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Abstract

Objectives. Snapshots of data can be stored in a holographic medium at varying depths. Data can be written via
a spiral data channel in spinning holographic media in the form of circular disks like CDs or DVDs. This data is then
read by shining a reference beam through the refraction following writing. However, holographic storage is distinct
from CD/DVD media in the sense that information is encoded in all three dimensions. Two-dimensional data is written
using a single laser beam that spirals around the material. Prototype holographic storage solutions use minuscule
cones formed by individual snapshots or pages to store one million pixels. As compared with magnetic disks and
tapes, which have a finite lifespan of 50 years at most, the longevity and dependability of optical media storage is
advantageous for long-term archiving. Holographic technology allows for the portability of data-intensive media such
as broadcast or high-definition video. However, the shelf life of holographic media remains low due to its sensitivity
to light. The primary goals of most storage devices are more storage space and faster data transport. Holographic
storage devices have the potential to outperform traditional optical storage devices both in terms of capacity and
performance. The present paper aims to evaluate the current international research trends in Holographic Data
Storage (HDS) and produce a graphical mapping of co-authorship and countries.

Methods. The major outputs of the dataset were authors, document type, publication, institution, nation, and
citations. After exporting 1052 data sources, HistCite software was used to analyze the citations; visualization
mapping was carried out using VOSviewer software and R programming language for the analysis of the author-
country-title association on Holographic Storage Devices.

Results. The most prominent authors, papers, journals, organizations, and nations in the field of HDS were identified
in HistCite. Then, four clusters were investigated using VOSviewer based on author keywords, citation collaboration
networks among different organizations, countries, and the HDS co-authorship network.

Conclusions. During the study period from 2000-2020 (21 years), 4636 authors contributed to 1052 publications.
The highest number of publications was in 2009, with a linear adjustment of R2 = 0.0136. The most prolific author,
Lee J., published 3.14% of the articles on this subject. In terms of country distribution, Japan took first-place ranking,
claiming 16.54% of the total number of articles. The “holographic” keyword was used in 62.55% of the articles.
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Pe3iome

Llenn. MomeHTaslbHble CHUMKM OaHHbIX MOXHO XPaHUTb Ha rosiorpaduyeckrx HOCUTENSAX Ha PasfiniHOn rnybuHe.
OHM MOryT 6bITb 3anMcaHbl N0 CNMPanbHOMY KaHany Nepeaayn aHHbIX Ha BpallaoLmecs ronorpaduyeckme HocuTe-
N B BUAE KPYIMbIX ANCKOB, NOX0XKX Ha CD vnu DVD. Nocne 3annucu gaHHbIeE MOXHO CYMTaTb YepPe3 NpoCBeYnBaHne
OMNOPHLIM JTy4OM Npu nomoLum pedpakumm. B otnnume ot CD/DVD HocuTenen, B ronorpaduyeckrx 3anoMmHaoLwmx
YCTPOMCTBax MHPOPMaLMa KOONPYETCS BO BCEX TPEX N3MEPEHUSX. [IBYyMEPHbIE AAaHHbIE 3aMNCLIBAIOTCS C MOMOLLIbIO
OJHOIr0 N1a3epHOro Jlyya, KOTOPbI 3akpyynBaeTCs No cnupanu Bokpyr matepuana. [naa Toro 4tobbl COXpaHUTb OAMH
MWJISIMOH NUKCENEN, MPOTOTUMBI PELLEHNI 19 FONorpadnyeckoro XpaHeHns JaHHbIX UCMOJIb30BaIM KPOLLEYHbIE KO-
HyCbl, 06pa30BaHHble OTAENbHBIMU CHUMKaMM AaHHbIX WY cTpaHuuamu. Mo cpaBHEHMIO C MarHUTHBIMU OMCKaMin
1 KacceTamu, CPOK Cy>X0Obl KOTOPbIX OrpaHnyYeH MakcumMmym 50 rogamm, ONroBEYHOCTb Y HAOEXHOCTb ONTUYECKNX
HocuTenen HGopMaLmMn UMEET IBHOE NPEeVMYLLLECTBO NP A0NrOCPOYHOM apXmMBMpoBaHuu. Fonorpaduyeckas Tex-
Honormns obecneyrBaeT NePeHOCUMOCTb HOCUTENEN C 6ONbLLIMM 06BbEMOM AaHHbIX, TAaKMX KaK TenenporpamMmmbl Uim
BNOEO BbICOKOW YeTkocTu. OfHaKo CpoK rOAHOCTU rosiorpaduyeckmux HOCUTENE 0CTaeTCsa HU3KUM M3-3a UX YyB-
CTBUTENbHOCTU K cBeTY. OCHOBHbIMM LIENIIMI MCMOJIb30BaHNS 6ONbLUNHCTBA YCTPONCTB XPaHEeHWS AaHHbIX IBASIOTCS
yBennyeHre obbema namaTn 1 6onee GbicTpas nepenaya naHHbIX. Fonorpaduyeckre 3anoMmHaloLmMe yCTponcTea
NOTEeHUMANIbHO MOTYT MPEB30MTU TPAANLMOHHBIE ONTUYECKME YCTPOMCTBA Kak MO EMKOCTHU, TaK 1 N0 NPOU3BOANUTEb-
HocTu. Llenb HacToswer paboTbl — OLLEHUTb aKTyaslbHble MeXAYHapPOAHblE TEHAEHLUMM NCCNea0BaHNn B 061acTu ro-
norpaduryeckoro xpaHeHus AaHHbIX U COCTaBUTbL rpadryeckoe 0ToOBpaxeHe COaBTOPCTBA U CTPaH.

MeTopbl. [na aHann3a 6bi1a ocylecTBieHa Bbibopka AaHHbIX, B KOTOPYIO BOLUAW @BTOPbI, TUM, KOIMYECTBO Ny-
6nvkaunii, ydpexaeHue, ctpaHa, KonmyecTBo U MecTo uuTupoBaHuii. Mocne akcrnopta 1052 MCTOYHUKOB AAaHHbIX
ONs aHanu3a uMTaT MCnoJsib30Banock NporpaMmmHoe obecneyerne HistCite; Bnayannsaums Obisia BbiNOJIHEHA C UC-
noJsib30BaHMEM NporpaMmMHoro obecneveHus VOSviewer n s3bika NporpaMMnupoBaHus R ans aHanmsa accoumnaumm
«@BTOpP — CTPaHa — Ha3BaHne» O roiorpadryeckoM XPaHeHU OAHHbIX.

PeaynbTtaTtbl. [Mpn nomowm HistCite 6binn onpenenexHbl Hanbosee 3Ha4YMMble aBTOPbI, CTaTby, XypHabl, OpraHm3a-
LM 1 CTpaHbl B 06/1aCTW rofiorpadmnyeckoro XxpaHeHns AaHHblx. 3atem, ncnonbays VOSviewer, Mbl UccnenoBanu ye-
Thip€ KfacTepa, OCHOBAHHbIX HA aBTOPCKMX K/OYEBbLIX CNI0BAX, CETAX COTPYAHNYECTBA MO LIUTUPOBAHUIO MeXay pas-
JINYHBIMW OPraHN3aunsIMm, CTPaHaMU, a Takxke CETAMU COaBTOPOB, MULLYLLIMX O FONOrpadryeckoM XpaHEHUN AAHHbIX.
BbiBoabl. 3a nepuog nccnegosarus ¢ 2000 no 2020 rr. (21 ron) 4636 aBTopoB Hanucanu 1052 nybnukauum. Ham-
6onbluee KONMYecTBo Nybankauuii 6eino usaaHo B 2009 r. ¢ koadduumeHToM aetepmuHaumm R2 = 0.0136. Hau-
6onee NpoayKTMBHbLIN aBTop, [xer Jin, onybnukosan 3.14% cTtateit Nno ronorpaduyeckoMy XpaHeHUo AaHHbIX.
C TOYKM 3peHns pacnpoCcTpaHeHns No cTpaHaMm NepBoe MeCcTo B pelTuHre 3aHana AnoHus ¢ 16.54% ot obuiero
Kkonun4yectea ctaten. Knoyeroe cnoBo «roaorpadumyeckmine MCnonb3oBanoch B 62.55% craten.

KnioueBble cnoBa: rosorpaduyeckmin, naHHble, XpaHunuiie, bnbnnometpudeckunia, HistCite, VOSviewer
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npoapaquocn: d)MHaHCOBOVI AedaTesibHOCTU: ABTOpr HEe NMetoT d)VIHaHCOBOI;I 3anMHTEepPeCcoBaHHOCTW B nNpeacTaB/1ieH-

HbIX MaTepunanax nin MmetTogax.

ABTOpPbI 3a9BASAOT 06 OTCYTCTBMM KOHMIMKTA MHTEPECOB.

INTRODUCTION

Since the advent of the digital age, the wealth of
knowledge available to the general public has grown
exponentially. This shift has been largely due to
declining data storage costs and the increasing storage
capacities of smaller devices. Although capable of
satisfying current storage needs, the data storage
industry will need to invest in new technologies if it
wants to keep up with rising demand. Magnetic and
classical optical data storage technologies store bits of
information as individual magnetic or optical changes
on a recording media. However, both approaches
are starting to reach physical limits beyond which it
becomes impossible to encode and thus store individual
bits. A novel and promising high-capacity option
is optical data storage that is distributed through the
bulk of a medium as opposed to being limited to its
two-dimensional surface. Significant progress toward
practical utilization of holographic data storage (HDS)
technology due to the recent emergence of cheaper
supporting technologies and major findings from various
research initiatives, which has generated conceptual
breakthroughs [1]. The high density of holographic
3D memories is obtained by superimposing numerous
holograms inside the same volume of the recording
material. Thus, data storage across three dimensions
becomes a practical option for next-generation memory
storage [2]. Given the expected development of such
systems at a comparable cost with current technology,
along with the optimization and standardization of
storage media, HDS could one day overtake magnetic
and traditional optical data storage solutions as the
industry standard for high-capacity data storage [3].
A comparable HDS system can store the equivalent of
data from over 1000 CDs, as well as offering benefits
over and above those of a traditional storage system.
Based on the research collated here, HDS represents a
novel three-dimensional data storage system offering
significant advantages over conventional read/write
memory systems. Some fundamental characteristics
of HDS will be discussed along with an examination
of potential uses for HDS in modern computing
systems. Since the primary focus of this paper is to
examine the current state of HDS research around
the world, we present a visualization network map to
show relationships between authors and their home

countries, along with their most frequently used terms,
as well as referenced sources and the authors who most
frequently cited them.

Brief introduction
to holographic data storage

Holographic data storage comprises a high-volume
data storage technology that creates holograms of each
data instance. Like traditional optical storage devices,
it stores high volumes of data in single volume also
called 3D Storage [4]. Both write-once and rewriteable
holographic media are possible (changes are reversible),
the latter using crystal photorefractive impact. The
memory architecture is comprised of a blue-green argon
laser, beam splitters, reflectors, LCD board, lenses,
lithium-niobite crystal, and a charge-coupled device
camera. The blue-green argon laser shaft splits into two
beams: a signal beam, which goes straight ahead, and a
reference beam, which is controlled by a beam splitter.
LCD screens reflect signals into lithium-niobite crystals.
The reference beam showed crystal from a new angle.
When the two beams meet, the signal beam would
hologram information [1, 5, 6].

Uses of HDS

Data mining: HDS can be used to identify patterns
more rapidly. Large databases with hidden patterns
benefit from data mining. However, data mining on PCs
places a heavy burden on data storage systems, whereas
holographic memory could speed up data mining by
improving access and storage [7].

Petaflop operations: a computer’s processing speed
with HDS is 1000 trillion floating point operations/s.
Holographic memory frameworks speed up data
access. Holographic memory can handle massive data
requirements and be used instead of 10ns DRAM, hard
drives, CD ROMs, and rock-mounted petabytes of
storage [8].

Benefits of HDS

One terabyte can be stored in holographic memory.
Unlike the fastest hard disk, which typically offer data
access times of 5-10 ms, data recovery takes place in
the microsecond range. For example, HDS can transport
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Table 1. HistCite indicators

Ser. No. Indicator Definition
All records from an author, source, or other category, or all records, have a total score.
1 TLCS/TGCS TLCS = Total Local Citation Scores.
TGCS = Total Global Citation Scores
2 Recs The number of records where a given item is found is shown in the “number of records” column
3 LCS The number of citations to work within the collection is represented in the Local Citation Score
4 GCS The Global Citation Score shows all Web of Science Core Collection citations
5 LCR Local Cited References shows a paper’s reference list’s number of collection-wide citations

a film in under a minute and two pages can be compared
optically in holographic capacity without data recovery.
HDS is also motionless. Thus, mechanical constraints
like erosion can be removed [2]. Another advantage of
HDS is the ability to recover data from damaged media.

A variety of research frameworks have been proposed
for HDS [9, 10]. Various linked applications of HDS
analyzed by researchers include digital holograms [11],
deep learning [12, 13] modulation code [14], digital
watermarking [15], convolutional neural networks [16],
and data compression methods [17]. Other research
sets out to explore such aspects of HDS as fundamental
issues [18], holographic memory [19], and bit error
prediction [20], as well as focusing on holographic
grating [21], fluid dynamics [22], and optical storage [23].
To the best of the present authors’ knowledge, there is no
published bibliometric analysis of the holographic data
storage literature. As a result, the purpose of the present
work is to present a comprehensive bibliometric analysis
of HDS studies, indicating current research trends by
emphasizing significant research contributions. Our
analysis is based on publishing data, citation distributions
and statistics, regional and institutional productivity,
research topics, impact journals, and keyword frequency.
This work will pave the way for future HDS research by
outlining research gaps and obstacles in extended storage.

METHODOLOGY

On June 17,2021, the Web of Science core collection
database was accessed alongside a comprehensive web
search using the phrases “holographic data storage”,
“high capacity”, “magnetic and optical data storage
systems™. The dataset was refined by document type,
language, and duplication criteria. Authors, document
type, publication, institution, nation, and citations were
the major outputs of the dataset. After extracting data from

I Clarivate. Web of Science Core Collection. Web of Science
Group. 2021. https://clarivate.com/webofsciencegroup/solutions/
web-of-science-core-collection/. Accessed July 05, 2021.

1052 sources, we used HistCite? to examine references,
VOSviewer software3 to create maps for analysis, and the
R programming language to examine the connections
between authors, nations, and titles in the Holographic
archive. A visualization mapping was produced on the
basis of co-authorship country, co-occurrence author
keywords, and co-citation cited sources. The process of
selecting publications is depicted in Fig. 1.

Duplicate — 21
Excluded — 53

Other
Final

Languages — 32
Analysis — 1052

Web of Science Core
Collection Search
Results — 1105 (HDS)

Fig. 1. Holographic data storage publications

Indicators in HistCite

The HistCite program is used in historiography
analysis to organize bibliographic collections obtained
by querying the Web of Science’s Science Citation Index
(WoS). It presents a visual display of the most influential
publications on a subject chronology, as well as the
evolution of articles, authors, and journals. The current
contribution is based on version 12.3. Table 1 lists the
HistCite indicators [24] employed in this study.

RESULTS

Over the previous 20 years, the number of published
papers related to HDS has increased worldwide as
shown in Fig. 2. The highest number of publications
was 8.56% in 2009; the largest number of worldwide

2 QGarfield E. HistCite®. Bibliographic Analysis and
Visualization Software. https://garfield.library.upenn.edu/histcomp/.
Accessed July 05, 2021.

3 Van Eck N.J., Waltman L. VOSViewer. (Visualizing
Scientific Landscapes). 2010. https://www.vosviewer.com. Accessed
October 06, 2021.
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Fig. 2. Growth of HDS publications with citations

citations (14.82%) and local citations (14.03%) occurred
in 2004. A linear adjustment of the observed variables
R?=0.0136 yielded a percentage of average years from
the publication of 11.2%, average citations per document
of 16.59%, and average citations per year of 1.49%.

As can be seen in Table 2, the 1052 publications had
a total of 2236 authors. There were 51 single-authored
works and 2185 collaborative works. The most cited
author, Lee J., has 33 records (3.14%), a total citation
score of 16, and a total citation score of 180 from all over
the world. There were two researchers with the highest
overall local citation scores: Jin G.F. (29 records, 2.76%)
and Yang H. (27 records, 2.57%); their global citation
totals were 28 and 260, respectively.

The authorship-collaboration network generated by
VOSviewer is depicted in Fig. 3. Minimum documents

Table 2. Highly productive ten authors on HDS

with five authors were chosen for the co-authorship
graph approach; of those, 157 met the criteria. A total of
17 authors are evenly distributed throughout four groups
(red, green, blue, and yellow). Tan X. has 13 links,
61 total link strength, and 20 documents, making up the
majority of cluster-1 co-authorship patterns.

Figure 4 depicts a Sankey diagram of the Authors
(left) between Countries (middle) and Titles (right)
relationship in HDS literature. The study revealed which
titles HDC authors had published most frequently, along
with the specific HDS research areas (keywords). An
analysis of top authors, titles, and keywords reveal that
three authors Lin S.H., Belendez A., and Gallego S.,
representing the three nations Japan, China, and the
United States, had a strong association with the HDS

EEINT3

research keywords “holographic”, “storage”, and “data”.

Ranking Author Recs % TLCS TGCS
1 LeeJ. 33 3.14 16 180
2 Jin G.F. 29 2.76 28 260
3 Yang H. 27 2.57 4 11
4 Tan X.D. 26 247 104 734
5 He Q.S. 25 2.38 25 205
6 Pascual L. 24 2.28 71 387
7 Belendez A. 22 2.09 71 392
8 Cao L.C. 22 2.09 25 210
9 Sheridan J.T. 22 2.09 78 798
10 Ishii N. 20 1.90 10 80
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Table 3. Distribution of HDS document types

Ser. No. Document type Recs % TLCS TGCS
1 Article 960 91.25 1226 13160
2 Proceedings Paper 60 5.70 134 1668
3 Review 27 2.57 100 2460
4 Editorial Material 2 0.19 5 22
5 Review; Book Chapter 2 0.19 2 64
6 News Item 1 0.10 16 79

Table 4. Distribution of HDS records by country

Ranking Country Recs % TLCS TGCS
1 Japan 174 16.54 382 3528
2 USA 123 11.69 401 4735
3 China 96 9.13 87 2530
4 Germany 51 4.85 120 2538
5 South Korea 38 3.61 55 789
6 Ireland 31 2.95 108 1169
7 Spain 28 2.66 81 1207
8 UK 27 2.57 67 1431
9 Taiwan 23 2.19 106 548
10 Canada 18 1.71 31 1074

According to Table 3, HDS documents are broken
down into six distinct article types, with journals making
up the vast majority (91.25%). In total, 1226 HDS
documents have a local citation score, while the total
number of HDS documents having a global citation
score is 13160. There are a total of 16 citations in the
local area, and 79 citations in the global arena, making
this item the one with the lowest citation score.

HDS publications featured contributions by
researchers from 40 different countries. Table 4 covers
all countries that contribute to the effectiveness of
HDS research publications. Japan tops the list with
174 (16.54%) publications, 382 total local citation scores,
and 3528 total global citation scores. It is followed by
the United States in second place with 123 (11.69%),
401 total local citation scores, and a total global citation
score of 4735, while China is in third place with 96
(9.13%), a total local citation score of 87, and a total
global citation score of 2530.

Figure 5 depicts a citation of the countries network
graph created using the full counting approach and
a minimum of five countries’ papers. Only 27 of the
50 countries fit the criteria. Six clusters grouped 26 countries

as follows: Cluster 1 (red color, 8 countries)—Belgium,
Canada, Denmark, England, Latvia, Netherlands, Poland,
andRussia; Cluster2 (green color, 6 countries)—Bulgaria,
Germany, Ireland, Italy, Spain, and Ukraine; Cluster 3
(blue color, 5 countries)—Australia, South Korea,
Switzerland, Tiirkiye, and USA; Cluster 4 (yellow
color, 3 countries)—Hungary, India, and Japan;
Cluster 5 (purple color, 3 countries)—France, China,
and Singapore; Cluster 6 (light blue color, 1 country)—
Taiwan.

Overall, 1343 different keywords were used by
researchers who contributed to 42 different HDS research
publications. Table 5 has 658 (62.55%) documents, the
majority of which are holographic studies; the total
local citation score for these records is 1031; the total
global citation score for these records was 7717; the last
position is held by ‘System’ with 96 (9.13%) records,
which have a local score of 130 and a global score of 740.
The number of occurrences of the minimum set of five
keywords is shown in Fig. 6. In Cluster 7 (orange), the
term “Holographic Data Storage” appeared 105 times,
was linked 30 times, and had an average link strength
of 76.
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Table 5. Predominant author keyword in HDS research

Ranking Word Recs % TLCS TGCS
1 Holographic 658 62.55 1031 7717
2 Storage 428 40.68 866 5501
3 Data 397 37.74 775 4722
4 Optical 139 13.21 206 2765
5 Recording 129 12.26 176 1364
6 Using 114 10.84 135 1231
7 Based 104 9.89 113 1763
8 Photopolymer 102 9.70 285 2030
9 Phase 101 9.60 159 1246
10 System 96 9.13 130 740
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Fig. 6. Author keywords in HDS research

Table 6. Most productive institutions in HDS related publications

Ranking Institution Country Recs % TLCS TGCS
1 University of Alicante Spain 18 1.71 70 408
2 University College Dublin Ireland 18 1.71 63 698
3 National Chiao Tung University China 14 1.33 97 418
4 Tsinghua University China 14 1.33 18 226
5 Harbin Institute of Technology China 13 1.24 23 334
6 Sony Corporation Japan 13 1.24 83 312
7 Beijing Institute of Technology China 11 1.05 10 258
8 University of Bayreuth Germany 11 1.05 40 501
9 University of Birmingham United Kingdom 11 1.05 10 660
10 Wakayama University Japan 11 1.05 21 516

Table 6 lists the names of 630 different institutions,
each of which has contributed to at least five different
HDS publications. The list was topped by the
University of Alicante in Spain, which had 18 records
(1.71%), 70 total local citation scores, and 408 total
worldwide citation ratings; University College Dublin
was second, with 18 records, 63 total citation scores,

and 698 total global citation ratings. Figure 7 depicts
the HDS citation cooperation network, which organizes
83 organizations into 7 clusters; here, the “National
Chiao Tung University” (Cluster 5, purple) is the most
productive citation collaboration organization with
31 publications, 38 links, and a total link strength
of 211.
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Fig. 7. Citation Collaboration Network of Different Organization in HDS related publications

Table 7. Journal productivity in HDS

Ranking Journal Recs % TLCS TGCS
1 Japanese Journal of Applied Physics 119 11.31 22 375
2 Applied Optics 112 10.65 350 2151
3 Optics Express 65 6.18 98 846
4 Optics Communications 48 4.56 67 488
5 Optics Letters 47 4.47 186 1295
I e R T R
7 Optical Engineering 30 2.85 41 324
8 Journal of Optics A-Pure and Applied Optics 20 1.90 21 270
9 Optical Review 20 1.90 13 61
10 Microsystem Technqlogies-Micro-and Nanosystems-Information 17 162 3 12

Storage and Processing Systems

Table 7 is a list of all peer-reviewed journals that
have published at least 15 articles in the last two years.
There are a total of 119 published papers (11.31%)
published in the Japanese Journal of Applied Physics
(1.471 impact factor), which have been cited a total of
22 times locally and 375 times globally. The Applied
Optics journal (1.961 impact factor) is in second
position with 112 (10.65%) publications, 350 total local
citations, and 2151 global citations; Optics Express
Journal (3.669 impact factor) is in third place with
65 (6.18%) publications and a total of 98846 global
citations.

HistCite graph marker (Fig. 8) exhibited the most
cited 50 articles (nodes) with 82 links (relationship
among articles by local citation score) with a maximum
of 62 and a minimum of 7 citations. These publications
had well-integrated citation mapping, implying the
notability of published HDS works that referencing them.
It can be noted that most citations were made during the
first twelve years of the study period (2000 to 2011).
A strong separation between one inspired research work
(number 182) and multiple linkages was revealed by
the HistCite citation mapping (numbers 194, 226, 25,
and 46). The top five citations are detailed in Table 8.
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2000 43 2 36 20 25 27 24
2001 a1 84 a7 78 64 66 59 46
2002 9
2003 2 136 133
2004 170] | 173 194 189 182 79 [:74 178 [180
2005 @l 226 219 | 230 4 24
2006 298 271] [285] sd | 304 27
2007 359 387 33 29) 375 328
2010 557
2011 591
Fig. 8. Total local citation score mapping for HDS
Table 8. Top five citations in HDS
Record Author Title Source Year DOI LCS | GCS
132 Hesselink L., Orlov S.S., Holographic data Proceedings 2004 http://doi.org/10.1109/ 62 258
Bashaw M.C. storage systems of the IEEE JPROC.2004.831212
J 2 . ” | high-capacity Applied http://doi.org/10.1364/
194 Sundaram P., Hesselink L., . . 2004 36 135
holographic disk Optics A0.43.004902
OkasR., Kwan D, data-storage system
Snyder R. ge sy
. . Collinear Applied http://doi.org/10.1364/
226 Horimai H., Tan X.D., LiJ. holography Optics 2005 AO.44.002575 36 221
Ashley J., Bernal M.P,,
Burr G.W., Coufal H., IBM
25 Guenther H., Hoffnagle J.A., | Holographic data Journal of 2000 http://doi.org/10.1147/ 33 219
Jefferson C.M., Marcus B., storage Research and rd.443.0341
Macfarlane R.M., Development
Shelby R.M., Sincerbox G.T.
Lawrence J.R., O'Neill E-T,, | TRotopolymer hitp://doi.org/10.1078/
4 | Sheridan J.T. holographic Optik 20011 0030-4026-00091 27| 186
recording material

The present research employed Local Cited
References (LCR), which displays the number of
citations in a paper’s reference list to other papers in
the collection, to predict where the field of holographic
data storage is headed. Article rankings according to
LCR are displayed in Table 9. A good example is the
26 articles cited by “Holographic polymer materials

with diffusion development: principles, arrangement,
investigation, and applications ”” by A.V. Veniaminov and
U.V. Mabhilny. This suggests that articles using similar
data are both highly relevant to the topic and likely to
be current articles; moreover, in recent years there have
been numerous publications on the topic, resulting in
more frequent mentions.
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Table 9. Top future direction articles in HDS

Ranking | Record Author Title Source Year DOI LCR
Holographic polymer materials
| 750 Veniaminov A.V., | with diffusion development: Optics and 2013 http://doi.org/10.1134/ 2%
Mabhilny U.V. principles, arrangement, Spectroscopy S0030400X13120199
investigation, and applications
Phase-image-based sparse-gray- . .
Das B., Joseph I, . Applied http://doi.org/10.1364/
2 524 Singh K. level data pages for holographic Optics 2009 AO.48.005240 19
data storage
Nobukawa T. o .
> Orthogonal polarization encoding . s
3 939 Barada D, for reduction of interpixel cross Optics 2017 hitp://doi.org/10.1364/ 17
Nomura T., talk in holoeraphic data stora Express OE.25.022425
Fukuda T. olographic storage
Malallah R,, A review of hologram storage and
4 921 LiHY. Kelly D.P, self-written waveguides formation Polymers 2017 http://doi.org/10.3390/ 16
Healy J.J., in photopolymer medi polym9080337
Sheridan J.T. photopolymer media
Bruder FK., From the surface to volume: Angewandte
5 501 Hagen R., Rolle T., | concepts for the next generation Chemie- 2011 http://doi.org/10.1002/ 15
Weiser M.S., of optical-holographic data-storage | International anie.201002085
Facke T. materials Edition
CONCLUSIONS that future bibliometric software will be created to permit

The present article contributes to an understanding
of the HDS literature by grouping publications into
clusters and identifying new research streams. Using
HistCite, the study reveals the most prominent authors,
papers, journals, organizations, and nations in the field
of HDS. Then, using VOSviewer, we investigated four
clusters based on author keywords, citation collaboration
networks among different organizations, countries, and the
co-authorship network of HDS. Further, the relationship
between authors, countries and titles on HDS literature
was established using the R programming language.
Finally, the study analyzed the Total Local Citation
Score Mapping for HDS, Top 5 citations and subjects of
future research on HDS using HistCite software. HDS
is a new concept that has become a big phenomenon
in today’s digital world. The most significant issue in
the study was that during citation mapping and cluster
analysis, only publications having a minimum of seven
and a maximum of sixty-two citations were included.
Regardless of their proportional contribution, recent
papers could not demonstrate their true potential in this
manner. Since more than 4.75% of the publications in
this study (50 of 1052) were published within the last
decade (2000-2011), the bibliometric analysis should be
carried out again in the future to recognize new structures
having made a mark in the field. Second, non-WoS source
databases are not supported by HistCite. As a result, this
investigation concentrated entirely on WoS publications,
yielding articles from respected journals. As a result, there
may be a bias against non-WoS journal papers and high-
quality publications may present information not found
in our study that may sway HDS opinions. It is feasible

the inclusion of smaller journal publications. Using
bibliometric meta-analyses, researchers will be able to
compare the construct influences in WoS and non-WoS
works, as well as applying them to a wider range of fields.
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