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Abstract. With the rapid development of high technology, smart home can be
welcomed with its convenient, comfortable and safe application experience, but
it also limits consumers' design needs and product experience because of its va-
riety, complex structure and high cost. In this regard, based on the shortcomings
faced by the current smart home design and experience process, this paper will
propose a set of smart home design and three-dimensional simulation display
system construction scheme, relying on the actual advantages of digital and vir-
tual design technology to realize the innovation of design language, creative tech-
niques and display forms. The system takes virtual reality technology as the core,
builds a design and visual rendering engine by relying on 3ds Max, Unity3D and
other software, and forms a server-side framework by combining ASP.NET
framework and Libuv class library to meet the front-end demand for resources
and data calling. Practice has proved that the system can combine data infor-
mation with functional applications, support users to complete the design and
display of smart homes in virtual scenes, achieve the goal of what you see is what
you get, meet users' personalized needs and enhance users' interactive experience.
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1 Introduction

In the era of digital intelligence, smart home, as an integration of home living facilities
with many technical applications, can effectively improve the comfort, convenience
and safety of people's lives, and thus is favored by consumers. Especially among young
consumers, smart homes have more fashionable design styles, more humanized func-
tional settings and richer category choices, which are more in line with their advanced
consumption concepts and diversified and personalized practical needs. [1] However,
the smart home is highly customized, and there is a lot of communication and modifi-
cation in the stage of scheme design and product selection, which leads to the problems
of'long design cycle and low design efficiency. In addition, because of its variety, com-
plex structure, high cost and other characteristics, smart home is difficult to give con-
sumers a more realistic sensory experience, which limits consumers' choice and easily
leads to the mismatch between the design scheme and the actual effect. [2] In view of
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this, this paper believes that under the consumption mode of smart home products ori-
ented by actual experience, introducing virtual reality technology and visual interaction
technology into the design and exhibition process of smart home to form a brand-new
digital design mode provides a set of practical solutions to solve many shortcomings
faced in the traditional two-dimensional graphic design process. [3] The introduction
of smart home design and three-dimensional simulation display system promotes the
combination of smart home design and experience. Compared with the traditional ren-
derings, consumers can participate more in the design process and get real-time three-
dimensional feelings in the virtual reality scene, so as to modify and adjust the design
scheme more intuitively, and then improve the design effect.

2 System construction

The design of smart home and the development of 3D simulation display system are
divided into two parts. One is to complete the front-end virtual design and visual ren-
dering engine based on 3ds Max, Unity 3D and other software. The other is to complete
the back-end management and service framework in ASP.NET environment, and rely
on Libuv class library to complete the data communication between the front-end and
the back-end, so as to improve the overall business logic control accuracy of the system.

First of all, the overall architecture of the front-end virtual design and visual render-
ing engine is shown in Figure 1. All kinds of smart home products involved in the
system will be transformed into 3D digital models by 3ds Max software, and the mate-
rials, colors and luster will be baked to make the models more realistic and vivid. [4]
After the design and construction of various models are completed, 3ds Max software
will export all 3D digital models as. FBX files, and continue to complete the integration
and assembly of models and scenes, the addition and optimization of dynamic effects,
the setting and processing of objects in the environment and the development of key
interactive functions in Unity 3D software. [5]

‘ 3Ds MAX l—)‘ 3D modeling H Smart home products

Texture mapping
‘ Unity 3D l—)‘ Virtual scene ‘

Interactive experience

Visual display ‘

Fig. 1. Virtual design and visual rendering engine process

Secondly, the management and service framework of the back end of the system will
be built based on a lot of script editing work. The overall development environment
includes Windows10.0 operating system, ASP.NET supporting .net framework 4.7.1
framework, Visual Studio Code integrated development tool, Windows IIS 10.0Web
server and SQL Server 2019 database. For the front-end and back-end data communi-
cation, it depends on the methods of SendMessage and Application. ExternalCall under
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Libuv class library, and the real-time data transmission is completed through ProtoBuf
function. [6]

3 Functional implementation

3.1 Online design

The whole process of online design of smart home consists of several steps, such as
apartment building, 3D smart home design, interactive control, virtual experience and
so on. [7] After logging into the system, users can build a basic apartment space by
themselves, or choose a preset apartment space model in the system to enhance the
authenticity of the virtual experience. The 3D smart home design is completely realized
by relying on the massive home product model material library, and users can directly
add, delete, modify and other operations under the editor page. Some operation codes
are shown below. [8]
void Start () {
canDrag = 1 << LayerMask.NameToLayer("Cube"); }
void Update () {
if (Input.GetMouseButtonDown(0))
{ if (CheckGameObject())

{ offset = dragGameObject.transform.position - Camera.main.Screen-
ToWorldPoint(new Vector3(Input.mousePosition.x, Input.mousePosition.y, tar-
getScreenPoint.z)); }

Taking security monitoring as an example, when the user drags the camera to be
installed into the apartment space, the system will determine the specific location of the
camera according to the dragging distance. In the process, the system will build a two-
dimensional plane coordinate system XOY in the apartment space, and determine the
displacement of the camera in the virtual space with the center origin of the reference
object. When the horizontal displacement of the camera model in XOY coordinate sys-
tem is m and the vertical displacement is n, the formula for calculating the position of
the reference object in XOY coordinate system is shown in Formula 1. Where w is the
overall X-axis displacement, / is the overall Y-axis displacement, and (xo, )0) is the
center position of the reference object.

xO:%+m’ yozé+n (1)

Then, the three-dimensional coordinates of the reference point are obtained by using
the GetPosition function. As shown in Formula 2, p represents the actual three-dimen-
sional spatial position of the household item model, py is the coordinate of the reference
object, and p. and p; are the relative positions in the plane coordinate system. [9]

)= P (%0 20)=p.(x1.2) )
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3.2 Virtual interaction control

When the user determines the position of the camera, he can control the camera in detail
in the back-end interface of the system. The front end and the back end of the system
keep the same data. After adding a camera in the front end, the corresponding control
module will also be generated in the back end interface. The back-end control module
can support users to carry out detailed interactive control on the camera, such as timing
switch, angle adjustment, multi-screen display and so on. Figure 2 shows the virtual
interactive control interface in the system.

Fig. 2. Camera virtual interaction control interface

3.3  Panoramic roaming

When the smart home design is completed, the effect rendering can be completed online
and the panoramic roaming function can be realized. In the process of rendering, in
order to improve the visual effect of the virtual scene of smart home, the system will
use BRDF model to illuminate and generate the surface color of the complex materials
of each model in the scene, so as to make it as accurate as possible to approximate the
materials in the real world. [10] The essence of BRDF model is bidirectional reflection
distribution function, which contains many formulas and algorithms. Common BRDF
models include empirical model and physical model. The Unity3D software on which
this system is based, its Standard Shader component will adopt the physical model by
default. Formula 3 is the Cook-Torrance BRDF formula, where v represents the line of
sight direction, / represents the micro-surface normal, / represents the light direction,
n represents the vertex normal, D represents the normal distribution function, F repre-
sents the Fresnel equation, and G represents the geometric function. Figure 3 shows the

illumination under the Cook-Torrance BRDF formula.
Light
source

Myt

Fig. 3. [llumination under the micro-plane theory
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D(h)F (v,h)G(L,v,h) 3)
4(n-1)(n-v)

Compared with the simple illumination simulation of the empirical model, the phys-
ical model based on Cook-Torrance BRDF formula introduces the theories of material
surface roughness, micro-plane and Fresnel reflection to change the calculation coeftfi-
cients of diffuse reflection and highlight, and then approximately obtains the reflection
and refraction properties of the material to enhance the physical credibility of the virtual
scene. Taking item D as an example, the model surface roughness a is introduced,
and the calculation formula of item D is shown in Formula 4. Figure 4 shows the con-
trast effect of model materials under different roughness under illumination. The results
show that the higher the roughness, the lower the consistency between the micro-sur-
face orientation and H, so that the illumination can not be concentrated and the overall
effect of the model is gloomy.

R

a’ 4)

Fig. 4. Contrast effect of model materials with different roughness under illumination

In addition, panoramic roaming will optimize the texture and materials of many
models in a unified way, so as to further reduce the load of server rendering during
panoramic display. Generally, it is realized by deleting redundant or invisible scenes,
changing high mode to low mode, and calculating material bitmap nodes. Table 1
shows the system operation before and after the optimization.

Table 1. The system operation during the panoramic display

Project Texture, material Memory consumption Runtime
Sitting Before optimization 54% 2.69s
room After optimization 40% 1.76s
Before optimization 43% 1.97
Bedroom .
After optimization 36% 1.08s
. Before optimization 65% 3.99s
Toilet .
After optimization 46% 2.64s
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4 Conclusions

In order to improve the effectiveness of smart home design and experience, this paper
constructs a smart home design and three-dimensional simulation display system based
on many shortcomings in the traditional two-dimensional graphic design mode. The
system takes virtual reality technology as the core, focusing on online design, virtual
interactive control, panoramic roaming and other aspects to realize the change of smart
home design mode and increase the design flexibility and the authenticity of experi-
ence. In the follow-up research, the system will further improve the overall quality and
classification accuracy of smart home product model, strengthen the fluency and im-
mersion of virtual interactive operation, and make a positive attempt for the transfor-
mation and upgrading of smart home industry.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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