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SEGMENTATION OF TEXT INFORMATION IN NATURAL SCENE IMAGES

Text detection and recognition is one of the difficult task in the computer vision, in particular in the case of images
with a complicated background. The article is devoted to investigation of the task of text recognition in images with non-
uniform background, in particular segmentation stage. The segmentation on lines, words and symbols are examined. The
lines segmentation approach is based on determination of general intensity or color channels intensity and assumes
definition of average intensity of the whole image, looking through every pixel line and definition its intensity, comparison
line intensity with average intensity of image, finding of border between text and line spacing by intensity difference. The
words segmentation approach is also based on determination of general intensity or intensity of color channels and consist of
definition of text line general intensity, looking through every pixel column and definition its intensity, comparison with
average text line intensity, finding the border between a word and space by intensity difference. The character segmentation
based on finding maximally stable extremal regions (MSER) is suggested. The maximally stable external regions (MSER)
feature detector works well for finding text regions because of the stable intensity profiles. This is a method for blob detection
in images. The algorithm extracts from an image a number of co-variant regions: a region is a stable connected component of
some gray-level sets of the image. The MSER extraction implements the following steps: sweep threshold of intensity from
black to white, perform a simple luminance thresholding of the image; extract connected components (extremal regions);
find a threshold when an extremal region is “maximally stable”, i.e. local minimum of the relative growth of its square. The
MSER detector marks out most of the text, it also detects many other stable regions in the images that are not text. These
candidates are then filtered using regions geometric properties and stroke width information to exclude non-text objects. The
segmentation process allows to extract characters for father classification and to create a dataset necessary for classifier
training. The coding has implemented in python and qualitative analysis is performed.

Key words: optical character recognition, maximally stable extremal regions, symbol allocation, intensity

A.C. KAIITAJIbAH

XMeNbHUIBKHN HALIOHAIBHUH YHIBEPCUTET
CEIrMEHTALISI TEKCTOBOI IH®OPMAIIIT HA 30BPAKEHHSIX 3 ®OHOM

/JlemekmyeaHHss ma po3ni3HABAHHS1 MeKCMy € 0OHUM 3 CKAAOHUX 3a80aHb MAWUHHO20 HABYAHHS, 30KpeMa ye CmoCyemuCs
306padiceHdb 3i ckaadHum gpoHom. Cmamms npucesiieHa docai0HceHHI0 NUMAHHS PO3NI3HABAHHS MEKCMY HA 300paxceHHsl 3 HeOOHOPiOHUM
@doHoM, 30Kkpema emany cezamenmayii. Po3zasHymo ceamenmayito mekcmoeoi iHgopmayii Ha psidku, caoea ma cumsoau. Cnocib
ceemeHmayii psi0Ki@ rpyHmMyemuvCsi Ha U3HA4eHHI cymapHoi iHmeHcusHocmi abo iHMeHCUBHOCMI KAaHAJI8 8Cb020 300pAMCEHHS ma
neped6a4ae 3HAX00xceHHs1 cepedHbOi IHMEHCUBHOCMI B8Cb020 300pAXHCEHHS, NPOX0O0NHCeHHS BCIX NiKCeAbHUX psO0Kie 306pajxceHHs ma
BU3HAYEHHS IX IHMeHCcU8HOCMI, NOPIBHSIHHS 3 CYMAPHOK IHMEHCUBHICMIO 300PANCEHHS], 3HAX00XHCEHHS] 2paHUyi po30iny psioKy mekcmy ma
MidicpsiOK08020 [HMepeasy 3a pisHuyelo iHmeHcusHocmi. Cnoci6 ceemeHmayii caie makosxc IpyHMyemuvcsi HA GU3HAYEHHI CYMApHOI
iHmeHcugHocmi a6o iHmeHcusHocmMi KaHai8 i 8KAOUAE 3HAX00NHCEHHSI cepedHbOi IHMeHCUBHOCMI MeKCmMo8o20 psidKa, NPOX0dHCeHHS 8CIX
nikcesbHUX cmogbyie 8 psiIOKy ma 8U3HA4eHHs iX IHMeHCUBHOCMI, NOPIBHSIHHS 3 CYMAPHOK IHMEHCUBHICMIO PSA0KA, 3HAX00XHCEHHS 2paHUyi
po30iny c108a MA NPOMINCKY MIHC CA08AMU 3a PIZHUYEH IHMEHCUBHOCMI. 3anponoHOBAHO ce2MeHmayito cumMeoaie Ha 0CHOBI 3HAX00HCeHHS
MAKCUMANbHO cMAGIAbHUX ekcmpemaabHux pezioHie (MSER). MSER demekmop dobpe npayroe 04151 3HAX00HCEHHS MeKCMOo8UX CUMB0/118 8
yMo8ax cma6inbHOCMi IHMeHCUBHOCMI CUMBO/bHUX 306padceHb. [las eudinenHs MSER o6sacmetll UKOHYHOMbCs HACMYNHI KPOKU:
npoxoodxrceHHs1 nopozy iHmeHcusHocmi 8i0 4opHo20 do0 6i/1020; BUKOHAHHS NPOCcmMoi Nopo2osoi 0bpobKU [HMeHCUBHOCMI 300paXNCEeHHS;
8UQI/NEHHS 368’13aHUX KOMNOHEHM (eKcmpeMaabHUX pe2ioHig); 3HAX00HCEeHHS NoPo2y, 3a K020 eKcmpeMaabHUll pe2ioH 6yde MAKCUMAAbHO
cmabiabHum. MSER demekmop docmamHbo dobpe no3Hayae obaacmi mekcmy, aqe 8iH makoxc demekmye 6azamo iHWUX cmabiabHUX
obsacmell Ha 306padxceHH], AKi He € mekcmoM. PezioHu-kaHdudamu nomim inbmpyromecs, BUKOPUCMOBYOYU 2e0MeMpPUYHI 8aacmusocmi
ma iHdopmayito npo wupuHy aiHii 045 8uKAOUEHHS HemeKkcmosux obaacmell. IIpoyec ceemenmayii 0036o045€ gudiaumu cumeonu 04s
nodaavwoi ix kaacugikayii, a makox cdopmyeamu damacem, Heo6XiOHUU 0451 HAB4YAHHS Kaacugikamopa. ExcnepumenmasnvHi
docaidsiceHHs1 BUKOHAHO 3 00NOMO2010 MOBU NPO2PAMY8AHHS python.

Knatouosi ca08a: onmuyuHe po3ni3HABAHHS MeKCMYy, MAKCUMA/AbHO CMAGiAbHI ekcmpemaabHi pezioHu, 8udifeHHs CUMBOIS,
IHMeHCcUsHicmb.

Introduction

The amount of processed information constantly increases. Optical character recognition (OCR) is an
important part of artificial intelligence application methods. Its applications are extremely wide; it is video
processing, security activity, multimedia libraries, document flow, cartography, etc. An artificial imposed text or a
natural text on video, images, documents are a source of important information. Nowadays the recognition of text
can be used in even bigger number of application, including people navigation improving, supporting people with
feeble sight, machine translation, because of the permanently increasing number of cameras, like smartphone
cameras. The task of the recognition of text fragments on contrast images with uniform background is well
investigated and successfully solved by now. However, the extraction of text information becomes a challenge in the
presence of more complex background structure. Different factors begin to influence result, including text color,
space text orientation, existence of similar to text elements.

The increase in indicators of accuracy of text allocation and segmentation in situations of difficult graphic
scenes, which are characterized by a non-uniform background, a lack of precise criteria of difference between a
background and the text, high probability of various distortions, is crucial for modern applications. The development
of modern intellectual technologies of search of the text on video and images has to allow strengthening extent of
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implementation of these technologies in different fields of activity farther.
Related Work

Major of works on text segmentation are focused on documents or on constrained contexts, like license
plate detection and recognition. However, OCR area is in continuous development and it is possible to mark out
several main directions.

One group consists of methods, which use contour information, because each symbol has clear expressed
contour structure. Such approaches as skeletonization [1], edge detection and corner detection [2], invariant methods
[3] and similar ones are used for text localization in this case. Fast data processing received at a preprocessing stage
can represent an uncommon task in a case of images with a difficult background.

Another group of methods are based on color information processing, target areas usually have homogeneous
color/intensity and satisfy restrictions on a form and size. The known approaches are histogram method [4], connected
component analysis [5] and different algorithms of adaptive binarization including algorithms of Niblack, Sauvola,
Chistian, Bernsan, Otsu [2]. Methods allow working with optional font size and optional text direction, but they do not
work well enough on images with difficult background, noise and unsharpness, use the big number of heuristics.

One more group of methods is methods, which use textural information, text zones may significantly differ
from a background, it allows to use various frequency filters for “images pyramid”. The pattern recognition classical
methods can be used for definition of target areas, among them support vector machines, neural networks, expert
systems etc. [6]. In addition, special methods are used, for example the method of spectrographic structures [7].
These approaches allow processing images with complicated background; have high computing complexity because
of necessarily of image scaling. The issue of textural features allocation is described in fundamental works like [8].

The known commercial decisions nevertheless do not give the possibility to receive necessary quality of
speed of data processing. Existent methods are combined by the processing scheme: image quality improvement,
segmentation for text areas identification, clustering and actually recognition. The algorithms presented in the open
sources with use of neural networks and adaptive binarization provide high percent of text areas extraction. The lack
of approach with use of neural networks is the high computing complexity, the necessarily of work with large sizes
of the training sets and ambiguity at the choice of a neural network architecture. The methods, which use the shaped
filters, show the same accuracy due to application of a support vectors approach for data processing.

Lines and Word Segmentation

Text recognition include next important parts: detect text areas in images, segment text areas to symbols,
recognize symbols, gather words and sentences. Segmentation part may contain lines segmentation, words
segmentation, symbols segmentation. These processes may be accurately separated or combined.

Lines segmentation. The task of line allocation comes down to finding of upper and lower lines sides of a
text. Line segmentation is based on the fact that average brightness of lines spacing differs significantly from
average brightness of text lines.

The average value of brightness of all pixel lines is

1
sj=s;(B)=—2 by

n — the number of pixels in one line, b — brightness of a pixel.
The average value of brightness of whole image is

(5)=L35,8).
j=1

m — the number of line in a image.
The brightness of an upper border of a text line can be expressed through average brightness of a whole

image s’ = k' -S(B), where 0 <k’ <1 - a coefficient.
The process of lines segmentation consists in consistent looking through a massive of average values
(Sl,...,sm) and identification of a set of indexes pairs (slt ,Sl-b ) of pixel lines corresponding upper S; and lower Sib

borders of the line with a number i. These pairs should satisfy conditions:
1. The condition of upper border of a text line. The beginning of a text line is defined if next conditions are

satisfied: a brightness of a current pixel line differs from the border st ; a brightness of two previous lines differs

from this border; a brightness of next three lines differs from a border sb
2. The condition of lower border of a text line. The end of area of a steady change of brightness is defined
if next conditions are satisfied: the beginning of area was fixed; a brightness of current pixel line differs from a

border s’ ;a brightness of next pixel line differs from a border sP ; or the beginning of area was fixed; a brightness

of three next lines differs from a border s”.

The set of pairs of upper and lower borders is computed in the described way. The difference between
upper and lower indexes is a high of text lines. The found borders cut off overstepped symbols. It is necessary to
expand the values of borders. The size of expansion depends on line spacing.
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Words segmentation. The input for words segmentation is an image of one text line. This image can be
obtained after lines segmentation in the case of multiline text or initial text. Firstly, it needs to perform two
transformation of input image:

1. The threshold filter for contrast increasing

[P by >bo
v 0; blj <b0

i=1...n; j=1...m; by— brightness threshold.

2. Low-pass filtering.

The words segmentation algorithm is based on a fact that an average brightness in inter-word spaces
significantly differs from a brightness inside words.

The average brightness of all pixel columns of initial line image is

1 m
¢i =Ci(3)=;' > bij»
j=l1

m — the high of current line in pixels.

\ - - e The average brightness of the line
: . \ ‘ c ;- . image is
L ; : P _i| 4

— dB)=1> e (m)
4 i=1

n — the width of a current line in pixels.

The left border of a word (the
beginning of a word) is expressed through
an average brightness of a line image -

cl:kl*c(B), where 0<kl<1- a
coefficient.
The right border of a word (the end

of a word) is also expressed through an
average brightness of a line image -

" =k"%¢(B), 0<k” <1.

: The algorithm assumes consistent
Fig. 1. Segmented words looking through the set of average

— gy —_I—— ) m— brightness values of pixel columns
z__ 1 (cl cn) and finding the set of index pairs

(cl{ , c,-r ) of pixel lines corresponding a left c,l and aright ¢/ borders of word i. It should satisfy next conditions:

1. The conditions of a left bounder (the beginning of a word). The beginning of a word is considered

when: a brightness of current and next pixel columns differ from a left border for a word cl; a
brightness of a previous pixel column differs from this border.

2. The conditions of a right bounder (the end of a word). The end of a word is defined if: the beginning of
a word was fixed; a brightness of current and four next pixel columns is different from a brightness

border ¢’ of an inter-word space; a brightness of two previous pixel columns differs from this border.
The example of result of lines and words segmentation is presented in the fig. 1.
Symbol Segmentation with Maximally Stable Extremal Regions

Image / is a mapping I: D c Z? - S . Extremal regions are well defined on images if:
1. Sis totally ordered, i.e. reflexive, antisymmetric _
and transitive binary relation < exists. In this region 0 \
paper only S = {0,1,...,255} is considered, but
external regions can be defined on e.g. real-
valued images (S=R). 0
2. An  adjacency  (neighborhood) relation
A< DxD defines. If 4-neighborhoods are used o
than p,gqe D are adjacent (pAq) if

d
D |pi—ai|<1.
i=1

Region @ is a contiguous subset of D, ie. for each p,gqeQ there is a sequence
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p,ay,ay,...,a,,q and pAay,a;Aa;1,...,a, Aq .
Region (outer) border 0Q = {q eD\Q:FIpeQ: qu}, i.e. the border 00 of Q is the set of pixels being

adjacent to at least one pixel of Q but not belonging to Q (fig. 2).
Extremely region Q < Dis a region such that for every pe Q,q€0Q: [ ( p) > (q) (maximum intensity

region) or 1(]? ) < I(q) (minimum intensity region) [8]. Fig. 2. Maximally Stable Extremal Regions

The maximally stable external regions (MSER) feature
detector works well for finding text regions because of the stable intensity profiles. The algorithm of affine invariant
intensity extremes implements in the following sequence: start from a local intensity extreme point; go in every
direction until the point of extreme of some function f, the curve connection the points is the region boundary;
compute geometric moments of orders up to 2 for this region; replace the region with a rectangle.

MSER is a method for blob
detection in images. The MSER
algorithm extracts from an image a
number of co-variant regions: an MSER
is a stable connected component of some
gray-level sets of the image. MSER is
based on the idea of taking regions that
stay nearly the same through a wide
range of thresholds:

e all the pixels below a
given threshold are
white and all those
above or equal are
black;

e if we are shown a
sequence of threshold
images [, with frame

@ROUPS

corresponding to
threshold ¢, we would Fig. 3. Symbol segmentation by MSER detector and selection of the best regions-
see first a black image, candidates

then  white spots
corresponding to local intensity minima will appear then grow larger;
e these white spots will eventually merge, until the whole images is white;
e the set of all connected components in the sequence is the set of all extremely regions.

Optionally, elliptic frames are attached to the MSERs by fitting ellipses to the regions. Those regions
descriptors are kept as features.

The word extremal refers to the property that all pixels inside the MSERs have either higher (bright
external regions) or lower (dark external regions) intensity than all the pixels on its outer boundary. This operation
can be performed by first sorting all pixels by gray value and then incrementally adding pixels to each connected
component as the threshold is changed. The area is monitored. Regions such that their variation with the threshold is
minimal are defined maximally stable.

The MSER extraction implements

the following steps: sweep threshold of \ ) ™ '

intensity from black to white, perform a {'I P‘:‘_E] r‘ [‘ r 1 \l" G N\ [
simple luminance thresholding of the image; : ——

extract connected components (extremal : [» " | { ' k‘j "
regions); find a threshold when an extremal : UL A

region is “maximally stable”, i.e. local [|iki‘.! - "{“: | ._. . :[t l["ll ¥ !: Lr " '

minimum of the relative growth of its _ -
square. Due to the discrete nature of the !:&ﬁl |Ll mf ﬂ] }:1“ h
image, the region below/above may be _ o

coincident with the actual region, in which ' % 1 | (
case the region is still deemed maximal; ", I' “r.L‘a&QT!IZL“‘

approximate a region with an ellipse

) = —
(optional); keep those regions descriptors as IHH' h ) i -
features. . .". B A0 ml!’

In spite of the fact that MSER Fig. 4. Example of training sample symbols for machine learning classifier
detector marks out most of the text, it also
detects many other stable regions in the image that are not text. Firstly, geometric properties of text use to filter out
non-text regions using simple rules. Several geometric properties are good for discriminating between text and non-
text regions, including aspect ratio, eccentricity, Euler number, extent, solidity. It is also necessary to consider
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separately the regions located inside other regions and remove repeating ones (fig. 3). In addition, machine-learning
approach is used to train text vs non-text classifier as support vectors machine, neural networks etc. It is necessary to
create the training set with text and non-text symbols for training a machine learning classifier (fig. 4). A
combination of the two approaches produces better results. The next task is the classification of detected symbols.
Experiments were conducted with python language.
Conclusion

In this work, a general methodology for text lines, words and characters segmentation in natural scene
images is presented. Compare to others this approach is general and can be applied to wide range of images
independently from background non-uniformity. The properties of difference intensity and MSER detection were be
combined. Intensity difference was used for lines and words segmentation, because they generally have similar
features. MSER blob detection was used for characters’ detection. The combination of these methods give high
quantity of text detection in images with background. The exact number of detection accuracy depends on the
quality of input images. The number of detected symbols can be increased due to image preprocessing.
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