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Building and Human Optimization ol
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Digital Twins Used for Buildings

Physics-based building simulation & human-based design
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Use of Virtual & Physical Sensors

Application of Physics-Based Simulation Uncover hidden problems before they become problems!
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:-:{ge Real-Time Digital Twin Data Profiles in Buildings
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Creating a Human Brain Digital Twin

Optimize Human Health Through Human-Computer Interaction (HCI)

Proactive Human Brain Modelling

Epileptic areas in patient’s brain Virtual Brain identifies areas for
(blue) based on invasive electrode removal (red) that were
insertion undetected

Personalized Brain Modelling:

* Virtual models of brains for treating drug-resistant epilepsy

* Data aggregation scans real-time collection to activate interventions
* Data interrogation improve abilities currently unobserved

Uncover hidden problems before they become problems!
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Digital Twins Assessment & Proactive

Human-Computer Interaction (HCI)
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Invasive Proactive Solutioning to Optimize Human Health

Installation of Bluetooth and loT-Enabled Stimulation Devices

Deep stimulation electrodes Implant device, sensors installation ~ Implant recovery left accessible for Electrodes with Al and ML enablement
connect to various electrical nodes Bluetooth and loT-enabled data future maintenance upgrades (continuous improvement)
)\, Light retrofits = medication
'a8) Deep retrofits = surgical intervention
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e. Real

-Time Digital Twin Data Profiles in Humans
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Human Data Optimization with Machine Learning & Al

Performance Driven by Data Aggregation for HCl and BCI Improvements
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Metadata Collection, Transfer & Results

Bluetooth and loT-Enabled Bidirectional Sensors

So, what’s the value?

PR\

« Data is data — buildings or humans

Digital * Performance assessment
Twin

» Closed-loop feedback analysis

« Improves operations

« Algorithms inform the ‘BMS’
e Bidirectional communication

* Buildings respond to humans

« Understanding of human behavior

Neurostim Settings Pattern Detection & Machine Learning (ML
LFP Mﬂw <1mV o ) g ‘ g ( )

S « Internet of Actions/Activity (I0A)
Name [2021-07-26_TL_New Spike Set - 2021/0 | (inact m nuizte wg ™

Patterns A1 & Bl Charnel N 4 « Empowers meaningful insights

ECoG value

e )y 5-500 V.
SPIKES /-~ -

0 | ‘
0 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 170
Time (seconds)

FFT spectrogram (1 second window)

Building Digital Twins

7 52004 L rraTleeE=e integrated with
: — —_ — e Human Digital Twins
=== == Yields Powerful Results!
) Go 10 20 30 40 50 60 0 80 90 1110120130140 150 160 170 - - e e e

Time (seconds) 3 € NEWROPACE 1

gafcon 5 accenture

DIGITAL
T



Human & Building Digital Twin Closed-Loop Interface

e.
‘I
Asset = Humans Asset = Buildings

Bidirectional communication between physical and digital assets
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Non-Invasive Human Data Collection Hardware

Technologies for Human Improvement, Health and Wellness

COLLECTS OVER
. 30 BIOMETRICS
r-
~
Er - 4
=

(o Calibre |

= - W INTERNATIONAL
B WELL
BUILDING
INSTITUTE ™
S
-

/MRS

Rapid data collection used to analyze, dashboard, trend and contextualize for empowered and informed decision-making
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Non-Invasive Technology Platforms & Software Analytics

Wearable Devices for Data Collection, Trending, Forecasting and Improvement
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14 Sleeping Respiratory Rate

LAST NIGHT

11.7 bpm
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ceping Respiratory Rate?
Your Sleeping Respiratory Rate is your breathing rate,

as measured by the number of times you inhale per
minute.

Everyone's respiratory rate is slightly different, but in
general, between 12 and 20 breaths per minute is
considered "normal” for adults at rest. Because
everyone is different, it's best to compare your
respiratory rate only against your own baseline rather
than against others’

Respiratory rate can be a good indicator of your long-
term fitness, but it can also vary in response to illness
(like getting a cold) or even breathing obstructions
like sleep apnea or seasonal allergies. Women's
respiratory rate seems to vary more than men's, in
part due to variability due to the menstrual cycle

Open-head surgery is not necessary for everyone
Technology for better quality of life without surgical interventions already exists
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4 Heart Rate Variability

34 ms 25 - 53 ms
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What is Heart Rate Variability?

Heart Rate Variability, or HRV, measures the variation
in time between each heartbeat.

HRV tracking allows you to identify when the
autonomic nervous system is out of balance. It can
indicate your overall heart health and recovery ability,
as well as illustrate when you're getting sick.

Low HRV may be a sign of illness, whereas high HRV
can indicate good health and the ability to recover.

Everyone's HRV is different. You should never
measure your metrics against another person'’s
benchmarks. Set a benchmark and record your HRV
over time to identify when there are outliers in your
HRV. Taking frequent readings every night while you
are sleeping is the best way to identify these outliers
and catch your body when it is fatigued and more
susceptible to illness and injury.
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Simulation, Stimulation, Data Analysis & Innovation e. Human DT “Stimulation” & Results

* Virtually experiment with data and leverage Digital Twins — Design Team

* Perform ‘what-if’ scenarios prior to investments — ROl or LCA

* Measure wavelengths through permanent electrodes — loT sensors

* Preemptively eliminate seizures via stimulation — Proactive Maintenance

* Proactive and predictive maintenance — Integrated Facilities Management (IFM)
» Data transfer for continuous monitoring — Building Management System (BMS)
* ML and Al algorithms monitor brain electrical patterns — Commissioning

* Doctors adjust electrodes to improve operations — Building Operators

* Cybersecurity, hackability, data-lake aggregation and transfer — Cyber Teams

* Bringinnovations to improve human and building functionality — R&D Teams

> Use case example for human optimization:
e. Circadian rhythm alignment health recovery acceleration
(e.g., light, HVAC, temperature, zoning, humidity, etc.)

o Use case example for building optimization:
ﬁiﬁ"e Simulation and data interrogation continuously
commission, calibrate and optimize a facility

Todd Lukesh — Human Data
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Optimize Long-Term System Performance Between Both Assets — Stop “Seizures”
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Digital Twin Next Steps

Data Captured and Lessons Learned

Generate data and proactively optimize both building and human health in real-time for closed-loop analysis

SUMMARY:
Direct correlation of
Building Digital Twins and Human Digital Twins

e

Can buildings respond to humans?

THE RESULTS:
. For me personally?

6. Neuro performance = human optimization

4
4

For our built environment?

0
ﬂi-,;éﬁ Building performance = ESG+H optimization
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