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Abstract

In the era of connected devices and internet large amount of digital data is generated
which keeps on growing day by day, with images and videos contributing a majority to it.
Such humongous amount of data presents two challenges. First is it’s management and
the second is extracting meaningful information from this data. However both of these
challenges are dependent on each other. For example, if one can interpret the meaning
of the data, the organization of data becomes easier and vice-versa. Moreover, text based
interaction is more convenient to communicate with the visual data hence its an obvious
direction to develop similar technologies for archiving and retrieving visual data. To this
end, this thesis first aims towards tagging of images which aids effective organization of
data. Further, we utilize these annotations in understanding images. Specifically, we work
on prediction of relationship among objects within a scene. Subsequently, based on our
contributions in image annotations and understanding of relationship between objects, we
propose to generate novel natural scenes in a controlled manner.

Our first work is in annotation of images, where we have two contributions, first approach
is probabilistic component analysis (PLCA) based framework wherein we represent the
image objects as latent components. Prior work in literature assumed that tags are mutually
exclusive, however our analysis shows that the tags are highly correlated. For example
correlation between car and road is high as compared to car and chair. The second approach
is a joint framework which performs both image classification and annotation. Here, we used
the correlation between an image class and their corresponding annotation.

Once we have the annotations, next step is to investigate the semantic information within
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objects of an image. We can establish the relationship between the objects by analyzing
the interaction between them. This relationship between the objects or labels aids towards
deeper understanding of the scene. Therefore, the third contribution of this thesis is to
detect relationship using visual information i.e. classes of objects within an image. For
example if subject and object in an image are person and bike, and interaction between
them can be a predicate riding on from the visual cues. Such visual relationship can be
formulated as triplets in the form of (subject,predicate,object). The relationship in a given
image can be a verb (e.g. ride), or preposition (e.g. by), spatial phrase (e.g. in the front of),
or comparative phrase (e.g. taller than). These relationships can be used for application
such as image captioning etc.

Now as an inverse problem our fourth contribution is a framework to generate im-
ages containing scenes corresponding to specified objects aligned with the textual annota-
tions/classes. The proposed technique generates scene which has a high correlation with
the provided set of input objects while also maintaining the natural placement of objects
within the scene. This is in contrast with earlier works where the objective is to generate
a natural scene from a noise vector or conditioning the network over a variable. However,
such methods have limitations in their ability to control the objects within the generated
images. On the contrary, we show that by training a Generative Adversarial Network with
raw image pixels as input, we can generate scenes which constitute the objects as well as
generate the surrounding environment suitable for the combination of the input objects.

We have evaluated our proposed framework with the relevant dataset and metrics used in
similar settings. On image annotation we have achieved state-of-the art results as compared
to other method. On image generation task we have achieved state-of-the art results using

the inception score as metrics.
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