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ABSTRACT
The Internet has been witnessing an explosion of video con-
tent. According to a Cisco study, video content is estimated
to account for 80% of all the entire world’s internet traffic
by 2019. Video data are becoming one of the most valuable
sources to assess information and knowledge. However, ex-
isting video search solutions are still based on text matching
(text-to-text search), and could fail for the huge volumes of
videos that have little relevant metadata or no metadata at
all. The need for large-scale and intelligent video search,
which bridges the gap between the user’s information need
and the video content, seems to be urgent.

In this thesis, we propose an accurate, efficient and scal-
able search method for video content. As opposed to text
matching, the proposed method relies on automatic video
content understanding, and allows for intelligent and flexi-
ble search paradigms over the video content, including text-

to-video and text&video-to-video search. Fig. 1 illustrates
an example. Suppose our goal is to search the videos about
birthday party. In traditional text-to-text queries, we have to
search the keywords in the user-generated metadata (titles
or descriptions). In a text-to-video query, however, we might
look for visual clues in the video content such as“cake”, “gift”
and “kids”, audio clues like “birthday song” and “cheering
sound”, or visible text like “happy birthday”. See Fig. 1(a).
Text-to-video queries are flexible and can be further refined
by Boolean and temporal operators. After watching the re-
trieved videos, the user may select a few interesting videos to
find more relevant videos like these. This can be achieved by
issuing a text&video-to-video query which adds the selected
video examples to the query. See Fig. 1(b).

The proposed method provides a new dimension of looking
at content-based video search, from finding a simple concep-
t like “puppy” to searching a complex incident like “a scene
in urban area where people running away after an explo-
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(a) text-to-video (b) text&video-to-video

Figure 1: Proposed queries on “birthday party”.

sion”. To achieve this ambitious goal, we propose several
novel methods focusing on accuracy, efficiency and scalabili-
ty in the novel search paradigm. First, we introduce a novel
self-paced curriculum learning theory that allows for train-
ing more accurate semantic concepts. Second, we propose a
novel and scalable approach to index semantic concepts that
can significantly improve the search efficiency with minimum
accuracy loss. Third, we design a novel video reranking al-
gorithm that can boost accuracy for video retrieval.

The extensive experiments demonstrate that the proposed
methods are able to surpass state-of-the-art accuracy on
multiple datasets. In addition, our method can efficiently
scale up the search to hundreds of millions videos, and on-
ly takes about 0.2 second to search a semantic query on a
collection of 100 million videos, 1 second to process a hy-
brid query over 1 million videos. Based on the proposed
methods, we implement E-Lamp Lite, the first of its kind
large-scale semantic search engine for Internet videos. Ac-
cording to National Institute of Standards and Technology
(NIST), it achieved the best accuracy in the TRECVID Mul-
timedia Event Detection (MED) 2013, 2014 and 2015, the
most representative task for content-based video search. To
the best of our knowledge, E-Lamp Lite is the first content-
based semantic search engine that is capable of indexing and
searching a collection of 100 million videos.

Categories and Subject Descriptors

H.3.1 [Information Storage and Retrieval]: Content
Analysis and Indexing; H.3.3 [Information Search and

Retrieval]: Search process; I.2.10 [Vision and Scene Un-

derstanding]: Video analysis
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