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Ar1ficial  Pancreas  Project

Complexity	  
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Ar1ficial  Pancreas:  Risks
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Project  Approach

Human	  insulin-‐glucose	  models.	  
Modeling	  of	  disturbances.	  

Modeling	  

Formulate	  properGes	  in	  	  
real-‐Gme	  temporal	  Logic	  

ProperGes	  

VerificaGon	  Tools/Techniques	  

FalsificaGon	  tools:	  S-‐Taliro/Breach/S3CAM	  
Flowpipe	  construcGon:	  Flow*	  

Explaining	  witnesses.	  
AutomaGc	  parameter	  tuning.	  

Usability	  

Goal:	  AutomaGc	  VerificaGon/FalsificaGon	  
of	  AP	  control	  algorithms.	  



Disturbance  Modeling  Challenges

Human	  	  
AcGviGes	  Meals	   Physical	  AcGvity	   Sleep	   Scary	  movie?	  

Glucose	  Sensor	  Noise	  
[Cobelli	  et	  al.	  ‘2010]	  

Pressure	  Induced	  Sensor	  ADenuaGon	  
[Baysal+Cameron+BequeDe	  et	  al.	  2014]	  

Image	  source:	  	  
Wikimedia	  commons	  
Labelled	  for	  reuse.	  

Infusion	  set	  failure	  



Disturbance  Modeling:  Approach

• Data	  driven	  approach	  to	  model	  construc3on.	  
•  Meal	  pa6erns:	  NHANES	  data.	  
•  Sleep:	  American	  Time	  Use	  Survey	  (ATUS)	  Data.	  
•  Sensor	  noise:	  CGM	  vs.	  YSI	  “gold	  standard”	  blood	  glucose	  measurements.	  
•  Pressure	  Induced	  Sensor	  A6enua3on:	  CGM-‐Diet-‐Exercise	  dataset	  (Elizabeth	  
Meyer-‐Davis	  et	  al.),	  PSO3	  data	  (Maahs	  et	  al.)	  
•  Infusion	  Set	  failures:	  Diabetes	  camp	  study	  (in	  progress)	  involving	  PIs	  and	  
external	  collaborators.	  

	  

• Challenge:	  How	  do	  we	  use	  this	  data?	  



Modeling  Meal  PaGerns

• NaGonal	  Health	  and	  NutriGonal	  ExaminaGon	  Survey	  (NHANES).	  
• Data	  from	  nearly	  90000	  Americans	  (Non-‐type-‐1	  diabe3c).	  

•  Meal	  contents:	  grams	  of	  Carbohydrates	  (CHO).	  
•  Meal	  Gmings.	  

•  Limited	  data	  for	  people	  with	  type-‐1	  diabetes.	  
	  
• Ongoing	  Work:	  Model	  for	  Gmings	  and	  CHO	  contents	  of	  meals.	  

•  Timed	  automaton	  with	  extra	  costs.	  



Physiological  Models

•  ExisGng	  DifferenGal	  EquaGon-‐Based	  Models:	  
•  Dalla-‐Man	  et	  al.	  model.	  	  
•  ~10	  state	  nonlinear	  ODE	  +	  	  ~	  25	  paGent-‐specific	  model	  parameters.	  
•  Uva-‐Padova	  simulaGon	  tool	  with	  30	  virtual	  paGents	  [Kovatchev	  et	  al.]	  

•  LimitaGons:	  expensive	  to	  use	  inside	  a	  verifica3on	  framework.	  

•  Ongoing	  Approach:	  PSO3	  dataset	  (~30	  paGents,	  ~2000	  overnight	  sessions).	  
1.  Interval-‐valued	  delay	  coordinate	  embedding.	  
2.  Delay	  differenGal	  equaGon	  models.	  
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Verifica1on  Tools/Techniques

Challenge:	  SoLware-‐in-‐the-‐loop	  verifica3on.	  
	  

Plant	  Model	  

Control	  Soaware	  
(MATLAB/C)	  

Meal	  
Disturbance	  

Model	  

Insulin	  

G(t)	  
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Noise/Failure	  
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SimulaGon-‐Based	  FalsificaGon:	  
S-‐Taliro	  [Fainekos+S+Abbas+Others]	  
Breach	  [Donze+Maler+Others]	  
S3CAM	  [Zutshi+S+Deshmukh+Kapinski+Jin]	  

S3CAMX:	  CombinaGon	  of	  symbolic	  controller	  
verificaGon	  	  +	  numerical	  plant	  simulaGon.	  
Flowstar:	  Flowpipe	  construcGon	  for	  nonlinear	  
hybrid	  systems.	  



Case-‐Studies  using  S-‐Taliro
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[Cameron+Fainekos+Maahs+S’RV	  2015]	  Case-‐Study	  #1:	  	  
•  Hybrid	  basal/bolus	  PID	  closed	  loop	  [Steil	  et	  al.]	  
Case-‐Study	  #2:	  Unpublished.	  
•  PredicGve	  pump	  shutoff	  +	  Hypo	  minimizer	  	  [Cameron	  et	  al.]	  
	  
InteresGng	  violaGons	  reported	  for	  both	  case	  studies.	  



Educa1on  #1:  Closed  Loop  Medical  Devices
Spring	  2015	  and	  2016	  (planned).	  
•  Engineering	  PhD	  students.	  
•  ParGcipaGon	  by	  medical	  collaborators.	  
•  Background	  medical	  knowledge.	  
•  Reading	  papers	  from	  medical	  journals.	  
•  Field	  visit	  to	  observe	  clinical	  trial.	  
•  Interviews	  with	  paGents	  and	  engineers.	  

Topics:	  
ArGficial	  Pancreas	  
Implantable	  Defibrillators	  
Automated	  Anesthesia	  
Regulatory	  Issues	  
Security/Privacy	  
Medico-‐Legal	  Issues	  
Human	  Factors	  

hDps://www.cs.colorado.edu/~srirams/courses/clMed-‐spr15/index.html	  



Educa1on  #2:  CPS  Educa1on  Testbed

Respect the Implementation: Using NI myRIO in Undergraduate
Control Education*

Shalom D Ruben1

Abstract— In this paper we present, due to it’s low-
cost, portability, and high-functionality, the National
Instruments (NI) myRIO as an excellent platform for
hands-on in systems and control education, from ad-
vanced to beginner courses. That said, implementing
control algorithms by the beginner, especially, is not to
be taken lightly on digital platforms like the myRIO.
We show, using a simple electric circuit as a plant, how
a student can get some catastrophic results when im-
plementing even a simple proportional controller. These
catastrophic results stem partially from discretization
choice, determinism of the sampling rate, and sampling
rate limitations. Throughout the paper we discuss how
to enhance determinism and prevent catastrophic results
by being aware of your hardware’s limitations.

I. INTRODUCTION

With the prevalence of low-cost sensors, actuators,
and embedded hardware [1], such as the Arduino,
hands-on-learning may no longer be limited to the
laboratory. In systems and control courses, we need
tools such as an oscilloscope, function generator, and
controllers that can be coded using block diagram pro-
gramming (such as Simlulink or Labveiew). These tools
are prohibitively expensive for students to purchase and
in general not portable. In the following section we
discuss possible options for students to have portable
and inexpensive alternatives for doing “labs” outside
of the laboratory as homework or even during lecture.
Distributed laboratories, which are labs that can be
done in various locations such as homes, classrooms,
and dorm rooms, have been shown to enhance learning
[8].

It would not be responsible of us, as Gunter Stein
said in his seminal paper “Respect the Unstable” [2],
if we handed this hardware to our students without
teaching them the dangers of implementation. Although
Gunter Stein’s paper focused on control of unstable

*This work was supported by NSF Award 1446900
1Shalom Ruben is with the Faculty of Department of Mechanical

Engineering, University of Colorado at Boulder, Boulder, CO
80309, USA shalom@colorado.edu

systems he does elude to the dangers of general im-
plementation of controllers as is quoted here:

“As society permits control engineers to operate
more such dangerous systems, we who teach those
engineers and fashion their tools cannot hide from
responsibility under a cloak of mathematics. We dare
not instill the notion that mathematical rigor is the only
goal to strive for in control. We must also instill respect
for the practical, physical consequences of control, and
we must make certain that its underlying principles are
taught clearly and well.”

The following sections highlight aspects of control
implementation that may lead to dangerous outcomes
if not paid attention to. These aspects will be demon-
strated on the NI myRIO hardware which is advertised
as a real-time embedded system for students.

II. HARDWARE NEEDS IN UNDERGRADUATE
SYSTEMS AND CONTROL COURSES

Systems and control hardware, that students would
be asked to purchase, should be able to be used in
courses such as circuits, system dynamics, continuous-
time (CT) control theory, discrete-time (DT) control
theory, and beyond. The following list describes the
aspects of the hardware that our students would need
for those courses:

• Acquire Analog Signals as an oscilloscope.
• Generate Analog Waveforms as a function gener-

ator.
• Implement CT Controllers in Transfer-Function

form (C(s))
• Implement DT Transfer-Functions (C(z))
• Real-Time Operating System (RTOS) for deter-

ministic sampling rates.
• Portability so students can take it home and or

bring it to class.
• Low-Cost so students can afford it.
Table I shows a comparison of available hardware

at the University of Colorado at Boulder with respect
to aspects listed. Out of the low-cost hardware choices
listed, the NI myRIO is the only one that has both an

Mechanical	  Engg.	  +	  CS	  Majors.	  
	  
NI	  myRIO	  testbeds:	  	  
	  	  	  CU	  Boulder	  Engineering	  Excellence	  Fund.	  
	  
ArGficial	  Pancreas	  controller	  implementaGons.	  

	  



More  Informa1on

hDp://systems.cs.colorado.edu/research/cyberphysical/ap-‐verificaGon/	  
	  
	  

This	  material	  is	  based	  upon	  work	  supported	  by	  the	  US	  NaGonal	  Science	  FoundaGon	  (NSF)	  under	  grant	  
numbers	  CPS-‐1446900,	  and	  CPS-‐1446751.	  All	  opinions	  expressed	  are	  those	  of	  the	  authors,	  and	  	  
not	  necessarily	  of	  the	  NSF.	  
	  



In	  Silico	  Func+onal	  Verifica+on	  of	  Ar+ficial	  Pancreas	  Control	  
Algorithms	  

Scien+fic	  Impact:	  
•  Broaden	  understanding	  of	  

applying	  verificaGon	  
techniques	  to	  closed	  loop	  
medical	  systems.	  

•  Apply	  to	  other	  CPS	  domains	  
such	  as	  automoGve	  soaware	  
(transportaGon	  CPS).	  

Solu+on:	  	  
•  Disturbance	  modeling.	  
•  Property	  FormulaGon	  
•  VerificaGon	  with	  soaware	  in	  the	  

loop.	  
•  Explaining	  verificaGon	  results	  

(usable	  verificaGon).	  

Challenge:	  	  FuncGonal	  
verificaGon	  of	  ArGficial	  
Pancreas	  Controllers.	  
•  Discover	  valid	  problems	  

in	  exisGng	  control	  
algorithms.	  

•  Explain	  problems	  to	  
clinicians/engineers.	  

Broader	  Impact:	  	  
•  Safer	  arGficial	  Pancreas	  

Devices.	  
•  Faster/Less	  expensive	  

cerGficaGon	  process.	  
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