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Application of BIM model based on improved region growth
algorithm in building reinforcement and renovation

Cong Du!, Yi Wen?, Lijian Ren?

Abstract: In response to the current issue of poor modeling performance of Building Information Modeling
for building models, a new Building Information Modeling based on an improved region growth algorithm is
proposed. This method improves the region growth algorithm by introducing machine learning technology,
and utilizes the improved algorithm to perfect the building model, thereby improving the efficiency of
Building Information Modeling. The performance comparison experiment of the improved algorithm shows
that its accuracy is 92.3%, respectively, which are lower than the comparison algorithm. Subsequent empirical
analysis found that the robustness rating of the renovated building with the new Building Information
Modeling was 94.06, significantly higher than the traditional model. The above results indicate that the
new Building Information Modeling proposed in the study has high efficiency and accuracy in building
reinforcement and renovation. This method can provide a new solution and idea for the field of building
reinforcement and renovation.
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1. Introduction

The development of information technology and the arrival of the digital age are also
causing significant changes in the construction industry [1]. Building Information Modeling
(BIM) is a rapidly developing technique in recent years [2, 3]. It can present various links
and processes of building engineering in a digital manner, making the design, construction,
maintenance, and other aspects of building engineering more intelligent and efficient. In
the field of building reinforcement and renovation, BIM has become an important tool and
means [4]. At present, the application of BIM in building reinforcement and renovation mainly
focuses on two aspects: firstly, using BIM models to design, construct, and maintain buildings;
The second is engineering management based on the BIM model, which utilizes the BIM
model for building operation management and maintenance [5]. However, there are still some
problems and challenges in the application of BIM in building reinforcement and renovation [6].
For example, due to differences in design and construction standards among different regions
and building types, it is difficult for BIM to be effectively applied in design and construction;
In addition, the current BIM has the problem of information silo, which leads to the inability to
effectively integrate and share information. Therefore, to solve the above problems, this article
studies the application of a BIM model combined with an improved region growth algorithm
in building reinforcement and renovation, thus providing a new solution and idea for the field
of building reinforcement and renovation.

2. Related works

With the widespread application of 3D laser scanning technology in construction projects,
region growth algorithms (RGA) and point cloud plane extraction algorithms (PCPE) have
received high attention. Pan et al. put forward a crystal region dynamics mode combining
temperature cycling with RGA to solve the problem of size dependence during crystal
crystallization, and conducted empirical research on it. Finally, it was found that this model
can reduce the sensitivity of crystal size in crystal crystallization compared to traditional
methods [7]. To accurately monitor the profile of steel bars, Robert et al. proposed a steel bar
planar contour algorithm based on automatic non parametric principle. Empirical analysis
shows that this algorithm significantly improves the accuracy of steel bar contour detection
compared to traditional algorithms [8]. To improve the charging efficiency of charging devices
on the plane, Wang led his team to propose a dominating coverage set extraction algorithm.
Through effectiveness verification, it was found that the average performance of this algorithm
is at least 33.49% higher than that of the comparison algorithm, and it has practical application
value [9]. To solve the problem that it is difficult to monitor the physical defects in organic
solar cell, Sciuto et al. proposed to combine the elliptic basis function neural network with
the moment extraction algorithm to build a recognition model for the physical defects of cells.
The analysis of this model shows that its classification accuracy in the test dataset is 89.3%,
indicating its effectiveness [10]. Liu et al. designed an accurate point set registration method on
feature fusion to address the issue of excessive noise in point cloud data. This method has been
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empirically studied in orthodontic scenarios and has been concluded to be more effective than
traditional methods in registration, achieving the goal of noise reduction in cloud point data [11].

With the increasing regularity and complexity, research on optimizing BIM models is also
increasing. To improve the effectiveness of construction project decision-making, Tavakolan et
al. proposed integrating ontology knowledge with semantic reasoning technology to construct
a building planning information collection and decision support system. This system can
effectively improve the planning level of decision-makers [12]. To understand the evaluation
of BIM by construction professionals, Olanrewaju et al. proposed combining the obstacles to
BIM implementation with questionnaire survey methods to construct a descriptive analysis
plan for BIM evaluation. Empirical experiments have shown that construction professionals
believe it can be used to develop appropriate mitigation solutions [13]. To prevent health project
costs from exceeding standards, Meisaroh et al. constructed a BIM based on the quantity
takeoff algorithm. The important factors in the cost of health projects are drawings, project
quantities and interoperability of data. It is also found that the cost-benefit of this model for
health construction projects is as high as 5.34% [14]. To address the issue of insufficient
digitization of construction project planning processes and information, Walter led his team to
combine BIM with open data exchange technology to construct a digital model for building
applications. This model completes the digitization and sharing of building information, which
can be used for future evaluation and testing [15]. To improve the accuracy of heat and cooling
load calculation data, Lawson proposed a load calculation scheme based on BIM technology.
This scheme can eliminate common errors in traditional calculation schemes and significantly
improve the accuracy of load calculation results [16].

In summary, with the rise of the building renovation craze, there is increasing attention to
RGA and BIM. And currently, many improved methods have been applied to RGA and BIM
technologies, but there are still few studies combining RGA and BIM technologies. Therefore,
this study combines RGA and BIM technology to construct a BIM model that combines RGA,
aiming to perfect the accuracy and validity of building information collection and provide
auxiliary support for rational planning of building resources.

3. Application of BIM model based on improved RGA
in building reinforcement and renovation

3.1. PCPE based on region growth

RGA is an image segmentation method that uses a minimum spanning tree to achieve
image segmentation, effectively extracting images from the target area while avoiding excessive
image segmentation [17]. In building reinforcement and transformation, the application of area
growth algorithm mainly relies on image processing technology to realize the segmentation
and identification of the building surface by processing and analyzing the surface data of
the building. Although the area growth algorithm mainly deals with plane graphics, it can
be processed on a two-dimensional plane by transforming the surface of the building into
image data, so it can be applied to building reinforcement transformation. At the same time the
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research object of building reinforcement and renovation application is a simple plane model,
and PCPE can accurately extract flat surfaces, such as ground, plane, and facade information
from the point cloud data (PCD) [18]. Therefore, the study combined RGA with PCPE to
construct a PCPE based on region growth. Fig. 1 shows the structural diagram of this algorithm.

Data preprocessing Plane Extraction
Boundary reconstruction
Point Cloud Data Point cloud plane
Registration construction recognition

Point Cloud Plane
Boundary Detection

Same attribute construction

Point cloud data denoising | 9 e o imatien Rt

Point cloud plane boundary
reconstruction

Point cloud component
segmentation

Point cloud data reduction

Fig. 1. PCPE algorithm based on region growth

Fig. 1 shows the PCPE flowchart based on region growth. The process includes the
collection and processing of PCD, point cloud plane cutting, plane boundary detection and
reconstruction, plane type recognition, point cloud plane construction with the same attribute,
and point cloud construction segmentation process [19]. The plane extraction of point clouds
involves dividing the points in the point cloud into different point sets based on the same
plane. The directly collected PCD is usually in a disorderly and diverse state, so research first
needs to preprocess the PCD, including PCD registration, PCD denoising, and PCD reduction.
Firstly, PCD of buildings is collected through laser scanning technology; Subsequently, point
cloud data is registered, which involves matching and aligning the local coordinate system
of the collected PCD with the common global coordinate system to achieve complete PCD
collection. The second step is point cloud denoising. As a result of the fact that the PCD
collected by the laser scanner contains noise that is not needed for research, such as moving
objects, surrounding environment, and reflection artifacts. Therefore, research is conducted
on denoising the registered point cloud data through grid and scattered point cloud denoising
techniques. After denoising, PCD will still have the characteristics of massive data and dense
point clouds. In response to this phenomenon, research has been conducted on simplifying PCD
through triangular patch simplification and direct simplification methods. Fig. 2 is a simplified
processing step diagram.

As Fig. 2, in the simplification step, the point cloud data will first be imported into the
3D spatial coordinate system and voxelated using a uniform grid; After determining the size
of voxel mesh parameters, a simplification operation of cloud point data is attempted by
eliminating all cloud points in the same voxel. After processing the collected point cloud data,
point cloud plane extraction is performed on the point cloud data through RGA. Region growth
is an algorithm that combines point cloud data with similar properties to achieve point cloud
region merging [20]. Combining the K-nearest neighbor method and the spherical fixed distance
method plays an important role in regional growth point cloud planar cutting. These two methods
enable more precise classification and boundary optimization, thus improving the accuracy and
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Fig. 2. Cloud data reduction processing steps

efficiency of the cut. Through the steps of initial classification, determining seed points, region
growing, boundary optimization, executing cuts, and result evaluation and adjustment, it can
satisfy a variety of complex point cloud data cutting scenarios and meet the needs of different
applications. By using the spherical fixed distance method and K-nearest neighbor method
to search for adjacent points of each cloud point, seed points are established and growth points
are selected based on this, achieving the extraction of segmentation planes for cloud point sets.
Subsequently, perform plane fitting on the segmented point set and match the specific plane
model with the segmented point cloud [21]. By obtaining the optimal plane parameters, the
overlap between point cloud data and model parameters can be achieved. The study uses the
least squares method to find the plane with the smallest distance from the segmented plane,
and the fitting Equation of the center of gravity of the cloud point is obtained from Eq. (3.1).

3.1) ax+by+cz=d

In Eq. (3.1), x is the horizontal coordinate of each point in the plane; y is the vertical
coordinate of each point in the plane. The sum of the distances between the desired plane and
the segmented plane point cloud is defined as o, and the plane with the lowest o value is the
cloud point fitting plane. The calculation equation for o is Eq. (3.2).

n 2
(ax; + by, + ¢z —d)
(3-2) o= Z a?+ b2+ c?
i=1

In Eq. (3.2), x; is the abscissa of point cloud Py; y; is the ordinate of point cloud P,; z; is
the vertical coordinate of point cloud P,,. All points in a plane equation are in the same plane,
and the coefficients multiplied by their horizontal, vertical, and vertical coordinates can be any
number, but each coefficient cannot be zero at the same time. Therefore, the plane equation
must have constraints, and the calculation equation for the constraints is Eq. (3.3).

2,32, 2 _
3.3) { ac+b +c° =1

ax+by+cz=d
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In Eq. (3.3), ¥ means the abscissa of the point; y represents the ordinate of the center point;
z is the VC of the center point. The objective function of the least squares method is Eq. (3.4).

(34) F=min | (a(xi = %) + b(yi = 3) + c(z; — D)
i=1

Eq. (3.4) is the same as Eq. (3.3). The cloud point and the distance matrix of the fitting
surface are defined, and the matrix equation is Eq. (3.5).

X=Xy =).21 -2 a(x; =)+ b(y1 =y) + c(z1 - 2)

— _ _ a = 7 <

(35) AX = X2 =X, Y2=Y,22—2 b | = a(xy —X)+b(yr =) +c(z2 —2)
o= %Y = o2~ 2 N R T () R CH

Eq. (3.5) is similar to both of Eq. (3.3) and (3.4). At this point, the minimum function
equation of the least squares method is Eq. (3.6).

HAXH=J};«m—7%+Mm—§%+da—ZD2
i=1

(3.6)

(22 =3) + b(y2 =) + c(z2 = 2))°
1

F = min

13

The equation for singular value decomposition of matrix A is Eq. (3.7).

X1 _x’yl _izl _Z

X=Xy2-Y, 222

3.7 =UVD

Xn =% Yn =Y Zn — 2

In Eq. (3.7), D represents the diagonal matrix. U and V represent unitary matrices. After
obtaining the fitting plane of the point set, projecting the 3D-point-cloud into the fitting base
surface, and a 2D coordinate system is established based on this to achieve the conversion step
of the 2D point set. Define the segmented point cloud as P,,, and the projection on the fitting
plane as P;, P, and P, as defined in Eq. (3.8).

X1, Y1, 21 X[, V1> 2
’ ’ 7
X2, Y2, 22 X z
(3.8) Py=| R po| 220
’ ’ ’
xn’ yn’ Zn xn’ yn’ Zn

Eq. (3.9) is the equation for calculating the distance of projection.

lax; + by; + cz; — d|

G5 ’Pipi/| B Va2 + b? + ¢?

= |lax; + by; + cz; — d|
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Eq. (3.10) is the calculation equation for the coordinate of the projection point P;.

t =|ax; + by; + cz; — d|

x =x;—at
3.10 i !
G40 yi=yi—bt

7=z —ct

Subsequently, the 3D projection points are converted into 2D. Firstly, to establish a co-
ordinate system and define the first projection point P; as the origin of the 2D coordinate
system; The direction from the first projection point to the second projection point is derived
as the positive abscissa direction. This XOY two-dimensional coordinate system is established.
Eq. (3.11) is the vector equation for the horizontal coordinate system.

(3.11) PP} = (x)—x{,y5 = Y12 — 2})

(x{,¥1,z1) and (x}, y5, z}) are the 3D coordinate of the projection point p| and p}. Define
the i-th point as P/, and if the P{P; and X axes are square, then the angle between P{P; and
P{ P/ is 0. The equation for calculating the sine and cosine of 6 is Eq. (3.12).

Pl Pl Pl Pl

(3.12) cosf = ————
[PiP;]-1PiPy]

The calculation equation for the 2D point P;” corresponding to P/ is Eq. (3.13).

(3.13) { xl.”=|Pl’Pl.’|-cos0

= |P{Pl.’| - sin @
Finally, by using region based growth a-shapes algorithm, the 2D point set boundaries are
extracted and reconstructed to obtain the required building data.

3.2. Application of new BIM model in building renovation

BIM is a digital expression data model that aggregates information related to construction
projects through digital technology, which can improve the efficiency, quality, and sustainability
of construction projects. The study integrates the region growth based plane extraction
algorithm with traditional BIM models to construct a BIM model based on region growth
plane extraction. After processing the spatial plane point cloud data, it is vital to identify the
PCD of building components in the plane data. The construction recognition process is divided
into construction type recognition and construction geometry information recognition. Due
to the use of laser scanning technology to collect and preprocess PCD, it only represents the
entire building and does not differentiate the components within the building. Therefore, the
study uses geometric features and topological network algorithms to extract features from
planar point cloud data, achieving type recognition of building components. Calculates the
normal direction of the plane through cosine values. The angle between the normal vector of
the segmentation plane and (0,0,1) is defined as 6’, and the judgment equation is Eq. (3.14).

_(a,b,0)-(0,0,1) . { 0, horizontal plane

(3.14) cos )’ = N 1,  vertical plane
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In Eq. (3.14), if the plane is judged as a horizontal plane, it may be the plane of the plate
and the bottom surface of the beam; If the plane is judged as an elevation, it may be the side of
the beam, the wall mounting surface, and the column elevation. Subsequently, feature judgment
on the contour of the plane is performed, and the judgment equation is Eq. (3.15).

X > 2.5, beam sides
(3.15) MY <04, columns, sides
Ymax ~ 1, wall facade

In Eq. (3.15), xmax is the maximum horizontal side length of the plane; ynyax is the
maximum vertical side length of the plane. In actual engineering, the judgment accuracy of
only constructing through Eq. (3.15) is insufficient. The study uses the length of the vertical
side as the basis for judgment. If the length of the vertical side is close to the height of
the floor, it is the wall facade, and if it is shorter, it is the side of the beam. If the plane is
a horizontal plane, the longest edge in the vertical contour direction is recorded as length and
width; If the aspect ratio is not large, it is a plate, and if the aspect ratio is large, it is a column.
However, geometric features cannot identify door and window voids, and recognition errors
are prone to occur. It is necessary to verify the topological relationship to ensure accurate and
accurate recognition of plane types. After achieving type recognition of point cloud planes,
geometric segmentation of components with the same attributes is performed, and the attribute
segmentation standards are demonstrated in Table 1.

Table 1. Attribute segmentation criteria

Code | Plane type Judgment rules
Al Cylinder Common contour edges exist perpendicular to each other
A2 | Beam surface Common contour edges exist perpendicular to each other

Parallel to each other, with small distances between planes and similar
A3 | Board surface .
coordinate ranges between planes

Parallel to each other and with small distances between planes,
A4 Metope
the horizontal projection length range is close

In Table 1, the plane can be judged by the dot product of its fitting plane’s unit normal
vector, and the judgment equation is Eq. (3.16).

0, vertical

(3.16) ny-ny = (ai, by, c1) - (az, by, c2) = { +1, parallel

After completing the identification of component types and geometric information, the BIM
model is constructed based on relevant information and topological relationships. The required
parameters include the geometric parameters of component beams, slabs, columns, walls, doors,
and windows. The geometric parameters of the beam are the top height of the beam, the starting
and ending points of the beam centerline, the beam height, and the beam width; The geometric
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parameters of the plate are the boundary of the plate contour and the thickness of the plate;
The columns are the height of the column base, the height of the column top, the width of the
column, and the depth of the column; The wall is the height of the wall bottom and the wall top,
the starting and ending points of the wall centerline, the wall thickness, and the wall contour line;
The is are the coordinates of the door, the height of the door bottom, the width and height of the
door; Windows is window coordinates, window bottom elevation, window width, and window
height. The above parameters will be developed through software Revit2016 for secondary
programming to improve parameter information. The programming language for secondary
development is C#, and the programming steps are divided into the creation of elevations,
slab markers, walls, and columns, beams, and doors and windows. Set the elevation through
the CreateLevel function. Public Floor NewSlab sets floorslab; Profile sets the floor profile;
SlopedArrow sets the slope, Public Walls Create sets the wall height, wall type (thickness),
and position; FamilyInstance sets the coordinates, length, width, and elevation of columns,
columns, doors, and windows. After the BIM parameters are determined and the BIM is built
in the above way, the new BIM model will be used to build the architectural model that needs
to be reconstructed and strengthened. In this way, the architectural model can be strengthened
and reconstructed better, so as to sustainably accelerate developing the construction industry.

4. Interpretation of result

4.1. Comparative analysis of improved RGA performance

In order to test and analyze the actual performance of the proposed Improved Region
Growth Algorithm (IRGA), the study compares its performance with that of Region Split and
Merge (RSM), Feature Pyramid Network (FPN) and Random Sample Consensus (RANSAC)
based extraction algorithms. Machine (FPN) and Random Sample Consensus (RANSAC)
based extraction algorithms. The research takes the accuracy, loss rate, precision rate, recall
rate, PR curve, selection rate, and consumption time of the algorithm as comparative indicators,
and verifies them in the ABW public dataset. The experimental environment for this study is
as follows: the development environment is VC++software, the development framework is
MEC class library, the graphics library is OPENGL, and the PC set is 2.2 GHz, 2.0 GB. The
accuracy and loss rate results of the four algorithms are displayed in Fig. 3.

From Fig. 3(a), it is evident that as the iterations increases, the accuracy of all four
algorithms shows an increasing trend, and the loss rate of them shows a decreasing trend. In
the comparison of the accuracy curves of the four algorithms, it can be found that the IGRA
tends to stabilize with an accuracy of 92.3%, which is higher than RANSAC’s 86.7%, FPN
algorithm’s 85.1%, and RSM algorithm’s 84.9%. In addition, the loss rate comparison curve in
Fig. 3(b) shows that the final loss rate of IGRA is 2.35%, lower than RANSAC’s 2.41%, FPN’s
2.48%, and RSM’s 2.52%. The above results indicate that from the dimensions of accuracy and
loss rate, IGRA performs better than other comparative algorithms. Fig. 4 shows the accuracy
and average absolute error results.
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Fig. 4. Accuracy and average absolute error results of four algorithms; (a) Precision rate, (b) Mean
absolute error

Fig. 4(a) is the comparison of the four algorithms’ accuracy: as the iterations increases,
the accuracy of all four algorithms shows an increasing trend. The accuracy of IGRA towards
stability is 95.6%, which is higher than RANSAC’s 91.8%, FPN’s 89.6%, and RSM’s 88.6%.
Fig. 4(b) shows the comparison of the average absolute error: with the increase of iterations,
the average absolute error of the four algorithms shows a downward trend. The average absolute
error of IGRA tending to be stable is 0.00056, which is higher than 0.00075 of RANSAC,
0.0078 of FPN and 0.0081 of RSM. The above data verify that the IGRA performance is better
than that of the comparison algorithm in terms of accuracy and average absolute error. Fig. 5
shows the selection rates and PR curve results of the four algorithms.

As the graph of the PR curves in Fig. 5 of the four algorithms: the PR curves of all four
algorithms show a downward trend. The area under the PR curve of the IGRA algorithm is
0.91, which is higher than RANSAC’s 0.85, FPN’s 0.83, and RSM’s 0.79. Fig. 5(b) shows the
comparison results of image selection rates among the four algorithms. The study repeated
six experiments to prevent accidental errors. In Fig. 5(b), the IGRA algorithm has the highest
image selection rate among the four algorithms in all six experiments. And its average image
selection rate is 95.6%, which is higher than 90.6% of RANSAC, 88.6% of FPN, and 86.9%
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Fig. 5. Comparison results of selection rate and PR curve of four algorithms; (a) PR curve, (b) Selection
rate comparison results

of RSM. The above results indicate that from the dimensions of image selection rate and PR
curve, the performance of the IGRA algorithm proposed in the study is superior to similar
RANSAC algorithm, FPN algorithm, and RSM algorithm.

4.2. Empirical analysis of a new BIM model

After comparing the IGRA algorithm, to analyze the new BIM performance based on the
IGRA, the study simulated room point cloud data using Matlab software, with size 3 X 3 X 6 m.
Implement the automatic generation of a new BIM model by importing component algorithms
and component extraction parameters into the Revit secondary development program. To
analyze the practical application effect of the new BIM in building renovation and reinforcement,
this study aiming applies the new BIM to the actual renovation and reinforcement process
of a certain building. This study uses a new BIM model and a traditional BIM model to
model buildings in the same batch that need to be renovated and reinforced, and based on this,
proposes suggestions for renovation and reinforcement. After the renovation of the building,
the study analyzed the practical application effects of new BIM models and traditional BIM
models using professional evaluators’ evaluation scores for the robustness of the building’s
renovation. The study divided professional evaluators into four groups and rated the robustness
of buildings reconstructed based on two BIM models, as shown in Fig. 6.

From Fig. 6, it can be seen that the four groups of professional judges rated the robustness
of buildings reconstructed based on the new BIM model higher than those reconstructed
based on the traditional BIM model. And the average score of the four groups of evaluators
on the robustness of buildings reconstructed based on the new BIM model is 94.06 points,
significantly higher than the 86.61 points of the four groups of evaluators on the robustness of
buildings reconstructed based on the new BIM model. The above results indicate that using
a new BIM model to construct a model and reinforcing the building on this basis has a better
effect on enhancing the robustness of the building than traditional BIM models.
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5. Conclusions

To improve the construction accuracy of BIM in the construction of architectural model,
this study combines spherical fixed distance method and K nearest neighbor method with RGA
to obtain the IGRA algorithm. On the basis of this algorithm, a new BIM model is built, hoping
that the new BIM model can more accurately build the architectural model. This study compares
the performance of IGRA with RANSAC, FPN algorithm, and RSM algorithm. The accuracy
of IGRA was found to be 92.3%, which is higher than the RANSAC algorithm’s 86.7%, NS
algorithm’s 85.1%, and RSM algorithm’s 84.9%. Subsequently, empirical analysis of the new
BIM model showed that the rating for the robustness of the reconstructed building based on
the new BIM model was 94.06 points, much higher than the 86.61 points of the traditional
BIM model. The above results indicate that using a new BIM model with improved RGA can
effectively improve the quality and efficiency of building reinforcement and renovation plans.
Matlab software is not a professional point cloud processing platform, and PCL professional
point cloud processing platform needs to be used for analysis in the future to improve the
efficiency of point cloud processing.
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