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Abstract— Finding content in videos or video-objects retrieving 

systems has been a matter of concern for many years until now. 

Regularly, to retrieve and explore content in videos, the 

traditional solution is that we oblige to use the human eyes and 

examine those videos manually until we obtain the content that 

appears in the video. To speed up the search, we can fast-forward 

the video or predict when the content appeared. Nevertheless, 

this method often consumes a lot of time, especially when we 

need to retrieve content in a large number of Videos. In this 

paper, we introduce a deep-learning-based architecture that 

allows retrieving objects in videos instantly to search objects in 

CCTV cameras. This solution promises to bring high efficiency 

in finding video content, thereby saving costs and human 

resources to operate related systems. 

 

Keywords— The video-objects retrieving system, video content 

retrieval, CCTV Camera, deep learning-based, object detections 

I. INTRODUCTION 

 

In today's modern social life, using CCTV cameras to 

support the local government to monitor urban security has 

become popular in most countries. We can see CCTV cameras 

appearing everywhere on the streets, public areas, bus stations, 

etc. The formation and development of CCTV cameras started 

in the 1950s of the last century. At that time, with the limited 

technology and expensive cost of CCTV systems, only a few 

large cities in rich countries could afford to install CCTV 

surveillance systems [1][2]. 

 

Fortunately, with the development of technology, the cost 

of hardware and software to install a CCTV system has been 

dramatically reduced, creating favorable conditions for 

building a CCTV camera system in a wide area. Along with 

the popularity of the CCTV systems is the problem of 

managing a massive amount of videos generated every day. 

To monitor and access the content of these videos, we need 

manual human support. In recent years, with the significant 

development of Deep learning algorithms, many solutions 

have been introduced and applied to help us manage CCTV 

systems effectively. 

 

With the development of the Convolutional neural network 

introduced by Prof. Yann Lecun [3], many algorithms have 

been built to support detecting objects in images, thereby 

applying to object detection in Video. Some highly efficient 

algorithms include YOLO (You only look once) [4] and SSD 

(Single shot multibox detector) [5]. By using deep learning-

based algorithms, we can efficiently identify common objects 

appearing in videos (One of the popular data used to train and 

detect objects in images is the COCO [6] (common objects in 

context) dataset). Applying artificial intelligence and deep 

learning to identify content in videos produces positive effects 

in the management, operation, and use of CCTV systems 

[7][8]. Instead of having to use naked eyes to monitor and 

review video content, we can use deep learning algorithms to 

analyze the video content, convert it to text-video format, and 

then search for the content through text describing the video 

content that has been built. 

 

In this paper, we introduce an architecture that supports 

locating objects in video based on deep learning. Notably, we 

present an architecture that uses the YOLO algorithm to 

automatically detect objects in videos and then contextualize 

video content based on detected objects. The contextualized 

data will be stored in a JSV format, obeyed a schema, and 

then indexed through the Apache Solr system. After that, 

agents who are tasked with analyzing video content (E.g., 

police department officers) can quickly retrieve content from 

these videos. 

 

The remainder of this paper is organized as follows. The 

following section discusses the related works and motivation 

for introducing our architecture. After that, in the Architecture 

section, we present and explain in detail the architecture and 

its component for supporting video-objects retrieval. Finally, 

the last section conclusions the content of this paper and 

future works. 

 

II. RELATED WORKS AND MOTIVATION 

 

In the last decade, the application of deep learning 

algorithms in video content recognition has made significant 

progress. Researchers are increasingly developing neural 

networks and applying them in the recognition and analysis of 

objects in videos, thereby helping us extract information from 

stored videos more effectively. Some related studies include: 
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Applying sequence-to-sequence model to generate text from 

video [9]. Retrieving video object by trajectory and 

appearance [10]. Using context-aware concept to realize the 

content in the video [11][12][13][14]. Using the LSTM (Long-

short term memory) model to understand the video content 

and objects [15][16][17][18]. Or using some others 

techiniques to generate video captioning, video-text  

[19][20][21][22]. 

 

The studies mentioned above used a variety of approaches 

for analyzing the video objects. However, the general goal of 

these researches is to help us understand the content of the 

video better, thereby conducting analysis and finding 

information based on the video content data. In this paper, we 

want to present the architecture to detect video objects and 

hence contextualize video contexts to retrieve content in the 

video. With the architecture, we can create a system that finds 

content in videos efficiently. This architecture will save costs 

and improve the efficiency of CCTV system administration. 

 

III.  ARCHITECTURE AND DATA SCHEMA 

 

1. Architecture 
Figure 1 describes the proposed architecture and its 

modules. As shown in Figure1, the architecture contains three 

main Modules: 

 

 The YOLO object detection module (A): This module uses 

the YOLO algorithm for detecting the objects in videos. 

Video types can come from different sources, e.g., CCTV, 

Social media video, etc. 

 The Video object contextualization module (B): This 

module stores detected objects in the JSV (Json video) 

format following a specific schema. The concept in the 

schema is divided by video files, clips, objects in clips, and 

their properties. 

 The Indexing module (C): This module uses Apache Solr 

[23] for indexing the content in JSV files. After indexing 

JSV content, we can use this module for retrieving content 

and getting relevant frames, clips. 

 

Figure 1. The Architecture for Retrieving Video-Objects with YOLO and Apache Solr. 

The architecture procedure is described as follows: First, in 

Module A, video files are gathered from different sources 

such as CCTV systems, black boxes in cars, social networks, 

etc. Then, for each Frame in the video, the YOLO algorithm 

will detect the objects. After collecting information about 

detected objects, we proceed with the contextualization 

process at module B. In module B, a JSV structure is specified 

to store data according to the formation. This JSV structure 

includes the following components: 

 Metadata: It contains descriptive information about 

the video such as creation time, location, fps, etc. 

 Frame ID: The index of the Frame in the video. 

 Detected objects in each Frame: The list of detected 

objects in each Frame. This message includes the 

object type, location. 

 Properties of each object. 

 

235

International Conference on Advanced Communications Technology(ICACT)

ISBN 979-11-88428-08-3 ICACT2022 February 13 ~ 16, 2022



Then, in Module C, we use Apache Solr to perform content 

indexing in the generated JSV files. With Apache Solr's 

supporting features such as full-text search, real-time indexing, 

clustering, we can instantly retrieve and access the Frame 

containing the search objects. 

 

2. Contextualization Data Schema 
In the proposal architecture, we use a JSV format, a specific 

schema for storing the contextualization data of detected 

objects from the input videos. The name JSV comes from the 

combination of JSON and Video. In Figure 2, we present the 

schema of JSV with its entities and relations. As shown in 

Figure 2, a JSV file contains: 

 

 Metadata: Storing the brief information of the video 

file. 

 Frame: Storing information of detected objects in 

each Frame by using the entity named Property, E.g., 

the ID of Frame, the location of each detected object. 

 Attribute: Represent the characteristics of entities in 

JSV. 

 

Figure 2. The data schema storing contextualization data. 

 

Figure 3. Retrieving frames containing more than 10 persons and 2 cars from a CCTV video file. 
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By using the JSV format, we can store all the information 

of detected objects and index data by using Module C in the 

Architecture. 

 

IV. EXPERIMENTAL RESULTS 

Using the proposal architecture in the preview section, we 

conduct building a system for retrieving video objects.  

Figure 3 shows the retrieving frames with the condition 

containing more than 10 persons and 2 cars from a CCTV 

video file. The video was recorded from a Helicopter about 

the police pursuit shooting suspects in Los Angeles, United 

States, in August 2020 [24]. 

V. CONCLUSIONS 

In this paper, we have introduced an architecture generating 

contextualization video data by using the YOLO algorithm 

and JSON format. After contextualizing data, we use the 

Apache Solr to index and search content to gather object 

information in each video frame. Using this approach 

architecture, we can build the video retrieval system for 

helping the agents who are tasked with analyzing video 

content. In future works, we will create the system based on 

this architecture and put it to real-life use. 
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