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Introduction

Pity the foreign student who thinks that he has
finally mastered the Thai alqhabet’s loops and
turns. After he leaves his f 10 alphabet primer
behind, he finds that carefully memorized rules
for telling letters apart are nowhere to be found.

Hungry for a meal, he looks for q_%'wahns,
but can only find SROWIT after SAUOAUAS.
When he finally follows lns nose, he searches
the menu in vain for ¥177A before deciding to
try 5’7@% and 310Wa. Imagine his surprise
when two orders of a third dish — ¥1od@ —
appear on the bill instead!

This paper investigates the reasons for our
student’s dilemma. We will find that while
Thai printing fonts and handwriting vary con-
siderably from the reference letterforms, letters
have consistent secondary characteristics easily
recognized by fluent Thai speakers. Unfortu-
nately, these characteristics are obscured by tra-
ditional reading and writing instruction, and
are not taken into account by prototype optical
character recognition (OCR) systems.

For example, consider this elementary rule:
A is distinguished from A by the inward or
outward orientation of the letter’s head. Al-
though the rule is true, it doesn’t help us decide
what this letter is: fi. At ordinary text sizes, the
head’s position in this everyday printing font is
ambiguous, and cannot be deciphered by either
students or OCR programs.

But if we see A and A in various print styles,
we can derive secondary characteristics and
infer new rules. A new salient feature — the
bar’s origin, rather than the circle’s orientation
— emerges to resolve the ambiguity:

AR - AR - AR -5 AO

A’s bar always starts at the base of the letter,
while A’s bar creeps up the left side. In effect,
if the bar is too short for the reference alphabet
rule to apply, the letter is probably A, not A.

Overall, we will find, first, that certain sec-
ondary characteristics are usually retained re-
gardless of style, and second, that inspecting
Just a few letters is usually enough to let us
predict the entire alphabet’s design. We also
find that a variety of foreign influences and

stylistic conventions (some of which are intro-
duced simply to make letters distinct) have been
incorporated into widely used fonts.

I’ll begin by defining terms we’ll need to
describe Thai letterforms, and summarize tra-
ditional ways of describing them. Next, we
investigate variations from the reference stan-
dard, and see that they may be unpredictable.
After a close look at the alphabet, I discuss how
fluent readers cope with unfamiliar styles.

I’ll close with specific recommendations for
Thai language instruction, and discuss the
implications for Thai-language OCR and OCR
font design. We find, surprisingly, that stu-
dents would benefit from the methods currently
used in programs: getting detailed descriptions
of the physical characteristics that distinguish
letters. Computers, in turn, would benefit from
applying the methods — considering the letter
in context —used by fluent Thai speakers.

Anatomy of Thai Letterforms

We’ll begin with some terminology. The no-
menclature of Thai characters is not universal,
but we can use these descriptive terms:

[ The head (W2) of the letter. &'&%’;"

(M The neck (AD). Gﬁ XA .
The entrails (1e0). X

tail (M),
The leg
§ "t

R—The base (1$2).  The baseline.J
Closed vs. open mouths

aA N

R—Closed vs. open downstrokes.

A knot (VWR).

The mouth
a).

These letters Tlu neck auls down.
VT
These letters are closed, j

and have waists.
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The Traditional Approach

Both the Thai and English-language literature
traditionally describe characters in terms of the
head’s orientation. Mary Haas’s The Thai Sys-
tem of Writing is typical (emphasis hers):

All consonants except. ) and B are
started with the production of their
characteristic little CIRCLE ... It is very
important to note whether the circle is to
the RIGHT or to the LEFT of its con-
necting line. (HAAS 1956)

Haas also includes many pages of handwrit-
ten and printed samples that demonstrate
variations from the norm.

J. Marvin Brown’s two-volume series 4UA
Thai Course (mostly reading) and AUA Thai
Course (mostly writing) (BROWN 1979:a,b)
also introduce the reference style, while dealing
extensively with a variety of handwriting styles
in two appendices. For example, Appendix 1 of
Volume R has many hand-written samples,
along with a letter-by-letter commentary on
handwriting styles, eg.:

The loops themselves are frequently
omitted ... The difficult inner and outer
loops of Y, ¥, and ¥ can be omitted
completely (though U must keep its
jags), and the difficult narrow parallel
lines can be replaced by various kinds of
loops. (BROWN 1979)

A 1991 study by Gandour and Potisuk, Dis-
tinctive Features of Thai Consonant Letters,
proposed a classification system as part of an
investigation of spelling errors made by a Thai
speaker. For the researchers’ purposes, 17 fea-
tures were required to distinguish between let-
ters. They noted that:

As many as seven of the features deal
with various attributes of loops: 4 with
the beginning loop, 2 with the body
loop, and 1 with the tail loop.
(GANDOUR 1991)

This study shows what happens when the
standard introduction to the reference alphabet
is taken at face value. Even within the refer-
ence alphabet, we can find letters that
incorporate distinctions not accounted for by
their orthographic feature set.

For example, the authors find a visual
‘feature difference’ of just 1 for the pairs N

and H N (their entries 9 and 142, table 2) —
only the orientation of the heads is assumed to
be significant. But the difference in the height
attained by the central strokes is just as pro-
nounced in their article’s typeface as it is here.
Indeed, we will see that in many fonts, letters
are distinguished solely on this basis.
Computerized approaches to optical char-
acter recognition (OCR) for Thai have also fo-
cused on the reference alphabet and head. The
1993 Symposium on Natural Language Pro-
cessing in Thailand includes two articles on
Thai OCR:
Many characters have small holes
called the heads of characters, and the
drawing of the characters begins by
tracing these heads. (HIRANVANICH-
AKORN 1993)

There is always present a small circle
portion which is called the head of the
character ... Internal [and] external
heads [are] the two styles of heads of
Thai characters. (KIMPAN 1993)

Both teams point out that Thai OCR systems
encounter particular difficulty when the head
varies:
Reasons [for] rejection - and mis-
identification were mainly due to differ-
ences in the number of holes ... between
input data and models. (HIRANVANI-
CHAKORN 1993)

A recognition rate of 98.20% for testing
data has been obtained. The ill-classi-
fied characters occurred if the head of
the character is broken. (KIMPAN
1993)

As we will see, the head is generally the first
feature to go. In a real sense, then, Thai OCR
confronts the same problems, and has the same
success, as TSL students in recognizing rapid
handwriting and nonstandard letterforms.

Five Basic Letter Styles
There are literally dozens of Thai letter styles;
for examples," see the 5” by 7” flip-books like
U1 VAWNO, which contain page after page
of hand-lettered samples.

From this wealth of designs, we can focus on
five primary variations the reader is likely to
encounter:
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— The classic_style (WInvidy = classic
style, or IWUUAIUIIN = write letters
precisely) dates from the time of King
Narai (ca. 1680). Line weight has little or

no variation, letters have complete circular

heads, and both “horizontal and vertical
lines are regular and perpendicular. Here
are typical letters from Cordia New:

neT 93 N N 2

— The craft style (1Nou@afimlz). A highly
calligraphic, - Indian-influenced style,
drawn with a broad pen or brush point.
Heads are semi-circular at most; if possi-
ble, letters have a distinctive horizontal top
bar, a style found in modern Devanagari
printing fonts (like those used for Sanskrit,

Hindi, and Marathi). These letters are
from JS Chanok:
n 3 8w 3 3

— The tail style (IWYWIAUNN). Charac-
teristics include fairly regular pen thick-
ness, and an exaggerated tail that may
wrap around the body. These letters are
from JS Wansika:

6 @ @ @

— The modern style (lﬁuuﬂﬁh). Usually
drawn with a single pen thickness, letters
have no heads, and are simplified as much
as possible. These letters are from JS
Thanaporn:

nAJI UUN

— Various script styles (19U = scribble).
Characterized by a rapid, flowing line with
heads minimized, corners often rounded,

and some letters (particularly %, 3, and U)
opened up. This sample is from JS Sirium:

Y 9V T N ¥ S

See (DANVIVATHANA 1987) for additional
discussion of the origin of Thai scripts.

By definition, I assume that the standard
reference style is synonymous with the classic
st}:le, and has the letterforms that appear in N
I practice books, letter charts, and Thai basal
readers. I'll use the font Cordia New for ex-
amples. There are slight variations between
instances of the reference style; eg. Cordia New
adds a small leg to letters that have a left corner
at the baseline, eg. 1 § 1l

Groups of Letters

Within each alphabet style, we find groups of
letters whose forms are so similar that their
designs are inextricably bound together.

This is due to Thai’s origins. When he de-
fined the modern Thai alphabet sometime be-
fore 1283, King Ramkhamhaeng began with
the cursive Khmer script (derived in turn from
Indian scripts) then modified it to account for
the sounds of 13th century Sukhothai Thai as
well (see ANUMAN 1968, BROWN 1985,
DANVIVATHANA 1987).

As a result, many letters differed from the
start only because of added notches and tails,
while others have grown closer together over
the centuries. Today, many letters are essen-
tially isomorphs; identical but for the orien-
tation of a head or knot.

In the dozen or so groups set out below, note
that inspecting just one letter is often sufficient
to let us anticipate what al// the members of the
group are going to look like. I've laid out con-
sonants first, followed by numbers, various
marks, and vowels.

2998 VU BHUNH NA0GANE UGG HEWA ARAR A8 1988 A8 78 NIU
Yy LUBULU NNONNODN YAl wwwww AAD A3a J29d ad S5 Nnn
uidy dsuny angNg ) ReRA ddud@ adaa 9ga 9338 a8 ST Bu
YYTT LB DNOYNDE RIS WsIwnWH aaae EIB 9Q@T @@ 75 NN

VETY VUURNUNDNNNNDL) DRINIYGH WEINNN AAGA 93R 9798 AR SD NNHK
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Styles: referénce (Cordia New), modern (JS Thanapomy), craft (JS Chanok), tail (JS Wansika), script (JS Sirium)

Ihternal Design Differentiation

Partitioning the alphabet into groups highlights
the phenomenon of internal design differentia-
tion — the introduction of artificial features to
compensate for ambiguity. Systematic modifi-
cations in style are balanced by an internal
pressure that develops inside the alphabet itself.

Internal design differentiation is an impor-
tant concept in Thai font design. It leads to
unpredictable changes in letterforms, and can
present insurmountable problems for OCR.

For example, design for compact printing
creates a bit of ambiguity in Cordia New (our
reference font) — the pair 4/ is hard to distin-
guish.

Other reference-style-like fonts compensate
by extending the neck downward slightly. Even
at ordinary sizes, below, the head of the second
letter clearly hangs below the head of the first.

9 B (Cordia New — difficult to distinguish)
% ¥ (Angsana New)
% % (Dillenial UPC)
U 9 (JS Prasoplarp)

That example was easy. In contrast, note
the differences between ¥ and 7 in the center
and right-hand examples below. In both cascs,
the new style gets rid of the original letter’s
circular hecad. But since this change alone
might make the letters ambiguous, additional
variations turn up to maintain a reasonable de-
sign difference between the two letters:

J92 - 310 -5 JO9

There’s no way that we could have predicted
just where and what those extra variations
would be. In one case a bar replaces the letter’s
head: in the other, it replaces the letter’s tail.
Notc also that the relative proportions of the 3
tail and 9 head are reversed. Look at what
happens when I mix the fonts:

N 5 V/Y

Consequently, particular features are less
important than the requirement that they vary
from each other: if one letter’s tail is extended,
another’s head must be abbreviated; if one line
is straight, another will curl. And for the TSL
student (no less than for the OCR program) it
implies that certain letters must be identified in
context, or studied as a group.

Three Degrees of Variation

Letterform variations run the gamut from the
straightforward and obvious to the unexpected
and occasionally indecipherable:

Primary variations: 1! becomes U
Secondary variations: A becomes Fl
Tertiary variations: N becomes

Primary variations involve a single guide-
line, like ‘delete the circle’ or ‘extend the tail
Other rules are prompted by the instrument,
real or imaginary, used to draw the letters. For
example, in the craft style circular heads are
replaced by angled wedges that are more easily
drawn with a brush:

BN becomes YWU

Secondary variations entail bringing the
letter’s lesser characteristics to the fore The
best example is the progression that leads to the
A/A varniation:

AN - A0 - AN - AN

Tertiary variations are unpredictable, and
often reach outside the alphabet in search of
alternative designs. For example. the letter-
forms U1 and ® arc the historical forcbears of VI
and W, and are still found in the modern Lao
alphabet. Other letterforms come from modern
Roman designs. Here are reference, Thai, and
Roman letters:



1167

wranud nsanuv  ksanuv

Before we look at the alphabet, let’s survey the
variants more closely. :

Primary Variations The mouth is most likely
to be simplified or deleted. With one exception,
it adds no information to the reader’s reading of
any letter.! The orientation of the head (or
head substitute) alone distinguishes N from N
and 0, and the location of the knot decides be-
tween (U and Q4. For instance:

NDNTUNN NanmiNl NEINNINJ

The head goes next, for the same reason,
-and the knot soon follows. The traditional craft
style is a transitional style; the head is mini-
mized, but not done away with entirely. Most
modern styles prune the letter as severely as
possible:

N¥NHWNUDU

Vowels, tone marks, and letter bases or en-
trails are usually simplified as well:

Wed mee no Mo

Exaggeration is the other chief primary
variation. Exaggerated styles tend to be easy to
read; eg. the extended tail style, like its English
counterpart, is common in wedding invitations
and formal announcements:

Aesa@nmo

Secondary Variations Secondary variations
frequently originate in handwriting shortcuts.
Consider how A and A move from standard to
script-like to modern fonts:

AR Aa AR 1A AN

Because of the direction in which the head
starts, A tends to close the angle at the lower
left corner far more quickly than A does. The
head disappears entirely, then the downstroke
merges with the upstroke, and we’re left with A1.

q and § follow the same progression. The
head and first downstroke of both letters is ab-

' The exception, unexpectedly, is prompted by the
need to distinguish between 0 and # in simplified
fonts. Note how the mouth is retained here: 1 Q1.

brcviatedandrwuached,andﬂ\etailofjis
folded along the body of the letter:

Ay 93 A3 9% I3

Secondary variations also appear as minor
features of the basic letterforms become more
prominent. For instance, with the head in
place, the height of the internal notch in W/H
and W/l is usually ignored.

But when the head is minimized or re-
moved, the notch height alone is usually suffi-
cient to tell the letters apart. As a rule, if the
notch is the full letter height and there’s no
head, the letter is W or n:

Wl waud wwww

The /8 pair demonstrate a kind of
‘sympathetic’ secondary variation. In the refer-
ence form, the head and tail of 7 are entirely
different. Little by little, the original letter
loses its distinctive appearence, and acquires
the more symmetrical, less technically demand-
ing shape of the English letter S.

70 0 SD S5 SO

What’s unexpected is that ¥ drags § along
for the ride — both letters usually change in
tandem.

Finally, some special-purpose styles intro-
duce variations in order to meet specific print-
ing needs. For example, fonts like Kobori All-
caps are intended to be used for newspaper
headlines. As such, they minimize any over- or
under-structure, either by shortening it, or by
folding it into the character itself. For example:

ongUda measiun

Tertiary Variation A few letters are regularly
transformed from the reference style into shapes
that are not easily predicted or prescribed. We
have already seen two letters that derive from
historical shapes:

nyu wu

Various modern letterforms into this cate-
gory as well. Again, W is the most dramatic
example, but 1) and & can vary greatly from
the norm, too:

Yy Ky riry tdadiy
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A few highly stylized conventions are also
encountered. An extended neck, as in ¥/%, is a
predictable secondary variation. A cleft or
slightly upward-curling head, in contrast, is a
completely artificial convention that replaces
the neck, complete with head and notch, in
headless styles:

g 155N ddn N Hin

Finally, it is possible to find artistic fonts
that are intentionally designed to be deciphered,
rather than read. For example:

AVAMI NUAWY  FUiud

Such fonts are interesting for the insight they
provide into the designer’s mind, especially in
exposing his perception of the internal design
distinctions between letters. However, we do
not commonly encounter them in print.

A Close Look at the Letters

Let’s take a methodical look at each group of
letters.

First Group: v¥¥4
The first group presents two issues: telling ¥
from %, and telling ¥ from the others. While
the reference rules focus on the notch and tail,
characters taken in isolation often have imper-
ceptible notches (), false tails (¥), and missing
heads (U).

In practice, there are three secondary charac-
teristics to look for:

— The character’s waist. 9 never has a waist;
opening the letter is a common alteration.
¥ and %¥ frequently nip in just before the
tail.

— An elongated neck and/or enlarged head is
used to distinguish between ¥ and °¥.

— A missing or downward-curling line head
generally indicates ¥, while a flat, squig-
gly, or slightly upward-curling line head
shows ¥.

Here are some open and closed waists. Note
that the slightly closed waist on the third ex-
ample distinguishes U from U in this style:

vy Vv Ud W

Examples of enlarged heads/enlongated necks:

Yy AY U wY

Finally, here are missing or highly stylized
heads:

gu b I1IS1I5 uvu dY
v 75 €€ UY 4%

In some cases, it is all but impossible to tell the
letters apart without seeing them in context.

There is also an occasional conflict from t,
which is why that letter is in this group:

el B YUY YUYy

The secondary rule is subtle, but consistent: if
the waist pinches from the left side, the letter is
tl, otherwise it’s one of the others.

Second Group: ULwuN

Letters in this group are fairly easy to distin-
guish once the reader stops looking for heads
and circular knots. The transition is:

HUNHN XV UUUY UUUU

Nevertheless, the reader must be alert to in-
consistently applied changes. In these exam-
ples, knots are modified in different ways, de-
pending on the letter:

LUNN  UGdd vuay

There are also cases in which the design
distance between letters is vanishingly small.
Worse, the closc resemblance between these
highly stylized letters and their Roman alphabet
counterparts is jarring, and it is difficult for
foreign students to avoid secing the letter ‘U,
below:

uuun i yugl

In the very popular craft style, conflict
arises between ¥ and U because letters are
given curved bottoms to accentuate the flat bar

heads. This reverses the pattern of the refer-
ence style:
WU YU verws NQ DT

Third Group: nnag444]
Variations in this group have to do with open-

ing, closing, and deleting, the letter’s mouth
and head.

no N 1N NA
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Regardless of mouth or head variations, the
bases of ) and {) are often greatly simplified.

09 a0 N0 0o 0o

These typify the kind of change that poses
nearly insurmountable problems for OCR. It is
not that a computer cannot detect a squiggle as
well as a human reader can. Rather, the human
is better at knowing if very slight variations, as
in the three examples on the right above, are
intentional or not.

We also run into cases in which secondary
characteristics have been introduced in order to
maintain the required design difference between
letters. Here, even though N's mouth is re-
moved, 0's mouth is retained so that it can be
distinguished from @:

nnna  nanaa NNAN

If there are no other distinguishing features,
letters that originally had mouths are usually
given a sharp, upper-left corner. Below, the
fourth letter in each group is A; note that it’s
the only one with a rounded upper-left corner:

nnoa nrra nnog

Again, deciding what is sharp can be much
easier for humans than for computers. The two
sets on the left, below, are slightly sharper than
the ones on the right, but all four are very diffi-
cult for machines:

nnue nanea 1706 NHE)

Finally, as a rule craft-style letters do not
have mouths. Features that can interpreted as
highly stylized mouths are actually reattached
downstrokes:

AR A9 non oo

Fourth Group: oIyl

This group has a combination of the second and
third groups’ features.  Usually, letters are
legible no matter how much they have been
altered:

S B FU W N NI N

Nevertheless, they may go quite far from the
reference standard. On the first line, left, be-
low, note the crossbar protruding slightly to
indicate a knot. We also sce the base of 1} at-

tach to the body of the letter in the second line’s
examples:

MY TN
Taruryas niningnd

These letters are also good gauges of the
degree to which letters can be simplified. Be-
low, note that B! can be reduced far more than
either A or W alone — B has few letters it can
be mistaken for.

AUTYAN crUTyas Oungn)

Fifth Group: welnWw

We have already seen the main secondary char-
acteristic of this group: the height of the cen-
tral notch.is usually sufficient to tell the letters
apart. For W, in turn, almost any loop or notch
will do.

In practice, there are really two secondary
clues to look for: first, W and tl have a low
central notch, and second, they practically al-
ways retain some hint of a head. If there is no
head, the letter is almost invariably W or W

WHWHN WL wwwau

The curve of the first descending line also
carries a slight hint — into the body for W, W,
or W, and away from the body for H or H:

WWWWIW Wwwid wenNa/»

However, the notch's height is the surest
indicator. Note that in some of the examples
below, the head's orientation really is ambigu-
ous in comparison to the reference standard:

WEWElW WaNi A WeIHeR

The exceptions have vanishingly small
heads and no notch variation, and are very hard
to read:

WWWWW WHWNW

W is not a common letter. Because it ap-
pears in so few common words, it is easy to
identify, and is subjected to an extreme degree
of variation. As we have seen before, such
variations are not difficult for humans to
distinguish, but they can pose problems for
OCR. For example:
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AW NW W o i

Sixth Group: ARAN

Letters in this group vary in three steps: first
the head goes, then the downstroke is short-
ened, and finally the downstroke is reattached
further along the side of the upstroke:

AAMR AFNG AFAR AFOO

In general, if the downstroke attaches at the
baseline, the letter is A, even if there's no dis-
tinguishable head, eg. @.

Almost any closing of the downstroke (ie.
reattaching) hints at a A, and almost any open-
ing implies that the letter is A:

AA NG PAGG) RAARRA

The notch that distinguishes # from A dis-
appears rapidly. Almost any flattening or break
in the top bar must be recognized as an indica-
tor of A:

AAOQO A0 AARIOO

A small foot sometimes, but not always, dis-
tinguishes A and A from A and A. These de-
signs may be unpredictable, but at least they’re
consistent:

AANR AFCC Anaan

The craft style is a special case. The font
samples below show that the downstroke is reat-
tached mid-bar for all letters. A new secondary
distinction is introduced: the upstroke turns
slightly outward for the A/A pair, and slightly
inward for A/A.

ARRAR NS00 afne

Seventh Group: 9§%

These letters are quite different from each other
in the reference style, but are subject to a great
deal of variation. The variations themselves are
all familiar from other groups; the most dra-
matic involve shortening and reattaching the
downstroke:

A5 93 93 98 3

Note that the downstroke of A curves into
the body of the letter slightly when the head is
missing. This secondary feature usually leads
to a sharp corner at the baseline, and distin-

guishes 9 from headless forms of 9. The let-
ter's tail, in turn, tends to stay long, which helps
distinguish 9 from headless forms of 4. In the
last example below, the extended downstroke is
prompted by the need to keep 2 identifiable:

V34 99V V0 JW 2V9

The third letter of this group, 9, often ends
up with an appearance that is recognizable, but
not very attractive:

anaRdg @IA W

In general, the size of @ distinguishes it from 9,
while the knot, or knot substitute, distinguishes
it from 9and 9.

As in the previous group, the craft style
poses special problems. Here are two slightly
different versions. Note that inward or outward
curve is seen only at the very beginning of the
downstroke:

Qe I3 W

And, were it not for the base, g would have
a potential conflict with f in a variety of fonts:

35 §v §6 90 5o

Eighth Group: 3308
The large number of words these characters
appear in make this group the most problem-
atic. In addition, this group has the largest
number of internally prompted variations; two
letters may be modified in opposite ways in
different fonts.

Let's begin with a quick look at ©® and 8.
Note that no matter how wild the variation,
these two are clearly distinguished:

28 98 00 3d OO DO

Aside from pointing out that the tail of & may
be reduced to a bare dot, we'll ignore &.

The three remaining letters are difficult be-
cause they all lose their heads and tails, but at
different rates. Nevertheless, we can rely on a
few secondary characteristics. To begin with, if
the head and tail are symmetrical, the letter is
9, not 3:

\UJa VOO I JJ9 VD00

Note that 3 frequently resembles a Roman J.
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If the head is large and closed, or nearly
closed, the letter is B. Note that this contradicts
the student's expectation that ?’s head will
usually be written larger than 9’s:

JvJd 9900 via 1

An extended tail generally marks 3. If the
tail is very long, it can be straight or slightly
open (below left); if it's shorter, it's usually
slightly closed:

VOO 02O vI9 uaa

Of course, there are variations that defy
these conventions. The letters below are readily
identifiable within the group, but usually have
to be guessed from context if seen in isolation:

J98 9900 JJoD V99 O

Ninth Group: a&

At last we arrive at a group that poses practi-
cally no problems. While both letters vary, they
are so distinct from the rest of the alphabet that
they are almost always recognizable.

Ad ad ada AR ad g
an ad 2 ad v Ad

As noted earlier, some variations of & are
interesting because of the obvious debt they owe
to Roman alphabet design.

Tenth Group: 3%

This group is also influenced by Roman letter
design, and the result is often barely recogniz-
able. Here are the most common variations,
note that fi always manages to retain a slightly
longer head:

7 S5 M S5 N

Handwritten styles subject these letters to a
great deal of stress, even in fonts or style that
are otherwise fairly clear. Note the large,
closed loop of § in the first three examples,
below:

P SD SB & SO

The only letter that comes close is 9, but the
final direction of the tail is enough to dis-
tinguish the letters easily.

Eleventh Group: nnw

The three final consonants are subjected to two
drastic, but usually consistent, variations. The
first is modernization:

N NNAR M NTTIHR NnNri

As before, the resemblance to Roman letters
is obvious. The second major change is rever-
sion to the historic letterforms, most commonly
seen in the craft style. Here are the same three
letters:

NNy v au

As noted earlier, this variation must be memo-
rized; it can’t be seen as reasonably deriving
from any intermediate style.

Twelveth Group: Vowels and Tone Marks
Alterations in vowels and tone marks follow
one basic rule: simplify. The key characters
tell most of the tale by themselves:

eaalld

Y v Tl
St tw TTT
e tutlil
T ru 1Tl
g -7 tu 7T

¢ N S~ e
v

: tu 111

‘l usually has at least a minimal circle, but in
the case of | and '1, a hint of direction is some-
times all there is.

The over vowels are a little more difficult to
read very quickly. In general, 9 curls up, while
8 curls down or remains flat. A ‘~’ shape is
usually, but not invariably, A

"

v adad —— - v o ot

Finally, even when heads are greatly
simplified, the tone mark ¥ retains a hint of a
curved head, no matter how much = has been
trimmed; eg.: -
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Tactics of Fluent Readers

As we’ve seen, common Thai fonts include
letters that:

— are ambiguously designed — J,
— rely on alternative historical designs — ¥,
— are essentially indistinguishable — W, and

— are so far from the standard that they are
practically arbitrary symbols — .

If Thai basal readers and n 10 practice
books only present the reference alphabet, how
do fluent readers deal with non-standard styles?
Alternative strategies include:

— They understand shortcuts derived from
handwriting, and applied to print fonts.

— They recognize unstated stylistic conven-
tions defined by consistent use.

— They learn alternative designs, like the
historical craft style, that are not taught
explicitly.

— Spoken fluency tells them that the letter is
unique in its context — it might not have
to be ‘read’ at all in order to be identified.

A variety of clues are learned through re-
pcated exposure. Some letters have nonstan-
dard, but conventional, representations (as, in
the Roman alphabet, ‘a’ and ‘g’ take the place
of ‘a’ and ‘g’). The curve of the initial stroke
of W and @ implics the orientation of the head,
whcther the head is there or not. Similarly, the
simple curve I always indicates 7, and never 3,
despite their similarity.

The alternative alphabets, particularly the
craft style, rcly on an entirely different set of
clucs. Evidently, they are learned without ever
being presented formally. It is interesting to
notc that among fonts of the craft style there is
almost no variation whatsoever — as though
the sccondary characteristics of this style are
unfamiliar cven to native Thai readers.

That letters can be disambiguated through
context is an casily demonstrated phenomenon:

TRAE CAT

In Fuzzy Letters and Thai OCR (Cooper
1995) 1 investigated the general question of
disambiguating minimally distinguished letter
pairs through local (word-length) context. It
turns out that Thai's large alphabet, diverse
origins. and rclatively short word-list make it

relatively unlikely that two letters with similar
appearance will be ambiguous.

Consider an especially difficult pair like
/9. A search of more than 16,000 entries in
an on-line copy of the Dictionary of the Royal
Academy (ROYAL 2525) located 1,038 words
that included the letter ¥ and 314 words that
included the letter %. However, only 100 words
were identical except for these letters; ie. only
100 words were potentially ambiguous.

Another way to put this is to say that well
over 90% of the time, a fluent Thai speaker
only needs to know that either ¥ or %¥ is in a
word in order to recognize the word correctly.
The pairs (like similar vowels) that suffer in
highly stylized alphabets are even less likely to
coincide. Add the reader’s understanding of
the word’s meaning in ambiguous cases, and it
is no surprise that fluent speakers can read even
scribbled handwriting.

We can go further, and predict that any let-
ter that can be identified solely by position will
tolerate a great deal of variation in appearance.
Indeed, this is the case for M. Because of its
unique role in shifting consonants from low to
high class, M can frequently be recognized no
matter what it looks like (as in 111 and 1?1‘(1)).
The range of acceptable styles — from 1 to ¥
— comes as NO surprise.

Implications for Teaching Thai

What does this all mean for the introductory
Thai student?  First and foremost, we must
recognize that focusing exclusively on the refer
ence letterforms is as frustrating as learning
only formal styles of speech would be. Signs
and menus, notes and advertisements — he
wants to read and understand them all, regard-
less of how they are written.

Second, we must accept that fluent readers
and second-language students approach un-
familiar letterforms from very different vantage
points. The fluent reader relies on spoken flu-
ency when he reads. A new print style may be
momentarily puzzling, but a fluent speaker can
derive its underlying rules and conventions
without conscious effort.

But the second-language student is not a
fluent speaker. He may not be able to decipher
many letters, and certainly cannot easily infer
the rules that underly a slightly exotic font’s
variations from the reference standard, nor de-
tect the secondary characteristics that remain in
common.
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As a result, we have to help the student
explicitly. I recommend extending the standard
introduction to the Thai alphabet in three ways:

— First, point out the secondary characteris-
tics that are not usually explicitly men-
tioned. These include the shortened cen-
ters of H and W, the open waist of ¥ and
lengthened neck of %, and the closed
downstroke of .

— Second, show common variations from the
reference alphabet as well as the standard
forms. In particular, show how the craft
and modern styles do away with circular
heads, how script styles hint at the head’s
original orientation, how letters like O rely
on accepted conventions, and how letters
like W derive from historical influences.

— Third, draw the student’s attention to the
way that each letter fits into a group of
similar letterforms, and show how one let-
ter’s appearance can influence, and help
predict, the form of others.

Appendix 1 contains a summary of the second-
ary characteristics discussed in this paper.

Implications for Thai OCR

We also find implications, both encouraging
and discouraging, for Thai-language OCR. We
must begin by accepting that any system that is
based on recognizing individual letters proba-
bly won’t work. There are three fundamental
reasons for this:

— First, the difference between letters, espe-
cially of non-reference styles, won’t always
overcome ambiguity introduced by the
physical printing process. Even in the ref-
erence style, letters aren’t always identifi-
able

— Second, variations in letterforms are not
always predictable exaggerations or
simplifications of existing styles. Specific
features of some letterforms can vary to the
extent that two letters may be identified
when viewed side-by-side, but not when in-
spected independently.

— Third, computer-based desktop publishing
systems make it inevitable that printed text
is going to contain an ever-increasing va-
riety of letter styles. The problem is get-
ting worse, not better.

On the other hand, computers are unlike
TSL students in one essential way — the com-
puter is able to mimic some aspects of perfect
spoken fluency. As a result, an OCR program
can, in many instances, unambiguously inter-
pret words even when it cannot decipher indi-
vidual letters. Tactics include:

— Using dictionary lookup to reject illegal
constructions.

— Selecting one potentially legal candidate
over another by looking at its function as a
part of speech, or its meaning as one-half
of a doublet.

— As a last resort, basing a guess on usage
statistics for specific letters and words.

The first techniques are an immediate pos-
sibility; see (COOPER 1995) The third is an
active research area in Thai language analysis;
see, for instance, (WUWONGSE 1993, SON-
LERTLAMVANICH 1992).

Thai OCR Font Design

If a Thai OCR font is built, its design should
consciously draw on the secondary characteris-
tics this paper has described. There are two key
principles to follow: '

— An OCR font is not meant for computers
alone; humans should find it as readable as
an ordinary book font.

— Every letter should have at least two fea-
tures that distinguish it from other letters.

We can achieve these goals by incorporating
secondary characteristics without doing away
with each letter’s primary characteristics.

For instance, the letters on the left, below,
have two clear differences. If the head goes, or
the interior is smudged, we can still tell the
letters apart. In contrast, the pair on the right
has just one distinction: the length of the tail.

W i U U

The problem this causes is obvious if I throw a
tone mark into the picture:

1
U u u
Absent other features, it is very difficult for a

computer to tell if the center character has a
tone mark or merely a broken tail.
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Where should the extra feature come from?
Easy — get rid of one letter’s foot (and slightly
round the lower left corner as well) and we
have added an inconspicuous secondary feature:

[]
u U o
We can apply the same redistribution here:
1 | il

The left and center characters have at least
two differences; ¥ has a closed waist as well as
a tail. But the center and right-hand characters
have just one easy-to-distinguish feature: the
notched neck. Take away the center letter’s
foot, and you’ve restored balance: each letter
has at least two distinctive marks.

Conclusion

This paper has looked at some of the ways in
which common Thai printing fonts and hand-
writing styles vary from the reference standard.
We have seen that in many cases, secondary
characteristics that are not usually brought to
the attention of students must be recognized in
order to tell letters apart. )

We can class variations into three catego-
ries. Primary variations involve an easily
stated, consistent rule for simplifying or exag-
gerating the basic letterform. Secondary varia-
tions are more dramatic and can usually be
traced through a sequence of small changes.
Tertiary variations often involve outside influ-
ences, such as the historic forms of letters.
Occasionally, we also see artificial changes that
result from the need to maintain a reasonable
design distinction between letters.

We can go through the alphabet letter-by-
letter, and explicitly describe the secondary
characteristics that distinguish letters from each
other. However, we soon see that the variety
and overall inconsistency of change makes it
unlikely that OCR software will ever be able to
recognize non-standard fonts without error on
the basis of letter shapes alone.

I concluded with a variety of recommend-
ations for Thai-as-a-second-language pedagogy,
and Thai OCR. For OCR font design, I showed
that it is possible to design fonts that are read-
able, but still maintain an internal design dis-
tance of at least two features between all letters.

Overall, 1 suggested that students can be
taught to distinguish between letters on the
basis of secondary characteristics, but that OCR

software would do better to emulate fluent Thai
speakers, and attempt to distinguish ambiguous
letters by context. In effect, students would do
better to use the methods now used by comput-
ers, and computers would better profit by the
approach used by native Thai students.

References

Brown, J. Marvin. AUA Language Center Thai
Course:  Reading and Writing Workbook
(mostly reading) American University Alumni
Association Language Center, 1979a.

Brown, J. Marvin. AUA Language Center Thai
Course:  Reading and Writing Workbook
(mostly writing) American University Alumni
Association Language Center, 1979b.

Cooper, Doug. Fuzzy Letters and Thai Optical
Character Recognition. In Proceeding, Sym-
posium on Natural Language Processing ‘95,
Kasetsart University, 1995.

Danvivathana, Nantana. The Thai Writing
System. Ph.D. thesis, published by Helmut
Buske Verlag, Hamburg, 1987.

Gandour, Jack and Potisuk, Siripong. Distinc-
tive Features of Thai Consonant Letters. Jour-
nal of Language and Linguistics 9:2 (2534),
Thammasat University, 1991.

Haas, Mary. The Thai System of Writing. Spo-
ken Language Services, Inc./ American Council
of Learned Societies, 1956.

Hiranvanichakorn, Pipat and Boonsuwam,
Monlada. Recognition of Thai Characters. In
Proceedings of the Symposium on Natural
Language Proc g in Thailand, Chu-
lalongkorn University, 1993.

Kimpan, Chom and Walairacht, Somsak. Thai
Characters Recognition. In Proceedings of the
Symposium on Natural Language Processing in
Thailand, Chulalongkorn University, 1993.

Sornlertlamvanich, Virach, and Phantachat,
Wantanee. Information-based Language Analy-
sis for Thai. In Pan-Asiatic Linguistics: Pro-
ceedings of the Third International Symposium
on Language and Linguistics. Chulalongkorn
University Printing House 1992.

Wuwongse, Vilas and Pornprasertsakul, Am-
pai. Thai Syntax Parsing. In Proceedings of the
Symposium on Natural Language Processing in
Thailand, Chulalongkorn University, 1993.




1175

Appendix 1: Collected Characteristics
This appendix summarizes the secondary characteristics discussed in this paper.

First Group: Y¥%U

= % never has a waist; opening the letter is a common alteration.

— % and 1, in contrast, frequently nip in just before the tail.

— An elongated neck and/or enlarged head is used to distinguish between ¥ and 1.

— A missing or slightly downward-curling line head generally indicates %, while a flat, squiggly,
or slightly upward-curling line head shows 1.

— If the waist pinches from the left side, the letter is £, otherwise it’s one of the others, eg.: U U

Second Group: vty

— Heads are almost invariably omitted: U.

— A small foot or attached bar is used to replace a knot: 1J U.

— 1If it looks like the Roman letter U in a serif font, it’s the Thai letter W.

~— If it looks like the Roman letter U in a sans serif font, it’s the Thai letter 1J.

— A flat bar is sometimes all that distinguishes Ul from 1¥: U U

— In most fonts, almost any stylized head indicates ¥ ratherthan ¥: U 1J .

— In the craft style, conflict arises between ¥ and LI because a) heads are minimal, and 5) they
are given curved bottoms to accentuate other letters’ flat bar tops. The distinction must be
memorized: 14U YU.

Third Group: NNAQALHA

— The mouth is frequently done away with, so that N1 becomes N.

— When {] and {] are simplified, almost any squiggle indicatesaf): 0 00

— Even though N and N are simplified into N and N, 0 will retain its mouth if necessary so that
it can be distinguished from @: 0 Q ’

— Absent a clear indication of a head and mouth, if the upper-left corner is sharp, the letter is
probably 0; if the upper-left corner is rounded, it is more likelytobe @: D @ 1N A

— Craft-style letters don’t have mouths; consequently 1 is A, not N or 0, and 9 is A, rather than
NorAN.
Fourth Group: Q8188
— Heads are frequently omitted, and a small foot or attached bar replaces the knot: N Q.
— The base of )] is frequently attached to the letter: J TU
— The interior head and downstroke of M are frequently either minimized or done away with: nJ
C1J. A notch or dip in the top bar may be all that distinguishes these letters from fJ and 11J.
Fifth Group: welww
— &l and H have a low central notch. They almost always retain some hint of a head: @ & ¢ ¢
— If there is no head of any sort, the letter is almost invariably Wor W: wu o

— If the first downstoke curves into the letter, it’s W or ﬂ; if it curves away from the letter, it is #
or l: ww wi. s

— If the notch and downstroke are ambiguous, look for some indication, however slight, of a
head: WWWW WWWW.

— Any nick or notch in the tail indicates W, eg. W N W « of U,
Sixth Group: AfIAA
— If you can’t tell whether a letteris A or A, it mustbe A, eg.. A A A.

— If the downstroke attaches at the baseline, the letter is A (rather than 0), even if there's no dis-
tinguishable head: 0 a1 4.
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— If the downstroke ‘closes,’ or reattaches along the upstroke, the letteris A: A F1 A.

— Almost any flattening or break in the top bar means the letter is R, rather than #: @a
aa 6.

— A small foot is sometimes added to distinguish A and A from A and A: AN AN
— In the craft style, the downstroke attaches mid-bar for all letters. A new secondary distinction
is introduced: the upstroke turns slightly outward for the A/A pair, and slightly inward for
A/A: 0 090,
Seventh Group: 9§%
— If heads have been done away with, a slightly closed downstroke, or a sharp corner at the bot-
tom, means that the letter is probably q, rather than 2: 99 90 37 99.

— A closed downstroke and generally longer tail distinguish 9 from headless forms of 3: v
V0 W Vo.

— The knot, or knot substitute, distinguishes @ from 9: 00 29 QAD.
— If a narrow letter has a base, it’s j no matter what it looks like: ﬁ, s 3 75
— In the craft style, the head of X curves out slightly, the head of B curves in slightly, and R has
aknot: 3 3 0. The letter 7 does not conflict because it stays open: 3.
Eighth Group: 3388

— The tail of & often attaches to the letter, and may be cut to a dot or whisker: 88 00 OO.

— If the head is large and closed, or nearly closed, the letter is probably 9, rather than 2: 33 0T
J3 13 50 DO.

— If the head and tail are symmetrical, the letter is 7, not3: 93 VO 1 JJ 0D.

— If it looks like a Roman letter J, it’s inconclusive — sometimes J, sometimes 2: 33 ).

— 1 usually has an extended tail, regardless of what happens to the head: V 0 ¥ \.
Ninth Group: a@

— If it looks like the Roman letter A, it’'sf: da ad@ a a S a k.

— Almost any loop or whisker makes the letter 4, not 8: ad 88 o8& ad Ad a4 ad =& ad.
Tenth Group: 3%

— If it looks like the Roman letter S, it’sreally 7. S $S § 55 S.

— 1 retains a longer downstroke, even when the letter is greatly modified: 17 s S5 7o s8

M 3 So.

Eleventh Group: NNH

— If it looks like the Roman letter N, it’s really the letter m: N N N 1N

— If it looks like the Roman letter K, it’s really the letter 1: K I h 1.

— The craft style uses historic letterforms that must be memorized: W % ®.
Twelveth Group: Vowels and Tone Marks

— If it looks like a Roman | or I, it’s really { or Ul.

— If it looks like a colon, :, it’s really .

— If it looks like a question mark, ?, it’s really 1 Ifit turns right or left, it’s Torl: 71T

— The vowels Y= are frequently simplified to ™ ~

— If it looks like a tilde, ~, i’s probably"A

— The tone mark " retains a hint of a curved head, even if ~ has been simplified: T



