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Abstract:

This paper provides a review of recent advancements in the field of multimodal video indexing
and retrieval. The presented papers cover various topics including multimodal fusion, keyframe
extraction, semantic analysis, scalability, and evaluation. The reviewed studies propose
innovative methods and techniques to address the challenges associated with these areas.
However, several unresolved issues and opportunities for future research are identified. These
include the effective integration of multimodal information, improvement of keyframe
extraction accuracy, semantic understanding of video content, scalability of video retrieval
systems, and standardized evaluation protocols. By addressing these challenges, future
research can contribute to the development of more robust and efficient video retrieval systems,
enabling better access and utilization of large-scale video collections across diverse domains.

Keywords:

Video indexing, video retrieval, semantic video indexing, keyframe extraction

1. Introduction

Multimodal video indexing and retrieval have emerged as crucial research areas due to the
exponential growth of video data in various domains such as surveillance, entertainment, education and
social media. With the increasing availability of multimodal content, including text, audio, and visual
information, there is a pressing need to develop efficient and effective methods for indexing and
retrieving videos based on their content. The ability to automatically analyze and annotate videos
enables improved search capabilities, content recommendation, and information extraction.

In recent years, several studies have made significant contributions to multimodal video indexing
and retrieval by proposing innovative approaches and techniques. These studies address various
challenges and issues related to different aspects of video analysis. For instance, the fusion of multiple
modalities plays a critical role in capturing the comprehensive representation of videos [15, 16]. By
leveraging the complementary nature of textual, audio, and visual features, multimodal fusion
techniques aim to improve the accuracy and robustness of indexing and retrieval systems.

Another important aspect is the extraction of keyframes, which are representative frames that capture
the essence of video content. Keyframes play a vital role in summarizing and representing videos
effectively [8, 13]. Several studies have proposed methods for automatic keyframe extraction using
feature extraction, shot boundary detection, and clustering techniques. These approaches aim to identify
salient frames that encapsulate the content of a video and facilitate efficient retrieval.

Semantic analysis and annotation of video content have also been addressed in the literature [12].
The challenge lies in bridging the semantic gap between low-level visual features and high-level
semantic concepts associated with videos. By utilizing approaches such as correspondence-Latent
Dirichlet Allocation (corr-LDA) and information extraction techniques, researchers aim to
automatically annotate videos with textual descriptors, enabling more accurate and meaningful retrieval
of video content.

Scalability and retrieval performance are significant concerns in the context of large-scale video
databases [4, 5]. Efficient indexing structures, optimization algorithms, and parallel processing
techniques are being explored to improve the scalability and retrieval speed of video retrieval systems.
Additionally, the development of standardized evaluation protocols and benchmark datasets is essential
for fair comparisons and objective assessments of different methods [3].
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Despite the significant progress made in multimodal video indexing and retrieval, several challenges
and unresolved problems persist. Future work should focus on addressing these challenges and
exploring new directions for research. These include enhancing multimodal fusion techniques,
improving keyframe extraction accuracy and adaptability, advancing semantic understanding of video
content, enhancing scalability and retrieval performance, and establishing standardized evaluation
frameworks.

In this paper, we provide a comprehensive review of recent advancements in multimodal video
indexing and retrieval. We analyze and summarize the contributions of various studies in addressing
the aforementioned challenges. By examining the proposed methods and techniques, we identify the
key issues that need further exploration and discuss potential avenues for future research. Through this
review, we aim to provide insights and directions for researchers in the field of multimodal video
indexing and retrieval.

The rest of the paper is structured as follows. Section Il describes the latest advances in video
indexing and retrieval. Section Il discusses the presented papers, which address various challenges and
propose innovative solutions for multimodal video indexing and retrieval, including multimodal fusion,
keyframe extraction, semantic analysis, scalability, and evaluation. Along with the discussion about
their contribution, this section comments ongoing research that is needed to tackle the unresolved issues
and improve the efficiency of video retrieval systems. Concluding remarks are highlighted in the last
section.

2. Latest advances in video indexing and retrieval

The field of video indexing and retrieval has witnessed significant advances in recent years, driven
by the exponential growth of video data and the increasing demand for efficient video search and
analysis. Researchers have made notable progress in various aspects of video indexing and retrieval. In
the domain of multimodal fusion, Podleshaya and Podlesnyy have explored deep learning-based
techniques for semantic video indexing and retrieval [15], while Hamroun et al. introduced a novel
method employing machine learning and semi-automatic annotation on large video collections [16].
For keyframe extraction, Priya, Lakshmi, and Domnic have contributed to the field by developing shot-
based keyframe extraction methods tailored for ecological video indexing and retrieval [13]. In the
realm of semantic analysis, Safadi and Quénot proposed re-ranking by local re-scoring techniques to
enhance video indexing and retrieval results [12]. Lee, Park, and Yoo addressed scalability challenges
in surveillance video indexing and retrieval by introducing a data cube model [5]. Moreover, Wang,
Huang, Wang, Zhang, and Tian have discussed video indexing and retrieval based on key frame
extraction, providing insights into effective techniques for organizing and accessing video content [3].
Multimodal fusion techniques have been developed to effectively integrate and exploit the
complementary information from different modalities such as text, audio, and visual features. Keyframe
extraction methods have improved the accuracy of identifying representative frames that summarize
video content. Semantic analysis approaches have aimed to bridge the gap between low-level visual
features and high-level semantic concepts for more meaningful video annotation and retrieval.
Scalability challenges have been addressed through the development of optimized indexing structures
and parallel processing techniques. Furthermore, standardized evaluation protocols and benchmark
datasets have been established to facilitate fair comparisons and objective assessments of video
indexing and retrieval methods. These recent advancements lay a solid foundation for further research
and innovation in this field, opening up new opportunities to enhance the efficiency and effectiveness
of video indexing and retrieval systems.

The semantic pathfinder, a generic approach for video indexing that aims to bridge the semantic gap
in multimedia archives is presented in [1]. The approach is based on the understanding that videos are
the result of an authoring process. The semantic pathfinder utilizes various detector types, multimodal
analysis, hypothesis selection, and machine learning to select the most appropriate path through content
analysis, style analysis, and context analysis. Experimental results using a lexicon of 32 semantic
concepts demonstrate the effectiveness of the semantic pathfinder in enabling generic video indexing
and validating the value of the authoring metaphor in the indexing process. However, the precision for
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some concepts at 100 performances is still relatively low, which may be sufficient for tasks involving
selecting illustrative footage but not accurate retrieval tasks. Further improvements are needed to
enhance the accuracy of retrieval tasks.

Paper [16] introduces a novel method for multimodal indexation using machine learning and semi-
automatic annotation. The authors propose a genetic algorithm-based approach to detect concepts from
the text in videos. They enrich basic concepts using a method called DCM and utilize semantic and
enriched concepts to improve multimodal indexation and construct an ontology. The method's
effectiveness is evaluated on the TRECVID 2015 dataset.

Paper [15] focuses on deep learning-based approaches for semantic video indexing and retrieval.
The system utilizes features extracted by convolutional neural networks (CNNs) to enable efficient
indexing and retrieval. The paper provides implementation details and empirical evaluation results to
showecase the effectiveness of the proposed approach.

In [14], the authors propose a framework for multimodal video indexing and retrieval using a
similarity measure called shrinkage-optimized directed information assessment (SODA). The directed
information captures the direction of information flow in videos and is applied to audio-visual features
over successive frames. This approach leverages the natural characteristics of videos and aims to
improve indexing and retrieval performance.

Lakshmi and Domnic in [13] present a new automatic shot-based keyframe extraction technique for
video indexing and retrieval applications. They utilize feature extraction and continuity value
construction steps of shot boundary detection to cluster frames into shots. Keyframes are then extracted
based on inter-cluster similarity analysis. This method provides a more efficient and accurate way of
representing video content for indexing and retrieval purposes.

A re-ranking method to enhance the performance of semantic video indexing and retrieval systems
is proposed in [12]. The proposed method re-evaluates the scores of shots based on their homogeneity
and their relationship with the overall video content. By considering the temporal sequence and the
distribution of video shots, this method improves the ranking accuracy and provides a framework for
re-ranking.

A specific approach for content-based video indexing and retrieval using the Correspondence-Latent
Dirichlet Allocation (corr-LDA) probabilistic framework is presented in [11]. The method utilizes the
semantic relations between video content and text to improve indexing accuracy. The authors focus on
the audio components of video recordings and compare the results with a support vectore machines
(SVM)-based approach.

In [10], a Knowledge Distillation framework called Distill-and-Select (DnS) for video indexing and
retrieval is introduced. The framework involves training Student Networks with different retrieval
performance and computational efficiency trade-offs. A Selector Network is also trained to direct
samples to the appropriate student network at test time. This approach maintains high retrieval
performance while ensuring computational efficiency.

Paper [9] presents a probabilistic Bayesian belief network (BBN) method for the automatic indexing
of excitement clips in sports video sequences. The excitement clips are extracted using audio features,
and multiple subclips corresponding to different events are detected and classified. The proposed
method utilizes hierarchical classification and provides an efficient approach to indexing sports videos.

Paper [8] proposes a novel algorithm for shot detection and keyframe determination based on
gradient fields. The algorithm aims to find a compact set of keyframes that accurately represents a video
segment. By considering the structural similarity of frames, the proposed approach provides an effective
method for content-based video indexing and retrieval.

Paper [7] presents an approach for automatic lecture video indexing based on video OCR
technology. It introduces a video segmenter for slide video structure analysis and a weighted DCT-
based text detector. The text occurrence information and analyzed text content are used for indexing.
The proposed method leverages video OCR technology to automate the indexing process, improving
the accessibility and searchability of lecture videos.

Paper [6] presents a novel framework for video surveillance indexing and retrieval. The proposed
framework consists of three main modules: pre-processing, query processing, and retrieval processing.
It aims to overcome the challenges of video surveillance data management and enhance the efficiency
and effectiveness of video retrieval systems in surveillance applications.
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Paper [5] proposes a data cube model, SurvCube, for the multi-dimensional indexing and retrieval
of surveillance videos. The proposed method utilizes the data cube structure to provide multi-
dimensional analysis of interesting objects in surveillance videos based on chronological view, events,
and locations. It offers functionalities such as retrieval at different levels of abstraction, tracing object
trajectories, and summarization of surveillance videos.

Paper [4] addresses the challenges of managing large-scale video databases by utilizing spatial
indexing and querying of field-of-views (FOVs). The authors propose a class of new R-tree-based index
structures that effectively harness FOVs' location, orientation, and view-distance properties. The
proposed method optimizes filtering and query optimization by considering the geographical properties
of FOVs, providing efficient indexing and retrieval of geo-tagged video databases.

Paper [3] presents a query-by-concept approach for video retrieval. The proposed method focuses
on key frame extraction and achieves better results compared to existing methods. The evaluation shows
a mean average precision (MAP) of 0.68 for the video retrieval model.

3. Discussion

The presented papers cover a wide range of approaches and techniques for multimodal video
indexing and retrieval. These studies contribute to the advancement of video retrieval systems by
addressing various challenges and proposing innovative solutions. However, there are still several
issues and unresolved problems that need to be addressed in future research.

One of the challenges in video indexing and retrieval is the effective utilization of multimodal
information, including text, audio, and visual content as show in Figure 1 [14]. Several papers propose
methods for extracting and integrating these modalities to improve the indexing and retrieval process
[14, 15, 16]. However, achieving a robust and accurate multimodal fusion remains an ongoing research
problem.

Annotated
video —%
database

Visual Signals

Fea_ture AR I I
Fusion =1
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Audio Signals —» T e ad & Spa_re Feature
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Figure 1: Block diagram of shrinkage optimized directed information (SODA) for fusion of audio and
visual features for video indexing

Another area of research focuses on the extraction of keyframes and shots from videos as presented
in Figure 2 [8]. Keyframe extraction plays a crucial role in representing the content of a video
efficiently. While the proposed methods demonstrate advancements in automatic keyframe extraction,
there is still room for improvement in terms of accuracy and adaptability to different video genres and
styles [8, 13].

Semantic analysis and annotation of video content are also addressed in paper [5]. These approaches
aim to bridge the semantic gap between the low-level visual features and the high-level semantic
concepts associated with videos. However, achieving precise and comprehensive semantic
understanding of video content remains a challenge due to the inherent complexity and subjectivity of
video semantics.

204



13th International Conference on Applied Internet and Information Technologies AllIT2023, October 13th 2023, Bitola, Republic of North Macedonia

- SRS |
R AN B e 4
L )

81

0.78
*
0.76 3
C 0.74 - ;
0.72 S
0.7
0 20 40 60

Figure 2: Illustration of key-frame

Efficient indexing and retrieval of large-scale video databases pose significant challenges [4, 5]. The
scalability and retrieval performance of video retrieval systems need to be further improved to handle
the ever-increasing volume of video data. Additionally, the integration of spatial and temporal
information in video indexing and retrieval remains an area of research that requires further exploration.

Another important aspect is the evaluation and benchmarking of video retrieval systems. While some
papers mention the evaluation of their proposed methods using specific datasets [16], there is a need
for standardized evaluation protocols and benchmark datasets that cover diverse video genres and
capture real-world scenarios.

In conclusion, the discussed papers contribute valuable insights and advancements in multimodal
video indexing and retrieval. However, several challenges and issues, such as multimodal fusion,
keyframe extraction, semantic analysis, scalability, and evaluation, require further attention and
research efforts in order to develop more robust and efficient video retrieval systems.

4. Conclusions

In conclusion, the presented papers on multimodal video indexing and retrieval have made
significant contributions to the field by proposing innovative methods and techniques. These studies
address various challenges related to multimodal fusion, keyframe extraction, semantic analysis,
scalability, and evaluation. However, there are still unresolved issues and opportunities for future work.

The challenges of effectively integrating multimodal information, including text, audio, and visual
content, remain open research problems. Future work can focus on developing advanced fusion
techniques that leverage the complementary nature of different modalities to improve the accuracy and
robustness of video indexing and retrieval systems.

Keyframe extraction continues to be an important task for representing video content efficiently.
Further research is needed to enhance the accuracy and adaptability of keyframe extraction methods
across different video genres and styles. Additionally, exploring novel approaches that consider
temporal dynamics and semantic relevance can lead to more comprehensive and meaningful keyframe
representations.

Semantic analysis and annotation of video content remain challenging due to the complexity and
subjectivity of video semantics. Future work can explore advanced machine learning and deep learning
techniques to bridge the semantic gap and enable a more precise and comprehensive understanding of
video content. Developing ontologies and knowledge graphs that capture the semantic relationships
among video concepts can also contribute to more effective indexing and retrieval.
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The scalability and retrieval performance of video retrieval systems require continuous improvement
to handle the ever-increasing volume of video data. Future research can focus on developing efficient
indexing structures, optimization algorithms, and parallel processing techniques to enhance the
scalability and retrieval speed of large-scale video databases.

The evaluation and benchmarking of video retrieval systems need standardized protocols and
benchmark datasets that cover diverse video genres and real-world scenarios. Future work can focus on
developing comprehensive evaluation frameworks and datasets to enable fair comparisons among
different methods and facilitate progress in the field.
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