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Abstract

The rapid increase in the volume, diversity, and complexity of visual content in the digital world has
made the need for designing and implementing visual content search and retrieval systems highly
evident. Currently, we are facing a massive scale of visual data on the web, for which the conventional
approaches based on manual and human-generated metadata are not sufficient to handle the diversity
and sheer volume. The enormous volume of data generated on the web, without a high-accuracy and
high-speed solution for understanding and retrieving it, will join the digital archives forever and never
be found again. Recently, there have been significant efforts for retrieving these images, particularly in
the fields of Content-Based Image Retrieval (CBIR) and Semantic Image Retrieval (SIR). Content-based
and semantic image retrieval systems have the capability to search and retrieve images based on their
internal content and high-level human-understandable semantics, rather than just the metadata that
may be associated with them.
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This paper provides a comprehensive review of the latest advancements in the field of content-based image
retrieval in recent years. It aims to critically discuss the strengths and weaknesses of each research area in
content-based retrieval, and provide an overall framework of this process and the progress made in areas such
as image preprocessing, feature extraction and embedding, machine learning, benchmark datasets, similarity
matching, and performance evaluation. Finally, the paper presents novel research approaches, challenges, and
suggestions for better advancing research in this field.

The sections of the paper are organized as follows: After the introduction, Section 2 describes the
components of a CBIR system framework, and with a cursory look at classical and traditional methods,
it will delve into the workings of modern approaches and their associated challenges. In Section 3, we
will provide an overview of the concept of "'relevance feedback™ and explain the need for this method to
enhance the retrieval performance in CBIR systems, followed by an introduction to the prominent
solutions in this domain. Finally, in Section 4, we will present a review of the image datasets commonly
used in the field of content-based image retrieval, along with a discussion of their characteristics.

IGiven the recent advancements in the field of computer vision and image processing, especially in the
area of "image-text relationship™ and how to integrate the two to improve retrieval performance, the
focus of a large part of this study has been on the solutions in this area and the performance of the
prominent methods.

The current main research in this field is monopolized by large companies and organizations with access
to vast financial resources, which has slowed down the progress of research and academic work in this
field. These companies, with access to unimaginable data and financial resources, have trained well-
known and sometimes unknown models on a very large scale (billions of images and texts), and after the
training is complete, they have placed the final model in various web services without publishing the
details of the research conducted. The important point is that the scale law applies in this field, and any
entity that has more access to computational and storage resources will be able to train better and more
accurate models, which has made it less possible for small research units and universities to enter this
field and wait for the publication of research by the aforementioned organizations and companies. There
is a dire need to introduce effective solutions in this field that require limited resources and are capable
of achieving high accuracy and competitiveness with the massive models, with a fraction of the budget
required to train them. This has happened in the field of large language models, and after two years,
multiple research groups have been able to achieve the accuracy of the Chat-GPT4 language model from
OpenAl and with the ability to run on home devices, and it is necessary for research in this field to shift
from focusing on achieving accuracy with greater scale to focusing on achieving accuracy with lower
cost, otherwise this field will remain in the monopoly of companies focused on greater profits.

Keywords: Content-Based Image Retrieval, Image Processing, Computer Vision, Machine Learning,
Deep Learning, Semantic Gap.
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(Table-1): Conceptual difference between Content-Based
Image Retrieval and Semantic Image Retrieval
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(Figure-1): Images with high-level semantic meanings
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(Figure-4): The overall architecture of a CBIR system
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(Table-2): Comparison between Level-1 Preprocessing methods for CBIR
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(Table-3): Comparison between Level-2 Preprocessing methods for CBIR
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(Figure-6): Finding similarities between Image patches and parts of Text [31]
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(Figure-7): Common patterns in connecting images and
captions [4] [19] [30] [61] [63]
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(Figure-9): Attending to different parts of an image based on text
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3ot 6o )5 slaig, a5 cul ol ) ol IS oyl

b g oS has o W Wldiz a4 axg g S0k
WS e 4 g W) oo 4 o] il e 5 5o
S ol (e o) o8 BB 8 6 polas

image - sentence score Sy
sum

C# # St
- FOArOAFOAHO | A
FOHOFOFO | #
Q) () )
“dog leaps to catch frisbee”
A group of people
shopping at an

outdoor market.

There are many
vegetables at the
fruit stand.

1.Input 2. Convolutional 3, RNN with attention 4. Word by
Image  Feature Extraction over the image word
generation

jj{m\ m )

« |'1(lcnnun]

“-surfboard
F*wave
#surfing

LD [JURUIS 1 UOJUINY |efeds

[9poW uoHUSY SARdepy



http://jsdp.rcisp.ac.ir/article-1-1432-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-06-26 ]

229Las IS Uixe 9 y9Rolgizo (L)L GO YDY) 2 ASlSLES (5 )9 o

VWA 5 YOF slal b (S i SLb &Y 50 wali (
b o aSes ol gylons o a5 ol LialS o
sly Sl p lad Jlel coge sl ol
L slea o oads 5ol slapleisl s3lwoes y28
Sla Sy Silwos,id sly B L IV V¥]ags
i wels gl sbay ezl el
iz b 456 5k 39 alys aSh UL slaay
2 bl g eVl olle daly Y cnl o (s
s ST Jbe sl 05,5 o0 o 2 | Sloo slaaY
5 lolid pogase &5 Gl slaay slaadl 5l (S5
S Jleilay gl U onabgel pslar alessl
ol b byl e Sbb sl slagyg w51 (o oL
Ivylas salys Jlas

Pl L as col ol oz 4y SLL glaaY cpl 2
cals bay ol Wb als Tcaias LW
lad) bVl slad 4 pea lad jl gunes )0
O, oSl o> Yass Say» aes oo (ylop
o085 S0l realas (oolod Apad Ay Al (yes
Sy ol engs p 1) el She o dliwgay
lajloy ool il psla gaaiws (sly Ghjsel cdan
3 0gr dws glad gilulas a4 B sl Do
w0is> pl y el &S5 e o palar alwe
ool Caloldy g Pralior pualio g5 IS4 ool

G b ol b o glad s 5 Sl
05 S o3l Jlo 99 (G caled calols sl (s 5lne
e vels s jases

baloll slajlns 5 Bl (n e (F-J592)
oledbl &)l 5 gwdtle 653k Sl o grhe
Cwloads ools yiules

Ot ool o Aol (g 5iFo3luil o w8l AL
Pli..m 4o ‘41.,;Lé ool sl G N elad o dhadi g
o el e S5 clate b osla sy Ayl
e ae LS o 1) by, Silal g cps alold
Sl alols (nl &5 Conl (e (s E9090 (nl 00 o
Jelse il ot wilgigo wlite (S5 L olo)loy
oz a5 el oS Lixe cay oS 3 ey
@il Aol Joome o ploglite oo L
CawginS calr  [Vb]cwls wales 58,5
lad I jho p by g0 o wlis Glp ol

<

3 Embedding Layer
4 Embedding Vector
5 Similarity

6 Distance

7 Qutlier

Y 2l ) 5 bl VFeY JLle

S bl 4 o) lp cold, o )8 55 0j9 ()
b ke sbeosldacgame (g9, » LY. YL
Stanford Online L Microsoft COCO jsoxen
by (Saumn 5l culs> a5 [V, V-] suies Products
Lol Plass 5l asals cpl jo 7 lae ayllsg

3 essliasony (g5 5l laises (VoS 4o
il ools yioled ol yigy cpmiz

red shirt on a man jelephant is standing
large green elephant is brown
trees o

roof of a
building
trunk of ar

elephant green trees

in the
background

rocks on
the ground &
ball is
white

leg of an
elephant

ground is brown elephant is standing

s9ba ypgal Wlde g b Souwe p 4 dzrgi 1(1e- JS0)
[Va] a5 J5 b BLS 1 4o Jlo oo 3 9 oo
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regards to the whole image
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(Figure-14): Increase in Zero-shot classification on ImageNet when using the CLIP approaches v ersus other approaches
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(Table-5): Classification accuracy comparison of different approaches for the ImageNet dataset
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