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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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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
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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)

gooooooooobooooboooobooomoooog
00000000000 0o0OoooDOoOo plogldgud
pu0 D000 O00O000O00C0OC0OOrOndDO0OO
gooooo0OmOmuOO0OOCDOOOO0DOOOODODOO
goooooooooooooobbo@mobooooa
goooooooooobboooobooooooooo
goooooooooooon
goooooooooooobooooooooooog
gooooooooooomooooooboobooo
goooooboooobooobobboobooobooo
goooooboobobbboooomoobbbonoooo
goboooobooooboooooboooobobobooo
gooooobobboboboooomuooooooooo
Oo0ooooOooooooooOmidplTglOrOrul gu
pulmud0 0000000000 0O00O0O0O



oo .0o0oooooooboobobobobobobbbbb
tddddodooooouoooooooooooooooa
gooooooooooooooooooooooooo
gooobooooboobooboooooooooobobooo
oooooOos0o00ooooooooooooooog
gobooooobooboobooboboobobooooououo
gooooobbbooooooomobbbooooo
gobobooooobbbbooooooooooobooboo
gooboooobOooOboo0o0o0oooooUououogooga
goobmooooooooboobbbooooooo
oo ouoouoopoopboboboo
gooooobooooooooooooooooboobooo
gooobobmoboooooooooobobbobobonogoo
goooooooooobbooooooooooooo
gooooobobboomoooooobobbboooaoo
goooboobbbobooooooobomooooboboo
gooooooao

oo .ooooooooooobobobobobobbbbn
oo oooooooooooo
gdddoobooboooooooooooooooooo
goooooooooooooooooooooboboo
gooooooooooobobobDbi4,319000000
oo obbobobobboboooo
gooooobboboooooooooobboog
goodogao
Oo00O0o0oooboOokOOO0O0OO0ODOoO00ooooboDOo
gooooobobbooomooooooobboboooa
oow»gooooo
gooobobobbboooooooooobobboood
gooooooooooooooouooooboboboo
gooooobobbbooooooooboobobobmoooo
goooboooboboooooboboooobobboooo
OO0O0O0O0O0Table3o O OO

OTable3n O0OO00OOOOOOODOOODOOOOO
gddddoooooboooooouooooooou o
goooboobbbooooooooboooobobooooo
gooowoooooooOooOooUooUooUoooooo
oo oooouoouoooooooooooo
gooooboobmboooooooooooboobobboo
goooboobboooooomobbbooooooo
gooooooooooooooooo
goddodoooooooobobbooooobobobbobbon
gooooooooboobbooooooobboboobboboon
oooooOooowgoooooooooooooooo
231000000oooooboboboboboboooooo

0000000000 0000000000000000
0000000000000N000000000000
0000000000000000000000000
000000000O00O0NIIOOONIADOOOOODOO
ONOIDOONOADODODODOO
00000000000000000000000000
0000000mMO0O00000000000mMO00
000000000000 00000O0glO00 pudO
000000000000000000
OFig.l00000000000000O00O0O0O0000
0000000000000 000000000000
Table 2100000 000 0O OFig.1(d)0 Fig.1(e)0 Ogl
O00pu000000000000000000000
00000000000000000000000
OFig.1()0 000000000000 00000000
0000000000 0000000000000000
00000000000000000000000000
0000000000000000000Fig.1()00O
0000000000000000000000
00O00Figl(q)00 0000000000000 000
0000000000 0000000000000000
0000000000000 00000000000000
0000000000000

0

00.00000000000000000000
000000000000000141,3190000000
00000000000 000000000000000
00OD00000000000000000gl000pu
000000MO00D0D00000000000000
00000000000000000000000000
000000000000 00000OTable 300000
0000000000000004,6440000000
00
000000000000000000MO000000
00000000000000000000000000
000000000000 00000000000000
0000000000 O00000000MMO0mOm
00OD0000000000000000000000
00000000000
O(O00000000000000O00D000OO00OO
0oooooooo
O(MD00000000000000000000000
00000000000000000000000000
oooooo
O()00000000000000000000000
00000000000000000000000000



0000000000000 000000
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.)
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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 permissble bound,
mu: upper marginal bound, k: standard threshold, (value) means the upper or lower bounteby compu
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Table 5Perfomance evaluation of likelihood criteria.
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(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:Tbwer
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Table 6 Perfomance evaluation of likelihood criteria with grau scale modification.
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