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GRAMMARS IN SYNTACTIC IMAGE MODELING
BY
RAZVAN ANDONIE

We deline a new syntactic deviee (pieture proportienal processing grammars) which can
aperate on images. Some of their propertics are demdnstrated for a more general class
of graimmars (parailthesis grammars). Our tool can be wsed in : image deseription. re-
cognition of images, classification problems and generation of images.
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L INTRODUCTION

An image in ecomputer storage is often represented by large sequential
files generated from raster-scanning devices. Analysis programs operating
on raster-scan data organization enconter prohibitive IO cost. A large
percentage of the data collected from the digital image is redundant
for the analysis of the image. Our contribution concerns syntactic tech-
niques for structuring digital image data in storage by using an area
partitioning scheme.

We zhall structure a digital image by sub-areas instead of individual
pixels, We obtain a picture-area-partition of the initial image. A picture-
area-partition is said to be reqular picture-area-partition (regular partition)
if all its sub-areas have the same shape; otherwize it iz called irreguior
partition.

An usual regalar partition is the guadrant partition  [35, p. 20].
Definilion 1.1 [38]

Assuming B iz a quadrangle, given a set 8 = {5, ..., 8, of sub-
areas of a regular partition of B, thiz partition is said to be guadrant
partition if :

ia) k = 4, and
(b} Area (s,) = Area (8;) = Area (s;) = Area (s;).

The process of partitioning a picture B into four sub-areas with
thie same shape and egual areas is ealled guadraniization. Each sub-area
may be guadrantized forther. Using Knuth’s [4] terms, the guadrant
partitioning establishes a father-sons hierarchical relationship among
the parent region and its successor quadrants, When an image is quadran-
tized, we therefore obtain the equivalent free-structure. The resulting
subguadrants correspond to the nodes of the trees. Soch a tree represen-
tation was used at a hievarchical picture processing data structure scheme
[3]. The size of the smallest image sub-quadrant was considered a 2-by-2
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pixel array. A sob-quadrant which contains no bondary lines is not
quadrantized further. The tree-structure of a decomposition contains
only relevant information of the image. We shall call this tree a gquartic
picture tree.
Definition 1.2 [39]

A cut of a tree iz a subzet of its nodes with the following two pro-
perties ;

a.) there exist no two nodes in it which belong to the same path
from the root to a leaf ‘

b.} there exist no more nodes which can be added to it without
loosing property a).

Theorem 1.1 [39]

A gquadvant partilioning always corvesponds to a cul of the guariie
piclure free.

In the following, we shall eall the terminal sub-areas of a picture-
area-partition primitives of the decomposition. A primitive is, by defini-
tion, a set of adjacent pixels with the same brightness and colour. Our
approach iz a field-oriented one, A digital image iz decomposed in bi-
dimensional primitives. A special case of this approach is the processing
of edge-lines of a digital image ;: There i= only one primitive, which case
iz similar to the edge-lines oriented technigque proposed by Omolayole
and Klinger [38] (the 2-by-2 pixel minimal arrays arve line segments).
Generally, we shall use irregular picture-area-partitioning. Owr aim ob-
ective iz to develop a general purpose s=cheme for strocturing digital
cmages in storage, with an emphazis on ;

{a) redundancy redoction ;

(b} flexible image data representation, allowing performant recog-
nition, clustering, and classification technigues ;

(¢) machine-learning implieations,

1L SYNTACTIC IMAGE MOLELIXG

Recently, formal languages have been used in the modeling of image
structures [19, 20, 22, 23, 24, 27]. For one-dimensional signal and line
patterns, the one-dimenzional string representation appears to be guite
natural and efficient. However, for two-dimensional and three-dimensional
geenes, an extenzion from the one-dimensional sirving language approach
to higher dimensions will often result in a more efficient representation
[24]. A natural extenzion of one-dimensional string languages to high-
dimensional langunages are the tree languages. Interesting applications
of tree languages to image modeling amnd image recognifion inelude the
classification of bubble chamber events, the recognition of finger-print
patterns, the interpretation of satellite images and texture modeling
[22, 23, 24].

The picture-area-partition of an image correspons to a tree repre-
sentation. That iz why a tree language model seems to be snitable. The
guadires grammars, proposed by Azriel Hoszenfeld in a recent paper
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[41], generate exactly the corresponding trees of the quadrantization
method.

In the following, we shall consider a development of one-dimensional
siring languages which allows them to operate in a multi-dimensional
ecnvironment. A digital image, decomposed by a picture-area-partioning
into primitives (as shown in the above section), shall be represented by
a linear string. For thiz purpose, we shall develop a method used in the
Chinese characters description.

2.1. THE RANKIN-SAKAI-CHANG STRUCTURAL DESCRIPTION SCHEME
FOR CHINESE CHARACTERS [15, 40, 42, 44]

Chinese characters, nsed to encode all the dialects spoken in China
as well as the Japanese language, are not alphabetic but  ideogrammatie.
They are of uniform dimension, generally square, and are composed out
of strokes, each one being a line that can be drawn without liffing the
pen. The strueture of Chinese characters mav be specified hierarchically,
Strokes are combined to form units, called compenents, which oeccur in
many different characters, Each character consists of a  two-dimensional
arangement of one or more components, Rankin [40, 44 ] gives a grammar
which generates characters by means of a list of components and a  set
of rules for component combination. Components are defined to be *“often-
recurring character subparts’”. Each character is viewed as occupying
a hypothetical square, The segmentation of a character into component
segments i square accordingly. The square may be segmented in one
of the three wayvs @ a) East-West [, b) North-South B, ¢) Border-Interior
@. Each of these segmentations corresponds to a  two-component charae-
ter. For example, 44 would he represented hy a), which decomposes
the character into 4 and 4. Frames for characters composed of more
than two components are obtained by embedding a), b) or ¢) in one of
the subframes of a), b) or e). The provess of embedding is reeursive.
Any subframe may be decomposed further, The process of frame embed-
ding iz specified concisely by the following grammar [447:

CHAR - COMP|IT

COMP - v (N, 8} h (E, W)| s (B, CHAR)
N - COMP| NT

8 — COMP| 8T

E — COMP | ET

W - COMP | WT

B - BT

Nofes :
1. The grammar may be read as follows ;
— a Character (CHAR) iz a Composite (COMP) or an Interior
Terminal (IT)














































