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In the polarimetric synthetic aperture radar (PolSAR) system, crosstalk error is the key parameter for polarimetric imaging. �e
source of crosstalk is mostly from the cross-polarization level of the SAR antenna subsystem. To meet the requirements of PolSAR
observingmodes, a low cross-polarization level under − 35 dB is realized for the SAR antenna of the GF-3 satellite. In this paper, we
will describe the principles and methods for implementation of low cross-polarization level. �e two polarized RF chains are
totally independent to ensure high isolation, and a dual-polarized waveguide slot antenna subarray is designed with a low cross-
polarization level. Besides, the low taper e�ciency of the cross-polarization pattern contributes to reduce the cross-polarization,
showing the advantage of the phased array antenna in the PolSAR system. �e paper also displays the measured results of cross-
polarization for the GF-3 SAR antenna. �e study gains a better understanding of the cross-polarization pattern for phased array
antenna. �e methods utilized here can be extended to other polarimetric SAR systems.

1. Introduction

GF-3 satellite was successfully launched on August 10, 2016.
It is the �rst fully polarimetric synthetic aperture radar
imaging satellite in China [1], and 12 observing modes are
designed to meet the multiuser technical requirements [1, 2].
Especially, the SAR system has three polarimetric SAR
imaging modes: quad-pol stripmap (Q), wide quad-pol
stripmap (WQ), and wave (WV), making it e�cient in
geographical interpretation and quantitative research. In
order to reduce satellite revisit time and improve system
reliability, GF-3B and GF-3C were launched in 2021 and
2022, respectively, and thus, a radar constellation has been
established.

Polarization is an inherent property of electromag-
netic waves, describing the time-varying direction and
relative magnitude of the electric �eld vector. It is
classi�ed as linear polarization, circular polarization,
and elliptical polarization. �e PolSAR system of GF-3
works by measuring the scattering information of the
Earth’s surface with two linear polarization microwaves
[3]. For example, it transmits vertical polarization wave
and receives echoes in vertical and horizontal polari-
zations simultaneously. �rough the signal processing of

polarimetric echoes, we can get more information about
targets and obtain a more sophisticated physical inter-
pretation of the scattering mechanism, which is conve-
nient for target classi�cation and recognition. PolSAR
plays an irreplaceable role in the comprehensive per-
ception of target characteristics.

In the PolSAR system, the crosstalk error describes the
purity of the polarization signal and increases the magnitude
of the cross-pol images relatively [3–5]. For geophysical
parameter inversion research and multitemporal studies
over large areas such as GF-3 satellite, the crosstalk should be
less than -35 dB. �e source of crosstalk is mostly from the
cross-polarization level of the SAR antenna subsystem.
Table 1 shows the comparison of SAR antennas between
PolSAR satellites [6–11]. For the C-band PolSAR system, the
polarization isolation of GF-3 is better than Envista,
RADARSAT-2, Sentinel-1, and RCM, providing strong
support for high-quality polarimetric imaging.

In the design of radiation antenna elements, the
microstrip antenna is adopted by Envista, RADARSAT-2,
and RCM. But it is di�cult to realize a low cross-polarization
level by microstrip antenna, and the polarization isolation of
these satellites is below 30 dB. �e radiation antenna of
Sentinel-1 is a waveguide antenna, which is better for
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polarization isolation, but the transmit RF distribution
network is shared by two polarizations.

In order to reduce the cross-polarization level for the
GF-3 SAR antenna, a dual-polarized waveguide slot an-
tenna subarray is designed, and the H-Pol and V-Pol RF
chains are totally independent. Previous papers about
antenna cross-polarization all focus on the design of ra-
diation antenna, but not from a system perspective. 'is
paper will describe the implementation method of low
cross-polarization from three aspects: system design, ra-
diation antenna subarrays, and a quantitative study on the
taper efficiency of cross-polarization pattern, which con-
tributes to reduce the cross-polarization level. 'e cross-
polarization test results indicate that these methods are
effective, and a large phased array antenna has the ad-
vantage of a low cross-polarization level compared to a
reflector antenna, which is also widely used in spaceborne
SAR systems.

In this paper, the system design scheme for the SAR
antenna is described in Section 2. Section 3 describes the
design of the radiation antenna subarray, followed by the
discussion on the taper efficiency of the cross-polarization
pattern in Section 4. 'e measured results are presented and
analyzed in Section 5, and the conclusions are presented in
Section 6.

2. System Design

'e SAR antenna of GF-3 is composed of 1536 transmit/
receive (T/R) channels: 24 in azimuth and 32 in elevation for
each polarization.

In the design of RF chains, there exist two solutions:
isolated H/V T/R chains and shared H/V T/R chains. 'e
schematic diagrams of the two schemes are shown in Fig-
ure 1. 'e internal calibration network, which is used to
monitor the amplitude and phase change of each T/R
channel, is shared by H_Pol and V_Pol chains. For the
isolated solution, the H-Pol and V-Pol RF chains are in-
dependent, which is convenient to realize high polarization
isolation but not easy for the realization of antenna light-
weight. For the shared solution, the transmit chains of H and
V polarizations are shared, and the receive chains are in-
dependent. 'is solution is easy to reduce the amount of
high-power amplifiers and the antenna weight, but the
isolation between two polarizations is limited by the per-
formance of the high-power switch chip, which is hard to
realize high isolation and also with high insertion loss and
low reliability.

In order to achieve high polarization isolation of the
antenna system, we adopt the isolated H/V chains scheme.
'e isolation between H_Pol and V_Pol RF chains is

a cross � − (2 · (C + L) − 3) (DB), (1)

where C is the coupling coefficient of the directional coupler
for the internal calibration network, and L is the insertion
loss from the coupler to the 1 : 2 power divider. In our
system, C� − 25 dB, and L� − 0.5 dB. 'e isolation is better
than 54 dB and is much higher than the requirement of
35 dB. 'e isolated scheme also improves the reliability of
the PolSAR system: the failure of one power amplifier or
switch only affects the performance of one polarization.

3. Antenna Subarray

For the advantage of high radiation efficiency, low cross-
polarization level, high thermal stability, and cost-effec-
tiveness, a dual-polarized waveguide slot antenna subarray is
adopted, instead of the microstrip antenna. 'e picture of
the waveguide antenna and schematic diagram of the array
are shown in Figures 2(a) and 2(b). 'e antenna array is
composed of 24× 32� 768 antenna subarrays. 'e size of
each subarray is 625mm in azimuth 38mm in elevation.

'e structure of the waveguide slot antenna is shown in
Figures 2(c) and 2(d). 'e material of the antenna is alu-
minium. Each subarray is composed of a vertically polarized
waveguide slot antenna and a horizontally polarized
waveguide slot antenna [12–17]. Each polarization antenna
with 16 radiating slots is divided into two parts and fed by a
waveguide divider (waveguides 1 and 3) to broaden the
bandwidth. 'e disturbance blocks are used to change the
electric field distribution near the slots, making the slots
radiate at the center of the waveguide wall. 'e position of
the blocks at adjacent slots is contrary because the path
difference of adjacent slots is a half wavelength.

Besides, the design of ridge waveguide is aimed to reduce
the size and weight, and the two independent polarized
antennas are physically isolated. Differing from the common
inclined slots in waveguide antenna, the straight slots ef-
fectively reduce the mutual coupling between the two po-
larized antennas and enhance the polarization isolation of
the antenna subarray.

Figures 2(e) to 2(g) show the measured VSWR and
cross-polarization level of the dual-polarized waveguide
antenna in azimuth at 5.4GHz. 'e VSWR of two polari-
zations is under 1.6 within the working bandwidth
(5.25GHz to 5.55GHz). In the main lobe, the cross-

Table 1: Characteristics comparison of SAR antennas between PolSAR satellites.

Satellite Frequency (GHz) Polarization isolation Antenna size Launch year
Envista 5.331 >25 dB 10m× 1.3m 2002
ALOS2 1.27 >35 dB 8.9m× 3.1m 2006
RADARSAT-2 5.405 >25 dB 15m× 1.37m 2007
TerraSAR-X 9.65 >25 dB 4.8m× 0.8m 2007
Sentinel-1 5.405 >30 dB 12.3m× 0.82m 2014
GF-3 5.40 >35 dB 15m× 1.23m 2016
RCM 5.405 >28 dB 6.75m× 1.38m 2019
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Figure 1: Schematic diagram of RF chains schemes. (a) Isolated H/V T/R chains. (b) Shared H/V T/R chains.
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polarization level is lower than − 40 dB compared to the
copolarization level. Besides, the radiation efficiency is
greater than 80%. 'e design of the waveguide antenna
subarray is very effective in reducing the cross-polarization
level of the SAR antenna.

4. Low Taper Efficiency of Cross-Polarization

For active phased array antennas, the copolarization radi-
ated pattern F is calculated by [18]

F_co(u, v) � 􏽘

M

m�1
􏽘

N

n�1
fmn(u, v) · amn · exp jk xmu + ynv( 􏼁􏼂 􏼃,

(2)

whereM and N are the amount of antenna subarrays in each
dimension, fmn(u, v) is the pattern of antenna subarray, amn
is the complex excitation coefficient of each T/R channel, xm
and yn are the position of antenna subarrays, k is the wave
vector.

In the GF-3 SAR antenna system, the cross-polarization
radiated pattern F_cross is

F_cross(u, v) � 􏽘
M

m�1
􏽘

N

n�1
f crossmn(u, v) + fmn(u, v) · a crossmn􏼂 􏼃

· amn · exp jk xmu + ynv( 􏼁􏼂 􏼃.

(3)

In this equation, f_crossmn(u, v) is the cross-polarization
pattern of the antenna subarray, a_crossmn is the crosstalk in
the T/R channel, and the value is under − 54 dB (equation
(1)). 'us, the cross-polarization level is mostly decided by
f_crossmn(u, v).

For copolarization, the patterns of each antenna sub-
array fmn(u, v) are almost the same, and the array efficiency is
characterized by taper efficiency [18].

εT �
􏽐 amn

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
2

M · N 􏽐 amn

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
2. (4)

But, for cross-polarization, the cross-polarization pat-
terns of each antenna subarray f_crossmn(u, v) are diverse,
which is equivalent to the diversity of excitation coefficient
amn. 'us, the taper efficiency of the cross-polarization
pattern is lower than the copolarization pattern, reducing
the cross-polarization level of the array. For a large antenna
array, the low cross-polarization level is not only the con-
tribution from radiation antenna elements but also from
channel isolation (a_crossmn) and taper efficiency (εT).

To analyze the cross-polarization pattern of the antenna
subarray quantitatively, we simulate the electric field of
copolarization and cross-polarization with the change of
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Figure 2: (a) Picture of the waveguide slot antenna subarray. (b) Schematic diagram of the large antenna array. (c) Top view of the antenna
subarray. (d) Section view of the antenna subarray. 'e unit in (c) and (d) is millimeter. (e) 'e measured VSWR of the dual-polarized
antenna. (f ) Cross-polarization level of H polarized waveguide antenna. (g) Cross-polarization level of V polarized waveguide antenna.
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H-Pol waveguide slot width (parameter d in Figure 2(c)) by
HFSS software. 'e electric field value at the boresight di-
rection is shown in Table 2. 'e slot width error is from
− 0.08mm to +0.08mm. For the copolarization pattern, the
maximum amplitude change is +0.32 dB, and the phase
changes from − 2.7 degree to +6.8 degree. For the cross-
polarization pattern, the maximum amplitude change is
− 16.6 dB, and the phase changes from − 178.6 degree to − 8.3
degree. From the simulated results, we can conclude that the
copolarization electric field of antenna subarray is robust
and keeps nearly constant with manufacturing error, but the
cross-polarization electric field is very sensitive and varies
dramatically with the error. A large phased array antenna
has the advantage of low cross-polarization compared to the
reflector antenna for the existence of antenna subarray
manufacturing error.

5. Results

'e cross-polarization level of the GF-3 SAR antenna is
measured in a planar near-field system. We take H-polar-
ization for example. 'e antenna is set to the receiving state
of H-polarization. First, we measure the near field of the
copolarization. 'en, we rotate the waveguide probe for 90
degree and get the near field of the cross-polarization. 'e
copolarization and cross-polarization patterns are calculated
by the FFTmethod. Cross-polarization of the probe should
be lower than − 35 dB, and the angle error of the probe is less
than 0.1° to keep a high polarization purity of the receiving
signal.

'e copolarization and cross-polarization results of the
boresight beam are shown in Figure 3. For simplicity, only
the elevation patterns at the central frequency (5.4GHz) are
displayed.'e cross-polarization level of H-polarization and
V-polarization is under − 47 dB and − 50 dB, respectively.'e
peak positions of the copolarization and cross-polarization
patterns are well aligned, which is the contribution of the
array factor.

In order to study the mechanism of cross-polarization
pattern quantitatively, we transform the measured near-field
results to aperture-field based on plane wave spectrum
theory [19]. Figure 4 shows the amplitude and phase dis-
tribution of the aperture field for H-polarization and cross-
polarization at 5.4GHz. For copolarization, the amplitude
fluctuation of the SAR antenna is less than 6 dB, and the
phase fluctuation is about 30 degree, showing good

amplitude and phase consistency of the aperture field and
high taper efficiency of the copolarization pattern. In
Figure 4(b), the boundary of antenna subarrays in the
azimuth direction is very evident, indicating the disconti-
nuity of the electric field between two subarrays, where a
6mm width splicing seam exists.

For cross-polarization in Figures 4(c) and 4(d), the
amplitude and phase distribution on the antenna surface are
messy compared to the aperture field of copolarization. 'e
amplitude fluctuation is greater than 40 dB, and the phase
fluctuation is from − 180 degree to 180 degree, showing low
taper efficiency of the cross-polarization pattern. In
Figure 4(c), we can see two areas with strong electric field
intensity at the antenna boundary in the elevation direction,
indicating a strong edge effect caused by the antenna frame
which is made of carbon fiber-reinforced plastics. Besides,
the splicing seam of antenna subarrays in the azimuth di-
rection can raise the cross-polarization field amplitude
slightly.

To study the array taper efficiency of copolarization and
cross-polarization pattern more clearly, we transform the
aperture field to the complex field value of all waveguide
subarrays. It is realized by summing up the aperture electric
field corresponding to the specified waveguide subarray.'e
amplitude and phase of copolarization and cross-polariza-
tion for all subarrays are shown in Figure 5. For copolari-
zation, the amplitude of all subarrays is within 2.5 dB, and
the phase is within 14 degree, and the calculated taper ef-
ficiency is 0.997. But, for cross-polarization, the amplitude
range is greater than 30 dB, the phase changes from − 180
degree to 180 degree, and the taper efficiency is 0.21. 'e
results confirm that the cross-polarization pattern of every
antenna subarray is very sensitive and varies dramatically
with manufacturing errors. In Figure 5(a), the average
amplitude of copol is about 40 dB higher than the average
amplitude of cross-pol, and the contribution from taper
efficiency is 7 dB (0.997/0.21), leading to the cross-polari-
zation level close to -47 dB shown in Figure 3(a).

'e realization of low cross-polarization for phased array
antenna is not only the contributions of antenna subarrays
but also the effects of low array taper efficiency for the cross-
polarization pattern.

To estimate the performance of polarimetric SAR im-
aging modes, we measure the cross-polarization level of
some beams designed for polarimetric imaging mode. 'e
results are shown in Table 3.'e signal bandwidth of PolSAR

Table 2: Simulated electric field of copolarization and cross-polarization vs. waveguide slot width error.

Slot width error (mm) Copol amp (dB) Copol phase (deg) Cross-Pol amp (dB) Cross-Pol phase (deg)
− 0.08 32.40 − 81.0 − 27.65 − 29.68
− 0.06 32.11 − 78.3 − 21.43 − 165.82
− 0.04 32.26 − 84.38 − 13.36 − 144.49
− 0.02 32.13 − 77.87 − 20.68 − 87.60
0 32.12 − 81.72 − 11.09 12.83
0.02 32.36 − 79.22 − 15.76 − 130.44
0.04 32.17 − 77.39 − 20.15 − 124.88
0.06 32.44 − 74.9 − 18.2 4.55
0.08 32.38 − 75.11 − 18.68 − 129.29
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mode is 60MHz, so the results covering 120MHz bandwidth
are enough to evaluate the cross-polarization performance.
For H-polarization, the maximum cross-polarization level is
− 37.3 dB. 'e cross-polarization level rises as the antenna
elevation look angle increases. For V-polarization, the cross-
polarization levels are lower than − 40.3 dB, not showing a

close relationship with the elevation look angle. 'e cross-
polarization of the waveguide probe and the angle error of
the measurement system will raise the measured cross-po-
larization value, so we can conclude that the actual cross-
polarization of the antenna is lower than the measured
results. In summary, the measured isolation between two
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Figure 3: (a) Measured H-polarization pattern and cross-polarization. (b) Measured V-polarization pattern and cross-polarization.
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Figure 4: (a) Normalized amplitude of the aperture field for H-polarization. (b) Phase of the aperture field for H-polarization.
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polarizations is much higher than the PolSAR requirement
of 35 dB; thus, the crosstalk error of the PolSAR system can
be neglected.

6. Conclusion

GF-3 is the first C-band PolSAR satellite in China. Much
effort has been made to reduce the cross-polarization level to
ensure high accuracy for polarimetric imaging. 'is paper
describes the principle and implementation method of low
cross-polarization for GF-3 SAR antenna from antenna
system design, radiation antenna subarray, and the low array
taper efficiency for the cross-polarization pattern. 'e
pattern of copolarization and cross-polarization for beams
used in polarimetric modes is measured in a planar near-
field system.

'e measured results and analysis show that the cross-
polarization level of PolSAR modes is lower than − 35 dB,
and a large phased array antenna has the advantage of low
cross-polarization compared to a reflector antenna, because
of the low array taper efficiency of the cross-polarization
pattern. 'e employment of waveguide slot antenna and

polarization-isolated RF chains is highly effective in re-
ducing the antenna cross-polarization level. 'e study gains
a better understanding of cross-polarization for large phased
array antenna and can be used in other PolSAR systems.

Data Availability

'e data used to support the findings of this study are
available from the corresponding author upon request.
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