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Preface

The Second International Conference on Computer Vision and Image Processing
(CVIP 2017) was organized at Indian Institute of Technology Roorkee (IITR),
Greater Noida Extension Center, during September 09-12, 2017. The conference
was endorsed by International Association of Pattern Recognition (IAPR) and was
primarily sponsored by MathWorks. CVIP 2017 brought together delegates from
around the globe in the focused area of computer vision and image processing,
facilitating exchange of ideas and initiation of collaborations. Among 175 paper
submissions, 64 (37%) were accepted based on multiple high-quality reviews
provided by the members of our technical program committee from ten different
countries. We, the organizers of the conference, were ably guided by its advisory
committee comprising distinguished researchers in the field of computer vision and
image processing from seven different countries. A rich and diverse technical
program was designed for CVIP 2017 comprising five plenary talks and paper
presentations in seven oral and two poster sessions. Emphasis was given to the latest
advances in Cybernetic Health, Perception of Visual Sentiment, Reshaping of
Human Figures in Images and Videos using 3D Morphable Models, Vision and
Language, and Challenges in Biometric System Development. The papers for the
technical sessions were divided based on their theme relating to Computer Vision
Applications, Document Image Analysis, Machine Learning and Uncertainty
Handling, Surveillance and Security, Summarization, Retrieval and Recognition,
and Low-level Computer Vision. This edited volume contains the papers presented
in the technical sessions of the conference, organized session-wise.
Organizing CVIP 2017, which culminates with the compilation of the volume of
proceedings, has been a gratifying and enjoyable experience for us. The success
of the conference was due to synergistic contributions of various individuals and
groups including the international advisory committee members with their invalu-
able suggestions, the technical program committee members with their timely
high-quality reviews, the keynote speakers with informative lectures, the local
organizing committee members with their unconditional help, and our sponsors and



vi Preface

endorsers with their timely support. Finally, we would like to thank Springer for
agreeing to publish the proceedings in their prestigious Advances in Intelligent
Systems and Computing (AISC) series. We hope the technical contributions made
by the authors in these volumes presenting the proceedings of CVIP 2017 will be
appreciated by one and all.

Kolkata, India Bidyut B. Chaudhuri
Singapore, Singapore Mohan S. Kankanhalli
Roorkee, India Balasubramanian Raman
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A Novel Method for Logo Detection )
Based on Curvelet Transform Using L
GLCM Features

G. V. S. S. K. R. Naganjaneyulu, Ch Sai Krishna and A. V. Narasimhadhan

Abstract Automatic logo detection is a key tool for document retrieval, document
recognition, document classification, and authentication. It helps in office automation
as it enables the effective identification of source of a document. In this paper, a novel
approach for logo detection using curvelet transform is proposed. The curvelet trans-
form is employed for logo detection because of its ability to represent curved singu-
larities efficiently when compared to wavelet and ridgelet transforms. The proposed
algorithm consists of five steps, namely segmentation, noncandidate elimination,
computation of curvelet coefficients, gray level co-occurrence matrix (GLCM) fea-
tures extraction, followed by classification using a pretrained support vector machine
classifier. The proposed algorithm is tested on a standard dataset, and the performance
is compared with the state-of-the-art methods. The results show good improvement
in the accuracy when compared with the competitors.

Keywords Logo detection - Curvelet transform + GLCM features

1 Introduction

The detection of logo can be considered as an important clue for document image
analysis and retrieval. Logos are special visual objects that are commonly used in
business and government documents as a declaration of document source and own-
ership. Logos are generally used to aid and promote instant public recognition for an
organization. The document retrieval is easier using logo recognition than a keyword
search. Methods for document retrieval using logo detection are presented in [12,
18, 29, 37]. A method for categorization of documents based on logo detection is
described in [26].
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Many algorithms have been developed by several researchers for logo detection
and recognition. A brief literature review is presented in Table 1. These methods are
broadly categorized into three types, namely heuristic methods [16, 21, 27, 31, 32],
spatial density-based methods [2, 25, 28], and multi-resolution methods [36].

1.1 Heuristic Methods

Seiden et al. [27] used the top-down X-Y cut segmentation algorithm to analyze a
binary document to extract 16 features from each connected component, and a rule-
based classifier for classification of the logos. Wang et al. [32] extracted all feature
rectangles from the entire document to detect the logos. A feature rectangle is a min-
imum virtual rectangle which fully embraces at least one foreground pixel and their
edges have all background pixels. Once all the feature rectangles are extracted from
whole document image, classification is performed using a decision tree classifier.

1.2 Spatial Density-Based Methods

Pham [25] and Ahmed [2] proposed logo detection methods that are based on spatial
density of foreground pixels within a given window. The fundamental assumption
in these methods is that the spatial density related to logo regions is greater than
that of non-logo regions. The preprocessing steps are followed by the estimation of
spatial density using mountain function [33], and classification is performed using a
decision tree classifier.

1.3 Multi-resolution Analysis-Based Methods

Shirdhonkar et al. [28] used discrete wavelet transform (DWT) [24] to calculate spa-
tial density. The document image is divided into different nonoverlapping blocks
of fixed size. The DWT coefficients of these blocks of the document image are
computed. Using the DWT coefficients, two features namely energy and standard
deviation of each window from all the sub-bands are computed to differentiate logo
and non-logo blocks in the document image. In [28], author made an assumption
that the complete logo is present in a single block. A segmentation step can be used
to avoid such an assumption. The DWT coefficients can represent point singularities
effectively, but fails to represent curve singularities. Ridgelet transform [6, 10] can
represent line singularities; however, it also fails in representing curve singularities.
Curvelet transform can represent the curved singularities in a better way when com-
pared to wavelets and ridgelets [7, 22, 23, 30]. The logos generally contain curve
singularities, and therefore curvelet transform is a good choice for detection of logos.
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Table 1 Literature review of logo detection methods

Papers Key features of algorithm

Hassanzadeh et al. [16] Morphological operations, decision tree
classifier, and merging separated parts in logo

Shirdhonkar et al. [28] Discrete wavelet transform, spatial density
using two features—mean and variance

Wang [31] RAG data structure and Bayesian modeling

Lietal. [21] Axial lines, shape descriptors

Wang et al. [32] Feature rectangles

Ahmed et al. [2] Colorimetric uniformity and spatial
compactness using mountain function

Zhu et al. [36] Multi-scale approach

Pham [25] Mountain function

Seiden et al. [27] X-Y cut segmentation, rule-based classifier

Doermann et al. [11] Geometric invariants

On the other hand, in literature, an approach with two features and a decision tree-
based classifier for logo detection is typically used. Usage of more number of features
and a sophisticated classifier like support vector machine classifier (SVM) [8] can
produce a better accuracy. In this work, logo detection is performed by means of
segmentation, noncandidate elimination, computation of GLCM features from each
sub-band of curvelet coefficients, followed by classification using SVM classifier.

The organization of the paper is as follows. In Sect. 2- theory related to the methods
employed is presented. In Sect. 3, a brief description of the different blocks is pro-
vided. In Sect. 4, the performance analysis of the proposed method and comparison
with the state of the art are analyzed, followed by conclusion in Sect. 5.

2 Theory

2.1 Fast Discrete Curvelet Transform

Curvelet transform [5] is a nonadaptive approach of representing images at multiple
scales and multiple angles. It is a higher dimensional generalization of the wavelet
transform and overcomes the limitation of wavelets in terms of representing curved
singularities.

In the proposed method, fast discrete curvelet transform (FDCT) [4] is employed.
The FDCT of an image is defined as,

king | kpno
+~7
Lyj = L )_

i 27 (

c(j K D) =y mep, fln1, no — ny tan 010, [ny, nale’ (1)
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where c(j, k, 1) is representing discrete curvelet coefficient at scale 2/, location
k = [k; k], angle 6; and U; (with length L ; and width L, ;) is a Cartesian (rect-
angular) generalization of the polar (circular) window that isolates the digital fre-
quencies [n1, no] at the wedges, 6, = 272511, 1 =0,1,2, ... and P; = {(n1,n2) :
nio<n <nio+Lijnyo<ny <nygo+ Ly ;}. The curvelet transformis used in
texture analysis in [3].

2.2 GLCM Features

The GLCM is a tool to measure texture as it represents the distribution of the co-
occurring values in an image. The texture features generated and used are Haral-
ick features [15]. GLCM is a matrix in which the number of rows and columns
is equal to the number of gray levels G in the image. The GLCM matrix element
P (i, j|Ax, Ay) is the relative frequency with which two pixels, separated by a pixel
distance (Ax, Ay), occur within a given neighborhood. Given an image I of size
N x N, the element of in ith, jth column of normalized GLCM matrix P can be
defined as,

N N
PG, j) =) Y 8U(x,y) = D3 (x + Ax,y + Ay) — j) 2

x=1 y=1

where §(.) is impulse function. Let us assume that y is the mean value of P, and u,,
My, Oy, 0y are the means and standard deviations of the marginal densities Py, P,.
The marginal densities P, and P, are related to P (i, j) as described below.

G G
Pe(i) =Y PG, ), Py(j) =) PG, j) 3)

j=1 i=1

The expressions for P, (k) and P,_, (k) are given below.

G G
Poy() =YY PG, lipjmik =2,3,...2N @)
i=1 j=1
G G
PX—y(k)ZZZP(LJ')u—j\:k;k:O,1,...N—1 5)
i=1 j=1

The 12 GLCM features used in this work are defined in Table2. Angular second
moment gives the homogeneity in the image. Contrast provides an insight into the
local gray level variation in image, while inverse difference moment gives the sim-
ilarity among nonzero entries in the image. The correlation represents gray value
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Table 2 Definition of 12 features extracted from GLCM matrix

Angular second moment

-G:O1 Yoo (PG, )Y

G G P
Contrast Zn -0 "2{21 121 i j|= nP(l D}
Correlation ZG 1 (lXJ)XP;li)G‘(MxXMx)
Variance ZG IZ] 0(1 —M)zp(i J)
G-1

Inverse difference moment

) Jj=0 L+ ])7P(z 2

Entropy

— > X P j) x Log(P (. j)

Average

2G-2
o 7Py ()

Sum entropy

_ Z?:GO_Z Pyyy(D)log(Pyyy (i)

Difference entropy

— 3 Peey (Dl0g (Pe—y (i)

Inertia o) ZG:' i— )2 x PG, J)
Shade ZG 12 o i+ — e — 1y)? X P, )
Prominance ZG_O G+ J— e —iy)* x PG, j)

linear dependencies in the image. Entropies give the statistical disorderliness in the
image. The average and variance represent the central tendency and the spread in
GLCM matrix (not of the image). Inertia, cluster prominence, and shade are higher
order statistic related to texture. The GLCM features are used in various applications
involving texture classification in [17, 35]. GLCM features are also used along with
multi-scale transforms in [13, 34].

3 Description of the Algorithm

The block diagram of the proposed method is shown in Fig. 1. The proposed algorithm
initially performs segmentation, using morphological operations [14] and connected
component analysis (CCA) [9]. The improbable logo candidates are removed based
on heuristic features in noncandidate elimination phase. Curvelet coefficients of the
remaining logo candidates are obtained using FDCT. Subsequently, 12 features are
computed from GLCM matrix obtained from each wedge of curvelet coefficients that
are extracted in eight different directions in order to obtain the texture clues in all
the directions. A pretrained SVM classifier is used for removal of false logo blocks
using the GLCM features. The detailed explanation of each stage is discussed in the

following subsections.
Input " sVvm
image —{ Segmentation ]—{ H J—{ Classifier ]—' Logos

Fig. 1 Block diagram of the proposed method

GLCM
feature
extraction

Curvelet
Transform
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3.1 Segmentation

Segmentation is the foremost step in logo detection. The inclusion of segmentation
may increase the computational complexity; nevertheless, it gives an advantage of
avoiding the assumption that the logo has to be in a single block under consideration,
as mentioned in [28]. The proposed scheme employs a segmentation algorithm which
is based on connected components analysis. In a document image, a segment is a
portion which has all connected components near to each other. Hence, connecting
the nearest connected components for clubbing them together to make a segment is
achieved by applying morphological operations. A morphological dilation operation
with a rectangular structuring element of size 15 x 90 is performed on the com-
plement of the input binary image. This dilation operation is followed by a closing
operation with the same structuring element in order to connect the similar patterns
in the image. CCA is performed on the resulting image from the morphological
operations to find the coordinates of all possible bounding boxes. A typical output
of segmentation is shown in Fig. 2.

3.2 Noncandidate Elimination

The purpose of this step is to remove obvious non-logo candidates in order to reduce
the load on classifier and computational complexity. Out of all the blocks obtained
from CCA, the obvious false positives are removed using two heuristic clues, namely
aspect ratio and foreground pixel density. The connected components with aspect
ratio less than 3 and foreground pixel density greater than 70% are considered as logo
candidates. These thresholds are obtained by computing the values of aspect ratio and
spatial density of 100 logo objects. All probable logo candidates from segmentation
step are first filtered with the aspect ratio criteria, and those do not satisfy the criteria
are identified as non-logo candidates. The remaining probable logo candidates are
further refined using the foreground pixel density criteria. Using the aspect ratio, clue
large paragraphs containing text are removed, and using foreground density, criteria
typically headings are eliminated as non-logo objects. The remaining possible logo
candidates after the removal of non-logo candidates by enforcing the aforementioned
constraints are considered for further processing.

3.3 FDCT

For all the possible logo candidates, FDCT is calculated with number of scales equal
to 4. The number of scales is chosen as 4 by trial and error procedure. The computation
of FDCT is performed using the non-equispaced FFT method proposed in [4]. Total
number of wedges resulting from the computation of FDCT in this work is 130.
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Fig. 2 Example image and
its segmented blocks
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3.4 GLCM Features

Texture in logos is an important clue as logos generally contain patterns inside them
along with the text. The GLCM features along with the curvelet coefficients are
used to extract the textural clues in the logos. In the proposed scheme, 12 features
mentioned in Table?2 are extracted from each wedge of FDCT obtained from the
previous step. A total of 130 wedges, 8 directions, and 12 features results in 12, 480
features per each block are computed as a part of feature extraction and used for
training a SVM classifier.

3.5 SVM Classifier

A pretrained SVM classifier [8] is used to separate logo candidates from all the
possible logo candidates. SVM classifier is a supervised binary classifier based on
linear discriminants. It considers the extreme data samples near the boundary called
support vectors and maximizes the margin between the classes. In nonlinear boundary
case where itis not a linearly separable problem, SVM treats the nonlinear function as
alinear function by projecting the data into a higher dimensional case. SVM provides
an optimal decision for binary classification problem and is chosen for the binary
classification problem of logo objects. In this work, 20 logos and 200 non-logos are
used for training the SVM classifier with linear kernel which outputs the true logo
objects.

4 Experiments and Results

The proposed method is tested on Tobacco-800 dataset' [1, 19, 20] which is com-
posed of 1151 binary images. Tobacco 800 is a public dataset which is a part of IIT
CDIP dataset that contains about 42 million document images collected from UCSF.
This dataset is widely used by many researchers [2, 16, 25, 28, 36] for testing the
logo detection methods. A total of 20 logo candidates and 200 non-logo candidates
are used for training and the remaining for testing. Performance of the proposed work
is evaluated using below performance metrics.

TP
Accuracy = TP+TN (6)

. TP+ FN
Precision = @)
TP+ FP+FN+TN

I'The database is available at http://www.umiacs.umd.edu/~zhugy/tobacco800.html.
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Fig. 4 Examples of non-logos detected as logos (false positives)

Table 3 Results of algorithm

Category Logos Non-logos

Training 20 200

Correctly classified 66 1747

Miss classified 6 29

Total 92 1976
where

TP: True positives (Total number of correctly detected logos)

TN: True negatives (Number of non-detected logos)

FP: False positives (Not a logo but algorithm detected it as logo)

FN: False negatives (Not a logo and the algorithm detected as non-logo).

Some of the correctly detected logos are shown in Fig.3, and false positives are
shown in Fig.4.

The proposed algorithm gives an accuracy of 91.47% and precision of 98.1%. The
results obtained using the proposed method are presented in Table 3. From Fig. 3, it
can be seen that if there is a text block associated with the logo, the proposed method
is able to obtain the logo completely along with the text part, which is an advantage.
Figure 4 shows typical false positives, and most of the times they are cluttered text
regions which almost look like a logo. The accuracy obtained using the proposed
method is compared with the state-of-the-art algorithms and is given in Fig. 5. It can
be observed that the proposed algorithm outperforms the other methods in terms of
accuracy of detection of logos. The significant improvement in the accuracy can be
attributed to the ability of curvelet transform in representing the curve discontinuities.
The inclusion of segmentation in proposed method removes the assumption that
entire logo needs to be in a single block which is fed to the classifier. However, the
computational complexity increases because of inclusion of segmentation involving
morphological operations.
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Fig. 5 Comparison of accuracies of different algorithms for logo detection

5 Conclusion

In this work, a novel approach for logo detection using curvelet transform has been
proposed. The proposed algorithm gives an accuracy of 91.47% with a precision of
98.1%. It has been observed that the accuracy of the proposed algorithm is better than
the other competitors with a competitive precision. The inclusion of segmentation
automated the process of selection of the probable logo candidates. Consequently,
the proposed method has removed the assumption that the logo must be in a single
block that is sent to the classifier which is a drawback in other methods. A better
precision has been obtained because of the noncandidate elimination. The algorithm
is able to include the text part near to the logo, which is an advantage.
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Abstract Landslides are one of the severe natural catastrophes that affect
thousands of lives and cause colossal damage to infrastructure from small to region
scales. Detection of landslide is a prerequisite for damage assessment. We propose
a novel method based on object-oriented image analysis using bi-temporal satel-
lite images and DEM. The proposed methodology involves segmentation, followed
by extraction of spatial and spectral features of landslides and classification based
on supervised Bayesian classifier. The proposed framework is based on the change
detection of spatial features which capture the spatial attributes of landslides. The
proposed methodology has been applied for the detection and mapping of landslides
of different sizes in selected study sites in Himachal Pradesh and Uttarakhand, India.
For this, high-resolution multispectral images from the IRS, LISS-IV sensor and
DEM from Cartosat-1 are used in this study. The resultant landslides are compared
and validated with the inventory landslide maps. The results show that the proposed
methodology can identify medium- and large-scale landslides efficiently.
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1 Introduction

Natural catastrophes such as landslides, avalanches, floods cause acute environmental
problems, substantial loss of life and colossal damage to infrastructure in mountain
regions. Landslides are ranked third in terms of death due to natural calamity. Land-
slide is defined as the movement of a mass of earth or debris or rock from a higher
altitude due to gravitational force [1]. The most vulnerable regions of landslides
in India are the Western Ghats and the Himalayas. Western Ghats are geologically
stable and are on uplifted plateau. The Himalayan mountain region is one of the
youngest mountains which is tectonically active. While Western Ghats experience
intermittent landslides, Himalayan regions experience huge and massive landslides
frequently with impact sites spreading across several north and north-eastern states
of India. Every year, one person dies for every 100 sq kms in Himalayan regions due
to landslides. Overall, ~12.6% of total land area is affected by landslides in India.
Spatial prediction and mapping of landslides are valuable for disaster preparedness
and management. Even though landslides are highly unpredictable, there is a spatial
pattern in their occurrences and landslide can occur within a neighbourhood multiple
times. Therefore, the detection of sites of historical landslides helps to predict the
occurrences of landslides and is vital for assessing the damage caused to landscape.

The conventional methods of landslide detection mainly rely on the visual inter-
pretation of aerial and satellite images and aided by moderate field measurements.
Traditionally, interpretation can be done on vertical or oblique stereoscopic aerial
photographs. In [2] nearly 60,000 earthquake-induced landslide scarps were mapped
by visual interpretation. Visual interpretation is subjective, labour-intensive and time-
consuming. Digital methods for analysis of remote sensing satellite images for land-
slide mapping have been evolving [3]. From the satellite imagery landslide regions
are identified based upon its spectral, spatial, contextual information and morpho-
metric feature [4]. In [4] a study, object regions in multispectral images pertinent
to landslides are identified based on spectral information, shape and morphometric
characteristics. The resultant objects are recognised as landslides in further classifica-
tion and are categorised as debris slides, debris flows and rock slides using adjacency
and morphometric criteria.

Landslide regions can be identified based upon a change detection analysis. Land-
slides are also mapped by tracking the differences in orthorectified co-registered
images and digital elevation models (DEMs) acquired over the same geographical
position at different times [4]. Using a change detection-based Markov random field
(CDMREF) technique, [5] developed a near-automatic method for landslide mapping
from bi-temporal aerial photographs at pixel level. With the advent of computational
power, especially machine learning techniques for remote sensing image classifica-
tion have gradually shifted from the visual interpretation to computer-aided methods.
In [6] developed a semi-automated landslide detection and mapping, which combines
OBIA and SVM classifier. In this, the classifier was trained using the spectral, spatial
and texture features.



