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- Fig. 1 describes the overall HDT process flow and how the
In.trodu.ctllon o , developed models integrate into the DT. The SfM process
This work highlights the significant aspects of developinga  fiow js shown in Fig. 2, while the data-driven integration
d/g/tal twin (DT) for photovoltaic (PV) systems, .Wll‘h a focus and processing for all exogenous and PV site data are
on digital models that enable the safe and efficient use of described in Fig. 3.

autonomous platforms (unmanned aerial and ground
systems. The integration of autonomous systems introduces
the need for a different approach to modelling principles to Results
enhance navigation coordination and real-time image
transfer.

Methodology

As part of ongoing research, this study implemented a hybrid
Digital Twin of a solar farm using 3D modelling and database
Implementation. We present findings from the terrestrial
laser scanner (TLS), structure-from-motion (SfM) 3D models,
and interaction with the database structure for an
experimental PV farm. The aim is to investigate the
comparative involvement of applying any of the techniques
for utility-scale PV farms.

Leica RTC360, a type 1 3D laser scanner with an integrated
HDR spherical imaging and visual inertial system, was used
for the TLS 3D model following IEC 60825-1:2014. DJI
Mavic 3 Thermal Drone with RTK module and Emlid Reach

RS2+ as a base for RTK was used for the STM model. - Fig. 4. Outcome of (a)TLS 3D-model. (b) SfM 3D model,
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G . [ MySQL database In Fig. 4, we show some results, including the outputs of
' /J format for storage Google cloud the TLS and SfM models. While the TLS model already
SR ' Lo <GCS) provides significant point cloud level precision, the SfM
\,  veloeit o RO Da‘am model is préne to inaccuracies; as such, model verification

commands SDK bridge node . ) , \ .
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directory

of interest (ROIl) essential to autonomous navigation.

It is observed that, while the TLS model provides more
accurate information for under PV module navigation
compared to the STM, it is a very dense model and requires
significant computational resources. As such may become

Fig. 1. HDT process flow

UAV flight plan & parameters
- Determine flight plan (orthogonal/oblique)
- Determine parameter settings in planned mode (overlap,

\ UAVangle, altinde, GOD, gimbal pitch, ete.) unrealistic for utility-scale farms.
r Operntional Area Assessment w Despite successtul implementation of the described model,
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) I ’ accurate 3D modelling from commercial PV software to
— J use the initially designed model for PV-DT implementation.
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| Conclusions
Optimal GCP location points J
I This work has successfully implemented 3D models for
Gather data (Execute mission) | Iintegration and full-scale development of a PV-DT using a
——— midedicmd " | real-time system at the University of York, United Kingdom.
l It expands on the potentials of DT for PV systems,
‘ Post_processing “~ particularly for use with autonomous systems, which are
Daa e can-up faricfucts removal) . 5 severely limited in the literature. In addition, the
Dimensional accuracy evaluation o wain fUNAa@mMentals apply to several interoperable systems for
Fig. 2. SfM process flow F/g 3 Structured database monitoring and maintenance.
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