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Community Benchmark Problem

• Goal: Engage the broader community in addressing and overcoming inherent challenges related to the 
maturation of organizations and capabilities within the UAM sector.

• Unique Approach: Combination of UL 4600 and CMMI-DEV methodologies for enhanced safety and 
process maturity in UAM.

• New and Different: Emphasis on scoring, tracking, and real-world application in UAM scenarios over time, 
sustainable over the life of a UAM organization/project.

• Impact of Success: Enable the community to move toward consensus on maturing UAM, influencing 
future technology, policies, and urban transportation systems.

• Stakeholders: Beneficial to a wide range of audiences from tech developers to the general public.



Background

• Establish a scoring mechanism for tracking 
progress for the ICM sub-project annual
benchmark exercise
– How much have we advanced in autonomy? 

In modeling faults? In environmental 
complexity? Etc.

• There are many, many metrics that can be tracked 
• As we publish our own simulator and more 

experiments, how does the public compare in its 
improvements?



Background



Methodology
Mission Complexity

Environment
Mission Operations

Autonomy
Decision-Making

Mission Fault

Mission Risk Acceptability
Contingency Management

Mission Success
Operational

Mission Redefinition
Environment (Area/Population/Conditions)

How much risk am I willing to accept for a mission 
under this UAM Framework?

How do I understand this UAM Framework’s capability 
(systems and processes) in ensuring the safety of 
complex missions?

CMMI-DEV 
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UL 4600 Case Evidence

Measure UAM Capability and Organizational Maturity Criteria over time



Mission Complexity

How do I understand this UAM Framework’s capability (systems and processes) in ensuring 
the safety of complex missions?

Mission 
Complexity

Environment

Mission 
Operations

AutonomyDecision-
Making

Mission 
Faults



Methodology

For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

Safety Case Construction: UL 4600 emphasizes 
the development of a comprehensive safety 
case for autonomous systems, detailing how 
safety is achieved and maintained.
Technology-Neutral: The standard is designed 
to apply to a wide range of technologies and 
autonomous systems, not limited to specific 
types or use cases.
Risk Analysis: Includes methodologies for 
identifying, assessing, and mitigating risks 
associated with autonomous operations.
Autonomy Validation: Focuses on the validation 
processes for ensuring that autonomous 
systems perform safely under a wide range of 
conditions.
Human-System Interaction: Addresses how 
autonomous systems interact with humans, 
including operators, users, and other 
stakeholders.



Methodology

For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

a) Create a claim that the UAM Framework 
meets the standards of the Mission 
Complexity Category

Identify Key 
Safety Aspects
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Methodology

For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

a) Create a claim that the UAM Framework 
meets the standards of the Mission 
Complexity Category

b) Create sub-claims 𝑺𝑺 to support the Claim

Complexity of 
Environment
• Structured/Unstructured
• Known/Unknown
• Static/Dynamic

Complexity of Mission 
Operations
• Simple vs Complex Flight Plan
• Simple vs. Complex Flight 
Tasks

• Normal vs. Abnormal 
Operations

• Recoverable vs. Unrecoverable 
Failures

• Fundamental vs. Advanced 
Handling and Flight Quality

Complexity of 
Autonomy
• Manual Control
• Flight Stability
• Envelope Protection
• Navigation and Collision 
Avoidance

• Conditional Automation
• Conditional Automation with AI
• High Automation
• Full Automation:

Complexity of 
Decision-Making
• Mission-level​​.
• Task-level
• Plan-level
• Maneuver-level
• Control-level
• Health-level ​.
• Fault-level
• Recovery-level

Complexity of Mission 
Faults
• Expected/Unexpected
• External/Internal
• Correctable/Uncorrectable



Methodology
For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

a) Create a claim that the UAM Framework 
meets the standards of the Mission 
Complexity Category

b) Create sub-claims 𝑆𝑆 to support the Claim
c) Define, at a minimum:

• Evidence
• Performance Targets
• Safety Performance Indicators
• Methodology

.



Methodology
For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

a) Create a claim that the UAM 
Framework meets the standards 
of the Mission Complexity 
Category

b) Create sub-claims 𝑆𝑆 to support 
the Claim

c) Define, at a minimum:
• Evidence
• Performance Targets
• Safety Performance Indicators
• Indicators

2. Perform CMMI-DEV Analysis: ∀𝒔𝒔 ∈
𝑺𝑺, let 𝑬𝑬 be the defined Evidence and 
𝑷𝑷 be the CMMI-DEV Process Areas 
for an organization. Then ∀𝒆𝒆 ∈ 𝑬𝑬,
a) Identify relevant Process Areas 

𝒑𝒑⊆𝑷𝑷
b) ∀𝝋𝝋 ∈ 𝒑𝒑, Appraise CMMI-DEV 

Capability Level

Acronym CMMI-DEV Process Area
CAR Causal Analysis & Resolution
CM Configuration Management
DAR Decision Analysis & Resolution
IPM Integrated Project Management
MA Measurement & Analysis
OID Organizational Innovation & Deployment
OPD Organizational Process Definition
OPF Organizational Process Focus
OPP Organizational Process Performance
OT Organizational Training
PI Product Integration
PMC Project Monitoring & Control
PP Project Planning
PPQA Process & Product Quality Assurance
QPM Quantitative Project Management
RD Requirements Definition
REQM Requirements Management
RSKM Risk Management
SAM Supplier Agreement Management
TS Technical Solution
VER Verification
VAL Validation

Level 0: 
Incomplete
•Process not performed 
or only partially 
performed.

•Specific goals of the 
process area are not 
satisfied.

Level 1: 
Performed
•The process 
accomplishes the 
necessary work.

•Specific goals of the 
process area are 
satisfied.

Level 2: Managed
•The process is planned 
and executed according 
to policy.

• Involves relevant 
stakeholders and is 
monitored and reviewed.

Level 3: Defined
•Process is tailored from 
the organization's set of 
standard processes.

•Contributes experiences 
to the organizational 
process assets.

Project 
Management 

Practice Group

PP

PMC

RSKM

SAM

Engineering 
Practice Group

MA

REQM

RD

TS

PI

VAL

Process 
Management 

Practice Group

OPF

OPD

OT

Support 
Practice Group

PPQA

CM

High Maturity 
Practice Group

OPP

QPM

Example of 
Organizational 

Practice Groups

CMMI-DEV 
Capability 

Levels



Methodology
For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

a) Create a claim that the UAM Framework 
meets the standards of the Mission 
Complexity Category

b) Create sub-claims 𝑆𝑆 to support the Claim
c) Define, at a minimum:

• Evidence
• Performance Targets
• Safety Performance Indicators
• Indicators

2. Perform CMMI-DEV Analysis: ∀𝑠𝑠 ∈ 𝑆𝑆, let 𝐸𝐸 be 
the defined Evidence and 𝑃𝑃 be the CMMI-DEV 
Process Areas for an organization. Then ∀𝑒𝑒 ∈ 𝐸𝐸,
a) Identify relevant Process Areas 𝑝𝑝⊆𝑃𝑃
b) ∀𝜑𝜑 ∈ 𝑝𝑝, Appraise CMMI-DEV Capability 

Level
3. Use capability level as score and average across 

all evidence for each sub-claim
4. Integrate Findings into Next Benchmark 

Evaluation and new Safety Cases

Benchmark 1 Benchmark 2 Benchmark 3

Complexity 
Category Sub-Claims Complexity 

Category Sub-Claims Complexity 
Category Sub-Claims

Environment Structured, 
Known, Static Environment

Structured, 
Known, 
Dynamic

Environment
Structured, 
Known, 
Dynamic

Mission 
Operations

Simple Flight 
Plan, Simple 
Flight Tasks, 
Normal 
Operations, 
Recoverable 
Faults

Mission 
Operations

Simple Flight 
Plan, Simple 
Flight Tasks, 
Normal 
Operations, 
Recoverable 
Faults

Mission 
Operations

Simple Flight 
Plan, 
Complex 
Flight Tasks, 
Normal 
Operations, 
Recoverable 
Faults

Autonomy Flight Stability Autonomy
Navigation 
and Collision 
Avoidance

Autonomy
Navigation 
and Collision 
Avoidance

Decision-Making Control-Level, 
Task-Level Decision-Making

Task-Level, 
Fault-Level, 
Control-Level

Decision-Making

Task-Level, 
Fault-Level, 
Control-
Level

Mission Fault
Expected, 
Internal, 
Correctable

Mission Fault Expected, 
External, 
Correctable

Mission Fault
Expected, 
External, 
Correctable

Results



Methodology
For each Mission Complexity Category
1. Craft a UL 4600 Safety Case

a) Create a claim that the UAM Framework 
meets the standards of the Mission 
Complexity Category

b) Create sub-claims 𝑆𝑆 to support the Claim
c) Define, at a minimum:

• Evidence
• Performance Targets
• Safety Performance Indicators
• Indicators

2. Perform CMMI-DEV Analysis: ∀𝑠𝑠 ∈ 𝑆𝑆, let 𝐸𝐸 be 
the defined Evidence and 𝑃𝑃 be the CMMI-DEV 
Process Areas for an organization. Then ∀𝑒𝑒 ∈
𝐸𝐸,
a) Identify relevant Process Areas 𝑝𝑝⊆𝑃𝑃
b) ∀𝜑𝜑 ∈ 𝑝𝑝, Appraise CMMI-DEV Capability 

Level
3. Use capability level as score and average 

across all evidence for each sub-claim
4. Integrate Findings into Next Benchmark 

Evaluation and new Safety Cases

Results



Methodology
Mission Complexity

Environment
Mission Operations

Autonomy
Decision-Making

Mission Fault

Mission Risk Acceptability
Contingency Management

Mission Success
Operational

Mission Redefinition
Environment (Area/Population/Conditions)

How much risk am I willing to accept for a mission 
under this UAM Framework?

How do I understand this UAM Framework’s systems and 
processes in ensuring the safety of complex missions?

CMMI-DEV 
Assessment

UL 4600 
Assessment

UL 4600 Case Evidence

Measure UAM Capability and Organizational Maturity Criteria over time



Measuring Risk Acceptability

How much risk 
would I be willing to 
accept from a 
mission flown under 
this UAM 
Framework?

Approach:
1. Develop CMMI-DEV 

Process Groups along 
the lines of these 
categories for UAM

2. Assess using Staged 
CMMI Maturity model



Analysis Results
How much risk am I willing to accept for a mission under this UAM Framework?

Results
• Internal team CMMI-DEV assessment found these results, 

assuming the project as a whole is moving towards 
Maturity Level 2 (Managed)

• Project saw a rise in Specific Practices across the board
• Maturity of Mission Redefinition concerning CMMI-DEV is 

difficult to track until sub-project matures further



Conclusions
• Created an extendible method for tracking maturity of UAM Framework over subsequent exercises
• Leverage existing, reliable standards (Combined UL 4600 and CMMI-DEV) and related them to most 

recent UAM thinking
• Guidance for next steps when it comes to testing
• Next Step: Which categories do we need to mature? Which  do we need to mature?
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