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ABSTRACT

High-fidelity modeling of complex surfaces is the basis for accurate characterization of surface quality
and realistic analysis of performance in the fields of digital process design of products and digital twin.
This paper proposes to improve the new polynomial interpolation algorithm to improve the effect of
the polynomial interpolation algorithm fitting in complex surface modeling through the center
variable, and combines the moving least squares approximation function with the new polynomial
interpolation algorithm to further optimize the effect of the complex surface modeling through the
regular moving construction of the fitting surface by the local approximation method. It is found that
the overall average error and standard deviation between the turbine blade surface roughness
modeled based on the new polynomial interpolation algorithm and the roughness meter
measurements are within 1.7 pm (0.7580-1.6715 um), and the error is within the acceptable range. It
is also found that using the method of this paper can save a lot of time and realize the rapid modeling
of complex surfaces of the body. It also has good smoothness, which provides convenience for the
subsequent processing of complex surface modeling. The new polynomial interpolation algorithm
proposed in this paper provides a new idea for the research in the field of complex surface modeling,
and can be applied to the actual production to assist the design and production of related products.

Keywords: polynomial interpolation, central variable, least squares approximation function, local
approximation, surface modeling

1. Introduction

In curved surface modelling, Bernstein polynomial composites are widely used in geometric
operations such as evaluation, dissection, free deformation, Trimmed curved surface representation,
interconversion between Bézier monomorphic forms and tensor product Bézier forms, ascending
order, and natural extension of Bézier surfaces, etc. Therefore, the study of composite algorithms of
Bernstein polynomials is of important theoretical and practical significance [1-4].
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Surface modelling is widely used in shape design, manufacturing, CAD, computer graphics,
meteorology and exploration and other types of scientific research and engineering design, especially
in the measurement of complex surfaces modelling, the use of physical models to measure the data,
the construction of a model with high accuracy, so as to carry out the design and manufacture of the
physical is an effective means of new product development [5-7]. The given data points are generally
divided into two categories: ordered and disordered. If a given data point is a series of scattered and
disordered point sets, the reconstruction of such data points cannot be solved by conventional
geometric modeling techniques, and the surface needs to be constructed by using scattered data
interpolation technology, and the constructed surface is required to have a certain degree of
smoothness in practical applications, so the scattered data interpolation technology and the surface
smoothness problem have a wide range of research background and application value in CAD and
CAGD systems [8-10].

Generally speaking, the goodness of an interpolated surface is measured from two aspects: the
interpolation accuracy of the surface and the smoothness of the surface [11-12]. The higher the
interpolation accuracy, the better the constructed surface is, and the smoothness of the surface is
related to the size of the surface strain energy. There are many methods to construct polynomial
interpolation surfaces for scattered spatial data points. One of the most common methods is to
triangulate the scattered data and construct the surface on a triangular mesh. In the literature, each
triangle mesh is divided into four sub-triangles, and each sub-triangle is constructed with five Bézier
surface slices, which satisfy the C1 continuity between the sub-surface slices, but the overall surface
can only reach the G1 continuity [13-14]. Although the literature only needs function values at the
vertices of the triangles as interpolation conditions, but in the local area of each data point, a whole
surface is formed, which sometimes is difficult to have the surface shape suggested by the data points.
In the literature, the boundary continuity condition is used to establish a system of equations, and the
C1 continuous surface is obtained by solving the equations, but the number of given data points should
not be too many, and this method is not suitable if the number of data points is large, and the local
adjustability of the constructed whole surface is poor. In addition, there are polynomial surface
construction methods that interpolate boundary curves and cross-boundary derivatives in the
triangular domain [15-17].

In this paper, the deficiencies of polynomial interpolation in complex surface modeling are improved,
and a new algorithm for polynomial interpolation of special quadratic polynomials is proposed to
improve the efficiency of the algorithm. The center variable in the algorithm is used to construct the
polynomial interpolation function in the process of complex surface modeling, and the matrix form of
polynomial interpolation is obtained by inverse deduction to improve the speed of polynomial
interpolation and the degree of surface fitting. Subsequently, the polynomial interpolation algorithm
is further optimized by proposing the moving least squares approximation function, and the local
approximation method is used to reduce the fitting error of the new polynomial interpolation
algorithm in the modeling of complex surfaces. The subdomain and basis function parameters of the
new polynomial interpolation algorithm for complex surface modeling are then determined according
to the selection principle. In this study, the feasibility of the new polynomial interpolation algorithm
in complex surface modeling is verified through simulations and case studies of turbine blade and car
body surface modeling.

2. Method

2.1. Principles of Polynomial Interpolation Application

Mathematics often uses polynomials as functions for interpolation, called polynomial interpolation.
Common interpolation methods include Lagrange interpolation, Newtonian interpolation, and
Ermitian interpolation. When polynomial interpolation is used, the more interpolation conditions that
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need to be met, the higher the number of polynomially interpolated curves will generally result. The
higher the number of times, the higher the possibility that the curve will have too many wiggles or
waves, so polynomial interpolation is seldom used in engineering practice.

Higher-order polynomial interpolation curves are not suitable for interpolation due to their
drawbacks, and a single lower-order polynomial curve is difficult to use to characterize curves of
complex shapes [18]. The only alternative is to piece together a segment of low order curves segment
by segment under certain connectivity conditions, which is known as segmental interpolation. Curves
defined by segmented interpolation are collectively called combinatorial curves. The corresponding
surfaces defined by segmentation are called combinatorial surfaces.

In the process of constructing a spline curve, the spline interpolation algorithm is divided into a
global algorithm and a local algorithm according to whether or not the change of the data points will
cause the change of the whole curve. The so-called overall algorithm (also called global algorithm)
means that the spline interpolation curve depends on all data points in the spline interpolation process.
If a data point is changed, added or deleted, the resulting system of linear equations must be solved
again. For localized algorithms, on the other hand, the change, addition or deletion of data points only
affects the interpolation curve in a certain local area. Generally speaking, localized algorithms are
relatively simple, less computationally intensive, faster and easier to implement.

Interpolation is an ancient and practical numerical method. In production practice, the function
f (x) sometimes can not directly write the expression, but can only give the function in a number of
points of the function value or derivative value. According to this group of values, the construction of
a simpler function 9()6), when * to take the value of this group of points of the variable, 49()6)
should be equal to the corresponding f(x) function value or derivative value, such a function of the
approximation problem known as the interpolation problem. The interpolation problem of curved
surfaces is one of the most important problems in curved surface modeling technology, which is
expressed as the construction of an approximation function that can represent the whole curve or
surface according to the known value points on the curve or surface. The interpolation method of
curved surfaces has a wide range of applications in many fields, such as mechanical engineering,
aerospace, ships, architecture, mapping, industrial modeling, etc. The interpolation method of curved
surfaces has a wide range of applications in many fields, such as mechanical engineering, aerospace,
ships, architecture, mapping, and industrial modeling.

2.2. Construction of a new algorithm for polynomial interpolation

2.2.1. Improved polynomial interpolation form. In order to balance the computational effort and the
fitting effect in complex curve modeling, this paper aims to propose a new class of improved
polynomial interpolation algorithms, which hopefully can reflect the advantages of polynomial
interpolation. Improved polynomial interpolation is a special class of quadratic polynomials, in
improved polynomial interpolation, the quadratic term coefficient matrix A changes its previous
fixed form, and the quadratic term coefficient matrix 4 changes according to a certain rule at each
iteration step, in order to achieve the improvement of algorithmic efficiency of the quadratic
polynomial interpolation algorithm.

P(X) isaquadratic polynomial interpolation, Xz(xl,xz,...,xn )T isa 7-dimensional variable, X;
is a component in the /th position of X, and X, is said to be the center variable if a total of n-1
quadratic terms shaped like XX, (i =1,.. .,j—l,j+1,...,n) all appear in the functional expression of
P(X).

The existence of the center variable allows polynomial interpolation to improve the fit of the
objective function in the process of modeling complex surfaces, and the relationship between the
variables can be better considered. How to use the center variable and control the number of center
variables becomes the key to designing an improved quadratic polynomial interpolation function.

Taking X; as the center variable as an example, the polynomial interpolation function is
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constructed in the following form:
P(X) :Z:(al.xi2 +o,4xx, +bl.xl.)+c (1)
i=l

A, is the coefficient of the cross term X:X;, and X;X; is the inner product of the component X;
with the central variable X;, which can also be interpreted as the projection of the component X; in
the direction of the central variable X;. O; is a sign function when i=j, 0 =0, and when i#/,
0, = 1. This is done in the sense of avoiding repetitive construction of the squared and quadratic
terms repetitions of X;.
The following inverts the matrix form of polynomial interpolation based on the polynomial
interpolation function form (1), i.e:
. 2 1 T
Z(al.xl. +0'l.j/1,.x_/.xl.):EX AX (2)
i=1
Polynomial interpolation yields the specific shape of the quadratic coefficient matrix 4 in its
matrix form (3) based on its functional form of (1) and the equational relationship of (2):

2a, 0 0 A 0o - 0
0 - 0 . . .
0o 0 ° A, 0 0
4 Ay 2a; Ay o A4 (3)
0 0 A, 0 0
: : 0 0
o -~ 0 4 0 0 2a,

Matrix (3) is a symmetric matrix of » row and ” columns, where each element on the diagonal
corresponds to the coefficient of the squared term in the polynomial interpolating functional form and
is numerically doubly related. This is due to the fact that in the quadratic polynomial interpolation
matrix form, all quadratic terms are artificially multiplied by 1/2 in order to give their matrices the
same form as the quadratic coefficient matrices in the algebraic operations (both A4 ) The only
elements in matrix (3) other than the diagonal positions are the non-zero elements on the Jth row
and Jth column, whose values correspond to the coefficients of the quadratic terms of the first type
of polynomial interpolation, except for the squared terms.

If the coefficients of all quadratic terms in (1) are not 0, i.e.,, Vie {1,2,. . .,I’l} , (ll-,ﬂf #0, the number
of nonzero elements in matrix (3) is 3#—2, and the number of zero elementsis »* —3n+2.When 7
is larger, the number of zero elements is much larger than the number of nonzero elements, for
example, at n =10, the difference between the number of zero elements and the number of nonzero
elements is 44, and when increasing to n =50, the difference between the number of zero elements
and the number of nonzero elements will increase to 2204, so matrix (3) satisfies a sparse matrix
definition of a sparse matrix. The advantage of sparse matrices is that when using mathematical
software to perform calculations, sparse matrices are faster because commonly used mathematical
software such as Mathematica and MATLAB are optimized for matrix operations and only operate on
the non-zero elements of the matrix, which is one of the greater advantages of sparse matrices
compared to dense matrices.

2.2.2. Moving Least Squares Based Optimization. In region (), the moving least squares
approximation function can be defined by the following equation [19]:

u'(x)=p" (x)a(x), VxeQ 4)
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where pT(X) =[P1(x)apz(x),---,pm(x)] is the basis function and 4(x) is a vector containing
coefficients 4, (X), J=L2,---,m which are functions of spatial coordinates.

For a one-dimensional problem there are the following functions, the

Linear basis:

P ®)=[Lxm=2 5)
Square base:
P =[Lxx |m=3 (6)

The following functions are available for the two-dimensional problem, the
Linear basis:

Pr@=[l x yjm=3 (7)

Secondary base:
P@=[1 x y ¥ w »|m=6 (8)

Three times base:
Pr=[1 x y ¥ x » ¥ ¥y »° y|m=10 9)

Define the weighted discrete L, -mode as:

J(x):iwl.(x)[pT(x)a(X)—ﬁ,»]z o)

=[P-a(x)—12i]T -W-[P-a(x)—ﬁl.]
where W(x) is the weight function of node i and for all * within the support domain of VI{(x),

there are W/(x)>0, x, denote the * values of node i, » is the number of nodes with weight
function VI{(X) >0 indomain Q,and matrices P and W are respectively:

pT(x1) pl(xl) p2(x1) pm(xl)
p= p gxz) _ pl(:xz) pz(:xz) pmfxz) (11)
pi(x)],, o) p(x) o pa(x)],,
wi(x) L 0
w=| L L L (12)
0 L w,(x)
And:
at =l a, ... 4] (13)

Special attention should be paid here to the fact that fli,i=1,2,. ..M in Egs. (10) and (13) is the
nominal node value, which is usually not the node value of the unknown trial function uh(x).

aJ(x)

oa(x

A(x)a(x) = B(x)i (14)

From the condition that J(x) obtains a minimal value, =0 can be obtained, i.e:

Among them:
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A(x) = PWP=BxP =Y wx)p(x)p" (x) (15)

B(x)=P'W =[ w,(x)p(x,) wy(x)p(x,)--w,(x)p(x,)] (16)

The moving least squares approximation function can be defined only if the matrix 4 in equation
(14) is non-singular, and for A4 to be non-singular, it must be such that the rank of P is equal to
m It is therefore necessary to define the moving least squares approximation function if, for each
sample point xeQ atleast ™ of the weight functions are non-zero (i.e, 7=m), and if the nodes in
the () cannot have a particular distribution, e.g., distributed on a straight line, where by the The
sample points can be either the nodes under consideration or Gaussian integration points.

Solve for a(x) from Eq. (14) and substitute into Eq. (4) to obtain:

uh(x)=‘P(x)ﬁ=21//i(x)ﬁi,uh(x)zui #i,x€Q) (17)
Style:
P(x)=p' ()4 (x)B(x) (18)
Or:

Vi)=Y p, ()47 ()B)] (19)

ji
A new polynomial interpolation algorithm based on least squares improvement is a local

approximation method in complex surface modeling [20]. The basic idea is to use the values of its

surrounding data points at each to-be-determined point to build multiple modeling surfaces moving

according to certain rules, and the weighted average of the function values of this point on these

multiple modeling surfaces is the function value of the desired to-be-determined point. The process is

as follows.

1) Determine the size S of the locally fitted subdomains, which are generally chosen to be square or

circular.

2) At each to-be-determined point P , determine all local fitting subdomains Qi(l'zl,Z,---,N)

containing points P of size S, and the data points X; (j =1,2,- -,n) in each subdomain.

3) At each local fitting subdomain €2, select the appropriate modeling surface:

fey)=p" (x,»)4 (20)
Among them:
Pl =(p(xy) p(xy) -~ p.(x.)
r (21)
Ai:(al a, - am)

a,, i=12,---,m arethe coefficients to be determined, and note that pT(x, y) here is not required
to be a complete polynomial basis function. The error equation corresponding to the # data pointsis
then (j=12,--,n):

v, =p"(x.5,)4 -2 (22)
is written in matrix form as:
v=P4 -z (23)

Egs. vTZ[Vl v, e v], ZT:[Z1 Z, Zn],then:

n
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pl(nyI) Pz(xlayl) pm(xl’yl)

p= pl(x2’y2) pz(?cisyz) pm(xzayz) (24)

pl(xn7yn) pZ(xn’yn) pm(xn’yn)

According to the theory of least squares, the solution of the fitting coefficients of the modeled
complex surface is:

4=(P'P) Pz (25)

4) Combine the information of the N complex surfaces at the pending point P and optimize it by
taking the weighted average of the function values of point P onthe N complex surfaces as the
function value of point P ,i.e.

ZN:Wifi(xp’yp)

z(xp,yp)=[:1— (26)

N
2 Wi
i=1

where W, isthe weight assigned to each fitted subdomain.

1

2.3. Selection principles of relevant parameters in the improved algorithm

1) Selection of modeling subdomain. The fitting subdomain in complex surface modeling is generally
square or circular. The fitting subdomain of each point to be determined can be the same, or it can be
adjusted according to the distribution of the surrounding data points, but the following conditions
should be met in general.

(1) It should be ensured that all fitting subdomains can cover the area to be fitted.

(2) out of the above derivation process can be seen, in order to find the coefficients to be determined
a,, i=12,---,m should be ensured that each fitting sub-domain, including the number of data points
must be greater than the number of coefficients to be determined » .

(3) In order to maintain the characteristics of local approximation, the range of fitting sub-domain
is not easy to be too large, so as not to reduce the accuracy and increase the calculation of large.
2) Selection of basis functions. The basis function pl(x)= [pl(x), p,(x),,p,, (X)] here is not limited
to the selection of complete polynomials, it can be in various forms as follows:

prxy)=[l x y]

pray=[1 x y w

Preen=[1 x y xw ¥]

T 2 2 (27)
p(x,y)=[1 Xy Xy ox y]

Praay=[1 x y »w ¥ » xy]

Basis functions of third or higher order are generally not used, as they tend to cause errors with
fewer data points and do not improve the fitting results significantly.
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3. Results and discussion
3.1. Turbine blade surface modeling simulation experiment

3.1.1. Development environment and tools. In this section, we take the turbine engine blade samples
milled by 5-axis machine tool as an example to simulate and analyze the complex surface modeling,
and verify the application of the new improved polynomial interpolation algorithm, and the
development environment and tool description of the complex curve modeling system are shown in
Table 1. The data collected by the acquisition equipment are imported into the development system,
and the blade point cloud is firstly calculated based on PCA, the system interface will display the
coordinates of the center of gravity of the point cloud and the direction vectors of the three main
directions, and the blade point cloud will be automatically stratified according to the three direction
vectors calculated, and the number of the calculated layer data groups and the curve shapes of the first
group of layer data will be given. The next step is the new polynomial interpolation algorithm for
complex curve modeling calculation, first for the base shape function interpolation generation, you
can freely drag and drop to set the target resolution according to the need to set the current need for
interpolation between the 15th and 16th groups of base shape function, after the start of the
calculation, the system can give the interpolation results between the two groups of the measured base
shape function, and give the morphology of the first five modes. After the calculation, the system can
give the interpolation results between the two groups of measured base shape functions, and the
fitting parameters of the first five modes, and you can choose to export the results.

Table 1. System development environment and tool specification table

Name Explanation
Development machine PC: Intel core i5, 2.5g CPG, 4g memory
Operating system Windows 7, 64 bits
Development language C++
System framework MFC
Graphic API OpenGL
Development tool Visual Studio 2015

3.1.2.  Simulation experiment results:

1) Complex surface modeling surface integrity analysis. In order to verify the integrity of the proposed
polynomial interpolation algorithm in complex surface modeling, the reconstructed surface is
compared with the original surface, and is analyzed mainly in terms of magnitude parameters. The
commonly used magnitude parameters are the average surface roughness Sa, the root-mean-square
roughness Sq, and the maximum height of the contour Sz. Among them, Sa mainly shows the deviation
of the surface from the average value of the filtered surface, which is an important characterization
method for the surface processing of the parts, Sq mainly uses the standard deviation to characterize
the roughness of the surface of the parts, and Sz reflects the degree of undulation of the surface of the
parts, and the larger the value is, the more obvious the surface undulation is. The main calculation
methods of the three parameters are shown in equations (28), (29) and (30):

1
Sa = Z”A|L(x,y)|dxdy (28)

Sq = \/i ﬁA L’ (x, y)dxdy (29)

Sz =|max(L(x, y))| +|min(L(x, y)) (30)
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Three different locations of the hyperbolic surfaces were selected, and the Sa, Sq, and Sz parameters
of the original surfaces were calculated first, and then the Sa, Sq, and Sz parameters of the surfaces
were also calculated by the polynomial interpolation algorithm, and the results of the two calculations
are shown in Table 2. The results are shown in Table 2, where Sao, Sqo, and SZ0 denote the values
of the original surfaces, and Sa,., SqF, and SZF denote the values of the surfaces modeled by the
new polynomial interpolation algorithm, which are differentiated by the subscripts in the experiments.
After calculation and comparison, the average Sa error of the surface modeled by the new polynomial
interpolation algorithm is 1.90%, followed by Sz at 13.67%, and the error of Sq is the largest at 19.00%,
which is mainly due to the fact that there are more abnormal and mutated data in the measured data,
which may be caused by large peaks and valleys, or irregular pits or bumps on the surface of the part.
They will cause the increase of Sq and Sz error, while in the new polynomial interpolation algorithm
proposed in this paper, the effect of mutation data and anomaly data is almost not taken into account,
which leads to a larger error of Sq and Sz.

Table 2. The comparison of amplitude parameters

Unit(pm) Position 1 Position 2 Position 3 Average
Sao 0.7854 0.6982 0.6529 0.7122
SaF 0.7952 0.6782 0.6425 0.7053
Error 1.25% 2.86% 1.59% 1.90%
S% 0.0826 0.0254 0.0752 0.0611
SqF 0.0745 0.0152 0.0699 0.0532
Error 9.81% 40.16% 7.05% 19.00%
SZO 7.5286 4.5289 6.9985 6.3520
SZF 8.5296 5.2485 7.8259 7.2013
Error 13.30% 15.89% 11.82% 13.67%

2) Surface modeling roughness analysis results. In order to further verify the accuracy of the new
polynomial interpolation algorithm in complex surface modeling, the roughness of the original surface
and the fitted reconstructed surface of the turbine blade are compared with the measured roughness
of the roughness meter respectively. The brand of the roughness meter used in the experiment is Mahr,
and the parameters of the roughness meter are shown in Table 3.The measuring principle of the Mahr
roughness meter is stylus scribing measurement, and correspondingly, the results of the original
surface data and the fitted results of the new algorithm of polynomial interpolation are also computed
by the layer data.

Table 3. Mahr roughness meter parameter

Project Parameter
Principle of measurement stylus
Measuring range 350pum, 180pum, 90pum (automatic switching)
Contour resolution 32nm, 16nm, 8nm (automatic switching)
Lc sample length 0.25mm, 0.8mm, 2.5mm
Lt sample length 1.5mm, 4.8mm, 15mm
Measuring force About 0.7mN
Sampling number 1-16

The results of the roughness experiments were taken from 10 representative groups of data and the
experimental results are shown in Table 4. In each experimental group, the overall average error is the
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mean value of the residuals, the standard deviation is the standard deviation calculation of the residual
values, the original surface roughness is the three-dimensional roughness of the selected small
surfaces, and the generated surface roughness is the roughness of the surfaces constructed according
to the method, all in um, and at the end of the calculation of the error of the two. From the calculation
result data, it can be seen that the overall average error and standard deviation are within 1.7 um
(0.7580-1.6715 um), which indicates that the error of the turbine blade generated based on the new
polynomial interpolation algorithm proposed in this paper indicates that the error of the complex
surfaces basically meets the requirements of the accuracy, and the validity of the new polynomial
interpolation algorithm can be verified. The roughness errors of the complex surface modeling vary
greatly, with the roughness errors of the 4th (26.44%), 5th (34.03%), 9th (25.99%) and 10th (20.29%)
data sets being higher than 20%. However, as mentioned above, the main reason for this is that there
will be more anomalies and mutations in the measured data, which may be caused by larger peaks and
valleys. In summary, the errors are within the acceptable range and the accuracy of the new algorithm
proposed in this paper can be verified.

Table 4. The surface result error is compared with roughness

Group Overall mean Standard Original surface Surface
error deviation roughness roughness Roughness error
number
(pm) (um) Sa(pm) Sa(pm)
1 0.7580 1.3609 1.2248 1.1581 5.45%
2 1.1472 1.4312 1.3544 1.2635 6.71%
3 0.6956 1.1126 1.2948 1.5248 17.76%
4 0.4623 1.4477 1.2779 0.9400 26.44%
5 0.3215 1.4599 0.7368 0.9875 34.03%
6 0.7741 1.5965 1.4887 1.2875 13.52%
7 1.1954 1.1424 0.8461 0.9834 16.23%
8 0.7398 1.6715 1.1211 1.2245 9.22%
9 0.7583 1.3759 1.4736 1.8566 25.99%
10 0.5176 1.0078 0.9265 1.1145 20.29%

3.2. Complex surface modeling examples

3.2.1. Experimental Objects. In this paper; a model of Audi is chosen as a numerical example for 3D
body complex surface modeling, and the feasibility of the new polynomial interpolation algorithm
proposed in this paper is demonstrated through practical examples. By comparing the generation time
of the surface model with other surface modeling methods, the efficiency of the new algorithm is
demonstrated. The reliability of the proposed method in complex surface modeling is demonstrated
through quality analysis and comparison test of the complex surfaces generated by the method.

3.2.2. Comparative analysis of time to generate surface models. In order to test the processing
efficiency of the new polynomial interpolation algorithm proposed in this paper for modeling complex
surfaces in vehicles, some methods for surface modeling are listed in this paper. And the time for
generating surfaces of some methods is tested in detail. However, due to the lack of clear standards,
the test data obtained are not objective and real standard data, and only have symbolic reference
significance.

There are three common methods for modeling car body surfaces. The first is the traditional manual
method of forward modeling along the “points, lines, and surfaces” in three-dimensional commercial
software. The second method is to reverse the body surface modeling in 3D commercial software by
processing the point cloud data. The third method is to take the four front, rear, side and top views of
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the car body as the background, import the unified 3D body curve grid template, generate the curve
grid of the car model by adjusting the control points of the 3D body curve, and then generate the
complex surface model based on the new polynomial interpolation algorithm proposed in this paper.
Both Method [ and Method II can generate relatively accurate car body models, but the workload is
relatively large, and in general, it takes many working days to complete, so the time test is also difficult.
Compared with the first two methods, Method III is relatively simple and generates body surfaces
through a 3D curvilinear grid of the body. Therefore, this paper focuses on a detailed test of the time
required for surface modeling in Method I and Method III.

The time taken by the two complex surface modeling methods is shown in Table 5, which provides
a visual comparison of the time taken by the two modeling methods. The traditional manual method
was tested in four steps: background image import and adjustment, model import, curve adjustment,
and surface generation. The time used for each step was carefully organized and counted. After
finishing and analyzing, the time of the four parts is 20-40min, 4.5-7.0min, 2.6-3.5h, and 36-50min,
respectively. The modeling method applying the new polynomial interpolation algorithm of this paper
is also divided into four steps, which are extraction of feature lines, modeling of body curves, addition
and optimization of additional lines, and modeling of body surfaces. After finishing and analyzing, the
time of the four parts is 35-45 min, 1.5-2.41 min, 12.52-25 min, and 2.5-4.8 min respectively, which
shows that the method of this paper can save a lot of time and realize the rapid modeling of complex
surfaces of the body. At the same time, it can be seen that the extraction of feature lines and the addition
and optimization of additional lines in the body curve mesh generation take up most of the time in the
process of modeling the complex surface of the body, which affects the efficiency of the whole body
complex surface modeling.
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Table 5. The different surface generation method time comparison

Modeling method
Manual method This method
Step Time Step Time
Background drawing import and ) ) . )

adjustment 20-40min 2D feature line extraction 35-45min
Template import 4.5-7.0min 3D modeling 1.5-2.41min
Curve adjustment 2.6-3.5h Additional line 12.52-25min
Surface modeling 36-50min Surface modeling 2.5-4.8min

Total time 216.5-307min Total time 51.5-77.2min

3.2.3. Quality analysis of body surface modeling. The results of the error analysis of the complex
surfaces obtained by applying the new polynomial interpolation algorithm proposed in this paper for
modeling are shown in Table 6. The distance error generated in the modeling of the complex surface
of the car body based on the new polynomial interpolation algorithm is between 0.031-0.053mm on
average. [t can be seen that the fitting curve given by the algorithm in this paper has a good smoothness
under the premise of a small error, which provides a convenient subsequent processing for the
modeling of complex surfaces, and is a more ideal method.

Table 6. Surface modeling error analysis

Body parts Data point number Curve control vertex Maximum error Mean error
Bumper 18 10 0.148 0.031
Automobile A 20 20 0.101 0.035
Front bracket 15 11 0.199 0.047
Mean error 21 19 0.099 0.053
Mean error 18 8 0.092 0.048

4. Conclusion

This paper studies the optimization problem of polynomial interpolation in the process of modeling
complex surfaces, and optimizes the new algorithm of polynomial interpolation by constructing
polynomial interpolation function and with the help of moving least squares approximation algorithm.
The application is verified by modeling the surfaces of turbine blades and car body surfaces milled by
5-axis machine tools as an example, and the results show that:

1) The average surface roughness error of the turbine blade surface modeled by the new polynomial
interpolation algorithm is only 1.90%, and the overall average error and standard deviation between
the results and those measured by the roughness meter are within 1.7 pum (0.7580-1.6715 pm), which
is within the acceptable range of error, so that the accuracy of the new algorithm proposed in this
paper can be verified.

2) The test of the car body surface modeling method applying the new polynomial interpolation
algorithm of this paper is also divided into four steps, and the time for the four parts of feature line
extraction, body curve modeling, additional line addition and optimization, and car body surface
modeling are 35-45 min, 1.5-2.41 min, 12.52-25 min, and 2.5-4.8 min, respectively, which indicates
that the method of this paper can save a lot of time and realize the car body surface modeling. Can save
a lot of time and realize the rapid modeling of complex surfaces of the body. In addition, the distance
error generated by the new polynomial interpolation algorithm for modeling complex surfaces of the
car body is between 0.031-0.053mm on average.

3) The comprehensive results show that the new polynomial interpolation algorithm proposed in this
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paper has great advantages in solving the complex surface modeling technology, and it is feasible to
model a variety of complex surfaces.
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