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Overview of Initial (exists) and Enhanced (in progress) 
Model VVUQ Pattern, Medical Device Pattern, related work

1. Initial (2017) version of the Model VVUQ Pattern: Basic 
configurability of the Pattern to reflect required and resulting VVUQ 
of the model of interest—model “wrapper” metadata.

2. Integration with generic domain patterns (e.g., General Medical 
Device Pattern) to pre-capture or suggest potential sources and 
propagators of uncertainty in specific domains. (Underway, 2018,  
shown here.)

3. Integration with ASME VV40 standard to include built-in Credibility 
Factors, other VV40 guidance. (Underway, 2018, shown  here.)
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Medical device example being used as 
basis for illustration
• To provide a concrete example of use, Marc Horner (ANSYS, and AMSE 

VV40 vice chair) has been collaborating with us by providing an example 
that he used in public presentations at the 2018 INCOSE Heath Care 
Conference and the 2018 INCOSE Great Lakes Conference. 

• That example involves an insulin infusion pump, with emphasis on 
computational models of (a) human insulin absorption and metabolism 
uptake and (b) the pump’s feeder tube flow characteristics.  
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V&V 40 Analysis of Two 
Insulin Pump Failure Modes

Marc Horner
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Failure Mode 1

• The patient does not receive the expected insulin therapy because 
there is an occlusion (kink) in the infusion set, potentially resulting in 
hyperglycemia.
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QOI/COU

Question of Interest: Will the infusion pump 
properly warn the patient when an occlusion in 
the flow path is obstructing insulin delivery?

Context of Use: A reduced-order model for the 
relationship between bend angle (∠), flow rate 
(Q), and pressure rise (DP) will be used to 
predict occlusion by the system control 
software.

Q ∠

DP
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Risk Analysis

• Model Influence is MEDIUM 
since there are other sources 
of information available for 
predicting occlusion, e.g. CGM 
readings predicting occlusion 
and/or monitoring the flow 
rate of the insulin delivery over 
time.

• Decision Consequence is 
MEDIUM since patients can 
quickly drift away from the 
target blood glucose 
concentration, but can 
administer a correction bolus 
return to a normal glycemic 
state if/when the occlusion is 
detected via other means. 
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Credibility Factors
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Code Verification

• A heavily used commercial software platform is used for these analyses 
(Mechanical, Fluent, and DesignXplorer from ANSYS).  The code developer is 
ISO9001:2015 certified and code verification has been performed internally by 
the code developer.  Mesh refinement studies are performed to ensure a 
converged solution.  Owing to the fact that the physics are relatively straight-
forward, sensitivity to numerical parameters is only cursorily investigated.

Code Verification Credibility

SQA HIGH

NCV MEDIUM

Calculation Verification

Discretization Error MEDIUM

Numerical Solver Error MEDIUM

Use Error MEDIUM
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Computational Model Credibility

Computational Model Credibility - Model Form Credibility - Model Inputs

Governing Equations HIGH HIGH

System Configuration MEDIUM MEDIUM

Material Properties HIGH HIGH

Boundary Conditions MEDIUM MEDIUM

• The computational model will recreate a series of idealized catheter occlusion scenarios. The 
resistance to flow will be modeled using a one-way FSI  approach, first bending the tube and then 
modeling the insulin flow over a range of expected flow rates.

• Mechanical Model:  The geometry of the occlusion will be modeled as a tube under varying degrees of 
bending.  The catheter and cannula materials are readily characterized.  Cannula insertion and other 
skin interactions will not be modeled.

• Flow Model: The flow is laminar and the density/viscosity of insulin is readily characterized.  The inlet 
flow rate is well characterized.  Peripheral flow resistance due to the presence of skin tissue at the bolus 
site will not be modeled.
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Comparator Credibility

• An experimental set-up that varies the bend angle of the catheter in a highly 
controlled manner will be compared to the computational model results.  An 
optical system will be used to measure the bend angle of the catheter.  A pressure 
sensor upstream of the occlusion will measure the total pressure.  System 
response will be investigated for a range of flow rates and catheter bend angles.

Comparator Credibility - Test Samples Credibility - Test Conditions

Quantity MEDIUM HIGH

Range MEDIUM HIGH

Measurements LOW HIGH

Uncertainty LOW MEDIUM
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Failure Mode 2

• The insulin pump embedded software does not predict the correct 
amount of drug needed to maintain desired glycemic levels after a 
meal.
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QOI/COU

Question of Interest: Can the insulin pump 
control software maintain each patient’s target 
blood glucose concentration?

Context of Use: A 5-equation PK/PD model of 
insulin absorption and glucose metabolism will 
be developed and tuned using patient 
historical data.
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Risk Analysis

• Model Influence is MEDIUM 
since there are other sources 
of information available for 
determining the insulin needs, 
e.g. blood glucose 
calculators/apps.

• Decision Consequence is 
MEDIUM since patients can 
quickly drift away from the 
target blood glucose 
concentration, but can 
administer a correction bolus 
return to a normal glycemic 
state if/when the occlusion is 
detected via other means. 
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Credibility Factors
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Code Verification

• A popular object-oriented modeling language (Modelica) is used for these 
analyses. Code verification has been performed by the user for this application.  
Mesh refinement studies are performed to ensure a converged solution.  Owing 
to the fact that the physics are relatively straight-forward, sensitivity to numerical 
parameters is only cursorily investigated.

Code Verification Credibility

SQA HIGH

NCV HIGH

Calculation Verification

Discretization Error MEDIUM

Numerical Solver Error MEDIUM

Use Error MEDIUM
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Computational Model Credibility

• The 5-equation PK/PD model representing the absorption into the plasma will be modeled.  The 
appearance of glucose and elimination by insulin will also be included.  The PK/PD model will be 
calibrated using the clinical data from all patients over a 48 hour period and then used to predict 
the glucose concentration in those same patients for an additional 72 hours.

Computational Model Credibility - Model Form Credibility - Model Inputs

Governing Equations HIGH HIGH

System Configuration MEDIUM MEDIUM

Material Properties HIGH HIGH

Boundary Conditions HIGH MEDIUM
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Comparator Credibility

• A clinical trial will be used to collect the data required to develop the PK/PD 
model for multiple patients.  The patients will be checked into a  hospital and 
their carbohydrate intake, insulin delivery, and blood glucose concentration will 
be measured throughout the day.  At each time point, only a single sample will be 
collected from each patient.  Multiple meal types and snacks will be given to the 
patient to test model robustness.

Comparator Credibility - Test Samples Credibility - Test Conditions

Quantity MEDIUM HIGH

Range MEDIUM HIGH

Measurements MEDIUM MEDIUM

Uncertainty LOW LOW
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1. Basic configurability of the initial Model 
VVUQ Pattern

• To reflect required and resulting VVUQ of the model of interest, 
• As well as many other characteristics of the model of interest

(Using the existing 2017 version of the Model VVUQ Pattern.)
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2. Integration with generic domain patterns 
(e.g., General Medical Device Pattern)

• To pre-capture potential sources and propagators of uncertainty, 
• and build them into the work process.

• and create some common expectations across community of 
designers, analysts, regulators

(This is interim material, work on (2) is still in progress.)
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More detailed VVUQ Pattern aspects, general 
systems case first
• Who needs to understand the following? 
• A user of the Model VVUQ Pattern need not have studied, understood all 

of, or even see the following, since that pattern should be placed in the 
related tooling to simplify application, with most of this “behind the 
scenes”

• However, a specialist interested in understanding what is being/inside the 
Model VVUQ Pattern could study these details to analyze, for example, the 
comprehensiveness of its coverage of model VVUQ issues with respect to 
principles of V&V 40, V&V 10, etc. 

• The General System (generic) case is shown first.
• Then the (general) Controlled Medical Device Pattern case is shown, as a 

specialization.
• A Configured Model will be created for the illustrative example.

26



More detailed VVUQ Pattern aspects, general systems case first
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More detailed VVUQ Pattern aspects, general systems case first
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Further specialized to medical device domain
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Example Model: Medical 
device + medication + patient: 
From Marc Horner’s INCOSE 
presentation, April, 2018
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Mapping to Generic Device 
Draft Pattern
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Mapping to Generic Device 
Draft Pattern
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Mapping to Generic Device 
Draft Pattern
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• We also often model a higher 
level system that emerges from 
the interaction of other 
systems, with global properties 
resulting from their 
combination.

• In this case, a good place to 
represent the emergent:
• hydraulics of the combined 

patient anatomy, device 
hydraulics, and liquid

• overall therapeutic / 
metabolic performance.

• Particularly if we want to 
represent performance model 
uncertainty at higher combined 
level.

Combined 
System
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3. Incorporating ASME VV40 into the 
Model VVUQ Pattern
• The initial version of the Model VVUQ Pattern was generated in 2017 as a 

specialization of the INCOSE Model Planning and Assessment Pattern.
• The initial version of that pattern provides ability to record required and 

resulting information concerning VVUQ of the model of interest.
• Upon reading the draft prose of the ASME VV40 standard, we realized that 

certain important structures in that standard (e.g., Model Credibility Factors) 
could be incorporated directly into the VVUQ Pattern, as an improvement

• thereby building them into the work process
• and advancing some common expectations across community of 

designers, analysts, regulators

(This is interim material, work on (3) is still in progress.)
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More detailed VVUQ Pattern aspects, general systems case first
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More detailed VVUQ Pattern aspects, general systems case first
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More detailed VVUQ Pattern aspects, general systems case first
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More detailed VVUQ Pattern aspects, general systems case first
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Back up reference material

•
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The Computational Model Requirements Pattern (from VV50 team)

• The more detailed parts of the Model VVUQ Pattern embeds 
configurable model-based data structures supporting the capture and 
representation of guidance as from the VV40 Risk Informed Credibility 
Framework, including its (configurable) Credibility Factors: 

42

ASME V&V 40
Model Credibility 

Principles

ASME V&V 50 
Model VVUQ 

Pattern

PBSE: Medical 
Device Pattern

Understanding
Model Credibility 

for Context of Use

From: 
VV40 Risk Informed 
Credibility Framework
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Physics-Based Model Data Driven Model
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“Actors”

Real System Being Modeled

• Predicts the external behavior of the System of 
Interest, visible externally to the external 
actors with which it interacts.

• Models internal physical interactions of the 
System of Interest, and how they combine to 
cause/explain externally visible behavior.

• Model has both external predictive value and 
phenomena-based internal-to-external 
explanatory value.

• Overall model may have high dimensionality.

• Predicts the external behavior of the System of 
Interest, visible to the external actors with which it 
interacts.  

• Model intermediate quantities may not correspond 
to internal or external physical parameters, but 
combine to adequately predict external behavior, 
fitting it to compressed relationships.

• Model has external predictive value, but not internal 
explanatory value.

• Overall model may have reduced dimensionality.

predictspredicts, 
explains

• Data scientists and their math/IT tools can 
apply here (data mining, pattern extraction, 
cognitive AI tooling).

• Tools and methods for discovery / extraction of 
recurring patterns of external behavior.

From: Huanga, Zhanga, Dinga, “An analytical 
model of residual stress for flank milling of Ti-
6Al-4V”, 15th CIRP Conference on Modelling 
of Machining Operations

• Physical scientists and phenomena models 
from their disciplines can apply here. 

• The hard sciences physical laws, and how 
they can be used to explain the externally 
visible behavior of the system of interest.

Residual Stress for
 Milling Process
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Model VVUQ Pattern: 
Model Stakeholder Features Overview 
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• Med device generic features

• Med device generic interactions

• Med device generic states

51


