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Chapter 7
Summary and Conclusions

7.1 Summary

This thesis contributes to social image search, a research field emerging due to the
fact that digital images have become social. For effective retrieval and repurposing of
images on the social web, we have to determine whether what people spontaneously
say about an image is factually in the pictorial content. Moreover, as the majority
of social images are untagged, methods for deriving semantics from the content are
required. Social image search is thus of scientific and social importance. We exploited
socially tagged images for extracting objective semantics perceived by the community
and subjective semantics related to individual users from the pictorial content.

7.1.1 Part I: Offline Learning

Chapter 2. Learning Social Tag Relevance by Neighbor Voting. In this
chapter, we propose a neighbor voting algorithm which learns tag relevance by ac-
cumulating votes from visual neighbors. We proof that when 1) the probability of
correct social tagging is larger than the probability of incorrect social tagging and 2)
content-based visual search is better than random sampling, the proposed algorithm
produces a good tag relevance estimator for both image ranking and tag ranking.
As the visual neighbors are from socially tagged images, our algorithm only requires
the existing tags, without the need of any extra manual annotation. Moreover, the
algorithm does not build models for individual tags, so it is efficient in handling large
amounts of social images with many tags. Three experiments on 3.5 million Flickr
photos demonstrate the general applicability of the proposed algorithm in both so-
cial image retrieval and image tag suggestion. Thus it also provides a good basis for
finding positive examples for learning visual concept classifiers.
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Chapter 3. Tag Relevance Fusion for Social Image Search. To overcome
the limits of a single tag relevance estimator for harvesting positive training examples
from socially tagged images, we propose in this chapter tag relevance fusion as an
extension of tag relevance estimation. We develop the notion of early and late fusion
from generic multimedia analysis in the new context. Using the neighbor voting
algorithm to instantiate base tag relevance estimators, we have conducted a systematic
study on early and late tag relevance fusion schemes. Image search experiments on
a large benchmark show that compared to a single measurement of tag relevance,
fusing multiple tag relevance driven by diverse features results in better image search.
Consequently, we obtain positive training examples with a higher accuracy.

Chapter 4. Social Negative Bootstrapping for Visual Categorization. To
obtain negative examples without human interaction, in this chapter we go beyond
random sampling by introducing a social negative bootstrapping approach. Given
a visual category and a few positive examples, the proposed approach adaptively
and iteratively harvests informative negatives from a large amount of social-tagged
images. In order to reduce false negative examples, we design a virtual labeling pro-
cedure based on simple tag reasoning. Virtual labeling, in combination with adaptive
sampling, enables us to identify the most misclassified negatives as the informative
samples. As experiments on two image benchmarks and 650k virtually-labeled neg-
ative examples show, classifiers trained on such informative negative examples are
more discriminative then classifiers trained on randomly sampled negatives.

7.1.2 Part II: Online Use

Chapter 5. Harvesting Social Images for Bi-Concept Search. Towards an-
swering complex visual searches, we introduce in this chapter the notion of bi-concepts
as a retrieval method for unlabeled images in which two concepts are co-occurring.
Different from existing work, which focuses on combining detectors of individual con-
cepts, we propose to learn bi-concept detectors directly. As the number of potential
bi-concepts is gigantic, manually collecting training examples is infeasible. Instead,
we propose a multimedia framework to collect de-noised positive as well as informative
negative training examples from the social web. The ingredients of the framework are
derived from the methods developed in Part I. We study the behavior of our bi-concept
search engine using 1.2M social-tagged images as a data source. Our experiments show
that directly learning bi-concepts is better than combining single-concept detectors.

Chapter 6. Personalizing Automated Image Annotation using Cross-
Entropy. In this chapter, we aim for personalizing automated image annotation
by jointly exploiting personalized tag statistics and content-based image annotation.
We propose a cross-entropy based learning algorithm which personalizes a generic
annotation model by learning from a user’s multimedia tagging history. Using cross-
entropy-minimization based Monte Carlo sampling, the proposed algorithm optimizes
the personalization process in terms of a performance measurement which can be
flexibly chosen. Automatic image annotation experiments with 5,315 realistic users
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in the social web show that the proposed method compares favorably to a generic
image annotation method and a method using personalized tag statistics only.

7.2 Future Directions

With the methods developed, this thesis has built the foundation of exploiting socially
tagged images for visual search, but it is not meant to cover all aspects of this exciting
multi-disciplinary field. The next generation search engines should go beyond search
and allow to make sense of data, observations, and patterns on the social web. To
that end, we consider the following directions important for future research.

To obtain accurate positive examples, an extended exploration will be to analyze
other dimensions of the data including social notes, comments, and spontaneous struc-
tures such as photo groups. For acquiring examples with multiple concepts co-present
where individual evidence tends to be limited, such a joint analysis may be beneficial.
For tag relevance estimation, more voting models, especially ones that make use of
social structure, can be considered in the future.

For obtaining informative negative examples, the proposed social negative boot-
strapping approach employs a number of base classifiers to assess the informativeness
of candidate negative examples. The time complexity of finding informative examples
grows with the number of the base classifiers employed in each iteration. Thus, in
order to favorably exploit the big data, accelerating the proposed approach will be a
valuable topic for future work.

For complex visual searches, it will be interesting to extend the current bi-concept
search engine by adding visual attributes to single concepts. For instance, adding the
tag ‘red’ to a ‘car’ generates a more specific single concept ‘red car’. Integrating such
detailed single concepts into bi-concept search would lead to an image search engine
capable of answering precise visual queries.

Last but not least, personalized multimedia content analysis will be an important
direction to pursue. The social web provides opportunities than ever before to “un-
derstand” a user in a given situation. As we have shown in Chapter 6, having the
knowledge of personal tagging preference makes visual content understanding much
easier. As a user’s information need may change over time, research on personaliza-
tion methods capable of tracking such changes will be valuable for making sense of
social multimedia in a personalized manner.

7.3 Conclusions

What is the value of socially tagged images for visual search? To answer the funda-
mental question of this thesis, we have decomposed it into five sub questions. Now,
given what we have achieved, we draw the following conclusions.
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What determines the relevance of a social tag with respect to an image? As the
question is rooted in the subjective tagging nature of individual users, we need a
mechanism to aggregate the users into a wise crowd which conducts objective tagging.
The neighbor voting algorithm proposed in Chapter 2 is such a mechanism. By
neighbor voting, tags relevant to the visual content receive more votes than tags
irrelevant to the content. Experiments on image retrieval and tag ranking show that
methods using learned tag relevance compare favorably to baseline methods without
tag relevance estimates. The results allow us to conclude that the number of votes
on a tag from an image’s visual neighbors is a good indicator of the relevance of the
tag with respect to the image.

How to fuse tag relevance estimators? Our study in Chapter 3 shows that the early
and late tag relevance fusion schemes each have their merit. Early fusion, which di-
rectly manipulates the neighbor sets, is more effective for addressing concepts rarely
tagged. Late fusion is more robust to differences between the data on which the
method is trained and the data to which it is applied. Moreover, the LateFusion-
Average method, which simply averages multiple tag relevance estimates, is compa-
rable to its supervised alternatives, with a loss of 1.9% only. Thus, we recommend
LateFusion-Average as the method of choice.

Which social images are informative negative examples? According to the re-
sults in Chapter 4, the negativeness of a socially tagged image can be automatically
determined by the designed virtual labeling procedure, which exploits tag statistics
and semantics. Given the virtually labeled negative examples, their informativeness
for creating a visual concept classifier is determined by their probability of being
misclassified. The most misclassified elements are the most informative. For harvest-
ing informative negative examples from social images, the proposed social negative
bootstrapping approach outperforms the state-of-the-art.

How to exploit social-tagged images for complex visual searches? We give an initial
answer in Chapter 5 by establishing the notion of bi-concepts as a retrieval means.
Compared to the social tagging baseline, the proposed multi-modal approach obtains
bi-concept positive examples with doubled accuracy. The experimental results show
that directly learning bi-concept detectors is better than (oracle) combinations of
single-concept detectors, with a performance gain of 48%. We believe that for specific
pre-defined bi-concepts, they already have great potential for use in advanced image
search engines.

How to personalize automated image tagging with respect to a user’s preference?
The key is to strike a proper balance between multiple sources of evidence includ-
ing personal tagging preference and content-based annotation models. Our study in
Chapter 6 shows that, in general, richer personal tagging history leads to better per-
sonalized image annotation models. Even when a user has one tagged image available
for training, we observe improvements for the majority of such one-training-image
users. The experimental results allow us to conclude that personalization using the
proposed cross-entropy based optimization is effective.
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On the basis of the above reported theories, algorithms, and experiments, this
thesis has revealed the value of socially tagged images for visual search and pro-
vides a basis for revealing universal knowledge on images and semantics. With the
methodologies established, the thesis opens up promising avenues for image search
which provides access to the semantics of the visual content, but without the need of
manual annotation other than social tags.




