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Motivation
§ Automotive, aerospace, defense, and other industries are adopting 

model-based systems engineering (MBSE) approaches to replace 
document-centric methods.

§ Adoption of MBSE not only for system design but also for 
verification, validation (V&V), and other lifecycle activities.

§ Improve verification and validation (V&V) tests and analyses
§ Improve V&V activities and processes
§ Digitalization of V&V for earlier and continuous application
§ Consistent application of V&V approach for large scale complex 

system
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Industry Application Focus
§ Propose a general V&V Test Framework (V&VTF) using SysML and 

an MBSE tool for connecting systems models with physics-based 
models on a digital platform.

§ Tailor the framework for large-scale engineered systems to 
effectively manage design changes and their propagation.

§ Enable the creation of descriptive systems models across multiple 
engineering domains, avoiding domain-specific languages for 
simplicity and faster MBSE adoption.

§ Design the framework to accommodate organizations with 
complex global supply chains, minimizing customizations and 
incompatible modeling methods among organizations.
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Choose a V&V methodology for the design phase.

Based on a thorough 
literature review and 

identification of state-of-the-
art approaches, selected a 

suitable verification and 
validation (V&V) 

methodology for the design 
phase.
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Identify Method

Define Test Cases

Develop MBSE framework

Define artifacts relation to the TC

Semi-automate the method 

Develop and capture a test case element (types and 
attributes) in a standard form for a system model.

Demonstration of method with a 
lubrication system use caseApplication of method 

Ensure comprehensive understanding and 
practical usability for all stakeholders involved

Connecting test artifacts within 
the V&VTF.

Define test artifacts, the test case 
specialization and TC configuration. 

What lies behind the developed approach?
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Identifying the V&V Method

Operational 
Environment 

:Virtual
& Physical

Methods For Validation
Analysis (Simulation, Analogy, Sampling, Modeling)
Inspection (Visual Examination, precision measurement)
Demonstration (Qualitative determination)
Test (Direct measurement with instrumentation, Direct 
measurement with special test equipment)

Methods for Verification
Enterprise Guidelines
Enterprise Process
Enterprise Rules
Others

V&V Methods and Operational Environment Defined in the Model. 
Adapted from Guide to Verification and Validation (INCOSE, 2022)

Identify Method
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§ Design Validation (DVD) focuses 
on ensuring that the 
implemented design meets the 
intended purpose and 
stakeholder expectations.

§ DVD can be performed in a 
virtual or physical environment, 
with validation in a virtual 
environment often conducted 
through modeling and 
simulation.
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Design 
Validation 
with Test 

Cases
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Design Validation with Test Cases
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§ SysML Test Case (TC) Element, (Adapted 
from Selvey et al.’s Verification Element 
(2018) and Scukanec (2011))

§ TC block contains a classifier behavior
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Design Validation with Test Cases
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Design Validation with Test Cases
§ Efficient modeling process for test 

case generation including 
definition of test case and 
activities

§ Reusability by different types and 
context

§ User can customize test cases 
using standard approach or add 
elements according to test type 
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Current Practices

7/20/2023



This page does not contain any export regulated technical data. 11

Verification and Validation Test Framework 
(TF) and Elements
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Proposed Verification and Validation Test 
Framework (TF) Artifacts
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§ Develop a V&V library of test frameworks 
that captures method

§ Customized SysML elements such as 
stereotypes

§ Defined model and physical configuration 
§ Captured test plan, test procedure, and 

test run. 
§ Captured the requirements related to the 

TC (for the SCS) and variables from the 
physics-based model using a functional 
mockup unit (FMU) block (a FMU file 
contains a simulation model that adheres 
to the FMI standard). 
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Proposed Verification and Validation Test 
Framework (TF) Artifacts

§ Capturing Artifacts relation to Test Case
§ Test Plan, a detailed document that describes the test 

strategy, objectives, schedule, estimation, deliverables, 
and resources required to perform testing for a system.

§ Test Procedure, created to confirm that a system will 
meet or not meet requirements. In a typical scenario, 
each set of test procedures linked to requirements 
specifications and contains a set of steps that will be 
performed during the test. 

§ Test Run, a unique occurrence of the running of a test 
procedure. There may be multiple test runs of a single 
procedure.
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Test Case by Analysis 
example, using system 

co-simulation 
framework  & 

customized “validate” 
stereotype
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Design 
Validation by 

System 
Co-Simulation



Design Validation by System Co-Simulation
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Design Validation by System Co-Simulation
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Developed a V&V library 
of test frameworks that 

captures method
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Design 
Validation by 

System 
Co-Simulation



Proposed 
Verification & 

Validation Test 
Framework
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Current Approach & Proposed V&V TF
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Semi- Automation of Test Case Results

Block Definition 
Diagram (BBD) for 
Test Configuration

Parametric Diagram for 
Test Configuration

Block Definition Diagram 
(BBD) for 

Instance Configuration and 
Relation to Requirement

System Model Configuration 
(SMC) using Test ArtifactTable
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Block Definition Diagram (BBD) for Test 
Configuration
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Semi- Automation 
of Test Case 
Results



Parametric Diagram for Test 
Configuration
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Semi- Automation 
of Test Case 

Results



Block Definition Diagram (BBD) shows 
four instances of one test type
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Semi- Automation 
of Test Case 

Results
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System Model Configuration (SMC) using 
a Test Artifact (TA) Validation Table



§ System Model Configuration or System Function Configuration
§ Table captures all configurations of model as separate instances.
§ Save run of Test Procedure as an instance

§ During simulation execution requirement table is updated with verdict 
output
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Requirement and Test Artifact (TA) 
Validation Table

Requirement Property (FMU) Value (FMU) Bounds Margin

Test Case Instance Test Artifacts (TPN, TR, TP, SC) Test Case Result Requirement

Test Artifact Validation Table - Elements

Requirement Validation Table - Elements



§ TF for Design Validation by System Co-Simulation Applied to Lubrication System
§ Design validation by analysis 
§ Requirements are checked against constraints and value from lubrication system 

analytical results (FMU box)

26

Use Case: Lubrication System
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Applying V&V Test 
Framework to the 

Lubrication System 
Descriptive Model
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Applying V&V Test Framework to the 
Lubrication System Descriptive Model



§ Test case execution generates test case pass or fail results
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Requirement Validation Table for 
Lubrication System
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Summary of V&V Test Framework Method
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§ Test cases and patterns are defined in the systems model to 
improve V&V planning

§ Explicit relation between test elements to manage design changes 
and their propagation

§ Avoided customization with new profiles, this method was 
developed using current SysML elements

§ A comprehensive approach to handle different test types and 
system abstraction levels.

§ The V&VTF is demonstrated through the testing of a lubrication 
system, providing design validation through co-simulation.
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What is the value of the V&VTF? 
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