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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

1500 b 50

splgizne L5k | JS

S oS Gt o 0 sy
Sogs

e LS o g il Sy

Ollywlo)) SogSls e | all

aeSIOhszl S p05m | O

Ol 3 3 O)bs Jl 53 s | Qb Bl egilils B 2

> xr a palal lSlee L3k e

p A cwladl bSOl 28 g Sdjle,
sroba ik slp Gl b Glime slasbs,
b il g Cas (S5 il pagie b oolyen oS
% L».m.)‘ 9 °“\""’U"'"‘"’L}“‘"’)‘ LSLQ‘.A"S O b.iw‘j
?BWL; MLO.A 9 Lxo @LALM» Ls‘)" dbﬁ)ls LS)L§°‘)
L5L‘°u“5) [f]é}ms«) DGy gual 6La.9 )0 O9>ge
Sladold joe wijls L8 il e o a gloadasl )
Ol 30 e g adly Slusl o Slee b 4y LB
Jos 380 Oyua goleyd polal oy )0 58 I
5 b Jredlo o 5 baaidal S a5 sbles [0 oS o
Slalias j9i0 lacrile Ay 4 ol ol sl (o
2 M s el S ol sai> JolS jgbas
A pglal gamaies 5 olulid wls ol -
ol e S Jpe) sy a4 gt I s
S0 g wlelid gam pad jo Ll (sl ouis J> alinss
b pglad 5 gl Gezes s pslal (el
S Jdods snloais asls o] 4 pel> & jgoas
3 sloasSTy sl iegy wals walive opl a3l i
L8V M aslosgs 3l Jlo obxiy Job ;o Woje> ol
P4z g R Bie> 0 A eealie g lgine (ed S0
a5l ol yo a cul (6,60, Wikl peal 839>
Koo wBays ol jo il ey ol IS S
Ssrsal oo b e Glp sl g gl
ol aS oy i Glai b Lsas € lolie pul o
.\JL: 411.: Xloads o R 99 ‘;Aﬂ: az> LS‘)-’ Coro>
S ool L Kaad g 18P jered  ewdlas
o aSepl S8 Lle oS clly i |y «asd

@
YU b (2 Uso oadlio b (5 9l :(1- &)

(Figure-1): Images with high-level semantic meanings
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(Figure-6): Finding similarities between Image patches and parts of Text [31]

L e dleed (nFSEP K slaghs,

4 Cals o aiayge By sly sl Tl
9 e Il o gedge (nl andb o 1y (Gludl o Slos
0, Sles lliz jo Cdo b Lol cans,y oo Hlas 4y 0uiiSol o8
fragdise Wyl iz d g5y nl e azgie lag)]
Microsoft  ,o caisdsl)l sla by, w0 Jle iy
G oy B &y Solw 0929 b b9, S COCO 2015
ol e clde [FFlecilon, Sl cds a4 cos
3ol @Yl cds Jdoa & glusl SThyol ay coed g,
solazal Jodoay asly polas 5,5 5 Doz oy 5 (2L

Soi90l sloosls 10 d9>ge oy e | pudiae
Ievlel

S3l5en e Sty ;A S 3 45l s97s
Shal e 1) o lee 5258005 5 LS a5 e
wlazlss Lol cind aiz b by, ol Wl syl il
e ooy e i B ol ) S el o)lil a8 i
Sy Ko J&8 cesleyl adg (lp B sl @
eyl g9y0 Dlapogi g lmoslaegerme 4 o g, 2ol
Slivog 5 ngla grhe laodlsasgerme o Joons b
Bl 5 (S poi9y 3l SIS B g ole plas Juld
pac g o oe Lt el ol So S5 ol esle LI
L g oms a8 45 09800 (s pabal & s lagy] Sllas
Error! Reference source Ji. !y tiloais snss 55,2
olas 1y Tl 5l 25 pdlal 5l (slaiges not found.
L Flickr ;jomen Jooro slrosloacgosme ;o0 45 d2d o0
{#A] s 59250 [Y¥] Visual Genome

Ol $o )5 sla gy oS sl ] 51 G Sie (]
@il s oo, b o O (Dl 4 azg 5 6,50
Jo o 4 5 )l 08 & )] il G 9 g0
WS (o0 3dgs (295 o |y Jod JB pé s pola

8 Gl (pl &S Cawl (65900 &S5 (pl 4y o Lil 4l
o597 onl ° Trlae oy, o a4 o T 0 Shes
sdls ;o 0,5, by, Jooll el Slases
5 o Sl Thy @il a4 5l Gl o a5 se atads
alive LioleS Glagiy, @ly Jie sy ol gl
doe e o il sails 5l slajiagh 4 oly o
Basls I9V] Jlmge olRils [¥] 55 o5 s
Cdlug Solo illz y3 olagiagy Loy [FY] Lojadls
e sla by, ol cans akais [V4]s 5 oLal V¢SS
Saps Sl [N iy, emes sl »
b ool NLTK L Stanford NLP (ygoren " e  Kisl

L gl G 5 008 @l 1) baosly (o Ly, s
Ol o Sles cl ks ols e (3le, AL i
salys Jao 2l (o 2 oo 3B Sa 50
S5 s b ocwnlial o Slae &jeo 0 9 cils
A aal frans o Shes ConSs Blai 4y Sy 25

$ge 3 Trbe lahy, 5l wges paaz (A-JS2) )3
9 Microsoft COCO (ysomen Mot po sloS Loz o
slecaidos 4 a4iidS slo Jlu ,o a5 Pascal VOC
oiled wlasbiwns polad oy sl )3 (o>
Lawloals ools

o oyl lesl wasly sl 5ol wyd Ll 51 S
@bly &5 @ plgiees S el e adgi 5 (b
stz Bole 5 (iS5l a5 &S alaJae
ol wps vl ekl S o sslixul
2 oS b bty pax dszsl rtwlosls
AP I FORNR DI IRRER A
sle sy, Microsoft COCO  ll> ,0 YL Slilel
LB Sl egose (nl &5 s G (2Ll 4 08 593
g oad o aS izl b pslar (ol o byl
[50 #Flaals o Jyono e

&

4 Out of context

Y o) ol Ve JLe

! Microsoft COCO
2 Dependency Parser
3 Nearest Neighbour


http://dx.doi.org/10.61186/jsdp.22.1.113
http://jsdp.rcisp.ac.ir/article-1-1432-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-09 ]

[ DOI: 10.61186/jsdp.22.1.113]

Fl gl Gonogi 33 (LS imiloS 5lad )y 5 (A= JSCi)
{F3 ¢ 3T AL

(Figure-7): Common patterns in connecting images and
captions [4] [19] [30] [61] [63]
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