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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the development of International Standards through technical committees established by the respective organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 15938‑14 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

ISO/IEC 15938 consists of the following parts, under the general title Information technology — Multimedia content description interface:

· Part 1: Systems

· Part 2:  Description definition language 


· Part 3: Visual 


· Part 4: Audio 


· Part 5: Multimedia description schemes 


· Part 6: Reference software 


· Part 7: Conformance testing 


· Part 8: Extraction and use of MPEG-7 descriptions 


· Part 9: Profiles and levels 


· Part 10: Schema definition 


· Part 11: MPEG-7 profile schemas 


· Part 12: Query format

· Part 13: Compact descriptors for visual search
· Part 14: Reference software, conformance and usage guidelines for compact descriptors for visual search
Introduction

This International Standard, also known as "Multimedia Content Description Interface," provides a standardized set of technologies for describing multimedia content. It addresses a broad spectrum of multimedia applications and requirements by providing a metadata system for describing the features of multimedia content. 

The following are specified in this International Standard:

Description schemes (DS) describe entities or relationships pertaining to multimedia content.  Description schemes specify the structure and semantics of their components, which may be Description Schemes, descriptors, or datatypes.

Descriptors (D) describe features, attributes, or groups of attributes of multimedia content.

Datatypes are the basic reusable datatypes employed by description schemes and descriptors

Systems tools support delivery of descriptions, multiplexing of descriptions with multimedia content, synchronization, file format, and so forth.

This International Standard is subdivided into 13 parts:

Part 1 – Systems: specifies the tools for preparing descriptions for efficient transport and storage, compressing descriptions, and allowing synchronization between content and descriptions.

Part 2 – Description definition language: specifies the language for defining the International Standard set of description tools (DSs, Ds, and datatypes) and for defining new description tools.

Part 3 – Visual: specifies the description tools pertaining to visual content.

Part 4 – Audio: specifies the description tools pertaining to audio content.

Part 5 – Multimedia description schemes: specifies the generic description tools pertaining to multimedia including audio and visual content.

Part 6 – Reference software: provides a software implementation of the International Standard.

Part 7 – Conformance testing: specifies the guidelines and procedures for testing conformance of implementations of the International Standard.

Part 8 – Extraction and use of MPEG-7 descriptions: provides guidelines and examples of the extraction and use of descriptions.

Part 9 – Profiles and levels: provides guidelines and standard profiles.

Part 10 – Schema definition: specifies the schema using description definition language.

Part 11 – Profile Schemas: listing of profile schemas using description definition language.

Part 12 – Query format: contains the tools of the MPEG Query Format (MPQF)

Part 13 – Compact descriptors for visual search: specifies an image description tool for visual search applications
Part 14 – Reference software, conformance and usage guidelines for compact descriptors for visual search: provides the reference software, specifies the conformance testing, and gives usage guidelines for compact descriptors for visual search.
Information technology — Multimedia content description interface — Part 14: Reference software, conformance and usage guidelines for compact descriptors for visual search
1 Scope

1.1 Organization of the document
The structure of this document is as follows. Clauses 2 and 3 specify the terms, abbreviations, symbols and conventions used in the document. Clause 4 specifies the reference software for CDVS. Clause 5 specifies the conformance testing dataset, reference descriptors and conditions for CDVS. Clause 6 provides guidelines for the usage of CDVS.
1.2 Overview of reference software, conformance and usage guidelines for compact descriptors for visual search

This part of the MPEG-7 standard provides the reference software, specifies the conformance testing, and gives usage guidelines for ISO/IEC 15938-13: Compact descriptors for visual search (CDVS). CDVS specifies an image description tool designed to enable efficient and interoperable visual search applications, allowing visual content matching in images. Visual content matching includes matching of views of objects, landmarks, and printed documents, while being robust to partial occlusions as well as changes in viewpoint, camera parameters, and lighting conditions.
2 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
2.1
image descriptor

descriptor extracted from one image

2.2

image descriptor length

size of an image descriptor in bytes

NOTE
ISO/IEC 15938-13 specifies six average (i.e. over a large number of images) image descriptor lengths, i.e. 512 bytes, 1024 bytes, 2048 bytes, 4096 bytes, 8192 bytes and 16384 bytes.

2.3

interest point

point in an image showing detection stability under local and global perturbations in the image domain, including perspective transformations, changes in image scale, and illumination variations

2.4

local region

area in an image in the neighborhood of an interest point, used to generate local feature descriptors

2.5

local feature descriptor

descriptor of a local region

2.6

global descriptor

aggregation of local feature descriptors into a compact representation of the image

2.7

compressed local feature descriptor

compressed representation of a local feature descriptor
3 Symbols and abbreviated terms

3.1 General

NOTE
The mathematical operators used in this part of ISO/IEC 15938 are similar to those used in the C programming language. Unless otherwise indicated, all the arithmetic operations are performed with real values. Numbering and counting conventions generally begin from 0.
3.2 Abbreviations

CDVS


Compact Descriptors for Visual Search

MPEG


Moving Picture Experts Group

MPEG-7


ISO/IEC 15938

3.3 Arithmetic operations

+



Addition

-



Subtraction (as a binary operator) or negation (as a unary operator)

++



Increment by 1, i.e. x++ is equivalent to x=x+1

--



Decrement by 1, i.e. x-- is equivalent to x=x-1

+=



Increment by value, i.e. x+=y is equivalent to x=x+y

-=



Decrement by value, i.e. x-=y is equivalent to x=x-y

*



Multiplication (in binary representation syntax and pseudo-code) or convolution (elsewhere)

×



Multiplication


[image: image1.wmf]×





Multiplication
/



Division

÷



Division

%



Modulo operator

3.4 Logical operators

||



Logical OR

˅



Logical OR
&&



Logical AND

˄



Logical AND
!



Logical NOT

3.5 Relational operators

>



Greater than

>=



Greater than or equal to

≥



Greater than or equal to

<



Less than

<=



Less than or equal to

≤



Less than or equal to

==



Equal to

!=



Not equal to
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Not equal to
3.6 Bitwise operators

|



OR

&



AND

3.7 Assignment

=



Assignment operator

(



Assignment operator

(
Assignment operator, except in 
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, where it denotes matching direction between image descriptors 
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3.8 Set operators
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Set union
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Set intersection
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Subset
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Cardinality

3.9 Constants
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3.141 592 653 58…

e



2.718 281 828 45…

3.10 Functions

ln( )



Base-e logarithm

max( ) 


Maximum value in argument list

min( )


Minimum value in argument list

cos( )


Cosine function


[image: image12.wmf] 



Absolute value of scalar or a vector norm
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Floor function which returns the maximum integer number less than or equal to the given real number

4 Reference software
4.1 Reference software location
The CDVS reference software is provided in "CDVSReferenceSoftware.zip".

4.2 Reference software documentation

The CDVS reference software is documented by means of Doxygen. The documentation is provided in "CDVS_evaluation_framework/docs" of the CDVS reference software.
4.3 Reference software compilation
Instructions on how to compile the CDVS reference software is provided in "CDVS_evaluation_framework/docs/CDVS-build-run-instructions.pdf" of the CDVS reference software.
The CDVS reference software is entirely written in C and C++. On Windows, it has been compiled and tested on Windows 7 Enterprise 64-bit using Visual C++ 2010 (64 bit). On Linux, it has been compiled and tested on Ubuntu 14.04 LTS (64-bit).
4.4 External libraries
The CDVS reference software requires the following external libraries.
· jpeg-8c (http://www.ijg.org/);

· eigen 3 (http://eigen.tuxfamily.org/index.php);

· Boost 1.58 (http://www.boost.org/);

· libfftw 3.3 (optional – see instructions; available at http://www.fftw.org/).

Instructions on how to download and install these external libraries are provided in "CDVS_evaluation_framework/docs/CDVS-build-run-instructions.pdf" of the CDVS reference software.
4.5 Reference software architecture
The CDVS reference software comprises a library and several 64-bit applications using the library, which are functionally split into two groups:
a) CDVS evaluation framework, as used during the development of ISO/IEC 15938-13:
1) "extract": extracts CDVS descriptor from a set of images;

2) "match": examines pairs of CDVS descriptors and determines if the corresponding images are matching or not;

3) "mkIndex": concatenates CDVS descriptors in a file structure that may be used as a reference database for the "retrieve" application;

4) "joinIndices": concatenates reference databases previously produced by "mkIndex" to produce a larger reference database for the "retrieve" application;

5) "retrieve": compares a query CDVS descriptor against a reference database and identifies the most similar entries in the database.

b) CDVS example applications:

1) “simpleextract”: extracts a CDVS descriptor from a single image;

2) “simplematch”: examines two CDVS descriptors and determines if the corresponding images are matching or not;

3) “simpleretrieve”: compares a set of query images with a set of reference images and identifies the most similar entries;

4) “conformance”: an application implementing the CDVS conformance testing procedure of Clause 5;

5) “HTTPServer”: a web service able to perform retrieval on a database of images, and to update its own database (this code has an additional dependency on libmicrohttpd);

6) “batchextract”: parallel extraction from an input directory of images to an output directory of CDVS descriptors;

7) “parser”: a CDVS syntax checker;

8) “example1”, “example2”, “example3”: very simple examples using the CDVS library.

Information on how to build, install and run the CDVS reference software is provided in "CDVS_evaluation_framework/docs/CDVS-build-run-instructions.pdf" of the CDVS reference software.
5 Conformance testing
5.1 Conformance image dataset and reference CDVS bitstreams
The conformance image dataset comprises a set of 1000 images. These images are named cvds000.jpg, cdvs001.jpg, …, cdvs999.jpg and are provided in "CDVSConformanceDaset.zip".
Reference CDVS bitstreams for the conformance image dataset are also provided. For each image cdvsxxx.jpg in the conformance image dataset, six reference CDVS bitstreams are provided corresponding to the six image descriptor lengths specified in the ISO/IEC 15938-13, i.e. 512 bytes, 1024 bytes, 2048 bytes, 4096 bytes, 8192 bytes and 16384 bytes. The reference CDVS bitstreams are provided in "CDVSReferenceBitstreams.zip".

5.2 Conformance test conditions
To verify conformance of a CDVS encoder, test CDVS bitstreams shall be extracted from all the images in the conformance image dataset and for all six image descriptor lengths, and the test CDVS bitstreams shall be compared to the corresponding reference CDVS bitstreams.

A CDVS encoder shall be deemed conformant if all 1000 of the test CDVS bitstreams are decoded correctly by the CDVS reference software parser application and no less than 990 of the test CDVS bitstreams pass all of the conformance tests specified in 5.2.1 to 5.2.3.
5.2.1 Global descriptor test
For a pair or corresponding test and reference CDVS bitstreams, the bitwise (Hamming) distance between each 32-bit word of the test CDVS bitstream global descriptor and the corresponding 32-bit word of the reference CDVS bitstream global descriptor shall be computed. The number of distances not exceeding four bits shall be counted. The test CDVS bitstream shall pass the global descriptor test if the number of distances not exceeding four bits is greater than or equal to a threshold 
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 for the image descriptor lengths of 512 bytes, 1024 bytes and 2048 bytes, and 
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5.2.2 Interest point test
For a pair or corresponding test and reference CDVS bitstreams, the number of interest points in the test CDVS bitstream shall be compared to the number of interest points in the reference CDVS bitstream. The test CDVS bitstream shall pass the interest point test if the number 
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 of interest points in the test CDVS bitstream fulfils the condition 
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, where 
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 is the number of interest points in the reference CDVS bitstream.
5.2.3 Local descriptor test
For a pair or corresponding test and reference CDVS bitstreams, the local descriptor test shall be conducted as follows.
First, 
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 shall be computed as 
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 are the number of interest points in the test and reference CDVS bitstreams, respectively.

Then, a one-to-one correspondence between the interest points of the test and reference CDVS bitstream local descriptors shall be established. For each interest point in the reference CDVS bitstream, a one-to-one correspondence with an interest point in the test CDVS bitstream shall be established if there is at least one interest point in the test CDVS bitstream such that:

c) the L1 distance between the test and reference CDVS bitstream local descriptors is less than or equal to a threshold 
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 is equal to 8, 8, 16, 26, 32 and 51 for the image descriptor lengths of 512 bytes, 1024 bytes, 2048 bytes, 4096 bytes, 8192 bytes and 16384 bytes, respectively; and
d) the L2 distance between the 
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 coordinates of the test and reference interest points is less than a threshold 
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Let 
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 denote the number of interest points in the reference CDVS bitstream for which a correspondence is established. The test CDVS bitstream shall pass the local descriptor test if 
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6 Usage guidelines
6.1 Overview

This Clause is informative, and does not form an integral part of this International Standard.
This Clause describes how compact descriptors for visual search can be used in pairwise matching, i.e. comparison of two image descriptors to determine the similarity between the images, and retrieval, i.e. projecting a query descriptor to a database of descriptors so as to retrieve the most similar database images to the query image.
6.2 Pairwise Matching

6.2.1 Overview

Given two image descriptors 
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 and 
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, where 
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 denotes a query and 
[image: image34.wmf]R

 a reference descriptor, the pairwise matching procedure described here performs a comparison between the global descriptors of 
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, as well as the matching of the local descriptors in 
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 and 
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. Figure 1 illustrates this pairwise matching procedure. This procedure determines whether the query and the reference images depict the same objects or scene (a match), or not (a non-match). In case of a match, it also produces localization information, i.e. the position of the matching objects in the image.
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SEQ Figure 
1
 — Pairwise matching pipeline

6.2.2 Global descriptor matching

For the matching of the global descriptors, the similarity score is a weighted correlation given by
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where 
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 denotes the binarized Fisher sub-vector 
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 of the ith Gaussian function in GMM. 
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 represents the Hamming distance of the Fisher sub-vector of the ith Gaussian function from 
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, ranging from 0 to D (D=24 for the image descriptor length of 512 bytes and D=32 for the image descriptor lengths of 1024 bytes, 2048 bytes, 4096, bytes, 8192 bytes and 16384 bytes). 
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 denotes the penalty to the Hamming distance and the weights are learned from a set of matching/non-matching image pairs.

A single threshold 
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 is used to declare a match/non-match. If 
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, a match according to the global descriptors is declared, otherwise a non-match.
6.2.3 Local descriptors matching

6.2.3.1 Two-way local feature matching

A two-way local descriptor matching process is used, matching descriptors from the query 
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 to the reference 
[image: image60.wmf]R

 and from the reference 
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 to the query 
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For local descriptor matching, the compressed local feature descriptors and their coordinates are decoded for both 
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 and 
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. Then, for each of the two matching directions, 
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, the matching proceeds as follows.

The compressed local feature descriptors are compared in the compressed domain using the L1 distance, which is calculated for corresponding groups of four ternary elements. When compressed local feature descriptors of different lengths are matched, the scalability of the descriptors is exploited by reducing the higher length descriptors to the subset of elements which appear in the lower length descriptors.

The ratio 
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 of closest distance to the next closest distance is used as a criterion for distinctiveness to determine the interest point matches (correspondences) between 
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Whenever two or more different interest points in one image match the same interest point in the other image, the match that has the largest score is maintained. This improves the chance of having correct matches among those submitted to the geometric consistency check stage.
The above process is performed in each matching direction, 
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. This process generally produces partially overlapping sets of matching interest point pairs. Denote 
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 the set of interest point pairs found in the 
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 the set of interest point pairs found in the 
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 a matching score in the 
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 matching direction. For a matching interest point pair, a match weight 
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 is then calculated as follows:

· For matching interest point pairs which are present in only one of the two directions, i.e. in 
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 the matching score 
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, and # denoting the cardinality of the set.
· For matching interest point pairs which are present in both directions, i.e. in 
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6.2.3.2 Geometric verification

The geometric verification estimates the correctly matched interest points for the two images, provided that a preliminary test declares a probable match between the images.
To this end, the histogram of logarithmic distance ratios (LDR) for pairs of matches is used.

Let the interest point pairs in 
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, i.e. all the interest point pairs detected in either one or both matching directions as described in 6.2.3.1, be
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where 
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 denotes the coordinates of an interest point in 
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 and 
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 denotes the coordinates of the matched interest point in 
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.

The LDR for these matches are
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forming the set

[image: image99.png]Z ={z;|i+j}




The LDR for pairs of inliers is distributed in a manner that is distinctively different to how the LDR for pairs of outliers and (inlier/outlier) pairs are distributed. The distribution for all pairs is represented by a histogram 
[image: image100.wmf]h

 for these values, by counting the occurrences over each bin,
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The bins 
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  are adjacent intervals, each of width 0.2, subdividing the interval [-2.5,2.5].

The set of correctly matched interest points in one image is assumed to undergo squeezing and stretching within certain limits with respect to the set of correctly matched interest points in the other image, such that the inliers contribute to bins contained in a limited portion of the interval [-2.5,2.5].

The outlier behavior is expressed through a discrete probability density
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This function is called the outlier pdf. The uses a nonparametric version of 
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, obtained by a convolution of two histograms. These two histograms represent the frequencies of the two terms of the LDR
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The method proceeds in two stages: one is a hypothesis test used to exclude rapidly most non-matching pairs of images, the second estimates the inliers, used for ranking, decision and localization purposes.
In the first stage, the hypothesis test compares the histogram 
[image: image106.wmf]h

 to the outlier pdf 
[image: image107.wmf]f

 through Pearson’s goodness-of-fit test. This test has the probability of false positives as a parameter. This probability is set a little higher than the target, leaving the final decision to the second step.

In the second stage, the inliers are estimated by solving the eigenvalue problem outlined below.

e) Compute the factor 
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f) Create the outlier normal of the histogram
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g) Let 
[image: image111.wmf]q

 be the quantizer that assigns a bin to any LDR value
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Make the inlier evidence matrix 
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where 
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 are the LDR values

h) Find the dominant eigenvector 
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 or 
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 with eigenvalue 
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i) Estimate the number of inliers
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j) The inliers correspond to (the indices of) the 
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 largest elements in the eigenvector 
[image: image123.wmf]r

.
The expected inlier evidence matrix (i.e. 
[image: image124.wmf]D

 modelled as a random matrix) has the exact inlier indicating vector as its dominant eigenvector. The elements of this vector assume only two values: zero in correspondence to the outliers and a non-zero constant in correspondence to the inliers.
For illustrative purposes, Figure 2 shows two images depicting the same building, photographed from different angles and distances. Figure 2 also indicates the interest points and matches. As can be seen, the matches are predominantly incorrect, due to both the repeated patterns that are found on building facades and the occlusion by trees. Figure 3 shows the inliers identified by the above process. Figure 4 shows the elements of the dominant eigenvector, used to identify the inliers.

6.2.3.3 Weighted inliers computation

A match between 
[image: image125.wmf]Q

 and 
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 is quantified by accumulating the weights 
[image: image127.wmf]w

 of the local feature matches, computed in 6.2.3.1, that are found to be inliers by the geometric verification of 6.2.3.2. If the sum of these weights exceeds a given threshold, i.e.
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then an image match according to the local descriptors is declared, otherwise a non-match.

6.2.4 Image match decision

The pairwise matching declares that 
[image: image129.wmf]Q

 and 
[image: image130.wmf]R

 depict the same objects or scene if a match is declared according to the global descriptor or the local descriptors. In the case of a match, localization information is calculated as described 6.2.5.
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Figure 0\IF >= 1 "A." 

SEQ Figure 
2
 — Two matching images with all 45 matches shown. The circles indicate interest points, and each line points to the position of the matching interest point in the other image.
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Figure 0\IF >= 1 "A." 

SEQ Figure 
3
 — The same images as in Figure 3 with the nine inliers found by the geometric verification. The circles indicate interest points, and each line points to the position of the matching interest point in the other image.
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Figure 0\IF >= 1 "A." 

SEQ Figure 
4
 — Left: The dominant eigenvector r. Right: The elements have been sorted in descending order. The nine largest elements are identified as inliers.

6.2.5 Homography estimation for localization

The geometric verification of 6.2.3.2 identifies inliers with high precision, however in some cases the identified set may still contain some outliers. This does not cause problems for image matching, but it may cause incorrect estimates of spatial transformations. Therefore, a short run of RANSAC for homographies can be applied to the estimated inlier set.
RANSAC is applied to the entire estimated inlier set or only to a subset. More specifically, let 
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 contain the inliers detected by the geometric verification which correspond to bidirectionally matched interest point pairs, and 
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 denote the entire inlier set detected by the geometric verification. RANSAC is applied to inlier set 
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 if 
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, otherwise RANSAC is applied to inlier set 
[image: image139.wmf]B

.

A very large portion of the inlier set is already correct, so a small number of RANSAC iteration is sufficient. 10 iterations are used to keep the computation time in RANSAC very low.

The homography estimation is performed by the Direct Linear Transform (DLT) algorithm which requires 4 or more matching point pairs as input. The localization algorithm estimates a homography from pairs of corresponding points using the DLT and RANSAC with a fixed number of generated hypotheses and a fixed threshold for inlier inclusion. The DLT algorithm requires a normalization pass applied to both sets of points. Normalization means moving the barycentre of a set of points in the origin and scaling their coordinates so they have a unitary mean distance from the origin. Since CDVS uses block-based coordinate coding, when decoding the location information, it is the center of the block which is taken as the reference position for the calculation of the localization accuracy. This was found to provide higher localization accuracy compared to taking a corner of the block as the reference position.
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5
 — Homography estimation for localization

6.3 Retrieval

6.3.1 Overview

Retrieval can be performed using the global descriptors to produce a shortlist of matching database entries, followed by a geometric re-ranking step which relies on the local descriptors. Such a retrieval pipeline is illustrated in Figure 6.
6.3.2 Shortlist generation

During a query, the global descriptor of the query image is compared against the global descriptors in the database. Given two image descriptors 
[image: image141.wmf]Q

 and 
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, where 
[image: image143.wmf]Q

 denotes the query and 
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 denotes a database descriptor, the Hamming distance based similarity score using the global descriptor is calculated as follows
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6
 — Retrieval pipeline
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 represents the Hamming distance of the Fisher sub-vector of the ith Gaussian function from 
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, ranging from 0 to D (D=24 for the image descriptor length of 512 bytes and D=32 for the image descriptor lengths of 1024 bytes, 2048 bytes, 4096, bytes, 8192 bytes and 16384 bytes). 
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 denotes the weights learned from a set of matching/non-matching image pairs, and 
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6.3.3 Geometric reranking

For the re-ranking stage, only the most relevant features, identified as such by the relevance bits in the bitstreams, are taken into consideration. The local features of the query descriptor are matched to the local features of the shortlisted database descriptors as in pairwise matching. The reranking uses the weighted function of the inliers computed by DISTRAT as the primary criterion, and the global score as a secondary criterion.
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