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Design of the New MST Radar in Chinese
Meridian Project

Gang Chen , Zhiqiu He , Shaodong Zhang, Brian Fuller, Wanlin Gong, Guotao Yang, and Weifan Zhang

Abstract—With the support of the second phase of the
Chinese Meridian Project, a new mesosphere–stratosphere–
troposphere observation radar (MST radar), called Qinzhou
MST radar, located in Qinzhou City, Guangxi Province, China
(22°7′55′′N,108°16′20′′E) is under construction. The Qinzhou MST
radar is a large VHF monostatic pulse Doppler radar with an active
phased array antenna system, mainly using Doppler beam swinging
technique for observation. The capability of multibeam obser-
vation, space antenna observation, and frequency- and spatial-
domain interferometry are also employed. The main scientific
objective of this radar is to explore the atmosphere dynamical
processes at low latitudes of China. The observation of ionospheric
field-aligned irregularities (FAIs) is also an important function of
the radar. The radar applies a circular array composed of 1261
3-element crossed Yagi antennas with a diameter of 153 m and an
aperture of near 2×104 m2. Thereinto, 997 elements connect both
transmitting and receiving channels and 264 elements distributed
near the edge connect only receiving channels. The peak power
of the transmitter in each transmitting/receiving (T/R) module is
2 kW. The central frequency and bandwidth of the output signal
are 50 and 4 MHz, respectively. The peak power of the whole system
will be close to 2 MW. This article presents the initial design of the
Qinzhou MST radar, and the construction will be completed at the
end of 2022.

Index Terms—Antenna array, atmosphere observation,
mesosphere–stratosphere–troposphere observation radar (MST
radar).

I. INTRODUCTION

M ESOSPHERE–STRATOSPHERE–TROPOSPHERE
observation radar (MST radar) is a kind of wind profiling

radar and can detect the echoes from mesosphere, stratosphere,
and troposphere. The radar with lower performance that can
only record the stratospheric and tropospheric echoes is called
an ST radar. The main echoes of the radio systems are scattered
from turbulent irregularities (Bragg scattering) or reflected from
horizontally stratified structures (Fresnel reflection). At the
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altitude of upper mesosphere, the meteor scatter and thermal (or
Thomson) scatter play a dominant role for the echoes [1]–[3].
An MST radar is primarily used to observe the atmospheric
wind fields and turbulence at the stratospheric heights up to 25
km as well as the mesospheric region from 55 to 85 km, and
able to study the coupling and some interesting phenomenon
between atmospheric layers [5], [22]–[31]. Some MST radars
also have the ability to observe the ionospheric electron density
and FAIs [32]–[39]. The theoretical foundations for MST/ST
radar were established as early as the 1950s [4]. Before long, the
first MST radar in the world, the Jicamarca radar, was built in
Peru in 1961 [5]. In the 1970s, other MST radars that operated
in VHF band emerged in succession, including the SOUSY
radar in Germany, the Poker Flat radar in Alaska, and the Sunset
radar and the Platteville radar in Colorado [1], [6]–[10]. After
that, more MST radars were built in Asia. In the east of Asia,
an observation chain of MST radars distributes from 34.85° N
to 0.2° S latitudes. The middle and upper atmosphere (MU)
radar at Shigaraki, Shiga, Japan, and the equatorial atmosphere
radar (EAR) at the equator near Bukittinggi, West Sumatra,
Indonesia, locate in the north and south ends of the chain
[11]–[13]. The Beijing and Wuhan MST radars, as well as
the Chung-Li VHF radar situate in the middle of the chain
[14], [15]. In South Asia, the Gadanki radar is located near the
geomagnetic equator [18]. Moreover, the Resolute Bay VHF
radar applying a cross-shaped antenna array was established
in Nunavut, Canada, and the MAARSY is operated on the
North-Norwegian island of Andøya [19], [20]. In early 2011,
the first MST radar in Antarctica—the PANSY radar—was
installed [21].

Supported by the first phase of the Chinese Meridian Space
Weather Monitoring Project (Meridian Project) [40], [41], we
have established three VHF radars, two of which are MST radars.
The two MST radars have been installed in Beijing and Wuhan,
China, for long-term continuous operation [14] and they are
required to work for more than 6720 h every year. The other
VHF radar, the HCOPAR located at low latitude is a coher-
ent scatter radar for ionospheric irregularity observation [46].
Readers can access their data freely from the Meridian Project
data center.1 In the past years, the two MST radars have recorded
abundant atmospheric echoes, including the mesospheric echoes
and achieved the expected target [24], [42]. Supported by the
second phase of Chinese Meridian Project, a new powerful and
functional MST radar with high reliability and expansibility is

1[Online]. Available: https://data.meridianproject.ac.cn/
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Fig. 1. System block diagram of the Qinzhou MST radar.

under construction. This article introduces the design of the
new MST radar. The overall design of the radar is presented
in Section II, the outdoor antenna array system is discussed
in Section III, the indoor hardware system is introduced in
Section IV, and Section V draws the conclusion of the whole
radio system and introduces the construction period of the radar.

II. OVERALL DESIGN OF THE RADAR

In the first phase of the Chinese Meridian Project, two MST
radars were located in middle latitudes. In the second phase,
we plan to build a new MST radar in the low latitude of
China. After years of investigation and evaluation, the con-
struction site is selected at Qinzhou, Guangxi province, China
(22°7′55′′N,108°16′20′′E), eventually and the new radar will
be named as Qinzhou MST radar. The basic mission of the
new radar is to observe the low-latitude 3-D winds in the
troposphere, stratosphere, and mesosphere, study the coupling
between different neutral layers, between neutral atmosphere
and ionosphere, as well as investigate the latitudinal dependency
of atmospheric structure and wave propagation, accompanying
the observations of the Beijing and Wuhan MST radars. Apart
from the basic mission, the new radar is also required to possess
the following capabilities.

1) Observation of E and F-region FAIs.
2) Spatial-domain interferometry observation [49].
3) Frequency-domain interferometry (FDI) [45], [58] and

frequency-domain interferometric imaging (FII) [60].
4) Spaced antenna observation mode [59] and multibeam

observation mode [19].
5) Meteor mode [19] [61].
An overall blueprint of the Qinzhou MST radar is designed by

multi-institutional collaborations and it is currently in the con-
struction phase. The system block diagram of the Qinzhou MST

TABLE I
BASIC PARAMETERS OF THE QINZHOU MST RADAR

radar is presented in Fig. 1 and the basic parameters are listed
in Table I. The Qinzhou MST radar will be the first full element
level digital array radar among all existing MST radars, and an
active circular array with 1261 regularly distributed antennas is
adopted. There are 997 transmitting and 1261 receiving channels
at most. Each digital transmitting channel equips a completely
independent controllable digital T/R module with highly precise
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phase control and scalable radiation power up to 2 kW, and the
peak power of the whole system is near 2 MW. Six containers are
distributed around the edge of the antenna array and contain all
active components. Fast beam steer is available and thousands
of radiation directions can be steered per second within an
off-zenith angle of 35°. Barker and complementary codes will
be primarily adopted for pulse compression without compro-
mising the range resolution [13]. Each T/R module is equipped
with an independent direct digital synthesizer (DDS). The RF
signals are generated by the DDS and radiated to the space
after multilevel amplifying. The received signals are directly
sampled in each receiving channel after multilevel amplifying
and filtering. The I/Q signals of 1261 channels can be weighted
at will and combined in digital beam forming (DBF) subsystem
to form the expected receiving beams, which are later sent to
digital signal processing (DSP) subsystem and data processing
(DP) subsystem to generate product data. The radiation power
of each T/R module is monitored by the monitoring subsystem
and the integrated frequency subsystem provides the reference
clock to the whole system. All the operations are controlled by
the display/control subsystem on a pulse-to-pulse basis. Several
subsystems are discussed in detail in the following sections.

III. ANTENNA

A. Antenna Unit

The Qinzhou MST radar uses 3-element Yagi antennas for the
excellent directivity. The antenna is designed by the Computer
Simulation Technology MICROWAVE STUDIO (CST MWS)
software based on the trust region framework to find the optimal
solution with relatively large gain and low voltage standing wave
ratio (VSWR) within at least 4 MHz frequency band centered at
50 MHz. The 50-MHz operating frequency is suggested by the
local electromagnetic environment and terrain. The VSWR is
required to be less than 1.2 within the specified frequency band.
Fig. 2 shows the VSWR of the Yagi antenna. The VSWR is
lower than 1.2 within the frequency band between 48– 52 MHz.
The numerical simulated gain of the Yagi antenna is 7 dB and
the HPBW is 80°.

B. Antenna Array Design

There are a variety of solutions in designing an MST radar
antenna array. The MU radar, EAR, and MAARSY arrange the
antennas in a circular array with a uniform equilateral trian-
gular grid [11], [13], [19]. In a large number of cases (e.g.,
[14], [18]), the antennas are arranged in a square array with
a uniform rectangular grid. The antennas in mobile SOUSY
and the Resolute Bay radar are gathered into a number of
equifed clusters [8], [20]. Moreover, for special purpose, the
Resolute Bay radar uses a cross-shaped array to produce a
narrow main lobe with relatively less antenna number [20],
[50]. The Chung-Li MST radar uses a T-shaped array for spaced
antenna and FDI experiment [15], [58]. The Qinzhou MST radar
will adopt a circular array with the antenna elements arranged in
an equilateral triangular grid. The radius of the circular array is
near 13λ. Due to the circular array, the 3-D radiation pattern of

Fig. 2. VSWR versus frequency plot of the 3-element Yagi antenna. The
VSWR is below 1.2 within the frequency band between 48–52 MHz.

Fig. 3. Sketch of the Qinzhou MST radar antenna array. Each symbol repre-
sents a crossed Yagi antenna. Different symbols denote the different illumination
amplitudes. The transmitting power of the antennas represented by red, blue, and
green crosses can be adjusted among 0.5, 1, and 2 kW. The amplitude distribution
displayed here is one kind of optimized distribution. The black oblique cross
symbols denote that the corresponding antennas are with no output power on
transmission.

the vertical beam of the antenna array is vertical-axisymmetric.
The triangular grid allows the array to generate a larger zenith
angle free from grating lobes. Fig. 3 displays one optimized
amplitude distribution of the Qinzhou MST radar antenna array,
wherein each symbol represents an antenna. The colorful cross
symbols represent the antennas connecting transmitters and
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the black oblique cross symbols denote the antennas without
output power, but only connecting receiving channels. There
are 169 antennas transmitting full power (red crosses), 366
antennas transmitting half-power (blue crosses), 462 antennas
transmitting quarter-power (green crosses), and 264 antennas
having no transmitting power (oblique black crosses). Except the
antennas having no transmitting power, the transmitting power
of the remaining antennas can be adjusted among 0.5, 1, and
2 kW.

The antenna spacing d selected here is the maximum value
without grating lobes, even when the radiation beam tilts to
35° off-zenith at any azimuth. The maximum off-zenith angle
of the antenna array is chosen according to the local magnetic
inclination. The array is required to form the beams vertical to
the local geomagnetic fields for ionospheric FAIs observations.
A smaller antenna spacing will increase the antenna coupling.

The movement of the grating lobes can be effectively es-
timated in a complex T plane, where T = u+ jv, u =
sin θ cosφ, and v = sin θ sinφ. In this plane, the part within the
unit circle is called as “sin θ- space” or “real space,” representing
the projection of the unit sphere on the plane of the array. The out-
side part is unobservable and called as “imaginary space” [16].
Normally, the grating lobes situate in the “imaginary space,”
but can move into the “real space” along with the deflection of
the radiation beam. The optimal spacing d can be attained by
analyzing the movement of the grating lobes. Referring to the
method introduced in [17], the maximum attainable zenith angle
θmax has the minimum value when the azimuth is 30° within the
azimuth range of (0°, 90°). While selecting the antenna spacing,
we should guarantee that no grating lobe appears when the zenith
angle tilts to 35° at the azimuth of 30°. After several attempts, the
antenna spacing d is finally determined as 0.7λ. Fig. 4 shows the
sketch of the utmost scan coverage of the antenna array and the
details are introduced in the caption. It is evident that when the
zenith angle tilts to 35° at the azimuth of 30°, the entire grating
lobe is just outside the “real space”.

C. Antenna Array Pattern

Uniform weighting is commonly used in MST radar antenna
array. However, an array with uniform weighting will generate
high sidelobe level (SLL), which often leads to the misjudgment
of the echo direction. MST radars are often required to operate
with high power for a long time. It is not realistic to add any
attenuators to control the amplitude weighting. Currently, some
equivalent approaches are developed and can achieve the desired
purpose. Several methods have been adopted to satisfy the
requirements of lowest SLL. The stationary SOUSY achieved
the amplitude and density taper simultaneously by increasing
the element spacing at the array periphery and by feeding the
antennas with higher power at the inner positions [8]. The mobile
SOUSY adopts a three-level power configuration of {1, 0.5,
0.25} to smooth the current distribution at transmitting stage
and develops a Dolph–Chebychev-like distribution through an
evolution strategy at receiving stage [8]. The Indian MST radar
also applies the similar technique, its power distribution across
the array follows an approximation of the modified Taylor

Fig. 4. Sketch of utmost scan coverage of the Qinzhou MST radar antenna
array in complex T plane. A1–A6 are the sites of the grating lobes with the most
potential to move into the “real space” within the maximum blue circle. The
blue circle is drawn every 10°. The small black arrows provide the radiation
direction (θmax, φmax) of the beam. The angle between the arrow and the
u-axis is φmax and the length of the arrow is sin θmax. The small black circles
represent the profiles of the first null lines of both the grating lobes and the main
lobe. The thick red curve is the utmost scan coverage when the main lobe or
grating lobes is regarded as a point in T plane, and the actual scan coverage is
slightly smaller. The interval between two adjacent vertical black lines is λ/dx
and the interval between two adjacent horizontal black lines is λ/dy , where
dx = d, dy =

√
3 d.

weighting in both principal directions, and a large amount of
T/R modules with different transmitting power are used [18].
Due to the irregular array with unchangeable transmitting power
of each antenna, the PANSY adopts a phase-only synthesis on
transmission and a complex synthesis of both amplitude and
phase on reception, based on the simulated annealing algorithm
[21].

Due to the unavoidable amplitude–phase error, element fail-
ure, interelement mutual coupling, and feeder loss, all of which
will increase the SLL, we should try hard to reduce the SLL.
The low SLL in the receiving stage can be effectively achieved
in DBF subsystem, but the low SLL transmitting beam is hard
to realize. Through trial and error, we design a “thinned” array
with quantized amplitude weighting. The new calculated aper-
ture distribution combines the effects of amplitude and density
tapering and reduces the types of transmitting power as low as
possible. Thus, very low SLLs can be formed in both transmitting
and receiving stage.

1) Transmitting and Receiving Beam Patterns: The term
“thinned” originates from [55]. In our thinned array, the antenna
elements in the array are not thinned and they are also used for
receiving, but the transmitted power of some elements is thinned
(reduced) for better SLL. Traditional array thinning (denoted as
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Fig. 5. Radiation patterns of the Qinzhou MST radar antenna array. The up/bottom row shows the radiation patterns of the transmitting/receiving beams. The
beam zenith angle in the left/middle column is 0°/35°. The azimuth cut plots of the 2-D radiation patterns are displayed in the right column.

two-level amplitude weighting, wherein each element takes the
amplitude value of zero or one regularly) has been applied to
reduce cost and weight since the 1960s [62]. However, at the
optimum state with the lowest SLL, almost half of the antennas
of the array are unoperated [54]. Before long, this defect is im-
proved through performing multilevel amplitude weighting. The
corresponding technology has been introduced in detail in [55].
Three methods for designing multilevel amplitude weighting
arrays are put forward. Method 2 is chosen by us for the array
design.

After several attempts, we find that four-level amplitude
weighting is adequate to generate a radiation beam with the
lowest SLL close to −35 dB. The designed antenna array is
displayed in Fig. 3, which is calculated by a hybrid algorithm
of the combination of the method 2 in [55] and a modified itera-
tive Fourier transform technique [56]. The four-level amplitude
weighting that we use is {1, 0.5, 0.25, 0}, corresponding to the
transmitting power of 2, 1, 0.5, and 0 kW, respectively. The
weight 0 means that the corresponding antennas only receive,
but not transmit power. Moreover, some additional modifications
are applied to make the whole array illumination maintain a left
right, up down, and rotational symmetric state and so ensure
more symmetric radiation beams. The filling factor of the final
array is near 80% and most parts of the aperture are complete.

On reception, the received signals are weighted in DBF
subsystem after sampling and digital down conversion. While
all elements are working in the receiving stage, the traditional
circular Taylor amplitude taper [57] can be performed here to

reduce the peak SLL. Fig. 5 shows the radiation patterns of
the transmitting and receiving beams. The applied model taper
for the receiving beams is a circular Taylor distribution with
SLL =−35 dB and n̄= 8 (number of equal amplitude sidelobes
adjacent to the main beam). The lowest SLLs for the transmitting
and receiving beams are −32.5 and −34.7 dB, respectively. The
half-power beam width (HPBW) of the transmitting beams are
2.99° and 3.62° for the beams pointing to zenith and tilting to 35°,
respectively. The corresponding parameters for the receiving
beams are 2.62° and 3.22°. The directive gains are larger than
35 dB in any situations.

2) Multiple-Beam Pattern: Through dividing several iso-
morphic subarrays and independently controlling the radiation
direction of each subarray, varied multiple-beam patterns can
be formed. Fig. 6 shows two kinds of multiple-beam pattern.
Excluding the black and light gray antennas, which are not
powered in this mode, the antennas with different colors belong
to different subarrays. If fewer beams are formed, the higher
mainlobe-to-sidelobe ratio (MSR) can be gained. The three-
beam pattern in Fig. 6(b) is just qualified for 3-D wind velocity
observation and the seven-beam pattern in Fig. 6(d) also has
relatively high MSR.

IV. TRANSMISSION AND RECEPTION

The Qinzhou MST radar will be the first full element level
digital array radar among all existing MST radars. There
are 997/1261 independently controllable transmitting/receiving
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Fig. 6. Types of subarray division for multiple-beam mode with beams point-
ing to (a) three directions and (c) seven directions simultaneously, and the 2-D
normalized radiation patterns of multiple-beam mode with the beams pointing
to (b) three directions and (d) seven directions simultaneously. The specific
direction of each beam for three-beam mode is (0°, 0°), (20°, 0°), and (20°,
270°). The specific direction of each beam for seven-beam mode is (0°, 0°),
(20°, 4.31°), (20°, 64.31°), (20°, 124.31°), (20°, 184.31°), (20°, 244.31°), and
(20°, 204.31°).

channels. The modularized structure enables the system to work
in either distributed or integrated way, and so, facilitates the
future remodeling and expansion.

A. T/R Module

The whole system applies a circular antenna array. There
are 997 antennas connecting to T/R modules and 264 thinned
antennas connecting to receiving-only (R) modules via the equi-
long RF cables. Six containers, uniformly distributed around the
edge of the array and labeled as containers A–F, will contain
all the T/R and R modules. Container A– E houses 166 T/R
modules and Container F houses 167 T/R modules. Besides,
each container also houses 44 R modules. Each container equips
five cabinets (4 for T/R modules and 1 for R modules) and each
cabinet consists of five or six (at most) crates. Each crate in
the first four cabinets includes eight (at most) power amplifier
modules, one digital transceiver module, one integrated con-
trol and protection module, and one monitoring module. The
R modules accommodated in the remaining cabinets have no
transmitting component. Before the actual mass production, the
structure of the digital T/R module has been designed and the
parameters are precalculated theoretically in advance. Fig. 7
shows the schematic block diagram of the eight-channel digital
T/R module and Fig. 8 shows the RF front end. Currently, the

prototype of the digital T/R module has been made and some
core electronic components have undergone strict type selection.
The eight-channel digital T/R module is connected to the DBF
module via optical fiber and is also in communication with the
host computer on a pulse-to-pulse basis.

In the transmitting chain, the DDS in each channel produces
a low-power RF signal (15 dBm) of designative frequency and
phase, which is subsequently sent to the RF front end. The
low-power RF signal is first amplified to 49 dBm (80 W) through
two-stage filtering and amplifying and then divided and ampli-
fied to two roads 61.5 dBm signals through two power scaleable
amplifiers after a 1:2 power divider. Each Yagi feeds a high
power of 60 dBm (1 kW), excluding the RF cable attenuation of
about 1.5 dB, then the peak power on each crossed Yagi is 63
dBm (2 kW). Moreover, the power of each Yagi is changeable
within a range of 50 dBm : 1 dB : 60 dBm by adjusting the DDS
output power. The whole transmitter will operate in saturation
amplification state. In the receiving chain, the tiny echo signals
greater than -105 dBm are received by the Yagi and then sent
to the digital transceiver module after receiving switch and
multistage low noise amplifying and filtering. The receiving
switch enables the users to select a receiving state. The received
RF signals are directly sampled by 80 MHz analog-to-digital
converter (ADC) and then sent to digital down converter (DDC)
to form baseband I/Q signals. Two 6-b numerical control atten-
uators with an attenuation step of 0.5 dB are used between the
channels to realize the 63 dB dynamic of the whole module.

B. Monitoring System

The main function of the monitoring system is the fault
location and amplitude/phase calibration. Fig. 9 shows the sketch
of the monitoring system. The whole monitoring system is a
complete circuit. The dotted and solid lines stand for the signal
flows of the transmitting and receiving states, respectively. The
monitoring module provides the test signal and reference signal.
When monitoring the receiving channel, the test signal is sent
out from the monitoring module and injected into each receiving
channel through the monitoring network. When monitoring the
transmitting channel, the test signal is sent out from the tested
transmitting channel and imported into the receiving channel of
the monitoring module through the monitoring network. In each
case, only one transmitting or receiving channel can be tested.
After digitization, the monitored T/R signal and the reference
signal are sent to the DBF monitoring module. Then, the pro-
cessed data are transmitted to DSP, and the DSP preprocesses the
test signal and transmits it to data processer. The data processer
compares the test data with the standard data and then estimates
the amplitude and phase errors. The receiving error data are
sent to DBF module to form the echo beam together with the
initial amplitude phase correction code, beam scanning code,
and amplitude weighting code. The monitoring system works
when the radar is off-line or in operating gap. The fault or error
in any T/R module can be quickly positioned and the error will
be corrected in time to ensure a long time normal operation.
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Fig. 7. Schematic block diagram of the eight-channel digital T/R module.

Fig. 8. Schematic block diagram of the RF front end.

C. DBF and DSP

The Qinzhou MST radar will employ at most 1261 receiv-
ing channels. In routine observation, namely, using five-beam
mode (one vertical beam and four oblique beams) for 3-D
wind velocity observation, all 1261 receiving signals will be
complexly weighted and combined into one signal in DBF
module for amplitude phase correction and SLL suppression.
The circular Taylor amplitude distribution [57] will be adopted
as the low SLL taper. Then, the following signal processing will
be performed in a special DSP chip. The main processes include
pulse compression, coherent integration, data rearranging, fast
Fourier transform (FFT), and frequency-domain accumulation
[51]. The processed data will be stored in the local disk and
uploaded to the on-line data center. Fig. 10 displays the signal
flow after the DBF processing. The future hardware for DSP will
only consider the situation of routine observation mode, namely,

all signals are combined into one signal. For different experiment
observations, all 1261 complex signals before being transmitted
to DBF module can also be exported for off-line processing.
Other advanced observation techniques can be achieved using
the stored multichannel data.

The Qinzhou MST radar will be a routine operation radar,
and its operation modes can be switched automatically. Its
pulsewidth is variable from 0.33 to 300 μs, and the allocated 4
MHz bandwidth is adequate to match the minimum chip width of
0.33 μs. The transmitting waveform can be modulated by single
pulse, Barker, complementary codes, and Spano codes [52].
Pulse compression is applied to process the received signals for
better range resolution and higher SNR. The coherent integration
is programmable from 1 to 1024 and the spectral averaging is
programmable from 1 to 128. The default number of FFT point
is 512. For different velocity resolutions, it is programmable
from 128 to 8192. The duty cycle can be adjusted in the range
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Fig. 9. Sketch of the monitoring system. The dotted lines represent the signal
flows of the monitoring network under the transmitting state and the solid lines
represent the signal flows of the monitoring network under the receiving state.

Fig. 10. Signal flow of DSP and DP.

smaller than 10% to adapt different pulse repetition intervals
(PRI). The DBS mode is in common use for both atmospheric
and ionospheric observations. For different detecting targets,
the precalculated routine operating parameters are displayed in
Table II. The ST mode is applied for troposphere and strato-
sphere observation and the M mode aims at the mesosphere
observation. The observation for ionospheric E- and F-region
irregularities is implemented in E and F modes. In the routine
observation, we plan to adopt five-beam mode (four oblique
beams and one vertical beam) to observe atmospheric winds and
adopt seven-beam mode vertical to the local geomagnetic fields
with different azimuths to observe the ionospheric irregularities.
The initial beam directions refer to those of the Wuhan MST
radar [14] and the HCOPAR in Fuke, Hainan [46], and can
also be adjusted according to the actual observations. For other
detecting experiments, these radar parameters can be flexible
set.

TABLE II
SPECIFICATIONS OF THE OPERATING MODES

NCI: Number of coherent integration.
NFFT: Number of FFT points.
NSA: Number of spectral average.

V. CONCLUSION

Two MST radars in Beijing and Wuhan have been developed
and run in China for more than seven years with the support of the
Chinese Meridian Project. They have well recorded the unique
features of the midlatitude mesospheric winds over China [42].
However, the low-latitude wind observations are still lacking.
With the support of the second phase of the Chinese Meridian
Project, we plan to construct a new full element level digital
array radar at low latitudes of China. This radar has a high
requirement against surface and electromagnetic environment.
It took a very long time for us to find a suitable place to place this
huge system. Recently, we have just determined the construction
site of the radar, Qinzhou city, Guangxi province, China. Many
scientists and engineers all over the world participate in the
siting and design of the Qinzhou MST radar. We have received
a lot of valuable suggestions, thus the site and design of the
radar have been changed and improved again and again. The
final design has been determined not long ago and we have
found the constructor to realize this design through an open
bidding process in November 2020. This new radar is scheduled
to be completed by the end of 2022. This article presents a
recapitulative system design and aims at getting more helpful
suggestions for the software design, construction, and operation
of the new radar. The data of this radar will be open accessed
and we welcome the cooperation from all over the world.
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