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Abstract. To overcome the limitations of 2D drawings and heavy 3D models in
facility management, this study proposes a lightweight, panoramic image-based
information interaction system. By linking high-resolution panoramas according
to their spatial positions within a 3D reference model, the framework reproduces
the immersive navigation experience of conventional 3D environments without
the computational overhead. The system embeds asset metadata directly into the
panoramas, enabling rapid comprehension and on-demand retrieval of critical in-
formation. A prototype was implemented and deployed for an experimental data-
center room to evaluate technical feasibility and managerial value. Test and as-
sessments demonstrate that the approach reduces model payload while preserv-
ing spatial fidelity and user engagement. Results indicate substantial gains in de-
ployment ease and hardware scalability. The proposed methodology thus offers
a novel, practical pathway for the development of efficient, user-centric asset in-
formation systems in the Architecture, Engineering, Construction, and Opera-
tions (AECO) domain.
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1 Background and Introduction

Building facility management spans the majority of a building’s life-cycle, and its ef-
fectiveness directly governs sustained operational performance. Facility encompass the
building envelope, structural systems, MEP and HVAC installations, and smart-build-
ing technologies; a deficiency in any category can compromise daily functionality. Cur-
rent practice still relies predominantly on as-built 2D drawings whose abstract symbol-
ogy demands considerable engineering literacy. Although 3D models are increasingly
adopted, their inherent complexity and steep learning curve hinder rapid deployment.
Subsequent immersive technologies such as virtual and mixed reality have attempted
to mitigate these limitations, yet they introduce further barriers: high-end hardware,
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intensive training, and inconsistent user experience, all coupled with fragile long-term
support.

To overcome these constraints, this study proposes a lightweight, 3D-derived facility
management framework. High resolution 2D panoramas are systematically extracted
from the native 3D model and spatially linked to recreate the impression of seamless
3D navigation. The solution obviates the need for specialised equipment or high per-
formance computer; standard office workstations, smartphones and tablets suffice. By
replacing abstract drawings with intuitive, spatially coherent imagery, the method em-
powers facility managers with immediate, accurate environmental comprehension,
thereby enhancing both the efficiency and quality of building facility management.

2 Literature Reviews

2.1 Demand for Interactive Information in Building Facility Management

Effective building facility management demands exhaustive knowledge of the facility’s
information landscape and the ability to tailor interventions to heterogeneous, evolving
requirements [1]. Because cognition is fastest when data are spatially encoded, visual-
isation has become indispensable. Traditional 2D drawings supply such encoding, but
their symbolic abstraction limits intuitive interpretation [2]. Consequently, many asset-
management teams translate these drawings into 3D Asset Information Models (AIMs)
derived from Building Information Modelling (BIM) workflows. AIM construction is
ostensibly guided by Asset Information Requirements (AIR), yet the resulting models
are rarely meet demands: generation costs are high, update cycles are labour-intensive,
and interfaces demand specialist expertise [3].

Moreover, facility portfolios require continuous data refreshes and multi-user col-
laboration, necessitating a terminal for every stakeholder. Full-fidelity AIM visualisa-
tion presupposes high-end desktop graphics; scaling this hardware to an entire work-
force is economically prohibitive [4]. Mobile inspection rounds exacerbate the di-
lemma, because commercial tablets and smartphones lack the computational headroom
of desktop workstations, forcing reliance on aggressive geometric simplification. Such
lightweight derivatives compromise spatial fidelity and reintroduce abstraction, while
the two-stage process, comprehensive AIM followed by decimation becomes a redun-
dant cost centre rather than a value-adding workflow [5].

2.2 Impact of Panoramic Images on Information Interaction

Panoramic images are static photographs that capture the full spherical or hemispherical
field of view from a single vantage point. When generated with calibrated rigs or con-
sumer-grade cameras and stitched through dedicated software, they can be explored
immersively via head-mounted displays, smartphones, or tablets. Their intrinsic ad-
vantage lies in format ubiquity: standard JPEG or PNG files incur minimal storage
overhead and are rendered on commodity hardware without specialised graphics accel-
eration [6]. Production is equally lightweight, which only requires regular cameras plus
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stitching suites suffice, and distribution is trivial through web viewers or native appli-
cations.

By consecutively linking panoramas along logical circulation paths, one can approx-
imate the navigational experience of a full 3D model while avoiding its geometric pay-
load [7]. Because the ultimate objective of 3D visualisation is the contextual delivery
of asset data, metadata can be anchored directly on the panoramas using spatial
hotspots, yielding an information-rich yet frugal surrogate. Furthermore, these panora-
mas can serve as living canvases: inspection findings, sensor feeds and work orders can
be georeferenced and updated in situ, ensuring the system mirrors the current physical
state of the facility [8]. This lightweight, rapidly deployable and intuitively operable
framework equips asset teams with an immediate, unmediated understanding of build-
ing information, thereby elevating both the efficiency and the quality of facility man-
agement.

3 Research Design

The question of this research is, how can facility-management teams interact more ef-
fectively with building asset information? The aim of this research is to integrate and
spatially link panoramic imagery into a lightweight, intuitive surrogate of the Asset
Information Model (AIM), thereby improving usability without sacrificing spatial con-
text. The research objectives are: 1) Information-interaction requirements within build-
ing-asset management; 2) Technical methods and workflows for deploying panoramic
images as interactive information carriers; 3) Impact assessment of a panorama image-
based interaction system on facility management performance.

This research uses mix-method apporach, for Objective 1 and 2, literature review are
used that synthesises current knowledge on facility management information needs and
state-of-the-art panoramic image techniques; for Objective 3, an experimental proto-
type is developed and deployed to evaluate its usability and potential values.

4 Experimental Prototype Design

An experimental data-center module was selected as the testbed. The geometric base-
line was created in SketchUp, chosen over parametric BIM platforms such as Revit for
its rapid, lightweight geometry generation that meets the visualisation requirements of
facility managers without superfluous detail. Panoramic and conventional renderings
were subsequently produced via the Enscape plug-in at high resolution, georeferenced,
and imported into the 720yun platform to implement interactive hotspots and naviga-
tion logic (see Fig. 1).
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Fig. 1. Development of the Interactive System

4.1 Development of the 3D Model and Panorama Images

Using SketchUp, a metrically accurate digital twin of the data-center module was as-
sembled. Architectural primitives such as walls, suspended ceiling, and raised flooring
were extruded directly from surveyed dimensions. Electrical assets were then paramet-
rically modelled: server racks, power distribution units, and cable trays were replicated
to manufacturer specifications, while luminaires and surveillance devices were placed
according to facility-specific AIM requirements. The resulting federated model (see
Fig. 2) served as the single geometric source for all subsequent panoramic exports.

Fig. 2. Three-Dimensional Model integrated in SketchUp

Although SketchUp provides plug-ins for direct panoramic export, the raw, un-
shaded geometry yields images that are technically functional yet visually inadequate
for professional facility management. To guarantee photorealistic clarity, the SketchUp
model was coupled with the real-time renderer Enscape. This bidirectional live-link
allows any viewpoint required by facility workflows to be captured instantaneously,
exporting either immersive 360° panoramas or conventional stills at production-grade
quality (see Fig. 3).
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Fig. 3. Rendering Output from SketchUp

4.2  Interactive System Development

Following model creation in SketchUp and high-fidelity panoramic rendering in En-
scape, the individual panoramas were aggregated into a coherent, navigable environ-
ment using the 720yun platform. 720yun’s cloud-native architecture enables seamless
storage and on-demand streaming; facility personnel access the model through a light-
weight mobile application without local data transfer. Multi-user synchronization is
achieved via the shared cloud workspace, guaranteeing that every team member oper-
ates on the most current asset information regardless of device or location (see Fig. 4).
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Fig. 4. Interactive System Developed by Utilizing 720Yun

Although 720yun was adopted for rapid prototyping, more functions can be realized
with the Unity game engine, whose open architecture affords unlimited customisation.
To replicate conventional model navigation, panoramas are rendered at sub-metre in-
tervals along predetermined circulation paths; consecutive spheres are then linked
through floor-level hotspots that trigger instantaneous transitions, emulating the fluent
walk through of a full 3D environment. Interactive affordances are anchored directly
onto asset geometry within each panorama, enabling users to retrieve maintenance logs,
specifications, or live sensor data via a single gaze-and-click gesture.

5 Discussion

The prototype framework is inherently extensible. By chaining panoramic images along
circulation paths at progressively shorter intervals, the system asymptotically ap-
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proaches the visual continuity of full 3D navigation (see Fig. 5). At each node, interac-
tive anchors are overlaid on equipment imagery; a single tap retrieves live asset data,
while updates written back to the cloud propagate instantly to the entire team.
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Fig. 5. Panorama-based Interactive Facility Management System
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Cloud synchronisation guarantees that any authorised device such as desktop, tablet,
or smartphone can accesses the latest dataset. Because the visualisation is raster-based,
rendering demands are minimal, eliminating the need for high-end GPUs. Compared
with the intricate interfaces of BIM-centric AIMs, the panoramic paradigm replicates
familiar web and mobile conventions, reducing training to minutes rather than days.
Consequently, facility managers can redirect cognitive resources from software mas-
tery to the core tasks of asset monitoring and maintenance, thereby lowering organisa-
tional entry barriers and total cost of ownership.

6 Conclusion

This study introduces a panorama images-driven interaction framework that circum-
vents the operational complexity and hardware dependency of conventional BIM-based
asset management, offering facility teams a lightweight yet spatially coherent alterna-
tive for visualising building information. Theoretically, it reframes 3D model utilisation
through controlled 2D projection, demonstrating that geometric fidelity can be traded
for accessibility without sacrificing contextual understanding. Practically, the validated
prototype evidences the feasibility of embedding asset data within linked panoramas,
thereby providing a deployable pathway for rapid, low-cost information retrieval in
building facility management workflows.

7 Limitation and Future Research

The present system remains a proof-of-concept, constrained by the functional ceiling
of 720yun, whose cloud-centric toolset is not designed for comprehensive facility man-
agement workflows. Future iterations will therefore migrate to open game engines (e.g.,
Unity or Unreal) to enable deeper customisation, rule-based analytics and bidirectional
data synchronisation with enterprise maintenance management systems.
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The prototype was exercised on an experimental single data-center module; its scala-
bility to large, multi-storey facilities, and to the heterogeneous data volumes typical of
portfolio-level management has yet to be demonstrated. Subsequent studies will deploy
a full-scale pilot spanning several building typologies to make more evaluations.

Finally, the current evaluation occurred in a controlled laboratory environment, end-
user validation by practising facility managers is therefore imperative. Future work will
embed professional asset teams in participatory design sprints to refine interaction par-
adigms, data schemas and training protocols, ensuring that the resulting platform aligns
with real-world operational realities.
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