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A High-Speed Thinning Processor for Character
Recognition System
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ABSTRACT

We propose, in this paper, a new thinning algorithm and demonstrate its effectiveness with some
concrete experimental results. This new thinning process can solve the problems of disconnectivity
and end-point reduction explored in one-pass algorithm ¢, Furthermore, this algorithm is proven ef-
fective particularly in high speed operation., A processor for this algorithm, that is capable of hand-
ling input image width{between 25 and 40 bits) and also operates on pipelining, is implemented and
tested. Flexibility and high speed operation of this thinning processor should find excellent applica-

bility in various areas,
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1. Introduction

It 1s well known that one of the key problems
In pattern recognition area is extracting distinc-
tive features from the input patterns. A pattern
itself consists of lots of data bits, many of which
can be deleted from the image without distorting
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the information. In other words, through the pro-
cess called “thinning” the number of data of an
input pattern can be significantly reduced with-
out losing any stroke features.

Thinning algorithms are commonly classified
into ‘v sequential and ' parallel 115! algorithms.
Sequential algorithm uses previous pixels to de-
termine current output, parallel algorithm utilizes
current neighbor pixels to do the same. In many
practical applications the latter is preferred
mainty due to its simplicity and hardware feasi-
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bility.

Most existing parallel thinning algorithms carry
out mult1 passes per iteration : each pass is an in-
dependent operation to determine whether or not
to remove the boundary and /or corner pixels (for
a direction). In these operations 3x3 window is
generally used, since this particular size has been
considered effective. The problem, however, lies
in that the connectedness over the edges of input
pattern is not guaranteed by using 3x3 window.
Hence, to extract better skeleton, additional
windows have to be used. These windows show
improved results, but they, too, display end-point
reduction and disconnected feature mn  some
specific conditions, which are indeed serious
problems in character recognition system. There-
fore, for the lack of better solution, algorithms
with stringent conditions are adopted in character
recognition at the cost of processing time.

Many thinning algorithms focus on the per-
formance of algorithm itself while neglecting
other relevant factors such as hardware feasi
bility, processing time, and cost, etc.. and it 1s
often noticed that these algorithms are not easily
implemented in hardware due to cost and /or
technical limitations. Furthermore, existing hard-
ware processors are designed to operate only for
the fixed image-width, which demands the time-
consuming “normalization process,” commonly
known as a bottleneck phenomenon for its slow
speed.

Hence we propose an improved thinning algor
ithm and processor that is flexible over an
image-width, Experimental results prove its out
standing applicability in various pattern recog-

nition systems,
II. Modifed Thinning Algorithm

In a thinning process, as shown in Fig.1l, eight
templates are used over eight directions Eight
neighbor pixels around the center will determine
the removal of center pixel. Four templates, Fig.
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1tad), are used to delete boundary pixels and
Fig.1(e-h) are used to remove corner pixels from
each directions. These windows are simul
taneously applied unto an input image. When in-
put pattern matches any one of thinning
templates, center pixel “1"7 will be removed.
Therefore, two boundary pixels can be removed
after an iteration. But in conventinal 3x3
windows, connectedness of the skeleton is not
preserved. Therefore, additional 1x4 and 4x1
windows!®! are used to save the center pixel 1"
when any pattern matches any one of these two
additional windows in Fig.1(1) and /or(j).
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Fig.1. Thinning templates.

Noise immunity, which is also an important fac
tor of thinning process, s closely related to rec
ognition rate and speed. Thereforeg additional
eight templates are used to clean the hoise pixels
of input image. Due to these trimmung templates
shown in Fig.2, however, the end points of the
objects are no longer preserved. Consequently, an
open feature object can be converged into a
single dot after a number of iterations because
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the trimming templates will treat the two end
points as noise pixels. In certain situations, con-
nectivity may not be conserved. An example
representing these situations is shown in Fig.3,
This phenomenon happens due to the templates
in Fig.2(a) and Fig.1{c). Also when Fig.1(d) is
applied after Fig.2(b), disconnectivity and /or
end-point reduction may occur,

We have developed a few conditions that car
resolve these problems, In other words, we have
modified trimming templates, Fig.2(a-d)
those of Fig.4(a-f). Fig.4(a-d) are designed to
protect end-point reduction and Fig.4(e,f) are to

into
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Fig.2. Trimming templates.
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avoid disconnectivity in some situations as shown
in Fig.3(a). In those situations like that, extra
pixels, P10, P12, P13, P15 are used to help deter-
mine the removal of center pixel. And other
templates, Fig.2(g-j) are still useful and included
in modified trimming templates. As a result, the
end-point reduction is disappeared, and disco-
nnectivity problem is resolved with the modified
templates as shown in an thinned result, Fig.3
(b).

Although these extra conditions shown in Fig.4
need more hardware, they do not affect the speed
of thinning processor because these windows are
applied in parallel with the thinning templates, It
is apparent that the improved result is easily at-
tainable with these modifications,

[il. implementing Hardware for Variable
Image-Width

Many pattern recognition systems adopt “thin-
ning” as one of the required processing steps
since reducing the number of data is crucial re-
quirement for high speed application. In many
thinning algorithms, however, it is assumed that
image-width of input pattern is constant. But it is
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Fig.3. Effects of the thinning templates {(a) in 8] (b)

in modified algorithm.
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Fig.4. Modified trimiming templates.

not practical to expect the fixed -width image,
particularly in a character recognition system, in
which the sizes of characters variously differ ac
cording to shape, style and font size.

A processor with a capability of handing var

able 1mage width!”™' can he implemented with

switchable 16-bit multiplexers. This processor
consists of a neighbor pixels generator and 4 thin-
ning logic. Neighbor pixels generator. which

consists of shift registers and multiplexers as
shown in Fig.5, holds neighbor pixels around the
center : and thinmng logic does instinctive trans
lation from all templates. This thinning processor
1s implemented by PLD and discrete devices, and
it 1s interfaced to IBM Personal Computers.

During single WRITE operation, host computer
sends information of variable image width to the
processor and makes multiplexer switch from pre
vious image-width setting. A thinning logic and a
neighbor pixel generator are implemented by an
EPLD and TTIL logic gates, respectively. We
have built an add-on type thinming board and
tested it for various input images. A typical 38x38
image 1s tested with these thinning board, as a
result, a thinned image is obtained as shown in
Fig.6. Experimental results of the mput images
with various width and thickness are summarized
in Table.1.
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Fig.6. Thinned result of Chinese character * 4
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Table 1. Experimental results

Input Pattern|Image Size ’ I # of Prvocessmg
! | teration | Time(ms)

| 2ax28 s L1

e l 3430 } 7 2.5 J

‘T 40x 35 ‘ 5 3.2 ;

= 38X38 1 2.8 }

e

IV. Conclusion

In this paper, a modified thinning algorithm
has been proposed and its validity demonstrated.
Experimental results show that this modified al
gorithm preserves the connectivity and the
end-points, which are critical requirements in
character recognition system. A programmable
and fiexible thinning processor has been designed
to handle the input pattern regardless of its im-
age-width. We have interfaced the realized proto
type processor with IBM PC 286 /386 and tested
it for the variable image width from 25 to 40-bit.
It is proved that processing speed is limited only
to the propagation delays of logic gates, since in-
put image continuously enters the processor with-
out control signal. The processing speed 1s
measured to be 2.1ms for four iterations of a
32x30 image at IBM PC 386, 20MHz clock-rate,
Experimental results confirms that this modified
algorithm and processor is exceptinally effective
in various application areas.
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