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Digital Twins
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Sensor fusion, data assimilation,
inverse problems

Physical Virtual
counterpart representation

Sensors and observing Modeling and simulation;
systems, data acquisition, artificial intelligence;
and data integration first-principles, mechanistic,
and empirical models;
and visualization
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Insulin Pump Therapy o LARGE TOUCHSCREEN |

Insulin delivery is personalized

Like a healthy pancreas, insulin pumps deliver using a simple pump touchscreen. \

one type of insulin. Using your personal pump
settings, insulin is delivered continuously

(basal) and in larger doses for meals (bolus). bboinc
Insulin flows through thin, flexible

\ tubing (variety of lengths available).

INFUSION SET
The tubing leads to an adhesive

patch and fine tube under the skin.
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Bringing together human ingenuity and
advanced technology to help combat
heart disease, the #1 cause of death.

HeartFlow's non-invasive personalized cardiac test
provides unprecedented visualization of each patient’s
coronary arteries, enabling physicians to create more
effective treatment plans for their patients.
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Agent-based models
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Toward a pneumonia digital twin

INTERFACE
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Control

"Modern control theory, based on differential equations, is not an adequate tool
for solving the problems of complex control systems. It is necessary to construct
differential equations to trace the input-output paths, that is, to apply a deductive
deterministic approach. But it is impossible to use this approach for complex
systems because of the difficulty in finding these paths.”

Alexey lvakhnenko
IEEE Transactions on Systems, Man, and Cybernetics, 1971
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INTERFACE Personalizing computational models to
construct medical digital twins
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Model microstate: a full initialization of the ABM

Model macrostate:

» Model parameters;

» Model states that are global states of system components,
such as molecule concentrations in a blood compartment;

» Summaries of microstates;

Mathematical Problem: Given repeated partial measurements
of model macrostates, how can one calibrate the ABM and simulate
it to forecast its likely trajectory?
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Open mathematical problems

» Develop new generations of these methods
for more complex multi-scale ABMs using
generative Al tools, e.g., variational autoencoders

» Uncertainty quantification

» Digital twins based on large quantitative models
combining mechanisms and multimodal data,
e.g., EHR, omics, imaging data

» Develop a general digital twin platform
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