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Abstract: A photonics-based multiple-input-multiple-output (MIMO) radar is proposed and 
demonstrated based on wavelength-division-multiplexed broadband microwave photonic 
signal generation and processing. The proposed radar has a large operation bandwidth, which 
helps to achieve an ultra-high range resolution. Compared with a monostatic radar, improved 
radar performance and extended radar applications originated from the MIMO architecture 
can be achieved. In addition, low-speed electronics with real-time signal processing capability 
is feasible. A photonics-based 2 × 2 MIMO radar is established with a 4-GHz bandwidth in 
each transmitter and a sampling rate of 100 MSa/s in the receiver. Performance of the 
photonics-based multi-channel signal generation and processing is evaluated, and an 
experiment for direction of arrival (DOA) estimation and target positioning is demonstrated, 
through which the feasibility of the proposed radar system can be verified. 
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1. Introduction

Radar is widely used in both civil and security applications. With the increasing requirement 
for high-resolution target detection and imaging, broadband radars are highly demanded to 
achieve a high range resolution [1, 2]. To overcome the bandwidth limitations of traditional 
radar transmitters and receivers, microwave photonic technologies have been applied to 
construct broadband radars with an ultra-high range resolution [3–9]. In [6], we have 
proposed a high-range-resolution radar based on photonic generation and processing of 
broadband linear frequency modulation (LFM) signals. In this system, the broadband LFM 
signal is generated by photonic frequency quadrupling, and the received radar echo is de-
chirped by photonic frequency mixing. This photonics-based radar has a potential bandwidth 
of tens of gigahertz, enabling an ultra-high range resolution. Besides, the photonics-based 
broadband de-chirp processing transfers the target information from the radar echo to a low-
frequency signal, which effectively reduces the required sampling rate of the digital receiver 
and ensures a fast or real-time signal processing. Based on this architecture, a Ka-band radar 
with a 12-GHz bandwidth is demonstrated with a range resolution as high as 1.3 cm [10]. 
Turntable inverse synthetic aperture radar (ISAR) imaging experiment is performed with a 2D 
imaging resolution of 2 cm × 2 cm [11], and real-time ISAR imaging of a non-cooperative 
target is also demonstrated [12]. These results can confirm the advantage of photonics-based 
broadband radar in achieving an ultra-high range resolution. However, the previous 
photonics-based radars are mainly focused on monostatic radar structures and applications. 
To further improve the radar performance, such as to achieve a higher azimuth resolution and 
more precise parameter estimation, and also to enable more radar applications such as 
direction of arrival (DOA) estimation and multiple target tracking, it is urgent to combine the 
photonics-based radar technology with the array radar technology. In recent years, multiple-
input-multiple-output (MIMO) radar has been considered as a promising array radar 
architecture, which can have a large equivalent transceiver array with relaxed hardware 
requirements as compared with a conventional radar array. Thanks to its orthogonal property 
between different channels, a MIMO radar has the flexibility to realize multiple beam 
forming, DOA estimation, multiple target tracking, and 2D/3D imaging, etc [13–16]. In 
addition, a MIMO radar can achieve a high azimuth resolution and very precise target 
positioning and parameter estimation [17, 18]. Currently, the main difficulties in developing 
high-resolution MIMO radars are: i) the range resolution still suffers from the electronic 
bandwidth limitation; ii) the data storage and signal processing in multiple receivers is quite 
resource-consuming and complex, especially for broadband MIMO radar receivers where 
high-speed ADCs are usually applied. Although photonics-based radar has been demonstrated 
with great potential in future radar applications, the design of broadband MIMO radar based 
on photonic technologies has not been reported. 

In this paper, we propose a photonics-based broadband MIMO radar, in which 
wavelength-division multiplexed microwave photonic signal generation and processing are 
adopted to achieve a large operation bandwidth and a simple echo de-chirping and separation. 
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In the transmitter array, multiple orthogonal LFM signals are generated by photonic 
frequency multiplication, and in the receiver array, de-chirping and separation of radar echoes 
from different channels are implemented by photonic frequency mixing. In addition to the 
large operation bandwidth originated from the photonics-based system and the various 
advantages originated from the MIMO radar, hardware requirements of the proposed 
photonics-based MIMO radar are also relaxed. In each transmitter, electrical signal generators 
with a moderate sampling rate are adequate to generate high-frequency and broadband LFM 
signals. In each receiver, low-speed analog-to-digital converters (ADCs) are sufficient to 
sample the de-chirped signals, and signal separation between different channels is 
implemented by the hardware instead of digital matched filters. In this work, principle of the 
proposed photonics-based MIMO radar is described in detail, and its feasibility is 
experimentally verified through a 2 × 2 MIMO radar system with a 4-GHz bandwidth in each 
channel and a100-MSa/s sampling rate in the receiver. Based on the established experimental 
system, performance of the photonics-based multi-channel signal generation and processing is 
evaluated, and DOA estimation and target positioning are also demonstrated. 

2. Principle of the photonics-based MIMO radar

Fig. 1. Schematic diagram of the proposed photonics-based M × N MIMO radar. LD: laser 
diode; OC: optical coupler; DPMZM: dual-parallel Mach-Zehnder modulator; WDM: 
wavelength division multiplexer; EDFA: erbium-doped fiber amplifier; PD: photodetector; 
EA: electrical amplifier; PA: power amplifier; LNA: low noise amplifier; MZM: Mach-
Zehnder modulator; LPF: electrical low-pass filter; ADC: analog-to-digital converter. 

Figure 1 shows the schematic diagram of the proposed photonics-based MIMO radar with M-
transmitter and N-receiver, which is designed based on a wavelength division multiplexing 
architecture. Each transmitter generates an LFM signal in the form of either pulsed signal or 
continuous wave signal, and frequency overlap is avoided between adjacent transmitters, 
which guarantees the orthogonality of the transmitted signals. As shown in Fig. 1, M laser 
diodes (LDs) with different wavelengths (λ1, λ2, …, λM) are used as the light sources. The light 
from each LD is modulated by a dual-parallel Mach Zehnder modulator (DPMZM) that is 
driven by an intermediate frequency LFM (IF-LFM) signal. The M orthogonal IF-LFM 
signals have the same bandwidth and chirp rate, and they are generated by signal generators 
such as a direct digital synthesizer. In the mth channel (i = 1, 2, …, M), the instantaneous 
frequency of a single LFM pulse is expressed as 
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IF_ ( ) (0 )m mf t u kt t T= + ≤ ≤ (1)

where um is the initial frequency, T is the temporal width of the pulse, and k = B/T is the chirp 
rate with B being the signal bandwidth. To avoid frequency overlap between adjacent 
channels, um+1>fm(T) should be satisfied. Each DPMZM is properly biased to operate at the 
frequency quadrupling mode, i.e., only the frequency sweeping ± 2nd order sidebands are 
generated after modulating the input light [19]. The output signals of the DPMZMs are 
combined by a wavelength division multiplexer (WDM) and properly amplified by an 
erbium-doped fiber amplifier (EDFA). Then, the optical signal is split into two branches by 
an optical coupler (OC). The signal in the upper branch is sent to a broadband photodetector 
(PD) to implement optical-to-electrical conversion. After the PD, M LFM signals are 
generated with the instantaneous frequency of the mth LFM signal expressed as 

LFM_ ( ) 4 4 (0 )m mf t u kt t T= + ≤ ≤ (2)

Compared with the input IF-LFM signals, the frequency and bandwidth of the obtained LFM 
signals are quadrupled. In this process, to avoid the interference between different optical 
channels, the wavelength spacing between two adjacent light sources should be far larger than 
the bandwidth of the PD. The generated LFM signals are separated by a serious of electrical 
filters with different central frequencies. Then, each LFM signal is amplified by a power 
amplifier (PA) and emitted to the air through a transmit antenna. The electromagnetic wave 
transmitted by the multiple antennas are scattered by the target, and the reflected echoes are 
collected by N receive antennas without signal selection. Then, de-chirp processing and signal 
separation between different channels are implemented utilizing the optical signal from the 
lower branch of the OC. This optical signal is split into N branches by an optical splitter to 
obtain N reference signals. The echo signal collected by a receive antenna is amplified by a 
low noise amplifier (LNA) and then applied to drive a Mach-Zehnder modulator (MZM) to 
perform intensity modulation of a reference optical signal from the optical splitter. After that, 
the modulated optical signal is sent to a receiver. In the nth receiver (n = 1, 2, …, N), the input 
optical signal passes through another WDM, which has the same transmission properties as 
used in the signal generation part, to perform wavelength de-multiplexing of the M optical 
channels. Each de-multiplexed optical signal is sent to a PD to implement de-chirping of the 
received LFM signals by microwave photonic frequency mixing. After the PD, an electrical 
low-pass filter (LPF) with a proper bandwidth is used to select out the de-chirped signal, 
which is then digitized by a low-speed ADC. In this way, M digital signals, corresponding to 
the de-chirped signals of the M orthogonal echoes, are separately obtained in each receiver. In 
Fig. 1, the signal Smn represents the de-chirped signal originated from the mth transmitter and 
received by the nth receiver. Finally, the MN digital signals obtained by the receiver array are 
sent to a digital signal processing module. 

ffm

The mth channel of the WDM

F1 F2 F3F4 F5 F6F9 F8F7 F10

Fig. 2. Illustration of the optical spectrum in the mth output channel of the WDM in a receiver. 

In each receiver, to well separate the de-chirped signals from different channels, the 
multiple LFM signals transmitted by the MIMO radar should be properly designed. Figure 2 
illustrates the optical spectrum of the signal after the MZM in the mth output channel of the 
WDM, at time t. In this channel, the echo signal corresponding to the mth transmitter is to be 
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de-chirped and selected. In Fig. 2, fm is the frequency of the laser source with the wavelength 
of λm. The reference optical signal sent to the MZM can be treated as two frequency sweeping 
optical carriers at F1 = fm-2um-2kt, and F2 = fm + 2um + 2kt. The instantaneous frequency of 
the echo signal from the mth transmitter is 4um + 4k(t + τm), where τm is the time delay of the 
echo signal. By controlling the modulation index, only the ± 1st order sidebands with the 
optical carrier are obtained after the MZM. Thus, a pair of sidebands at F3 = fm + 2um + 2kt + 
4kτm and F4 = fm-6um-6kt-4kτm, and another pair of sidebands at F5 = fm-2um-2kt-4kτm and F6 = 
fm + 6um + 6kt + 4kτm are generated. After the PD, the desired de-chirped signal at frequency 
Δf = 4kτm is obtained by frequency beating between F2 and F3 (or between F1 and F5). 
Considering 4kτm is usually a small value, the de-chirped signal can be selected out by an LPF 
with a small bandwidth. It should be noted that the optical carriers at F1 and F2 are also 
intensity modulated by a signal at 4um + 1 + 4k(t + τm+1), which is the echo signal of the (m + 
1)th transmitter with τm+1 being the time delay. The generated ± 1st order modulation
sidebands, denoted by F7, F8, F9, and F10, are also shown in Fig. 2, where F7 = fm-2um-6kt-4um 

+ 1-4kτm+1, F8 = fm-2um + 2kt + 4um + 1 + 4kτm+1, F9 = fm + 2um-2kt-4um + 1-4kτm+1, and F10 = fm +
2um + 6kt + 4um + 1 + 4kτm+1. It is found that when the following conditions are satisfied,

14( )m mu u f+ − >> Δ (3)

LFM _ 1( ) 4( )m m mf t u u f+− − >> Δ (4)

all the frequencies generated by beating at the PD, except the desired de-chirped component, 
are far greater than Δf. Therefore, the de-chirped signal can be separated using an LPF 
without interference from the (m + 1)th transmitter. In obtaining (3) and (4), τm≈τm+1 is 
assumed, because the target distance is greatly larger than the distance between adjacent 
transmit antennas or adjacent receive antennas. Equation (3) indicates that the initial 
frequency difference between adjacent channels should be far greater than the de-chirped 
frequency, which can be easily satisfied by choosing a signal bandwidth larger than Δf. For 
example, a radar with a bandwidth over 500 MHz is feasible when the de-chirped signal is 
kept within 100 MHz. Equation (4) requires that frequency of the radar signal should be 
greatly larger than the initial frequency difference between adjacent channels. This is also 
easy to implement, e.g., when the frequency difference between adjacent channels is no more 
than 5 GHz, a MIMO radar operating over 5.5 GHz can well separate the de-chirped signals 
without interference from adjacent channels. Although Fig. 2 only includes the frequency 
components caused by the most adjacent channel, further investigation confirms that the de-
chirped signal at Δf can be separated without interference from all the other channels when 
(3) and (4) are satisfied, as long as all the transmitters have the same bandwidth and chirp
rate.

To this point, explanation of the photonics-based MIMO radar structure is completed. 
Advantages of the proposed system are attributed to the combination of microwave photonic 
technology and MIMO radar technology. Firstly, a large operation bandwidth is enabled by 
the photonics-based broadband signal generation and de-chirp processing, leading to a high 
radar range resolution. Secondly, thanks to the MIMO radar architecture, improved radar 
detection performance (such as a higher azimuth resolution and more precise parameter 
estimation) and extended radar applications (such as multiple targets detection and multiple 
beamforming, etc.) can be achieved compared with a monostatic radar. Thirdly, low-speed 
electronics with real-time signal processing capability is feasible in the proposed radar. In the 
transmitters, electrical signal generators with moderate sampling rate can be used to generate 
high-frequency and broadband LFM signals. In each receiver, a low-speed ADC is required to 
sample the de-chirped signal and separation of the de-chirped signal is realized by hardware 
instead of conventional digital matched filters, which can lower the requirement for data 
storage and increase the signal processing speed. 
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3. Experimental demonstration

To verify the feasibility of the proposed radar system, a 2 × 2 MIMO radar is established 
based on the experimental setup in Fig. 3. Due to the hardware constraints, the two receiving 
channels share the same receiver in a time-division mode after collecting the echoes by the 
two receive antennas. Although this configuration only permits the observation of static 
targets, it does not affect the performance evaluation of the photonic system. 

Fig. 3. Experimental setup of the photonics-based 2 × 2 MIMO radar. 

In Fig. 3, two LDs at 1550.92 nm and 1552.52 nm (separated by 200 GHz), both with an 
output power of 16 dBm are used as the light sources. The output light from each LD is 
modulated by a DPMZM (Fujitsu FTM7962EP, Bandwidth: 22 GHz), respectively. The two 
IF-LFM signals driving the two DPMZMs are generated by a two-channel arbitrary waveform 
generator (Keysight 8195A), and both of them have a repetition rate of 100 kHz and a 
bandwidth of 1 GHz (4.375-5.375 GHz and 5.5-6.5 GHz, respectively). After properly setting 
the bias voltages of the DPMZMs, frequency quadrupling modulation can be achieved. The 
obtained two optical signals are combined by a WDM that has a channel spacing of 100 GHz. 
Figure 4 shows the optical spectrum of the signal after the WDM (point a in Fig. 3), which is 
measured by an optical spectrum analyzer (Yokogawa AQ6370C) with a resolution of 0.02 
nm. As can be seen, for both of the two optical channels, two frequency-swept ± 2nd-order 
optical sidebands are generated with the undesired sidebands well suppressed. This optical 
signal is amplified by an EDFA (Amonics Ltd.) with a gain of about 20 dB. Then, a 50:50 OC 
is used to equally split the optical signal. The signal from the upper branch is sent to a 40-
GHz PD (u2t XPDV2120RA). After the PD, two LFM signals covering 17.5-21.5 GHz and 
22-26 GHz are generated, and two electrical band-pass filters are applied to separate the two
LFM signals. Waveforms of the generated two LFM signals in a period of 40 μs are observed
by an 80-GSa/s real-time oscilloscope (Keysight DSO-X 92504A), as shown in Figs. 5(a) and
5(c). The corresponding electrical spectra are measured (point b and point c in Fig. 3) by an
electrical spectrum analyzer (ESA, R&S FSV40) with a resolution bandwidth (RBW) of 50
kHz, as shown in Figs. 5(b) and 5(d), respectively. As can be seen, two 4-GHz bandwidth
LFM signals covering 17.5-21.5 GHz and 22-26 GHz are successfully generated, confirming
the multi-channel broadband signal generation capability of the proposed system. The In-band
signal-to-noise and distortion ratio (SINAD) of the two LFM signals is also measured by the
ESA with an RBW of 10 Hz, which is 59 dB and 58 dB, respectively. The generated two
LFM signals are amplified individually by a broadband electrical amplifier (Agilent 87422A),
and launched into the air by two K-band antennas respectively. The transmitted power by
each antenna is about 0.5 W.
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Fig. 4. Spectra of the frequency quadrupling modulated optical signal after the WDM 
(measured at point a in Fig. 3). 

Fig. 5. (a) Waveform and (b) spectrum of the generated LFM signal in 17.5-21.5 GHz (RBW = 
50 kHz, measured at point b in Fig. 3); (c) waveform and (d) spectrum of the generated LFM 
signal in 22-26 GHz (RBW = 50 kHz, measured at point c in Fig. 3). 

Fig. 6. Spectra of the de-multiplexed two optical signals after the WDM in the receiver: (a) the 
1550.92 nm channel and (b) the 1552.52 nm channel (measured at point d and point e in Fig. 3, 
respectively). 
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To check the feasibility of the multi-channel de-chirping and signal separation, a distance 
measurement experiment is implemented applying the two transmitters and a single receiver. 
In this case, a simple linear antenna distribution is adopted, where the two transmit antennas 
and the receive antenna are close to one another with the receive antenna placed in the 
middle. A metallic plane target with a size of about 6 cm × 4 cm is placed at a distance of 
160.9 cm away from the antennas. The radar echo is collected by the receive antenna and 
amplified by a broadband electrical amplifier (SHF 806E). The obtained signal is applied to 
drive an MZM (Fujitsu FTM7938, Bandwidth: 28 GHz). The output signal from the MZM is 
amplified by another EDFA and sent to a WDM to implement wavelength de-multiplexing. 
Figure 6 (a) and (b) show the spectra of the de-multiplexed two optical signals (point d and 
point e in Fig. 3). Then, the two signals are sent to a PD (CONQUER Inc., Bandwidth: 
10GHz) respectively. Following each PD, an LPF with a bandwidth of 50 MHz is used to 
select the de-chirped signal. The obtained two de-chirped signals are simultaneously sampled 
by two channels of the real-time oscilloscope, both with a sampling rate of 100 MSa/s. 
Figures 7(a) and 7(c) show the raw data of the sampled two de-chirped signals (S11 and S21) in 
a period of 100 μs. By performing fast Fourier transmission (FFT) to the two signals, the 
electrical power spectra are obtained, as shown in Figs. 7(b) and 7(d), respectively. As can be 
seen, two strong frequency components at 9.9 MHz and 16.19 MHz are observed, 
corresponding to the de-chirped frequency components in the two channels, respectively. 
Here, normalized power spectra are provided. The specific power level of the two de-chirped 
frequency components is measured to be around −40 dBm. Through the spectra in Fig. 7, it is 
also found that, the de-chirped signals of the two channels are successfully separated without 
interference between each other. To acquire the correct information through the calculated 
spectra in Fig. 7, a calibration should be implemented to remove the de-chirped frequency 
shift due to time delay of the electrical cables and other devices, such that the de-chirped 
frequency is proportional to the time delay between the target and the antennas. In our 
experiment, the frequency shift used for calibration is measured by shorting the electrical 
cables connected to the transmit antenna and the receive antenna. After calibration, the de-
chirped frequencies corresponding to Figs. 7(b) and 7(d) are both found to be 4.31 MHz. 
According to the relationship between the de-chirped frequency and time delay of the radar 
echo, the distance between the target and the antennas is calculated to be 161.6 cm, with a 
measurement error of 0.7 cm. 
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Fig. 7. (a) Waveform and (b) power spectrum of the de-chirped signal S11, (c) waveform and 
(d) power spectrum of the de-chirped signal S21. 

The theoretical range-resolution of the MIMO radar, determined by the transmitted signal 
bandwidth [6], is calculated to be 3.75 cm. To validate this property, detection of two metallic 
plane targets is implemented, in which the two targets both with a size of about 6cm × 4cm 
are placed about 187 cm away from the antennas. The two targets are separated by 3.75 cm 
along the range-profile of the radar, as shown in Fig. 8(a). The calculated spectrum of the de-
chirped signal S11 is shown in Fig. 8(b), where two de-chirped frequency components at 4.92 
MHz and 5.02 MHz are observed. When obtaining the spectrum applying the de-chirped 
signal S21, two spectral peaks at 4.92 MHz and 5.02 MHz are also observed. According to the 
frequencies of these two de-chirped components, the distance between the two targets along 
the range profile is calculated to be 3.75 cm, which confirms the resolving capability along 
the range profile. 

Fig. 8. (a) Picture of the antennas and targets in the experiment, (b) power spectrum of the de-
chirped signal S11. 
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Fig. 9. Illustration of the antennas and target in the Cartesian coordinate when performing the 
DOA estimation and positioning. 

Fig. 10. Calculated power spectra of (a) signal S11, (b) signal S12, (c) signal S21, and (d) signal 
S22. 

Finally, DOA estimation and target positioning are demonstrated based on the established 
2 × 2 MIMO radar. Distribution of the transmit antennas and receive antennas in the Cartesian 
coordinate is shown in Fig. 9. The two transmit antennas (T1 and T2) are located at (0, 0) and 
(20 cm, 0), respectively, and the two receive antennas (R1 and R2) are located at (90 cm, 0) 
and (110 cm, 0), respectively. The metallic plane target (T) with a size of 6cm × 4cm is 
arbitrarily placed at (42.5 cm, 212.2 cm). In this case, both the distance between the two 
transmit antennas and the distance between the two receive antennas are far less than the 
target distance for the antennas. Thus, Eqs. (3) and (4) are satisfied with the radar parameters. 
Figure 10 shows the electrical spectra of the four de-chirped signals, where (a), (b), (c) and 
(d) corresponds to the spectrum of S11, S12, S21, and S22, respectively. Based on the de-chirped
frequencies in Fig. 10, the distances corresponding to different paths in Fig. 9 can be
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calculated. According to the method in [20], the DOA referenced to T1, denoted by α in Fig. 
9, is determined by the following equation, 

1 2 1 2sin( )T T T T T Tα = − (5)

where |T1T2| is the distance between T1 and T2, and |T1T|-|T2T| is the difference between |T1T| 
and |T2T|, which corresponds to the de-chirped frequency difference (0.052 MHz) between S11 
and S21, or between S12 and S22. By solving Eq. (5), α is found to be 11.25°. Compared with 
the real DOA referenced to T1, which is 11.33°, the estimation error is 0.08°. Similarly, DOA 
of the target referenced to R2, denoted by β in Fig. 9, is calculated to be 17.46°. Since the real 
value is 17.65°, the estimation error is 0.19°. Once α and β are known, the target position can 
be obtained by solving the following equations 

1 2 cos( ) cos( )

tan( )

y y
T T TR

x

y

α β

α

 + = +

 =


(6)

where (x, y) is the target position. After solving Eq. (6), the target position is estimated to be 
(42.52 cm, 213.74 cm), which is separated from the real position by 1.54 cm. Here, the 
estimation precision is closely related with the accuracy of distance measurement by the 
established radar, because the DOA estimation in this demonstration is actually realized based 
on the time of arrival (TOA) estimation. If multiple receivers were applied simultaneously 
instead of the time-shared receiver in our experiment, the estimation precision could be 
greatly improved by applying the coherent phase information from multiple receivers [21]. 
Nevertheless, the DOA estimation and target positioning result are adequate to verify the 
feasibility of the established photonics-based MIMO radar. 

4. Discussion and conclusion

In the experimental demonstration, a 4-GHz bandwidth is adopted to achieve a range 
resolution of 3.75 cm. While, the photonics-based signal generation and de-chirp processing 
can easily have a much larger bandwidth over 10 GHz to achieve a higher range resolution 
[10]. In the receiver, the 100 MSa/s sampling rate can effectively relax the data storage 
requirement, and it is possible to implement real-time signal processing in real applications. 
For detection of targets with a large distance, a high de-chirped frequency would be obtained, 
which may exceed the real-time processing bandwidth. This problem can be solved by either 
reducing the chirp rate of the transmitted LFM signal, or applying an optical fiber delay line 
in the reference optical signal to cancel out part of the time delay corresponding to the 
wireless transmission of the LFM signal [6]. In practice, these solutions may require a priori 
of the target position. Thus, the proposed MIMO radar is preferred to cooperate with a 
traditional narrowband radar, which can provide a rough estimation of the target position 
before acquiring the detailed information by the proposed broadband MIMO radar. It should 
also be mentioned that the photonics-based broad signal generation and de-chirping make the 
system more advantageous for a high-frequency MIMO radar because the photonic 
technologies can overcome the frequency limitations of the state-of-the-art electronics and a 
higher carrier frequency can help to achieve a higher azimuth resolution. In addition, the 
photonics-based MIMO radar also has the potential to be incorporated with the fiber-
connected communication or sensor networks [22], especially when wildly separated 
antennas are applied. This property may lead to novel applications such as radar-
communication fusion and ultra-high resolution remote sensing. Last but not the least, the 
photonics-based MIMO-ISAR has various applications such as 2D/3D imaging, multi-target 
detection, and velocity measuring, etc., which are enabled by MIMO radar technology. In 
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these applications, the involvement of photonic technology is expected to improve the 
performance and relax the hardware requirements. 

A problem with the proposed photonics-based MIMO radar is that, the complexity and 
cost would increase for a large number of transmitters and receivers, if the radar system is 
established by discrete devices. This would hinder its practical applications even though 
much higher performance and more functions can be achieved by the proposed MIMO radar. 
This problem can be addressed by the integrated microwave photonics technology, because 
the integration of lasers, detectors, modulators, and other devices such as arrayed waveguide 
gratings (used as the WDM) on a chip is feasible [23]. Another potential problem is that, to 
achieve precise parameter estimation, a certain stability of the proposed photonics-based radar 
is required. For example, when performing DOA estimation via phase difference 
measurement with the experimental parameters used in our demonstration, a phase difference 
measurement error of π/6 would result in a DOA estimation error over 0.5 degree if the real 
DOA is less than 30 degree. Therefore, it is preferred that the radar system is operated in a 
temperature-invariant and vibration-resistant environment, and bias drift problem of the 
electro-optical modulators is recommended to be addressed by applying bias control circuits. 
Besides, integration of the system on a chip can also help to improve the stability. 

In summary, we have proposed a photonics-based MIMO radar based on wavelength-
division-multiplexed broadband microwave signal generation and processing, of which the 
feasibility is verified through a 2 × 2 MIMO radar with a 4-GHz bandwidth in the transmitter 
and a 100-MSa/s sampling rate in the receiver. The proposed radar has both the advantages of 
a photonics-based radar and a MIMO radar, and it is a promising solution for radar 
applications with both a high resolution and a fast signal processing speed. 
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