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Abstract

The ability to identify machine printed characters in an automated or a semi-automated manner has
obvious applications in numerous fields. Since creating an algorithm with a one hundred percent cor-
rect recognition rate is quite probably impossible in our world of noise and different font styles, it is
important to design character recognition algorithms with these failures in mind so that when mis-
takes are inevitably made, they will at least be understandable and predictable to the person working
with the program. This paper explores one such algorithm and tests it on two different fonts using a
third font as a reference. The results are discussed and several improvements are suggested. 
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Optical character recognition (OCR) has been a topic of interest since possibly the late 1940's when

Jacob Rabinow started his work in the field1. The earliest OCR machines were primitive mechanical
devices with fairly high failure rates. As the amount of new written material increased, so did the need
to process it all in a fast and reliable manner, and these machines were clearly not up to the task. They
quickly gave way to computer-based OCR devices that could outperform them both in terms of speed
and reliability. 

Today there are many OCR devices in use based on a plethora of different algorithms. All of the pop-
ular algorithms sport high accuracy and most high speed, but still many suffer from a fairly simple
flaw: when they do make mistakes (and they all do), the mistakes are often very unnatural to the
human point of view. That is, mistaking a "5" for an "S" is not too surprising because most people are
willing to agree that these two characters are similar, but mistaking a "5" for an "M" is counter-intui-
tive and unexpected. Algorithms make such mistakes because they generally operate on a different set
of features than humans for computational reasons. Humans observe strokes and the relations

between them, while algorithms measure anything from Transformation Ring Projections2 of a char-

acter to the Fourier Transform of the Horizontal-Vertical Projections3 of a character. These methods
do work and are often computationally efficient, but they make the computer see letters through a
decidedly non-human set of eyes. 

The importance of making the same sorts of mistakes as a human may not be immediately obvious,
but it is important to realize that the main purpose of OCR is to facilitate communication between
humans. Mistakes typical of humans can be more readily corrected by humans (i.e. "5ave" is easier to
connect with "Save" than "Mave"). 

This paper describes an algorithm that attempts to work with a subset of the features in a character
that a human would typically see for the identification of machine-printed English characters. Its rec-
ognition rate is currently not as high as the recognition rates of the older, more developed character
recognition algorithms, but it is expected that if it were expanded to work with a larger set of features
this problem would be removed. If it were expanded to use more features, it would be made corre-
spondingly slower; with the advent of faster microprocessors this fact is not viewed as a crippling
problem. 

The characters in most Western character sets can comfortably be described using only an eight by
eight grid. Since the focus of this algorithm is currently just machine printed English characters the
algorithm was designed to handle eight by eight data. It should not be impossible to use this algorithm
on characters with higher resolution, but some method of data reduction would have to be applied to
the raw data first. A block reduction method should produce acceptable results for most machine

printed data, but there is no reason that a good thinning algorithm4 could not do just as well provided
that the input needs of this algorithm are properly understood. 

The algorithm presently avoids thinning (and other preprocessing) by assuming that the input eight by
eight data is not particularly aberrant -- lines in an eight by eight grid should not normally be thicker
than two pixels. With this assumption, it then proceeds to look for feature points. 

A feature point is a point of human interest in an image, a place where something happens. It could be
an intersection between two lines, or it could be a corner, or it could be just a dot surrounded by
space. Such points serve to help define the relationship between different strokes. Two strokes could



fully cross each other, come together in a "Y" or a "T" intersection, form a corner, or avoid each other
altogether. People tend to be sensitive to these relationships; the fact that the lines in a "Z" connect in
a certain way is more important than the individual lengths of those lines. These relationships are
what should be used for character identification, and the feature points can be exploited for the task. 

The procedure for extracting these feature points utilized by this algorithm is fairly straightforward.
Since an eight by eight character consists of only sixty-four pixels, it is viable to simply loop through
the entire character and examine each pixel in turn. If a pixel is on, its eight neighbors are checked.
Since each neighbor can also only be on or off, there are merely 256 possible combinations of neigh-
borhoods. Of these 256, fifty-eight were found to represent significant feature points in a fairly unam-
biguous way. Extracting feature points thus reduced to calculating a number between zero and 256 to
describe a pixel's neighborhood and then comparing that number against a table of known feature
points (see Table 1, "Enumeration of Possible Pixel Neighborhoods,"). While it is true that this
method does not always catch every feature point (some can only be seen in a larger context) it
catches the majority. Missing feature points is certainly not a limiting factor in the algorithm's accu-
racy. It also does not suffer from labelling too many uninteresting points as being feature points. It has
virtually no false positives. The feature point extractor is thus fast and reliable. 

Table 1: Enumeration of Possible Pixel Neighborhoods
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Characters cannot be identified by the extraction of feature points alone. Without a database of char-
acters and their associated feature points, the ultimate feature point extractor would be useless. Only
with such a database can the feature point extraction results from an unknown character be compared
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Table 1: Enumeration of Possible Pixel Neighborhoods



against what is expected for real-world characters and a judgement of the unknown's identity made.
Thus a "gold-standard" dictionary of characters and their associated features must be defined. Ideally
this dictionary should contain details for the average appearance of every character manifestation
(many English characters have multiple different accepted manifestations -- note "Z" versus "Z"). If
poor representatives appearances for characters are chosen valid characters at the extremes will not be
identified as readily. If some manifestations of characters are missed, the program will certainly not
be able to identify characters belonging to these groups at all. 

With both a method for extracting feature points and a dictionary of characters and associated feature
point data for reference, identifying characters becomes a problem of measuring the degree of simi-
larity between two sets of features. The method employed by this algorithm is just a slight modifica-
tion of Euclidean distance. All the distances between each of the feature points in the unknown
character and their closest corresponding feature points in the reference character are summed and
missing or extra feature points are penalized. Identification is then a matter of finding the character in
the dictionary that is within a certain threshold distance of the unknown character. In practice, the
algorithm currently checks every character in the reference set to first locate the minimum distance,
and then verifies that the minimum distance is less than the threshold. Additionally, the algorithm
tries to make some simple compensation for noise by noting that pixels surrounded by completely
empty space (dots) and pixels surrounded by completely full space (blots) are quite uncommon in
normal characters and are probably the result of some type of noise in the input. 

Figure 1: Character Display

The algorithm was run using three different sets of input data. The first was obtained from the ROM

of an old CBM C128 computer5 (see Figure 2, "The CBM Character Set & Extracted Feature
Points,"). This set was used to build the dictionary in spite of the fact that it really does not adequately
provide all the information required for a good gold standard. It has just one manifestation for each
character, and the appearance portrayed for each is often somewhat different than what would be
expected for an average representative of the type. The other two character sets (see Figure 3, "The
'Ult' Character Set & Extracted Feature Points," and Figure 4, "The 'Alt' Character Set & Extracted
Feature Points,") were pulled from old C128 software and were used for comparison against the
ROM set. They served as a sample set of unknowns. Additionally the CBM set was run against itself.
Each character set contained eighty-four different characters consisting of the uppercase letters, the
lowercase letters, the numbers, a few mathematical symbols, and several punctuation marks. The out-
put for each set run against the reference consisted of ASCII output showing the shape of the charac-

(D)isplay char, (R)un new set, or (Q)uit: d

Character number: 68
Character name: K

     XX *X
     ** **
     ****
     **X
     ****
     ** **
     XX *X 



ter (with the feature points marked), the name of the closest match, the distance from that closest
match, and the name of the character if identification was possible. Characters could also be dis-
played from the dictionary from a menu prompt to make visual comparison of the assorted characters
in the test sets and the dictionary characters possible (see Figure 1, "Character Display,").

Running the dictionary set against itself produced no useful information (as may have been expected).
In every case the unknown character matched itself without difficulty. Running against the other sets
proved to be more interesting. The results are detailed in Table 2, "Character Recognition Results,"
and in the Appendix but in general they did make numerous mistakes. More than half the mistakes
were understandable considering the difference in font styles (the "7" in the 'Ult' font really does look
a lot like the "?" in the CBM font and the "J" in the 'Ult' font is not too far off from a "U") or general
character appearance (distinguishing between a "l" and an "I" or a "0" and a "O" sometimes has to be
done by context even for humans) or due to different manifestations of the same character (the "a",
"z", "Z", and "4" in the 'Ult' font were less common varieties). The remainder were understandable
when the nature of the features was considered. These mistakes provide the information needed to
improve the algorithm.

Table 2: Character Recognition Results

Several improvements are possible. In the current algorithm, the different types of feature points ("T"
intersections, "Y" intersections, corners, crosses, ends, etc.) are all treated as generic feature points.
This approach was taken because not every type of feature point can be unambiguously defined for a
given eight pixel neighborhood about a central pixel. Considerable logic would be needed to resolve
the bulk of these ambiguities based upon the other surrounding feature points. Nonetheless, resolution
for most of them is possible and would provide a great deal more information about each character. If
this were done, a "c" would no longer be mistaken for an "o" for example. 

Table 2: 

Results for the 'Alt' Character Set
Total Correct 72 86%
Total Correct (without counting identical characters) 21 25%
Total Unknowns 5 6%
Total Wrong Guesses 7 8%

Results for the 'Ult' Character Set
Total Correct 49 58%
Total Correct (without counting identical characters) 28 33%
Total Unknowns 12 14%
Total Wrong Guesses 23 27%

Total Combined Results
Total Correct 121 72%
Total Correct (without counting identical characters) 49 29%
Total Unknowns 17 10%
Total Wrong Guesses 30 18%



Figure 2: The CBM Character Set & Extracted Feature Points



It would also be possible to examine the space between individual feature points to determine
whether or not they were connected by contiguous straight lines. This would also greatly enhance the
accuracy of the algorithm and would prevent a "W" from being recognized as an "E". This particular
modification would both slow the algorithm down considerably and consume quite a bit more mem-
ory, but it could still be justifiable if the accuracy increase were significant.

A line and/or curve extractor could be used in conjunction with (or independently of) the above men-
tioned modification, and would provide yet more usable features that could be exploited for identifi-
cation.

Further, many refinements of the current thresholds and modifiers could be made to the algorithm to
improve performance. It could easily be better tuned to the data used here, but better results through
such tweaking really was not the intent of this work.

The exploration of modifications that would make the algorithm more invariant to translation would
certainly be useful. If the use of lines connecting feature points as described above provided enough
information in and of itself to accurately identify characters, this would be preferable to the current
method of using feature point location as it would be translation invariant while the current method is
clearly not. Even if dependence on location cannot be fully removed, it could be reduced through a
separate preprocessing step. Each character could be centered in the eight by eight grid with special
attention being paid so position information is not lost on characters where such information is vital
(the comma and apostrophe, for example).

Numerous other little miscellaneous improvements could be made to various features of the algo-
rithm. The noise detection / handling procedure is currently little more than a stub and could be
readily improved. The character dictionary could be sorted in order of frequency and the thresholds
trusted more completely to improve overall speed (the current algorithm is fairly quick anyway; on a
Sun SPARCstation SLC the initial building of the dictionary took less than a second and the running
of other character sets was held up by screen output). Changes like these are mostly cosmetic how-
ever and have little bearing on the true algorithm.

Suggested future work includes both the testing of these algorithm changes and further testing of the
algorithm with more character data. Of particular interest would be character data that is deliberately
noisy and character data that has been reduced to eight by eight resolution from some greater resolu-
tion. Both of these cases reflect real-world problems. 

Overall the results of this experiment were mixed. On the one hand, the initial results certainly are not
of commercial quality. When only a couple of pixels differed between the unknown character and the
reference, the results were fairly good, but larger differences often made the algorithm unable to cor-
rectly identify the unknown character. On the other hand, the low success rate is not indicative of the
general algorithm, just the current implementation. There are many possible changes that could vastly
improve the algorithm's recognition abilities. With a few of these changes implemented, the mistakes
the algorithm would make would indeed be very similar to the types of mistakes humans would
make. Thus general algorithm holds promise as a character recognizer that identifies characters in a
manner similar to the way that humans identify characters.



Figure 3: The 'Ult' Character Set & Extracted Feature Points



Figure 4: The 'Alt' Character Set & Extracted Feature Points
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Appendix
Full results for 'Alt'.chr
Cognition phase...
Done learning characters.

(D)isplay char, (R)un new set, or (Q)uit: r

Filename of set to be run: alt.char

Minimum distance: 0; Closest character: @
The character is a: @
Character name: @

   ****   
  *X  **  
  ** ***  
  ** X*X  
  **      
  *X  *X  
   ****   

Minimum distance: 4; Closest character: a
The character is a: a
Character name: a

   X***   
      **  
   ***X*  
  X*  *X  
   *** *X 

Minimum distance: 14; Closest character: K
Unknown character.
Character name: ??

   XX     
   **     
   **     
   *X***  
   **  X* 
   X*  X* 
  X* ***  

Minimum distance: 4; Closest character: o
The character is a: o
Character name: o

   ****   
  *X  *X  
  **      
  *X  *X  
   ****   

Minimum distance: 9; Closest character: d
The character is a: d
Character name: d

      XX  
      **  
      **  
   ***X*  
  *X  **  
  *X  *X  
   *** *X 

Minimum distance: 0; Closest character: e
The character is a: e
Character name: e

   ****   
  **  **  
  *X***X  
  **      
   ***X   

Minimum distance: 13; Closest character: f
Unknown character.
Character name: ??

    ***   
   *X *X  
   **     
  XXX**X  
   **     
   **     
   XX     

Minimum distance: 2; Closest character: g
The character is a: g
Character name: g

   ****X  
  *X  **  
  *X  **  
   ***X*  
      **  
   X***   



Minimum distance: 4; Closest character: h
The character is a: h
Character name: h

  XX      
  **      
  **      
  *X***   
  **  X*  
  **  **  
  XX  XX  

Minimum distance: 0; Closest character: i
The character is a: i
Character name: i

    XX    
          
   X*X    
    **    
    **    
   X**X   

Minimum distance: 4; Closest character: j
The character is a: j
Character name: j

      XX  
          
      XX  
      **  
      **  
  X*  X*  
   ****   

Minimum distance: 8; Closest character: k
The character is a: k
Character name: k

  XX      
  **      
  **  *X  
  ** **   
  *X**    
  ** **   
  XX  *X  

Minimum distance: 2; Closest character: I
The character is a: I
Character name: I

   X*X    
    **    
    **    
    **    
    **    
    **    
   X**X   

Minimum distance: 0; Closest character: m
The character is a: m
Character name: m

  X*  **  
  ******* 
  **XXX** 
  ** X ** 
  XX   XX 

Minimum distance: 10; Closest character: k
The character is a: k
Character name: k

  X* ***  
   X*  X* 
   **  ** 
   **  ** 
   XX  XX 

Minimum distance: 0; Closest character: o
The character is a: o
Character name: o

   ****   
  *X  X*  
  **  **  
  *X  X*  
   ****   



Minimum distance: 13; Closest character: p
Unknown character.
Character name: ??

  X* ***  
   X*  X* 
   **  X* 
   *X***  
   **     
   XX     

Minimum distance: 4; Closest character: q
The character is a: q
Character name: q

          
          
   ****X  
  *X  **  
  *X  **  
   ***X*  
      *X  
       *X 
          

Minimum distance: 9; Closest character: r
The character is a: r
Character name: r

          
          
          
  X* ***  
   X*  *X 
   **     
   **     
   XX     
          
          

Minimum distance: 2; Closest character: s
The character is a: s
Character name: s

          
          
          
   ***X   
  X*      
   ****   
      *X  
  X****   
          
          

Minimum distance: 18; Closest character: t
Unknown character.
Character name: ??

          
    XX    
    **    
  X*XX*X  
    **    
    **    
    *X    
     **X  
          

Minimum distance: 5; Closest character: u
The character is a: u
Character name: u

          
          
  XX  XX  
  **  **  
  **  **  
  *X  *X  
   *** *X 
          
          

Minimum distance: 0; Closest character: v
The character is a: v
Character name: v

          
          
          
  XX  XX  
  **  **  
  *X  X*  
   *XX*   
    **    
          
          

Minimum distance: 0; Closest character: w
The character is a: w
Character name: w

          
          
          
  XX   XX 
  ** X ** 
  **XXX** 
   **X**  
   X* *X  
          
          



Minimum distance: 0; Closest character: x
The character is a: x
Character name: x

          
          
          
  X*  *X  
   *XX*   
    XX    
   *XX*   
  X*  *X  
          
          

Minimum distance: 0; Closest character: y
The character is a: y
Character name: y

          
          
          
  XX  XX  
  **  **  
  *X  **  
   *****  
     **   
  X***    
          

Minimum distance: 0; Closest character: z
The character is a: z
Character name: z

          
          
          
  X****X  
     **   
    **    
   **     
  X****X  
          
          

Minimum distance: 4; Closest character: !
The character is a: !
Character name: !

          
    XX    
    **    
    **    
    **    
    XX    
          
    XX    
          
          

Minimum distance: 0; Closest character: "
The character is a: "
Character name: "

          
  XX  XX  
  **  **  
  XX  XX  
          
          
          
          
          
          

Minimum distance: 0; Closest character: #
The character is a: #
Character name: #

          
  XX  XX  
  **  **  
 XXX**XXX 
  XX  XX  
 XXX**XXX 
  **  **  
  XX  XX  
          
          

Minimum distance: 21; Closest character: +
Unknown character.
Character name: ??

          
     X    
   **X*X  
  X* *    
   **X**  
     * *X 
   X*X**  
     X    
          
          

Minimum distance: 0; Closest character: %
The character is a: %
Character name: %

          
  XX   X  
  XX  **  
     **   
    **    
   **     
  **  XX  
  X   XX  
          
          



Minimum distance: 10; Closest character: &
The character is a: &
Character name: &

          
   ****   
  *X  X*  
  *X  X*  
   ****   
  *X  X*X 
  *X  *X  
   *****X 
          
          

Minimum distance: 12; Closest character: l
The character is a: l
Character name: l

          
    XX    
    **    
    XX    
          
          
          
          
          
          

Minimum distance: 0; Closest character: (
The character is a: (
Character name: (

          
     *X   
    **    
   *X     
   **     
   *X     
    **    
     *X   
          
          

Minimum distance: 0; Closest character: )
The character is a: )
Character name: )

          
   X*     
    **    
     X*   
     **   
     X*   
    **    
   X*     
          
          

Minimum distance: 4; Closest character: *
The character is a: *
Character name: *

          
          
  X*  *X  
   ****   
 X*X**X*X 
   ****   
  X*  *X  
          
          
          

Minimum distance: 0; Closest character: +
The character is a: +
Character name: +

          
          
    XX    
    **    
  X*XX*X  
    **    
    XX    
          
          
          

Minimum distance: 0; Closest character: ,
The character is a: ,
Character name: ,

          
          
          
          
          
          
    XX    
    X*    
   X*     
          

Minimum distance: 0; Closest character: -
The character is a: -
Character name: -

          
          
          
          
  X****X  
          
          
          
          
          



Minimum distance: 0; Closest character: .
The character is a: .
Character name: .

          
          
          
          
          
          
    XX    
    XX    
          
          

Minimum distance: 0; Closest character: /
The character is a: /
Character name: /

          
          
       *X 
      **  
     **   
    **    
   **     
  X*      
          
          

Minimum distance: 4; Closest character: Q
The character is a: Q
Character name: Q

          
   ****   
  *X  X*  
  **  **  
  ** *X*  
  *X* **  
  **  X*  
   ****   
          
          

Minimum distance: 0; Closest character: 1
The character is a: 1
Character name: 1

          
    XX    
    **    
   XX*    
    **    
    **    
    **    
  X****X  
          
          

Minimum distance: 0; Closest character: 2
The character is a: 2
Character name: 2

          
   ****   
  X*  X*  
      X*  
     **   
   **     
  **      
  X****X  
          
          

Minimum distance: 0; Closest character: 3
The character is a: 3
Character name: 3

          
   ****   
  X*  X*  
      X*  
    X**   
      X*  
  X*  X*  
   ****   
          
          

Minimum distance: 0; Closest character: 4
The character is a: 4
Character name: 4

          
      *X  
     ***  
    ****  
  X*  X*  
  X***XXX 
      **  
      XX  
          
          

Minimum distance: 0; Closest character: 5
The character is a: 5
Character name: 5

          
  X****X  
  *X      
  X****   
      X*  
      **  
  X*  X*  
   ****   
          
          



Minimum distance: 0; Closest character: 6
The character is a: 6
Character name: 6

          
   ****   
  *X  *X  
  **      
  *X***   
  **  X*  
  *X  X*  
   ****   
          
          

Minimum distance: 0; Closest character: 7
The character is a: 7
Character name: 7

          
  X****X  
  X*  **  
     **   
    *X    
    **    
    **    
    XX    
          
          

Minimum distance: 0; Closest character: 8
The character is a: 8
Character name: 8

          
   ****   
  *X  X*  
  *X  X*  
   ****   
  *X  X*  
  *X  X*  
   ****   
          
          

Minimum distance: 0; Closest character: 9
The character is a: 9
Character name: 9

          
   ****   
  *X  X*  
  *X  **  
   ***X*  
      **  
  X*  X*  
   ****   
          
          

Minimum distance: 0; Closest character: :
The character is a: :
Character name: :

          
          
          
    XX    
          
          
    XX    
          
          
          

Minimum distance: 0; Closest character: ;
The character is a: ;
Character name: ;

          
          
          
    XX    
          
          
    XX    
    X*    
   X*     
          

Minimum distance: 0; Closest character: <
The character is a: <
Character name: <

          
     **X  
    **    
   **     
  X*      
   **     
    **    
     **X  
          
          

Minimum distance: 0; Closest character: =
The character is a: =
Character name: =

          
          
          
  X****X  
          
  X****X  
          
          
          
          



Minimum distance: 0; Closest character: >
The character is a: >
Character name: >

          
  X**     
    **    
     **   
      *X  
     **   
    **    
  X**     
          
          

Minimum distance: 0; Closest character: ?
The character is a: ?
Character name: ?

          
   ****   
  X*  X*  
      X*  
     **   
    X*    
          
    XX    
          
          

Minimum distance: 0; Closest character: A
The character is a: A
Character name: A

          
    **    
   *XX*   
  **  **  
  *X**X*  
  **  **  
  **  **  
  XX  XX  
          
          

Minimum distance: 10; Closest character: B
The character is a: B
Character name: B

          
  X*****  
   **  X* 
   **  X* 
   *X***  
   **  X* 
   **  X* 
  X*****  
          
          

Minimum distance: 0; Closest character: C
The character is a: C
Character name: C

          
   ****   
  *X  *X  
  **      
  **      
  **      
  *X  *X  
   ****   
          
          

Minimum distance: 4; Closest character: D
The character is a: D
Character name: D

          
  X****   
   ** **  
   **  X* 
   **  ** 
   **  X* 
   ** **  
  X****   
          
          

Minimum distance: 8; Closest character: E
The character is a: E
Character name: E

          
  X*****X 
   **     
   **     
   *X*X   
   **     
   **     
  X*****X 
          
          

Minimum distance: 8; Closest character: 7
The character is a: 7
Character name: 7

          
  X*****X 
   **     
   **     
   *X*X   
   **     
   **     
   XX     
          
          



Minimum distance: 4; Closest character: G
The character is a: G
Character name: G

          
   ****   
  *X  *X  
  **      
  ** X*X  
  **  **  
  *X  **  
   ****X  
          
          

Minimum distance: 0; Closest character: H
The character is a: H
Character name: H

          
  XX  XX  
  **  **  
  **  **  
  *X**X*  
  **  **  
  **  **  
  XX  XX  
          
          

Minimum distance: 0; Closest character: I
The character is a: I
Character name: I

          
   X**X   
    **    
    **    
    **    
    **    
    **    
   X**X   
          
          

Minimum distance: 0; Closest character: J
The character is a: J
Character name: J

          
    X**X  
     **   
     **   
     **   
     **   
  X* X*   
   ***    
          
          

Minimum distance: 2; Closest character: K
The character is a: K
Character name: K

          
  XX  *X  
  ** **   
  ****    
  **X     
  ****    
  ** **   
  XX  *X  
          
          

Minimum distance: 0; Closest character: L
The character is a: L
Character name: L

          
  XX      
  **      
  **      
  **      
  **      
  **      
  X****X  
          
          

Minimum distance: 0; Closest character: M
The character is a: M
Character name: M

          
  X*   *X 
  *** *** 
  ******* 
  ** X ** 
  **   ** 
  **   ** 
  XX   XX 
          
          

Minimum distance: 4; Closest character: N
The character is a: N
Character name: N

          
  X*  XX  
  *** **  
  ***X**  
  **X***  
  ** ***  
  **  **  
  XX  XX  
          
          



Minimum distance: 0; Closest character: O
The character is a: O
Character name: O

          
   ****   
  *X  X*  
  **  **  
  **  **  
  **  **  
  *X  X*  
   ****   
          
          

Minimum distance: 8; Closest character: P
The character is a: P
Character name: P

          
  X*****  
   **  X* 
   **  X* 
   *X***  
   **     
   **     
  X*X     
          
          

Minimum distance: 2; Closest character: Q
The character is a: Q
Character name: Q

          
   ****   
  *X  X*  
  **  **  
  **  **  
  **  X*  
  *X **   
   ** *X  
          
          

Minimum distance: 12; Closest character: R
The character is a: R
Character name: R

          
  X*****  
   **  X* 
   **  X* 
   ***X*  
   **X*   
   ** **  
  X*X  *X 
          
          

Minimum distance: 0; Closest character: S
The character is a: S
Character name: S

          
   ****   
  *X  *X  
  *X      
   ****   
      X*  
  X*  X*  
   ****   
          
          

Minimum distance: 0; Closest character: T
The character is a: T
Character name: T

          
  X****X  
    **    
    **    
    **    
    **    
    **    
    XX    
          
          

Minimum distance: 0; Closest character: U
The character is a: U
Character name: U

          
  XX  XX  
  **  **  
  **  **  
  **  **  
  **  **  
  *X  X*  
   ****   
          
          

Minimum distance: 0; Closest character: V
The character is a: V
Character name: V

          
  XX  XX  
  **  **  
  **  **  
  **  **  
  *X  X*  
   *XX*   
    **    
          
          



Minimum distance: 0; Closest character: W
The character is a: W
Character name: W

          
  XX   XX 
  **   ** 
  **   ** 
  ** X ** 
  ******* 
  *** *** 
  X*   *X 
          
          

Minimum distance: 0; Closest character: X
The character is a: X
Character name: X

          
  XX  XX  
  *X  X*  
   *XX*   
    XX    
   *XX*   
  *X  X*  
  XX  XX  
          
          

Minimum distance: 0; Closest character: Y
The character is a: Y
Character name: Y

          
  XX  XX  
  **  **  
  *X  X*  
   *XX*   
    **    
    **    
    XX    
          
          

Minimum distance: 0; Closest character: Z
The character is a: Z
Character name: Z

          
  X****X  
      **  
     **   
    **    
   **     
  **      
  X****X  
          
          

Full results for `Ult'.chr
Cognition phase...
Done learning characters.

(D)isplay char, (R)un new set, or (Q)uit: r

Filename of set to be run: ult.char

Minimum distance: 2; Closest character: @
The character is a: @
Character name: @

          
    ***   
   ** **  
  *X ***  
  ** X*X  
  **      
  *X  *X  
   ****   
          
          

Minimum distance: 4; Closest character: 0
The character is a: 0
Character name: 0

          
          
          
   ***X   
  *X **   
  ** **   
  *X *X   
   ** *X  
          
          

Minimum distance: 13; Closest character: b
Unknown character.
Character name: ??

          
   XX     
   **     
   **     
   *X**   
   ** X*  
   X* X*  
  X* **   
          
          



Minimum distance: 4; Closest character: o
The character is a: o
Character name: o

          
          
          
   ****   
  *X  *X  
  **      
  *X  *X  
   ****   
          
          

Minimum distance: 13; Closest character: d
Unknown character.
Character name: ??

          
     XX   
     **   
     **   
   **X*   
  *X **   
  *X *X   
   ** *X  
          
          

Minimum distance: 2; Closest character: e
The character is a: e
Character name: e

          
          
          
   ****   
  **  **  
  *X***X  
  **      
   ****X  
          
          

Minimum distance: 16; Closest character: 6
Unknown character.
Character name: ??

          
    ***   
   *X *X  
   **     
  XXX**X  
   **     
   X*     
  X*      
          
          

Minimum distance: 0; Closest character: g
The character is a: g
Character name: g

          
          
          
   ****X  
  *X  **  
  *X  **  
   ***X*  
      **  
  X****   
          

Minimum distance: 8; Closest character: h
The character is a: h
Character name: h

          
  XX      
  **      
  **      
  *X**    
  ** X*   
  ** *X   
  XX  *X  
          
          

Minimum distance: 2; Closest character: i
The character is a: i
Character name: i

          
          
    XX    
          
    XX    
    **    
    **    
   X**X   
          
          

Minimum distance: 14; Closest character: 8
Unknown character.
Character name: ??

          
      XX  
          
      XX  
      **  
      **  
  XX  **  
  *X  X*  
   ****   
          



Minimum distance: 8; Closest character: k
The character is a: k
Character name: k

          
  XX      
  **      
  **  *X  
  ** **   
  *X**    
  ** **   
  XX  *X  
          
          

Minimum distance: 2; Closest character: I
The character is a: I
Character name: I

          
   X*X    
    **    
    **    
    **    
    **    
    **    
   X**X   
          
          

Minimum distance: 11; Closest character: k
The character is a: k
Character name: k

          
          
          
  X    X  
  **  **  
  *X**X*  
  **  **  
  XX  XX  
          
          

Minimum distance: 4; Closest character: n
The character is a: n
Character name: n

          
          
          
  X***    
  ** X*   
  ** **   
  ** *X   
  XX  *X  
          
          

Minimum distance: 0; Closest character: o
The character is a: o
Character name: o

          
          
          
   ****   
  *X  X*  
  **  **  
  *X  X*  
   ****   
          
          

Minimum distance: 5; Closest character: p
The character is a: p
Character name: p

          
          
          
  X****   
  **  X*  
  **  X*  
  *X***   
  *X      
  X*X     
          

Minimum distance: 5; Closest character: q
The character is a: q
Character name: q

          
          
          
   ****X  
  *X  **  
  *X  X*  
   ***X   
     *X   
      *X  
          

Minimum distance: 5; Closest character: r
The character is a: r
Character name: r

          
          
          
  X* **   
  *X* *X  
  **      
  **      
  XX      
          
          



Minimum distance: 2; Closest character: s
The character is a: s
Character name: s

          
          
          
   ***X   
  X*      
   ****   
      *X  
  X****   
          
          

Minimum distance: 14; Closest character: 8
Unknown character.
Character name: ??

          
   XX     
   **     
  XXX*X   
   **     
   **     
   *X *X  
    ***   
          
          

Minimum distance: 7; Closest character: u
The character is a: u
Character name: u

          
          
          
  XX XX   
  ** **   
  ** **   
  *X *X   
   ** *X  
          
          

Minimum distance: 0; Closest character: v
The character is a: v
Character name: v

          
          
          
  XX  XX  
  **  **  
  *X  X*  
   *XX*   
    **    
          
          

Minimum distance: 12; Closest character: 8
The character is a: 8
Character name: 8

          
          
          
  XX  XX  
  **  **  
  *X**X*  
  **  **  
  X    X  
          
          

Minimum distance: 0; Closest character: x
The character is a: x
Character name: x

          
          
          
  X*  *X  
   *XX*   
    XX    
   *XX*   
  X*  *X  
          
          

Minimum distance: 2; Closest character: y
The character is a: y
Character name: y

          
          
          
  XX  XX  
  **  **  
  *X  **  
   *****  
     **   
   X**    
          

Minimum distance: 19; Closest character: w
Unknown character.
Character name: ??

          
          
          
  X****X  
     XX   
  X*XX*X  
   XX     
  X****X  
          
          



Minimum distance: 6; Closest character: !
The character is a: !
Character name: !

          
    XX    
    **    
    **    
    XX    
          
    XX    
    XX    
          
          

Minimum distance: 12; Closest character: 5
The character is a: 5
Character name: 5

          
   XX XX  
   X* X*  
  X* **   
          
          
          
          
          
          

Minimum distance: 22; Closest character: &
Unknown character.
Character name: ??

          
   ** **  
  XXX*XXX 
   ** **  
   ** **  
  XXX*XXX 
   ** **  
          
          
          

Minimum distance: 20; Closest character: 8
Unknown character.
Character name: ??

          
    X     
   ***X   
  XXX     
   ***    
    XXX   
  X***    
    X     
          
          

Minimum distance: 0; Closest character: %
The character is a: %
Character name: %

          
  XX   X  
  XX  **  
     **   
    **    
   **     
  **  XX  
  X   XX  
          
          

Minimum distance: 29; Closest character: w
Unknown character.
Character name: ??

          
   ***    
  *X X*   
  *X X*   
   *** *X 
  *X XXX  
  *X XXX  
   *** *X 
          
          

Minimum distance: 10; Closest character: l
The character is a: l
Character name: l

          
    XX    
    X*    
   X*     
          
          
          
          
          
          

Minimum distance: 0; Closest character: (
The character is a: (
Character name: (

          
     *X   
    **    
   *X     
   **     
   *X     
    **    
     *X   
          
          



Minimum distance: 0; Closest character: )
The character is a: )
Character name: )

          
   X*     
    **    
     X*   
     **   
     X*   
    **    
   X*     
          
          

Minimum distance: 4; Closest character: *
The character is a: *
Character name: *

          
          
  X*  *X  
   ****   
 X*X**X*X 
   ****   
  X*  *X  
          
          
          

Minimum distance: 0; Closest character: +
The character is a: +
Character name: +

          
          
    XX    
    **    
  X*XX*X  
    **    
    XX    
          
          
          

Minimum distance: 0; Closest character: ,
The character is a: ,
Character name: ,

          
          
          
          
          
          
    XX    
    X*    
   X*     
          

Minimum distance: 0; Closest character: -
The character is a: -
Character name: -

          
          
          
          
  X****X  
          
          
          
          
          

Minimum distance: 0; Closest character: .
The character is a: .
Character name: .

          
          
          
          
          
          
    XX    
    XX    
          
          

Minimum distance: 0; Closest character: /
The character is a: /
Character name: /

          
          
       *X 
      **  
     **   
    **    
   **     
  X*      
          
          

Minimum distance: 4; Closest character: O
The character is a: O
Character name: O

          
   ***    
  *X X*   
  ** **   
  ** **   
  ** **   
  *X X*   
   ***    
          
          



Minimum distance: 9; Closest character: l
The character is a: l
Character name: l

          
     X    
    **    
   XX*    
    **    
    **    
    **    
   X**X   
          
          

Minimum distance: 6; Closest character: 2
The character is a: 2
Character name: 2

          
   ***    
  X* X*   
     X*   
    **    
   **     
  **      
  X***X   
          
          

Minimum distance: 10; Closest character: 3
The character is a: 3
Character name: 3

          
   ***    
  X* X*   
     X*   
   X**    
     X*   
  X* X*   
   ***    
          
          

Minimum distance: 16; Closest character: V
Unknown character.
Character name: ??

          
  XX XX   
  ** **   
  ** **   
  X**X*   
     **   
     **   
     XX   
          
          

Minimum distance: 6; Closest character: 5
The character is a: 5
Character name: 5

          
  X***X   
  *X      
  X***    
     X*   
     **   
  X* X*   
   ***    
          
          

Minimum distance: 6; Closest character: J
The character is a: J
Character name: J

          
     *X   
    **    
   **     
  ****    
  ** X*   
  *X X*   
   ***    
          
          

Minimum distance: 8; Closest character: ?
The character is a: ?
Character name: ?

          
  X***X   
     **   
     X*   
    **    
   *X     
   **     
   XX     
          
          

Minimum distance: 8; Closest character: 8
The character is a: 8
Character name: 8

          
   ***    
  *X X*   
  *X X*   
   ***    
  *X X*   
  *X X*   
   ***    
          
          



Minimum distance: 4; Closest character: l
The character is a: l
Character name: l

          
   ***    
  *X X*   
  *X **   
   ****   
    **    
   **     
  X*      
          
          

Minimum distance: 8; Closest character: +
The character is a: +
Character name: +

          
          
    XX    
    XX    
          
    XX    
    XX    
          
          
          

Minimum distance: 11; Closest character: ;
The character is a: ;
Character name: ;

          
          
    XX    
    XX    
          
    XX    
    **    
     X    
          
          

Minimum distance: 4; Closest character: <
The character is a: <
Character name: <

          
     *X   
    **    
   **     
  X*      
   **     
    **    
     *X   
          
          

Minimum distance: 4; Closest character: =
The character is a: =
Character name: =

          
          
          
  X***X   
          
  X***X   
          
          
          
          

Minimum distance: 4; Closest character: >
The character is a: >
Character name: >

          
   X*     
    **    
     **   
      *X  
     **   
    **    
   X*     
          
          

Minimum distance: 12; Closest character: ?
The character is a: ?
Character name: ?

          
   ***    
  X* X*   
     X*   
    X*    
          
    XX    
    XX    
          
          

Minimum distance: 16; Closest character: R
Unknown character.
Character name: ??

          
     **X  
    ****  
   *X **  
   ** **  
   *X*X*  
   X* **  
  X*  XX  
          
          



Minimum distance: 2; Closest character: B
The character is a: B
Character name: B

          
  X****   
   ** X*  
   ** X*  
   *X**   
   ** X*  
   ** X*  
  X****   
          
          

Minimum distance: 2; Closest character: C
The character is a: C
Character name: C

          
    ***   
   ** *X  
  *X      
  **      
  **      
  *X  *X  
   ****   
          
          

Minimum distance: 4; Closest character: D
The character is a: D
Character name: D

          
  X****   
   ** X*  
   ** **  
   ** **  
   ** **  
   ** X*  
  X****   
          
          

Minimum distance: 4; Closest character: E
The character is a: E
Character name: E

          
  X****X  
   **     
   **     
   *X*X   
   **     
   **     
  X****X  
          
          

Minimum distance: 6; Closest character: F
The character is a: F
Character name: F

          
  X****X  
   **     
   **     
   *X*X   
   **     
   X*     
  X*      
          
          

Minimum distance: 10; Closest character: Q
The character is a: Q
Character name: Q

          
    ***   
   ** *X  
  *X      
  **      
  ** X*X  
  *X  **  
   ****   
          
          

Minimum distance: 0; Closest character: H
The character is a: H
Character name: H

          
  XX  XX  
  **  **  
  **  **  
  *X**X*  
  **  **  
  **  **  
  XX  XX  
          
          

Minimum distance: 0; Closest character: Z
The character is a: Z
Character name: Z

          
  X****X  
    **    
    **    
    **    
    **    
    **    
  X****X  
          
          



Minimum distance: 6; Closest character: U
The character is a: U
Character name: U

          
   X***X  
      **  
      **  
      **  
  XX  **  
  *X  X*  
   ****   
          
          

Minimum distance: 2; Closest character: K
The character is a: K
Character name: K

          
  XX  *X  
  ** **   
  ****    
  **X     
  ****    
  ** **   
  XX  *X  
          
          

Minimum distance: 7; Closest character: L
The character is a: L
Character name: L

          
   XX     
   **     
   **     
   **     
   **     
   X**    
  X* **X  
          
          

Minimum distance: 4; Closest character: E
The character is a: E
Character name: E

          
  X    X  
  **  **  
  ******  
  ******  
  **  **  
  **  **  
  XX  XX  
          
          

Minimum distance: 8; Closest character: E
The character is a: E
Character name: E

          
  X*  XX  
  *** **  
  *** **  
  ******  
  ** ***  
  ** ***  
  XX  *X  
          
          

Minimum distance: 0; Closest character: O
The character is a: O
Character name: O

          
   ****   
  *X  X*  
  **  **  
  **  **  
  **  **  
  *X  X*  
   ****   
          
          

Minimum distance: 2; Closest character: P
The character is a: P
Character name: P

          
  X****   
  **  X*  
  **  X*  
  *X***   
  **      
  **      
  X*X     
          
          

Minimum distance: 6; Closest character: O
The character is a: O
Character name: O

          
   ****   
  *X  X*  
  **  **  
  **  **  
  **  X*  
  *****   
   ** *X  
          
          



Minimum distance: 9; Closest character: H
The character is a: H
Character name: H

          
  X****   
  **  X*  
  **  X*  
  *X**X   
  ** *X   
  **  X*  
  XX  XX  
          
          

Minimum distance: 11; Closest character: =
The character is a: =
Character name: =

          
    ***   
   ** *X  
  X*      
   ****   
      X*  
  X*  X*  
   ****   
          
          

Minimum distance: 0; Closest character: T
The character is a: T
Character name: T

          
  X****X  
    **    
    **    
    **    
    **    
    **    
    XX    
          
          

Minimum distance: 0; Closest character: U
The character is a: U
Character name: U

          
  XX  XX  
  **  **  
  **  **  
  **  **  
  **  **  
  *X  X*  
   ****   
          
          

Minimum distance: 0; Closest character: V
The character is a: V
Character name: V

          
  XX  XX  
  **  **  
  **  **  
  **  **  
  *X  X*  
   *XX*   
    **    
          
          

Minimum distance: 12; Closest character: E
The character is a: E
Character name: E

          
  XX  XX  
  **  **  
  **  **  
  **  **  
  *X**X*  
  **  **  
  X    X  
          
          

Minimum distance: 0; Closest character: X
The character is a: X
Character name: X

          
  XX  XX  
  *X  X*  
   *XX*   
    XX    
   *XX*   
  *X  X*  
  XX  XX  
          
          

Minimum distance: 0; Closest character: Y
The character is a: Y
Character name: Y

          
  XX  XX  
  **  **  
  *X  X*  
   *XX*   
    **    
    **    
    XX    
          
          



Minimum distance: 14; Closest character: E
Unknown character.
Character name: ??

          
  X****X  
      **  
     **   
  X*XX*X  
   **     
  **      
  X****X  
          
          


