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Approach to a Model-Based T&E Framework

Example of applying a Model-Based T&E Framework to a real Test Program

Results, benefits, and lessons learned applying a Model-Based T&E approach

What is Model-Based T&E, and why would you want to use it?

Goal: explore applying Model-Based Systems Engineering (MBSE) 
methodology to Test and Evaluation (T&E) to achieve a more efficient and
effective approach to system testing

Overview



Challenges of Test & Evaluation
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A growing gap exists between digital systems engineering processes and manual document-based test processes

Overview

Challenge Opportunity
Managing competing stakeholder priorities on 
test objectives, schedules, and resources leads to 
frequent changes and re-work

Develop dynamic models for test planning that 
are easier to update as plans evolve over time

Testing complex System of Systems (SoS) may 
require development of complex scenarios, 
making it difficult to assess test coverage

Utilize model-based traceability, metrics, and 
gap analysis to assess test alignment to the 
requirements

Testing often requires manual generation of 
detailed documents such as test plans, 
procedures, and readiness reviews

Automate test document generation to save 
time and reduce human error

The system may not work like the testers 
expected it to perform, leading to significant 
redlining, retesting, and schedule delays

Analyze system models to improve test 
procedure quality and ensure that testing is 
feasible
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How can I utilize 
existing system 
models for testing?

How can I manage 
change?

As the system definition changes, use the model to 
identify where test changes need to be made and look 
for gaps

How can I ensure 
test coverage?

Integrate the test model with the system design 
model for improved traceability to ensure test 
coverage

How can I spend 
less time on 
documentation?

Capture test planning and design information in one 
location instead of multiple disparate documents, and
automate generation of documents

How can I better 
understand how the 
system should work?

Use models to facilitate more communication 
between the test team and system design team

Overview

Use the system MBSE model to help capture the System 
Under Test (SUT) configuration, requirements, and 
behaviors to be executed during testing

Test 
Engineer
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Developed custom Cameo 
Profile for T&E elements and 
additional test fields that need 
to be captured

1 2 3
Created model schema for 
planning how to interconnect 
test elements and connect the 
test model to the system model

Built templates to standardize 
and automate model-based 
tables (RTVM) and exports 
(Test Procedures, Plans, etc.)

Approach



Stereotypes Overview
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Approach

Test Planning Test Procedures Run Matrix Measures

Additional stereotype fields can be customized 
based on an organization’s needs



T&E Model Schema
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Approach

One or more Test Cases 
Satisfy each Test Objective

One or more Test Objectives 
refine each Test Event

Test Objectives can be 
associated with Measures from 

System Blocks

SUT configurations are 
Instances of system blocks

Test Runs are instances of 
Test Cases and associated 

with system config Instances

Observations are associated 
with Test Runs

Existing system 
model elements



Model-Based Requirements Traceability 
Verification Matrix (RTVM)

RTVM by Requirement displays Requirement to Test Case traceability, 
snapshot of test run results, and Requirement details
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Approach

RTVM by Test Case displays Test Case to Requirement traceability, snapshot 
of test run results, and Test Case details



Model-Based Run Matrix
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Approach

Instance Table displays Test Runs (Instances of Test Cases) color-coded by Test Result

• Run Matrix displays Test Runs (instances of Test Cases)
• Instances can be user-created or generated by Cameo if simulating a Test 

Case 

Link run to specific 
System Configuration 

(SUT Instance)

Associate run 
with Observations 
(new or existing)

Test Case is the 
classifier of each 

Test Run



Model-Based Observations Tracker
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• Observations are color-coded by closure status
• Traceability: observations are linked to specific Test Runs (instances of the 

Test Case) and the SUT Configuration (instances of the system blocks)

Link to one 
or more 
Runs

Link to System Config Observed / Fixed

Approach



Model-Based Test Procedures
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• Model-Based Test Procedures are activities (Test 
Cases) with customized actions (Test Actions)

• Table format provides detailed steps for test team
– Each step’s behavior could be a behavior in the 

system model or another Test Procedure
– Steps can have inputs and outputs, for data to be 

input or captured
– Actors (test team members) who will execute each 

step are identified

Approach



Automated Test Procedure Exports
• Developed Velocity-Based template for Cameo Report Wizard to generate 

Test Procedure Document
• Output document includes high-level test case information, traceability, and 

detailed table of procedure steps 
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Participating 
Systems

Test 
Objectives

Overview – description, 
category, model path

Test Outputs (Data 
to be Collected)

Requirements

SysML Activity 
Diagram of 

procedure steps

Table view of 
procedure steps

Word 
Document 

Auto-
Generated

Sample Output
Select export template 
and TCs to be included

Approach



Example Test Program – Drone
• Project was to design, build, and flight test a UAS system 

– Integrating COTS parts for multiple missions
– Test team of about 5 people

• High emphasis on flight safety and pre-flight checklists
– Abiding by FAA Part 107 drone regulations 
– Structured test team with formal roles and reporting structures
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Ground Station

Wind Sock

Weather 
Station

Example



• Developed phased test approach with a Test Event 
element created for each test phase 

• Created test objectives and mapped them to test events 

• Mapped Test Cases to Objectives satisfied and 
Requirements verified to build out model-based RTVM

• Developed reusable pre-flight and post-flight Test Cases, 
to be used as first and last step of other Test Cases

• Built block definition diagrams to visually display test 
event / test objective / test case traceability for Test 
Readiness Reviews

• Modeled test team roles as actor elements and 
developed reporting structure hierarchy

Model-Based Test Planning Example
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Example



Test Procedure Export Example
• Developed additional 

“Steps Only” Test 
Procedure export to 
reduce procedure 
page count for in the 
field
– After each test day, the 

team redlined the 
procedures and made 
updates in the model

– Team would re-export 
the procedures before 
the next test event

Example
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Profile Tailoring

Lessons Learned
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Model Fluency High Quality 
Procedures

• Test team understood the system 
design better, leading to higher 
quality test procedures with fewer 
redlines needed

• Automated Test Procedure Exports 
were easy to use in the test field

• Test team members will need 
to learn advanced modeling 
tool skills, particularly to 
build profile customizations 
and develop export 
templates 

• Stakeholders will need a basic 
understanding of MBSE to 
provide buy-in for the model-
based approach

• Need to develop custom 
fields to be tracked to align 
profile with the organization’s 
existing terminology

• Need to develop customized 
exports to match existing 
document templates

• Level of T&E modeling 
appropriate for each 
organization can vary

Adopting a Model-Based T&E approach requires a cultural shift and willingness to learn new 
skills and adopt new T&E processes

Tool Limitations

• Difficult to manage Test 
Case numbering and Test 
Procedure step numbering 
with numbering scheme 
customizations

• Tracking Test Results in 
Cameo can be tedious

• Need tool licenses for test 
team

Value to the Customer



Benefits and Results
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Test Team successfully stood up a new UAS test program and completed Phase 1 Testing ahead 

of schedule

Value to the Customer

Model 
Traceability

• Traceability ensured test 
coverage of requirements 
and provided confidence to 
stakeholders in the test 
planning process

• It was easy to re-map 
objectives and test cases as
plans evolved over time

Improved 
Efficiency

• Modelling Test Events, 
Objectives, and Test Cases 
was more efficient that 
writing multiple documents

• Team was able to create 
multiple stakeholder views 
of the information for Test 
Readiness Reviews (TRRs)

High Quality 
Procedures

• Test team understood the 
UAS design better, leading 
to higher quality test 
procedures with fewer 
redlines needed

• Automated Test Procedure 
Exports were easy to use in 
the test field

Better Change 
Management

• Model provided change 
control to the entire T&E 
Process

• Team was able to monitor 
the system model for 
changes that would impact 
test

• Changes propagated to all 
affected model tables, 
diagrams, exports, etc.
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