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. INTRODUCTION

The machine replication of human capabilities has been the
subject of research for many decades. Theimachine having the same
reading capabilities of human is one of such a cherished gcal._
Still there is a gfeat gap between huma’_ﬁ reading and machine
reading capabilities, and further effort: is required to narrow
down this gap, 1if not ]bridge it. Thef;character reccgniticn;
problem has a:ttracte'd' maay research workers 1in the fi.eld of
pattern receghiticn, also because of the possible commercial
applicaticna of character recognition techniques and the'ease of
availability 0of data for testing and imﬁlementing the various
- propositions in the general frame work of pattern recognition.
Few of the various appiicatiens are as fcilcws
—Afd for blind people:Such an aid uses photosensors and tactile
simulator which converts picture information into sound[12,13].
Also used for reading and_reprcducticn ef;Braille original[1l4].
-Use in postal department: For postal 'addrees reading and as a
reader fer handwritten and printed pcstalfccdes[15,16].

-Use in motor vehicle Bureau as autcmaticﬁnumber plate reader and

recorder for tcad traffic control{17]. -

-For automatic processing of documents. For automatic data entry
from sheets. Use -in publishing in‘du»stry-[45] as a multiprpose
document reader for large .scale_ data prcceseing. As credit card
reader[19].

.—Uee for examination assesment anc'as a matksheet.readef.

-In information units and libraries([21].



I. SCOPE OF DISSERTATION

The main objective is to design and implement an algorithm
- for machine recognition of well formed ﬁand written Devnagari
characters. A éet of simple primitives is wused, and all DEVnagari
characters are_iooked upon as a cohcatenatién of these primitives..
Most of the decisions are taken o_h'-' the Dbasis éf _' the
presence/absenc& or positional | relationship or movement
relationship of these primitives; and_the' decision process is a
multistage process, where each stage of decision making narrows
down the choice regarding the possible'dlass membersﬁip of the

input token.



Il. CHARACTER RECOGNITION : A BREIF REVIEW

Various technigue have been proposed for character
recognition, each having - its cﬁn mer’i‘tlzs- and denerits . The
character recoénition methodologies can bé broadly classified on
the basis of .

1. approach.

2. the nature of application.

9; feature for recognition.

We give breif overview of each of these techniques.
Scheme baéed on approch .
. We have two main approaches to pattern recognitibn. They
are Statistical/Decision-Theoretic and Syntactic/Grammatical
~approach. .
The structural information about intercannection in complex
patterns cannot be handled very . well by Statistical pattérn
recognitidn technique. On the other hand | the use of formal
1anguagé theoretic models to represent patterns is the- main
_-drawback of the Syntactic approach. Patteéns are natural entities
}_1whidh cannot étrictly obey the nmthemati¢ai constraints imposed
by formal léngﬁaga theory. Imposing a strict 'r;Jle ﬁn pattern
structure is not particularly applicable to character
_fécognition, where intra class variations.afe infinite. f

To quote K.S}Fu[l] ";..Thel dichot&my of syntactic and

_decis‘ion—thearetic approches appears to bé' convenient only from

the viewpoint of theoretical study . In other words , the
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division of two approches is sometimes not clearcut particularly
in terms of practical applications "

So; a hybrid model is an interesting solution to practical
character recognition problem (4,83].

The ultimate goal of character recognition research is to
develop a machine which can read any -text with the same
recognition capabilities as human_baings.:This is the motivation
behind all such works. The expectation is that, if the features
that people use to recognize characters are properly described
and. used in a character recognition -aigorithm, the algorilthm
shoula perfoxlm as well‘ as humaﬁ._ This i;.s_l"'the moéivathion for so
called descriptiﬁe approach {4}, which is now popular in
‘character recognition approach. A descriptive approach can be
provided easily with the flexiblities needed to take care of the
.infinite variations of the character shapes in a category

description. A description represents a higher level of

intelligence. 'The description of character involves features
(Structural details). and-the._ rules under which they compose a
character. To acheive an efficientrdescription; the feature used
shoﬁld be independent (i.e. Presence of new feature(s) or absence
of old feature(s) should not affect the deécription of remaining
featuers ) . Ih_our work we have incorporated this idea. .
Scheme based on nature of application |

Oon the basis of nature of applicatibn we can group the

character recognition into two main schemes [2], namely on-line



and off-line character recognition. In off-line the recognition
is nof done at fhe time of preparing the documents, whereas in
on-line character recognition, the r-:emcognition is done as and
when characters are hand drawn and hence timing information' of
each strokes aré also available along wrth character image. On

the basis of capablities and complexity we can further classify

the off-line scheme as
(a)Fixed font character recognition which deals with recognition
of a specific type writing font.

(b)Multifont character recognition which recognizes more than

one font.

(c)Omni font for recognition of any font.

(d)Handwritten character recognition .w'_hich deals with the
recognition of unconnected normal handwrittén characters.
(e)Sc:ript' recognition which deals. with recognition of

unconstrained handwritten characters whlc:h may be cursive or

~ connected .
- Scheme based on feature for recognition |
In terms of feature used, the character recognition can be
Hbraa’di?.l'y'clas'sified as |

(a)Template matchlng and correlatlon technique .

(b)Feature analysis and matching technlque .
(a)Te.mp.late matching and correlatlon technique

This dlrectly compares an input character to-a standard set

of prototypes used. The prototype that : matches ‘most closely

provides recognition. The comparision technique can be as simple



.ae one to cne_ccmparisien or as complex as decision tree analysis
in which eniy selected pixels are tested. This type of technique
-suffers from sensitivity to noise .ahd is ‘nhot adaptive to
differences rn'writing style.
(b) Feature analysis and'matching technique
These techniques are based on matching on feature planee or
spaces which are distrlbuted on 2-D plane. These are most
frequently used techniques for character reccgnitien. In these
- methods elgnlflcant features are extracted from a character and
compared to the feature-description of the stored primitives. The'
closest matching provides recegnltlcn. -Most of the previous
methods are wusually suitable for application to constrained
domains [3). Based on feature extracticn_techhiques; the feature
analysis techniques are grouped as
(TI) Glchal transformation and series expansion .-
(II) feature derived from statistical distribution of points,
(IiI)Geemetrical andttcpclcgical feature .
Global transformation and series expansion technique - helps
'to reduce dimensionality of the feature vector and prcvidee
feature invariant to some global distcrticn like translation and
rotation. The extraction and mask maklng prccesses are easy for
these featuree. However such feature extraction techniques demand
high ccmputatlcnal ccmplexlty In this area researchers have ueed
Feur1er[23~26],-Walsh[27,29], Hadamard[29],series expansich etc.
and Hough transfcrm[lo 11,303, Projection __tranefcrm[zé],

Chaln -Code transform[9] etc.



Feateres derived from statistical diétribﬂtion of points
includes moments{31l], n-tupule[32], chefacteristic loci[33],
~crossing and distances[34-37]. These features are tolerant to
dietertien'and take care of sﬁyle variations to some extent. They
provide high speed and low complexity for implementation. 1In
'general, mask'making is difficult for these type of features.,

Geometrical and topological feature anelysis method is the
most popular technigque investigated by thel=researchers. The
features may represent global and local preperties of characters.
_fThese includes strokes and bays in various directions, end
points, intersectieh of line segments, loops([4,38] and. 'streke
relations, angular properties, sharp protrusions[39,40]}. These
features have high telerances1te distertien and style variations
end also telerate a certain degree of trenslatien and retatien.
eThey help to process character at high speed. However the
~extraction preeesses. are in general very complex and it 1is

difficult to generate masks for these type of features.
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V. PROBLEM DEFINITION

Iv.1 Characteristics of Devnagari script

The Devnagari alphabet cqnsists of-j—" 13 vowels and 36
consonants, making a total of 49 characters in all. In Devnagari, -
some of the ch_aracters are essentially extensions of some other
characters with certain minor additions (For example c'har:'acter
labelled 8 and 9,shown in appendix I).

In the Devnagari script, a vowel following a consonant is not
written in the original form but 1is represented .symbolicaly by
adding certain details called "ligatures" to the consonant. For
- example the consonant ‘a—:; followed by vowel \5’ will be written
as ‘%‘3 . Also there are graphems which correspond to a cluster
of consbnants and hence the number of patterns -encouhtered in
Devnhagari script may be very large. -
1V.2 Prablems encountered-in recognition
- There are some inhérent problems in recognifion of
handyr_itten character. They are caused._:by the following well
knowﬁxlfactors«[f:!] . . -

a.) '._‘-':;E'rrcri in reading hand writt.en cﬁaracters are caused by
infi._-ni_te variations of shapes resulting from the writing habit,
stylhi--' education, region of origin, soéial. environment, mood,
hea;l.fh,-_as well on the writing instrument, writing surface,

scanning methods etc.

11



'b.)noise - whit:h causes disconnectedllliné segments, bumps, and
gaps in lines, filled loops etc.

C.)style variation - that is, the use_h~ of different sha’pés to
represent the same character as weil_-as serif and other
flourishes, slant etc.

d.)translation - movement of whole charactér or its components.
e.)rotation - change in orientatinn.

To overcoﬁe these problems we might need Statistical sur#ey
of handwritings and preprocessing of inputjpattern.

In off-iine character recognition we have lack of stroke
order 1nformat10n. This gives rise to the problem of getting
starting p01nt of segment to start . the segnent extractionF
- process. .

One of the problems is the paésiblity of very large number
of possible input patterns in Devnagari script. So, one possible
solution to tackle it might be stepwise refinement of possible
class membership of input patterns.

The possibility of.infinite intra class variation of input
pattern suggeéts that features selected to describe pattern and
decision process should be immune to this. -

With thé‘ébove philosophy in mind we have developed a1scheme
for recognltlon of vell formed handwrltten Devnagarl characters.
Based on the structural pecﬁllarltles of Devnagari characters,

the proposed recognition scheime is a multistage decision process,

12



A set of simple primitives is used and all the Devnagari
characters are 1looked upon as a concatenation of these
primitives. Most of the decisions are taken on the basis of the
'presence/abseﬁce or positional relationship or stroke
relationship of these primitives.

- In this work, we will 1limit our attentian to the Devnagari
alphabets only. We wiil not cansider thel recognition of those
I characters which is obtained by adding' mirﬁ'ur details to some of
the other characters but this racbursé' is taken under the
assumption that thé minor additional details can easily be

detected and recognized.

13



Y. PROBLEM FORMULATION |
Wlth the above philosophies in mind we, have developed a

scheme for recognltlon of well formed Thand-written characters.
Due to limitation of the scope of the proiect we have restricted
our attention to recognition of alphabets only. But it has been
considered that work can be extended to other aspects of
Devnagari character recognition also.

Co-ordinate system used-:Rectangular cCartesian co-ordinate system
parallel to. scan axis has been used aé _shown in th_e figufe.

Clockwise angle measured from x-axis is assumed to be positive.

Angles are measured from 0° to 360° (as shown in fig.dlj

Fig.1

Def.1-The direction of a line segment is the average of angles
that each of the consecutive points of theline segment make with

the co-ordinate axis fixed at the origin.

Eg. The direction o a55001ated with the line segment L as shown in
flg 2, with respect to origin (x,y) is given by

© = % -Zj_arctan(yi- yy/(xl- X )
i=1

This averaging has a smoothing effect([7].

14
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Flg.2 A line Segment L.

We take the average of next five pixels in the line segmént
or the number of pixels available whlchever is less.
'Def 2- The directions associated with a plxel is the diréction of
all the 1line segments which is 8—connec{:ed to that and fixing
“the origin at that pixel. |
. Eg, The directions associated with I-Di)_(-e.l_ (x,v) is the directinn

associated with line segment L+ L, and L_ as shown in fig.3.

Fig 3 Three directions assnciated
with pixel (x,y).

Input character is assumed to be a two tone image in the

'form.of-a.blnary matrix.

total length of the curve segment

15



curvature function f£(1) along the curve is defined as follows .

f(l)=1lim 1 =+ [angle between the:taﬁgent lines to-the curve

dr1->0 d1 - ‘at 1-61 and 1+61]
_ L L
C =%1X2 :L=1J081 ; A=J £(1)a1 ;
QO O

o EQN. . 1
S - . -

, L ,
s =J (J £(1)-A/2)}0s ;

O 0

-

A curve segment is said to be clockwise if f(l) > 0 and
anticlockwise-if £(l) < O | 0{;{L;
It has been pointed out{7] that the four attributes C, L, A,

-S (as defined above ) are sufficient fdrTShape r&cogﬁition.

The parameters are modified to makeait insensitive to size,
to some extent . S gives information about the declination of a
cur#e, ‘which we know at the .time,-of Segmentation. Other
parameters evaluated are as follows :

(1) Arc length to chord length ratio (ATCR)= L/{C| ;

(2)fMaximum perpendicular distance of curvature points from

C tor chord lengtﬁ ratioi(Rm)= pM/|E| ; ‘1

Pr is the maximum perpendicular distance of curvature

pqints from C.
(3) A (Total angle of bending, as  described in egn. 1 ).
Depending wupon - the values of ATCR ,Rm, and A and the
- threshold for-tlhe segments the segmeﬁt lS classified in on.e of
:_."the five classes . For example if ATCR = 1, Rm = O, A » 0 means

fithat the segment is a straight 1line.

16



The given set of Devnagari charécter$ can be th'ou'ght of as
.-I_'cﬁmposed from a set of basic building elements or pr..imitivesh_.
Based on the ;étrucﬁural peculiarities of Dévnagari chéra_cters,
six primitives ére selected as desc-riheld below. These are (a)
.‘ __élobal vertical line (b) Loop (c) Half 1¢cﬁp (d) Deep arc (e) Arc
~ (f) Straight iine. (Note: If the end poihts markerlis same which
ié given at the time when segments ar'é taken out f.hen that
| ségme}lt is alﬂs'a called a loop.) ; H
Based..upon the observaﬁion of writing style _énd 'ﬁhé
segmentation p:mcess'the possible-variaﬁioﬁs allowed in the shape.
of primitives building the character , is describédilih'Appendix“
- 1T,
The fifst problem is {:o locate t;_he region 1n which the
character lies; This 1s done by fir.'st' lﬁcating an emptyﬂ-'_row in
:ﬁhe input matfix with min'imﬁm y—valu_e'_and then increasipg the
'y;yalue-of Irow-r until we get a non empty_;r’fow (1st in fig'.#):. This
__wéy we get the upper end of the charécter. After this_,j.--.again
.. 'y-value of row is increased until we get an empty row. Th__is 1n-my

we get the lower end of the character (2w in fig.4).

17
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Ffig.4 Plctorial view of finding m i pimum orthogonal

rectangle containing a character.

To fix the left end and right end of a-character, an empty column
1wi_th \minimum"x—value within the fixed upper and_loweﬁr_ limit is
found. Then the x-value of column to 'Ee scanned 1is 1ncreased
until we get a non empty column (3rd J.n fig.4). This_ gives the
left end of the character. Again the x-value of the column to be
scanned is increased until we get an empty column. This way we
get the right end of the character (4tn in fig.4). So, we have
~the minimum right rectangle cantaining _lthe chafacter which 1is
éalled a frame.

'.Input ‘data has been taken from a digitizer tablet. We want a
line segment to be single pixel thick. In general _the data
"reqeived is good but in some cases tﬁe line segments are fcuhc} tko
be two pixels thick. Based upon observaﬁian of input data we
remov;e suchi pixels. For iﬁstance, if the‘ in“put pixel
_c.onfiguration is as in fig 5(a) and th.t; neighbouring pixel
configuration is as in fig 5(b), then theﬁj‘-. output configuration

would be as in fig §&(c). For other two neighbouring

configurations (d) and (f), the output pixel configuration will

18



be given by (é) and (g) respect_ively.

Eg. CORE PIXEL , NEIGHBOURING PIXEL OUTPUT PIXEL .

CONFIGURATION CONFIGURATION C%OHFTIIGURATIDN

o
b

(a)

Fig. 5 | Example . of relationshlp between input and . preprocessor

output.,
Aftef preprocessing, the data is '.-_xjeady+ for segmgntation. )
_B.ef_cre' starting the segmentation proceés, we have the problem of
getting the starting pixel. That is, from where the segmentation
'process 1will start. To overcome this problem we observed. that we
.'r.:an get the right end:- pixel of the canopy in the upper half of
“the frame. For this we start scanning the column i.n the upper
';_half of the frame from rightmost end 'ahd' decreasing the x-value
'._of the column to be scanned until we get '.Ia_n image pixel (fig.6).
_---'The column :i.s‘ scanned from minim}im y-value. As soo‘h as we get the
image pixel we find the direction a_ssocia'ted with that pixel. If

one of the directions of the pixel is within the threshold of

19



FRAME TOP Loy kkkhkhdkdkkkki . ..
* |
***** i .STAHTIHG COLUMN
| x - S FOR COLUMN SCAN
% * % *
% *k % .
* * i 3 UPPER LIMIT OF
¥ *** COLUMN AFTER FIRST
* | _ UPDATION.
FRAME BDTTDH—-—Y ‘[ y * I |
FRAME LEFT | FRAME RIGHT

Fiq.s 'Filnding rightmost end of matra.
'the direction of the canopy,then that 1mage pixel is cons-ldered
to be the rightmost starting pixel of the canopy aﬁd the
direction is said to be the starting direction of canopy. After
this we follow the 1line segment emanating from that image pixel

as long as the line segment moves upward. That is the ordinate

ordinate value. This in turn reduces the helght of column to be |
'scanned for finding the rightmost end ::':f the canopy. _These
_-_t-:.iperatlons of finding image pixel, getting the 'dirééticn
associated with that pixel, checking the possibility of its beJ.ng
%;.the rightmost end of the canopy and updation of bound continues
'.untll the upper bound of column goes beyond the frame boundary.
In general this process is repeated_twice.'r_l"

After getting the rightmost . end of. canopy and stafting

direction associated with this we remove the pixels of canopy and

20



;aall 3%3 neighbours are inserted in the Qﬁeue. The'rightmost pixel
we get is célled current pixel. For Irefnoving the pixels ef the
~canopy we remove the current pixel and find _,the' directiohs
associated with 1*3 neighbour (i.expl, pa,,.p3 as shown in fig.7)

where p is current pixel.

P3 ‘_94 {ps’

Fig.7 eight neighbourhood of
pixel p. |

The pixel which has got the best matching-direction within the
. threshold of thé starting direction is taken as the éuccgssor of
the current -p'ixel and the starting dirécticm .18 upciéted to
include the effect of the selected direction of the successor
.pixel. Others 1*3 neighbours are insertéd in queue. If plis
‘selected és successor then P, and p _ (as shown 1n ficj..-B) is
t_:hec:ked- and if P is selected as successor then P, andl | 'plzis
checked. If they are not inserted in queue then after gim;ing a

marker corresponding to the segment they are insérted in gueue.

The marker indicates that which segment has inserted it.

11 p‘iE

Fig.8 3*4 nelghbourhood.
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I Removal of pixels of canopy continues uﬁtil there is no sugdésst:)r
-of current pixel. I

‘We observed that canopy is not a_éiScriminatofy feature and
80 we simply removed the pixels of the canopy. After the ‘removal
of canopy, the end pixel of segments connected to the removed
'canopy which is in queﬁe, gives the startlng pixel of segment.

Now we start segmentation process, Wé remove the pixels
_' from Jqueue and check that pixel is still present 1n 1mage or not |
until we get a plxel which is Stlll present in 1mage. This pixel
is called current _plxel. Then, the direction associated with
current pixel, which isﬂ c;*,l'ose?.st to one of the-four.rﬁajor_axes is
selected as segment direction of current segmént. The current .-
_'pixel is removed from pattern and is storeiﬁ' as a pixel of durrent
segment-.. 3*3 neighbours of current plxel is checked and the
_plxel which has one of the best matchlng dlrectlon Wlthll‘l the
-:'threshold to segment direction is selected as succé-ssor of
clirrent.pixel._ segment direction is updated to include effect of
new direction also. 1In finding direction associated’' with
-j_".lf;e..ighbour pixel the current pixel serves the purpose of urigin.
If there is no direction associated with any of 1ts nelghbour
.‘Hlthln the threshold of segment dlrectlon then the successor is
:nelected as fol]ows. "
:4?;';: if pGSSlblG the plxel which has max:unum angle measured in
clockwise direct ion from segment direction but less than 180° is

selected as successor of current pixel and the segment direction

is updated to be that direction.
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Otherwise the pixel which has minimum angle measured in
anticlockwise direction from segment direction and is less than
180°is selected as successor pixel and ' segment 'diraction is
‘updated to be that direction. When we select the successor pixel
‘based on movement (clockwise/anticlockwise}, ‘we note dﬁwn the
_'pixel which has been selected as successﬁr; the count: éf number
of times such a successor 1is selected, the segment direéfion at
.that time, the new segment direction after ﬁpdation.

Once we have selected the successor .l::a;a__sed on movement then
the pixel which has one of direction within the threshold of
éegme%t direétion or which has éimilar movement direcéicn,_ 1s a
possible member for successor of current pixel.

Other 3#*3 members are insefted_in queue -after giving a marker
which indicates that whiﬁh segment has 'ins'eirlted_ it. When we are
inserting the pixel in queue we also .insert the following
informations :

-number of 4-connected pixels outputed so far.

—-number of 8-connected pixels butputedWsd far.

-segment direction at that time and total angle of bending.
-movement count at that time.

This process of selecting the successor of the.current pixel
ﬁnd other opérations following it are carried out until there is
no pixel which can be a successor of the current pixél. The

pixels removed so far constitute a segment.
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If at the end of segmentation process it is found that thei
r.;:Urre;'lt pixei j.ust removed has .the same marker a‘s is given for
the current segment, it indicates that a loop has Dbeen
encountered. To seper.ate the 196;5 part from the current segment
‘the quéue is checked for recently reinoved current pixel and
:ﬁePending updn the other informations avaiyable with that pixel,
the pixels constituting the loop part is seperated, which forms a
new segment.

When we are extracting the segment the fbllowing informations
are extracted simultaneously

(1) No. of 8-connected pixels in segment .
(2).No. of 4-connected pixels in segment.
}3) Cﬂnhéctivity to othér ségments.
(4) Pixel at which it is connected to other segment.
(5) Movement type (Clockwise/hnticlockwise/no movement‘).
(6) Curvatures at the pixels where successor is séledted based
- on the direction of mQVEmént.

(7) Pixel, which has been selected as the successor of current

pixel based on the direction of movement.
(8) Starting direction of segment.
(9) Direction at which it has been inSerted in queue.
(10)Whether segment is a loop ?' |
(11)Total.anglé of bending.

“Exahple of segmentation is shown in Fig.9, where
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CHAR A, C TER BEFORE SEGMENTS AFT ER

SEG M E NTATION SEGHMENT ATION
******i****** l LEEE L E TR EE R L L
\ khkkik % - .
* sk % %
;: *i****** | % % & % i
* * % * | * % % % % % %
* * % *x w % % r . s
* A S - * % * o*
& % % % * ] % * % %
* * % w * +*& %
* * * * *
%* * % % %* * %
e | X
(a) ¥
(b) .

Flg.9 Segmentation of character (a) an input character,
(b) different segments of the character.

(a) ccrreepcnde to input character and (b) corresponds to the
four different segments (global vertlcal line, loop, half

:1cep and canopy) of the character. | |
As mentioned in eqgn.l, ATCR, Rm, and A are calculated and

the segment is classified into one of five classes.

ihfterh gettine the classification of all pcseibleh segments,
‘decision process is started to classify the input pattern in one
of the possible classes. .

The decision process is ncthlng but a4 process in whlch at
every step cf decision the possible class menrn]::-erehlp1~ cf input
pattern gets reduced and finally the character is reccgnlzed .
The following are.the tests used by therdgecisicn process.

a : Global vertical line is present cr.nct.

b Loop connected to canopy.

c Leep connected to global vertical llne.

d :'Number of segment ccnnected to cancpy

)
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e : Segment connected to global vertical line having

anticlockwise angle difference less than 180°.

b

‘Number of loops present in character.

Stroke matching.

o Q

: Number of segments connecteﬁ to global vertical line.

Segment type and starting direction.

=

j : Based on:cmnnectivity between segments and their types.

k : Movement type present.

Movement:and segment type;

-

Movement connected to segment with starting direction.

=

n : Number of segment present in character.
'-o : Segment type present.
Decision process uses a decision tree (created earlier)
which is a binary tree in which each ;_Lnode has a key which
.sfacifies the test to be conducted. Character is classified at
- leaf bf declsion tree (Decision tree ié_given in appendix VI).
The decision tree has 83 nodes, a ma-ximum depth of 16 and
maximum number of nbdes at any level is 13.

Input characters before preprocessing énd after preproceésing
-are given in appendix III and 1V. _E}tampi_es of segmentation are

given in appendix V. Decision tree 1is given in appendix VI.
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VI. ALGORITHMS

Get—the—minimumhorthogonal—rectangle-ccntainingmthe*character

e —— ; — — v .

Input: A character in matrix.

output:Minimum orthogonal rectangle containing the charac;er.

Initializaton : y-min = ordinate of an empt§ row with minimum
nordinate. .

Stepl: Increse y-min until a non empty row is found.

Stesz Incresé_y—min until an empty row is found.
Set bottom-of-frame to y-min.
"Step3: X-min = Abscissa of an empty'calumﬁ-between top of frame
and bottom of frame with minimum abscissa.
Increse x-min until a non empty Eolumn is found.
Set the left~of-frame to X-min.
Step4: Increse kﬂmin until an empty column“is'found.
Set right-of-frame to x-min. I

Step5: Stop.

'preprocess—the-inputucharacter

L " . s S r—

Inputx :minimum orthogonal rectangle containing’ the“ character
called image matrix.

Output:preprocessed input character.
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'Let us assume that we are examiniing row i and i+l and
column 3 and Jj+1. If 1nput .pixel_ configuration in 2%2
window 1is as in column I a_n'cé{ neighbouring pixel
configuration in 4*4 window 1is as inhcolumn II then column

IIT gives the corresponding output configuration.

column I column II . column III
CORE PIXEL NEIGHBOURING PIXEL = OUTPUT PIXEL
CONFIGURATION ' CONFIGURATION  CONFIGURATION
i j+1 RS e
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continye~>

continue->

oo



cont inue->

If all the pixels in 2#*2 window is one:then
kK = 1+1;
while(image matrix(k+1][j]=1 and image;matrix[k+1][j+1]=1)
do k=k+1 end while;
deletable column = j;
if (image matrix(k+1][j+1]=0 or image_ﬁatrix[i-l][j+1]=0[
deletable column =J+1 end_if; -
for m=i+l to k-1 do
if(deletablémcolumn=j+l)
if(image;matrik[m][j+2]=0) then image matrix[m]{j+1)=0;
else |
if(image_matrix[m][j—1]=0) then image“matrix[m]tj]=0;
end if; .

else
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if(image;matrix[m][j—lj#O) then imége_matrix[m}[j]=0;
else
if (image_matrix{m)[j+2])=0) then image matrix[m][j+1]=0;
endmif;' -
end if;
1f (k>j+1)

b
o —

if (image matrix[k][j=-1]=0 and imagé_ﬁatrix[k+1][j]=0 and
imdgemmatrix[k+1][j—1]=0) then_image;matrixik][1y=0;
else |
if(imaéemmatrix[k][j+2]=0 and imagé;matrix[k+1][j#1]=0
and image_matrix[k+1][j+2]=0)then image_matrix[k][p4]=0}
end—if;. -
kK = j+1;
while(image_matfix{i][k+1J=1 and image;matrix[i+1][k+1]=1)
do k=Kk+1 end while;
deletableﬂrow = 1i;
ifﬁimage_qatrix[i+l][k+1]=0 or image matrix{i+1]([3j-1]1=0)
. "déletable_row =j+1 end if; | h
for m=i+1 to k-1 do
if (deletable row=i+1)
if(imageﬂmatrix[i+2][m]=0) then image matrix{i+1]{m]=0;
else R
if (image matrix[i~1][m]=0) then image matrix[i][m]=0;
end if; .

else
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if (image matrix[i-1][m]=0) then imége_matrix[i][m]£0;1
:else
if (image matrix[i+2][m]=0) then iﬁage_matrix[i+1j[m]=0;
end if; l .
end if;
if(k>3+1)
if (image matrix[i][(k+1]=0 and imdge;matrix[i—l][k+;]=0 and
image matrix{i-1]([k]=0) then image matrix{i][k]=0;
else |
if (image matrix[i+2}{k])=0 and imége_matrix[i+2][k+1]:0
and image_matrix[i+1][k+1]=0)thén image_matrix[i+1][k]=0;
end if |
if (image matrix[i-1](j-1]1=0 and'imaée;matrix[i-l][j]=0 and
imageﬂhatrix[i][j—1]=0) then image_matrix[i][j]=0;
else .
if(imége_matrix[i*l][j+1]=0 and image“matrix[i-l][j+2]=0
and image_matrix[i][j+2]=0)_then”image_matrix[i][j+l]=0;
end if .
if (image matrix[i+2][Jj-1]=0 and image matrix[i+2][j]=0 and
image;matrix[i+1][j-i]=0) then image matrix[i+1][j]1=0;
else N
if(image;matfix[i+2][j+1]=0 and 1mage matrix{i+2]j[j+2])=0
and image matrix[i+1][j+2]=0) then image_matrix[ij[j+1]=0;
end if

stop.
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_get—rightﬁendupixelmof—canopy

e

Input :Co-ordinate of minimum rectangle contalnlng the character
Output:Rightmost end pclnt and direction of canopy. .
Initlalizatlon' .

lower-1limit =.top—of-frame.

upper-limit =(topﬂof—of-fraﬁe+bottem—of—frame)/2
Stepl: Start écanning the column froﬁ 1ow¢fflimit fo upper-limit
from rightmast'end of frame towardé leff.-If én image pixel is in
column then find the direction associated with that pixél.tIf one
of direction is within the threshold of direction of canopy and
theré‘ is no’ 8 ~connected pixel" to the rlght of 1t -then set
rlghtmost-end*plxel-ofﬂcanopy to .ithe pixel. : and
startlng-dlrect1on~of~canopy to the-direction. |
Step2: (Updaticm'of upper-limit) Move .é_lang the lihe segment
emanating from that image pixel upward until a junction is found'
or there is no such pixel that upward mnvement is p0551ble. Set
the upper- llm1t to ordlnate of current pixel.
Step3: Repeat stepl and stepz' until uppgr-liﬁit is 1less - than
lower limit. .
Step4:output
rightmost—end-pixel-of-canopy.and starting-directicn-of—canopy.

stop.:
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Remove—pixels—ﬂt~canupy

L P ey iy

Input~-nghtmosf end pixel and startlng direction of cannpy

Qutput:Pixels of canopy.

Initialization:

rightmostﬂend-pixeléof“canOpy.

i

current-pixel
canopy-direction = starting—direction—of—canopy
Stépl:_Remove current-pixel. i
Stepz: (Select successor pf current pixel)
Find 1*3 neighbours (pl'pZ’pB) (as shﬂwn in .fig.B'p is
~ current-pixel). Select the successor of current-plxel to be that
neighbour whlch has best matching dlrectlon (def.2) -within the
threshold of cancopy-direction. Update the canopy dlrectlon to
include effect of direction of successor p;xel. . -
Step3: Insert other 1*3 neighbours in queue after gilving a marker
which indicates that which segment has inserted the pixel in
queue. If Py is selected as successor then Pq and p1; are checked
and if P, is selected as successor then plland p,, are checked
If these pixels are not already in queua.then these plxelg are
inserted in qﬁeue after giving marker.
Step4: Repeat stepl,step2 and step3l until_'__ there is no successor
of canopy. .

Step5: Stop.

35



get—segments

Input :S£arting pixel of a segment ,and starting direction.
Oﬁtput:Points of segment,total angle of bending, total no of
4~connected pixels, total no of 8-connected pixels, curvatures at:
the pixels of bending, connected to.

Initialize:

current-pixel = starting pixel of segment.

segment-direction = starting direction of éegment.

movement-count =0; total—angle-af—beﬁdinq=0¢
no-of~4-connected-pixel=0;

no—of~8—connected~pixel=0;

Stepl:If the current-pixel has some markef'whidh has bgen gi?en
by some other segment then note connecteivity to that segment.
'Output the current-pixel. .

Step2: (find successor of current pixel)

Find directions (def.2) of all 3*3 neighbours of current pixel.

Select the successor of the current-pixel to be that pixel_which |
has a best matching direction within the. threshold of the
segment-direction. segmenthdirecticn is updated to include. the
effect of direction of successor. If theré"_'_is no such neighbour
N pixel then select successor of currentFpixal as follows: .
If possible, select successor of current-pixel to be that
pixel which' has maximum clockwise  direction w.r.t.
segment-direction but less than 180°. The segment-direction 1is

updated to be that direction. Otherwise, the pixel which. has

minimum anticlockwise direction w.r.t. segment-direction but less
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than 1800

is sélécted to be auccessarf“and _segment—dir.e‘.ction is
updated to be that direction. Once the successor of current-pixel
is selected based on maximum clockwise;. ".'jmovement direction or
minimum. anticlockwise movement direr_:tic_:n,. then the pixel which

has one of direction within -the threshold of

segment-direction or which has similar movement direction w.r.t.

3 - -

segment-direétion is possible mémber fof'éucdessmr. if_Successnr
is séiected based on movement then . .

note down the curvature at that piXél;

add'present angle of bending t& totél—angle—ofﬁbending;

increase movement-count by 1;

-note down the pixel selectéd as suécessor;
If more than one pixel |is within the threshold of
segment-direction then give precedence.“to that pixel which has
matching direction for.more pixels,Except the successor-pixel all
other 3*3 neighbours are inserted in. queue with following

informations

| *segﬁﬂnt-directién at thaﬁ time before uﬁﬁatién.
-movement~count. .
-no-of~4-connected-pixel and hdﬂof—s-connected-pixel.
'—total-angle-of-bending. o
If successor is 4-connected pixel to the current-pixel then

increase the no-of~4-connected-pixel by one.

Increase the no-of-8~connected~pixel by one;
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Step3:Repeat stepl ‘and step2 until there is no successor of
current-pixel.

Step4:If current pixel just outputed h’é;s same marker as given

fér current segment then call seperate-loop.

Step5:S5top.

Threshold of deviation from segment~dirécti¢n is taken 30°.

classify—segment—-in-primitive—class

Inpﬁ;.: starting pixel of segment, endingjpi#el of segment, no of
4-connected pixel, no of 8-connected pix'el, pixels of segment,
pixels where curvature has been calculatéd,

total angle of bending.

Output:primitive class of segment.
chord-length =end to end distance betweenjthe starting pixel

and ending pixel of segment.
arc-length=(no-of-8~connected-pixel - no-~of-4-connected-pixel)*
1.1414 + no-of-4-connected-pixel.
C =vector from starting pikel of sggment-to end pixel of segment
P is perpend_icular distance of segment -.'pixel from C. If two
segment pixels are in perpendicularly opposite side of C.then _p.
is sum of perpendicular distance of those pixels from C.
p = maximum(p);* .
We calculate
ATCR = arc-length/chﬁrd—lehgth ;
YA kI
A is total-angle-of-bending ;
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e

if (ATCR > ‘I:hhll and Ra > Thhl'zjand and A > Thhl':&' )
then output segmeﬁt is half loop'
else'
if (ATCR > Thdrl and Rs > Thdr2 and and A > Thdr3 ) then
output segment is deep arc
else |
if (ATCR > Thal and Rm > Tha2} theh_
output segment is arc
else if{ chord-~length >=Threl ) thén
output segment-is global vertical line

else output segment is straight line;

end.
We have taken Thhll = 1.6 ,Thhl2 = 0.5 , Thhl3 = 160 ;
Thdrl = 1.2 ,Thdr2 = 0.25, rﬁdra = 110;
Thal = 1.05 ,Tha2 = 0.13;
Threl = 80 ¥ of he.ight of frame ( minimum

orthogonal rectangle contaiﬁing the character).
For finding p we check the pixels which has been selected as
succeS$or_0f current pixel based on movement and the pixel'near of

it.
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Seperate—loop

Input: Point, which at end of'éegment has been found to_have'same
| markéf as isrgiveh for that seément éalled_curreht—pixel, total
angle of Dbending <called total-angle-of-bending. . count of
g~connected pixel in segment .Called no-of-8-connected-pixel,
count of 4-connected pixel 1n ‘segment called
- no-of-4-connected-pixel. .

Ooutput: pixels'constituting the loop part.

Stepl: find the current-pixel 1in queue.

q—a—canne_cted—count = g-connected-count in queue with the

current-pixel.

q-4-connected—count 4-connected~count in dueue with the

curren-pixel.

g-angle-of-bending total angle ofl bending in ‘queue with the
current-pixel. .

Step2: ou'tptit all the pixels @ from segment having
g8-connected-pixel-count.>= q-aﬁconnecﬁed—couﬁt. o
 Step3:restore the no-of-8-connected-pixel to g-8-connected,
restore the no~df-4-connecﬁed-pixel_to q-d-conneéted, restore the
_total—angle—af—bending to _q-angle-of-—bending‘. Set following - for
the loop : B-CGnnectedfpixel-cdunt to .
no-of-8-connected-pixel-count - q-B-cdnnec£9d-count+l;
total-angle~of-bending to I
_tﬁtal—angle-of-bending - q-anglE-of-bending."
4—conhected-pixe1-count to

no-of-4-connected-pixel-count - g-4-connected=-count+1;

-

Stop.
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II Description of Devnégari characters

I il

Leéns be the seg.of";elegééd_priﬁitive;.
S = {1,2,3,4,5,6} '
- Where 1 => Global vertical line.
2 => Loop.
3 => Half loop.m
4 => Deep arc.
5 => Arc.
6 => Straight line.
Each:of these primitives has following attribute.
.(i) Connected to which primitive € S.
(ii) At which pixel it is cannectéd_fo.
(iii) Movement type(Clockwise/Anticlockwise/No movement).
(iv) Direction of the primitive'with the pixel'of_connection
as the origin df co-ordinate axis.
Then we can describe all Devnagari character in terms of these
primitives uniquely. ‘
Based on our segmentation process we are presenting a
possible description of Devnagari character. l
Let a,b € S. If a is 3 or 4 or 5 theh
a’ =>'primitive "a'" has clockwi53¥m0vement.
a® => primitivé "an has anticlockwise movement.
a.b => both primitive a and b will be present.

a/b => primitive a or b will be present.



| Charabter

label

i T il

1

10

11

12

13

Character
" description

1.(6/51/5%) . (((3'/41/5%) . (8% ). (37/4%/5%) . (5T ™))

, /(3174 75%) . (81 /6) . (32/4%)))
1. (6/5"/5%) . (((3'/a1/5Y). (5% my.(32/4%/5%). (81 ™))
-/((31/41/51)-(51/6),(32/42))).1 '

(2/% vy . (((31/at/5%) . (327477 52))/((675"/5%) . (3%/4%)))
(3'7alysty.(st/s%/6)y

(2/% "y, (((3'/4"/5").(3%74%) 5%))/((6/5"/5%).(3%/4%)))
(3174 75) . (51 /5%/6) . (31741 /5%)

(3'74'/5"y.(37/47)

(3141 /5%) . (31 /aY) . (3174t /5Y) o

1.(2 /" ").(6 /3% 74 /5% ). (6 /3%74%/5%) . (3l/al /5T

(4%/5%/m my. (6 /57 /5% /)

(673741 5"y . (6 /5%). (6 /5"/5%)

(67374 /5%).(6 /5%).(6 /51 /5%).(2/" ").(6 /5°)

1.(6/5"/5%) . (((3'/4'/8%) . (5%/" ") . (3%/4%/5%) . (5'/" ™))

J((3%747/57) . (5776) . (3%74%))) 1. (2/" ") . (6 /57)

1.(6/5/5%) . (((3'/4'/5") . (5% ™). (3%14%/5%) . (5")" "))
/(31741 /5%) . (52 /6). (3%/4%))) 1. (2/" ") . (6 /5").
(2/" ").(6 /5" ' '
1.(6/51/5%) . (((3'7a1/5%) . (53" ™) .(3%74%/5%) (' /m ™))
/(3174 /5y . (51 16). (3%/4%))) .2
1.(6/5775%) . (((3'747/57) . (55" ). (37/4%/5%) (5T "))

(3741 15ty . (57 76).(3%/4%))) 2.2
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14
15

16

17

18

19

20

21
22

23

249

25

26

27
28
29
30
31
32

33

34 .

1.(2 /3%). (3‘/4’/5

1. (3" /4 /5'/6 )

Yy
1.(2 /3%).(3%/41/5%). (5'/5° /6 )

1.(3%/4%/5%) (3174t sty L qaym m)
2-(((37/47/5") . (3%/4%/5%)) 1 ((6 /5'/5%). (32 /42 ))) .

- (3'74% /5y .2
1.¢(3'/4' /5" ).(5 17527

6 )

(2:02/" ") (37/4%/5%) . (3%/4%/5%) (5115276 )y

((6/5 /3 ).2.(2/" ").(3%/4%/5%) , (3 /4 “/5° ) (5'/5% /5 ))/
((2/" ").(3%/4%/5%) (32 /4% /5% ) - (5° /5

1.(5"/5%/6 ). (3! /47)

/6 ). (31741 /5%))

1.(37/4'/5%) . (5! /5%/6 ).2.(5° /(5/6)) (2/% ")

1.(5" /5 /6 ).(5 /6 ) -

(5°/6)

((37747/5%) . (3%/4%))/((5"/5%/6 . (3 /4 %))

2. (6 /5" /5%/4%)

2.(((3"/4/5%) . (3 “/4%/5° ))/((6 /5' /5 ) (3°/4%))).

(3 /47 /5")

2.(((3'74/5 ). (3%/4%)) /(5" /526 ). (3%74%)))

2.(57/5%/6 ). ((3'/74' /51 (3°/4%))/((5 /5% /6 ). (32 /42 ))

1. (3! /4%).(2 /5' /5% /6 ).(3774'/5"), (2/" ")

1.2.(5'/5%/6 )

1.(3%/4%/52)
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35 1.(33/42/52).(3‘/4‘/51)

16 1.2.(5'/5%/6 ) ”
37 1.2.(57/5%/6 ).(3%/4%/5%/ (6. (6/" ))).(2/" ™)
38 1.2.(5175?/6.).(51/6.)

© 39 1.(3%/a'ys'y.(3'/4'/5)

40 (31/41(51);(51/52/6)
41 (1.(3%/4%).(2 /5'/5%/6). (5 /5%/6 /v "))/

((3%/4%78%).(2 /5'/5%/6 ). (31 /4" /5 ). (3%/4%/5%))

42 1.(2 /3%/4%)

43 1.2.(2/" ").(3'/74'/8").(5'/5%/6)

44 1.(3 /4" /5Y).(5'/5%/6) I

45 1.(3'/74%/5").(5'/5%/6).(5'/5%/6)
46 (3'/4%/5%/5%/6) . (3%/4%/5%) . (3%/4%/5%) . (51 /5% /6 [ W)
' 47 1.2.(2/" ")y.(5'/5%/6 ).(5'/5%/6).(3%/4%/5%)

48 1.(5"/74% 76 ).(5%/74%/6 )

49 ' 1.2.(5"/5%/6 ).(3'/4' /5% ). ((51/5%/6 )/ (3%/47))
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CHARACTER BEFORE SEGMENTATION SEGMENTS AFTER SEGMENTATION

1111111 sk
1111 1 | * % *
1 1 1 * * *
1 1 1 x * Cad =%
1 1 1 % *
1 1 Cc) - =% %
1 1 *x | 2
1 1 % Ch) %
1 1 *® . %
1 1 * *x %
1 1 * *® *
1 1 * -
1 1 1111 : *
1 111 1 * %
1 1 1 * *
1 1 1 * * %
1 1 1 * . * -
1 1 1 « . *
1 1 1 * * *®
1 1 1 * * *
1 1 1 % * T *
1 1 1 * * s
1 1 1 * *. *
1 1 1 a % *
1 1 1 * x *
1 11 1 * %k *
111 1 gk *

Ca) Global vertical line.
Ch) straight Line.

Cc) & Cd) are half loops.
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CHARACTER BEFORE SEGMENTATION  SEGMENTS AFTER SEGMENTATION

1111111111

111 1 *x
1 xx x
1 ¥ ¥ X
1 Ca) =x *x
1 . % | *
1 ax (c) x%
1 xx x
1 * *
1 x »*x
11 1 x e
1 1 11 ¥ i
1 1 1 i *x
b | 1 1 1 * * *
1 1 1 1 - #* A
) | 1 1 *x
| 1 1 ¥
1 1 1 #
: | 1 3 *x
i -1 i x
1 i 1 . - x
1 1 1 % *
1 1 I | ;. *
1 1 o  J
1 1 % i
1 | % s
1 1  x *
111 - * *
| . x
* *x
kX

Cal) straight line;
(b)) half loop. B
Cc) arc.
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CHARACTER BEFORE SEGMENTATION SEGMENTS AFTER SEGMENTATION |,

1111111111111111

1 | | *
1 ‘ ™
1 ¥
1 *
1 *
1 A 2
1 * % *x
111 1 111 * ¥ x N
1 1 1 1 1 * o * * %
1 1 11 1 * * * * *
1 1 1 * x *
11 1 * * *
1 1 * * *
1 1 * * *x *
1 1 1 * * * *
1 11 1 * &% * *
1 11 1 xk * s
1 11 1 1 * *
11 1 1 & ™
| 1 1 x e
1 *
1 *
1 2
1 E
1 %

(a) Global vertical line.
(b)) Loop.

Cc)d Deep arc.
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 CHARACTER BEFORE SEGMENTATION SEGMENTS AFTER SEGMENTATION

- 111111
11311111111 1 o
1 1 % e
1 1 * e
1 1 * *
1 1 * *
1 1 * ¥
1 1 * 2
1 1 *x Cc)) »*
1 1 * | Ca) %
1 111 1 * N *
1 1 111 * *x #x #
1 1 1 * * *
1 1 1 * * *
i 1 1 2 *x (b)) &%
1 1 1 * ¥ *
1 1 1 *x ax *
1 1 111 x X b
1 r 1 1 * * *x *
1 1 1 x % *
1 1 * A
1 1 * %
1 1 3 Cd) *x
1 1 * >
1 1 * *
1 1 % *
1 1 %* %
1 *
1 *
1 *
1 »
b

Cad Gl cbhbal vertical 1line.
Ch) Loop.
Ced and (dd Straight line.

8OCd2



CHARACTER BEFORE SEGMENTATION SEGMENTS AFTER SEGMENTATION

111111
1111111 1 *
1 1 * *
1 1 * *
1 1 a *
1 1 x *
1 1 *x Ch) wx
1 ! - *
1 1 * *
1 1 x *x
1 1 * *
1 1 x *
1 1 Cal 2
1 1 * %
1 1 * *
1 1 * 5
1 1 * *
1 1 * . x
1 1 - Cc) *
1 1 * *
1 11 % *
1 1 1 % * *
1 1 1 * * *

111 1 * p
1 Ak

1

1

1

1

al) Globhal vertical line.
b Arc.

¢) Half loop. ¢



CHARACTER BEFORE SEGMENTATION SEGMENTS AFTER SEGMENTATION

11111111111 :2111

1111
111

o I

1111

© e e ek ke el e ek ek e el e e et el e

fpuse
e
-2
Y
bt
Y
-

y|

R A N W G

b
o Y

;|

| o
b el b b bl bk el i bl e bR ek

-
3

b e ek ks el b e ek

QQCfD

BN R RN R

%
"

(a)

(b))
Ced
Celd.

Ca)d

LA AR 20 2 2B

A

Ak

t ':]:::)

+ % % %% *

+*
%

b
#
*

»
*

Ak Co)
Arc.

“Loop.
ancd Ce)

o Ced

BE 3 2= O O
:
#*

#* %

‘Half looap.

Straight

# % % 4 & % % %

Lk 25 2B 2% R

#*

.*

Ccd)

1ine.



CHARACTER BEFORE SEGMENTATION  SEGMENTS AFTER SEGMENTATION

111 1111111111 = 2 2 I
1 1 B *
i 1 ¥ £
1 1 B x
1 1 & * Ca)
1 1 " *
1 1 * »*
1 1 % (h) ¥
1 1 * | *
i 1 o -
i 1 % *x
1 i % *
1111111111 T - *
1 1 1 1 | ok e 2
1 1 1 1 | | Ccd ¥
1 1 1 1 e & *x
1 i 1 x ¥ *x
1 1 *x X *
1 1 * *
1 | %
1 1 *
1 1 %
1 1 P
i 1 *
1 1 *
1

NCra) {31 obhal vér*t.j,t:al 1 ine.
CPD) Ad Cec) are.
Cd) Straight 1ine.

- Ce) Loop.

B¢

-+
* #*
Lk 2B 28 B & JF .

* #*



VI. DecisionfTree and tests conducted

el i

Based upon the different .typés of test we can group the
nodes in following way (type of 'tést is as described in

decision tree description):

Type of test Node (s)
conducted.. _ _ S -
(a) | 1.
(b) 3.6.
(c) 5,7.
(d) | 9,12,13,37,249. 1
(e) 4,8,15,38. '
. (F) , : | 2,11,61,62. S
(gy 19,24,27,28,29,41,42,46,47,52,54,55, 64,

65,66,67,70,73,75,79,80.

(h) 16,48.
(1) 17,33,40,49,56,68.

(3) - 20,22,31,32,53,57,58,59,77.
(k) ' 18,30,34,39,44,51,63.

(1) 21,35,82,83,84.

(m) . 23,25.

(n) 1 26,43,45,69,71,72,76,250.
(o) " 50,60,252.
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