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Abstract
How would you search for a unique, fashionable shoe that a friend wore and you
want to buy, but you didn’t take a picture? Existing approaches propose interactive image
search as a promising venue. However, they either entrust the user with taking the initiative to provide informative feedback, or give all control to the system which determines
informative questions to ask. Instead, we propose a mixed-initiative framework where
both the user and system can be active participants, depending on whose initiative will
be more beneficial for obtaining high-quality search results. We develop a reinforcement
learning approach which dynamically decides which of three interaction opportunities to
give to the user: drawing a sketch, providing free-form attribute feedback, or answering
attribute-based questions. By allowing these three options, our system optimizes both
the informativeness and exploration capabilities allowing faster image retrieval. We outperform three baselines on three datasets and extensive experimental settings.
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Introduction

Computer vision apps serve a variety of user needs: for example, they can automatically
count calories [25], summarize vacation footage [50], “paint” [10], or help users find shoes
they want to buy [19] via image search. While for calorie-counting or machine-painting
the interaction between the user and the machine is limited to submitting a photograph, for
image search the user needs to communicate with the system in a more fine-grained and
unrestricted fashion, since success is defined by whether the system successfully “guessed”
what the user wanted to find. A person can look for online shopping options on products they
saw in a store, or even try to find a criminal they saw in an online database. The user’s mental
concept of what they wish to retrieve can be arbitrarily subtle hence difficult to capture, and
in order to ensure that the system’s model of the user’s search concept is accurate, the user
needs to be able to “explain” to the system how it should adjust its predictions.
Prior work has tackled this challenge in a number of ways. Some work has used semantic
visual attributes (like “shiny” or “chubby”) [7, 19, 23, 31] to allow the user to give precise
language-based guidance to the system. Attributes provide an excellent channel for communication because humans naturally explain the world to each other with adjective-driven
descriptions. Attributes have been shown promising as a tool for image search [12, 19, 22,
32, 38, 53]. For example, [19] show how a user can perform rich relevance feedback by
specifying how the attributes of a results image should change to better match the user’s
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