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This paper aims to develop a metaverse technology framework using patent data and analyze the capabilities of
companies based on it. To this end, 4,099 patents registered with the US Patent and Trademark Office were
collected and preprocessed. Latent Dirichlet Allocation(LDA) topic modeling was performed to derive 20 topics,
and a 4-layer metaverse technology framework was derived by grouping these topics. Leading companies were
identified and their capabilities analyzed from the result of LDA topic modeling. This study provides a
data-based empirical perspective to understand the technology structure and hierarchy of metaverse service; it
can be used for setting companies' future metaverse research plans and standardization activities.
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HEp s 2L 7|SEE TR et 22 st §
2 7Fs A = A E0] 45 ZA T THCheng et al., 2022).
webA, et 28 T8k A 8L tE olsle FF
v EpH 2~ 0] 83} Wl of] P49 Ao ThKang, 2021). ©] & ¢
3l <Table 1>} o] &g AFALEol oal wep 9] 7]
= 72 2 2 Y27 AANEHA ol & Bl E A eshd,
HEtH 2 7120 M8 Ve B A8 02 7)E Afn| 28
AFol A A& AFete MELS FF Y SHE AHl~
2 A9 4= QI th(Neal Stepheson, 1992; ASF, 2007; Lee et al.,
2021; Shi et al., 2023).

SFA| T, <Table 1>0llA & = 9l Hieh #o] b9 A5
o] £ 7R BA e A7 ALY FHAR A E g o R
AASE HA & HEA 9 7l 728 ZH A AE A
(Matthew Ball, 2021; Park et al., 2021; Cheng et al., 2022) &+2.
A e 2~ 720 3535t 9 FF3HE o R E 2]l A
olglzo] UM A MAE, vEtH 2~ 7] & 725 87]¢] A
2Bl(Core Stack)Q! Hardware, Compute, Networking, Virtual
Platforms, Interchange Tools & Standards, Payment Services,
Content/Service/Assets, User Behavior = &7}l Z12+2] 2819
u| & 7]EstA ot 28l FA S8/ o] 84S tidk 1
59 2 Al us A 71Ee AAEA EdTt
(Matthew Ball, 2021). = HA| 2, HEPH2AE A= 7]E& T
HYHNZE 270(Application 2 Technologies) = 370
(Hardware, Software %! Contents)®] G ¥ 0.2 E735}1 247}
FHo 2= QA7 EES TEHOE A MG oL, &
271E7t AE5E Tl AlEE s HEM 2 AR 20 dHE 5
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e 29T F A AAN cE 7238 H Vs ZY Y ae
A\ A=) A] ek Th(Park et al., 2021; Cheng et al., 2022).

Y5 AFEdAE T DAY AEUS Web 3.0 2
Spatial Web 2.2 A5(Cook ef al., 2020)== HER 28] 7]&
Z A AE 7]E AEM OS] = ZEolu; TCP/IP
7} o] A5 0.2 71%st S th(Radoff, 2021; Lee et al., 2021,
Shi et al., 2023; Schmitt, 2022). HEFH 2 WF 7 91& 74|52
Experience, Discovery, Creator Economy, Spatial Computing,
Decenteralization, Human Interface 2 Infrastructure 2 Al 52

92 71estl o, M E AR 45 A4S 259 08I
7hABeHE AT AT BELEZM Y JHE A EHA] Kot
A THRadoff, 2021). TCP/IPS} F-AH3 Al %2 =l &ejo] g
Y 3E A A8 AFEEHA Human-centered communi-
cation, Virtuality and reality interaction, Space Convergence,
Ubiquitous Connections] 4415 2@} Ecosystem¥} Technology
G 2AIF(UHE: 71e 15 AN) Ble] Bl = oA A
g A7E3 P72 08I 32 Zdouv TCP/AP 2 7
2ol ZAztel AFo] A 4T Aol WE Aul2 A5

Table 1. Previous Researches Relate to Metaverse Technology Framework

Researchers

Proposed Technology Structure and Framework

Lee et al.(2021) Reality, IoT&Robotics

Accountability

Categorized by technology and ecosystem (applications)
[Technologies] Al, Blockchain, Computer Vision, Network, Edge Computing, User Interactivity, Extended

[Ecosystems] Avatar, Content Creation, Virtual Economy, Security & Privacy, Social Acceptability, Trust &

Proposed 7 layers of the Metaverse

John Radoff(2021)

(D Experience: Games, Social, E-sports, Theater, Shopping

@ Discovery: Ad Networks, Social, Curation, Ratings, Stores, Agents

(@ Creator Economy: Design Tools, Asset Markets, Workflow, Commerce

@ Spatial Computing: 3D Engines, VR/AR/XR, Multitasking UI, Geospatial Mapping
(® Decentralization: Edge Computing, Al Agents, Microservices, Blockchain

® Human Interface: Mobile, Smartglasses, Wearables, Haptics, Gestures, Voice, Neural
(@ Infrastructure: 5/6G, WiFi, Cloud, 7nm to 1.4nm, MEMS, GPUs, Materials

Park et al.(2021) Motion rendering

Proposed 3-component level to create an immersive experience
(D Hardware: HMD, Hand-based & Non-hand-based Input Device, Motion Input Device
@ Software: Scene/object & Sound/speech recognition, Scene/object generation, Sound/speech synthesis,

( Contents: Multimodal content representation, Agent Persona modeling, Multimodal entity linking and
expansion, Scenario generation, Scenario population, Scenario evaluation

8 core stacks of the metaverse

Matthew Ball(2021) | - Hardware, Compute, Networking, Virtual Platform, Interchange Tools & Standards, Payment Services,

Content/Service/Assets, User Behavior

Computi
Shi et al.(2022) omputing

Al, Blockchain

Proposed 4 pillars contribute the immersion in the Metaverse
(D Human-centered Communication: Multi-dimensional/Multi-sensory/3D Communication Methods, Social
Networks Analysis, Social Aware Computing, Cognitive Computing, Swarm Intelligence, Affective

@ Virtuality and reality interaction: VR, AR, MR, Brain-Computer Interface, Game Engine, 3D Modeling
(3 Space Convergence: Accurate Mapping, Space-time Consistency, Session/Resource/Energy Management
@ Ubiquitous Connections: Ubiquitous Sensing, Networking and communication, Strong Computing power,

Categorized by ecosystem and technology

Schmitt(2022)

[Ecosystem] Enterprise and Consumer Use Cases, Content Creation, Virtual Economy, Avatars
[Technologies] (D Extended Reality(VR/AR), User Interfaces
@ Al Blockchain, Edge Computing

Cheng et al.(2022)

Categorized by application and technology
[Application] Virtual Retail, Virtual Tourism, Virtual Health, Virtual Game
[Technologies] @ HMD, Hand-based & Non-hand-based Input Device,Motion Input Device
@ Blockchain, Extended Reality, Computer Vision, IoT, Al, Network, Edge/Cloud
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Research Process Tools & Methods

Data Collecti Step1. Patent Data with USPTO
ata Lollection - Crawling data using Google Patent Service
Step2. LDA (Latent Dirichlet Allocation)
Topic Modeling - Preprocessing and cleansing of data
- Deriving topics with words
Step3. Developing the Metaverse Framework

- Topic labeling, classification & Grouping
- Mapping technologies to each layers

Analysis of Tech. Structure

Step4. Comparing capabilities of companies
Analysis of Tech. Capability

- Leading companies on each tech.
- Capabilities of each companies

Figure 1. Research Framework
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(patents.google.com)E ©]-8-3t 53512] ¥ 5 (id)/A H(title)/ =

Z (abstract)/ZU (71 Y)(assignee)/ =Y Y (creation  date)/ 5=
Y (grant date) 5 A7l BRI FRE FZ3 B3 AR
FZo| AHeE AA 719cE wE A 7 AA (Virtual
Worlds)E YEM = “Virtual World”, “Virtual Environment” %!
“Virtual Reality”E A3} TH(Neal Stephenson, 1992; ASF,
2007)

F2 A3 F4,0997) 53 & 533k <Figure >3} 2] H
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Removing special
characters and
Tokenization

POS-tagging
(Select nouns, adjectives,
adverbs, and verbs)

Restoration of words
(Singular/plural)

Removing
stop words

Figure 2. Data Preprocessing and Cleansing
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717 d 2] 220]= ¥ 2l LDA(Latent Dirichlet Allocation)= ™A1
2 J 7 A o] A 2] Fobe] SEH A el F ot R HAE
o go] EXE 7Wo 2 P AETLojd B SE 74 FH o §
EAE v th(Blei et al., 2003; Blei, 2012). 0] 712 #47}
o] FA 2 72 5 om, 7 FAl = gad 71 (o) s
2 o]Fold Flthe /M S v O & 8l 7] A 7 A =
ER dojso| t AT AL FEREE TP I3l @
o2 HH FA(ED)E &M ot b, 24 = A E
Aol gk F-249] 310 2 AT 7t A= doj Sl &
SEREE EQA T Ao th(Blei et al., 2003).
ol HH A i Aol ek Ak AR Y BAA
Hoho] FQ glo], d1eFE Tl BA M AEoE T4
& FE3= dl o] 8-¥ t(Tong and Zhang, 2016; Jelodar ef al.,
2019). WEHA UIFER FE2H EAES A $EHoR
ERAY A4 YojBA s HubARl vlo|H e F2E
A 4 9ot o] = ¥ B.8}(Park and Song, 2013), H .37}
8H(Kim and Park, 2015), 12 &-8k(Priva and Austerweil, 2015),
714273 B (Lee and Kang, 2018) & Tt 7= E=rQle] A&
FAE &8k o -85 o] $hth(Lee and Lee, 2019).
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A BAE TASE 2 BolSo] B4 FA i 48 B
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2 wgeleA|, 121 72 FAE ofE Dol S o)FoiA 9l

EAE & 4 At <Figure 3>& LDA EY 29
A A4S Yehd Aotk N& A4 9] ©o] 4= DE AA B4
T, KE AR AARE B 5 oW dth w,, v dHA T4
o] iR Gofolal o, = FFE EYE o]t g, dHA
A9 B B g0l ¢, &= kA To] Bxo|th o]uf, 9,9}
¢, = Dirichlet X5 TE+ o] 2 Dirichlet && 39
stol FZHuE o9 3E 53| Dirichlet £330 7|43 8H&
2 9,0 93 Hojd EY do] AAE 1 tolo] EXS 1}
BN & 2, 8 EYE do] REE Ul & ¢, 3kl 3l T
w,, 7t A A KBlei ef al., 2003; Lee and Lee, 2019).

Dirichlet Per-document Per-word Observed
parameter  topic proportions topic assignment word

Per-topic Topic
word distributions  hyperparameter

v v 3 '3

O

a 0 Zdi Wa,i b 3

Figure 3. LDA Graphical Model (Lee and Lee, 2019; Blei et al.,
2003)
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Figure 4. Number of Patents by Year (4,099 patents in total)
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Figure 5. Top 30 Registration Companies (1,810 patents in total)
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718 A 8] 2/AFo|
= A2 FIANWELE 29)Y A
U ERATKNeal Stephensen, 1992; ASF, 2007;
Lee, 2021; Shi et al., 2022).

LDA 2d8< B8 =23 207] EZ 9 E—ﬂ‘ﬁﬂr 7+ Y

o] H]5& YERN W <Table 2>9} 2t EYH S T&H EY
of 8 107 Foj&} &5 EA(A =, 25, = ]/7] AE
aste] A oJstgi om ofu /‘]'%Q T2 107 Tol & B4 A7

o ARG =2 EY
Hl2x gl o] ZEA ol F Thek
I lew, E3] [T4] Image Processing, [T6] 3D Modeling,
[T10] Object Processing, [T15] 3D Rendering, [T18] Image
Acquisition 5 3D A7 A3 78S A% 71€F [T1] Visual
Sensor, [T3] Wearable Device, [T9] HMD, [T13] Interactive
Interface, [T14] Wireless Interface, [T16] Motion Sensor, [T17]
Device Control & #1018 & tiufo] 2 2 HMD(Head-Mounted
Device) #& EFo| th4 Z3H T

71 HIFo] =& EYE-L [T8] Avatar Service(9.9%), [T9]
HMD(8.8%), [T14] Wireless Interface(8.4%), [T12] Virtual
Platform(5.9%) %! [T4] Image Processing [5.6%] & 2. = W EFH

& BE Olels, 84 7%, A
3 G| 7)& PR w3}

/=2 -2

Table 2. Results of Topic Derivation and Weight Analysis

22 7ME AIA ARl TS A3 A 8 as] 2dHIH
(Lee et al., 2021). 7} BlZFo] W& EZEZE [T2] Event
Processing(2.2%), [T7] Avatar Interaction(2.9%), [T16] Motion
sensor (3.1%), [T6] 3D modeling (3.2%), [T18] Image acquisition
(3.5%) 5ol 3= At

<Table 3> 7|8 EFES 7]% & (Technology Group)2-
2 OFF8Y e AFS =Fse $S et vl
B2 MBl e O] 71 258 T3k QLo uk(Shi ef
al., 2022; Schmitt, 2022; Lee et al., 2021; Cheng et al., 2022;
Park et al., 2021; Matthew Ball, 2021; John Radoff, 2021), &
ToA =28 2078 EFo] &3t 7|& 15O F <Table 3>
ol Mot 2o 147) =& H e Ve IFEC] 7K = 54
7%= o83t 4719 71 ASe =& e 2 A
Hl2 S4< Uthlle 432 48 78 £ZEdo AS
Platform Software(28.9%) 2} Q17 T4 9] B} o] 2 & A3}
© A1%5%] Device/Interface(39.3%) £0F2] Bl Zo] &9toH, ¥

£ 7)< Infrastructure Al 52 F T4 0.2 8] 5(9.4%)°] 714
A e

<Figure 6> %A £29 7% 154 ASS o &3t |
Bt 2 7| Ty 25 /NEE 210 2 Application Service,

Topic Name Frequent Words Weight(%)
[1] Visual Sensor Light, optical, convert, surface, lens, beam, filter, emit, configure, pair 52
[2] Event Processing Event, simulation, memory, command, register, assign, server, transmit, simulate, management 2.2
[3] Wearable Device Motion, signal, sensor, electronic, sound, switch, circuit, wearable, node, human 55
[4] Image Processing Image, map, camera, obtain, apparatus, environment, overlay, panoramic, robotic, collection 5.6
[5] Virtual World Game Video, pixel, effect, block, online, playback, game, multimedia, client, digital 4.7
[6] 3D Modeling Augmented, use, mixed, projection, drive, recognition, texture, active, calculate, surface 32
[7] Avatar Interaction Avatar, audio, operation, apparatus, simulated, communicate, person, user, space, embodiment 2.9
(8] Avatar Service FJser, .interface, identity, associate, environment, gesture, graphical, embodiment, property, 99
invention
[9] HMD Head, mount, track, sensor, wear, glass, tracking, front, simulator, movement 8.8
[10] Object Processing Object, engine, space, far, visualization, environment, vector, calculate, match, move 4.8
[11] Virtualization Machine, web, storage, request, run, agent, virtualization, send, operable, host 3.8
[12] Virtualization Platform | Server, environment, service, client, asset, host, virtualized, software, platform, connection 5.9
[13] Interactive Interface Interactive, interface, product, digital, material, store, experience, touch, operation, metadata 44
[14] Wireless Interface Processor, frame, memory, connect, wireless, controller, sensor, interface, configure, transmit 8.4
[15] 3D Rendering Graphic, rendering, resolution, behavior, scene, viewpoint, buffer, adaptive, rendered, decode 3.7
[16] Motion Sensor Movement, haptic, body, controller, direction, apparatus, part, threshold, force, value 3.1
[17] Device Control Module, force, actuator, terminal, robot, artificial, recognize, power, autonomous, Synchronize 39
[18] Image Acquisition Camera, screen, viewer, mobile, headset, locate, angle, lens, distance, plane 35
[19] Virtual Machine dE}rllr\ll;;(:cr:lel:;l/t, physical, VM, management, state, request, configure, hypervisor, obtain, 56
[20] Virtual World Service dE;l;/;Eir:lel;lt, physical, VM, management, state, request, configure, hypervisor, obtain, 51
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Table 3. Mapping Topics to Technology Group and Layer
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Technology Group Tech. Layer
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® Servi Application Service
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(Weight 22.5%)

@ Virtual Platform
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4] Image Processing X
\‘f‘\‘,;/
5] Virtual World Game /§\\‘%
QRS>
6] 3D Modeling S
. NN [ >
7] Avatar Interact ST
] Avatar ner.ac ion %";:Ii
8] Avatar Service
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10] Object Processing

2
‘\‘,i “§@® AR/VRXR
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3D engine Platform Software

(Weight 28.9%)
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13] Interactive Interface qﬁ:{"’ "d @ Mobile Devices
: //A‘»\ﬁgl — Interface
14] Wireless Interface —r " NX/ Z @ HMD .
/s K (Weight 39.3%)
15] 3D Rendering /’ "\ ‘ Hardware Components
16] Motion Sensor 7
7
17] Device Control /
. A@ Compute, (Edge)Cloud
18] Image Acquisition “} ® 5G. 6G Infrastructure
19] Virtual Machine ’ (Weight 9.4%)
4@ Network
20] Virtual World Service

Application Service

Contents and Services

Contents
Platform Software
Immersive Experience
Implementation S/W 3D Engine

Device/Interface Wearable Devices
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Device and Interface

Infrastructure

ICT Infrastructure 5G, 6G
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Figure 6. Metaverse Technology Framework and 14 Groups
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| No. weight | Topic Name |
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Figure 7. Metaverse Topics by Technology Framework
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Table 4. Number of Patents by Topic
Company Application Service Platform Software Device/Interface Infra
(51 | [7] | [8] [ [201] [2] | [4] | [6] |[10]|[12]| [15] |[18]| [1] | [3] | [9] |[13]|[14]|[16]|[17]|[11]|[19]
IBM 3 |41 |35 2 |16 | 25| 7 3 1 9 5 17 | 14 | 5 4 |23 |22
Microsoft 10 1 23 3 16 | 9 4 2 7 (13126 |10 | 12 | 7 1 15 | 14
Sony 11 | 2 511 0 4 6 6 1 6 9 |37 |7 |11 ] 6 7 1 8
Meta 3 1| 22 3 6 1 3 114 30| 2 |28 1 7 5 1 0 4
Google 3 1 12 1 |12 6 |11 | 5 (10| 5 | 18| 3 9 5 0 0 9
LG Elec. 0 1 1 0 0 1 1 3 3 1 3 0 0|8 |0 0
Samsung Elec. | 2 1 4 3 3 3 4 6 6 6 5 1 7 1 1 2
Disney 3 4 13 5 5 2 6 2 7 3 1 5 2 0 1 5
Intel 4 1 2 1 4 2 1 1 4 4 7 0 2 0 0 4
Amazon 5 1 7 1 2 9 7 0 0 2 1 1 1 0 4 4
Boe Tech. 2 0 0 2 0 0 1 3 ]15] 6 3 0 0 2 0 0
Apple 0 0 4 0 2 0 1 1 2 5 6 1 1 0 0 3
Nintendo 1 0 0 0 7 0 0 0 1 1 0 1 4 0 0 1
Avaya 0 2 5 0 0 1 0 0 2 0 0 1 0 0 6 2
Nvidia 1 0 0 1
Audi 0 0 0 1
AT&T 0 0 1 3
Elec. Arts 11 0 1 0
Roblox 2 0 1
VMware 0 0 2 2
Y= A5 YeEPAT =8k WEPH 2 AB|2~ A4S Y Samsung Elec.©| Device/Interface E0FollA H < B 5315
EFUl = Platform S/W 2! Device/Interface % & o] T2 9§ 9 1.t} Eiﬁ“ﬂ wet #2 5 S AARY O S gk A
A2 530 AT 195 29 Wabh go] dehgor 53, & Aaska 9 ¢ 4 ek
Meta, LG Elec., Google & Samsung Elec.?] 53] &5 F& <Tab1e 6> ?01 Ei”ﬁ 10t 7199 71 4 2olE E
St Aee & ST S UERH, <Table 7> 4 EHE T8 7145 7& 44 &
FHH o= Infrastructure _,_o]:‘— I ERH 2 A H] =5 Skl °]= 2 EXS Jehdth B3] 52 AH9 7959 A e
7k et E A HE S Au[ 27t Gl EE FAE R Device/Interface ¥-0F} Platform S/W T+ Application Service
g3t FH¢E AT7Y O] Microsoft, Google % AmazonO] 0]:9] EZSd e AdL R gon dF Ui dE

£3] 55 &isA Fa3a 1eH, Microsofte} Sony=

E3 52491 7142 359 4 Boprtglol,

=3 JEL mﬂ Az} 71l el A RE A7 53] 71?301 &3 = 54 AT Rob R BEo)] 53] 55 AT
TES AL UGS L otk T 1Y FAE LG Elec. 0 2H §)F Hofoll S B43 A 0= LpEht

Table 5. Leading Companies by Framework Layer and Changes by Period

Leading Companies (Ranking by Registered Patents)

Layer

Ist Period ('13.1/1 ~ “17.12/31)

2nd Period (‘18.1/1~ 22.8/31)

Application Service

IBM>Microsoft>Disney>Avaya>Sony

IBM>Meta>Microsoft>Sony>Disney

Platform Software

IBM>Microsoft>Sony>Disney>Nintendo

Google>Meta>Microsoft>Sony>Samsung Elec.

Device/Interface

IBM>Microsoft>Sony>Nintendo>Meta

LG Elec>Sony>Meta>Microsoft>Samsung Elec.

Infrastructure

IBM>Microsoft>Avaya>Sony>Amazon

IBM>Microsoft>Google>Sony>Amazon
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Table 6. Technological Strengths by Company - (D Top 10 Companies

Company Layer of Strength Topic of Strength (Top 3)
BM Application Service [7] Avatar Interaction, [8] Avatar Service
Platform Software [12] Virtualization Platform
Device/Interface [9] HMD
Microsoft Application Service [8] Avatar Service
Platform Software [10] Object Processing
Device/Interface [9] HMD, [14] Wireless Interface
Sony Platform Software [4] Image Processing
Application Service [5] Virtual World Game
Meta Device/Interface [1] Visual Sensor, [9] HMD
Application Service [8] Avatar Service
Device/Interface [9] HMD
Google Platform Software [10] Object Processing
Application Service [8] Avatar Service
LG Elec. Device/Interface [17] Device Control, [14] Wireless Interface
Device/Interface [14] Wireless Interface, [16] Motion Sensor

Samsung Elec.

Platform Software

[4] Image Processing

]
Disney Application Service [8] Avatar Service, [20] Virtual World Service
Platform Software [1] Visual Sensor
Intel Device/Interface [14] Wireless Interface, [9] HMD
Platform Software [4] Image Processing
Platform Software [12] Virtualization Platform, [15] 3D Rendering
Amazon [

Application Service

8] Avatar Service

Table 7. Technological Strengths by Company - (2) Business Domain Leaders

Company

Layer of Strength

Topic of Strength (Top 3)

Device/Interface [1] Visual Sensor, [14] Wireless Interface
Boe Technology -
Platform Software [4] Image Processing
Apol Device/Interface [14] Wireless Interface, [9] HMD
e
PP Platform Software [4] Image Processing
. Platform Software [10] Object Processing, [4] Image Processing
Nintendo . :
Device/Interface [16] Motion Sensor
Infrastructure [11] Virtualization
Avaya . - ;
Application Service [8] Avatar Service, [7] Avatar Interaction
Nvidi Device/Interface [9] HMD, [1] Visual Sensor
vidia
Platform Software [4] Image Processing
Audi Device/Interface [9] HMD, [1] Visual Sensor
udi
Application Service [10] Object Processing
Application Service [8] Avatar Service
AT&T Infrastructure [19] Virtual Machine
Device/Interface [14] Wireless Interface
Electric Arts Application Service [5] Virtual World Game
Robl Platform Software [12] Virtualization Platform, [10] Object Processing
oblox
Application Service [5] Virtual World Game
Platform Software [12] Virtualization Platform, [15] 3D Rendering
VMware [

Infrastructure

11] Virtualization, [19] Virtual Machine
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