion by the

R(t) = (26)

distributions of R (¢) at the target and interfer-
ence. As demonstrated by the theoretical analysis

in Section 2.2, if interference is disregarded, the
mathematical expectations of the second-order to
M-th order differential features at the target are
zero, merely manifesting as noise. Consequently,
the energy accumulation result of these differen-
tial features is approximately zero, and the differ-
ential feature energy ratio R (t) exhibits a prom-
inent peak at the target. For the interference sig-
nal, the probability of being exactly orthogonal to
the differential matched filter is negligible, and
such occurrences can be disregarded. Therefore,
the second-order to M-th order differential fea-
tures at the interference are strongly correlated
with the Interference-to-Noise Ratio (INR). Spe-
cifically, as the interference signal strengthens,
the differential feature becomes larger. The en-
ergy accumulation result of the high-order differ-
ential features of the interference and the energy
of the first-order matched filtering result increase
concurrently with the INR. Consequently, the re-
sponse of the differential feature energy ratio R (t)
at the interference is relatively low, and the dis-
parity between its response at the interference
and at the target is significant. Notably, the
above analysis for interference also applies to
scenarios where multiple interference time do-
mains overlap, and this method remains effective
in multi-interference scenarios.

To sum up, the flowchart of the target detec-
tion method in the interrupted-sampling repeater
jamming scenario proposed in this paper is shown
in Fig. 3.

2.4 Performance indicators

The Probability Density Functions (PDFs) of
the result y; (¢) after matched filtering and
square-law detection of the radar echo signal are
denoted as fo(y), fr(y), and fj(y)in the pres-
ence of pure noise, a target, and interference, re-
spectively. Similarly, the pdfs of the differential
characteristic energy ratio R (¢) are denoted as
g0 (y), gr (y), and gy (y) in the presence of pure
noise, a target, and interference, respectively.
Misidentifying noise or interference as a target
leads to a false alarm, and the probability of false

alarms can be expressed as
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Pra Z/Oofo(y)dy/éoogo(r)dr

~

" L )y / O e

The detection probability can be represented
as

PDZA“fT<y>dy[mgT<r>dr (28)

3 Simulation Results and Performance
Analysis

3.1 Performance analysis based on simulation
data
3.1.1 Parameter settings

This paper considers the following simulation
scenario: there is a target in the radar received

signal, two groups of interrupted-sampling repeat-

er jamming, and the noise is zero-mean complex
Gaussian white noise. The source parameters of
the simulated data are shown in Tab. 2.

The simulation is configured to have a false
alarm probability of 10 ¢ for the conventional
radar detection system. After normalizing the
noise power, the output of the square-law detect-
or follows an exponential distribution with a
mean of 1, and the corresponding detection
threshold + is set to 13.82. The maximum differ-
ential order M, is set to 6, and 10* Monte Carlo
simulations are performed at each jamming-to-
noise ratio and signal-to-noise ratio, and statistic-
ally analyzed the distribution of R (¢). The res-
ults are presented in Fig. 4. Notably, the values of
R(t) at the interference and target locations ex-
hibit significant differences, with the magnitude of
this difference increasing with higher SNRs.

First-order differential features

Threshold ~

Conventionah

Alternative information

source

Threshold e

Whether the

Calculate the target exists

Received Matched
echo filtering

detection J (Interference, target)

» Extract 2,3,...,M order differential features J

p differential feature
energy ratio

Interference
identification

Fig. 3 Flow chart of the proposed method

Tab. 2 Source parameters for simulation data

Signal source Waveform parameters

Signal(jamming)-to-noise ratio after pulse compression

Target Pulse width 100 ps, bandwidth 5 MHz

Interference 1

Interference 2

Slice width 16.67 ps, slice repeated forwarding 5 times
The slice width is 10 us, and the slice is repeated and forwarded twice
immediately after each slice, for a total of three slices

10 to 50 dB, with an increment of 1 dB
10 to 50 dB, with an increment of 1 dB

10 to 50 dB, with an increment of 1 dB

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0

Jamming-to-noise ratio (dB)

0 0.5 1.0 1.5 2.0
Differential energy feature ratio

(a) ISRJ

Signal-to-noise ratio (dB)

50 V 0.30
45 U 0.25
40

. 0.20
30 0.15
2 0.10
20

15 0.05
10 0

10° 10t 10° 10° 10!

Differential energy feature ratio

(b) Target

Fig. 4 The probability distribution of differential features energy ratio under different jamming-to-noise ratio and

signal-to-noise ratio for ISRJ and target
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The identification threshold ¢ is obtained
through statistical methods. Initially, the distribu-
tions of R(t) at the interference and target
samples across all jamming-to-noise ratios and
signal-to-noise ratios provided in Tab. 2 are ana-
lyzed statistically, as depicted in Fig. 5(a). Sub-
sequently, the relationship between the sum of the
probabilities of the two types of identification er-
rors (interference misidentified as a target and a
target misidentified as interference) and the iden-
tification threshold e is calculated, as illustrated
in Fig. 5(b). Based on the minimum error probab-
ility criterion, the identification threshold e is es-
tablished at 1.79. At this threshold, the probabil-

0.30

0.25

0.20

0.15

Probability

0.10

0.05

010’2 10t 10 10t 102 10* 10¢
Ratio of differential feature energy
B Jamming B Target
(a) The probability distribution of
differential features energy ratio

ity of misidentifying interference as a target is less
than 0.67%, and the probability of misidentifying
a target as interference is less than 0.19%.

Therefore, the simulation parameters are set
as shown in Tab. 3.
3.1.2 Feature extraction

The post-pulse compression signal-to-noise ra-
tio is established at 25 dB, while the jammer-to-
noise ratio is set at 30 dB. The target emerges at
a distance of 26 km, and two interference events
occur within the range of 20~30 km. The results
of matching filtering for each component of the
radar-received signal, specifically the one-dimen-

sional range profile, are depicted in Fig. 6(a).

—_
(3

oy
o

<
e

<
=~

o
o

identification error probabilities
o
>

The sum of the two types of

=]

102 10t 10° 10t 10* 10*° 10*
Identification threshold e

(b) Relationship between the probability
of error and identification threshold e

Fig. 5 The determination of identification threshold ¢ by minimizing the probability of error

Tab. 3 Simulation parameters

Parameters

Numerical value

Conventional detection threshold
Maximum differential order
Identification threshold

Amplitude (dB)

Distance (km)

Noise — Jamming 1 — Jamming 2
— Target --- Conventional detection threshold

(a) Range profile

13.82
6
1.79
10
102

10°

102

Ratio of differential feature energy

107
15 20 25 30 35

Distance (km)
""""" Ratio of differential feature energy ° Jamming
---Identification threshold A Target
(b) The energy ratio of differential features

Fig. 6 ISRJ identification and suppression results for simulation data
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Both the target and the interferences surpass the
conventional detection threshold v, qualifying
them as potential signal sources for identification.
Differential features are extracted, and the differ-
ential feature energy ratio R(t) is computed for
identification, as illustrated in Fig. 6(b). Notably,
a prominent peak is observed at the target loca-
tion, whereas the interference responses exhibit
relatively lower amplitudes, allowing for effective
interference identification and suppression.
3.1.3 Performance analysis of detection

In the interference-free scenario, the SNR, of
the radar received signal was evaluated through
500 Monte Carlo simulations at each SNR level.
The detection performance curves for the pro-
posed method and the conventional detection
method are depicted in Fig. 7(a). These curves
suggest that they are nearly identical, indicating
that the identification threshold has minimal im-
pact on the target detection performance. In the
presence of interference, both the SNR and Jam-
mer-to-Noise Ratio (JNR) of the radar received
signal were evaluated, with 500 Monte Carlo sim-
ulations conducted at each SNR and JNR level.
The detection probability of the proposed meth-
od is illustrated in Fig. 7(b). Tab. 4 presents the
required SNR to achieve a 95% detection probab-
ility under various JNRs. When the JNR is less
than 25 dB, the detection performance of the pro-
posed method exhibits minimal loss in the cur-
rent simulation scenario. Conversely, when the
JNR exceeds 25 dB, the detection performance of
the proposed method experiences some degrada-

1.0 —————————————————————vossoeroee

Detection probability
(=] (=) (=)
=~ =) o0

e
o

0+
-5 0 5 10 15 20 25 30
Signal-to-noise ratio (dB)

——Conventional detection ——The proposed method

(a) In the absence of ISRJ

tion, yet it remains feasible to detect targets with
high SNR values.

Assuming that the target position is known
and focusing solely on the impact of interference
suppression on target detection performance, the
method introduced in this paper is compared and
simulated against three typical time-frequency do-
main filtering algorithms referenced in method 1
from Refs. [19—21]. These methods are abbrevi-
ated as Dechirp-STFT (Short-Time Fourier
Transform), max-TF (Time-Frequency), and PC-
STFEFT (Pulse Compression-STEFT). The post-pulse
compression jamming-to-noise ratio is set to 30 dB,
with all other simulation parameters consistent
with the no-interference scenario. The short-time
Fourier transform has a window length of 6.4 ps,
and the sliding window step is 0.05 ps. Fig. 8 il-
lustrates the detection performances of the four
methods at the target location. Notably, in the
current simulation scenario, achieving a detection
probability of 95% requires the proposed method
to exhibit at least a 4.2 dB improvement in sig-
nal-to-noise ratio compared to the three typical
time-frequency domain filtering algorithms.

3.2 Performance analysis based on field measure-
ment data
3.2.1 Parameter settings

In the context of interrupted-sampling repeat-
er jamming, the measured data was collected. The
specific parameters of the signal source are
presented in Tab. 5.

To facilitate analysis, the jammer is deactiv-
ated, and pure target echo data is collected. This

50 1.0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

40

30

Jamming-to-noise ratio (dB)

0 10 20 30 40
Signal-to-noise ratio (dB)

(b) In the presence of ISRJ

Fig. 7 Target detection probability
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Tab. 4 When the detection probability is 95%, the required
signal-to-noise ratios under different jamming-to-noise ratios

Jamming-to-noise ratios The required signal-to-noise ratios

(dB) (dB)

No interference 15.5
10 17.9
20 17.4
30 21.4
40 29.5
50 38.5
1.0

208

2

=

'5 0.6

o

B 04

kst

2

A 02

0 5 10 15 20 25 30 35 40 45
Signal-to-noise ratio (dB)

— Dechirp-STFT

- PC-STFT

- max-TF
-o- The proposed method

Fig. 8 The detection performance comparison of the four
methods (simulation data)

data serves as the measured target component
within the interference scenario. In the simula-
tion, the maximum differential order M., is set
to 3, the identification threshold ¢ is set to 3, and
all other parameters remain consistent with those
outlined in Section 3.1. Consequently, the error

probability of misidentifying interference as the
target is 0.28%.
3.2.2 Feature extraction

The one-dimensional range images depicting
the measured data and its target component are
presented in Fig. 9(a). The target is nearly ob-
scured by interference. The signal differential fea-
tures are extracted using the method introduced
in this paper, and the differential feature energy
ratio R (t) is computed, as illustrated in Fig. 9(b).
Notably, the response of R (t) at the interference
location is substantially lower compared to that of
the target, thereby facilitating the exposure of the
target.

Three typical time-frequency domain filtering
algorithms, namely Dechirp-STFT!) max-TF?2,
and PC-STFTPY, perform time-frequency analys-
is on the dechirped echo signal or one-dimension-
al range profile. Subsequently, a filter is construc-
ted based on the distinct time-frequency distribu-
tion characteristics of the target and interference
to suppress the interference. The measured data
and its target components’ time-frequency plots,
the time-frequency plots of the deskewed signal,
and the one-dimensional range profile time-fre-
quency plot are shown in Fig. 10. As illustrated in
Fig. 10(b) and Fig. 10(e), the interference signal

Tab. 5 Source parameters for measured data

Target parameters Value Interference parameters Value
Pulse width (ps) 20 Pulse width (ps) 10
Bandwidth (MHz) 2 Bandwidth (MHz) 1
Signal-to-noise ratio after pulse compression (dB) 33 Signal-to-noise ratio after pulse compression (dB) 45
130 %
8
120 g 102
110 g
£) £
< 100 £
) —
= 3]
= 80 g
g £ e
< 70 210
B
60 e
50 2 104

7 8 10 12 14 16 18 20
Distance (km)
— Measured data
"""" Target component

(a) Range profile

78 10 12 14 16 18 20
Distance (km)
— Ratio of differential feature energy ° Jamming
---- Identification threshold * Target
(b) The energy ratio of differential features

Fig. 9 ISRJ identification and suppression results for measured data
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completely obscures the target echo in the time
domain, rendering it impossible to isolate the pure
target segment from the time-frequency diagram
for filter construction. Consequently, the Dechirp-
STFT and max-TF methods are ineffective. From
Fig. 10(c) and Fig. 10(f), the measured data has
strong interference energy and low precision in
the time-frequency plot (sampling rate of 2.5
MHz), which causes the target and interference to
stick together and be difficult to distinguish, lead-
ing to the failure of the PC-STFT method.

4 Conclusion

This paper proposes a differential feature ex-
traction method for signal processing, which util-
izes the significant difference in differential fea-
ture space between target echoes and interrupted-
sampling repeater jamming signals to design a de-
cision criterion for target detection, interference
suppression, and interference scenario identifica-
tion based on the ratio of the first-order differen-
tial feature to the total energy of other differen-
tial features. Due to the difficulty in analytically
obtaining the distribution of the ratio of differen-
tial feature energy at the target and interference,
the paper also presents simulation results using
statistical methods to set the identification

threshold. The simulation verifies that the ratio of
differential feature energy of the radar echo sig-
nal exhibits a high peak at the target and a relat-
ively low response at the interference. This differ-
ence allows for effective interference identifica-
tion and suppression. In the absence of interfer-
ence, the detection performance curve of the pro-
posed method aligns closely with that of the con-
ventional detection method. However, in interfer-
ence scenarios, the simulation results indicate that
the proposed method outperforms the existing
three typical time-frequency domain filtering al-
gorithms in terms of target detection perform-

ance.
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