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Creation of Threshold Information for Binarization and Performance

Evaluation of Likelihood Criteria Using This Information
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In order to evaluate performance of binary thresholding methods, ground truth (a

threshold information for binarization) is created on hand-written character database
ETL1. The threshold information contains upper and lower bounds of threshold ranges
that are classified in accordance with goodness of binarization. On the most part of

samples of the database, the threshold information is automatically determined by
computer using the number of contours of binarized images. On samples whose

information can not be determined by computer, the threshold information is determined
by human eyes. Using the threshold information, the performances between binarization
methods by likelihood criteria are compared. The comparison result equals to the other

comparison without the threshold information. This means the threshold information

for binarizationis reliable.
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Table 1 Ranges of thresholds in accordance with goodness of binarization.
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\
Threshold

ot

T
X

k=4 k=4 k=3 k=3 k=2 k=3 k=2

00000000020000000
Fig.1 Examples of images binarized with each threshold. (k: standard threshold)
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Table 2 Upper and lower bounds of binary thresholds by computer.(pl: lower permissible bound, gl: lower good bound,
gu: upper good bound, pu: upper pernissible bound, mu: upper marginal bound, k: standal)d thresho

Character | File Data
Sample | pl | gl [ gu | pu | mu | k | Category | Number | Number
(a) 213|166 - |4 0 01 1
(b) 314|-1)18] - |4 0 01 66
(c) 214(-1161| - |3 0 01 635
(d) 214 |-1|14] - 13 6 01 8887
(e) 2012|112 - |2 F 02 10423
(f) 1(2|4([6| - |3 0 01 1285
(g) 0|14 4] - |2 6 01 8915
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Fig.2(a) Binary image 1 otharacter '0'.
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Fig.2(b) Contours of the binary image 1.
(p: outer contour, m: inner contour)
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Fig.3(a) Binary image 2 of character '0’
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Fig.3(b) Contours of the binary image 2.(p: outer contour)
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Table 3 Approval ranges of the numbers of contours in each character category.
([N11,N1A]: approval range on outer contours, [NOI,NOA]: approval range on inner contours.)

Character No. of | Character No. of
Category | N1I | N1A | NOI | NOA | Samples | Category | N1I | N1IA | NOI | NOA | Samples
0 1 1 0 1 60 7 1 2 0 1 21
1 1 1 0 0 23 A 1 2 0 0 14
2 1 1 0 1 24 7 1 3 0 0 18
3 1 1 0 0 27 ES 1 2 0 0 17
4 1 1 0 1 24 b 1 2 0 1 24
5 1 2 0 0 15 H 1 1 0 1 68
6 1 1 0 1 92 ¥ 1 1 0 0 64
7 1 2 0 0 13 7 1 2 0 0 30
8 1 1 1 2 49 s 1 2 0 0 24
9 1 1 0 1 57 = 1 2 0 0 16
A 1 1 0 1 37 2 1 1 0 0 48
B 1 1 0 2 26 v 2 3 0 0 62
C 1 1 0 0 47 A 1 2 0 0 25
D 1 2 0 1 30 t 1 1 0 1 32
E 1 2 0 0 120 v 1 2 0 0 91
F 1 2 0 0 25 bd 1 2 0 1 41
G 1 2 0 1 59 ¥ 1 2 0 1 48
H 1 2 0 0 29 g 2 3 0 0 113
I 1 2 0 0 21 7 2 3 0 0 43
J 1 2 0 0 24 k 1 2 0 0 14
K 1 2 0 0 24 A 1 1 0 0 39
L 1 1 0 0 30 = 2 2 0 0 41
M 1 2 0 0 35 X 1 1 0 1 82
N 1 2 0 0 22 ES 1 3 0 0 47
(0] 1 2 0 1 49 / 1 1 0 0 88
P 1 2 0 1 24 N 2 2 0 0 36
Q 1 1 0 3 26 < 1 2 0 0 11
R 1 2 0 2 20 7 1 1 0 0 65
S 1 1 0 1 56 ~ 1 1 0 0 49
T 1 2 0 0 15 R 1 3 0 1 95
U 1 1 0 0 49 ~ 1 2 0 0 31
A 1 1 0 1 52 3 2 3 0 0 59
W 1 1 0 2 57 A 1 2 0 0 21
X 1 1 0 0 81 A 1 1 0 0 63
Y 1 1 0 0 43 E 1 2 0 0 24
Z 1 1 0 1 41 Y 1 1 0 1 103
¥ 1 2 0 1 31 A 1 2 0 0 32
+ 1 1 0 0 28 B 1 2 0 0 12
- 1 1 0 0 63 T 1 2 0 0 42
* 1 1 0 0 52 El 1 2 0 0 49
/ 1 1 0 0 38 7 2 2 0 0 29
= 1 2 0 1 25 ) 2 2 0 0 46
( 1 1 0 0 43 v 2 2 0 0 52
) 1 1 0 0 27 | 1 1 0 0 296
. 1 1 0 0 270 =] 1 2 0 1 23
» 1 1 0 0 51 U 1 2 0 0 34
U 1 2 0 0 7 I+ 1 1 0 1 65
v 1 1 0 1 24 7 1 3 0 0 42
x 1 2 0 1 39

7 1 2 0 0 54

v 1 2 0 0 77

total 4644
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Table 4Upper and lower bounds of binary thresholds by human eyes.
(pl: lower permissible bound, gl: lower good bound, gu: uppeb@aud, pu: upper permisshle bound,
mu: upper marginal bound, k: standard threshold, (value) means the upper or lower bountkeby compu

Character | File Data

Sample | pl | gl | gu | pu [ mu Category | Number | Number

(d) 1 (2 ]-114]65 6 01 8887
(2) [ () [ D[] ()

(e [2]2]-1]3]- F 02 10423
(2) | (2) | (1) ](2)] ()

(f) 1 {23 |56 0 01 1285
(1) [(2) | (4) [(6)] ()

(g) 0|13 |56 6 01 8915
(0) )] ) [(4)] )
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Table 5Perfomance evaluation of likelihood criteria.
oo
Ooog

(The number of samples whose thresholds by the crireria are in each range and these evaluation values.)
(re: recommendatory range, go: good range, pl: lower permissible range, pu: upper permissible range,

ml: lower marginal range, mu:upper marginal range, il: lower impermissible range, iu: uppesstipeange)

HiHE Al iE ) | TR () MRS ) [A<H]
Criterion | Evaluation | recommendatory | good | permissible | marginal | impermissible
Value re go pl pu | ml | mu il in
Weight 1.0 1.0 08 | 0.8 |05 ]0.5 0.0 | 0.0

(ETL1) | {.993495) 3463 | 133172 4575 7 0

Jo 9947 918 | 134659 | 4410| 536 | 35 2 656 1
Jg 9931 959 | 133887 | 3256|2331 | 12| 12 10| 750
Jo 9914 897 [ 133590 | 3003 | 2724 | 12| 22 1| 968
J 9402 1872 | 108651 | 26332 | 376 | 35 8| 3940 3
JK .6407 1248 | 72120 20415 | 163 | 108 1| 47162 0
D .2203 292 | 19299 | 13864 0| 461 0107301 0
Jp 1672 137 | 584121549 1474 0113215 0

OOplOpudmlOmubdilDin0 000000 MOO0D 0O

ooopnooooooobobooboboboobobboobooo
goddodoooooooooooooooobooobooo
000000000 D0ODOO0OD0O Table5OOODOOO
goddddodooooooooooooooooooooo
godoooooouogobobbbobbboboo g
goo.eesdosnnnononooboboboboBboes4ronnDOO
gooooooooooooo

000Jo0 JoO Jo'0 J¢' O JkO Jp' O Jp

00000000 Table500000O0O0OO0OOCOOO
gooooooooooooooobooobobobobDon
gooooobobbomoooboobobbbbooooooo
googo.eedosnnpoooooboon
ggoooobooobooobboboobooooooooou o
goooboobbbooooooooboDooooboboo
O0o00oU00ooUooUoOoooo®»ooooooooo
goooboobboboooouooooooooooboo
gbooooboobobooboboobboobobooboaon
oo ooogooogoa
goooooooooooooobooboobbbbn
goobooboboboooooooboboboobbbooooo
goooUooUooUooUooOooo®»oooooooooog
oo oomoooooooo
gooooobbooooooooooboobobbboooob
oododoooag

go.b0bbooooooobobbboooooooobobboa
oodd oooooo

o009 000000oU0ooUoooUooooooog
gooooooooo0o0o0o0oooUooooUoOUogo
oooooo0o0J000000ooooooooonn
gooooobbbomooooobobbbboooooo
0000000000000 000O0oo0o0o00J™on
gooooooobooooooooouoogooogooa
gooooooooooooobboboobobobbobooo
gooooobbboboomoooooooooboboo
ooooooooooooooo
ooo0o0Jj"00000000000000000020
gooooooooobo0oo0o0oo0ooooooooooo
gooooobbobobboobooooboobomooooo
ooooooooooooooooobobooboooo
goooooooooooobobobbobbbbbobbod
O0000O0OTable6OOODOODOOOOODOOOOO
gooooooooad

00000000000 ®0000000J,m"00000
cooodoooooooooooooooooodn Jjom
gooooobbbobmuooooooobobboboogog
gooooooobooboooooooooobobobooo
gooooobbboboboooooooooobobooo
gooooooobooboooooooooobobobooo
gooooobbbobooooooboooobomboogog
gooooooooooooooooo
ooobodjrodjbooouoogodooooood
gooooobbbomoooooobobbbobonoooo
goodg



00000000000000000000000
0000000000 00000000000000000000
Table 6 Perfomance evaluation of likelihood criteria with grau scale modification.

(The number of samples whose thresholds by the crireria are in each range and these evaluation values.)
(re: recommendatory range, go: good range, pl: lower permissible range, pu: upper permissible range, ml:Ibwer

og marginal range, mu: upper marginal range, il: lower impermissible range, iu: upper impermissible range)

Ptk A e &) K M) TERA ) 4]
Criterion | Evaluation | recommendatory | good | permissible | marginal | impermissible
Value re g0 pl pu | ml | mu il iu
Weight 1.0 1.0 0.8 | 0.8 0.5 |05 0.0 | 0.0

(ETL1) | (.993495) 3463 | 133172 4575 7 0

Jo .9947 918 | 134659 | 4410| 536 | 35 2 656 1
Jg" 19939 1094 | 133867 | 3810|1768 | 14| 11 201 | 452
Jo 19931 959 | 133887 | 3256|2331 | 12| 12 10| 750
Jg™ 9915 903 | 133627 | 3075|2633 | 12| 20 61| 886
Jo .9914 897 | 133590 | 3003 | 2724 | 12| 22 1| 968
Jq" 9713 1279 [ 129601 | 6461 | 253 | 34 0| 3577 12
Ji& .9402 1872 | 108651 | 26332 | 376 | 35 8| 3940 3
Jm 9375 1900 | 107367 | 27454 | 343 | 34 8 4111 0
J .6470 1291 | 7342119851 | 166 | 106 1| 46381 0
Ji .6407 1248 | 7212020415 163 | 108 1| 47162 0
Jpm 2213 332 | 22602 | 9886 1] 417 0 [ 107979 0
J5 .2203 292 | 19299 | 13864 0| 461 0107301 0
Jr 1793 155 7746 | 21270 1] 468 0111577 0
Jp 1672 137 5841 | 21549 11474 0113215 0
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