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Abstract—Document image segmentation is a fundamental 
step in the document image analysis pipeline as it affects the 
accuracy of subsequent processing steps. An objective and 
realistic evaluation of page segmentation techniques is crucial for 
a quantitative comparison among them. In this paper, a goal-
oriented performance evaluation methodology that calculates a 
comprehensive evaluation measure SR (Success Rate) is 
presented. SR measure reflects the entire performance of a page 
segmentation technique in a concise quantitative manner. It is a 
pixel-based approach which avoids the dependence on a strictly 
defined ground-truth. The proposed evaluation measure SR deals 
only with text regions and is correlated with the percentage of the 
text information in which the subsequent processing (e.g. text line 
segmentation and recognition) can be applied successfully. 

Keywords—page segmentation; performance evaluation; 
performance metric; document image analysis 

 

I.  INTRODUCTION  

Page segmentation is a crucial processing step in a 
document image analysis system. It is the process of 
identifying the areas of interest in a document page image [1 – 
3]. The performance of subsequent processing such as text line 
segmentation and optical character recognition (OCR) heavily 
depends on the accuracy of page segmentation techniques. 

The automatic evaluation of page segmentation algorithms 
is an important issue both for quantitative comparisons among 
different techniques as well as for qualitative analysis of 
segmentation results. In this paper, a goal-oriented performance 
evaluation methodology is proposed that reflects the 
percentage of the text information in which the subsequent 
processing, such as text line segmentation and recognition, can 
be applied successfully. It is a pixel-based approach which 
deals only with text regions. Moreover, the proposed 
evaluation technique avoids the dependence on a strictly 
defined ground-truth since the ground-truth for page 
segmentation is quite ambiguous and may differ between users. 

The remainder of the paper is organized as follows. In 
Section II the related work is discussed. Section III focuses on 
the proposed performance evaluation methodology. The 
advantages of the proposed method are discussed in Section IV 
while conclusions are drawn in Section V. 

II. RELATED WORK 

Several page segmentation competitions [4, 5] have been 
organized in order to address the need of comparative 
performance evaluation under realistic circumstances. The 
performance analysis method used for these competitions is 
based on a geometric approach using polygon region outlines 
[6]. The ground-truth creation for such approaches is quite 
ambiguous. Kanai et al. [7] use an indirect evaluation based on 
OCR results. The advantage of this method is that it requires 
only transcription ground-truth and, hence, does not require 
defining ground-truth regions. However, it cannot give an 
accurate indication of page segmentation performance as it is 
dependent on the OCR engine. In [8], Mao and Kanungo 
propose a textline based performance metric that examines 
geometric correspondences of text lines. The main drawback of 
this method is that it requires ground-truth at text line level and 
it deals only with deskewed document images. Liang et al. [9] 
describe a region area based metric in which different weights 
are assigned to each type of matching (one-to-one, many-to-
one, etc.). In a similar way, Shafait et al. [10] use a weight 
bipartite graph called pixel-correspondence graph [11] in order 
to calculate the total number of over-segmented and under-
segmented regions as well as the missed regions and false 
alarms. In [12], the evaluation method is based on a set of 
simple rules concerning the main body text regions, the 
auxiliary text regions and the non-text regions. Finally, 
Agrawal et al. [13] consider a result region as correctly 
detected if its foreground pixels overlap with those of ground-
truth above a user specified threshold. All the above mentioned 
performance evaluation methods are highly dependent on the 
ground-truth which should be strictly defined. The proposed 
evaluation framework avoids the dependence on a strictly 
defined ground-truth and it is based on simple and clear 
guidelines given to the users.  

III. PERFORMANCE EVALUATION METHODOLOGY 

A detailed description of the distinct stages of the proposed 
evaluation methodology is presented in this section. First, an 
overview of ground-truth requirements and related issues is 
given and then, the proposed performance metric is presented. 
The proposed evaluation methodology deals only with text 
regions and it requires the binary version of the document 
image since it is a pixel-based approach. 

978-1-4799-1805-8/15/$31.00 ©2015 IEEE

2015 13th International Conference on Document Analysis and Recognition (ICDAR)

281 



A. G

T
segm
grou
At 
creat
the u
the 
succ
text 
not a

G
 b

1,2,
deno

 sh

1
(e.g.

2
draw

I
then
can b
with
Figu
cons

 

Fig. 1
region

 

Ground-thruth

The first step
mentation algo
und-truth is qu
the proposed
tion is based 
users. Our go
subsequent te

cessfully. Diffe
column marke
affect the prop

Ground-truth t
be a binary
⋯ ,#  b

otes the cardin
hould be consi

1. It should n
 text lines of d

2. It should no
wings, images 

If a text regio
the subseque

be applied suc
h the correspo
ure 2 presents 
sistent with the

(a)

1. Document im
ns. 

h creation 

p for the perf
orithm is the g
uite ambiguou
d evaluation 
on two very 
al is to create
ext line segm
ferent ways of
ed as one regi
posed evaluati

text regions a
y document 
be a set of g
nality of a set
istent with the

not contain tex
different colum

ot contain non
etc.). 

on follows th
ent processing
ccessfully. Fig

onding accepta
examples of g
e abovementio

 
)   

mages with the c

 
formance eva
ground-truth c

us and may dif
framework, 

simple and cl
e ground-truth

mentation stag
f ground-truth
ion or as separ
on metric. 

re represented
image and 

round-truth p
t. Each groun
e following tw

xt lines with 
mns or margin

n-text element

he above men
g such as text 
gure 1 depicts
able ground-tr
ground-truth r
oned guideline

 

corresponding ac

luation of a 
creation. How
ffer between u

the ground-
lear guideline
h regions in w
ge can be app
ing, for examp
rate paragraph

d by polygons

polygons, whe
d-truth text re

wo guidelines:

horizontal ov
nal notes). 

ts (separator l

ntioned guidel
line segmenta

s document im
ruth regions w
regions that ar
es. 

(b) 

cceptable ground

page 
wever, 
users. 
-truth 
es for 
which 
pplied 

mple a 
hs, do 

s. Let 
,

ere # 
egion 

verlap 

lines, 

lines, 
ation, 

mages 
while 
re not 

  

d-truth 

Fig. 2
guide
colum

B. P

L
prod
defin
and

 

whe
regi
betw
expe
segm
as w
in F

 

Fig. 3
1(b), 

(a

2. Examples of 
elines. The grou
mns with horizon

Performance M

Let 
duced by an 
ne the set of 
the segmentat

ere ∙  a func
on. The con

ween a ground
eriments, we 
mentation resu
well as the cor
ig. 3. 

(a

3. (a) A page se
(b) the correspon

 

)   

ground-truth reg
und-truth region 
tal overlap, (b) se

Metric 

, 1,2,⋯
automatic pag
intersection re
tion result as f

∩ ,

∅ , 			

ction which co
dition of Eq

d-truth and a re
set the thresh

ult of the docu
rresponding in

 

)   

egmentation resul
nding intersection

 

gions which are n
n contains: (a) t
eparator lines. 

 
⋯ ,#  be 

ge segmentati
regions  o
follows: 

∩ ∅	 	

								

ounts the fore
q. (1) assures
esult region is
hold  equa
ument image 
ntersection reg

 

lt of the documen
n regions. 

(b) 

not consistent w
text lines of di

a set of poly
ion algorithm
of the ground-

				

eground pixels
s that the ov
s significant. I
al to 0.01. A
shown in Fig.

gions are pres

(b) 

nt image shown 

 

ith the 
fferent 

ygons 
m. We 

-truth 

(1)

s of a 
verlap 
In our 

page 
. 1(b) 
ented 

 

in Fig. 

2015 13th International Conference on Document Analysis and Recognition (ICDAR)

282 



W
(Suc

wher
 ra

max
pixe
equa
pixe

 r
the 
algo

I
each
has b
been
or m
elem
than
valu

(i) C

W
by t
∩

regio
case 
foreg
corre
prese
(

(ii) S

I
two 
the c
and t

 S

I
with
grou
equa
as a 
proc

 S

I
horiz
this r
line 
these
pixe
horiz

We define the
ccess Rate) as 

∑#

re  corresp
anging in the 
imum value o
ls of all inters

al to one) and 
ls of the grou
ranges in the i

, the better 
rithm.  

In the sequel, 
h of the follow
been detected

n split, (iii) the
more ground-tr
ments have be

one conditio
e is selected.  

Correct Detecti

When the grou
the result reg
∩ , where  i
on is correctly

the correspo
ground pixels
ectly detected
ented in Fig. 

1	 . 

Split ground-tr

In the case tha
or more resul

corresponding
treat each case

Splitting witho

If the intersec
h any other in
und-truth regio
al to one. The

result, they 
cessing steps. A

Splitting havin

In the case 
zontally with 
region may ha
segmentation

e text lines. O
ls but to dete
zontally with 

e overall quan
follows: 

∑#

∑#

ponds to a wei
interval [0,…

of the numerat
section regions
the denomina
und-truth. Th
interval [0,…,
is the perform

we define th
wing condition
d correctly, (ii)
e result region
ruth regions (m
een included i
on is satisfied

ion:  

und-truth regi
gion  and v
is the binary i
y detected in 
nding weight 

s of ground-tru
. An example 
1(b) and Fig

ruth region:  

at the ground-t
lt regions, it i

g intersection 
e accordingly.

out having hor

ction region 
ntersection reg
on	 , we set

e text lines of 
can be detect
An example o

ng horizontal o

that the int
one or more 

ave been split.
n stage will n
Our goal is n
ect the subreg
other regions

ntitative evalu

1

ight for each i
…,1]. As it can

tor is the sum
s (in the case t

ator represents
e proposed ev
100] and the h
mance of the p

he correspondi
ns: (i) the grou
) the ground-t

n  has been o
merge) and fi
in the result r
d, the weight

ion  is over
vice versa (
mage) this me
the segmenta

 is equal 
uth region  
of a correctly

g. 3 for corre

truth region 
s consider as 
regions have 
. 

rizontal overla

 does not ov
gion	 , prod
t the correspo
this region ha
ted correctly 

of this case is p

overlap 

tersection reg
regions	 , 

. As a result, t
not be able t
not to reject a
gions of  th
s (the text line

uation measure

100	 

intersection re
n be observed

m of the foregr
that all weight
all the foregr

valuation mea
higher the valu
page segment

ing weight 
und-truth regio
truth region 
overlapped by
nally (iv) non
region	 . If m
t with the sm

rlapped compl
∩ ∩

eans that the g
ation result. In

to one, so al
are considere

y detected regi
elating  and

 is overlappe
split. We che
horizontal ov

ap 

verlap horizon
duced by the s
onding weight
ave not been 
in the subseq

presented in Fi

gion  ove
some text line
the subsequent
to detect corr
all the foregr
hat do not ov
es which have

re  

(2) 

egion 
d, the 
round 
ts are 
round 
asure 
ue of 
tation 

	for 
on  

 has 
y two 
n-text 
more 

maller 

letely 
∩
given 
n this 
ll the 
ed as 
ion is 

nd  

ed by 
eck if 
verlap 

ntally 
same 
t  
split; 
quent 
ig. 4. 

erlaps 
es of 

nt text 
rectly 
round 
verlap 
e not 

been
corr

F
with

F
exam
subr
corr
text 

T
hori
pixe
total

Fig. 4
witho
inters
foreg
detec

Fig. 5
overl
four
detec

n split) in orde
rectly detected

First, we def
hout horizonta

				

Figure 5 depi
mple presente
regions includ
rectly detected
line segmenta

The correspo
izontal overlap
els of all sub
l foreground p

(a

4. An example o
out horizontal ov
section regions w
ground pixels of
cted. 

5. Subregions 
lap of the exampl
last text lines a

cted in the subseq

er to consider 
d (see Fig. 5). 

fine the set o
al overlap as fo

, 1

								

icts the subre
ed in Fig. 3(b
de five text l
d since they ca
ation stage. 

onding weigh
p can be defin
regions witho

pixels of the re

∑
#

)   

of a ground-truth
verlap. (a) Grou

without horizonta
f ground-truth re

,  (dashed l
le presented in Fi
are considered as
quent text line seg

the foregroun

of subregions 
ollows: 

1,2, … , #

⊂ 	 

		∀	  

	∀	

egions of the 
b). As it can b
lines, which 
an be detected

ht  of the
ned as the ratio
out horizontal
egion as follow

	 

 

 

(c) 

h region that has 
und-truth region 
al overlap (
region  are co

line) of the region
ig. 3(b). The first
s correctly detec
gmentation stage.

nd pixels of the

of the regio

 

	  

region  o
be observed, 
are considere

d in the subseq

e region 
o of the foregr
l overlap ove
ws: 

(b) 

 

been split into r
(b) result regio
1, 	 1 	. A

onsidered as co

 

n 54 without hori
t text line as well
cted since they c
  

em as 

on  

(3) 

of the 
these 
ed as 
quent 

with 
round 
er the 

(4) 

 

regions 
ons (c) 
All the 
orrectly 

izontal 
l as the 
can be 

2015 13th International Conference on Document Analysis and Recognition (ICDAR)

283 



(iii) 

W
grou
have
the c
and t

 M

I
horiz
resul
the 
corre
foreg
follo

A
non-
of th
case 
one 
prop

 

Fig. 6
into r
region
since 
so all
as cor

 M

I
or m

 m
truth
they 
steps
proc

Merged groun

When the resu
und-truth regio
e been merged
corresponding
treat each case

Merging witho

In the case tha
zontally with 
lt region	 , n
result region
esponding reg
ground pixels
ows: 

As it can be o
-text elements 
he region  ar

where, for ex
or two differe

posed evaluatio

(a)

6. An example o
regions without 
ns (c) intersectio
non-text elemen

l the foreground p
rrectly detected. 

Merging havin

If the intersect
more other regi
may have been
h regions (e.g.

cannot be de
s. For the calc

cedure as in t

nd-truth region

ult region  
ons it means 
d in the page s
g intersection 
e accordingly.

out having hor

at the intersec
any other reg

non-text eleme
n (see Fig. 6
gion according
. The correspo

∑#

observed, the 
 are not includ
re considered 
xample, two p
ent ground-tru
on metric doe

 

)   

of a set of groun
horizontal overla
n regions withou

nts are included. O
pixels of ground-

ng horizontal o

tion region 
ions	 , the t
n merged with
. text lines of

etected correct
culation of the
the case of sp

ns:  

is overlapped
that these gro

segmentation r
regions have 
. 

rizontal overla

ction region 
gion	 , prod
ents may have
6). We set a
g to the perce
onding weigh

# 	 

weight is eq
ded, so all the
as correctly d

paragraphs hav
uth regions. F
s not set a pen

 

 

(c) 

nd-truth regions t
ap. (a) Ground-tr
ut horizontal over
On the other han
-truth regions 	

overlap 

 overlaps hor
text lines of g
h text lines of
f a multi colu
tly in the subs
e weight  w
plitting with h

d by two or m
ound-truth reg
result. We che
horizontal ov

ap 

 does not ov
duced by the s
e been includ
a penalty for
entage of non

ht  is define

qual to one on
e foreground p
etected. This i
ve been marke
For both cases
nalty. 

(b) 

 

that have been m
ruth regions (b) 
rlap. <1 and 
d 1 and 
 and  are consi

rizontally with
ground-truth re
f different gro
mn document
sequent proces
we follow the s
horizontal ov

more 
gions 
eck if 
verlap 

verlap 
same 

ded at 
r the 
n-text 
ed as 

(5) 

nly if 
pixels 
is the 
ed as 
s, the 

 

merged 
result 

<1  
1, 

idered 

h one 
egion 
ound-
t), so 
ssing 
same 

verlap 

desc
with
fore

(iv)

T
regi
text 
been
the 
corr

I
prop
from
insig

A
is th
truth
amb
is a
colu
diffe
a d
grou
afor
corr
eval
truth

T
mea
segm
subs
docu
be c
prop
succ
dete
mea
affe

A
whic
pres
text 
of th
text 
adva
conc
and 

cribed previou
hout horizonta
eground pixels

Noise has bee

The final poss
on 	 	overlap
elements (no

n also include
percentage 

responding we

In this sectio
posed perform
m a strictly
gnificant error

A first advant
hat it avoids t
h. Ground-tru
biguous and m
a large blank 
umn, these p
erent ground-t

document ima
und-truth ap
rementioned g
responding p
luation metric
h approach use

The second 
asure is not
mentation err
sequent proces
ument image i
considered by 
posed approa
cessfully by th
ected (see Fig.
asure reflect t
cted by the pa

A goal-orien
ch defines
sented. It is a 

regions and t
he text inform
line segment

antages of the
cern its indep
its tolerance t

usly. Our goal 
al overlap (see

of them as co

en included:  

sible condition
ps only with o
ise, image, bo

ed. In this case
of non-te

eight  is def

IV. DISC

on we discus
mance evaluatio

defined grou
rs. Representat

tage of the pr
the dependenc
uth creation f
may differ amo

gap between
aragraphs ma
truth regions. 
age with two
pproaches, 
guidelines (se
page segmen
  will be t
ed.  

advantage is 
t very stric
rors which 
ssing. For exa
is merged with
our approach 

ach, subregio
he subsequent 
 8 - regions w
the percentag

age segmentati

V. CONC

nted performa
a comprehen
pixel-based a
he evaluation 
ation in which
ation) can be 
proposed per

endence from
o insignifican

is to detect th
e Eq. 3) in ord
orrectly detect

n refers to the 
one ground-tru
orders, separa
e, we set a pe

ext foregrou
fined as follow

	 

CUSSION 

ss the main a
ion framework
und-truth and
ative examples

roposed evalu
ce on a strictl
for page segm
ong users. Fo
n two paragr
ay be marke
Figure 7 pres
o different p

which bot
ee Sect. III-A

ntation result
the same rega

that the pr
ct concernin
do not adv

ample, if the m
h a small marg
as a partial er

ons which c
text line segm

with dashed li
ge of text lin
ion error.  

CLUSIONS 

mance evaluat
ensive evalua
approach whic

n measure refle
h the subseque

applied succ
rformance eva

m a strictly de
nt page segmen

he subregions 
der to conside
ted (see Eq. 4)

case that the r
uth region but
tor lines etc.) 
enalty accordi
und pixels. 
ws: 

advantages o
k: (i) independ

d (ii) toleranc
s are also given

ation methodo
ly defined gro
mentation is 
r example, if 

raphs of the 
ed as one or
ents an examp

page segment
th follow 
A), as well 
t. The prop
ardless the gro

oposed evalu
g possible 

versely affect
main text zone
ginal note, thi
rror. Followin
can be proc
mentation stag
nes) letting th

nes which are

tion methodo
ation measur
ch deals only 
ects the percen
ent processing
essfully. The 

aluation frame
efined ground-
ntation errors.

of  
er the 
). 

result 
t non-

have 
ing to 

The 

(6) 

f the 
dence 
ce to 
n.  

ology 
ound-
quite 
there 
same 

r two 
ple of 
tation 

the 
as a 

posed 
ound-

uation 
page 

t the 
e of a 
s will 

ng the 
essed 

ge are 
he SR 
e not 

ology 
re is 

with 
ntage 

g (e.g. 
main 

ework 
-truth 
  

2015 13th International Conference on Document Analysis and Recognition (ICDAR)

284 



Fig. 7
segm
guide
secon
which
truth 

Fig. 8
segm
since 
(dash

 

(a)

7. An example 
entation ground-

elines (see Sect. 
nd ground-truth a
h the proposed ev
approach used. 

8. Possible insi
entation tecnique
the majority of t

hed line). 

 

)   

of a docume
-truth approache
III.A). (a) First 

approach (2 regio
valuation metic 

ignificant segme
e. The proposed e
the text lines (27

     

 

(c) 

ent image with 
es which are in
ground-truth app

ons) (c) a page s
 is equal to 100

entation error p
evaluation measu
7 out of 31) can b

(b) 

 

two different 
n consistent wit
proach (7 region
segmentation resu

regardless the gr

 
produced by a 
re  is equal to 
been detected cor

 

page 
th our 
ns) (b) 
ult for 
round-

page 
92.46 

rrectly 

T
from
Prog
tran
OldD

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

The research 
m the Euro
gramme und
Scriptorium). 
DocPro projec

L. O'Gorman, “T
Transactions on 
11 pp. 1162-117

S.W. Lee and D
Analysis,” IEE
Intelligence, vol

M. Benjelil, S
documents imag
International Jou
vol. 13, no. 3, pp

A. Antonacopou
“ICDAR2013 C
HNLA2013,” 12
Recognition (IC
August 2013. 

A. Antonacopou
“Historical Docu
Conference on 
1516-1520, Beij

C. Clausner, S. 
In-Depth Perfo
Methods,” 11th
Recognition (IC
2011. 

J. Kanai, S.V. R
of OCR Zoning
Intelligence, vol

S. Mao and 
Methodology an
IEEE Transactio
pp. 242-256, 200

J. Liang, I.T Ph
Document Stru
Image Understan

F. Shafait, D. Ke
and Evaluation 
International Co
875, 2006. 

T.M. Breuel, “
segmentation,” 8
Recognition (IC

K. Kise, A. Sato
Area Voronoi D
vol. 70, no 3, pp

M. Agrawal a
Segmentation A
10th Internation
(ICDAR’09), pp

 

ACKNOWL

leading to the
opean Comm
er grant ag
This work h

ct (ID 4717) fu

REFER

The document sp
Pattern Analysis

73, 1993. 

D.S. Ryu, “Param
EE Transactions 

. 23, pp. 1240-12

S. Kanoun, R. 
ges segmentation
urnal on Docume
p. 209-228, 2010.

ulos, C. Clausner
Competition on H
2th International 
CDAR'13), pp. 

ulos, C. Clausner
ument Layout An
Document Analy
ing, China, Septe

Pletschacher and
ormance Evaluat

International C
CDAR'11), pp. 1

Rice, T.A. Nartker
,” IEEE Transac
. 17, pp. 86-90, 1

T. Kanungo, 
nd Its Applicatio
on on Analysis an
01. 

hillips and R.M 
cture Extraction
nding, vol. 84, no

eysers, and T.M. 
of Page Segm

onference on Pat

“Representations 
8th International 
FHR’02), pp. 428

o and M. Iwata, “S
Diagram,” Compu
. 370-383, 1998. 

and D. Doerma
Approach Based 
nal Conference on
p.1011-1015, July

LEDGMENT 

ese results ha
munity's Sev
greement n° 
has been also
funded by the G

RENCES 
pectrum for page 
s and Machine In

meter-Free Geome
on Pattern A

256, 2001. 

Mullot and A.
n based on steera
ent Analysis and
. 

r, C. Papadopoulo
Historical Newspa

Conference on D
1454-1458, W

r, C. Papadopoulo
nalysis Competiti
ysis and Recogn
ember 2011. 

d A. Antonacopo
tion of Docum

Conference on D
1404-1408, Beiji

r, and G. Nagy, “
ctions on Pattern 
1995. 

“Empirical Pe
on to Page Segm
nd Machine Intel

Haralick, “Perfo
n Algorithms,” 
o 1, pp. 144-159, 

Breuel, “Pixel-A
mentation in Doc

ttern Recognition

and metrics fo
Workshop on Fr

8–433, Ontario, C

Segmentation of 
puter Vision and 

ann, “Voronoi++
on Voronoi and

n Document Ana
y 2009. 

s received fun
venth Frame

600707 (pr
 supported by
GSRT. 

layout analysis,”
ntelligence, vol. 1

etric Document L
Analysis and M

.M. Alimi, “Co
able pyramid fea
d Recognition (IJD

os and S. Pletsch
aper Layout Anal
Document Analys

Washington DC, 

os and S. Pletsch
ion,” 11th Interna
nition (ICDAR'11

oulos, “Scenario D
ment Layout An

ocument Analys
ing, China, Sept

“Automated Eval
Analysis and M

rformance Eval
mentation Algori
lligence, vol. 23,

ormance Evaluat
Computer Visio
2001. 

Accurate Represen
cument Images,”
n (ICPR’06), pp

r off-line handw
rontiers in Handw
Canada, 2002. 

Page Images Usi
Image Understa

+: A Dynamic 
d Docstrum Fea
alysis and Recog

nding 
ework 
roject 
y the 

” IEEE 
15, no. 

Layout 
Machine 

omplex 
atures,” 
DAR), 

hacher, 
lysis – 
sis and 

USA, 

hacher, 
ational 
1), pp. 

Driven 
nalysis 
sis and 
tember 

luation 
Machine 

luation 
thms,” 
 no. 3, 

tion of 
on and 

ntation 
” 18th 
p. 872-

writing 
writing 

ing the 
anding, 

Page 
atures,” 
gnition, 

2015 13th International Conference on Document Analysis and Recognition (ICDAR)

285 




