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ABSTRACT This paper presents the design of a fully polarimetric low-profile antenna array intended for use
in a side-looking airborne synthetic aperture radar (SAR) sensor operating at Ka-band. The proposed antenna
provides maximum gain of up to 23 dB, a low side lobe level and high cross-polarization suppression values
exceeding 38 dB. Furthermore, the proposed antenna demonstrates robust behavior and stable electrical
performance in a variety of environmental conditions encountered during the measurement campaigns. The
antenna system was designed using slotted waveguide technology, comprising separate antenna arrays for
each polarization, which were mounted side by side on the aircraft platform. An appropriate design was
developed based on theoretical analysis, considering the specifications of the electrical and mechanical sys-
tems. The horizontally polarized antenna consists of four subarrays, each comprising 22 transverse slots cut
into the narrowwaveguide wall. The alternately placed iris pairs enable radiation. The antenna with vertically
polarized radiation is realized through the implementation of four subarrays, comprising 18 longitudinal
slots, situated within the broad waveguide wall. Appropriate feeding networks with unbalanced amplitude
distributions were designed to feed both arrays. For the horizontally polarized antenna, a conventional
H-plane T-junction power divider and a Bethe-hole directional waveguide coupler were used. In contrast,
a two-stage H-plane T-junction with a non-uniform amplitude taper was applied for vertical polarization.
The proposed design was validated by compact test range measurements, which demonstrated a very good
agreement with the simulation results.

INDEX TERMS Airborne SAR system, polarimetric interferometry, Ka-band antenna array, dual-polarized
slotted waveguide antenna (SWA).

I. INTRODUCTION
In recent years, airborne SAR systems have played an impor-
tant role in remote sensing applications [1]. This is due to
the specific advantages inherent to radar-based assemblies,
including all-weather readiness and a day-and-night opera-
tional capability. A significant advantage of airborne systems
is the capacity to validate novel technologies and evalu-
ate their suitability for future satellite missions in advance.

The associate editor coordinating the review of this manuscript and

approving it for publication was Pavlos I. Lazaridis .

The utilization of such a system enables the testing of
both hardware and processing software, in addition to data
retrieval algorithms, which constitutes a pivotal stage in the
development of satellite systems. Moreover, an airborne sen-
sor offers a versatile, adaptable, and accessible platform for
remote sensing operations, thereby facilitating the optimiza-
tion of instrument design.

There are many airborne SAR systems operated all over
the world for both civilian and military applications, that
differ from system parameters and intended purpose [2], [3],
[4], [5], [6], [7], [8]. The Microwaves and Radar Institute at
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the German Aerospace Center (DLR) in Oberpfaffenhofen
operates such a sensor (F-SAR) and constantly improves its
capabilities using new technologies and methods [9]. It is
flown onboard an aircraft Dornier Do-228 and currently
consists of eight fully polarimetric antennas operating in
five different frequency bands, spanning from P-band up to
X-band [10], [11], [12], [13]. One noteworthy property of the
F-SAR system is its ability to operate up to four frequencies
simultaneously, allowing for the acquisition of various data
regarding the overflown region. To further enhance this capa-
bility, the development of an additional sensor operating at
Ka-band was initiated.

Systems operating in this frequency band have attracted
considerable attention in recent years, largely due to their
compact size and lightweight design. They have also been
the focus of promising research areas such as ice monitor-
ing and water surface measurements, which have provided
valuable insights into climate change observations. Conse-
quently, there are a number of existing airborne Ka-band
SAR systems that were designed for different purposes and
thus individually adjusted to meet the required performance
specifications. For example, the AirSWOT radar interferom-
eter [14], designed by NASA, is an experimental airborne
Ka-band instrument that is used to validate the forthcom-
ing NASA Surface Water and Ocean Topography (SWOT)
satellite mission. The system operates in cross-track inter-
ferometry mode and is capable of functioning in multiple
polarization configurations, enabling the measurement and
analysis of diverse backscattering properties of water sur-
faces. In contrast, the PAMIR-Ka SAR demonstrator [8]
is a single-polarized airborne sensor currently under devel-
opment at Fraunhofer FHR. It features a quasi-monostatic
antenna arrangement and is primarily utilized to examine
relevant SAR imaging aspects in Ka-band. The wide band-
width enables the processing of SAR images with high
azimuth resolution. MetaSensing has developed a single-pass
interferometry airborne SAR system in Ka-band, known as
KaSAR [2]. The system is composed of dual-polarized slot-
ted waveguide antennas, which are mounted on the aircraft
with adjustable baselines. This sensor operates in frequency-
modulated continuous wave mode (FMCW), which is better
suited for applications requiring high precision at short to
medium range. In contrast, a pulsed radar system used in
F-SAR is more suitable for long-range applications. The
Ka-band imaging radar DRIVE, developed by ONERA,
is also operational in frequency-modulated continuous wave
(FMCW) mode and operates as a single-polarized nadir-
looking radar dedicated to imaging non-smooth areas [15].
The Ka-band sensor, which is the subject of this arti-

cle, operates in a single-pass interferometry configuration
at a center frequency of 35.5 GHz. It represents a part
of the Ka-PolInSAR system, comprising two fully polari-
metric transmit and up to four fully polarimetric receive
antennas, which are mounted on a carbon fiber structure
located underneath the fuselage of the Dornier Do-228

aircraft. The utilization of a dual-polarized system allows for
the acquisition of diverse information regarding the structure
of the imaged surface, as the scattering characteristics are
dependent on the polarization used. The innovative Ka-band
antenna is designed to operate in a side-looking mode with
mechanical beam steering at an incident angle of 45◦. The
antenna carrier permits the antennas to be mounted in a vari-
ety of positions, thereby facilitating the attainment of diverse
baselines for interferometrymodes. This enables the sensor to
generate a number of configurations for a variety of scenarios
and applications. In general, antennas mounted on an air-
craft platform are constrained by the limited space available.
The antenna carrier for Ka-Band operations at the Dornier
Do-228 is situated within the installation area of the F-SAR
P-Band antenna, thereby ensuring that a sufficient volume for
antenna installation is provided. Furthermore, the very short
wavelength enables the reduction of antenna and network
dimensions. The objective of the new system, operated in the
Ka-band frequency, is to gain information about the structure
of the upper snow cover, as well as to access biophysical
parameters such as snow-water equivalent, snow cover or
firn lines in high mountain areas and glaciers. The challenge
of designing a fully polarimetric antenna system with high-
power capability and extreme beam stability over the required
frequency bandwidth, that induces low side lobe- and cross-
polarization levels as well as airworthiness requirements are
some of the innovative aspects of this work.

This article is structured as follows: in section II, the
mechanical and electrical requirements for airborne SAR
antennas are specified and their significance in the SAR
image quality are explained. Later, in section III the theo-
retical basics of the slotted waveguide antenna technology
are presented and the antenna arrangement on the airplane
is shown. Consequently, the design and development of the
antenna array with detailed development description showing
step by step the single antenna element design, the antenna
array configuration and the appropriate network for both
horizontal and vertical polarizations. Next, in section IV the
measurement results for both antennas are shown. Subse-
quently, the comparison with other works about the Ka-band
antennas is presented in section V. Finally, the outcomes of
this study are discussed in section VI.

II. ANTENNA SYSTEM REQUIREMENTS
As the Ka-band antennas used for the extension of the F-SAR
sensor, serve as a part of a side-looking airborne radar system,
a range of different mechanical and electrical requirements
must be fulfilled [1], [16]. A detailed description can be found
in following subchapters.

A. ELECTRICAL REQUIREMENTS
Fig. 1 illustrates a typical SAR geometry, where the platform
moves in the azimuth or flight direction, whereas the range
or elevation is the direction perpendicular to the radar flight
path, looking to the ground beneath the flight path. For DLR’s
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airborne SAR system this is typically a right looking config-
uration, focusing on an angular range of approximately 20◦

to 65◦ off-nadir [9] and causes in the main lobe pointing at
about 45◦.

FIGURE 1. The typical side-looking airborne SAR acquisition.

This arrangement results in some general demands for
antenna design. For reasons of unambiguity, the area opposite
the nadir track must be suppressed. In particular, the nadir
direction is of critical importance due to the perpendicular
reflection of the radar signal on the ground. In conclusion,
the elevation pattern must suppress the nadir signal and the
opposite swath area by at least 25 dB, one way, while simulta-
neously supporting the swath, area of interest, with an equally
shaped main beam pattern. It is necessary to compensate
for the longer propagation path length in the far range with
slightly higher gain values in comparison to the near range.
With regard to both azimuth and elevation, the level of the side
lobes should be less than 18 dB, at least. Not all conditions
can be discussed in detail here. The values for the aforemen-
tioned parameters were derived from SAR processing and
bases on Nyquist criteria as well as sufficient and evenly echo
strength along range direction. Thus, fulfilling these require-
ments guarantees that objects can be clearly categorized
spatially. Most interface parameters are driven by the radar
hardware like frequency of operation and bandwidth of the
system which are given by the high power TWTA (traveling
wave tube), which was specially designed and manufactured
for this airborne environment. In systems operating at higher
frequencies, where free space losses are increased, it is crucial
to design maximum-gain antennas capable of withstanding
high transmit power, as used in this application. In the absence
of this, the signal-to-noise ratio (SNR) will be insufficient for
the processing of a high-quality SAR image from the received
data. In order to satisfy the requirement of gain at least 20 dBi,
the antenna must possess a larger aperture size comprising a
greater number of elements. This, in turn, allows for more
extensive shaping of the main lobe, particularly in relation to
the side lobes. However, in order to ensure optimal system
performance and image quality in terms of resolution, it is
essential to consider the antenna half-power beam width in

azimuth in relation to critical parameters such as platform
velocity and the system pulse repetition frequency (PRF).

TABLE 1. The required antenna array parameters.

Accordingly, the system specification is set to a 5◦ half-
power beam width in azimuth and approximately 21◦ in
elevation and leads as a tradeoff between sufficient SNR to
produce unambiguous, non-noisy SAR image and obtaining
the desired swath width. The required antenna parameters are
collated in Table 1.

B. MECHANICAL REQUIREMENTS
The use of the aircraft as a mounting platform leads to addi-
tional mechanical requirements. First of all, the total weight
of the radar system has to be minimized as much as possible,
since additional weight is related to reduces endurance. The
fact that the antenna system consists not only of the anten-
nas themselves but also of additional support structures and
aerodynamic parts increases the need of low weight compo-
nents. Furthermore, aerodynamic requirements are integrated
into the antenna system design, which also considers icing
conditions, induced drag, turbulence and a broader range of
mechanical vibrations. Consequently, low-profile antennas
are the optimal choice for aircraft installation, which in turn
restricts the range of antenna types that can be selected.
It is essential that materials and design take into account the
various mechanical forces acting on the aircraft installation,
in order to prevent the antenna from fracturing as a result of
excessive forces and fatigue. The environmental conditions
of the airborne campaigns are varying during the flight and
are depending on the type of mission. In this way, the antenna
must be able to deliver the same electrical performance under
different outdoor conditions. Thus, theremust be no corrosion
or deformation due to temperature differences or air humidity.
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The installation area for the Ka-band system is determined
and not free to choose. The installation framework is part of
the requirements and is supposed to be in front of the aircraft,
underneath the fuselage, which is an additional challenge.
In order to protect sensitive parts of the antenna from stone
chipping or contamination during take-off and landing, a suit-
able radome has to be apply.

III. ANTENNA ARRAY DESIGN
A. TECHNOLOGY
The antenna arrays presented in this article are designed using
slotted waveguide antenna technology (SWA) composed with
the air-filled metallic waveguides [17], [18], [19]. This tech-
nique impresses with its high performance, agile aperture
distribution control, low losses, high power handling capa-
bility and robust behavior. If no dielectric material is used,
it also enables the maximum possible gain. Furthermore,
this antenna type meets the requirement for a low-profile
construction. The substrate integrated waveguide (SIW) tech-
nology frequently referenced in the extant literature [20],
[21], [22], [23], [24], [25], [26] is not applicable to this par-
ticular application. Despite its apparent advantages, including
a compact design, low weight and low cost, the technol-
ogy generates dielectric losses that compromise the system,
particularly at higher frequencies. Since the system must
be capable of accommodating high transmission power also
renders this technology inapplicable. This is due to the fact
that even in a low-loss SIW structure, high power levels result
in thermal losses that must be effectively dissipated to prevent
overheating. Consequently, this may result in the degradation
of the material and alterations to the electrical properties.
The potential limitations associated with the dimensions of
the feeding network made by a metal air-filled waveguides
are mitigated by the installation framework, which provides
supplementary space behind the antenna installation base
plate.

SWAs are waveguides with slots cut into either a broad
or a narrow wall. The slot position is set in such a way,
that thereby the current flow interruption is achieved or an
additional structure is needed to reach this process. Thus, the
electric field occurs between opposite sides of the slot and
couples out into the free space. The slot impedance has to be
adapted to the waveguide one, which ensures that maximum
power is coupled into the slot. In order to emit this power,
it must be guaranteed that it is not lost as reactive power loss
due to the electromagnetic field redistribution. This, in turn,
is achieved by operating the slot in resonance at a certain
length.

There are several possibilities to locate the slot on the
waveguide, which can be cut longitudinal, transversal or edge
in the narrow or broad waveguide wall. The slots are usually
distributed along the waveguide forming an array. Therefore,
to obtain the radiation, the slots should satisfy two conditions.
Firstly, the distance between successive slots should be close
to the half-guided wavelength, in order to achieve a grating

lobe free far-field pattern. Secondly, they should generate an
in-phase signal between two consecutive slots to interfere
constructively in far-field. The polarization of the electro-
magnetic wave generated by the slot depends on its position
on the waveguide and the alignment of the antenna on the
aircraft, which may be either horizontal or vertical. As men-
tioned in previous section, the Ka-PolInSAR requirement for
a narrower beam in flight direction and wider one in range
purports in fact the antenna arrangement on the airplane.
Th antenna is mounted with its long side parallel to the flight
direction, where the waveguide with several slots act as a
subarray in this plane and thus fulfil the requirement on the
narrow beam. In order to generate vertically polarized electro-
magnetic wave, SWA consist of longitudinal slots cut into a
broadwaveguidewall. For the horizontally polarized antenna,
the slots are typically cut inclined into the narrow wall of
the waveguide [27], which is from the manufacturing point
of view easier to realize. Nevertheless, the cross-polarization
level attained in this configuration is relatively high, which
is an unfavorable outcome for this particular application.
Consequently, to create horizontally polarized signals the
narrow waveguide wall is cut with the transversal slots. This
slot position does not cause current interruption, since the
slots run parallel to the current flow. To force the radiation,
an additional structure inside the waveguide is needed to
provide this process. The exact implementation in this regard
is explained in the section B.

On the beginning of this project, the antenna array was
originally conceived as consisting of alternately located verti-
cally and horizontally polarized individual subarray elements
in terms of creating a preferable small phase center shift
between both polarizations. Accordingly, referred to the grat-
ing lobe free far-field pattern for the antenna, it is necessary to
position the elements of the same polarization at a distance of
less than the free space wavelength calculated for the center
frequency, which is equal to λ0 =8.45 mm. This approach
cannot bemet using the standardwaveguide sizeWR28, since
the distance between two elements in this case is equal to
11.668 mm. To meet the requirement, waveguide dimension
have to be modified in a way, that only dominant mode TE10
propagates within the desired frequency range.

The waveguide generated horizontally polarized signal
becomes narrower, where the standard WR28 Ka-band
waveguide height of bWR28 = 3.556 mm is reduced to bH =

2.9 mm. While the SWA for vertical polarization is designed
as a single ridged waveguide with the reduced width of aV =

2.9 mm. Accordingly, the distance between the two radiating
elements is optimized to 6.8 mm. However, during the devel-
opment process, it became evident that this approach was not
viable due to the manufacturing challenges associated with
the vertical variant of the designed antenna array. A single
ridge-slotted waveguide Ka-band antenna with a center feed
necessitates the construction of a complex transition, which
must firstly accommodate the available space and secondly
ensure optimal input matching. Given that the structure in
question remains of an extremely small dimension, it was
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not feasible to implement it. This has resulted in a complete
alteration to the original specifications for the antenna.

Considering the fabrication possibilities, the fully polari-
metric antenna array has been set up from separate antennas,
each for one polarization and mounted side by side on the
aircraft, as shown in Fig. 2.

FIGURE 2. Ka-PolInSAR antenna system and its installation framework on
the airplane.

B. HORIZONAL POLARIZATION
1) SINGLE ELEMENT
As mentioned in previous section, the single antenna element
used for a horizontally polarized signal consists of a modified
waveguide with a reduced height, as illustrated in Fig. 3a.
The width of the waveguide remains unaltered and is equal
to aH = aWR28 = 7.112 mm. This dimension consequently
yields the guided waveguide wavelength:

λg =
λ0√

1 − ( λ0
2∗aH

)
2

= 10.5 mm (1)

The single antenna element is fed centrally by means of
a conventional 3 dB H-plane T-junction, as illustrated in
Fig. 3b [28], [29]. From a manufacturing perspective, this
solution is not straightforward to implement, but is essential
for the application described in this work. By employing
this approach, the main lobe steering over the frequency is
prevented, enabling the creation of a stable radiation pattern
with consistent parameters across the desired frequency band.
In addition, the bandwidth of such a structure is greater
than that of end-feed antennas, further favoring the choice of
such feeds. The waveguide is constructed in a standing wave
configuration, wherein the short termination is situated at a
multiple of an odd quarter of the guided wavelength from the
last slot. Consequently, the waves that have been reflected
at the terminal point of the waveguide subsequently arrive
at the slots in phase. To match the input impedance for the
H-plane T-junction the position and size of the pin, located
inside the input waveguide, as well as the dimensions of the
insets, which are placed on both sides of the input waveguide,
can be modified, as shown in detail in Fig. 3c. The pin is

positioned precisely at the center of the waveguide in order
to ensure an equal distribution of the incoming power to both
sides.

FIGURE 3. The simulated model of an H-plane T-junction used for a
horizontally polarized subarray element. a) Waveguide cross-section.
Angular view. b) Matching structure.

The antenna element is built with transversal slots cut in
the upper narrow waveguide wall, as determined in previ-
ous chapter. This configuration results in generation of a
horizontal polarized electric field and leads to a low cross-
polarization level, since no vertical terms of electric field
propagates through these slots. As the wall is of a shorter
length than the desired resonant length equal to half free space
wavelength λ0

/
2, the slot has been extended to the broad

wall of the waveguide in order to satisfy this requirement.
The width of the slot has been selected as a compromise
between the bandwidth achieved and the impedance behavior
at the antenna input. The increasing the slot width results
in improved impedance matching but a reduction in band-
width. An initial value of λ0/20 free space wavelength is
assumed from the literature and optimized further. The dis-
tance between two slots is equal to half the guidedwavelength
λg

/
2, which satisfies the requirement for a grating lobe free

far-field pattern in this plane. However, the additional struc-
ture is necessary to interrupt the current flow, as the transverse
slots run parallel to it. There are several methods to excite
non-inclined slots. In [30] Ajioka elements are applied, where
the use of a pair of transversely placed tilted wires utilized
the desired effect. The separation of the wires and their tilt
angle control the level of the slot excitation. However, this
approach was not implemented, since the wires used for
Ka-band antenna would have extreme small diameter. This
may lead to radiation pattern disturbance due to the vibration
effects on the wires. Another technique to excite the untitled
slot is the use of a dielectric plates placed into the slots with
conducting strips etched on both sides of it. This approach
is outlined in detail in reference in [31]. The issue with this
methodology is the difficulty in achieving a stable attachment
of the dielectric plates to the waveguide, which presents a sig-
nificant challenge in themanufacturing process. Furthermore,
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the utilization of any dielectric material inevitably results in
an increase in losses. In the current design, iris pairs are
applied and placed alternately on both sides of each slot to
ensure the generation of the equal phase radiated field [32],
[33], [34], as shown in Fig. 4. Since the slots are placed with
the distance of half-guided wavelength to each other, where
the currents run with 180◦ out of-phase, the iris pairs are
placed alternated to each other in order to create an in-phase
radiation.

FIGURE 4. The detailed view of a simulation model of a horizontally
polarized subarray. a) Slot dimensions. b) Iris pair configuration - side
view. c) SWA with iris pairs - angular view.

The impedance matching in this configuration can be
achieved throughmodification of the geometrical dimensions
of the iris, as well as adjustment of the slot size to the desired
frequency.

FIGURE 5. The variation of the slot dimension and its influence on the
reflection coefficient.

As demonstrated in Fig. 5 and Fig. 6, it is essential to
employ both slot and iris pair with precise dimensions in
order to ensure optimal impedance matching. Any deviation
from this standard will result in inaccurate outcomes and
can lead to resonance frequency shifting. The selection of
an appropriate slot height is of particular significance in this

FIGURE 6. The variation of the irises dimension and its influence on the
reflection coefficient.

FIGURE 7. The variation of the slot position and its influence on the
reflection coefficient.

context. As expected, the resonant frequency change strongly
with the variation of this parameter. The influence of the slot
position on the reflection coefficient at the antenna input is
shown in Fig. 7. The findings of this study demonstrate that
discrepancies of desired values result as well in a mismatch.

The requirement on low side lobe level in the azimuth
plane demands the implementation of an appropriate current
distribution. The slots situated at the center of the waveg-
uide receive more power than those located near the shorted
end. To achieve this purpose, the slots are distributed non-
uniform about the center of the waveguide, with each pair
of mirrored irises exhibiting different geometrical properties.
The radiated power through the slot is regulated by changing
the position of the iris pair in accordance with the slot and
by adjusting the iris length. The movement of the irises
serves to regulate the slot’s impedance, thereby influencing
the subsequent energy emission. The shorter the iris and
the closer it is to the slot, the greater slot impedance and
thus the energy that can be coupled into the slot. There are
a number of current distributions in the literature that are
frequently encountered in practice [35]. In order to find a
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suitable one for the application presented in this article, the
initial current distribution is determined on the basis of the
desired parameters, such as SLL and half-power beam width
of the antenna, and optimized using a simulation program
to obtain required results. Therefore, in order to achieve the
desired half-power beam width θAz and a shaped radiation
pattern with low SLL in the azimuth plane, the final single
antenna element is composed of 22 slots and a cos-amplitude
taper across the subarray element has been implemented and
optimized using simulation program and shown in the Fig. 8.

FIGURE 8. The amplitude distribution over the horizontally polarized
antenna element.

The power distribution for each slot is listed in Table 2.
The parameters have been optimized to produce values that
can be implemented from a manufacturing perspective. For
this reason, two decimal places have been used.

TABLE 2. The power ratio for horizontally polarized antenna.

The model based on the theoretical principles has been
generated and optimized in order to achieve the desired
parameters. All simulations have been executed using the
3D electromagnetic field simulator Ansys HFSS. In Fig. 9
the simulation model of the horizontally polarized antenna
subarray element is shown.

The parameter for the iris configurations to create the
desired radiation pattern, are listed in Table 3.
The parameter for the horizontally polarized SWA are

summarized in Table 4.

2) ANTENNA ARRAY
The antenna array consists of four antenna subarrays char-
acterized in the previous section and arranged in parallel in
H-plane direction. The subarray elements are placed with

FIGURE 9. The simulation model of a horizontally polarized single
antenna element. a) SWA element - top view. b) SWA element - slots
configuration.

TABLE 3. The variable parameter for h-polarized single element.

the distance of 0.8λ0 with the spacer blocks located 1.8 mm
below the radiator level. The spacers serve to simulate
the presence of a potential vertically polarized waveguide
antenna subarray, which will be implemented in a subsequent
phase of the antenna project. The number of elements was
selected in order to meet the requirements for both the desired
half-power beam width θEl and a shaped radiation pattern
in elevation plane. Furthermore, an appropriate amplitude
distribution across the four elements is essential for the gen-
eration of a diagram with low side lobe level and a wider
beam. In order to satisfy these conditions, the power ratio of
0.25:1:1:0.25 across the elements is applied.

The antenna array has been fabricated from aluminum
using two supplementary manufacturing techniques, where
parts have been manufactured either by eroding or milling
process. During the development process, it was determined
that this method represents the optimal solution for establish-
ing the antenna. Since the antenna design is very complex,
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TABLE 4. The parameter for h-polarized single element.

it was not possible to manufacture the antenna as a single
piece. The fabricated parts were connected by welding.

As an airborne antenna, it is essential that the components
retain their electrical properties regardless of environmental
influences, by which no corrosion or destruction allowed.
In addition to corrosion resistance, the surface must be
electrically conductive. To ensure this, a surface treatment
with SurTec650 is conducted, which is a well-established
chromium passivation process for aluminum in airborne use.
The fabricated antenna array is shown in Fig. 10. The upper
image presents a possible variation of the installation scenario
on a CFK baseplate with the mounting flange, but without a
radome for enhanced visual clarity.

3) FEEDING NETWORK
In order to satisfy the requirement for a symmetric amplitude
taper over the four elements, a suitable feeding network fea-
turing three sections has been designed and fabricated.

The first section is built as a uniform H-Plane T-junction
divider, which splits the incoming power equally to the
both output ports. The use of the insets and the septum is
applied to match the divider to the input port, as illustrated
in Fig. 11a. This process can be controlled by changing both
the dimensions of the septum placed symmetrically in the
output waveguide and two identical insets placed at the input
waveguide. As illustrated in Fig. 12 and Fig. 13, a parametric
study of the T-junction has been conducted, demonstrating
the impact of varying parameter values on reflection and
transmission coefficient. Changing the width of the septum
and the height of the insert has a minimal effect on the decou-
pled power, while the change of the inset width and septum

FIGURE 10. The fabricated horizontally polarized antenna array without
feeding network.

high influence return loss at the network input significantly.
The use of a balanced H-type T-junction results in an equal
phase at the output ports. However, a 180◦ phase difference is
observed when the waveguide transitions from a horizontal to
a vertical plane. Accordingly, this alteration must be rectified
in order to generate a phase-coherent signal at the feeding
network output.

The second section is built up as a Bethe-hole directional
waveguide coupler [36], [37], which has a single rectangular
hole placed in the common broad wall between two waveg-
uides. The coupler configuration is shown in Fig. 11b. The
coupling slot must be placed in such a way, that the current
flow is interrupted and the electric field can be radiated into
the second waveguide. The physical parameters of the cou-
pler, such as the length and width of the coupling hole and its
position, determine the coupling intensity. As demonstrated
in Fig. 14, the correct size of the coupling slots influences
mostly the desired power coupled into the second waveguide.
Consequently, it is imperative that the coupling is manufac-
tured with the requisite precision to ensure the desired level of
coupling is achieved. The isolated port is short ended, which
means that the coupling slot must be placed at a multiple
odd quarter guided wavelength λg

/
4 away from the short end

in order to obtain impedance matching. Failure to fulfil this
requirement leads to mismatching and, most significantly,
to the incorrect power intensity being coupled out of the
waveguide, as illustrated in Fig. 15. The four output ports of
the network must be placed with the respectively distance to
each other, which was already determined in Section A and
is equal to 6.8 mm (0.8 λ0).

The generation of a robust radiation pattern requires a
constant phase at the output ports of the network. In order
to meet this specification, a third section has been developed
in the form of an additional phase balancing element, where
the phase compensation is performed for each branch, see
in Fig. 11c. The additional phase difference induced partly
by changing the waveguide orientation from horizontal to
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FIGURE 11. The simulated model of a power network for a horizontally
polarized antenna array. a) The first section: H-plane T-junction with
matching structure. b) The second section: the directional coupler with
green marked coupling holes. c) The third section: the phase balancing
element. d) Feeding network-simulation model.

vertical, as mentioned before, and partly by directional cou-
pler, has to be adjusted by adding the waveguide sections.

Given that the Ka-band radar system is based on standard
Ka-band waveguide dimensions WR28, a tapered transition
has been designed to adapt to the standard waveguide width
of bWR28 = 3.556 mm and to make the antenna base com-
patible to common standards. It supports at the same time the
measurements activities for antenna characterization in the
Institute Compact Antenna Test Range.

In the Table 5 all relevant parameters for the feeding
network used to feed the horizontally polarized antenna are
summarized.

The simulation results of the power splitter described in
this section are shown in Fig. 16. As illustrated in Fig. 16a,
the power network exhibits a well-matched performance
across the desired frequency range, with reflection coefficient
values below -20 dB within the specified frequency range
of 35.25 GHz to 35.75 GHz. Furthermore, the specified
power ratio is achieved, with the two outer ports receiving

FIGURE 12. The variation of the inset size and its influence on the
reflection and transmission coefficient.

FIGURE 13. The variation of the septum size and its influence on the
reflection and transmission coefficient.

FIGURE 14. The variation of the coupling hole size and its influence on
the reflection and transmission coefficient.

approximately 7 dB less power than the two inner ports,
as illustrated in Fig. 16b. The flatness of the output power
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FIGURE 15. The variation of the coupling hole position and its influence
on the reflection and transmission coefficient.

TABLE 5. The parameter for h-polarized feeding network.

over the desired frequency range is essential for the operation
of the antenna. As well as the in-phase nature of the signal,
which can be seen in Fig. 16c.

FIGURE 16. The simulated results of the power divider for horizontally
polarized antenna array.

The final feeding network has been fabricated using the
same manufacturing techniques as for the antenna array.
In Fig. 17 the fabricated feeding network with phase balanc-
ing element and the transition is presented.

FIGURE 17. The fabricated final feeding network for the horizontally
polarized antenna array. a) H-plane T-junction with the directional
coupler. b) The phase balancing element. c) Angular view.

C. VERTICAL POLARIZATION
1) SINGLE ELEMENT
As mentioned in section III-A, the vertical polarized slotted
waveguide antenna subarray is constructed with longitudinal
slots cut in the broad wall, [38], [39], [40], [41]. This slot
configuration ensures minimal level of cross-polarization,
thereby preventing the generation of horizontal polarized
signals. Since the approach to design the antenna based on the
standard Ka-band WR28 waveguide leads to grating lobes,
the vertically polarized SWA becomes slightly narrower. The
SWA width is set to aV = 6 mm with the wall thickness
of twall = 0.5 mm, which results in the distance between
two waveguides equal to 6.5 mm. The reduction in width
has been performed under assumption of propagating only
the dominant mode TE10 within the desired frequency band.
The dimensions of the waveguide have an impact on the
vertically polarized guidedwaveguidewavelength, which can
be expressed as follows:

λg =
λ0√

1 −

(
λ0

2∗aV

)2 = 11.9 mm(2) (2)

A central feeding is the optimal configuration, as it ensures a
stable radiation pattern across the frequency range, as illus-
trated in Fig. 18, which is of great importance for SAR
applications.

Therefore, an E-plane T-junction has been developed for
this objective. The addition of a septum is necessary to ensure
optimal matching of the antenna input port. It is positioned
symmetrically in the center of the waveguide, thereby facil-
itating an equal distribution of the input signal across the
waveguide. By changing its geometric dimensions, the signal
reflection at the input can be regulated. The antenna element
is also built in a standing wave configuration, where the
last slot is placed at an odd multiple of a quarter guided
wavelength λg

/
4 away from the short, as described in the

section B.
The longitudinal slots cut into the broadside wall of a

rectangular waveguide are used for creating the vertically
polarized antenna element described in this chapter. The slots
interrupt the transverse current flow on the wall, forcing the
current to travel around the slot. The position of the slot in
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FIGURE 18. The simulated model of an E-plane T-junction used for a
vertically polarized subarray element. a) Angular view. b) Waveguide
cross-section. c) Matching structure.

relation to the center waveguide line determines the available
power and is employed for amplitude tapering. As previously
stated in Section B, the slot impedance must be adapted
to the characteristic impedance of the waveguide. For here
introduced configuration, this can be done by moving the
slots from the center line. The closer a slot is positioned from
the centerline of the waveguide, the lower its impedance and
therefore the lower the radiated energy. In order to achieve
a constructive interference of the radiation of the slot, they
have to be arranged in phase. In order to avoid formation
of unwanted grating lobe in the azimuth plane, the spacing
of the slots should fulfil an additional requirement and be
less than λg. To meet both conditions, the slots are placed
with the distance of half guided wavelength and arranged
in an alternating sequence relative to the center line of the
waveguide. The length of a slot is defined as half the free
space wavelength in accordance with the resonant length,
which ensures the maximum radiation power from the slot.
In order to analyze the influence of slot size and the slot and
short distance, a parametric study was carried out, the results
of which can be seen in the Fig. 19.

FIGURE 19. The variation of the slot size and position and its influence
on the reflection coefficient.

In this instance, the impact of the slot’s width is found to
be considerably more pronounced in comparison to that of
the horizontally polarized antenna, given the slot’s location
within the E-plane. The distance between the final slot and the
short circuit has been established as approximately a quarter
of the guided wavelength, a configuration that has yielded
favorable outcomes with respect to matching.

The simulation model of the final vertically polarized sin-
gle antenna element is illustrated in Fig. 20. For proper SAR
operations both antenna pattern, in horizontal and vertical
polarization must be of an identical shape.

FIGURE 20. The simulated model of a vertically polarized single antenna
element. a) SWA element - top view. b) SWA element - slots configuration.

A suitable amplitude distribution must be applied in order
to achieve the desired half-power beam width in the azimuth
plane θAz and simultaneously to obtain a low side lobe level.
The antenna can be matched to the characteristic impedance
of the waveguide by offsetting the slots from the centerline.
The position of the slot determines its impedance and there-
fore the amount of energy radiated through it. The further
a slot is from the centerline of the waveguide, the lower
its impedance and the less energy it will radiate. In order
to feed the antenna unevenly, the slots in the center of the
waveguide must receive more power than those at the end.
To ensure that the total impedance of the slots is adapted to
the impedance of the waveguide, the slot lengths must also
be adapted. The table in [35] is used to select an appropriate
current distribution to produce the desired opening angle and
low side lobe level. In order to meet the requirements from
the Table 1, the vertically polarized antenna subarray consists
of 18 slots and has been provided with a cos-amplitude taper
shown in Fig. 21.

The power distribution values for each slot within the
single antenna element for vertically polarized element are
listed in Table 6.

Since the waveguide used to generate the vertical polariza-
tion has a different cross section to the antenna element that
generates a horizontally polarized signal, a smaller number of
slots in the azimuth plane is required to achieve the desired
radiation pattern with the same electrical parameters as for
horizontal polarization.

The parameter values for the vertically polarized subarray
are summarized in the Table 7 below.
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FIGURE 21. The amplitude distribution over the vertically polarized
antenna element.

TABLE 6. The power ratio for vertically polarized antenna.

TABLE 7. The parameter for v-polarized single element.

The parameters for the slot dimension and position are
listed in Table 8.

2) ANTENNA ARRAY
The proximity of the elements in the E-plane direction gives
rise to the formation of strong surface currents, which in
turn give cause to the generation of strong mutual coupling
effects. Such impacts have the effect of disturbing the desired
pattern and reducing the performance of the antenna. There
are a number of potential methods for interrupting these

TABLE 8. The variable parameter for v-polarized single element.

currents. In [42] electromagnetic band-gap structure (EBG)
proposed as a possible solution. The periodic EBG structures
exhibit band-gap feature in the suppression of surface wave
propagation. However, such an application requires an appro-
priate spacing between the array elements. An alternative
approach to reducing mutual coupling between the elements
is presented in [43], where the use of inside grooves interrupts
the current flow. Since the dimension of such a structure for
a Ka-band system would be extremely small, the conductive
walls were insert on both sides of every single antenna sub-
array, as shown in Fig. 22 below. At the same time this wall
simulates the presence of a horizontally polarized subarray as
well for a future configuration.

FIGURE 22. The simulated model of a vertically polarized antenna array.
a) angular view. b) side view - conductive walls with their dimensions.

The parameter values for the design with the conductive
walls are listed in the Table 9 below.

TABLE 9. The conductive wall parameter.
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The simulated results for both designs, with and without
the conductive walls, are compared by the means of return
loss levels in Fig. 23. In the absence of conducting walls,
the input impedance is moderate across the entire frequency
range. The addition of this structure results in a significant
improvement in matching, as illustrated by the red curve.

FIGURE 23. The simulated results of reflection coefficient for vertically
polarized antenna array and the influence of conductive walls.

The effect of the mutual coupling is even more clearly
visible in the principal cuts of the antenna main beam pattern.
The simulation results for both configurations are shown in
Fig. 24.

FIGURE 24. The simulated co-polarization far-field pattern for azimuth-
and elevation- plane for the center frequency f0 =35.5GHz and the
influence of the conductive walls.

In addition to a reduction in antenna gain of approximately
0.63 dB, the patterns exhibit a loss of symmetry and an
increase in side lobes. As a consequence of the vertical polar-
ization, the E-plane cut in the azimuth direction is particularly
susceptible to influence.

In order to more accurately represent the impact of the
conductive walls, the surface current distribution pattern at
the center frequency in two-dimensional representation was
plotted and illustrated in Fig. 25.

FIGURE 25. The simulated surface current distribution plotted at center
frequency f0 =35.5GHz. without the conductive walls (upper diagram)
and with the conductive walls (bottom diagram).

The elements in elevation plane must be fed non-uniformly
in order to achieve a desired radiation pattern in the elevation
plane with a low side lob level and a suitable half-power
beam width θEl . In order to satisfy both of the aforemen-
tioned requirements, it is necessary to apply a power ratio
of 0.33:1:1:0.33 across the four individual antenna subarray
elements. The antenna array has been manufactured applying
the same technological methods as the antenna for horizontal
polarization, which are the eroding and milling fabrication
and shown in Fig. 26.

FIGURE 26. The fabricated vertically polarized antenna array.

3) FEEDING NETWORK
To obtain the desired amplitude distribution, the feeding net-
work for this polarization consist of three H-plane T-junctions
and can be divided into two sections. The simulated model of
the power splitter used for vertically polarized antenna array
is illustrated in Fig. 27.

The first part consists of a uniform H-plane T-junction,
which divides the input power equally into the transverse
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FIGURE 27. The simulated model of a feeding network for vertically
polarized antenna array. a) Angular view. b) Front view with marked
matching structure. c) The matching structure in detail.

waveguide section with equal phase at the output ports.
In order to serve this purpose, the septum placed inside the
waveguide must be located centrally.

The second section of the feeding network is constructed
of two H-plane T-junctions of equal construction, which dis-
tribute the power in an unequal manner. This results in the
edge element receiving less power than the middle element.
By shifting the septum sideways, the power distribution to
the waveguide output can be regulated. The input impedance
matching for each H-plane T-junction employed for this
approach is achieved through the adaption of the geomet-
ric dimensions of the septum, as well as by adjusting the
width and height of the insets located on either side of the
input waveguides. A parametric study was conducted in order
to ascertain the impact on network functionality. Fig. 28
and Fig. 29 show the variation of septum and inset size
respectively. The results obtained demonstrate a tendency
towards similarity with a horizontally polarized network.
It was established that the height of the septum and the width
of the inset, specifically, have a significant impact on the
resonance behavior of the network. However, alterations in
the width of the septum and the height of the inset appear
to exert a negligible influence on the resonant frequency
and the power distribution. In order to attain signals with a
consistent phase, the waveguides must be calibrated to the
corresponding electrical lengths.

The relevant parameter values for the feeding network
utilized to feed the vertically polarized antenna array are
presented in Table 10.

Since the waveguide size does not correspond to WR28
standard waveguide dimension, it is necessary to design and
adapt a suitable transmission at the input waveguide in order

FIGURE 28. The variation of the septum size and its influence on the
reflection and transmission coefficient.

FIGURE 29. The variation of the inset size and its influence on the
reflection and transmission coefficient.

TABLE 10. The parameter for v-polarized feeding network.

to enable the measurement and adjustment of the antenna to
the system.

In Fig. 30 simulation results of the power splitter are
plotted.

The impedance at the power divider input is well matched
over the desired frequency range and remains at the -20 dB
level, which can be observe in Fig. 30a. The power dis-
tribution stays constant over the frequency and fulfill the
specification, as shown in Fig. 30b. The power difference
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FIGURE 30. The simulated results of the power divider for vertically
polarized antenna array.

between the inner and the output ports is approximately 5 dB,
which is in accordance with the desired specifications. Fur-
thermore, the requirement for an in-phase signal at the power
divider output ports is fulfil, as evidenced in Fig. 30c, where
the achieved phase over the frequency range is plotted.

The final feeding network developed for vertically polar-
ized antenna array has been manufactured by the same
supplier using both eroding and milling fabrication methods.
The manufactured network is illustrated in Fig. 31.

FIGURE 31. The fabricated final feeding network for the vertically
polarized antenna array.

IV. MEASUREMENT RESULTS
Based on the simulation models represented above, both
antennas, inclusive of the feeding networks, have been fab-
ricated. In order to ascertain whether the requisite antenna
specifications have been met, the measurements obtained
from the manufactured antenna arrays for both horizontal and
vertical polarization are presented in the following section.

During the measurement, the antennas are mounted on a
carbon-fibre-reinforced polymer (CFRP) base plate. It sim-
ulates the environment in which SAR operations are con-
ducted. The primary objective of the antenna configuration is
to perform measurements in interferometric modes, wherein
the phase difference in the received signals is analyzed to gen-
erate the SAR product. Due to the high frequency and small
wavelength, the physical position of the receive antennas in
relation to one another is of critical importance for the appli-
cation. The airborne use case results in temperature changes

between 60◦ and 70◦. The CFRP base plate is designed to
compensate for linear expansion over temperature.

In order to facilitate the SAR application, it is necessary
to implement a side-looking geometry. The antennas are
mounted at an angle specific to the base plate and affixed
to an aluminum flange. During operation, the flange will be
covered with an ABS radome. The available internal space
is filled with Austrotherm XPS, which has an extremely low
dielectric constant and will not affect the electromagnetic
performance of the antenna installation.

FIGURE 32. The final antenna array arrangement on the CFRP plate.

The edge of the CFRP base plate, situated at the front
of the antenna, is furnished with a bended sheet of alu-
minum, which serves to simulate the aerodynamic cover of
the antenna carrier. Consequently, the final configuration of
the installation scenario during operations is emulated in
antenna measurements at the Institute Compact Antenna Test
Range, as illustrated in Fig. 32.

As the Ka-PolInSAR system will be used in various air-
borne measurement campaigns in the future, it is essential
that the design ensures unaltered behavior under all environ-
mental conditions. Therefore, the antennas are safeguarded
against meteorological conditions, including precipitation,
snow, ice, dust, and other particulates that may be encoun-
tered during take-off, landing, or throughout the duration of
the flight. A radome is implemented to cover the antennas
and provide an aerodynamic enclosure as well. The material
for the radome must be selected in a way that disturbing
the electromagnetic wave is minimized. This is achieved by
choosing a material with low dielectric permittivity and a
precisely calibrated thickness. For here described application
a S-Polytec ABS/ASA has been used, which is resistant to
weathering. The ASA/ABS sheets owe this to a special ASA
top layer that is resistant to UV radiation. It is of paramount
importance to ascertain the optimal thickness and distance
to the antenna radiating surfaces. The optimal result was
obtained by utilizing a standardized S-Polytec ABS/ASA
material with a thickness of 2 mm and a distance to the
antennas of 4 mm and 3 mm, respectively, for horizontally
and vertically polarized antennas. The radome is formed into
the desired shape using a thermoforming mold, with consid-
eration given to the change in thickness of the material during
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the molding process. The construction employed to create a
suitable radome is illustrated in Fig. 33.

FIGURE 33. The thermoforming construction with the S-Polytec ABS/ABA
plate and the finished radome.

In order to ascertain the quality of the antenna, first the
reflection coefficient at the antenna input was measured using
a Keysight Field Fox Microwave Analyzer, see Fig. 34a. The
S11 value is in good agreement with the expected result,
although the values for horizontal polarization show slightly
more reflections at the input of this antenna within the desired
frequency range. Nevertheless, the outcomes remain within
an acceptable range. The reflection coefficient values for both
antennas are at a level better than−13 dB and−15 dB for hor-
izontal and vertical polarization respectively. The measured
bandwidth is 5.6 % and 6.4 % relative to the center frequency.
The isolation between the H- and V- polarization is greater
than 55 dB, see the Fig. 34b.

FIGURE 34. The measured reflection- and isolation coefficient of the final
antenna arrays (H - horizontally polarized array, V - vertically polarized
array).

Following the completion of the laboratory test, the radi-
ation characteristics are then measured in the DLR Compact
Antenna Test Range (CATR) [44], as shown in Fig. 35.

FIGURE 35. The measurement arrangement at CATR. For better visibility,
the radome is removed in this image.

As determined in section II, the required beam width in
the flight direction (azimuth plane) should have a narrow
shape with a maximum half-power beam width of θAz ≤ 5◦.
As illustrated in Fig. 36, both antennas satisfy this criterion
admirably, exhibiting measured parameter values of 4.6◦ and
4.9◦ at the center frequency. Furthermore, the required SLL
of 18 dB has been fulfilled as well. However, the vertically
polarized antenna shows better suppression and achieves val-
ues around 22 dB below themain lobe. The cross-polarization
levels for both antennas are less than 38 dB, which fulfils the
specified requirement for this parameter.

FIGURE 36. The measured normalized co- and cross- polarization
far-field pattern of the final antenna arrays at the center frequency
f0 =35.5GHz in azimuth plane.

In Fig. 37 the normalized co- and cross-polarization
far-field patterns measured at the center frequency in the
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FIGURE 37. The normalized measured co- and cross- polarization
far-field pattern of the final antenna array at center frequency
f0 =35.5GHz with the mechanical steering at 45◦ in elevation plane.

elevation plane including the mechanical beam steering have
been plotted. The demand on SLL lower than 18 dB is well
reached for both antennas. The cross-polarization level is
situated at approximately 40 dB below the main lobe for
both antennas. The slight variation in this parameter can be
attributed to the alignment of the azimuth cut at the eleva-
tion main beam direction. A slight discrepancy in pointing
can give the impression of a difference in cross-polarization
levels. For the desired application for the antennas used for
SAR operations, additional requirements to the shape of the
elevation pattern must be fulfilled. When mounted under-
neath the fuselage of an aircraft, the nadir direction delivers
a strong echo performance and should be suppressed by the
antenna pattern. Additionally, the opposite side to the illumi-
nated range on the ground beneath the flight path should be
considered. The area of interest falls within the angular range
of 25◦ to 60◦ off-nadir. It is necessary to suppress all other
directions, as illustrated in Fig. 37.

In order to provide a comprehensive overview of the
antennas’ performance across the entire frequency band, the
variation in antenna gain and half-power beam width for both
azimuth and elevation planes are presented in Fig. 38.
The antenna array gain varies between 22 dBi and 23.5 dBi

within the desired frequency band. The necessity for a max-
imum gain is justified by the significance of attaining a
favorable signal-to-noise ratio (SNR). In particular, within
this frequency range, the use of a maximum-gain antenna
is of paramount importance, as the free-space attenuation
reduces the signal strength, thereby leading to a poor signal-
to-noise ratio (SNR), which in turn results in the generation of
low-quality synthetic aperture radar (SAR) images. The half-
power beam width in the azimuth plane, which is depicted in
Fig. 38b, demonstrates remarkable stability for both antennas.
The beam width changes only 0.2◦. In the elevation plane the
change of 1◦ for horizontally and 0.5◦ for vertically polarized
antenna is still in the specified range, see Fig. 38c.

FIGURE 38. The measured total gain over the frequency, the measured
half-power beam width in azimuth plane θAz over the frequency and the
measured half-power beam width in elevation plane θEl over the
frequency.

The far-field patterns for co- and cross-polarization for
both antennas measured for the azimuth and elevation planes
at low (35.25 GHz), center (35.5 GHz) and high (35.75 GHz)
frequencies have been plotted and illustrated in Fig. 39,
Fig. 40, Fig. 41 and Fig. 42, respectively. The results of
the measurements at various frequencies correspond with
the specifications. It can be observed that there is a slight
increase in the sidelobe level at higher frequencies in the
azimuth plane for vertical polarisation, which is caused
by frequency-dependent slots and manufacturing tolerances.
Themanufacture of the antenna components with the required
accuracy represents a significant challenge and a crucial
aspect of the overall performance. A number of fabrication
methods were evaluated in order to identify a suitable and
reliable approach.

FIGURE 39. The measured co- and cross-polarization far-field pattern of
the horizontally polarized final antenna array in elevation plane for low,
center and high frequency band values.

In Table 11 a number of measured parameters for both
antennas calculated at center frequency are summarized.

40790 VOLUME 13, 2025



A. Schreiber et al.: Design of a Horizontal and Vertical Polarized SWA Array

FIGURE 40. The measured co- and cross-polarization far-field pattern of
the horizontally polarized final antenna array in elevation plane for low,
center and high frequency band values.

FIGURE 41. The measured co- and cross-polarization far-field pattern of
the vertically polarized final antenna array in Azimuth plane for low,
center and high frequency band values.

V. COMPARISON WITH OTHER WORKS
The primary challenge in the development of antennas oper-
ating at higher frequency bands, which are used for airborne
SAR applications, is to design an antenna that fulfils all
requirements and is simultaneously feasible from a manu-
facturing perspective. In order to provide an overview of the
performance achieved with the proposed work, a comparison
with other Ka-band antennas is presented in Table 12.

It is noteworthy, that the antenna presented in this work is
one of the few that operate in a dual-polarization mode and at
the same time is fed by an non-uniform feeding networks in
both planes in order to achieve a desired radiation pattern with
low side lobe- and cross-polarization level. To the best author
knowledge, only antennas presented in [25], [45], and [47]
provide similar properties. Neverthless, both antennas intro-
duced in [45] and [47] are end-fed SWAs, which can be an
issue regarding the frequency stability, since this configura-
tion lead to mainlobe streering within the relevant bandwidth.

FIGURE 42. The measured co and cross-polarization far-field pattern of
the vertically polarized final antenna array in azimuth plane for low,
center and high frequency band values.

TABLE 11. The antenna array measured parameter.

The antenna described in [25] and constructed utilising SIW
technology provides a very high cross-polarization level,
which is not accepted for the application characterised in
this article. A further requirement for antennas used in an
airborne SAR system is that they should have good aerody-
namic properties. This can be achieved technically mainly
by using low-profile antennas, since the available space is
often limited. Thus, the use of horn antennas presented
in [8] and [51] is not always possible. In [45] and [48]
the gap waveguides are used to create a Ka-band antenna
array. Despite the antenna described in [45] being dual-
polarised, the implementation of a non-uniform amplitude
distribution appears to be highly challenging and has yet to be
tested.
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TABLE 12. Comparison of the proposed work with other ka-band antennas.

VI. CONCLUSION
This article presents the development of a fully polarimet-
ric antenna array for the DLR future Ka-PolInSAR system.
The array antennas for both linear vertical and horizontal
polarization were designed using slotted waveguide antenna
technology and placed side by side on the aircraft fuselage.
The antenna models were created based on the theoretical
fundamentals and subsequently optimized in order to fulfil
the requisite specifications.

The prototypes were manufactured using eroding and
milling fabrication techniques andmeasured in order to verify
compliance with the specifications. As the antenna arrays for
both polarizations were developed separately, the challenge
was to design the antennas in a manner that would ensure
their parameters were similar. This was deemed an important
request, as it would facilitate the generation of a high-quality
SAR image product.

The vertically polarized antenna array consists of four
subarrays and was designed with longitudinal slots cut in the
broad waveguide wall and fed by a feeding network based on
two stage H-plane T-junction.

The results of themeasurements taken on both antennas are
presented in this work, and a satisfactory level of agreement
with the specifications was achieved. The results demonstrate
the efficacy of the antenna array in achieving amaximumgain
with minimal cross-polarization and side lobe level, as well
as an adequate nadir and opposite swath suppression.

The challenge of developing two different antennas that
ultimately produce the same radiation pattern was success-
fully overcome, with only minor discrepancies between the
achieved parameters.

It has been demonstrated that the manufacturing aspect of
development tasks assumes greater significance with increas-
ing frequency. 3D metal printing appears to offer a potential
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solution to the challenges encountered in the manufacturing
process. However, it has been observed that there are higher
losses due to surface imperfections at Ka-band. It can be
concluded that the more traditional manufacturing processes
are still preferred for optimal performance in antenna
applications.
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