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Abstract
Automatic image captioning refers to the problem of constructing natural language
description of an image. This is an important problem with practical significance
that involves two major artificial intelligence domains — computer vision and
natural language processing. In this project, we used multi-task learning to solve
the automatic image captioning problem. In the proposed multi-task learning
setting, the primary task is to construct caption of an image and the auxiliary task is
to recognize the activities in the image. The two tasks share a latent representation
of images and it is empirically shown that introducing the auxiliary task helps
improving the shared layer representation and thus improves the performance of
the original task. The novelty in this project relies in incorporating the auxiliary
task of activity recognition in a multi-task learning framework for solving the
original task of generating captions of images. We evaluate the proposed multi-task
learning model on publicly available benchmark Microsoft COCO dataset and the
experiments show the effectiveness of the model.
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Introduction

Automatic image captioning refers to the problem of constructing a natural language description of an
image. This task is challenging than the image classification and object recognition task, because it
not only requires detection of objects within the image, but also requires detection of their relationship,
expression, and activity presented in the image. Furthermore, the perceived information must be
translated to some human understandable natural language. The main obstacle is the task of detecting
the salient visual information that comes naturally to human. An important application for automatic
image captioning system is in aiding visually impaired persons by providing them information about
the content of the image in natural language. Another application is in search engines where images
can be searched by sentence fragments. Apart from the practical applications, image captioning
requires the machine learning model to learn image understanding which is a significant computer
vision challenge. The image captioning model can be further extended to video captioning which
also has many practical applications including alert systems for enhancing security.
Key steps of image captioning task include extracting salient high level features from an image,
detecting objects from those features, detecting salient visual information (relationship, interaction,
expression, activity) involving those objects, and finally generating a natural language description
as a sequence of words to express the content of an image. Some existing works [5, 10] address
the image captioning problem by concatenating modules that solve these steps. More recent line of
works [16, 15] aims to build an end to end system that uses Convolutional Neural Network (CNN)
for salient feature detection and on top of that a Recurrent Neural Network (RNN) that generates
sequential words to construct image captions. Several recent methods [18, 19] also proposed semantic
attention based neural models for image captioning.
Our approach is different from the existing approaches since we model the image captioning problem
as a multi-task learning problem with image activity detection as the auxiliary task. Unlike previous
work [19], our approach does not explicitly fuse the semantic output to the RNN hidden layers,
instead, through the auxiliary task of activity detection within an image, a bias is induced to the RNN.
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