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ABSTRACT

Recent studies in the field of computer vision and pattern recognition show a great amount of
interest in content retrieval from images and videos. This content can be in the form of
objects, colours, texture, shape as well as relationship between them. Text in images are
important source of information for several advanced applications; such as, video and image
retrieval, web image search, multilingual translation, content based automatic annotation of
image databases and assisting visually impaired to read labels in map applications . The aim
of text localization and detection is to find the regions in the medicine considered text by
humans, mark text boundaries (usually by rectangular bounding boxes) and produce the

associated characters.

Text Extraction and identification from medicine strips and bottles is a valuable application
that can help pharmacies to create their own medicine databases and assist the patients with
the medicine information i.e., the salts present in the medicine and the possible substitutes to
the medicine. The problem of text extraction is a challenging one due to variety of text
variations on medicines such as; font, size, colour, alignment, illumination and reflection. In
this dissertation, we put forth an accurate and robust medicine text detection algorithm. With
the present technique, images of complete, partial, distorted or occluded medicine strip or
bottled medicine can be used to identify the medicine name. The text extraction and
identification is performed with the help of edge enhanced Maximally Stable Extremal
Regions (MSERs) followed by geometric filtering and Stroke Width Transform to remove the
non-text regions. Next, the OCR system uses Stroke Width transformed image and the region
of interest in order to recognize and display the text string. To deal with missing and
extraneous characters during recognition novel string editing is applied to extract the correct

medicine name.

The algorithm is evaluated on a dataset containing both of medicines strips and bottled
medicines. Since there is no existing database, we created the database with a wide variety of
medicines from different pharmacies using a regular camera under natural lighting
conditions. The experimental results exhibit excellent performance for the proposed
technique. The system gives an efficiency of approximately 95% on medicine strips and
bottled medicines images captured under varied conditions; for example, reflection, bad
illumination and skew-ness. The method is capable of detecting highly blurred text in low

resolution medicine images as well as rotated text for the bottled medicines.
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CHAPTER 1

INTRODUCTION

Images and videos are the two most important multimedia documents that are being produced
on the daily basis by several sources such as broadcast and entertainment industry, medical
diagnostic systems, surveillance systems, long distance education programs etc. These days’
portable cameras and camcorders are available at a very low price thus making the number of
images and videos being captured grow at a very rapid rate. Given such vast quantity of
images, it is quite possible that image of our interest is available and can be accessed on the
internet. On the contrary, the availability of such huge number of images makes it quite
difficult to locate specific images that we require thus making Content Based Information
Retrieval (CBIR) system the need of the hour. Recent studies in the field of computer vision
and pattern recognition show a great amount of interest in content retrieval from these
images. The content present in images can be divided into two categories: perpetual and
semantic content. Perpetual content represents features such as colour, intensity, shape and
the changes associated with them whereas the semantic content represents objects, events and
their relationship. Text, faces, and vehicles in an image are the semantic information. Out of

these, text is of greatest interest as:

i) Text can easily and clearly describe the contents of the image compared to the other

attributes such as face and vehicles given by Jung, Kim and Jain in [2].

i) Text in images contains important information which can be utilised for applications
such as video and image retrieval, web image search based on its content, content
based automatic annotation of image databases and assisting visually impaired to read

labels in map applications.

Text information extraction involves detection, localization, enhancement and recognition of
text from a particular image. Text localization aims to find the image areas that are
considered text by humans, create rectangular boxes around these areas to mark their
boundaries and generate a output character sequence related to this content. Scene text
localization and recognition is an open problem unlike the document recognition where the
existing systems can correctly identify more than 99% of characters. Factors contributing to

problem complexity include: Different font styles and sizes, variety of colours, different
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alignment and orientation (skewed or rotated) of text buried in the images. Text may be
partially occluded making the extraction process a very challenging task. Further adding to
the problem is the presence of complex background, reflection or blur in the image thus

before identifying and retrieving the text, it has to be robustly detected.
1.1 TEXT IN IMAGES
The text in images is categorized in three ways:

1) Scene Text
2) Artificial Text
3) Document Text

Scene Text refers to the text information that was clicked by the camera as the part of the
scene, e.g. text on the boards, text on the back of the medicine strips and bottles, text on the T
shirts, license plates, or even the road signs. In other words, scene text refers to the text in
natural scene images. Figure 1.1(a)-(b) represents the images with scene text. Scene text
image is often affected by changes in parameters related to camera for e.g., motion, focus,

blur, uneven illumination, distortion, less dynamic range and lack of exposure.

Although reliable information is provided by the embedded text, it is a tough task to detect
and extract the text from scene images due to the following reasons: in a single frame, the
character size varies from small to big; the image can have varying fonts and styles. The text
within the same image can have multiple colours, alignments and orientations. As stated
earlier text maybe present in a cluttered and complex background thus making the separation
of text and non-text regions an arduous task. Moreover the existing OCR systems work for
the text against the plain background (monochrome) and are unable to handle the text against
the complex or textured background. Direct recognition of scene text is impossible and the

there is still scope for new methods.

Artificial text, as the name suggests, is artificially added during the post processing stage to
provide multimedia content description or give any additional information. It finds its use in
keyword indexes, title sequence, epilogue, logos and subtitles in videos. As compared to the
scene text, artificial text provides more information which makes it better to identify and

retrieve thus such text is usually embedded in the videos for quick retrieval.



Figure 1.2 represents the artificial text also referred to as the caption text. Figure 1.1 and 1.2
represent the difference in the scene text and the artificial text in terms of image source,

colour, alignment and the background complexity.

Document image is acquired using scanning journal, printed documents, handwritten notes,
or book covers etc. Document text [46] usually contains text against a monochrome
background and few graphic contents. Figure 1.3 represents the research papers that can be
considered as document images. Characteristics similar to document images are obtained by
book cover scanning, CD packets or documents with multiple colours (Figure 1.4) however

they cannot be directly handled using the existing document image analysis techniques.

@

Hlmalava

(b)

Figure 1.1 Scene text images (a) Images with scew, blur, allignment and illumination [2]. (b)
Images of the medicine strips and bottled medicine.



AT M=

] | 24 gt

72002

Figure 1.2 Images with artificial (caption) text. Caption is overlaid on the background and the

text string maybe polychrome [2].

* RSN S SO T 2 .
s i e

o i e e o ey o s S s
i, el e e i e s s i

s e i e | s s o s e o e o
i ——a - .
[P R S S ————
[RRSPUNIFT SRS R —_——— ]
2 T, s o e b il
o

r——— i
[ Thum s e e " ¢

L R )

o e e i 5 AP g 3

: e~ ;

ST g

i i ik o i s b s ‘;; " A A ——
i

..... — T ey pr—rr—
e Bl [ [ 1 m
L) T T EE L
T T = T=
T ™ T=
T T T | T o
T e o ) s i = T =
sk i el i s e o . b
o s s b s o e VP R S P E S ———
g s g o s e e e e s .
- . e
.

Figure 1.3 Gray scale document images with single column and multiple colums.
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Figure 1.4 Multi colour document images with same or different coloured text lines.

1.2 IMAGE CHARACTRISTICS OF TEXT

Text in images exhibits a number of variations. In this section the characteristics of the text in

image are listed that can help in its segmentation from the background i.e. rest of the image
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scene. These properties have been derived from the extensive research and general image

observation.

1)

2)

3)

4)

5)

Size :

Text can appear in a variety of sizes as there are varied amount of images that one can
work on. Since there exists a range of distance from which the text must be readable
in short time, there often is a limit on the minimum size of characters. However there
is no such upper bound on the size. Text can be large enough to cover half the height
of the frame or more. Figure 1.4 represents text of varying sizes e.g. the size of the
text string “ADVANCED” and “IMAGING” is different.

Inter-Character gap:
Most caption strings are composed of one word minimum that can go up to maximum
few words. Since captions have limited word count the characters have spaces

between them i.e. they are well separated.

Geometry:

Generally, the text string that is artificial is aligned horizontally. However, if some
special effects are used the string may appear as non-planar. In case of scene text
direction of text is unknown leading to geometric distortions. Another geometric
feature under consideration is the aspect ratio that lies in a specific range for the
string.

Colour and Intensity:

Colour is a definitive feature for visual information. An important property of text is
that its characters have same or similar colour and lie on the same stroke. Most reports
concentrate on finding the monochrome strings however some of the video frames

may contain polychrome strings.

Edges:

As per observation, edges exist between the text boundaries and the background. Thus
most text extraction algorithms employ some form of edge detection e.g. canny edge
detector. Use of edge based methods has enhanced the extraction process as strong

edges exist in most of the scripts.



6) Rigidity:
Acrtificial as well as the scene text strings have the tendency to maintain their shape,
size, orientation and font over multiple frames. However, in case of addition of
graphic effects the text may have varied properties. This is a good feature which is

generally maintained in most of the images and videos.

7) Motion:
This is one parameter that is of utmost importance for tracking in videos. The position
of the caption string may change from one frame to another but it does show much
variation. The caption text can show a uniform motion either horizontally or vertically
however the movement of camera decides the orientation of the scene text string.

8) Compression:
Usually a compressed format is used to process and store the digital images. For a
robust text extraction it is of utmost importance that the text is extracted without the

decompression.

An earnest observation suggests that the text in images can exist in several different
languages. The type of text may be different in each case e.g. the inter-character distance in
Chinese text is different from the English text. Thus there is a need of robust text detection

algorithm that works efficiently even if some of the features fail.
1.3 EXTRACTING TEXT FROM MEDICINE STRIPS AND BOTTLES: ISSUES

Text identification in document images is an important area in research for a long time.
However text recognition in medicine strips is a problem that requires several different
approaches. Medicine strips and bottled medicines (Figure 1.1 (b)) have text in scattered
areas rather than ordered columns unlike the document images. In these strips there are fewer
separated lines with text being multi-coloured, multi-font, or even the same colour as the
background. Further adding to this variety is the presence of the light text against the dark
background or the dark text on the light one, this influences the gradient directions. Thus the
methods applied to document images based on page models and top down page segmentation
are not suitable- there is a stringent need for locally adaptive bottom up methods with least
dependence on regularity, font size uniformity, multiple line availability etc. The binarization

of grey-scale image is a pre-requisite step for document images; however due to the complex



and non-uniform background the medicine strip image maybe noisy and even low resolution.
Further, the text regions may be translucent. Clearly, the binarization step is a dicey choice.
Moreover the existing OCR systems work for the text against the plain background
(monochrome) and are unable to handle the text against the complex or textured background.

Direct recognition of text in medicine images is an impossible task.
1.4 PROBLEM STATEMENT: TEXT INFORMATION EXTRACTION MODEL

This section formally defines the Text Information Extraction Model (TIE) for extracting text
(name of the medicine) from the medicine images as highlighted by this thesis. Input is a
RGB or grey-scale digital image which can be noisy. The picture may be under natural
conditions of light. The illumination may be such that the image text suffers from reflection,
bad illumination, intensity and contrast across stroke of characters. The orientation of this text
is unconstrained. Formally the problem can be stated as the development of algorithm for
reliable text detection, localization and extraction of the text (medicine name) from

unconstrained image data. Figure 1.5 represents the text extraction model.

Input Images

Pre-Processing

/

Text Detection and
Localization

v

Text Enhancement and
Segmentation

OCR

Text

Figure 1.5 Text information extraction model [1].
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The problem is broken down to the following sub problems:
1.4.1 Detection

Text detection is the first and the most radical step that indicates whether or not the text
exists in the image. This step provides the clarity i.e. weather further processing should
be carried out or not by providing binary answers to the question of text existence. A
faster detection is a clear advantage. Detection stage is a pre-processing step that seeks
to perceive the text occurrence in images. After digitization there are small colour
variations that are minimal and not visible to the naked eye. This stage must give
preference to the false alarms errors rather than detection rate errors that are missed.
The false alarm errors can be rejected in later stages.

1.4.2 Localization

The aim of text localization is to find all the areas in the image that will be considered
as text by humans, mark their boundaries usually with rectangular boxes around text.
Text Localization generally uses the property and features of text. An array of methods

can be used for localization that are discussed in detail in chapter 2.
1.4.3 Binarization

There is a need to segment the text once it has been localized in the image. The
outcome is the binary image area(s) with visible text pixels. For this purpose textual
features have been have been utilised such as uniformity of colour and background
contrast. However before this binarized image is passed through the OCR it needs to be
processed. Cleaning the image is the purpose of this processing. It includes noise
removal before extraction, production of horizontally oriented text by de-skewing non -
horizontally oriented one as expected by the OCR, adjusting boxes to overcome

changes in font size.
1.4.4 Algorithm Fusion

Clearly the text offers so many variations hence using a single algorithm i.e. a single
approach solution is not feasible. A more robust solution is to use multiple algorithms

that are combined in an intelligent way. Such approach offers success on a wide variety



1.5

of images while reducing the risk of one particular method that works on a certain

image to fail on the others.
1.4.5 Performance Evaluation

When using an approach to solve the problem, it is of utmost importance to compare it
with the existing methods. It is important to select methods from literature and compare
them against an established dataset. An evaluation technique needs to be devised for

such comparisons.
1.4.6 Optical Character Recognition and String Editing for Text in Image

Optical Character Recognition (OCR) refers to electronic conversion of images
containing text into machine encoded text. For the OCR to work properly text and
background should be monochrome. Further the contrast to the background should be
high. OCR is complex and unpredictable. It often results in missing and extraneous
characters thus in this case OCR is not our final step. It has been taken a step ahead for
string editing (matching) in order to cover the OCR mistakes. String editing operation is
used to find the optimal correspondence of string using appropriate cost functions. It
changes incorrect string to correct string using minimum operations i.e., insertions,

deletions and substitutions.
DESCRIPTION OF RESEARCH
1.5.1 Motivation

A study of literature reveals that no complete text extraction and detection system has
been created for medicine strips and bottled medicines. Extraction of text from strips
and bottles is an untouched application. This can help the companies to create their
medicine database and also assist the patients with medicine information i.e. salts
present in medicine and possible substitutes to the medicine. Further no single
algorithm can robustly detect the text in these medicine images due to variety present in
text as presented in section 1.3. Study of the existing methods in literature for text
extraction from natural scenes discussed in detail in chapter-2, reveal that the methods
are based on the idea that there is high difference between background and text or even

text is composed of a single colour or grey level or that it is a major image component.

9



Use of such rigid assumptions about the nature of text in images forms a weak heuristic.
This study of state of art was the motivation behind the development of framework for

text extraction from medicines.

To sum up the major challenges found during the text (name of the medicine)
extraction from medicine images are:

1. Recognition of text exclusively in the text areas. The text in strips exists in huge
variety of font, colours, orientations, alignments, distortions, complex
background, reflection etc.

2. Current OCR systems can work for text against plain single colour background
and cannot extract text from complex textured background.

To cope up with these challenges a text detection and extraction algorithm has been
developed and to specifically deal with second task a step beyond the OCR system is
taken i.e. the string editing. This will help to generate the correct string of medicine

name.
1.5.2 Scope of the Dissertation

In Chapter-2, we review the literature of text extraction process that includes detection
and localization, text extraction and enhancement, and Optical Character Recognition.
A detailed description of all detection and localization methods that includes edge
based method, CC-based method, Texture based method, Morphology based and
sliding window based methods. Followed by methodologies used for text extraction and

Optical Character Recognition.

In Chapter-3, we put forth the text detection algorithm for medicine strips and bottled
medicines. The algorithm uses a combination of edge detection algorithm, MSER
detector, geometric filtering and SWT algorithm. The last step of algorithm involves the

optical character recognition followed by string editing operation for improved results.

In Chapter-4, we display the results that are obtained after applying the proposed the
text detection algorithm on the data set of medicine strips and bottles. Performance

enhancement for OCR is also provided in this chapter.

Chapter-5, gives the conclusion and future scope for the dissertation providing all
observations and applications that can be considered for future.
10



CHAPTER 2

LITERATURE REVIEW

This chapter is a brief sum up of all the previous work done for text recognition and
extraction. Various methods exist for artificial text recognition in images. However the main
concentration here lies on the scene text images and the approaches that can be utilized for
extraction of this text. According to the study of literature the text extraction process is
divided into three sub problems:

1) Text detection and localization
2) Text extraction and enhancement
3) Optical Character Recognition (OCR)

2.1 TEXT DETECTION AND LOCALIZATION

Aim of text detection and localization is to find all the regions in the image which will be
considered text by humans and mark their boundaries usually using the rectangular boxes.
Although the location is shown by the boxes, removal of background is a pre-requisite. The
existing methods can be broken down into five groups: edge based, connected component

based, sliding window based, texture based, and morphology based.
2.1.1 Edge based methods

Edges are a definite feature for detection of text. Edge based method [5and 10] pivots
the idea of searching those areas that have high contrast between background and text.
A morphological operation follows the edge detector to pull out text from the
background and reject regions with no text. Images that have strong edges result in
good performance however a major pitfall of this method is strong edges may not be

obtained under shadow or reflection.

Ou et al. [3] proposed a multi-scale text extraction algorithm that was edge based. This
algorithm used three characteristics i.e. strength of edges, orientation and density of text
embedded in images leading to the detection and extraction of text in complex images.
It worked well with respect to colour, alignment, font and orientation of text and can be
used for a number of applications such as licence plate recognition, object identification
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and mobile robot navigation. Ren et al. [4] put forth the method that computes edges
using Roberts operator. This operator is utilised to process a binary image according to
the self-adjusting threshold. Next an erosion operator in morphology is used to
eliminate the outliers. Final step involves finding the text region and text extraction by

focusing function.

Chen et al. [6] utilized a canny edge operator for edge determination in the image. The
main focus is the reduction of computational complexity by using a single edge point in
the small window for determining scale and orientation. Text edges are enhanced and
edges are connected into clusters by morphological operations. Non text clusters are
removed by properties such as aspect ratio and height. Two types of Gabor asymmetric
filters are used. A suitable scale is further used to enhance the edge information.

Structures that do not satisfy specific scales are either eliminated or blurred.

Xiaoqing Liu [7] put forth a framework with 3 sub tasks: i) Text region identification
1) Locating text iii) Extraction of text. First step uses the magnitude of second
derivative of intensity in order to calculate the edge strength. This edge strength helps
to calculate the edge density. This edge strength helps to calculate the edge density.
Variance of orientation is evaluated by four orientations ( 0°,45°,90°,135") where at
0" and 90" are horizontal and vertical directions respectively, and at 45°and 135° are
two diagonal directions. In second step clustering techniques are used for localization.
Third step utilizes existing OCR engines which provide good results on documents and

images with plain background. Figure 2.1 represents the result of the above mentioned

algorithm.

: > Multi

s

: Purpose

e

T —

(2)Original image (b) Result after extraction

Figure 2.1 Edge detection results [7].

12



2.1.2 Connected component based methods

Connected Component methods [8, 9 and 11] are used to extract character candidates
(set of pixels with similar text properties) from input images. The candidates are refined
in order to remove the false positives and grouped into final text. Maximally Stable
Extremal Regions (MSER) and Stroke Width Transform (SWT) are popular techniques
for connected component analysis. These methods have provided remarkable

performance in text detection in natural scenes.

Ohya et al. [12] introduced one of the first methods for character localization. They put
forth a method in which grey scale image is subjected to local self-adjusting threshold.
The outcome is the candidate regions and the regions with high contrast are chosen as
characters. Li et al. [13] replaced grey scale with quantized colour space and hence
applied thresholding. They created text blocks by grouping individual characters by
basic alignment rules. Both the methods are based on the belief that characters are
upright and suffer from no rotation or skew-ness, and that the contrast with the
background is high, which is sufficient for road signs and license plate, but not for

general localization.

Pan et al. [14, 15] use a grey scale image pyramid to create a text recognition map
(Figure 2.2) by using a Waldboost classifier based on HOG features. Niblack’s
binarization algorithm [41] detects the candidate regions and Conditional Random Field
(CRF) performs the labelling i.e. weather regions are text or non-text with the text
confidence as the main feature. Blocks of text are formed by minimization of gradient
graph energy. The method is computationally expensive and localization performance
is still in doubt.

(a) (b) (c)
Figure 2.2 Confidence Map. (a) Sign board image. (b) Image pyramid text confidence map. ()

Map for sign board image [14].
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(a) (b)
Figure 2.3 Stroke Width Transform [16] (a) Original image in Grey scale (b) Each pixel value
replaced by the stroke width

Epshtein et al. [16] presented Stroke Width Transform (SWT) i.e., an effective image
operator. This operator replaces colour value of each pixel in the image with the stroke
width of that pixel. The need for multi-scale computation is eliminated. Important
feature of this algorithm is that it’s not font or language dependent. Figure 2.3

represents the results of this paper.

Nueman and Matas [17] proposed a technique for text detection and identification in
real world images. They exploited MSER which was insensitive to shapes and
brightness. The method was tested on two datasets with a detection rate of 72% being
achieved on char74K and a f-number of 0.57 is obtained on IDCAR 2003.

Chen et al. [18] combined MSER with Canny edges. Canny edges remove the MSER
outlier pixels for detection of small letters. For removing the non-text regions left in the
image SWT is applied. Finally the letter candidates are clustered into lines and false

positives are removed by additional checks.
2.1.3 Texture based methods

Texture based methods [19, 20, and 23] suggest that text in images has special textual
properties that are different from the background properties. Usually features are
calculated over the region of interest and a trained classifier (via machine learning) is
utilised to identify text. Gaussian filtering, Discrete Cosine Transform (DCT), Wavelet
decomposition and Local Binary Pattern (LBP) are the most common textual
approaches. Detection is possible even when the image is noisy however the
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shortcoming of this method is its slow speed and sensitivity to orientation and
alignment of text.

Zhou et al. [21] demonstrated a framework for multilingual text detection. Three
different textual features are used: HOG (Histogram of Gradient), MG (Mean of
Gradients) and LBP (Local Binary Pattern) in order to find the text region regardless of
the language type. Finally, to combine the effect of different features a cascade
AdaBoost Classifier is used to decide the text regions. Pan et al. [22] used a novel
technique for location of text in natural images, it was a very fast method that combined
training based filtering of regions followed by checking using coarse- to -fine strategy.
For filtering, a boosted classifier or polynomial classifier is used and for verification

five features such as HOG, LBP, DCT, Gabor and wavelets are utilised.

Angadi and Kodabagi [24] proposed a novel text detection method based on high pass
filtering in DCT domain to enhance the foreground. Text regions are identified by
feature vectors on uniformity and contrast. This algorithm has a detection rate of 0.966

on 100 low resolution images.

Zhong et al. [25] proposed a method to locate high variance text regions in grey scale
image using special local variance. Pixel variance is computed using a 1*21 horizontal
window Location of horizontal edge by canny detector is a prime step followed by
merging of edge components that are small in long lines. Using this edge image pairs
are created, opposite direction edges are grouped into lower and upper boundaries of

text lines. This method works well for images with horizontal components.

Sin et al. [26] use horizontal and vertical direction edge pixels and spectrum (Fourier) to
determine regions of text presence in real scene images. Along with the use of
frequency features, they assume that only rectangular text regions are present against
the background. The edges are detected by rectangular search followed by Hough
transform. No clear indication of three stage merger is provided.

2.1.4 Sliding window based methods

Sliding window based methods [27, 28, 29, 30, and 33] work by shifting a window to

search for text in a given scene image. Then for each window, weather the location

contains text or not is determined via the machine learning techniques. Low level
15



features such as histogram, image gradients or Wavelet Coefficients are used to train
the classifier. Since these methods work in multiple scales these are slow. Even though
the recall rate is high, the classification is prone to false positives due to large number
of candidates. To overcome this issue classifiers like support vector machine and
random forest [20, 21] have been suggested however this method remains unsuitable
for real time applications due the heavy computations required in window shifting.

Chen and Yuille [31] combined five features: mean intensity, derivatives, intensity
variations, features based on edge linking and histogram along with Ada boost classifier
Segmentation is done using a variant of Niblack’s algorithm. Apart from being
expensive the method needs manual segmentation of several sub windows for training
as shown in Figure 2.4 .Also the performance in localization is doubtful. The method
[31] is improved by Pan et al. [32] by the use of HOG and LBP features in the stage of
text detection.

[ETIEATA LI SOHOON C L A Y
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Figure 2.4 Positive training data samples used for training the sliding window classifier [31].

2.1.5 Morphology based methods

Morphology is a wide range of image processing operations that process the image on
the basis of shape. They are affecting structure, form or shape of an object. MO’s are
generally applied to binary images and are used for pre or post processing for getting
the shape of object/region description. Binary image and structural elements are the two
inputs for the morphological operation; these are combined using set operations such as
intersection, union, or compliment. In a nutshell, objects are processed in input image
based on shape characteristics encoded in structuring element. This method gives
promising results for character recognition because it is independent of operations such
as translation, rotation scaling, and change in text and light conditions. Most commonly

used morphological operations are demonstrated in Table 2.1 below.
16



Table 2.1 Set of Morphological operations and their mathematical formulations.

Effect
Operation Function on image Mathematical formulation
Erodes the boundary of foreground
pixels; foreground area shrinks
Erosion making holes in the area become
large. G(X, )= 1(X,y) OS;n
Enlarges the boundary of
foreground pixels; Foreground
Dilation pixels enlarge making holes _
become small. G V)=10Y) @ Smn
Hybrid process; erosion followed 5
| o Sma=(I(X, y) OS
Openin by dilation, structured removal of M (X, ¥) °Smn 5( (X, y) OS;n) @
pening boundary pixels. . s W mn
Hybrid process; dilation followed
. by erosion, structured filling in of 1(X, ¥) * Smn= (1(X, Y) @Spn) ©
Closing . .
the boundary pixels Smn

Hasan and Karam [34] put forth a morphological method for text extraction. The
RGB space components (Red, Green and Blue) are put together to form an intensity

image Y.
Y=0.299 R +0.587 G+ 0.114 B (2.1)

This approach works well on colour images however the trouble arises in case of grey
scale image. Once the colour conversion is performed, the morphological operator is
used for edge identification. After thresholding a binary edge image is obtained. Edges
close in space are put to morphological dilation to form candidate regions, while

erosion removes smaller components. The method is immune to noise.
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Figure 2.5 Effect of morphological opening using 3*3 square structural element.

Figure 2.6 Effect of morphological closing using 3*3 square structural element.
2.2 TEXT EXTRACTION AND SEGMENTATION

Low resolution, distortion, blur complex layout and interaction of text and background are
some of the ill effects that camera captured images suffer from. Existing OCR work well for
document text on plain background. However OCR gives absurd result for text recognition
from natural scenes. Thus the text extraction pulls the text from the background and the
enhancement focuses on providing a clean image for the OCR that is free from noise and

resolution.

Zhou et al. [35] put forth improved binarization method for document analysis. First, noise is
removed from the given image using local statistics based Wiener filter followed by
foreground region estimation. Neighbouring pixel interpolation is used to compute the
background value. Finally the pre-processed image is combined with the background surface.
Method shows a good performance on uneven illumination. The experiment carried out on

printed document is shown in Figure 2.7.
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Anand Mishra et al. [36] used a sliding window approach to detect locations of characters in
the image of word. Next, the most likely word is found out by energy minimization
framework. Experiments are carried out on recognising words that are cropped and detection
improvement of 15% and 10% is achieved on the street view text WORD and ICDAR data

sets.

Figure 2.7 Distortion printed document image analysis [36].

Liu and Wang [37] used adaptive threshold for binarization of image. Otsu’s threshold is
utilised to calculate the best threshold for optimization. Further optimization is achieved by
new algorithm for boundary elimination. A comparative analysis of the new and old methods
is put forth which indicates that new methods have a better performance. New method keeps
the original edge feature and available for wider applications. Huang et al. [38] proposed an
HMM system for extraction from scanned documents. Method was based on detection of

foreground and background pixels and morphological analysis for immediate OCR accuracy.
2.3 OPTICAL CHARACTER RECOGNITION

Scene text recognition can benefit from post processing to improve the OCR accuracy just
like printed document images (OCR) .This process is a typical one as the scene text is short
without much relation to its surrounding text. Beaufort and Mancas -Thillou [39] find the
sequence of characters that is most probable by weighted Finite State Machine (FSM) from
the list of OCR characters. Donoser et al.[40] label the individual characters as Maximally
Stable Extremal Regions. Further they are classified by using cross relation with trying

samples and the most probable characters are selected using standard search engines.
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CHAPTER 3

METHODOLOGY

3.1 THE TEXT EXTRACTION AND DETECTION ALGORITHM

The flowchart for text extraction and detection algorithm is depicted in the Figure 3.1. First
step involves the selection of either medicine strip or the bottled medicine, for which the user
wants to detect the text (name of the medicine). Based on this selection, different algorithms
will be applied for edge detection. Subsequently, Maximally Stable Extremal Regions
(MSER) are efficiently computed for the image (Section 3.1.1) followed by Laplace of
Gaussian (LoG) edge detection for medicine strips and algorithm based edge detection for
bottled medicines (Section 3.1.2). To overcome shortcoming of the MSER, we perform the
intersection of MSER with LoG edges from the original grey-scale image (Section 3.1.3).
Further, the resulting CC’s are filtered using geometric parameters such as area, solidity,
eccentricity and aspect ratio (Section 3.1.4). As a next step, Stroke Width Transform is
applied to remove the non-text regions and to keep the text with uniform stroke (Section
3.1.5). Bounding Boxes are created around the text regions, which are provided as an input to
the OCR (Section 3.1.6). The OCR uses Stroke Width Transformed image and the region of
interest in order to output the text (Section 3.1.7). Finally, to cope with missing and
extraneous characters in the OCR output, a string editing algorithm is proposed (Section
3.1.7).

A brief summary of text detection algorithm:

1) Detect text candidate regions using MSER: Text in images exists in consistent colour
and high contrast thus the MSER feature descriptor gives satisfactory results for

finding the text regions.

2) Non-text region removal by geometric filtering: Along with the text regions the
algorithm for MSER detects the non-text regions. These stable non-text regions are

filtered out by using simple threshold on geometric properties.

3) Non-text regions removal using stroke width transform: Stroke width refers to the
thickness of lines and curves of text letters. Text regions show little variation in stroke
width, whereas larger variations are witnessed in non-text regions.
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4)

5)

Merge Text Regions by morphology: The results of geometric and stroke width
filtering involve single characters. These individual characters need to be put together

to form the words. This can further help in recognition of text by the OCR.

Recognize Detected Text using OCR and string editing: OCR function is used to
recognize the text within the region of interest. Moving a step forward string editing
performed that helps to recognise the missing/ extraneous characters in the OCR

output.
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Figure 3.1 Flowchart representation of the text extraction and detection algorithm. I, I, etc. represent the images
obtained after application of intermediate steps and Iycg is output containing the required text region. The final string
i.e., the medicine name is obtained after a string editing operation.




3.1.1 Maximally Stable Extremal Region (MSER)

Maximally stable extremal regions in grey level images are stable connected
components. The algorithm considers those regions that undergo minimal change
through a huge number of thresholds. The image text has distinctive characteristics
relating to frequency, alignment and cohesion similarity. Due to these properties of text,
MSER becomes the natural choice for text detection [44]. Consider all possible
threholding values of a grey scale image I. Threshold t is the value above which all
pixels are black while below are white. As the value of t is varied, a sequence of
thresholding images I; is obtained. The first image is white; as t is increased black spots
grow till a completely black image (Figure 3.2) is obtained at a particular threshold. Set
of all connected components obtained in the above mentioned process are extremal

regions and regions with minimum variation are maximally stable.

(@) Input (b) t=75 (c) t=105 (d) t=135

(e) t=165 (f) t=195 (h) t=225 (i) t=25
Figure 3.2 Results for the image at threshold level t.

The extremal region is mathematically defined by Equation (3.1).
R, = {x|I(x) Vx € R, Vy € B(R)} (3.1)

where x and y are pixel indices of grey scale image I, t is the threshold value and B (R;)

is set of boundary pixels. The MSER is described by Equation (3.2)

F(t) = [Rern \Re-al/ |Re] 3.2)
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where |.| denotes the cardinality, R; is the extremal region obtained at threshold t and
A is a stability range parameter. R, and R;_, are extremal regions found by going
upward and downward respectively until a region within t+A and t-A is found. MSER

corresponds to those nodes that have r as the stability value.

Leval g =75
Level g =105
............................................................ \ g rmm e mrmmmeeemmseemmemeaos
Level g =135
Level g = 165
Level g =195

Figure 3.3 Component tree. 7" region with minimal variation is considered as MSER.

The Algorithm description for MSER is as follows:

1) Performing simple luminance, sweep the threshold from black to white in order to
sort the pixels by intensity. The sorting preferred in this case is the BINSORT
[45]. The range of image values I is small i.e.; {0... 255} leading to the small
computational complexity of O(n).

2) After sorting, place the pixels from image either in increasing or decreasing
manner and extract the CC’s using Union find [45].

3) Find the threshold where extremal regions are “maximally stable”.

4) Keep these regions as feature descriptors for further processing.

Figure 3.4 (a)-(d) shows the MSER regions in a medicine strip and a bottled medicine.

We have calculated the regions of similar intensity using the MSER region detector.
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Figure 3.4 (a) MSER detected regions for a medicine strip. Colour in the image indicates region
that can be considered as text; however some non-text regions have also been detected (b)
Binary image obtained after the application of MSER detector (MR). (¢) MSER detected

regions for a bottled medicine. (d) Binary image for a bottled medicine (MR).

Some of regions (highlighted by different colours) include extra background pixels

indicating two major shortcomings of MSER:

1) Several repeating components create problem in character grouping,

2) 1It’s sensitive to image blur.

To cope up with these issues, an intersection of MSER detected regions with edge

detected regions is performed.
3.1.2 Edge based detection

Edge based methods search for those areas that have a huge difference between the text
and the background. The application of the existing canny edge detection methods [46]
to the samples of medicine strip and bottled medicines did not give satisfactory results

on the samples. LoG edge detection performs well on medicine strips but not for bottles
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due to the rotated text. An algorithm for edge detection on medicine bottles is proposed

in this section.
3.1.2.1 LoG edge detection for medicine strips

Laplacian is 2D isotropic measure of second order spatial derivative of the image.
It finds the rapid intensity regions, hence is very effective for detection of edges.
For the Laplacian of image I(Xx, y) refer to Equation (3.3).

I 921

62
Lix,y)= 5+ 37 (3.3)

Since Laplacian definition involves second derivative, convolution kernels (refer

Figure 3.5) are used.

o[-1] 0 1)1
1] a1 1] 81
o[-1] 0 ERERE

Figure 3.5 Discrete approximation to the Laplacian filter

Due to noise sensitivity of the kernels, Gaussian smoothening is applied to image
before Laplacian filter. In LoG operation Gaussian smoothening filter is
convolved with Laplacian filter followed by convolution of hybrid image to get
desired result. Mathematical formulation of 2D LoG function is given by
Equation (3.4).

-1 x%+y?
[1-
ot 202

This function is approximated by discrete kernel (figure 3.6)

] —x2+y2

LoG (x,y) = e 202 (3.4
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Figure 3.7 2-D LoG function

Figure 3.6 Discrete kernel for LoG operation

L

with Gaussian 1.4

oG operator is applied to the medicine strip image; it produces zero response in

the areas of constant intensity. Hence it is likely to obtain the text regions along

with some false negatives. The Log edge detection for medicine strip is shown in
the Figure 3.11.

3

.1.2.2 Edge detection algorithm for bottled medicines

Table 3.1 Algorithm description of edge based detection in bottled medicines.

Algorithm Edge detection in bottled medicines

Input: Binary Bottled medicine image Bl
Output: Edge detected image for bottled medicines El
DirectionKernels < dy, d4s, dgg, d13s;

G « Gaussian kernel created by fspecial;
Level(1) « BI;

for i=2to4do

Bl « Convolve (G, Bl);

Bl < Down sample each Bl by 0.5;

Level(i) « BI;

end for

form < 1to4do

forn <1to 4 do

C(m,n) « Convolve (Level(m), DirectionKernels(n));
end for

end for

form=1to4do

total(m) < C(1,m) + C(2,m) + C(3,m) +C(4,m);
end for

DI « Dilate(total);

S1 « total(1,1) and total(1,3);

S2 « total(1,2) and total(1,4);

S « S1+82;

FeatureMap < Dland S;

TextRegion « Dilate(FeatureMap) ;

return El < TextRegion;
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The bottled medicine has slightly rotated (or skewed) text thus LoG edges do not
provide appropriate results .The algorithm for edge detection is provided in Table
3.1

0.0113 | 0.0838 | 0.0113

0.0838 | 0.6193 | 0.0838

0.0113 | 0.0838 | 0.0113

Figure 3.8 Gaussian kernel generated by fspecial in Matlab

1

—
=

Figure 3.9 Four levels of Gaussian pyramid as mentioned in algorithm

1)1 -1 I Y R 102 -1 2 [ -1]-1
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1)1 -1 2 |-1]-1 102 -1 11 2

(a) (b)
Figure 3.11 Edge detection. (a) LoG edge detection for a medicine strip (I;) (b) edge

detection based on stated algorithm for a bottled medicine (I,).
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3.1.3 Intersection of MSER and LoG edges

Only application of MSER to the image is not enough since it is sensitive to blur and
unable to differentiate small letters. To overcome this problem we perform an
intersection of MSER and LoG edges as MSER pixel boundaries are removed using
LoG edges. For light text and dark background (or vice versa), the gradient direction is
adapted (Table 3.2), to generate pixels towards the background refer Figure 3.12 (a).
Another advantage of intersection is that the repeating components are lesser in number

and the non-text regions are also reduced, refer Figure 3.12 (b)-(c).

NFex-TZ !

(b)

Figure 3.12 Edge enhanced MSER. (a) Edges grown along gradient directions. (b) Intersection of
MSER detected regions with LoG regions (I,). Clearly, the number of non-text regions has reduced as
compared to Figure 3(b). (c) Intersection of MSER regions with edge detected regions for a bottled

medicine (I,).

Table 3.2 Brief description of relationship between edge and gradient direction for text

S o Text Background Edge and Gradient Directions
1 Dark Light Edges grown against the gradient direction
2 Light Dark Edges grown along the gradient direction

3.1.4 Geometric Filtering

A binary image whose foreground CCs are considered letter candidates is obtained after
performing the edge- enhanced MSER detection. In order to further filter out the non-
text regions geometric checks are performed on the CC. First of all, taking area as
parameter very small and very large objects are rejected. For our sample images,

regions with area less than 150 sq. Pixels and greater than 2000 sg. Pixels are rejected.
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Aspect ratio is another parameter under consideration; aspect ratio threshold is chosen
carefully in order to preserve elongated letters like ‘i’, ‘1’ and °j°. Character candidates

with very large aspect ratio and small ratio are rejected.

Simple geometric features cannot discriminate shapes with large distances, thus we
chose to combine these features with other complimentary shape descriptors. The shape
descriptors we used are Solidity and Eccentricity. Solidity defines the extent to which

the shape is convex or concave, given by Equation (3.5).

Solidity = (3.5)
Where A, the shape of area region and H is is the convex hull of shape. From the
experiments we found that the threshold that responds well on the medicine samples is
0.4. Eccentricity is the ratio of the length of major axis to the minor axis. It is calculated

using minimum bounding rectangular box.
Eccentricity = % (3.6)

Where L is the length of the bounding box and W is the width of the bounding box.
From the experiments we found that threshold for eccentricity is 0.995. The Figure 3.13

below shows that after the geometric checks the non-text regions have further reduced.

Table 3.3 A brief description of geometric parameters and threshold for medicine samples.

S. No Geometric Parameter Threshold used for medicine strip samples
1. Area > 500 and < 2000

2. Solidity < 0.4

3. Eccentricity < 0.995
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Figure 3.13 Image represents the difference in a medicine strip image and a bottled medicine, before
and after region filtering (I3). The geometric checks have considerably reduced the number of non-
text regions, when compared with the previous image.
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3.1.5 Stroke Width Transform

After the geometric checks there still are some non- text regions left, for further
processing we use Stroke Width Transform (SWT). SWT [16] replaces colour value of
each pixel to its most probable stroke value. The idea behind using this transform is that
the characters of text have same stroke thickness, thus any region in which stroke width

exists with large variation is removed.

The computation of SWT [16] involves sending rays along the perpendicular directions
through edge pixels. Only the rays that ended at other edge pixels were considered,;
however this does not give accurate results for non-parallel stroke edges. SWT is thus

determined using the distance transform [23] as in Equation (3.8).

I3(x,y) € {fo, bg} (3.7)

where fo and bg represent the foreground and background pixels respectively.

0, I3;(x,y) € bg

. 3.8
min(||x — xo, ¥ = yoll, V I3(x0,¥0) € bg,I3(x,y) € fo) (38)

I4-d(x!y) = {

where ||, y|| is the Euclidean distance. Using this method the stroke width value is
given at each pixel of unique CC. Euclidian distance transform is based on distance
calculation from foreground to nearest background pixel. The maximum stroke value is

computed by Equation (3.9).
mStroke= Max (I,4(x,y)) (3.9

Look up for all the 8 neighbours of the foreground pixel that share the same value lying
in the range of 1 to mStroke. The algorithm results in a stroke width transformed image

(I,). Every pixel in transformed image has value of half stroke width. The criteria for
rejection that works well for the medicine strips is given as %Zn > 3. The result image

Figure 3.14 (a)-(d) shows pixels labelled with stroke width which can further used for

grouping pixels into letter candidates.
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Figure 3.14 Stroke Width Transform Information. (a) Visualization of text candidate’s stroke
width for medicine strip. (b) Binary Image after application of Stroke Width Transform (1,).
(c) Visualization of text candidate’s stroke width for bottled medicine (d) Binary Image after

application of Stroke Width Transform.
3.1.6 Determining Text Regions using Bounding Boxes

In order to calculate the bounding boxes around text regions, the individual characters
are merged into a single CC. Morphological operations such as opening and closing are
used to remove the outliers. Closing is a morphological operation that enlarges the
boundaries of foreground regions and shrinks the background colour holes. Closing
needs two data inputs, closing image and structuring element. Structuring elements are

shown below in Figure 3.15.
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Figure 3.15 Different types of structuring elements.
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The mathematical formulation for closing and opening are given by Equation (3.10 &
3.11).

1(X, Y) * Spn= (1%, Y) DSmn) O S (3.10)
Ix,¥) © Smn= (I(X, Y) OSmn) D Sinn (3.11)

where S, , is a structuring element, m and n are odd integers > zero. Any structuring
element which is rotationally independent can be chosen (Figure 3.16). Once the
morphology mask is obtained as in Figure 3.16 (a)-(b), area threshold (5000 sq. pixels
are used for medicine samples) is applied to create bounding boxes around the text

regions (Figure 3.17(c)).

(b)
Figure 3.16 (a)-(b) Joined characters under mask for strip and bottled medicines,

respectively (c) Text (I5) region (medicine name).
3.1.7 Optical Character Recognition and String Editing
3.1.7.1 Optical Character Recognition

Optical Character Recognition (OCR) means electronic conversion of images
containing text into machine encoded text. OCR system requires the input image
such that the letters are passed and perceived. For OCR to work properly, the text
and the background should be monochrome and the contrast between the two
should be high. The two inputs that we provide to OCR, is the image obtained
after stroke width transform as shown in Figure 3.15 (b),(d) and the region of
interest; i.e., the bounding boxes as shown in Figure 3.17(c). The output of OCR
is shown in Figure 3.17(a)-(b).
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Figure 3.17 OCR output (a)- (b) represent the output of Figure 2(a) and 2(c) respectively.

Clearly the output has missing and extraneous charecters(Iycg)-
3.1.7.2 String Editing Operation

OCR is complex and unpredictable. The common mistakes made by OCR on the
medicine samples and the bottled medicines are missing and extraneous
characters as shown in Figure 3.19 (a)-(b). A large of number of strings is
detected by OCR. In order to accurately determine the text, we keep the string
with word confidence greater than 70%, this OCR text string is compared with
the correct string. Due to the missing and extraneous characters it cannot be
assumed that the i" character of the OCR string corresponds to the it" character
of correct string. Levenshtein distance is used for string editing by calculating
optimal correspondence of strings using appropriate cost function. It changes the
incorrect string to correct one using minimum number of operations; insertions,

deletions or substitutions.

Consider a string s;= [a; a,az .......a,] and s,= [by b, bs ... .... b,,] Where m

and n symbols from alphabet A. Three operations that can be applied as:

1) Insertion: Any symbol x € A can be inserted before a,, after a,, or between a;
and a;;; (1<i<n).
2) Deletion: Symbol a; can be deleted (1<i <n).

3) Substitution: The symbol a; can be replaced by x# a; (1<1i <n).

Let dg; 5, o be the Levenshtein distance between s; and s, that denotes the least
cost of transforming string s, to string s, using cost function a. For Levenshtein
distance, o is (1,1,1) or (1,1,2). dsq1 52« IS @ Levenshtein metric as it satisfies the

following properties of a metric.

1) dsl,sz,a >0 if S * S2 ; dsl,sl,a: 0;

2) dsl,sZ,a = dsz,sl,oc ;

3) dsl,s3,oc < dSl,SZ,OL + dSZ,S3,0L
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The Levenshtein distance between two strings,s;and s, of length i and j

respectively is mathematically denoted in Equation (8).

max(i, j) if min(i,j) = 0,
.. dsllsz (l_lr])-l_l
ds,»s, (L)) = min ds,s, (Lj— 1+ 1 otherwise (3.12)
k ds, s, (-1j-1D+ Lisy2s)

where 1, .,y is the indicator function equal to zero when s; = s,and equal to 1
otherwise. The cost function for edit operation is represented as o = (a; apQs),
where «a;,ap,agare non- negative real numbers corresponding to insertion,
deletion and substitution respectively. The cost function for edit operation is fixed

(1, 1, 1); i.e., unit cost operation. Edit distance algorithm is given by Table 3.4.

Table 3.4 Algorithm description of string editing operation.

Algorithm String Editing Operation
STRING EDIT DISTANCE (s;[a; a; as .......a,], s3[b1 by bs ... ....by,])
lintdTi,j] =0
2forie 1to|sq|
3dod[i, 0] =i
4forj<1to|s,]
5dod][0,j]=]j
6 fori« 1to|sq|
7forj«1to|s,|
8ifs; == s,
9dod/[i,j] < d[i-1,j-1]

10 else d [i, j]«< minimum of
(
d[i-1,j] +1,
d i, j-1] +1,
d[i-1, j-1]+1
)
11 returnd [ |sq],1s21]

Clearly, if the edit distance is minimum when strings are matched, the strings bear
similarity. OCR strings for medicine samples are matched with the database of
strings. The string, with the minimum edit distance is considered the correct
string and it is displayed. Thus the string editing operation overcomes the

shortcomings of OCR.

Figure 3.18 represents the flowchart for string editing operation with two
examples i.e., Nflox-TZ and Cystone. The confusion region and the number of

required string editing operations is displayed in boxes.
35



OCE. GENERATED Goio ‘T ° .
[ STRIMNG ] £3 @floxacm 82 waron
&:mdazo'le T
¥ ~ N flox-TZ
OCE. GENEEATED STRING
"vaton

WITH WORD CONFIDENCE
GEREATER THAN 0.7

L)
"
i
o8
i
1
ra

k 4 -
h NDfIDx-'IZ »SE}EQ

STRING EDITING OPERATION

o= (a; aptts)
J 0 Insertions 2 Insertions
W 1 Deletion 1 Deletion
INSERTION DELETION SUBSTITUTION
0 Substitution 1 Substitution

Figure 3.18 A flowchart representation of OCR and string editing operation with examples of two
samples i.e., Nflox-TZ and Cystone.
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CHAPTER-4

EVALUATION OF TEXT DETECTION ALGORITHM

This Chapter of dissertation presents the experimental results of the text detection algorithm.

A detailed analysis of results is also done in this chapter.
4.1 DATASET AND EXPERIMENTAL RESULTS

To assess our text extraction and detection algorithm we test it on a dataset of medicine
samples containing both medicine strips and bottled medicines. We implemented our
algorithm using MATLAB R2015a. Since there is no existing database, we created the
database with a wide variety of medicines from different pharmacies using a regular camera
under natural lighting conditions. The images have been captured at different moments of the
day i.e., morning, noon and evening using Motorola G (Gen2) that packs an 8 megapixel
primary camera on the rear with size of each image approximately 900 x x (500<x<1600)
pixels. The captured images have variations of light intensity, colour, alignment of text,
camera angles, font, and size. Variations of camera angles indicate that the images have been
captured by free hand; i.e., there are no specific angles for capturing the images thus making

the technique robust and easy to use for the layman.

The state of art methods use recall rate and precision rate [1, 29 and 30] as the performance
evaluation criteria for the OCR; however in this paper we have extended the problem beyond
the OCR and performed string editing. The result we obtained has complete medicine name
or an erroneous result. Figure below shows samples of the medicine database with variations
such as blur-ness, reflection or bad illumination. Text variations in these medicine samples
include; light text on dark background (or vice versa), thick text or thin text with elongated
characters such as ‘i’ and ‘I’ and curved or skewed text as in case of bottled medicines. Each
figure consists of original image, image obtained after application of MSER detector,
geometric filtering and Stroke Width filtering, region of interest obtained from morphological

operation and the OCR detected text.

By exploiting the similarity of text, our method can effectively localize a variety of text. The
system so developed works very well on medicine strips and bottled medicines, we were able
to extract and display the medicine name even in case of reflection, blur, bad illumination and

skew-ness as depicted by figures and Table below.
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Figure 4.1(A)-(B). Text detection algorithm results.
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Figure 4.2 (A-F) Text detection results for medicine strip images with reflection.

41



i in Extenc [abled II SPOR DEX ARZSO  §

(b) SWT Image

SPCOR DEX AF}lu7 &0

(d) OCR output
(A)
(b) SWT Image
Lez™:
(c) Text ROI (d) OCR output
(B)

42



T30
enac, Paracetamol
Serratiopeptidase Tablets

LOPITAN-SP

TH taBLETS

(a) Medicine Image

iy - - —

B Aceclofenac. Paracetamol &
Serratiopeptidase Tablets

LOPI'I'AN SP

Composition . SHTITCA—UHY] TABLETS

1 tabiet contalns

(c) Text ROI

(a) Medicine Image

<<“

0&' '&W "y

(c) Text ROI

s a1
B A\.L.cn enac Pa ace nmol &
Se atopep dose Tebcts

LOTI AN 12

s
1
Agee ofenac Pa acetarmo &
Se atopept dase Tab ets

LmEITAal E

(b) SWT image

Bl 8PT 18365 FG 07/2017
I RP RS 7060 FER 1D THES

LOPITAN P]

Se at opep dase Tab ens

(d) OCR output

(©
Norflox-t £
(b) SWT Image
Morflox-T2
(d) OCR output
(D)

Figure 4.3(A-D) Text detection results for medicine images with same coloured text as background. In

order to detect this text region HSV colour space is used with the saturation channel giving the apt
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Figure 4.5 (A-D) Text detection result on medicine strip images with small text and also containing

elongated characters like ‘i’ and ‘I’. These letters are often lost in detection.
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4.2 PERFORMANCE ENHANCEMENT

The text obtained from OCR depicted by (d) of figures above has missing and extraneous
characters. As mentioned, we have extended the algorithm beyond the OCR to make up for
the flawed characters and hence obtain the correct string. OCR detects multiple strings, to get
the correct string, we keep the string for which word confidence is greater than 70% while
rejecting the other strings. For example consider the medicine strip in Figure 4.8 (A), PML -
650, the detected OCR string is PIHL-650 (word confidence > 70%) that has extra characters
I and H. Table 4.1 below summarizes the string matching (editing) that compares the OCR
generated string with the set of strings. String editing calculates the number insertions,
deletions and substitutions in order to find the string for which distance from OCR string is
minimum. Consider the medicine strip in Figure 4.8 (A) again; OCR generated string ‘PIHL-
650° when compared to ‘PML-650’ requires one substitution and one deletion i.e. a total cost
of 2. This strings when compared with other strings say, ‘HOPE, requires 4 deletions and 4
substitutions i.e. a total cost of 8. So the string with minimum cost is considered the correct
detected string. The confusion column in the Table 4.1 shows rectangular boxes around the
missing/ extraneous characters. The next three columns show string editing operations;
insertion, deletion and substitution. Finally, the last column indicates the correct string i.e. the
medicine name. Text extraction and detection algorithm gives an accuracy of approximately
95%.

Table 4.1 String editing operation. OCR string with word confidence >0.7 is compared with other
strings and number of insertions (1), deletions (D) and substitutions (S) are calculated. The string with

minimum operations i.e., least cost is considered as correct string.

Image OCR text with Correct detected string
word confidence Confusion | D S
greater than 0.7
4.1 (A) | MEFTAL-SPAS - MEFTAL-SPAS
4.1 (B) | MINIPRESS XL - MINIPRESS XL
4.2 (A) -AC|Loc BA CMLOC ACILOC
4.2 (B) Tambac-o - Tambac-o
4.2 (C) Do am dc Da| Jam|. [dd Dolamide
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4.2 (D) KETA KETA] KETANOV
4.2 (E) | GLYCOMETQS GLYCOMET GLYCOMET
DU QSDU
4.2 (F) BESTOS¥@V- BESTO-625 BESTOCLAV-625
625
4.3 (A) SPORD X AF SPORD DX AF SPORIDEX AF
4.3 (B) Lcz chu Lcz Plus
4.3 (C) LOPITAN P LOPITAND P LOPITAN SP
4.3 (D) Morflox-T2 [Mporflox-T2 Norflox-TZ
4.4 (A) Texifen C Texifen[C Texifen
4.4 (B) Advefi Advelfi Advent
4.5 (A) Ondabc Ondab| ] c Ondabic
4.5 (B) Nucox a 120 Nucoxﬂ a120 Nucoxia 120
4.5 (C) Gerblsa Gerbm s Gerbisa
4.5 (D) Flexon - Flexon
4.6 (A) NICI P US NlClu PD us NICIP PLUS
46(B) | DALACIH300 | DALACIH 300 DALACIN 300
4.7 (A) PIHL- 650 o[ L-650 PML-650
4.7 (B) Macfafal Macff aff al Mactotal
4.8 (A) N flox-TZ N[ [flox-TZz Nflox-TZ
4.8 (B) DOMPITAL - DOMPITAL
4.9 (A) ovston @ stonﬂ Cystone
4.9 (B) Pnlex P lex Pilex
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CHAPTER-5

CONCLUSION AND FUTURE SCOPE

Text extraction and identification from medicine strips and bottled medicines in itself is a
novel application. The text data on medicine can be buried in image with different fonts,
styles, sizes, alignment, and orientation. Further adding to this variety is the presence of
reflection, blurriness, rotated text or complex background thus making the text extraction
from medicines a very challenging task. This dissertation provides the text extraction and

detection algorithm for medicines.

As per the observation, methods based on edge detection use morphology algorithms thus
show less efficiency. Consequently, these methods give satisfactory results for complicated
backgrounds and are regarded as secondary method to other algorithms. For localization of
text regions, CC and texture based methods are more efficient as they lay emphasis on local
pixels. However, performance of CC based methods depends on accurate determination of
text regions. Thus the issue here is confusion between regions with text and no text.
Contrarily texture methods use features fed to classifiers to find text regions. The problem

faced here is sensitivity to alignment of text

It can be observed that a single method is not suitable for all the cases. However, a
combination of several methods provides solution along with some localization. For text
extraction and detection in medicine images i.e., medicine strips and bottled medicines, we
utilized connected-component and stroke based methods. In order to recognise the text, it has
to be separated from the background. This extracted text (binary image) is fed into the OCR.

OCR helps to convert extracted text to plain text.

Our text detection algorithm provides a fast and robust detection for the medicine strip and
bottled medicine images. Our method employs MSER as the basic letter candidates. Since
MSER is sensitive to image blur we enhance it using edge-based algorithms. Next, SWT is
effectively computed for binary CC’s and morphological opening and closing are utilized to
find the regions of interest i.e., text. Further SWT and morphological output is fed to the
OCR in order to get the text i.e. the medicine name. The text from OCR has
missing/extraneous characters thus we applied string editing. With the insertion, deletions and
substitution operations we chose to display the string that had minimum distance from the
OCR string. The system gives an efficiency of approximately 95% on medicine strips and

bottled medicines images captured under various conditions; for example, reflection, bad
53



illumination and skew-ness. The method is capable of detecting highly blurred text in low

resolution medicine images as well as rotated text for the bottled medicines.

With the proposed method we obtained promising results on our data set. Medicine industry
is a huge. We can further include the medicine samples and bottled medicines with text in
different languages. The algorithm can be modified to detect text on various medicines that
have it written in different calligraphic styles; as well languages like Chinese require special
attention. The algorithm can further be extended to provide applications such as assisting the
patients with finding the medicine substitutes and the salts in the medicine. The medicine
images do not contain the barcode; another interesting application would be to find the text
hidden behind other objects or the watermarked logos of manufacturing companies hidden in

the medicine images.
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