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Abstract

Aiming at how to improve the efficiency of image edge detection, an image edge detection method based on
least squares support vector machine (LSSVM) and cellular automata is proposed. Firstly, a new kernel function is
constructed based on the Gauss radial basis kernel and polynomial kernel, which enables the LSSVM to fit the gray
values of the image pixels accurately. Then, the gradient operator of the image is deduced, and the gradient value
of the image is obtained by convolution with the gray value of the image. Then, the cellular automata evolves the
gradient value according to the designed local rules to locate and detect the image edge. Simulation results show
that the proposed edge detection algorithm is effective, and the new algorithm has higher detection performance
than Sobel and Canny algorithms.
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1 Introduction
Cellular automata [1] are a discrete dynamic system in
space, time, and state. The mapping is similar to cellular
automata in some aspects, the mapping is discrete in
time evolution, and the value of state variables of cellular
automata is continuous. If mapping corresponds to or-
dinary differential equations in continuous dynamical
systems, then cellular automata correspond to partial
differential equations in continuous dynamical systems,
because partial differential equations are in time. The
values of space and state variables are continuous.
Therefore, cellular automata have become an extreme
representative in the field of discrete dynamical systems.
The space of cellular automata is composed of a series of
cells arranged in grid distribution. The grid space can be
one-dimensional, two-dimensional, or high-dimensional.
In addition, grille space can be limited or infinite.
In order to analyze the traffic situation of airport sur-

face, Xing et al. [2] proposed an airport surface traffic
simulation method based on the theory of agent and cel-
lular automaton model. The traffic characteristics of

airport surface are analyzed. The combination of agent
theory and the cellular automaton model is discussed.
Different parts of the airport surface traffic are defined
respectively as one-dimensional cellular automaton, and
aircraft agent is designed, which means that a traffic
simulation model is constructed based on agent-cellular
automaton. The airport surface traffic is simulated.
Simulation results show that the simulation method has
the characteristics of simple, high efficiency, and high
accuracy, which can reflect the autonomy and individual
differences of aircraft taxi in airport traffic system. And
the analysis and assessment of the traffic situation has
high application value in airport surface.
Aiming at the actual situation of complex structure

and the evacuation of subways affected by the subjective
conditions of pedestrians, these papers use the ant col-
ony algorithm to solve the large passenger flow under
complex building structure to find the optimal evacu-
ation path in the macro view, and on the micro-level,
use the intelligent decision model of cellular automaton
to construct the underground pedestrian evacuation
model of the fusion of ant colony algorithm and cellular
automaton and discuss the evacuation efficiency and in-
dividual status of a station in Guangzhou Metro during
the evacuation of pedestrians [3–5]. The simulation
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results can provide the preparation of contingency plans,
staff training, the evacuation of passengers, and emer-
gency drills with a reference.
Another major research area of cellular automata is

autopilot [5–10]. In the autopilot study, by establishing a
single-lane autopilot-manual driving traffic flow model,
the unit length of the cell is refined, and autopilot is fully
considered. The difference in reaction time of the manu-
ally driven vehicle system reduces the reaction time of
the automatic driving system, so that the road capacity
is greatly improved.
Image size measurement includes image acquisition

[11–13], image preprocessing [14–16], image segmenta-
tion [17–19], feature extraction [20–22], and parameter
measurement [23–25]. The focus of image acquisition is
to obtain high-quality image. Image preprocessing can
suppress noise and enhance contrast, thus improving the
quality of source image. The object of interest is seg-
mented from the background by image segmentation,
and the parameters such as dimension are important for
feature extraction and parameter measurement. The
hardware such as camera and image processing algo-
rithm make up the image size measurement system and
finish the measurement work on this platform. Every
component of the image size measurement system is in-
dispensable, and the measurement algorithm is the most
important.
In the last 20 years, the image measurement technol-

ogy has developed rapidly at home and abroad and has
been widely used in the measurement of geometric pa-
rameters of parts [26–30]. The micro-size measurement
and appearance detection of precision parts used are
aerial remote sensing image, light wave interferogram,
and the analysis of stress and strain field state distribu-
tion map, and so on. The high resolution, high sensitiv-
ity, wide spectral response, and large dynamic range of
image size measurement system are difficult to compare
with traditional measurement methods. Image measure-
ment technology generally has no special requirements
on the environment, and it is very suitable for some
traditional measurement methods which are difficult to
realize, especially as the online measurement link of
automatic pipeline. With the continuous improvement
of manufacturing technology requirements of time, the
matching image measurement technology is bound to
move to a higher level.
From the existing parts of measurement research re-

sults, we found that today’s measurement has the accuracy
that does not meet the requirements of the development
of the prior art. The measurement process is greatly dis-
turbed by external noise, and it is difficult to realize the
shape recognition. Cellular automata have been applied to
image processing and have achieved rich results [31–34].
In these studies, the introduction of cellular automata has

improved the accuracy and anti-interference ability of
image processing. For this reason, we believe that with cel-
lular automata, the introduction of image size measure-
ment can solve this problem well. Based on the edge
detection method of least squares and cellular automaton,
this paper establishes an efficient image edge detection
model. Firstly, a Gauss radial basis-based LSSVM is estab-
lished. The method is combined with the cellular automa-
ton model to evolve the gradient values according to local
rules to achieve image edge location and detection. The
edge of the image detected by the simulation experiment
is accurate.

2 Proposed method
2.1 Image edge detection algorithm based on LSSVM-CA
2.1.1 Construction of least squares support vector machine
and its kernel function
The basic idea of SVM is to select a set of feature sub-
sets of the training set (called support vector machine),
which can separate classes and provide favorable condi-
tions for classifier generation. At the same time, the
complexity of operation is reduced while the classifica-
tion accuracy is guaranteed. Compared with classical
classification algorithms, SVM has obvious advantages in
many aspects, such as preventing trained learning and
computing speed, but it also has some limitations. So re-
searchers put forward a lot of deformation algorithms of
support vector machine; these deformation algorithms
are mainly by adding function items, variables, or coeffi-
cients to deform the formula, so this chapter mainly de-
scribes the deformation algorithm.

2.1.2 Least squares support vector machine (LSSVM)
Let the sample be an n-dimensional vector and l samples,
and their values in a region be represented as (x1, y1),
⋯⋯(xl, yl) ∈ R

n × R. First, a nonlinear map ψ(⋅) is used to
map samples from the original space Rn to the feature
space ψ(x) = (φ(x1), φ(x2),⋯φ(xl)). The optimal decision
function y(x) =w ⋅ φ(x) + b is constructed in this high di-
mensional feature space. In this way, the nonlinear estima-
tion function is transformed into the linear estimation
function in the high dimensional feature space. Using the
principle of structural risk minimization, finding the
extremum of the weight vector w and the offset b is
minimized:

R ¼ 1
2
� wk k2 þ c � Remp ð1Þ

Among them, ‖w‖2 is the complexity of the control
model, c is the regularization parameter, and Remp is the
error control function, that is, insensitive loss function.
Commonly used loss functions are linear ε loss func-

tion, quadratic ε loss function, and Huber loss function.
Different types of support vector machines can be
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constructed by selecting different loss functions. The
loss function of the least squares support vector machine
in the optimization target is the quadratic term of the
error ζi. Therefore, the optimization problem is:

min J w; ζð Þ ¼ 1
2
w � wþ c

Xl

i¼1

ζ2i ð2Þ

s.t: yi = φ(xi) ⋅w + b + ζi, i = 1, ⋯⋯, l.
The Lagrangian method is used to solve this opti-

mization problem.

fL w; b; a; γð Þ ¼ 1
2
w � wþ c

Xl

i¼1

ζ2i

−
Xl

i¼1

ai w � φ xið Þ þ bþ ζ−yið Þ

ð3Þ
among which ai, i = 1, . .… , l, is the Lagrange multiplier.
According to the optimization conditions,

∂L
∂w

¼ 0;
∂L
∂b

¼ 0;
∂L
∂ζ

¼ 0;
∂L
∂a

¼ 0 ð4Þ

acquirability w ¼ P
i¼1

l
aiϕðxiÞ, P

i¼1

l
ai ¼ 0, ai = cζi, and

w � ϕ xið Þ þ bþ ζ i−yi ¼ 0: ð5Þ
Defining kernel function K(xi, xj) = ϕ(xi) ⋅ ϕ(xj), K(xi, xj)

is a symmetric function satisfying the Mercer condition.
According to (5), the optimization problem is trans-
formed into solving linear equations:

0 1 ⋯ 1
1 K x1; x1ð Þ þ 1=c ⋯ K x1; x1ð Þ
⋮ ⋮ ⋱ ⋮
1 K xl; xlð Þ ⋯ K xl; xlð Þ þ 1=c

2
664

3
775

b
a1
⋮
al

2
664

3
775 ¼

0
y1
⋮
yl

2
664

3
775

ð6Þ
Finally, the nonlinear model is obtained as follows:

f xð Þ ¼
Xl

i¼1

aiK x; xið Þ þ b ð7Þ

The image fitting takes the M ×N neighborhood of the
pixel as the processing unit. Same as 3 ≤ M =N ≤ 9. The
distance between the pixels in the neighborhood is
expressed as Δr and Δc in the horizontal direction and the
vertical direction, respectively. |Δr| ≤ bM2 c and Δc≤bM2 c,因.
The coordinates of all pixels in the neighborhood can

be expressed as (r Δ ROC Δ c),) and used as the input of
LSSVM. The input of LSSVM can also be subtracted
from the coordinate by (r +Δr, c +Δc) and replaced by
(Δr, Δc), which is subtracted from the former coordinate.

If M and N are known, the constant vector space as
input can be obtained. {(Δr,Δc)||Δr |≤ bM2 c and Δc≤bM2 c}.
The nonlinear relationship between input vectors and
pixels can be constructed by LSSVM. Formula (3) is
considered as a set of linear equations with a and B as
unknown elements.

a ¼ K xi; x j
� �þ γ−1I

� �−1
y−Θbð Þ

b ¼ ΘT K xi; x j
� �þ γ−1I

� �−1
y

ΘT K xi; x j
� �þ γ−1I

� �−1
Θ

8><
>: ð8Þ

The matrices A and B are defined as follows:

A ¼ K xi; x j
� �þ γ−1I

� �−1
B ¼ ΘT K xi; x j

� �þ γ−1I
� �−1

ΘT K xi; x j
� �þ γ−1I

� �−1
Θ

8><
>: ð9Þ

Then, the expression can be expressed as follows:

a ¼ A y−Θbð Þ
b ¼ By

�
ð10Þ

It can be seen from the above derivation that the cal-
culation of matrices A and B is independent of the out-
put y, that is, independent of the gray value of the pixel,
related to the input quantity, the type of kernel function,
and γ. From the above, the number of samples in the
constant vector space is known and fixed, and γ is con-
stant, so once the kernel function is determined, the
matrices A and B can be obtained in advance. The
matrices A and B only need to be solved once, and the
matrix is globally universal, which is essentially a con-
stant matrix. Next, the selected kernel function can be
used for image fitting. Let Row × Col be the constant
vector space of a pixel symmetric neighborhood of the
image to be processed. Like Row = {− 1,0,1}, Col = {−
1,0,1}. The kernel function constructed by the formula is
represented as the image gray fitting function in the
constant vector space as follows:

f r; cð Þ ¼
Xn
i¼1

ai
�
exp − r−rij j2 þ c−cij j2� �

=σ2
� �
þ r � ri þ c � ci þ 1ð ÞdÞ þ b

ð11Þ

In the formula, f (ROC) is the gray level estimate of
the corresponding point (ROC), and (ri, ci) is the pixel
coordinate as input. For the point (RFC), the first-order
partial derivative of the image gray fitting function in
horizontal and vertical direction can be obtained:
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∂ f
∂r

¼
Xn
i¼1

ð− 2
σ2

r−rið Þ exp − r−rij j2 þ c−cij j2� �
=σ2

� �
þdri r � ri þ c � cið Þd−1A 1−ΘBð Þy

ð12Þ
∂ f
∂r

¼
Xn
i¼1

ð− 2
σ2

c−cið Þ exp − r−rij j2 þ c−cij j2� �
=σ2

� �
þdci r � ri þ c � cið Þd−1A 1−ΘBð Þy

ð13Þ
The matrix Wr and Wc calculations are introduced.

Wr ¼
Xn
i¼1

ð− 2
σ2

r−rið Þ exp − r−rij j2 þ c−cij j2� �
=σ2

� �
þdri r � ri þ c � cið Þd−1A 1−ΘBð Þy

ð14Þ

wc ¼
Xn
i¼1

ð− 2
σ2

c−cið Þ exp − r−rij j2 þ c−cij j2� �
=σ2

� �
þdci r � ri þ c � cið Þd−1A 1−ΘBð Þy

ð15Þ
It can be seen from the above derivation that the

matrices Wr and Wc are similar to the matrices A and B
and independent of the gray value y of the pixels, and
related to the input quantity and the type of kernel func-
tion, so they can be obtained in advance and become a
constant matrix. They are transformed into square ar-
rays with the same size as the pixel (rc) neighborhood
Row × Col, and Wr and Wc become gradient operators
of the image. The gradient operators Wr, Wc, and the
image matrix I (ROC) are used for convolution calcula-
tion, and the gradient value matrices GH (ROC) and GV
(ROC) in the horizontal and vertical directions of the
image are obtained.

GH ¼ WH � I

GV ¼ Wc � I

2.1.3 An algorithm of image edge detection based on CA

You might as well keep in mind: ▽f(x, y) = ∂ f
∂x i +

∂ f
∂y j is the

gradient of the image, ▽f(x, y) contains grayscale change

information: as ▽f(x, y)’s g radi-

ent, and e(x, y) can be used as edge detection operator.
To simplify the calculation, e(x, y) can also be defined as
the sum of the absolute derivatives of partial derivatives
fx and fy:

e x; yð Þ ¼j f x x; yð Þ j þ j f y x; yð Þ j ð16Þ

On the basis of the above formula theory, many algo-
rithms are proposed. The commonly used edge detection
methods are the Roberts edge detection operator, Sobel
edge detection operator, Prewitt edge detection operator,
Canny edge detection operator, Laplace edge detection
operator, and so on. However, the traditional method of
edge detection has some drawbacks in time and complex-
ity, so this paper uses CA to detect the image edge.
According to the characteristics of the edge, the gradi-

ent value of the pixel on the edge has its particularity
(which should be the largest in its corresponding neigh-
borhood), so it is an important information for edge de-
tection. When using 2D CA to detect the edge of gray
image, the image gradient value of the matrix obtained
from the above formula is regarded as the processing
object, and the image gradient value is mapped to the
cellular space as the initial state value, so the finite
state set is S = {0, …,255} neighborhood selection Von
Neumann type, so the size of cell space vector N is 4.
Evolution rule R is the key to the algorithm, using
evolutionary rules to operate; when the evolution
stops, we get the final results of edge detection. First,
according to the gradient value, the cells are divided
into four categories, expressed as GCi, I ∈{1, 2, 3, 4}.
The rules of evolution are as follows:

1) Classifies all the cells in the central cell
neighborhood into the corresponding category.

2) The number of cells belonging to the GCi class in
the neighborhood is calculated and expressed as
Num (GCi).

3) Call the maximum value algorithm to get the class
that contains the maximum number of cells in the
neighborhood and assign it to GCmajority.

4) St (GCmajority) is defined to record the cellular
state of the neighborhood cell belonging to the
GCmajority class at t time.

5) Seeking st (GCmajority) and Sum (st (GCmajority).
6) Find the value of the Boolean expression Bool

= (max (Num(GCi)) = GCmajority) and
(Sum(st(GCmajority)) > 254)

7) According to the result of Bool, we give different
gray values of T + 1 time center cell (Ccx, Ccy).

Ntþ1 Ccx;Ccy
� � ¼ R Nt Ccx;Ccy

� �� � ¼ R
�
StCcx þ 0;Ccy

þ0; StCcx þ 0;Ccy þ 1; StCcx þ 1;Ccy

þ0; StCcx þ 0;Ccy−1; StCcx−1;Ccy þ 0Þ
¼ StCcx þ 0;Ccy þ 0

ð17Þ
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8) It is not until Nt 1 (cx, Ccy) = Nt (Ccx, Ccy) that the
evolution reaches a stable state and ends, and the
edge pixel set of the image is obtained.

2.2 Application of LSSVM-CA model in image dimension
measurement
In recent years, image measurement technology has
been developed rapidly at home and abroad. It has been
widely used in part of geometric parameter measure-
ment, micro-size measurement and appearance detec-
tion of precision parts, aerial remote sensing images,
light wave interferogram, and the stress and strain field
distribution map analysis and many other aspects. The
high resolution, high sensitivity, wide spectral response,
and large dynamic range of image size measurement sys-
tem are difficult to compare with traditional measure-
ment methods. Different image processing and analysis
methods as well as different detection methods and cal-
culation formulas will bring different errors. In this
paper, the LSSVM-CA model is applied to measure the
image size of precision parts to verify whether the ap-
pearance size is up to standard. On the basis of edge de-
tection of LSSVM-CA model, Gao Si curve fitting
interpolation method in gradient direction can be used
to locate sub-pixel level, and the accuracy is improved
significantly.
Surface fitting is a method with high accuracy, low

computation, and strong anti-noise performance, which
has been widely used in various scenarios. Such as rock
deformation measurement, electronic deformation meas-
urement, and palmprint image correlation matching-based
repeat location technology. The premise that the sub-pixel
displacement can be successfully calculated by surface fit-
ting method is that the whole pixel matching point of the
template can be correctly searched in the whole pixel
search stage, and once there is an error in the whole pixel
matching point search, then the displacement distance
from the sub-pixel measurement phase will be meaning-
less. Using different fitting functions to fit the correlation
coefficient matrix will have a certain influence on the re-
sults. The commonly used fitting functions include quad-
ratic function, cubic function, and Gao Si function. In this
paper, Gao Si function is used for surface fitting.
The binary Gao Si function can be represented as

follows:

f x; yð Þ ¼ A• exp −
x−c0ð Þ2
2σ02

−
y−c1ð Þ2
2σ12

" #
ð18Þ

where A is the amplitude,c0, c1 and σ0, σ1 are the mean
and standard deviation in the x-axis and y-axis, respect-
ively. On solving functions f(x, y) coefficient in the loga-
rithms on the two sides of the upper equal sign can be
obtained:

Inf ¼ InA−
x−c0ð Þ2
2σ02

−
y−c1ð Þ2
2σ12

ð19Þ

Inf ¼ InA−
c02

2σ02
−

c12

2σ12
þ c02

σ02
xþ c12

σ12
y−

1
2σ02

x2

−
1

2σ12
y2

ð20Þ
Bring the following into

λ0 ¼ InA−
c02

2σ02
−

c12

2σ12
; λ1 ¼ c02

σ02
; λ2 ¼ c12

σ12
;

λ3 ¼ 1
2σ02

; λ3 ¼ 1
2σ1

2

ð21Þ
The formula can be transformed into:

Inf ¼ λ0 þ λ1xþ λ2yþ λ3x2 þ λ4y2 ð22Þ
Using the position in the fitting window and the corre-

sponding correlation coefficient, n × n equations can be
obtained. Using the least squares method, the coefficient
λ0, λ1, λ2, λ3, λ4, λ5, of the equation can be calculated and
the coefficients of the Gaussian function can be obtained.

3 Experimental results
3.1 Image acquisition and preprocessing
The camera used in this experiment system is Nikon
d7500. As shown in Fig. 1, the main parameters are as
follows: the resolution is 5568 × 3712, and the effective
pixel is 20.88 million display screen type.
The parts are verified with precision rivets of different

sizes, such as the figure below.
The purpose of image smoothing is to suppress noise

and improve image quality, which can be carried out in
spatial and frequency domains. The commonly used
methods include neighborhood averaging, spatial filter-
ing, and median filtering. The neighborhood averaging
method is a local spatial processing method, which uses
the gray average of each pixel in the pixel neighborhood
to replace the original gray value of the pixel, so that the
image can be smoothed. Because the noise in the image
belongs to the high-frequency component, the spatial fil-
tering method adopts the low-pass filtering method to
remove the noise to realize the image smoothing.
Median filter is a nonlinear processing technique,

which can suppress the noise in the image. It is based
on the characteristics of images: noise often appears in
the form of isolated points, the number of pixels corre-
sponding to these points is very small, and the image is
made up of small blocks with more pixels and larger
area [12].
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No matter the grayscale image obtained directly or the
gray image transformed by color image, there is noise in
it, which has a great influence on image quality. The me-
dian filter cannot only remove the solitary noise, but also
preserve the edge characteristics of the image, so that
the image will not produce significant blur, which is
more suitable for the face image in the experiment. The
steps of median filtering are as follows:

(1) The template is roamed in the graph, and the
center of the template is overlapped with a pixel
position in the graph.

(2) Reading the gray value of each corresponding pixel
under the template.

(3) Put these grayscale values in a row from small to
large.

(4) Find out one of those values in the middle.
(5) Assign this intermediate value to the pixel at the

center of the corresponding template.

It can be seen from the above steps that the main
function of median filter is to change the value of pixels
close to the values of the surrounding pixels when the
difference between the gray values of the surrounding
pixels is large, so its ability to eliminate the isolated
noise pixels is very strong. Because it is not simple to
take the mean, it produces less ambiguity. In other
words, median filtering can eliminate noise and maintain
the details of the image [13]. Examples are as follows:
In order to better achieve the contrast test, this paper

performs grayscale and noise processing on the original
acquired image, as shown in Fig. 2. The left side is the
original picture of the part, the middle is the grayed-out
picture, and the right side is the noise picture.

4 Discussion
4.1 Image segmentation
As shown in Fig. 2, many of the images acquired by the
parts are a combination of multiple parts, so the image
needs to be segmented before the image processing is
performed, and Fig. 3 shows the grayscale image and the
noise-added image of figure part split results.
As can be seen from the results in Fig. 3, since the dis-

tinction between the part and the background image is
large, the parts can be well segmented regardless of
whether the noise is added or not, and thus, the size of
the part can be seen. For measurement, the choice of
image segmentation technology is not a major factor af-
fecting measurement accuracy.

4.2 Edge detection algorithm
The essence of edge detection is to extract the boundary
line between object and background. The edge is defined
as the edge of the image where the gray level changes
dramatically. The change of image gray level can be
reflected by the gradient of image gray distribution, so
we can obtain edge detection operator by using local
image differential technique. The classical edge detection
method is to construct the edge detection operator for a
small neighborhood of the pixel in the original image.
The following is the theoretical analysis of several clas-
sical edge detection operators, and their performance
characteristics are compared and evaluated.
The basic step of edge detection: First, smooth the ori-

ginal image, then sharpen the filtered image. The sharp-
ened image is obtained by filtering, then the edge of the
sharpened image is determined and the binary image is
obtained. The final image edge is obtained by edge link-
ing. Gradient calculation is easy to be affected by noise,

Fig. 1 Precision rivets of different sizes for experiments and photo acquisition equipment

Fig. 2 Original image, grayscale image, and noisy image
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so the image is smoothed first to reduce the influence of
noise on the next step. It is necessary to select the ap-
propriate filter when filtering, because the stronger the
noise reduction ability of the filter, the greater the influ-
ence on the boundary strength. Sharpening filter oper-
ation is to strengthen some pixels of local change
position which have meaning, so as to determine the
change of gray level in a certain point field, so as to
make the detection boundary more complete. But like
smoothing filter, appropriate sharpening filter operation
should be carried out to keep more meaningful points
while ensuring those meaningless points. Points and
noise points that may interfere with the final detection
result will not be strengthened at the same time, making
the edge detection result more ideal. Edge detection is
an important step in edge detection, which determines
the final result of edge detection. The specific operation
is to select and remove many of the non-zero gradient
points in the image according to different application re-
quirements, which requires the operator to decide on a
case-by-case basis, because not all points in the image
are meaningful. The criteria for selection or removal
vary from case to case. The edge join operation is to use
certain method to connect the discontinuous edge of the
decision operation into the continuous edge, at the same
time to judge the pseudo-edge and remove it if neces-
sary. It affects the final effect of edge detection, that is,
the integrity of edge and the existence of breakpoints. In
order to compare the edge detection effect of images,
two common edge detection methods are selected in this
paper. Figure 4 shows the edge extraction results.
The first column in Fig. 4 is the proposed method, and

the second and third columns are the comparison methods.
It can be seen from the results in Fig. 4 that the proposed
method is superior to the other two methods in extracting

details of image contours. In order to verify the noise im-
munity of the image contours in this paper, Fig. 5 shows
the edge extraction results of the parts after noise is added.
As shown in Fig. 5, after adding noise, the image edge

detection effect is significantly lower than that of the
non-noise image, but comparing the two results, the re-
sults extracted by the method proposed in this paper are
obviously the most similar to the results without noise.
The second column in the figure and the edges of the
picture in the third column are greatly disturbed by
noise.

4.3 Parameter measurement and dimension identification
After preprocessing the images obtained by the image
acquisition equipment, a high-quality rivet image is ob-
tained. In order to complete the measurement of the
rivets, rivets must be recognized from the obtained im-
ages. Then, the exact coordinate set of rivet contour is
obtained by region contour tracking, which lays a good
foundation for rivet measurement in the next step. In
this chapter, the acquisition process of rivet contour co-
ordinate set is described in detail, which is divided into
three parts: rivet image segmentation, rivet image ana-
lysis, and rivet image contour tracking.
The standard 2D rivet image is an axisymmetric fig-

ure. In the case of horizontal placement of the rivets,
the length of the external rectangle is the full length
of the rivets, and the environment of the industrial
automation production site is very complex, which
may result in the rivets being slanted. Therefore, this
paper uses the method of finding the minimum exter-
nal rectangle of rivets to locate the spindle. This
method can directly obtain the full length of rivets,
and it can solve the influence of rivet orientation on
the detection process.

Fig. 3 Splits the part
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Method for locating rivets spindle steps:

1) The external rectangular area of the rivet contour is
obtained, that is, the rivet contour is approximated
by placing the rectangle horizontally around the rivet.

2) Determine the center of rotation of the image. With
the center of rotation (ACB) of the external
rectangle of the initial willow nail contour as the
center of rotation, the rivet profile is rotated around
the point at n each time. The first step of each
rotation was 90/n times.

3) The degree of rotation corresponding to the
minimum area of the outer rectangle is taken from
the area of the external rectangle obtained by each
rotation, and the coordinates of the upper left corner
and the lower right corner of the outer rectangle are
calculated. The minimum external rectangle of the
rivet profile can be determined by selecting the two-
point coordinates in reverse direction.

Image measurement technology generally has no spe-
cial requirements on the environment, and it is very
suitable for some traditional measurement methods
which are difficult to realize, especially as the online
measurement link of automatic pipeline. With the in-
creasing requirements of manufacturing technology of
time, the matching image measurement technology is

bound to advance to a higher level. Combined with the
development of image measurement technology and the
current situation in the field of measurement, it can be
expected that the image measurement technology will
show the following trends: The measurement accuracy
has developed from micron to nano-scale, the measure-
ment range has been extended from length to area
measurement to shape recognition, and the measurement
method has been advanced from off-line measurement to
real-time online measurement. The measurement system
moves from a single measurement function to an intelli-
gent and automatic system that integrates measurement
and control. In short, image measurement technology
must achieve high accuracy, high speed, and high effi-
ciency. Therefore, the intelligent measurement system
with fast measuring speed, high precision, and high effi-
ciency will become an important developing direction of
image measurement technology in the future.
1) The cellular automata model is applied to image en-

hancement, and the classical image processing rules are
transformed into the state evolution rules of cellular au-
tomata. Using this rule, the image is smoothed and sharp-
ened, and the simulated image is obtained. The analysis of
the simulation results shows that image sharpening can
highlight the edge of the image and increase the bright-
ness of the image, and the image smoothing can highlight
the trunk part of the original image, reduce the noise, and

Fig. 4 Edge extraction results
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slow down the brightness of the image. In this paper, the
results of the cellular automata (CA) model are compared
with those of the traditional Canny and Sobel algorithms.
The results show that the effect of the cellular automata
model on edge detection is due to other models.

1) The measurement results of rivets of different sizes
are different. The experimental results show that the lar-
ger the size of rivets is, the more accurate the measure-
ment results are; the relative error is about 0.03–0.97mm,
and the relative error of small rivets is 0.107, which has
more negative effect on the overall measurement effect
than that on large-size rivets. This may have an impact on
the focus or placement of the image acquisition device.
4) Different placement modes are important factors af-

fecting the measurement results.

Measurement results of rivet parameters in different
placement modes

The results show that, regardless of the size of the
rivets, the average level of the front placement is higher
than that of the side placement. Therefore, if we con-
sider improving the measuring results, we can deal with
the parts in the early stage, such as product cleaning and
workpiece clamping, avoid due to dirty parts and place-
ment errors, and the correct placement.

5 Conclusions
Part size measurement is a very common and important
item in life production. The use of the camera in

Fig. 5 Edge extraction after adding noise

SNR/dB LSSVM-CA Canny Sobel

30 0.993 0.912 0.900

20 0.941 0.988 0.934

10 0.997 0.989 0.999

Measuring
parameters

Normal
placement

Inclined
placement

absolute
error

Overall length 660.0157 660.1074 0.0917

Riveting length 400.0116 399.1569 0.8547

Long diameter 170.0395 171.0325 0.993

Short diameter 120.0659 120.1796 0.1137
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dimension measurement has many advantages, such as
non-contact nondestructive, high accuracy, high speed,
and easy automatic processing and control. In this paper,
an image edge detection method based on least squares
support vector machine (LSSVM) and cellular automata
are proposed, which are more efficient and more effect-
ive than the traditional algorithm and are limited by the
experimental conditions (Fig. 6). The measurement algo-
rithm needs to be improved:

1) In the application of measurement algorithm, we
also need to find the best balance point between the
calculation speed and the calculation precision.
From the practical point of view of the algorithm,
we can use hardware to realize the algorithm with
high time complexity.

2) Based on the image processor, the processing speed
of the system can be faster and better meet the
requirements of real-time processing online
measurement.

3) The measurement system can only be used to
measure the geometric dimensions of two-
dimensional images. It can be considered to collect
picture information by using double cameras or
even multiple cameras. The system can be used to
measure 3D images and broaden the application
field of image size measurement.

To sum up, this paper has done some analysis and re-
search on the shape and size of precision industrial
parts, which has certain theoretical and practical signifi-
cance. Although a lot of work has been done, but due to

time constraints, the system needs to be further im-
proved. The image correction of the camera, the meas-
urement of different shapes in the geometric dimension
measurement of the parts, the ability to realize the on-
line detection function, and so on, all of these will be the
focus of the next research.
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