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Abstract

The newly built MUSER-L of the Chinese Meridian Phase
II Project, and the existing MUSER-I and MUSER-H, are
all solar dedicated radioheliographs, based on the principle
of synthetic aperture and utilizing array antennas for radio
imaging observations. The position accuracy of these array
antennas affects the accuracy of time delay compensation
and phase compensation, which in turn affects the synthetic
image quality. Methods and results of combining RTK and
Total Station to determine the initial geometric position of
array antennas of MUSER-L, as well as those of MUSER-
I and MUSER-H are introduced.

1. Introduction

The Chinese second phase of the Meridian Project
(hereinafter referred to as Meridian Project II) is funded by
the National Development and Reform Commission of the
People's Republic of China, and led by the National Space
Science Center of the Chinese Academy of Sciences. The
purpose is to establish a ground space environment
monitoring system, forming a complete observation chain
from the sun to the earth, providing more in-depth and
extensive information on 49 key specifications of space
environment for the study of space weather and solar
physics. About 300 devices from 31 observation stations
are arranged along latitude 30 © and 40 ° N, longitude 100 °©
and 120 ° E. The Meridian Project II also covers four
regions including low latitude, mid latitude, Qinghai Tibet
Plateau, and polar regions. Specific monitoring targets
include the middle and upper atmosphere, ionosphere,
geomagnetic field, and interplanetary space from the Sun
to Earth. The Mingantu Observation Station in North China
is one of the 31 stations that have built three sets of
equipment for the Meridian Project II, including the
Interstellar Scintillation Monitor (IPS), the Meter-
Decameter Wavelength Radio Heliograph (MUSER-L),
and the Ultra-Wideband Solar Radio Spectrometer
(UWSRS). With the addition of 100 antennas from the two
arrays of the previous centimeter-decimeter wavelength
radioheliograph (MUSER-I and MUSER-H), the Mingantu
Observatory currently has approximately 330 antennas.
These antennas distributed in three spiral, five spiral,

parallel, and circular ways on a 10 square kilometer
grassland composing of a complex antenna configuration.
Figure 1 shows the antenna layout at Mingantu Observing
Station.

MUSER-L works on 30MHz-400MHz (the wavelength is
75cm-10m) with 2 linear polarizations. It has two antenna
arrays of 124 stational Log Periodic Dipole Array (LPDA)
antennas and 100 steerable LPDA antennas. The stational
124 LPDA antennas array is used as calibrator and
spectrometer, and for multibeam imaging of the Sun, while
the steerable 100 LPDA antennas array is dedicated for
aperture synthetic imaging of the Sun at ~0.5-5 R.. The
position accuracy of these array antennas affects the
accuracy of time delay compensation and phase
compensation, which in turn affects the synthetic image
quality. The antenna position accuracy requirement is
mainly related to the operating wavelength of the
equipment. The shorter the wavelength, the higher the
position accuracy required. For MUSER-L and MUSER-
I/H, this position accuracy requirement is at cm-level and
mm-level. After measurements using the engineering
methods of Total Station and RTK to get initial geometric
antenna position, strong radio sources or synchronous orbit
satellites need to be observed to obtain the final high-
precision antenna position of MUSERs. Some other
equipment such as NoRH, EOVSA, LOFAR and DART,
more precise time delay and phase measurements rely on
redundant baselines, observation of strong radio sources or
synchronous orbit satellites with known precise positions,
or high calibration towers.

Figure 1. Layouf of érray ant.enna at Mingantu Observing
Station



2. Positioning the Structure Center of MUSER
antennas by RTK and TS

Total Station (TS) method has high precision, requiring the
establishment of a high-precision local control network,
good ground intervisibility and good weather conditions.
The deviation of control points will affect the TS
measurement  results, especially in long-distance
measurements, where the accumulated error will be more
pronounced. Compared to TS, Real Time Kinematic (RTK)
method has slightly lower accuracy, based on Continuously
Operating Reference Stations (CORS) network and service
system, with reduced accuracy at a distance from CORS
reference stations. Each RTK measurement is independent.
The better visibility to the sky, more navigation satellite
signal channels received and the stabler the Earth’s
ionospheric, the better RTK accuracy. Wide distribution
range of antennas, undulating terrain, occlusion, complex
layout, and lack of control points (many points spread on
the 10 square km grassland of the control network built
more ten years ago were damaged), increase the difficulty
of determining high-precision geometric position of array
antenna with one engineering method. Table 1 lists
measurements of antenna arrays of MUSER-I, MUSER-H
and MUSER-L. T1 and T2 were earlier measurements for
MUSER-I and MUSER-H using TS based on 3-4 anchor
bolts of antenna square structure foundation. R1 and R2
were two measurements using RTK based on 8-9 anchor
bolts of the circular LPDA structure foundation of
MUSER-L. T3 was a TS direct measurement of the antenna
structure center before LPDA antennas of MUSER-L array
were mounted. Due to intervisibility issues, T4, TS and T6
were incomplete measurements using TS for MUSER-L,
MUSER-I and MUSER-H separately based on several
anchor bolts. Formula (1) gives computing method to
obtain the circular structure center Om, of LPDA antenna
from bolts measurements M; and designed structure radius
in R1 and R2 surveying. In iterative calculations, points
with large deviations are gradually removed, one example
is showed in Figure 2. Figure 3 presents the similar process
to obtain the square antenna structure center. Figure 4 gives
the RMS of R2 in iterative calculations. The RMS with the
last 5 points to positioning the center is better than 4mm.

Table 1. Measurements by TS and RTK on the 3-antenna
array of MUSER-L, MUSER-I/H

. Ident Antenna
Equipment ifier Array Number Date
[Total Station PENTAX- T1 IMUSER-I 40/40
R202 011~
Range accuracy: 012
+(2+2ppm xD)mm | T2 |MUSER-H 60/60
Angle accuracy: 2"
RTK-ZHD V300
2023 Dec.~
Positioning accuracy: Rl MUSER-L 1007100 by 10
Plane: ’
+(8 + 1ppm x D)mm
IAltitude: R2 |MUSER-L 100/100 024 Jun.
+(15 + 1ppm X D)mm
Total Station SET220K | T3 MUSER-L | 100100 P02 Dt~
Range accuracy: - -
+(2 + 2ppm x D)mm T4 MUSER-L 76/100 2024 Oct. ~
Angle accuracy: 2" TS MUSER-I 29140 124 Dec
T6 MUSER-H 41/60 )
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Figure 2. Computing the center of the circular structure
foundation of LC21 of MUSER-L antenna array, for initial
16 points(up) and 5 points (bottom, with 11 points with
large deviations have been removed) in R2 measurement.
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Figure 3. Computing the center of the square structure
foundation of IC12 and A4 of MUSER-I antenna array in
TS measurement.
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Figure 4. RMS of R2 in iterative calculations from 16
points to 5 with large deviations are gradually removed.
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Figure 5. 100 LPDA positions of MUSER-L by R2 and T3.
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Figure 6. Polar angel of R2 leads T3 0.836° on average.
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Figure 7. Histogram distribution of polar angel difference.

3. Unifying RTK and TS Coordinates Based
on Statistical Method

The antenna positions from TS measurement are
topocentric coordinates, with IAO antenna of MUSER-I as
the coordinate origin, east as axis Y positive and north as
axis X positive. This north directs to the earth’s rotation
axis and was determined by observing the Polaris. In
radioheliograph imaging process, topocentric coordinates

is first changed into Geocentric coordinate, then changed
into observing coordinate. The antenna positions from
RTK measurements are NEZ plane coordinates, refers to
the x-coordinate, y-coordinate, and normal height of the
Gaussian projection plane Cartesian coordinate system,
converted from CGCS2000 (China Geodetic Coordinate
System 2000) Geocentric coordinate system. The
geographic coordinates of Mingantu Observatory (115.15 °
E, 42.12 ° N) are far from the central meridian (114 °) of
the 38th 3° zone in the Gaussian Kruger projection, and
length deformation is inevitable. Observed data are
compared among R2, R1 and T3 for outlier removal and
statistical methods are used to obtain coordinates rotation
coefficient and scale coefficient to unify R2 and T3. Figure
5 to Figure 9 present the data proceeding process.
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Figure 8. Position distribution of polar distance difference
of R2 and T3.
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Figure 9. Histogram distribution of polar distance
difference of R2 and T3.

4. Discussions and Conclusion

100 MUSER-L LPDA antenna positions have been
measured and calibrated carefully. The solar imaging
results show that MUSER-L is capable to make the daily
solar observations and is capable to monitor and image the
sun with high-temporal, high-spectral and high-spatial
resolution. Figure 10 gives the preliminary solar radio
images by MUSER-L on frequency of 58.5938 MHz,
160.1953 MHz and 326.0156 MHz (from top to bottom) on
Oct. 24, 2024. Further work on MUSER-I and MUSER-H
antenna positioning is underway.
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Figure 10. Preliminary Solar radio images by MUSER-L
on frequency of 58.5938 MHz, 160.1953 MHz and
326.0156 MHz (from top to bottom) on Oct. 24, 2024.
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