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* 4.3 million healthcare-
associated infections (HAI)
annually in EU/EEA*

* 7.1% of hospitalized patients
acquire at least one HAI*

* 20% of HAl caused by
hospital environment and
ventilation design™

* 35,000+ deaths annually
from antimicrobial-resistant
infections*
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Current Ventilation Monitoring

Retrospective analysis :

* No real-time visibility of
airborne contaminants

* Energy optimization without
infection risk awareness

e Surgeons workin
environments they cannot
assess
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A New Paradigm
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PATHOGEN DISPERSION
PREDICTION

'"As Al progresses exponentially, we cannot rely on conventional visualization methods for
monitoring and infection control. Let Al help the surgeons by monitoring, analyzing OR
conditions in real-time, and supporting decision-making to save more lives."
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The Visualization Challenge

CFD tools (Ansys) and XR ANSYS CFD
engines (Unreal) don't Speak (MILLIONS OF DATA POINTS, COMPLEX FORMAT)
the same language.

CFD outputs: millions of
data points, complex
formats

* XRrequires real-time
rendering at 72+ FPS

* Gap: no seamless pipeline
for iImmersive visualization
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Scan to VR Workflow
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3D Gaussian Splatting for Digital Twins

Do we need expe nsive DSLR Operating Room 3D Gaussnan Splattmg Scanmng Protocol for VR Dlgltal Twm
cameras to scan operating B 5 |
rooms?

* Evaluated DSLR vs 360° vs
Smartphone cameras
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* Result: Smartphones win for TR

perceptual quality (LPIPS)

* Optimized 3DGS: 72.6 FPS
on RTX 4090
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St. Olav’s Hospital LAF OR
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NTNU
HVAC LAB OR
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Photorealistic 3D Environment Creation

How We Capture and Reconstruct
Real 3D Environments?

Step 1 : Capture -> Take multiple
photos/videos of the operating room
from different angles

Step 2 : Analyze -> Software
identifies every point of light and
colorin the images

Step 3 : Reconstruct -> Convert
points into millions of tiny 3D
particles (Gaussians)

Step 4 : Render -> Combine particles
to create photorealistic 3D
environmentin real-time
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Digital Twin of Operating Room

Treat the 3DGS point  The Ghost Reference Workflow: Tracing Geometry Over Noise

cloud purely as a
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visual, spatial

scaffold.
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* 1.65% error (10-11
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Lagrangian-Based Middleware Solution
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* Step 1: Extract particle
tracking data from Ansys
CFD

e Step 2: Python middleware
processes in Blender 3D
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e Step 3: Bake physics into
mesh vertex attributes
(position, velocity
maghnitude, age and
temperature)

e Step 4: Import as animation |
into Unreal Engine L =R

HumanlIC project has received funding from the European Union’s Horizon Europe research and innovation program under the Marie Sklodowska-

Curie (HORIZON-MSCA-2022-DN-01, project no 101119726

ity Magnitude

* X %

* *
* *
* *

* e x

Funded by
the European Union



VR Performance of Indoor Climate Digital Twin

Camera System PSNR SSIM Tt
Samsung S21 Ultra 22.90 0.92
iPhone 14 Pro 21.46 0.76
Z Fold4 17.14 0.84
Sony DSLR 20.77 0.75
Insta360 X5 34.14 0.98

3DGS Optimization Progression
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Can Non-Expert Understand Airflow?

European Researcher's Night
(Gdansk) Validation Study

 Gamified VR airflow
simulation in Unity 3D

* Target: Children and families
(non-experts)

* Result: Users intuitively
grasped invisible risks
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The Next Frontier: Real-Time Al

From calculating physics to
predicting patterns.

RESPONSE TIME:

* Surrogate modeling: Al
inference instead of solving

* Target: 10ms response time

for adaptive control v ‘\ N /I\ LAVINAR AIRFLOW BLOCKED.
OO 4 s; -> INCREASED PATHOGEN DISPEFiSION RISK.
* Goal: Surgeon interaction *,
Al SURROGAT ) 2\ WSt
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Collaboration Opportunities

HVAC manufacturers: Integrate
real-time monitoring

Optimize
Access Research Efficiency &
& Real-World & Performance

Testing Data =

"\ REDEFINING HEALTHCARE =
ENVIRONMENTS 74

* Building management
systems: Al-driven control APls

MANAGEMENT:

Healthcare facility designers:
XR design validation

Medical device companies: OR
environmental awareness

Improve
Patient Outcomes Product Value

HEALTHCARE FACILITY: & Staff Well-being & Integration MEDICAL DEVICE COMPANY:
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Thank you

Let's make the invisible visible, together

Rahmat Rizal Andhi e rahmat.rizal.andhi@stolav.no

HumanlC Project: https://human-ic.eu
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