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Abstract

In this paper, a CNN using 1-dimensional chaos cir-
cuits with controllable nonlinear functions is proposed.
The proposed CNN consists of p x ¢ chaos circuits
which are called cell circuits. The nonlinear functions
of the cell circuits can be controlled by employing fuzzy
scheme. Thanks to the controllability of the nonlinear
functions, the proposed circuit can adjust transition
behavior of the CNN| electronically. Furthermore, the
chaotic behavior of the cell circuit which is a portion of
the proposed CNN is simple since the cell circuit is a
1-dimensional chaos circuit. To confirm the validity of
the circuit design, SPICE simulations were performed
concerning the proposed CNN.

1 Introduction

Chaos is one of the most frequently encountered phe-
nomena in the study of nonlinear dynamical systems.
For this reason, to analyze and optimize the nonlin-
ear dynamical systems, several approaches which ex-
ploit the chaotic behavior have been proposed. Among
others, the studies employing CNNs (Cellular Neural
Networks) which consist of chaos generators attract
many researchers’ attension. These studies exploiting
CNNs have been realized on a digital computer. How-
ever, in case that the CNN consists of a large num-
ber of cells, the studies realized on a digital computer
take a long computational time. For this reason, many
researcher’s have shown prototypes of the CNN us-
ing chaos circuits [1],[2]. These CNNs exploit Chua’s
chaos circuits [1],]2] as the cell circuits. Chua’s circuit
which is designed by voltage-mode techniques is one of
the most famous 3-dimensional circuits. Although the
studies exploiting the CNNs can be achieved by em-
ploying Chua’s circuit, the cell circuits which satisfy
the following design aspects are desirable. 1. To con-
trol the transition behavior of the CNN, the flexibility
of the cell circuit such as controllability of the nonlin-
ear function is desirable. 2. Simplicity of the chaotic
behavior of the cell circuit is favorable since it enables
the users to analyze the behavior of the network with

ease. 3. To implement onto the chip, compatibility
with a standard IC technology is desirable. These fea-
tures enable the CNNs to get into experimental tools
for the large scale networks.

In this paper, a discrete-time CNN using 1-
dimensional chaos circuits with controllable nonlinear
functions is proposed. The proposed CNN consists of
p x q chaos circuits which are called cell circuits. The
chaotic behavior of the cell circuit which is a portion of
the proposed CNN is simple since the cell circuit is a 1-
dimensional chaos circuit. The nonlinear functions of
the cell circuits can be controlled by employing fuzzy
scheme. Thanks to the controllability of the nonlin-
ear functions, the proposed circuit can adjust transi-
tion behavior of the CNN, electronically. Furthermore,
the cell circuit synthesized using switched-current (SI)
techniques is suitable for integration. To confirm the
validity of the circuit design, SPICE simulations were
performed concerning the proposed CNN.

2 Architecture

The proposed CNN consists of p x ¢ 1-dimensional
chaos circuits called cell circuits. The dynamics of the
proposed CNN is based on the following equation:

F(X, () + Q, (1)

where t is the cycle of the CNN, Q is effect from other
cells, and F(+) is a piecewise-linear function determined
by fuzzy scheme.

Figure 1 shows the block diagram of the cell cir-
cuit which is a portion of the proposed CNN. In the
fuzzy rule block, the matching degrees “JW,’s are de-
termined by the following equation:

BIW, = pun(Xi (t))

Xi(t+1) =

(n=1,2,...,k), (2)

where n (= 1,...,k) denotes the fuzzy label for the
input X; j(¢) and pn’s are the triangular membership
functions.

In the defuzzifier block, the output fuzzy set,
WIWL /IS + .+ BIW /BT Sy, is defuzzified by the
center of area (COA) method, where *7S, is the sin-
gleton’s element, / is Zadeh's separator, and + is the

—1017—



M1 (Xij
Fuzzy rule 1054(:)) Defuzzifier
block ﬂk(;(--(t» block
ij
on to1h - t ...}
Cobees | Xii® St sk
‘—:—'3 Delay
| block | F(Xij(t)

Fig.1 Block diagram of the cell circuit.
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union operation. The defuzzified output, F(X, ;(t)), is
given by
Ef.:l Lig, WIW,

F(X, (1) = S ®)

where C is a constant value. This defuzzified output is
obtained as the output of the defuzzifier block in Fig.1.
In the delay block, the output of the defuzzifier block
is delayed by one cycle and it is fed back to the input
of the fuzzy rule block. The connection to the other
cells is realized in the delay block.

The functional blocks in Fig.1 will be implemented
in the following section.

3 Circuit Structure

The proposed CNN is implemented by using switched-
current (SI) techniques. The fuzzy rule block in
Fig.1 is realized by using membership function circuits
(MFC's) shown in Fig.2. The synthesis of the member-
ship function circuits is based on the following equa-
tions:

In = (In1 —mly),

Ip = (mIin_Ipl)a
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Fig.3 Translinear multiplier /divider circuit (TLC).
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Fig.4 SI track & hold circuit (THC).

Il

IPZ (mIin © Ipzl)u(IpZZ - Iin)a

(mInzl e Iin)u(Iin - Inzz)a (4)

where u(-) is a unit step function, m is a parameter re-
alized by the current-copying ratio of the current mir-
ror, and © is a bounded-difference operator.

The defuzzifier block in Fig.1 is realized by using
translinear multiplier/divider circuits (TLC’s) shown
in Fig.3. The TLC realizes the following equaiton:

Inz =

Isn
Itn = IS Lwn, (5)

u

where Iw,, > 0, Is, > 0, and I, > 0.

The delay block in Fig.1 is realized by an SI track &
hold circuit (THC) shown in Fig.4. In the THC, the
timing of a unit delay is controlled by the switches ¢
and ¢. The THC realizes the wired-sum connection to
the other cells as well as the unit delay. The diffusion

coefficient D; ; is realized by
D;; = 14/ L. (6)

The connection to the other cells is open when the
Lii,j # 0. In the delay block, the initial value X; ;(0)
of the cell circuit is given by Vijj.

4 Simulation

To confirm the validity of the circuit design, SPICE
simulations are perfomed regarding to the proposed
circuit. As the examples of nonlinear dynamical phe-
nomena, chaos synchronization phenomenon and trav-
eling wave phenomenon are observed. In SPICE sim-
ulations, SI cell circuit shown in Fig.5 was used. The

—1018—



—{MFC-1(\) |~ TLC 1
—| MFC-2 (PZ) | TLC-2
—{ MFC-3 (NZ) |+ TLC-3 |=S3 5
[ MFC4 #Z) <[ TLC 4 b 5
—{ MEC-5 Nz) ] TLCs fg;

—| MFC-6 (P) TLC-6 |5

Fig.5 Block diagram of the cell circuit used in SPICE
simulations.
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Fig.6 Membership functions.

cell circuit shown in Fig.5 can realize the nonlinear
function which has 4 boundary points.

4.1 Cell Circuit

Firstly, to confirm the validity of the circuit design,
the SPICE simulations were performed concerning the
SI cell circuit. Figure 6 shows the membership func-
tions obtained by SPICE simulations. In this figure,
the fuzzy-grade interval [0, 1] is represented by [OuA,
9uA]. The ratio of the current mirror, m, in Fig.2 was
set to m = 3. The current sources in the membership
function circuits were set to the values shown in Ta-
ble.1. Figure 7 shows the nonlinear function of the SI
cell circuit obtained by SPICE simulations. The cur-
rent sources Is,,’s which correspond to the values of the
singletons were set to the values shown in Fig.7. Asone
can see from Fig.7, the proposed circuit can control the
shape of the nonlinear function, electronically.

4.2 Chaos Synchronization

To observe the chaos synchronization phenomenon,
SPICE simulations were perfomed regarding to
mutually-coupled cell circuits which consists of 2 cell
circuits. The dynamics of the CNN for the chaos syn-
chronization phenomenon is given by

6 6
Xiat+1) = "8, W, +) 128, W) /2C,

n=1 n=1

6 6
Xia(t+1)= Q] "8, M Wa + 3 V18 MWa)/2C, (7)

n=1 n=1

where C was set to C = 9uA. The SI cell circuits were
connected via terminal Q (see in Fig.4). In the SPICE

Table 1. Current values for the membership functions

| Building Block ] Current Sources |

MFC-1 I.1 =88ud
MFC-2 Ipz1 = 2.9pA, Ip =0uA
MFC-3 Inap = 3.2uA, In,o = 17.8uA
MFC-4 Tpo = 5.904, T, = 9.7u4
MFC-5 Inz1 = 6.3uA, I, =27.0pAd
MFC-6 I, =19.3uA
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Fig.7 Nonlinear function of the proposed cell circuit.

simulations, the current sources Is’s which correspond
to the values of the singletons were set to the same
values used in the SPICE simulation of Fig.7. Figure 8
shows the output signals of the mutually-coupled cell
circuits. In the SPICE simulations of Fig.8, the initial
values of the 1st and 2nd cells were set to X;,:(0) =
1A and X 2(0) = 2uA, respectively. From Fig.8, the
proposed CNN is useful as an experimental tool for
chaos synchronization system.

4.3 Traveling Wave

To observe the traveling wave phenomenon, SPICE
simulations were performed regarding to a chain of 10
SI cell circuits. Figure 9 shows the circuit architecture
of the CNN to observe the traveling wave phenomenon.
The dynamics of the proposed CNN in Fig.9 is given
by

Xi,j(t +1)

6
(D M8 MWa)/C
n=1
6 . . - -
+ Dicy (Y TS TYWL)/C

n=1
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Fig.8 Chaos synchronization phenomenon obtained by
SPICE simulation. (a) Output signals of the cell cir-
cuits. (b) Phase plot of the output signals of the pro-
posed CNN.

Fig.9 Architecture of the proposed CNN for traveling
wave phenomenon.

6

+ Di+l,j(z g HLiw,y/C,

n=1

where C was set to C = 9uA. In the SPICE simulations
for traveling wave phenomenon, the singletons of the
SI cell circuits were set to Ig (=7 S)) = 2uA, Iss(="7
S,) = 0pA, Is3(=*7 S3) = 4pA, Isy(="7 Sy) = 3pA,
Iss(="7 S;) = 3uA, and Igg(="7 Sp) = 2pA. The
SI cell used in this SPICE simulation has two sta-
ble points, P, (r = 1,2). The basin of these sta-
ble points, B(P ), is given by B(P1) = (0pA,3uA)
and B(P2) = [3ud,9uA), where Py = 1.2uA and
P, = 5.4pA. Figure 10 shows the traveling wave in
a chain of 10 SI cell circuits. In the SPICE simulation
of Fig.10, the initial state of the 1st cell was set to P2
and the initial states of all the other cells were set to
P,. In Fig.10, the parameters D; ;’s were set to 1/5.
Figure 11 shows the states of the SI cell circuits ob-
tained by the SPICE simulations. From Figs.10 and
11, the traveling wave has propagated to the 10th cell
after 12 ms.

State of the cell
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Fig.10 Simulated traveling wave in a chain of 10 cell
circuits.
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Fig.11 States of the cell circuits obtained by SPICE
simulation.

5 Conclusion

A discrete-time CNN using 1-dimensional chaos cir-
cuits with controllable nonlinear functions has been
proposed in this paper.

The SPICE simulations concerning the proposed
CNN showed the following results: 1. Thanks to the
flexibility of the nonlinear functions, the dynamics of
the proposed CNN can be controlled electronically. 2.
The proposed CNN can demonstrate the chaos syn-
chronization phenomenon as well as the traveling wave
phenomenon. The proposed CNN is integrable by a
standard BiCMOS technology.
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