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Abstract—The radiometric calibration technique of spaceborne
synthetic aperture radar (SAR) aims to establish a constant rela-
tionship between the SAR target pulse response energy and the
actual radar cross-section (RCS) of the ground. It is an essential
technology for achieving quantitative observations of the Earth
using radar. In this article, the process of in-orbit radiometric
calibration campaign for the SuperView Neo-2 SAR satellite is
introduced, which is the distributed X-band SAR satellite in the new
generation of Chinese SiWei commercial remote sensing satellite
system. More specifically, the initial step involves deriving the total
transfer function of the SAR system using the radar equation and
establishing a stable calibration constant model for the SAR system.
Further, by using the obtained calibration constant to invert the
RCS value of the corner reflectors in the Otog Banner calibration
field, while validating and analyzing the absolute radiometric ac-
curacy. Considering that the elevation antenna pattern (EAP) pre-
dominantly affects the consistency of image radiometric correction,
the method of extracting EAP and beam center bias angle from the
rainforest is presented. Finally, the quality validation of impulse
response function is performed over the California calibration field,
which can effectively guarantee the quality of SuperView Neo-2
SAR satellite products.

Index Terms—Impulse response function, radiometric calibra-
tion, SuperView Neo-2 SAR satellite, synthetic aperture radar
(SAR).

I. INTRODUCTION

THE SuperView Neo-2 synthetic aperture radar (SVN2-
SAR) satellite belongs to China SiWei Surveying and Map-

ping Technology Company, Ltd. of the China Aerospace Science
and Technology Corporation. It features X-band commercial
SAR satellite with high-resolution imaging capability. The slid-
ing spotlight (SS) provides a resolution better than 1 m, while
the Stripmap (SM) provides 2-m resolution. The SVN2-SAR
satellite has the capability to acquire radar interferometric data
under all weather conditions throughout the day [1]. It enables
the rapid survey and production of global, high-resolution digital
surface model or digital elevation model and digital orthophoto
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map at a scale of 1:25000. Additionally, SVN2-SAR possess
the advanced capability to perform differential interferomet-
ric missions employing the “double satellite formation flying”
mode, which effectively supports the construction of global
geographic information framework, and provides commercial
remote sensing data services for geological and geomorphic
exploration, disaster prevention and reduction, and mineral re-
source monitoring or other industries.

The extensive usage of the SVN2-SAR satellite across var-
ious industries and fields has posed challenges for traditional
qualitative remote sensing to meet its high-precision imaging
requirements. Furthermore, the signal processing of the SAR
system introduces numerous gain errors, resulting in SAR im-
ages that fail to accurately depict the echo characteristics of real
ground objects. Consequently, this directly hinders the quan-
tification application of SAR high-resolution images. Hence, it
becomes essential to address various errors such as in-orbit er-
rors, propagation errors, and external calibration errors through
SAR satellite calibration processing. This approach enables
quantitative observation of the ground and enhances the stability
of satellite imaging. Quantitative remote sensing technology
has progressively emerged as a vital method for optimizing the
performance of spaceborne SAR systems.

The radiometric calibration technology for spaceborne SAR
is a crucial step in achieving quantitative remote sensing [2],
[3]. Radiometric calibration involves both internal and exter-
nal calibration. Internal calibration focuses on measuring the
amplitude and phase characteristics of the antenna TR channel
and the system reference function to calibrate radar system
performance. External calibration, on the other hand, utilizes
echo signals from corner reflectors (CRs) or active calibrators
during field experiments [4]. In particular, the external calibra-
tion campaign for spaceborne SAR enables precise retrieval of
radar scattering cross-section from SAR images [5], [6], [7], thus
laying the foundation for subsequent quantitative applications
of radar products. In the development stage of China’s com-
mercial remote sensing satellites, there is a scarcity of literature
specifically addressing radiometric calibration based on these
commercial SAR satellites. At present, some publicly available
literature relies on foreign SAR satellites for research purposes.
For instance, Tao et al. [8], in their 2015 publication, validated
the modeling methodology of spaceborne SAR radiometric
accuracy using TerraSAR-X satellite of German. Additionally,
some studies employ simulation data for radiometric calibration
research. For example, in 2000, Peng et al. [9] verified the
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imaging gain error in radiometric calibration through the utiliza-
tion of simulation data. Consequently, conducting research and
analyzing the accuracy of in-orbit radiometric calibration tech-
nology specifically tailored to China’s commercial SVN2-SAR
satellite holds immense significance in achieving precise quan-
tification of high radiometric precision radar products.

After the SVN2-SAR satellite is launched, the imaging mis-
sion planning system forecasts the scheduled path for the cal-
ibration field in advance. The ground system’s field test team
subsequently installs CRs within the designated calibration
field. This enables the ground processing system to carry out a
comprehensive array of tests, including radiation calibration, to
evaluate the integration performance between the satellite and
the Earth. This article focuses on the radiometric calibration
campaign and quality validation of SVN2-SAR. First, the total
transfer function of the satellite system is derived by applying
the radar equation. This derivation leads to the establishment of
a calibration constant model for the stable SAR system. After
obtaining the calibration constants of the satellite, the measured
radar cross-section (RCS) of CRs is further inverted using the
known RCS nominal value. The absolute radiation accuracy is
then analyzed by utilizing the measured RCS. Furthermore, it is
essential to note that precise measurement of the satellite antenna
pattern and beam pointing has a decisive impact on the radiomet-
ric accuracy of SAR images [10]. Since the SVN2-SAR satellite
is characterized by its lightweight, small size, and agility, its
antenna system adopts a feed array configuration along with an
umbrella-shaped parabolic reflector. The antenna system such as
SVN2-SAR cannot achieve high accuracy beam orientation an-
gle determination by transmitting differential beams like active
phased array antenna satellites (such as Gaofen-3 series SAR
satellites). Therefore, this article proposes a method to measure
the EAP and beam bias of the SVN2-SAR reflector antenna
system by utilizing measured natural surface data. Finally, the
article conducted assessment of the IRF quality: spatial resolu-
tion, peak sidelobe ratio (PSLR), and integrated sidelobe ratio
(ISLR) of CRs from SM in the California calibration field. This
allowed for the quantitative evaluation of the imaging quality
of the SVN2-SAR satellite, providing a solid foundation for its
subsequent application in different fields such as land surveying,
mapping, and marine environmental protection.

II. PRECURSORS

Spaceborne SAR radiometric calibration technology estab-
lishes a consistent relationship between radar image scattering
characteristics and observed scenes through the total transfer
function of the SAR system. In a stable SAR system, this transfer
function is typically represented by a fixed constant known as the
satellite calibration constant [11], [12], [13]. The satellite ground
processing system can achieve absolute radiometric correction
of SAR images by measuring calibration constants through
field campaigns. However, several error sources within the SAR
system, such as antenna pattern measurement errors and beam
pointing errors, can impact the accuracy of SAR radiometric
calibration [14]. Therefore, measuring satellite antenna patterns

and beam pointing is crucial to improve the accuracy of satel-
lite radiometric calibration. Moreover, the calibration campaign
includes SAR image quality validation to evaluate the imaging
capability of the SVN2-SAR satellite.

A. Construction of Calibration Constant Model

Spaceborne SAR satellites achieve high-resolution imaging
by transmitting linear frequency modulation signals and contin-
uously receiving ground-reflected echo signals [15], [16], [17].
During the field calibration campaign, after the satellite passes
over the area where CRs are placed on the ground, the average
power Pr of the ground CRs echo signal received by the SAR
payload can be expressed as follows [18], [19], [20]:

Pr =
PtG

2 (ϕr, ϕa)Gspλ
2σ

(4π)3R4
+ Pn (1)

where Pt represents the power of the satellite transmission
signal. Taking SVN2-SAR monostatic transceiver imaging as an
example, when the antenna transmit and receive gains are equal,
then G2(ϕr, ϕa) corresponds to the telemetry and command
(T&C) antenna pattern. ϕr and ϕa denote the elevation and
azimuth angles of the satellite, respectively. Gsp indicates the
system processing gain. λ represents the wavelength at which
the linear frequency modulation signal is transmitted. σ signifies
the RCS of the observed scene/target. R represents the slant
range distance between the radar and the target. Finally, Pn

represents the thermal noise power of the SAR system. It can
be observed from (1) that achieving high-precision satellite cal-
ibration requires accurate measurement of the gains of the SAR
system, as well as the equivalent values of slant range distance
and RCS. In practical SAR systems, internal calibration tech-
nology is commonly employed to measure the relative changes
in gain for accomplishing relative calibration [21], [22], [23].
This technology enables the comparison of current measure-
ments with reference data to assess any variations in gain over
time. By utilizing relative calibration techniques (different from
relative radiometric correction), the SAR system can maintain
its accuracy and reliability throughout its operation. In addition,
the RCS value of the target must be measured using radiative
external calibration technology. This is crucial for achieving
accurate SAR radiometric calibration.

Based on the average power Pr of the received echo signal
from the SAR payload, a linear relationship model is further
developed, considering the transfer function H of the SAR
system

Pr = Hσ. (2)

For a stable satellite payload system, the total transfer function
H of the SAR system remains constant within a specific linear
dynamic range. This constant, known as the absolute calibration
constant K, needs to be determined through a radiative external
calibration campaign. The calculation of the K value in the ex-
ternal field calibration campaign relies on the energy value of the
impulse response derived from standard reference CRs extracted
from SAR images. To avoid errors in response energy extraction
caused by image focusing, the SVN2-SAR satellite calibration
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Fig. 1. Impulse response energy extraction of CR.

employs the integral method for extracting the response energy
of the CRs [24], [25], [26]. The window structure of the CR
energy integration area is illustrated in Fig. 1.

The left figure of Fig. 1 shows the imaging results of the CR
of the calibration field SS mode of the SVN2-SAR satellite over
the Otog Banner, where the nominal resolution of the SS mode is
1 m and the side length of the CR is 1.204 m. The right figure of
Fig. 1 is a schematic diagram of the response energy calculation
of the CR. The response energy value of the CR can be obtained
by calculating the difference between the energy value of the
range of the red cross part in the right figure of Fig. 1 and the
range of the background 4 blocks, which is calculated as follows:

QCR =

(
NA∑
i∈A

DN2
i −

NA

NB

NB∑
i∈B

DN2
i

)
γrγa (3)

where A represents the range of energy integration from 1 to
4 in the right figure of Fig. 1, and B represents the range of
background calculation from 1 to 4. NA and NB denote the
total number of pixels within the energy integral range and the
background range, respectively. DNi represents the pixel digital
number (DN). For satellite SLC products, DNi is the amplitude
value of a pixel: DNi =

√
I2 +Q2, where I and Q are the real

and imaginary values, respectively. Thus DN2
i represents the

pixel power value. γr and γa denote the pixel spacing in the
range and azimuth, respectively. Thus, the relationship between
the energy of the CR extracted from SAR images and the actual
RCS of ground CR can be further established as follows:

QCR = Prρrρa = K sin θσCR (4)

where ρr is the range resolution, ρa is the azimuth resolution,
θ is the incidence angle, and σCR is the nominal RCS value of
the CR deployed in the external field. In (4), it is evident that
accurately extracting the response energy of the reference CR
in SAR images is of vital importance for calculating the total
transfer function (calibration constant) of a stable SAR system.
The corresponding logarithmic power formula can be further
derived as follows:

10 lg (QCR) = 10 lg (K) + 10 lg (σCR) + 10 lg (sin θ) . (5)

Moreover, to further enhance the radiative calibration accu-
racy of the field calibration campaign, the calibration constant
is typically calculated by extracting the response energy values
from multiple reference targets. The singular value is eliminated,

and the average value is obtained. Consequently, the final cali-
bration constant can be expressed as follows:

K =
1

L

L∑
j=1

Kj (6)

where L is the number of calibration devices deployed in the
calibration field.

B. Derivation of EAP Through the Radar Equation

The satellite antenna pattern plays a crucial role in ensuring
accurate radiation during satellite imaging and is a key factor
in SAR radiation calibration [27], [28]. Prior to satellite launch,
ground testing is conducted to establish the theoretical radiation
pattern. However, it is important to note that the conditions in
outer space cannot be fully replicated in the ground test environ-
ment. Factors such as rocket vibrations, temperature variations,
and the presence of space debris during launch can potentially
cause damage to the satellite antenna. Consequently, the actual
antenna pattern may deviate from the theoretical pattern.

To address these challenges, in-orbit measurement of the
satellite antenna pattern is essential. By conducting measure-
ments in the actual operating environment of the satellite, the
radiation performance of satellite imaging can be effectively
guaranteed. Conducting in-orbit measurements enables the ac-
quisition of more precise antenna radiation patterns. Through
appropriate compensation and calibration of antenna patterns,
the optimal radiometric accuracy of satellite imagery can be
guaranteed. Therefore, the in-orbit measurement of the satellite
antenna pattern significantly contributes to improving the overall
quality and reliability of satellite imaging.

The antenna pattern of a satellite is typically categorized into
two components: the elevation antenna pattern (EAP) and the
azimuth antenna pattern. The azimuth antenna pattern measure-
ment depends on the ground receiver, and it generally aligns
well with the reference ground test pattern. It is the EAP that
significantly influences the radiation accuracy of SAR products.
In order to achieve accurate measurements, the natural features
of the Amazon rainforest (RF) are commonly utilized in con-
ducting in-orbit measurements of the EAP.

The Amazon RF region, spanning across several countries in
South America, is not only the world’s largest tropical RF but
also a unique and valuable resource for satellite calibration [29],
[30], [31]. The expansive and uniformly backscattering nature
of the Amazon RF makes it an ideal target for measuring and
calibrating satellite imaging antenna radiation patterns. Moore
et al. [32], pioneers in their field, recognized the immense
potential of the Amazon RF for in-orbit measurement of antenna
patterns. Consequently, the natural elements of the RF can be
employed as the external calibration campaign field of the SAR
antenna pattern. The radar equation for distributed targets can
be expressed as

Pr_RF =
PtG

2 (ϕr, ϕa)Gspλ
3ρrτpfsfPRF

2(4π)3R3V sin θ
σ (7)

where τp is the pulse width of the linear frequency modulation
signal, fs is the range sample frequency, fPRF is the pulse



LI et al.: ACCURACY ANALYSIS OF RADIOMETRIC CALIBRATION IN-ORBIT FOR SUPERVIEW NEO-2 SAR SATELLITE 2237

repetition frequency of the satellite transmitted signal, and V
is the satellite flight speed. The radar equation of uniformly
distributed targets can be simplified after relative correction on
the satellite

Pr_RF =
G2 (ϕr, ϕa)

R3 sin θ
Kσ. (8)

By solving the gain value corresponding to each range gate,
the EAP of the satellite can be extracted, and its mathematical
model may be created as

G2 (ϕr, ϕa) = Pr_RF • R3 sin θ

Kσ
. (9)

Since the corresponding gain of SAR images without theoret-
ical pattern radiation correction is different for different range
gates, the elevation look angle corresponding to the maximum
gain (normalized to 0dB) is the actual elevation look angle of the
radar antenna beam center. By combining with mission planning,
the working angle of the radar antenna beam can be obtained,
and the beam bias angle of the reflector antenna system satellite
can be measured.

C. SLC Products Quality Metrics: IRF

By employing a subjective and qualitative approach, it be-
comes straightforward to identify issues such as defocusing and
blurring of the SLC products. However, in order to monitor the
quality of SAR images more accurately, SAR images still need to
be quantitatively evaluated. The SVN2-SAR satellite evaluates
image quality by computing the Impulse Response Function
(IRF), which is based on ground-deployed CRs. The IRF pri-
marily encompasses the measurement of image resolution and
sidelobe levels. By acquiring measured values, it is possible to
validate whether the satellite image quality and sidelobe levels
meet the intended design standards.

1) Spatial Resolution: The spatial resolution of the SAR
image is divided into range resolution and azimuth resolution.
In general, the slant range resolution is defined as the main lobe
width of the CR’s extension function at the half-power point
(3 dB) in the range direction. In the process of IRF quality
validation, the first calculation is to get the slant range resolution
ρslant. Then, the slant range resolution is converted to ground
range resolution by applying the satellite-ground geometry rela-
tionship. The transformation between slant range resolution and
ground range resolution is as follows:

ρground =
ρslant

sin θi
=

c

2fs ·m · sin θi ·Nr (10)

where c is the speed of light, and fs is the range sampling
frequency, and m is a multiple of the range to the interpolation.
Similarly, the azimuth resolution ρa is defined as the main lobe
width of the CR’s extension function at the half-power point
(3 dB) in the azimuth direction

ρa =
vg

fPRF · n ·Na (11)

where vg is the velocity of the zero-doppler plane, and n is a
multiple of the azimuth to the interpolation.

Fig. 2. Schematic diagram of SAR point target PSLR calculation.

2) Peak Sidelobe Ratio/Integrated Sidelobe Ratio: The
PSLR refers to the ratio between the peak power of the first
sidelobe and the peak power of the main lobe in the point target,
which quantitatively describes the detection performance of the
SAR load to the weak signal of the ground [33], and the specific
calculation formula can express as

PSLR = 10 lg
Ps

Pm
(12)

where Ps is the peak of the first side. Pm is the main value peak.
The calculation of the PSLR is shown in Fig. 2.

The integral side lobe represents the ratio of the main lobe
energy to the side lobe energy in the target impulse response
profile [34]. First, the main lobe energy is calculated at the main
lobe peak, and then the side lobe energy is calculated outside
the main lobe window. The specific calculation formula can be
expressed as

ISLR = 10 lg

∫ a

−∞ |h (r)|2dr + ∫∞
b |h (r)|2dr∫ b

a |h (r)|2dr
= 10 lg

Es

Em

(13)
where the integral limit (a, b) is the main value and the remaining
range is the side lobe area. h(r) indicates the curve function of
the point target in the image domain along the range or azimuth.
Es is the total energy of the side lobe, and Em is the main lobe
energy.

III. PROCESSING FLOWCHART

To summarize the processing procedure of the radiometric
calibration processing and IRF quality validation of SAR image
quality, Fig. 3 is given to demonstrate the flowchart. The field
radiation calibration campaign is mainly aimed at point targets
and distribution targets. However, the point targets and distribu-
tion targets are interrelated and complementary, and only precise
calibration can be used to ensure that the satellite provides
radiation-quantifying products.

Errors in relative radiometric calibration during the SAR
imaging process directly lead to inaccuracies in the absolute
radiometric calibration constants, thereby impacting the preci-
sion of absolute radiometric measurements. Furthermore, the
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Fig. 3. Processing flowchart of the SVN2-SAR radiometric calibration and IRF quality validation.

accuracy of relative radiometric calibration depends on the
precise acquisition of the EAP. Therefore, performing regular
in-orbit monitoring of the EAP normalization can effectively
ensure the radiation quality of SVN2-SAR satellite products.

In addition, conducting a quality assessment of SAR images
using the metric IRF is necessary. Prior to satellite launch, a
series of imaging performance indicators are established, such
as satellite theoretical resolution, signal sidelobe level. And the
IRF serves as an effective tool to validate the actual imaging
capabilities of satellites. The imaging capability of satellites has
a significant impact on the subsequent applications of remote
sensing products, particularly regarding the quality of SAR im-
ages and target detection. Excellent imaging capability provides
high spatial resolution, and low sidelobe levels, resulting in

clear and detailed images. This has a positive impact on vari-
ous applications, including environmental monitoring, resource
management, and military intelligence. Through high-quality
satellite imaging, surface targets can be observed and identified
more accurately, providing a reliable foundation for subsequent
data analysis and decision-making.

IV. CALIBRATION AND VALIDATION

A. Preparation of Radiometric Calibration Campaign

The SVN2-SAR satellite was launched on July 16, 2022,
from the Taiyuan Satellite Launch Center. The Long March-2C
carrier rocket successfully placed the SVN2-SAR satellite into
its designated orbit. Subsequently, the ground processing system



LI et al.: ACCURACY ANALYSIS OF RADIOMETRIC CALIBRATION IN-ORBIT FOR SUPERVIEW NEO-2 SAR SATELLITE 2239

conducted the initial phase of on-orbit testing for satellite-Earth
integration, primarily focusing on monostatic imaging. To fulfill
the demands of satellite in-orbit testing, it is imperative to
accurately select the calibration area through scientific means.
The following are the four standards and specifications that must
be met for the selection of a satellite in-orbit calibration filed.

1) The calibration area should be flat and ideally situated
in an open space. The open space helps to eliminate any
layover or shadow on the SAR image, thereby highlighting
the imaging points of the CRs for easier and more accurate
positioning.

2) The calibration area should consist of a homogeneous
land cover type in order to prevent the multipath effect on
the imaging points of the CRs caused by the surrounding
objects.

3) The east–west extent of the calibration area should be
sufficient to encompass the two standard SAR image.

4) The north–south extent of the calibration area should be
sufficient to encompass the one standard SAR image.

By conducting multiple field surveys and coordination, the
optimal locations for external calibration campaigns can be
determined based on site selection standard. The next step is
to lay out the CRs. The following are the standards that should
be followed for the deployment campaign of CRs.

1) The CRs should be placed in an area with minimal back-
ground reflection to facilitate its effective extraction from
the SAR image.

2) To optimize performance, it is recommended to position
the CRs away from objects that may cause multipath
effects or exhibit strong scattering characteristics.

3) When installing the CRs, ensure that the CRs base does
not receive radar waves.

4) The edge below the CRs should be aligned parallel to the
direction of the satellite track.

5) The normal of the CRs should be aligned with the incident
direction of the radar wave.

In conclusion, according to the standards for site selection and
CRs deployment, the location for the external field calibration
campaign of the SVN2-SAR satellite is conducted in Otog
Banner (Inner Mongolia, China).

The distribution of the Otog Banner calibration field on
Google Earth is depicted in Fig. 4.

The Otog Banner calibration field in Fig. 4 is equipped with
nine trihedral CRs, which are arranged in line A and labeled
as A01–A09. This arrangement allows for precise calibration
measurements to be taken within the designated area. The CR
device has a pitch adjustment accuracy of better than 0.15°,
allowing for precise angle adjustments during reflection. Its
side length measures at 1.204 m, providing information on
its nominal RCS calculation for data processing purposes.
Calculating the RCS of CR in SAR Image using its side
length and satellite wavelength: σref = 4πa2/3λ2, where σref

is the theoretical RCS value, a is the side length of CR, λ

is the wavelength of the electromagnetic wave emitted by the
SVN2-SAR satellite. The theoretical RCS value of the CR
in X-band SVN2-SAR satellite image can be calculated as
39.5547 dB.

Fig. 4. Location of CRs in the Otog Banner calibration site.

Fig. 5. California calibration field CRs distribution.

Due to the diverse terrain features and scattering characteris-
tics present in each calibration site, conducting calibration using
multiple sites provides a comprehensive understanding of the
response and performance of SAR systems. Consequently, for
the validation of IRF quality, California calibration field were
utilized to acquire images of CRs to enhance data quality and
ensure reliable validation results.

The distribution of California calibration field CRs is shown
in Fig. 5.

The left image in Fig. 5 depicts the calibration field situated
on the dry lakebed of Rosamond, in California. This image
was captured using the SM mode by the SVN2-SAR satellite,
which provides a detailed overview of the calibration site. The
calibration field covers about 1 km× 10 km, and the latitude and
longitude of the calibration field are 118.099°W–118.027°W,
34.795°N–34.806°N. The Rosamond calibration site is equipped
with high-precision trihedral CRs of varying sizes. The right
image in Fig. 5 shows a CR with a side length of 4.8 m in the
upper right corner, and part of the CRs is displayed on the SAR
image.

Once the field calibration site location is determined and the
CRs are deployed, the prediction of the satellite imaging area is
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TABLE I
PARAMETERS FOR SVN2-SAR SATELLITE

carried out. The prediction of the imaging area and the inference
of coverage area require the utilization of the orbital elements
transmitted by the T&C receiving station, along with consid-
eration of the satellite’s orbital ascent and descending mode
and its side-swing capability. Among them, the six elements
of a satellite orbit include semi-major axis, eccentricity, orbital
inclination, argument of perigee, right ascension of ascending
node, and true anomaly. According to these elements, the image
and coverage area of the satellite in transit can be approximated.
Accurately predicting the imaging and coverage regions is cru-
cial for field calibrators to select the optimal calibration site and
formulate a precise calibration scheme.

After deducing the satellite imaging and coverage areas, the
final step in calibration preparation is to develop a comprehen-
sive calibration campaign plan for the field calibration personnel.
This involves coordinating with satellite planners to ensure
that the emergency task arrangements of the satellite are not
compromised.

B. Absolute Radiation Calibration and Accuracy Validation

The main parameters of the SVN2-SAR SAR satellite are
shown in Table I.

The SM data of the SVN2-SAR satellite, with a nominal
resolution of 2 m, were utilized as an illustrative example for
conducting absolute radiometric calibration campaign. First,
the beam coverage is analyzed in the Otog Banner calibration
field based on the imaging mode and precise orbit information
of the satellite. The azimuth and elevation angles of each CR
are then predicted and adjusted accordingly. When the satellite
passes over, it acquires the original Zero-level echo data of the
calibration field and processes it for imaging. Some outliers need
to be eliminated, which may be unavailable due to unexpected
circumstances (such as the CRs being destroyed by cattle in the
pasture) or the CRs are not adjusted because it conflicts with
another imaging plan. After removing outliers, five CRs (A01,
A02, A04, A06, A07) with known RCS values are effective
devices in the SLC product. Two CRs (A01 and A02) were
selected for calculating the calibration constants, and Fig. 6 illus-
trates the distribution of CRs in the SAR image. The SM mode
imaging of the SVN2-SAR satellite in Otog Banner calibration
field is showcased, along with the magnified image of the point
target and the physical image of the actual CR. Fig. 6 clearly
illustrates that there is an optimal spacing maintained between

Fig. 6. CRs for absolute radiation calibration constant measurement.

TABLE II
RESULTS OF ABSOLUTE RADIATION CALIBRATION CONSTANT

TABLE III
RESULTS OF ABSOLUTE RADIATION ACCURACY VALIDATION

the CRs to prevent energy interference among the imaging points
of different reflectors. This approach plays a crucial role in
accurately extracting the energy values of the CRs.

Then, according to the calibration constant model constructed
in Section II-A, the calibration constants of SVN2-SAR satellite
SM mode are calculated and presented in Table II.

The RCS values of the remaining three CRs (A04, A06, and
A07) are inverted using the calibration constant −9.8247, and
their absolute radiation accuracy is subsequently validated. The
results of accuracy validation are presented in Table III.

The absolute radiation accuracy of the SM mode is observed
to meet the radiation index specified in Table I (with a deviation
of less than 1.5 dB in one scene). Therefore, it can be concluded
that the calibration constant value provided in Table II is reliable.
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Fig. 7. Location of SLC products in the Amazon RF.

TABLE IV
RESULTS OF RF GAMMA VALUE

To further validate the accuracy of calibration constant from
additional perspectives, cross-radiometric calibration was em-
ployed to retrieve the backscattering coefficient of the RF using
natural features. The location of the Amazon RF is shown in
Fig. 7.

By imaging the flat areas of the Amazon RF, we have success-
fully acquired SM mode SAR Level-1 SLC products. To obtain
a more accurate inversion of gamma values for RF s, the data
were partitioned into five blocks and subjected to distributed
calculations prior to averaging. In addition, the relationship
between σ0 and γ0 is σ0/ cos(α) = γ0, whereα is the incidence
angle. First, calculate the energy value of each distributed target
block and subtract the obtained calibration constant from the
energy value. Then, utilize the aforementioned relationship to
perform the conversion and the γ0 value of the RF target can
be inversely inferred. Generally, theγ0

db value of X-band SAR is
around −6.5 dB [35]. The results of RF γ0

db value as shown in
Table IV, validating that the calibration constant is reliable and
accurate.

C. EAP Measurement in Orbit

The accuracy of satellite radiation correction is significantly
influenced by the EAP. The SVN2-SAR satellite’s EAP is mea-
sured in orbit using the natural calibration field of the Amazon
RF. First, telemetry parameters are transmitted and mission
remote control instructions are uploaded through the satellite
measurement and control system. Then, based on orbital pre-
diction information, the zero Doppler slant distance between the
satellite and center point of the scene in the first imaging region
is calculated. The working angle of the radar beam pointing
to the center of the scene is calculated according to the orbit

Fig. 8. Illustration of satellite SM imaging.

Fig. 9. EAP extracted from RF.

altitude and other information. Prior to the imaging starting
position, adjustments are made to the attitude of satellite so
that the working angle of the radar beam center aligns with ϕ1

while maintaining the same for the imaging block. The process
is depicted in Fig. 8. In Fig. 8, P1 represents the scene center
of the first imaging area, and R1 represents the slant range
corresponding to the scene center of the first imaging area. ϕ1

is the working angle of the radar antenna beam center.
The satellite receiving system is utilized to acquire the raw

echo complex data of the Amazon tropical RF. Subsequently,
this raw echo complex data undergoes imaging processing in
order to generate an SAR image without radiation correction
(single-look complex image). Then the EAP was calculated
using the technical route constructed in Section II-B. The gain
was determined by selecting the scene average of azimuth.
To fit the measured range antenna, a polynomial fitting model
was utilized. The EAP extracted from the RF SM mode of the
SVN2-SAR satellite is presented in Fig. 9, along with the EAP
that has been fitted using a fourth-order polynomial.
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Fig. 10. EAP of different time series.

After extracting the EAP based on evenly distributed targets
in an RF, it is possible to obtain the actual angle of the radar
antenna beam center corresponding to the maximum gain of the
pattern. By combining this information with the working angle
of the radar antenna beam center during mission planning, it is
possible to calculate the satellite beam center bias angle

ϕbeam bias = ϕwork angle − ϕRF_elevation angle

where ϕbeam bias is the radar antenna beam center bias. By com-
pensating this value in the SAR ground imaging process, the
radiation correction accuracy of radar images can be effectively
achieved. ϕwork angle is the working angle of the radar antenna
beam center. For SM, each image block has the same looking
angle, so ϕwork angle = ϕ1. Due to the unknown factors in the
operation of the satellite with the parabolic reflector antenna
system, there will be a deviation between the beam center work-
ing angle and the final imaging angle.ϕRF_elecation angle represents
the true elevation angle extracted from the measured RF data,
which is the angle corresponding to the maximum gain of EAP
measured in orbit.

In addition, dynamic monitoring of satellite imaging can be
achieved by accumulating sequential data from satellite RF and
regularly extracting EAP of RF data from different dates. This
process allows for accurate tracking and analysis of changes in
satellite beam pointing, which can have important implications
for satellite operation and imaging. Fig. 10 shows the EAP of a
different date.

In order to verify the radiation correction effect of the mea-
sured EAP, the relative radiation accuracy of the RF corrected
by the extracted EAP was measured. As shown in Table V.

Table V illustrates the relative radiation accuracy of four sets
of RF data at different time intervals. Each RF image was equally
partitioned into nine regions, and response energy was calculated
for each region to determine the relative radiation accuracy. The
SVN2-SAR satellite demonstrated strong radiation correction

TABLE V
RESULTS OF RELATIVE RADIATION ACCURACY VALIDATION

stability across various time periods, resulting in excellent image
radiation performance. This time-series data enable effective
monitoring of satellite radiation performance.

V. CONCLUSION

The SuperView Neo-2 X-band SAR in China SiWei Surveying
and Mapping Technology Company, Ltd., commercial remote
sensing system is utilized for radiometric calibration and IRF
validation in this study. The RCS value of the CRs is retrieved
from the calibration constant measured in the Otog Banner
field campaign, ensuring the absolute radiometric calibration
accuracy of the satellite. Additionally, RF is employed to vali-
date the calibration constants, effectively guaranteeing accurate
radiometric calibration. Furthermore, measurement methods are
provided for EAP and beam bias angle which impact radiation
accuracy. Sequential RF target data are used to extract the nor-
mal EAP, ensuring the long-term radiation performance of the
satellite. Finally, the IRF quality validation of the SVN2-SAR
image from the California calibration field enables quantitative
monitoring of satellite imaging performance and ensures the
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Fig. 11. California calibration field imaging by SVN2-SAR SM.

TABLE VI
RESULTS OF IRF QUALITY VALIDATION

high-quality product supply capability of the SVN2-SAR satel-
lite.

APPENDIX

In accordance with the technical schemes in Section II-C, the
SVN2-SAR impulse response function is validated in terms of

1) Ground range resolution;
2) Azimuth resolution;
3) Peak side lobe ratio;.
4) Integral side lobe ratio
The IRF of the SVN2-SAR satellite was validated by utilizing

the California CRs, enabling the assessment of image quality.
The SLC product of the California field is displayed in Fig. 11.

The CRs (CR01–CR08) in Fig. 11 underwent IRF quality
validation, and the evaluation results are presented in Table VI.

Table VI demonstrates that the California calibration field
CRs meet both peak side lobe ratio and integral side lobe ratio
requirements, while also maintaining spatial resolution within
the nominal 2 m for SM. To further evaluate point target quality,
interpolation was performed using two CRs (CR05,CR08) and
results are presented in Fig. 12.

After performing linear interpolation on the CR05 and CR08,
the corresponding azimuth and range were extracted and are
depicted in Fig. 13.

The main lobe of the point targets, as imaged by the SVN2-
SAR satellite, exhibits clarity and a distinct target focus, ef-
fectively validating the imaging capabilities of the SVN2-SAR
satellite.

Fig. 12. Interpolated image of California CR05 and CR08.

Fig. 13. Azimuth/range profile of California CR05 and CR08.
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