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Motivation: 

¨  Physical activity is a major contributor to the blood 
glucose level of type I diabetes mellitus. Therefore, 
detection of physical activity can contribute to have 
tighter control of blood glucose. 

¨  Prediction of the glucose using physical activity 
measures can be used to  mitigate from 
hypoglycemia more accurately. 

 



Detection of Physical Activity 

¨  We measure two physical variables accelerometer 
and heart-rate from Actigraph activity monitor. Then 
use principal component analysis for activity 
detection. 

¨  If we were successful in detection process then we 
use Autoregressive Exogenous Input (ARX) models to 
predict the blood glucose level for finite horizon. 

Estimation of Glucose Level 



Sample Data for Subject Ex41-006  



Principal Component Analysis 

X = [Acc HR]
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¨  We use normalized 
accelerometery and normalized 
heart-rate to construct a one 
dimensional PCA model  

     



Calibration 



Validation 



Detection  Results Subject Ex41-006  

Day Faults Positive (%) Faults Negative 
(%) 

1 4.7 8 

3 1.5 0 

5 1.7 17 

Day Faults Positive (%) Faults 
Negative(%) 

1 1.1 46 

2 1.8 51 

3 1.5 50 

4 6.1 98 

5 1.7 17 

Faults Rates in when detection exercise intensity two or higher  

Faults Rates in when detection exercise intensity one or higher  



Correction to Heart Rate Values 

¨  Heart rate measurements are corrected using 
weighted regularized least square method commonly 
used in electrocardiography.  
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•  J. O. Ramsay, Functional Data Analysis, 
2005. 

•  A. V. Gribok, X. Chen , J. Reifman, A 
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    Waveforms, Annals of Biomedical 
    Engineering. 
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Corrected HR 



Fault Ratios 

Subject Faults 
Positive (%) 

Faults 
Negative(%) 

Ex43-002 12.8 24.7 

Ex37-004 0.43 20 

Ex10-005 0.8 35.7 

Ex41-006 2.6 8.3 

Subject Faults 
Positive (%) 

Faults 
Negative(%) 

Ex04-001 12.2 47 

Ex43-002 12.8 24.7 

Ex37-004 2.3 58.3 

Ex10-005 0.8 35.7 

Ex41-006 2.4 52.4 

Faults Rates when detection exercise intensity 
two or higher  

Faults Rates when detection exercise 
intensity one or higher  



Physical Activity Modeling 

¨  In silico environment effect of heart-rate change to glucose utilization 
can be expressed as, 
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Reference: C. Dall Man, M. D. Breton, C. Cobelli, Physical Activity into the Meal 
Glucose-Insulin Model Type 1 Diabetes: In Silico Studies, JDST, 2009. 



ARX modeling (Procedure) 

¨  First we let the system to reach its steady state only 
by basal. Then we elevate the heart-rate to 
simulate an exercise. 

¨  Both input (heart-rate) and output (glucose) signals 
were captured and second order ARX model was 
constructed using this data.   

 
 
¨  The performance of the model was measured by R2 

value. 
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Calibration of ARX model 

R2 Value for the calibration = 84 % 



Validation 

R2 Value for the validation data = 71 % 



Two Hour Prediction-Calibration 

Two hour prediction with calibration data. Performance R2 =92.82 % 



Two Hour Prediction- Validation 

Two hour prediction with calibration data. Performance R2= 90.81 % 



ARX model for Subject Ex41-006 

HR 
ACC 
Insulin 

CGM 



Calibration 

Infinite horizon prediction with calibration data. Performance 41.2 % (top) 
Two hour prediction with calibration data. Performance 33.9 % (bottom) 
 



Validation 

Infinite horizon prediction with calibration data. Performance 33.9 % (top) 
Two hour prediction with calibration data. Performance 34.3 % (bottom) 
 



Future Work 

¨  We are in the process of getting in-clinic data. 
¨  Classification of exercise. 
¨  Real-time analysis of data to assist controllers. 
¨  Exploration of other sensors for exercise detection. 



Thanks 


