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Statistical analysis of OCR errors!
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OCR errors

Standard mapping

ar
Char

Monograph

Periodical

Overproof NLA

Overproof LC

{a: 995, @: 0.5}
{b:987, h: 0.8, @: 05}

e:97.0,0: 20, ¢: 06, @: 04]

(@:99.7, @03}
{e:98.7,0:02, @: 1.1}

(£982, @ 18}
[g:99.6,@ 04

(h:99.1,b: 04, @: 03}
(1:99.1, @: 0.9}
{j: 97,@: 03}

(,.cv! w02, @:07)

{0:99.4,@:0.6]
[ 9938, @: 02}
4:994, @ 06}
(994, @:0.6)
[5:988,2:05, .03, @: 0.4

(6997, @ 03]
[w992,n:02,@: 06}

(2996, @04
[:996,@:0.4)
(x990, @:10)
-5, @:03)

(992,505, @:03)

97.5,w 0.4, 1: 0.2, € 0.2, 1: 0.2, @: 1.5}
{b:96.7, h: 1.6, @: 1.7}

{6962, ¢:12,0:10,@: 1.6}

{d:98.4,1:02,:02, @: 1.2}
{e:96.9,0:0.6,¢:0.5,: 02,5 0.2, @: 1.6}

11:962,1:12,1:09,i:04, @: 1.3)
{g: 983, @:17)

{0952, b: 17,1 0.4, m: 02, @: 25
:97.6,1:0.6, 1:0.2, @: 1.6]
{j:974,1:03,1:03, 02, @: 15)
{lc 98.6, 102, @: 1.2]
{1:96.9,5: 08, 1:02, @: 21}

s 97,4, : 05,5 0.2,

I 964, 0512, 0.3, m:02,0:0.2,
102,@:15)

{0:97.9,€:05, 202, @: 14}

{p: 987, n:02, @: 11]

{q:97.7,0:0.2,502,J:02, @: 1.7)
{r:98.5,1:0.3,1:0.2, @: 1.0}
{5942, 0:0.8,¢:07,1: 03,103, @: 3.7)

21:02,@:09)
o T an o 02,11

{0 979,5:07,y:02, @12
{987, @ 13}

(974,508, 502,502,102, @:1.2)
{5980, v 11, @:05)
{860,525, % 16,512, 11,209,

£03,6:03,3:03,6:02,b:02, ¢:02,
k02,1:02,0:02,1:02,u: 02, @: 47}

fa: 927, 2.1, 1.
1b:962,h:1.7,1:05,1:03,@: 13}

{6:93.9,¢:17,0:15,5:04,1:02,
102, @: 2.1}

(97,1, 004,102, 0.2, @: 2.1)
fer86.1,0:9.2,: 16, 03, 202, @: 2.6}

E28115,610:0%.@:25)

{5 934, 0.4, ps 04, 1

05 £05, 03,1102, £02, @38
{951, b:1.1,1:08, £ 07, n: 02, @: 2]

{:90.7,1:33, m: 0.4, 0.3, u: 0.2, n: 0.2, @: 4.9)

0850, 15,1 0.4, 1504, @:127)
{956,110, 03, h:02,1:02, @ 27)
{962,108, @: 30}

{943, 16, i 08,1505, u:02, @: 26]
{0:96.2,1: 1.0, 5 0.4, m: 03,1 0.2, @: 19}

{0:98.0,1:02,:0.2, @: 1.6}
{p97.9,1:07,1:02,1:02, @ 1.0}

{q:97.3,2: 15,0: 09, @: 0.3
{r:93.4,1:3.3,1:0.4,1: 03, 1:02, @: 2]
{917, 0:12, 05, €:03,m:
b:02,1:02, @: 5.7)

{£977,1:07, 1502, @: 1.4)

{u:96.1, 12 1.0, i 06, a: 03, m: 0.2, @: 18}

(922,508, 1:05,y: 03, m:03,
t02, @57

{928, 11, m:05,y:03,m: 02,
102, @:49)

{6946,v:09,5:07.1: 06, 0 04,
03,502, @25
{7:879,:34,v:31,0.4,5:03,
502,@47]
{6871 62.5 19, b 16,
Syt k08 w07 105, 150

10, 0: 03, m: 0.2, @: 2.6}

(ﬂ*]l!‘n 27, w 08,1 05, m: 03, 0: 0.2, @: 27}

{963,105, 1: 03, u: 03, @: 21)
{6808, 0: 148, ¢ 0.9, u:0.4,1: 03, : 02,
02, @: 2.4

{941,118, 6 14,1206, @: 21)
{5952, 5:0.3,15 03, ¢:0.2,¢: 02, @:3.5]

h 957, 1: 10,5 0.6, b: 05, n: 03, @: 19]
(940,116, @: 4.4

{j:927, @:73)

{k:97.5,0: 02,02, h: 0.2, @: 1.9)
{1:968, 107, @: 25

{m:98.9,0:13, 1 11,103, 1:0.2,1:02, @: 30}

{926, w40, 1: 0.8, m: 02,:0.2, @: 22)

{0:972,1:03,u:03, ¢:03, @ 19)
{p: 965,105, 03,0102, 02,
£02, @18

{4907, 5:3.3,m: 29, @: 3.1)
{r951,5:02,1:02, @: 15)

{5905, £0.6, 505, e 05, 2 0.4, 103,
£03,102,1:02, 0:0.2,h:02, @: 53]
{:980,1:06, 102, @ 12}
{0:96.1,:0.7,2:05, 0: 02, m:0.2
$02,@ 21)
{91977,i£0.3,1:03, m: 03, @: 1.4]

{981, v 02,0:02, @ 15)
{971, g 12,606, @: 11]
{y:969,v:13,1:03,£:02, @ 13]

{981, @: 19}
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OCR errors

Non standard mapping 1:n

GT  Monograph Periodical Overproof NLA Overproof NC
Char

a i 005, in 0.03,5: 0,02, i: 002} i 021, it: 0.05, in: 0.05, 1 005, iw: 0.03}

b {019, 6002, th: 0,02, 1: 0,02} Che 0.1, il 0.04)

< {See: 0,03, foe: 0.02) {1005, ¢:0.04, le 0,03, 0,02, e:002)  {Hle: 0,07, 'C: 0.02, iriw: 0.02}

d il 0.15, t1: 005, cl: 0,03, i 003, t4: 0.02} il:0.15, cl: 0,07, rt:0.06, 1:0.05, nl: 004}

e o 0.04,1c: 0.02,ic: 0.02 io: 0.14,iu: 0.03, 10: 0.02, 00:0.02, : 0.02}
r {1:0.03, 1 0.02)

g {iR: 0,09, 2~ 0.08, tr: 0,08, r: 007, er: 0,06} L (014, 2 013)
h {li:0.07} {1:0.78, :0.23, : 007, 1 005, ir:0.04) {li 03, ik 0.06, 11 0.05, ji: 002, il 0.02} I 021, di: 0.04, T 0.04, i 0.04, 0,03}

i 10,05, 11:0.02) l1:004,1: 002,

j (£:0.08,:0.08}

k fle:0.06, fe: 0,03} fir:0.12,1: 0,12, t: 0.08, fe: 006, 0.04)

1 i 002, uit: 002, ->: 0.02) 005}

mo {0360k 0.04,in: 003} (ins 0.17, a: 0.12, m: 0.09, ni: 0.08,tn: 006} {in: 0.37, m: 0.29, i 0.13, ra: 0.09, th: 008} {in: 0.65, n: 0.48, ro: 0.16, m: 015, t: 0.1}
n {r:0.07, iz 0.03,: 0.03) fii: 0,11, 1i: 003) it 0.12, t: 0.1, 7 0,08, £: 0,06, it: 0.03]

o fin: 0.03, 3 002, 0.02}

» (i 0.03) i 005, iv: 0.03, i 0.02} > B 0.1, it 0.07,i: 0.03}

q fep: 0.03) {:0.1, J: 005, xi 0.05, 't 0.05) {v:0.03)

r i 002, - 0.02, i 0,02, 0,02} it 004, 1: 002}

s fla:0.03, 1 0.02, B: .02} -+ 004, c-:0.04, " 004, 004, % 003)
t (In: 0.03, Uo: 0.02}

u {ti0.04, i 0.02, 10,02, it: 002} {5019, t 008, It .04, 0031002} t: 011, i 0.1, : 0.06, i 0.05, i 004}

v {Ham: 0.09, %' 0.05, 5" 0.04, <. 0,02} 4)

w {v: 0.03, vr: 002, sr: 0.02} {7V 0.4, tv: 0.15, ir: 007, v: 005, v»: 0.05} st 0.11, BH: 0.07)

x {~:002} {ts: 0.03} {039}

y {nj: 0.07,5: 0,05, 1j: 0,05, )*:0.05,%5:0.04]  {tv: 0.04,iv: 0.04, ino: 0.04, IV: 0,04}

z fsa: 0.16, 3 0.16,x: 0.16, id: 0.16, t: 0.16]

4/14



OCR errors

Non standard mapping n: 1

ocr
Char

Monograph

Periodical

Overproof NLA

Overproo NC

fwhe: 0,03, we: 0.02, The: 002}

o)
{pe: 0,05}
ik 262, 1 045, 0.02)

fhos 004, oun: 0.02}

5028, 1a:0.02)

i 0.07, st 0,03, rar 0.02)
i:0.22,11 002, ra: 007}
fel: 002}

foo: 0,02, we: 0.02,ir: 002, i 0,02}

fhav: 003}

fste: 0,07, ur: 005 pe: 0.05, our: 0.04, es: 0.04,
0: 002, ne:0.02, us: 002, ec: 002,

et:002,1

{1 008, chr 0.02,k: 002, Le: 002, th 0.02)
{el: 004, ea: 003, pe: .02, es: 0.02, rs: .02}
{01, el 006, 1:0.04, et: 003, 1t 0.02,

als 002, 1: 002)

{li: 0.08, la: 0.06, is: 0.04, le: 0.04, si: 0.02}
o003, I 007, 31003, e 02,02,
pe 002 ho: .03

{003 e: 0.0, 1a: 0.2}

e 00 003 000 15 00

003 i 003, i. 0.2
s o 01, e 013,
DI D08, ur. 005, 5005, ver: 001, e 001

U 0.02,1e: 002, as: 0.2, at: 0.2, i 002,
ic: 002,002
{el: 004, ay: 005 ee:0.02, s 0.02, s 0.02)

{ot: 002, ve: 0.02, 1 0.02)
o006 o0

foe: o003, g 083, 003,
e 002, 5i:0.02, i 0.0, 0.0
{5012 2502, 1 008, e 006.ie:006,

1 0.0, s: .04, i 0.05, r: 0.03, nie: 005,
1E 0.03, a: 003, 1t 0,02, ec: 002, i 002,
e 0.02, ot 002, 0.02)

fai:003)
{55019, ec: 005, se: 0,05, ar: 004, tr: 0.03,
e 0.03,co: 0.02, ve: 0.02, un: 002, urs 002,
e 002,55 0.02, o 0,02, 0.02)

[5:1.69,55 036, ce10.09,ut: 007, en: 003,
nd: 005, ex:0.03)

{hi: 007, 10,06, is- .05}
{e0.47,le 0,13, ce: 012, e 012, ex: 0,03, g 002)
{008, ol:0.03}

{52012, ic: 0.07, o 0.03}
12015
{ly:0.38,1i:0.26, 50,04}

{1346, 5:.0.39, nce: 038, al: 0,05, as: 0.05
St 004, ha: 0,04, ex: 0,04, n: 005 at: 0.02)
£0.05)

0.03, an: 0.03, o 0.02,ra: 002,

{5 6L 1y 054,034, am: 023, ma 013,
0184012 5701351 04211 011,
0., . 008, a,005.at 005, er 0.0,

il: 0.03}

o074 035,027, s 0 s 0.1,
e 012651009 e, 0.7, s 00
B ooy

27}
[.\c o 1012, e 000 ce 08 hs023)
fesong:007 b,
e 06,50 5. ar 023,016,105,
aon w00
{s: 037, 11:0.28,50: 027, ia: 025,11 0.25,
e 1n e 1 o016, 0.8, 1012
ba: 0.1, le: 0.1, in: 007, ra: 006, st
006, 015 0.0 0.0, 1 00 b 0021

fry: 0.04)
{51011, or:0.02)

{si:0.55,he: 0.07}

o,
fess: 036, es: 025, ee: 0.18,se: 0.1, le: 0.02)
i 0.24,on: 0.08

fean 131, c: 057, ac; 043, his: 027, t: 002}

012}
{ta: 026, on: 0.05]

{ir: 102,306, ot: 021, in: 0.12, e 0,06}
{055, ns: 0.42, 11 021, 0t 0.11, e5: 009,
ee: 0,05, on: 005}

s 099, 55:0.47, om: 041, a: 0.28,ar: 0.05,
fee: 032, 5e: 03,11 015, e5: 014, en: 0.8,
2e:0.3)

far: 0.1}

fme: 0.21, en: 0.18)

{tor: 1.99,an:0.08}

{ns: 07, na: 0,65, f0: 024, st: 02,am: 0.15,
014, 16: 006, is: 0.06)

fear: 108, se: 029)
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Potential errors in Czech scanned documents

» OCR errors:

» Characters mapping
» Word boundary

» Language characteristics

» Diacritical orthographic
» Inflectional grammar
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Approximate string matching

Let ¥ be a finite alphabet; |X| = o; L* is the set of all strings over
>

Let T € * be a text of length n; |T| =n

Let P € ¥* be a pattern of length m; |[P| =m

Let d: ¥* x ¥* — R be a distance function.

Let kK € R be the maximum number of error allowed.

The problem is given T, P, k and d(.), return the set of all the
substrings of T: T; ; such that d(T; j, P) < k.

7/14



Operations

» Insertion: (e, a): inserting the letter a
» Deletion: §(a,c): deleting the letter a
» Substitution: §(a, b); a#b: substituting a by b

» Transposition: d(ab, ba); a#b: swap the adjacent letters a
and b.
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Weighted edit distance

0 ifa=0b
(a =€ and b is punctuation)
d(a,b) = ¢ 0.1 if | or (b=c¢ and a is punctuation)

or (a, b) is a common pair of OCR errors
1 otherwise
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Algorithm
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Experiment

» Dataset: 50 Czech invoices
» Threshold: 0.15

» Common OCR errors:

Char1 | Char2 || Char1 | Char 2 || Char 1 | Char 2
b h n r a a
C o o 0 i 1
c ( r i a i
f I r t z z
f t s 5 C ¢
i | v y e &
i 1 v u e é
[ I z 2 s 3
I | I i u u
I 1 y g u a
I t m n n i
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Result

FP 25.1%
Inflection 25.7%
Diacritics 18.7%
QOCR errors 30.4%
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

Figure 1: Analysis of keywords detected by approximate string matching
but missing by regex
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Result

There are 20 keywords are still missing:
> Standard mapping (9/20): e.g 17011_11 g”’ " YY_YY 1”' YYtYY _ " |11
» non standard mapping (11/20): e.g "&t"-"d", "j"-"f"
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Conclusion and future work

> The method adapts pretty well to erroneous text and
inflectional language such as Czech

» Implementation based on finite state automation
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