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Abstract. Although several physical implementations of the smart factory have
been introduced, a viable implementation or platform has not been proposed to
make human workers perceive smart factory services more effectively and natu-
rally with respect to task assistance. In this paper, we propose an AR/VR-based
Live Manual, a new approach to provide workers with user-centric smart manu-
facturing services in loT-enabled smart factory testbeds. The proposed live man-
ual can make both on-site and remote workers do their tasks more effectively by
utilizing and synchronizing AR with VR, which can help them to make better
decisions. The synchronized dual view between AR and VR can help workers to
understand the situation more easily and clearly depending on the worker’s con-
texts and manufacturing situations.

Keywords: AR/VR-based Live Manual, Smart Manufacturing Services, Aug-
mented Reality, Virtual Reality, Smart Factory.

1 Introduction

One of the key themes in Industry 4.0 is to build a new manufacturing ecosystem (e.g.,
smart factory) through the fusion of smart manufacturing systems and information com-
munication technology (ICT). The new manufacturing ecosystem refers to a customer-
oriented production system that can incorporate ICT technology into the existing man-
ufacturing services to effectively and actively reflect the user’s demands and require-
ments [1,2].

To manufacture products, various production processes such as machining, assem-
bly and inspection should be performed [3,4]. In order to be more productive and safe
while performing tasks, the worker must be able to accurately and effectively recognize
the manufacturing situation and the operation status of related facilities. The operating
conditions of the facilities change in real time due to internal factors such as facility
failure and external factors such as production status or customer requirement change.
For this reason, it is very difficult for the worker to recognize all working situations and
to acquire all related knowledge. Therefore, it is essential to provide relevant and user-
centric visual information to workers in a form appropriate to their working situations
[5.6].



With the advent of smart augmented reality (AR) and virtual reality (VR) devices,
AR and VR have been widely applied to a variety of fields such as entertainment, game
and education. In particular, in manufacturing industries, AR and VR are considered to
play an important role in providing more user friendly visual information to the worker
for task assistance and monitoring [7-9]. However, it is almost impossible to provide
user-oriented manufacturing services without considering the worker’s location, the
status of manufacturing facilities, and worker’s role and situation [5,6,8].

In this paper, we propose an AR/VR-based Live Manual, a new approach to provide
workers with user-centric manufacturing services regarding worker’s contexts and sit-
uations by combining AR, VR, and deep learning in IoT-enabled smart factory testbeds.
The proposed live manual can be executable in various mobile and wearable devices,
and has been successfully applied to two smart factory testbeds. Section 2 overviews
the proposed approach. Section 3 presents the proposed AR/VR-based Live Manual
with some implementation results. Section 4 concludes the paper with some remarks.

2 Proposed AR/VR-based Live Manual

This paper proposes an AR/VR-based Live Manual to more effectively provide user-
centric manufacturing services such as information visualization, monitoring, and shar-
ing for task assistance and maintenance in the loT-enabled smart factory environment.
Fig. 1 presents the research goal and framework of the proposed live manual. We aim
to develop an AR/VR-enabled mediator to workers in smart factory testbeds built in
two cities such as Ulsan and Gumi, South Korea as shown in Fig. 1.
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Fig. 1. Proposed AR/VR Live Manual for supporting various kinds of user-centric task assis-
tance.



The AR/VR-based Live Manual supports the visual augmentation of manufacturing
information acquired from the related manufacturing execution system (MES) in real
time into physical artifacts through AR/VR technology depending on the user context
or situation. The deep learning technology has also been utilized to find the worker’s
location and to detect physical facilities in the factory to overcome the limitation of the
conventional marker-based AR. The AV/VR Live Manual consists of five main mod-
ules: Human-Machine Interface, AR/VR Visualization, Detection and Recommenda-
tion, Information View Management, and Interaction with Information modules. Based
on the five modules, the AV/VR Live Manual enables to track and recognize physical
facilities and products using deep learning-based AR, to analyze the detected results
and relevant manufacturing information retrieved from MES and working environment,
and to embed the analyzed information into the worker’s display of smart devices, ren-
dered in AR and VR.

3 AR/VR-based Live Manual with Deep Learning-based Object
Detection

One of the key features of the AR/VR Live Manual is to make workers do their tasks
more effectively by combining and synchronizing AR and VR. Furthermore, the deep
learning method is applied to support physical object detection and to suggest recom-
mendation for task assistance by analyzing manufacturing information, user contexts
and result of the object detection.

For the traditional marker-based AR, it is essential that the facility or its surrounding
environment must have a planar surface to attach AR markers. To make worse, to sup-
port different perspective-based recognition, multiple markers must be attached, which
is almost impossible in the real environment. For this reason, the object detection with-
out markers is also supported by applying a deep learning method such as YOLO [10]
as shown in Fig. 2. This method can overcome the inherent problem of the marker-
based AR.
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Fig. 2. Applying the deep learning-based object detection to AR [10].



Based on the detected facilities and the worker’s context, the live manual can retrieve
related manufacturing information, filters the relevant information required for the
worker, and augments it into corresponding physical facilities or products through
smart and wearable devices. For this purpose, another machining learning method with
an auto encoder (AE) is used, which can recommend a necessary task or suggest an
appropriate information depending on the worker’s role [11].

Another key feature of the AR/VR Live Manual is to provide a synchronized dual
view in addition to the main AR view. In particular, the dual view can be switched, and
the VR can be the main view if the worker needs alternative information than aug-
mented information, which can complement the AR view. Therefore, the worker can
more effectively monitor and analyze the manufacturing information depending on the
situation of the working environment. Fig. 3 presents the implementation of the
AR/VR-based Live Manual in two different modules of the smart factory testbeds.

Fig. 3. Implementation of AR/VR-based Live Manual using handheld devices that has been ap-
plied to two different smart factory modules; the live manual supports dual views that can com-
plement AR and AR as they are visually synchronized each other.

We have developed the AR/VR-based Live Manual for providing user-centric man-
ufacturing services, which has been applied to the two real smart factory testbeds built
in two cities. The two testbeds can produce different types of BLDC motors and hand-
pieces, respectively. In addition to the AR-based task assistance with the dual view and
the deep machine learning, the proposed approach can also support different function-
alities such as VR-based smart factory simulation with a high immersion using VR
HMDs such as HTC Vive™, world-in-miniature (WIM)-based visualization, mixed re-
ality (MR)-based visualization and monitoring of physical artifacts using wearable
glasses such as MS HoloLens™. In particular, when a remote collaboration is per-
formed, it is possible to interoperate with the on-site worker with the AR module. Using
different level of functionalities, on-site workers and remote workers can monitor real-
time manufacturing information more easily and perform required tasks more effec-
tively.



4 Conclusion

In this paper, we proposed the AR/VR-based Live Manual, a unified approach to
provide human workers with smart factory services in loT-enabled testbeds. The pro-
posed live manual system can be executable in various smart and wearable devices by
taking advantage of combining and synchronizing AR and VR. In addition, it can make
workers do their tasks more effectively as the proposed approach can provide situation-
adaptive visualization with respect to the worker’s surrounding contexts and manufac-
turing situations. The dual view conversion between AR and VR helps on-site workers
to switch the live manual to either VR- or AR-focused mode using smart and wearable
devices. We have also developed several AR/VR-based live manual modules using
smart glasses. We are currently designing a more concrete platform for supporting var-
ious AR/VR-based task assistance. We are also evaluating the usability and usefulness
of the proposed approach.

Acknowledgements

This work was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF-
2016R1D1A1B03934697) and the Development of I[loT-based manufacturing testbeds
for the Korean manufacturing equipment industry funded by the Ministry of Science
and ICT (2015-0-00374).

References

1. Lee, J., Bagheri, B., Kao, H.-A.: A cyber-physical systems architecture for Industry 4.0-
based manufacturing systems. Manufacturing Letters 3, 18-23 (2015).

2. Wang, S., Wan, J., Li, D., Liu, C.: Knowledge reasoning with semantic data for real-time
data processing in smart factory. Sensors 18(2), 471 (2018).

3. Peniche, A., Diaz, C., Trefftz, H., Paramo, G.: Combining virtual and augmented reality to
improve the mechanical assembly training process in manufacturing. Proc. the 6" WSEAS
International Conference on Computer Engineering and Applications, pp. 292-297 (2012).

4. Wang, X., Ong, S.K., Nee, A.Y.C.: Multi-modal augmented-reality assembly guidance
based on bare-hand interface. Advanced Engineering Informatics 30(3), 406-421 (2016).

5. Henderson, S., Feiner, S.: Exploring the benefits of augmented reality document for mainte-
nance and repair. I[EEE Trans. Visualization and Computer Graphics 17(10), 1355-1368
(2011).

6. Webel, S., et al.: An augmented reality training platform for assembly and maintenance
skills. Robotics and Autonomous Systems 61, 398-403 (2013).

7. Zhu, Z., Branzoi, V., Wolverton, M., Murray, G., Vitovitch, N., Yarnall, L.: AR-mentor:
augmented reality based mentoring system. Proc. ISMAR, 17-22 (2014)

8. Liu, C., Cao, S., Tse, W., Xu, X.: Augmented reality-assisted intelligent window for cyber-
physical machine tools. Journal of Manufacturing Systems 44, 280-286 (2017).



10.

11.

Manca, D., Brambilla, S., Colombo, S.: Bridging between virtual reality and accident simu-
lation for training of process-industry operators. Advances in Engineering Software 55, 1-9
(2013)

Redmon, J., Divvala, S., Girshick, R., Farhadi, A.: You Only Look Once: unified, real-time
object detection. Proc. CVPR’16, 779-788 (2016).

Zhang, S., Yao, L., Xu, X., Wang, S., Zhu, L.: Hybrid collaborative recommendation via
semi-AutoEncoder. arXiv preprint arXiv:1706.04453 (2017).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


