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ABSTRACT

With the development of virtual reality and computer vision technology, the demand for virtual scenes
of music performances is becoming more and more prosperous, which brings new development
opportunities for music performances and music teaching. In this paper, we use the beam leveling
method to determine the camera parameters in the virtual scene, implement the calibration process
and parameter solving for the camera, and implement the segmentation process for the virtual scene
image through the GrabCut algorithm, formulate the model constraints and objective function,
construct a virtual scene for music performance, and design a virtual scene system for music
performance. Based on the virtual scene of music performance, the interactive learning model of music
is proposed, and the virtual roaming mode is formulated by combining human-computer interaction
technology to realize the interactive learning roaming of music learners in the virtual scene of music
performance. The PSNR and SSIM values of the music performance virtual scene constructed by this
paper's technology are 25.8291db and 0.9396 respectively, which are higher than those of the virtual
scene construction algorithms such as VSRS and JTDI as a comparison. Carrying out music teaching
experiments, the experimental class that applies the interactive learning model of this paper for music
interactive learning roaming has higher mean values of all dimensions than the control class in both
music learning ability and music listening ability, showing significant differences (P<0.05).

Keywords: virtual reality technology, beam leveling method, GrabCut algorithm, virtual roaming,
virtual scene

1. Introduction

In recent years, with the rapid development of virtual reality technology, it has gradually penetrated
into various fields, including dance and music performance. Virtual reality technology provides a new
way of artistic expression, bringing dancers and musicians a richer creative space and viewing
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experience [1-4].

The combination of virtual reality (VR) technology and musical performances brings a more
immersive and realistic experience to the audience. Through the use of 3D audio, interactive scenes
and realistic visual effects, realistic virtual reality music performance creates an artistic space for the
audience to participate in. However, it is not easy to realize realistic virtual reality music performance
[5-8]. Virtual reality music performance needs to use 3D audio technology to simulate the real sound
field, realistic audio experience will make the audience feel the effect of immersive, enhance their
participation in the performance [9-12]. To create a realistic virtual scene is the key to realizing
realistic virtual reality music performance, in virtual reality music performance, the audience can
enter a virtual music world through a head-mounted display or projector, the degree of realism of the
visualization effect directly affects the audience's experience of the music performance [13-16]. An
important factor in realizing realistic virtual reality music performances is the interactive experience.
In traditional music performances, the audience just sits on the seat and listens to the music, and
cannot directly participate in it [17-20]. In contrast, in a realistic virtual reality music performance,
the audience can interact with the music through controllers, gesture recognition, and even body
movements. This interactive experience transforms the audience from passive listeners to active
participants, deepening their immersion in the music performance [21-24].

This paper proposes a method to create a virtual scene for music performance, calibrates the camera
in the virtual scene for music performance, acquires the scene image, and uses image segmentation
method to segment the image target. Based on the image target segmentation results, combined with
the user's action parameters, model constraints and objective functions are formulated to realize the
construction of the music performance virtual scene. On the basis of the music performance virtual
scene construction technology, the music performance virtual scene construction system is built,
including the data layer, logic layer and display layer to complete the system architecture design, and
the MongoDB database based on distributed file storage is utilized for data management. The
functional design of the system is based on user interaction, scene generation, scene rendering, data
maintenance and other functional modules. In order to realize interactive learning in the virtual scene
of music performance, interactive learning roaming technology is proposed on the basis of human-
computer interaction technology, and an interactive learning model based on the virtual scene of music
performance is constructed. In the artificial roaming mode based on scene interaction, the input
devices and interactive tools are used to change the position of the viewpoint and the direction of the
line of sight to achieve the interactive learning roaming purpose. In the automatic roaming approach
based on preset paths, the roaming path viewpoints are first set in the scene to roam along the paths
in the virtual scene of music performance. Finally, students of S Conservatory of Music are randomly
selected as the research subjects to carry out the interactive learning experiment of music
performance virtual scene to explore the practical utility of the interactive learning model in music
teaching in this paper.

2. Virtual set construction system for music performances

In recent years, with the rapid development of virtual reality and computer vision technology, the
construction of virtual scenes has been widely used in music performance and music teaching, playing
an increasingly important role. The construction of virtual scenes for music performance will break
the limitation of time and space, enrich the music performance mode and provide online music
performance practice platform for music learners, and promote the profound change of music
classroom teaching and learning environment. In this chapter, we will build a music performance
virtual scene construction system, propose the specific construction method of the music performance
virtual scene, and determine the execution process of the system functions.
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2.1. Music performance virtual scene construction technology

2.1.1. Camera calibration. Implement the calibration process for the camera within the virtual
interaction scene.

1) Determining camera parameters. The beam leveling method is essentially a method to minimize the
error between the observed and estimated image point values. The beam leveling of the virtual
interactive scene space is calculated by setting 7 virtual interactive scene space and 7 spatial
point-projected images, as shown in the following equation [25]:

r§§n=ZIIZId(O(p,,qi),gi,)2 (1)
i G e
where &; is the spatial point projection from the space i to the image J in the scene, P, is the
projection matrix of the image, ¢, is the spatial point matrix, O(p;,4;) is the projection function,
and d isthe Euclidean distance between the observation point £ and the estimation point .
The projection matrix determined above is integrated with the spatial point matrix in a parameter
set and the spatial point projection is integrated into the observation coefficients as shown in the
following equation:

{a:{plTa'"ap;f"aqlTﬂ"'ﬂpnT}T (2)
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where p,f is the image coordinate at the spatial point ¢ in the image plane coordinates in the virtual
scene, G isthe observation coefficient,and @ isthe parameter set.

Based on the above integration results, the initial parameters of the camera are set to <, the
observation value vector of the camera is estimated (¢, and then the beam leveling of the camera is
transformed into the minimized Mahalanobis distance using the principle of least squares, and finally
the final parameters of the camera as well as the ground coordinates are determined based on the
LM algorithm as shown in the following equation:

G=f(a)
$=G-G (3)
JrzpflJﬂ:JrzpflJyj

where J” isthe Jacobi matrixand / is the search step for the optimal parameter « .

2) Parameter solving. The parameter solving of the camera is divided into two parts: obtaining the
image vanishing point and solving.

(1) Obtaining image vanishing point. Based on the nature of the vanishing point in the interactive
image, combine the determined camera parameters to complete the calibration of the camera in the
reconstructed scene. Set two vanishing points in the interactive scene image, the main vanishing point
is the center of the image, and the image is a parallel line in the projective space, so as to obtain the
coordinates of the vanishing point of the image.

(2) Parameter solving. Based on the image vanishing point determined above, set the coordinate
system of the camera to {x,»,r}, and the position of the vanishing point in the camera coordinates is
labeled as {x;,),,7} and 1x,,»,,7 |, and use the camera calibration method of the vanishing point to
determine the focal length of the camera, as shown in the following equation:

’":\/‘ (x, =hy)x, = hy) + (v, = 1)y, = 1) | (4)

Where {1} is the pixel coordinates of the image and  is the camera focal length. Meanwhile,
the translation vector of the image is setto 7 and the scale factoris # to realize the solution of the
camera parameters as shown in the following equation:
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ulh,1,11= K[Z.71(0,0,0,1) = K7 (5)

Where K is aconstant.
Based on the above calculation results, the camera parameters are clarified, the calibration of the
camera is completed, and the interactive scene-related scene images are acquired.

2.1.2.  Scene Reconstruction. When the virtual scene of music performance is constructed, the target
object in the scene needs to be decomposed into a number of independent semantic parts, and the
corresponding primitives are selected to fit the contours of the parts, and the model construction of
the 3D interactive scene is completed through the fitting results.

Set the boundary term of the scene image as w(¢.e), and use the GrabCut algorithm to implement
segmentation processing on the scene image, as shown in the following equation [26]:

M(y,1,A,e)=U(y,1,A,e)+w(p,e) (6)

Where, M (7,1, 1,e) is the image target segmentation result, where, ¢ is the number of Gaussian
components, 7 isthe image opacity, 4 isthe camera parameter, € is the image data, U(7,:,4,e),
is each region in the scene image.

After the image target segmentation, the target in the scene can be decomposed into a number of
semantically independent parts, and the primitive parameters in the scene are divided into two parts:
the world coordinate pose as well as the actual shape of the primitive, and the primitive of the scene
image issettobe ¢, which establishes the selection conditions of the primitive parameters, as shown
in the following equation:

¢=0() (7)

Where O is the primitive constraint factor. Based on the constraints constructed above, the
objective function of the 3D scene construction model is formulated by combining the augmented
Lagrangian algorithm, and the results are shown in the following equation [27]:

=L, (k) Yy, (8)
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Where f(x) is the constructed objective function, L., (x;&,¥) is the Lagrange operator, and
¢, (X) is the penalty coefficient.

After determining the primitives based on the above calculation results, the target part contour in
the scene image is setto D =(d,,d,,*-,d,) . Based on the solution results of the camera, the selected
primitives are mapped to the world coordinates, and the 3D reconstruction model of the part is
constructed through the calculation of the projection contour as shown in the following equation:

min p = z @,(d ,0(C, N0
st.o($)=0

Where, O is the user's virtual scene response state, o(¢) is the constraints, @ is the projection
operator of primitives, €(¢,N) is the projection contour, @ is the Euclidean distance in the image
space, d, is the sampling point interval of the part contour, and minp is the constructed 3D
reconstruction model.

Finally, the 3D interaction scene is realized by the constructed 3D interaction scene reconstruction
model.

(10)
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2.2. Virtual scene construction system design

In this section, based on the above proposed virtual scene construction technology for music
performance, the overall and details of the system realization, from the principle to the execution
process of the function, are designed in detail.

2.2.1. System architecture design. The system can be split into back-end processing subsystem and
front-end display subsystem. The back-end processing subsystem is mainly responsible for generating
and storing 3D scene data, mainly using the nodes and APIs provided by Houdini to develop HDA assets;
the front-end display subsystem is mainly developed using Houdini Engine and the existing
commercial game engine Unreal Engine. the data generated by HDA is imported to Unreal Engine
through Houdini Engine for scene rendering and display. The data generated by HDA is imported into
Unreal Engine through Houdini Engine for scene rendering and display. In terms of data preservation,
we mainly use the HOM library provided by Houdini for data export, combined with MongoDB for data
persistence and version control.

1) Data layer. The data layer is mainly used to save various data in the virtual scene generated by the
system, such as the height map of the basic terrain.

2) Logic layer. The logic layer is mainly used to provide functional support for the logical realization of
the music performance scene generation function in response to the system's demand analysis and
operation.

3) Display layer. The display layer is mainly combined with the graphics engine to realize the
interaction between the system and the user. It mainly renders the data generated by the system and
roams the virtual scene; at the same time, it provides interfaces for the operation of the system
parameters, so that users can adjust the data parameters and view the generation effect.

2.2.2. System database design. In order to realize the persistence of the data and the version control
of the generated effects, this system is designed to introduce a database to realize this function.
However, due to the huge amount of data stored in this system and the 3D structured model, the
conventional relational database is not able to deal with the data management requirements of this
system very well. Therefore, this system is designed to use a MongoDB database based on distributed
file storage for data management. The database consists of a series of collections, which correspond
to a series of files. In contrast to the traditional relational database terminology, the collection here
corresponds to the data table, and the file in the collection corresponds to a row of data in the data
table.

2.2.3. System functional design. In this section, the system will be divided into functional modules
first, and the design will be based on each functional module.

1) User Interaction Module. The user interaction module mainly provides the function of information
interaction between the system and the user, which is mainly combined with the graphics engine. It
includes the user input sub-module for adjusting the system generation parameters and the data
export sub-module for the persistent storage of system data.

2) Scene Generation Module. Music performance venue scene generation module is the cornerstone of
other generation modules, other modules need to be generated based on the basic scene data, is the
first step in the generation of the entire virtual scene.

3) Scene Rendering Module. Scene rendering function is mainly to provide the generation of 3D
rendering results, while providing scene roaming, to facilitate the user to visualize the scene and
secondary development.

4) Data Maintenance Module. The data maintenance function facilitates the user to save the generated
results, as well as the convenience of subsequent secondary iterative development.
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3. Experiments in the construction of virtual scenarios for musical
performances

In this chapter, we will examine the virtual scene construction technology for music performance
proposed in this paper, discuss its imaging quality performance in virtual scene construction, and
analyze the performance of the virtual scene construction system for music performance in this paper.

3.1.  Quality analysis of the construction of virtual scenes for music performances

This experiment uses a dataset from a private dataset obtained through 3DsMax simulation modeling
to examine the virtual scene construction effect of this paper's virtual scene construction technique
for musical performances through objective imaging quality. The objective imaging quality analysis is
mainly evaluated in terms of peak signal-to-noise ratio (PSNR) and structural similarity (SSIM). This
paper's technology and VSRS, JTDI, PatchMatch, Criminisi and other virtual scene construction
algorithms of the peak signal-to-noise ratio of the structure similarity of the comparison, in order to
realize the quantitative analysis, the objective evaluation of the index comparison of specific as shown
in Table 1. From the comparison results, it can be seen that when the scene structure changes greatly,
the PSNR value and SSIM value of this paper's technology are 25.8291db and 0.9396, respectively,
which are the highest among all the algorithms, and show the optimal quality of the construction of
the virtual scene of music performance.

Table 1. PSNR and SSIM

Algorithm PSNR(db) SSIM
VSRS 22.1562 0.8357
JIDI 22.8352 0.8603
PatchMatch 23.2668 0.8954
Criminisi 23.8222 0.8707
Technology of this article 25.8291 0.9396

3.2. Performance Analysis of Virtual Scene Building System for Music Performance

The music performance virtual scene construction system designed in this paper is recorded as
experimental group A, and the two groups of traditional virtual reality scene display systems are
recorded as experimental group B and experimental group C. Performance comparison experiments
are carried out to compare the music performance virtual scene construction time, construction speed,
and in-texture display deviation of the three groups of systems.

3.2.1. Comparison of construction time. The average time consumed by Experiment A, B, and C
groups to perform virtual scene construction for music performance is shown in Table 2. As can be
seen from the table, the average value of the construction time of the virtual scene of music
performance in the experimental group 4, i.e., the system of this paper, is 0.5487s, while the average
construction time of the experimental group B and the experimental group C is 0.8571s and 0.9493s.
The average construction time of this paper's system is shortened by 0.3084s and 0.4006s compared
to Experiment B and Experiment C. Obviously, this paper's system has a lower average time consumed
in the construction of the virtual scene of the musical performance.

Table 2. Average time of virtual scene construction
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Time of virtual scene construction(s)
Number of experiments
Experimental group A Experimental group B Experimental group C

2 0.591 0.819 0.922
4 0.533 0.887 0.968
6 0.539 0.892 0.973
8 0.529 0.854 0.917
10 0.592 0.855 0.928
12 0.534 0.875 0.932
14 0.527 0.816 0.974
16 0.579 0.862 0.958
18 0.534 0.856 0.94
20 0.529 0.855 0.981

Average 0.5487 0.8571 0.9493

3.2.2. Comparison of construction speed. Calculate the speed of experiment A, B, C group to build
the virtual scene of music performance multiple experiments to take the average value, the
experimental comparison results are shown in Table 3. As can be seen from the table, the average
construction speed of the virtual scene in Experiment C group is the lowest, which is only 0.8971
frames-s-1, followed by Experiment B group, where the average construction speed of the virtual scene
reaches 1.1185 frames-s-1. The average construction speed of the virtual scene in Experiment A group
was 0.5071 frames-s-1 and 0.7285 frames-s-1 more than that in Experiment B and C groups,
respectively, reaching 1.6256 frames-s-1, which possessed the fastest construction speed of the virtual
scene of music performance.
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Table 3. Average speed of virtual scene construction

Speed of virtual scene construction(frame-s-1)

Number of experiments
Experimental group A Experimental group B Experimental group C

2 1.632 1.174 0.978
4 1.565 1.094 0.927
6 1.596 1.073 0.871
8 1.694 1.044 0.826
10 1.701 1.188 0.853
12 1.582 1.185 0.925
14 1.589 1.12 0.932
16 1.687 1.059 0.87
18 1.669 1.13 0.822
20 1.541 1.118 0.967

Average 1.6256 1.1185 0.8971

3.2.3. Texture presentation bias. The contour textures within the constructed virtual scene of music
performance are numbered, and the texture distances of the virtual reality scene and the actual scene
are measured respectively to compare the texture deviations of the scene displays of the three groups
of systems, and the results of the experimental comparison are shown in Fig. 1. From the figure, it can
be seen that the average value of the texture deviation of the virtual scene display constructed by
experimental group B and experimental group C is 1.84mm and 5.42mm respectively, while the
average value of the texture deviation of the virtual scene display constructed by experimental group
A, i.e., the system of this paper, is 6.78mm, which is lower than that of the experimental group B and
experimental group C by 4.94mm and 1.36mm respectively, and has a better performance in terms of

accuracy.

Display bias (mm)

I Experimental group A
'Experimental group B
Experimental group C

L

Fig. 1. Comparison results of deviation of the texture display

2 3 4

Texture numbering

6
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Overall, the music performance virtual scene construction system designed in this paper reduces
the deviation of texture display, improves the accuracy of virtual reality scene display, shortens the
construction time of the music performance virtual scene, improves the speed of scene construction,
and ensures the construction efficiency of the music performance virtual scene compared with the
traditional system.

4. Interactive learning model based on virtual scenarios of musical
performances

In the above article, this paper designs a music performance virtual scene construction system to
complete the construction of a three-dimensional virtual scene for music performance. How to realize
interactive learning in the virtual scene of music performance is an important way to ensure the
effective communication between music learners and the virtual scene of music performance, and to
guarantee the effect of the virtual scene of music performance. In this chapter, we will construct an
interactive learning model on the basis of the music performance virtual scene, and start from the
virtual scene roaming technology to explore the methods of realizing interactive learning in the music
performance virtual scene.

4.1. Human-computer interaction technology

People feel the problem of unnatural interaction in the process of interacting with virtual
environments, which can be precisely solved by natural language methods such as human gestures,
postures, speech, and movements.

4.1.1. Gesture Interaction. Human gesture as one of the main ways to convey information in daily
life, gesture recognition has been one of the research hotspots in the field of human-computer
interaction, which builds a more convenient communication bridge between machines and people. In
the process of human-computer interaction, gesture recognition usually refers to the use of algorithms
to recognize human gestures, and users can control or interact with the device by using simple
gestures, so that the computer can understand human behavior. In this paper, with the help of
KinectV2.0 sensor to obtain the depth image of the human body, human skeletal point binding, and
ultimately the human gesture with the virtual environment in the virtual object binding, control virtual
objects or with virtual objects for communication.

4.1.2. Posture interaction. In this paper, Kinect sensor is used to track the human skeleton in real
time and calculate the distance and angle between each skeletal joint point to determine the human
posture. The real-time acquisition of the human skeleton joints and the calculation of the distance and
angle between the joints are used to determine the human posture. The Euclidean distance and cosine
theorem are used to recognize specific postures, for example, when recognizing the posture of
“RaiseRightHand”, which mainly involves the three joints of the right shoulder, the right elbow and the
right wrist, the distances and angles between the three joints are judged. When it is within a certain
range, it will be recognized successfully. Where A denotes the coordinates of the right wrist joint point,
B denotes the coordinates of the right elbow joint point, C denotes the coordinates of the right shoulder
joint point, a denotes the distance from the right wrist to the right elbow, b denotes the distance from
the right elbow to the right shoulder, and c denotes the distance from the right wrist to the right
shoulder. ZB represents the angle between a and b. When the posture is particularly standard, «£B
is 90°.

The three joint points form a triangle, and the relationship between the three sides can be calculated
according to equations (11) to (13):

a=Jl(x, -5+ -3) +(z,-2,)°] (11)
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b=\l(x, =%, + (= 3,)* +(2, - 2,)°] (12)

c=\Jl(x -5 + (1 —3,)* +(z-2)°] (13)

The angle of ZB can be obtained by combining the equations of the three sides. The calculation is
as in equation (14):
2,02 p?

ZB = arccos(a—) (14)
2ac

4.1.3. Voice Interaction. Speech is the most efficient and direct form of daily communication between
human beings, and the use of speech as a way of interaction is more in line with human communication
habits than traditional interaction methods such as mouse and keyboard. Therefore, speech
recognition is also one of the important ways of human-computer interaction.

Speech recognition technology can convert the user's voice input information into text information,
which can be used for intelligent question and answer, which is equivalent to the machine can also
hear and understand. Up to now, automatic speech recognition technology has gradually matured,
which involves acoustics, analog recognition, artificial intelligence, deep learning and other disciplines,
and with the popularization of 5G technology, the application range of voice interaction is becoming
more and more extensive. At present, speech recognition technology is mainly used in the field of
smart home, chat robot, voice navigation, etc. In addition, the combination of speech recognition
technology with machine translation, text matching and other natural language processing technology
can be applied in more complex scenes.

4.1.4. Data interaction. Since the virtual learning environment is a mapping of the real space, the
virtual learning environment in the process of experimental simulation or intelligent Q&A, often need
to associate the data input by the user with the data generated by the system processing, including the
inverted pendulum experimental data and the question answer data, through the association of the
way to make the user in the parameter change, the system according to the user's input to output
Feedback.

4.2. Virtual Scene Roaming Technology for Music Performance

In order to enhance the immersion of the music performance virtual scene and improve the
interactivity of music learning, this section will rely on human-computer interaction technologies such
as gesture interaction, posture interaction, voice interaction, data interaction, and so on, to realize the
interactive learning roaming of the music learners in the music performance virtual scene, and the
virtual roaming mode mainly includes two interactive learning modes, namely, manual roaming and
automatic roaming [28].

4.2.1. Artificial roaming based on scene interaction. Artificial roaming refers to the user's input
device to realize arbitrary roaming in the 3D scene. Through artificial roaming, the user can flexibly
and accurately observe the scene in all directions, pick up virtual objects and obtain information. The
process of artificial roaming is a process of continuously changing the viewpoint position or view
direction and rendering the scene according to the interactive control commands. The interaction
control between the user and the scene mainly consists of 10 basic actions: forward, backward, left
shift, right shift, look up, look down, turn left, turn right, rise, and fall.

The three-dimensional geometric object is established in the scene coordinate system, but the
picture displayed on the screen is only the projection of the three-dimensional scene in the two-
dimensional imaging plane perpendicular to the direction of the line of sight under the given viewpoint
and line of sight direction. In order to simulate the actual roaming process, it is necessary to establish
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a viewpoint coordinate system at the viewpoint, and transform the scene from the world coordinate
system to the viewpoint coordinate system for processing. The viewpoint coordinate system can be
determined by the viewpoint FE , the target observation point F and the point G used to
determine the viewpoint orientation. Let the unit vector in the direction of X, axis of the viewpoint
coordinate system be N, the unit vector in the direction of », axisbe M, and the unit vector in the
direction of z, axisbe L, then take:

o tE

| EF |

_EG

——|EG| (15)
N=LM
M = NL

1) Forward and Backward. Forward and backward are simply moving the point of view a certain
distance along the direction of the line of sight (speed of travel), the direction of the line of sight
remains unchanged. Let the coordinates of the point of view before the transformation be
E(E,,E,,E.), and the coordinates of the point of view after the transformation be E (E,.E,,E.), then:

E'=E+v,L W=L (16)

where v, isthe traveling speed and W is the new line-of-sight unit vector.

2) Left shift and right shift. Left shift and right shift are simply translations of the viewpoint along the
x,-axis direction of the viewpoint coordinate system, with the direction of the line of sight remaining
unchanged. i.e:

E'=E+v L W =L (v, isthe translation amount) (17)

3) Looking down vs. looking up:
E'=E W=LR(©) R(®)=TR. ()R (B)R.(OR.(c)R, (BT (18)

Looking up and looking down refers to the process of changing the scene as seen by the user with

the head tilted up and the head lowered down. Looking up and looking down do not change the
position of the viewpoint, but only the direction of the line of sight changes, so that the direction of the
line of sight is rotated by a certain angle around the x, axis of the viewpoint coordinate system. Set
the rotation angle as €&, where 7 is the transformation matrix that translates the origin of the
viewpoint coordinate system to the origin of the world coordinate system, R.(@),R (B) is the
transformation matrix that rotates the x,-axis of the viewpoint coordinate system around the X, -
axis by an angle of @ tothe x,0z,-axis, and rotates around the ¥, -axis by an angle of S tothe z,
-axis, and R; (a),R; (B),T is the transformation matrix that rotates around the x,-axis and ¥,-axis
in the opposite direction and translates in the opposite direction, respectively.
4) Left Turn and Right Turn. Turning left and turning right refers to the process of scene change when
the user turns left and turns right. Turning left and turning right does not change the position of the
viewpoint, but only changes the direction of the line of sight, so that the direction of the line of sight
rotates around the », axis of the viewpoint coordinate system by a certain angle. Let the angle of
rotation be @, then:

E'=E W =LR(O) (19)

The calculation of R(€) is similar to R(€) in the overhead and elevation views, except that the
rotation around the viewpoint coordinate system X.Axis is replaced by rotation around the viewpoint
coordinate system Y, axis.

5) Ascending and descending. Ascending and descending only increase or decrease the height value of
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the viewpoint (¥ coordinate), while the direction of the line of sight remains unchanged. lL.e:

E'=E+v,M W =L (v, isthe change in viewpoint height) (20)

The above cases are the basic ways for users to interact with the scene, and in practical applications,
it is often a combination of these ways, thus showing the user a broader perspective.

4.2.2. Automatic roaming based on predefined paths. Auto roaming is the process of pre-setting the
roaming path so that the viewpoint travels along the roaming path, thus achieving the purpose of
roaming in the 3D scene. The roaming path can be set in the scene plan by clicking the control points
with the mouse.

Let the number of frames played per second of the screen be a,F,F, forthe control £ point, P
for the interpolation point between A,P,, d for the flight distance, ¢ for the flight time, vV for the
flight speed, and 7 for the number of interpolation points between £, P, . Then:

d=\/(P,~R,) +(P,~R,) +(P,~R.)

t=d/v n=ta

P =B, +i(R,~P)/(n-1) (21)
P =B +i(P,-B)/(n-1) (i=0,1...,n-1)
P =P_+i(P,~R.)/(n-1)

In order to make the virtual view roaming process to achieve real-time requirements, generally
using pre-processing technology, the above processing process is pre-calculated and stored, and the
drawing of the call for this information, you can realize the scene of the fast roaming.

4.2.3. Collision Detection. A common method for collision detection in virtual scenes is to use the
wrapping box method, the basic idea of which is to use a simple pediatric body instead of a complex
pediatric body. The first rough detection of the object's enclosing box, when the enclosing box
intersects its enclosing geometry may intersect; when the enclosing box does not intersect its
enclosing geometry must not intersect, so that a large number of impossible intersecting geometry
and geometric parts can be excluded, so as to quickly find the intersecting geometric parts.

For the collision detection algorithm, it can be analyzed with the help of a depletion function:

T=N,C,+N,C,+N,C, (22)

Where, T is the total cost of collision detection, ¥, is the number of pairs of enclosing boxes
involved in overlap detection, C, is the cost for a pair of enclosing boxes to do overlap test, N, is
the number of pairs of geometric elements involved in intersection test, C, is the cost for a pair of
geometric elements to do intersection test, N, is the number of nodes that need to be modified in
the enclosing box hierarchy after the object's motion, and C, is the cost of modifying a node.

The OBB collision detection algorithm between objects can be divided into three parts.

1) Compute an OBB enclosing box for the set of polygons representing the object. The surface of the
object is first partitioned into triangular facets, and then the vertices of all the triangular facets that
make up the object are counted using first-order and second-order methods to obtain the mean ™
and covariance matrix C, respectively, and the vertex vectors of the ird triangle are set to be p',q'
and 7', and the number of triangular facets surrounded by the enclosing box is 7. The subscripts J
and k representthe (x,y,z) components of the points.

Then the center of the enclosing box is located:

1 . i i i
m=—> (p'+q" +r) (23)
3n‘S

covariance matrix elements:
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C, = %;(p;p; vglg, +r) 1<).k<3 (24)
where p'=p'—m,q' =q' —m,r =r —m,each of which is a 3 x 1 matrix.

C is areal symmetric matrix that can be used as a basis by normalizing its 3 characteristic roots.
Find the axial pole vertices along each axis of the basis, specify the size of the OBB based on these pole
vertices in each axis upward, and use the axial direction of the basis as the direction of the OBB so that
the OBB encloses the pole vertices in each axis upward, so that the constructed enclosing box is more
compact with the object.

2) Compose OBB into a tree structure. There are two ways to create a hierarchical structure of an
enclosing box: top-down and top-up.The OBB tree is constructed using the top-down method. First,
the longest axis of the box is dissected by a plane perpendicular to the axis, and the position of the
dissection is the mean position of all vertices in the box. Then the polygons in the box are classified
according to which side of the plane the midpoint of the polygon is on, and meters are dissected by
this method until they can no longer be divided as leaf nodes of the OBB tree.

3) OBB collision detection. The intersection test between OBBs is based on the separation axis
theory. If the projections of two OBBs on an axis (not necessarily a coordinate axis) do not overlap, this
axis is called the separation axis. If there is a separation axis between a pair of OBBs, it can be
determined that these two OBBs do not intersect.

5. Experiments in interactive learning with virtual scenarios for music
performance

This chapter will focus on the practical utility of the interactive learning model based on virtual scenes
of music performances proposed in this paper, and analyze its experiential performance in real music
interactive learning and its application effect in music teaching.

5.1.  Analysis of the Music Interactive Learning Experience

The interactive learning model for music proposed in this paper is centered on artificial roaming based
on scene interaction and automatic roaming based on preset paths to realize interactive learning with
music virtual performance scenes. In this section, 12 students from S College of Music will be selected
as research subjects and invited to participate in interactive learning experiments in a music
performance virtual scene to compare the actual effects and interactive learning roaming experiences
of the other 2 interactive learning models. The comparison models included LLCM-WIP model and
PCT-MCD model. The results of the subject students' interactive learning roaming experience in the
music performance virtual scene were mainly reflected in 6 indicators, corresponding to fall, collision,
responsiveness, ease of use, error perception, and immersion (in order, I1~16 are substituted). In this
section, analysis of variance (ANOVA) and Tukey post hoc test were used to compare the performance
of each model on different indicators and analyze the significance.

The interactive learning roaming experience of the subject students is specifically shown in Fig.
2.The ANOVA results show that there are significant differences between the models on falling metrics,
error perception metrics, and ease of use metrics (p<0.01). The mean value of the falling indicator of
this paper's model is 1.78, which is significantly lower than that of the LLCM-WIP model (P<0.05).
During the experiment, when the virtualized body of the subject student is close to the edge of the
platform, this paper's model can better and accurately control the virtualized body to move in the
corresponding direction, and reduce the falling situation in the virtual scene of music performance. In
terms of collision, responsiveness and immersion, the mean values of each model are small and do not
show any significant difference (P>0.05), and the collision and latency of the avatars in each model are
at an acceptable level, but the model in this paper still has the lowest latency and relatively good
responsiveness and immersion. In terms of error perception and ease of use, this paper's model
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achieved the highest mean values of 4.51 and 4.63, respectively, and the mean values of this paper's
model were significantly higher than those of the LLCM-WIP model and the PCT-MCD model in terms
of error perception and ease of use (P<0.05). Overall, this paper's model provides a relatively better
experience in interactive learning roaming, and to a certain extent, it can better meet the learners'
needs for interactive music learning.
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Fig. 2. User study results

5.2.  Analysis of the effect of music teaching application

In this section, we will further explore the feasibility of the interactive learning model based on the
virtual scene of music performance proposed in this paper in music teaching, as well as the impact on
students' music learning after application. The location of this experimental study is still the S
Conservatory of Music, and the first year class 1 and class 2 of the vocal music major of this university
are selected for the control experiment, in which class 1 is the experimental class and class 2 is the
control class. The number of students in both classes is 50, and the teachers, teaching materials,
teaching mode, music lesson time and teaching schedule are the same, but the experimental class will
have interactive learning in the virtual scene of music performance, while the control class will not use
it. The duration of the experiment is 60 days.

5.2.1. Music learning ability. At the end of the experiment, the music learning ability of the students
in the experimental class and the control class was measured separately, and the results of the
measurement are specifically shown in Table 4. It can be seen that the significant values of the
experimental class and the control class in the evaluation dimensions of music learning ability are less
than 0.05, and there is a significant difference. The mean values of the dimensions in the experimental
class are higher than those in the control class, and the difference in the mean values is more than 0.6
points or more, which indicates that the teaching effect of the experimental class that adopts the
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interactive learning model of this paper and carries out the interactive learning of the virtual scene of
music performance is more prominent, and the music learning effect is remarkable.

Table 4. Ability of learning music

) . The difference of mean Standard
Dimensions o T P
value deviation

0.00

Singing rhythm 0.839 0.779 7.389 0
0.00

Singing intonation 0.67 0.811 5.725 0
Distinguish the melody trend of the 0.00

0.902 0.777 7.969

work 0
o 10.34 0.00

Distinguish the strength of the work 1.176 0.782 1 0
o 0.00

Distinguish the rhythm of the work 1.25 0.987 8.858 0
0.00

Emotional feelings of the work 0.719 0.963 5.256 0
e 0.00

Distinguish the speed of works 0.633 1.039 4.142 0

5.2.2. Music listening skills. After the experiment, the comparison of music listening discrimination
ability between the experimental class and the control class is shown in Table 5. From the table, we
can see that the mean values of the five dimensions of melody, intensity, rhythm, emotion and tempo
of the experimental class are higher than those of the control group, with the difference values of 0.11,
0.16, 0.32, 0.27, 0.18, respectively, and the significant values of p-value are all less than 0.05, which
proves that there is a significant difference between the experimental class and the control class, and
that the experimental students are more effective in improving the effectiveness of their music
learning. The students in the experimental class were more effective in the improvement of music
learning.
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Table 5. Music Listening Ability

Dimensiona Class Mean Standard deviation T P

Experimental class 0.52 0.507

Melody 2.018 0.045
Control class 0.41 0.498
Experimental class 0.57 0.478

Strength 2.644 0.01
Control class 0.41 0.483
Experimental class 0.57 0.503

Rhythm 2.467 0.016
Control class 0.25 0.46
Experimental class 0.72 0.432

Emotions 2.536 0.012
Control class 0.45 0.509
Experimental class 0.65 0.489

Speed 2.523 0.018
Control class 0.47 0.505

5.2.3. Musictestscores. In order to get more objective results, students were assessed on their music
performance by means of a music test. The music test scores were categorized into four bands: 0-60,
60-80, 80-90, and 80 or above. The music test is divided into four grades, with 0-50 being “failing”, 60-
70 being “fair”, 70-80 being “good”, and 80 or more being “Excellent”. By organizing and analyzing the
results of students in the experimental class and control class, the music scores of each class were
statistically analyzed, and the statistical results are shown in Fig. 3, Figs. (a) and (b) correspond to the
control class and the experimental class, respectively. It can be found that the control class has the
largest number of students in the score range of 60-80 points, i.e. in the “average” level, with 28
students, while there are only 12 students in the score range of 80-90 points, and only 3 students in
the score range of 90 points or above, which indicates that most of the students in the control class
have a relatively poor mastery of music knowledge. The largest number of students in the
experimental class is in the 80-90 score band, with 23 students, and the majority of students with
“good” music test scores, while the number of students in the 90+ and 60-80 score bands is also
relatively large, with 10 and 16 students respectively. There was only one student who scored 0-60
points in the music test at the “failing” level, indicating that the students in the experimental class
played more stably in the music test, and that their overall level of performance was relatively even,
and that they mastered their musical knowledge relatively well.
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Fig. 3. The distribution of music test scores
6. Conclusion

In this paper, virtual reality technology and computer vision technology are applied to the construction
of virtual scene of music performance, corresponding to the proposed construction technology of
virtual scene of music performance, and build up the corresponding virtual scene construction system.
Based on the virtual scene of music performance, an interactive learning model is constructed, and
music interactive learning in the virtual scene of music performance is realized with the help of virtual
scene roaming technology.

The music performance virtual scene construction experiments are carried out to test the virtual
scene construction quality of the music performance virtual scene construction technology in this
paper, as well as the performance of the virtual scene construction system. When constructing the
virtual scene of music performance, its PSNR value and SSIM value are 25.8291db and 0.9396,
respectively, which are higher than the comparative virtual scene construction algorithms such as
VSRS, JTDI, PatchMatch, Criminisi, etc., and it has the best virtual scene construction quality. The
performance of this paper's virtual scene construction system is explored from three aspects:
construction time, construction speed and internal texture display deviation of the virtual scene
construction for music performance. In terms of construction time, the average construction time of
this paper's system is 0.5487s, which is shortened by 0.3084s and 0.4006s compared with experiment
B and experiment C groups, respectively. The system in this paper also has the fastest construction
speed, the construction speed reaches 1.6256 frames-s-1, and the average value of the texture
deviation of the constructed virtual scene display is only 6.78 mm, which is lower than that of the
experimental group B and the experimental group C, 4.94 mm and 1.36 mm. Obviously, the system in
this paper has excellent performance, which ensures the efficiency of the construction of the virtual
scene of the music performance.

To explore the practical utility of the interactive learning model in this paper, an interactive learning
experiment on virtual scenarios for music performance was conducted. The model in this paper has
significant differences (P<0.01) in the falling indicator, error perception indicator and ease of use
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indicator, in which the falling indicator achieves the lowest value with an indicator mean of 1.78, while
the error perception indicator and the ease of use indicator achieve the highest value, with an indicator
mean of 4.51 and 4.63, respectively. The model of this paper can provide better experience in
interactive learning roaming. In the music teaching experiment, the experimental class applied this
paper's interactive learning model to conduct interactive learning roaming in the virtual scene of
music performance, and the mean values of all evaluation dimensions of their music learning ability
were higher than those of the control class, and the difference between the mean values of the control
class and those of the experimental class was more than 0.6 points or more, which was a significant
difference (P<0.05). The experimental students' music listening ability also improved significantly,
with the mean values of the five dimensions of melody, intensity, rhythm, mood and tempo being
higher than those of the control class by 0.11, 0.16, 0.32, 0.27, and 0.18, respectively, and there was
also a significant difference (P<0.05). The students' learning outcomes were further objectively
examined through the music test. While the students in the control class were mainly concentrated in
the score band of 60-80 with 28 students, the experimental class had the highest number of students
in the score band of 80-90 with 23 students. In addition, the experimental class also has more students
in the score bands of 90 and above and 60-80 than the control class, with 10 and 16 students
respectively. It can be seen that the interactive learning model in this paper plays a positive role in
promoting music teaching.
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