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Abstract 

The Qujing incoherent scatter radar (QJISR), the first one in China with the geographic location (25.6°N, 103.8°E), was 
brought into operation since the spring of 2014. The QJISR was a mono-static pulsed radar working in the operating 
frequency 500 MHz, the peak power 2 Megawatt, and a 29-m steerable parabolic dish. This paper mainly presents the 
basic configuration and implementation of QJISR, including the antenna, transmitter, receiver, signal processing, and 
data analysis. Some preliminary observation results are also reported including the raw echo, power spectra, and its 
ionospheric parameters: electron density, electron temperature, ion temperature, and drift velocity.
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Introduction
The incoherent scatter radar (ISR) owns some unique 
advantages including the wider coverage and simulta-
neous measurements of multi-parameters, which pro-
vides an outstanding opportunity to investigate the 
ionospheric phenomena and its physical process. Gor-
don (1958) proposed to use the Thomson scatter of free 
electron to sound the ionosphere on the ground by the 
powerful radar. In the same year, Bowles (1958) success-
fully carried out the first incoherent scatter experiment 
using a radar with peak power 6  MW and central fre-
quency 41 MHz. Bowles’ results found approximately the 
expected amount of power scattered from the electrons 
but one much narrower the spectral width, which implies 
that the scatter is not fully independent since the heavier 
and slower ions are controlling the scattering spectral. 
Afterward, the ionospheric incoherent scatter technique 
is widely used in the world (Evans 1970).

As the earliest ISR, the Arecibo (Ioannidis and Farley 
1972) and Jicamarca (Farley 1991) radars started the rou-
tinely operation since 1962. Nowadays, there are more 

than ten ISRs in the world, which are mainly constructed 
in America and the Northern Europe (European Incoher-
ent Scatter Scientific Association, EISCAT) separately 
(Evans 1969; Huuskonen et  al. 1987; Kelly et  al. 1995; 
Wannberg et al. 1997; Ya and Zhivolup 2013). In Asia, the 
middle and upper atmosphere (MU) radar was completed 
at Shigaraki (34.8°N, 136.1°E) in 1984 (Susumu et al. 1984) 
and had played an important role in the research of mid-
dle and upper atmospheric dynamics in Japan. At pre-
sent there is no ISR available in the low latitude of Asia, 
in which the ionosphere has some unique characteristic 
compared with the American sector such as the known 
east–west longitudinal differences (Zhao et al. 2013). The 
southwest of China is located in the northern crest of 
the equatorial ionization anomaly (EIA) and near to the 
Qinghai–Tibet plateau, in which some important science 
cases have not completely resolved including the evolu-
tion of EIA and the coupling between the atmosphere 
and ionosphere.

Supported by the Space Weather Monitoring Meridian 
Project of China (Wang 2010), China Research Institute 
of Radio-wave Propagation (CRIRP) started the con-
struction of Qujing incoherent scatter radar (QJISR), 
the first one in the mainland of China, in January 2008. 
After more than 6 years of effort, CRIRP completed the 
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construction and started the routine operation from 
March 2014 (Ding et  al. 2014a). The QJISR is located 
in Zhanyi county (25.6°N, 103.8°E, with the altitude of 
2040 m), Yunnan Province, China. The geomagnetic lat-
itude is 14.3°N, which is just near to the northern crest 
of EIA. The QJISR is one of the key instruments in the 
Meridian Project which consists of diverse ground-based 
remote sensing facilities aligned near the longitude 120oE 
for space environment monitoring and forecasting.

This paper presents a detailed technical description of 
the QJISR system and its preliminary observations for the 
first time.

QJISR technical description
The QJISR is a 500-MHz mono-static pulse-modulated 
radar with a 29-m fully steerable parabolic dish and a 
44-m radome. The technical parameters are listed in 
Table 1. The overall block diagram is presented in Fig. 1. 
Except that the transmitter is imported from USA, all 
the other subsystems are designed and manufactured in 
China.

The operation process of the QJISR can be summarized 
as follows. The phase-modulated pulse is generated by 
a direct digital synthesis (DDS) exciter unit and then is 
mixed with the reference oscillation frequency (30 MHz) 
to be up-converted to radio frequency 500  MHz with 
the power level of 10  dBm, which will act as the signal 
to excite the subsequent power amplifier. The exciter sig-
nal is first amplified by a solid-state amplifier to about 
100  w and then amplified by the pulsed klystron to the 
high power of 2  MW. The RF output power from the 
transmitter goes through the wave guide, azimuth and 
elevation knot, T/R switch, and orthogonal polarizer, and 
finally reaches the feeder, where the RF signal is radiated 
into the ionosphere. The radio signal will be scattered by 

the ionosphere, parts of which are detected by the radar 
receiving antenna. The received RF signals are band-
pass-filtered and low-noise-amplified in the analogue 
front end and then transferred to the back-end receiver 
located in the control room. Here the RF signal is ampli-
fied and down-converted to the intermediate-frequency 
(IF) 30 MHz with the bandwidth 5 MHz. The IF signals 
will be digitized, processed, and stored by the signal pro-
cessor. And the echo profile and power spectrum of the 
ionosphere are output to the data terminal computer, 
from which the ionospheric parameters including the 
electron density, electron and ion temperature, plasma 
drift velocity can be derived. Binary phase codes includ-
ing the 13-bit Barker code and 16-bit alternative code are 
utilized for pulse compression by which the signal-to-
noise ratio can be improved with better range resolution. 
The sequence of 13-bit Barker code is 1,1,1,1,1,− 1,− 1,1,
1,− 1,1,− 1,1. Here ‘1’ and ‘− 1’ represent the phase 0 and 
180, respectively. And the 16-bit alternative code is the 
same to that used by EISCAT (Lehtinen and Haggstrom 
1987; Lehtinen and Huuskonen 1996; Sulzer 1993; Mark-
kanenet al. 2008).

Since there is a lightning rod and a small steel plate 
used for the elevator at the top of the radome, the maxi-
mal elevation cannot be set to 90° so as to avoid the 
strong reflections. The minimal elevation is set to 10° to 
avoid the influence of clutter from the ground and moun-
tain reflection.

Antenna
Figure 2 shows the radome with the diameter of 44 m and 
the parabolic dish with the aperture of 29 m. The radome 
is made of organic reinforced plastics and consists of 
about 1600 honeycomb-like sub-plates with the thickness 
0.2 m. The radio attenuation of the radome is estimated 
be as 0.3  dB in 500  MHz. The antenna is a Cassegrain-
type parabolic dish of which the total gain is about 41 dB. 
Figure  3 shows the measured antenna diagram, from 
which the first side lobe − 17.58 dB and the 3 dB beam 
width can be known. A calibration tower about 3  km 
away is used to perform the antenna pattern test and 
calibration.

Transmitter
Figure  4 shows the overview of the transmitter, which 
is designed and manufactured by the Diversified Tech-
nologies Inc, USA. It consists of the pre-amplifier, the 
cathode-modulated pulsed klystron, solid-state modula-
tor, capacitor bank, high voltage–power supply, voltage 
regulator and distribution box, water-cooling manifolds, 
three-port circulator, harmonic filter, monitoring and 
controlling equipment. For safety, all the components 
with high voltage are stored inside the oil tank. The 

Table 1  Technical specifications of the QJISR

Item Specifications

Frequency 500 MHz

Peak power 2 MW

RF duty cycle ≤ 5%

System temperature 150 K

Pulse width 20–500 μs

Pulse repetition period 1–20 ms

Modulation type 13-bit Barker, 16-bit Alternative code

Antenna Parabolic dish with the 29 m aperture

Antenna gain 41 dB

Side lobe 17.5 dB (first)

Beam width 1.3°

Slew rate 3º/s (elevation),5º/s (azimuth)



Page 3 of 13Ding et al. Earth, Planets and Space  (2018) 70:87 

water-cooling manifolds perform the real-time monitor-
ing of the water temperature, pressure and flow. Once 
any faults occur, the high-voltage system is shut down 
and the alarm information is shown immediately in the 
computer touch screen.

Figure 5 is the principal diagram of the transmitter. The 
blank circle represents the three-port circulator, which is 

used to protect the klystron from the reflected power sig-
nal. The directional coupler acts as a waveform and power 
monitoring of the output RF signal. The harmonic filter is 
used to filter out the harmonic signal from the klystron 
output such as the components at 1000 and 1500  MHz. 
The maximal output power and RF duty cycle are 2 MW 
and 5%, respectively. The cathode voltage and current of 

Fig. 1  Overall block diagram of the QJISR

Fig. 2  Radome (left) and the parabolic dish (right)
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the klystron are about 100 kV and 45 A respectively. The 
driving signal (10  dBm) coming from the exciter is first 
amplified to about 100 W and then input to the klystron.

Figure  6 is the monitoring software from which we 
can make the settings, run the transmitter, and moni-
tor its status. The monitoring software is also developed 
and integrated inside the transmitter by the Diversified 
Technologies Inc. All the real-time parameters including 
the peak power (93 dBm, which is equal to 2 MW), high 

voltage (− 98  kV) and duty cycle (3.5%) can be known 
from the software interface.

The modulator is built from a series stack of integrated 
insulated gate bipolar transistors (IGBT), which can pro-
vide the 100 kV pulsing capability as well as the fast fault 
protection. These switches, fully isolated from ground, 
can be quickly and arbitrarily closed or opened provid-
ing sub-microsecond removal of stored energy. Using 
the above architecture, the high-voltage transformer and 
crowbar are unnecessary, which greatly reduce the avail-
able arc energy and provide the greater reliability.

Receiver
The scattered echoes from the ionosphere are very weak, 
which are usually much lower than the noise level. So 
a high-gain and low-noise receiver is needed, which 

Fig. 3  Measured antenna pattern

Fig. 4  Photograph showing the overall view of the transmitter

Fig. 5  Schematic diagram of the transmitter RF chain
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includes two parts: the front end near to the feeder and 
the back end located in the controlling room. The total 
gain of the receiver is more than 90  dB which can be 
adjusted by the variable attenuator. The dynamic range 
of the receiver is more than 70 dB, since the ionospheric 
scattered echo in the different conditions are highly 
variable.

The front-end receiver consists of the polarizer, TR 
switch, low-noise amplifier (LNA), and filters. The polar-
izer will switch the left- and right-hand circular wave 
with the isolation of above 30 dB. The TR switch is used 
to protect the receiver from the high-power leakage from 

the transmitter route with the isolation more than 60 dB, 
which guarantee its output signal much less than the 
maximal input level of the LNA. The LNA will amplify 
the weak echo with the gain 40  dB. There is a test port 
inside the front-end chain, which is used to inject the test 
signal to measure the receiver performance characteristic 
and help fault diagnosis.

The back-end receiver consists of band-pass filter, 
down-converter, and low-noise amplifier. The 500-MHz 
RF echo signal from the front-end receiver is down-con-
verted to the first IF 140 MHz (the first local oscillation 
frequency 360  MHz) and then the second IF 30  MHz 
(the second oscillation frequency 110  MHz) with the 
level 10 dBm and bandwidth 5 MHz, then output to the 
analog-to-digital converter (ADC) in the signal processor.

Signal processor
The signal processor of QJISR consists of the ADC, 
digital signal processor (DSP), buffer memory, clock, 
and power supply. The algorithm flowchart include the 

Fig. 6  Monitoring software interface of transmitter

Fig. 7  Schematic diagram of the signal processing system
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post-detection filter, lag profile matrix calculation, auto-
correlation function calculation, fast Fourier transform 
(FFT), and incoherent integration as shown in Fig. 7.

The 30-MHz IF analog signal from the back-end 
receiver is sampled at 40 MHz with 16 bit of resolution 
and then digital-down-converted to base band. One box 
filter is used to remove the noise outside the spectra 
band and reduce the data rate of the complex sampling 
for the next real-time computations. The calculation of 
autocorrelation function (ACF) is complicated and the 
details can be referred from (Nygren 1996). So the lag 
profile matrix is adopted for the convenience of the ACF 
calculation.

Formula (1) is the ACF expression of the long pulse, 
in which the ‘i’ denotes the order of the sampling point, 
i.e., the height or range. The x represents the complex 
sampling data and ν is the coefficient responsible for the 
number of lag product in zero lag. Figure  8 shows the 
schematic diagram of the lag profile matrix. The black 
dots aligned along the diagonal line are used to calculate 
the ACF(i, k).

(1)

ACF(i, k) =
1

k + ν

i+k+ν−1
∑

j=i

xj−k ·x
∗
j , k = 0, 1, . . . , n− 1

We assume that the pulse length is 6  T, the sampling 
interval is T and ν is equal to 3. The product xi−j · x

∗
j  is 

called the lagged product. The different lagged product 
covers the different range span (represented by i). The 
range span of zero lag is 6. The range span of 1st lag is 5 
and so on. For zero lag, there are three lagged products. 
And for first, second, and third lag, there are four, five, 
and six lagged products, respectively. Thus the meas-
ured ACF in the different lags coves the same range span, 
which helps improve the calculation stability.

The measured ACFm(i, k) represents the ACF estimates 
in the ith range (r) and kth lag (t’-t′), which is related to 
the ionospheric scatter ACFion using the formula (2). 
Then the ionospheric incoherent scatter spectra can be 
estimated from the ACFion.

The Wr
t,t ′ in (2) is the range ambiguous function, which 

is determined by the transmission pulse waveform and 
receiver response function h(t) as the formula (3).

(2)ACFm = k · ACFion(t − t ′, r) ·

∞
∫

−∞

Wr
t,t ′(S) · ds

(3)Wr
t,t ′(S) = [h(t)⊗ e(t − S)] ·

[

h(t ′)⊗ e(t ′ − S)
]

Fig. 8  Schematic diagram of the lag profile matrix
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It should be pointed out that the long pulse has poor 
range resolution, so many coding schemes including the 
barker, complementary and alternative code have been 
developed to meet the different requirements includ-
ing the range resolution, spectra resolution and signal to 
noise ratio. Nowadays QJISR uses the 13-bit barker code 
and 16-bit alternative code, which is phase-modulated 
code with two phase, i.e., 0 and 180.

Since there are several peaks and obvious side lobes in 
the range ambiguity function except for the zero-order 
lag as shown in Fig. 9, which will degrade the range reso-
lution and signal-to-noise ratio, the barker code is only 
used to get the echo power profile and no autocorrelation 
function in more than zero lag.

The autocorrelation function of the alternative code 
can be represented as the formula (4). An alternative 
code set consists of several code sets; for example, there 
are 2 N code sets for the N-bit alternative code. Typically, 
each successive transmission pulse is modulated with a 
different code set in the sequence. In the formula (4), the 

different code set has different coefficients ki while NP is 
the total number of coed sets.

FFT is a widely used spectra estimation method, but it will 
result in the spectral leakage, so the proper window func-
tion is applied such as the rectangular window in QJISR.

The incoherent integration is implemented to improve 
the SNR and measurement performance since the meas-
urement error is mainly related to the SNR. Evans (1969) 
found that when the SNR fall below unity, the percent-
age error increases rapidly and it is impossible to achieve 
an accuracy better than 10% in a reasonable time (e.g., 
10 min) for SNR < 0.1. When the SNR is more than 1, it is 
possible to determine the scatted echo power to an accu-
racy of 1% in about 5 min. The integration time is usually 
above 5000, which corresponding to 1 min with the pulse 
repetition period of 12 ms.

(4)

<

NP−1
∑

i=0

ki · ACFr,τ >= k · ACFion(t − t
′
, r̄)

∞
∫

−∞

W
r

t,t ′(S) · ds

Fig. 9  Range ambiguity function of the 13-bit barker code
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The range gate is usually set between 100 and 800 km in 
altitude. The echo signals less than 100 km are sometimes 
contaminated by the clutter or meteor and the F region 
beyond 800 km signals often become unusable owing to 
the weak signal strength.

Ionospheric parameter inversion
The above echo profile and power spectra form the basis 
of the subsequent data inversion and are stored in the 
local terminal server by a local network. The principal 
function of the local server consist of: (1) storing the 
above measured data; (2) real-time display the data in the 
graphics format; (3) data inversion to get the ionospheric 
parameters including the electron density, electron and 
ion temperature, plasma drift velocity.

The echo power Pr is related to the electron density Ne 
as the formula (5) where C is the radar system constant 
determined by the radar power, wavelength, system noise 
temperature, pulse width, receiver bandwidth (Ding et al. 

spectra (Evans 1969) in which one is listed as formula 
(6). The ω is the angular frequency and K  is the Boltz-
mann constant. The De and Di are the electron and ion 
Debye length, respectively. The Te and Ti are the electron 
and ion temperature. The me and mi are the electron and 
ion mass. |Ne(w)|2 and |Ni(w)|2 are the fluctuation spec-
trum of independent electrons and ions. The spectra can 
be seen as containing two terms: electronic component 
and ionic component. When the Debye length is far less 
than radar wavelength, the amount of power in the elec-
tronic component decreases and appears in a single line 
at a Doppler shift approximately equal to the plasma 
frequency for the medium (called plasma line).The ionic 
component is also called ion line. Actually, it is difficult 
to detect the plasma-line echo since the amount of power 
associated with this line is far less than that of the ion 
line. So the QJISR only measures the ion line at present. 
The ion-line spectrum inversion of QJISR is based on the 
ion-line spectral as formula (6).

It should be noted that the above method assumes that 
the electrons and ions independent of each other have 
the Maxwellian velocity distribution. But the non-Max-
wellian distribution characteristics can be induced by 
intensive convective electric fields in the high latitude, 
energetic particle precipitation in the aurora as well as by 
artificial ionospheric heating.

Using the nonlinear fitting algorithm such as the Mar-
quart–Levenberg method (Nygren 1996), the ionospheric 
parameters can be obtained from the measured power 
spectra. The ionospheric parameter inversion of QJISR is 
performed using a MATLAB software modified from the 
GUISDAP package (Lehtinen and Huuskonen 1996) with 
the help of EISCAT staff.
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2014b). For the QJISR, the C vary daily but remain nearly 
constant more than 10  h. R is the range from the radar 
to the scattering volume of ionospheric, Tr is the ratio 
of electron to the ion temperature and α is the square of 
the ratio of Debye length to the radar wavelength. The 
wavelength of QJISR is 60  cm, and the Debye length of 
ionospheric plasma is less than centimeters, so the Debye 
factor is negligible. We usually normalize the measured 
echo profile at its peak to the F layer peak density meas-
ured simultaneously by a co-located ionosonde to derive 
the electron density profiles. This profile called ‘Raw elec-
tron density’ is accurate at the F layer peak but at any 
other height is in error mainly by the Tr , which could lead 
to a factor of 2 in the worst case.

The measured echo power actually incorporates both the 
ionospheric signal and background noise. So it is neces-
sary to remove the background noise from the measured 
echo power. Since the ionospheric echo power above 
700 km is usually very weak due to less electron content 
and farther range, the measured minimal power above 
700 km is thought of as the noise power level for QJISR.

The formula of power spectra related to ionospheric 
parameters is very complex. Several researchers had 
studied the ionospheric incoherent scatter theory and 
obtained the similar expressions of incoherent scatter 

(5)Pr =
CNe

R2(1+ Tr + α)(1+ α)
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Preliminary observations
From the spring of 2014, the QJISR have run for several 
hundreds of hours and large amount of data is obtained. 
As described above, the barker code pulse is used to 
measure the echo profile and inverse the raw electron 
density. The alternating code is used to measure the 
power spectra and inverse the ionospheric parameters.

Figure  10 shows one measured ionospheric echo pro-
file and one power spectra, which is normalized by the 
maximal echo and power spectra value. Since the echo 
above 550 km is very weak due to less electrons and far-
ther range, its SNR is too low to be detectable and so it 
sets the upper height at which the reliable profiles can be 
obtained.

Figure 11 shows the daily variation of the raw electron 
density in November, 2014. In this measurement, the 
used pulse repetition period is 12 ms. The pulse width is 
390  us, and the baud width is 30  us, which means that 
the range resolution is 4.5  km. The integration time for 
each measurement is 10,000, which is equal to 120 s. The 
electron density is in units of 1010/m3. It can be found 
that the electron density and height of F2 layer increase 

gradually with the local time and reach the apex in 
13:00LT, which represents the normally daily variation 
of the ionosphere at Qujing site. It needed to be pointed 
out that the F2 peak altitude (ab. hmF2) is higher dur-
ing daytime than nighttime, which is different form that 
at mid-latitude site. The main mechanism of the local 
time variation of the hmF2 is the electric field and neu-
tral wind (Su et  al. 1997). At the mid-latitude site such 
as MU radar, the effect of the pole-ward neutral wind is 
stronger than the effect of the eastward electric field dur-
ing daytime and so the electron density is lower at noon 
than during the morning and at pre-sunset periods. Dur-
ing nighttime, equator-ward neutral wind pushes up 
the F-region to higher altitudes along the magnetic field 
line through the neutral-ion collision. The typical local 
time variation of the hmF2 is that the F2 peak altitude 
is lower during daytime and higher during nighttime 
at the mid-latitudes. Zhang et  al. (1999) have discussed 
the hmF2 variations using the measurement by the MU 
radar (34.86°N, 136.18°E). It is found that hmF2 is gener-
ally higher during the periods of the solar maximum than 
the solar minimum and higher in summer than in winter. 

Fig. 10  An example of the measured echo profile (left) and spectra (right)
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During the solar maximum, hmF2 drops markedly in the 
morning and afternoon, while for the solar minimum, 
the hmF2 minimum occurs in the morning during sum-
mer and usually in the afternoon during winter. The neu-
tral wind contributes strongly to the diurnal variation of 
hmF2 in winter by lowering the ionization layer by day, 
particularly for the solar maximum. Oliver et  al. (2008) 
think that the diurnal variation of hmF2 is driven most 
importantly by winds, secondarily by thermal expansion. 
At geomagnetic equator, the electric field is the main 
source to control the ionospheric F2 dynamical features. 
The QJISR site is located between the equator and mid-
latitude and also around the northern crest of the equa-
torial ionization anomaly. The relative importance of 
the electric field and neutral wind on the ionospheric F 
region seem different from the typical mid-latitude site.

Figure  12 shows the local-time variation of the raw 
electron density in April 2017. It needs to be noted that 
there occurred the enhancement of electron density after 
sunset during the local time 17:00–18:00. Simultaneously, 
the height of F2 layer starting at about 300 km gradually 
decreased from 16:30 and reached the minimum 260 km 

at 19:00LT. The change of hmF2, which is about − 40 km, 
represents the downward ion drift of F2 layer that may 
be caused by the westward electric field. It is well known 
that the electron density will decrease with the increas-
ing of the neutral atmosphere density and recombination 
coefficient with the lowering of F2 layer. In this sun-
set enhancement event, the electron density increases 
sharply with the lowering of F2 layer, which mean that 
more process including the electric field, neutral wind, 
plasma diffusion and the related EIA processes cause 
this event, of which the details will be investigated in the 
future with the support of more data.

Figure 13 shows the daily variation of the ionospheric 
electron density, electron temperature, ion temperature, 
and plasma drift velocity. Due to the low SNR for the 
spectra above 550  km, the error of ionospheric param-
eters is significant, and so the ionospheric parameters 
above 550  km are not shown. In this measurement, the 
used pulse repetition period is 12  ms. The pulse width 
is 480us, and the 16-bit sub-pulse width is 30us. During 
the inversion, the spectral is moving averaged in both 
the range and time to get better accuracy. The resulting 

Fig. 11  Daily variation of raw electron density in November 2014
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time and height interval for each measurement in Fig. 13 
are about 5 min and more than 15 km dependent of the 
height. To improve the inversing accuracy, we take the 
different height interval at different height, for exam-
ple the height interval is 10–20  km below 300  km, but 
it is 25–40  km above 400  km. This method is feasible 
and widely used by EISCAT since the ionospheric-scale 
height varies with the height.

The electron temperature has a maximum at around 
220  km and decreases to the minimal value at about 
310  km, and then it will increase again. This is because 
the electron heating rate in the F region is proportional 
to the plasma density, while the electron cooling rate due 
to Coulomb collisions with the ions is proportional to 
square of the plasma density. The maximal electron tem-
perature of F2 layer in daytime is above 2000 K and will 
decrease sharply after sunset. It seems that there exists 
an overshoot of the electron temperature at about the F2 
peak altitude in the morning (~ 9 LT) and sunset (~ 18 
LT). The overshoot of the electron temperature occurs 
when the plasma density is low but the solar heating 
exists because cooling rate of the electron is proportional 
to the plasma density in the ionosphere. At sunrise, pho-
toelectron production begins in the ionosphere through 

the ionization of neutral particles. As the photoelectrons 
share their high energy with the ambient electrons, the 
electron temperature increases; the increase is rapid in 
the early morning due to the low electron density. As 
more and more electrons are produced with the pro-
gress of the morning, the energy share for each electron 
decreases. Thus, the electron temperature, after reaching 
a maximum, decreases and attains a steady value by the 
end of the morning (Otsukaet al. 1998; Oyama et al. 1996; 
Watanabe et  al. 1995). At sunset, the overshoot of elec-
tron temperature is related to the electron density and its 
variation during the afternoon–evening period. During 
this period, the electron density generally decreases with 
time. The decrease will become rapid if the neutral wind 
is pole-ward. The wind forces the ionosphere to descend 
to low altitudes full of heavy chemical loss, which causes 
the rapid decrease of electron density before sunset. The 
temperature of the electron gas should increase before 
sunset because of photoelectron heating in the same way 
as the morning increase in electron temperature (Otsuka 
et al. 1998; Watanabe et al. 1995). Lei et al. (2007) have 
found that the diurnal variation of Te is characterized by 
morning and evening peaks at Arecibo (18.3°N, 66.7°W) 
and by a morning peak at Millstone Hill (42.6°N, 71.5°W). 

Fig. 12  Daily variation of raw electron density in April 2017
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The occurrence and strength of the peaks at Arecibo are 
significantly different from those at Millstone Hill. The 
simulations show that the daytime bulge of Te tends to 
occur at low latitudes and high solar activity and the sig-
nificant morning peak at low solar activity over Arecibo 
is associated with the equatorial anomaly. The daily varia-
tion of Te in Fig. 13 seems a bit similar to that at Arecibo 
but needs further investigations.

The ion temperature increases below 200  km because 
the ions are essentially in thermal equilibrium with 
the neutrals due to the large ion-neutral collision fre-
quency. And then the ion temperature slowly increases 
above 200  km and finally approaches the electron tem-
perature above 600 km where the electron–ion collisions 
dominate.

Since the velocity data measured used the above 
method is not quite reliable or not mature, we disregard 
it. In the future, we will try to estimate the mean Doppler 
line of sight (due to only one beam, which is fixed) veloc-
ity by fitting the phase variation of observed ACF with 
time, which is similar to the method as suggested in Sato 
et al. (1989).

Summary
Although QJISR may be considered as a Generation One 
of incoherent scatter radar system, while the current state 
of the art is at Generation Three, the QJISR is thought of 
be important for its scientific merits due to be as the first 
one constructed in China and its unique location of the 
radar site. In this paper we have described its principal 
technical features. Its main technical parameters include 
the peak power 2 MW, the parabolic dish with the aper-
ture 29 m, and frequency 500 MHz.

The QJISR may act as an important tool for the iono-
sphere measurements over the southwestern China. 
Some possible scientific cases include: (1) structure and 
evolution of the EIA; (2) coupling between the mid-low 
atmosphere and ionosphere; (3) ionosphere modeling. In 
addition, it is possible to observe the ionospheric irregu-
larity with the beam perpendicular to the geomagnetic 
filed. With the beam directing to south, it is also possi-
ble to measure the coherent echo from the plasma bubble 
originated at geomagnetic equator.

The data processing and inversion of ISR measure-
ments are highly complicated, so the inversion method 

Fig. 13  Temporal variation of ionospheric parameters on May, 2017 (from the top to end: electron density, electron temperature and ion tempera-
ture)
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and its accuracy analysis of QJISR measurement need 
great effort in the future.
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