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* People with Type 1 Diabetes (PwT1D) are dependent on insulin administration for glucose
regulation. Current Automated Insulin Delivery (AID) Systems require user input with meals.

Type | Diabetes

Insulin
Pump

Glucose
Sensor

Control
— Algorithm

o

N\ ACT Australian B s
' e e 5 ~ National UNIVERSITY OF c Canberra 6 A U JHeaIthgare
A 2%/ h : Health o k
Health UnlverSIty CANBERRA Services Governmen AUSTRALIAN CATHOLIC UNIVERSITY con sumers

AUSTRALIA'S CAPITAL UNIVERSITY




CHARW

Canberra Health

Annual Research Meeting

Aims & Questions

1. Develop fully automated treatment strategies that eliminate the need for manual input for
meals, while addressing the complexities of the glucoregulatory system and limitations of
classical control algorithms.

2. Foster transdisciplinary collaborations to develop diabetes education & research tools to
promote open-science, while collaborating with PwT1D and their home and hospital-based
carers, integrating their expertise to improve AID and disseminate newly discovered knowledge.
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 QOur AID was developed using deep Reinforcement Learning (Al algorithms capable of discovering
novel complex treatment strategies), using United States Food and Drug Administration (FDA)
approved computer simulations for pre-clinical trials.
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* Qur algorithm G2P2C, achieved a time-in-normoglycemic range of 73% in in-silico adult
cohorts, thus outperforming clinical treatment strategies with manual insulin dosing.

Simulation: Glucose Regulation
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Hettiarachchi, Chirath, et al. "G2P2C—A modular reinforcement learning algorithm for glucose control by glucose prediction and planning in Type
1 Diabetes." Biomedical Signal Processing and Control 90 (2024): 105839. Codebase: https://github.com/RL4H/G2P2C

Australian ﬁ - ™
éegn!: ‘, National UNIVERSITY OF c ﬁ::.";ﬁ"“ | 2\ ACT 6 ACU k)’Healthgare

Health S® UniverSity CAN B ER RA Services Government AUSTRALIAN CATHOLIC UNIVERSITY con sumers

AUSTRALIA'S CAPITAL UNIVERSITY



https://github.com/RL4H/G2P2C

Results C"l-\?\/\

Canberra Health

Annual Research Meeting

* Launched CAPSWIIL, a free online demonstration tool with a suite of RL and clinical algorithms,
with the capability to learn about how meals affect glucose regulation.
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 Released open-source codebases, including developed RL algorithms, a GPU-accelerated
simulator, and tools for Al researchers to tackle this complex problem effectively.

(1 README @ Codeofconduct &3 MIT kcense 1) README @ Codeofconduct &3 MIT license 2 = RL4H
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G2P2C: Reinforcement Learning based Artificial

Pancreas Systems.
About ) T P G
This project implements in-silico Type 1 Diabetes (T1D) subjects for developing glucose ct G2P2C is a project to develop Reinforcement Learning (RL)-based Artificial Pancreas Systems (APS),
glucose control environment includes 30 subjects (10 children, adolescents, and adults ea) 1o automate treatment in Type 1 Diabetes (T1D). g . . .
ool Sngucoe and UVAPadoa 008 simors b llowng anend-o-end GPUSs] ] REATID: Reinforcement Learning for Automating
the PyTorch framework. The project aim is to facilitate the development of Reinforcement grounc: Type' Distetes iscon Sutaimmune destruction of the isiet beta-cols. i H
ot igorithms by providing 3 for absolute insulin deficiency (cover image: Human islet of Langerhans created by Stable Diffusion). He Treatment in Type 1Diabetes.
administration of insulin is required to maintain glucose levels, which is cruicial as both low and high
toRL- gl control systems y to det I to heaith. This is usually done through an insulin pump attached to the body. An conti [ iceose SR [ orehen 5 10,12 JO c geing] o
(games, physics simulations etc). The task of glucose control requires ground up developn| glucose sensor is also attached to measure gl so that trol algorithe
space , reward function are not wel appropriate insulin dose. In this project we design Reinforcement Learning (RL) based Artificial Pancry RLATID is a project to develop Reinforcement Learning (RL) based Artificial Pancreas Systems (APS), with the aim
researchers have to run significant amount of experiments to design, develop and tune hyy (APS) for the glucose control problem. The figure below shows the main components of an APS. 1o automate treatment in Type 1 Diabetes (T1D). Classical control aigorithms (Hybrid Closed Loop (HCL) systems)
roundup development requires significant compute snd effort. typically require manual interventions, therefore we explore RL to eliminate the need for meal announcements and

carbohydrates estimates to fully automate the treatment (Fully Closed Loop (FCL)). This codebase is simplified
The key highlights of GluCoEnv are the vectorized paraliel environments designed to run o and improved to help researchers. For more detailed information please visit the legacy codebase: G2P2C
flexibilty to develop RL-based algorithms for gl and The prob)
benchmarking scenarios and controllers, which have been implemented in this environmen

guidance on the task

Background: Type 1 Diabetes (T1D) is casued by the autoimmune destruction of the islet beta-cells and results in
absolute insulin deficiency (cover image: Human islet of Langerhans created by Stable Diffusion). Hence, external
Quoese ‘administration of insulin is required to maintain glucose levels, which is cruicial as both low and high glucose levels

are detrimental to health. This is usually done through an insulin pump attached to the body. An continuous
glucose sensor is also attached to measure the glucose levels 5o that a control algorithm can estimate the
appropriate insulin dose. In this project we design Reinforcement Learning (RL) based Artificial Pancreas Systems
(APS) for the glucose control problem. The figure below shows the main components of an APS.

Insutin
You can find more details and our RL-based glucose control algorithms by visiting the proj e

This project is under active development, where additional glucose dynamics models,
algorithms, and visualisation tools will be introduced.

Installation & Dependencies

Create a Python 3.10.12 virtual environemnt and install PyTorch 2.2.0.

python3 -a venv env

Maintaining glucose levels is a life-long i \ due to af
Source em/bin/activate -
pip Install —upgrade pip with daily events (meals, exercise, stress.. etc), delays present in glucose sensing and insulin action, Pemp
y, and safety traint A f glucose regulation, using a RL-bad
is shown below, where the optimal glucose range is shaded in green severe hypoglycemia / hyperglyc
The project can be instalied using the source or pypi. To install using the source, highlighted by the red dotted line. The biood glucose measurements are presented in the top, while
administered insulin by the RL agent is presented in the bottom. The disturbances related to meal evq
9;“':!:": https://github. com/chirathyh/GluCoEnv.git carbohydrate content of the meals are presented in red.
pip install -e . Reinforcement Leaming
3 \ \L J

Visit: https://github.com/RL4H
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Conclusion & Impact

* Qur algorithms show promise in further automation of AID and are currently being
enhanced for safety and explainability.

 The shared code/tools are helping diabetes education and research.

* Unlike prior closed-source AID work with limited sharing and replicability, our open-science
approach fosters community engagement across disciplines and enhances real-world
impact, as demonstrated by its widespread usage.
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