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• Two IOB constraint profiles are proposed for its use in clinical trials, giving rise 
to a safe mechanism for in vivo testing both hybrid and fully closed-loop 
controllers.  
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In this work, a safety layer called the SAFE loop [1] is reformulated to be employed during clinical trials in two different ways: the Time Enable 

mode, which gives a criterion for the transition between open and closed-loop therapy in hybrid configurations, and the Amplitude Enable 
mode, which diminishes the risk of an hypoglycemic event when testing fully closed-loop algorithms by delimiting the Insulin-On-Board (IOB) 
profile of the new control algorithm with the IOB profile corresponding to the usual open-loop therapy of the patient (or a factor of it). 

[1] A. Revert, F. Garelli, J. Picó, H. De Battista, P. Rossetti, J. Vehi, J. Bondía. Safety Auxiliary 
Feedback Element for the Artificial Pancreas in Type 1 Diabetes, IEEE Transactions on Biomedical 
Engineering, 60(8), 2113- 2122, Aug. 2013. 
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• TIME ENABLE MODE:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• AMPLITUDE ENABLE MODE: 
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RESULTS 
In-silico trials show how using the Time Enable method the transition from open 
(bolus) to closed-loop is made automatically and gradually, resulting in a bumpless 
mechanism which improves the controller response.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the case of the Amplitude Enable mode, the results show how the patient is 
protected from hypoglycemia even when controller gain is disproportionally large, 
as shown below. 
 

Open-loop IOB profile  
(or a bigger-than-1 factor of it). 
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