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1 DCA

2D CA

NBCA

PBCA

IBCA

LNCA

TPMACA :

TPSACA

MRT

PB

MSE

PSNR

°F o] 3 (Abbreviations)

© Cellular Automata

: 1 -Dimension Cellular Automata

© 2 -Dimension Cellular Automata

: Null Boundary Cellular Automata

: Pertodic Boundary Cellular Automata

! Intermediate Boundary Cellular Automata

. Linear Nongroup Cellular Automata

Two Predecessor Multiple Attractor Cellular Automata

. Two Predecessor Single Attractor Cellutar Automata
: Minimal Running Time

: Pivot Bit

- Mean Square Error

* Peak Signal to Noise Ratio
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Analysis of Behaviors 1in Cellular Automata and
New Cellular Automata Algorithms for

Image Enhancement

Seok—Ki Lee
Department of Telematics Engineering, Graduate School.

Pukyong National Universily

Abstract

Cellular Automata{CA) are discrete dvnamical systems, which consist of
state, neighborhood, and rule. States of ecach cell in the lattice are updated
according to a local rule. That is, the state of a cell at a given time

depends on only its own stale and s nearby neighbor states at the

previous time step.

In this paper, we analyze behaviors of a linear TPMACA (two- prede
cessor multiple—-attractor CA) and we propose an algorithm to calculate the
other state values in the state space for a cell only with XOR operations
by using basic paths into TPMACA. After XNOR logic is applied to
complemented TPMACA, its state-transition diagram is obtained by using

both a basic path in the O tree of a lincar TPMACA and a simple
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summation operation.  We also propose a perfect hashing algorithm by
using a linear TPSACA(two-predecessor single -attractor CA), ie., the
special case of a linear TPMACA, and properties of complemented
TPSACA. We discuss its advantage and efficiency.

In addition, we propose a new CA transition rule for image
enhancement. From this rule, we develop a noise removal and edge
detection algorithm, and an image sharpening algorithm. The proposed CA
transition rule applies mainly to image pixels where gray values are
significantly different from their neighbors, and then it locally increascs or
decreases the gray value difference between the neighboring pixels without
loss of the main characteristics of the image. The dynamical behavior of
the algorithm is determined by whether sequential update or parallel update
is used for the Lyapunov operator. We have found that proposed CA
transition rules show fast convergence to fixed points, and stability for
input  images with random noise. We demonstrale advantages and

efficiency of the proposed algorithm through experiments.

Key words @ cellular automata, TPMACA, noise removal, edge detection,

image sharpening
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Fig. 3.4 State-transition diagram of 6-cell TPMACA.
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Fig. 3.5 State transition diagram of complemented CA.
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Fig. 3.8 State-transition diagram of 4 cell TPSACA.
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Fig. 4.2 Uniform distributive noise removal of proposed CA method.
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Tabhle 4.1 Image analysis of noise removal in Fig. 4.2-4.4.
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Fig. 4.5 Comparsion of edge detection results(Lenna image).

_87..



() ehE Ao A A 9
19 46 ol X FE5 Aae] v )

Fig. 46 Comparsion of edge detection results{parrot image).
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Fig. 4.7 Comparsion of edge detection results{camera image).
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Fig. 4.8 Comparsion of edge detection resulis(shuttle image).
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