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Challenging and
Unfamiliar Technical
Concepts

Invisible Processes Electrical Hazards

(Photo by Joe DelNero / NREL)



AR, VR, and Situated
Visualization can help

* Shown to improve learning
gains and motivation [2]

* Improve students’ attitudes to
technical environments [3]

* Contextualizing visualizations
and presentations on physical
equipment [4]. ‘

* Provide additional degrees of
freedom to represent and
communicate complex
technical concepts [5].
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Objective

Intuitive, interactive education-oriented visualization of power flow on select PV
modules
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Design - Principles

Simplicity

e Simplicity in

system design
Remove
extraneous
interactions
Emphasize
easily-
configurable and
disruption-
resilient
components

Adaptability

e Commodization

of AR and VR
New
devices/updates
are frequent

e Solution must be

hardware
agnostic

User Heterogeneity

e Group

participation in
education
Multiple users
on multiple
devices

Must support
multi-user
collaboration

Content
Maintainability

e Evolving content
e New modules,

new hardware

e Configuration

changes

NREL | 7




o
Visualization

Power flow across cells with
tubes and arrows.

No flow => spherical glyphs

Yellow overlay for unshaded cells

Real-time IV plot situated above
module

(Photo by Kenny Gruchalla/ NREy



Approach

Scene & Interaction
(NOODLES) [6-7]

Participant Scene Server

Simulation API

(HTTP) Simulation Engine

Platforms (Godot) (Python App) [8]

A

Common

Coordinates Tracking Situation (VRPN)

Origin Optical Trackers




class PVSystem:
def simulate(self, irradiance, shaded_cells=[1, temp_unshaded=25, temp_shaded=35);

if isinstance(irradiance, pd.DataFrame):

Si m u Iation E ngi ne irradiance = [irradiance] * self.num_strings

self.shaded_cells = shaded_cells

Ee_multi = [[] for _ in range(self.num_strings)]
cell_temps_multi = [[] for _ in range(self.num_strings)]

for string_idx, irr in enumerate(irradiance):

if not isinstance(self.num_mods, list):

Serves scenario simulation requests num_mod = self.num_mods

else:
num_mod = self.num_mods[string_idx]

Implemented in Python using Pvlib [8] and Flask

Ee_front :.irr[“uazmgluua;']{ﬁl

— Consumes module type, module and sun Ee_rear = 0 e
positioning, PV module occlusion, and AL Lk LA CL e
temperatures Ee_rear = irr["poa_diffuse"][@]

Ee_total = Ee_front + E ear
— Produces flow, current and voltages S AR e

Ee = np.full(self.cell_layout.shape, Ee_total / IRRADIANCE_CONVERSION_FACTOR)

— Also produces proper sun-sky position for graphical
representation of sun

cell_temps = np;full(self.cell_layuut.shape, temp_unshaded)
Minimal-state HTTP APl promotes simplicity

if shaded_cells and any(isinstance(i, list) for i in shaded_cells):

Python chosen for maintainability for mod_idx in range(num_mod):

Ee_mod = np.copy(Ee)
cell_temps_mod = np.copy(cell_temps)

if string_idx < len(shaded_cells) and mod_idx < len(shaded_cells[string_id
tmp_shaded = shaded_cells[string_idx][mod_idx]
indices = get_cell_indices(self.cell_layout, tmp_shaded)
for idx in indices:




Physical Referents

Incorporated a full-cell, a half-cell, and a
bifacial module.

Mounted on mobile, motorized tilt tables
Tilts (0° - 90°) and rotates

Incorporated a shade referent proxy to
simulate building or tree

Use of referent proxies and real-world
control allow for simple modification of
complex scenarios

D1




Tracked Volume

Tracks the position and orientation of all
physical referents

Use Virtual Reality Peripheral Network (VRPN)
to communicate position

— Device and network-agnostic open-source
framework

Served through a separate server application

Ensures robust and reliable tracking,
adaptable to future devices




Origin Finding

Mobile devices operate with independent
coordinate system

Difficult to coordinate different devices and
tracking systems

Counter with QR code placed at the origin of
tracker

Mobile devices establish the root of the
graphics scene by simply observing code.

Does not rely on brand-specific solutions

QR codes are simple to deploy and maintain D2

D1




Scene Server oo

* Enables creation,
distribution, and inter-
action with 3D scene

e Populated with information
from tracked volume and
simulation provider

* Written in Godot, with
GDScript

* Provides GUI, streams over
NOODLES][6,7]




Participant Platforms

* Support desktop, mobile, and
VR/AR headsets

* Any NOODLES client can participate [ p3

* Clients are general, not restricted
to this project

* Modifications or updates are D1
server-only, not client-side

* Greater flexibility and ease of D4
maintenance

(P"hotos by Kenny Gruchalla/

Clients Used

Device

Implementation

Magic Leap 2

Unity

Apple Vision Pro

Swift+RealityKit

Browser

Three.js

Immersive

Qt/C++
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Future Work

Eioa0hends Remove tracker?
e Otherwise requires
constant headset

observation
e Additional expense

e Noise in tracking
e Requires constant
WYEELS

Improve lighting

e Headsets use realistic
shading

e Occlude or obscure
content of interest
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