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Abstract

After more than 30 years of scientific and social development, surveying and
mapping technology by leaps and bounds, engineering surveying technology
has undergone tremendous changes. In the process of protecting ancient build-
ings, it is necessary to obtain the precise dimensions of architectural details.
In this study, the path of 3D laser scanning combined with BIM technology is
explored. Taking the observation and protection of the ancestral hall of the
Liu family as an example, this study aims to draw drawings that reflect the re-
levant information about the ancient buildings, the accurate three-dimensional
model of ancient buildings is established with BIM technology, which pro-
vides new methods and ideas for the research and protection of ancient build-
ings.
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1. Introduction

With the passage of time, the ancient buildings built by the ancestors gradually
show their potential historical value and cultural value. Or due to the long age,
their own structure and materials are lost, or due to the loss of the traditional
construction technology of ancient buildings and the decline of culture, these
ancient buildings are damaged to varying degrees, and then in the process of
modern urbanization, gradually replaced by modern tall buildings. Ancient build-
ings reflect the history of a country, and a country that does not respect history

cannot develop quickly and well. Therefore, the protection of ancient buildings
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and the cultural value contained in them is an important task facing various ci-
ties at present. Complete drawing data is the key to the reinforcement and repair
of ancient buildings. At present, a large number of existing data on ancient build-
ings cannot meet the requirements of repair [1]. In view of this, according to the
different architectural structures, architectural shapes, artistic styles and so on, it
is more and more become the future development trend to use 3D laser scanning
technology and BIM technology to combine the restoration and protection of
ancient buildings. This design takes the Liu ancestral hall (as shown in Figure 1)
in Wenshi Village, Jizhou District, Ji’an City, Jiangxi Province as the observation
object, the observation task of the Liu ancestral hall adopts three-dimensional
laser scanning technology to conduct data collection, and then analyze and process
multiple sets of data observed by BIM technology, so as to choose reasonable

reinforcement and protection measures.

2. Modeling and Drawing Output of Liu’s Ancestral Hall
Combined with BIM Technology

Three-dimensional laser scanning systems according to different operation posi-
tions can be divided into four types: airborne laser scanning system, ground laser
scanning system, handheld laser scanner and special application of laser scanner,
the ground 3D laser scanning system is widely used, it is mainly composed of 3D
laser scanner, power supply system, computer control unit, support and system
supporting tools [2]. 3D laser scanner is the main component of 3D laser scanning
system, which mainly consists of timer, laser pulse transmitter, laser receiver,
scanning system, control system and other auxiliary function systems [3] [4].
The Liu ancestral hall covers an area of more than 900 square meters, with
two Wells and three steps, three open porches, and five wide faces. There are two
red stone lions in front of the ancestral hall, majestic and solemn, as if guarding
the ancestral hall and defending the honor of the Liu family [5]. Although the

exterior of the general temple has experienced many vicissitudes of life and

Figure 1. Liu’s ancestral hall.
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carved the traces of the passage of time, it is still solemn and solemn today, add-
ing a bit of majesty. With the passage of time, the damage of ancient buildings
and their wooden components is more and more serious, or due to the long age,
their own structure and materials are lost, or due to the loss of traditional con-
struction technology of ancient buildings and the decline of culture, these an-
cient buildings have been damaged to varying degrees. This paper introduces the
application in the restoration and protection of ancient buildings based on the
ancient of Ji’an, and the combination of three-dimensional laser scanning tech-
nology and BIM technology.

1) Data Acquisition

Under good meteorological conditions, relevant personnel were organized to
conduct a site survey of the Liu ancestral hall, and understand the actual situa-
tion of traffic, vegetation distribution, buildings and structures of the Liu ance-
stral hall in advance, so as to form a general architectural outline and impression,
and facilitate the measurement preparation and the later drawing work. After
site found the overall layout of lee ancestral hall dwellings range is larger, may
have great influence on the integrity of laser scanning data and also may produce
data redundancy, so in order to choose an economic, efficient and reasonable
measurement route need to set up multiple sites from multiple angles, so as to get
the complete scanning data, so the indoor and outdoor set up scanning site 10.

When carrying out the measurement work in a certain measurement area,
first of all, a more rigorous method and more sophisticated instruments should
be used to determine the coordinates of a small number of control points distri-
buted in the whole area, as the framework and basis of mapping or construction
lofting, to ensure the overall accuracy of the measurement area, which is called
the control measurement [6].

2) Point Cloud Data Processing

The laser scanner used this time is a FARO Focus 3DX130-type three- dimen-
sional laser scanner. The three-dimensional laser scanner is set up on the ar-
ranged scanning site, sets the relevant parameters of the instrument, and the in-
strument carries out three-dimensional scanning of the ancient building and
automatically collects the point cloud data.

The specific work is as follows:

a) After setting the relevant parameters, turn on the machine, the laser scan-
ner is started, and then the instrument automatically starts to scan the sur-
rounding buildings. In this process, the details of component texture informa-
tion are obtained with the handheld 3D laser scanner [7] [8].

b) After obtaining the image information, the instrument will automatically
complete the selection of the 3D coordinates of the building, and the obtained
point cloud data will be stored in the scanner file, and the point cloud data file
can be exported by using USB or external laptop. Next, we need to de-noise (as
Figure 2) the point cloud in order to build the current status model of the an-

cient architecture.
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Figure 2. Point cloud denoising on column surface.

These points have information about 3D coordinates (X, Y, Z), laser reflection
intensity, and color (RGB), which together create a recognizable 3D structure

[9]. But due to the point cloud data is large, the number of hundreds of thou-

sands, and there are errors and noise defects, therefore, must before the point

cloud data analysis treatment, remove the scanner due to itself and the surround-
ing environment of noise and irrelevant, so you can avoid data redundancy,

greatly convenient results production as Figure 3.

In the operation of the three-dimensional laser scanner, the scanning object is
too large and complex. At this time, the single-station scanning often cannot
complete the comprehensive and complete data collection of the scanning ob-
ject, and it is necessary to scan with multiple stations to complete the complete
data collection of the scanning object. The multi-station scanning data reflects
the form of the collected scanning object, and cannot reflect the scanned object
completely. At this time, it is necessary to use professional point cloud processing
software to assemble the scanned multi-segment point cloud data (also called
point cloud image registration) to get the complete scanning data of the target
object. There are four main methods of point cloud splicing: automatic splicing;
manual splicing; splicing based on measurement points; mixed splicing.

When a 3D laser scanner is used to scan the target, the observation site may be
affected by the scanning equipment, surrounding environment, human interfe-
rence, etc., which will have some noise points, and the collected data will be un-
able to accurately describe the spatial location of the scanned object. Point cloud
denoising is the removal of point cloud data and error point unrelated to the

measured point object in the original point cloud [10].

Point cloud data acquired by 3D laser scanning technology has the advantage
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Figure 3. Data acquired with a 3D laser scanner.

of precision and dense; but also highly redundant, discrete and scattered distri-
bution. After the point cloud splicing of Liu ancestral hall, the complete point
cloud data is more than 10 million points. In order to improve the efficiency of
computing, it is necessary to simplify and smooth the of point cloud data to

some extent [11].

3. Point Cloud Processing and Study Object Modeling

In the point cloud processing software, convert the ancient architecture point
cloud data format to the document in XYZ format [12]. Using CAD professional
drawing software to set the basic drawing environment, select the appropriate
proportion, according to the characteristics of the point cloud data extracted
structure, according to the features with size, three-dimensional coordinate in-
formation draw the Liu ancestral hall feature line (axis line, wall line, doors and
Windows line, etc.), and further with CAD draw Liu ancestral hall plan, eleva-
tion and other two-dimensional plane features, provide necessary repair con-
struction key data.

The corresponding construction name and size are marked on the characteristic
map of the Liu ancestral hall, including the outer wall, inner wall, load-bearing
column, beams, doors and Windows, platform base and main body of the Liu
ancestral hall. On this basis, this data information can be used to model the Liu
ancestral hall through Revit modeling software.

The characteristic drawings of the Liu ancestral hall plan and elevation draw-
ings are imported into Revit software. Using the modeling function of the soft-
ware, the external wall, inner wall, load-bearing beams, doors and Windows,
steps, and roofs of the Liu ancestral hall are drawn, so as to build a three- di-
mensional simulation model of ancient dwellings. Later, the rendering function
of the software was used to render the ancient dwellings of Liu ancestral hall and
give them texture and map. Finally, the exquisite three-dimensional model can
be obtained [13] as Figure 4.

Eight characteristic points were selected in the obvious positions such as the
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Figure 4. Renderings of point cloud splicing of Liu ancestral Hall.

gate, exterior wall, corner and intersection of the ancient residence of Liu ance-
stral Hall, and then the three-dimensional coordinates of these characteristic
points were measured with measuring instruments, and compared with the
coordinate values obtained in the three-dimensional simulation model.

The accuracy of the phase type 3D laser scanner is higher than that of the pulse
type. The instrument model used in the experiment is Faro3DX130, the measure-
ment speed is 976,000 points/second, the maximum scanning range is 330 m, the
ranging error is 2 mm at 20 m, and the noise error is 0.3 mm. The nominal data
meet the scanning accuracy requirements of the Lee ancestral hall, and the 3D
coordinate difference of the measured building points is within 4 mm, and meet

the requirements of the nominal accuracy of the instrument.

4. Analysis of the Protection and Utilization of Ancient
Buildings

Through in-depth investigation and research of the ancient dwellings of Liu
Ancestral Hall, it is found that there are quality problems in its own structural
materials, roof and roof brick technology, water leakage and waterproof of the
building itself, and the color of the exterior wall. The details are as follows:

The common problem of most ancient wood structures is that the main struc-
ture of the building is wood, but due to the long damage of wood and the huge
consumption of wood on the market in other fields, there are not a large number
of available woods suitable for the ancient buildings [14]. At present, there is a
shortage of wood in the market. Under the national policy of advocating saving
wood and protecting the forest, it is more difficult to choose the right dry wood.
Therefore, the supply and quality of wood cannot be guaranteed in the short
term.

With the rapid development of modern society, ancient buildings including
other modern buildings of observation technology are also in rising, reinforce-
ment treatment is varied. The use of modern high-tech means is conducive to
the more comprehensive and more effective protection of ancient buildings. As
the carrier of recognizing history and inheriting culture, the history and culture

contained in ancient architecture carries the genes and blood of the Chinese na-
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tion, which not only belongs to our generation, but also belongs to the future
generations of [15].

Protect and identify the historical buildings in the village according to local
conditions, and activate them on this basis, so as to integrate the ancient build-
ings into the urban and rural economic and social development. If conditions
permit, the ancient building community can be built into a comprehensive cul-
tural tourism project integrating various cultural tourism formats such as ancient
town sightseeing, catering and food, research and exchange, so as to give full play

to the cultural heritage and cultural value of ancient buildings [16] [17].

5. Conclusion

In this paper, the ancient village Liu ancestral hall for research and data processing
object, using 3D laser scanning technology and BIM technology to complete the
measurement of ancient buildings, data collection, can more realistic reconstruct
the size of the building structure, and the late maintenance management to pro-
vide more detailed, more real data and detail construction features. Need to em-
phasize that by using the two technologies and combining with each other, well
play the 3D laser scanning technology in ancient buildings, especially large-size
residential data acquisition advantage, supplemented by BIM technology, through
3D simulation reconstruction, let all the construction of the participants to the
real situation of ancient buildings have a clear intuitive understanding. We will
further integrate VR technology to make conservation and reconstruction projects

of ancient buildings more scientific and perfect.
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