Raport Badawczy
Research Report

RB/43/2016

Content-based
image retrieval

T. Jaworska

tools and techniques

Instytut Badan Systemowych
Polska Akademia Nauk

Systems Research Institute
Polish Academy of Sciences

@

A
//4

)
{//%///



POLSKA AKADEMIA NAUK

Instytut Badan Systemowych
ul. Newelska 6

01-447 Warszawa

tel..  (+48)(22) 3810100

fax:  (+48) (22) 3810105

Kierownik Zaktadu zgtaszajacy prace:
Prof. dr hab. inz. Janusz Kacprzyk

Warszawa 2016



Tatiana Jaworska

Content-Based
Image Retrieval

Tools and Techniques






In the beginning was an imagde.






g
- F
i

e s

s g

O

ik e

To my mother
| who inspired me
; to develop intellectually







Contents
1 Introduction 10
1.1  From Retrieval to CBIR ......ccccocevieiririniiieieineneeeeeeese e 10
1.2 A Need for an Effective and Efficient Search Engine and GUI............ 11
1.3 Outline of the BOOK .....ccceeevueieieiririiciccneccceeeseee e 13
2 The Concept of the Content-Based Image Retrieval...........ccccevurvurnnnnes 15
2.1 INErOAUCHION «..ueeiiiieieieeee ettt 15
2.2 Main Problems ........ccceeevierieniiieinininineeeeeeteeee e 16
2.3 Criteria for the Classification of CBIR Systems.........c.ccocevvevenererennene 19
2.4  The Concept of the Hybrid Semantic System (HSS)......ccccccevurererennene 23
3 Image Representations 26
3.1 Introduction. Forms of Image Representation...........cccceeveveerieneeceenienns 26
3.2 Visual Feature DesCriptors ........cccoeeeerveirieirieueinieenieeiereeereesneesenes 28
3.3 Colour Information........ceceeevueieererienieenenesieteeseetee e 28
3.3 Texture Information.........ccecevevieerininicnieinneeee e 29
3.3.1 The Texture Approach to the Hybrid Semantic System ................ 41
3.4 Edge Detection .....cccevereeeieniiniieieriieteiesestee et 43
3.4.1  Gradient Methods .......ccoceverieirininiciceneneceeeeeeeeeeee 43
3.4.2 Boundary Tracking by Active Contours..........ceceeevveriererenenennnne 46
3.43  Hough Transform ........ccceveeeeiienienienienieeieeseetese e 48
3.5 Shape Information .........cccceeereeieniinieieniseeee e 50
3.5.1 The Shape Approach to the Hybrid Semantic System................... 51
3.6 Local Feature DeSCIipors........cceverierieieerienieieisiesiesieeeseesessessesseeesenns 53
3.6.1  Scale-Invariant Feature Transform (SIFT) ....c.ccecevvevevineninenieene 54
3.6.2  ROOLSIFT ..ottt et 56
3.6.3  Rotation-Invariant Generalization of SIFT (RIFT)......ccccceceruenee. 57
3.6.4  Fisher VEctor (FV) c.cocoveeiiiiiieieneceeee sttt 58
3.6.5 Vectors of Locally Aggregated Descriptors (VLAD).......cc.cue.... 59

3.6.6. Features from accelerated segment test (FAST)....ccccoveverenencnnen. 59



3.6.7 Oriented FAST and Rotated BRIEF (ORB) ......ccccccoueuivieuininuiinene 60

3.7  Standardization Efforts - MPEG-7 ......ccccccevvininennininenenceeeeen 61
3.8  Global Versus Local Comparison of Features...........ccccceecvreirurueenee. 62
3.8  From Features to Signature.........cc.cccceveeieneneenieneneenieseeieeeeeeeeee 65
Object Detection 67
4.1 INtrOdUCHION ..ottt 67
4.2 Object Segmentation Based on Colour .........cccceverieienieneneeieienieneene 67
42.1  K-means Algorithim .......ccocevvevieerinieieinienieceeseeceesee e 67
4.2.2  Fuzzy C-means Algorithm........cccooceevinenieninieieceeeeeee 69
4.2.3  Mean Shift
4.2.4  The Colour Approach to the Hybrid Semantic System.................. 71
4.3 Object Segmentation Based on TeXtUIe........ccceeerveruerienienenerenenienieene 74
4.4  Object Segmentation Based on Shape .........cccevveveererenenienienieesennenns 75
4.5  Object Segmentation Based on Local Features ...........cccoceveverereneenenne. 76
4.6  Image Data Representation for the Hybrid Semantic System................ 78
Object Recognition 81
5.1 INErOAUCHION c.veveneveciciiiecteicee ettt 81
5.2 Object ClassifiCation.........ccoueeeeririenienieenenieieteeeeeiesee et 81
5.2.1  Object Similarity/Dissimilarity MEtrics........coccoerverererererenueneene. 82
522 DECISION TIEES ...vevverrirereiieiiriisteieeeit ettt 84
5.2.3  Naive Bayes (NB) classifier ........ccccecerverenenenienienieiecreseseniene 86
5.2.4  Support Vector Machine (SVM) .....cceceerievinieneniienienieeie e 87
5.2.5 Fuzzy Rule-Based Classifier (FRBC).....c.ccecevevenenieenenenenieee 89
5.3 Object Classification for the Hybrid Semantic System .............cccocu...... 90
53.1  Similarity to pattern..........ccoeecerecireenieeiece e 91
5.3.2 Decision Tree — Example of Implementation ............ccecerervevennene. 92
5.3.3 FRBC — Example of Implementation .........c.cccceevevvrrevneeneennenene 93
5.4  Convolutional Neural NetWorks .........ccccecerverenenieniniinenenenieieeeeenenn 95
5.5 Spatial Relationship of Graphical Objects for the Hybrid Semantic
SYSTEIM .ttt ettt ettt et et s bt et bt e b sbe et e sbe st et e sbeeabenbeeas 99
Signature Similarity 102
6.1  INtroducCtion ......ccceceeevuerieieirinieiceee s 102
6.2  Hausdorff DIStance.........ccceeeeereriirienieinenienieieteeeesesie e 103
6.3 Signature Quadratic Form DiStance..........c.cceveevereenienienieneesieneeiene 105
6.4  Asymmetrical Signature Similarity in the Hybrid Semantic System... 108
6.5  Other Signature Similarities ..........ceceeveeveereereeenieneneneeeseseseseseens 109
Data Base.
7.1 INtrodUuCtiON c..c.eeueeeieieieieeeesece et
7.2  Benchmarking CBIR systems
7.3 Image COlIECtIONS .....ccueveeeuieieeiieiesieeiee ettt

7.4 The Inner Structure of the Hybrid Semantic System Database ........... 117



8 Graphical User Interface
8.1  INIrOUCHION ..ottt ettt
8.2  Query Concept OVEIVIEW ....cc.eeceeriereerierienieniencenreseeiesseseessesseesesaens
8.3  User Designed Query (UDQ) for the Hybrid Semantic System..........

9 Search Engines — Retrieval Techniques
0.1  INtrOdUCHION ....eeuiiiiieteieietete ettt
9.2  Visualization and Browsing of Image Databases .........c.ccocevververienenee.
9.3 Information Retrieval Based on Low-level Features...........ccceeenennen.

9.3.1  Scale-Invariant Feature Transform SIFT .........cccccevirinenenennennee
9.4  Object Ontology to Define High-level Concepts........c.cccceuevrueneruennnne.
9.5 Bagof Visual Words (BOVW) ....cceeiririniieieiecnieeieeeeeeeie e
9.6 Relevance Feedback (RF).......cccoeuevinecinieiinieiiicinieceeeceeenee
9.7  Semantic Template.........cccceeciereriiereniienieeieseete et
9.8 WWW Image Retrieval ........ccoceeieniriienieneeieeeeeeeeeeeee e
9.9  Hybrid Semantic Strate€gy.........ccceverieririerienieeienieeeesie et

9.9.1 Retrieval ReSUILS......cccevvirierieiiiriirieieieteee e
9.10 Deep Learning (DL) ..cc.oveeieverieieeeeeeeeeeeeeesceeese e

10 A glimpse at where we can find CBIR
10.1 INErOAUCTION ...ttt
10.2  Application Areas 0f CBIR ......cccccvvivirienieininienieeeeeesieseeeeees
10.3 The CBIR USET .....ccueieieiiriiieieeeiesiesieteteie ettt

11  Conclusions
11.1 Final Remarks........cccocviiiniiiniiiiiics
11.2  Future Challenges and Open Problems...........cccoccconiriiiiieciniicnienene.

References

Index

List of Figures

120
120
121
124

127
127
128
132
134
135
137
139
141
141
142
147
154

156
156
156
161
163
163
163
167
184

187



163

11 Conclusions

11.1 Final Remarks

In contrast with the early years (Section 1.1), we have witnessed a major shift
from global feature representations for images, such as colour histograms and
global shape descriptors, to local features and descriptors, such as salient points,
region-based features, spatial model features, robust local shape characterizations
and deep learning. It is not hard to imagine this shift to have been triggered by a
realization that the image domain is too deep for global features to reduce the
semantic gap. Local features often correspond with more meaningful image
components, such as rigid objects and entities, which make association of
semantics with image portions straightforward.

Many years of research have made it clear that emulating human vision is very
challenging, nonetheless, practical approaches can help to build useful systems.
While the endeavour to characterize vision will likely continue, particularly in the
core field of computer vision, practical approaches (e.g., fusion of local and global
representations for top-down as well as bottom-up representations) will potentially
improve retrieval performance and user satisfaction in such systems. The
availability of 3D and stereo image data should be exploited to extract features
more coherent to the human vision system. In summary, reducing the sensorial
gap in tandem with the semantic gap should continue to be a goal for the future.

All the time we expect that computers will operate with images as effectively
as humans. There have appeared works which compared and tried to evaluate
which tasks in terms of image processing better complete a computer than a man
[278].

11.2 Future Challenges and Open Problems

In spite of many aspects have been covered so far, a number of substantial
problems remain. The prime task is to find better ways of modelling human
similarity perception at the high-level features as we have signalized in sect. 2.2.
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The next aspect is to effectively improve retrieval beginning from the
improvement of methods of query formulation and refinement and ending on the
results presentation [275].

Additionally, depending on the scale of the key content or pattern, an
appropriate representation should be chosen. In this sense, hybrid representations
may sometimes be more attractive, but this may come at the cost of additional
complexity. While segmentation is intended to recognize objects in a scene,
precise segmentation still remains an open problem. Therefore, alternative
approaches to characterize structure may be more suitable. However, such a
representation may lose the charm of clear interpretability. Among the different
approaches to segmentation, there is often a trade-off between quality and
complexity which might lead to a difference in the eventual search performance
and speed. Hence, the choice of image signature to be used should depend on the
desirability of the system [275].

The subjectivity in similarity needs to be incorporated more rigorously into
image similarity measures, to achieve what can be called a personalized image
search. This can also potentially incorporate ideas beyond the semantics, such as
aesthetics and personal preferences in style and content.

A long-term goal of research should therefore also include the ability to render
high-resolution, high-dimension, and high-throughput images searchable by
content. Meanwhile, we do hope that the quest for robust and reliable image
understanding technology will continue. The future of CBIR depends a lot on the
collective focus and overall progress in each aspect of image retrieval, and how
much the average individual stands to benefit from it.

Although we can manage with the simpler cases, there still remain many open
problems:

— interms of features, we move from the low features, understood by computer,
to the high ones, perceived by the humans:
=  Low-—level
=  Middle —level
=  High-level
— in terms of media, the more complicated content the more information is

provided by the media :
= Image

= Video

*  Website

= 3D object

— in terms of the matching strategy, we have commenced from target searching
among images and now we tend to retrieve images semantically:
= Targetsearching
=  Similarity searching
=  Semantic retrieval
There are still many images impossible to segment Fig. 11.1 a) — colour layout

causes a fragment of the roof to be divided into many inconsistent fragments,
classification Fig. 11.1b) — many details generate ambiguous or false
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classification, interpretation (reality and image reality) Fig. 11.1 c) - the problem
of “image into image” has not been solved by the AI community yet, or similarity
Fig. 11.1d) — semantically all these images present a swan, but the shape
differences are too big to show them as similar objects.

L

Fig. 11.1 Examples of images which remain open problems in CBIR.

Finally, an important problem little discussed in the literature but of much
importance, is the validation of retrieval results. For example, how can we justify
calling one set of shape retrieval results better than another? How can we compare
results among different shape representations and similarity measures? We
addressed this problem in sect. 7.2 and described the obtained results (subsect.
9.9.1) because still images are evaluated based on the universal image similarity
index (SSIM).

The vaiidation of the query results in either a quantitative sense or with a non-
quantitative approach that will justify confidence in the results using a particular
method remains a critical issue for many works.

Generally speaking, future trends lead towards the unification of image
services. It means that, for instance, the user will send their new sets of images,
privately or professionally, to an already trained cloud which will offer
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classification services. These image services will function for different users like
contemporary plug-and-play services.

In the distant future images and videos will be processed and retrieved using
quantum computers, which will change our understanding of systems in terms of
time and complexity of algorithms. In means that whole DBs comprising images
in a high resolution will be analysed simultaneously.
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