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Abstract: To segment the infrared insulator image efficiently, an improved Unit-lsnRI@NN algorithm, which makes improvements
on both the linking coefficienB and the standard for choosing the best segmented image, is propdbedgaper. The relationship

of the gray value of each neuron is used to determine the linking coeffigiandMSE, which consider the relationship between the
gray value of the original image and the segmented image, is used to ohetdh® best segmented image. The proposed algorithm
is tested on both the standard test images and the aerial infrared imaljgibe aasults show that the proposed algorithm gives better
segmentation of the target image and better vision effect and less timeetechto get the best one.
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1 Introduction the studies on the cat visual cortex §,9].This signal
processing mechanism has been widely used in image
Inspecting line by helicopter is a new line maintenancesegmentation  1[0,11,12,13,14,15,16,17],  feature
method, which is efficient, fast, reliable, and cant beextraction [L8,19], object recognition 20,21,22] and
impacted by geographical factors. At present, China hasmage fusion 23,24, 25,26] etc. However, there are many
carried out studies on Inspecting transmission line byparameters which are difficult to assign in PCNN and the
helicopter. Infrared thermal imaging technology can assignment of them has direct effect on the performance.
convert the surface temperature of the invisible measuredo solve this problem, many simplified PCNN models are
object to intuitive thermal images, which has been moreproposed by researchers, including the intersecting
widely used in the field of industrial measurement andcortical model 7], the spiking cortical model (SCM)
control by virtue of its advantages such as non-contact[28] and the unit-linking PCNN model 28], among
safe, reliable, fast and accurate. Inspecting by helicepte which, Unit-Linking PCNN(UL-PCNN) has attracted
equipped with infrared cameras is used to transmissionmany researchers by virtue of its simple assignment of
line inspection more and more. Analyzing the parameters and better performance of segmentation and
characteristics of the insulator is the basis to diagnosishas been applied in some fields such as edge detection
which requires segmenting the infrared image containing30] and feature extractionlB] etc. But the solid value
insulator. Image segmentation refers to the process t®.2 of linking coefficien{3 cant reflect the linking relation
segment the image into regions each with features andbetween neurons accurately. In fact, the linking relation
extract the interest objects and it is a hot and difficult field between neurons will vary as they are in different regions,
of computer vision. The main methods for image of different gray value. In addition, UL-PCNN uses
segmentation includes clustering methdgl2[3], region ~ maximum Shannon entropy as a criterion to select the
growth approach 4], edge detection method5]] and  best segmented image, which will result in worse
multiseale gradient watershed§] [etc. In recent years, performance on the segmentation of infrared image with
pulse-coupled neural networks(PCNN) has sprung up a¥ow contrast or low proportion of object. An improved
the third generation of neural network, which comes from UL-PCNN segmentation method called MUL-PCNN for

* Corresponding author e-maiicepuckb@163.com

© 2014 NSP
Natural Sciences Publishing Cor.


http://dx.doi.org/10.12785/amis/080638

2998 NS 2 K. Cui et. al. : An Improved Unit-Linking PCNN for Segmentation of...

infrared insulator image is presented in this paper, whichU; j(n) < E; ; the impulse generator will be closed and
can solve these two deficiencies of the UL-PCNN. stop generating impulse, the output of neuron will be 0,
MUL-PCNN gives better performance when the image isand then, the threshol; ; will decreased exponentially
low contrast and has low proportion of object. Whats with attenuation factorag, when U; j(n) > Ej, the
more, it is significant for the theoretical research and theneuron will be fired again, the output will be 1. This
standard for best segmented image selection in PCNN. procedure will constantly continue. When a neuron is
fired and generates an impulse, the pulse signal is
transmitted to the adjacent neurons, the one having an
2 The PCNN modél approximate gray value will be fired rapidly and generate
an impulse. Similarly, when a neuron flames out with the

The PCNN is a two-dimensional neural network. As increase of the threshold, the adjacent one with an

shown in figl [35], a neuron of PCNN consists of an approximate gray value will flame out quickly. Thus,_
input part, linking part and a pulse generatd6,B1,35] activation of a neuron may cause adjacent neurons with

describe the definition of PCNN as EqU){(5): sim@lar gray value at_:tiva_\ted naturally to form a cluster (_)f
similar neurons, which is corresponding to the area with
Fj(n)=e%FK;n-1) similar characteristic in the image. It is based on this that
the image segmentation can be performed.
+VF;Mi,j.k,IYk,l(n—l)‘i‘S.j 1) g¢ s P

Lij() =€ UL (-1 + Ve Y WY (1) 2 3 The UL-PCNN model

The UL-PCNN model is a simplified model of PCNN
Uij(n) = R (n)(1+BLij(n) 3) proposed by Xiaodong, Gu. Improvement is made on the
linking channelL and thresholde of PCNN. In PCNN,
the composition of; j is so complicated that its change is
Ej(n)=e “E(n—1)+ VY, j(n—1) 4) related to the channel parametersLoéndY; ; consisted
of the firing status of neurons, which makes the
1,U;(n) > Eij(n) transmission very complex, meanwhile, the dynamic
Yij(n) = {07 Uf']-(n) - E!"!(n) (5) threshold is corresponding witle andVe. To solve this
PO = problem, Unit-linking is introduced in29], which means
In these equations, Eqa)(describes the model of to each neuron, the signal of chanhel; ; will be 1 as
feedback input subsystem, whesg is the input matrix  long as there is a fired neuron in its neighborhood(not
of stimulus signals, usually corresponding with the grayincluding the core neuron itself), otherwikg; will be 0.
value of image pixel ini( j) position, F j(n) is the  In UL-PCNN, a fired neuron will fire any unfired neurons
feedback input of the neuron im, () in the nth time and  with similar gray value in its neighborhood, thus, the
Yij(n) is the binary output of the neuron. Ec@).( transmission of signal is clear and easy to managgis
describes the model of linking subsystem, whargn) is described by Eque):
the linking input. The modulating subsystem is described
in Equ.@), whereU; j(n) is internal activation element 1 keNz(i_)Yk(n_l) >0
and the dynamic threshold subsystem is described in Lij(n =19 5 ! Ye(h—1)=0 (6)
Equ.@), whereE; j(n) is the dynamic threshold. EqB)( kel k
describes the firing subsystem, wheres the number of
the iterations,M and N are weight matrices( generally Where, N(ij) represents the neighborhood @fj). To
M = N) for linking input, a., ag, and ag are the simplify the computation, matrixE is replaced by a
attenuation coefficients of the dynamic threshold, linking constant matrix and the value will decay by a positive
input and feedback input, respectivel, V. andVg are  attenuation constand not by exponent. The simplified
the range constant offj(n), Lij(n) and Ej(n) equation is Equ7).
respectively angB is the linking coefficient. When PCNN
is used to image segmentation, the pixels of input image Eij(n)=Ej(n—1)—0+VeYij(n—-1) (7
acts as neuron and the gray value of each pixel g getthe best results, the image is segmented twenty
corresponds with§ j, the input of neuron. Assume the times from high gray value to low gray value, a binary
primary value of neuron is 1, in the first iteration, matrix is gotin each iteration as the result of segmentation
compare the internal activatids j(n) and the threshold  The gptimal segmented image is selected by the image’s
Eij, if Ui j(n) > Ei j, the pulse generator will be activated shannon entropy as defined by E@.(The one with the
and the neuron will be fired, an impulse or a sequence Ofargest image’s Shannon entropy is the optimal one and

impulses will be generated, which is called a "firing” and il pe used as the final result of segmentation.
the output of the neuron is 1. After that, the thresHglg

will be increased quickly by the feedback, when H = —Rlog,P — Pilog, Py (8)
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Fig. 1: PCNN'S neuron model

wherePy andP; represent the probability of the segmented 1) 8 is linking coefficient which represents the

image whose intensity is 0 and 1, respectively. coupling intensity of the neuron and the neurons in its
The algorithm based on UL-PCNN is as follow: neighborhood, which reflects the difference of them to
Step 1: Normalize the Original image. Assume fire the approximate neurons. As we all know each image

L =U = Bin= 0, E = 1. Meanwhile, each pixel does not has its own characteristic, a solid value 0.2 is not rational

fire, that is, Y = 0. Assume N = 20, B = 0.2, forrepresenting this linking.

d =1/20= 0.5, Ve = 100(to prevent the fired neuron 2) From the definition of the image Shannon entropy,

from firing again, normally bigger than 1), as shown in Equd), H can get its maximum when

K=[1111021111 Po = P1, which means that the segmented image with
Step 2: L = conv2(Y,K,/sam€/), L = step(L), same quantities of Os and 1s is the best one. It is very
Inter = Y, U = F %« (1 4+ . = L), suitable for segmenting the image in which the object and

Y = step(step(U — E) 4 Y), where, conv2 represents the background are of equal proportions not for all the

convolution function and step represents the step functionimages, especially for the image whose background and
Step 3: Ifinter = Y, go to step4, else, go back to step object is far from equal. In addition, the image’s Shannon

5 ’ ' ’ entropy is calculated on the segmented image, not

. SN ) 16— .. pr i — considering the original one. In fact, the performance of
Step4: 1Y (i, j) =1, thenBin(i, j) =11 =1,- - .} ] segmentation should be evaluated by comparison of the
original image and the segmented image, which can give
better vision effect.

1,---,c). where ,Y(i, ) andBin(i, j) are elements oY,
Bin respectivelyr is the height of the image.is the width
of the image.

Step 5:E = E —Jd + Vg xY. On one hand, decrease
threshold with the increase dfl. On the other hand,
prevent the fired neuron from firing again. 4 Improved UL - PCNN segmentation for

Step 6: Calculate the image Shannon entropiof infrared insulator image
Save theBin which has the maximum image Shannon

entropy till now asRes. When the algorithm is finished, ) )
Resis the final result. To overcome the main shortcomings of UL-PCNN

Step 7N = N—1, if N £ 0, go back to step 2, else end. described in last section, improvements are proposed in

The characteristic of this method is that there aretgﬁaﬁiggrbefv(\)/gérr:eeasc(;:lﬂe\tlj?gunea%' ittshﬁeiloﬁglor?Z?Q used
fewer parameters and they are relative solid, such a 9

: o describe the linking coefficient, that is, the linking
B =02 6 =1/20= 05, Vg = 100, so it can o S ,
automatically and efficiently segment images WithoutCoeﬁ'c'emBIJ of the neuron(i,j) is defined as Eq8)(
choosing different parameters for different kinds of
images. However, the solid parameters bring forth some S F\2/m\1/2
shortcomings: Bj=0= (k (X —Xij)=/n) 9

w
w

1=
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where,xy represents the gray value of the neuron in 5.1 Test on pepper.jpg
the neighborhood of neur@nj), X represents the
average value of all the neuronsknx | neighborhood of ~ Assume the number of iteration is 20, both the algorithm
neuron{,j) andn is the number of neurons in tHex | based on UL-PCNN and MUL-PCNN will generate 20
neighborhood. It can be concluded that, represents the segmented images. Fiy.shows the first, third, fifth,
dispersion between the values of the neurons inseventh, ninth, eleventh and thirteenth segmented image
neurorti, j)’'s neighborhood and the mean value of them of the two algorithm and the line charts of the image
from Equ.Q). The smaller it is, the less straggling the Shannon entropy and MSE of the 20 segmented images
neurons are, the closer their values to the average valuare shown in Fi@ and Fig4, respectively.
Xj. On the contrary, the larger it is, the more straggling
they are, the larger distance between they and the average
value. However, in essencg, is the linking between the
neuron and neurons in its neighborhood. That is, the 1
dispersion between the neuron and neurons its
neighborhood, not between the mean value and the
neurons, can reflect the linking more accurately. In this
paper, a new definition ¢8j; is proposed as EqULQ). 07f

(xa —xj)%/mY2  (10)
1

Bi =0, = (

Mw
Mw

k=1l

where,x;; is used to replace;; in Equ.Q), thus 02r
represents the dispersion between the neuron and neuror ol
in its neighborhood. The smaller it is, the less straggling ‘ ‘ ‘
between the neuron and neurons in its neighborhood, the 0 5 o 15 20
easier the neuron to be fired; the larger it is, the more

straggling between the neuron and neurons in its_. .. . . .
neighborhood, the more difficult the neuron to be fired. .F'g' 3: the line chart of the Image entropies of segmented
images by UL-PCNN for pepper.jpg

To evaluate the performance of segmentation, both the
origin image and the segmented image are important. In
this paper, we use mean square error(MSE) to determine
the final result of segmentation. MSE is described in
Equ(1):

0.35

1 M N

- V]2

0.3F

where, X and Yj; represent the gray value of
pixel(i,j) in original image and segmented image, .,
respectively. Because the segmented image is a binan 2
image, the value ofjj is 0 or 1, the original image should 0.2
be normalized before calculating MSE. The smaller MSE
is, the more similar the original image and the segmented
image are, whereas, the larger the more different. The
segmented image which has the smallest MSE will be the
final result of segmentation by MUL-PCNN. 0.1, s 0 5 20

iterations

0.25-

0.151

Fig. 4: the line chart of MSE of segmented images by
5 Experiments and analysis MUL-PCNN for pepper.jpg

To testify the efficiency of the proposed algorithm, tests It can be concluded from Fig. that the ninth

are done on both the standard test imagesegmented image by UL-PCNN will be chosen the best
pepper.jpg(512 512) and a infrared insulator image segmented one, which locates in row 1 column 5. While,
insulator.jpg(704< 576) captured from aerial video. Fig4. shows that the fifth segmented image by
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Fig. 2: the segmented images of pepper by UL-PCNN(the first row) abldl i *CNN(the second row)

MUL-PCNN will be chosen the best segmented one,
which locates in row 2 column 3. The two selected
segmented images are list below as Fand Fig6.

¢

Fig. 6: the optimal segmented image by MUL-PCNN

are many images whose object and background are far
from equal, such as the infrared insulator image, in which
the object insulator occupy small proportion and far from
equal to the background, as shown in Fig.

Compare Figh and Fig6, the segmentation results are To analyze the characteristic of insulator in Fig.
comparative. However, to get the optimal one, ninesegmentation is needed. But the shoot parameters kept in
iterations are done by UL-PCNN, only 5 iterations by Flg7 may disturb the Segmentation, so it must be handled
MUL-PCNN which can be conclude from FRj.and before segmentation. The erodent of set is used to remove
Fig4. In addition, neurons can be fired faster by these shoot parameters, Fgshows the image after
MUL-PCNN than by UL-PCNN. At the same iteration, handling.
more neurons are fired by MUL-PCNN than by Just as test the pepper.jpg, both the algorithm based
UL-PCNN, which results in getting optimal segmented on UL-PCNN and MUL-PCNN generate 20 segmented
image quickly by MUL-PCNN. images. Fig® shows the first, fourth, seventh, tenth,

thirteenth, sixteenth and nineteenth segmented image of
the two algorithms and the line charts of the image
5.2 Test on insulator.jpg Shannon entropy and MSE of the 20 segmented images
are shown in FidlOand Figl1, respectively.
There are equal proportion of object and background in  From Figl0 and Figll, we can conclude that the
pepper.jpg, so the performance of UL-PCNN and sixteenth segmented image is the optimal one selected by
MUL-PCNN has no obvious difference. However, There UL-PCNN. And the fourth segmented image is selected

Fig. 5: the optimal segmented image by UL-PCNN
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Fig. 7: the infrared insulator image Fig. 8 the infrared insulator image without shoot
parameters

as the optimal by MUL-PCNN. Obviously, MUL-PCNN ' that is, if it is larger than last time, the iteration can fiis
has better performance than UL'PCNN, whats more, Ies%hich would great'y reduce the execution time.

iterations are needed to gain the optimal one. To evaluate the proposed algorithm efficiently,

From the results of these two tests on pepper.jpg ang¢omparisons are also be made with minimum cross
insulator.jpg, it can be concluded that MUL-PCNN can entropy thresholding in33] and OTSU in B4]. The
fire the neuron faster becauBg used the mean variance results are shown in Figi2.
between neuron and its neighbors and improvements have Fig.12 shows that the optimal segmented image
been made on both effect and numbers of iteration byselected by the proposed algorithm shows the best vision
using MSE as the criterion of selecting the optimal effect and has the most clear object edges, while, the
segmented image. Fif) shows that the change of the worst effect is got by UL-PCNN, the selected images by
value of MSE is a concave function as a whole, so it canthe minimum cross Shannon entropy and OTSU keep the
be used to determine whether to continue the iterationedges of both the object and some other things in the
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OTSU show the proposed algorithm gives better vision
effect and can keep the edges of object well.
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