177 " A method- of recogn|5| ng a’ table thhl n a bl g éﬂ% THI@ S
JNVENTION rel ates to a nethod of recogn|3| ng.a e&/vl h nore .
particularly to a method of recognising the:location of a table within a

bl ock of text ~- Many-texts contain tablés.-.A table is a c ot f
convey| ng certain .information such:as nunerical informati o???et c‘)'s-a?tg)@p
swi.ft "conpari son bet ween val ues in a tablep. A text which includes a table
will probabl y need to. be processed of . handl-ed dlfferently 0 text which
does not i ncl uaémctl@@drcmgms:@gmpbhmthmabhp R yentd ﬂ/{g be centre
justified and the table may need to be formatted to provide grid lines or
a border around t.he table. Thus, there exists - a need to be able to

IcngrBH fs?lng :;efgt sublthe“c,FI\#ﬁ er ?tr om a ﬁfcdfbf?écbéxelts&géj@tlg\%’mg%g%g

di scl oses a t afidie TReRGIAHY 0 PBidEd Of rebogiisify ithé tdcation$O4 TabIeOWi

table within text with réference to the ruled ITnes bounding the t e and
the rows and cblockroftekt hin the table. This docunent teaches the use of a
fixed determnistic algorithmto-identify the presence of tables, which"’
tabl es are comonly earmarked by dashed |ines or other speC|aI desrgnated .

charact ers. kn .t such.-a .

standard forna Msﬁéteg?s:&;eﬁﬁndﬁg% dﬁ ft\#ﬁgedsafggtﬂfc&%t $ Lfétn SARVENIng: portain

determ ni stic pifeRnARGHNSHER CasO patherftal Enformati6R SandB 8- allow swift comparison
‘between values in'a table. A text whxch includes a table will probably need to

be processed or handled dxfferenrly_ fo text which does not include a table. For

example, the text may need to be centre justified and the table may need to be

formatted to provide grid lines ot a border around the table. Thus, there exists

a need to be able to identify a table within text and more specifically to identify
. atable comprising text “sﬁb;iect-matlter from a block of tc#t.

US-A-5,668,892 ..4isc1_os_e__s' a table" rcc_ognition.-appa.ratus_- which extracts
information from a table within text with reference to the ruled iines bounding .
the table and the rows and columns within the table. This document teaches
the use of a fixed deterministic algorithm to identify the -presence of tables,
which tables arc commonly earmarked by dashed lines or other speﬁal
designated characters. Hewever, tables do not always appear in text in such a
standard format and are extremely difficult to identify using the fixed
deterministic algorithm disclosed in US-A-5, 668, 892.

Accordingly, it is an object of the present invention to seek to provide a method
of locating a table within a block of text which does not use a fixed
. deterministic algorithm and which does not require the table to be earmarked

by-dashed lines or any other special designated characters.



Accordingly, it is-an object of ‘the present invention to seek'to provide a" .
srethod of locating a table.within a block of text which does not use a -
fixed determnisstic algorithmand which does. not require the table to be
earmar ked by. dashed |ines or any. other. special designated characters. . '
2 Accordingly, one aspect .of the-present invention provides a nethod of .
recogni sing the location of a table within a block of text conprising the-
steps of: -attributing a set of 'values to 2ach line of a sanple block of
‘text, which set of . values are deternined at |east by the, characteyi tigs
of the |ine ofAgeoRdin, yhe°§%t.-as&F°t\P§{ £s BTBTCnf nVERRQ)l P9 8f 0} of

conprising trainihg.. <= | nck ' . t her | Lnc| s.part . -
of a table;: af%ﬁf‘ﬁégﬂgh‘g@og&vg%ue%%%g% #%Jfb%ﬁgbg@guﬁﬁ L to
be anal ysed, WF &ib@tin®h s¥adfi@tucdite cdeh tingiofadagipld Btk dbtext Mehich set of
characteristics-of that”line of text; applying a pattern recognition

al gorithm to vahms dre detenmingdeatieast bydhe charactoristics afithe lmedoftert, theset 6f om
the training exanples to identif ether the line of the block, of text

A

bei ng anal ysed’aluqschJde-m,tbl%%( of ted) comprisipg, drairing examples;s indieating
present inventj.on, providqes,: f Qduci-ng. [N exanpl es ,of
DSt OV R0 GBS B o BRRCHRSing ¢ AU SR RLER e
table within fflKlekk of th@td betahaly¥ed lichisePbPYalaks drd détbhhitdd ﬁngﬁlwys |
conprising the steps of attributing a -set of values to each Iine of a

sanpl e bl ock diie tharactenisticsiof ttat dine\of] toxts applyinie aqratiene decuignitéors klgorithune -
characteristics of_the |i r&? %E -S(ex%, t'rga_set ‘of values for the sanpl_e bl ock
of - t ext . to each line of the block of text being analysed and lines from the training ~

examples to identify’ whether the line of the block of text being analysed

includes a part of a table.

Another aspect of the present invention provides.a method of producing
training examples of sample text to.be used with a method of recognising the
location of a t;i‘c_pl_c-withih a block of text, ih_e method of producing tmmmg
examples comprising the steps of: attributing a set of values to each line of a
sample block of text, which set of values are determined at least by the
characteristics of the line of text, the sct of values for the sample block of text

. comprising training examples; and indicating whether cach Jine includes part of
a-table. = - '

In order that the present invention may be more readily understood, an
embodiment thereof will now be described, by way of example, with reference
to the accompanying drawings, in which:

Figure 1 is a text sample including a table;

Figure 2 comprises a set of values attributed to the respective lines of the text

sample of Figure 1 in accordance with an embodiment of the present invention;



conpr|5|ng tralnlng exanpl es; and indicattng whether each I'ine includes

art of "a table.” ... In order that the present invention may- be nore
readi |y understood, an enbodi ment thereof wll now be described, by way of
exanple, with reference "to the acconpanying draw ngs, in which: Fi gure
‘1 is a text sanple including'a table;, - Figure 2 conprises a set of values .
attributed to the respective Il'ines of the gext sanple of Figure 1 in
accordance wi th an -enbodi ment of the present -invention; Fi gure
3 shows the set of values of Figure 2 annotated to indicate whether a given
line is a part of a table; -Figure 4 |s a further text sanpl e |nclud|ng a
table; and - Afigurec3 eshowsﬁlmﬁgﬁvgmesm Ema apnotated tte dndisatchavhether a

respective i ngs o1 bey beilea bl
Figure 4 is a further text sample including a table; and

Figure 5 -comprises a set of values attributed to the respective lines of the text
sample of Figure 4 in accordance with an émbodiment of the present invention.

Referring '_to the drawingé, the embodiment of the present invention to be
described comprises a two-part process incorporating a learning process and

thena subscciuen’t recognition process.

The lcamir-_lg' process im_rolvés.the analysis of a number of. sample texts each of
-which' contains one or more tables. Each sample text comprises a number of
.lmes of text. For the sake of ease of ﬂlustranon _the following embodlments '
relate to hnes of tcxt which each comprise a string of 128 characters. It-will be
apprec1ated that the invention is equally applicable to lines of text with more or

less characters and is not restricted to a fixed number of characters in a line.

As will be described below, cach text line is attributed with a éet of values:
which represent-features or characteristics of at least that line but also,
advantageously, features of the immediately preceding line and features of the

immediately following line.

Once the respective values have been attiibuted to a line, each line is manaally

identified as-either.being a part of a table or not.



sanple of Figure 4 in accordance with"an- embodi ment of the present
invention. Referring to the draw ngs, the enbodinent of the present
i nvention to be described conprises a two-part process incorporating a

| earni ng process and then a subsequent recognition process.. The 1earning . -

process i nvol ves the anal ysi s~of -a nunber of sanple texts 'each of which -
contains one or nore tables. Each sanple text conprises a nunber of li.nes.

of text. For the sake of ease of illustratiog the follow ng enmbodiments.
relate to lines of text which each.conprise a string of 128 characters. It
witl be appreci alrethetiHustratad exemple; Fignred s a |bleclopEtaxs comprising 15
text with nore of. | es char ters and is not restric 10 a fixed nu

of .characters int eq | f%{? f\%PtI“FeH UGS 25 33548 ge‘?&%&jg%ﬁstae rEj
attributed with \% Hhﬁsﬁ

characteristics 0 ?’gaastték#ﬁﬁ? I ne quregéan%%gguég Y, ?.seatﬂlglguon

the i.mediately Gfﬁfeeﬁmﬂeﬁatdl? pﬁé&dﬁx@hﬂéemc%%céﬂh?niwmmeﬂam&%b%
| i ne. Once the respective values have been attributed to a |ine, eac
line is manual | yas mlﬁmatl‘omsmf the. peesehtehn@endmgmaﬂlpdmm@feaauneamﬂmsmemsmedas

N a func_:.t_xon_ of the 1mmed1ately following line.

.For'a_gi.\"rer._ii line, the nine features and their respective associated values are as

follows:

Fl: this feature encodes whether the line is a blank line having no text
characters or a line having: text characters. This feature is represented by a
symbolic value of t if the line 15 a blank line or f if the line has any text

characters

P2 ﬂxis.fe’éture encodes the number of leading épacés in the line before the
first text character and is r_epresentcd_ by a numerical value being the number of

initia] spaces before the first text character.

F3: : this -feénue_encodes the first character in the line that is not a space
character. This feature is represented by one of the following special
characters if the first character is onc of those special characters: () [J{}<>+-

: ’f/_=§!@#$%“& or, if the first text character is not one of the above special
characters, then this feature is represented by the symbol N.

F4: this feature encodes the last character in the line that is not a space
character. This feature is represented by one of the following special

characters if the last character is one of those special characters: () [J{}<>+-



In the illustrated exanple, Figure 1 shows a sanple block of text
conprising 15 lines. A set of 27 feature values are assighed to each line -
as a function of ni-ne features of a text line.. The first nine feature .

val ues are assigned as a function of the immediately preceding line, the
second nine feature values are assigned as a function of the present |ine
and the third nine feature values are assigned as a function of the |

i medi ately follow ng |ine. For a given Isine, the nine features and their

respective associated values are as foll ows: Fl: this feature encodes
whet her the | i ¥ =i~d@#8%6%kor, it the last textreharaster ihaetioneof the abovenspecial

havi ng. text characters. This.feature is renresented.by.a synbolic val ue of
[err] if the I¢ a?%‘%“!ﬂ“éﬂ-’@f%ﬂ@°b§mﬁ’é?§eﬁq%fb¥ﬁlﬁw¥ﬁgs any text -

char acters. F2: this feature encodes the nunber of |eading spaces in the
line before the first text character and is represented by a nunerical

val ue being t hEsnUNiRS fedtuieehdctiesSRhemSr iké dine ¢disists ehtirdlg sf- eherspebRl.
F3: this feature-encodes the first character in the line that- is ndt a
space char act e¢charactir onlyatlts @ossiblee paluce rare either oms of the followingi spgeial

iES?L; eEQf” Eééﬁiékés; 0 DO i sk orc o ine ex%ﬁ%%ﬂa?:ﬁemﬁxot
The synbol N AP CARRERR, Sich iRl leTebREER by tpd SOERSFR. T oo

‘that is not a space character. This feature is represented by one of the
followi ng special characters if the Iast character is one of those special
characters: [&F6: <>this feature encodes the number of segments in the line with two or more

contiguous space characters. This feature is représented by the number of

segments in the line with two or more contiguous space characters.

F7: this featurc encodes the number of segments in the line with three or
more contiguous space characters. This feature is represented by the number of

segments-in the line with-three or more contiguous space characters. -

F8:  this feature encodes the number of segments in the line with two or more -
contiguous separator characters, where a separator character is one of the

following: *. *-". This feature is rc’prcsexited by the number of such segments.

F9: this feature encodes the number of segments in the line with three or more
contiguous separator characters, where a separator character is one of the

following: . *-". This feature is represented by the number of such segments.

As will be appreciated, features F1, F3, F4 and F5 are symbolic features whose
values are one of a set of possible symbolic values whilst features F2, F6, F7,

F8 and F9 are numerical features whose values are numeric integers.



5 * == @¢$%‘& or, if the last text character is not one of the above -

.Spectal " char acters then this feature is represented by the symbol N- _
F5:" this feature encodes whet hef -the |ine éonsists entirely. of one speci al..
character only. Its possible - val.ues are either one of the follow ng speC| al

characters: ()[]{}<>+-*/_ ~! @$% & or, if the |ine does not conSist
entirely of that speci al character, then this feature is represent ed by - -
the-symbol N... . F6: this feature encodesbt he nunber of segnents in.the

<o kB 4 PR L G e

conti guous spd h kU qé
cegments. in ¢ 000 R SELRIC ot Eipdid 1. EBE St 1 SREAMAE: HIPRARTSNalAGS, |
feature is re ﬁ%@@lmbzh&‘heumaarre%luesfmmsarmsﬁdldwme with three or
nore contiguous space characters. this feature encodes the nunber

of segnments in the Ii nf]thMNfM OJGJMNN&‘JOI\@CQ&I)Z&NSMMQ&@K) charact ers,
wh t h t f.t I P f eat
ere a separa or c aracter e gf!dgmfgb oa(vl a?c denved from-'iull i aiﬁ ure

is represente _
next nine feature values - f LN,N,N,1,1,0,0 - are derived from the present line,

line 2, andthcﬁnalmnefeamres 1128NNN0000 aredcnvedfromthe

-_ nextlmc line 3.

Anaiy'sing the nine featu_rc values (the second nine feature values) of the -

present line, line 2; these values have been attributed as follows:

Feature Nam_e " Feature Value Explanation

F1 . f Liae 2 is not blank so thc symbolic value is 1.

F2 | 1 " | The number.of lcading spaces mlme2 is onc since there is
' : a blank space before the chamcter “A” in the first word
“American”.
F3 N The first nonr-space:character (4) is not onc of the specxal
characters ¢ [J{}<>+-¥ =~J@HS%*& so the symbohc
value is V,
F4 N The last character in line 2 which is not a space is “.” So_
the symbaolic value of F4 is V.
" F5s N Line 2 does not consist of one spccial character only so the
value of F5 is N.
F6 ' 1 " ["After the 40th character in Line 2 ., there aré 88 |

contiguous space characters which qualify as a segment of
Two o more contiguous space characters so the valuc of F6
is 1,

F7 ) Ji After the 40th character in Line 2 “™, there arc 88
contiguous spacc characters which qualify as a segment of |
three or more contiguous space characters so the value of

F7is 1.

F8 0 There are no contiguous separator characters in line 2 (< .*
<) so the valuc o F§ is 0.

F9 0 Thece arc no contiguous scparator characters in line 2 (% .*
-*) so the value of F9 is 0.

In the same manner, the table below analyses the second nine feature values of
line 14, which values have been attributed as follows:



Fo:*

_hore’ contiguous. separ'a'tor
“of. the foIIovmng
segnents. As will

synbol.i c: features whose

val ues. Whi I-st f-eatures F2, F6 F7, -F8 and F9- are numer i caI

wher.e- a separator character

this feature ericodes the nunber of segments in the line with three or-

characters, i s one

Thi-s feature i's represented by the nunber of such

be appr eci at.ed.,

.features- F1, F3, F4 -and F5 are -

val ues are- one of a set of p055|ble synbollc

f eat ures whose

val ues are. numeric integers. 7 ,
6 Referring o] ACUrEvArTeS U aTutTte
15 lines of 1°8-"—5I" ﬁl@tﬂ ggiﬁggﬁﬁexarrpl e, let us consider {he
feature val Lo Line 2. 1 1ia€14.18 adublaik s¥ the WaibolicValuk {72 2 aT €. piS
fol | ows: IR ' _
f*1,NN 0,0,0,0, 01, 7,1, N NN, 3, 1, 0, DThe dridBerNofNbabling spacds, if) linel 1€ i thies lsinde 1
feature valyes -f,1,N N N, O, 0,0, 1, 0 } ther erctiméciblaekisphoepbeford theiehatcted 42 in thek t
nine featur¢g_val ues :f .1 NN N 1, 1. 0} fiestwandReafbr i ved from the present
line 2, and fthe fF8al nifile feaNures | The fir@@onvppeechadacer (¥) & not epeaf thempecial]
fromthe net line, linef3. ~. ~ " Ch:lraqe;; 0.00<>+-Y_=~I@#s5& so-the Symbohc
. . . - - valuc is ’
F4 . 94 - - | The last character in line 14 which i is not a space-is “9"
: which |sa Spocxal chamctcrsothesymbolic value of F4 is
. SR
F5 N Line- l4do¢cnotconsxstofonespecxalchaxacteronlyso
. jthevalieof FSis N, -
F6 o “There are three segments in‘Line 14 wtuch have two or
more contiguous space characters:
1) the three spaces before the word “Ycar™;.
2) the thiee spaces between “15,029, 000" and “66.9%"
and.... - .
3) the 75 spaces aﬁer the last charactcr “%".
F7 3 AsF6, the numerical valueis3
F8 1 " | There is a contiguous string of 18 écparaior characters-
“in line 14 so the value of F8 is 1.
F9 1 As F8, the numcrical value is 1.

Turning from Figu're 2to Figure 3, the resulm't feature values for cach Iﬁc are
then manually annotated -with a symbol ‘to. identify whether or not the
corresponding line from the text sample shown in Figure 1 is part of a table ,dr
. not. If the given line.is part of a table, then the feature values are anno_ta,ieci |
with a plus sign (+) or if the given line is.not part of a.table, then the feature
values for that line are annotated with a minus éign (-). This manual annotation

indicates whether the line is part of a table or not.

The above described process represents the learning process which is the first
stage in identifying the location of a table within a block of text. This first
stage is important since it represenfs a transfonnatlon of mput sample text into
a form represented by feature values which'is solvable by a patter recognition

algorithm such as a nearest neighbour algprlthm. Without transforming the text



Anal ysi ng the ni ne feature values (the second ni.ne’ feature val ues) of t he -

present -li:ne,- line 2," theSe val ues have been attributed. as follows:
Feature-Name Feature Val ue Explanation .. - F1 o L f

Line 2-is:not blank so-the synboltc val ue dis f. 2. N
The - nunber of | eading spaces in line 2 is one since there is - '
a bl ank space before the-character "A" in the first word . F3

N - - The- first. non-space char acter (Aﬁ |s not one of the speci al .

characters 0 [1{) Tenturs validd 1 wodld: fHE b2 P°551bf'ﬁe‘°l wtilise. paftept dpoogRifiphe o

which. i s not
F5 %1@83 _R}lﬁng ﬁl the foﬁ&wxen%reg O‘gltsl ‘n ot nsi st g?%&gentcge%b a‘ﬁnialt Nf
character 0”' %%%ﬁ%on prov,tdes a solution to the problem of recognisitg! the l6taticn bfaN.

F6 After the 40th character in Line 2 ".', there -
are 88 - ta,ble w1thm -a-block. of text: using - patfom r@ggnmogpalgenﬂm,aatmlml ch
quality as a seglment “of ;/io nor e '
conti guous spaWi Wé&tmﬂg’éﬂi’ tb@eﬂéﬂyéd@ﬁ’ﬁgd’aﬁem recogpifion gonthm;7

J After the 40th character sin Line 2 ".", there.are 88
conti guous space characters which qualify as a segnent of

three or nore ?R@Eémétagé)% ﬁ&ﬁﬁfcasg Séﬁtgﬁ.@est te abaifitieh of a table within a-

F7 is 1. . ! here are no contlguous separ at or
characters mlblbo!eoftc(x T ') so the
value of F8 is 0. - F9 . 0 There are no conti guous
separator’ characters in line 2( ") 'so the value of F9 is 0. . In the
sane manner, e t abl g.el oW ,a ses_the nine f ur.e val pes of
e 14, i GHRGEPIRE telrséeﬁuat R s SRR Rl 55

18 lmes. The first step-in the recognition process-is to attribute each line with
‘the 27 'feeture' valugs - described -above -so -that the -text information shown in
thmc 4.can be. mampulated using pattern recogmtton algontluns Applymg
thie.same- rules descnbcd above n relanon to thure 2, the 27 feature values for

: _each of the 18 ImPs of the text sample shown in thure 4 are set out in Figure 5.

-Any pattern. recognition algonthm can be used. In particular a nearest
nélghbour algonthm can be apphcd in the recognition process to determine
whether cach of the lines of the text in Figure 4 is part of a table or not.

In the present example, this is illustrated using the nearest neighbour algorithm.
This algorithm t:omputes the distance D(S,7) of the line in the text sample (T)
| to every training example from text sample (S). Thus, D(S1,T1) is the distance
measure between line. 1 of training example text S from Figure 1 to linc 1 of
text samplc T from thure 4, S1 being the first line of training cxample S and
Tl bemg the ftrst lmc of text sample T. D(S1,T1) = Z, yd(s1,,71,), where

d(sl,tly is thc distance between the [th feature value of S1 and T1.



7" Feature Nane Feature VaI ue, " - Expl anation . - Fl . :
f- Line 14 is not bl ank so-the synbolic val ue isf. - . F2

‘3. : The nunber .of | eading spaces-inline 14 is three since

there are three bl ank spaces before the’ character "Y' in'the

first word "Year™. - - F3 ‘ - -~ N _ ‘The frrst nfonaspace
chara=er (1) is not ‘One of ‘the peci al ' -

characters ()[]{}<>+-*/_ ~l@#$%@& so the synbolrc ' val ue
is N F4 .The | ast ch acter R e'14

which is not @Assprewviousty descnbed, some of the feature values have symb:
speci al character so the synbqglic, valu of F4 is

N 1 nothers s RRRSEGRs Velucer EAR negsricdl fE‘?’fB’r’"aé’PE‘F"So FFP& %x&mple
the value of tﬁgﬂ&ﬁ&ﬁeg?’n}] ﬁﬁfe value sl of line Bof text S (S-Ib‘%ﬂ e sty

segnents in Li
mor e contlguoqgatﬁ%aeauehq%%ﬂﬁrﬂ oftcxtT(Tl) d(s 15 t13) = [(s1a-112)/128] = |(128.)

the three spaces forée the word "Ycar

2) the three 4p8)d28peOneen " 15, 029, 000" and "66. 9% and :

3) the 75 spaces after the last character "% : 'F7 e _ 3
As F6 the nunerical value is 3

. For symbohc valucs d(s,t)is either O or 1. f the symbohc value of the feature
value in the trammg example is the same as the symbolic valie of the feature
'value in the luLe bemg analyscd, then d(s,0)= 0 but if the symbohc value of the
feature valuc_ in the training sample is not the same as the symbolic value of the
feature value in the line being analysed, then d(s,¢)= 1. _- For example, taking
the first feature value sl of line 1 of text S (S1) and the first feature value tl,
of line 1 of text T"(Tij,- where, in this example, sl;="7" and tl,= “(", then , sl, =
tl; and thus d(sl,,71,) = 0. |

This process is repeated for each of the 27 feature values on Jine 1 of texts T
and § to produce the following distances: .

I d(sl_|_,t1[) } 1 | .d(s],tly) 1 d(Slx,tl;! '
1 U0 10 0 19 . 1

2 0 11 0 20 0.9921875
3 0 12 . 0 21 0

4 0 13 0 22 0

5 0 14 0 23 0

6 0 15 0.0078125 24 0.0078125
7 0 16 0.0078125 25 | 0.0078125
8 0 17 0 26 0

9 0 18 0 27 0




F8-. - R | " There is.a_ contiguous strfhgfbfilS separ at or
characters- T in line 14 so the val ue of F8
‘is 1. ' Fo - : ] As F8, the nunerical value is 1.

Turning fromFigure 2 to Figure 3, the resultant feature values-for each -
line are then manually annotated with a synbol to identify whether or .-
not the correspondiing line fromthe text sanple shown in Figure 1 is part
of a table or ".not. If the given line is P@rt of a tabl.e, then the feature
val ues are annotated with a plus sign (+)*or if the given line is not part
of a table, t t tu | ygs f t L€ t&" S at '

m nus sign (-?.ﬁgﬂ#gulﬁéﬁua -g%%o'tég% .(}ﬁé,ni ndi c'a%d]es t\Gf/\l/ne lﬁgge%'hetﬁlgi ;\gislﬁsﬁgart
of a table or prst,T 1)=im34mbcﬁmrdhbﬁﬁ'sbline&80fﬁ'lah'n'a'sglexamptetd)&eﬂ andg
process which i's thé first stage in identifying the |ocati-on of a table -
wi thin a bl octhedfirst line T1Tofi text sampléFi.age is inportant since it represents a
transformation-of input sanple text. into a formrepresented by feature
val ues which is solvable by a pattern recognition algorithmsuch as a

8 it o f oat or ARy arpieatopkst Ty hef keieded SR ERY GRS indip B trzining example

recogni tion  textS and the text sample T to produce distances D(S1.s5,Tiye). The smallest
distance or gisgnpgs_beméen the training sample S. and the line (T1 to T18)
being an;ﬂ}ised isfare selected to make the decision as to ‘whether the line being -
aua_lys_ed compr_isgs_é lix;é which is j:an’ of a table or not. ‘The table beléw

shows the distance values when comparing the first line of text T being
analysed from Figure 4 to cach of the lines of text in the training example text S

shown in Figure 1:

D(SL;T1) -2.0234375

|PE2Th 19931875
D31 |6.0234375
DEATD) |0
DE5.T1) | 60234375
DE6TD) |0
DE7.TD) | 60234375
DESTD |0

D(S9,T1) |5.765625
D(S10,T1) |2.0546875

D(S11,T1)

5.1015625

D(S12,T1)

5.8671875

D(S13,T1)

7.15625

D(SI4,T1)

7.1484375

D(S15,T1)

6.109375




algorlthns i n the fotlomnng recognltlon stage Thus the present enbodlnent
of the invention provides. a solution-to the’ problentof recogni si ng the

| ocation of a table within a block of text using pattern- recogn|t|on
algorithns, a problentmhlch has ‘not previously been solved using pattern-.
recognition algorithns. . The- second .stage in the procéess conprises the
recognition of a table within ‘a bl ock of text. Referring to Figure 4,7

- this represents a further 'text .sanmpl e haqug, in.this case, 18 lines. The -
- first step i'n the recognition process is to attribute edch line with the 27 .
. feature values described above so that the text information shown in Figure .
- 4 can be mani pul ated using pattern recognition algorithnms. Applying the

" sanme rul.es dediyédnebe lestadistaneesaeciieat SAeS6andes |

omrth.e abave &ﬂﬂc,dhﬁ |sgta1

for each of t es of e t ex i n_ Figyre are set out

e Ergure’s.. Staginge fis fre e PR TR U 9 Y

particul ar, a nearest nelghbour al gorithm can be applied in the recognltlon

process to determ ne whether each of the l'ines of the text in Figure 4 is

~part of a tabtrthu@rtu&qhethodluasti@&tmaaﬁathemraleigm*emﬁxto% r?dxtlsfa%&ﬁ@ si ng
t he nearest nagn our al gortthm Thi's al gorithm Conputes t di st ance S,

T) of the Iinésthe case withdinsdwofiFigure)l.t o every training.exanple from text

sanple (S). Thus, D(Sl1l, T1) is the distance nmeasure between line 1 of -

t r-ai ni ng exanple text SfromFigure 1 to line 1 of text sanple T from

0L L T BTl R SO ] P t”

first line of

d(siferr], t i aila o6t SloSést ReAck Bhyvbeen iddriiel oA 6f Wil HAeL! TR a“d
table below shows another table of dmtancc values obtained when comparing
the sixth line of the text from Figure 4 with each of the lines of text from the
training examplé text shown in Figure 1: ‘

D(S1,T6) | 1.890625
[oGEzTey 2453125 |
| DE3;Te) [24375

D(S4,T6) | 3.835938

D(S5.T6) | 2.4375
D(S6,T6) |3.835938

D(S7.T6) |[2.4375

D(S8,T6) |3.835938

D(S9,T6) | 2.643438
[ D(s10,T6) |2.296875

D(S11,T6) | 1.34375

D(S12,T6) | 2.09375

D(S13, T6) 3382813

D(S14,T6) | 3.390625
-'D(SIS T6) 2.382813




9-As previous]y described, ”sohe_of}the_feature val ues have synbolic val ues. -
and ot hers-have numeri cal - values: “For nunerical feature values, for
exaane taki ng the second feature value sil[err] .of line 1 of. text S (Sl)
and t he second feature value tiferr] of line 1 of text T (T1l), . °

d(si[err], tl[err]) |(sl[err] tiferr]/128| =|(128- 128)/128| :O. For
synbolic- values d(s t) is eiither 0 or 1. If the synmbolic value of the.
feature value in the training exanple is't sane as the synbollc val ue of
the feature value in:the 1i-ne being anal ysed, - then d(s, t)=0 but if -the
synbol i ¢ val ue of the feature-value in the tralnlng sanple is not- the sane
as. the synbolic value of."the" feature value.in the ]ine being anal ysed, then

d(s,t) = 1. Fda ﬁﬁﬁ@damlplé .attiengmiliestf distance (ST wa'bpxsaﬁ#drbj lode I]Jlnef 1
of text S (S1) and the-first feature val ue tlferr line 1, of .iext

(T1), where, itrainingsexamplpitext &1Taps, theme aﬂ&opq ¢$ ‘that tho sixth dine %flteattr]
= tlferr] and thu Sl err])= 0. Thi s process is repeated for
each of the Zfawz?ﬂ.(léf{?ﬁ‘lf]eds&é “line 1 of texts T and S to produce the
followi ng distances: - . _ | d(sl[err] tiferr]) | d(si[err],t1[err]) |
d(sl[err] tiferr]) . I 0 10 0

0 9021875 By identifing the locahon of the lmics2 whicH are partOof a table, the method 20
0 4 can 1denufy the - transmon j_:gtwcen nonnal pmts of text and pgrts of the text 0 |

which compnse a table so as 6 locate the table thhm the block of text.

It is to be appreciated that the present invention is not limited to the particular
special characters, separator characters or list of feature values described
above. Itis eni_ris_aged that qther.characteristics' of a given line of text can be
used as part ef the process for training and recognising tables within text. Such
further chax_jacteristies can be ﬁsed instead of or in, eddiﬁon to the vatious
characteristies 'desczibed- above. It should be apprecmtcd that other pattern

| recogmtlon -algorithms whmh arc rcad:ly available could be used instead of the -

nearest nelghbour algorithm described above.



0 e 15 - '0.0078125-- " . 24 0 0078125 ‘ 7 0
16 - -0.0078125 . -'2.5 - 0. 0078125 - 17

r2(7asul t'ant {"val ugs are ;then', summed | t? . produce the“lmlm!lmin)""nmll

D('S1, T1) =2. 0234375 between the first line @1 of training exanple text S and
the first line Tl of text sarrple T. The. Sane process is then repeated for
every other i he training exanple text S and the text sanple T to
produce di stances S[err],T[err]). The snallest distance or distances
between the training sanple S and the line (T1 to T18) bei ng anal ysed

I s/are selected to make the decision as to wheth r t e bei ng, anal ysed
conprises a |ike whianethed pﬁrltec%mémga’i@ dogationet a El Bell’lGGkathhe

Eoure’a to odomieing dhF Srars of Mtttk 4 B of ypliEK o Al e 2% R5HE
in Figure 1:  block of tex%cf%ﬁjof%%ess%%ﬁ%ed at least by the Eathctbliktics

1.9921875
of the line of text, the set of values for the sample block of text comprising

- training examples mdlcatmg whether each line includes part of a table;
_attnbuung a set of Jvalues to each line of a block of text to be analysed, which

" setof values are detenmncd at least by the characteristics of that line of text;
applying a pattem recognition algonthm to each line of the block of text being
 analysed and lines from the training examples to identify whether the line of

the b_lcclc of text being analysed includes a part of a table. -

2. A method according to Claim 1, wherein the step of indicating whether

each line includes part of a table is a manual step.

3. A method accordmg to Claim 1 or 2, wherein the set of values attributed
10 each line of a block of text comprise three sets of values: a first set of values
which are detetmmed by the characteristics of the previous line of text; a
second set of values which are determined by the characteristics of the present
line of text; and a third set of values which are determined by the

characteristics of the following line of text.

4. A method according to Claim 3, wherein each set of values comprises a
number of feature values each of which represents a characteristic of a given

line of text.

5. A method according to Claim 4, wherein the feature values represent

one or more of the following characteristics of a given Jine of text: whether or



D(S4, Ty 0 -D(S5; T1) 6.0234375. - - D(S6,TL) O
D(S7,T1) .6.0234375 . . D(S8, T1) O (SS9, T1)
5. 765625

’D(s.iz,n;-s.'_gengys .D(S“’ ™ 20851 7. ool I RS 555

7.1484375 .
t he above tabl e

D( S15, T1) 6.109375 ¢ A cén be seen.from-
‘the small est distances occur “at S4, S6 and S8. Since there:

are three matches, the first match is seleied i.e. S4. - 'Thus, the met hod
has identified that .-line 1_of Figure 4 is hot a part of a table as is the

case with Ilnen4t
lines of text to

tgeflm'é'@ dibtark line Ravingaetest siearacters fisemeribénof iutial syacehe

e anal ysed from Fi gure

characters in the line before the first text character; an mdzcauon of the first

:non-_space:character-_of the line; an indication of the last.non-space character of

“the line; end indication- whether the line consists entirely of onc speci‘al'

character only, a number of segments in the line with two or more contiguous

space characters a number of segments in a line with thiree or more contiguous
space characters the number of segments in the line: w1th two or more
" contiguous separator characters the number of scgmcnts in the line with three

or more contiguous separator characters.

6. A method according to Claim 4 or 5, wherein the feature value
comprises a numerical value or a symbolic value represented by a special

character.

7. _' A method accordmg to . any preccdmg claun, wherein thc pattem_ '

rccognmon algonthm compnses a near est nexghbour algonthm

. 8. A method according to. any prcccdmg claim, wherem the pattem |
recognmon algonthm provides an 1nd1cat10n of the line or lines from the

" sample- ‘block of text whick: are closest to a given line of text from the block of

text being analysed.

9. A method according to Claim 8, wherein a given line is recognised as
being part of a table or not if the line or lines from the sample block of text
which are closest to the given line of text being analysed comprise a part of a

table or not.

10. A method of producing training examples of sample text to be used with
the method of any one of Claims 1 to 9, comprising the steps of: attributing a



4 until *a match or cl osest mat ch’ has been identified for each of t he I|nes.--_‘ St

The tabl-e: bel ow shows anot.her tabl e of. di stance  val ues ‘obt ai ned when
‘conparing the. sixth Ilne of the text fromFigure 4 with each of the lines =

17y O1 bhaces " "0 AP et oo, 25§|1J|H||T||||1| ||||| WMo s, +)

2.4375 B D(S4 T6) 3 835938 s T6) 8 2.4375
D(S6, T6) 3. 835938 o D(S7, T6) 15 2.4375 - ° D( S8, T6)

3. 835938 . D( S9, T6) 2. 648438 D( S10, T6) 2.29687%5
D(S11, T6) 1. %@?3? values. to each lm@@SJaZ saifiple blookpfatext, which set of vilues ars)
3. 382813 D(S14, T6) - 3..390625 '2,(& '{6} a? 3%2813
12 determined at le.ast by the charactcmtxcs of the line of text, the set of values for

the sample block of text.comprising trammg examples; and indicating whether
- each: lme--mclu_des part of a table.



In thls ‘exanple, .the smal | est dlstance EKS T).is represented by I|ne 11 of
tvai-ni.ng- exanple text S.-Thus, the net hod. concl udes that - the sixth.line of .
text sanple T is:part- of a tabl e. . By Ldentlfytng the | ocation of the.

| i nes -which are part: :of a table -the -method.can identify the transition.

bet ween- nonnal paits of text and parts of the text mhlch conprise a table
so .as to- Iocate the table mﬁthln the bl ock of text. ~-It is-to be

appreci ated.that the present invention is not [imted to the particular
speci al. characters, separator charactersi@r |ist- .of feature val ues .
descri bed above. It is envisaged that other character.isti-cs of a given.line
of text can be used as part of the process for training and.recognising
tables within text. Such further characteristics can be used instead of or
in addition to the various characteristics described above. It shoul d be
appreci ated t H‘aatnmkmcﬁmbgnmmgeeogﬂblﬁoﬂl‘éhmr#twﬁcm%h e¥k-Teadily

avai | abl e coul d be -used i nstead of the nearest . ne| ghbour algorithm .

descri bed abOVRBSTRACT : ' 13 . CLAI MV5:
1. A net hod pf recognies. t f n c ext -
conpri'si ng thée M f #ﬁﬁ%&é %@ lb%ﬁo?x Tq?véélatgiels% \to%{ﬂgiéc [I%%g Kf%xf
sanpl e compnsmg the steps of: attributing a set of values .to each line of a sample .

block of text, WhICh set of values are determmed at least by the charactenstlcs
of the hne of text. the ‘set of values for the sample block of text compnsmg. _
training _ex_ax_nples_. ‘indicating whether each line includes part of a table;
at(ributiné a.set of values to each Jine of a-block of text to be analysed, which
set of valucs are determined at least by the characteristics of that line of text;
applying a pattern recognition algorithm to-each line of the block of text being
analysed'and- lines from the- training examples to-identify whether the line of
the block of text being analysed includes a partofa table.

[FIGURE 3]
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14 hot the line is a bl ank |ine havrng no’ text characters the nunber of
initial space ¢haracters in the -l ne before'the first text character; an
indication of the first non-space character of the line; an i ndi cation of
the | ast non-space character of the line; and |nd|cat|on whet her  the 1ine
consi sts entirely of -one -speci al character only;. a nunber of segnents_in
the line with two or nore contiguous space characters; a nunber of segnents"
inalinewith-three or nore conti guous.space. chaﬂaﬁiers t he nunber of
segnents in the line with two or nore .conti guous separator characters; the
nunber of segnents in the line with three or nore contiguous separator
characters. 6. A nethod according to daim4 or 5 wherein the feature
val ue conprises a nunerical value or a synbolic value represented by a -
speci al character. 7. . A nmethod according to any preceding claim
wherein the pattern recognition algorithm conprises a nearest nei ghbour

al gorithm 8. A nmethod according to any precedi.ng clai-m -wherein the
pattern recognition algorithm provides an |nd|cat|on of the line or lines
fromthe sanpl e bl ock - ctosest—t9 a given line of text ,
fromthe block of text]being analysedﬁ . 9.7 A-ret hod according to Caim
8, wherein a given ling is recognised as being pajt of a table or not if
the line or lines fromthe sanple block aof text ich are closest to the
given line of text beipg anal ysed conprise a part|of a
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