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ABSTRACT KEYWORDS

This study demonstrates the effectiveness of the combination of two-dimensional mechanical rail with mmWave,

mmWave multiple-input multiple-output (MIMO) radar in order to improve the target detection resolution Multiple-Input Multiple-
and increase the quality of the obtained synthetic aperture radar (SAR) image. Ground-based SAR (GBSAR) Output (MIMO),
systems cover a wide range of applications in remote sensing. In the past few years, mmWave MIMO radars Radar,

have shown interesting potential in this field due to their low cost, compact size, and high phase sensitivity. GBSAR,

MIMO capability enables the angular discrimination of multiple targets in the same range as the radar sensor. Geo-Radar,

However, current mmWave MIMO radars do not provide a high angular resolution that suffices in earth Terrestrial Radar

observation applications. To this end, we demonstrate the feasibility of combining mechanical rail and
MIMO radars to obtain better cross-range resolution. Our experiments show that the ground-based MIMO
SAR can obtain about 20 times better cross-range resolution than MIMO radar while improving the image
quality with more than 10 dB improvement in the peak sidelobe ratio (PSLR) and signal to clutter ratio
(SCR). Moreover, we provide a deeper investigation and comparison between the MIMO GBSAR and
conventional monostatic GBSAR images. According to the results, MIMO GBSAR provided a similar
angular resolution and PSLR but with a lower SCR than the monostatic GBSAR. The effects of mechanical
rail instability are also investigated. According to the obtained results, the rail’s instability causes around a
5 dB decrease in the obtained SAR image’s focusing capability.

1. Introduction Vazquez & Fortuny-Guasch, 2008), ice movement (Luzi et
al., 2007), and also monitor man-made artificial artifacts
such as displacements caused by the construction of dams
(Luzi et al., 2010), tall buildings (Artese & Nico, 2020) or
bridges (Miccinesi et al., 2021) and open-pit mines (Farina,
2011). It also identifies moving objects to monitor sea traffic

Remote sensing is one of the powerful and advanced
tools for observing and measuring natural hazards such as
rockslides (Tarchi et al., 2005), landslides (Luzi et al., 2006),
volcanoes (Intrieri et al., 2013), avalanches (Martinez-
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(Ao & Datcu, 2018) and urban traffic (\Weihing et al., 2006).
In recent years, due to the daily progress of technologies,

remote sensing society has also made huge developments,
such as a wide range of large-scale space platforms to small-
scale ground-based platforms for monitoring the earth’s
surface. Remote sensors are used in different
electromagnetic spectrum wavelengths, from visible light to
radar waves. Radar, as an active sensor, can produce the
transmitted waves itself; thus, it has the possibility of
acquiring data during the day and night. Moreover, radar’s
long wavelength (compared to the visible and infrared
wavelengths) is insensitive to weather conditions (Bamler &
Hartl, 1998; Ulaby et al., 2014).

Radar can typically detect and discriminate targets along
its line of sight, while it cannot discriminate targets located
in the same range bin but with different angles with respect
to the radar (Richards et al., 2010). Synthetic Aperture Radar
(SAR) is a radar imaging technique that enables radar cross-
range discriminability as well as the range direction.
Accordingly, resolution along the range and cross-range in
these systems depends on the operating signal’s frequency
bandwidth and the physical length of the radar antenna,
respectively (Carrara et al., 1995).

The SAR technique is widely used in space, air, and
ground platforms. In recent decades, Ground-Based
Synthetic Aperture Radar (GBSAR) sensors have become
more popular due to their capabilities to overcome some
limitations of space and air sensors.

A GBSAR imaging system consists of a radar sensor
moving on a mechanical rail. The resolution along the
azimuth is directly related to the length of the mechanical
rail. Thus, it can be said that the longer the length of the
mechanical rail, the higher the resolution (Charvat, 2014).

Recently developed GBSAR systems operate on low
power frequency modulated continuous wave (FMCW)
signals, which can dramatically reduce the size and cost of
the system. Another advantage of ground sensors is the high
data collection rate (Pieraccini & Miccinesi, 2019). A
typical GBSAR can image the surveyed area in an average
time of one hour. The high acquisition rate makes it possible
to monitor fast-moving targets. They also increase
coherency between time series data and reduce processing
errors such as phase ambiguity in Interferometric Synthetic
Aperture Radar (INSAR) (Monserrat et al., 2014).

GBSAR monitoring can be applied to various fields of
earth observation problems. Linear SAR (LISA) was the
first GBSAR that was used for cultural heritage (Rudolf et
al., 1999) and dam displacement (D. Tarchi et al., 1999)
monitoring. Continuous monitoring of landslides was
investigated by (Del Ventisette et al. (2011). Several other

studies used GBSAR for monitoring civil structures (Huang
et al., 2020), volcanic eruptions (Casagli et al., 2009), and
glaciers (Akbari et al., 2018).

With the increasing applicability of GBSARs for remote
sensing applications, new systems, and processing tools also
have been developed in this area (Pieraccini & Miccinesi,
2019). Multiple input multiple outputs (MIMO) radars is a
relatively new antenna configuration that can improve the
radar’s cross-range resolution with fewer antennas (Tarchi
et al.,, 2012). Indeed, MIMO consists of Ngrx receiver
antennas with Nyquist spacing and Nty transmitter antennas
with non-Nyquist spacing. This geometry results in NgxXNrx
virtual antennas. This condition increases the angular
resolution by reducing the number of physical antennas.
Moreover, MIMO antennas have better Doppler resolution
than scanning arrays with longer lengths in the same period.

During the imaging period of the MIMO-SAR system, the
signals can be transmitted by the transmitting antennas at the
same or different times, and the receiving antennas can
receive the echo signals at the same time. Thus, the
orthogonality of the transmitted waves is one of the main
conditions of the MIMO technique, which leads to having
perpendicular received echoes. This condition is because
orthogonality causes the received waves to be differentiated
in the receivers and increases the ability to identify targets
and increase the angular resolution compared to
conventional radars (Tarchi et al., 2012).

In most recent studies, W band MIMO radars have found
their way into remote sensing applications, especially for
structural monitoring (Pieraccini & Miccinesi, 2019). These
systems operate in the frequency range of 76-81 GHz and
are mainly developed for automotive applications. However,
the radar range equation shows that mmWave radars lead to
weaker received power due to the shorter wavelength
(Skolnik, 2008). Also, they are more sensitive to
atmospheric layers than lower frequencies (Ulaby et al.,
2014). These characteristics of mmWave radars make them
suitable for short-range remote sensing applications using
ground-based systems, while they are less useful in airborne
or satellite systems. Recent studies by (Baumann-Ouyang et
al.,, 2021) and (Ciattaglia et al., 2020) approve the
applicability of these radars for structural monitoring with
nearly micrometer accuracy. Moreover, few studies applied
W band MIMO radars for monitoring real-world objects
such as bridges (Baumann-Ouyang et al., 2022) and
buildings (Gambi et al., 2019).

The angular discriminability of MIMO radars is limited to
the number of generated virtual arrays. Currently available
W band MIMO radars provide low angular resolution. In
order to address this issue, one solution can be combining
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mechanical rail with a MIMO radar. In our previous works,
we investigated this solution with simulations, where we
compared the results of MIMO-GBSAR with MIMO radar

Ethernet AWRI1642

and monostatic GBSAR (Hosseiny et al., 2021a). In the
current study, we aim to demonstrate the effectiveness of
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Figure 1. The schematic diagram of the sensor's movement on the rail

using a W-band MIMO radar combined with a mechanical
rail to improve the cross-range resolution for target
detection. Our developed system is based on a two-
dimensional mechanical rail, and AWR1642BOOST from
Texas Instruments (T1) is used as the MIMO radar. We show
the results of various experiments and evaluate and discuss
them from different aspects.

First, an overview of the utilized MIMO GBSAR system is
provided in section 2. Section 3 provides the required
theoretical background. The experimental results and
discussions are presented in section 4. Finally, the
concluding remarks are provided in section 5.

2. System Overview

In this study, we used AWR1642BOOST radar
manufactured by Texas Instruments (TI). The radar
generates a W-band FMCW signal. This sensor has two
transmitting antennas and four receiving antennas, which
leads to the creation of eight virtual arrays. The distance
between the elements of the transmitter antenna is 22, i.e.,
7.6 mm, and the distance between the elements of the
receiver antenna is A/2, i.e., 1.9 mm. The frequency of the
transmitted waves can be between 76-81 GHz with a
maximum bandwidth of 4 GHz. DCA100EVM capture card
was used to transfer the captured signals from the radar to
the computer. This card is connected to the sensor by a 60-

pin cable, and raw information is transmitted to the
computer through this card and Ethernet cable.

The sensor is installed on a mechanical rail 90 cm long
horizontally and 50 cm in vertical directions. An Arduino
microcontroller controls the movement and time duration of
the mechanical rail. The sensor’s movement of the rails is
stopped after acquiring one pass of full signals. Then, after
arranging the signals, the raw data cube is stored for further
processing.

Figure 1 shows how the sensor moves on the rail. First,
system parameters such as carrier frequency, bandwidth,
chirp duration, and periodicity are configured and uploaded
to the data acquisition system. After this step, the rail also
starts to move in the horizontal direction. After the sensor
reaches the end of the specified synthetic aperture length
(e.g., 10 cm), the horizontal rail stops, and the vertical rail
rises to the specified step size (e.g., 7.6 mm) along the
vertical axis. Then, this time, it starts to move and collect
data against the direction of the initial path in the horizontal
direction until it reaches the starting point. This procedure
repeats till the end of the scanning process.
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3. Theoretical Background

GBSAR image consists of a complex number for each
image pixel with the In-phase and Quadrature (I and Q)
components of the received echoes. The signal phase and
amplitude can be derived from this complex number
(Monserrat et al., 2014). The amplitude can be used to
interpret the image scene, and the phase information is used
for measuring the range and deformation (Ulaby et al.,
2014). The image dimensions are the range and cross-range
directions.

The range resolution can be obtained through an FMCW
de-ramping rang compression process and is inversely
proportional to the bandwidth according to Eq. (1):

AR ¢ 1

o5 1)

where AR is the range resolution, C is the speed of light
and B is the bandwidth of the transmitted signal (Lacomme,
Marchais, Hardange, & Normant, 2001). On the other hand,
the resolution along the cross-range direction is achieved
through advanced MIMO SAR processing (Tarchi et al.,
2012). The theoretical cross-range resolution is provided in
Eq. (2):

AR @
pCT =
2

where g is the cross-range resolution, R is the slant range
and | is the effective length of the antenna in the direction
where beam width is to be measured. As can be seen, the
resolution along the cross-range depends on the length of the
antenna. Since the length of the antenna is small in the
MIMO-Radar mode, the resolution in the cross-range
direction is low. For this reason, the sensor is installed on a
mechanical rail in order to improve the cross-range
resolution. So it can be said that the main idea of SAR is to
increase the resolution of the radar in the cross-range
direction by collecting data from different cross-range
positions of the radar (Hosseiny et al., 2021).

It is necessary to use signal compression on the range and
cross-range dimensions to finally generate a focused image
(Demirci et al., 2011). The process of storing and processing
the signal received by the MIMO-SAR sensor is shown in
Figure 2.

The radar sensor continuously and with a constant
velocity moves along the horizontal aperture. The radar’s
movement along the vertical axis is step-wise, which means
that at each vertical step, radar starts its continuous pass in
the horizontal axis, and then this procedure repeats for each
vertical step till the end of the scanning process.
Accordingly, we used MIMO virtual arrays along vertical
directions due to the radar’s step-wise movement. MIMO
processing gives us bigger sampling steps than conventional
monostatic GBSARs (Zhou et al., 2020).
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Figure 2. MIMO GBSAR processing chain
More specifically, the required sample size to avoid
spectrum fold and aliasing are A/4, while with MIMO
processing and generating bigger virtual arrays we can
increase SAR sampling size to NyA/4, where Ny=NmxXNgx iS
the number of virtual arrays (Hosseiny et al., 2021b). For
instance, AWR1642 with 3.9 mm wavelength, two Tx
antennas, and four Rx antennas can generate eight virtual
arrays after MIMO processing. Subsequently, we can
consider around 7.6 millimeter sampling size in cross-range
direction. Thus, for a 3D SAR imaging scenario, the
acquired raw signals are stored in a four-dimensional N-
rXNazXNeixNy matrix, where N, Naz, and Nei are the number
of samples in range, azimuth, and elevation directions. Raw
data is acquired by the MIMO GBSAR system. For further
processing, it is required to reshape the obtained matrix to a
three-dimensional matrix, where the MIMO virtual arrays
are rearranged in their acquisition direction. For instance, if
the MIMO arrays are in an elevation direction, the reshaped
3D raw data-cube size would be N xNa*(NexNy). The
obtained data cube is the same size as the obtained data by
monostatic SAR, but with Ny times fewer repeat passes in
the elevation direction, which results in a faster data
acquisition process. Thus, obtaining SAR focused image by
MIMO-GBSAR can be summarized as the following steps
(see processing flow in Figure 2):
1-  Transmit and receive signals through MIMO radar
at each step on the GBSAR rail
2- Dechirping process of the received signal via
matched filtering
3- Signal compression in range direction (range FFT)
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4- Rearranging and stacking the received signals from
MIMO virtual arrays

5- Signal compression in cross-range directions
(horizontal or vertical axes)

6- Geometrical transformation from Polar coordinate
system to Cartesian system

As shown in Figure 1 from the previous section, at this
stage, by moving the sensor along the horizontal axis, the
sensor produces and sends signals, and the receiver antennas
receive the echo signals and finally store them in the form
of a data cube by virtual arrays. The transmitted chirp signal
is provided in Eq. (3).

S, =exp(j2zf t+jact?) (3)

In this equation, S is the transmitted signal, f. is the carrier
frequency and C, is the chirp rate of the signal. As mentioned
in the introduction, the orthogonality of the transmitted
signals is the main condition of MIMO sensors, which
causes differences in the received signals. Eq. (4) expresses
the law of orthogonality between two independent signals,
where their correlation must be zero.

.[JSm(t)Sk*(t)dt -0 4)

In this equation, S, and S¢™ are two different transmitted
signals that are limited between 0 and T, and * is the
Conjugate symbol (Tarchi et al., 2012).

The received signal is actually the same as the transmitted
signal with a time delay as shown in Eq. (5).

S, =exp(j2xf_(t—t,)+jaC, (t -t,)°) (5)
In this equation, S . is the received signal, In this equation,

Sy is the received signal, tq is the time delay. To identify the
targets, the received signal must be compressed. Signal
compression is done by the dechirping process, which is
similar to the matched filter (Carrara et al., 1995). Therefore,
the received and transmitted signals are convolved in the
mixer and the Intermediate Frequency (IF) signal is created
in the form of Eq. (6).

1
S, =exp(j27(C tt +ft, —EC,tdz)) (6)

where Sb is called IF or beat signal. By doing this
processing at this stage, the carrier frequency is removed
from the signal. To complete the range compression process,
Fourier transform (FT) is applied to the dechirped signal,
which creates the range compressed signal. This processing
results in obtaining phase and frequency information of the
IF signal, which finally leads to the calculation of the
distance between the sensor and the target (Li et al., 2015).

In the next step, signals in cross-range directions are
rearranged and stacked. This step's objective is to synthesize
a large effective antenna aperture—with a correspondingly
narrow beam width and high angular resolution—using a

distributed network of much smaller physical antennas
(Ulaby et al., 2014).

Now, to identify the targets in the azimuth direction, it is
necessary to apply cross-range compression. For this reason,
the Fourier transform is once again applied.

The SAR image is in the polar coordinate system where
one axis is along the range and the other axis is along the
azimuth angle. For this reason, it is necessary to convert the
coordinates from the polar coordinate system to the

Cartesian  coordinate system using the following
transformation shown in Eq. (7).
X =R.sing
()
Y =R.cosé

where (X,Y) is the Cartesian coordinate of a point target
located at (R,8) in the Polar coordinate system.

4. Experiments and Results

This section describes and discusses the results obtained
from the experiments based on the developed GBSAR
system. The system’s parameters are shown in Table 1,
where the radar sensor’s operating frequency spans from 76-
81 GHz with a maximum bandwidth of 4 GHz. Vertical and
horizontal mechanical rails make it feasible to increase the
length of the synthetic aperture up to 50 cm and 90 cm in
vertical and horizontal directions, respectively. We occupied
the whole 4 GHz signal bandwidth in order to obtain the
maximum range resolution, which is about 4 cm. Hence,
having 512 range samples for each of the recorded digital
signals, the maximum operating range of our system would
be about 20 meters. More details about the relations between
the signal bandwidth and the maximum range of our radar
system can be found in our previous work (Hosseiny et al.,
2021b).

In order to evaluate the effectiveness of the GBSAR, we
operated experiments in a controlled scenario. During these
experiments, the cross-range resolution, and focusing
capabilities of the obtained images were compared between
the SAR configuration, conventional uniform linear array
(ULA), and MIMO radar configurations.

Figure 3 shows the study area and the GBSAR system
setup. Two 10 cm trihedral corner reflectors were located in
front of the radar. One is located nearer to the radar and the
other one has a greater slant range with different cross-range
angles.
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Figure 3. System setup: a) Imaging scene. b) GBSAR
prototype. c) Used corner reflectors as targets.

Table 1. GBSAR parameters

Parameter Value
Radar model TI-AWR1642BOOST
Signal type Linear FMCW
operating frequency (fc) 76-81 GHz
Wavelength (1) 0.0039 m
Bandwidth (B) 4 GHz

Range samples 512

Sweep time (7) 60 s
Peak power (P) 1.5 mwW

Number of transmitters (Ntx) 2
Number of receivers (Nrx) 4

Horizontal rail length (Ln) 09m

Vertical rail length (Lv) 05m

Tx Gain (Gtx) 30dB

Rx Gain (Grx) 30dB

According to our previous work (Hosseiny et al., 2022),
we showed that based on the presence of a target in radar’s
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near-field region (Ri<L%/, where R; is the target’s distance
to the radar, and L is the aperture length) increasing the
aperture length can degrade the cross-range resolution in
Fourier focusing algorithm hyperbolically. Thus, in this
study, we only used a 10 cm synthetic aperture, in order to
avoid the defocusing effects of long synthetic aperture
length in near-field targets, due to the non-ideal imaging
geometry. The focused image can be obtained by
compressing the raw signal array in range and cross-range
directions. Figure shows the studied scene’s focused
images, including the corner reflectors in the four different
radar imaging configurations. As can be seen from these
images, in the case of using ULA and MIMO radar, targets
appeared dispersed in the focused image and wide in the
cross-range axis. More specifically, both targets’ cross-
range locations seem to be very close according to the
ULA’s radar image (Figure -a), while in the case of MIMO
radar (Figure -b), targets’ cross-range signals seem to be
focused with better resolution, hence the cross-range
focusing looks more accurate. Compared to these
configurations, targets in SAR imaging scenarios Figure -c,
d) appeared to be more focused and the obtained images
seem to have a higher signal-to-clutter ratio (SCR).

For a detailed view, Figure depicts the normalized point
spread function (PSF) of the farther target in terms of cross-
range direction for the investigated imaging configurations.
It can be seen that the ULA configuration, with only using

MIMO Radar
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|
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Range[m]
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Figure 4. SLC images of study area: (a) based on four ULAs to form synthetic aperture in cross-range direction. (b)
based on eight MIMO virtual arrays in MIMO radar configuration. (c) based on conventional monostatic SAR
configuration. (d) based on MIMO SAR configuration.
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one transmitter and four receiver antennas, provides a
wide cross-range signal pattern of the target. MIMO
configuration could improve the ULA’s results by adding an
extra transmitter and providing eight virtual antennas, which
is twice the ULA configuration. It can be seen that the
focused target by SAR configurations signal shows
narrower width, while the background noise level is much
lower than in ULA and MIMO radar cases. It is also
noticeable that MIMO SAR obtained a similar PSF to
monostatic SAR while requiring fewer sampling steps.

Table 2. Quantifying the cross-range focusing capability
of MIMO SAR configuration compared to the ULA and
MIMO radar configurations

MIMO Monostatic MIMO
ULA Radar SAR SAR
Along trflck ) ) 104 13
steps
Synthetic
aperture length 7.6 15.2 99 99
(mm)
3dB Angular 0.48
resolution ' 0.262 0.014 0.014
9
(rad)
PSLR (dB) 10 13.8 21.45 21.45
SCR (dB) 934 1197 25.02 22.98

* required along track steps to generate a 10 cm synthetic aperture

Table 2 quantifies the focusing capability of the
investigated radar imaging configurations based on three
metrics of 3 dB angular resolution, peak sidelobe ratio

(PSLR), and SCR. The mentioned metrics were evaluated

on the signals of the two CRs in the obtained images and
their average values were reported in this paper.
Accordingly, without using MIMO capability, the
conventional ULA can synthesize a 3.8 mm length antenna,
with 0.49 rad cross-range discriminability, while in MIMO
configuration the length of the synthesized antenna is twice.
Accordingly, the obtained cross-range resolution based on
our experiments is 0.26 radian. In comparison, in GBSAR
configuration, we increased the aperture length to 99 mm,
which improved the angular discriminability up to 0.014
radians. Moreover, MIMO SAR image obtained 21.45 dB
and 22.98 dB for PSLR and SCR metrics, respectively. This
means that in our case study SAR configuration was able to
increase the signal level and suppress the background
clutters more than 10 dB More specifically, Flgure shows
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Figure 5. Cross-range signal compression capability of
MIMO SAR signal compared to the conventional four
ULAs and eight virtual arrays of MIMO radar signal
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Figure 6. Relation between the synthetic aperture length and (a) cross-range resolution. (b) PSLR. (c) SCR
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the relation between the synthetic aperture length and the
mentioned radar image quality metrics.

4. 1. MIMO GBSAR vs Monostatic GBSAR

This subsection aims to demonstrate a deeper comparison
between the obtained MIMO-GBSAR and Monostatic-
GBSAR images. According to Figure -c, d, both
configurations show similar target focusing capabilities.
Both configurations obtained the same cross-range
resolution. However, MIMO GBSAR could achieve this
resolution with only 13 data acquisitions for a 10 cm
synthetic aperture length in the cross-range direction.
Comparing the focusing quality, both MIMO and
monostatic GBSAR images provided equal PSLR values.
However, monostatic GBSAR obtained higher SCR value
(25.02 dB) compared to the MIMO GBSAR image (22.98
dB) (see Table 2)
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——MIMO SAR
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Figure 7. Cross-range signal profile of a corner reflector
in MIMO GBSAR and monostatic GBSAR
configurations

Figure 7 compares the focused signals of MIMO GBSAR

-90
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Unwrapped phase (rad)

-110 [

-115 7 T
0 100 200 300 400

Azimuth samples
(a)

and monostatic GBSAR in cross-range direction. Although
it can be observed that both configurations provided similar
peak signals in target's location, we can notice the higher
power of unwanted artefacts in the MIMO GBSAR signal.
Error! Reference source not found. shows the unwrapped
phase tracks of MIMO GBSAR and monostatic GBSAR
configurations in cross-range direction. It can be noticed that
monostatic GBSAR provides more phase stability. The
lower performance of MIMO GBSAR could be due to signal
interferences between virtual arrays, which can be due to
their coarse cross-range resolution and internal noises. In
our future studies, we aim to address this issue and propose
a practical solution.

4. 2. Investigating the effects of rail fluctuations

One main problem of using GBSAR can be the signal
errors caused by the sensor’s fluctuations during its travel on
the mechanical rail. In order to analyze this issue, we
extracted one of the corner reflector’s phase histories when
the radar sensor travels 90 cm in a cross-range direction
(Figure 9). Comparing the zoomed areas in the phase history
of the target, it is noticeable that the sensor’s fluctuations in
the starting steps of the rail (Figure 9c, 9d) are stronger than
the rest of it (Figure 9c, 9d). Figure compares the focused
cross-range signal in two portions of the SAR signal in
cross-range direction: the first portion is the first 200
azimuth samples, where the sensor’s fluctuations are severe
and the second focused signal was obtained from the next
azimuth samples, where the sensor has lower fluctuations.
According to the evaluations provided in Table 3 strong
sensor fluctuation caused to more than 5 dB decrease in the
focused signal’s PSLR and SCR.
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Figure 8. (a) Unwrapped cross-range phase track of corner reflector in MIMO GBSAR and monostatic
GBSAR configurations. (b) zoomed area
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Therefore, in order to overcome this issue, we ignore the

signals that came from the sensor’s first steps on the
GBSAR’s rail.

T
-----Signal with high Nuctuations
Signal with low fluctuations

Power(dB)

I I L
0 50 100 150 200 250 300 350 400
Azimuth samples

Figure 10. Obtained PSF signals in the presence of
strong and weak sensor fluctuations

Table 3. Evaluating the effect of the sensor’s fluctuations
on the focused cross-range signal

Scenario PSLR (dB) SCR (dB)
High fluctuations 12.86 20.19
Low fluctuations 17.63 25.50

5. conclusion

MIMO radars have emerged in remote sensing and earth
observation applications in the past few years. More
specifically, mmWave MIMO offers a lightweight and cost-
efficient radar sensor with angular discrimination capability.

resolution, which may not suffice in earth observation
applications. This study demonstrated the effectiveness of
mechanical rail and MIMO radars in improving the radar
angular or cross-range resolution. To this end, a MIMO
GBSAR prototype was developed. The presented system
contains two mechanical rails in horizontal and vertical
directions, where the radar sensor can move along them. TI’s
AWR1642BOOST MIMO radar with eight virtual arrays
was used as the core radar sensor. The MIMO GBSAR was
evaluated in a controlled scenario, where the SLC image of
metallic trihedral corner reflectors was generated from the
collected signals. According to the results, the developed
MIMO GBSAR improved more than 10 dB in the PSLR and
SCR values compared to the ULA and MIMO radar
configurations and improved the angular resolution to 0.014
radians. The results were very close to the conventional
monostatic GBSAR with similar angular resolution and
PSLR but with slightly weaker SCR. This validates the
developed system's capability while providing a faster
image acquisition process than conventional GBSAR.
Moreover, the effect of the rail’s mechanical fluctuations on
the obtained SAR image was investigated. The results
showed SCR reduction when high fluctuations were present,
which mainly happened at the starting steps of data
acquisition. At this point, we remove and ignore the radar
sample obtained during the rail’s first steps to overcome this
issue. Our future works will be focused on the
interferometric capabilities of the mmWave MIMO GBSAR
for displacement and moving target monitoring.

However, MIMO radars provide a limited angular
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Figure 9. Phase history of the corner reflector presented in the imaging scene (a) during the formation of 90 cm
synthetic aperture (b) zoomed areas
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