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For MetaCloud storage, we have devised a modular data store that indexes point data on a network drive in a
custom Hierarchical Data Format version 5 (HDFS) format that facilitates retrieval of sub-regions of point
clouds (PLY is also supported) and records the associated meta data/processing history in a database. Both the
point storage and metadata storage components can be swapped with alternatives to meet site-specific storage
requirements. MetaClouds can be retrieved from the store over using the GetMetaCloud operation in the
MetaCloud Workspace plugin. Alongside the ability to read/write and interrogate MetaClouds, the MetaCloud
Workspace plugin includes a sophisticated Graphical User Interface (GUI) application, MetaCloud Inspector,
which allows operators to discover, inspect and visualise MetaClouds (Figure 7).
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Figure 7. MetaCloud Inspector application (top-left: the MetaCloud dependency graph, top-right:
visualization of currently selected MetaCloud, bottom-left: search panel for identifying MetaClouds, bottom-
right: meta data panel)

The MetaCloud Inspector application allows operators to quickly locate a dataset of interest using the search
panel (Figure 7, bottom-left), then use the interactive process history graph (Figure 7, top-left) to select a
MetaCloud for interactive visualization (Figure 7, top-right) and meta-data inspection (Figure 7, bottom right).
Search parameters include time range, process type, ID or label, and an option is provided to include “Final
Results Only” — those that are not inputs downstream. Multiple results can be viewed simultaneously, allowing
comparisons to be made not only between stages within a dataset, but across datasets.

In the process history view, the triangle graph nodes represent “Processes” that have generated one or more
MetaClouds, while the “cloud of clouds” icons represent the MetaClouds. Clicking on an icon in this view will
show the inputs/descriptors in the Metadata panel (Figure 7, bottom right), including shortcut links to related
MetaClouds. Image descriptors are shown as links that, when clicked, display in the “Images” tab.

Results can be visualized using different colouring schemes, such as depth, point clouds index (seen in Figure 7,
top-right), Red-Green-Blue (RGB) state, or by a custom metadata descriptor (e.g., all component point clouds
with a ‘curvature’ metadata value > 5 should be colored blue).

4. DISCUSSION AND CONCLUSION

Applying the technology underlying the Mixed Reality Lab to multiple research projects in multiple different
environments has allowed our team to explore its effectiveness as a unified platform for the development of
digital twin systems involving visual inspection. Implementing digital twin solutions using the platform has
led to the discovery of multiple higher order challenges relating to the digital twin’s awareness of its own
components and capabilities, solutions to which are paramount if any implementation is to function
appropriately in a real-world setting without the ongoing support of experienced engineering resources. The
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MetaCloud system and Status Dashboard solutions presented in this paper represent flexible and extensible
approaches to solving these challenges that appropriately consider the limited engineering resources available
to the organisations looking to adopt digital twin technologies. These utilities help make the MRL technology
suite an attractive offering for research teams or organisations looking to implement digital twin systems.
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