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ABSTRACT

Research and Application of Precise Object Search in

Vision Big Data

Ke Yan (Computer Application Technique)
Directed by Prof. Yonghong Tian

ABSTRACT

With the development of smart city and safety city, surveillance cameras have been widely
used in the area of city security and protection. Precise object search is a very challenging task
in computer vision, which aims at finding all instances of an object given a single query image.
Conventional visual search methods have difficulty in solving this problem as a good deal
of visually-similar yet unmatch objects exist in the scenario of big data. As a consequence,
this problem is worth paying attention to in terms of both academic research and practical
scenarios. To alleviate the problem, this thesis conducts researches in two main aspects of
precise object search orienting visual big data, i.e. effective feature representation and distance
metric learning. The main contributions are as follows:

Firstly, for feature representation, this thesis proposes an image representation method
based on multi-level feature fusion. After validating the complementarity of CNN feature and
SIFT feature, a method to fuse the two kinds of features is proposed to exploit their advantages
to the full. The fused feature can be used to describe scene-level, object-level and point-level
contents in images simultaneously. Extensive experiments on four object retrieval benchmarks
are conducted. The experimental results show that the proposed method achieve the state-of-
the-arts, especially for its remarkable performance at related low dimensions. Additionally, this
thesis also fuse the SIFT feature and CNN feature at result-level and score-level. Experiments
are conducted on large-scale vehicle datasets, showing that fusion at result-level and score-level
can improve the retrieval performance significantly, which again validate the complementarity
of CNN and SIFT.

Secondly, for distance metric learning, this thesis proposes to model the relationship of
visually-similar objects as multiple grains. Following this, two metric learning approaches are
proposed by exploiting multi-grain ranking constraints. One is Generalized Pairwise Ranking,
which generalizes the conventional pairwise from considering only binary similar/dissimilar
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relations to multiple relations. The other is Multi-Grain based List Ranking, which introduces
permutation probability to score a permutation of a multi-grain list, and further optimizes
feature learning embedding multi-grain constraints by the likelihood loss function. The two
approaches are implemented with multi-attribute classification in a unified multi-task deep
learning framework. To demonstrate the effectiveness of the framework, this thesis also
contribute two high-quality and well-annotated vehicle datasets, named VD1 and VD2, in
which each image is annotated with diverse attributes including ID, precise vehicle model
and color. To our knowledge, VD1 and VD2 are the largest high-quality annotated vehicle
datasets published so far. Experimental results show that our approaches achieve promising
performance.

Thirdly, this thesis implements a precise object search system towards big data scenarios.
The system is based on a deep learning framework and a web architecture. Its main functions
include object detection, object retrieval and others. In order to improve the performance
and efficiency of the system, this thesis conducts optimization on some main modules. For
binary feature learning, this paper uses a ReLU activation based deep binary feature learning
method. As an optimization of searching function, this paper proposes a segmentation distance
calculation method, which improve the searching efficiency significantly. To verify the overall
performance of the system, we build a 10 million-level object image library, in which each
image has been detected and contains only one object. Experimental results show that on this
vehicle library the system performs promising performance at searching precision and speed.
Moreover, the average searching time costs less than 1 second.

Overall, this thesis conducts intensive research on core problems of precise object search
in vision big data. The proposed methods achieve promising results comparing with state-of-

the-arts and significantly improve the performance of object search.

KEY WORDS: Feature Representation, Precise Vehicle Search, Deep Learning
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