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Abstract

The Square Kilometre Array (SKA) has the potential to revolutionize astronomical research through its unparalleled
precision. A critical aspect of SKA imaging is the computation of the UVW coordinates, which must be accurate and
reliable for the development of the SKA scientific data processor. Katpoint is the current method used to calculate
UVW in MeerKAT. Using a pseudo-source, we employ a simple cross-product method to determine UVWs. In this
study, we explore the applicability of Katpoint for SKA1-low and SKA1-mid and evaluate its precision. The
conventional method, CALC/OmniUV, and Katpoint were quantitatively assessed through simulations. The results
indicate that Katpoint exhibits substantial accuracy with MeerKAT compared to traditional techniques. However, its
precision is slightly inadequate for the long baselines of SKA1. We improved the precision of Katpoint by identifying
optimal offset values for pseudo-sources on the SKA1 telescope through simulation, finding a 0.11 offset suitable for
SKA1-Mid and a 0.045 offset for SKA1-Low. Final result validations demonstrate that these adjustments render the
computational accuracy fully comparable to the standard CALC/OmniUV method, which would meet the
requirements of SKA high-precision imaging and offer a solution for high-precision imaging in radio interferometers.
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1. Introduction

The Square Kilometre Array (SKA) is an ultra-sensitive radio
interferometer designed to better understand the most significant
phenomena in the universe, including the origin and evolution of
the universe (Dewdney et al. 2009). The construction of SKA1 is
already underway, which combines radio astronomy interfero-
metry techniques with modern phased array radar technology.
SKA aims to improve conventional methods of radio astronomy
research and open up exciting new scientific opportunities.
Considering the enhanced precision and sensitivity of the antenna
array, improving conventional astronomical data processing tools
is also one of the goals of SKA1. Thus, high-precision, high-
quality imaging processes are crucial and significant goals in
SKA1 commissioning and scientific data handling.

The primary function of an interferometer is to reconstruct
the brightness distribution within a specified region of the sky,
often referred to as the “sky model.” The visibility is
mathematically represented by the equation
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In this context, u, v, and w denote the baseline coordinates
within the UVW coordinate system, while l, m, and n are the
direction cosines of the observed direction, satisfying the
condition (l2 + m2 + n2 = 1).
The UVW coordinate system is crucial for processing and

analyzing interferometric data, as it enables the application of
the Fourier transform to convert visibility data into images of
the sky. Under the requirements of high precision and high
sensitivity for SKA1, computational errors should be mini-
mized, as these errors should remain below the dynamic range
threshold of SKA1. Therefore, the accuracy of UVW
coordinate calculation must be correspondingly improved.
Any errors in UVW calculation, such as deviations in the
pointing accuracy of the W-axis, potential non-orthogonality
among the UVW coordinate axes, and the U and V axes of the
UV-plane not strictly pointing to the East and North, can lead
to errors in the positions of corresponding visibility data on the
UV-plane. These errors will directly affect subsequent imaging
calculations, including the reconstruction of celestial positions
and flux densities of the stars in the sky model, thereby
affecting the imaging quality to varying degrees.
Each mainstream radio interferometer software, regardless of

its development language, has equivalent functions to compute
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UVW. The conventional approach is well documented in
several renowned books (Perley et al. 1989; Taylor et al. 1999;
Thompson et al. 2017) and scholarly articles. It has been
implemented in numerous established software applications
such as CASA (Urvashi 2013; CASA Team et al. 2022),
RASCIL7/RASCIL28 (Lü et al. 2022; Xie et al. 2022, 2024),
and OSKAR (Dulwich et al. 2009).

Katpoint is a well-known data processing software used by
the SKA precursor telescope, MeerKAT. It is used to calculate
the precise position of the observation target, and the calculation
of the UV wavelength is one of its basic functions. The current
implementation of the Katpoint UV-visible wavelength calcul-
ation method is simple, reliable, and fully satisfies the
requirements of MeerKAT imaging calculations. During the
development of the SKA Science Data Processor (SDP),
Katpoint may also be used for UVW calculations. However,
there has been a lack of qualitative and quantitative analysis of
whether Katpoint meets the corresponding requirements of SKA.

This study provides an in-depth analysis of the precision and
usability of Katpoint. Improvements are made to address the
deficiencies of Katpoint. The rest of the paper is structured as
follows. Section 2 provides a review of the literature on UVW
calculation. In Section 3, we conduct experiments to evaluate
the precision of various methods, including the conventional
method, CALC/OmniUV, and Katpoint. Based on our
findings, Section 4 proposes an optimal offset of the pseudo-
source, as well as the impact of the position calculation library.
Finally, Section 5 contains the conclusions of the study.

2. Related Work

The UVW coordinate system is a specialized framework
employed in radio astronomy for describing the spatial
frequencies sampled by an interferometric array. In radio
interferometry, the UVW coordinates consist of three orthogo-
nal spatial frequency components which represent the projec-
tion of physical baselines (the distances and orientations
between pairs of antennas) onto a plane perpendicular to the
direction of observation (refer to Figure 1(a)). UVW constitutes
a right-handed coordinate system that can be derived from the
Earth-Centered, Earth-Fixed (ECEF) coordinate system
(Thompson et al. 2017). The component U corresponds to
the spatial frequency along the East–West direction, V
corresponds to the North–South direction, and W aligns with
the celestial source under observation, effectively measuring
the distance along the line of sight.

In radio astronomy, calculating UVW coordinates involves
transforming the physical positions of the antennas from a
Cartesian coordinate system, often referred to as the East-
North-Up (ENU) or XYZ system, to the UVW system, which is

aligned with the observation direction. The procedure typically
begins with determining the antenna positions in the ENU
system. These positions are then projected onto the UVW axes,
defined by the hour angle (HA) and the decl. of the phase
reference direction. This transformation can be mathematically
expressed using direction cosines, which relate the UVW axes
to the XYZ axes (Rau 2013). In addition to conventional
methods mentioned above, numerous studies have introduced
alternative approaches (Lanman et al. 2019; The Event Horizon
Telescope Collaboration et al. 2019; Liu et al. 2022). Here, we
analyze the principles of conventional methods, Katpoint and
CALC/OmniUV.

2.1. Conventional Method

The conventional method for calculating UVW coordinates
involves transforming the antenna coordinates from the ENU
system of the reference point, along with the ENU values of
each antenna, into the UVW system (Perley et al. 1989; Taylor
et al. 1999; Thompson et al. 2017). This coordinate
transformation is achieved through the employment of two
rotation matrices, ensuring that the coordinate system remains
orthogonally aligned without requiring the construction of
additional auxiliary parameters. Once the UVW coordinates of
each individual antenna have been determined, the UVW
coordinates of the baselines are derived by computing the
difference between the coordinates of each antenna pair.
The first rotation matrix transforms the antenna positions

from the local ENU coordinate to the global ECEF coordinate
(XYZ).
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The positions of each antenna are then transformed from the
ECEF coordinate system to the local UVW coordinate system.
The second rotation matrix used ensures orthogonality between
each pair of coordinate axes and is defined by
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where H0 refers to the HA and δ0 refers to the decl. of the phase
center.

7 https://gitlab.com/ska-telescope/external/rascil
8 https://gitlab.com/ska-sdp-china/rascil2
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The conventional UVW calculation method, which neglects
Earth Orientation Parameters (EOP), is unable to achieve high
precision. After incorporating EOP, the source position shifts
from the original S0 to the adjusted ¢S0. However, the
conventional method fails to align the ICRS and ITRS
coordinate systems, causing the U and V axes to rotate relative
to the ideal UVW coordinate system (see Figure 1(b)). That is,
even though the positional accuracy of the observed target is
very accurate, the UVW coordinate system is not guaranteed to
be parallel to the celestial sphere coordinate system, which can
significantly affect the final imaging precision of the inter-
ferometers, especially for the long-baseline interferometer.

2.2. Katpoint Method

Katpoint9 has been implemented for the MeerKAT tele-
scope, which is the precursor array of SKA. Developed on
PyEphem (Rhodes 2011), Katpoint serves as a coordinate
library for the MeerKAT project. It facilitates astronomical
coordinate transformations, antenna pointing models, correlator
delay models, source flux models, and provides rudimentary
source catalogs.

In the calculation process, Katpoint calculates UVW by
creating a vector offset of 0.03 radians (1.719) in decl. from the
observed target vector. Then it constructs the U-axis from the
cross-product of these two vectors (see Figure 2).

The phase center and the pseudo-source are defined as
(R.A.J2000, decl.J2000 − 0.03 * direction_sign) in radius
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To avoid computational issues near the poles, when construct-
ing the offset, Katpoint sets different direction_sign in the
northern and southern celestial hemispheres to ensure that the
vector is closer to the celestial equator than the sources are. The
direction_sign is defined as 1 when the phase center is in the
northern celestial hemisphere; otherwise, it is defined as −1. It
should be noted that if the target source is exactly on the
equator, both calculations for the northern and southern
celestial hemispheres are valid. In Katpoint and our work, the
situation on the equator is treated as part of the southern
celestial hemisphere for the calculation.
First, the apparent topocentric positions (az, el) of the source

and pseudo-source are calculated by PyEphem (Rhodes 2011).
Then, the (az, el) coordinate is transformed into an ENU
coordinate by

( ) · ( )
( ) · ( )
( ) ( )

=
=
=

E az el
N az el
U el

sin cos
cos cos
sin . 5

S0 and S1 are vectors pointing toward the phase center and the
pseudo-source, respectively, in the Antenna-Centered ENU

Figure 1. The diagrams for calculating UVW using the conventional method without EOP (a) and with EOP (b).

9 https://github.com/ska-sa/katpoint
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eu is the cross-product of S0 and S1. Finally, a set of UVW unit
vectors ev, ew and eu are calculated from S0 and S1 (see
Equation (7)).
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The corresponding (u, v, w) of the given baseline b can be
derived from the product of the baseline vector of the
corresponding antenna pair and the unit vector UVW (see
Equation (8)).

( ) · ( ) ( )=u v w b e e e, , , , . 8u v w

Overall, Katpoint has investigated methods to enhance UVW
calculations. It has been implemented in the data processing of
the MeerKAT telescope with highly promising results, meeting
the MeerKAT imaging accuracy requirements. Despite
Katpoint’s successful application to MeerKAT data processing,
its computational accuracy has yet to be publicly documented.
It remains to be determined whether Katpoint can be
seamlessly applied to SKA1-MID data processing. From the
present perspective, synthesizing the advantages of various

methods to explore and analyze Katpoint is evidently valuable.
This will help establish the UVW calculation method capable
of meeting the requirements of SKA1 and future high-precision
imaging in radio interferometric arrays.

2.3. CALC/SOLVE and OmniUV

The CALC/SOLVE process is essential for VLBI data
analysis, enabling precise extraction of astrometric, geodetic,
and geophysical information. It compares the arrival times of
radio signals at widely separated telescopes to theoretical
delays based on a model that includes telescope positions,
source positions, Earth’s orientation, and atmospheric effects.
The “CALC” step computes these delays using complex
models, sometimes incorporating general relativity (Petit &
Luzum 2010). The “SOLVE” step then adjusts model
parameters iteratively to minimize the differences between
observed and calculated delays, yielding precise positions for
telescopes and sources, and EOP. The precision depends on
initial model accuracy, telescope distribution, observing
frequency, calibration accuracy, and systematic error modeling
(Herring et al. 1990). Modern VLBI analysis, using software
like VieVS (Böhm et al. 2012), achieves millimeter-level
precision for stations and microarcsecond-level precision for
sources, advancing geodesy, astrometry, and geophysics.
OmniUV is a simulation toolkit for VLBI observations,

including lunar-based interferometers. It precisely calculates
UVW parameters, crucial for describing baseline projections
onto the celestial sphere. OmniUV standardizes station

Figure 2. The diagrams for calculating UVW using Katpoint. (a) Shows the diagram for using Katpoint without EOPs. (b) Is the diagram for using Katpoint with EOP.
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positions into the Celestial Reference Frame (CRF) and
calculates baseline vectors within this system. Like Katpoint,
it uses a vector cross-product method for UVW calculations,
with the target source’s direction as the W-axis. However,
while Katpoint uses a pseudo-source for the U-axis, OmniUV
uses the North Celestial Pole (NCP). OmniUV’s precision is
comparable to CALC, making it highly accurate and reliable.

However, the CALC/SOLVE method is relatively compli-
cated in implementation, requiring each antenna to be
processed one by one, which does not provide high computa-
tional performance with many antennas. For radio interferom-
eter imaging calculations where UVW calculations are needed
frequently, CALC/SOLVE is not an efficient solution in such
cases.

3. Precision and Usability Analyses of Katpoint

To assess the precision of Katpoint, we used several software
packages for observational simulations and imaging, including
RASCIL2 v1.0.0 and Katpoint v0.10. These software packages
have been widely used and the results have been rigorously
compared with CASA (The CASA Team et al. 2022) and
WSCLEAN (Offringa et al. 2014), which are considered
accurate and reliable. The test scripts were written in Python
3.10. Some dependency packages, such as Astropy 4.0
(Astropy Collaboration et al. 2013, 2018), NumPy 1.18.1,
and Skyfield 1.49 (Rhodes 2019), were installed. The
experimental platform is a high-end server with dual AMD
7763 CPUs (128 cores) and 2048 GB of memory. The
operating system is Rocky Linux 9.0.

During the analyses, we assess the precision of the different
methods by treating the results from CALC/OmniUV as the
ground truth or reference values, against which all other
methods are compared. For comparison, we chose Sgr A
(R.A.= 266.3, decl. = 28.8055) to be used as the phase center.
The observation times are 2024 April 1 03:40:59 (UTC) for
the SKA1-Mid array and 2024 April 1 21:18:03 (UTC) for the
SKA1-Low array. The positions of the antennas (stations) are

directly quoted from the SKA design baseline and the official
SKA website. It should be noted that the sources and times
chosen here are only for ease of calculation and are not specific
in any way.

3.1. UVW Precision Analyses for Katpoint

To investigate the precision and usability of Katpoint, two
studies were carried out. One aimed to evaluate the accuracy of
Katpoint in the context of MeerKAT. For this purpose, we used
Katpoint and the conventional method to compute UVW for
MeerKAT. The second study focused on evaluating the
precision of Katpoint for calculating UVW for SKA1-Mid
(Heystek 2015) and SKA1-Low (Dewdney & Braun 2016).
Similarly, we calculated the UVW for SKA1-Low and SKA1-
Mid using both the Katpoint and the conventional method.
Figure 3 shows that the results of the Katpoint method differ

significantly from those of the conventional method. The
discrepancy between the UVW results calculated by Katpoint
and the conventional method increases with the length of the
baseline. For the longest baseline of MeerKAT, the results
calculated by Katpoint differ by nearly a factor of 10 compared
to the conventional method. This difference aligns with
expectations, with the EOP accounting for this variance.

3.2. Usability Analysis of Katpoint for SKA1

Furthermore, we assess the feasibility of using Katpoint for
SKA1. We employ the same methodology as in the previous
subsection. Katpoint and CALC/OmniUV were used to
calculate the UVW for all baselines in SKA1-Low and
SKA1-Mid, respectively (see Figure 4). Our findings reveal
persisting discrepancies between Katpoint and OmniUV/
CALC for the SKA1-Mid and SKA1-Low telescopes. Given
that the longest baselines of SKA1-Low and SKA1-Mid far
exceed those of MeerKAT, a discrepancy of 111.54 m is
observed between Katpoint and CALC/OmniUV calculations
for SKA1-Mid, and 42.25 m for SKA1-Low.

Figure 3. UVW differences between Katpoint and the conventional UVW method for MeerKAT. (a) Demonstrates the differences of UVWs calculated by the
conventional method and OmniUV/CALC. (b) Shows the differences of UVW calculated by Katpoint and CALC/OmniUV.
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To what extent will these discrepancies affect the final
imaging? We conducted simulated observations using RASCIL2,
adopting the UVW values from the CALC/OmniUV and
Katpoint results. MeerKAT and SKA1-Mid were simulated at
1.1 GHz, and SKA1-Low was simulated at 125MHz. Two sets of
visibility data were obtained, with the only difference being that
one set used UVW values calculated by CALC/OmniUV, while
the other used values calculated by Katpoint. Each visibility was
subjected to a separate imaging process, thereby allowing for a
direct comparison of the resultant images. The dirty maps from
the two imaging processes were subtracted to identify possible
differences. Figure 5 illustrates the residual image obtained by
subtracting the two dirty images.

As can be seen in the figure, the magnitude of the UVW
calculation bias has a significant effect on the imaging. When the
UVW calculation deviation is significant, such as comparing the
results of the conventional method with those of CALC/
OmniUV, it can be seen from Figure 5(b) that the residual image
has an obvious peak and valley structure, indicating that there is a
change in the position of the source. This difference does not arise
from issues with the apparent location of the target source itself,
but rather from the UVW calculation errors. In our simulations,
the input target source location remains consistent in both
methods; therefore, it can be recognized that these differences are
entirely raised from the UVW calculation errors. In this case, we
believe that UVW calculation errors introduce additional rotations
in the UV-plane, causing location errors in the visibility data on
the UV-plane, which in turn affect the final imaging quality. This
offset is particularly significant in long-baseline observations, as
these observations have higher precision requirements for UVW
coordinates.

We compile the related findings from Figure 5 and present
them in Table 1. The sensitivities of MeerKAT, SKA1-Low, and
SKA1-Mid were calculated using SKAO’s official software and
documentation (see https://sensitivity-calculator.skao.int/). Dif-
ferences in the flux values of point sources, labeled Flux
Difference in Table 1, were recorded on various dirty maps.

For MeerKAT, the calculated Flux Difference is on the same
order of magnitude as the telescope’s design sensitivity. This
result indicates that the calculations performed by Katpoint are
sufficient to meet the imaging requirements of MeerKAT.
However, the situation is different when applying the Katpoint
method to SKA1-Low and SKA1-Mid. In the case of SKA1-Mid
and SKA1-Low, the Flux Difference is approximately ten times
greater than the telescope’s sensitivity. This significant difference
is entirely attributable to the UVW calculations. It can be seen
that, as the baseline length increases, the computational errors of
the Katpoint method become more pronounced in the imaging
results, leading to a degradation in the quality of the final images.
Thus, to ensure that the SKA1 project can achieve its scientific
goals, it is essential to improve the Katpoint method to reduce
computational errors, especially under long-baseline conditions.

4. Improve Precision of Katpoint for SKA1

Katpoint is evidently an efficient method for calculating the
precise UVW coordinates of MeerKAT. It employs a rigorous
mathematical approach, utilizing the cross-product of two
vectors. However, what causes errors in Katpoint while using
for SKA? Upon reviewing several critical aspects of the
Katpoint implementation, we suspect that: (1) an offset of 0.03
radians is applied to the position of the pseudo-source in the
Katpoint computation, and (2) the computation of the target
source uses PyEphem. Consequently, it is worth investigating
whether these elements contribute to errors in Katpoint.

4.1. Pseudo-Source Offset

To evaluate the impact of various decl. offsets of the pseudo-
source on the UVW calculations and to determine the optimal
values for the method, we selected a radio source and
constructed a series of pseudo-sources with decl. offsets
varying from 0.001 to 1.5, increasing by 0.2 intervals,
which can demonstrate the tendency of the impact without

Figure 4. UVW differences between Katpoint and the CALC/OmniUV under SKA1-Mid and SKA1-Low telescope. (a): CALC/OmniUV vs. Katpoint for SKA1-
Mid. (b): CALC/OmniUV vs. Katpoint for SKA1-Low.
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Figure 5. (a) Shows the results of two dirty images being subtracted after imaging with UVWs, calculated by the CALC/OmniUV method and Katpoint, respectively,
in the MeerKAT configuration. The right two plots are the X vs. Y-axis profiling plot; (b) displays the results generated in the same way as (a) but using SKA1-Mid
configuration; (c) illustrates the results generated in the same way as (a) but using SKA1-Low configuration.
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being too dense or sparse. We then calculated the projection of
these pseudo-source unit vectors onto the UV-plane (see
Figure 6(a)).

It should be pointed out that the projections of the unit vectors of
the pseudo-sources onto the UV-plane form a curve with
increasing degrees of pseudo-source variation. This suggests that
the UVW computed for pseudo-sources with different offsets is
different. The root cause of this problem is that the position
calculation software accurately takes into account relativistic
effects and other factors during the calculation process. Specifi-
cally, the rotation of the UV-plane around the W-axis increases as
the offset increases (see Figure 6(b)). This suggests that the offset
should be minimized to prevent rotations in the field of view.

Meanwhile, due to the limitations of significant digits in
computer floating-point numbers, there is indeed truncation in
the storage of each vector within the computer. Consequently,
if the offsets are too small, the vector cross-product may yield
erroneous results. Therefore, the source offset value must not
be too diminutive. This appears to be in contradiction with the
smaller source offset values derived from the previous analysis.

To further determine the impact of various source offset
values on intersection outcomes, we selected 299 source offset
values ranging from 0.001 to 0.3 and calculated 298
intersection vectors. We evaluated the UVW computation
errors and field of view rotations attributable to different source
offset values for the SKA1-Mid and SKA1-Low telescopes,
respectively. The results are depicted in Figure 7.

In Figure 7, it can be seen that the offset values of the source
can be set at 0.11 for SKA1-Mid and 0.045 for SKA1-Low,
which represent the optimal balance achieved by considering both
rotation in the field of view and fork multiplication computational
errors while ensuring sufficient accuracy. Obviously, in practice, if
the longest baseline of the interferometer is longer, the value of the
source offset should be relatively larger.

4.2. The Selection of Position Calculation Library

In the domain of astronomical calculations, particularly those
related to the positional astronomy of celestial bodies, the
libraries PyEphem (Rhodes 2011), Skyfield, and Astropy each
offer distinct advantages and limitations.

PyEphem has long been a cornerstone in the field of
positional astronomy, providing users with an intuitive inter-
face for determining the positions of planets, moons, and
artificial satellites. PyEphem calculates positions using the
methodologies from the 1980s, as popularized in Jean Meeus’s
Astronomical Algorithms, employing models such as the IAU
1980 model of Earth nutation and the VSOP87 planetary
theory. These enable PyEphem to be faster and more compact
compared to modern astronomy libraries, yet its accuracy is
limited to approximately 1″.
In contrast, Skyfield embodies a more modern approach to

astronomical computations. Designed to supersede PyEphem, it
employs contemporary ephemerides, which provide improved
accuracy and reliability. Its results are expected to align with
the positions generated by the United States Naval Observatory
and their Astronomical Almanac within 0.0005 (half a “mas”
or milliarcsecond).
Astropy, in contrast, functions as a comprehensive framework

that extends beyond simple positional calculations. It includes a
wide range of functionalities, such as time management, unit
conversions, and coordinate transformations. Astropy’s modular
design allows users to customize their experience according to
specific needs, making it an invaluable tool for professional
astronomers engaged in extensive data analysis. Astropy offers a
flexible approach to precision by permitting users to choose from
various ephemerides based on their specific requirements. This
feature ensures high accuracy in calculations while also providing
the extensive functionalities offered by the library. The selection
of an ephemeris can significantly influence the results obtained,
underscoring the importance of choosing an appropriate data set
for the intended application.
Katpoint computes target locations utilizing PyEphem or

Astropy. Additionally, we have incorporated Skyfield. Experiments
were conducted with all three pieces of software. The experimental
results demonstrate that the results from Skyfield closely align with
those from CALC/OmniUV (<10−12), and the UVW computed
by Katpoint/Astropy exhibits a very small deviation from that
computed by Katpoint/Skyfield, approximately 10−4. Katpoint/
PyEphem has the largest UVW deviation. In SKA1 imaging, the
highest accuracy can be achieved by using a combination of
Katpoint and Skyfield with a proper pseudo-source offset.

4.3. Empirical Assessment for the Precision of Improved
Katpoint

We finally compared the precision of the improved Katpoint
and the CALC/OmniUV. We selected the same radio source
and the same observational time as in the previous experiments.
The final results are displayed in Figure 8. Choosing the
appropriate pseudo-source offsets and selecting high-precision
position calculation software, the final results are essentially
identical compared to those of CALC/OmniUV. The calcu-
lated UVW differences are of the order of 10−12.

Table 1
Simulation Configurations and Results

MID MeerKAT LOW

Central Frequency 1.1 GHz 1.1 GHz 125 MHz
Bandwidth 2.24 MHz 2.24 MHz 9 MHz
Sensitivity (Jy beam−1) 2.1706e-4 8.5572e-4 1.80963e-4
Flux Difference (Jy beam−1) 0.002 0.001 0.001

Note. Positional differences are not listed because the phase center is the same
for both imaging sessions. In this case, a different UVW calculation would only
result in a rotation of the field of view.
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Figure 6. (a) Represents the projection of the unit vector of the pseudo-source onto the UV-plane, and (b) represents the amount of rotation of the UV-plane around
the W-axis calculated using pseudo-sources with different offsets. Although the results calculated by PyEphem differ somewhat from those of Skyfield and Astropy,
both diagrams show that the variation trend of the experimental data is the same.

Figure 7. Comparison of UVW calculation error and UV-plane rotation angle. The vertical axis on the left has log scale, but not on the right. Therefore, the UV-plane
rotation angle and source offset shown in the figure are linear.
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5. Conclusions and Discussions

The accuracy of UVW calculations significantly impacts
subsequent data processing, particularly during the gridding
process. Accurate UVW coordinate calculations are crucial for
SKA1 imaging and provide the foundation for correcting
various effects (such as atmospheric delay and instrumental
effects), thereby ensuring the integrity of scientific conclusions
drawn from SKA1 data.

We conducted an in-depth study of UVW wavelength
calculations. Through experiments, we found that varying levels
of precision in UVW calculations can significantly affect final
imaging for specific radio interferometers, including MeerKAT,
SKA1-Low, and SKA1-Mid. In particular, the longer the baseline,
the greater the discrepancies between different calculation methods.
From the results of the study, it is clear that the different UVW
methods with the same phase center might result in a direct field of
view rotation. However, if different position calculation software is
used, which leads to a change in the phase center, then the effect of
UVW on the imaging calculation will be reflected in two aspects:
one is the translation of the whole field of view; the other is the
rotation of the field of view on the basis of the translation.

In addition, we systematically analyzed the precision achievable
with Katpoint and assessed its applicability to SKA1-Mid and
SKA1-Low. We believe that the existing Katpoint requires further
precision improvements to meet the future demands of SKA1.

Overall, we conducted a thorough analysis of Katpoint’s
precision issues and provided optimal solutions for the pseudo-
source offset in the calculations. Ultimately, we concluded that
the improved Katpoint algorithm achieves a precision compar-
able to CALC/OmniUV, fully satisfying the requirements for
SKA imaging computations.
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