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1  Introduction
At present, frequent natural disasters around the world not only affect people’s property 
safety, but also seriously affect people’s lives and travel. If monitoring can be effectively 
carried out, it will be a good thing. Deep learning is a branch of machine learning. Its 
main principle is to use algorithms that contain complex structures or are composed 
of multiple nonlinear transformations to multiple processing layers to abstract data at 
a high level. In wireless networks, GPS technology is developing fastest. As a high-tech 
modern geodetic survey technology, GPS has become one of the most advanced defor-
mation monitoring technologies and has been widely used due to its high-precision, fast, 
all-weather, and highly automated features. The text is mainly aimed at highway slope 
deformation. Research and analysis.
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Currently, there are two main modes of applying GPS to highway slope deformation 
detection. The first is the conventional monitoring mode of conventional GPS static rela-
tive positioning, and the second is the continuously operating station-type GPS monitor-
ing system [1]. In the conventional monitoring mode, multiple GPS receivers are usually 
used to manually collect data point by point on a regular basis, and perform post-pro-
cessing to obtain the deformation of each cycle, so as to predict the mid-to-long-term 
trend deformation of the slope. If the slope is already in an unstable state, it is neces-
sary to use a continuously operating station GPS monitoring system to obtain the slope 
deformation status in real time [2]. However, the use of continuously operating station-
type GPS monitoring systems requires more investment in GPS hardware equipment, 
and the high price limits the application range of GPS technology. This article adopts the 
design scheme of GPS multi-antenna monitoring system, and connects multiple antenna 
arrays to the same receiver by attaching a GPS signal time-sharing connection switch 
without changing the existing GPS receiver structure. After the algorithm is processed, 
the deformation law of the deformable body can be obtained [3]. The GPS signal time-
sharing connection switch (called GPS multi-antenna switch) is used to switch between 
multiple antennas. The switching interval can be determined according to the state of 
the deformable body, ranging from a few seconds to a few hours. Since the price of the 
antenna is much lower than that of the receiver, the use of an antenna instead of a GPS 
receiver greatly reduces the cost of the GPS deformation monitoring system, making 
GPS technology a broad application prospect in deformation monitoring [4].

This article considers that landslide disasters mostly occur in dangerous or remote 
areas. In order to ensure personal safety and realize unattended working mode, the wire-
less communication network is used to transmit GPS monitoring data in real time and 
carry out GPS multi-antenna monitoring. To this end, we have done relevant research 
and developed a wireless communication network system that can quickly and accu-
rately monitor slope deformation.

2 � Method
2.1 � GPS

2.1.1 � Brief description of GPS

As a new generation of precise satellite positioning system, GPS system represents the 
cutting-edge technology and is the crystallization of the development of contemporary 
science and technology. Initially, GPS was originally developed for military applications, 
such as positioning and navigation of military vehicles, aircraft, and ships [5, 6]. Because 
of its ranging and timing functions, GPS can provide global users with high-precision, 
all-weather, and large-scale position and time information, which can well meet the mili-
tary and civilian positioning and navigation needs. The composition of the GPS system 
is shown in Fig. 1.

As can be seen from Fig. 1, the GPS system is mainly composed of three parts: the 
space satellite part, the ground monitoring part, and the user receiving part [7].

(1) Space satellite part
The space satellite part is mainly composed of 24 satellites distributed in 6 elliptical 

orbital planes of the earth, including 21 working satellites and 3 standby satellites in 
orbit. These satellites are 17,700 km away from the earth and the satellite operating cycle 
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is 1.58 h. Four satellites are deployed on the plane, and the coverage angle is 55 degrees 
[8, 9]. In actual use, the GPS system receiver can capture more than 4 satellites. At this 
time, in order to improve the positioning accuracy, the receiver divides the captured sat-
ellites into several groups according to the constellation distribution, with 4 satellites in 
each group. After calculation and analysis, the group with the smallest error is selected 
for positioning calculation.

(2) Ground monitoring part
The ground monitoring part is mainly composed of a main control station, 3 ground 

control stations and 5 global monitoring stations [10]. The main control station is 
located in Colorado, the United States mainland. The five monitoring stations distrib-
uted around the world under the direct control of the master control station are the 
data collection centers of the GPS system. Among them, the monitoring stations are 
equipped with receivers that can continuously measure visible satellite data and cesium 
clocks with precise time measurement. The main function of the monitoring station is to 
obtain satellite observation data including ionospheric and meteorological data and send 
it to the main control station. Then the main control station analyzes these data, cal-
culates the clock parameters and satellite orbits, and sends the analysis results to three 
ground control stations.

(3) User receiving part
The user receiving part is mainly composed of GPS signal receiver [11]. The main func-

tion is to collect satellite signals. Through the collection and calculation of parameters 
such as the satellite orbit, the distance between the satellite and the receiver, the current 
position information of the user is obtained, including latitude and longitude, altitude, 
and speed of movement. GPS receiver is mainly composed of antenna and receiver. The 
receiver is powered by a DC power source inside and outside the machine. Generally, 
the power is supplied by an external power source and the battery is charged. After the 
power is turned off, the internal battery powers the memory to ensure data storage.

2.1.2 � GPS positioning principle

GPS positioning methods are divided into two methods: absolute positioning and rela-
tive positioning. The former is used to determine the position of the moving carrier in 
the earth reference frame in real time. The positioning accuracy is within 100  m. The 
latter uses multiple machines to determine the mutual relationship between measure-
ment stations. After a certain period of observation, the data is processed by data post-
processing software, and its relative accuracy reaches nanometer level [12, 13].

(1) Absolute positioning principle

Master station

Satellite
system

Monitoring
station

Injection
station

User positioning 
device

Fig. 1  GPS system composition diagram
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The basic principle of the so-called absolute positioning is to use only one receiver to 
observe satellite signals and determine itself independently.

The position of the antenna phase center in the coordinate system is called absolute 
positioning because this position is the only absolute.

Positioning can be divided into dynamic absolute positioning and static absolute 
positioning [13, 14]. The former is mainly used for flying because of its low positioning 
accuracy.

Navigation is required for machines, vehicles, and ships that require less precision. 
The latter can continuously measure the pseudo-range from the satellite to the observa-
tion station and improve the positioning accuracy through data processing, so it can be 
used for observation or navigation in some fine industries with high accuracy require-
ments [15].

GPS observation can get the position of the satellite and the distance from the sat-
ellite to the ranging point, and then use the satellite as the center and the distance as 
the radius to make a spherical surface. If three satellites are observed at the same time, 
we will get three spherical surfaces. It is the position of the measurement point that is 
required to be solved. Of course, in the actual measurement, due to the factor of the 
clock difference, the pseudo range measured by the receiver includes three coordinate 
component unknowns and one clock difference unknown, so if you want to solve these 
four unknowns, you must observe at least four satellites to establish The equations are 
used to settle the station coordinates corresponding to the user’s receiver antenna. Let P 
be the pseudo-range observation, R be the true distance from the receiver to the satellite, 
C be the speed of light, and T be the difference in the reception clock, then the observa-
tion equation is:

(2) Relative positioning principle
The accuracy of absolute positioning is often inaccurate, which is mainly affected by 

factors such as satellite orbit errors, clock synchronization errors, and errors generated 
during propagation in the atmosphere. Although we can eliminate the errors caused by 
weakening some systems through methods such as mathematical modeling, its position-
ing accuracy can only reach meters, which is difficult to meet the needs of high precision 
[16]. Relative positioning is also called differential positioning. The basic principle is to 
use multiple receivers to observe GPS satellites simultaneously to determine the mutual 
relationship between the stations where each receiver is located in the earth coordinate 
system. Therefore, within a certain distance range, the orbit error of the satellite, the sat-
ellite clock error, the receiver clock error, and the refraction errors of the ionosphere 
and troposphere have a certain correlation with the impact on the observations. Use dif-
ferent combinations of these observations for relative positioning., The influence of the 
above errors can be eliminated or reduced, thereby improving the positioning accuracy.

In relative positioning, at least two GPS signal receivers are required, which are 
respectively set at the two ends of the baseline. One of the endpoints is a known coor-
dinate point. The same set of GPS satellites are simultaneously observed, and the differ-
ence between the coordinate components between the two points and the baseline are 

(1)ρ = R+ c + τ =

√

(xs − xr)
2 +

(

ys − yp
)2

+
(

zs − zp
)2

+ c × τ
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measured. Length, the relative position of the baseline endpoint or the baseline vector 
is calculated, and the exact coordinates of the other point can also be calculated. Rela-
tive positioning can also be divided into static and dynamic positioning methods. The 
static relative positioning method is currently the most accurate of all GPS positioning 
methods, but the measurement time is relatively long, and generally takes one to three 
hours [17]. The dynamic relative positioning method is to press one receiver on a mov-
ing carrier and install the other receiver at a known point (reference station). The former 
is called a dynamic GPS signal receiver, while the latter is called a reference GPS signal 
receiver. These two receivers simultaneously observe a group of GPS satellites in sight, 
and the reference receiver provides differential correction numbers for the dynamic 
receiver, which is called GPS differential positioning data [18]. The dynamic receiver uses 
its own GPS observations and differential correction data from the reference receiver to 
accurately calculate the user’s 3D coordinates.

2.2 � GPS multi‑antenna detection system for wireless network communication

(1) GPS one-machine multi-antenna monitoring system
The GPS one-machine multi-antenna monitoring system aims to give full play to 

the advantages of GPS measurement technology in automated real-time deforma-
tion monitoring and reduce the cost of purchasing GPS receivers. The design idea is: 
a GPS receiver is connected to multiple antennas, so that each Only GPS antennas are 
installed on the monitoring points, and no receivers are installed. Multiple monitoring 
points share a GPS receiver, which can greatly reduce the cost of the monitoring system 
without reducing the accuracy of conventional GPS measurements. Based on this idea, 
a GPS multi-antenna control switch can be designed so that one GPS receiver connects 
to multiple antennas, and these antennas work automatically in sequence by software 
control.

(2) Multi-antenna controller
The multi-antenna controller includes software and hardware, and is one of the core 

parts of a multi-antenna system. The hardware part is composed of multi-channel 
microwave switch and corresponding control circuit, a GPS receiver and corresponding 
processing chip; the off-state of several signal channels in the microwave switch is con-
trolled by the switch control circuit in real time. The software part mainly realizes the 
functions of controlling the multi-channel working mode, setting the observation time 
of the measuring point, real-time communication with the GPS receiver and data trans-
mission. The newly developed GPS multi-antenna controller, the field computer uses an 
embedded industrial control computer, and integrates the control circuit board and the 
dual-frequency GPSOEM board, and is equipped with an LCD liquid crystal display, 
which can intuitively monitor the situation of the multi-antenna data collection site.

The key technical problem to be solved in the hardware part of the GPS multi-antenna 
controller is the high isolation of the GPS signals of each channel in the microwave 
switch. The key technical problem to be solved in the software part is to realize real-time 
precise positioning, so that the positioning accuracy reaches mm level.

(3) Design of data transmission system
The data transmission from the GPS antenna to the multi-antenna controller can only 

be transmitted through a wired medium, so the coaxial cable or optical fiber can be used 
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for data transmission. Coaxial cable is only suitable for short-distance data transmis-
sion; however, regardless of the distance of optical fiber, the quality and reliability of data 
transmission are guaranteed, but its cost is relatively high. The coaxial cable consists of 
a layer of mesh copper conductor and a copper conductor located on the central axis. 
Compared with the ordinary twisted pair, the coaxial cable has strong anti-interfer-
ence ability and good shielding performance, and is often used for connection between 
devices. If a repeater (signal amplifier) is used, the length of the network connected by 
the coaxial cable can be increased up to several kilometers.

Data transmission from field data to the monitoring center. Since the monitoring site 
is generally located in a remote mountainous area, the field data received by the receiver 
adopts wireless transmission mode, GPRS and GSM are both good choices. Here we use 
the GPRS communication method. The specific method is to connect the GPS multi-
antenna controller through the RS-232 serial port on the controller and the GPRS termi-
nal RS-232 serial port through a patch cord to transmit the original GPS data to GPRS 
terminal, and then continuously send to the monitoring center through the terminal 
wireless mode.

(4) Data processing system
The data processing system is responsible for the entire process of transmitting, stor-

ing, analyzing, calculating and displaying the original data of the receiver. First, the data 
of the multi-antenna receiver and the reference station are transmitted to the GPRS 
transmitter through the RS-232 serial port, and then the data is sent to the monitor-
ing center through the wireless network long-distance transmission, and the monitor-
ing center data processing software classifies and analyzes the multi-site data. Converted 
into location information. Through the process of comparing the position information of 

Fig. 2  Data processing flowchart
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the reference station and the measuring point, and time sequence analysis, the predicted 
deformation trend curve can be generated, as shown in Fig. 2 [19].

2.3 � Inter sequence analysis

For a long time, deformation analysis and processing methods have assumed that the 
observed data are statistically independent or uncorrelated, such as regression analy-
sis methods. This kind of statistical method is a static data processing method, which 
cannot realize dynamic prediction of variables. However, whether it is observation data 
arranged in time series or observation data arranged in spatial order, there is more or 
less statistical autocorrelation between the data. With the development of modern sci-
ence and technology and the improvement of computer application, various theories 
and methods have provided a wide range of research methods for deformation analysis 
and deformation prediction.

(1) Definition of stochastic process and time series
A stochastic process is a (family of) random variable that depends on a parameter. For 

example: the terminal voltage of an electronic component or device due to the random 
thermal disturbance of internal micro-particles is called thermal noise voltage, and its value 
at any given moment is a random variable; the temperature at each moment of the day is 
a random variable, which Sets constitute a random process. The definition of a stochastic 
process is: let E be a random test and S = (P) be its sample. If for each e ∈ s, there is always 
a real-valued function X (e, t)Corresponding to this, the function of the parameter t of 
this family is called a random process, and each function in the family is called a sample 
function of the random process, and T is the variation range of the parameter t, called a 
parameter set. Random processes can be divided into continuous random processes and 
discrete random processes according to whether they are continuous random variables or 
discrete random variables at any time. The specific value obtained by the random process 
in the test results is called the "implementation" of the random process, or the sample func-
tion, also called the sample observation. Time series are random sequences, that is, random 
sequences with discrete parameters.

(2) Time series modeling method
The key of time series analysis is to establish an appropriate mathematical model based 

on a reasonable analysis of observation results.
The general steps for modeling are:
(1) Preparation stage. The acquisition of initial data requires that the data can accurately 

and truly reflect the behavioral state of the modeling system. First, the data needs to be 
analyzed and tested, including the elimination of glitches and compensation data. The 
zero-mean test requires data preprocessing for sequences that do not meet the stability 
requirements. The processing methods mainly include differential processing or trend item 
extraction, and digital signal processing methods can process data flexibly.

(2) Preliminary determination of model structure and category. To determine the struc-
ture and category of the model, you need to choose a modeling method.

(3) After the structure of the model is determined, the appropriate method for selecting 
the model parameters should be estimated according to certain principles; then the model 
suitability test of the model is performed to determine the final appropriate model.

(3) The mathematical foundation of the model
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Auto-covariance function of random variables:

Autocorrelation function and autocorrelation coefficient of random variables:

Initial estimation of model parameters:

Test of time series stationarity: According to the definition of stationary time series, 
the mean and variance of stationary time series are constant; the interval between self-
coordinates is related to the breakpoint of this interval. The relevant formula for the test 
of time series stationarity is as follows:

(4) Model establishment
According to the stationarity formula of the time series, the parsed data is firstly dis-

cretized, and then substituted into formula 5 to obtain the parameter mean value, the 
mean value is substituted into formula 6 to obtain the data variance, and finally substi-
tuted into formula 7 for stationarity analysis. After the above series of processing, Judg-
ing whether there is a trend of deformation according to the size of the difference.

3 � Discussion
3.1 � Performance test and analysis of GPS detection system for wireless network 

communication

(1) Response time analysis
In this article, the WGS84 coordinate system is used, and the origin is the center of 

mass of the earth. The X axis points to the intersection of the zero-degree meridian 
plane defined by the BIH and CTP equator, the Y axis and the Z axis, and the X axis 
constitutes a right-handed coordinate system. The response time of the GPS detection 
system used for wireless network communication is analyzed, and the result is shown in 
Fig. 3.

It can be seen from Fig.  2 that the response time of the GPS detection system for 
wireless network communication in this article is faster than the actual shortest time 
required. The response time of the system determines the performance of the system. 

(2)D(Xt ,Xs) = Cov(Xt ,Xs) = E{[Xt − E(Xt)][Xs − E(Xs)]}

(3)RX (t, s) = E(Xt ,Xs)

(4)Xt = φ1Xt−1 + φ2Xt−2 + · · · + φpXt−p + at

(5)Xi =
1

M

M
∑

j=1

Xij
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The GPS detection system for wireless network communication in this article has a great 
advantage in response time.

(2) Precision analysis
This paper uses GPSensor software to solve the data. At the beginning of the solution, 

the solution time is set to 15 min. After the data is stable, the solution time is changed to 
1 min. After a certain observation, the GPS01 antenna direction X moves 10 mm to the 
north. Similarly, when the antenna switching controller switched to the channel corre-
sponding to the GPS02 antenna, after a period of observation, GPS02 also moved 8 mm 
northward along X. After continuous testing, the results obtained are compared with 
the displacement to analyze the accuracy and sensitivity of the system. The results are 
shown in Fig. 4.

It can be seen from Fig.  3 that after analyzing the observation data of GPS01 and 
GPS02, the observation results show that the accuracy is: the horizontal accuracy is con-
trolled at 0–2 mm, and the vertical accuracy is about 1 mm. It can be seen that the GPS 
detection system for wireless network communication in this article has a good advan-
tage in accuracy.

3.2 � Analysis of highway slope deformation

(1) Time series analysis
Take the GPS detection system of wireless network communication as an example to 

analyze and predict highway slope deformation, and compare the test results with the 
actual data results. First perform a time series analysis to determine the stability of the 
data. There are three ways to judge.

1)	 Use the unit root test method to check the stability of the data;
2)	 Observe the data line graph. If the line chart is irregular, or returns to a straight line 

infrequently, it means that the sequence is unstable;
3)	 Observe the sample autocorrelation function graph. If the sample autocorrelation 

function does not show an exponential decay trend, it indicates that the sequence is 
unstable. If the sequence is judged to be non-stationary, it can be segmented into a 
stationary sequence, but the difference should not be too large, otherwise the revers-
ibility of the sequence will be destroyed, and the variance will increase, so the vari-
ance can be used to determine whether the difference is too large.

This article adopts the third method to establish and analyze the time series analysis 
model. The result is shown in Fig. 5. The values of the autocorrelation function and part 
of the autocorrelation function are shown in Table 1.

From the combination of Fig. 5 and Table 1, it can be seen that the original sequence 
diagram shows that the sequence has a clear trend. After two differences, a stable 
sequence was obtained, the model fitting accuracy was high, and the trend of the model 
fitting was basically the same as that of the original sequence. The stable sequence data 
indicated that the obtained slope did not present a risk of deformation.

(2) Analysis of application results
The GPS detection system of wireless network communication in this paper is used to 

predict the deformation of highway slope, and the results are shown in Fig. 6.
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It can be known from Fig. 6 that the monitored deformation value of the highway slope 
is basically consistent with the predicted value, and the forecast accuracy decreases with 
the increase of the number of forecast steps. As an efficient method for modern dynamic 
data processing, intersequence has the advantages of easy modeling, simple calcula-
tion, fast prediction and high accuracy. Time series used in deformation monitoring can 
achieve higher fitting accuracy and prediction effect, especially for short-term predic-
tion. Because the accuracy of the time series forecast decreases with the increase of the 
number of forecast steps, it is suitable for short-term forecasting; if medium- and long-
term forecasting is required, the forecast results should be continuously revised using 
the measured data.

4 � Conclusions
This text has carried on the systematic test to the GPS multi-antenna monitoring system 
of the wireless communication network. The research found that the wireless communi-
cation network GPS multi-antenna monitoring system in this paper has great advantages 
in system response time. In addition, in terms of accuracy, the GPS multi-antenna moni-
toring system of the wireless communication network in this article has higher detection 
accuracy and smaller errors. In addition, this paper conducted a case study. Although 
the reliability of the application examples was verified, the number of case samples was 
not comprehensive enough to explain the applicability of the system to complex terrain. 
Further testing and improvement are needed in the follow-up.

In addition, this paper also established a time series model for prediction, and veri-
fied the reliability of the model through experiments. Based on the verification results of 
the examples in this paper, considering the accuracy requirements and costs of landslide 
safety monitoring, the GPS multi-antenna monitoring system based on wireless com-
munication network in this paper can automatically and continuously monitor landslide 
disasters, and can greatly reduce the overall The cost of the monitoring system is one of 

Table 1  Autocorrelation function and partial autocorrelation function values

k 0 1 2 3 4 5

Autocorrelation function 1 − 0.405 0.007 − 0.023 0.080 0.057

Partial correlation function – − 0.536 − 0.301 − 0.226 − 0.213 − 0.77
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Fig. 6  Analysis of deformation and settlement detection and prediction results of highway slope
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the ideal technologies for landslide and other geological disaster deformation monitoring, 
and can provide a certain paradigm role for the future geological disaster technology.
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