A Critical Review

and Conclusion

“When quantifying a job counts is,
what you have got out of it
more than what people will get out of it”

8.1 A Critical Review

Everything that is newly invented has its merits and demerits. The assessment of the newly

invented thing is, perhaps, the most crucial phase in not just the invention process, but also in
the decision of retaining it as useful, or in proposing to bring in modifications to improve the
performance, or discarding it as unworthy. But, in fields where robust and/or credible

methodologies are already existent, a new approach introduced should not only be entirely

assessed, but it should also be thoroughly compared with the existing ones. This gives a clear

picture of not only how good the new approach is, but also if it is worthwhile pursuing
improvements over the methodology, and also where the approach stands against the state of
the art. The newly proposed approach should closely follow the already existing robust ones,

and be preferably even better. This is the surest way of bringing in any kind of credibility to



107

tile approach right In its Inception. The following subsections might be or use in assessing the

new approaches that we have taken up in our research work.

As per to the best or our knowledge and efforts, we could not find standard methods
for the recognition of Pitman Shorthand notation, or for that matter, the likes of it. This
makes it impossible to carry out a comparative study of the approaches that we have

introduced with the already existing ones. Instead, we have made an extensive study of the
three methods we have used, viz., Hough Transform, Graph-theoretic and Regional

Decomposition methods for the recognition of Pitman Shorthand notation. We have
compared all the methods with one another, and made an effort to assess the superiority of a

particular method, in a particular aspect, over the other methods.

The three proposed algorithms, essentially achieve the same, in that they recognise
individual consonants II-00n a Shorthand word. However, each method builds up different
methods to recognise the consonants (and ultimately, the word) A comparative study was
made over a typical set of phonetic words. The study is depicted in a tabular fashion in Table.
8.1. The time taken for recognition of a single Phonetic word is very much less (nearly zero).
Hence in all the three methods, every typical Pitman Shorthand word given in the Table 8.1 is
allowed to be recognised for 1000 times at a stretch and the average recognition time is
tabulated.

The Table 8.1 shows how the methods fare, as far as speed of recognition of particular
words is concerned. The times are in terms of millisecond (10-3 seconds), and each of the
columns specifies the time taken up by each of the approaches to recognise the particular
word given in the first column.

The sample set for which the recognition rates are listed, are simple Pitman's
shorthand words. The samples selected consist of words made up of only straight strokes,
and those with a combination of straight strokes and circular (arc) strokes, and those with

strokes that have consonants with loops and hooks. The sample set consists of different

consonants with every important feature the notation
has.



Once again, we would like to emphasise the point that this research work is basically,

an attempt to study the possibility of automation of text-production from Pitman Shorthand.
We have limited ourselves to the translation of simple phonetic words to English text.

8.1.1 Hough Transform Method

It is clear from the table that Hough Transform takes up more time than the other methods, on
an average-basis. This can be explained by the fact that Hough Transform does a lot more
computations (mathematical), than the other methods, before reaching a point when it clearly
distinguishes the word.

A lot of time is spent doing the computations required to create the following
processes over a phonetic word

1. Three divisions of the phonetic consonant,

ii. Hough Accumulator, for each of the three fragments.

The creation of the Hough accumulator is a computation-intensive process, and goes
on to prove to be the most expensive part of the approach, as far as time is concerned. But
the method fares well, when the consonant it is acting upon is a straight line segment. On the
other hand, if the consonant happens to be an arc of a circle, the process requires more time. It
is also observed that a straight line with a hook at one of its end, takes up as much time as
does an arc of a circle. Probably the most important aspect, that decides the time factor is the
fragment size. The bigger the fragment size, the more time the method requires. Usually the

fragment size varies because of the nature of the stroke. A curve will have a slightly smaller

fragment than a straight line.

8.1.2 Graph-theoretic Method

On an average-basis, it is clear from the table 8.1 that Graph-theoretic method takes up less
time compared to the Hough Transform method. This can be explained by the fact that graph-
theoretic method does not need any computations compared to Hough Transform method.
This method has two major phases in recognition process

1. Determining the start-vertex
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ii. Recognising the consonant

The major time consuming phase between these two is determining the start-vertex. It
takes more time if the first consonant of the word is a straight line with a hook (Wand V), a
straight line with a loop (H), a 60° line (CH and J), an arc of a circle - left most (TH and 7H)
or an arc of a circle - bottom right (SH and ZH). Because in each of these cases, we get a bi-
valent vertex on the left edge of the imaginary rectangle enclosing the word. From this bi-
valent vertex. we traverse the word to find the vertex that is not bi-valent and which is nearest
to the left edge of the imaginary rectangle. In all other cases, the time taken in determining
the start-vertex is minimal.

For the second phase, i.e., recognising the consonant, the only processing done is
determining the neighbour, contour traversing in that direction and generating hexa-code for
each fragment. The time consumed depends on the length of the stroke, thus, there is no
difference between time consumed to recognise a straight line and an arc of a circle.

The major advantages of t his method are

¢ The recognition process does not depend on the length of the stroke.

e The method takes care of slight variation in the writing.

8.1.3 Regional decomposition method
It is clear from table 8.1, that the Regional Decomposition method is the fastest of the three
methods. This is because of the fact that this method does not traverse the entire stroke, in
order to make the recognition, instead, it concentrates on key locations to extract special
features. which prove to he sufficient in order to make a clear-cut recognition. By-passing the
traversal proves to be a major time-saver. Another important feature of this method is the in
built decision-tree, that is un integral part of the method. Whenever a key-feature of a stroke
is reckoned, the search domain is reduced to characters with that feature. Some computation
overhead will be incurred, because of this tree-traversal, but ultimately it is compensated with
the saving of time because of not having to traverse the entire stroke.

Another important point is that the recognition rate slightly increases, when the stroke

is curved in nature. This is because, the immediate recognition of the nature of the curve
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seems impossible in curved structures. To overcome this, the method traverses the stroke

around the region of the key-points, to extract more information which will help in the
recognition.

8.2 Summary

This research aims at the automation of recognition of Pitman Shorthand notation, and
production of its English-text equivalent. This work revolves around the concepts of image
processing and pattern recognition, or more specifically, character recognition. We have
considered Pitman Shorthand notation as the pattern. We have used Pattern Recognition
techniques to recognise the Pitman Shorthand words. This research is in the direction to
relieve the stenographer from the mechanical drudgery of decoding and typing the shorthand
text. We have employed three-phase method to recognise and reproduce a English text from
a phonetic word. The phases are (i) Scanning the pitman text document an<;l preprocessing
of the image, (ii) Pattern Recognition algorithms used for recognition purpose, and (iii)
Construction of English words from pattern shape descriptors, using a phonetic knowledge-
base.

In the preprocessing stage we have defined a four-level [0 - 1/3 - 2/3 - 1] intensity
image, in order to discriminate background, reference line, light-stroke and dark-stroke.
Modified algorithms are used for word-level separation in a Pitman Shorthand document,
which is different from normal text.

Noise-removal method is an indispensable part of the recognition process for two
reasons. Firstly, scanned images are very likely to contain a lot of noise, and secondly, the
characteristic feature of the notation being very sensitive towards noise, especially those that
resemble the ones in the notation's vocabulary (noise in the form of dots and dashes).

The stroke is thinned, in order to reduce the overhead incurred during the recognition
process.



The recognition of Pitman Shorthand notation involves identifying the constants and
the sequence of consonant segments and connecting vowels in a phonetic word. To achieve
this purpose three different Pattern Recognition methods are designed.

1. Hough Transform based algorithm.
2. Graph-theoretic interpretation and contour-traversal based algorithm.
3. Regional decomposition based algorithm.

Hough Transform is a Pattern Recognition technique, which is normally used for
identification of linear structures in a binary image. The property of linearity in the Pitman
Shorthand notation has been exploited in our attempt to adopt the Hough Transform
technique to recognise the primitives of the notation.

Graph-theoretical interpretations of the notation have been extensively used in the
design of a very efficient mechanism of character recognition, or more specifically, recognition
of Pitman Shorthand notation. A word in the notation resembles a Hamiltonian path, and
hence the traversal becomes uni-directional. The traversal of this path yields the 8-directional
codes, which when fed into a built-in finite automaton, generates fragment codes (Hexa
codes). These fragment codes help in the recognition of the stroke.

We have designed a Regional Decomposition method to recognise the notation at the
word-level. This is a modification over Suen' s Regional Decomposition method, which was
employed for the recognition of English characters and numerals. In this method, we have
proposed to enclose a word in a square box, which is divided into 3x3 cells. The intersection
points of the stroke with the sides of the cells become the key locations. The features
extracted around the key locations, help to carry out the work of recognition. The method is
generally, a divide-and-conquer strategy based.

Pitman Shorthand notation is basically a phonetic-based notes-recording medium. The
language, in its most primitive form, yields the phonetic composition of a word. What is
required of the system is not the phonetic word, but its textual form. To achieve this we have
designed a Phonetic Knowledge-base, which functions as an Expert system, to build the textual

composition, given the phonetic composition.
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We feel that the main aim of the work was to look in to the feasibility or automation of
text-production from Pitman Shorthand notation. It was beyond the time frame of this
research work to be able to achieve a comprehensive mechanism for English text-production
from Pitman Shorthand text. So, we have designed and developed only a minimal recognition

mechanism. We hope to see in the future, neither research into the topic leading to devising
of a complete recognition model.

8.3 Future Research Avenues

This research work has been an enterprising one, in that it is, to the best of our knowledge,
the first attempt towards automation of off-line recognition of Pitman Shorthand words. In
our research work we have considered Pitman Shorthand notations of simple English words,
at the word-level. As it is a pioneering work in this area, a lot more needs to be done before a
comprehensive model for the recognition is built.

In our application of Hough Transform method, we have only used the straight line
detection algorithms, by considering the linearity properties, even in the circular strokes.
Modified Hough Transform techniques are available to identify circular strokes too, that can
be applied for the recognition process.

Hough Transform technique, that we have applied, is at consonant level. The same
may be extended to be applied at the word-level. Recognition of dots and dashes using Hough
Transform seems to be a possibility, as welt. A thorough study in this direction will be
helpful.

In the graph-theoretic approach, we have designed a one-level finite automaton. It
seems that a multi-level automaton wilt improve the recognition performance.

The criterion that decides upon the beginning of a consonant in the middle of a word,
is the orientation of the stroke, i.e., if there is a drastic change in the flow of the stroke, the
method considers it as the beginning of another consonant. A better method for identifying

the point of beginning of a consonant needs to be designed.
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The application of the graph-theoretic approach might prove to be for more efficient
for online recognition. than most other method, because of the ease in the availability of
Information regarding the starting point of the stroke (pen-down point), and the dynamics of
the stroke flow. The method may be revised for the purpose of online character recognition.

In the first two methods, we have considered that every stroke to be made up of three
fragments. Processing the fragments does not depend on each other, hence a degree of
parallelism can be acheived in both the methods, by having as many processors working on the
three fragments, concurrently.

In the method of regional decomposition we are fixing the number of cells to (3x3) 9.
A more dynamic regional decomposition method can be designed, where the number of cells

solely depend on the stretch and now or the stroke.

The proposed three methods show prospects or applicability in recognition at the
sentence-level and also in the recognition of grammalogues and phraseographies.

In brief, our study has been successful in establishing that it is possible to automate the
production of text from Pitman Shorthand notes. However, the whole exercise has been with
simple phonetic constructs. Therefore, a large volume of research is envisaged in the future,

before a perfect reproduction of English text from Pitman Shorthand notes can become

possible.



Shorthand | Englisk | Hough Graph Regional )
Words words transform theory decomposition
ﬁ bet 5 2,098 1.098
— N calm 3.901 1.197 1.648
N tamil 8.681 1.868 3.296
i awoke | 5 4.197 1.648
7
I kid 3.351 1.329 1.098
d/_l hid | 59% 1.909 0.549
\
\/‘ pull 8.021 2.059 1.098
( coal 6.373 0.967 0.549

Table 8.1 : Time consumption by different methods (in milli-seconds)
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APPENDIX

Some sunple Pitman Shorthand words and their
English equivalents

Shorthand  English Shoithand  English
words wornds words words
—.I kid < cheap
\ bet A leak
l giddy
e PPN calm e
0/] hid
{ coal
" N awoke
\/- pull :
\ arrear
\l fade "
< lunch
{ gull . :
[ N tamil
I—/\ dumb _
\/ b \b\ fathom
. erry




Some word in Pitman Shorthand notation with their inflexions

! Shorthand English

Shorthand English
words  equivalent words equivalent
/ kill N killer
7 cash 2 cashier
\/\ name /\/- namely
\ pair /\ repair
book
\—' o0 \7' bookish
- fair : _
Kﬁ' follow \—\_K\—/ following
N\~ hang P hanging




