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“Start Remote, Stay Remote?”
Project Overview

Mission Success = Robotic System Capabilities + Remote Operator Proficiency
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“Start Remote, Stay Remote?”
Project Overview

Conventional Systems

Bore Holes Tasks
(VERTICAL REPETITIONS)

Break Glass Tasks 
(VERTICAL REPETITIONS)

Mission Success = Robotic System Capabilities + Remote Operator Proficiency

Break Glass Tasks
(3x3 REPETITIONS)

Emerging Technologies
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Project Vision
Project Overview

Remotely operated robots, including ground, aerial, and aquatic 
systems, enable emergency responders to perform extremely 
hazardous tasks from safer stand-off distances. 

Standard test methods help robot researchers, manufacturers and 
users objectively evaluate system capabilities to align with mission 
requirements. 

We’re developing the measurements and standards infrastructure 
necessary to quantitatively evaluate and compare robotic system 
capabilities and remote operator proficiency because: 
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Purpose 
 
These test methods for small unmanned aircraft 
systems can be used to quantitatively evaluate 
various system capabilities and remote pilot 
proficiency. They are being standardized through 
the ASTM International Standards Committee on 
Homeland Security Applications; Response Robots 
(E54.09). They are also referenced as Job 
Performance Requirements in the National Fire 
Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public 
Safety Operations (NFPA 2400). 

These test methods are primarily intended for 
vertical takeoff and landing systems with an 
onboard camera and remote pilot display. Some 
are also applicable to fixed wing systems when the 
lane dimensions are extended to accommodate 
the orbit radius of forward flying systems. 
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Flying safely in our national air space requires 
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demonstrate “positive aircraft control” at all times.  

These standard test methods provide a 
reproducible way to train and measure remote 
pilot proficiency for hobbyists and licensed 
professionals. This would enhance the safety of 
ground personnel and reduce risk to manned 
aircraft as unmanned aircraft systems are 
integrated into our national airspace.
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Scalable Test Lanes for Various Sizes of Aircraft
Project Overview
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Introduction

Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.

Basic Maneuvering (MAN 1-5) and Payload Functionality (PAY 1-5)
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The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  
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to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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Easy and Inexpensive to Fabricate
Aerial Tests
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Obstructed Test Lane and Related Scenarios
Aerial Tests
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resulting trial scores across different locations can help determine best-in-class drone capabilities and remote 

pilots no matter where or when the testing occurs. 

 

 
Figure 2) Other related standards address different mission complexities such as the Obstructed Test Lane which 

evaluates drones flying in close proximity to outdoor objects to inspect detailed features from 2-3 m (6-10 ft). 

 

These standard tests support drone researchers, manufacturers, and user organizations in different ways. 

Researchers use these standard tests to understand mission requirements, encourage innovation, and demonstrate 

break-through capabilities. Manufacturers use these standard tests to evaluate design decisions, integrate 

emerging technologies, and harden systems. Various organizations use these tests to guide purchasing, make 

deployment decisions, and focus training with measures of remote pilot proficiency for credentialing. These 

standard tests support emergency response operations, critical infrastructure inspection, industrial and 

commercial applications, and even recreational pilot credentialing (see Appendix A for a subset of tests that can 

support recreational pilot credentialing). 
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Measuring sUAS Performance: Close Proximity Inspection
Safety | Capabilities | Proficiency
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Confined Test Lane and Related Scenarios
Aerial Tests
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Figure 3) The Confined Test Lane evaluates drones flying indoors or in any confined spaces as appropriate for 

specific missions like searching room-to-room and inspecting objects from 1-2 m (3-6 ft) in GPS denied and 

dark environments. 

 

 

1.  Scope  

1.1 This Open Test Lane and related operational scenarios are intended for small unmanned aircraft systems 

(“drones”) weighing less than 25 kg (55 lbs) that can be flown remotely at safe altitudes in open environments 

to identify objects on or near the ground.  

1.2 This test method specifies the apparatuses, procedures, and performance metrics necessary to objectively 

evaluate maneuvering along designated flight paths with associated payload functionality tasks including 

pointing and zooming cameras to capture images of objects.  A remote pilot is in control of all drone 

functionality, although assistive features and autonomous behaviors that improve the effectiveness or efficiency 

of the overall system may be used.  

Confined Test Lane and Related Operational Scenarios
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Sensor Test Lane
Aerial Tests
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Sensor Test Lane
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Sensor Test Lane
Aerial Tests
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Sensor Test Lane
Safety | Capabilities | Proficiency
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Aquatic Tests in Tanks and Scenarios
Underwater Tests
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Aquatic Tests in Tanks and Scenarios
Underwater Tests
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When We Started
Project Overview

• Lack of Coordinated Innovation and Commercialization
• Difficult to assess performance of robotic systems
• Robots were not addressing end-user needs
• No mechanism to tangibly communicate operational requirements
• No structured training for operators to improve proficiency
• No credentialing of remote operators and pilots

• Standard Test Methods Need To…
• Communicate operational needs to robot researchers and developers.
• Promote innovation through commercial manufacturers.
• Enable users to understand emerging robot capabilities. 
• Guide robot purchasing, acceptance testing, and deployment decisions.
• Focus training and measure operator proficiency for credentialing.
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Purpose 
 
These test methods for small unmanned aircraft 
systems can be used to quantitatively evaluate 
various system capabilities and remote pilot 
proficiency. They are being standardized through 
the ASTM International Standards Committee on 
Homeland Security Applications; Response Robots 
(E54.09). They are also referenced as Job 
Performance Requirements in the National Fire 
Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public 
Safety Operations (NFPA 2400). 

These test methods are primarily intended for 
vertical takeoff and landing systems with an 
onboard camera and remote pilot display. Some 
are also applicable to fixed wing systems when the 
lane dimensions are extended to accommodate 
the orbit radius of forward flying systems. 
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test ensures remote pilots understand air space 
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no practical skills test for remote pilots to 
demonstrate “positive aircraft control” at all times.  

These standard test methods provide a 
reproducible way to train and measure remote 
pilot proficiency for hobbyists and licensed 
professionals. This would enhance the safety of 
ground personnel and reduce risk to manned 
aircraft as unmanned aircraft systems are 
integrated into our national airspace.
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Introduction

Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Introduction

Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
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OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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Stakeholders & Priorities
Project Overview

Identifying our priorities:

• Requirements workshops with all interested stakeholders identify capability gaps and priorities.

• Test validation exercises with users refine and validate apparatuses, procedures, and data collection.

• Robot evaluations with manufacturers capture statistically significant capabilities data.

• Standards committee meetings and exercises prepare the tests for balloting and adoption.

• Research competitions validate and disseminate tests, inspire innovation, and measure progress.

8
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Sponsors
Adopting and Developing 
New Standard Test Methods

Robot Purchases
Using Robot Capabilities
Data From Test Methods

$70M to date

An International Eco-System Developing/Deploying Robots
Challenge | Measure | Communicate
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Sponsors
Adopting and Developing 
New Standard Test Methods

Robot Purchases
Using Robot Capabilities
Data From Test Methods

$70M to date

An International Eco-System Developing/Deploying Robots
Challenge | Measure | Communicate

FEDERAL SPONSORS 
AND COLLABORATORS

COMMERCIAL
PROCUREMENTS

STANDARDS
ORGANIZATIONS

ROBOTICS RESEARCH
COMPETITONS

$200 M THROUGH 2020

7
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The Same Standard Test Methods Help Different Users
Challenge | Measure | Communicate

Robot Developers
§ Understand missions through tangible test apparatuses

§ Practice and refine robot designs, make trade-off decisions

§ Highlight “Best-In-Class” capabilities

Responders, Soldiers, and Other Users
§ Compare robots with objective data, not marketing

§ Specify purchases based on existing combinations of capabilities

§ Align expectations with deployment decisions

Program Managers 
§ Describe objectives with a collection of tangible tasks

§ Challenge conventional approaches and inspire innovation

§ Measure baseline capabilities and document progress
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Our Approach
Project Overview

• Develop test methods
• Representative
• Repeatable
• Reproducible
• Science-based
• Inexpensive & easy to conduct

• Enable innovation 
• Competition challenges
• Identify and communicate gaps

• Measure performance
• Compare different system capabilities
• Track and compare operator proficiency
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U.S. Dept. of Commerce 
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Sponsor 

Philip Mattson 
Science and Technology Directorate 

U.S. Dept. of Homeland Security

Purpose 
 
These test methods for small unmanned aircraft 
systems can be used to quantitatively evaluate 
various system capabilities and remote pilot 
proficiency. They are being standardized through 
the ASTM International Standards Committee on 
Homeland Security Applications; Response Robots 
(E54.09). They are also referenced as Job 
Performance Requirements in the National Fire 
Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public 
Safety Operations (NFPA 2400). 

These test methods are primarily intended for 
vertical takeoff and landing systems with an 
onboard camera and remote pilot display. Some 
are also applicable to fixed wing systems when the 
lane dimensions are extended to accommodate 
the orbit radius of forward flying systems. 

Bucket stands on a level surfaces ensure the top bucket is 

vertical and the angled buckets are 45 degrees. 

BASIC MANEUVERING 
 Potential Part 107 Practical Skills Test 

Flying safely in our national air space requires 
knowledge and skill. The FAA’s Part 107 written 
test ensures remote pilots understand air space 
restrictions and safety precautions. But there is 
no practical skills test for remote pilots to 
demonstrate “positive aircraft control” at all times.  

These standard test methods provide a 
reproducible way to train and measure remote 
pilot proficiency for hobbyists and licensed 
professionals. This would enhance the safety of 
ground personnel and reduce risk to manned 
aircraft as unmanned aircraft systems are 
integrated into our national airspace.
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Scalable Test Lanes for Various Sizes of Aircraft
Project Overview
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Introduction

Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.

Basic Maneuvering (MAN 1-5) and Payload Functionality (PAY 1-5)
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
 

Standard Test Methods for Response Robots
ASTM International Standards Committee on Homeland Security Applications; 

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov

48

Scalable Test Lanes for Various Sizes of Aircraft
Project Overview

Standard Test Methods for Small Unmanned Aircraft Systems
ASTM International Standards Committee on Homeland Security Applications; 

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
3

Introduction

Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.

Basic Maneuvering (MAN 1-5) and Payload Functionality (PAY 1-5)
Safety | Capabilities | Proficiency

INSIDE EACH BUCKET

EVALUATE SENSORS

SMALL SYSTEMS LARGE SYSTEMS

INTERFACES PROCEDURES

SENSORS MANEUVERING

MEASURE & COMPARE

1A

SCALABLE TEST LANES  (ALTITUDE = SPACING)

AL
TI
TU

DE

SPACING

OMNI BUCKETS

PROCEDURES

MANEUVERINGSENSORS

INTERFACES

SMALL DRONES

MEASURE & COMPARE SCALABLE  (ALTITUDE = SPACING)

 

 Page 4 11/9/21 

Standard Test Methods for Small Unmanned Aircraft Systems
ASTM International Standards Committee on Homeland Security Applications; 

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov

• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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• Develop suites of reproducible test methods that are quick and easy 
to conduct repeatedly.

• Measure combinations of existing capabilities and emerging 
technologies.

• Inspire innovation using tests to communicate operational needs and 
technological gaps.

• Guide purchasing and deployment decisions with objective 
capabilities data.

• Focus training with repeatable tasks to measure and compare 
operator proficiency.

• Identify readiness issues with equipment and/or training through 
local, regional, or national averages.
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Our Process
Project Overview
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These test methods for small unmanned aircraft 
systems can be used to quantitatively evaluate 
various system capabilities and remote pilot 
proficiency. They are being standardized through 
the ASTM International Standards Committee on 
Homeland Security Applications; Response Robots 
(E54.09). They are also referenced as Job 
Performance Requirements in the National Fire 
Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public 
Safety Operations (NFPA 2400). 

These test methods are primarily intended for 
vertical takeoff and landing systems with an 
onboard camera and remote pilot display. Some 
are also applicable to fixed wing systems when the 
lane dimensions are extended to accommodate 
the orbit radius of forward flying systems. 
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demonstrate “positive aircraft control” at all times.  

These standard test methods provide a 
reproducible way to train and measure remote 
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professionals. This would enhance the safety of 
ground personnel and reduce risk to manned 
aircraft as unmanned aircraft systems are 
integrated into our national airspace.
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• Bus hostage situation 
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• Subway terrorist attack 
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OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Introduction

Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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reproducible tasks with scores to augment qualitative 
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thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
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trust when they’re based on quantitative performance data 
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Same Tests Help Different Users and Robots
Project Overview

Robot Developers
§ Understand missions through tangible test apparatuses
§ Practice and refine robot designs, make trade-off decisions
§ Highlight “Best-In-Class” capabilities

Responders, Soldiers, Other Users
§ Compare robots with objective data, not marketing
§ Specify purchases based on existing combinations of capabilities
§ Align expectations with deployment decisions

Program Managers 
§ Describe objectives with a collection of tangible tasks
§ Challenge conventional approaches and inspire innovation
§ Measure baseline capabilities and document progress
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Version: 2019E

Test Director 

Adam Jacoff 
Intelligent Systems Division 

Nat’l Institute of Standards and Technology 
U.S. Dept. of Commerce 

RobotTestMethods@nist.gov | 301-975-4235 

Sponsor 

Philip Mattson 
Science and Technology Directorate 

U.S. Dept. of Homeland Security

Purpose 
 
These test methods for small unmanned aircraft 
systems can be used to quantitatively evaluate 
various system capabilities and remote pilot 
proficiency. They are being standardized through 
the ASTM International Standards Committee on 
Homeland Security Applications; Response Robots 
(E54.09). They are also referenced as Job 
Performance Requirements in the National Fire 
Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public 
Safety Operations (NFPA 2400). 

These test methods are primarily intended for 
vertical takeoff and landing systems with an 
onboard camera and remote pilot display. Some 
are also applicable to fixed wing systems when the 
lane dimensions are extended to accommodate 
the orbit radius of forward flying systems. 

Bucket stands on a level surfaces ensure the top bucket is 

vertical and the angled buckets are 45 degrees. 

BASIC MANEUVERING 
 Potential Part 107 Practical Skills Test 

Flying safely in our national air space requires 
knowledge and skill. The FAA’s Part 107 written 
test ensures remote pilots understand air space 
restrictions and safety precautions. But there is 
no practical skills test for remote pilots to 
demonstrate “positive aircraft control” at all times.  

These standard test methods provide a 
reproducible way to train and measure remote 
pilot proficiency for hobbyists and licensed 
professionals. This would enhance the safety of 
ground personnel and reduce risk to manned 
aircraft as unmanned aircraft systems are 
integrated into our national airspace.
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• Wide area search of a plane crash site 
• Vehicle identifications 
• Hazardous tanker truck accident and fire 
• Suspicious vehicle takedown  
• Bus hostage situation 
• Collapsed structure search 
• Subway terrorist attack 
• Flooded house rescue with delivery of personal floatation devices 
• Flash flood bridge collapse with school bus and vehicle rescue 

 

 

OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
Maneuvering and/or Payload Functionality. 
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Remotely operated aerial systems enable emergency 
responders to perform extremely hazardous tasks from 
safer stand-off distances. The U.S. National Institute of 
Standards and Technology is leading an international effort 
to develop standard test methods to help manufacturers, 
procurement professionals, and users objectively evaluate 
system capabilities and remote pilot proficiency to align 
with mission requirements. This improves the safety and 
effectiveness of emergency responders as they save lives 
and protect property in our communities

The first step toward credentialing remote pilots is to get 
everybody onto the same measuring stick. That’s where 
standard test methods can play a key role. These test 
methods for Basic Maneuvering (MAN 1-5) and Payload 
Functionality (PAY 1-5) are being replicated across the 
country and internationally to focus training with 
quantitative measures of remote pilot proficiency. They are 
low cost and easy to replicate so everyone can measure 
their own progress over time and compare their proficiency 
to regional or national averages on similar 
systems. Concurrent test lanes can be set up to enable 
multiple systems and pilots to train or evaluate 
simultaneously. 

They are being standardized through the ASTM 
International Standards Committee on Homeland Security 
Applications; Response Robots (ASTM E54.09). They are also 
referenced as Job Performance Requirements in 
the National Fire Protection Association Standard for Small 
Unmanned Aircraft Systems Used For Public Safety 
Operations (NFPA 2400) and the ASTM Standard Guide for 
Training for Remote Pilot in Command of Unmanned 
Aircraft Systems Endorsement (ASTM F38.03 F3266-18). 

These suites of standard test methods provide common 
measures of capabilities with quantitative results. They can 
be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
assessments. Organizations using these tests set their own 
thresholds of acceptable system and pilot performance to 
align with their airspace, environment, and mission 
complexities. But those decisions are easier to make and 
trust when they’re based on quantitative performance data 
captured within standard test methods.
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OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
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be conducted individually, in sequences, or embedded into 
operational training scenarios as repeatable and 
reproducible tasks with scores to augment qualitative 
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trust when they’re based on quantitative performance data 
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OPEN TEST LANES 
 

The Open Test Lanes evaluates 5 different flight paths to identify objects from safe altitudes in open 
environments. These tests are scalable for all sizes of aircraft to demonstrate positive control at all times 
with accurate perches. They can be performed outdoors or indoors to control lighting and weather. The 
smallest size lane fits on an indoor basketball or tennis court for small drones and/or novice pilots to 
practice safely without flying in the national airspace.  

 

 
Figure 4) The standard tests use well defined altitudes, positions, orientations, and perches to evaluate both 
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Example Spectrum of Ground Robots
Project Overview
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Standard Test Methods for Ground Robots

For more information: 
Email: RobotTestMethods@nist.gov | https://RobotTestMethods.nist.gov
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Scope of Ground Systems
Safety | Capabilities | Proficiency

Cobham Telemax
80kg (175lbs)

ICOR Caliber MK3
84kg (185lbs)

Remotec HD-SEL
111kg (245lb)

iRobot 710 Kobra
166.5kg (367lbs)

ICOR Caliber T5
64kg (140lbs)

iRobot 110 FirstLook
2.4kg (5.2lbs)

Qinetiq Dragon Runner 10
4.5kg (10lbs)

ICOR Caliber Mini
27kg (65lbs)

iRobot 310 SUGV
13.2kg (29lbs)

Remotec Titus
61kg (135lbs)

Remotec Wolverine
367kg (810lbs)

Remotec Mark 5-A1
358kg (790lbs)

Remotec F6B
220kg (485lb)

WM Robotics Knight
249kg (550lbs)

Howe & Howe Thermite RS1 & RS3
550kg (1200lbs) 1200 Gallons per Minute
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New Firefighting Class of Robots
Project Overview
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New Firefighting Class of Robots
Project Overview
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Scale for Outdoor Environments
Project Overview

Ground Robot Validation Exercises
30 Test Methods: 10 Basic Skills, 15 IED/PBIED/VBIED, 5 Building Access

Tests Scaled for Relatively Open Indoor/Outdoor Environments
Safety | Capabilities | Proficiency

120 cm (48 in) Lateral Clearance
Individual Maneuvering, Terrain and Obstacle Lanes, with Dexterity Tasks in the Terrains
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Figure 3: The overall league of collaborating researchers, typically 300 or more, all pushing the state-of-the-

science in robotic capabilities that will make emergency responders more effective while keeping them out 

of harm’s way. 

 

         
Figure 4) Robots must perform each individual standard test method repeatedly to establish reliability and 

confidence, always operating from a remote location out of view of the apparatus. Then various 

combinations of those same test methods provide repeatable tasks with incremental increases in 

DEXTERITY/REACH TASKS
IN 

PITCH/ROLL RAMP TERRAIN

DEXTERITY/REACH TASKS
IN 

STEPFIELD TERRAIN
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Comparing Emerging Capabilities
Project Overview

RACE, England

NIST, USA

RoboCupRescue
Australia
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Comparing Emerging Capabilities
Project Overview
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Scale for Indoor/Outdoor Environments
Project Overview

Apparatuses Scale to Intended Environments
Increasing Complexity with Same Procedure and Metric

60 cm (24 in) Lateral Clearance
Trains, Busses, Planes, Dwellings, Parked Cars, etc.

1.2 m (4 ft) Lateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Four nested lanes contain 20 
test methods and fit into one 

ISO container.

Tests Scaled for More Confined Indoor/Outdoor Environments
Safety | Capabilities | Proficiency
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Scale for Confined Access Environments
Project Overview
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complexity.  For example, omnidirectional valve turning on ASTM Standard Crossing Ramp Terrain versus 

ASTM Standard Stepfield Terrain. These combinations are preparing teams for next year’s World Robot 

Summit tasks. 

 

    
Figure 5: A) We conducted almost 500 test trials in 4-days by training team representatives to administer 

each other’s trials. The quantitative test methods make this practical. All teams went home knowing how to 

properly administer rigorous testing within in their own laboratories. B) Each team was provided with up to 6 

trials per day to measure their progress.  The daily test plan allows each team to select their own sequence 

of mandated and optional tests.  The winners conducted at least 15 different test trials of 30 minutes each. 

 

       
Figure 6: A) The three different scales of robots are identified by the size of the access hole through which 

they can deploy to perform the tests. The deployment size is only the initial condition of the robot.  After 

insertion, the robot probably expands to perform the tasks. Teams could use a vertical insertion tripod 

frame, as would be used by Urban Search and Rescue personnel through a hole cut into the roof of a 

compromised structure.  There was also horizontal pipe access as is necessary in some border protection 

and military applications. B) The smallest scale standard test apparatuses hosted a class of 10 teams 

working with rapidly manufactured robots made from 3D printers and/or pre-cut parts with common 

 
Standard Test Methods for Response Robots 

ASTM International Standards Committee for Homeland Security Applications; 
Response Robots (E54.09) 

PR-2017-07 Project Report on RoboCupRescue, Nagoya, Japan (2017A-Jacoff).docx Page 5 

complexity.  For example, omnidirectional valve turning on ASTM Standard Crossing Ramp Terrain versus 

ASTM Standard Stepfield Terrain. These combinations are preparing teams for next year’s World Robot 

Summit tasks. 

 

    
Figure 5: A) We conducted almost 500 test trials in 4-days by training team representatives to administer 

each other’s trials. The quantitative test methods make this practical. All teams went home knowing how to 

properly administer rigorous testing within in their own laboratories. B) Each team was provided with up to 6 

trials per day to measure their progress.  The daily test plan allows each team to select their own sequence 

of mandated and optional tests.  The winners conducted at least 15 different test trials of 30 minutes each. 

 

       
Figure 6: A) The three different scales of robots are identified by the size of the access hole through which 

they can deploy to perform the tests. The deployment size is only the initial condition of the robot.  After 

insertion, the robot probably expands to perform the tasks. Teams could use a vertical insertion tripod 

frame, as would be used by Urban Search and Rescue personnel through a hole cut into the roof of a 

compromised structure.  There was also horizontal pipe access as is necessary in some border protection 

and military applications. B) The smallest scale standard test apparatuses hosted a class of 10 teams 

working with rapidly manufactured robots made from 3D printers and/or pre-cut parts with common 

 
Standard Test Methods for Response Robots 

ASTM International Standards Committee for Homeland Security Applications; 
Response Robots (E54.09) 

PR-2017-07 Project Report on RoboCupRescue, Nagoya, Japan (2017A-Jacoff).docx Page 5 

complexity.  For example, omnidirectional valve turning on ASTM Standard Crossing Ramp Terrain versus 

ASTM Standard Stepfield Terrain. These combinations are preparing teams for next year’s World Robot 

Summit tasks. 

 

    
Figure 5: A) We conducted almost 500 test trials in 4-days by training team representatives to administer 

each other’s trials. The quantitative test methods make this practical. All teams went home knowing how to 

properly administer rigorous testing within in their own laboratories. B) Each team was provided with up to 6 

trials per day to measure their progress.  The daily test plan allows each team to select their own sequence 

of mandated and optional tests.  The winners conducted at least 15 different test trials of 30 minutes each. 

 

       
Figure 6: A) The three different scales of robots are identified by the size of the access hole through which 

they can deploy to perform the tests. The deployment size is only the initial condition of the robot.  After 

insertion, the robot probably expands to perform the tasks. Teams could use a vertical insertion tripod 

frame, as would be used by Urban Search and Rescue personnel through a hole cut into the roof of a 

compromised structure.  There was also horizontal pipe access as is necessary in some border protection 

and military applications. B) The smallest scale standard test apparatuses hosted a class of 10 teams 

working with rapidly manufactured robots made from 3D printers and/or pre-cut parts with common 

VERTICAL ACCESS

HORIZONTAL ACCESS
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Standard Test Methods for Small Unmanned Aircraft Systems
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Apparatuses Scale to Intended Environments
Increasing Complexity with Same Procedure and Metric

1.2 m (4 ft) L
ateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Scale: 30 cm (12 in) Lateral Clearance
Confined Access, Throwable Robots, 3D Printed Robots (Disposable), STEM Kits

Apparatuses Scale to Intended Environments
Increasing Complexity with Same Procedure and Metric

30 cm (12 in) Lateral Clearance
Robots Deployed Through Access Holes, Throwable, Disposable

Tests Scaled for Compromised/Collapsed Environments
Safety | Capabilities | Proficiency
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“Standard Test Methods in a Box”
Idea for ISO Container Facility

All Tests Fit Into Shipping Containers (Rent or Buy)
Project Overview
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Example of Quantitative Performance Comparisons
Robots Capabilities, Operator Proficiency, and/or Autonomous Behaviors

Standard Test Methods For Response Robots
ASTM International Standards Committee on Homeland Security Applications;

Operational Equipment; Robots  (E54.08.01)

MOBILITY TEST METHODS

MOBILITY: Confined Area Terrains (figure-8 path, minimum 150 meters) 
  Average rate of advance comparison of robots on increasingly complex terrains: 
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MOBILITY: Gravel: Average Rate of Advance (figure-8 path, at least 150 meters)
 (meters per minute)
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MOBILITY: Sand: Average Rate of Advance (figure-8 path, at least 150 meters)
 (meters per minute)

ROBOT A ROBOT B ROBOT C ROBOT D ROBOT E ROBOT F ROBOT G ROBOT H

Outputs and Outcomes: 
Robot Capabilities Data to Support Procurement/Deployment

Average Rate of Advance on Terrain for At Least 100m 
(meters/minute)

Compare Robot Capabilities or Proficiency
Safety | Capabilities | Proficiency
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Set Your Minimum Thresholds for Pass/Fail
Focus Training and Evaluate Proficiency for Credentialing

• Organizations can set their own threshold for pass/fail in these tests based on their tolerance for reliability 
and/or efficiency. Complete trials are assumed.

• Measure everybody repeatedly over time and graph the results to help people understand their strengths and 
weaknesses. Then set minimum thresholds relative to the average or “expert” scores. Or adopt other 
organization’s thresholds as a central credentialing reference.

• At deployment time, each organization needs to consider their environmental variables, and mission 
complexity (night ops, BVLOS, etc.) to select a robot and operator that is likely to succeed.

Average Military 66%

Average Civilian 55%

Example proficiency data shown from bomb squads in ground robot tests 28
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39 Ground Robot Tests

Logistics
• E2521-16 Terminology

• E3132-17 System Configuration 

• E2592-16 Packaging for Equipment Caches

Sensing
• E2566-17 Visual Acuity

• WK42364 Visual Dynamic Range 

• WK54755 Visual Color Acuity

• WK57967 Thermal Image Acuity

• WK49478 Latency of Video and Control

• WK33261 Point and Zoom Cameras 

• WK60783 Audio Speech Intelligibility

Radio Comms
• E2854-21 Line-of-Sight Range

• E2855- Non-Line-of-Sight Range

• WK60731 Attenuated Range (APC)

Dexterity
• E2830-20 Tow Grasped Sleds

• WK54271 Inspect

• WK54272 Touch/Insert Tools

• WK54273 Rotate

• WK54274 Extract and Place

• WK54276 Grasp, Carry, and Place

• WK54290 Break/Bore Panels 

• WK54278 Cut Straps and Ropes

• WK54287 Inspect Underbody

• WK54289 Inspect Cab Interior

Situational Awareness
• E2853-21 Search Tasks

Energy/Power
• WK55025 Endurance 

STANDARDS   BALLOTING   PROTOTYPE
20             11               8

Mobility
• E2829-20 Sustained Speed

• E2991-17 Terrains: Gravel

• E2992-17 Terrains: Sand

• E2826-20 Terrains: Continuous Pitch/Roll Ramps

• E2827-20 Terrains: Crossing Pitch/Roll Ramps

• E2828-20 Terrains: Symmetric Stepfields

• WK##### Terrains: Reconfigurable Pallets

• WK##### Terrains: Reconfigurable Crates

• E2803-20 Obstacles: Variable Inclined Planes

• E2801-20 Obstacles: Variable Gaps

• E2802-20 Obstacles: Variable Hurdles

• E2804-20 Obstacles: Variable Stairs/Landings

• E3310-21 Obstacles: Variable Parallel Rails

• E3311-21 Obstacles: Variable Diagonal Rails 
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Test Facilities Worldwide
Project Overview
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Test Facilities Worldwide
Project Overview
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Awards and Recognition

Service to America Medal: Safety, Security, and International Affairs Finalist (2021)
See the project award description at https://servicetoamericamedals.org/honorees/adam-jacoff/

Presidential Gears of Government Award (2020), across all the various departments.

Dept. of Commerce Secretary Excellence in Innovation Award (2019), their highest singular award.

Dept. of Commerce Gold Medal Award (2019), given to 30 projects across the department.

ASTM International Award of Merit (2015), their highest award.

NIST Measurement Science Award (2014)

Commendations from Dept. of Justice (2020, 2016), Air Force (2018), DARPA (2015), Dept. of Homeland Security (2014), 
Dept. of State (2014), JIEDDO (2010), several state and local responder organizations and other international organizations.

For developing the first ever comprehensive suite of emergency response robot test methods and data collection tools to 
evaluate and improve bomb-disposal robots and operators. These efforts led to enhanced testing and use of advanced robot 
capabilities that enable emergency responders to perform extremely hazardous missions from safer standoff distances. 

Our same process works similarly well 
for AERIAL and AQUATIC systems.

https://servicetoamericamedals.org/honorees/adam-jacoff/
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Meetings with Validation Exercises

ASTM E54.09 Meeting and Test 
Validation Exercise

Host:
Virginia Beach Fire Dept., 
Virginia Beach, VA

January 2017

Interview with Kathy Morgan, President of ASTM International
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Meetings with Validation Exercises

ASTM E54.09 Meeting and Test 
Validation Exercise

Host:
Canadian Explosives Technicians 
Association

Hamilton, Ontario, Canada

June 2017

“The tremendous work in design, validation, and delivery of NIST’s Emergency Response Robots Project has opened the door 
to operationalization of a training/qualification environment. Similar to weapon qualifications, CETA sees the NIST program 
as just that for public safety professionals, minimum standards.”
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Internet
RobotTestMethods.nist.gov
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