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Abstract—In this paper, we propose the new system of two- from the second-layer to the first-layer. The first-layer and the
layer CNN and investigate the output characteristics. The pro- second-layer are connected by switching templates.

posed two-layer CNN has different structure of conventional - prom simulation results, we confirm the effective moving
two-layer CNN. In particular, the proposed system is connected . . f1h d i
to first-layer and second-layer with one coupling template. Also Image processing of (e proposed system.

coupling template is switched by each layer of input and output

values. In this study, we investigate the output characteristics for II. CELLULAR NEURAL NETWORK

changing input images. In this section, we explain about the single-layer CNN and
the two-layer CNN.

Our society is called advanced information society. Becauéé Single-layer CNN
of this, the large size of data cause trouble over process-
ing speed. Conventional digital computation methods have
problem of processing speed. However analog computation
methods are high speed processing. We focus on new com-

putation model of neural networks. The concept of neural 1‘
networks is neurobiology and adapted to integrated circuits.

The key features of neural networks are asynchronous parallel Fig. 1. Block diagram of the conventional single-layer CNN.
processing, continuous-time dynamics and global interaction

of network elements. Cellular Neural Networks (CNN) were In this subsection, we explain the basic structure of the

introduced by Chua and Yarig]. CNN is a type of mutual o\ A plock diagram of the conventional single-layer CNN

coupling neural network. CNN is used the concept of cellulg:hown Fig. 1. The conventional single-layer CNN use two
automata[2]. The structure of CNN is grating coupling of

A T templatesB and A in processing. Templatéd is used in
circuit. The circuit is called a cell that has an effect on eag P P g P

I. INTRODUCTION

sl
4

ST . ““Processing of input image. Template 4fs used in processin
other. The structure of cell circuit is simple analog circui g P g P P 9

L : ) ; f feedback of output image.
The cell circuit is constructed from linear capacitor, linear The state equation and output equation are described as
resistors, independent voltage source, linear and nonlin?&qows_
controlled sources. Two-layer CNN is constructed two con- . . .
ventional single-layer CNNs. The two-layer CNN has two State equation of the conventional single-layer CNN

coupling template. In some two single-layer CNN, both layers ¢y, Hro g
are effected on each other by two coupling templates. In some a Ve + Z Z A i1y vk (1)
image processing, the two-layer CNN is better than the single- k=i—ri=j-r
layer CNN [3]. Also, CNN with switching template is better it g
than the single-layer CNN4]. + 3 > Blgwanvan(t) +1
In the moving image processing, a lot of images were k=i—ri=j-r
continuously processed with time. We consider a new system (li—kl <1, [j=U<1). 1)

which new system be processed moving image by using the ) ) )
input image and previous output image of other layer. In Output equation of the conventional single-layer CNN

this study, we propose the two-layer CNN with switching N . ey
only coupling template. The proposed system has only effect i () 2(|v""” (8) + 1] = Jozis (8) = 1])- 2)
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B. Two-layer CNN I1l. PROPOSEDTWO-LAYER CNN
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Fig. 3. Block diagram of the proposed two-layer CNN.

In this section, we explain the system of the proposed two-
. ] ) layer CNN. Figure 3 shows the block diagram of the proposed

Figure 2 shows the block diagram of the conventional tWQystem. The structure of the proposed system is based on
layer CNN. The conventional two-layer CNN is constructedyyentional two-layer CNN. The feature of proposed system
two conventional single-layers CNN by coupling two temys the switching only coupling template. In the only coupling
platesC; and C». The coupling templates are used to tranggmplate, the coupling template is switched two types. The
ferred data between both Iayers. In addition, the converytp@{w coupling template is decided by the input values of the
two-layer CNN has been confirmed to have more efficieftst.jayer and the output values of the second-layer. The input

Fig. 2. Block diagram of the two-layer CNN.

structure for high performance image processing. _value of each layer are two type. Input values switched at 10
The state equations and output equations are descr|beq7z}_s|n after 10 ], second-layer CNN are inputed previous
follows. _ _ output value of first-layer CNN.
State equation of seconq-laygr CNN The algorithm of the proposed system is shown as follows.
d .. i+r  j+r . .
v;icw =~ Z Z Atk V1ek () Step 1 : We determine the difference valllg; by the output
k=i—rl=j—r value of second-layer and the input value of first-layer. The
itr gt difference value is calculated by
k;_”g;T 1.5k Vit (1) Dij = vayij — Viuij- @)
SEhs Step 2 : The boundary value and the diff |
+ ChaijieyVayki (t) + Iy tep 2 : The boundary value and the difference value are
k;H;T 1D T compared. IfD;; is not 0, the template of’; is used. On
(li—kl<1, [j—1I<1). ©) the other hand, ifD;; is 0, the template of’; is used. The

switching rule of coupling template is shown as follows.

Output ti f first-l CNN L .
uipUt equation ot firstiayer Switching rule of coupling template

. 1 . .
vyi(t) = g (jowzij(t) + 1] = Jorzij(t) — 1). (4) D;; # 0:Citemplate,

. D;; = 0:Csotemplate. 8
State equation of second-layer CNN ! premprate ®

dvowij AR ) n Step 3 : The value of each cell is updated. The state equation
dt = U2 T Z Z 203,k V2akt (F) and the output equation of each layer are described as follows.
k=i—rl=j—r
itr gt State equation of first-layer CNN
+ Z Z Bo(i i1y vouki () dvy, xij KR
k=i—r l=j—r T T T Vlewij T Z Z A1 (i i) V1ayht (1)
i+r  j+r k=i—rl=j—r
+ > > Coagmavigu(t) + Iz g I
k=i—r l=j—r + >0 Y BiagiknUiauk(t)
(li-k<1 . [j—1<1). ®) k=i 1S
i+r  gtr
Output equation of second-layer CNN + > > Cs(i gk, Dvayra(t) + Iy
. 1 . . k=i—rl=j—r
vayij(t) = S(lvazij(t) + 1| — |vazij(t) — 1)).  (6) (li—kl <1, |j—1]<1),(a=1,2). (9)
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Output equation of first-layer CNN

N 1 N Using two type of coupling templates are described as
v yif(t) = (v, 2i(t) + 1 = [orai(8) — 1))- follows.
(a=1,2). (10)  coupling templates:
0.1 0.1 0.1
State equation of second-layer CNN Ci=1|01 —-15 0.1 |,
.. itr j 0.1 0.1 0.1
dvg, 1] JAKA )
# = Vit Y. > AsgigiknV2iyki(t) 0.07 0.1 0.07
. F:i—rl:j—r Co=101 1032 0.1 . (16)
it AT 0.07 0.1 0.07

+ Y Y Bagjknvaun(t) + Iz

k=i—rl=j—r

(li-kl<1, [j=1<1). (11)
Output equation of second-layer CNN

o ig(t) = (oo, (1) + 1]~ oa,2ij(0) ~ 1)), (12)

In after 10 [], state equation of second-layer CNN are
updated as follows.

State equation of second-layer CNN

.. itr  j+r (b)
dvaxiy RN
T = —U2uqij + Z Z A2(i7j;k7l)’U2ykl (t) Fig. 4. Input images of first-layer. (a) Input image 1. (b) Input image 2.
k=i—rl=j—r
i+r  J+r
+ > Y Bopigmnvign(t) + Iy
k=i—rl=j—r
(li—k <1, [j=1U<1). (13)
Output equation of second-layer CNN
. 1 - -
ve,yij(t) = 5 (Jua,@ij(t) + 1] = foz,2ij(t) — 1)) (14)
By repeating stepl, template is changed.
Step 4 : Step 1 to Step 3 are repented every 0.6D5 | Fig. 5. First input image of first-layer and initial state image.

IV. SIMULATION RESULTS

In this section, we show simulation results of moving image
processing by using the proposed system. In this simulatio
we use the 33 inverse halftoning template. Used templates
are found in[5]. Templatesd4, B, thresholdl; andI; of each
layer are assigned as follows.

The template of proposed system :

/
Al = A2 = 0’ (‘
0.07 0.1 0.07 (@) (b)
By = By=| 0.1 0.32 0.1 ) Fig. 6. Output images of first-layer CNN. (a) output image 1 (¥Q){ (b) output
0.07 0.1 0.07 image 2 (20 f]).
I = I,=0. (15)
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(@ (b)

Fig. 7. Output images of second-layer CNN. (a) output image 1 ¢Ip. [b) output
image 2 (20 f]).

Figure 5 is background of input images in Figs. 4(a) and
(b). In Fig. 4(a), a parson of right side is moving object. In
Figs. 4(a) to (b), a parson is moving on to right side from left
side. The results of the proposed system are shown in Figs, 6
and 7. Figure 6 shows the output images of the first-layer
CNN. Figure 7 shows the output images of the second-layer
CNN. In Fig. 6(b), the image is appeared moving object of
previous output. In addition, the moving object of previous
output has the characteristic of changing gray-scale values.
We compare Fig. 6(a) with Fig. 6(b). The moving object of
Fig. 6(a) is changed gray-scale value for Fig. 6(b). From
results, we can say that the proposed system is effective of
moving image processing.

V. CONCLUSION

In this study, we have proposed two-layer CNN with switch-
ing only coupling template. The feature of proposed system is
the switching of coupling template. Outputs of second-layer
CNN has an effect on processing of first-layer CNN. The first-
layer and the second-layer are connected switching templates.
From simulation results, the proposed system could verify the
effect of moving image processing.

In the future works, we would like to process the proposed
CNN for a lot of image processing.
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