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Abstract— Managing the CCTYV recorded footage takes advantage
of not only hardware resources but also labor costs in monitoring
and searching content through vast amounts of video clips
generated every minute from CCTV cameras. Many studies and
practices were introduced to deal with this matter. However,
several challenges still need to be solved when implementing a
video retrieval system. This study explores the applications of deep
learning and graphs to create indexed data in order to implement
functions in a video retrieval system. In particular, in this paper,
we proposed an approach using graph structure to index the
content in CCTYV videos after using deep learning algorithms to
contextualize detected objects in frames from these videos.
Furthermore, we extend the approach to manage all the CCTV
videos using graph management approach. This strategy, on the
one hand, takes advantage of graph structure, providing an
intuitive view for the CCTV management centers in managing and
searching content from the managed cameras. On the other hand,
it offers easy and efficient retrieval of video content.

Keywords— Graph-based indexing, Video contextualization,
Deep learning-based system, Contextualization dataset, Video
retrieval system, CCTV management system.

I. INTRODUCTION

Nowadays, CCTV cameras have become popular and appear
everywhere to support managing security in public and private
areas. CCTV is used to monitor the activities of citizens in
public places such as shopping malls, streets, and stations or to
patrol the security of sensitive and high-risk locations like
government buildings, banks, etc. Recently, more and more
organizations have used CCTV systems to enhance security and
ensure safety for their entities. Furthermore, with the growing
worry of crime, CCTV systems are essential tools supporting

police and government departments in managing social stability.

Subsequently, CCTV cameras play a significant role in
supporting and controlling order in public areas [1][2][3].

Using the recorded videos from CCTV cameras, police
officers can find critical information from footage in frames and
then support investigations, identify and follow the suspects, or
track abnormal activities. However, searching and finding the
content in recorded video files from CCTV cameras is not an
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easy task. Since CCTV cameras record scenes every second and
there are hundreds of cameras in each area, a huge number of
videos are recorded that need to be watched by the naked eye
to search and find the content in each camera.

Beside the advantage, there are several challenges in
searching and retrieving content from footage generated from
CCTYV cameras. The first and primary major issue is the large
size of video files, which consumes time and makes it difficult
to manually search over hours of recorded content. It is hard
work to manually seek through hours and days of videos and
not miss any important frames. These tasks become even more
difficult with the systems that lack effective indexing or tagging
functions in the recorded content [4][5]. In these cases, to
search content in video files, police officers have to review the
video frame by frame, and it is inevitable that this process will
become increasingly inefficient and time-consuming.

For helping video retrieval systems, many approaches were
introduced in order to create efficient and fast functions in
searching content from many video files. For example, using
automatically segmenting movies into logical story units
supporting advanced video retrieval systems [6], mining
temporal patterns from video contents with efficient indexing
method and matching techniques [7], using Apache Hadoop
and Storm supporting retrieval system [8], using Fuzzy-based
SVM classification method [9], wusing Segmentation
mechanisms [10], using Multi/cross-model strategies [11] [12]
[13][14], using the Vision transformer and CLIP [15] [16], and
some other methods.

Even though several methods were proposed and introduced
in supporting video retrieval systems, there is still more work
to be done to create more and more efficient video retrieval
systems. In this paper, we propose an approach using deep
learning and graph-based indexing mechanisms to assist video
retrieval system by visualizing the overall picture of the content
recorded in the video and hence supporting retrieval content
inside it. More precisely, in the strategy, we:
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. Contextualize video content using the
contextualization mechanism introduced in [17].

. Index the detected content in a video and then
create a map indexing all videos using an
undirected graph structure.

. Represent the indexed data with graph
visualization and hence search video content
through the graph and indexed data.

The proposed method provides a comprehensive view of
video content recorded from CCTV cameras as well as provides
easier video retrieval function.

The remaining content of this paper is categorized as follows:

The next section discusses some recent works related to video
retrieval and image content searching methodologies. In section
111, we describe our proposal in detail, about the concept and
procedure to generate the graph-based indexing content
supporting retrieval function. Finally, we present some
experimental results and conclusions of our proposal.

II. RELATED WORKS

This section discusses the related research about the topic of
video retrieval and image content searching for giving us the
overall picture of methodologies in this topic.

In [18] Su et al. introduced an approach using pattern-
indexing and matching techniques to estimate the optimal
outcome in retrieving content from video. In particular, the
method contained three main stages, i.e., Preprocessing,
Indexing, and Searching. In the Preprocessing stage, they
processed the query clip and target video by dividing a video
into a set of sequential shots (shot detection) and then extracting
the features using color layout and edge histogram from the
shot. Finally, the clustering (k-means) and encoding were used
to create different encoded-clusters. Later, the Indexing stage
generated temporal patterns and constructed the index-Tree of
the input query clip and videos to generate FPI-tree (fast-
pattern-index tree) and AFPI-tree (Advanced Fast-Pattern-
index tree). In the final Search stage, they compared the
matching patterns and re-ranking results to get the Top-k results
of the input clip. By focusing on the temporal patterns, the
proposed method improves retrieval speed and accuracy as well
as reduces the complexity of visual feature matching. Even so,
because of relying on visual features (color and edge
histograms), it makes challenging to distinguish between
similar categories. Furthermore, the construction of trees (FPI
and AFPI) can require many computer resources.

In [19] Dong et al. proposed a method using a dual encoding
neural network for retrieving video content by text. The concept
of the proposed network is that it performed in parallel multi-
level encoding (i.e., mean pooling, biGRU, biGRU-CNN) for
both the input video and text. After that, hybrid space learning
was used in combined vectors for each input. These vectors are
projected into the space with latent and concept. After the
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training face, the encodings for video and text can be processed
independently to allow the large-scale videos to be processed
offline; meanwhile, ad-hoc queries will be answered in real-
time. The proposed method improved the quality of the feature
by capturing not only global but local and temporal information
as well as including both video and text. The approach is
scalable for large-scale retrieval tasks, and input videos can be
processed offline. However, the dual encoding network’s
complexity increases as the method uses multi-level encoding
and the hybrid space for learning both the input data from video
and text. It is inevitable that more computational resources and
time are needed for training the network.

In [20] Zhao et al. proposed CenterCLIP, a token clustering
method for efficient text-video retrieval system. In the method,
they introduced a multi-segment token clustering approach to
improve the efficiency of retrieval with text-video. By reducing
the number of redundant tokens of continuous frames and
achieving segment-level alignment, the efficiency of retrieving
function was significantly improved. In particular, the
procedure of the method is as follows. The input video is
divided into multiple temporal segments, each frame within a
segment is tokenized and hence producing a sequence of visual
tokens. K-medoids++ and Spectral clustering were used to
select the representative tokens from each video segment. After
that, the selected tokens from all segments are concatenated
into a new token sequence and processed through the
transformer-based attention algorithm, giving the model ability
to learn features from video. Finally, the CLIP model is used to
encode both the video and text data into a shared embedding
space to learn high-quality representation of both frames and
input text. The CenterCLIP achieved state-of-the-art
performance on the multiple video retrieval benchmarks.

In our study, we take advantage of graph structure to
organize and index the detected objects in video frames using
deep learning methods, hence supporting the retrieval of video
content.

III. PROPOSED METHOD

A. Context-aware Video Retrieval Content

In this section, we explain the concept of context aware
video retrieval and our proposed method for retrieving video
content using graph-based indexing mechanism.

® Jet V be a sequence of frames in the video:
V="{f.fo fs - fu}

® Let O be the set of all possible object classes detected

in the video frames
0 ={04,0,,03, ...,01}

®  For each frame f;, Let C; be a vector representing the

counts of each object class in that frame:
C = et ¢ ¢, ., cM]

® Let Q be a set of searching input where the input is on

the count of a particular object class
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Q ={(o,R,,k) 0o €O,R, E{=<><,2,#}, k € Ny}

The context-aware video retrieval content is the set R of
frames that satisfy the input query Q:
R = {fieV|V(o,R,k)€EQ,c’Rk}

For example: Search the frames in the video containing more
than k, cars where the number of persons is larger than k,

Q = {(car, >, k,), (person, >, k;)}
=> R = {i €V|(cf >ky)and (" >k, }

=[1uson f‘

a{}o

W Class : "Person”

® Canfidence : "95%"

W Location : "(xy1, w, )"
afh

® Class : "Car"

W Confidence : "90%"

W Location : *(xy2, w, h)"
af)z

@ Class : "Person”

W Confidence : "09%"

® Location : “(xy3, w, hi"

olelelele)

Isv
Storage
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The context-aware content R returns a list of frames
containing the number of detected cars and persons larger than
k, and k.

B. Video Objects Contextualization Machine (VOCM)

For preparing video contextualization data to be indexed and
used in the retrieval phase, we create a video contextualization
machine to automatically generate the JSV (JSON video
content) files containing the detected objects in each frame
from the input videos. Figure 1 illustrates the operation of the
VOCM.

Figure 1. The concept of Video Objects Contextualization Machine

C. Graph-based Indexing Mechanism

Every minute, CCTV cameras record and store vast amounts
of video content. Efficiently searching and figuring out a
specific scenario from the storage videos is a big challenge. To
address this concern, we propose the Graph-based indexing
mechanism for creating a map and overall picture of the content
of a group of recorded videos. To be more precise, we introduce
a graph-based method to manage the videos through detected
content in JSV files.

The idea of the graph-based indexing method is that. For
managing a group of videos, let's suppose each video is a node
in a graph; the detected objects in each video are the other
individual nodes. An edge connecting the video and the object
represents the relationship between the video and detected
objects. Similarly, suppose each frame is a node for managing
and retrieving content in a video; the detected objects in each
frame are the other individual nodes in the graph. The
relationship between the frame and detected objects is
represented by an edge. Figure 2 represents the algorithm of the
proposed method.
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Algorithm 1 Graph-Based Indexing Algorithm

1: Load the JSV file

2: Initialize an empty graph G

3: for each video V in JSV["videos"] do

4:  Add a node to G representing the video
5. for each frame F in V[” frames”| do

6: Add a node to G representing the frame

7 Create an edge between the current frame and the video

8: for each detected object O in F["objects”] do

9: Extract object class, location and other properties from O

10: Check if a node for object class O["class”] already exists in G
L1 if not then

12: Add a node to G representing the object class

13: end if

14: Create an edge between this node and its belong frame

15: Store the information of node as an attribute of the edge and node
16: end for

17:  end for
18: end for
19: return G

Figure 2. Graph-based Indexing Algorithm

IV. EXPERIMENTAL RESULTS

To evaluate the proposed strategy, we conduct installing the
system in a CCTV management center and record video in one
week. Figure 3 demonstrates the results of the implemented
system for managing and retrieving video content from CCTV
videos. As we can see on the figure, using graph-based indexing
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strategy provided a comprehensive view of the content of the
video, supported managing and retrieving the video content
intuitively.
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Figure 3. Managing and Retrieving Video Content

V. CONCLUSIONS

In this study, we proposed and introduced a strategy to
manage and retrieve video content using contextualization data
with graph-based mechanism. We:

- Proposed the definition and concept of context-aware
video retrieval content, video object contextualization
machine, and graph-based indexing mechanism.

- Presented the method and algorithm to automatically
contextualize video data to JSV and index JSV files.

- Evaluated the proposed method by implementing a
system with CCTV cameras.

Beside the achievement from this proposal, the proposed
method still has some limitations and challenges to be
addressed and solved in the future research for fully supporting
video retrieval system, such as adding more condition into input
searching queries, deal with graph analysis, etc. In future work,
we plan to improve the system by making it faster and more
accurate, ensure it can handle different types of inputting data
and keep privacy of video content.
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