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Abstract—Angle of arrival (AOA) is one key parameter for pas-
sive signal source localization. However, with the increase in RF
systems’ instantaneous bandwidth and working frequency, it is a
great challenge for traditional narrowband array signal processing
methods to achieve effective AOA measurement of wideband RF
sources. This paper proposes a photonics-assisted wideband RF
source localization method based on synthetic aperture interfer-
ometer radiometer (SAIR) detection. The proposed method intro-
duced cross-power spectrum (CPS), which can characterize the
interference at different frequencies to define the wideband visibil-
ity function. Then the wideband SAIR detection is achieved from
the wideband visibility function, which is Fourier transformed in
the spatial domain and then performs integration in the frequency
domain. Numerical simulation and proof-of-concept experiment
results show that the proposed method can suppress the grating
lobes caused by large element spacing. With a microwave photonic
(MWP) channelizer and an antenna array, a wideband signal
covering 16–20 GHz is detected. The AOA resolution of the system
is 3.54°, and the power of the maximum grating lobe in the AOA
measurement is suppressed by over 80%.

Index Terms—Angle of arrival, interferometric radiometer,
microwave photonics, passive detection, wideband array.

I. INTRODUCTION

PASSIVE detection technology is widely used in many
fields, such as wireless communication, electronic war-

fare, radio astronomy, and airborne/space-borne remote sensing
[1]. Compared with active detection methods such as active
radar, a passive detection system does not need to transmit any
electromagnetic energy, which has excellent concealment and
anti-interference ability. In addition, with the shortage of fre-
quency spectrum resources, passive detection without occupied
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frequency bands has become one of the key technologies for
integrated sensing and communication (ISAC) in 6G [2], [3].
Angle-of-arrival (AOA) that can characterize targets’ location
is an essential parameter in passive detection. However, with
the demand for high-speed communication and high-resolution
detection, AOA detection systems must be able to process RF
signals with a large instantaneous bandwidth over a frequency
range up to tens of gigahertz, which is challenging for traditional
electronic technologies.

Compared with electronic-based methods, microwave pho-
tonics (MWP) based systems have significant advantages such
as large operating bandwidth, low transmission loss, and anti-
electromagnetic interference [4]–[8]. In recent years, many
MWP-based AOA measurement methods have been proposed
[9]–[17]. One typical class of these methods is based on AOA-
power mapping. For example, an approach to estimate AOA
through optical power measurement is proposed [9]. By inter-
fering with the sidebands corresponding to each replica of the
RF signals at the optical carrier wavelength, the phase difference
of two replicas of the RF signals is converted to the optical
power at the optical carrier. The AOA can then be calculated
from the total power at the carrier wavelength. Similar AOA
measurement methods based on power detection, such as the
optical sideband power [10], output microwave signal power
[11], or DC voltage [12], are proposed. However, the AOA result
will be coupled with the power of the incoming signal, and a
power calibration procedure should be performed in advance. A
parallel structure base on a dual polarization modulator is pre-
sented to address this [13]. Another AOA measurement method
is proposed based on optical phase scanning [14]. The AOA of
both single-frequency signal at 10 GHz and wideband signal
from 17 to 19 GHz can be measured by scanning the phase of
the optical sideband and processing the output low-frequency
signal.

These AOA measurement systems mentioned above are based
on a simple architecture consisting of two antennas and cascaded
or composite modulators. However, many modern communica-
tion and radar systems are now implemented based on antenna
arrays with N (N>2) elements, which can obtain higher signal
gain as well as spatial resolution. So it is necessary to study
the MWP-based AOA measurement method combined with a
large-scale array. A photonics-based AOA estimation method
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using phased-array antennas is presented [15], where the AOA of
the wideband signal can be derived from the free-spectral range
(FSR) of the system output frequency response. A compressive
sensing-assisted photonic AOA measurement algorithm is pre-
sented in [16], where a better estimation accuracy and robustness
than the traditional power detection-based method is achieved.
Apart from these works based on simulation or semi-physical
simulation experiments, some research is implemented with
actual antenna arrays. We have proposed and experimentally
demonstrated a photonics-assisted passive array detection sys-
tem based on the principle of synthetic aperture interferometric
radiometer (SAIR) in [18]. The AOA of two incoherent RF
sources can be estimated in the target detection experiment. A
space-optics-based SAIR system is proposed in [19] and [20].
By applying optical up-converting, the RF wavefront captured
by the antenna array is transferred to the optical wavefront, and
the AOA of multiple targets can be solved quickly. This method
simplifies the hardware complexity of the SAIR system by using
lens optics.

However, the principle of AOA measurement in these sys-
tems is still based on the narrowband array signal processing
method assuming that the ratio of element spacing to signal
wavelength is constant. In that case, the value of element spac-
ing is usually set to half of the signal wavelength to avoid
grating the lobe. Since MWP-based RF systems usually need
to process signals with large instantaneous bandwidth, where
the narrowband assumption is no longer valid. If the element
spacing is set to half of the minimum wavelength, more array
elements and receivers need to be added, resulting in increased
production difficulty and system cost. Therefore, it is necessary
to investigate a SAIR detection method for wideband RF source
detection as large element spacing could be inevitable in a
sense.

In this paper, we have proposed a passive array detection
method for wideband RF signal sources location. An experiment
demonstration combined with a microwave photonic channel-
izer is then carried out to verify the feasibility and performance
of the proposed method. The rest of this paper is organized as
follows. Section II gives a brief introduction to the narrowband
SAIR system, followed by the proposed wideband SAIR concept
and measurement method. In Section III, a microwave photonic
channelizer based wideband RF signal AOA array detection
system is built for proof-of-concept experiments. The AOA
measurement of both single and double wideband RF sources
is successfully implemented. Section IV gives some discussion
and conclusion.

II. PRINCIPLE

A. Synthetic Aperture Interferometric Radiometer

The principle of the traditional SAIR system is based on
the Van Cittert-Zernike theorem [21], [22]. When the far-field
condition is met, the visibility function is the spatial Fourier
transform of the intensity distribution of target RF sources.
The schematic diagram of the geometric relationship of the
theorem is shown in Fig. 1. In narrowband conditions, the

Fig. 1. Schematic diagram of the geometric relationship of Van Cittert-Zernike
theorem.

Van Cittert-Zernike theorem can be expressed in the following
form

T (α, β) =

∫ ∫
V (uij , vij) exp [j2π (uijα+ vijβ)] dudv

(1)
where T(α, β) is the far field 2-D spatial scene intensity dis-
tribution to be measured, α = sinθ·cosϕ, β = sinθ·sinϕ are
the direction cosines in Cartesian coordinate with respect to
the x-axis and y-axis. The visibility function V(u, v) is the
complex correlation function with zero time offset between
signals received by two different elements in the array, which
can be written as

V (uij , vij) =
〈
si (t) · s∗j (t)

〉

= lim
T→∞

1

T

∫ ∞

−∞
Si (ω) · S∗

j (ω)dω (2)

where si(t) is the signal received by the ith antenna, Si(ω) is
the corresponding frequency spectrum, <·> represents a time
average operation, and T is the accumulation time of the received
signal. For the baseline vector �pij consisting of antenna pi(xi,
yi) and pj(xj, yj) in Fig. 1, the spatial frequencies can be written
as uij = |xi-xj|/λRF and vij = |yi-yj|/λRF, here λRF is the
center frequency of the received signal. However, only discrete
samples of the visibility function can be acquired in practical
array systems. The theorem should be represented in discrete
form.

T (α, β) =
∑
i

∑
j

{V (uij , vij) exp [j2π (uijα+ vijβ)]}

(3)
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Fig. 2. Comparison between a beamforming system in receive mode (a) and
a SAIR system(b).

By collecting the visibility function of different baselines in
the u-v plane, the scene intensity distribution in the far-field can
be calculated by the Fourier transform in (3).

B. Wideband Synthetic Aperture Interferometric Radiometer
Based on Cross Power Spectrum and Frequency Integration

An important assumption in the Van Cittert-Zernike theo-
rem is that the receiver’s bandwidth should be much smaller
than the center frequency [22]. Therefore, the principle of the
traditional SAIR system mentioned above is valid only under
narrowband conditions. If the target is a wideband RF source,
the narrowband assumption no longer holds, i.e., the ratio of
element spacing to the wavelength will change with the temporal
frequency. It has been proved that there is a common mathemat-
ical framework for both synthetic aperture interferometry array
and actual aperture array [23], so the wideband SAIR system
can be modeled in a similar way to a wideband beamforming
system [24]. To simplify the analysis, we consider the case
in a 1-D array. Since the SAIR system is a passive detection
system, we take an example of a wideband beamforming system
in receive mode that does not need to transmit a signal. The
schematic diagram of the beamforming system is depicted in
Fig. 2(a). After different delays or phase shifts, signals re-
ceived from different antennas in the array are superimposed
to form an equivalent receiving beam in the spatial domain.
The output signal of the beamforming system can be written
as

g (t) =
∑
n

∫ ∞

−∞
sn (τ) · h (t− τ) dτ (4)

where sn(t) is the signal received by the nth antenna, and hn(t)
is the impulse response of the nth receive chain. According to
[24], the 1-D array-based wideband beamforming network can
be further equivalent to a 2-D spatial-temporal filter, and the
output signal can be found as

g (n, t) = s (n, t)⊗ h (n, t) |n=0 (5)

where the spatial index n is listed as another independent variable
and represents a 2-D convolution. The output can also be

expressed using a 2-D spatial-temporary frequency response

G (Ω, ω) =

N∑
n=1

∫ ∞

−∞
s (n, t)⊗ h (n, t) e−j(ωt−nΩ)dt

=

N∑
n=1

S (n, ω) ·H (n, ω) ej(nΩ) (6)

Where Ω is the spatial frequency. For a more intuitive repre-
sentation, the output can be rewritten in angle-frequency (θ-ω)
form as

G (θ, ω) =
N∑

n=1

∫ ∞

−∞
s (n, t)⊗ h (n, t) e−j(ωt−nωd

c sin θ)dt

=
N∑

n=1

S (n, ω) ·H (n, ω) ej(n
ωd
c sin θ) (7)

where d is the spacing between two adjacent elements in the
uniform linear array, c is the speed of light in the vacuum, and θ
is the observation angle in the far-field of the array. Considering
the whole signal frequency band, the integrated antenna pattern
(IAP) [25] is then used to calculate the spatial scene intensity
distribution in the far field. The IAP is obtained by integrating
the response data on different frequencies components at a given
spatial angle

IAP (θ) =

∫ πB

−πB

|G (θ, ω)|
2

dω

=

∫ πB

−πB

∣∣∣∣∣
N∑

n=1

S (n, ω) ·H (n, ω) ej(n
ωd
c sin θ)

∣∣∣∣∣
2

dω

(8)

where B is the bandwidth of the signal. When it comes to a SAIR
system shown in Fig. 2(b), we can equivalent the calculation of
the far-field intensity distribution to that of the antenna pattern
in the beamforming system. The 1-D spatial scene intensity
distribution can be written as

T (θ) =
N−1∑
n=1

[V (un) exp (j2πun sin θ)] (9)

For better understanding, it is assumed that the array of
the SAIR system is the same 1-D uniform linear array as the
beamforming system mentioned above. The sample of visibility
function V(un) is defined as the cross-correlation between the
1st and n+1th element in the array. When a wideband RF signal
is detected, the intensity distribution T(α) and visibility function
V(u) should become a function of frequency:

T (θ, ω) =

N−1∑
n=1

[V (un, ω) exp (j2πun sin θ)] (10)

However, the visibility function defined in (2) is the average
of all frequency components within the receiver bandwidth.
The spatial frequency variation with the temporal frequency
corresponding to the same baseline is ignored, so it is not suitable
for wideband scenarios. The cross-power spectrum (CPS) based
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AOA estimation method has been applied in passive sonar sys-
tems [26] with large relative bandwidth. Since it can characterize
the cross-correlation result at each frequency, we introduce a
CPS-based visibility function for wideband RF source detection.

V (un, ω) = lim
T→∞

1

T

[
S1 (ω)S

∗
n+1 (ω)

]
(11)

Because the variable un=nωd/c is related to the other variable
ω, in order to make both variables independent, we can rewrite
(11) as the following form

V (n, ω) = lim
T→∞

1

T
[S (1, ω)S∗ (n+ 1, ω)] (12)

Furthermore, to obtain distortion-free SAIR detection results,
the impact of the frequency response of receive link should also
be taken into account. The visibility function in equation (12)
can be expressed as

V (n, ω) = lim
T→∞

1

T
[SR (1, ω)H (1, ω)

·S∗
R (n+ 1, ω)H∗ (n+ 1, ω)] (13)

Here, SR(n, ω) is the signal measured at the antenna. Since
the principle of the SAIR system is to measure the visibility
function of the antenna signals, a calibration process is required
to restore these signals from the measured ones. Therefore, (10)
should be rewritten as

T (θ, ω) =

N−1∑
n=1

[
V (n, ω)

H (1, ω)H∗ (n+ 1, ω)
ej2πn

ωd
c sin θ

]
(14)

Then the wideband SAIR detection result can be calculated
by integrating the SAIR detection result at different temporary
frequencies, which is similar to the above-mentioned IAP in (8).

T (θ) =

∫ πB

−πB

N−1∑
n=1

[
V (n, ω)

H (1, ω)H∗ (n+ 1, ω)
ej2πn

ωd
c sin θ

]
dω

(15)
For instance, consider an ideal 12-way SAIR system with a

large working bandwidth. The element spacing of the uniform
linear array is 2.46cm. Suppose a target RF source with a center
frequency of 18 GHz and a bandwidth of 4 GHz is located in the
far-field direction of +15° of the array. The element spacing
is about 1.48 times the wavelength at 18 GHz, which does
not meet the half-wavelength condition required for the largest
grating-lobe-free aperture. The AOA detection result is depicted
in Fig. 3(a) with the solid blue line for the result obtained
by the traditional narrowband SAIR detection method and the
dashed orange line for the wideband SAIR detection method.
The measured AOA is 14.96°, which is close to the set value. In
addition to the main lobe corresponding to the target, there are
two grating lobes in the result obtained by the traditional SAIR
detection method. When the wideband SAIR detection method
is applied, the grating lobes are significantly suppressed.

A two-target scenario is then simulated, with two target
sources in the same frequency band as the previous single-target
scenario placed in the direction of −10° and +15° of the array,
respectively. The corresponding result is depicted in Fig. 3(b).
The measured AOA results of the two targets are −9.97° and

Fig. 3. Simulation result of traditional SAIR detection method and wideband
SAIR detection method for single (a) and dual-target (b) cases.

14.88° respectively. As can be seen, the number of grating
lobes increases proportionally in the result of the traditional
SAIR detection method, which will seriously affect the detection
performance of the system. In contrast, the AOA result obtained
by the wideband method shown in the dashed orange line will
not suffer from this problem.

III. EXPERIMENTS AND RESULTS

A. System Structure

A proof-of-concept experiment is carried out combined with a
microwave photonic channelizer based on a dual-output image-
reject mixer [27] depicted in Fig. 4. A continuous-wave (CW)
optical carrier at 1550.12 nm is generated by a laser diode
(LD, NKT photonics KoherasBasiKX1) and divided into three
branches through a 1×3 optical coupler (OC). In the upper
branch, the CW light is modulated by a single-frequency mi-
crowave signal at a Mach-Zehnder Modulator (MZM1, Finisar
FTM7938EZ). MZM1 is biased at the null point to suppress
the optical carrier. The modulated optical signal is then filtered
by an optical bandpass filter (OBPF) with the +1st sideband
remaining. The output of OBPF is connected to the local
oscillator (LO) port of two 90-degree optical hybrids via a
50:50 OC.

In the lower two branches, the optical carrier is sent to two
MZM (MZM2 and MZM3) driven by signals collected by two
different elements in the array. It should be noted that due to
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Fig. 4. Experimental setup of the microwave photonic channelizer. LD, laser
diode, MZM, Mach-Zehnder modulator, MSG, microwave signal generator,
OBPF, optical bandpass filter, EDFA, erbium-doped fiber amplifier, VODL,
variable optical delay line, BPD, balanced photodetector, 90°EH, 90-degree
electrical hybrid, LSB, lower sideband, USB, upper sideband, EBPF, electrical
bandpass filter, ADC, analog-to-digital convertor, RA, receive antenna, LNA,
low noise amplifier.

the hardware limitation, only two receive links can be built at
the same time. Therefore, the AOA measurement is achieved by
selecting the pairs of antennas with increasing spacing to syn-
thesize an equivalent 1-D aperture. The samples of the visibility
function are obtained by time division.

The outputs of the two MZMs in the lower branches are
directed to an erbium-doped fiber amplifier (EDFA, Amonics
AEDFA-PA-35-B-FA), respectively. The outputs of the EDFAs
are connected to the RF port of two 90-degree optical hybrids
via a variable optical delay line (VODL) used to compensate
for the link delay difference. After the optical hybrid, two bal-
anced photodetectors (BPD) are applied for optical-to-electronic
conversion. The generated electronic signals are combined at a
90-degree electronic hybrid with two electrical bandpass filters
(EBPF, passband: 0.5–1.5GHz) connected to remove the out-
of-band signals. The frequency components located at the lower
and upper of the LO can be output at the same time.

B. RF Channelization

RF channelization experiment is first conducted. A wideband
linear frequency modulated (LFM) signal covering 16–20 GHz
with a positive chirp slope is applied to the microwave photonic
channelizer. The period of the target LFM signal is 2 μs and the
duty cycle is 50%. A single frequency signal at 17.5 GHz from
a microwave signal generator (R&S SMA100B) is used to drive
MZM1 to generate optical LO. By applying the EBPF mentioned
above, channel-1 (16–17 GHz) and channel-3 (18–19 GHz) are
realized. Then the single frequency signal is changed to 18.5
GHz to output channel-2 (17–18 GHz) and channel-4 (19–20
GHz). The outputs of all four channels are collected by a real-
time oscilloscope (Keysight DSO9404A, Bandwidth: 4 GHz,
Sampling rate: 20 GSa/s). The output waveforms are depicted
in Fig. 5(a)–(d), with the corresponding time-frequency diagram
shown in Fig. 5(e)–(h). As can be seen from Fig. 5(a)–(d),
channel-1 to channel-4 outputs down-converted signals in the
time domain in turn, which is consistent with the characteristic
of the detected LFM signal.

Fig. 5. Output 0.5–1.5 GHz IF signal waveforms of channel-1 to channel-4
(a)–(d) and corresponding frequency-time diagram (e)–(h).

In channel-1 and channel-2, because the frequency of de-
tected LFM signals is lower than the LO, the results in the
time-frequency diagram show that they have a negative chirp
slope. The image frequency component with positive chirp slope
is significantly suppressed. For channel-3 and channel-4, the
Intermediate frequency (IF) LFM signals with positive chirp
slope are retained, while the image frequency component with
negative chirp is suppressed. The measured image-reject ratio
of each channel is higher than 25.2 dB within the bandwidth of
1 GHz.

Therefore, the wideband LFM signal from 16 to 20 GHz can
be successfully channelized into four consecutive channels with
1-GHz bandwidth.

C. AOA Measurement of Wideband RF Signals

By channelization, the wideband signal can be received by an
ADC with lower bandwidth and sampling rate. After splicing
the signals from different channels, the AOA of a wideband
target can be calculated through the method mentioned in
Part II. To investigate the feasibility of the proposed method,
a target detection experiment is carried out.
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Fig. 6. Experiment setup of AOA measurement experiment (a) and picture of
the receiver antenna array (b).

The setup of the AOA measurement experiment is depicted
in Fig. 6(a), where two horn antennas are used as target signal
sources. The antenna array used as receive array is shown in
Fig. 6(b). The antenna array consists of 12 independent antenna
units. Each antenna unit is integrated with a low noise amplifier.
The spacing between two adjacent antennas is 2.46 cm. Before
the AOA detection, a calibration procedure should be conducted
first. Signals to be detected are directly connected to the modula-
tor by RF cables, and then the VODLs are adjusted to eliminate
the delay difference between the two receive links.

After calibration, a single target detection experiment is first
carried out. The target source is first placed right in front of
the antenna array with an AOA of 0° and a distance of 1.8
m. A wideband Gaussian noise signal with a center frequency
of 19 GHz and a bandwidth of 2 GHz is used as the target
signal. The measurement result is shown in Fig. 7(a). The AOA
results obtained by both methods are 0.15°, which is close to
the theoretical value. As can be seen, the pattern obtained by
the traditional SAIR detection method in solid blue line has
two grating lobes caused by the large element spacing, while
in the result obtained by the wideband SAIR detection method,
the grating lobe is significantly suppressed for over 60%. Then
another wideband source covering 16–20 GHz is used as the
target. The result is depicted in Fig. 7(b), the obtained AOA
results are −0.09° for both methods, and a greater grating lobe
suppression ratio of over 80% is achieved, which is better than
the result of a 2 GHz bandwidth signal. This will be further
analyzed in the discussion part.

Then, dual-target AOA detection is conducted. Two horn
antennas are used as targets. Antenna 1 is placed at the reference
point where AOA is 0°, and antenna 2 is placed 18 cm to the
right of antenna 1, so the theoretical AOAs are 0° and 5.71°.
The transmitted signals are incoherent Gaussian noises covering
16–20 GHz. The measurement result is shown in Fig. 8. The
AOA results obtained by traditional SAIR in the solid blue line
are −0.15° and 5.41°, while those obtained by the wideband
SAIR detection method in the dashed orange line are −0.15°
and 5.43°, respectively. We can see from the results that the
grating lobes of both two targets are suppressed by over 70%.

To investigate that the proposed method can reduce the deteri-
oration of AOA measurement results caused by system response
under wideband conditions, we compare the AOA results before
and after system response compensation. As is depicted in Fig. 9,
compared with the results without compensation in the dotted

Fig. 7. AOA measurement results of a single target source covering 18–20
GHz (a) and a target source covering 16–20 GHz (b). Results obtained by
the traditional SAIR detection method (solid blue line) and wideband SAIR
detection method (dashed orange line).

blue line, the results after compensation have a higher grating
lobe suppression ratio and the suppression ratio increases as the
bandwidth increases.

The angular resolution of a 1-D linear array can be given by
0.89λ/Lcosθ, where λ is the wavelength at the center frequency,
L is the length of the longest baseline, and θ is the AOA to
be measured. In the AOA measurement experiment, signals
received by 12 antennas are collected. The theoretical angular
resolution at 0° can be calculated by 0.89λ·180°/nπd, where,
n = 11 is the number of baselines, and d = 2.46 cm is the
element spacing. For the target source covering 18–20 GHz,
the theoretical angular resolution is 2.98°. According to the
3-dB bandwidth of the pattern, the measured angular resolutions
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Fig. 8. AOA measurement results of dual target sources covering 16–20 GHz.
Results obtained by the traditional SAIR detection method (solid blue line) and
wideband SAIR detection method (dashed orange line).

Fig. 9. AOA measurement results of a single target source covering 18–20
GHz (a) and a single target source covering 16–20 GHz (b). Results without
compensating system response (dotted blue line) and after compensating system
response (dashed orange line).

of the traditional SAIR detection method and wideband SAIR
detection method are 3.44° and 3.47°, respectively. When it
comes to the target source covering 16–20 GHz, the theoretical
angular resolution is 3.14°, and the measured angular resolutions
are 3.42° and 3.54°, respectively.

The reasons for the deterioration of AOA resolution in the
experiment can be summarized into three parts. Firstly, due to
the limitation of the experiment site, the far-field condition is
not fully met, and the FOV of the receiving array antenna is
relatively small. Therefore, the signal power collected by each
antenna is different, which will lead to the widening of the main
lobe. Secondly, the horn antennas used as targets cannot be
equivalent to an ideal point target under the measurement range
in the experiment. Finally, to simplify the analysis, the radiation

Fig. 10. The normalized maximum power of grating lobes under different
bandwidths and number of elements (a). The simulated AOA measurement
results in two extreme conditions at points A and B (b).

pattern of antenna elements is not considered in the experiment,
which will also cause deterioration of the AOA measurement
result [28].

IV. DISCUSSION AND CONCLUSION

In the experiment, the grating lobe suppression ratio of the
AOA measurement result for the 4 GHz-bandwidth target source
is obviously better than that for the 2 GHz-bandwidth target
source. To further investigate the effect of target signal band-
width and the number of array elements (baselines) on the
grating lobe suppression ratio, we simulate the wideband SAIR
detection of a point target source in the 0° direction of far-field
under different bandwidths and the number of array elements.
The transmitted signal is a bandpass Gaussian noise signal with
the center frequency set to 20 GHz, and the array element spacing
is 2.46 cm. The bandwidth of the target signal changes from 400
MHz to 4 GHz, while the number of elements varies from 10 to
100. The simulation results are summarized as a curved surface
in Fig. 10(a). As can be seen, the increase of both bandwidth and
the number of elements can degrade the power of the maximum
grating lobe. The simulated AOA measurement results under
two extreme conditions A and B are depicted in Fig. 10(b). As
can be seen, the power of grating lobes is suppressed by nearly
90% in each result. What should be noted is that the grating lobe
suppression achieved by the proposed method is realized based
on the wideband characteristics of the detected signal itself, and
only the 1-D uniform linear array is used. If it can be combined
with some array arrangement optimization methods [29], a better
grating lobe suppression result can be achieved.

In addition, since the signal of each antenna needs to be
received, the MWP channelizer used here is still complicated
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and bulky in practical applications. In the future, the simpli-
fication of the hardware structure can be mainly implemented
from two aspects. Firstly, the integration of photonics devices is
foreseeable, many components used in the MWP channelizer can
be integrated [30], which may greatly reduce the cost and size
of the photonics-assisted SAIR system. Secondly, sparse array
and compressive coding algorithms can be applied to reduce
the number of receiving chains in the SAIR system [28], which
will further moderate the hardware complexity and cost. We are
planning to carry out relevant research in our future works.

To conclude, we have proposed a photonics-assisted SAIR
detection method for wideband RF source localization. By com-
bining the principle of IAP in the wideband phased array system
and CPS-based AOA measurement applied in the wideband
sonar system, the proposed method can suppress the grating
lobe caused by large array element spacing. A proof-of-concept
experiment assisted by an MWP RF channelizer is conducted.
With the proposed SAIR detection method, grating lobe sup-
pressed AOA measurement of both single and double wideband
RF targets is achieved. The proposed SAIR detection method can
facilitate the research of wideband microwave/millimeter-wave
array detection systems and provide a novel solution for both
wideband communication and electronic warfare systems.
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