
Received July 23, 2021, accepted August 22, 2021, date of publication September 3, 2021, date of current version September 27, 2021.

Digital Object Identifier 10.1109/ACCESS.2021.3109960

An Integrated Technology of Ionospheric
Backscatter Detection and
Oblique Detection
PENG LOU 1,2, LIXIN GUO 1, (Senior Member, IEEE), JING FENG2, AND NA WEI2
1School of Physics and Optoelectronic Engineering, Xidian University, Xi’an, Shaanxi 710071, China
2China Research Institute of Radio Wave Propagation, Qingdao, Shandong 266107, China

Corresponding author: Peng Lou (crirp_dep4_loupeng@163.com)

This work was supported by the Stable-Support Scientific Project of China Research Institute of Radiowave Propagation under
Grant A131904W02.

ABSTRACT Traditional single ground-based ionospheric detection methods often fail to obtain accu-
rately ionospheric parameter information due to the measurement errors of detection systems and inverse
algorithms. With the development of high frequency communication and radar sounding techniques,
the ionospheric combined detection technology with multi-means is the most effective way to obtain the
more accurate ionospheric characteristics. In this study, combined with ionospheric backscatter detection
and oblique detection methods, an integrated ionospheric detection technology (quasi-backscatter detection
technology) is proposed. The ionospheric parameters are obtained based on the minimum mean square
error criterion and global searching method. The experimental results show that the inversion accuracy
of ionospheric parameters is significantly improved by using quasi-backscatter detection system(42.3◦N,
GeoM). In addition, we simulate the propagation characteristics of the quasi-backscatter detection system
by using ray tracing technique. And the variation characteristics between the propagation mode (and the
propagation energy) and the angle of the transmitting-receiving beam are obtained.

INDEX TERMS Ionosphere, quasi-backscatter detection, ionospheric detection ionogram, side-scatter.

I. INTRODUCTION
Using high frequency band electromagnetic waves reflected
in the ionosphere, the capabilities of high-frequency radar
systems and communication systems are utilized. The iono-
sphere as a transmission medium has time-varying dispersion
characteristics. It changes significantly with solar activity,
seasons, time, latitude and longitude, etc. The ionospheric
real-time detection and information management are an
indispensable part of the radar systems and communication
systems [1]–[3].

At present, the commonly used ionospheric ground-
based sounding systems include vertical detection, oblique
detection, and backscatter detection. The vertical detection
system can only be used to detect the ionospheric character-
istics above the station [4]–[7]. The oblique detection system
can only be used to detect the ionospheric characteristics
by the point-to-point fixed circuit [8], [9]. The point-to-
surface ionospheric detection can be achieved by backscatter
detection system, which has the detection characteristics of
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long detection distance and wide coverage. In some areas
where vertical detection and oblique detection equipment
cannot be deployed, the backscatter detection systems are
irreplaceable.

The working principle of the backscatter detection method
is that the high-frequency radio waves are obliquely projected
to the ionosphere and are reflected by ionosphere to the
ground. The undulating characteristics of the earth’s surface
and the unevenness of the electrical characteristics cause
the radio waves to be scattered in all directions. The wave
will be obliquely projected to the ionosphere again and be
reflected to the receiver of the backscatter detection system.
The ionospheric backscatter detection ionogram is formed
through echo signal processing [10], [11]. Due to the mixing
of the reflected echoes from different ionospheric regions,
it is technically difficult to only rely on the backscatter
detection data for ionospheric propagation mode recogni-
tion and characteristic parameter inversion [12]–[14]. The
propagation mode recognition can be utilized by the fusion
of the multiple ionospheric detection data. Due to the time
inconsistency of various ionospheric detection data, certain
approximate processing methods are used for data fusion,
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resulting in errors in the ionospheric propagationmode recog-
nition results [15]–[20].

An integrated ionospheric detection technology, combined
with ionospheric backscatter detection and oblique detection
methods, is proposed in this paper. This is a new concept
of ionospheric detection technology, called quasi-backscatter
detection technology, for obtaining long-distance and large-
area ionospheric information. Through once electromagnetic
wave emission, ionospheric backscatter detection echoes and
oblique detection echoes are simultaneously received by the
receivers in the backscatter detection area, which improves
the utilization rate of system and provides a sufficient dataset
for the inversion of ionospheric parameters.

The quasi-backscatter detection technology provides a new
detection method for ionosphere environmental diagnosis.
Using the quasi-backscatter detection system, the ionospheric
integrated detection can be achieved based on less equipment.
The conditions (such as radio wave coverage area, maximum
useable frequency, etc.) on specific circuits of high-frequency
radio waves can be monitored, determined, and predicted.
The propagation hops distance and the variation features
with time under the influence of different geophysical fac-
tors can be determined. It provides an important frequency
selection basis for the communication and radar frequency
management system. In addition, through the detection data
inversion, the characteristic parameters of the ionosphere are
obtained, and the three-dimensional electron concentration
distribution can be reconstructed in the detection area. At the
same time, this ionospheric information is the basis of real-
time frequency selection for target detection, and can also be
used to improve the accuracy of target positioning in radar
systems by using ray tracing technology [21]–[26].

II. MATERIALS AND METHODS
The research on the propagation characteristics of iono-
spheric backscatter has been carried out by relevant
researchers, and certain research results have been obtained
[13], [14]. The research on the propagation characteris-
tics of ionospheric quasi-backscatter is almost blank. With
the development of high-frequency technology applications,
this is a significance to research the propagation charac-
teristics of ionospheric side scattering. Thus, we built the
quasi-backscatter detection experimental platform. Based
on the platform, the quasi-backscatter detection experiment
is systematically carried out, and the ionogram for quasi-
backscatter detection is obtained for the first time.

The equipment layout, system composition, and work-
ing methods of the ionospheric quasi-backscatter detection
experimental platform are described in detail in this paper.
The sketch map showing the radio waves propagation process
of backscatter and quasi-backscatter is presented in Figure 1.

A. EXPERIMENTAL PLATFORM DISPOSING
Generally, the transmitting and the receiving station of the
backscatter detection system are located at the same loca-
tion, or there are separated to avoid the interference of the

FIGURE 1. A map showing the radio waves propagation process of
backscatter and quasi-backscatter.

transmitting device to the receiving device [27]. The distance
between the transmitting station and the receiving station is
generally about 50km to 100km. In order to obtain the quasi-
backscatter detection signal mentioned in this article, the
transmitting station uses an array antenna and the receiving
device is located in the backscatter coverage area. A wide-
beam receiving antenna is used to simultaneously detect the
regional ionosphere. Equipment resources are fully utilized
to reduce system complexity.

Figure 2 shows the disposing situation of the quasi-
backscatter detection experimental platform. The receiving
antenna of the front receiving station R2 is an omni-
directional antenna array. The eight channel (No.1 to No.8)
were selected to deploy broadband receivers for detection.

FIGURE 2. Schematic diagram of quasi-backscatter detection
experimental platform.

B. EXPERIMENTAL PLATFORM COMPOSITION
The transmitting equipment mainly includes transmitting
antenna, transmitter, detection signal generator, timing sys-
tem, etc. The receiving equipment mainly includes receiv-
ing antenna, analog and digital receiver, timing system, data
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FIGURE 3. Schematic diagram of the experimental platform composition.

recording system, etc. The basic diagram of the system com-
position is shown in Figure 3. The synchronization method
between the transmitting station and the receiving station is
Global Position System (GPS) synchronization.

The working mode of the system is pulse compression.
In order to obtain detection results with high range resolution,
a detection pulse signal with a relatively wide bandwidth and
low peak power is emitted. Linear Frequency Modulation
Pulse (LFM) is the earliest proposed signal waveform based
on pulse compression technology. It has been successfully
applied to the conventional ionospheric backscatter detection
system [28]. Since the range resolution is inversely propor-
tional to the signal bandwidth, a signal with a larger band-
width needs to be transmitted to improve the range resolution.
Due to the influence of the ionosphere, and the HF band inter-
ference is more serious [29]–[31], the signal bandwidth is
limited. After the verification of the experiment, the detection
signal bandwidth is selected by 20kHz, and the pulse width
is 4ms. The pulse repetition period is 50ms.

Through the working sequence design, several transmit
wave positions can cover 60 degrees sector based on the
phased array beam synthesis technology [32].

III. EXPERIMENT DATA ANALYSIS
A. OBSERVED DATA
On August 10, 2020, the three-dimensional sweep frequency
ionogram obtained by the platform is shown in Figure 4. The
x-axis of the ionogram is the working frequency (frequency
range is 5MHz∼25MHz), and the y-axis is the group-path
distance which is the product of the group time delay from
the transmitting station to the receiving station and the light
speed. The color is the strength of the received signal echoes.
It can be seen from the ionogram that the ionogram contains
both the oblique signal from the transmitter station to the
receiver station and the scattered signal from the ordinate
is the group-path distance is from the transmitting station

FIGURE 4. Experimental data of ionograms by pre-reception on
10 August 2020.

through the ionospheric reflection to the receiving stations.
For scattered signals, the group-path distance refers to the
sum of the path distance from the transmitting station to the
scattering point and the path distance from the scattering
point to the receiving station.

The detection system adopts the sweep frequency detec-
tion. Through the research of signal detection algorithm,
signal processing basic signal processing framework, inter-
ference rejection and other methods, an oblique detection
ionogram and backscatter ionogram can be simultaneously
extracted from the quasi-backscatter detection system. That
is, information such as the radio wave propagation mode,
radio wave coverage area, and optimal working frequency
band in the area can be acquired through a frequency sweep
detection.

In the coverage area of backscatter, different frequen-
cies and types of echo signals are acquired based on the
wide-beam receiving device. The signal has both oblique
detection, side-backscatter and backscatter echo signals. The
three-dimensional ionogram of the signal received by the
1# antenna 8# antenna is shown in Figure 5. In the figure,
the oblique detection, side-backscatter and backscatter echo
signals are simultaneously obtained. In the summer, it can be
clearly seen from the oblique trace and the backscatter trace
in the figure that the ionosphere Es layer echo is exist, and its
path distance is about 1240km.

The 1# and 2# antenna directions of the receiving station
are relatively close to the transmitting station, so the oblique
signal received by the 1# and 2# antennas is relatively strong.
The energy of the oblique signal is much higher than that of
the scatter signal. Even if the range sidelobes are suppressed
by the windows [32]–[34], it is still very strong relative to the
noise and scatter signals [35]–[37]. Therefore, the sidelobes
of the oblique signal received have a great influence on the
extraction of the scattered signal.

Although the absorption loss at the low-frequency side of
the short-wave band is stronger, and the gain of the trans-
mitting and receiving antenna of the platform is larger at
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FIGURE 5. A series of three-dimensional ionograms observed by the front receiving station with different antenna orientations
on 10 August 2020.

the high-frequency side, it can be seen from the figure that
the energy of the scattered signal at the low-frequency side
is stronger than that of the high-frequency side. The reason
may be:

(1) The radio wave propagation path distance is relatively
small at the low-frequency side, and the free space loss is
relatively small [38]–[43];

(2) The signal energy at the low-frequency side is the
superposition by the signal energy of two propagation modes
(Es and F propagation modes).

B. JOINT INVERSION
By using the quasi-backscatter detection system, the iono-
spheric oblique detection and backscatter detection is simul-
taneously carried out. The ionosphere in the same area
is detected by two different detection methods. Compared
with conventional backscatter detection, the instability of the
inversion algorithm for ionospheric characteristic parameters
can be improved by the data fusion of the ionospheric oblique
detection and backscatter detection.

In this paper, the ‘‘model’’ method is used for joint inver-
sion of ionospheric parameters. It is to assume that the iono-
spheric electron density profile has a certain form and the
model parameters are determined by inversion algorithm.
In the process of joint inversion, the quasi-parabolic (QP)
model is selected as the ionosphere background model in
this paper [44], [45]. The three ionospheric parameters of the

critical frequency fc, bottom height rb, and half thickness ym
in QP model are ultimately determined.

The ionosphere electron density profile of the QP model is
given by:

Ne=

Nm

[
1−

(
r−rm
ym

)2 ( rb
r

)2]
, rb<r<rm

{
rb

rb−ym

}
0, other

(1)

where rm, rb, ym are the peak height of the Electron density,
bottom height, half thickness, respectively. The rm satisfies
rm = rb+ym.Nm is the Electron density peak,Nm = f 2c /80.6.

Considering the time-varying characteristics of the iono-
sphere, the linear gradient model is used to describe the
ionospheric characteristic parameter distribution in the cov-
erage area [46], [47]. Ionospheric parameters are func-
tions of distance direction (θ) and azimuth direction (φ),
described by:

f 2p (r, θ, φ)= f
2
c (θ, φ)

[
1−

(
r−rm(θ, φ)
ym(θ, φ)

)2 ( rb(θ, φ)
r

)2
]
(2)

The ionospheric parameters change with distance direction
θ is considered and the effect of φ is ignored. It ensures
that the radio wave propagate in the great circle plane.
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The gradient model is described by:

fc(θ ) = fc0(1+ Gf R0θ ) (3)

hm(θ ) = hm0(1+ GhR0θ ) (4)

Here, Gf is the gradient of the critical frequency in the θ
direction,Gh is the gradient of the height corresponding to the
peak electron density in the θ direction, and R0 is the radius
of the earth.

The joint inversion method proposed in this paper adopts
the ‘‘minimum mean square error criterion’’. On the iono-
gram, k frequency points are selected as fi, and the corre-
sponding k group-path observation values are P′ (fi). The
group-path calculated according to the ionospheric model
parameters is P

(
fi, ξ̄

)
, and the mean square error between

the calculated value and the observed value is shown in
equation (5).

ε2(ξ ) =
1
K

K∑
i=1

(
P′(fi)− P(fi, ξ )

)2
(5)

where, ξ̄ is the ionospheric parameter vector. The process of
inversion is to find a ξ̄ , where ε2

(
ξ̄0
)
is the minimum value.

Based on the minimum mean square error criterion,
K1 and K2 frequency points on the lead-edge of the backscat-
ter and the oblique ionogram are selected respectively. The
group-path observation value on the corresponding backscat-
ter ionogram front is P′1i, and the group path P1i is calculated.
The observed value of the group path on the corresponding
oblique ionization diagram is P′2i, and the group path P2i is
calculated. The mean square error ε between the calculated
value and the observed value can be expressed as:

ε2 =
1

K1 + K2

[ K1∑
i=1

(P′1i − P1i)
2
+

K2∑
i=1

(P′2i − P2i)
2

]
(6)

Suppose the solution space is 8, then (fc, rb, rm) ∈ 8.
First, the solution space 8 is determined by predic-
tion or experience. Then, the global search is carried out in
the solution space, and the mean square error is calculated.
The optimal solution is obtained when the mean square error
is the smallest.

Considering the time-varying characteristics of the iono-
sphere, the ionospheric parameter distribution often has a
gradient trend. In order to simplify the inversion of gradient
parameters, it is assumed that the ionosphere only has a linear
horizontal gradient in the detection direction. According to
the ionospheric gradient model, two parameters Gf and Gh
need to be determined eventually. In the gradient inversion
process, fc, rb, rm have been obtained through the inversion
of the vertical ionograms. By the minimummean square error
criterion, the corresponding optimal gradient value can be
obtained through the global search method.

In this study, 10 consecutive cycles of ionospheric
detection data are selected. The ionospheric characteristic
parameters are the true values, which are obtained by the
A Stations-Net of the National Radio Environment Monitor

in the area near the oblique detection receiving station formed
under the quasi-backscatter detection system.

Among, the inversion result of the vertical detection iono-
gram obtained by the vertical detection station which is near
the oblique detection receiving station is taken as the ‘‘real’’
inversion result. And the electron density profiles obtained
by different inversion methods are compared. The result is
shown in Figure 6. The abscissa of The electron density
vertically distribution obtained by inverting is the plasma
frequency, and the ordinate is the ionosphere height.

FIGURE 6. The deviation of electron density profile inverted compared
between the ‘‘real’’ inversion result with different inversion methods.

Some examples of joint inversion results are shown
in Table 1.

The sketch map showing the radio waves propagation
process of backscatter and quasi-backscatter is presented
in Figure 1. The ionospheric characteristic parameters are the
true values, which are obtained by the A Stations-Net of the
National Radio EnvironmentMonitor (the V1 in the Figure 7)
in the area near the oblique detection receiving station formed
under the quasi-backscatter detection system.

FIGURE 7. A map showing the radio waves propagation process of
backscatter and quasi-backscatter.

The method for electron density profile inversion of
oblique detection echoes in the integrated ionospheric detec-
tion ionogram is adopted in this paper [7], [53]. The group-
path (p′) and ground distance (D) integrals for spherical
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TABLE 1. Statistic of QP model parameters obtained by different inversion methods.

symmetry and no magnetic field are easily found as:

p′/2 = (Rt/cosβ0) [sinχt + Rt (D/2− χt)] (7)

where

χt = −β0 + cos−1(cosβ0/Rt ) (8)

With the Newton-Raphson homing procedure, ionospheric
electron density profiles in the area near the midpoint of the
oblique detection link formed under the quasi-backscatter
detection system were constructed by the ionosphere QP
model. The oblique inversion result is shown in Table 1.

It is a common inversion method to make only use the
leading edge of backscatter detection echoes in the integrated
ionospheric detection ionogram. The ionospheric model of
horizontal ionospheric inhomogeneity is used, which is char-
acterized by the height of the electron density peak not
depending on the distance from the observing point. The
electron density distribution in the direction of sounding is
specified as [30], [54]:

N (h, x) = N0 (h) [1+ u (x)] (9)

Fridman developed a technique to determine the horizontal
structure of the ionosphere by solving nonlinear problems
with Newton-Kontorovich method and linear ill-posed prob-
lems with Tikhonov regularization method [30], [54]. The
backscatter inversion result is shown in Table 1.

The ionospheric model of horizontal ionospheric parame-
ters change is used as equation (3) and (4). The ionospheric
parameters change with distance direction θ is considered
and the effect of φ is ignored. It ensures that the radio
wave propagate in the great circle plane. The initial param-
eters value of the ionospheric critical frequency fc0, peak
height hm0 in QP model are ultimately determined by the
oblique inversion result. The inversion method of Fridman is
improved by increasing inverted frequency range gradually
in this paper [55]. The frequency range of the backscattered
echo in the integrated ionospheric detection ionogram is
divided into several frequency bands. The frequency band
used in each inversion is added to the frequency band used

in the previous inversion. Moreover, the initial electron den-
sity profile of each inversion is taken as the result of the
previous inversion. It limits the solution space of the inver-
sion. Determining the demarcation points of the inversion
results in different frequency intervals and the continuity and
smoothness of the inversion results can be avoided. The prior
information can be used well to constrain the inversion solu-
tion. The real solution is gradually approximated to improve
the accuracy of the inversion. Compared with the traditional
inversion algorithm using the backscattered echo minimum
group delay with the full-band frequency, the frequency is
gradually approached and the inversion is not only able to
see the ‘‘general view’’ of the ionosphere. The ‘‘overview’’
of the ionosphere can be obtained by the inversion method of
increasing inverted frequency range gradually. The ‘‘details’’
of the ionosphere changing characteristics were discovered.
Therefore, this method has higher inversion accuracy.

FIGURE 8. The deviation distribution of ionospheric F2 layer critical
frequency inversed by different inversion methods.

In August and October 2020, the quasi-backscatter detec-
tion experimental platformwas used to carry out continuously
ionospheric joint detection experiments. The detection data
is accumulated and processed, and the inversion accuracy of
the ionospheric characteristic parameters is verified. For the
accumulated 601 detection data, the inversion accuracy of
different inversion methods is counted. It is shown in Figure 8
and Figure 9.
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FIGURE 9. The deviation cumulative probability distribution of
ionospheric F2 layer critical frequency inversed by different inversion
methods.

Compared with other inversion methods, the inversion
algorithm accuracy (critical frequency) has increased about
64% based on the quasi backscatter system. The probability
of critical frequency deviation less than 0.5 MHz is greater
than 85%, which is about 102% higher than other inver-
sion methods. Preliminary experimental results show that the
inversion algorithm accuracy can be significantly improved
based on the quasi backscatter system and joint inversion of
backscatter and oblique ionograms.

C. SCATTERING CHARACTERISTICS SIMULATION
The receiving device arranged in the backscatter coverage
area is a wide beam receiving device. Due to the different
positions of the transmitting station and the receiving station
and the inhomogeneity of the ionosphere, the propagation
paths of the radio waves from the transmitting station to the
scatter unit and from the scatter unit to the receiving sta-
tion must be different. Therefore, the calculation of the path
parameters of the side-scatter and backscatter is relatively
complicated.

Based on the ionospheric model, three-dimensional digital
ray tracing technology is used in this paper [24], [48], [49].
With regard to the azimuth angle within the transmitted
beam, the positions (latitude and longitude) of all scatter
units are determined according to the ground distance of the
obtained radio wave propagation path. For all scatter units,
the corresponding receiving azimuths are calculated, and the
scattering units in the receiving beam are reserved; For the
reserved scatter unit, the ground distance to the receiving
station is calculated separately. Whether the ground distance
is included in the radio wave propagation path in the cor-
responding receiving azimuth is searched. If included, the
side-scatter path is considered to exist; the parameters of the
side scattering path are recorded, and the parameters mainly
include the position of the scatter unit, the launching elevation
angle, the path distance from the transmitting station to the
scatter unit and the marking of the reflective layer, and the
path distance from the transmitting station to the scatter unit,
the reflection layer mark, and the receiving elevation angle.

In addition to the oblique detection echo, the ionospheric
echo obtained by the front receiving station includes echoes
such as side scatter and backscatter. Like the backscatter,

the side-scatter echo energy is the superposition of a large
number of possible ionospheric path incoming wave energy.
The calculation of the wave energy for side scattering is more
complicated.

It is supposed that a narrow beam is emitted by a trans-
mitter located at T on the surface of the earth. The beam
elevation angle is βt , the beam elevation angle width is 1βt ,
the azimuth angle is φt , and the azimuth angle width is 1φt .
Then the solid angle of beam can be expressed as:

1�t = cosβt1βt1φt (10)

The beam is reflected by the ionosphere to the Q position
on the earth’s surface. Then the area corresponding to solid
angle 1�t is:

1St = r0
∂Dt
∂βt

sinβt sin
Dt
r0
1βt1φt (11)

where, Dt is the ground distance from the launch point T
to the Q. Then the equivalent path distance of radio wave
propagation is:

dt =
(
1St
1�t

) 1
2

=

(
r0
∂Dt
∂βt

sinβt sin
Dt
r0

/
cosβt

) 1
2

(12)

The corresponding ground area of 1St is:

1γ = 1St/sinβt (13)

The equivalent propagating path distance of the radio wave
scatter from Q to the receiving station at R on the earth’s
surface is:

dr =
(
1Sr
1�r

) 1
2

=

(
r0
∂Dr
∂βr

sinβr sin
Dr
r0

/
cosβr

) 1
2

(14)

where,1�r is the solid angle of the beam fromQ to R,1Sr is
the area, Dr is the round distance, βr is the elevation angle of
the scatter beam that can reach R.

Therefore, when the path distance is x, the signal energy of
the specified frequency received at R is [50]–[52]:

Pr (x) =
∫

coverage area

PtGt

4π
(
1St
1�t

) × σ1γ

4π
(
1Sr
1�r

) × λ2Gr
4π

=

∫
coverage area

λ2PtGtGr
(4π)3

×
σ

sinβt

×
cosβr

r0
∂Dr
∂βr

sinβr sin
Dr
r0

cosβtdβtdφt (15)

where Pt is the average transmit power, Gt and Gr are
the transmit antenna and receive antenna gains, respectively.
The antenna gains are functions of f (operating frequency),
βt and φt . λ is the wavelength, and σ is the scattering coeffi-
cient per unit ground area.

The antenna gain is simulated using Gaussian pattern
function. The Gaussian pattern function is:

F (β, φ) = exp

(
−

(
β − β0

β3dB

)2

−

(
φ − φ0

φ3dB

)2
)
+ F0

(16)
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FIGURE 10. Simulation of scatter characteristics with a series of receiving main beam directions by the fixed transmitting beam directions.

FIGURE 11. Simulation of scatter characteristics with a series of transmitting main beam directions by the fixed receiving beam directions.

where, β0 and φ0 are the elevation and azimuth angles with
the main beam of the antenna points, β3dB and φ3dB are the
vertical and horizontal 3dB beam widths of the main beam,
respectively. F0 is the average side lobe level of the antenna.
According to the calculation methods of scatter propaga-

tionmode and propagation energy proposed above, the scatter
ionograms with the direction of the transmitting and the
receiving beam are synthesized in this paper. The simulation
examples are shown in Figure 10 and Figure 11.

From the simulation results, the smaller angle between the
transmitting and receiving main beams could cause the larger
area covered by side scatter, the larger blind zone, and the
larger maximum observable frequency (MOF). The sum of
the group path distances from the transmitting and receiving
stations in this area is also greater.

IV. CONCLUSION
In this study, using the established ionospheric quasi-
backscatter detection experimental platform, the three-
dimensional sweeping frequency ionogram under the
quasi-backscatter system is obtained for the first time.
Through the analysis of the experimental results, the quasi-
backscatter detection system can solve the inversion accuracy
problem caused by the time difference between the backscat-
ter detection and the oblique detection. Therefore, the inver-
sion accuracy of ionospheric characteristic parameters could

be significantly improved. In addition, in this paper, ray trac-
ing technology is also used to simulate the propagation mode
and energy of side-scatter, and the scattering characteristics
under the quasi-backscatter detection system are initially
obtained. A large number of subsequent experiments need
to be further carried out for verifying the simulated results.
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