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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. 

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.

POSITION TEST

TRAVERSE TEST

• Hold Position and Rotate 
• Fly Straight and Level 
• Climb and Descend 
• Move and Rotate 
• Land Accurately

Right and Left Ovals Around All Three Bucket Stands

ALIGNED 
WHEN RING IS 
COMPLETELY 

VISIBLE

ALIGNED 
WHEN RING IS 
COMPLETELY 

VISIBLE

Objectives:
Develop the measurements and standards infrastructure necessary to 
quantitatively evaluate robotic capabilities and remote operator proficiency.

Outcomes: 
Test methods, performance metrics, and data collection tools to facilitate 
integration of emerging technologies for hazardous and essential missions. 

Impacts: 
• Objective test methods help researchers and manufacturers push the state 

of the science by measuring progress and highlighting breakthroughs.

• Resulting quantitative performance data helps compare systems, specify 
purchases, and train with measures of remote operator/pilot proficiency.

GROUND

AQUATIC

AERIAL
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• Develop reproducible test methods that are cheap and easy to conduct.

• Measure combinations of existing capabilities and emerging technologies.

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

• Guide purchasing and deployment decisions with objective data.

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

• Identify readiness issues with equipment and/or training through 
comparisons with local, regional, or national averages.

RE
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AT
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AQUATIC

AERIAL
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Same Tests Help Different Users
Safety | Capabilities | Proficiency

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



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

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

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

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

Comprehensive Suites of 50 Test Methods 
Ground, Aerial, and Aquatic Systems
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Comprehensive Suites of Standard Test Methods
Safety | Capabilities | Proficiency
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Aquatic

Underwater ROV Test Methods
Safety | Capabilities | Proficiency
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Aquatic

Underwater ROV Test Methods
Safety | Capabilities | Proficiency
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Underwater ROV Test Methods
Safety | Capabilities | Proficiency
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Test Methods for sUAS
Safety | Capabilities | Proficiency

Initial focus is VTOL, but some tests apply to forward flying aircraft when scaled up to the appropriate orbit radius.

Small Unmanned Aircraft Systems (sUAS)

10
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Repeatable Maneuvering and Payload Functionality Tests 
Safety | Capabilities | Proficiency
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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)
Safety | Capabilities | Proficiency
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Scalable for Indoor/Outdoor Venues
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Circuit Training and Credentialing
Open Test Lane

Position
MAN/PAY 1
• Hover stably
• Basic maneuvers
• Land accurately
• 20 Buckets in 1 lap

Standard Test Methods for Small Unmanned Aircraft Systems
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14



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

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

1
2

3

FLIGHT LINE

4

10FT

10FT

10FT

10FT

50FT

ALTITUDE 2(S)

START | END

ALTITUDE S

ALTITUDE 7(S)

ALTITUDE 5(S)

ALTITUDE 6(S)

7(S)

6(S)
5(S)

2(S)

Evaluate Various Flight Paths and Sensors
Open Test Lane

• 7(S) altitude
• 6(S) altitude 
• 5(S) altitude 
• 2(S) altitude 
• S altitude 

5 Different Orbits in Every Lane Spacing
(S) = 10ft, 20ft, 30ft, or other

15
12

1
2

3

4

z

z

FREE FLIGHT

z

z

z

CW
CCW

CW

CCW

LAND

S

S

S

S

S

FLIGHT LINE

1
2

3

FLIGHT LINE

4

START | END

S

S

S

S

S

5(S)
ALTITUDE S

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

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
18

1
2

3

FLIGHT LINE

4

ALTITUDE S

START | END

5(S)

S

S

S

S

S

Traverse 
(MAN 2 | PAY 2)

1
2

3

FLIGHT LINE

4

z

z

ALTITUDE X

FLY STRAIGHT AND LEVEL OVER THE LANE CENTERLINE

START | END

ALIGN

NON-STOP NO
N-
ST
OP

NON-STOP

NO
N-
ST
OP NO
N-
ST
OP

NON-STOP

z

S

S

S

S

S

5(S)

S

ALIGN

CW

CCW

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

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
14

Position 
(MAN 1 | PAY 1)

FLIGHT LINE

4

z

zz

ALTITUDE S

START | END

3
2

1

5(S)

ALTITUDE 2(S)

S

S

S

S

S

1
2

3

4

z

z

FREE FLIGHT

z

z

z

CW
CCW

CW

CCW

LAND

S

S

S

S

S

FLIGHT LINE

Recon

Spiral 

Orbit  

Traverse

Position

DATE/TIMEPILOT CODE

48IN SQUARE LA
NDING W

ITH

12IN CENTER RADIUS TARGET

100-300 FT MEASURING TAPE

(4) OMNI STANDS

1–4
TOP

FRONT 1A

LEFT 1B 1C BACK

1D RIGHT
“A” BUCKET

ALWAYS POINTING 
TOWARD THE 

LAUNCH/LAND
PLATFORM

HANDLE

CENTERLINE

LAUNCH / LAND PLATFORM

DIGITAL CLOCK
DATE & TIME

WHITEBOARD INFO
PILOT & AIRCRAFT

(4) OMNI 
BUCKET STANDS

CENTERLINE 
MEASURING TAPE



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

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

Embedded Into Scenarios as Repeatable Scoring
Training and Evaluation

16

VEHICLE INSPECTION
(EXTERIOR AND INTERIOR)

DHS Responder Familiarization Exercise
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Embedded Into Scenarios as Repeatable Scoring
Training and Evaluation

17
Standard Disaster Response Robot Challenge and Plant Disaster Prevention Challenge, World Robot Summit, Japan

METAL BUCKETS 
BLEND INTO THE ENVIRONMENT
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Test Methods Scale to Measure All Robot Sizes
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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“Start Remote, Stay Remote?”
Safety | Capabilities | Proficiency
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Remotely controlled R/C helicopters 
(10 years ago). An expensive hobby!

Remote Control of all Degrees of Freedom
-- Hard to Remotely Operate --

Onboard Sensors and Coordinated Control 
-- Easy to Remotely Operate --

Multi-rotor systems that self level, hold 
station, and move in intuitive ways are 
much easier to fly. 

Intelligent C
ontrol System

s

Aerial Example
Aerial Example
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Rugged robot 
manipulators 
with 6 DOF 
coordinated 
control move in 
ways that are 
easy for remote 
operators to gain 
proficiency.

Industrial pedestal 
robotics (circa 
1980’s) meets 
mobility in rugged 
environments.

Intelligent C
ontrol System

s

Dexterity Example
Measuring Assistive Capabilities
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Centering Between Obstacles, Avoiding 
Obstacles, Wall Following, Exploration, 

Automatic Appendages to Improve Efficiency 
and Reliability in Terrains and Obstacles

Intelligent C
ontrol System

s

Mobility Example
Measuring Assistive Capabilities
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We use embedded mapping fiducials, half round shapes, on BOTH sides of walls to measure Coverage, Consistency, Local 
Accuracy, and Global Accuracy. This enables evaluation of ladar/lidar scanned maps of interiors with complex flooring 
(could be a killer app for aerials).

Useless Map Broken Map

Consistent/Accurate Map

Low/High Fiducials

Localization and Mapping
Measuring Assistive Features
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§ Apparatus: A repeatable, reproducible, and inexpensive 

representation of a task you expect the robot to perform.

§ Procedure: A script for the robot operator to follow.

§ Metric: A quantitative way to measure the performance.

Manipulator Dexterity TasksVisual Acuity Targets Mobility Terrains and Obstacles

Standard Test Methods NOT Standard Robots
Safety | Capabilities | Proficiency
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Gravel

Sand

Crossing 
Ramps

Symmetric
Stepfields

Rubble Pile, Disaster City, College Station, TX

Scale: 120 cm (48 in) 

Scale: 240 cm (96  in)

Apparatuses Scale to Intended Environments
Safety | Capabilities | Proficiency
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Ground Robot Validation Exercises
30 Test Methods: 10 Basic Skills, 15 IED/PBIED/VBIED, 5 Building Access

120cm (4ft) Lateral Clearance Apparatuses
Safety | Capabilities | Proficiency
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“Standard Test Methods in a Box”
Idea for ISO Container Facility

• ISOs have easy lights out testing, radio attenuated, all weather.

• Between containers can have higher arched canvas tarp, good for stairs, doors, taller dexterity test methods.

Parking Lot ISO Container Facilities (Rent or Buy)
Safety | Capabilities | Proficiency
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“Standard Test Methods in a Box”
Idea for ISO Container Facility

Parking Lot ISO Container Facilities (Rent or Buy)
Safety | Capabilities | Proficiency
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Apparatuses Scale to Intended Environments
Increasing Complexity with Same Procedure and Metric

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

1.2 m (4 ft) L
ateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Four nested lanes contain 20 
test methods and fit into one 

ISO container.

60cm (24in) Lateral Clearance for Confined Environments
Safety | Capabilities | Proficiency
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1.2 m (4 ft) L
ateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Confined Access, Throwable Robots, 3D Printed Robots (Disposable), STEM Kits

30cm (12in) Lateral Clearance for Confined Environments
Safety | Capabilities | Proficiency
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Rubble Pile, Disaster City, College Station, TX

1.2 m (4 ft) L
ateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Robots Scale By Size, Weight, or Access Hole
Safety | Capabilities | Proficiency
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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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Example of Quantitative Performance Comparisons
Robots Capabilities, Operator Proficiency, and/or Autonomous Behaviors

Compare Robot Capabilities or Proficiency
Safety | Capabilities | Proficiency

Sampling of Bomb Tech Readiness Nationwide
Sequence of 10 Basic Maneuvering and Dexterity Test Methods in 30 Minutes

Sc
ore

100+ Bomb Techs Using Their Operational Robots (USA & Canada)

Civilian Average

Best In Class Robot with 
Expert Operator (Orange)

Conventional Robot with 
Expert Operator (Orange

Military Average
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Simple Rules for Comparing Scores 
Focus Training and Evaluate Proficiency for Credentialing

• Compare scores in the same size lanes or embedded scenarios
Use ALL tests and scenarios that apply to the robot or to the intended missions.

• Compare scores with the same trial times
Trial time limits help normalize fatigue across several tests, so novices don’t get worn out unnecessarily. They 
provide enough time for an “expert” to perform a complete trial with 20 tasks.  Longer times can be used for 
scenarios with embedded test apparatuses.

• Compare scores to “average” or “best-in-class” operators across organizations or regions
• ”Expert” operators designated by the manufacturer are used to capture the system’s best possible 

performance in each test.  Those scores are considered the 100th percentile of remote operator proficiency 
for that system. Your score is some percentage of that “expert” score (1-100%).

• For training, use the entire time limit and track your scores. When they become repeatable, your learning 
phase is over. The best indicator of your proficiency in each test is the average of your last 5 trials. 

• We will post “average” and ”expert” scores and rates for each aircraft in each test as we collect them.
34
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Conducting Standard Test Methods
Safety  | Capabilities |  Proficiency

Conducting Standard Test Methods
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 36
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Related Awards
Project Recognition

37

2020 Presidential Gears of Government Award
Recognizing people across the Federal workforce whose dedication supports exceptional delivery of key outcomes for the 
American people, specifically around mission results, customer service, and accountable stewardship.  

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. 

2019 Secretary Ron Brown Excellence in Innovation Award, U.S. Department of Commerce
The most prestigious singular honor given by the Department, chosen from among the Gold Medal Awards each year. 

2019 Gold Medal Award, U.S. Department of Commerce 
The highest award given by the Department for extraordinary contributions that impact key mission objectives.

Our same process originally applied to 
ground robots will work similarly for 

sUAS and remote pilots.
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Test Director:

Adam Jacoff
Intelligent Systems Division

National Institute of Standards and Technology
U.S. Department of Commerce

Sponsor:

Phil Mattson
Science and Technology Directorate 

U.S. Department of Homeland Security

Internet
RobotTestMethods.nist.gov
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NATIONAL	INSTITUTE	OF	STANDARDS	AND	TECHNOLOGY
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