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Figure 6.5: Realization of the Feedback Methods

C. Commit the Feedback. After the specification of the parameters α, β, and γ,

the feedbacks are calculated using the procedure commitFeedback(α, β, γ).

The computed scores for each image and other auxiliary values are stored in tem-

porary tables schematized in Figure 6.6, each consisting of the key attribute tid and

four attributes for the individual feature scores. Table fb table, standing for ’feedback

table’ stores the currently valid overall score for each image and feature (determined

by applying the formula 6.7), whereas tables fb pos and fb neg collect the individual

scores from the positive and negative user feedbacks. For example, if image x2 gets

a negative feedback, the scores s(fp,x2 ) are computed for the four features f1, . . . , f4

and the tuple (x2, s(f1,x2 ), s(f2,x2 ), s(f3,x2 ), s(f4,x2 )) is inserted into the table fb neg.

Another auxiliary table, like fb temp, is required for buffering the results and table

fb count provides a counter for the executed positive and negative feedbacks.

feedback: (fb table)
tid f1 f2 f3 f4
x1 S(f1,x1 ) S(f2,x1 ) S(f3,x1 ) S(f4,x1 )
x2 S(f1,x2 ) S(f2,x2 ) S(f3,x2 ) S(f4,x2 )
x3 S(f1,x3 ) S(f2,x3 ) S(f3,x3 ) S(f4,x3 )
... ... ... ... ...

positive feedback: (fb pos)

tid f1 f2 f3 f4
x1 0:1 0:2 0:0 0:0
x2 0:0 0:5 0:0 0:0
x3 0:3 0:2 0:0 0:0
... ... ... ... ...

negative feedback: (fb neg)

tid f1 f2 f3 f4
x1 0:1 0:0 0:0 0:2
x2 0:5 0:0 0:0 0:2
x3 0:2 0:0 0:0 0:7
... ... ... ... ...

Figure 6.6: Tables used for the Query Refinement
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A. Preparing the Database – initFeedback():

In this first step, initFeedback() is invoked with the query image’s file name.

Afterwards, the zero filled temporary tables are created by taking the template table

feedback and are subsequently filled with the initial distances computed by QBIC.

CREATE PROCEDURE initFeedback
(IN imagename VARCHAR (15))
NO EXTERNAL ACTION
LANGUAGE SQL

BEGIN ATOMIC
%%% Creating zero-filled temporary tables
%%% Initializing the QBE-Image
%%% Inserting the initial distances

INSERT into session.fb_table (
SELECT tid,

mmdbsys.QbScoreFromStr(image,
’QbColorFeatureClass file = X) as a1,
mmdbsys.QbScoreFromStr(image,
’QbColorHistogramFeatureClass file = X) as a2,
mmdbsys.QbScoreFromStr(image,
’QbDrawFeatureClass file = X) as a3,
mmdbsys.QbScoreFromStr(image,
’QbTextureFeatureClass file = X) as a4

FROM imagetable);
END;

In the INSERT statement of the procedure, the initial feature distances between the

query image and all images in the data collection (in table imagetable) are computed

and inserted into the feedback table. In practice, the variable X is replaced by the path

of the query image, for example by the expression <server,/pics/’||imagename||’>’.

B. Gathering the Feedback – feedback():

To realize the procedure feedback() a few help functions have been implemented

at first. The user-defined functions uf Color, uf HColor, uf Draw, and uf Texture

serve to capsulate the complex score computation and provide a ’user view’ for only

retrieving the relative FeatureScore with respect to the query image and a selected

feature. An example of the function uf Color which returns a ranked list of distances

between all stored images and a query image ’imagename’ is given above:

CREATE function uf_Color
(imagename VARCHAR(15))
RETURNS TABLE (tid INTEGER, f1 decimal(7,3))
LANGUAGE SQL

RETURN
SELECT tid,
mmdbsys.QbScoreFromStr(image,

’QbColorFeatureClass file =
<server,/pics/’||imagename||’>’)

FROM imagetable;

The chosen image id which was given a user’s feedback, is passed with its relevance

value to the feedback function feedback(). The relevance values assume the values 1,
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0, or -1. Depending on the assigned value for each feature, the functions fb pos() or

fb neg() are called. The temporary table fb temp is needed to save the results and to

store them in the scoring table. After each successful update of the scores, the counter

in table fb count is increased. In this table, the number of given positive and negative

ratings is stored for each feature, thereinafter required for the relevance computation

of a particular feature (see Subsection C.).

C. Evaluating the Feedback – commitFeedback():

The function scoringRule(), which is responsible for the reordering of the results

is presented below. Alternatively, another feedback mechanism can be easily embed-

ded at this place to implement different approaches. The overall score of a respective

image is determined using the Formula 6.7 by considering the positive and negative

feedbacks, their frequency, and the parameters α, β, γ.

CREATE FUNCTION scoringRule(
a DECIMAL(7,3), b DECIMAL(7,3), c DECIMAL(7,3),
alpha DECIMAL(7,3), beta DECIMAL(7,3), gamma DECIMAL(7,3),
max DECIMAL(7,3))

RETURNS DECIMAL(7,3)
LANGUAGE SQL
CONTAINS SQL
NO EXTERNAL ACTION
NOT DETERMINISTIC

BEGIN ATOMIC
IF (a IS NULL AND b IS NULL)

THEN RETURN c;
ELSEIF a IS NULL

THEN RETURN ((alpha+(beta/2)) * c) + ((gamma+(beta/2)) * (max-b));
ELSEIF b IS NULL

THEN RETURN ((alpha+(gamma/2)) * c) + ((beta+(gamma/2)) * a);
ELSE RETURN (alpha * c) + (beta * a) + (gamma * (max-b));
END IF;

END;

With commitFeedback() the gathered feedback values are updated in the tempo-

rary tables (fb pos and fb neg) after each feedback step, and subsequently reset for

the next iteration. The following code fragment demonstrates the subsequent update

of the f1 . . . f4 values in table fb pos by averaging the sum of the gathered scores by

the number of positive user’s feedbacks for each of the individual features:

UPDATE session.fb_pos SET (f1, f2, f3, f4) =
( f1 / (SELECT pos FROM session.fb_count

WHERE f = 1),
...

);

In the last step, the function scoringrule() is used to determine and buffer the

new scores for all available images according to the existing feedback values. These
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INSERT INTO session.fb_temp (
SELECT a.tid as tid,

scoringrule(a.f1, b.f1, c.f1, alpha, beta, gamma),
scoringrule(a.f2, b.f2, ...),
...

FROM (fb pos NATURAL JOIN fb neg NATURAL JOIN fb table))

scores are inserted into the temporary table fb temp (see INSERT statement above).

After the numerous steps of this one iteration, the ranked results are reordered in a

descending order according to the images’ overall scores.

6.4 Experiments and Evaluation

Since the focus of this paper lies on the integration of a pseudo relevance feedback

functionality into an object-relational database, and not on the optimization of existing

relevance feedback approaches, our evaluation data set only comprised 1,052 images.

The enhancement of the retrieval quality was measured by precision and recall, which

were plotted at each feedback iteration, indicating the amount of relevant documents

in the result list (precision) and the percentage of relevant documents already found

(recall). At each iteration the user gave his relevance judgment to two chosen images.

For each of the selected images, the invocation of the sequence of functions presented in

Figure 6.7 was necessary to realize the query reformulation. The implemented graphical

web interface which provides the possibility to define a query image and to make

judgments about the relevance of each feature/image in the result set is presented in

Figure 6.8.

call initfeedback(’imagename’);
For (#relfeed)

use SESSION.fb_table to call the values
For (#judgments)

call feedback(’image_x’, 1, -1, 0, 1);
End judgments

call commitfeedback(0.5, 0.4, 0.1);
End RF cycles;

Figure 6.7: Function Calls to Commit Users’ Feedback

The experiment consisted of two queries performed by two different users. The first

query session (Figure 6.8, left) started with a query-by-sketch using a two-colored image

template as q1 simulating a sunset. This special scenario was intentionally chosen due

to its outstanding reproduction of the feature color and to simulate the position, that

searchers often have no idea what they are looking for. In the second query session

(see Figure 6.8, right), a grey scale image of a building was taken as the start point
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Figure 6.8: Graphical Web Interface for Retrieval and Relevance Feedback. The
Displayed Images Present the Initial Results of the Queries q1 and q2

q2, with its prominent texture properties. The results obtained from the experiments

were analyzed from several aspects:

a.) effectiveness of the similarity functions of QBIC,

b.) relevance feedback effort, e.g. number of images viewed, duration of the judg-

ments,

c.) subjective evaluation of the usefulness of the refined answer set after first and

second RF iteration.

Figure 6.9 shows the precision versus recall curves for the two query sessions, ini-

tiated with queries q1 and q2. Considering the manageable amount of four available

low-level features and the limited image application domain, the CBIR functionalities

of QBIC provided adequate results for the subsequent relevance feedback evaluation.

Since the number of displayed result tuples was limited to 9 and the judgment of

the images was executed rather efficiently, the time factor could be neglected in this

evaluation. The curve progression in both cases shows a high performance of the two

queries already after the initial query, but could be increased after the first and second

feedback iteration.

In addition, the users’ subjective feeling about the usefulness of the query reformu-

lation showed that the reordering of the top-ranking images after the first and second

feedback iterations fulfilled its requirements. The new determined images appeared to

be a natural expansion of the initial query submitted by the user.
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Figure 6.9: Precision/Recall Curves for the Queries q1 and q2 After First and Second
RF Iteration

6.5 Related Work

Our approach is related to numerous work from several areas of multimedia IR, like

CBIR, query refinement, relevance feedback and query formulation. The embedding of

relevance feedback procedures as functions into an object-relational database was inspi-

red by the work of [OBCM02]. In our contribution, we do not focus on the optimization

of query refinement strategies or the improvement of similarity functions for image da-

ta, but rather, we work out, how to incorporate a pseudo relevance feedback method

into web retrieval applications which will encapsulate the internal feature extraction

functionalities from the user. Hence, our feedback algorithm is solely based on the

relative distance between images/image features instead of the corresponding feature

values commonly used to reformulate the query. Traditionally, similarity computati-

on and relevance feedback have been studied for textual data and have been recently

generalized to other application fields, like images [HROM98, Pen03], temporal data

[KP99], or web retrieval [YCWM03]. Some representative systems using the relevance

feedback for CBIR are MARS [RHM97] and Photobook [PPS99]. MARS implements a

single-point movement technique, which means that the refined query q at each itera-

tion consists of only one query point. By contrast, multi-point movement techniques,

such as query expansion [COBMP04] or Qcluster [KC03], use multiple query points to

estimate the ideal space that is most likely to contain relevant results. Experimental

evaluation in [RHM97] shows that query expansion outperforms query point movement

in retrieval effectiveness. Another advantage of query expansion is that query expansion

can be coupled with existing information systems without requiring any modification

of the internal query representation.

In last years, several extensions of the classical RF approaches have attracted

research communities. For example, MediaNet [HRTL04] is an approach which integra-
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tes additional knowledge sources into the relevance feedback process and uses genetic

or evolutionary algorithms directly for the search process. The additional knowledge

sources are used to shape the learning space when insufficient training samples are

available. In web image retrieval applications the RF have been avoided so far because

of scalability, efficiency and effectiveness reasons. In [CJZJ06] a combination of vi-

sual feature-based RF and textual feature-based RF mechanism was proposed, which

collects the implicit click-through data without extra burden on the user. Since web

images could be characterized by textual and visual features, the use of textual fea-

tures can be beneficial to image retrieval by incorporating high-level concepts. In our

strategy, the query response time of queries could be negligible, and by the restriction

of the initial result set, and thus the number of user’s explicit interactions, we could

achieve that relevant images could be found without any effort.

6.6 Conclusions

In this chapter we have presented a framework for incorporating a pseudo relevance

feedback procedure for image retrieval using IBM DB2 and the QBIC system. The simi-

larity computation, result judgements and query refinement have been integrated into

the SQL language by using procedures and user-defined functions. A final evaluation

of the result quality has been done to validate the approach taken. In summary, the

results provide a solid basis for further research activities. Particularly in cases when

there is no adequate query image as initial point, we can achieve a significant increase

of the retrieval quality by the implemented pseudo relevance feedback procedure. As

mentioned in the motivation, another promising research direction could be to combine

the low-level similarity with high-level relations between semantic concepts. For exam-

ple, the extraction of semantic information could be automated (e.g. in web retrieval

applications) by considering the bounding textual information around the image data.

Furthermore, our approach could be combined with additional knowledge in form of

domain-specific ontologies and thus provide support for manual semantic classification

of the data. From this classification, knowledge about the user’s perception subjectivity

could be inferred and utilized for the relevance feedback.



7
Conclusion and Future Work

This chapter presents the conclusion of our work. Section 7.1 summarizes the contri-

butions of this thesis and describes the solution of the given problems. Finally, some

future research directions are presented in Section 7.2.

7.1 Summary

The late advances in computer and communication technologies caused a huge incre-

ase of digital multimedia information available in personal and business applications.

Several new requirements for satisfying the users’ needs during the retrieval and an-

notation of multimedia data which have appeared due to this development, have been

considered in this thesis. First of all, we have presented a framework for suppor-

ting semi-automatic annotation of multimedia data which is based on the extraction

of elementary low-level features, user’s relevance feedback, and the usage of ontology

knowledge. This approach facilitates image annotation by computing the most likely

relevant content descriptors as a result of extracted low-level features and the compari-

son of annotations of similar images. Besides the definitions used throughout this thesis

and the detailed description of the image’s representation levels, we have considered

the levels at which relevance feedback is applied within our framework. In addition,

we have supplementary focused on the projection of visual features into a finite set of

semantic concepts which stills forms a real challenge in retrieval applications.

Another aspect of our work results from the encountered problems during the an-

notation process, like the existence of multiple levels of abstraction, incompleteness

of annotation data, or differing users’ subjectivity. We have firstly introduced funda-

mental definitions needed for the introduction of the multi-level annotations. Within

107
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our Annotation Analysis Framework, a graph-based representation technique is used

to transform the annotations into a form which is understandable for the machine by

facilitating inference making. The presented method incorporates the semantic mea-

ning od annotation terms, their relations, and the frequency they are assigned, and

thus supports semantic retrieval at different levels of abstraction. In addition, we have

demonstrated how to incorporate our method into the probabilistic image annotation

approach.

In order to avoid context mismatches between users, for example when users’ pre-

ferences, linguistic differences, or the usage of different abstraction levels for the an-

notation influences retrieval behavior of an IR system, methods for understanding and

interpreting the subjective sights are needed. Based on our annotation/retrieval fra-

mework, we have presented the GLENARVAN component, which is responsible for

context computation, ontology comparison, and query expansion according to users’

profiles. In this contribution we have considered two different aspects: First, multiple

sources of information which are modeled as different user profiles and are brought to-

gether in order to extract contextual information and to attenuate users’ subjectivity.

The second issue is how to prevent the retrieval process to fail in the case of different

views on the data collection. For this purpose, the subjective users’ annotations are

used to discover mappings between the system’s ontology and the user’s vocabulary

and thus to infer additional query parameters for a user-adapted query reformulation.

Finally, we have presented a Pseudo Relevance Feedback method, which improves

the content-based image retrieval by query reformulation considering the user’s sub-

jectivity and perception. The feedback cycle is characterized by users’ interaction with

the system in which individual result tuples are evaluated as relevant or not relevant

for a given query. The particular aspect of our approach is the fact, that the involved

functions, like result judgments, relevance computation and reordering of the results,

have been implemented as user-defined functions, making the method highly suitable

for web retrieval applications. The subsequent experimental evaluation on an image

collection demonstrates the effectiveness of the presented relevance feedback approach.

7.2 Future Work

In the context of this thesis we have focused on a small set of possible functionalities to

improve the semantic multimedia retrieval. However, referring to the concepts we have

presented in this work, there are several aspects that would require further investiga-

tions: The extraction of primitive low-level features (pixel-based extraction) has some

limitations that need further considerations. A question could be here, to investigate

the impact of feature selection on the performance of the semi-automatic annotation,
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since all hybrid approaches depend on the performance of CBIR algorithms.

Another promising aim is the improvement of the annotation quality, which presents

an important requirement for annotation-based retrieval systems or systems performing

(semi-)automatic assignment of annotations. The GLENARVAN component could be

expanded by a data generator component, transforming the analyzed annotation be-

havior of a user (profiles) and the used vocabulary into training data. The captured

information retained over multiple system interactions together with the mappings bet-

ween different annotation profiles could be profitable for systems which are based on

machine learning. Particularly in systems, which are based on the automatic recom-

mendation of suitable annotations for a given image, the training data may be used for

providing coherent keyword assignments, and in the end, this would result in a good

trade-off between annotation work and annotation quality.
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