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Abstract: Because the known data cannot be completely found to determine the function of the corresponding
relationship, it is needed to describe the data in tabular form. As the research goes on, people want to use some simple
mathematical functions to express the relationship between the data and the data. In the process of data processing, the
least square method is one of the most common methods. Based on the least square method, the piecewise linear fitting
algorithm is proposed to replace the polynomial curve fitting. This paper firstly discusses the plane segmentation method
to be extended to three dimensional discrete point; followed by the discrete points in the Euclidean space square piccewise
linear fitting method to analyze the inherent law between the 3D data, through the experiment shows the method is

effective.
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1. INTRODUCTION

The application of fitting is very extensive, such as in the
field of econometrics can use the economic statistical data
over the years to predict the tendency of the economic
development of the next stage, through the discovery of
quantitative relationship between some toxic dose and
mortality of animals to direct the medical work, in sensing
technology can be used for multi sensor measurement
calibration in the field of medical statistics [1, 2]. The
common curve fitting method is the least square method.
Least square method is a mathematical optimization
technique, which is based on the square of the error and the
best matching of data. Using the least square method, the
unknown data can be easily obtained, and the square of the
error between the data and the actual data is obtained [3].
When using the method of least squares curve fitting,
although can well fitting in an orderly manner, and a good
mathematical theory and very high accuracy, but need to
calculate a large number of complex, and the obtained fitting
function is often higher, which further increased the
complexity. In order to simplify the establishment of the
mathematical model of the algorithm and reduce the amount
of computation, this paper proposes a new use least square
method implement piecewise linear fitting method, with the
observed ordered pairs of modeling [4-7].

The least square method is a mathematical optimization
technique, which is used to infer the best function matching
relationship between the discrete data by the square of the
difference between the measured value and the actual value
[8]. In engineering technology and scientific experiment, the
data set is often obtained [9]. How to determine their
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function curve according to the data, this is the problem of
curve fitting in experimental data processing. Curve fitting
method is the most commonly used method, and the fitting
of the piecewise curve is better than the general curve fitting
effect [10-12].

So far, a lot of practical curve fitting methods have been
put forward. In 1966 York D proposed the use of least
squares fitting line [13]. In 1987 Arun K S fitted the two
dimensional point set with the least square method [14]. In
1999 Fitzgibbon A, Pilu M, Fisher R B realized the ellipse
direct least squares fitting [15].

2. SPACE LINEAR LEAST SQUARES FITTING
PRINCIPLE

Data fitting is an important method of data processing,
and polynomial curve fitting is a more common method of
data fitting. When the data point is too large, the polynomial
order is too low, the fitting precision and the effect is not
very ideal. In order to improve the fitting precision and
effect, we need to increase the number of curves, but the
complexity of the order is too high and the complexity of the
calculation and other aspects of the disadvantages.
Therefore, it is difficult to obtain good fitting accuracy and
effect by using a polynomial curve fitting of the data points.
In order to solve the above problems, the piecewise curve
fitting is generally used. In the past, the fitting method of
piecewise curve fitting method is mainly aimed at the
measurement of data in the field of natural science.
Therefore, in fitting of these data, the traditional
segmentation method is generally based on the subjective
experience of the data segmentation, and then fitting [16].
But for some practical problems of data, such as social and
economic life of a large amount of statistical data, the
mechanism of these changes in data is very complicated in
general, often like the laws of physics as a strict rules, so
changes in uncertainty is very strong. Therefore, the
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traditional segmentation curve fitting based on the subjective
experience of the data is segmented into a clearly
insufficient. For this problem, this paper presents an
objective to segment the three curve fitting method, which
can eliminate the defects of the data from the subjective
experience [17]. Finally, the test results show that the fitting
effect is good.

Polynomial curve fitting is a more common method of
data fitting. When the data point is too large, the polynomial
order is too low, the fitting precision and the effect is not
very ideal. In order to improve the fitting precision and
effect, we need to increase the number of curves, but the
complexity of the order is too high and the complexity of the
calculation and other aspects of the disadvantages.
Therefore, it is difficult to obtain good fitting accuracy and
effect by using a polynomial curve fitting of the data points.
In order to solve the above problems, the piecewise curve
fitting is generally used, and local least squares fitting is
performed on each interval [18]. The traditional piecewise
curve fitting is based on the subjective experience and the
drawing data to determine the empirical function and the
segmentation point. A fitting method is proposed to segment
the piecewise interval. The three data points are determined
by each of the 4 data points, but the interval is too dense and
not suitable for dense data fitting. Later, it is proposed that
the global continuous fitting method of the polynomial basis
function is restricted to 2 piecewise interval. In the next few
years, the curve fitting method of the global continuous
curve is put forward, but the basis function is restricted to a
polynomial. The method proposed by the researcher is based
on the subjective experience to determine the empirical
function and the segmentation interval, and then the fitting
[19, 20]. This method has the following points: 1 in the
practical application of the method of automatic
segmentation polynomial curve fitting. Provide several
different empirical function, according to the different
experience function was fitted to the data and the measured
data, the error variance, to automatically determine the better
experience function; 2. From the data fitting method many,
such as logarithmic curve fitting, inverse function curve
fitting, quadratic curve fitting, cubic curve fitting,
exponential curve fitting, exponential curve fitting. First
commonly observed scatter diagram to determine the curve
type, but scattered point diagram is correlation between the
coarse representations, and sometimes scattered point graph
and several curves are very close, then establish
corresponding empirical function may be reasonable, but due
to the choice of different curves, a problem with a number of
different empirical function, how to select the optimal from
these experiences function in a. With several function fitting
calculation of the historical data value and the fitting values
of the error square and minimum for optimal function of the
methods may exist such a problem: minimizing the sum of
squared errors, but error fluctuation larger, i.e. some point
error is very small, some error is relatively large. In view of
this situation, this paper proposes a piecewise linear fitting
method, with several different function fitting and the
selection of optimal experience function and optimal
function to determine the conditions are as follows: for
historical data point error and error is negative number
difference less than adaptation parameters [21].
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The least squares method is a mathematical optimization
technique It matches the optimal function of the data by
minimizing the squared error of the squared error. Using the
least square method, the unknown data can be easily
obtained, and the square of the error between the data and
the actual data is minimum. The least square method can be
used in curve fitting. Other optimization problems can be
expressed by the least square method for minimizing energy
or maximum entropy. In the limited measurement series, the
accuracy of the measurement is to seek the true value, which
makes the square and the minimum of the error. The least
square method is a basic method to measure the adjustment
of different kinds of observation data [22]. If in different
precision multiple observations of one or more unknown
quantity, in order to determine the unknown quantities are
the most reliable value, the concept of measurement must be
with corrections to the modified the sum of weights positive
multiplied by the square of the observation value is
minimum. So called least squares method. The so-called
"weight " is a measure of the relative reliability of the quality
of observation results [23].

From the point of view, the least square method is similar
to the interpolation method, which is the algorithm of
processing data. But from the creation of the thought, the
two are essentially different. The former sought a curve, and
the observation data is "closest" to represent the observation
data of the trend; the latter is the curve strictly by the given
observational data, its purpose is through data from function
model to approximately describe the function [24]. In the
observational data with measurement error will make these
observations deviate from the curve function, as a result and
observational data to stay consistent interpolation method is
better than the method of least squares curve more in line
with the objective reality.

The basic idea of the least square method is: given a set
of data (x;,y,)(i=1,2,...,n) . The initial equation is F(x) and
the equation contains some undetermined coefficients a, .
Put (x,y,) into the equation and calculate y,—F(x,) .

Considering the error fluctuations, to prevent the emergence
of error of plus or minus cancellation, will need equation
square:

e:Z(yi_F(xi))z )

The minimum value of € can be obtained by @, . In

order to find the best fitting function of the group data, the
function makes the error square and the minimum. Extended
to a certain point in space. Standard equation for space line:

X=X _ V=N _27%
= = 2
kl kz ks
Can be simplified to get:
kl
x:k—(z—zo)+x0:az+b (3)
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k
y:k—z(z—zo)+y0:xz+d (4)
3
k
Among them: Cl:—l, b:xo——IZO, C:_z,
k, ; k,
k
d=y,——2%z,.
Yo k, 0

For linear space, space straight line is equivalent to two
plane equation of intersection, so on linear fitting can be
respectively of the plane equation fitting. The fitting
equation are obtained for the approximate value and the
actual value of the difference between the square and
recorded as:

A=Y [x,~(az, b )

Ay = Z[yi —(dz, d)]2 ©)

According to the principle of least square method, the
partial derivative of @,b,c,d in the formula is zero.

D 2x,—(az,+b)]x(-z) H
Y 2x, —(az,+b)x(-1) &
Y 2y, —(cz+d)]x(-z) <
D 2y, —(cz+d)x(-1) &

On the formula (2.7), And the numerical value of
a,b,c,d is obtained.
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3. PRINCIPLE OF FITTING STRAIGHT LINE
SEGMENT

The function relationship between the coordinates of the
representation of the discrete point set in a continuous curve
or a relatively flat surface. More broadly speaking, the
corresponding problem in space or high dimensional space is
also a category. In the numerical analysis, the curve fitting is
used to approximate the discrete data, that is, the formula of
the discrete data. In practice, group or discrete point data is
often various physical problems and statistical problem was

The Open Automation and Control Systems Journal, 2015, Volume 7 1577

related to the amount of times of observation value or
experimental value, they are scattered, not only it is not easy
to deal with and cannot generally be exact and fully reflect
the inherent law. This defect is being made up by an
appropriate analytical expression.

The TLS method has been widely used in the line and the
plane fitting, the SVD method or iterative method to
establish the coefficient matrix contains error model to solve
the parameters, however, for the space of linear fitting of the
TLS method does not see more. At present, there are
commonly used spatial straight line fitting method: on the
Newton gradient optimization algorithm for representing
iteration algorithm, the algorithm is with two initial value,
reach the accuracy requirements of the given by an iterative
method, it involves a large number of equations are solved,
solving process is relatively cumbersome, practicability is
poor; non iterative algorithm, the method is essentially
obtained with measuring point distance and the minimum
plane, then three-dimensional problem into a two-
dimensional problem, in plane using least squares method of
fitting a straight line. The method takes into account the

error of ), and X, directions, and the error of the Zz,

direction is neglected, and the error is not tight in theory
[25].

The method of judging the fitting line is that the distance
between the data coordinates and the corresponding fitting
line should be less than the fixed value of € . In the
implementation of the algorithm, with minimal space
discrete data points of straight line fitting, meet the
conditions for a data point increases when the distance
between all of the selected data points and fitting straight
line less than € . If the maximum distance between the data
points and the maximum distance of them exceeds the fixed
value of € , the fitting process of the segment is stopped.
When the data points are not added to the fixed value of £,
continue to perform an increase in the operation of the data
points until the maximum number of points is added. When
all of the above processes are performed, a spatial line is
intended to be synthesized with the most data points [6-8].

For example, the space of any point P(x,,y,,z,) to the
space of a two linear Ax+By+Cz+D =0 and
A,x+B,y+C,z+D, =0 distance is

u w

‘(Alx+l~31y-i-C12+D1)><n2 —(A2x+Bzy+sz+D2)><n1‘

d= U, (12)

]

Among them: Z:{AI’B“Cl}’;,Z[:{AZ’BpQ}. By the
above data to fit the parameters of the line should be:
A4 =-1,B,=0,C,=a,D,=b,4,=0,B,=-1,C,=c,D,=d - The
resulting system can be brought into the distance formula,
the distance between the data points and the fitting line is
obtained.

d _ \/(—y+cz,~ +d)? +(x;—az; —b)? +(—cx;+ay; +be- ad)?
;=

\/a2 +c2 41

(13)
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The obtained di is the distance between the data points
to the fitting line, and then the data can be fitted by a

piecewise linear fitting by using this value.
4. COMPUTATIONAL PROCEDURE

Through the analysis of the above fitting principle, we
can get the main steps: the first step is to take the
experimental data two points ( A(x,,y,,z,),B(X,,y,,Z,) )-

Mathematical model of fitting line /, by using least square
method. Then a new point C(x;,y;,z,). The cosine of the
angle between the line BC and the line/; is calculated:

|a(x3_x2)+a(y3_yz)+(zs _Zz)l (14)
\/az +c +1X\/(x3 _x2)2 + (s _J/z)2 +(z— Zz)z

cosf =

If their cosine value is smaller than a given threshold, the
point into the front, re calculated by least square method to
fit the linear equation until greater than a given value. And
we got the first fitting a linear equation. The second step is to
repeat the last point of the straight line to the next point, until
all points are fitted, so that all the equations of the piecewise
linear equation are obtained. All processes as shown in Fig.

(1).

5. SIMULATED DATA EXPERIMENT
Ten sets of data were obtained from statistics.

Using the above data to draw the space line Fig. (2).

CONCLUDING REMARKS

The above example shows that the improved least square
method for piecewise linear fitting, in the processing of the
experimental data, can significantly ~simplify the
mathematical model establishment and reduce the
computation, can better fitting of the sequence point, which
proves that the method is feasible. On the other hand, the
method can automatically determine the number of
branching, automatic search for break point position, the
overall optimal fitting, it is proved that the method is
efficient. But this method also has certain limitations, the
data of random changing fitting often fail to get the ideal
results, but to change relatively slow data can get better
effect, especially a monotone or monotone approximation of
data. In the actual work, the data obtained from the test are
often nonrandom, so the application of this method is quite
wide. The classical least squares polynomial fitting as the
foundation, through expansion of the original data, number
of domain switching, data expansion, a series of data
reconstruction, to ensure the piecewise linear fitting
reliability and stability, to reconstruct the data with different
number of polynomial repeatedly iterative fitting, after each
iteration of the data points of large error correction and then
continue the iterative, until the fitting stability. Finally,
through iteration error, number of iterations modified the
size of integrated and adaptive to get the best fitting results.
In this paper, different theoretical models are used to verify
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Fig. (1). Fitting subsection linear program block diagram.

0 ~—— 4 6

Fig. (2). Spatial piecewise linear fitting.

the optimization algorithm, and the results of different
models are analyzed, and the algorithm is correct and
feasible. The treatment effect of the actual experimental data
to verify the analysis, and draws the conclusion that the
optimization algorithm can be used for any type of random
error of the test data fitted better than today's method of
conclusions. The disadvantage is that the iteration time is
longer, and the evaluation of the optimal fitting results needs
to find a better judgment method.

According to the principle of least square method is
proposed for spatial discrete points by the method of least
squares piecewise linear fitting, calculate the space discrete
data fitting for all coefficients of linear space algorithm, and
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Table 1. Data sheets for any 10 groups.
y z X y z
1.0 1.0 6 -0.8 -1.8
1.4 2.1 7 1.2 1.4
2.0 3.5 8 35 -1.1
2.9 4.5 9 5.6 -0.2
0.8 -1.8 10 8.2 0.1

Table 2. Equation coefficients for running programs.
a b C d
0.8332 0.1836 0.5492 0.2383
-0.3139 5.4719 0.5785 0.1003
1.9039 9.7173 4.2626 7.3789

puts forward the piecewise linear fitting method to distinguish,
the basic principle and then come to the least squares method
space segments of straight line fitting. The validity of this
method is verified by the results of the program.
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