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Abstract. The construction of 3D software models can improve the clarity of data
processing results. By presenting a more intuitive appearance. This article simulates,
measures and analyzes the living space environment of outdoor residents based on
this software. Basic data scanning and recording were conducted. and chooses the
CAD software based on BRep—CSG conversion algorithm model to realize the

construction of the solid model. According to the experimental results, the 3D model
stitching characteristics can be obtained by selecting 8 feature points for matching in
four random matches. In addition, compared with the conventional CAD software, the
CAD software based on BRep—CSG conversion algorithm model can effectively
improve the model conversion efficiency and shorten the conversion time, the
decomposition results are more consistent with the model characteristics, and the
final presented 3D model is more consistent with the actual environment.
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1 INTRODUCTION

As people's demand and requirements for housing increase, the environment in residential areas has
become people's quality of living and happiness. In the past, designers used to show and express
their environmental design concepts and ideas through pen and paper, but their audiences were
unable to understand the design ideas in such a monolithic form. More and more knowledge-based
tools are being used in computer-aided engineering environments. Brockmandller et al. [1] described
a computer-aided engineering environment (CAE). This is a tool and software system used for
designing, analyzing, simulating, and optimizing engineering systems. The computer-aided
engineering environment of engineering design, manufacturing, and testing, and reduce human
errors. And it can provide detailed information about the design scheme, thereby improving the
quality and reliability of the design. Chen et al. [2] believe that computer-aided engineering software
can help designers better understand the requirements of product design, improve the quality and
efficiency of design. This system can shorten the product development time by shortening the design
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and analysis cycle. In the product design process, virtual prototyping can be used to predict the
reliability of a product throughout its entire lifecycle, thereby helping designers better carry out
product design and optimization. Da et al. [3] simulated various experimental schemes and used this
system to identify potential problems in advance in engineering. Before product manufacturing or
engineering construction, computer-aided engineering software helps designers identify potential
problems, thereby improving product quality and reliability. In order to better carry out product
design and optimization. Deng et al [4] studied the digital city landscape planning design under the
spatial information technology. It expounds the theoretical knowledge of in-depth study of spatial
information technology and digital city landscape planning design. Collecting urban vegetation data
maps through remote sensing images, and finally analyzing the planning and design of digital urban
landscapes. In addition, CAD software can realize the digital transformation of design, help designers
to complete the large and inefficient tasks, improve the accuracy of data calculation, significantly
shorten the working time, and enrich the way of environmental design presentation, shorten the gap
between the design effect and the actual environment, so CAD is widely used in the design field [5].
The system also facilitates communication between landscape designers. A design solution can reach
another requester in just a few minutes or even seconds. The application of computer technology
makes the transmission of design solutions more convenient and efficient, and designers can directly
communicate and communicate through video on the computer without having to meet. Greatly
saving valuable time for landscape designers [6]. However, at present, the application of CAD
software in the field of environmental design of residential outdoor spaces mainly tends to the use of
a single function, and in the face of different planning and design needs it is impossible to effectively
select the appropriate function or to choose the appropriate technology for combined application, and
there is a lack of development and research on the in-depth application of its technology and
functions in environmental design [7].

2 DEVELOPMENT AND STATUS OF CAD SOFTWARE APPLICATION IN DESIGN

The development of CAD software in the field of design software system technology. At the beginning
of the system development, it was mainly a simple wireframe system. In terms of expression, it could
only complete the basic geometric modeling expression. Due to the lack of solid surface information,
some functions could not be realized. To address the issue of significant differences in
multidimensional urban landscape design. Liu et al. [8] proposed a nonlinear theory to improve the
accuracy and reliability of landscape design. The use of computer technology and digital technology
can help designers better understand the spatial structure and form of cities, thereby enabling better
landscape design and optimization. Computer technology can help designers more accurately
measure and analyze data on landscape elements, thereby better meeting the requirements of
architectural design. Xu and Wang [9] found that nonlinear theory can reduce design errors and
waste. Computer technology can help designers design and analyze faster, thereby reducing design
errors and waste. By improving design efficiency and quality, and reducing the time and effort
invested by designers. Yoffe et al. [10] discussed how to improve the innovation and flexibility of
urban landscape design. The results indicate that computer technology can help designers better
design and optimize, thereby improving design innovation and flexibility. Designers can use computer
technology to innovate and optimize design solutions, thereby better meeting different design needs
and scenarios. Yu et al. [11] reducing design errors and waste, improving design efficiency and
quality, and enhancing design innovation and flexibility. Zhang and Deng [12] established the use of
computer technology to better design and optimize to meet different design needs and scenarios,
thereby better meeting the needs and aesthetics of modern people. The development of CAD
software systems can be seen from the fact that they have been dedicated to the development from
two-dimensional design to three-dimensional model construction, which is an important research
direction in the field of design.

With the maturity of 3D CAD software systems, they are widely used in manufacturing,

construction, medical fields, and environmental fields. The 3D CAD software can realize the
construction of solid models of mechanical parts by surface modeling, wireframe modeling and solid
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modeling, and the decomposition of the base structure and the change of parameters of the part
design by the software [13]. Zhao [14] utilizes immersive technologies virtual reality, and virtual
landscape research parameter-driven integrated construction. In addition, some researchers have
considered the complexity of outdoor environmental conditions and combined 3D laser scanning
technology to obtain the basic data of the relevant buildings through a reasonable and effective
arrangement of point clouds and to realize the construction of 3D models in CAD software through the
conversion of data formats.

3 ANALYSIS AND METHOD OF DESIGNING OUTDOOR SPACE OF RESIDENTIAL AREA
BASED ON 3D CAD SOFTWARE

3.1 Outdoor Spatial Analysis of Residential Area

In the past, the environmental ignored the analysis of the living population, which made the planning
rationality of different areas in the environmental design relatively low and did not meet the needs of
the actual living population. Therefore, this paper analyzes the demand for space relative to the living
population before the design of outdoor space in residential areas. Figure 1 shows the analysis of the
composition of the population in a residential area. The data in the figure shows that the residential
area can be divided into the elderly, middle-aged people, young people and children by age criteria,
and the latter three account for a relatively high proportion. At the same time, the population
structure of this residential area has the highest number of family households, followed by young
tenants, and there are more people who live in long term rent.
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Figure 1: Results of the analysis of the composition of the residential population in a residential area.

Figure 2 shows the activity analysis of the residential population in the residential area. From the
results of Figure 2, it can be seen that the outdoor activities of the residential population can be
divided into three types of activities: necessary activities such as going to school, going to work,
shopping, etc.; selective activities such as walking, outdoor rest, contact with the natural
environment to soothe the mood, etc.; and social activities such as playing among children and
communication among adults and other contact behaviors. Although there are some differences in
the activity behaviors of different age groups, there are intersections between the overall activity
trajectories, and there is a certain consistency in the use and demand for outdoor space.
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Figure 2: Results of the analysis of the activities of the residential population in a residential area.

Based on the analysis of the activities of the residential groups, the results of the analysis of the
spatial needs of different residential groups are shown in Figure 3. The results show that the spatial
needs of the elderly group are mainly focused on commercial space where goods can be sold, space
for cultural and recreational facilities, and space for leisure and sports; while the outdoor space
needed by the younger children in the family group is mainly focused on shopping space,
entertainment space, educational space and social space; while when the children in the family group
are older, such as secondary school students, they themselves generate the demand for outdoor
space When the children in the family group are older, such as middle school students, they will have
their own needs for outdoor space, mainly focusing on leisure and sports space and social space;
office workers, due to their work, keep their free time in the same direction as middle school students,
so their needs for outdoor space also focus on leisure and sports space, social space and shopping
space.
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Figure 3: Results of spatial demand analysis of living population.
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3.2 3D CAD Software Entity Model Construction

The point cloud data of outdoor space of residential area is obtained by 3D laser scanning technology
and used as the base data for 3D CAD software to build 3D solid model. Acquiring point cloud data in
outdoor space, it is affected by various environmental factors, and there are certain noise and outlier
points in the acquired point cloud data, which will affect the accuracy of 3D model stitching
afterwards. In the alignment point cloud, the point cloud features of each station are extracted
according to the distribution characteristics of the normal vectors before the point cloud data are
stitched together. At the same time, considering the variability in the shape characteristics of outdoor
space buildings and scenery in residential areas, the following accuracy of different feature points will
be carried out. The number of feature points selected in the experiment is [3,10], and the mean and
medium error results are shown in Figures 4 and 5. The data in Figure 4 show that there is a large
variability between three and four times matching of feature points, and the four times random
matching results, the matching results are higher than other numbers of matching results and show
a larger degree of volatility; while the number of feature points is 5, 7 and 8 will produce a larger
matching error.
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Figure 4: Comparison results of the mean value of feature point errors with different matching times.

The data in Figure 5 show that the dispersion of the matching path is still relatively large for the
number of feature points 3 and 4, while is 8 and 9 when the matching dispersion is the smallest and
the stability is the best, where the medium error for the number 9 is higher than that for the number
8.

According to the comparison results in Figure 4 and Figure 5, when four random matches are
selected, the number of feature points is chosen to be 8 for matching, and the results have higher
mean concentration, smaller dispersion magnitude of the medium error, and relatively higher
stability, which can present better 3D model stitching characteristics.

Shapir and Vossler have studied the problem systematically and proposed definitions, theorems and
algorithms to build a systematic knowledge system. The two core concepts of this knowledge system
are canonical intersection terms and describability theorems. The canonical intersection terms of the

ot 6=101.0,.-.02

are shown in (1) and (2):

[1=""0, (1)
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Figure 5: Comparison results of feature point errors with different matching times.

According to (1) and (2), the setG is 2i , where the empty set and the canonical intersection terms
of the non-empty set constitute a subset of one or more subsets with connectedness.

Dk, Ky, k)

If a half-space CSG exists, denoted by and the entity symbol S , then the

half-space set K=kky.... ki}
satisfied:

can describe the entity when and only if two conditions need to be

First, let the boundary be denoted asa , satisfying the condition as shown in (3):
a(S) c ak) wak,) L...ua(k,) (3)

The second condition to be satisfied is that each canonical intersection term in the half-space set
contains connected subsets that are on the same side of the entity.

When the above describability theorem is satisfied, the CSG expression for the entity S is shown

in (4):
b ni out by ni
—Ri. ) —
s=R-2 [[,+ 11, =2II, )
n=1 n=1
The non-empty canonical intersection term contained in the entity is described as I I:I , and the

— out
non-empty canonical intersection term contained in S is denoted as I In .

The above method enables to derive a representation of the entity CSG, but it is usually not a
result of simplification, and some half-spaces have multiple unnecessary occurrences, so it needs to
be simplified by principal implication. Let the main implication of an entity based on the set

K ={k,Ky»...,

ki} be described as ¥ if and only if it satisfies the following two conditions:

First, the entityS is implied asV as shown in (5):
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Y c<S

Y=g n"..n"g_ )

O =K, nOTK,

Where n..m n..m

Second, after any item in the ¥ expression is deleted, the remaining part of the expression

described byS is no longer implied by the entity.

When the number of occurrences of each half-space in the CSG expression is only this, then it is
the most simplified state, so based on this idea simplification can be achieved by dominating the

half-space. If the entity S is represented as in (6)

S=SuU'h (6)
whereh is denoted as a half-space with separateness or as the complement of that space, when
S, © S ,h isthe dominant half-space of S, which is also the main implication of that entity, so that
the following decomposition theorem exists for it: when the entity S in the half-space set
H ={h,h,,....,h} can be described, if h, € H is the dominant half-space of that entity, as shown
in (7):

S=huU'S )
If h, € H is the dominant half-space of the entity § , then as shown in (8)

S=hu'S (8)
and can be described at S in H ={h,h,,...h}-{h} .

If the entity S can be described in its corresponding natural half-space set, an efficient
representation can be obtained by the computational method of CSG expressions, but the
corresponding entity cannot always be described in the natural half-space set, so the concept of
segmented half-space is proposed, i.e., the half-space necessary for defying entities that do not
belong to the natural half-space set, as shown in Figure 6.
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Figure 6: Complementary partition half-space.
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Based on the research results of the above knowledge system, some scholars proposed the BRep—
CSG conversion algorithm based on the basic concepts of conversion element and partition interface.
The method needs to determine the partition interface of 3D entities first, obtain the set of
decomposed conversion elements, realize BRep—CSG conversion by processing the conversion
elements one by one, and merge the final results.

4 RESULTS OF THE DESIGN OF OUTDOOR SPACE IN RESIDENTIAL AREA BASED ON 3D
CAD SOFTWARE

In order to better test the conversion performance of 3D CAD software entity model construction
based on BRep—CSG conversion algorithm, three models are selected for conversion in this paper,
and the conversion time of this algorithm and previous algorithms are compared. The structure of
model 1 among the three selected models is simple, and the structure of model 2 and model 3 is
gradually complicated. The conversion time results are shown in Figure 7. The results in the figure
show that overall the conversion time of the three models with different structural complexity, the
conversion is shorter. Model 1 is a model with simple structure, and the conversion time of this
paper's algorithm improves about 33% compared with previous algorithms, while the conversion
times of Model 2 and Model 3 with increased structural complexity improve about 66% and 75%,
respectively. This is mainly because the BRep—CSG conversion algorithm prefers the decomposition
of models with higher complexity, so the complexity of the CSG representation of the decomposition
result is higher than the previous algorithms when performing models with relatively simple
structure, and the time improvement is limited but more in line with the characteristics of the models.
From the conversion time of models 2 and 3, it can be seen that the higher the complexity of the
model to be converted, the more speed-up effect, the more obvious the effect is, so the algorithm in
this paper has obvious time advantage in decomposing the model, and is also more in line with the
characteristics of the model, and can provide good technical support for the design of outdoor space
environment in residential areas.
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Figure 7: Comparison results of conversion time of three models.
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As shown in Figure 8, the two-dimensional floor plan and three-dimensional floor plan of the outdoor
space environment design of residential areas are compared, from which it can be seen that although
the two-dimensional floor plan can show the design and planning of the outdoor space environment
of residential areas globally, the visual presentation effect is not as good as the three-dimensional
model, and the three-dimensional model can be rendered accordingly according to the actual
environmental conditions, with better visual presentation effect, clearer and more intuitive data
presentation, and less error with the actual The visual presentation is better, the data is clearer and
more intuitive, and the error with the actual environment is smaller.

Local two-dimensional plan Local 3D model drawing

Figure 8: Comparison of two-dimensional plan and three-dimensional plan of outdoor space
environment design in residential areas.

5 CONCLUSION

This paper realizes the design of outdoor space environment of residential area through 3D CAD
software based on the analysis result of the demand of occupants of a residential area. Meanwhile
software entity modeling, this paper selects CAD software based on BRep—CSG conversion algorithm
model. The experimental results show that compared with the previous algorithms, the BRep—CSG
conversion algorithm can significantly reduce the conversion time of the model, and the conversion
results are more consistent with the characteristics of the model and more suitable for the actual
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situation. In addition, the outdoor space environment design drawings of residential areas completed
by the 3D CAD software are more visually appealing, the data presentation is more intuitive, and the
rendering effect is more suitable for the actual environment.
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