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This paper examines the problem of building a machine
to reed uncontrolled type fonts set with essentially no

space between letters (within words), The consequence of

this type of data, which represents the usual format of
printed text, is that the data vectors produced by the opti-
cal scanner contain multiple letters and/or fragments of
letters that cannot be easily separated.

An algorithm based on a variant of running cros

0

correlation between prototype letters and successively “win-
dowed" fragments of the sentence igs employed. The algorithm
computes the Euclidean distance between prototypes and the
1‘ sentence fragment in a filtered Fourier domain,
It is shown that appropriate normaiization and windowing

techniques allow perfect recognition of touching letters

within words, This occurs even when no apriori knowledge of
letter location within the word is available, provided that
suitadble prototypes can dbe estadblished,

Multiple alphabet prototypes were then built and used

to examine widely differing type fonts, Techniques to set

acceptance thresholds were evaluated and the behavior of the
resulting recognition system tabulated, A number of false
triegers did occur in this case and these were discussed,
Recommendations for further improvements in the systen are

suggested,
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Introduction

Backeround

A reading machine (to read uncontrolled, linotype-set
fonts) based on correlation mathematics (Refs 3 and 4) has
never been successfully operated, apparently because of
the nature of the noicse in the data stream that such systems
are required to process, The noise arises from multiple
mechanisms, including shape variations, and has never becen
well defined because the processes producing it seem to have
no useful description, Empirical data for this ncise does
not seem to exist in the literature, Recognition algorithms
are unable to reliably operate a threshold detection machine,
even for isolated letters where the best prototype has been
employed. In the more realistic case of touching (or nearly
touching) letters, as set by linotype or equivalent machines,

an additional noise consequent to multiple complete and in-

complete signals in the observation window further reduces
the accuracy of all known algorithms,

In a previous thesis by Captain Paul Kabler (Ref 2),
150 alphabets with widely varying fonts were digitized, and
these serve as the basis data set for this thesis, The
Fourier transforms of these vectors were obtained in the
unpublished work of Captain Troy Sponaugle (Kef 5), and
were used to test various isolated letters in a correlation-
type recognition system against the kinds of noise mentioned

above,

B e L - et - o -
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Captain Sponaugle then constructed various data sen-

tences from the two-space letter data, These sentences
were each made from a distinct alphabet with fixed spacing

<
=

between the letters. Further improvements of the computer
algorithms enabled reading the sentence by passing a window
across the son%once by single element increments, This
program and the data files are the basic research tools for

this thesis,

Cbjectives

The major objective of this thesis is to solve the
secmentation problem of touching English letters. A method
of shaving the windows to de-emphasize the energy in the right
and left edges of the letters is used, This method eliminates
some of the noise introduced by the neighboring letters, and
in fact, produces more reliable recognition,

The computer performance is evalﬁated by comparing
the computer output with the actual content of the window;
this enables acceptance thresholds to be set for each letter,
Therefore, a simple decision rule can be implemented in this

recognition system,
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Approac h

This section begins by summarizing the logic executed
by the actual pattern recognition algorithm, It then con-
tinues by discussing the various window shaping functions
that can be apblied by the programs, The types of window
shaping functions used include:

Unshaped (or Full)
Trapezoid
Gaussian

This section concludes with a summary of the data
files and computer programs (Ref 5) used in this thesis,
The two data files are:

LETTERS
SENDATA

The three computer programs used are:
MAKFLTR
PROTOBLD
CMPRSEN
Figure 1 gives a flowchart of the way that the programs
and data files interact. In the figure, the circles represent
the data files and the rectangular boxes represent the com-

puter programs, The triangular boxes are files built by

the indicated programs for use in later programs,

Pattern Recoenition Algorithm

A brief description of the pattern recognition algorithm
used in this thesis follows, This algorithm is used in the
MAKFLTR and CMFRSEN program, which is discussed later in %
this thesis, :

A window is brought in as a digitized 32 x 32 element
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LETTERS

MAK *"LTR.

Prototypes

L CIPRSEN

Fourier oQuUTruT
Transformed ' PROTOBLD DISTANCE
Letters MATRTX

fig 1, Interaction of Data Files and Computer Programs

array, consisting of zeros and ones., This array is then
input to a discrete Fourier transform routine, FOURT (Ref 1),
which obtains the two-dimensional Fourier transform of the
input array. The discrete two-dimensional Fourier transform

is calculated as Tollows:

Olr,8)=55 Tk D) exp[-i2r(5e +L2)]

where j ={-1 , I(k,1l) = input array, and O(r,s) = output
array,
The array that is output from the FOURT routine is '

then further processed., First it is filtered in order to
eliminate the spatial harmonics greater than the fourth
(Ref 6)., This allows reduction of the signal space to

81 - epace,
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The array is then energy normalized to insure that the
energy of each vector is unity. Energy normalization is

computed as follows:

NCrs)= Olr,)/[ 55 G lrs)]”

where 0(r,s) is output array from FOURT routine and N(r,s)
is the normalized array.

The normalized array is then reordered into a one-
dimensional array. This new array contains the LUC term
followed by the real part of the first harmonic, the imag-
inary part of the first harmonic, the real part of the
second harmonic, etc, This is the same format used for all
data vectors,

The next step in the algorithm is to calculate the
Euclidean distance between the input and a prototype. This

is simply done using the following equation:

Distance =| 3 [W (i) = PT0)]

where W(i) = one-dimensional window array and P(i) = one-

12

dimensional prototype array. Thus when the input array is
exactly the same as the prototype array the distance is equal

to zero - or a perfect match,

“Window Shapes

-

The three window functions used in this thesis are
the unshaped (or full), trapezoidal and Gaussian shapes.
These various functions are applied to windows in both the

NAKFLTRN and CUXRSEN programs (see the Frogram section below),




Each of these window functionas are calculated to
:; obtain 32 normalized values, with the highest value being
unity, The values are put into an array such that the
unity values are centered within it, Then each of the 32
columga within the window are multiplied by the corresponding
array value, This process causes a de-cemphasis of the window
edges, thus reducing the noise introduced by the neighboring
letters, This process also reduces the signal dbut not

enough to significantly change the recognition distances,

)

In the case of the unshaped (or full) window function
the above described array contains all ones. This allows

the window to be read in directly, with no change made, It

is used only teo see the effect the neighboring letters have
on recognition distances,

In this thesis the trapezoid plateau length was varied
in order to study window shape affects, The various values
used for the plateau length were 1, 5, 10, 15, 20, 25, and
A0 columng, bExamples of these window functions are given in
Figure 2,

The Gaussian window function was obtained using the

followine equation:

2 |

eXP["(X-IG)/Z s?] % 12, )G f
2

exp [-(x-17)/25%] X217,18,-32

Wi(x) =

where W(x) is the Gaussian window array, x is the column

‘ roaition alone the window, and s is the standard deviation,
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fig 2, Various Trapezoidal \lindow Shapes

The range of standard deviations used were values of 2, 5,
and 10 columns, Examples of these window functions are
given in Figure 3,

The above described process is executed in the sub-
routine TRFNMLT, This routine is listed in the NAXFLTR and
CMPRSEN programs (see Appendix C, pg. 69; Appendix E, pg. 101
respectively). It should be noted that these listings
contain only the Gaussian logic, but any type window can be

implemented by simply substituting the new function logic,

Data

LETTERS. This data file contains the digitized letters
of 150 various font alphabets, Each of these stored letters

are isolated and centered in a 32 x 32 element window,
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Pig 3 Various Gaussian Vindow Shapes

This data file is used by the MAKFLTR program discussed
below, Some examples of the data in this file are shown in
Appendix A,

SENDATA, This file contaihs various numbered sentences,
Each sentence is 133 columns long and 32 rows high, These
sentences congist of letters in a line, in the manner of an
ordinary sentence but with no spacing between letters, Xach
letter within a sentence comes from a single alphabet so there
is no mixing of fonts within the sentence,

This data file is used by the CMFRSEN program discussed
below, A complete list of the sentences used, and their

characteristics are shown in Appendix B,




Prorsrams

MAKFLTR, This program produces the Fourier transformed
letters necessary to build the prototypes. It applies a
shaped window to each isolated letter in the data file LETTLRS,
This shaped letter is then Fourier transformed and stored
in the format Qsed by the PROTCBLD program discussed below,

A complete listing of this program is included in Appendix C.
PROTOBLD, This program uses the file built by the
MAKFLTR program, It uses the shaped Fourier letters to build
average orototypes., The averaging process used is the summing
of the Tourier components for each letter and dividing by

the number of alphabets used, The formula used is as

P(K) = 1 % Li(K)

Where ui(K) is the g component of the Fourier representation

L alphabet-version of a letter, P(X) is the Kth com-

of the i
ponent of the Fourier representation of the prototype.

This program also permits the user to specify which
alphabets are to be used in the averaging process. A complete
listing of this program is included in Appendix D,

CMPRSEN, This program contains the recognition algo-
rithm, Tt requires, as input, both the prototypes and a
data sentence. The sentence is read by passing a 32 x 32 element
window along the sentence, The input at each window position
is run through the algorithms discussed in the previous

sections,

These Fuclidean distances are output from the CNPRSEN




program in two formats, The first format is a list of the
distance each prototype is from each window along the sen-
tence, This allows easy observation of each distance be-
tween prototypes and the contents of the window, The

second format is a listing of the best five choices (i.e.

lowest distances) for each window position along the sentence,

There is an additional capability of using either
complex or amplitude [Fourier spectra. However the same
Euclidean distance logic is used for either spectra, A

complete listing of the program is included in Appendix E,




Results

Single Alphabet Prototynes

Two measurements are used to evaluate the performance
of the recognition system, The first is the Euclidean
distance to the correct choice, The second measurement is
the figure of merit (¥017), which is defined as the ratio
of the distances from the second choice to the first choice.
Therefore, the ['OM has a range of values greater than unity
as long as the first choice is also the correct choice.

The first prototypes were built from a single, unshaped
alphabet, identified as alphabet #10, This is the same
alphabet used to congstruct sentences numbered one to four
(see Appendix B, pg. 26). Thus we have perfect prototypes
for each letter in alphabet #10; in the sense that the sen-
tences are constructed from the same letters as the proto-
types.

Using the above prototynes, sentence number one
("ABCDEFG") was read in with the unshaped (or full) function
being used, - This allowed a standard for further comparisons,
The only noise in the data, in this case, is provided by the
ad jacent letters in the écan windows, This sentence was
also read in using the various trapezoidal-shaped function
described in the previous section., The lowest recognition
distances and highest FOM to the correct choices occurred

when the trapezoid plateau length was equal to five columns,

New prototypes were then constructed with a trapezoidal

11
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shape of plateau length equal to five columns and various
-

ar trapezoidal shaped functions were applied to read sentence

T ————.
- - B

number one using these new prototypes. This time the best

recognition distances occurred for trapezoidal function
shape with plateau length of one column. These empirical
results suggested a function shape with a sharper peak.

A Gaussian function was chosen next. The various

Q

aussian prototypes were each run through the different
Gaussian window shapes, From these runs the best recognition i
occurred when the prototypes and window function had a stand-

ard deviation of two columns. The above results are summarized

in Table I. Note especially the very low, virtually zero,

distances to the correct prototype.

The data in Appendix F are the actual computer output

4
\

of the five lowest distances for each window position along
sentence number one. The three outputs are for both proto-
type and window standard deviations equal to 2, 5, and 10
columns, These data show how the recognition distances
depend upon the standard deviations,

These prototypes are then run along the sentences
numbered one to four with a Gaussian function chaped
window of standard deviation of two columns, Tables II
and IIT summarize the output from the complex and ampli-

tude spectra, respectively. The tables give a listing

W

T g

of the lowest distance achieved by each prototype filter
on each of the four sentences, It shows how the correct

{* prototype distances fall to nearly zero., It should

TR TR TN
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be noted that the way the sentence is read in causes the

4 first letter of each sentence never to he centered in the
window, This is the reason that the letters A,H and P do

not drop to zero., This was not corrected in this project

(by addineg leading columns of zeros to the sentences) be-
cause of time considerations., The letter L, in sentence

; nunber two is incomplete because when the sentence was built

1y

the lower bar was omitted (see Appendix B, pg. 28), These

2
’

O T o e

data errors can be easily corrected once the sentence

building program is restored to the computer files,

Multiple Alphabet Prototvves

The next step was to introduce multiple alphabet
prototypes. The alphabets used were Kabler's numbers
10, 11, 12, 13, 14 and 15 (Ref 2)., These are some of the
alphabets (number 15 was excluded) that were used to construct

the sentence data (see Appendix B), Note that with multiple

alphabets an additional source of noise, really a "shape"
noise, is added to the problem, As a consequence one would

expect the performance of the system to be degraded.

In the single alphabet prototype case, it was found
that the Gaussian shaped window cave perfect results,
Therefore, the various Gaussian shaped prototypes were
built from the six alphabets, EZach of these prototypes were
run along sentence number one with the various Gaussian
functions applied, In this case, the best recognition

(i.e. lowest distances, highest FOM) occurred when the

EEVRISSVIN Y
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prototypes had a standard deviation of ten columns and the
window had a standard deviation of five columns,

These best prototypes were then —un along all 22
of the data sentences, Both the complex and amplitude
spectra output was obtained, However, as expected, the
distances in this case did not drop to zero.

Some examples of the raw data output from the above
discuscsion is contained in Appendix G, These data are the
lowest five distances for each window pecsition alonz sentences
numbered one to four. This Appendix contains the output
for both the complex and amplitude spectra,

Acceptance thresholds were then set for each letter,
This would allow a simple aecision scheme to make the detection
choice, Therefore, fer each window, wherzs the letter was
relatively centered within the window, the distances were
recorded for each of the 26 letters, This was repeated for
each letter in every sentence until five distances (one for
each alphabet), were obtained for each letter, and for each
spectra., The highest number for each letter was then set as
the acceptance threshold, Therefore, all letters were detailed
by the threshold mechanism,

Using the Euclidean distances output for each prototype
along the sentences, every number below that letter threshold
was marked, When both spectra agreed (i.e. trigsered at
the same sentence position) the program declared that letter

was in the window, But when this was done there were a large

number of false trigscers,

oo




Tt was then obecerved that the letters from azlphabet
#11 were determining thresholds in most of the cases. These
sentences were made of atypically thin letters, Thresholds
were reset omitting this alphabet and there was a substantial
decrease in the number of false triggers,

A summary of these false trigegers is given in Table IV,
Five letters (I, J, 0, Q, W) were consistently falsely

triggered, Other false triggers did occur for the different

alphabets, and these are entered in the table,
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Conclusions and Recommendations

-

4
The single alphabet prototype results showed that a
perhaps interesting fragment of the segmentation problem
can be solved, Since the distances fall to nearly zero

only on the correct letters, a simple threshold detector can

be implemented., The detector can be used on either the complex

e e

: or amplitude spectra,

The multiple alphabet prototype results turned out

fairly well, The problem of false triggers that occurred
could be attacked in a number of ways. First, and most ob-
vious, is based on the fact that the prototypes were an
average of the letters in six alphabets, These alphabets
included an atypically thin font (alphabet #11) and a thick
font (alphabet #14), This wide variation in font might very

well account for many of the false triggers obtained, A

method of ameliorating this problem is suggested below,
It would be possible to add special logic for the
troublesome letters (i.e, T, J, 0, Q, W), An example of

this occurs when the B and I filters trigger at approximately

S

-~

the same location, Since the I filter would normally trigger
in multiple neighbvoring windows, the special logic would .
trigger the B filter only.
Another example of special logic could be used in the
following case, The recognition system triggers B, I, and
E filters, within a small number of window locations. The

additional logic would use the average column lengths of

i
[
)




i,
\

B, T and E, taking into account the fact that an I could never
rit between these letters, and override the 1 trigeering.
There are other types of special logic that might be
implemented, Perhaps logic based on English conatraints could
be included such as the rule that U always follows a Q. It
is also posaible to adaptively vary the window size and
re-evaluate the decision computation when an ambhiguity arises,
However, to keep the generality of this process it is to Le
hoped the amount of special logle can be kept to a minimum,
The obvious next gtep in this project would be to go
through the 150 slphabets and divide the fonts into separatc
categories according to the thickness of line strokes, Then
prototypes for each letter ecnuld be bvuilt in these categories
and tested against varlous gsentences within the category.
New thresholds could then be set as discussed previously and
the results studied,
It is also neceasary to develop a font detector for
the overall recognition scheme, This device would enable
the machine to decide the most sultable prototype to use for
any input sentence, 1t is hoped the number of prototypes
required would be considerably less than the total number
of fonts read by the machine, For instance, by obaervation
of the first Fourier transformed window of the sentence, the
DC term could be used to decide the moct appropriate line
thickness prototype to use,

Another recommendation would be to inveatigate the

behavior of this recognition syutem with arbi4rary sequences

\
1
1
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of letters within the
cerned with the noise
However, 1the sentence
sequence of letters,

between letters B and

sentence, since this thesis is con-
introduced by neighboring letters,
data used in this thesis is of a set
For example, the letter C is always

D, Therefore the many combinations

at different letter triplets should be investigated,
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