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The traditional construction engineering survey has many construction problems, but also may produce large error, leading to the
measurement results that cannot meet the actual requirements of the project. In this paper, a new measurement technology is
proposed from the aspects of determining the angle and distance of GPS laser scanning, stitching and registration of surveying and
mapping data, and GPS measurement of building engineering structures. The test results show that the measurement coincidence
rate decreases with the increase of construction time. We can also obviously find the changes of visibility of different frequency
points in middle and high frequency bands. The visibility of middle and high frequency band is less sensitive to construction than
that of low frequency band. This method has high accuracy and can provide high accuracy for future construction and data
storage. Throughout the current situation of the whole construction industry, people need to find a scientific, feasible, and efficient
way to solve the problem of low efficiency and serious waste of resources. With the development of GPS measurement technology
and computer technology, information technology has been deeply into various industries, such as manufacturing industry,
aerospace industry, etc., through electronic information means to optimize the production technology and process, so that the
production efficiency and quality have been significantly improved. Similarly, we can apply GPS measurement and computer
technology to the construction industry, achieve scientific construction project management, standardize engineering technology

standards, and finally achieve the ideal effect.

1. Introduction

The integration of GPS measurement technology and
computer technology, the ongoing construction site mea-
surement, and analysis of the measurement results are done
in order to achieve the monitoring of engineering quality
[1, 2]. The measurement work is the true reflection of the
construction progress and quality and is an important
technical measure for the construction unit to implement
law enforcement supervision. If the measurement data is
wrong, it will not only affect the follow-up quality of the
project, but also reduce the expected benefits of the project
(3, 4].

There are many factors that affect the production effi-
ciency of construction industry, one of which is the
unsmooth information exchange among the participants.

Engineering construction is a very complex activity, in-
volving construction units, survey units, design units, su-
pervision units, construction units, and other departments,
and with the development of the construction industry and
the continuous improvement of people’s living standards,
The Times put forward new requirements for the con-
struction scale, construction function, construction quality,
and other aspects, and the complexity of construction,
quality requirements, and the difficulty of engineering in-
formation management soared year by year. In the design
stage, due to the different division of labor among different
majors, it is inevitable that there will be collisions between
design drawings during work, resulting in a series of design
changes, bringing huge workload, thus affecting the progress
of the project to a large extent. In the process of construction,
the reasonable allocation of space will also directly affect the


mailto:164904118@stu.cuz.edu.cn
https://orcid.org/0000-0003-0347-5418
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8374901

smooth progress of construction. Due to the complexity of
information of construction engineering, the phenomenon
of working face conflict between different types of work
sometimes occurs in the same working space, which not only
has a great impact on the production efficiency, but also
makes it difficult to ensure the construction quality of the
structure. After the completion of the building delivery, in
order to solve the problem of aging during the use of the
building and meet the requirements of disaster prevention
and mitigation, it is necessary to carry out effective main-
tenance and management, and these works need to use a
large number of the original designs of the building, con-
struction data, and drawings. There has been a lack of
scientific management tools for this vital part of our lives.
Due to the lack of the original design and construction data
of the building, the actual maintenance scheme decisions are
mostly determined according to the experience of the
maintenance personnel and the capital situation of the
owner, resulting in difficulties in the maintenance work.

The introduction of GPS measurement technology can
not only effectively solve the problems faced by the con-
struction industry at present, but also help the construction
project to achieve information management. At the same
time, it integrates all geometric characteristics, functional
requirements, component performance information, con-
struction progress, construction process control informa-
tion, and other information of a construction project in the
whole life cycle into a model, providing comprehensive
information support for the decision-making of each stage of
the whole life cycle of the construction project. And with the
construction of the information model to continue to im-
prove, it is of great significance to the improvement of
project quality, the guarantee of progress, and the control of
cost. In this paper, combined with the actual engineering
cases, the application of GPS measurement and computer
technology in the construction of construction projects is
deeply analyzed.

2. Experimental Platform Construction

2.1. Preparation of Building Material Samples. In the process
of GPS measurement of construction material samples, the
measurement coincidence rate test was carried out, and the
measurement coincidence rate of construction material
samples with construction time of Oh, 72h, 144h, 288h,
576h, 864h, and 1152h was measured at different mea-
surement angles of 105°, 120°, 135°, and 150°. The con-
struction status of building materials can be divided into
three stages by using the retention rate of measuring
compliance rate [5, 6].

By calculating and testing the measurement parameters
of the sample building materials, it can be found that the
measurement system can increase the sinusoidal voltage of a
certain frequency on the sample, and the accurate mea-
surement of the current and voltage in the sample can be
calculated by using Ohm’s law:

_Ul(w)

Z(w) = m

(1)
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Through modeling the selected building materials, the
author found that impedance Z can be directly expressed by
the model, and it is a measurement model commonly used
for analysis [7-9]. The impedance of the model is a com-
posite measurement, and the corresponding imaginary part
represents the electric loss. The composite measurement
model is shown as follows:

C(w) =C'(w) - jC" (w),

, . (2)
C ((U) = Re{]wz(w)},

C'(w) =R !
w) = Rej———+.
jwZ (w)

According to the actual sample model, the same
transformation calculation can be carried out for different
parameters, such as visual constant and loss factor. In ad-
dition, different information of samples can be obtained by
changing the SVM processing rate and voltage size to carry
out more accurate profile of multiple parameters [10-12].

2.2. Initialization Parameter Test. In the experiment, the
measurement angle should be set within a certain working
range, such as 105°, 15°, 125°, etc., and further adopt the
international standard sampling period for measurement
and select the corresponding construction time of 144h,
288 h, and 864 h. Five samples were used for accelerated GPS
measurements at each measurement angle. Each sample was
tested three times during the sampling time and the average
of the results was taken [13].

The initial parameters of GPS measurement technology
include the structure parameters and performance param-
eters of the sample. Among them, the measurement of
different structural parameters is also to correct the struc-
tural error of construction and adjust the data error after
construction and determine the datum point of the corre-
sponding performance measurement [14-16].

3. Test and Result Analysis

3.1. Visual Constants. In this experiment, construction en-
gineering tests are carried out on building material samples
at 105°, 120°, 135°, and 150° measurement angles, and the
corresponding tests are carried out on building material
samples by multidimensional frequency sweep method.
Here, a group of test data under different measurement
angles are analyzed. The measured curves of the real and
imaginary parts of the visual constant obtained at different
construction times are shown in Figures 1-2 [17-19].

As can be seen from Figures 1-2, under the GPS
measurement angle of 105°, the test curve features of the
visible constant real part and imaginary part of the building
material sample are as follows:
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FIGURE 1: Real part test curve of computer simulation under 105°
GPS measurement.
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FIGURE 2: Virtual part test curve of computer simulation under
GPS measurement at 105",

(1) Visual constant real part curve characteristics of
building material samples: from the whole test fre-
quency band (107> Hz~10> Hz), under the same con-
struction time, the real part of visual constant shows a
rising trend with the decrease of test frequency. Under
the same construction time, the size of the real part of
the visual constant in the high frequency band of the
test curve almost remains unchanged. From the middle
frequency band of the test curve, it gradually becomes
larger with the decrease of frequency [20]. The dis-
persion is the highest in the low frequency band, and
the test value of the real part of the visual constant
changes more with thelonger construction time. At the

same test frequency, especially in the middle and low
frequency segment, the test value of the real part of the
visual constant increases with the construction time,
and the longer the construction time, the greater the
increase amplitude [21-23].

(2) Visual constant imaginary part curve characteristics
of building material samples: from the whole test
frequency band (107> Hz~10’ Hz), under the same
construction time, the imaginary part of the visual
constant shows a rising trend with the decrease of
test frequency. Under the same construction time,
with the decrease of frequency, the growth rate of
visual constant imaginary part changes from large to
small and becomes large again. In high frequency
and low frequency band, the growth rate of visual
constant imaginary part is the fastest. At the same
test frequency, the longer the construction time, the
greater the amplitude of the curve, and the higher the
dispersion in low frequency band [24].

As can be seen from Figures 3-4, under the GPS mea-
surement angle of 120, the change trend of the test curve of
visual constant real part and imaginary part of the con-
struction material sample is similar to that of the 105
construction sample. With the decrease of frequency, the
real and imaginary parts of visual constants show an upward
trend. Similarly, in the low frequency band, the test curves of
the real and imaginary parts are scattered, while in the high
frequency band, the test curves are concentrated, and the
curve variation rule is roughly similar to that of the 105°
construction sample. In addition, compared with the 115
construction sample in the sample, the construction sample
of 125° will increase with the increase of construction time.
By comparing the treatment of 125° and 72 hours, it can be
found that the value of the imaginary part is larger than that
of the 105" construction sample [25, 26].

The real part and imaginary part of the visual constant
can be calculated from 135° to 150°, and the actual change of
the curve can be combined for calculation. And because the
test frequency band of the real part of the visual constant can
rise gradually with the decrease of the test frequency, the test
curve of different construction time at the same measure-
ment angle is 103°. With the increase of construction time,
the imaginary part of the visual constant gradually increases
with the decrease of frequency. The higher the measurement
angle is, the greater the dispersion degree of the curve at the
low frequency band is, and the curve tends to move to the
high frequency [27].

Compare 120° and 150° after 1152h 10-3 At Hz, the
dispersion of curves at high frequency band also increases
with the increase of measuring angle. All of these indicate
that the curves of the real and imaginary parts of the visual
constants are changed under the influence of the con-
struction of building materials.

3.2. Test Platform for Measuring Compliance Rate

3.2.1. Sample Preparation. The experimental GPS used in
the GPS measurement experiment was used to determine the
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FIGURE 3: Real part test curve of computer simulation under 120°
GPS measurement.
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FIGURE 4: Virtual part test curve of computer simulation under
GPS measurement at 120°.

layer material of the 10KV construction cut-off power
construction material of the distribution network. The
overall process of this experiment was strictly in accordance
with the relevant provisions of GB/T 2951. Firstly, the layer
of the sample was cut off the ridge, and the corresponding
size of the standard sample was made. And the prepared
sample of building material layer is processed, and the
dumbbell type sample as shown in Figure 5 below is pro-
duced by JCP-25 punching machine.

The size and shape of the experimental sample are closely
related to the experimental results. Therefore, it is necessary
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FIGURE 5: Shape of building materials dumbbell sample.

to use vernier calipers for accurate measurement of
dumbbell head and middle stretch parts. In order to make
the box angle normal and uniform it is necessary to make the
air flow in the right direction. Install the air guide strip on
the inner panel of the rear door and the inner front wall and
side wall. The air guide section is usually rectangular. It also
protects the wall from colliding with cargo. It can also be
installed on the platform shelf to ensure being antislip, dry,
and clean during use.

3.2.2. Test Procedure of Initial Value. The test should be
carried out according to the relevant provisions of
IEC60216-1:2013; first of all, the corresponding acceleration
and GPS measurement test should be carried out, and
further dumbbell test samples are stored in the construction
of the lowest angle after 48 hours, removed, and placed in
room temperature, avoiding direct sunlight. As shown in
Figure 6 below, the experimental sample nos. 1-3 are rel-
atively qualified data, while the experimental data no. 4 is
invalid.
The test steps are as follows:

(1) The first pen is on the dumbbell specifications of the
corresponding line marking and processing, to en-
sure the accurate and clear processing of the line and
at the same time prevent the construction of the
marking line mark volatile.

(2) In the process of testing, only vertical stretching can
be felt, while the experimental sample is vertically
fixed on the two experimental molds, to ensure that
the marking line of the experimental sample is
aligned with the edge of the mold.

(3) Set the tensile speed of the tension machine at
50mm/min on the setting interface of the
instrument.

(4) Adjust the distance between the fixture so that the
instrument shows the initial stress of the fixture is 0,
and then start the instrument for stretching, and
then after the dumbbell sample fracture, the com-
puter can automatically calculate the maximum
tensile force and tensile length at this time and
automatically calculate the original length ratio be-
tween the corresponding length and the experi-
mental sample.

3.3. Test Results and Analysis. In this experiment, five
dumbbell samples were selected for the initial measurement
coincidence rate test. Three dumbbell samples with GPS
measurement were taken out at each sampling time and then
tested according to the above steps after they were placed at
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FIGURE 6: Test data judgment criteria.

room temperature for 16 hours. The average value of the test
results was taken. The test results are as Tables 1-5.

From the above experimental test results, it can be clearly
found that the coincidence rate of measurement will de-
crease with the increase of construction time, and its rate of
decline is affected by the measurement angle. The higher the
angle, the greater the corresponding reduction, which in-
dicates that the corresponding building material measure-
ment technology can be used more quickly. At the same
measurement angle, the reduction of the measurement
coincidence rate in the initial construction period is not
obvious. In the later period, the construction rate is grad-
ually accelerated, and the corresponding growth range has
also been greatly increased.

Construction stage classification of building materials: In
front of the building materials construction status classifi-
cation, first of all, according to the experiment of measuring
coincidence rate and the construction status of building
materials division, GB/T 11026.2 2003 shows that coinci-
dence rate can be used as a measurement technology in the
construction state standards; on this basis, according to the
measurement of coincidence rate of retention, construction
stage can be classified. The measurement compliance rate
retention rate is calculated as follows:

EAB’

EAB% = :
EAB,

(3)

where: EAB% is the retention rate of the measurement
compliance rate; EAB' is the initial measurement compliance
rate; EABO is the sample measurement compliance rate after
construction.

Three dumbbell samples for accelerated GPS measure-
ment were taken out at each sampling time and tested after
their angles dropped to room temperature. The average
value was taken, and the test results were shown in Tables 6-
7. According to the retention rate data of measurement
compliance rate in Tables 6-7, the construction state of
construction material samples under different measurement
angles and different construction times is classified. The
sample with EAB% within the range of 100% to 75% is called
condition “17, indicating that the construction material is in
good condition. Samples with EAB% in the range of 75% to

5
TaBLE 1: Initial measurement compliance rate test.
Th
e sample 1 ) 3 4 The
number average

The EAB (%)  502.31 511.74 509.83 505.18 512.52 508.31

TABLE 2: Measurement compliance rate test at 105° measurement
angle.

Measure the angle Construction time Measurement

®) (h) compliance rate (%)
0 508.31 508.31 508.31
72 505.21 503.01 504.89
144 489.81 495.64 494.21

105 288 477.68 473.57 480.84
576 439.34 434.01 441.28
864 388.03 378.43 376.47
1152 317.13 326.26 323.25

TABLE 3: Measurement compliance rate test at 120° measurement
angle.

Measure the angle Construction time Measurement

®) (h) compliance rate (%)
0 508.31 508.31 508.31
72 487.33 479.75 482.88
144 461.99 463.87 459.09

120 288 427.9 429.53 425.51
576 370.03 362.15 363.95
864 299.53 307.81 309.7
1152 255.5 263.19 261.01

TABLE 4: Measurement compliance rate test at 135° measurement
angle.

Measure the angle Construction time Measurement

®) (h) compliance rate (%)
0 508.31 508.31 508.31
72 474.71 478.21 471.03
144 436.21 436.88 443.85

135 288 381.1 383.05 379.12
576 326.74 331.81 330.5
864 255.04 247.56 254.01
1152 190.35 185.64 184.94

TABLE 5: Measurement compliance rate test at 150° measurement
angle.

Measure the angle Construction time Measurement

) (h) compliance rate (%)
0 508.31 508.31 508.31
72 479.23 477.56 473.17
144 445.28 441.25 448.83

150 288 35591 354.51 348.53
576 245.09 243.19 247.47
864 148.81 142.33 142.6
1152 7043 62.58 63.07
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TaBLE 6: Test values of measurement compliance rate of construction samples.
Measurement Measurement
. Measurement . - . Measurement . -

Angle Construction . compliance  Condition Angle Construction . compliance  Condition
o . compliance ) § . compliance .

@) time (h) rate (%) rate retention  number ©) time (h) rate (%) rate retention  number

rate (%) rate (%)

105 0 508.31 100 1 120 0 508.31 100 1
105 72 504.37 99.22 1 120 72 483.32 95.08 1
105 144 493.22 97.03 1 120 144 461.65 90.82 1
105 288 477.36 93.91 1 120 288 427.65 84.13 1
105 576 438.21 86.2 1 120 576 365.38 71.88 2
105 864 380.98 74.95 2 120 864 305.68 60.13 2
105 1152 322.21 63.38 2 120 1152 259.9 51.13 2
135 0 508.31 100 1 150 0 508.31 100 1
135 72 474.65 93.37 1 150 72 476.65 93.77 1
135 144 438.98 86.36 1 150 144 44512 87.56 1
135 288 381.09 74.97 2 150 288 352.98 69.44 2
135 576 329.68 64.85 2 150 576 245.25 48.24 3
135 864 252.2 49.61 3 150 864 144.58 28.44 3
135 1152 186.98 36.78 3 150 1152 65.36 12.85 3

TABLE 7: 105" measurement angle.

Measure the Construction time Tan delta integral of low

Integral value of tand in middle

High frequency tand  Condition

angle (°) (h) frequency band frequency band integral value number
105 0 0.00286 0.1968 1.01526 1
105 72 0.00297 0.22323 1.06998 1
105 144 0.00309 0.23419 1.14619 1
105 288 0.00332 0.25587 1.25936 1
105 576 0.00367 0.28106 1.37506 1
105 864 0.0044 0.35064 1.57824 2
105 1152 0.00543 0.34862 1.62035 2

50% are denoted as condition “2”, indicating that there is a
certain risk of construction materials. The sample with EAB
% below 50% is status “3”, indicating that the construction
material needs repair or replacement.

3.3.1. Feature Extraction. GPS simulation in frequency
domain can reveal the properties of building materials to a
certain extent. It is related to the measurement performance
of materials and is not affected by the size of building
materials. The construction material loss technology is
nondestructive and has a significant advantage in evaluating
the construction condition of GPS measurement. As can be
seen from the above analysis of GPS measurement experi-
mental data, the simulated tangent value of GPS measure-
ment technology is directly related to the frequency. In the
continuous construction of GPS measurement technology,
its measurement spectrum in frequency domain is also
changing. Therefore, this paper extracted the integral value
of GPS simulated tangent value in different frequency bands,
slope, and curvature of fitting curve as characteristic values
and made the sample set of subsequent support vector
machines.

3.3.2. Integral Value of GPS Simulated Tangent Value.
The experimental data measured by GPS are analyzed above,
and the construction engineering characteristics of building

materials under different measurement angles and different
construction duration have been obtained. It can be concluded
that there is a close relationship between GPS simulated tangent
value and construction of building materials. The integral value
of GPS simulated tangent value is selected as the characteristic
value to evaluate the construction stage of building materials
and observe its correlation with construction site of building
materials. According to the analysis of the ground experiment
results, it can be concluded that the sensitivity of GPS simulated
tangent values in different frequency bands to construction is
different, and the sensitivity of low frequency visibility to
construction is much higher than that of medium-high fre-
quency band. Therefore, the frequency stage is divided into
three stages according to the different sensitivity of GPS sim-
ulated tangent values of building materials to construction. The
integral values of GPS analog tangent values in three frequency
band stages are obtained. Tables 7-10 show the integral values of
GPS simulated tangent values of construction material samples
with different angles and different construction time in low
frequency band (0.001 Hz-1Hz), middle frequency band
(1 Hz-100 Hz), and high frequency band (100 Hz-1000 Hz).

3.3.3. Slope and Curvature of Fitting Curve. In the previous
section, the integral value of GPS simulated tangent value at
different frequency stages has been obtained. The scatter
plots of different stages are drawn with construction
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TaBLE 8: 120" measurement angle.

Measure the Construction time Tan delta integral of low Integral value of tan in middle = High frequency tan  Condition

angle () (h) frequency band frequency band integral value number

120 0 0.00285 0.21935 1.10214 1

120 72 0.00314 0.23303 1.20677 1

120 144 0.00338 0.26862 1.31481 1

120 288 0.00391 0.30945 1.55828 1

120 576 0.00518 0.37621 1.78686 2

120 864 0.00713 0.44163 1.91156 2

120 1152 0.01117 0.4962 2.26033 2
TABLE 9: 135° measurement angle.

Measure the Construction time Tan delta integral of low Integral value of tan in middle  High frequency tan  Condition

angle (°) (h) frequency band frequency band integral value number

135 0 0.00262 0.20995 1.29317 1

135 72 0.00273 0.2265 1.33775 1

135 144 0.00349 0.25383 1.36954 1

135 288 0.00441 0.32349 1.62567 2

135 576 0.00597 0.3859 1.87025 2

135 864 0.00974 0.49517 2.50187 3

135 1152 0.01953 0.69442 3.02835 3
TaBLE 10: 150° measurement angle.

Measure the Construction time  Tan delta integral of low Integral value of tan in middle  High frequency tan  Condition

angle () (h) frequency band frequency band integral value number

150 0 0.00263 0.21159 1.13373 1

150 72 0.00282 0.22078 1.30275 1

150 144 0.00407 0.25223 1.43401 1

150 288 0.00589 0.39023 1.98245 2

150 576 0.01121 0.45236 2.15705 3

150 864 0.02313 0.56437 2.7236 3

150 1152 0.07523 0.80393 3.46921 3

TaBLE 11: Integral fitting formula of low frequency GPS simulated tangent values at different measurement angles.

Measuring angle Integral fitting formula of low frequency GPS simulated tangent value R?

105° I tan delta=7.14302e — 4 * exp (¢/764.38139) +0.0022 0.9964

120° J tan delta=0.00108 * exp (¢/537.66027) + 0.00192 0.99748

135° tan delta=7.52137e — 4 = exp (#/367.66815) + 0.00219 0.99487

150° tan delta=5.45319¢ — 4 * exp (¢/235.90665) + 0.00304 0.99718

duration as abscissa and integral value of GPS simulated
tangent value as ordinate. It can be obtained from the scatter
plot analysis: At the same angle, the integral value of GPS
simulated tangent value in the same frequency band is
positively correlated with the construction time, and there is
a certain functional relationship between the integral value
and the construction time. By observing the dispersion of
points and fitting with different functions, it is found that the
fitting effect of exponential function is better. Therefore,
according to the integral values of GPS simulated tangent
values of each frequency band calculated above, the integral
values of GPS simulated tangent values of different fre-
quency bands are fitted by exponential function. Table 11
below is the fitting curve and its fitting formula of integral

values of GPS simulated tangent values at different fre-
quencies and angles.

Through the exponential fitting curves and fitting for-
mulas above in different frequency bands, the mathematical
relationship between the integral value of THE GPS simu-
lated tangent value and the construction time was obtained.
In order to extract more variation characteristics of the
fitting curve, the slope and curvature of the tangent line at
each point of the fitting curve in three frequency bands were
selected as characteristic parameters. According to the fitting
formula, the slope and curvature of the integral fitting curve
of GPS simulated tangent value at different points are ob-
tained by using the function derivation rule and curvature
calculation formula.



culation formula is shown in formula (4): y'(f)tan 8y

:Jtan(s

b dy
Yy (t) = i (4)

Define the curvature of the fitting curve represented by k

at construction time ¢. tan dy =rLtan é.
The curvature calculation formula is shown in the fol-
lowing equation:

k_

3/2("
(1)
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TaBLE 12: 105° measurement angle.
Construction 0 72 144 288 576 864 1152
time (h)
Low 0.00286 0.00297 0.00309 0.00332 0.00367 0.0044 0.00543
Tan delta In the
integral middle 0.1968 0.22323 0.23419 0.25587 0.28106 0.35064 0.34862
value High 1.01526 1.06998 1.14619 1.25936 1.37506 1.57824 1.62035
The Low 9.38725934e—7 1.0268338le—6 1.12788469¢—6 1.36182517e—6 1.98533898¢—6 2.8943296¢—6 4.21473151e—6
tangent g;gﬁ 2.09634e -4 1.9725e—-4 1.85553e -4 1.64117e—-4 1.28389%¢ -4 1.00439¢ -4 7.88247e -5
slope High  9.19788¢—4  8.54067e—4  4.00839¢—7  6.8274e—4 5.0633e—4  1.35515e—7  1.9615¢—8
Low 3.58913e-10 1.70046e -9 3.7425e-9 2.82129¢ -9 3.24664e -9 5.9944¢ -9 2.75488e -9
The In. the 8.92667¢ -8 2.1276e—-7 7.92805e — 4 2.21389¢ -7 1.36744e—-7 3.75501e—4 2.79563e -4
curvature middle
High 4.76817e—7 1.12163e—-6 2.08514e -6 1.12132e-6 6.56595¢ — 7 6.16864e — 7 8.47252¢—8
Condition serial 1 1 1 1 1 ) )
number
TABLE 13: 120° measurement angle.
Construction time (h) 0 72 144 288 576 864 1152
Low 0.00285 0.00314 0.00338 0.00391 0.00518 0.00713 0.01117
Tan delta integral value In the middle 0.21935 0.23303 0.26862 0.30945 0.37621 0.44163 0.4962
High 1.10214 1.20677 1.31481 1.55828 1.78686 1.91156 2.26033
Low 2.01989¢ -6 2.29465¢—6 2.62223e—6 3.42803e—6 5.85859¢—6 1.00125e—5 1.7084le-5
The tangent slope In the middle 3.31356e—4 3.17678¢—4 3.04523e—4 2.79729¢—4 2.36033¢—4 1.99163¢—4 1.68424e—4
High 0.0014 0.00131 0.00126 0.00113 9.09478¢e—4 7.31777e—4 5.90464¢—4
Low 1.09887e -9 5.40229¢e-9 1.23713e—8 1.00972¢e—-8 1.36206e—8 2.94791e—8 1.58704e—8
The curvature In the middle 9.76198¢—8 2.3705¢—7 4.55121e—7 2.61057e—7 1.73915e—7 1.85894e—7 2.89827¢—8
High 5.29368e—7 1.19535e—6 2.41042e—6 1.35015e—6 8.57715e—7 8.74237e—7 1.30084e—7
Condition serial number 1 1 1 1 2 2 2
TaBLE 14: 135° measurement angle.
Construction time (h) 0 72 144 288 576 864 1152
Low 0.00262 0.00273 0.00349 0.00441 0.00597 0.00974 0.01953
Tan delta integral value In the middle  0.20995 0.2265 0.25383 0.32349 0.3859 0.49517 0.69442
High 1.29317 1.33775 1.36954 1.62567 1.87025 2.50187 3.02835
Low 2.06507e—6 2.48846e—6 3.02469¢—6 4.47569¢—-6 9.79987¢—6 2.14575e—5 4.68725e—-5
The tangent slope In the middle 2.11826e—4 2.27312e—4 2.44727¢e—4 2.8383e—4 3.81778¢—4 5.13528¢—4 6.90129¢ —4
High 9.20683e—4 9.74877e—4 0.00103 0.00117 0.00148 0.00189 0.0024
Low 1.64505e -9 8.56711e—9 2.08712¢—8 1.92802e—8 3.33177¢—8 9.23766e—8 6.3643e—8
The curvature In the middle 6.36674e—8 2.96049¢—7 6.386e—7 4.62428¢—7 4.91003¢e—7 8.36467¢—7 3.54818¢—7
High 2.24259¢—-7 1.02926e—6 2.18929¢—6 1.54147¢—6 1.5474le—6 2.4923e—6 9.9975e-7
Condition serial number 1 1 1 2 2 3 3
The tangent slope of the fitting curve of integral value
represented at construction time ¢ is defined, and the cal- y"

(5)

Some characteristic parameters obtained through the
above analysis are shown in Tables 12-15.
Tables 4-8 to 9-15 above only show one of the five sets of

data of GPS measurement experiment under each GPS
measurement angle and construction duration. A total of
140 sets of data have been extracted in this paper, and 9-
dimensional characteristic parameters constitute the sample
set of support vector machine.
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TaBLE 15: 150° measurement angle.

Construction time (h) 0 72 144 288 576 864 1152
Low 0.00263 0.00282 0.00407 0.00589 0.01121 0.02313 0.07523
Tan delta integral value In the middle  0.21159 0.22078 0.25223 0.39023 0.45236 0.56437 0.80393
High 1.13373 1.30275 1.43401 1.98245 2.15705 2.7236 3.46921
Low 2.34582e—-6 3.13709¢—6 4.25218¢—6 7.83145¢—6 2.65646e—5 9.01084e—5 3.04533e—4
The tangent slope In the middle 3.4132e-4 3.55922¢—4 3.71869¢—4 4.0608le—4 4.84237¢—4 5.77435e—4 6.88207e—4
High 0.00174 0.00176 0.00178 0.00182 0.00191 0.002 0.00209
Low 2.91923e—-9 1.68317e—8 4.57423e—8 5.25878¢—8 1.40759¢—7 6.0449¢—-7 6.43878e—7
The curvature In the middle 6.08714e—8 2.7523e—7 5.76099¢—7 3.9280le—7 3.69764e—7 5.58474e—7 2.10133e¢-7
High 8.32023e—8 3.54887e—7 7.19075e—7 4.59409¢—-7 3.79705e—7 5.03522¢—7 1.248le—7
Condition serial number 1 1 1 2 3 3 3

TABLE 16: Characteristic values and contribution rate.

The serial number The eigenvalue

The contribution rate of Kr %

Cumulative contribution Kt %

5.43309709762376
1.95106975984693
0.797370017523492
0.488039553923280
0.243969785042391
0.0739347774239264
0.00747370404445418
0.00436948766222832
0.000675816909545564

O 0N O\ Ul W~

60.36775 60.36775
21.67855 82.0463
8.859667 90.90597
5.422662 96.32863
2.710775 99.0394
0.821498 99.8609
0.083041 99.94394
0.04855 99.99249
0.007509 100

Asthe parameters in the input sample set contain physical
quantities of different properties, the values of all kinds of
sample parameters differ greatly. In order to eliminate the
dimensionality between parameters and make them com-
parable, it is necessary to normalize all kinds of sample pa-
rameters of the input data according to formula (6).

Xi = Xmin

Yi=

xmin,,,

(6)

3.3.4. Dimension Reduction of Feature Information Based on
PCA Method. It can be clearly found from the foregoing
that PCA based method can effectively extract the nine-
dimensional features of pattern recognition, and there is
redundant information between different feature values.
If the high-latitude eigenvalues are directly connected to
the classifier for training and classification, it is easy to
bring huge burden to the classifier, and it is difficult for
the classifier to classify, and serious misclassification may
occur again. The following corresponding work needs to
extract the corresponding optimal feature quantity from
the features of high latitude and extract the corre-
sponding redundant features and carry out multiple
optimizations on the feature space, which can not only
optimize the original feature value of high dimension, but
also improve the accuracy and speed of recognition. From
the analysis of main components, it can be found that
fewer parts should be extracted for corresponding pro-
cessing for the classification of feature information
mentioned in above contents.

TaBLE 17: Comparison of recognition accuracy before and after
dimensionality reduction.

Recognition accuracy (%)

90.91
98.18

Dimension reduction before
After the dimension reduction

The characteristic parameters extracted were analyzed by
principal component analysis, and a 9-dimensional pa-
rameter matrix was extracted. Firstly, equations (4)-(4) are
used to construct the covariance matrix. The eigenvalues and
corresponding contribution rates of covariance matrix C are
listed in Table 16. Table 17 shows the change of single
contribution rate with principal component, according to
which correlation analysis of dimension reduction effect can
be conducted.

It can be further analyzed from the table above that the
contribution rate of the first five principal components should
be higher than 99%, and from the sixth component, it can be
found that the corresponding change degree is relatively low.
Their contribution rates add up to less than one percent.

3.3.5. Support Vector Machines. Based on the training
sample D, the linear classifier can find a hyperplane in two-
dimensional space to separate the two kinds of samples. Of
course, there are many such hyperplanes, but there is only
one partition hyperplane that satisfies the maximum linear
interval that w - bob =0 in Figure 7 is the ideal segmented
hyperplane, because the partition hyperplane has the best
“tolerance” to the local disturbance of the training sample
and the strongest generalization ability.
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FIGURE 7: Optimal classification surface.

TaBLE 18: Identification results of construction stage.

Training/ Recognition accurac
The construction phase test & (%) uracy
samples ’
gl?)nstruction stage condition 40/35 97.14
Condlt“lo,r)l of construction 30/10 100
phase “2
Condlﬁtl(’)’n of construction 15/10 100
stage "3

As shown in Figure 7, for a given sample set, N is the two
question labels and M is the number of samples. -1 is a
negative example, and 1 is a positive example: S = (x;, y,),
(%35 ¥2)s -5 (X V)% € Rpy; € {=1,+1}y;

wix+b=0. (7)

Among them:

X =X, X, . .,0d,, is the input data and dimension is M.
W =w,W,,...,wy; is the normal vector, which de-
termines the direction of the hyperplane.
T
_ Iw X+ bl (8)
—

3.3.6. Analysis of Identification Results. By analyzing the
experimental data, fitting the tangent of GPS simulation
under different frequency band is integral value and
construction of long fitted curve to extract the tangent
GPS simulation under different frequency band is integral
value; the different construction time tangent slope and
curvature characteristic value obtained a total of 140 sets
of data to do sample set for training and prediction of
support vector machine (SVM). Eighty-five groups of
samples were used for training SVM classifier, and 55

Mobile Information Systems

groups were used for testing. The recognition results are
shown in Table 18.

It can be seen from the identification results that only
one of the 55 test samples with the condition of “1” in the
construction stage is wrong, and the rest of the test samples
are correctly predicted, with the overall identification ac-
curacy as high as 98.18%.

4. Conclusion

At a certain measurement angle, from the overall test fre-
quency band (10 Hz~10 Hz), the simulated tangent value
of GPS increases gradually with the decrease of test fre-
quency. In the middle and high frequency band
(1 Hz~103 Hz), the curve of GPS simulated tangent value is
more concentrated and overlapped, and the value of GPS
simulated tangent increases with the increase of construc-
tion time. At the lower frequencies (10> Hz~1Hz), the
tangent value of GPS simulation changes more obviously
with the increase of construction time, and the amplitude is
larger. Low frequency band is more sensitive to construction
time and angle. The test results show that the measurement
coincidence rate decreases with the increase of construction
time. We can also obviously find the changes of visibility of
different frequency points in middle and high frequency
bands. The visibility of middle and high frequency band is
less sensitive to construction than that of low frequency
band. However, with the extension of construction time, the
visibility gradually presents an increasing trend, and the
impact of construction on the building material samples of
GPS is positively correlated.
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