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Motivation and State of the Art 
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Proposed Time Dependent Model Goodness-of-Fit of Multi-Fractal Model 

CPS Approach 

§  Motivation for Using Fractional Model 
§  Alpha-Stable Distribution 
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Fractal vs. Non-Fractal Controller 
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§ Cost of Health Care in US highest in 
the World 
§ Diabetes and its complication 
§ Reduction of Clinical Cost 
§ Artificial Pancreas 

§ Problems with state of the art 
controllers 
§ Clinical studies show risk of Hypoglycemic 
§  Inaccuracy in modeling Blood Glucose 

Variability 
§  Ignorance of Inter and Intra patience 

variability 
§ P-PD-PID and Model-Predictive 

Controllers 

Communication 

Insulin Pump 

Model 
Estimation 

Optimal 
Control 

Actuation 

Short-range 
communication 

between sensors, 
controller and actuator 

Long-range 
communication with 
medical experts and 

computational components 

Computation 
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Measurement noise 
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[1]. Diabetes Research in Children Network (http://directnet.jaeb.org ) 
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{  Time Dependent Fractional Derivative 
Order 

{  Is obtained by Wavelet Transform and 
Linear Regression 

{  Time Dependent Linear 
regression 

{  Proposed Model: 

{ Model Parameters: 
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For Both High and Low Blood Glucose Values: 
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q  Find the optimal Insulin Injection Rate to minimize: 

q  Fractal model constraints: 

( ) 00 gtg ==

q  Non-Fractal model constraints: 
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q  Shared constraints: 

Blood glucose level 
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Blood glucose level 

{ Better prediction and results   
{ More robust to noise (less dangerous BG level) 

q  Current work 
q  First statistical investigation of blood glucose variability 
q  Detailed multi-fractal analysis and modeling of blood 

glucose dynamics 
q  Proposed an efficient (model parameters) estimation 

algorithm for the time dependent fractal model 
q  Developed the first optimal control algorithm of a time 

dependent fractal process 
q  Hardware implementation of time dependent fractal model 

predictive controller 
q  Future work 

q  Correct pharmacokinetic models for insulin dynamics 
q  Extend our time dependent fractal model predictive 

controller to address disease specific patterns  

Statistical Analysis of Blood Glucose 
Level [1] 
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q  We are all familiar with powers of a 
number 
q  x, x2, x3, x4, x5 and so on  OR  x1/2, 

x1/3, x1/4, x1/5, … 
q  What about powers (integer, real or 

complex) of an operator? 
q  Leibniz and L’Hopital raised the 

question of fractional order 
derivatives such as d 0.5f(t) / dt 0.5 

q  Fractional Order Derivative : 

Hardware Implementation 
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q  Implementation of Interior-point method 
q  Synthesized on Virtex 7 FPGA family 
q  Area and timing results: 

§  Cyber Physical System (CPS): 
§ Bringing Computation, 

Communication and Control 
together 

§ Healthcare applications: 
    Implantable and non-

implantable devices 

§  Using Box Counting Method to 
extract spectrum 

§  Motivation for using time-
dependent fractional derivative 
order for modeling the time 
series 

§  Long-range Dependence 
property change in time 

§  It is different from patient to 
patient 
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Implications: 

Observations: 
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