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ABSTRACT

The article constructs binocular vision 3D image structure by feature extraction and data acquisition
of animated images, setting the base modeling points multi-level, establishing texture mapping
modeling relationship, then designing key frame interpolation algorithms such as segmented cubic
spline interpolation and quaternionic spherical linear interpolation, and applying geometric algebra
to 3D animation modeling, and using a conformal geometric algebra approach to describe the 3D
model as well as the dynamic model. Calculation results. The 3D animation modeling using the method
of this paper reduces the error of 36.8mm compared with the same type of method, so the effect of
using the method of this paper is better than 1lother algorithms in 3D human body modeling. In the
subjective evaluation of the visual effect of 3D animation video, 19 people think that the video has a
strong sense of spatial three-dimensionality, and on the whole, the majority of people think that the
animation video developed using the method of this paper is clear, realistic, has a sense of spatial
three-dimensionality, smooth movement of the object, and the use of the lens is comfortable, which
has a better visual communication effect.

Keywords: Geometric algebra, 3D modeling, 3D animation, visual communication, key frame
interpolation algorithm

1. Introduction

Since the development of computers, 3D modeling technology has become an important part of
computer graphics. 3D modeling technology is based on the principle of CAD technology, through the
computer software to simulate the shape and structure of buildings, parts or products in three-
dimensional space, to produce 3D models [1-4]. 3D modeling technology is mainly divided into two
ways: polygonal method and NURBS method. From the initial simple wireframe drawing, to the current
high-precision real-time rendering, 3D modeling technology has evolved from graphics and animation
production to game development, virtual reality, medicine, architecture, visual communication and
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many other fields [5-8].

Visual communication refers to the art and technology of conveying information, expressing ideas,
and arousing audience interest through visual elements. Visual communication has a wide range of
applications in various fields, such as graphic design, advertising, publicity, exhibition and so on. The
purpose of visual communication is to help people understand and receive information [9-11].
Through the use of design, typography, color scheme and other techniques, the information is
transmitted to the audience in the most intuitive, accurate and attractive way. The effect of visual
communication often depends on the skill and creativity of designers, who need to create visually
appealing works through artistic and design means [12-14]. The elements of visual communication
include image, text, color, layout, proportion and so on. These elements play different roles in visual
communication. Images can visually communicate information and increase the attractiveness of the
work. Text can be used to express ideas, explain images, and make information clearer. Color, on the
other hand, can create different moods and atmospheres. Layout and proportion can affect the overall
effect and visual balance of the work [15-18].

The article firstly proposes a 3D modeling method for animated images based on binocular vision.
Through animated image feature extraction and data acquisition, the base modeling points are set to
be multi-layered. Secondly, the texture mapping modeling relationship is established to construct the
binocular vision 3D image structure. Then the relevant theories needed for the key frame animation
system are studied, and the principle of model transformation in three-dimensional space is
investigated, and the computational process of using n+1-dimensional vectors instead of the original
n-dimensional vectors for coordinate operations is specifically analyzed. Subsequently, the key
algorithms in the animation system are studied and designed. In the key frame interpolation algorithm
section, the segmented cubic spline interpolation algorithm for common animation productions and
the quaternion spherical linear interpolation algorithm for specific rotating animations are designed,
and the optimization method of fold resampling for segmented cubic spline interpolation and the
optimization method of intermediate frame data are innovatively designed. The algebraic method of
conformal geometry is further applied to 3D animation modeling. The modeling algorithms designed
in this paper are discussed and compared in detail, and the visual effects of 3D animation are analyzed
from both subjective and objective aspects.

2. Method
2.1. 3D animation modeling based on binocular vision

2.1.1. Animated Image Feature Extraction and Data Acquisition. Taking the animated image face as
an example, the face animation data as well as the information can be divided into head pose and
muscle formation local motion. Before measurement, the monitoring node is utilized to collect the data
related to the initial head pose for subsequent use.

Set up several groups of simple animated character head movements, calibrate 4 comparison points,
separate the head change specifics and pure expression data, extract the animated character image
features, and summarize the data change rule. Set the point frame coordinateas ¥ = (x,3,2,1) reverse
point frame coordinate as vk = (xk,yk,zk,l)’ set the specific change capture matrix, according to the
character head posture change characteristics, can get the animation image description constant value,
expression is:

H=(0-m)h+) hixa’ 1)
i=1

Where: H is the animated image description constant value. " is the directional description
reference value. 7 is the conversion description ratio. ! is the number of description times. @ is
the controllable frame value [19]. According to the change law of the key point data, estimate the fixed-
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point motion vectors of other positions, and adopt the spherical parameterization processing to
expand the acquisition range of the animation image processing data interpolation. Setting the change
local area, adjusting the coordinates of the center of gravity of 3D modeling, completing the animation
image extraction and data acquisition.

2.1.2.  Multi-level setting of base modeling points.The binocular vision technique was utilized to set
the modeling points, and the structure of the binocular vision rotation simulation is shown in Figure

1.
Mapping point \witchover point
. Visual dislocation 1> .
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N

Fig. 1. Binocular vision rotation simulation structure

Initial point

Construct a dynamically localized moving space with core point settings associated with external
point locations to form an initial texture relationship. Calculate the predicted distance of the modeled
point units with the expression:

_ 2, 00-0)
k= SO +1t S (2)

Where: K is the unit prediction distance. ¢ is the controllable prediction position. S is the
visual deviation. QO is the visual point spacing. ¢ is the correlation direction. C is the simulated
fixed value.

2.1.3. Establishing texture mapping modeling relationships. Texture mapping is a multi-dimensional
dynamic point transformation link and a key modeling execution relationship. Set the corresponding
key mapping nodes in the base texture image, use 3D scanning equipment to mark the key positions
of the animation image, divide the overlapping space and extents positions, set the allocation rate and
the initial sequence of the animation graphics, set the geometric 3D correction structure through the
lenses of different angles, and wait for the image to reach the preset clear standard to eliminate the
discontinuous points and gaps. Take the sequence as a guide, set the corresponding texture mapping
structure, use the capture matrix constructed above to carry out intelligent texture processing for each
region, correct the focus position or line diversity position, and realize the affine transformation.

2.1.4. Constructing a three-dimensional image processing structure for binocular vision. After the
texture mapping is established, the binocular vision technique is utilized to establish the 3D image
processing structure. Calculate the base gradient of the image, set the edge points of the second stage,
form the contour line between the points, construct the Snake model, and establish the continuous
smooth closed contour structure.

Set the base animation image conversion target, find the target object boundary position, adjust the
optimal standard, use the closure curve and the base model to summarize the law, when the texture
mapping point positions appear in a continuous manner, discretize the Snake model to process,
calibrate the binocular vision processing deviation points, drag the contour curves to the respective
edge region, continue to binarize the image, set the binocular vision three-dimensional image
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processing structure [20]. Comprehensive image processing needs and changes in the standard, adjust
the minimization energy function, set the image three-dimensional modeling approximation edge
value, further enhance the stability and reliability of the structure, and strengthen the practical
application performance of three-dimensional modeling.

2.2. Key Algorithm Implementation for 3D Animation System

2.2.1. Three-dimensional coordinate transformation theory:

1) Three-dimensional translation. Three-dimensional space can be assumed to be a three-dimensional
coordinate system, and each point in three-dimensional space has its own unique three-dimensional
coordinates. The three-dimensional coordinates of a point are represented by vector (x,y,z).If this
point is translated in the three-dimensional coordinate system, the three coordinate components of
the translation are dx,dy,dz, and the coordinates after translation are (x’, y',z'). The transformation
process from (X,y,z) to (¥,)',z) can be described as equation (3):

x' =x+dx
y'=y+dy (3)
Z'=z+dz

Then there exists a translation matrix M such that A, =MA . It is not possible to find a correct
M for which the above equation holds if only for three-dimensional matrices, so the theory of three-
dimensional transformations makes use of chi-square coordinates. The chi-square coordinates will
specify a n+1 -dimensional vector to represent the original 7 -dimensional vector, so that the
coordinates in the 3-dimensional coordinate system are represented by (x,,z,1). The matrix form of
the three-dimensional translation equation can be obtained:

x' 1 0 0 dx)\(x
Y0 |01 0 d||ly
Z1 1001 dl|z (4)
1 0 0 0 1 1

2) Three-dimensional rotation. Compared with translation in three-dimensional space, the principle
of three-dimensional rotation is more difficult and the situation is more complicated. There are three
standard axes in three-dimensional space, X, Y, Z, as well as arbitrary axes in any direction, and if you
want to carry out three-dimensional rotation, you have to determine the rotation axis and rotation
angle of the rotation operation. The realization of rotation in three-dimensional space is obtained by
a series of combined operations of sine and cosine functions, to rotate around the x-axis as an example,
set the rotation angle as &, the rotation of its coordinates transformation formula:

X =x
y =ycos@—zsind (5)
z =ysin@+cosé

Writing the coordinates of the point in four-dimensional matrix form gives.
Rotate around the x-axis:

x' 1 0 0 0)(x
Y| |0 cos@ —sin@ O]y
Z| |0 sin@ cos® 0|z (6)
1 0 0 0 1)1

Rotate around the Y-axis:
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x' cos@ 0 sin@ O0)(x
v | o0 1 0 0|y
2| | =sin@ 0 cos@® O]z (7)
1 0 0O o0 1)1
Rotate around the Z-axis:
x' cos@ —-sin@ 0 0)(x
V' sind cosé 0 O||y
' = ° (8)
z 0 0 1 0]z
1 0 0 0 1 1

After derivation, let the rotation axis be the vector ¢, 0 is the angle of rotation and the rotation
matrix is shown in equation (9):

a’(1-cos@)+cosd aa,(l-cos@)—a.sinf aa(l-cosb)+a, sind

(9)

a.a. (1-cos@)—a, sinf a,a (1-cosf)+a,sind a’(1-cos@)+cosd

0
a.a,(l1-cosf)+a,sind aj (I1-cos@)+cos®  a,a.(l-cosf)—a,sinfd 0
0

0 0 0 1

3) Three-dimensional scaling. In three-dimensional space, scaling is performed for a certain point
P(x,y,z), and let S(x),S(»),S(z) be the scaling factor of each coordinate component of the point,
then its scaling formula is shown in equation (10):

x =8(x)-x
Yy =8()y (10)
z =85(2)z

Write this scaling formula in the chi-square form of the matrix.

x' Sx) 0 0 0)(«x
' 0 S 0 0
Y| ) | (11)
z 0 0 S 0f]|¢z
1 0 0 0 1)\1

2.2.2. Research and design of key frame interpolation algorithm:

1) Overall flow of keyframe interpolation. This subsection is mainly to analyze the overall flow of the
keyframe interpolation algorithm, even though different interpolation methods are used, the flow of
keyframe interpolation is the same, only in the selection of specific mathematical algorithms there are
some differences [21]. The overall flow of keyframe interpolation is shown in Figure 2.
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Fig. 2. Overall flow of the key frame interpolation algorithm

2) Segmented cubic spline interpolation algorithm design. In general animation software, spline
interpolation is often used, so that the animation route has second-order continuity. In this system, the
innovative use of segmented cubic spline interpolation, the principle is more suitable for key frame
interpolation system. Segmentation is to divide the whole interval [a,b] into 7 intervals
[(x, %), (X, X,),... (X, ;,X,)], in which there are n+1 points.

1) Each interval [x,X,,],S(x)=S,(x) isa cubic equation where i=0,1,...n—1,

2) Each point on the segmented interval satisfies the interpolation basis condition, viz:

S(x)=y, (12)

3) S(x) and its first and second order derivatives are continuous.
The cubic equation can be constructed in the following form:

y=a +bx+cx’ +dx (13)

Call this equation the cubic spline function S,(x). where there are four unknowns for S,(x) on
each small interval: (a;,b,c,,d.). These four unknowns can be found by a finite number of conditions,
and the parameters of the cubic spline interpolation equation are computed as shown in Fig. 3.
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Except for two endpoints, all internal
points satisfy:
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Fig. 3. Parameter calculation of cubic spline interpolation equation

While corresponding the segmented cubic spline interpolation to the keyframe animation system,
in the whole animation timeline, it can be assumed that thereis n+1 knowable keyframe data node:
(%5 10)> (X5 1), (%5, 5 )5..5(X,, 1, ) . Firstly, the step size is calculated as in Eq. (14) by substituting the
keyframe data node and the specified beginning and end endpoint conditions into the equation.

h=x,—x (14)

i N

By means of the matrix equations, the quadratic differential values m,, m, = Sl (x,). The coefficient
matrix can be LU -decomposed by the Gaussian elimination method, eq:

B=Ax=(LU)x=LUx)=Ly (15)

The coefficients of the spline curve can be obtained as:

a;, =Yy,
b = M—ﬁmi _ﬂ(mm —m,)
h, 2 6
m (16)
c,=—
2
_m,-m
f 6h,
<x<
In each subinterval L= _x”l, create the equations:
gi(x)=al.+bl.(x—xi)+ci(x—xl.)2+dl.(x—xl.)3 (17)

3) Sample curve resampling optimization. In the segmented cubic spline interpolation process, denser
interpolation points are calculated for the sake of the smoothness of the curve, which may lead to a
situation of excessive data memory. Therefore, both in order to ensure the smoothness of the curve
and reduce the amount of data, this paper innovatively adopts the fitting method of fold resampling
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for the segmented cubic spline curve generated in the previous section, which saves the data space
and ensures the accuracy of the spline curve with the minimum amount of data.

The spline curve is, in practical terms, divided into two parts in total: one is the gentle part of the

curve and the other is the turning part of the curve. In the gentle part, the spline curve tends to be
straight, so many interpolation points in this part are unnecessary, and the original spline curve can
be fitted by a small number of interpolation points. In the turning section it is fitted with a slightly
denser number of points. In this regard, due to the mutual constraints of accuracy and step size, the
following judgment is used as the basis for resampling.
4) Design of Quaternion Spherical Linear Interpolation Algorithm. This system will use the quaternion
spherical linear interpolation algorithm in all rotational parts. Let the moment corresponding to P
be ?,, the moment correspondingto ¢ be £, and the quaternion correspondingto ' be 7. 7 is
the variable we require, and the scale factor ¢ satisfies equation (18):

(18)

The angle between the unit quaternions P and ¢ is @,theanglebetween P and 7 is t@,and
the angle between ¢ and 7 is (1-%)0. The general interpolation formula gives the following
expression for 7:

r(t)=a()p+b()g (19)
At the same time:

cosd=p-q

cos(t0) = p-F¥ (20)

cos[(1-1)0]=¢qG -7
Joining the above equations, one can solve equation (21):

_ sin[(1—1)6]

a(t) .
sind
. (21)
b(t) = s1r.1(t6’)
sin@
Thus the spherical linear interpolation equation (22) is obtained:
in|(1-2)@|- p+sin(t0)-¢
Sterp (5,i1) = sin[(1-1)0]- p+sin(10)-g 22)

sin @

By analyzing the above various situations, when this keyframe animation system performs the
rotation operation, the following algorithm flow is designed, and the flow of quaternion spherical
linear interpolation algorithm is shown in Fig. 4:
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Fig. 4. Quaternion spherical linear interpolation algorithm flow

5) Optimization of intermediate frame data. Therefore, this paper innovatively designs a more ideal
intermediate frame storage structure, which only needs to keep the change data of each intermediate
frame relative to the key frames, and does not need to store the specific model data of the model object
at the corresponding moment of the intermediate frame. The change data of each intermediate frame
relative to the key frame is generated in the calculation of the interpolation algorithm of the two key
frames, and the corresponding translation matrix, rotation matrix, scaling matrix, etc. can be
constructed frame by frame according to the mathematical algorithm, and as long as the computed
transformation matrix is applied to the original data of the model object, the intermediate frames of
the model object in the corresponding moments can be obtained, and then displayed in real time. The
principle of intermediate frame generation is shown in Figure 5.
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Fig. 5. Schematic diagram of generating intermediate frames
2.3. Conformal Geometric Algebra Applied to 3D Animation

2.3.1 Mathematical theory of conformal geometric algebra:
1) Introduction to Conformal Geometric Algebra. Conformal Geometric Algebra (CGA), originally
known as generalized chi-square coordinates, is a new system of geometric representation and
computation. As a combination of advanced invariant and covariant systems for geometry, it provides
a unified and concise chi-square algebraic framework for classical geometry, as well as efficient
expansion, elimination and simplification algorithms which can be used to perform extremely complex
symbolic geometric computations, and it is the most practical invariant system for elementary
geometry, which shows great advantages in geometric data processing and geometric computations.
2) CGA representation of rigid body motion. Rigid body motion is a transformation generated by
rotations and translations in 3D space. The spinor representation of 3D rotations is introduced first.

It is well known that a rotational transformation in three-dimensional space has an invariant
straight line called the axis of rotation and a set of invariant planes called the plane of rotation [22].
Every point on the rotation axis is an invariant point, and every plane perpendicular to the rotation
axis is a rotation plane. The problem is that, given a set of initial poses, the corresponding terminating
poses are simply obtained from the rotational transformations, and the intermediate processes are
not known. Each rotation is realized in two ways: a @-angle rotation in one direction of rotation and
a 2m—0-angle rotation in the opposite direction. In real motion, these two processes often need to
be distinguished, which requires the introduction of two different representations corresponding to
the same rotation, i.e., rotation representations. For three-dimensional rotations, the spin
representation is exactly the quaternion representation.

Let X beavectorin a three-dimensional vector space and /f be a rotational transformation, then
theimage of ¥ under f is /X (alinear transformation).Letvector @ be parallel to the rotational
plane of f,then the spinor representation of f is +R, where:

_ (a+ fa)a

“Talla+fa] (23)
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The relationship between / and R is:
fe=RxR" (24)

+
The multiplication here is the geometric product (Clifford's multiplication), R = %. Let the

2-vector representation of a rotating surface with orientation past the originbe /, and f the angle

0 27—-0
of rotation about that orientation be @, then =R =exp[/, E]eXp[—I2 ”T] by the half-angle

representation distinguishes exactly 2 different rotational processes. The Lie algebraically generated
elements of a rotational quantity are called torsion quantities, asin 7/, £y in the above equation.

Eq. gives the transformation from a spinor to a rotation matrix, and the matrix form can be obtained
from RxR* by simply replacing X by a set of unit orthogonal bases ¢,e, and € of R*.On the
other hand, let f = (f_,-,)i,j =12,3 be a rotation matrix, i.e., an orthogonal matrix with determinant
equal to 1. The corresponding spinor quantity is, according to Eq:

TR =x{1+(fe)e + (fe,)e, +(fey)es} / {1+ (fe)e +(fe,)e, +(fe;)e |}
=x{l+ur(f)+(fy — fi)ee, + (i, — f)ee +(fi) — fis)eet/ {2\/1+tr(.f)}

Another advantage of the rotation representation is that it simplifies the parameter space of
parametric rotation transformations. A rotation matrix has 9 components and satisfies 6 quadratic
constraints and 1 cubic constraint. In contrast, a spinor has 4 components and satisfies 1 quadratic
constraint: RR" =1 This has a clear advantage in parametric optimization. As a cost, the rotational
transformation is linear with respect to the rotation matrix and quadratic with respect to the spinor.

Look again at the translational motion. The spinor of a translation along the displacement vector ¢
(with displacement magnitude |t |) is expressed as:

(25)

R=1+%t (26)

2.3.2.  CGA representation and calculation methods. The 5-dimensional Conformal Geometric
Algebra is an extension of the 4-dimensional Projective Geometric Algebra, in which spheres and
circles can be involved as basic algebraic quantities. The Geometric Algebra has a total of three
products: the geometric product, the inner product, and the outer product, where the outer product
mainly serves to construct basic geometries or geometries intersections, while the inner product is
used to solve for scalars such as distances and angles.

Introduce the origin ¢, and the infinity point €, in the 3D Euclidean geometry basis vector
€.,6,,6,. And represent the point X in the 3D Euclidean geometry with the basis vector €,¢,,& by
using the outer product “A” and the inner product is 612 = ef = 632 = leg =el = Oe,-e, =—1:

X=X tX,6 +X;e (27)

2.3.3. Conformal Geometric Algebra in 3D Animation:
1) CGA description of human network modeling. The modeling background of 3D animation in this
paper is to read the OB]J file on the Net development platform to show the 3D animation mesh model.
The establishment of the model grid is mainly to read the OB] file in each line of point coordinates,
three adjacent point coordinates constitute a triangular slice, the entire OBJ file point coordinates
constitute a number of different triangular slices, all the triangular slices together to show the three-
dimensional human body model.

In order to observe the 3D animation modeling method more clearly, we select some of these points
in red, between the three adjacent points constitute the triangular slices, the point coordinates of the
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model are described by Euclidean geometry, we need to convert these point coordinates into a
conformal geometric algebraic representation.

The description of all points Ehrough the Conformal Geometry Algebra points is converted into the
following expression: P = x+—x’e, +e, The coordinates of the 3D animation model points read
through the OB]J file are X=X, +Xx,e +x.e ,e..e,.e are the base coordinates of the Euclidean
geometry, and X = )cl2 +x22 +X32 in the Conformal Geometry Algebra.

Substituting into the expression for the point coordinates of the Conformal Geometry Algebra yields:

P=xe +xe, +xe +1/ 2(x) +x; +x1)’e, +e, (28)

The coordinates of all points in the OB]J file are converted into algebraic expressions of conformal
geometry according to the above calculation method.
2) Motion analysis of 3D human body models. From the top to the bottom are leg joint point £, knee
joint point £ and ankle joint point £, the conformal geometric expressions for joint points £,F
and P, arerespectively:

Leg joint point coordinates:

P =x, +%xozew +e, (29)
Knee point coordinates:
P1=x1+%xlzeoc+eo (30)
Ankle joint point coordinates:
P, =x, +%xzzem +e, (31)

The skeleton between the leg joint to the knee joint point is a straight line L, and the skeleton
between the knee joint point to the ankle joint point is a straight line L, .
The distance between the leg joint to the knee joint and the knee joint to the ankle joint:

|L,Lo|=-2(L, - L) (32)

When the leg completes the leg lifting motion, it is a rotational process that the skeleton between
the knee joint point and the ankle joint point is rotated with the Z-axis as the axis and the leg joint

point as the vertex, and the rotated knee joint point is Pl', the ankle joint point P2 , the skeleton
between the leg joint to the knee joint point is a straight line L; , and the skeleton between the knee

joint point to the ankle joint point is a straight line er .

The model motion calculation in this topic is divided into two cases: the first one is to give the initial
position of the model skeleton and the motion angle of the skeleton, and solve the position of the points
after the motion of the skin mesh points bound to the skeleton. In the second one, the initial position
of the model skeleton and the position of the skeleton after motion are known, and the motion angle
of the skin mesh points bound to the skeleton is solved.

Point P is any point of the skin mesh, after the skin mesh is bound to the skeleton, point P will move
together according to the skeleton, to solve the position of the skin mesh firstly find the position of the
joints, the angle of rotation in the first step &, as well as the angle of rotation in the second step @,

and the post rotation coordinate point of the skeleton by & = arccos . Skeleton distance

| L |==2(F - R).| L [==2(R-B).

To calculate the skin mesh deformation outside the skeleton, we first need to know the rotation

P-S
[ P]-[S]
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angle «, :al.g —a,.ﬁ of each joint point, where 0{1.9 denotes the current rotation angle of the joint

point ?, and Ot,ﬁ denotes the rotation angle at the bound position, and in general, the rotation angle
is generally obtained by rotating around the local coordinate axes, and then the final rotation angle is
calculated for the skin fixed point P:

Let L be the distance from the skin mesh point to the skeleton, the weight of the mesh in the
skeleton skinning animation is calculated as:

wp) =1 Tz (33)
=0 k=1 j=0
(J#i) (j#k)
In the above equation, 7 is the maximum number of affected joints per skin mesh vertex, and
is the descent rate.

3. Results and discussion
3.1. Stage keyframe extraction experiment

3.1.1. Non-uniform chunking of images. Traditional video keyframe extraction, you can consider the
video character object extraction after keyframe extraction according to the content of the video
character. Animated video is very different from traditional video in production, resulting in animated
video has its own obvious characteristics. For example, in animated video, the movement rate of the
target object is faster than the general video, and in order to highlight the effect, the video generally
pays more attention to the exaggerated performance of the action and expression. These exaggerated
techniques make the target extraction algorithm less effective and less feasible.

Most of the traditional video is recorded and edited, while the animation video is often the first
design of the animated character's movements, in the research process found that a considerable
number of animated video footage of the background is relatively fixed a lot of footage containing
complex actions whose background is relatively maintain a high degree of similarity, or even a fixed
static image background. Experiments on the current mainstream Disney animation, Japanese
animation, Chinese animation three types of animation video lens type statistics. The animation video
lens background type statistics are shown in Table 1. As can be seen from the statistics table, more
than half of the selected animation videos have a static image background, which is an important
feature of animation videos. For example, the proportion of static background in Disney animation is
60.11%. Object and background separation method, i.e., video frames are subjected to non-uniform
image chunking, so that the image frame is divided into the target object region and the background
region.
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Table 1. Animation video background type statistics

Disney animation japanimation Domestic animation Total

Lens number 559 312 388 1259

Static background 336 182 221 739

Dynamic background 223 130 167 520
Static proportion 60.11% 58.33% 56.96% 58.7%

3.1.2. First stage keyframe extraction. Aiming at the characteristics of animated videos with a large
number of static backgrounds, it is proposed to first perform image chunking on video frames, and
then filter a large number of highly similar video frames within the same scene by calculating the
feature distance of the background region. The first stage of keyframe extraction is mainly to extract
alternative keyframes, and the computational complexity of the algorithm is the main consideration.
The above mentioned image non-uniform chunking method divides the background into three
different regions, the background region 2 and background region 4 are easily affected by the station
label, video subtitles or other factors, the experiment selects the background region 3 as a
representative for feature distance calculation. The selection of feature distance, the first stage of the
candidate key frame extraction to select the pixel difference as the feature distance, simple and easy
to realize. The experimental study found that the R, G and B components of pixel difference are highly
similar, and the R component is used to calculate the pixel difference between frames in the
experiment. The comparison of background and inter-frame mutual information volume features is
shown in Fig. 6 where Fig. a shows the background R-component feature distance and Fig. b shows the
video inter-frame mutual information volume features. As can be seen from the figure, most of the
shots in the background feature distance are clearly demarcated, and in order to avoid losing the key
information, the threshold setting should be relatively strict. By setting a strict threshold for the first
stage of alternative key frame extraction can filter a large number of highly similar video frames and
reduce the number of video frames.
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Fig. 6. The background is compared with the mutual trust rate

3.2. Experimental results of 3D animation keyframe interpolation algorithm

The algorithm of this paper is implemented. The system environment is CPU with 512M memory and
the development environment is VC++6.0.The interface of the animation module of our system is
shown in Fig. Examples of some of the interpolation results are given in Fig. 7 and Fig. 8 (a denotes the
input start and end keyframes, b denotes the first frame of interpolation, c denotes the second frame
of interpolation, and d denotes the third frame of interpolation).
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(a) Enter the starting and end key frames

(b) Interpolation first frame

(c) Interpolation second frame

(d) Interpolation third frame

Fig. 7. Interpolation 3 frames after sequence
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Fig. 8. Interpolation 3 frames after sequence
3.3. 3D animation modeling effect analysis

3.3.1. Comparison of 3D reconstruction results. In order to rigorously compare the 3D human
reconstruction quality of various models and to prove the generalization degree of this paper's model,
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the experiments in this paper use the evaluation indexes of mean joint point coordinate error MPJPE
and reconstruction loss error Reconst. Error for the comparison. The smaller the values of MPJPE and
Reconst. Error are, the better the 3D reconstruction algorithm of human body is. The comparison of
reconstruction errors of different models in Human3.6M (Protocol 2) test set is shown in Table 2.
Comparison of the average joint error of different models in Human3.6M (Protocol 1) test set is shown
in Table 3. Where the evaluation index data results of the comparative models are the results obtained
by downloading their original models on the web with their published corresponding weight files and
testing them under the same basic conditions of the experimental equipment. As can be seen from the
table, the reconstruction algorithm in this paper has achieved good results in the two evaluation
indexes, compared to SPIN, which has the largest reconstruction error, the method in this paper can
even reduce the error of 36.8mm, so comprehensively this paper's method in the three-dimensional
human body modeling effect is better than the above algorithms.

Table 2. Different models are compared to the test set reconstruction error

Method Reconst. Error (mm)
SMPLify 82.2
NBF 60.2
GraphCMR 76.2
SPIN 94
METRO 87.2
Ours 57.2

Table 3. The different models were compared in the test set

Method MPJPE (mm)
NeRF 88.57
SMPL 87.59
VIBE 80.35
Deep Kinematic Pose 106.95
HMR 87.54
Ours 85.23

3.3.2. Human Body 3D Mapping Model Generation Based on Surface Subdivision and Texture

Mapping:

1) Implementation of the algorithm. In the 3D human reconstruction method based on the attention
mechanism and graph convolutional network, the accuracy of the generated human body pose and
shape has been improved compared with the classical algorithm, but compared with the input image,
the personalized features of the character such as human appearance, hair style, clothing and texture
are missing. In this paper, we consider the surface refinement of the original model to add the ability
to express the details of the human body model surface to increase the normal mapping and
displacement mapping, the growth of personalized features of the model, to further improve the
algorithm, different algorithms for model vertex and face piece number of information as shown in
Table 4.

Table 4. Different algorithm model vertices and processing information

Model name

Model vertex number

Model number

model

6899

13778

Add texture mapping model

27654

56217

2) Mapping reconstruction results for different human bodies. We have done a quantitative evaluation
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of the mapping results generated in this paper to analyze the degree of advantages and disadvantages
of the methods from an objective point of view. The comparative information of the time required to
generate the texture maps is shown in Table 5. The experimental average time for generating texture
mapping is 16.8s, and it takes a total of 16.8s to generate a 3D model containing detailed textures of
the human body.

Table 5. The time compared to the generated map

Sample Generate texture mapping time (s)
Enter the body 1 16.3
Enter the body 2 17.6
Enter the body 3 15.2
Mean time 16.8

The 2D joint errors of different algorithms are shown in Fig. 9. It can be seen that our algorithm
compared to the classical HMR and SMPLIify algorithms, the 2D joint error is reduced by 1.68mm and
0.5mm respectively, and the error of the 2D joint points can be further reduced, and it can be seen that
the method in this paper has better reconstruction results than the other algorithms in the table
compared to the previous algorithms.

=]

=

s
s

2D joint err(mm)
Fig. 9. Two-dimensional joint error of different algorithms

The time required for reconstruction by different algorithms is shown in Figure 10. As can be seen
from the figure, the time required for reconstruction by our algorithm has been reduced considerably
compared to the BodyNet algorithm, which can reconstruct the details of the human body, and
compared to the HMR and VIBE algorithms, which can only predict the shape and pose of the human
body of the image, our algorithm successfully predicts the details of the human body, even though it
takes a little more time.
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Fig. 10. The time required for the reconstruction of different algorithms

3.4. 3D Animation Visual Effects Analysis

3.4.1. Subjective evaluation of visual effects of 3D animated videos. Randomly selected 20 people in
the age group between 25-45 years old were evaluated, including 10 expert users and 10 ordinary
users, who subjectively evaluated the animation of 3D modeling using the method of this paper under
the same viewing conditions, and the final evaluation results are shown in Fig. 11 (A denotes the video
clarity discrimination, B denotes the video realism discrimination, C denotes the video spatial
stereoscopic sense discrimination, D represents the video motion smoothness discrimination, and E
represents the video lens comfort discrimination). As can be seen from the figure, the vast majority of
people think that the animation video is clear, real, spatial stereoscopic sense, smooth movement of
objects, and comfortable use of the lens. For example, 19 people think that the video has a strong sense
of spatial three-dimensionality.
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Fig. 11. Final evaluation

3.4.2. Multi-dimensional detection of 3D animated interface quality. On this basis, we choose 3D
Monitor software to carry out multi-dimensional detection on the animation of 3D design using the
method of this paper, in which the video size is 1920x1080, the video length is 120 seconds, and when
the value is between 0-7, it shows green. When the value is between 8-13, orange color is shown. When
the value is between 14-15, red color is shown. The specific values of the 3D video detection and
analysis results in 3D Monitor software are shown in Table 6. It can be seen that all the frames satisfy
the characteristics of visual comfort and stereoscopic sensation of the human eye, except for a very
few frames for which false warnings are given, for example, in the luminance information dimension,
the average value is 7.84.

Table 6. 3d video detection analysis results in 3d monitor software

Frame number 678|910 |11 |12 |13 |14 |15 |16 |17 |18 |19 | 20 | 21 | 22 | 23 | 24

Brightness
information 71717177 |88 8 8 8 8 8 8 8 | 81|09 8 8 9
Color information | 5 | 5|5 |5 | 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Vertical deviation | 0 | 5| 5| 5| 5 5 5 5 5 5 5 3 5 5 5 5 5 7 5
Different steps 0|0]0|0]| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Parallax deviation | 0 [ 0 | O | O | 2 0 0 0 2 0 0 1 0 2 4 4 0 0 0
Stereophony 0|00 |0]| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Weak depth 0j0|0]|0O]| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rich depth 2/18|8|8]| 8 8 | 8 8 8 8 8 8 8 8 7 8 8 8 8
Overconverging 0|4 |4 |4]| 4 4 4 4 4 4 4 4 4 5 2 3 3 3 3
Overdivide 8/8|8|8]| 8 8 | 8 8 8 8 7 7 7 7 7 7 7 7 7
Focal gap 0|9|6|6| 6 6 6 7 7 6 6 6 7 7 6 5 8 8 8

3.4.3. New Visual Attention Modeling Quality Evaluation Measure Data Tests. The Video Quality
Expert Group (VQEG) is dedicated to the testing and performance evaluation of different video quality
algorithms.VQEG has a dedicated video quality testing device, to which raw uncoded videos (without
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dedicated video sequences) and processed videos can be input as the video under test, and the
reference values of video quality are obtained by real-time computation.

First, we compress the videos selected to participate in the experiments, classified as: HIGH
QUALITY and LOW QUALITY, and use the new visual attention model proposed earlier in two pixel-
domain based quality evaluation measures, PSNR and SSIM, in the VQEG database. The scatterplot and
nonlinear curve fitting of the proposed method in this paper on the VQEG database are shown in Fig.
12. From the figure, it can be seen that the method of this paper has a larger correlation coefficient
with subjective perception relative to the previous method, and the weighted algorithm has a larger
improvement over the full-reference type of PSNR and SSIM, and it is more consistent with the
perceptual characteristics of the human eye which is more sensitive to the contour information and
motion information of the objects in the video, so the 3D animation modeling technique based on
geometric algebra has a better visual propagation effect.
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Fig. 12. The scatter point diagram and the nonlinear curve fit
4. Conclusion

This paper applies the geometric algebra method to 3D animation modeling, and verifies through
relevant experiments that the method in this paper is more accurate in 3D animation modeling and
can obtain more accurate detailed features and good visual effects. Through experimental tests, the
article draws the following conclusions:

The key frame algorithm is used in specific animation production, and it is found that the algorithm
synthesized screen results are natural and smooth, with certain practical value.

After the modeling experiment comparison, it is found that compared with SPIN, which has the
largest reconstruction error, the method in this paper even reduces the error by 36.8mm, and the
experiment shows that the algorithm proposed in this paper is able to improve the accuracy of the
model and also shows many details.

In summary, the 3D animation modeling technology proposed in this paper is designed in a more
stable form with high video quality, which can provide a reference for the subsequent processing of
animated images.
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