CrossMark
& click for updates

SCIENCE CHINA @

Information Sciences

September 2025, Vol. 68, Iss. 9, 192302:1-192302:12
« RESEARCH PAPER - https://doi.org/10.1007/s11432-024-4369-2

Chaotic optoelectronic oscillators-based
dual-function radar-communication system

Huanhuan XIONG, Ning JIANG”, Anran LI, Meizhi CHE,
Chengmo WANG, Qiang ZHANG, Yiqun ZHANG & Kun QIU

School of Information and Communication Engineering, University of Electronic Science and Technology of China,
Chengdu 611731, China

Received 14 October 2024 /Revised 21 February 2025/Accepted 25 March 2025/Published online 24 July 2025

Abstract We propose and demonstrate a novel dual-function radar-communication (DFRC) system based on chaotic op-
toelectronic oscillators (OEOs). Differing from conventional optical chaos communication systems, wherein the time delay
signature (TDS) of chaotic signals produced by optical or optoelectronic feedback is deemed detrimental, in the proposed
DFRC system, two independent OEO-generated chaotic signals with different TDSs are encoded as bits “0” and “1” for
communication, and simultaneously utilized for radar ranging. The numerical simulation results demonstrate that the pro-
posed system can effectively perform information-hiding transmission as well as target ranging functions simultaneously, and
satisfactory performance for both functions can be maintained even under low signal-to-noise ratio scenarios. In addition,
a TDS-based sidelobe suppression algorithm is proposed to enhance the range performance, with which the TDS-induced
sidelobes can be efficiently suppressed. A data rate of 250 Mbps, a radar ranging resolution of 0.013 m, and a detection
probability of ranging above 0.95 in a dual-target scenario are achieved with the appropriate system parameters and the aid
of the TDS-SS algorithm.
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1 Introduction

In recent years, integrated systems with dual functions of radar and communication (DFRC) have been
favored, which achieve wireless communication and radar functions through a unified system that ef-
fectively mitigates spectrum resource constraints and facilitates hardware sharing, holding substantial
significance in both civilian and military domains [1]. DFRC signal design is the basis of the DFRC tech-
nology, with two primary schemes [2-4]. The first scheme involves combining radar and communication
waveforms through multiplexing techniques such as time division multiplexing [5] and frequency division
multiplexing [6] to form an integrated waveform. While this scheme effectively addresses interference
issues between radar and communication from different dimensions, it could potentially result in resource
wastage in alternative dimensions. The second scheme involves optimizing a unified waveform such as
linear frequency modulation (LFM) [7,8], orthogonal frequency division multiplexing (OFDM) [9,10] and
orthogonal time frequency space (OTFS) [11] to support radar and communication functions simultane-
ously. This scheme offers the benefit of resource sharing within the system, thereby promoting system
integration [12]. However, these schemes often exhibit a bias toward either radar or communication
functionality, resulting in inherent trade-offs between the performance of communication and radar [13].

Chaotic signals characterized by noise-like features and broad bandwidth along with favorable delta-
like auto-correlation characteristics, can be generated through various methods, including semiconductor
laser [14-16], optoelectronic oscillator [17], memristor [18], and nonlinear mappings such as the tent
map [19] and logistic map [20], have exhibited substantial promise in both radar [21,22] and communica-
tion applications [23,24]. The wideband characteristic of chaotic signals facilitates a high communication
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transmission rate and enhanced ranging resolution in radar applications. Hence, the exploration of DFRC
systems utilizing chaotic signals holds significant importance. In the field of chaotic radar and communi-
cation, optically generated chaotic signals are more commonly used because they can more easily generate
chaotic signals with bandwidths exceeding gigahertz, compared to electrical methods or nonlinear map-
pings. In chaotic radar systems, research efforts focus on generating chaotic signals with flat and wide
power spectrum [25], whereas in communication systems, the emphasis is on enhancing security and
transmission rates [26]. However, most studies have treated radar and communication functions inde-
pendently. Recently, Yang et al. [27] utilized a chaotic optoelectronic oscillator (OEO) to generate a
wideband chaotic signal as a radio frequency carrier, and the DFRC waveform was generated by mix-
ing the carrier with an on-off keying (OOK) signal through intensity modulation. They experimentally
achieved a communication rate of 125 Mbps and a radar ranging resolution of 7 cm. Despite these ad-
vancements, research on DFRC systems based on optical chaos remains in its early stages, with many
challenges yet to be addressed.

In this paper, we propose a novel DFRC system based on chaotic OEOs. At the transmitter, two
chaotic signals with different time delay signatures (TDSs) are generated through OEOs, which exhibit
wide-bandwidth characteristics. In our proposed system, the communication signals are encoded with
different TDSs using the chaos shift keying (CSK) technique to generate the DFRC waveform. At the
communication receiver, the received signal is equalized first, followed by auto-correlation to achieve infor-
mation recovery. Meanwhile, at the radar receiver, target detection is achieved through cross-correlation
between the reference signal and the echo signal. Additionally, a TDS-based sidelobe suppression (TDS-
SS) algorithm is proposed to address the issue of high sidelobes caused by TDS. The numerical simulations
of the proposed system are performed. The results demonstrate the feasibility of using electro-optic chaos
in the DFRC system, the noise immunity of the proposed system, and the effectiveness of the proposed
algorithm in sidelobe suppression.

2 Configuration and theoretical model

Figure 1 depicts the overall structure of the proposed DFRC system, which is composed of four parts,
namely the chaotic signal generation module, the transmitter, the communication receiver, and the radar
receiver. The chaotic signal generation module is used to generate a modulated chaotic signal. The signal
transmission module modulates the information onto the chaotic carrier to form an integrated waveform
for transmission. The communication receiver and radar receiver respectively realize the functions of
information transmission and radar detection. The principles of these four main components are described
in detail as follows.

2.1 Chaotic signal generation based OEO

The chaotic signal generation module is a typical OEO structure, which mainly consists of a laser diode
(LD), Mach-Zehnder modulator (MZM), fiber delay line (DL), and photodetector (PD). Initially, the
laser emitted by the LD passes through the MZM, DL, and variable optical attenuator (VOA), and then
converts the optical signal into an electrical signal through a PD. The function of the DL is to control
the delay of the system loop, and the delay is also called the TDS. After passing through the amplifier
(AMP), a segment of the electrical signal is connected to the MZM to serve as the signal voltage applied
to the MZM, while another segment is utilized for information modulation. By changing the gain of the
loop and the DC bias of the MZM, the system can generate a chaotic signal.
The chaotic signal generation model can be represented by the Tkeda equation [28]

d 1
(1 + %) 2(t) + palt) + 5 /a:(t)dt = Beos?(x(t — ) + ), (1)
where z(t) = nV(t)/(2Vx), ¢ = TVhias/(2Vro) are dimensionless output signal and DC bias phase of
MZM, respectively. V(t) and Vias are drive voltage and bias voltage, while V; and Vo are half-wave
voltages of the RF input port and the DC bias port of MZM. p and 6 are response times corresponding
to high cut-off frequency fy and low cut-off frequency f; of the equivalent bandpass filter caused by

electrical components. The relationship between the cut-off frequencies and the response times is given
by fu = 2np)~t and fr = (210) "t B = mgaGRPy/(2Vy) is the Tkeda gain, where o and G represent
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Figure 1 (Color online) Schematic diagram of the DFRC system based on chaotic optoelectronic oscillators. LD, laser diode;
MZM, Mach-Zehnder modulator; DL, fiber delay line; PD, photodetector; VOA, variable optical attenuator; AMP, amplifier; BPF,
bandpass filter; ES, electrical splitter; TX, transmitter antenna; RX, receiver antenna; ADC, analog-to-digital converter; ACF,
auto-correlation function; CCF, cross-correlation function.

the loss and gain of the system loop, respectively. While g and R represent the responsivity and resistance
of the photodetector, and P, is the optical power entering the MZM. 7 is the TDS of the chaos system.
Eq. (1) can be rewritten as

%x(t) S [(1 +5) et + %y(t) — Beos? (x(t — 1) +¢) |,
o) = (1)

where y(t) is defined as
) = [ alt)at. ®)
A chaotic signal can be generated by solving (2) using the fourth-order Runge-Kutta algorithm.
2.2 Dual-function signal transmission

Firstly, the transmitter generates two chaotic signal sources z(t) and 21 (t), each with TDSs of 79 and 71,
respectively, symbolizing the TDS of the entire system as (19, 71). The generated chaotic signals, char-
acterized by their wide spectrum, are filtered through bandpass filters (BPFs) to match the bandwidth
of the transmitter antenna, resulting in the filtered signals denoted as ¢o(t) and ¢ (t). The passbands of
all BPFs in the system are assumed to be the same unless otherwise specified. The communication infor-
mation m(t) is multiplied by ¢ (¢) through a multiplier, while the reversed communication information is
multiplied by ¢ (t). The two resulting signals are then superimposed via an adder to form a dual-function
transmitted signal s(¢). One part is transmitted through an antenna, and the other part is sent as the
reference signal r,.¢(t) to the radar receiver. The transmitted signal s(t) is expressed numerically as

s(t) = m(t)er(t) + [L = m(B)]co(t)- (4)

The modulation method employed at the transmitter is CSK. In this scheme, bit “0” and bit “1” are
encoded using chaotic signals with TDSs of 79 and 71, respectively.

2.3 Communication receiving

At the communication receiver, the signal is received and sampled by an analog-to-digital converter
(ADC), which is denoted as 7.(t). Under the multipath channel, r.(¢) is represented as

P

ro(t) = s(t) « h(t) + n(t) = > aps(t — 75) + n(t), (5)

p=1

where the symbol “«” is the convolution operation. h(t) is the impulse response of the channel, which
can be expressed as

h(t) = ayd(t —7f), (6)
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where a;, and 7,7 are the gain and delay of path p, respectively. §(t) is the Dirac delta function, P is the
total number of paths, and n(t) is the Gaussian noise.
Before the information can be demodulated, it is necessary to equalize the received signal. In our

proposed system, assuming that h(t) is known, the following equilibrium is utilized:
FFT{r.(t)}
'e(t) =IFFT{ ————2= . 7
") =T { T g

Subsequently, the auto-correlation function (ACF) is computed for each bit period of the equalized
signal. The ACF of a signal £(¢) can be calculated using the following equation:

(€0t + At) — {£(t+ At))) - (€(1) — (£(1))

Ro(At) =
VU + A8 — (et + M) - ((6(1) — (&)

: (8)

where (-) is the mean value operation, At indicates the lag time. Information demodulation is achieved
by comparing the relative magnitudes of the values at delays 79 and 71 in the ACF result R.(t). If
R.(71) > Rc(70), the demodulation result is bit “1”; otherwise it is bit “0”.

2.4 Radar detection

Chaotic radar is commonly used for ranging [21,29] and imaging [30], whereas in our system, only the
ranging function is considered. The transmitted signal s(t) is reflected by the targets, and the resulting
echo signal is reeho(t). Subsequently, after passing through the AMP and the BPF, recno(t) is down-
sampled by the ADC together with the reference signal r..t(t). Due to the delta-like auto-correlation
property inherent in chaotic signals, the position information of targets can be effectively determined
according to the peak of the cross-correlation function (CCF) between rie(t) and 7echo(t). The CCF
between two signals & (t) and £2(t) can be computed using (9), where the symbols have the same meaning
as in (8).

(&t + At) — (&t + AL))) - (&2(1) — (&2(1))))

UG+ A0 — (@t + 20D - (&) — (Em)?)

Rer(At) = (9)

3 Simulation results

3.1 Characteristics of the transmitted signal

Firstly, the characteristics of the transmitted signal are analyzed. The transmitted signal is composed
of two chaotic signals with different TDSs, so the chaotic signal sources are briefly analyzed first. Since
wireless communication in this DFRC system is achieved by encoding the TDSs of chaotic signals, a
more pronounced TDS leads to better communication performance. To generate chaotic signals with
pronounced TDSs, the fundamental simulation parameters of the OEO are set as follows [31-33]: u =
15.9 ps (corresponding to a cut-off frequency of 10 GHz), # = 0.796 ns (corresponding to a cut-off
frequency of 200 MHz), 8 =5 and ¢ = —m/4.

Figure 2 shows the time series, power spectrum, and ACF for TDS of 0.5 (blue curve) and 0.9 ns (red
curve), respectively. As depicted in Figures 2(a) and (b), the temporal waveforms exhibit a typical chaotic
state with fast-irregular oscillation. Additionally, Figures 2(c) and (d) reveal their wide power spectrum.
Notably, there are some equally spaced peaks in the power spectrum, with frequency intervals equal to
the reciprocal of the TDS values. Figures 2(e) and (f) present the ACF of the chaotic signals, showcasing
peaks at the positions corresponding to the TDS and their integer multiples. Therefore, TDS can serve as
a crucial feature of chaotic signals, capable of generating chaotic signals with varying TDSs by controlling
the delay of the system loop. In the field of secure chaotic optical communication, researchers frequently
view TDS as an undesirable feature since it may leak the external cavity length and feedback strength
of the chaos generation module, and therefore strive to suppress TDS to enhance the confidentiality of
communication systems [34,35]. However, since the proposed system demodulates information based on
the distinct positions of the TDS, it is considered beneficial for facilitating the communication function
within our system.
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Figure 2 (Color online) Characteristics of chaotic signals. (a) and (b) are time series; (¢) and (d) are power spectrum; (e) and
(f) are ACF curves. The blue curves and red curves represent TDS of 0.5 and 0.9 ns, respectively.

Figure 3 illustrates the ACF curve of the transmitted signal, and the passband of all BPFs is set to
1-10 GHz unless otherwise specified. Unlike the chaotic signals commonly used in radar systems, the
ACF of the transmitted signal in this system exhibits not only a sharp main lobe but also sidelobes
induced by the system’s TDS. Consequently, this signal is not conducive to radar detection and we will
present the corresponding algorithm in subsequent sections. Additionally, the full width at half maximum
(FWHM) of the signal is approximately 0.058 ns, which determines the ranging resolution of the system.
Simultaneously, the first inter-zero interval in the ACF is defined as the main lobe width (MLW), which
is approximately 0.094 ns for this transmitted signal.

3.2 Communication performance

Secondly, the communication performance of the system is analyzed under additive white Gaussian
noise (AWGN) channels as well as multipath Rayleigh fading channels. In this analysis, only two-path
Rayleigh fading channels are considered, with delays of 7 = 0 ns and 7§ = 100 ns, and average power
gains of E(a?) = 2/3 and E(a3) = 1/3, respectively. The bit error rate (BER) is used to evaluate the
communication performance, and each result is obtained by the Monte Carlo algorithm.

Figure 4 depicts the BER of different TDS combinations under both AWGN and multipath Rayleigh
fading channels, with a data rate of 100 Mbps. Under both the AWGN and multipath channels, the
BER is lower and communication performance is better when using TDS combinations such as (0.5,
0.9) ns or (1.0, 1.5) ns, compared to combinations like (0.5, 1.0) ns or (1.0, 2.0) ns. It is noteworthy
that an integer multiple relationship exists between the TDS values when encountering high BERs. This
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Figure 3 (Color online) ACF curve of the transmitted signal.
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Figure 4 (Color online) BER performance vs. communication SNR (signal-to-noise ratio) under different TDS combinations.
(a) AWGN channel; (b) two-path Rayleigh fading channel.

phenomenon arises because when performing auto-correlation on a chaotic signal with a pronounced TDS,
peaks occur at both the positions of the TDS and its integer multiples. When the auto-correlation time
is limited, the peaks at the integer multiples of the TDS may surpass those at the TDS itself, potentially
leading to a higher BER. Figure 5 illustrates the ACF curves of the chaotic signal in a bit period with
TDS of 0.5 and 1.0 ns, corresponding to parameters represented by points A and B in Figure 4(a),
respectively. It is noticeable that the values at the doubled TDS position are slightly larger than those
at the single TDS position, which results in incorrectly demodulating bit “0” into bit “1”. Furthermore,
our simulation reveals that the majority of incorrect demodulations indeed convert bit “0” into bit “17”,
which is consistent with our analysis. Therefore, to achieve better communication performance of the
system, it is advisable to select TDS combinations that do not exhibit integer multiple relationships.

Furthermore, to determine the maximum achievable data rate of the system, Figure 6 shows the
BER performance at different communication rates given a TDS combination of (0.5, 0.9) ns. It is
indicated that higher data rates result in higher BERs and poorer communication performance. This is
attributed to the fact that the higher data rate corresponds to a shorter bit period, making it challenging
to distinguish the TDSs corresponding to binary bits during information demodulation. With a hard
decision forward error correction (HD-FEC) threshold of BER = 3.8 x 1073, our scheme can achieve
reliable communication with a maximum rate of 250 Mbps in both AWGN and multipath channels. The
insets in Figure 6(a) show the eye diagrams of the transmitted signals at data rates of 100 Mbps and
250 Mbps, respectively, and it can be seen that the eye diagrams are completely closed, indicating that
the information is completely hidden, which demonstrates that the system has a certain level of security.
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Figure 6 (Color online) BER performance vs. communication SNR under different data rates. (a) AWGN channel; (b) two-path
Rayleigh fading channel. The insets in (a) show the eye diagrams corresponding to the respective parameters and T3, is the symbol
period.

Additionally, at a data rate of 100 Mbps, the system can achieve a BER of less than 10~° in the lower SNR
of the AWGN channel, and a BER of less than 1072 in the multipath channel when the SNR is 15 dB.
These results demonstrate that the proposed system is resilient to multipath effects and can achieve
reliable communication in some harsh environments.

In the proposed system, a 9 GHz bandwidth signal has been employed to achieve a maximum data rate
of 250 Mbps for message transmission. However, our scheme exhibits lower spectral efficiency compared to
contemporary communication systems. It is worth mentioning that since the information demodulation
is carried out by distinguishing the TDSs of the chaotic signals based on the auto-correlation operation,
which requires a sufficiently long auto-correlation time, the maximum transmission data rate is limited.
Nevertheless, our scheme not only demonstrates the capability to facilitate normal communication un-
der low SNR conditions, but also the ability of the system to hide information. This resilience holds
significant implications for specific scenarios, such as battlefield environments characterized by severe
electromagnetic interference [36].

3.3 Ranging performance

Next, the radar ranging performance of the proposed system is analyzed, where the passband of BPF is
set to 1-10 GHz, the TDS of the system is (0.5, 0.9) ns, and the data rate is 100 Mbps. All targets are
considered ideal point targets.

Figure 7 shows the results of single-target and dual-target ranging of the system under an SNR condition
of —10 dB. From the results, it can be seen that the targets are detectable using the cross-correlation
algorithm. However, numerous sidelobes are observed around the target, as shown by the red dashed
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Figure 7 (Color online) Ranging results of (a) single target and (b) dual targets.
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Figure 8 (Color online) Operation principle diagrams of the TDS-SS algorithm. (a) Cross-correlation ranging result; (b) original
ranging result with a 79 delay; (c) result of subtracting the delayed component from the original ranging result.

line in Figure 7(a). To evaluate the ranging performance of the system, the peak-sidelobe level (PSL) is
calculated, which is defined as

PSL = 1010g10ﬂ, (10)

Pl

where P,, and P; are the peak values of the main lobe and the maximum sidelobe level in the CCF
trace of the echo signal and reference signal, respectively. From Figure 7, the results have high PSL in
both single-target and dual-target ranging, which are —4.5 and —4.7 dB, respectively. The presence of
these sidelobes is attributed to the TDS of the chaotic signal generation system. In multi-target ranging
scenarios, these sidelobes may cause misjudgment of the target positions, underscoring the necessity of
employing appropriate algorithms for effective sidelobe suppression.

Here, we propose a TDS-SS algorithm for sidelobes caused by TDS to improve ranging performance.
The basic operation principle is illustrated in Figure 8, where R, (t) represents the ranging result gener-
ated by the CCF, 7y and 7, are the TDSs of the system, and 7o is the least common multiple of 79 and
71. 0T represents the MLW of the transmitted signal. The symbols on the colored sidelobes indicate the
time delay between the sidelobes and the target. It can be seen that the sidelobes appear at positions
To, T1, 270, 271, etc., with the sidelobe at 79 being higher than its neighboring sidelobes. Take the red
sidelobes on the right side of the target as an example (caused by 79). By delaying R (t) by 79, the
result is shown in Figure 8(b). Subtracting the delayed result Re.(t — 70) from Re.(t) gives C'roight (t), as
shown in Figure 8(c). It is evident that the values at 7y and 27y are below 0 (red dotted line), while
the amplitudes of other sidelobes are reduced but remain positive. The sidelobes can be eliminated by



Xiong H H, et al. Sci China Inf Sci September 2025, Vol. 68, Iss. 9, 192302:9

Algorithm 1 TDS-SS algorithm.

Require: The ranging result based on CCF, R, (t); the TDSs of the system, 79 and 71; the MLW of the transmitted signal, 67'.
Ensure: The final ranging result, Rer ().

1: Cfcft’right(t) = Rer(t) — Rer(t £ 73), 1 = 0,1, 2, where 72 is the least common multiple of 79 and 71}
2: Find the time points in Clicft and Cfight that are less than 0, and the set of time points is T}

3: Rer(T) = 0; Rer(t) is manifested as a combination of a series of pulses;
4:

Set the threshold to §7". Delete pulses with pulse width less than the threshold in Rer(t).
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Figure 9 (Color online) Ranging results of (a) single target and (b) dual targets with the utilization of the TDS-SS algorithm.

setting the negative value positions to 0 in R (t).

Based on this operation principle, the proposed TDS-SS algorithm is outlined in Algorithm 1. In step
1, Rer(t) requires an extra delay of 7o. This is necessary because the sidelobes at a distance of 75 from
the targets may surpass those at 7y and 71, and delaying only 79 and 77 is insufficient to eliminate the
sidelobes at 75. Besides, the pulse deletion operation is performed in step 4. On the one hand, due
to the low sampling rate, accurately shifting the main lobe to align with the sidelobe position through
delay is challenging. Consequently, only a portion of the sidelobes is eliminated during the delay process,
necessitating additional sidelobe elimination. On the other hand, this operation can further eliminate
the impact of noise, resulting in cleaner detection results.

Figure 9 shows the ranging results of single and dual targets post-application of the TDS-SS algorithm.
At the same time, the root mean square error (RMSE) of the ranging results is calculated, and the formula
is

RMSE = \/% ZL (& — :)°, (11)

where Z; and x; represent the detected position and ideal position of the i-th target, respectively, and
N denotes the total number of targets. The position z; is determined by comparing the peak value of
the ranging result with a predefined threshold that is set to 0.1 here. Specifically, if the peak value of a
position reaches or exceeds this threshold, a target is considered to be present at that position. As shown
in Figure 9, the quantity of sidelobes is significantly reduced, resulting in cleaner results. The PSLs
are reduced to approximately —16 and —15.2 dB, respectively. Additionally, the RMSEs are 0.0013 and
0.0008 m, respectively, indicating that the targets are successfully detected. To further demonstrate the
effect of the algorithm on the suppression of sidelobes, Figure 10 depicts the PSLs of the ranging results
before and after algorithm implementation in a single-target scenario. As observed from the blue curve,
the PSL is significantly reduced after using the TDS-SS algorithm, which indicates that the sidelobes are
suppressed, thus demonstrating the effectiveness of the algorithm.

At the same time, the ranging resolution of this system is analyzed. The FWHM of the transmit-
ted signal is approximately 0.058 ns, which corresponds to a theoretical ranging resolution of 0.009 m
according to the formula AR = ¢ x FWHM/2, where AR and ¢ denote the ranging resolution and the
light velocity in free space, respectively. To verify the ranging resolution of this system, Figure 11 shows
the ranging results for two pairs of targets: one with distances of 20 and 20.01 m, and the other with
distances of 20 and 20.013 m, employing the TDS-SS algorithm in two distinct scenarios. When the
difference in target distances is 0.01 m, the system encounters challenges in effectively distinguishing
between the two targets. However, with a distance difference of 0.013 m, the system demonstrates the
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Figure 10 (Color online) PSL of single-target ranging with or without TDS-SS algorithm.

1 =) 1M b) / \
(19.999,1.000) (20.013,0.995)
S
3
Zo05 0.5f
g
£
<
0 0 X
19.5 20 20.5 19.5 20 20.5
Range(m) Range(m)

Figure 11 (Color online) Ranging results. (a) The positions of dual-target are 20 and 20.01 m; (b) the positions of dual-target
are 20 and 20.013 m.

capability to discriminate between the targets. Nevertheless, the inherent limitation of the low sampling
rate introduces deviations in the detected target positions. The simulation results are not much different
from theoretical expectations, and the ranging resolution of the system is roughly 0.013 m.

3.4 Overall performance

Finally, the effect of data rate on both communication and ranging performance is discussed, where the
system TDS is set to (0.5, 0.9) ns, and the signal bandwidth ranges from 1-10 GHz. Communication
analysis focuses only on the AWGN channel, and the dual targets are randomly distributed in the range
of 5-12 m. The simulation is repeated 1000 times, and the RMSE of the ranging is calculated. If the
RMSE is less than 0.01, the ranging is successful. Figure 12 shows the relationship between the BER
and detection probability with respect to the SNR and data rate. Since the sidelobes in the ACF of the
transmitted signal remain unchanged at different rates, the data rate has no significant impact on the
radar detection performance. On the other hand, due to that the BPF at the receiver filters out most
of the noise, only a small amount of noise is included in the echo signal, combined with the matched
filtering effect of cross-correlation technique, which provides a largest output SNR, and consequently,
the variation of SNR also does not show evident influence on the detection probability. Therefore, the
detection probability remains at a relatively stable level in the vicinity of 0.97. Based on these results,
in the proposed system, priority is given to communication performance, and the radar ranging function
is realized under the premise of the system being able to achieve reliable communication. Indeed, the
dual function of the system also has robust performance under low SNR, indicating that our system is
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Figure 12 (Color online) Effect of data rate on communication and ranging performance.

noise-resistant. To summarize, the proposed scheme achieves communication rates of up to 250 Mbps
while maintaining a detection probability of ranging above 0.95 in a dual-target scenario.

4 Conclusion

In summary, a novel DFRC system based on chaotic optoelectronic oscillators is proposed. The numerical
simulations and discussion are conducted to evaluate the radar and communication performance of the
system. The DFRC waveform is generated by encoding binary sequences with two different TDSs using
the CSK technique. The results show that the proposed system achieves information transmission while
the information can be completely hidden. However, this waveform will bring higher sidelobes caused by
TDS when used for ranging. To enhance the performance of the ranging, the TDS-SS algorithm has been
designed, and simulation results demonstrate the effectiveness of the algorithm in sidelobe suppression.
Besides, under the TDS combination of (0.5, 0.9) ns and the signal bandwidth of 9 GHz, the proposed
system is capable of achieving a communication rate of up to 250 Mbps and maintains a low BER even
under low SNR conditions, which is of great interest for certain scenarios with severe electromagnetic
interference. Additionally, the radar achieves a ranging resolution of 0.013 m and a detection probability
of 0.95 in a dual-target scenario with the utilization of the TDS-SS algorithm. These results demonstrate
the feasibility of using electro-optic chaos in the DFRC system, which paves a new way for the application
of chaotic OEO in such systems.
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