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Introduction

The exponential growth of digital images across various domains, including cultural heritage, medicine,
social media, and industry, has created an urgent need for sophisticated image retrieval systems that can
effectively manage, organize, and retrieve visual information. Traditional image retrieval approaches,
particularly those relying on textual metadata or low-level visual features such as color, texture, and shape,
have proven inadequate in meeting users' semantic needs. This inadequacy stems from what is known as
the "semantic gap"—the disconnect between low-level visual features that computers can extract and the
high-level conceptual meanings that humans perceive in images.

Ontology-based image retrieval has emerged as a promising approach to bridge this semantic gap.
Ontologies provide formal, explicit specifications of shared conceptualizations that can capture domain
knowledge, semantic relationships, and contextual information essential for meaningful image retrieval.
By representing knowledge in a structured, machine-readable format, ontologies enable more intelligent
and semantically-aware retrieval systems that can understand user queries at a conceptual level.

Despite the proliferation of studies in this domain, a significant gap exists in the literature: there is no
comprehensive, systematically-derived framework that integrates the various components necessary for
designing effective ontology-based image retrieval systems. Previous studies have typically focused on
isolated aspects—some emphasizing visual features, others on content or context—without providing an
integrated view. This fragmentation has hindered the development of holistic retrieval systems and made
it difficult for researchers and practitioners to identify all the dimensions that should be considered.

This study aims to address this gap by conducting a systematic meta-synthesis of the existing
literature to identify, categorize, and synthesize the essential components required for designing ontology-
based image retrieval systems. The findings are expected to provide a comprehensive conceptual
framework that can serve as a roadmap for future research and development in this critical area.

Methods

This study employed a qualitative meta-synthesis approach, following the seven-step model proposed by
Sandelowski and Barroso (2007). Meta-synthesis is a rigorous methodology for systematically reviewing,
analyzing, and integrating findings from multiple qualitative studies to develop new, comprehensive
interpretations of a phenomenon.

The research population consisted of all articles published in the field of ontology-based image
retrieval up to the end of 2024. The search strategy was developed to ensure comprehensive coverage: six
databases were initially reviewed, including four Persian-language databases (Irandoc, Normags, Jihad
Daneshgahi Scientific Information Database, and Islamic World Science Citation Database) and two
English-language databases (Scopus and Web of Science). However, no eligible articles were found in
Persian databases, leading the final analysis to focus on 29 articles indexed in Scopus and Web of Science.

The search employed a combination of Persian keywords and their English equivalents, including
"image," "picture,” "photo," "image retrieval," "picture retrieval," and "ontology," with various
combinations. The search strategy yielded 717 articles. After removing duplicates (330 articles), 387
articles underwent preliminary screening based on titles and abstracts. Of these, 308 were deemed
irrelevant and excluded. The remaining 79 articles were assessed for eligibility using predetermined
inclusion and exclusion criteria. Inclusion criteria included: articles focusing on identifying components,
dimensions, and factors of image retrieval using ontology; articles published in research journals or
conference proceedings; and articles in English or Persian. Exclusion criteria included non-research
sources (e.g., theses, books, editorials) and articles from 2025 onward. This rigorous screening process
resulted in a final corpus of 29 articles for in-depth analysis.

To ensure quality and validity, the coding results were reviewed by two independent researchers (the
second and third authors), with disagreements resolved through consensus. The extracted codes were also
presented to two external experts for validation. Data analysis was conducted using open and axial coding
methods, following the qualitative content analysis approach.

Results

The systematic analysis and synthesis of the 29 selected articles yielded 41 distinct initial codes
representing various aspects of ontology-based image retrieval systems. Through iterative comparison,
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categorization, and thematic synthesis, these codes were organized into 15 main components, which were
subsequently grouped into five overarching conceptual dimensions: (1) content components, (2) visual
components, (3) structural-technical components, (4) person-related components, and (5) temporal-spatial
components.

Table 5: Final Categories, Concepts, and Codes of Image Retrieval Ontology Components
Category Concepts Codes

Human and Non-Human 1) Human, 2) Animal, 3) Objects

Subjects

Content Components | Social Position and Role 1) Role, 2) Creator/Main Subject
Events and Activities 1) Travel, 2) Gathering/Party, 3) Nature, 4) Food
Cultural and Social Concepts 1) Customs and Traditions, 2) Content, 3) Semantics
Color 1) Dominant Color, 2) Symbolic Color

Visual Components Shape 1) Physical Shape, 2) Overall Visual Form of the Image
Style 1) Artistic or Visual Portrait Style

1) Composite Classes (TS, CS, CT, TSC), 2) Image Type
in Terms of Color, Shape, and Texture
1) Elements within the Image Frame, 2) Arrangement of

Visual Composition

Structural and

Technical Position and Arrangement .
Components Elements in the Image
P 1) Formal, 2) Informal, 3) Family, 4) Military, 5)
Image Type
Documentary

Personal Characteristics 1) Name, 2) Age, 3) Gender, 4) Body, 5) Weight
Person-Related Physical Information 1) ]_30dy Position, 2) Facial Expressions, 3) Clothing and
Components Attire

Accompanying Information 1) Written Descriptions, 2) Image Title, 3) Metadata
Temporal-Spatial Time 1) Exact Date, 2) Historical Period, 3) Approximate Time
Components Place 1) Location of the Event

The content dimension emerged as the broadest conceptual area, comprising four concepts and 12
components. This dimension encompasses both human and non-human subjects, social positions and
roles, events and activities, and cultural and social concepts. The visual dimension, with three concepts
and five components, addresses color, shape, and style—the foundational elements of visual perception.
The structural-technical dimension, consisting of three concepts and nine components, covers visual
composition, position and arrangement of elements, and image type classification. The person-related
dimension encompasses three concepts and eleven components, including personal characteristics,
physical information, and accompanying information. Finally, the temporal-spatial dimension comprises
two concepts and four components related to time and place.

The frequency analysis of codes revealed that "image type in terms of color, shape, and texture" was
the most frequently mentioned component (12 occurrences), followed by "approximate time" and
"location of event" (3 occurrences each), indicating the importance of both visual and contextual features
in ontology-based image retrieval.

Discussion and Conclusions

The findings of this meta-synthesis demonstrate that ontology-based image retrieval is inherently
multidimensional, and successful reduction of the semantic gap—a persistent challenge in the field—
requires the simultaneous integration of five essential dimensions: content, visual, structural-technical,
person-related, and temporal-spatial. The content components reveal that images are not merely visual
artifacts but rich documents encoding human subjects, social roles, events, activities, and cultural
meanings. Visual components—including color, shape, and style—function not only as technical
descriptors but also as carriers of symbolic and cultural significance. The structural-technical dimension
provides a formal framework for understanding visual composition, arrangement, and image typology,
while the composite classes identified (TS, CS, CT, TSC) reveal the complex interplay between thematic,
structural, color-based, and temporal elements within images. Person-related components, emphasizing
attributes such as age, gender, facial expressions, and clothing, highlight the centrality of human subjects
in many image collections. Finally, the temporal-spatial dimension, by providing precise data on time and
place, establishes the historical and geographical contexts essential for meaningful image interpretation.
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This study presents the first comprehensive and systematically-derived framework for ontology-
based image retrieval, demonstrating that images are not merely carriers of visual and aesthetic messages
but also cultural and social documents reflecting power structures, identities, and human interactions. By
integrating previously scattered components from prior studies into a coherent structure, the conceptual
framework offers a complete picture of the elements required for designing image retrieval ontologies.
This framework can serve as a roadmap for researchers in developing comprehensive ontologies, for
system developers in designing next-generation retrieval systems, and for archival institutions in
developing richer description and retrieval systems. Beyond enriching the theoretical literature, the
framework provides actionable guidance for developing more meaningful and efficient retrieval systems
capable of addressing the complex needs of diverse users in an increasingly image-rich world.

Based on the findings, several key recommendations emerge: developing ontologies for images from
different historical periods and various art forms; designing intelligent retrieval systems that leverage
semantic relationships for query suggestion and expansion; optimizing inference algorithms for large-
scale retrieval; developing evaluation tools based on the five identified dimensions; and conducting
empirical research across various application domains including medicine, industry, agriculture, tourism,
education, and cultural heritage. However, this study has several limitations, including its focus on articles
indexed in Web of Science and Scopus, the unavailability of relevant Persian-language articles, the lack
of practical validation of the proposed framework, and the inherent limitation of the meta-synthesis
approach in capturing emerging components not yet present in the literature. Future research should
address these limitations through practical validation of the framework across different domains and by
investigating the role of users in the construction and updating of image retrieval ontologies, thereby
contributing to the continued enrichment of this important field.
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