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The artificial pancreas (AP) is a set of increasingly 
sophisticated devices and algorithms that will 
automate the delivery of insulin to patients with type-
1 diabetes. While the AP concept promises to alleviate 
the burden posed by the self-management of blood 
glucose levels, it also poses significant risks arising 
from a combination of external disturbances such as 
patient meals, physical activity, sensor errors, network 
delays and physiological variations. We are 
investigating modeling and verification frameworks 
that allows designers of AP control algorithms to 
automatically evaluate their designs against a large 
number of disturbance patterns. The project will 
investigate disturbance modeling techniques from 
data, delay-differential models of insulin-glucose 
dynamics, control code abstraction and techniques for 
explaining verification results to clinical researchers 
and control engineers. 

Components of an in-silico closed-loop Artificial Pancreas System.

Project Objectives

Verification of artificial pancreas control software with patient models.
• Disturbance modeling
• Sensor disturbances.
• Patient behavior.

• Patient modeling
• Data oriented modeling of human insulin-glucose physiology.
• Delay differential equation models.

• Root Cause Isolation
• Automating the isolation of root causes for falsifications.

Project Outcomes

Case studies on existing control implementations.
• PID-based control algorithm  [Weinzimer et al. ‘08].
• Late stage clinical trials.

• Hypo/Hyper mitigation controller [Cameron et al.’12].
• Outpatient clinical trials.

Automatic root-cause isolation techniques.
Development/Improvement of disturbance models.
• Model of human meal patterns using NIH dataset.
• Modeling pressure induced sensor attenuation [Baysal et al.14]

Development/Improvement of personalized patient models.
• Delay Differential Models [Kissler et al.’14, Bortz et al.’16]
• Data oriented models for human insulin physiology.

Violations discovered by our analysis: (Left) showing insulin delivery resumption under 
hypoglycemia, and  (Right) suspension under hyperglycemia.
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