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Abstract— Photonics-based radars with a large operation
bandwidth enable a high-range resolution. Achieving high angu-
lar resolution typically demands a large aperture size or a
large antenna array, causing increased system complexity, vol-
ume, and cost. In this article, we propose a photonics-based
multiple-input and multiple-output (MIMO) radar that employs
a broadband digital coincidence imaging (DCI) method to achieve
super-resolution radar imaging. In the proposed radar system,
period one (P1) laser dynamics is used to generate broadband lin-
ear frequency modulation (LFM) signals, and photonic frequency
mixing is adopted to implement de-chirp processing. To improve
the angular resolution, the proposed DCI method implements
random phase modulation and multichannel accumulation to
the photonic de-chirped signals in the digital domain, obtaining
radar observation samples with rich spatiotemporal diversity.
Based on the spatiotemporally incoherent observation process,
an imaging equation is constructed and solved by a sparse
reconstruction method, resulting in the final high-resolution
radar image. A photonics-based 8 x 8 MIMO radar with
a bandwidth of 8 GHz (18-26 GHz) is established. Applying
the proposed DCI method, super-resolution 3-D imaging is
successfully demonstrated, attaining a range resolution of 2 cm,
an azimuth resolution of 0.3°, and an elevation resolution of 0.3°.
The experimental results can soundly verify that the proposed
photonics-based MIMO radar provides a promising solution to
high-resolution forward-looking radar imaging.

Index Terms— Coincidence imaging, microwave photonics,
multiple-input and multiple-output (MIMO), radar.

I. INTRODUCTION

ITH the continuous development of signal process-

ing theory and hardware processing capability, radar
imaging has evolved into a fundamental function of radar
systems. Thanks to the features of all-weather, all-time, and
long-distance observation, radar imaging has been widely used
in celestial mapping, space debris monitoring, topographic
mapping, ocean observation, etc. [1], [2]. In recent years,
photonic technologies have been applied in radar systems
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to expand the operation bandwidth for both radar signal
generation and reception, particularly sharpening the range
resolution in radar systems [3], [4], [5], [6], [7], [8], [9],
[10], [11], [12]. Up to now, several photonics-based synthetic
aperture radars (SARs) and inverse SARs have been developed
for high-resolution imaging [13], [14], [15], [16], [17], [18],
[19], [20], [21], with demonstrated range resolutions reach-
ing up to 8.3 mm [21]. However, achieving high azimuth
resolution typically necessitates extended observation periods
to form a large equivalent aperture size, which will reduce
processing speed and pose challenges in imaging fast-moving
targets. Additionally, SARs and ISARs are constrained by
the necessity of relative motion between radar and target,
restricting their operation to side or squint-looking imaging
modes [22], [23]. To expand the visual field, forward-looking
imaging using array radars can be applied. However, attaining
a high angular resolution requires a large-size array and a
large number of transmit and receive channels. Multiple-input
and multiple-output (MIMO) radars offer an efficient approach
for emulating large array structures using fewer transmit and
receive elements [24], [25], [26], [27]. Specifically, an array
comprising M transmitters and N receivers, denoted as an
M x N MIMO setup, effectively mirrors the capabilities of
a single array with a total of MN elements. To improve the
range resolution of conventional MIMO radars, photonics-
based MIMO radars have been proposed [28], [29], [30],
[31], [32], [33], [34]. These radar systems employ differ-
ent microwave photonic technologies for the generation and
processing of broadband linear frequency modulation (LFM)
signals. For example, in [32], a photonics-based frequency-
division multiplexing (FDM) MIMO radar is proposed in
which optical frequency combs heterodyning is applied to gen-
erate multiple LFM signals in different frequency bands and
photonic frequency mixing is applied to perform de-chirping
processing in the multiple receivers. Based on this MIMO
radar, high-resolution imaging with a back projection (BP)
algorithm is achieved. In [33], a photonics-based time-division
multiplexing (TDM) MIMO radar using photonic frequency
multiplication for broadband LFM signal generation is pro-
posed, through which high resolution imaging of complex
targets is implemented using a modified broadband BP imag-
ing algorithm. In [34], a photonics-based TDM-MIMO radar
using photonic digital-to-analog conversion for LFM signal
generation is proposed, and field-trial 3-D imaging of a civil
aviation aircraft is demonstrated. For these photonics-based
MIMO radars, although the angular resolution is improved
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compared with ordinary array radars, it is still constrained
by the Rayleigh limit. Therefore, to achieve high angular
resolution, the transceiver array needs to have a large size,
which is difficult to achieve in practical applications.

In this article, we propose a photonics-based MIMO radar
with super-resolution imaging capability by using a digital
coincidence imaging (DCI) method. In the proposed system,
an optical injection semiconductor laser is used to generate
broadband LFM signals, and photonic frequency mixing is
applied to realize de-chirp processing of the broadband radar
echoes. The proposed MIMO radar works in TDM manner
which allows a single radar transmitter for generating mul-
tichannel orthogonal signals and a single radar receiver for
efficiently capturing the multichannel radar echoes without
aliasing. Thanks to the microwave photonic signal generation
and processing, the radar transceivers can operate in a large
bandwidth, leading to a high range resolution. Besides, the
implementation of TDM mechanism optimizes spectral effi-
ciency, facilitating broad operation bandwidths within each
channel. Moreover, the TDM mechanism maintains channel
orthogonality and affords considerable adaptability in con-
figuring numerous transmit and receive channels. To break
through the Rayleigh resolution limit, a DCI method is
proposed in which the de-chirped signals are randomly modu-
lated in the digital domain. This imaging method increases
the temporal-spatial diversity of the observing signals, and
hence enables super-resolution imaging in both azimuth and
elevation directions. To achieve accurate image construction
and interference suppression, based on the spatiotemporally
incoherent observation process, sparse reconstruction method
is applied to solve the constructed imaging equation. In the
experiment, a photonics-based 8 x 8 MIMO radar is con-
structed with a bandwidth of 8 GHz (18-26 GHz), of which
the range resolution reaches 2 cm. Utilizing this radar system
and the proposed DCI method, broadband forward-looking
imaging is demonstrated and analyzed. The results verify the
superior performance of the proposed photonics-based MIMO
radar, which outperforms the traditional MIMO radars with
six times higher resolution in both azimuth and elevation
directions.

The subsequent sections of this article are structured as
follows. Section II introduces the principle of the proposed
photonics-based MIMO radar. In Section III, the design of
the photonics-based broadband 8 x 8 MIMO radar system
is discussed and super-resolution imaging is demonstrated.
Finally, Section IV draws conclusions.

II. PRINCIPLE

In this section, the principle of the photonics-based radar
transceiver is first presented, which is the basis for constructing
the MIMO radar. Then, the photonics-based MIMO radar
system is introduced and the principle of DCI based on the
proposed MIMO radar is expatiated.

A. Photonics-Based Radar Transceiver

Fig. 1 shows the structure of the photonics-based radar
transceiver. It utilizes period-one (P1) oscillation in an opti-
cally injected semiconductor laser to generate broadband

6997

Se|=E
E =
Control
signal l/]/‘/l/l '\
‘ PDI PA
|ML P m - - vzvt (O - @M
T Circulator
PDZ OBPF LNA
|—\ |/'\| - MZM2 <= -
Spectral characteristic in P1 state Principle of de-chirping

Injection ‘I, Injection

Optical ?L% t‘h Soa After
H I

m

ISLIf‘ oS

A
Before it
Injection fl
s Jm

Schematic of the photonics-based radar transceiver.

Frequency

0 Time t

Fig. 1.

LFM signals [35]. De-chirp processing of the radar echoes
is achieved through photonic frequency mixing, with the
optical signal in the lower branch of the optical coupler
(OC) serving as the reference. Radar echoes collected by the
receive antenna (Rx) undergo amplification by a low noise
amplifier (LNA) before being fed into the Mach-Zehnder
modulator (MZM?2). After modulating the regenerated optical
carrier in the reference optical signal, a new frequency-swept
optical sideband will be generated. This newly generated
frequency-swept sideband together with the frequency-swept
sideband of the reference optical signal is filtered out by an
optical bandpass filter (OBPF). Subsequently, the obtained
optical signal is sent to a photodetector (PD2) for photonic
frequency mixing, which performs de-chirping of the radar
echo [15]. After PD2, an electrical low-pass filter (LPF) is used
to select the de-chirped signal, eliminating high-frequency
disruptions. This filtered signal is then digitized by an analog-
to-digital converter (ADC) and further processed within a
digital signal processing (DSP) module.

For the proposed radar transmitter, thanks to the dominance
of P1 oscillation within the state space of the optically injected
semiconductor laser, the generated LFM signals can have a
very large bandwidth. The central frequency, bandwidth, and
pulsewidth of these signals can be easily adjusted by properly
setting the optical injection parameters [35], [36]. Moreover,
the generated LFM signals exhibit characteristics such as
LFM, high in-band signal-to-noise ratio (SNR), and good
phase coherence, as verified in previous demonstrations [37],
[38], [39], [40], [41], [42], [43]. In the receiver, the microwave
photonic frequency mixing has good consistency over a very
large operation bandwidth and enables broadband de-chirp
processing with a highly spurious-free dynamic range [44].
Additionally, the optical connection between transmitter and
receiver contributes to system compactness and stability.
Therefore, the photonics-based radar transceiver has the advan-
tages of both large bandwidth and high-performance, which
helps to achieve high range resolution detection and imaging.

B. TDM-MIMO Radar With DCI

Fig. 2 shows the schematic of the photonics-based MIMO
radar, which contains M transmit channels and N receive
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Fig. 2. Schematic of the photonics-based MIMO radar utilizing DCI method.

channels. The principle of the microwave photonic signal
generator is the same as the optical injection part in Fig. 1.
The output optical signal from the slave laser (SL) is split into
two branches by an OC. In one branch, the signal is directed to
a PD to generate a broadband LFM signal, which is amplified
by a power amplifier (PA) and fed into a 1 x M RF switch
(Switchl). Switch1 is properly controlled to let every M radar
pulse be sequentially output to the M transmit channels. This
way, the M-channel LFM signals are emitted to the detection
area through M transmit antennas in a TDM manner. Fig. 3(a)
shows the temporal sequence of the M transmit channels,
in which T is the temporal period of the generated LFM signal.

In the receiver, the radar echoes received by the N receive
antennas are directed to an N x 1 RF switch (Switch2).
Switch2 alternates the enabling channel at intervals of MT,
allowing each channel to receive echoes from all the M trans-
mit channels in a TDM manner. After N times of switches,
the radar echoes corresponding to all the MN transmit-receive
channels are sequentially allocated in different time slots.
So far, the transmit and receive process of a single MIMO
detection period is completed, which takes a total time of
MNT. The received echoes are amplified by a LNA and fed
into a microwave photonic de-chirping module. Concurrently,
the signal from the other branch of the OC is directed into
the microwave photonic de-chirping module, serving as the
optical reference for de-chirp processing. The fundamental
de-chirping principle is similar to that in Fig. 1, with the
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distinction that the de-chirping of radar echoes corresponding
to different transmit-receive channels is executed in a TDM
manner, as shown in Fig. 3(b). By performing serial-to-parallel
conversion, the de-chirped signals, which are sampled by the
ADC within a single MIMO detection period, are separated
into MN segments based on the temporal sequence. Each seg-
ment is then mapped in sequence to a distinct transmit-receive
channel. This way, a received signal matrix S, consisting of
MN de-chirped signals can be obtained, in which the element
Spmn@®) m=1,2,3,...,M;n=1,2,3,..., N) corresponds
to the mth transmit channel and the nth receive channel. Based
on the received signal matrix and the steering vector matrix of
the MIMO radar array, radar imaging is generally realized by
the digital beamforming (DBF) method in traditional systems,
whereas the angle resolution is still limited by the size of the
radar array.

To break through the Rayleigh limit and implement super-
resolution forward-looking imaging, a DCI method is proposed
and applied to process the received signals, the basic principle
of which is illustrated in Fig. 2. By modulating the received
signal in the digital domain, a spatiotemporal incoherent obser-
vation process is formed in the imaging area. The scattering
centers of the target within a beam will reflect and enable
the radar to obtain different observing signals based on their
respective positions, thereby achieving super-resolution within
the beam. Specifically, first, a parametric imaging model is
formulated based on the system parameters and the transmit-
receive processes. The imaging area is divided into K grid
units of the same size, and a collection of discrete imaging
units is obtained as

Tk} ey

I={rr,,...

where ry is the center position vector of the kth imaging unit.
Assuming the scattering points of the target are located in the
center of the imaging units, the scattering coefficient vector of
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the target can be expressed as
Lokl )

where o, represents the scattering coefficient of the kth
imaging unit. Thus, the received signal corresponding to the
mth transmit channel and nth receive channel is

o =|o,00,...

K
Srnn () = 0%+ S (1 = Ty (3)
k=1
In (3), S;,(¢) is the LFM signal emitted by the mth transmit
antenna and t¥ is the time delay of this signal reaching the
kth imaging unit and reflected to the nth receive antenna

1
= 2Rl - Ral) @

where R, ,, and R, , represent the position vectors of the mth
transmit antenna and the nth receive antenna, respectively, and
c is the propagation speed of the electromagnetic wave in the
atmosphere.

Then, to make the observation process have more spa-
tiotemporally incoherent differences and meet the restricted
isometry property (RIP), a random phase modulation is applied
to the received signals of each transmit-receive channel in the
digital domain. Subsequently, the phase-modulated signals are
summed up to get

M N
SH) = DD Spmn(t) - exp[j - W (1)] ©)
m=1 n=1
where W,,,(¢) represents the random phase modulation term
corresponding to the mth transmit channel and the nth receive
channel. Similarly, the observing signal of the imaging area
can be derived from the observation process and the geometric
relationship
M N
Sttr) =D St —1h,) ~exp[j - Wan (D] (6)
m=1 n=1

It is deduced from (5) and (6) that the phase-modulated signal
can be expressed as

K
NMOED RN S ™
k=1
Subsequently, a parameterized imaging model can be
obtained through discrete sampling

S =S 8)

where S/ is the modulated and summed received sig-
nal matrix. S is the observation matrix of the proposed
photonics-based MIMO radar for the divided imaging area,
which is formed by the observing signals at different grid-unit
centers. Equation (8) can be expanded as

S.(t1) S(t1,r1) S(ty,12) S(t1, k) o1

S(t2) B S(ta,r1) S(t2,12) S(t2, rg) lop3

Si(tr) S(tp,ry) S(p,r2) S, rg) ok
)

6999

in which #, fp, ..., t; are different sampling times. Now, the
image reconstruction becomes the problem of solving (9).
When the matrix S is nonsingular, the scattering coefficient of
the target can be uniquely solved. The column vector and row
vector of S represent the observing signals at different imaging
units and different sample times, respectively. Therefore, the
obvious spatiotemporal incoherence of the observation matrix
ensures that the scattering coefficient of the target can be
uniquely solved to realize super-resolution imaging.

The matched filtering method and pseudo-inverse method
are commonly used methods for solving the imaging equation
in (9), which can directly retrieve the scattering coefficient o
from S,. However, because of the incomplete spatiotemporal
incoherence of the observation matrix, image construction with
these methods has limited super-resolution factor and suffers
from sidelobe and background interferences. To get high-
quality super-resolution images, compressed sensing method
can be applied. It can be seen from (9) that the imaging
equation to be solved is naturally consistent with the sparse
reconstruction model. Based on the scattering center model,
the backscattering of the radar target can be approximated
as coming from a few strong scattering centers. Therefore,
it is usually assumed that the number of scatterers is much
less than the imaging grid units, i.e., the target to be recon-
structed has the characteristic of spatial sparsity. Using the
sparse prior condition of scattering coefficients, the com-
pressed sensing algorithm can be employed to estimate the
scattering coefficients o even if the effective measurement
data is insufficient [45], [46], [47], [48]. In addition, it can
overcome the defects of the wide main-lobe and high-energy
sidelobes in traditional methods, improving the performance
of radar imaging. Based on this, the sparse constraint is added
to the imaging equation of (8), which is obtained as follows:

6=argmin{||S/r—S-a”i—i—lllalll} (10)
o

where A is the regularization parameter. The greedy algorithms
or convex optimization methods can be used to solve (10) and
high-quality super-resolution imaging can be achieved.

It should be noted that to reduce the system complexity and
save the cost, TDM manner is adopted in the photonics-based
MIMO radar transceiver. Because of the inherent inferiority
of TDM radars in detecting high-speed targets, the proposed
radar is suitable for high-resolution imaging of slow-moving
or stationary targets. While the proposed DCI method is not
confined to TDM-MIMO radars. It can be applied in various
array radars to enhance the imaging resolution.

III. EXPERIMENTS AND RESULTS

In the conducted experiment, a photonics-based broad-
band 8 x 8 MIMO radar is established, as shown in Fig. 4(a).
To control the optical injection intensity, the optical signal
from the master laser (ML, TeraXion PS-TNL) is input to a
10-Gb/s MZM (MZM1, Lucent 2623NA) after passing through
a PC. Subsequently, the modulated signal is directed into an
SL (Actech LD15DM) via a circulator. MZM1 is driven by an
electrical control signal generated by a low-speed electrical
signal generator (RIGOL DG4062). The bias current of the
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Fig. 6. Photograph of the 3-D imaging scenario with two corner reflectors

separated by 0.02 m, 0.03 m (0.3°), and 0.03 m (0.3°) in range direction,
azimuth direction, and elevation direction.

SL is adjusted to 24.4 mA, approximately four times of its
threshold current. At the output of PD1 (u2t XPDV2120RA;
bandwidth: 40 GHz), an LFM signal is generated and ampli-
fied by a PA (Operation bandwidth: 2-43 GHz; gain: 42 dB;
maximum RF input power: +15 dBm; noise figure: 4 dB).
The waveform analysis of the generated signal is performed
using a real-time oscilloscope (Keysight DSO-X 93204 A).
Its temporal waveform and electrical spectra are depicted
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(a) Photograph of the established photonics-based MIMO radar. (b) Temporal waveforms. (c) Electrical spectrum. (d) Time-frequency diagram of the

in Fig. 4(b) and (c), respectively. Fig. 4(d) depicts the
instantaneous frequency characteristics of the generated signal
calculated by short-time Fourier transform. It is observed that
an LFM signal is successfully generated with a bandwidth
of 8 GHz (18-26 GHz). The LFM signal exhibits a pulsewidth
of 400 us and a duty cycle of 50%. The generated signal is
then directed to eight channels utilizing a single-pole eight-
throw switch (Talent Microwave Inc. TLSP8T8G26), where
the switching time between adjacent transmit channels is set at
800 ws. Subsequently, eight horn antennas (Tx, 18-26.5 GHz),
positioned at 5 cm intervals in the azimuth direction, are used
to transmit the microwave signals to the imaging area.

In the receiver, eight antennas are configured as a uniform
linear array (ULA) oriented perpendicular to the transmit array
to collect the radar echoes. The spacing between adjacent
receive antennas is 5 cm. The established MIMO array has
baseline lengths of 35 cm in both azimuth and elevation
directions. Another single-pole eight-throw switch (Talent
Microwave Inc. TLSP8T8G26) having a switching time of
6.4 ms between different channels is employed to combine the
radar echoes of different transmit channels into one channel.
According to the array size and the signal parameters, the
established photonics-based MIMO radar takes 51.2 ms for a
single round of transmission and reception for all 64 transmit-
receive channels. The combined echoes are amplified by
an LNA (Operation bandwidth: 18-26.5 GHz; gain: 35 dB;
maximum RF input power: 410 dBm; noise figure: 1.8 dB)
and connected to the RF port of MZM2 (Fujitsu FTM7938)
to modulate the optical carrier. The subsequent selection of
the desired optical modulation sidebands is achieved using
an (OBPF, Santec: OTF-350). Next, another PD (PD2, CON-
QUER Inc; Bandwidth: 10 GHz) is used to complete the
photonic frequency mixing and an LPF having a bandwidth
of 200 MHz is applied to select out the de-chirped signal.
Then the de-chirped signals are sampled and recorded by an
electrical ADC with a sampling rate of 6.25 MSa/s. The radar
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Photograph of the 3-D imaging scenario of a U-shaped complex

parameters lead to a maximum unambiguous detection range
of 23.42 m, which is sufficient in our experimental demonstra-
tions. In practical applications, long distance detection can be
achieved by adjusting the parameters of the photonics-based
radar transceiver.

To investigate the range resolution of radar detection using
the generated broadband signals, a ranging experiment is
carried out. As shown in Fig. 5(a), the broadband LFM signals
generated by the transmitter is directly emitted using a K-band
horn antenna (Tx, 18-26.5 GHz) for detection. Another horn
antenna (Rx, 18-26.5 GHz) is employed to receive the echoes,
which are then transmitted to the receiver. First, a reflector
positioned at 1.18 m away from the radar transceiver serves
as the target. Utilizing a fast Fourier transformation (FFT) on
the de-chirped signal, the range profile is obtained, as depicted
in Fig. 5(c), in which a dominant peak appears at the position
corresponding to the distance of the target. The full width
at half maximum (FWHM) of the peak pulse in Fig. 5(c)
is 2 cm, closely matching the theoretical range resolution of
1.875 cm. To further test the range resolution, detection of two
closely spaced targets is conducted, as illustrated in Fig. 5(b),
in which the two reflectors are separated by 2 cm along the
range direction. In the range profile depicted in Fig. 5(d), two
discernible peaks corresponding to the two targets emerge at
1.231 and 1.252 m, respectively. The distance between the two

targets is measured to be 2.1 cm, which is very close to the
actual distance. These results can soundly validate the high
range resolution of the established MIMO radar.

Then, to verify the super-resolution imaging capability of
the proposed photonics-based MIMO radar system in azimuth
and elevation directions, 3-D imaging experiments are carried
out. The experiment is carried out in an anechoic chamber with
the experimental scenario shown in Fig. 6. Specifically, two
corner reflectors (size: 2 x 2 x 2 cm) placed approximately
~4.6 m away from the radar transceiver are employed to
simulate a set of ideal point targets. The two reflectors are
separated by 0.02 m, 0.03 m (0.3°), and 0.03 m (0.3°) in
range direction, azimuth direction, and elevation direction,
respectively. As a comparison, the target image is first recon-
structed by the traditional DBF method, and the results are
shown in Fig. 7. In these figures, the targets are presented in
both 2-D and 3-D views, in which the 2-D views are formed
by the maximum value projection to the coordinate planes,
and the 3-D view is the scatterplot of the points of which
the intensity values are larger than 1% of the peak one in
the region. As can be seen from Fig. 7, the reconstructed
image has a high range resolution thanks to the application
of broadband LFM signals. For traditional MIMO radar with
the DBF method, the theoretical resolutions in the azimuth and
elevation directions are 2° and 2°, which is determined by the
baseline length of the MIMO array [34]. The limited azimuth
and elevation resolution, which are six times of the target
separation, makes it impossible to distinguish the two targets
in azimuth and elevation directions. In addition, the imaging
results in Fig. 7 are blurred with strong interference, hindering
effective identification of the actual scatterers. This is due to
the absence of prior information about the targets in the DBF
method, leading to inherent challenges such as wide main-lobe
width and the presence of high-energy sidelobes. When the
proposed DCI method is employed, a random matrix is formed
by generating 8 x 8 x 5000 uniformly distributed random
phase modulation terms within the range of [—m, 7]. Based
on this matrix, random phase modulation is implemented to
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the received signals in the digital domain. An imaging area
with a size of 0.5 m (range) x 0.5 m (azimuth) x 0.5 m
(elevation) is defined around the target, which is divided into
25 (range) x 16 (azimuth) x 16 (elevation) units. This imaging
unit size is the minimum to maintain the nonsingularity
of the observation matrix, representing the actual resolution
capability achievable by the constructed radar system. The
orthogonal matching pursuit (OMP) algorithm is adopted as
the sparse recovery algorithm to solve the imaging equation of
the DCI method because of its simple structure and fast speed.
In the imaging results shown in Fig. 8, the two targets are
well distinguished in range, azimuth, and elevation directions.
Moreover, the amplitudes of the reconstructed targets are
much stronger than those from surrounding regions, which
means that the corner reflectors are well focused without
obvious interference. Therefore, based on the proposed DCI
method, the established photonics-based MIMO radar achieves
forward-looking imaging with a resolution six times higher
than that determined by the Rayleigh limit in both azimuth
and elevation directions.

Finally, to imitate real scenes, a complex U-shape target
composed of five corner reflectors (size: 5 x 5 x 5 cm)
is applied, as shown in Fig. 9. Upon target detection using
the established photonics-based MIMO radar, the received
signals are processed via the traditional DBF method and
the proposed DCI method. The reconstructed 3-D imaging
results are depicted in Figs. 10 and 11, respectively. The
amplitude of radar echoes differs among reflectors based on
the observation angle. Fig. 10 shows that benefitting from
the superior range resolution, the traditional DBF method
can distinguish the reflectors with strong echoes in the range
direction. However, the reflectors with weaker echoes tend to
exhibit aliasing. Moreover, owing to the limited azimuth and
elevation resolution, there is an overlap among the reflectors,
resulting in an inability to discern the shape of the target
in these two directions. When the proposed DCI method
is applied, from Fig. 11, it is found that the reconstructed
images match well with the geometric features of the target.
Thanks to the excellent super-resolution imaging capability
of the DCI method, each corner reflector can be accurately
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Reconstructed images of the U-shaped complex target using the proposed DCI method.

reconstructed in all three dimensions within the imaging
results. Meanwhile, the DCI method overcomes the influence
of the large main-lobe width and the presence of high-energy
sidelobes, resulting in a well-focused and high-contrast image.
Therefore, the imaging results provide robust evidence that the
proposed photonics-based broadband MIMO radar can achieve
multidimensional high-resolution forward-looking imaging in
intricate real-world scenarios.

IV. CONCLUSION

In conclusion, we have proposed a photonics-based MIMO
radar with broadband DCI method and demonstrated its
application in high-resolution forward-looking imaging. The
radar employs an optical injection semiconductor laser to
generate broadband LFM signals in the transmitter and uses
photonic frequency mixing for de-chirping the radar echoes.
Thanks to the use of microwave photonic technologies, the
radar transceivers can be operated with a large bandwidth.
Meanwhile, the proposed MIMO radar works in a TDM
manner, which allows a high spectral efficiency and a
good orthogonality between different channels. Furthermore,
by introducing digital phase modulations to the de-chirped
signals and solving the constructed imaging equation using
the sparse reconstruction method, high-resolution imaging
breaking the Rayleigh resolution limit is realized. Through
experimental investigation of a photonics-based 8 x 8§ MIMO
radar with an 8-GHz (18-26 GHz) bandwidth, the feasibility
of the established radar system and the advantage of the
proposed imaging method are verified.
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