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Multimedia Research Toward the Metaverse
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Metaverse, a set of fully immersive digital worlds where people can interact with
one another using three-dimensional (3-D) avatars, is poised to become an
increasingly popular modality to communicate with others. Many in the space
consider it an evolution of the Internet, with augmented and virtual reality headsets
providing the hardware to both visualize and interact with it. However, creating
custom 3-D content and environments for a digital world can be extremely time-
consuming and costly compared to typical web pages. To this end, research in
procedural content generation is required to empower the efficient creation of high-
quality multimedia contents for the metaverse. One other core concern when
creating a fully decentralized metaverse is the need to download relevant
environments on demand as people traverse across different worlds. Further
research by the multimedia community on efficient multimedia networking, storage,
and compression is necessary to ensure that digital worlds remain easily accessible
to others.

Metaverse aims to build an immersive virtual
world that allows the users to interact with
the digital environment and other users in

real time. Such concept has recently attracted much
attention from both the academic and industry, but
there remain many fundamental problems to be
resolved to realize the metaverse. Among them, multi-
media also contributes to an important portion and
faces many emerging but challenging technical prob-
lems.1 Specifically, the primary hurdles toward the cre-
ation of a full-fledged metaverse include efficient
creation and generation of three-dimensional (3-D)
immersive contents, efficient multimedia content
transmission, and so on.

In terms of the 3-D multimedia content generation,
works on architecting immersive 3-D experiences,
known as the problem of procedural content genera-
tion (PCG), involve the integration of large amounts of
multimedia contents, including 3-D models, 2-D
images, and 360 video.2 Without in-depth knowledge of
the tools and processes necessary to create such con-
tent, many creators in the metaverse will be extremely
limited in what they can create. Traditionally, 3-D PCG

has involved the manual creation of small building-
block 3-D assets that can be reconfigured together to
create new objects.3,4 These methods do not allow for
fine-grained control over the environment, and still
require the creation of 3-D assets.

More recently, AI systems have proven to be a pow-
erful tool for 3-D PCG but are still in their infancy. One
of the seminal works in AI toward reducing the need for
such equipment is the introduction of NeRFs.5 NeRFs
allow for novel-view synthesis based on a fixed set of
input images. Many variants have been developed to
allow for fast training,6 compression for low-latency
viewing,7 and not requiring camera parameters.8 How-
ever, further research is needed to understand the via-
bility of neural rendering specifically for 3-D immersive
environments, where users may look at assets from
extreme angles. Another recent approach of PCG is
based on cross-modal generative models using the
natural language, which utilizes the user-generated
language description of the content to directly
create metaverse environments. Meta has recently
announced BuilderBot, using natural language to help
users generate 3-D environments using voice prompts.
Chen et al.9 and Howard-Jenkins et al.10 have provided
ways to leverage natural language to generate 3-D
rooms, which can help create 3-D environments with
assets already laid out. Large-scale multimodal models
such as OpenAI’s DALL-E aim to generate 2-D images
from arbitrary natural language prompts.11
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While many of the aforementioned works rely on
only one type of input for their PCG algorithms, it may
be of interest to the multimedia community to build
systems that may integrate different input modalities
together. Such work is similar in concept to multi-
modal deep generative models.12 Using different kinds
of input could allow users to have additional flexibility
and control over the content they wish to create,
and lead to more robust systems for PCG in the
metaverse.

Another fundamental problem toward the meta-
verse is to efficiently transmit multimedia contents
to users’ devices. Due to the extremely large volume
of multimedia contents contained and displayed in
the metaverse, a hybrid communication strategy
based on both local storage and data streaming is
explored.13 However, such methods would introduce
intensive amounts of multimedia data to be trans-
mitted. To improve the efficiency of 3-D multimedia
content transmission, various strategies have been
developed. Multimedia coding and compression
methods have been utilized to encode the data with
less disk storage.14 Especially with the help of deep
neural network, large-volume multimedia contents
in the metaverse can be compressed into low-
dimensional features with encoders, and then recon-
structed by another decoder network in a local
device without significant loss of content quality.15

Meanwhile, since only partial data in metaverse are
needed for the users due to limitations in their per-
ception without the reduction in the quality of expe-
rience, methods have been investigated to control
the quality of presented contents16 and transmit
only the data expected to be displayed based on
the prediction of saliency, viewport, and user behav-
iors.17 While many multimedia techniques have been
developed to facilitate network communication for
the applications of the metaverse, the latency of
the network transmission remains a challenging
problem. Meanwhile, the data streaming, network-
level optimization on the 5G networks, and other
further research on multimedia coding and subjec-
tive quality optimization remain important to enable
broader and more efficient development of the
metaverse.

Metaverse integrates a collection of multimedia
contents and requires various techniques to enable
efficient and high-quality creation, generation,
transmission, and visualization of the contents. In
addition, various domains such as network commu-
nication, artificial intelligence, virtual reality hard-
ware, etc., need to work together to provide the
comprehensive solution. While major advancements

have been made in the past decade, continuous
research is still required to bring the immersive
digital world to a broader range of end users and
enable interactive and immersive experiences for
them.

REFERENCES
1. S. -M. Park and Y. -G. Kim, “A metaverse: Taxonomy,

components, applications, and open challenges,” IEEE

Access, vol. 10, pp. 4209–4251, 2022, doi: 10.1109/

ACCESS.2021.3140175.

2. E. Coltey, Y. Tao, T. Wang, S. Vassigh, S. -C. Chen, and

M. -L. Shyu, “Generalized structure for adaptable immersive

learning environments,” inProc. IEEE 22nd Int. Conf. Inf.

Reuse Integr. Data Sci., 2021, pp. 294–301, doi: 10.1109/

IRI51335.2021.00047.

3. W. E. Lorensen and H. E. Cline, “Marching cubes: A high

resolution 3D surface construction algorithm,” in Proc.

14th Annu. Conf. Comput. Graph. Interactive Techn.,

1987, pp. 163–169, doi: 10.1145/37402.37422.

4. H. Kim, S. Lee, H. Lee, T. Hahn, and S. Kang, “Automatic

generation of game content using a Graph-based wave

function collapse algorithm,” in Proc. IEEE Conf. Games,

2019, pp. 1–4, doi: 10.1109/CIG.2019.8848019.

5. B. Mildenhall, P. P. Srinivasan, M. Tancik, J. T. Barron,

R. Ramamoorthi, and R. Ng, “NeRF: Representing

scenes as neural radiance fields for view synthesis,” in

Proc. Eur. Conf. Comput. Vis., 2020, pp. 405–421,

doi: 10.1007/978-3-030-58452-8_24.

6. A. Yu, R. Li, M. Tancik, H. Li, R. Ng, and A. Kanazawa,

“Plenoctrees for real-time rendering of neural radiance

fields,” in Proc. IEEE/CVF Int. Conf. Comput. Vis., 2021,

pp. 5752–5761.

7. P. Hedman, P. P. Srinivasan, B. Mildenhall, J. T. Barron,

and P. Debevec, “Baking neural radiance fields for real-

time view synthesis,” in Proc. IEEE/CVF Int. Conf.

Comput. Vis., 2021, pp. 5875–5884.

8. Z. Wang, S. Wu, W. Xie, M. Chen, and V. A. Prisacariu,

“NeRF–: Neural radiance fields without known camera

parameters,” 2021, arXiv:2102.07064.

9. Q. Chen, Q. Wu, R. Tang, Y. Wang, S. Wang, and M. Tan,

“Intelligent home 3D: Automatic 3D-house design from

linguistic descriptions only,” in Proc. IEEE/CVF Conf.

Comput. Vis. Pattern Recognit., 2020, pp. 12625–12634.

10. H.Howard-Jenkins, S. Li, andV. Prisacariu, “Thinking outside

the box: Generation of unconstrained 3D room layouts,” in

Proc. AsianConf. Comput. Vis., 2018, pp. 432–448.

11. A. Ramesh et al., “Zero-shot text-to-image generation,”

in Proc. Int. Conf. Mach. Learn., 2021, pp. 8821–8831.

12. M. Suzuki and Y. Matsuo, “A survey of multimodal

deep generative models,” Adv. Robot., vol. 36, no. 5/6,

pp. 261–278, 2022.

126 IEEE MultiMedia January-March 2022

EIC MESSAGE

http://dx.doi.org/10.1109/ACCESS.2021.3140175
http://dx.doi.org/10.1109/ACCESS.2021.3140175
http://dx.doi.org/10.1109/IRI51335.2021.00047
http://dx.doi.org/10.1109/IRI51335.2021.00047
http://dx.doi.org/10.1145/37402.37422
http://dx.doi.org/10.1109/CIG.2019.8848019
http://dx.doi.org/10.1007/978-3-030-58452-8_24.


13. V. Verdot and A. Saidi, “Virtual hybrid communications–

a telecom infrastructure for the metaverse,” J. Virtual

Worlds Res., vol. 4, no. 3, pp. 1–10, 2011.

14. K. Yoon, S.-K. Kim, S. P. Jeong, and J. -H. Choi, “Interfacing

cyber and physical worlds: Introduction to IEEE 2888

standards,” inProc. IEEE Int. Conf. Intell. Reality, 2021,

pp. 49–50, doi: 10.1109/ICIR51845.2021.00016.

15. D. Liu, Y. Li, J. Lin, H. Li, and F. Wu, “Deep learning-based

video coding: A review and a case study,” ACM Comput.

Surv., vol. 53, no. 1, pp. 1–35, 2020.

16. M. Xu, C. Li, Z. Chen, Z. Wang, and Z. Guan, “Assessing

visual quality of omnidirectional videos,” IEEE Trans.

Circuits Syst. Video Technol., vol. 29, no. 12, pp. 3516–3530,

Dec. 2019, doi: 10.1109/TCSVT.2018.2886277.

17. M. N. Akcay, B. Kara, S. Ahsan, A. C. Begen, I. Curcio,

and E. Aksu, “Head-motion-aware viewport margins for

improving user experience in immersive video,” ACM

Multimedia Asia, Article, vol. 43, pp. 1–5, 2021,

doi: 10.1145/3469877.3490573.

SHU-CHING CHEN is currently a Professor with Florida

International University, Miami, FL, USA. Contact him at

chens@cs.fiu.edu.

January-March 2022 IEEEMultiMedia 127

EIC MESSAGE

http://dx.doi.org/10.1109/ICIR51845.2021.00016
http://dx.doi.org/10.1109/TCSVT.2018.2886277
http://dx.doi.org/10.1145/3469877.3490573.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


