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Abstract
This presentation discusses a white paper being jointly authored 
during 2018, to illustrate the applications of ASME V&V 40 to medical 
devices that include embedded control. 

There is an historical subject of control systems applied in uncertain 
situations, but our subject here is uncertainty, risk, and credibility as 
they apply to the model of the resulting system. What trust should be 
placed in a model for decision-making about systems with embedded 
control?

Model VVUQ & MBSE work provides a set of general system 
principles and assets, and the white paper discussed will summarize 
how they apply when embedded control is part of the modeled system. 
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• This talk is about a paper being developed and 

expanded during the year:

• This talk summarizes the approach only.

• It is likely to evolve, as we are at an early stage and 

authors are still weighing in on issues.

• Sharing progress publicly as we work through year.

• It begins by using the V&V 40 Model Credibility 

Principles for planning/assessment.

• The VnV Model VVUQ Pattern is also used to answer 

related questions and leverage knowledge.

• The PBSE EI Pattern is used to explicate the 

specialization to cases of embedded control. 
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ASME V&V 40
Model Credibility 

Principles

ASME V&V 50 
Model VVUQ 

Pattern

PBSE: Embedded 
Intelligence (EI) 

Pattern

Understanding
Model Credibility 

for Context of Use

• Resulting understanding of model credibility in a specific Context of Use (CoU) can be 
applied for devices (discussed), and (later) manufacturing & distributions cases. 

Overall Approach
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ASME V&V Standards Committee

• Provide procedures for assessing and quantifying the accuracy and credibility of 
computational modeling and simulation

V&V Standards Committee in 
Computational Modeling and 

Simulation

V&V 10 - Verification and Validation 
in Computational Solid Mechanics

V&V 20 - Verification and Validation 
in Computational Fluid Dynamics and 

Heat Transfer

V&V 30 - Verification and Validation 
in Computational Simulation of 
Nuclear System Thermal Fluids 

Behavior

V&V 40 - Verification and Validation 
in Computational Modeling of 

Medical Devices

V&V 50 - Verification and Validation 
of Computational Modeling for 

Advanced Manufacturing

ASME V&V 10 ASME V&V 20ASME V&V 10.1

ASME Committee on V&V in CM&S
5
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ASME V&V 40 Charter
• Provide procedures to standardize verification and 

validation for computational modeling of medical devices

• Charter approved in January 2011

Motivating factors
• Regulated industry with limited ability to validate clinically

• Increased emphasis on modeling to support device safety 
and/or efficacy

• Use of modeling hindered by lack of V&V guidance and 
expectations within medical device community ASME V&V 40

(planned for June 2018 pub.)

ASME V&V 40
V&V Standards Committee in 
Computational Modeling and 

Simulation

V&V 10 - Verification and Validation 
in Computational Solid Mechanics

V&V 20 - Verification and Validation 
in Computational Fluid Dynamics and 

Heat Transfer

V&V 30 - Verification and Validation 
in Computational Simulation of 
Nuclear System Thermal Fluids 

Behavior

V&V 40 - Verification and Validation 
in Computational Modeling of 

Medical Devices

V&V 50 - Verification and Validation 
of Computational Modeling for 

Advanced Manufacturing

6
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The V&V40 guide outlines a process for making risk-informed 
determinations as to whether CM&S is credible for decision-

making for a specified context of use.

ASME V&V 40 - Model Credibility Principles

RISK-INFORMED CREDIBILITY ASSESSMENT FRAMEWORK

7
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The question of interest describes the specific question, decision or concern that is 
being addressed.

Context of use defines the specific role and scope of the computational model used 
to inform that decision.

Question of Interest and Context of Use
8
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Model risk is the possibility that the model may lead to a 
false/incorrect conclusion about device performance, 
resulting in adverse outcomes.

- Model influence is the contribution of the computational 
model to the decision relative to other available evidence.

- Decision consequence is the significance of an adverse 
outcome resulting from an incorrect decision.

* Blood pump image courtesy Mark Goodin, SimuTech Group

Risk Assessment
9
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Model credibility refers to the trust in the 
predictive capability of the computational 
model for the COU.

Trust can be established through the collection 
of V&V evidence and by demonstrating the 
applicability of the V&V activities to support 
the use of the CM for the COU.

Credibility Factors

Verification Validation

Applicability
Code Solution Model Comparator

Output

Assessment
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Examples/Illustrations
• Examples highlight specific aspects of the 

risk-informed credibility assessment 
framework.

• The examples should not be considered 
“industry-approved” or “regulatory-
approved.”

11
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Regulatory Pathway for CM&S

Assessing 
Computational Model 
Credibility through 
Verification and 
Validation: 
Application to 
Medical Devices

currently in DRAFT form

“Develop computational modeling technologies
to support regulatory decision-making”

12

http://www.fda.gov/downloads/MedicalDevices/ScienceandResearch/UCM521503.pdf
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM381813.pdf
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The V&V 50 Model VVUQ Pattern

• Itself a model, describes features of a 
model of interest, for planning, 
developing, validating, and life cycle 
management of a model of interest--
including key emphasis on the model’s 
VVUQ.

• Being generated in the V&V 50 team 
and INCOSE. 

• Helps structure and capture metadata 
describing intentions and other aspects 
of the model of interest—some of which 
are model-based answers to what V&V 
40 asks us for.

Legend:
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Computational Model Feature Groups: 29 Features, in 
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15Comparing different configurations (model instances) of a generic 
pattern (e.g., a pattern of a class of medical devices) provides a 
structured means of analyzing model UQ in light of the UQ of a “nearby” 
model configuration:

15
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The V&V 50 Model VVUQ Pattern

• Are “system” models really so 
different from “computational 
models”?

• Can/should “system” models be 
subject to VVUQ as in “computational 
models”?

• Does the credibility of “system 
models” matter less than the 
credibility of “computational models”?

• Read about PIRT (Phenomena 
Identification and Ranking Table) to 
realize that confidence in the structure 
of a “system model” is connected to 
confidence in the identification and 
ranking of “phenomena”.

16
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17Embedded Intelligence (EI) Pattern
• The EI Pattern is an S*Pattern that describes intelligence in 

explicit models of evolving systems in the natural and man-
made world:

• Also referred to as the Management System Pattern.

• Concerned with the emergence of four roles, at multiple levels:

MTS SOA MDS

MTS SOA
SOU,
MDS

MTS SOA
SOU,
MDS

MTS SOA
SOU,
MDS

SOU
MTS
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18PBSE: Embedded Intelligence (EI) Pattern

• As usual in model VVUQ, we are concerned with multiple sources of 
uncertainty—model, input data, etc.—and uncertainty propagation.

• In the case of the EI Pattern, this also turns out to be equivalent to 
(what other domains call) Operational Control Strategy model 
uncertainty. 
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Applying the Principles and Assets

• Because of the general form of (1) the V&V 40 principles, (2) the Model 
VVUQ Pattern, and (3) the Embedded Intelligence Pattern, we can predict 
the general form of the resulting model VVUQ/credibility problem and the 
form of analysis for the model of embedded control:

• It is still necessary to analyze specific cases, but the approach and form 
can be predicted in advance, reducing effort to generate and 
communicate it to others.

• This can reduce the time and effort necessary to address model credibility 
questions. 

• It is not just a time-saver for the analyst, but also for those with whom the 
analysis is to be shared, requiring credibility.
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Applying the Principles and Assets

• Subsequent updates will include the application of the above 
approach, principles and assets to the problem.

• For purposes of this meeting, we are interested in your 
questions and comments about the approach.   
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Example

• We are likewise planning an example for the paper, from the  
medical device controls. 
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Additional application domains: 
Model scopes and uncertainties about…

• Medical device application domain:
• Control system, sensors, actuators
• Controlled device
• Human physiology and activity
• Human environment

• Manufacturing domain:
• Controls, equipment, material, and operational control strategy, model
• Use in GMP and other production environments   (V&V 50 world)

• Distribution domain: 
• Warehouse, transport, and retail control systems, sensors, actuators
• Controlled equipment and environment
• Product in distribution
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Conclusions

• V&V 40, V&V 50, and MBSE Patterns can provide key assets 
and structured methods for dealing with model uncertainty 
concerning medical devices with embedded control.

• The white paper being written is to bring a set of 
complementary but less familiar ideas into both combination 
and awareness.

• We are still at an early stage in writing the paper, and plan to 
report on progress at subsequent meetings. 
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Thank you.

• Bill Schindel    schindel@ictt.com Marc Horner    marc.horner@ansys.com

• Chris Unger    christopher.unger@med.ge.com Bob Malins      rjmalins@eaglesummittech.com
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Supplemental Attachment

• A little more about the Model VVUQ Pattern

• A little more about the Embedded Intelligence Pattern

• For still more, see the References
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datasets for use as inputs, parametric 

characterizations, or outputs

Dataset Type
The type(s) of data sets (may be 

multiple)
X X X X X

Configuration ID

A specific system of interest 

configuration within the family that 

the pattern framework  can represent.  
X X X X X X

Pattern ID
The identifier of the trusted 

configurable pattern. X X X X X X

Model Type

Feature 

Group
Feature Name Feature Definition

Feature 

Attribute
Attribute Definition

Feature Stakeholder

The capability of the model to serve as a 

configurable pattern, representing different 

modeled system configurations across a common 

domain, spreading the cost of establishing trusted 

model frameworks across a community of 

applications and configurations. 

Trusted 

Configurable 

Pattern

Describes  the scope of content of the model
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31Embedded Intelligence (EI) Pattern

• Managed System (MDS): Any system behavior whose performance, 
configuration, faults, security, or accounting are to be managed--
referred to as System Management Functional Areas (SMFAs) or in 
ISO terminology fault, configuration, accounting, performance, security 
(FCAPS).  (performance = classical controls)

• These are the roles played by the so-called “physical systems” in a 
cyber-physical system, providing physical services such as energy 
conversion, transport, transformation, or otherwise.
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32Embedded Intelligence (EI) Pattern

• Management System (MTS): The roles of performing 
management (active or passive) of any of the SMFAs of the 
managed system. 

• These are so-called “cyber” roles in a cyber-physical system, 
and may be played by automation technology, human beings, or 
hybrids thereof, to accomplish regulatory or other management 
purposes. 
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33Embedded Intelligence (EI) Pattern

• System of Users (SOU): The roles played by a system which 
consumes the services of an managed system and/or 
management system, including human system users or other 
service-consuming systems at higher levels. 
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34Embedded Intelligence (EI) Pattern

• System of Access (SOA): The roles providing a means of 
interaction between the other EI roles.   

• Engineered sensors, actuators, the Internet, and human-
machine interfaces have contributed greatly to the emergence of 
the “Internet of Things”..


