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Abstract Massive concrete structures are widely used in construction projects, but their quality inspection faces
technical bottlenecks. This study proposes a single-side imaging technique for mass concrete structures based on
3D laser scanning technology, which achieves accurate characterization of concrete structures through 3D laser
point cloud acquisition, wavelet transform denoising and implicit surface reconstruction. The study firstly adopts 3D
laser scanning technology for image acquisition, and applies the seed point 4-neighborhood grid distribution method
to obtain the original image estimation; secondly, empirical mode decomposition is applied to measure the
information of the scanned image; then wavelet transform processing is utilized to remove the noise and improve
the quality of the data; finally, hole repair and surface reconstruction are realized through resampling, eigenface
extraction and implicit surface construction. The experimental results show that, compared with RIEGL VUX-1UAYV,
the accuracy of this method is comparable in elevation difference measurement (the mean value of elevation
difference is 0.019), but the point cloud density is improved by 2.75 times on average, and the average thickness
of the point cloud at the edges is only 5.32 cm. Meanwhile, the method distributes the point cloud uniformly in the
different thickness intervals, and the average proportion of the point cloud reaches 0.216, which ensures that the
strength of the concrete structure is later stable growth, so that the strength assurance rate reaches 98.9% at a
probability degree of 2.3. This technique provides an efficient and accurate solution for the inspection of mass
concrete structures and can be widely used in the field of engineering quality assessment and monitoring.

Index Terms 3D laser scanning, mass concrete, single surface imaging, wavelet transform, implicit surface
reconstruction, strength guarantee rate

. Introduction

Mass concrete is commonly used in bridges, tunnels, dams, large buildings and other engineering projects [1]. Due
to the large size of the mass concrete structure, and the internal embedded dense reinforcing steel mesh, pre-
embedded pipelines, concrete cooling pipes, etc., poor vibration and layered pouring time is too long and other
factors are prone to cause defects such as honeycomb, segregation, lack of compaction and voids within the
concrete structure [2]-[5]. Whether the construction quality of mass concrete structure is good or not is an important
factor that affects the bearing capacity and durability of the superstructure [6]. Therefore, in order to ensure the
long-term working performance of mass concrete structures, the detection and evaluation of its internal quality is
crucial.

At the present stage, the concrete damage detection mostly adopts the visual detection method and some more
primitive non-destructive testing methods, such as ultrasonic pulse method, pulse echo method, radar detection
method, infrared thermal spectrum method, and acoustic emission method [7], [8]. These methods rely on the
proficiency of workers, which not only consume a lot of manpower and material resources, but also have a great
disadvantage in terms of precision and efficiency, and are unable to detect the subtle damage on the structural
surface [9], [10]. In contrast, laser scanning, as a non-contact non-destructive testing method with the advantages
of non-contact, broadband, high sensitivity, and high spatial resolution, is widely used for surface and buried defects
in concrete structures [11]. It detects defects on the millimeter scale, or even on the micrometer scale, by accurately
determining the laser displacement amplitude [12], [13]. Meanwhile, through the detection means of high-speed
sweeping, combined with image processing methods as well as signal classification methods, the visualization that
can be realized highlights the defect information, which significantly improves the digital and intelligent level of the
quality inspection of concrete bond surface [14]-[16].
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As an important part of modern construction projects, the quality detection and assessment of mass concrete
structures is crucial to project safety. Currently, the detection of mass concrete structure mainly relies on traditional
methods such as sampling detection and non-breakage detection, which have problems such as insufficient
precision, low efficiency and limited detection range. Especially for large-scale water conservancy projects, bridges,
tunnels and other key infrastructure, the traditional detection means has been difficult to meet the comprehensive,
rapid and accurate detection needs. In recent years, with the increasing complexity and large-scale engineering
structure, the concrete structure inspection technology has put forward higher requirements. Three-dimensional
laser scanning technology has gradually become a research hotspot in the field of concrete structure inspection by
virtue of its high precision, high resolution, high efficiency and other significant advantages. By emitting the laser
and receiving the reflected signal, this technology can quickly obtain the three-dimensional coordinate information
of the target object surface, forming a high-density point cloud data, which provides a possibility for the surface
characterization of concrete structure. However, the application of 3D laser scanning in concrete structure inspection
still faces many challenges, including large-scale point cloud data processing, noise interference, data holes, and
image information extraction, which limit the practical application of this technology in the inspection of large volume
concrete structures. Therefore, the development of efficient imaging techniques for mass concrete structures has
become an important research direction in the current engineering inspection field.

In this study, a single-side imaging technique for mass concrete structures based on three-dimensional laser
scanning technology is proposed to address the above problems. Firstly, high-precision image acquisition is carried
out by 3D laser scanning technology, and the scanning template of the image is divided into pixel blocks by using
the 4-neighborhood grid distribution method of seed points to obtain the original image estimation value; secondly,
an empirical modal decomposition method is adopted to measure the information of the 3D laser scanning image
of the large volume concrete; and then the wavelet transform technology is applied to denoise the large-scale laser
scanning data effectively; Finally, the accurate reconstruction of one-sided surfaces of mass concrete structures is
realized through the steps of hole detection and repair, eigenface extraction, coordinate system calculation and
implicit surface construction.

ll. Concrete imaging based on 3D laser scanning technology

Il. A.Image Acquisition and Information Measurement of Massive Concrete Structures

Il. A.1) Image Acquisition of Massive Concrete Based on 3D Laser Scanning

In order to design the large volume concrete informative model calculation based on three-dimensional laser
scanning technology, it is necessary to firstly carry out the three-dimensional laser scanning image acquisition of
the large volume concrete object, and carry out the edge enhancement processing of the acquired fuzzy laser
scanning image to improve the accuracy of the information quantization processing. The 3D laser scanning image
is disturbed by an additive noise term 7(x,y), and the image is detected with a laser X ray beam to obtain the
template pixel values of the original image, and the scanning template of the image is partitioned into pixel blocks
of 3x3 by the method of 4-neighborhood mesh distribution of the seed points to obtain an estimation of f(x,y)
of the original image, which is used in the Reconstruction of Massive Concrete Images, the statistical values of the
laser scanned pixels of the image acquisition are obtained by vector quantization decomposition:

Eint(vi) =%(6i|d—|vi—vi—l||2 +ﬂi|vi—1+2vi+vi+l|2) (1)

Among them:

1 n—1
d=— j—vi—1
n;h/l Vi | (2)

The d of the above equation is the average distance between the laser scanning points, and the quantitative
statistical value of the image feature distribution varies with the characteristics of A and 7, when the more
information of H and 7, the obtained mass concrete informative feature estimation value f (x,y) will be closer
to f(x,y) [17]. The imaging space domain for template matching of mass concrete images is derived as:

g(x,y) =h(x,y)* f(x,»)+1(x, ) (3)

where #(x,y) is the gray-scale degradation function of the laser-scanned mass concrete image and the symbol *
denotes convolution. According to the quantization weighting of the laser scanned image, the rotational invariant
moments distributed along the scanning direction of the beam domain are obtained as:
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g(x,y)=f(x,y)+n(x,y) (4)
where 7(x,y) is an additive noise term, and in the case of only additive noise, an edge pixel estimate of the laser-
scanned mass concrete image hair is obtained as f‘(x,y) = fF(x,y)+(1-p)m,, where F(x,y) is the pixel value of
the laser-scanned imaging of the mass concrete object at point (x,y), m, is the gray level difference feature

dimension, and let &7 be the local variance of the laser-scanned imaging of the mass concrete object, 5,? be the

2 o2
noise variance, and ,B:max[ L1 ,0] The edge contour line ¥V (s) is discretized and segmented by adding

57

window synchronization, and wavelet analysis and fuzzy algorithms are used to compensate the imaging luminance
and extract the regional pixel feature points for the high-frequency and low-frequency portions of the signal,
respectively, and segment V(s) into N points along s, and the edge contour filtering transfer function of the

laser-scanned large volume concrete image is:

g0 =1, if g5 y) = fro (%) 21
F@y) =126+, if g%, )= fro(x,0) <t (5)
2(x,y), else

The fusion process is performed on the image pixel-level neighborhood paradigm, and the information
measurements of the bulk concrete image acquisition are obtained by adaptive local noise reduction as:

g(x,y)=f(x,»)+1,(x,») (6)

where f(x,y) denotes the inputimage, g(x,y) denotes the gray value of the output mass concrete image after
3D laser scanning, and 7,(x,y) denotes the feature difference value between pixel points satisfying
n,,(x,») €{-1,0,1} . Through the above processing, the image acquisition of large volume concrete based on 3D
laser scanning is realized.

Il. A.2) 3D laser scanning information measurement of mass concrete
The empirical modal decomposition (EMD) method was used to discretize the 3D laser scanned images of mass
concrete, and the transverse scanning and block scanning models were used for multi-granularity coarse pixel
feature representation, and the modal function of the separated band information measurements of the feature
points for each frame of the laser scanning was described as follows:

NG

where X (k) is the amplitude characteristic of the laser scanning frame, and exp(jZ;rkn/N) is the separation
phase characteristic of the data in the two frames. The key frame feature extraction method is used for noise
separation to realize the information measurement of 3D laser scanning of mass concrete, and the iterative process
of information measurement is:

N-1
x(n)=LZX(k)exp(j27zkn/N),n:0,1---N—1 7)
k=0

x(tk+1) = f(x(k|k)+O0+V (k) (8)

The scale of the information feature point measurement of the mass concrete is a(a <1), when the gray level of
the center pixel of the contour line neighborhood (M><M) of the laser scanning mass concrete image is lower
than the threshold, the template of 3x3 is chosen to carry out the feature parametric decomposition of information
fusion of the image to obtain the local coordinate system of the image feature control point for:

x=Rsinncosp 0<@p<2rx
y=Rsingsing 0<p<rx 9)

D
z=Rcosn R:?
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where 7 denotes the rotation angle of the edge point template matching of the bulk concrete image, and ¢
denotes the image gray scale pixel feature deviation, the irregular triangular mesh dissection of the bulk concrete
image was performed to obtain the pixel level intensity of the 3D laser scanning image as:

D=a- lmax =a: maxle{x,y,z} (maxieNngb (pl/) _minieNngb (py)) (1 O)

where « is the gray value of the edge point, the gray potential E. of the bulk concrete image is obtained, and

con
the pixel decomposition equation of state of the information presenting region of the laser image is described as
obtained by the edge pixel feature reconstruction:

I(x) =J(x)t(x)+ A(1—1(x)) (11)

where A is the attenuation of the bulk concrete informatics modeling arithmetic, #(x) is the imaging resolution,
and J(x)t(x) is the pixel-level intensity of the image vector quantization kernel space. The resulting 3D laser
scanning information measurement equation for mass concrete is described as:

(Vi) = =|1(xi =1, yi +1) + 21 (xi, yi + 1)+ I (xi +1, yi +1)
—I(xi =1, yi=1) =21 (xi, yi —1) = I (xi +1,yi 1)
+I(xi+1,yi—1)+21(xi+1,yi)+I(xi+1,yi—1)
—I(xi =1, pi=1)=21(xi =1, yi)— I (xi =1, yi +1)|

E image

(12)

In order not to lose the generality, the batch model is used for feature segmentation of laser-scanned mass
concrete images, so that the normalized expression for the gradient value of the 3D laser scanning information
measurement of mass concrete is:

(Grad —min Grad )

K=
(max Grad —min Grad ) (13)

The gradient value of the 3D laser scanning image calculated by the above method realizes the accurate
measurement of the 3D laser scanning information of the mass concrete, and provides an accurate data base for
constructing the informationization model of the mass concrete.

Il. B.Denoising of large-scale laser scanning data

Due to the role of laser scanning equipment and other factors, there are some noises in the original large-scale
laser scanning data, and they reduce the quality of surface reconstruction, so this paper uses wavelet transform to
remove the noise processing in the original large-scale laser scanning data in order to improve the effect of large-
scale laser scanning surface reconstruction. Let w(r) e I*(R), the Fourier transform of w(¢) is (&), and the
wavelet transform operation can be carried out if y(w) satisfies the condition of Eq:

c =I (o) [ o < o0 (14)
ok o)

where (¢) is the mother wavelet.
Stretching and translating operations on /(¢) can be obtained:

1 t—b
ty=——y| —|,a,beR,a#0 1
l//a,b() \/ml//( a j ( 5)
where v, ,(?) is the wavelet sequence. a and b are the scaling and translation factors, respectively [18].
Let the original large-scale laser scanning data containing noise be:

s(t) = x(t) + n(?) (16)

where s(f) and n(¢) are real and noise signals, respectively.
Realizing the discrete transform on s(¢) produces s(n), n=0,12,---,N -1, and the wavelet transform can be
described as:
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1N—l . .
VVZ,-s(k):;Z_(;s(n)(// Q7 n-k)jkeZ (17)

The scale and wavelet coefficients are xf(j,k) and Wf(j,k), respectively, and multiple wavelet subdivisions
are performed by recursive operations of Eq:

xXf(J+1,k) = xf (j,k)*h(j,k)
Wi +1.k) =xf(j.k)* g(j, k)

where xf(0,k) is the true signal. # and g are low-pass and high-pass filters.

The noise in the original large-scale laser scanning data is removed by setting a certain threshold, and finally the
high-quality original large-scale laser scanning data is obtained by wavelet reconstruction, and the reconstruction
formula is specified as:

(18)

X (J=Lk) = xf (7,6)* ho (7, k) + WF (G, k) * g9 (J,K) (19)

where #, and g, are the reconstructed low-pass and high-pass filters.
The original large-scale laser scanning data containing noise is denoised using wavelet transform [19].

Il. C.One-sided surface reconstruction of mass concrete structures
Il. C. 1) Detection and repair of holes
In the process of large-scale laser scanning surface reconstruction, some holes will be generated, which need to
be repaired, and the detection of holes is the basis of hole repair. Let the point P exists on the boundary, and all
the feature points of the surface boundary are obtained according to the K — neighboring points. According to the
definition of boundary feature points, two types of holes can be obtained: closed holes and non-closed holes [20].
In order to repair the holes of the large-scale laser scanning cloud data comprehensively, the non-closed holes are
firstly converted into closed holes and then repaired, the steps of converting non-closed holes into closed holes are:

Step1: Select multiple non-noise points as control vertices on the edges of the non-closed holes.

Step2: Perform curve boundary fitting operation on the control vertices.

Step3: Resample the curve boundary curve to get new sampling points.

Step4: Establish a new hole boundary based on the original boundary points and the new sample points.

If two neighboring points £ and P; are spaced A>AxA then additional sampling points are needed

min ?

between £ and P, A=u,-u;, u; and u; are parameter values associated with £, and P;, respectively,
there:

n=Int(A(AxAyy)) (20)

u;:ui-q-éxi,i:l,---,n—l (21)
n

where n denotes the number of new sampling points between £ and P, and u,* is the parameter value of the

1

new sampling points.

Il. C.2) Extraction of eigenfaces in the domain adjacent to the hole

In order to repair the hole more accurately, the feature surface of the hole region is extracted. The hole and the
surrounding information is the hole neighborhood domain, and the thickness can describe how many points near
the hole. Let the points between the hole and the proximity domain be B,PB,,---,P,, if the sum of squares of these

points is minimized, then it means that they constitute the eigenfaces, and let the center of the shape of R,B,,-:-,P,
be 0, the eigenfacets can be described by spatial points O and unit normal vectors =, then there are:

1 n
o==> P 22
"Zo 7 (22)

Then the corresponding construction matrix is:
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Il. C. 3) Calculating the coordinate system of the hole

Let d(P,.,O)zd(Pj,O), Vj#i,then P. denote the furthest point of A,P,---,P,,i.e. P,, d(x,y) is the distance

between x and y, (P,—O)xn, nx((P,-0O)xn),and n arethe u, v,and s axes of the coordinate system,
which form the hole coordinate system.

Il. C.4) Constructing implicit surfaces
Let U be a subdomain of the fitted region, then the fitting function is:
s(p)= D a(PM,(p)=M" (p)a(p) (24)

i=0

where peU and a(p)=[al(p),az(p),u-,am(p)]T are the coefficients to be solved. M(p) is the basis function
and the fitting function becomes:

s(p) = ay(p)+a;(p)u+ay (p)v+as(p)u’ +ay(p)uv+as(p)v* (25)

The weighted discrete L2 paradigm is defined as follows:

N
J =" w(p-p)s(p)- 1)

i=1
ul ) (26)
= Z w(p = p)ay(p)+a (pu+ay(p)v+ay(pu
i=1
+a,(p)uv+as(p)v’ = 1)
where f; is the node value at P=F and w(p-p;) isthe weight function of p,.
In order to solve for the coefficient a(p), the derivation of a is performed and Z—J =0, then there are:
a
a=(p-p) BWS (27)
where the B value is calculated as:
1,1 ]
ul AN un
vl RN vn
B= 2 2 (28)
ul AN un
vlz RN vlf
_ulvl PR unvn i

The relationship between the weight function w(p—p;) and |p-p;| is a monotonically decreasing relationship,

-1
and thus « =(BWBT) Bwf of W(p—pl») varies with the change in the estimated point. The weight function is
given by:

(29)
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The weight function is closely related to the resampling point, and the coefficients a(p) are to be recalculated,
i.e:

a(p)=(BW(p)B" )_l BW(p)f (30)

where W(p) is a diagonal take.
Steps to compute the functional equation of an implicit surface:
Step1: Project B,P,,---,P, onto the feature surface to obtain s,,s,,---,s in the hole coordinate system, and

compute the f vector values.

Step2: Project R,P,,---,P, ontothe u and v axes, compute the coordinate values u,,u,,---,u,, v,v,,":*,v,,
and obtain the value of B.

Step3: Obtain the weights of each point based on the resampled points and the projection points of A,PB,- -, P,
on the feature surface.

Step4: Calculate the coefficients «,, a;, a,, ay, a,, as ofthe solved fitted surfaces accordingto B, W ,and

f , and then calculate the surface functional equations of the re-sampled points to realize the surface reconstruction
of large-scale laser description data.

lll. Experiments and analysis of results

lll. A. Performance testing experiments

The main purpose of the experiments in this section is to verify the actual scanning performance of the method in
this paper. The performance of RIEGL VUX-1UAV and this paper's method is compared, and two kinds of mass
concrete (A and B) are selected for the experiment, and the four indexes of the two methods, such as elevation
difference, point cloud density, point cloud thickness, and point cloud penetration, are specifically compared and
analyzed.

lll. A. 1) Comparison of RTK elevation values

The comparison of elevation difference is shown in Table ﬂ.The mean value of the elevation difference between the
laser point cloud scanned by RIEGL VUX-1UAV and the 18 field RTK points is 0.02.The mean value of the elevation
difference between the laser point cloud scanned by the method of this paper and the 18 RTK points is
0.019.Therefore, the point cloud scanned by the method of this paper can reach the same accuracy of RIEGL VUX-
1UAV.

Table 1: Elevation comparison

RTK point dz
RIEGL VUX-1UAV Ours
1 0.0367 0.0199
2 0.0244 0.0086
3 0.0012 -0.0214
4 0.0146 -0.004
5 -0.0031 -0.0236
6 0.0136 -0.006
7 0.0145 -0.0159
8 0.0263 0.0091
9 0 -0.0157
10 -0.0155 -0.0277
11 -0.0462 -0.0597
12 0.0234 0.0028
13 0.0379 0.0165
14 0.0436 0.0227
15 -0.0128 -0.029
16 -0.0121 -0.0163
17 -0.0105 -0.0226
18 0.0236 0.0216
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lll. A.2) Point cloud density

The point cloud densities of the two methods in this experiment are mainly related to the field of view angle and the
laser emission frequency, the actual field of view angles of the RIEGL VUX-1UAV and the method in this paper are
90° and 85°, respectively, and the laser emission frequencies are 550 kHz and 400 kHz, respectively, and the point
cloud densities are shown in Table @ The point cloud scanned by this paper's method has an average point cloud
density of 2.75 times that of RIEGL VUX-1UAV in each selected area. Therefore, the method in this paper can
obtain a higher point cloud density at a lower scanning frequency.

Table 2: Dot cloud density

Area RIEGL VUX-1UAV Ours
A 119.26 320.83
A, 105.6 373.32
As 89.82 320.57
Ay 134.17 238.35
As 120.7 200.76
B 46.3 136.69
B, 50.33 98.14
B; 61.24 235.72
B, 73.24 392.21
Bs 147.98 381.65
Bs 142.34 304.07

lll. A. 3) Point cloud thickness _

The point cloud thickness of this paper's method is shown in Table 3. From the table, it can be seen that the point
cloud thicknesses in this paper are all small, the average thickness of the point cloud at the right bottom is 3.68 cm,
and the average thickness of the point cloud at the edge is 5.32 cm, which is good for the stability and reproducibility
of the echo of the mass concrete structure.

Table 3: Dot cloud thickness (m)

Area RIEGL VUX-1UAV Ours
A 0.022 0.035
A, 0.047 0.039
Az 0.043 0.035
Ay 0.042 0.045
As 0.026 0.03
B 0.05 0.059
B, 0.051 0.062
B; 0.067 0.071
B4 0.04 0.039
Bs 0.062 0.044
Bs 0.049 0.044

lll. A.4) Point Cloud Penetration

The point cloud penetration is mainly related to the laser power, laser divergence angle and measurement distance,
and both the RIEGL VUX-1UAV and the method in this paper have a laser class of 1 and a laser divergence angle
of 0.5 mrad. In this experiment, two pieces of mass concrete C1 and C: are selected to analyze the point cloud
penetration, and the point cloud of each mass concrete is divided into five intervals H1~H5 according to the
thickness.The point cloud penetration of each selected area is shown in Table 4. Analyzing the data, it can be seen
that the point cloud penetration of both methods is better. The point cloud scanned by this paper's method is
uniformly distributed in different thickness intervals, with better penetration, and the structure is more completely
expressed, and the average percentage of the point cloud of this paper's method is 0.216, with better penetration
of the point cloud, which still ensures a better quality of the point cloud while realizing efficient scanning.
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Table 4: The various constituencies point cloud penetrability

Area Thickness range RIEGL VUX-1UAV - Ours -
Counts Proportion Counts Proportion

T4 2359.9 0.11 11441.3 0.29

T, 843.2 0.07 3228.8 0.12

C4 T3 1944.7 0.16 7392.9 0.19
T4 4168.3 0.32 11920.6 0.29

Ts 4064.9 0.3 8264.1 0.21

T4 1081.6 0.12 6355.5 0.28

T, 549.7 0.09 1389.1 0.04

C, Ts 651.5 0.1 2733.8 0.13
T4 1382.1 0.14 4682.9 0.19

Ts 4429.2 0.53 10982 0.42

lll. B. Regular growth of late strength of mass concrete
lll. B. 1) Intensity normal distribution

The area between the curve and the horizontal coordinate represents the sum of the frequencies (probabilities) and
is equal to 100%, the probability is the chance that the data obtained from the test will fall in the graph, which can

be expressed by the distribution function, and the area of the normal distribution for different o value ranges is
shown in Figure m The areaintherange x=f-o to x=f+o is67.9% of the total area. The area in the range

x=f-20 to x=f+20 is 95.9% of the total area. The area in the range x= f-30 to x= f+30 is 98.9% of
the total area.

A
Guarantee rate
2
=
=
s}
o
-
[=%
Failure rate
0 >
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<& i I f
Ll i)
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<& »

Figure 2: Strength assurance
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lll. B.2) Strength guarantee rate

The strength guarantee ratio is the ratio of the shaded area in the figure to the total area in the figure, and this ratio
is a good reflection of the strength guarantee ratio for the design strength class. The strength guarantee ratio is
shown in Figure 2.

When calculating the strength guarantee rate P for mass concrete, the probability degree (¢) (also known as

the guarantee rate coefficient) is first calculated based on the design strength grade of mass concrete (f,,, ), the

average value of strength (]_‘) , the coefficient of variation (&) or the standard deviation (o).

::L}:__szu.k — A}:__Lf;u.k

t =
o o-f

(31)

The guarantee rate can be found from the probability degree ¢ and then from the normal distribution curve
equation. The strength assurance rate is shown in Table 5| It can be seen that, under the low temperature and cold
conditions, strengthening the monitoring of the thermal insulation refers to the concrete, which indeed ensures the
regular and effective growth of the strength of the concrete in the late stage.

Table 5: Strength assurance

1t/ o) L(%) t(ft/ o) L(%) «(ft/o) P(%)
0.1 54.3 1.1 86.6 2.1 98.6
0.2 56.9 1.2 89.5 2.2 98.7
0.3 62.3 1.3 90.4 2.3 98.9
0.4 65.8 1.4 92.7 2.4 99.1
0.5 69.2 1.5 93.6 2.5 99.3
0.6 73.4 1.6 94.2 2.6 99.4
0.7 75.2 1.7 95.6 2.7 99.6
0.8 79.6 1.8 96.6 2.8 99.7
0.9 82.1 1.9 97.4 2.9 99.8

1 83.5 2 97.9 3 99

IV. Conclusion
The following conclusions were obtained through the research and experimental analysis of the single-plane
imaging technique for mass concrete structures based on 3D laser scanning technology:

The developed 3D laser scanning imaging method performs excellently in the inspection of mass concrete
structures, and compared with the RIEGL VUX-1UAV scanning system, the mean value of the elevation difference
between the laser point cloud scanned by this method and the RTK points is 0.019, which is comparable to the
accuracy.

In terms of point cloud density, the point cloud density of the present method is on average 2.75 times higher than
that of RIEGL VUX-1UAV in each selected area, and higher point cloud density is realized at lower scanning
frequency. The point cloud thickness test shows that the average thickness of the point cloud of this method is 3.68
cm and 5.32 cm for the directly below and the edge, respectively, which is better for the concrete structure echo
stability. The point cloud penetration test shows that the scanned point cloud of this method is uniformly distributed
in different thickness intervals, with an average percentage of 0.216, which is good for penetration.

In addition, the analysis of the strength growth law of concrete in the later stage shows that the concrete strength
guarantee rate can reach 98.9% when the probability degree reaches 2.3 through effective thermal insulation
measures. These results show that the single-side imaging technology for mass concrete structures based on 3D
laser scanning can efficiently and accurately obtain concrete structure information, provides technical innovation for
engineering monitoring and assessment, and is suitable for quality inspection and assessment applications of large-
scale engineering structures.
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