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ABSTRACT The light-small multi-rotor unmanned aerial vehicle (UAV) carrying with a mini synthetic
aperture radar (SAR) payload has provided an advanced information acquisition technology for the target
detecting and imaging fields. In this paper, a W-band compact SAR system is proposed, which has
been successfully deployed on the unmanned aerial vehicle (UAV) platform demonstrating state-of-the-art
imaging resolution of about 4.5 cm. In order to achieve remarkable compactness, light weight and power-
saving feature for the proposed system, the techniques of the three-dimensional (3-D) integration are adopted,
where a whole-system size of only 67 x 60x50 mm?> and the weight of 400 g are obtained. This proposed
system achieves higher SAR-imaging resolution thanks to the contributions of many efforts, including the
technique of high-linearity waveform generation, the substrate integrated waveguide (SIW) antenna with
high isolation by the electromagnetic band-gap (EBG) mechanism, and a novel motion compensation method
for the imaging formation. To validate this proposed idea, a UAV SAR prototype operating at W-band is
designed and fabricated. The measurements show great signal-to-noise ratio imaging results with excellent
focusing effect. The proposed SAR system is promisingly an ideal candidate for the target detecting/imaging
applications deployed on the UAV platform.

INDEX TERMS Frequency modulated source, mini synthetic aperture radar (SAR), high imaging resolution,

unmanned aerial vehicle (UAV), 3-D integration.

I. INTRODUCTION

UAV-borne radars have aroused great interests not only in the
academic communities but also in the industrial applications.
This is because as compared with that of the traditional
airborne systems, the operation of the multi-rotor UAV is
more flexible without assistance of the take-off and land-
ing runways, which facilitates the expedited deployment of
the UAV-borne radars in a relatively harsh scenario where
changes may happen in the twinkling of an eye. Thus,
UAV-borne radars potentially could find the targets much
faster than that of the traditional counterparts implying higher
detection efficiency. In addition, the size of UAVs, espe-
cially the multi-rotor UAVs, is much smaller than that of
the traditional aerial vehicles, meaning higher survival rate
in the warfare by hiding the UAVs from the radar detection.
Therefore, the multi-rotor UAV-borne radar is an efficient
platform for the information acquisitions [1].
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Synthetic aperture radar (SAR) is a system that moving
the radar antenna over a target region to provide finer spatial
resolution rather than conventional beam-scanning radars [2].
The synthetic antenna aperture of the SAR could be unlimited
large by simply cruising around the selected area, while it is
impossible for the traditional beam-scanning radars to obtain
the same detection performance by deploying physically
large antenna with the same aperture size. The UAV-borne
SARs have additionally brought revolutionary influence on
the applications of target detection and imaging. Many
UAV-borne SARs were developed for scientific and other
practical applications, including the high-resolution imaging
of ground, tracking of the moving target, environmental mon-
itoring and antenna pattern verification [3]-[6]. Therefore,
the development of a UAV-based SAR with miniaturized size
and high resolution is of particular worth for remote sensing
applications.

Different from those of the traditional UAV SARs,
there exist many limitations and technical challenges for
the multi-rotor UAV SARs, such as size reduction of
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SAR payloads, power-saving techniques for broader cruis-
ing range, thermal management of electronics, imaging
algorithm for the motion compensation and defocusing
issues, efc. To tackle these issues, many efforts have been
made and introduced for the terrain monitoring and obser-
vation applications. For example, the polarimetric radar
ARBRES-X SAR working on X-band mounted on a UAV for
imaging applications is proposed [7]. Although the aluminum
bar together with the patch antennas was used to lighten
the weight, every module cannot be integrated that lead to
a large volume. Besides, there is a defocusing problem in
the retrieved images due to the platform deviation from the
nominal trajectory and the flight instabilities [8]. As has
been discussed in [9]-[14], the SAR systems working on the
millimeter waves like W-band can obtain the detailed ground
texture features, the high-resolution and minimal changes of
the target benefited from the unique reflection characteris-
tics and broadband characteristics of such millimeter waves.
Comparing with the other microwave band, W-band SAR
systems have smaller antennas and circuits while maintaining
the same performance, which have been the research focus
for the light-weight UAV based payloads. Meanwhile, many
integrated chips are developed to replace the traditional cir-
cuits and units, which greatly reduce the size of whole SAR
system. But the shrink size due to high-density assembly
leads to heat concentration, which may degrade the SAR per-
formance [15], [16]. As the operation frequency goes higher,
especially in terahertz bands, traditional integration meth-
ods (e.g., the connection between flanges for waveguides)
have encountered similar size-reduction bottleneck [17].
Therefore, all these traditional solutions still demonstrates
limitations and challenges on the size reduction of the SAR
payload, and the improvement for imaging resolution.

In our previous work [18], [19], a W-band mini-SAR on
multi-rotor UAV platform has been initially evaluated to vali-
date the system performance. This paper further presents such
compact W-band drone-borne SAR system in detail to offer
new possibilities in observation. Despite the previous state-
of-the-art imaging systems at microwaves, this system is fully
3D packaged to obtain the solid-state and miniaturization
structure. An analog phase-locked loop (PLL) technology
is proposed to achieve the high linearity frequency modu-
lation waveform generation. And then the electromagnetic
band-gap (EBG) mechanism is introduced to acquire high
isolation without increasing the antennas distance. Combin-
ing with the motion compensation method, the high imaging
resolution will be achieved based on the above methods.

This paper is organized as follows. In Section II, the imple-
mentation and the performance characteristics of the pro-
posed SAR payload are described. Section III illustrates the
key technologies to improve the imaging resolutions such as
the 3-D integration strategy, the linear frequency modulation
waveform generator based on the analog PLL and the high
isolation transceiver antennas based on the EBG. To validate
the proposed idea, in Section IV, the measurement set up
is demonstrated with the high-resolution imaging results.
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FIGURE 1. Schematic view of the proposed W-band UAV mini-SAR system.

Comparisons between the proposed UAV SAR and the tra-
ditional UAV SAR manifesting that the proposed SAR is
promisingly an ideal candidate for the applications of UAV
high-resolution imaging. Finally, this paper is concluded
in Section V.

Il. W-BAND SAR SYSTEM SCHEME

A. MINI-SAR ARCHITECTURE

Traditional micro-SAR design architecture include
DAC/DDS, up-converter, clock and other modules, in which
the schematic structure is complex with high power con-
sumption and serious deterioration of performance with
chip integrating. In this section, a different design scheme
is proposed to realize the miniature SAR system on the
multi-rotor UAV platform. The proposed SAR system design
scheme is shown in Fig.1. This micro-SAR consists of
a reference clock, a linear frequency modulation (LFM)
source, a millimeter-wave transceiver front end, two
antennas, an intermediate frequency (IF) channel, and an
analog-to-digital converter (ADC). The classical frequency
modulation continuous wave (FMCW) system is adopted in
this SAR. The de-frequency modulation system is employed
for the received radar echo signal to reduce the IF effectively.
In addition, the sampling and quantization of the echo signal
can be easily realized by using low-speed ADC in this system,
which can greatly reduce the amount of data for signal
processing. Compared with that of the traditional micro-
SAR scheme, this reference clock is also simplified greatly,
which only needs a low frequency referenced signal for the
PLL and ADC modules. For example, a simple 50 MHz
fixed frequency crystal oscillator can meet full coherent work
requirements of the radar system. Furthermore, a novel LFM
signal generation method based on analog PLL technology is
used for the system, which can fully utilize the characteristics
of a voltage-controlled oscillator (VCO) to directly gener-
ate a high-frequency broadband LFM signal. In addition,
the narrow-band filtering feature of the PLL can obtain the
lower phase noise, good spur suppression and other advan-
tages for this transmit waveform signals. There are still other
new methods such as decoupling between transmitting and
receiving antennas have also been improved in this system.
All the above-mentioned improvement designs make such
mini-SAR have the characteristics of simple circuit structure
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TABLE 1. Main performance of this proposed mini-SAR system.

Parameter name Value

Carrier frequency 94 GHz

Signal bandwidth 4000 MHz
Modulation mode LFM
Frequency modulation rate 20 MHz/ps
Max imaging rang 600 m

Look angle 60°

Slant range resolution 3.75 cm
Weight 0.4 kg

Volume 67x60x50 mm®

and low power consumption, which can also be integrated
through three-dimensional feasibly.

B. SYSTEM PERFORMANCE
The main performance characteristics of this miniature
SAR system are shown in table 1. Various characteristics
including carrier frequency, signal bandwidth, modulation
method, resolution and maximum working distance have
been made clearly. As is well known that the Noise Equiv-
alent Scattering Coefficient (NESZ) characteristic is the core
parameter of SAR imaging quality. Therefore, the NESZ of
side-looking strip SAR is firstly designed and demonstrated,
which can be expressed as,
3,3
NESZ=2-(4><JT) ~r-Va~k-TkS )
)\S'Gt'Gr'Pav'pr

In this formula (1), NESZ denotes noise equivalent scat-
tering coefficient, r is the imaging range, V,, is the moving
velocity of UAV, k is the Boltzmann constant, T is the equiv-
alent noise temperature of the receiver, A is the operation
wavelength of SAR, G; and G, are the gains of transmit-
ting and receiving antennas respectively, P, is the average
transmitting power, p, is the system range resolution, ks is
the weighting of system loss and other losses.

According to the equation (1), the NESZ of the SAR sys-
tem is simulated and analyzed, as shown in Fig. 2. The NESZ
is better than —21.0 dB in the 600 m range, which means
that the system satisfies the basic condition for high-SNR
imaging. In addition, the slant range resolution represented
by R.s can be derived from fractional bandwidth.

c
~ 2.BW @
where BW is the signal bandwidth, and c is the light speed.
When the beam downward angle of the radar mounted
on UAV is 0, the ground resolution can be calculated by the
following equation (3).

RES

c
=— 3

2.-BW -sinf ©)
Therefore, this SAR system has 4.3 cm ground resolution,
when the installation look angle is 60°.

AR
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FIGURE 2. Simulation results of NESZ.

Ill. KEY TECHNOLOGIES OF THE MINI-SAR SYSTEM

A. 3D INTEGRATION STRATEGY

The millimeter-wave circuits are usually integrated through
the traditional two-dimensional planar technology combin-
ing with the printed circuit board (PCB) and low tempera-
ture co-fired ceramic (LTCC) processes. All the active chips
with different functions and peripheral passive devices can
be assembled to improve the system integration. Although
two-dimensional planar integrating way can reduce the sys-
tem size, there is still an limitation of integration since the
main chips should be mounted on a planar layout prop-
erly. Besides, the resistance-capacitance delay and parasitic
capacitance caused by the excessively long signal will reduce
the operation speed of devices when the chip number is
large. As compared with the two-dimensional (2D) integra-
tion, the three-dimensional (3D) integration technology is an
effective way to achieve the higher integration level, mean-
ing miniaturization, light weight, high density and excellent
electrical capability [20]. 3D integration solution can not
only fully use the 3D space, reduce the circuit area, shorten
the leading wire length and increase the transmission speed,
but can also heterogeneously integrate chips based on dif-
ferent processes, such as silicon-based, compound semicon-
ductor, MEMS. It is beneficial to achieve multi-function and
larger-scale integration [21], [22].

Therefore, such 3D integration technology is used for
this W-band micro-SAR on UAV platform developed in
this paper, which effectively improves the system integra-
tion. The diagram of this 3D fully integrated SAR system
is shown in Figure 3. In this packaged 3D configuration,
three-dimensional layers have been carried out firstly accord-
ing to the function and frequency band. In the proposed
integration architectures, the antenna and transmitter/receiver
(T/R) layer working in the W band, the frequency synthesis
and intermediate frequency layer working in the microwave
frequency band, while the digital and power layer working at
low frequencies. 3-D integrating with stack way can improve
the efficiency of space utilization and obtain high isola-
tion between modules. Secondly, the vertical interconnec-
tion method is adopted for the signal connection in different

113603



IEEE Access

M.-L. Ding et al.: W-Band 3-D Integrated Mini-SAR System With High Imaging Resolution

MMW vertical interconnect

Antenna and T/R
<k

Frequency source
and IF channel

Digital and Power —__ i
Microwave vertical interconnect

LF vertical interconnect

FIGURE 3. The diagram of three-dimensional integrated System.
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FIGURE 4. Thermal stress simulation of key parts in system.

layers. The vertical transition between the planar millimeter-
wave signals and the antenna port is required for the vertical
interconnection between the millimeter-wave antenna and
T/R chips. The well matching and low-loss transmission can
be also achieved from the simulation. At last, the thermal
and stress design is the important part for such high-density
3D integrating system, which has been simulated too. The
thermal conduction characteristics as well as the structural
stress changes from the radio frequency (RF) and high-power
chips are analyzed, as shown in Figure 4. The chip layout
and signal transmission mode can be following optimized
to improve the overall thermal management efficiency and
mitigate the risk of thermal stress in the system.

In conclusion of the above design and optimization,
a highly integrated W-band micro-SAR principle prototype
for mini-UAV is finally developed, with a volume of 67 mm x
60 mm x 50 mm and a weight of only 400 g. Compared
with that of the traditional micro-SAR, the volume-to-weight
ratio of the proposed SAR has been reduced by more than
5 times. Such highly integrated design will greatly expand
the application areas of W-band UAV-based micro-SAR.

B. LFM TECHNOLOGY BASED ON ANALOG PLL
The analog PLL technology is utilized to generate LFM
signal, which simplifies the circuit structure and reduces
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system power consumption greatly. However, the frequency
linearity and phase stability between pulses of the LFM signal
generated by the analog method will be much poorer than
the digital circuit method. The solution to design the high
LFM circuit based on the PLL is a urgent technology for the
requirement of SAR imaging.

Thus, a new mathematical model of the phase-locked fre-
quency modulation source circuit is proposed and established
in this paper. The pulse compression quality and the imaging
quality of SAR system will be evaluated through analyz-
ing the output signal. When an active integral loop filter is
using for the phase-locked loop, the error transfer function of
PLL reference clock and the output signal can be expressed
as the formula (4).

§2

H, =
e ) 52 + 2sEwy + w?

“

KoKy _ o .
NT &= 12, 0y 18 the angular frequency,

& is the damping factor, t; and 7, are the time constants of
active filters, Ko is the tuning gain for PLL VCO, K} is the
phase gain and N is the PLL multiple. The LFM signal will
present the phase step excitation and LFM excitation when
converting between pulses and inside pulse, respectively. The
exciting signal can be expressed as formula (5)

0; = Sbtwp + Sinp ©)

where Sy is phase step excitation, S;y, is the LFM excita-
tion, then 6; can be expressed as (6).

0, =60 -u(®)+k-m-12-u) (6)

where, w, =

where k (Hz/s) is the rate of frequency modulation, u(t) is the
step signal, 6 is the phase step. The Laplace transform from
equation (6) can be obtained as (7).

@(s):k-n/s3+6’o/s %)

Thus the phase error of the PLL in LFM mode will be given
as equation (8).

O(s) = (5)O(s)
2

R

According to the inverse Laplace transform of equation (8),
the frequency error and phase error of the LFM output signal
changing with time can be transformed. The nearly ideal
pulse compression results can be acquired through using
pulse compression results in the range and azimuth directions
of LFM output signal as well as optimizing t, 72 and k. The
range pulse compression results are shown in Figure 5, and
the azimuth pulse compression results are shown in Figure 6.

In conclusion of this above discussion, a mathematical
model based on the PLL LFM working mode has been estab-
lished. The loop parameters have been iteratively optimized
by simulating and measuring the PLL. The PLL can work in
the tracking lock state during the entire process of generating
the LFM signal. The LFM signal of PLL can be collected by
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FIGURE 6. The pulse compression results in the azimuth direction.
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FIGURE 7. Frequency error of The LFM signals generated by the
analog PLL.

the high sampling rate oscilloscope, and then the frequency
error of the LFM signal can be obtained by the short-time
Fourier analysis, as shown in Figure 7. Furthermore, the fre-
quency linearity of the system can be also calculated by
equation (9) without considering the influence of frequency
multiplier and amplifier. Figure 8 gives this calculated sys-
tem frequency linearity of about 0.0054. At the same time,
the phase between pulses has good stability in the IF signal,
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FIGURE 8. Frequency linearity of the system.

which benefits from the de-chirp receiver. Thus, good pulse
compression quality in the range and azimuth directions are
both obtained.

Flinearity =fe /BW )

where Fiineariry 18 the frequency linearity, f, is the frequency
error, BW is the signal bandwidth.

C. HIGH ISOLATION MILLIMETER-WAVE ANTENNAS
Because of the development of the load platform integration
and the miniature FMCW SARs, the impact of the signal leak-
age from transmitting antenna to receiving antenna degrad-
ing receiving system performance has been more and more
serious. The isolation between the transceiver antennas has
become one of the key factors, which poses limitations on
the FMCW SAR performance. The signal leakage between
the receiving and transmitting antennas is caused by many
aspects, in which, the surface-wave crosstalk is one of the
important electromagnetic leaking ways, especially in the
millimeter-wave frequency band [23]. The traditional sim-
ple solution addresses such issues by increasing the dis-
tance between two transceiver antennas. The other method
is adding an isolation plates to reduce surface waves and
space diffraction waves. However, both two approaches are
no longer applicable for the currently developed miniature
systems due to their large sizes.

An electromagnetic band gap structure (EBG) [24], which
can suppress the surface waves between coplanar transceiver
antennas, will be adopted to improve the isolation in this
W-band mini-SAR on multi-rotor UAV platform. EBG is a
low-profile electromagnetic structure, which can be formed
by etching process. The periodic metallic structure on the
surface of a dielectric substrate can lead to the blocking
effect, which is similar to a band-stop filter. Such simple
planar integrated EBG structure can suppress surface waves,
thereby improve the isolation. Fig. 9 is the proposed W-band
transceiver antennas with EBG structures. Fig. 10 shows the
isolation comparisons between the antennas with and with-
out EBG construction. The measured results have also been
shown in Fig. 10, which shows minor deviation from the
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FIGURE 10. The isolation of antennas.

simulated results due to the fabrication errors. The isolation
between the transceiver antennas can be improved with 15 dB
than that of the one without EBG. Such isolation improve-
ment will increase the SAR resolution.

In addition, the influence of EBG on the beam of antenna
is an important problem, which should be considered. It has
been found that the EBG will cause the distortion of far-side
lobe based on the electromagnetic simulations of antenna
radiation patterns. However, the adverse effects including
direction deviation and shape distortion on the main beam
shape have not been observed obviously. This system gen-
erally intercepts the target information within 3dB width of
the main beam for imaging, thus the EBG structures will not
cause image quality degradation.

D. MOTION COMPENSATION METHOD

There are two particularities for this motion compensation
of the W-band UAV-based SAR. Because of the working
wavelength of 3 mm is short, the motion errors will be
more sensitive. The short-term relative motion measurement
accuracy of 0.2 mm should be required. It is difficult to
meet such requirements of position and attitude measurement
accuracy even if equipping with the current high-precision
POS measurement system. Besides, the SAR imaging will
be more difficult with the less stable platform due to that
the light-small UAV is especially susceptible to atmospheric
turbulence. At the same time, this system uses an inertial
measurement unit based on micro-electromechanical system
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FIGURE 11. W band mini-SAR prototype.

technology (MEMS-IMU) to complete the motion error mea-
surement of the platform in consideration of the cost and
weight. But the measurement accuracy of the MEMS-IMU
is relatively low, which further increases the SAR imaging
difficulty.

Therefore, a motion compensation method based on the
signal fusion combining MEMS-IMU and SAR data is pro-
posed. Firstly, preliminary imaging is performed based on
MEMS-IMU motion compensation data. The corner reflec-
tors or strong target points based on site layout are used
as the distinctive points of the image. SAR data uses phase
history, Doppler information and Doppler frequency modu-
lation to estimate platform relative motion error and attitude
information in the original data domain and complex image
domain [25], [26]. Then, analysis of motion error characteris-
tics caused by random drift error of MEMS inertial navigation
based on MEMS-IMU and SAR signal level data fusion
method. The SAR-assisted MEMS-IMU random error drift
model is constructed combining with the motion characteris-
tics of the multi-rotor UAV platform. This model can be used
to correct the long-term random drift of MEMS-IMU. Finally,
the estimated state and measurement information of Kalman
filtering can be determined based on motion error estimation
results and fusion processing methods, and the state equa-
tion and measurement equation can also be constructed. The
bidirectional smooth Kalman filtering processing would be
finished combining with the original GPS/INS data. The filter
processing result should be output to the SAR coherent imag-
ing processing again. The above operating process should be
repeatedly carried out until the motion estimation result is
stable. In conclusion of the above method, ideal motion error
compensation with a good focusing effect will be eventually
achieved.

IV. RESULTS DISCUSSION

According to the above development of the SAR system
program and the key technologies, the W-band UAV-based
mini-SAR is exhibited in Fig. 11. All the antennas, RF com-
ponents and digital circuits have been integrated into a small
cube box. The top circuit layout integrates antennas and the
millimeter wave front-end circuits. The middle layer inte-
grates the LFM source and power circuits. And the bottom
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FIGURE 12. W band mini-SAR prototype on a multi rotor UAV platform.

FIGURE 13. Imaging results of this developed W-band mini-SAR.

circuit wafer integrates the intermediate frequency and digital
circuits. It is worth mentioning that the low-loss connection
between antennas and millimeter-wave front-end is achieved
by using the vertical transmission line interconnection tech-
nology. This SAR system prototype has the weight of 400 g,
the volume of 67 mm x 60 mm x 50 mm, and the system
power consumption of about 25 watts.

The imaging measurement of this W-band mini-SAR pro-
totype on a multi rotor UAV platform is carried out outdoor,
as shown in Figure 12. All the W-band SAR, power supply
battery, inertial measurement unit (IMU), Global Positioning
System(GPS) and digital recorder are installed on this Multi
rotor UAV platform simultaneously. During the experiment,
the cruising height is 300 m, the speed is 15 m/s, and the main-
beam direction angle is 30° with reference to the ground.
The SAR is working at the mode of the side-view strip map
mode, and the strip image has a width of about 308 m. At the
same time, the original receiving SAR data, IMU data and
GPS data are obtained. The high-resolution SAR images can
be subsequently obtained with experimental data processing
by the wK algorithm, as illustrated in Fig. 13. It is clearly
that the imaging results of the targets including the cars,
trees, roads and buildings are recognized easily. The optical
image from the Google earth in the same area is also given
in Figure 14. By comparing these two pictures, the details
of the ground objects are clearly visible, which indicates
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FIGURE 15. SAR image of asphalt road with trihedral corner reflectors.
(a) SAR image. (b) Optical image of a trihedral corner reflector on asphalt
road. (c) The Point Spread Function of the trihedral corner reflector
plotted in 3-D.
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that high resolution image quality has been achieved in this
system.

In order to better evaluate the system performance,
the response of a trihedral corner reflector are provided
in Fig. 15. Its range and azimuth profiles are shown
in Fig. 16 and Fig. 17, respectively. It can be concluded that,
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TABLE 2. Performance comparisons between the proposed SAR and the
existing SARs.

Ref. System Name Band Resolution | Weight
[28] L-band SAR L 0.75 m ~7.6 kg
[29] microASAR C 0.75 m 2.5kg
[8] ARBRES-X X 1.5m 2kg
[30] AMBER X 0.1 m 6 kg
[31] Ku-band SAR | Ku 0.25 m 6 kg
[32] UAVSAR Ka 0.5m 4kg
[33][34] SUMATRA w 0.15m ~2.2kg
This work Mini-SAR \% 0.045 m 0.4 kg

the resolutions in the ground range and the azimuth are 4.5 cm
and 3.5 cm. In addition, the Peak Side Lobe Ratio (PSLR) is
—20.1 dB in the range direction and —12.1 dB in the azimuth
direction, the Integral Side Lobe Ratio is —13.3 dB in the
range direction and —10.8 dB in the azimuth respectively.
Note that, compared to the theoretical performances (4.3 cm
in the ground range, and 3.0 cm in the azimuth), there exists
resolution degradations. The degradations are introduced by
numerous systematical errors including the nonlinearity of
the FM signal [27], the instability of UAV platform and
the poor noise of PLL, et al. In particular, the multi-rotor
UAV with large vibration of roll angle is vulnerable to the
wind, even under the speed condition of 8§ m/s. The unstable
movements of the platform would introduce residual motion
error leading to degradation of performance. However,
the multi-rotor UAV has better flexibility. In our future work,
the impact of this platform will be modeled, analyzed, and
compensated.

Finally, a performance comparison between our devel-
oped system and the existing ones [8], [28]-[34] is provided
in Table 2. From the perspective of resolution, volume, weight
and power consumption, we can conclude that the proposed
system has obvious advantages.
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V. CONCLUSION

A W-Band 3-D integrated mini-SAR system with high
imaging resolution on UAV platform has been discussed and
presented in this paper. A series of methods such as the LFM
wave generation technology based on analog PLL, high isola-
tion millimeter-wave transceiver antennas based on EBG and
the W-band motion compensation method based on the signal
data fusion have been used to achieve the high imaging reso-
lution. Furthermore, the 3D high-density integration process
has been adopted to complete system miniaturization of about
400 g weight and 67 mm x 60 mm x 50 mm volume. The
imaging resolution better than 4.5 cm and fine focusing effect
have been demonstrated of this SAR system on the multi-
rotor UAV platform. To the best of authors’ knowledge, such
mini-SAR with advantages of weight, volume, power con-
sumption and state-of-the-art imaging resolution is developed
in W band for the first time. Therefore, this UAV-based SAR
will provide potential applications for high-accuracy remote
sensing and differential tomography imaging. Such system
design is promising to future research chip-level integrated
SAR too.
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