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League Objectives

Emergency responders need robots with assistive/autonomous capabilities to perform 
extremely hazardous tasks in complex environments from safe standoff distances. 
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Background: 
Remotely operated robots enable emergency responders to perform extremely hazardous tasks from safer 

stand-off distances. Standard test methods help robot manufacturers and users objectively evaluate system 

capabilities to align with mission requirements. This improves the safety and effectiveness of emergency 

responders as they attempt to save lives and protect property in our communities. 

 

     
Figure 1: A) For example, “bomb suits” consist essentially of a helmet, Kevlar-reinforced padding, minimal 

gloves to maintain dexterity, and constant communications to other people at a safe standoff distance. This 

form of personal protective equipment is designed to mitigate blast effects and fragments from small 

explosive devices such as pipes and packages. B) Older robots with limited dexterity often cannot disable 

the explosives quickly enough, so bomb technicians often do it manually (see the robot in the background). 
C) Emerging threats from cars and trucks packed with explosives pose the greatest danger, far exceeding 

the protection of a bomb suit. Examples include failed attempts at the World Trade Center and more 

recently in Times Square in New York City. The rental truck bomb that was detonated in front of the Murrah 

Federal Building in Oklahoma City had catastrophic results. (Images are from a Raven’s Challenge training 

exercise in 2016). 

 

 
Figure 2: A) More than 100 robots have been tested ranging in size from small throwable systems up to 

400kg (900lbs) systems. Many of the robots can perform certain tasks associated with various size 
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Figure 2: A) More than 100 robots have been tested ranging in size from small throwable systems up to 

400kg (900lbs) systems. Many of the robots can perform certain tasks associated with various size 

provides a tangible language 
between emergency responders and 
researchers/manufacturers to refine, 
measure, and highlight breakthrough 

robotic capabilities. 

RoboCupRescue 
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League Objectives

• Established just before the World Trade Center collapse in New York City more than 
20 years ago, where robots were deployed but didn’t do so well (understandably).  
But there are partial collapses to deal with much more often.

• Gather teams of researchers capable of developing robotic systems that enable 
emergency responders to perform extremely hazardous tasks from safer stand-off 
distances.

• Demonstrate and improve upon the sate-of-the-science in robotics for unstructured 
environments, with an emphasis on developing autonomous and assistive 
capabilities that make remotely operated robots more capable and reliable.

• Develop and disseminate the standard test methods emergency responders use to 
• Objectively evaluate commercial robots
• Train with objective measures of remote operator proficiency
• Credential robot operators for hazardous missions

• It is a long process to harden and commercialize your robots, but this is the essential 
first step out of the laboratory toward making a difference for those in harm’s way.
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Spectrum of Commercial Tracked/Wheeled Robots

RoboCupRescue conducts comprehensive evaluations involving essential mission tasks required by 
emergency responders worldwide. The arena includes a variety of reproducible terrains, obstacles, and tasks 
with increasing difficulty to challenge even the most capable robots. Same tests used for commercial robots.

• Ground robots 
range from small 
throwable to 
rather huge. 

• Note the new 
(largest) class of 
firefighting robots 
remotely spraying 
water on a fire.  

• All need to be 
evaluated similarly.
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Standard Test Methods for Ground Robots

For more information: 
Email: RobotTestMethods@nist.gov | https://RobotTestMethods.nist.gov

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

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

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

2006 AWARD

Telerob
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Examples of RoboCupRescue Robots

RoboCupRescue Robots can have similar designs – success is often imitated. Or they can be very different.  All 
need to be evaluated, compared, and differentiated based on statistically significant capabilities data.

 
           

          
Figure 2:  The award winners in the 120cm (48in) test method class of ground robots as captured in the photo 
booth during the configuration identification.   
 

      
Figure 3:  Other examples of the 120cm (48in) test method class of ground robots.   
 

     
Figure 4:  Examples of the 30cm (24in) test method class of ground robots, which are often developed by high 
school and college students.  These are typically 3D printed designs open to all participants. So the best-in-class 
capabilities can be replicated widely very quickly. 
 

     
Figure 5:  The local bomb squad from New South Whales participated throughout, using the test methods to 
practice with their new robots, old robots, and bomb suits. They also helped educate the paddock full of researchers 
and audience about the dangers involved in their jobs and their currently available commercial robots. 
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robots.  These trials were performed after closing the arena with all spectators in the stands outside the 

nets. 

  

   
Figure 10: Robots win Best-In-Class awards in each of the four categories.  The overall Championship 

Awardees typically perform best in at least one of the categories, and often two or three, demonstrating 

quantitatively they are well on their way toward commercialization. 

 

       
Figure 11: The resulting radar chart shows overall competence in four main suites of test methods including 

Maneuvering (MAN), Mobility (MOB), Dexterity (DEX), and Exploration/Mapping (EXP). The scores were 

normalized in each test method to produce comparable charts.  The overall ranking from left to right was the 

order of finalists.  The winner performed best across three of four categories to demonstrate the best overall 

potential for emergency response operations. 

 

 

Several award-winning robots over the years have transitioned into commercial systems supporting 

operational deployments with bomb squads and soldiers. In fact, upon return from this competition, we 

hosted our local Washington, D.C. Metropolitan Transit Police Bomb Squad for training within the exact 

same standard test methods hosted within NIST's Robotics Test Facility. They showed up with two newly 

purchased robots – an award winner from the 2006 RoboCupRescue Championship in Bremen, Germany! 

• Maneuvering (MAN 1-5) forward/reverse, fine steering, situational awareness.

• Mobility (MOB 1-5) advanced terrains and obstacles.

• Dexterity (DEX 1-5) manipulator reach, strength, and tool use.

• Exploration (EXP 1-5) 2D/3D mapping and autonomous behaviors.

Excellent DEX, Functional MAN Functional MAN, MOB, & DEXExcellent MAN and MOBFunctional MAN, DEX, and EXP 

RADAR CHARTS
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Unitree Go1
Max Height : 29 cm (12 in)
Weight: 12 kg (26 lbs)
Max Step : 10 cm (4 in)
Max Incline: ± 21 degrees

Unitree Aliengo
Max Height: 60 cm (24 in)
Weight: 21 kg (47 lbs)
Max Step : 12 cm (4.7 in) 
Max Incline: ± 25 degrees

Unitree B1
Max Height : 64 cm (25 in)
Weight : 50 kg (110 lbs)
Max Step : 20 cm (8 in) 
Max Incline : ± 30 degrees

Boston Dynamics Spot
Max Height : 70 cm (28 in)
Weight : 32 kg (72 lbs)
Max Step : 30 cm (12 in) 
Max Incline : ± 30 degrees

Ghost Robotics Vision 60
Max Height : 76 cm (30 in)
Weight : 51 kg (112 lbs)
Max Step: __ cm (__ in) 
Max Incline : ±__ degrees

Robot specifications provided by the manufacturers can be validated using standard test methods during this competition  through statistically significant task repetitions.

Drones for Indoors and Legged Robots are Coming

Test Methods for Evaluating Aerial Drones
Safety | Capabilities | Proficiency

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

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

     
Figure 32) A floating omni bucket task was pulled through the water by a remotely controlled rescue device 
to represent floating or swimming victims. It provided a moving object for the drone to identify on all sides. 
 

   
Figure 33) The flashflood bridge collapse included an overturned school bus and vehicles requiring a 
comprehensive search for survivors. 
 
 

Obstructed Scenario: Night Operations House Surveillance and Search 
 
This scenario was actually conducted the week prior at a different event, but nicely augments all of the 
scenarios above. This house surveillance at night used two sets of horizontal and vertical Obstructed test 
apparatuses on all four sides of the house, guiding the remote drone pilot to safe locations among a variety 
of very difficult obstacles such as the overhanging roof, trees, shrubs, power lines, shrubs, etc. A set of 5 
vertical test apparatuses with 10 positions and orientations were attached to all sides of the house totaling 
100 points. A set of and 5 horizontal test apparatuses with 10 positions and orientations were also placed 
on or near objects of interest around the house for another 100 points.   
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Structure exterior inspection tasks include looking through windows and doors along with surrounding 
ground objects of interest.  In this case, the tasks were embedded around a partially collapsed 
structure.  The objective was to safely fly in close proximity of about 2 m (6 ft) from the windows and doors 
to perform a window/door clearing maneuver with high/low and left/right views inside the structure.   
 

      
Figure 26) Obstructed apparatuses are set up in sets of vertical and horizontal tasks throughout the 
scenario. 
 

   
Figure 27) The scenario façade was embedded with window inspection tasks on two sides with partially 
collapsed walls.  Each Dual Bucket Alignment guides the remote pilot to positions and orientations with 
high/low and left/right views inside the windows. 
 
 
 

ALIGNED DRONE LOOKING  
THROUGH THE WINDOW 

VERTICAL 

 HORIZONTAL 

ALIGNMENT TASKS IN 
WINDOW/DOORS 
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Figure 19) LEFT: Other interior tasks using the small buckets in confined search spaces.  CENTER: Two 
apparatuses require vertical alignments. RIGHT: Three apparatuses require horizontal alignments. This is the 
final perch position to maintain a view of an object of interest. 
 

Obstructed Scenario: Vehicle Takedown  
Quad Screen Trial Video Example - Vehicle Takedown 
 

   
Figure 20) LEFT: Vehicles of all sizes and conditions can be bucketized similarly for quantitative scoring, 
including panel vans and trucks. RIGHT: Dual bucket alignments guide the drone into position to look inside 
the front windshield from two different angles while using triangulation between the buckets to stay safe. 
 

     
Figure 21) The bucket numbering leads the pilot around an orbit starting in front of the vehicle, then around 
to the driver side, and so on.  The large buckets targets are identified in the first orbit to assess the situation 

WHITE BUCKET ALIGNMENTS 
BLACK BUCKET ALIGNMENTS 

HORIZONTAL VERTICAL

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

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

VEHCLE INSPECTION

OBJECT INSPECTION

STRUCTURE INSPECTION STRUCTURE INSPECTION

DUAL BUCKET ALIGNMENTS GUIDE 
PILOTS INTO SAFE POSITIONS 

WITHIN PROXIMITY TO OBJECTS

Obstructed Test Lane and Related Operational Scenarios  
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Dual Bucket Alignments Guide Remote Pilots to Safe Positions in Proximity to Objects
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Confined Scenario: Structure Interior Rooms (South)
Safety | Capabilities | Proficiency

OPEN OBSTRUCTED CONFINED

MIDDLE INDOOR ALTITUDE
1 M (3 FT)

TOP INDOOR ALTITUDE
2 M (6 FT)

PERCH
0 M (0 FT)

MIDDLE INDOOR ALTITUDE
1 M (3 FT)

SHOOT HOUSE SCENARIO FABRICATED ROOM TO ROOM SEARCH  SCENARIO

Confined Test Lanes and Scorable Indoor Scenarios

LEVEL 4  |  OBSTRUCTED LANES AND SCORABLE SCENARIOS

LEVEL 5  |  CONFINED LANES AND SCORABLE SCENARIOS

Test Methods for Evaluating Aerial Drones
Safety | Capabilities | Proficiency

RobotTestMethods.nist.gov
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Figure 32) A floating omni bucket task was pulled through the water by a remotely controlled rescue device 
to represent floating or swimming victims. It provided a moving object for the drone to identify on all sides. 
 

   
Figure 33) The flashflood bridge collapse included an overturned school bus and vehicles requiring a 
comprehensive search for survivors. 
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Figure 19) LEFT: Other interior tasks using the small buckets in confined search spaces.  CENTER: Two 
apparatuses require vertical alignments. RIGHT: Three apparatuses require horizontal alignments. This is the 
final perch position to maintain a view of an object of interest. 
 

Obstructed Scenario: Vehicle Takedown  
Quad Screen Trial Video Example - Vehicle Takedown 
 

   
Figure 20) LEFT: Vehicles of all sizes and conditions can be bucketized similarly for quantitative scoring, 
including panel vans and trucks. RIGHT: Dual bucket alignments guide the drone into position to look inside 
the front windshield from two different angles while using triangulation between the buckets to stay safe. 
 

     
Figure 21) The bucket numbering leads the pilot around an orbit starting in front of the vehicle, then around 
to the driver side, and so on.  The large buckets targets are identified in the first orbit to assess the situation 

WHITE BUCKET ALIGNMENTS 
BLACK BUCKET ALIGNMENTS 

HORIZONTAL VERTICAL
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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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Structure exterior inspection tasks include looking through windows and doors along with surrounding 
ground objects of interest.  In this case, the tasks were embedded around a partially collapsed 
structure.  The objective was to safely fly in close proximity of about 2 m (6 ft) from the windows and doors 
to perform a window/door clearing maneuver with high/low and left/right views inside the structure.   
 

      
Figure 26) Obstructed apparatuses are set up in sets of vertical and horizontal tasks throughout the 
scenario. 
 

   
Figure 27) The scenario façade was embedded with window inspection tasks on two sides with partially 
collapsed walls.  Each Dual Bucket Alignment guides the remote pilot to positions and orientations with 
high/low and left/right views inside the windows. 
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PERCH

Dual Bucket Alignments Guide Remote Pilots to Safe Positions in Proximity to Objects

STRUCTURE INSPECTIONVEHICLE INSPECTION

0 M (0 FT)

1 M (3 FT)

PERCH TEST
2 M (6 FT)

1 M (3 FT)

WALL TEST GROUND, ALLEY, & POST TESTS

Confined Test Lane and Related Operational Scenarios
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Confined Scenario: Structure Interior Rooms (South)
Safety | Capabilities | Proficiency

OPEN OBSTRUCTED CONFINED

MIDDLE INDOOR ALTITUDE
1 M (3 FT)

TOP INDOOR ALTITUDE
2 M (6 FT)

PERCH
0 M (0 FT)

MIDDLE INDOOR ALTITUDE
1 M (3 FT)

SHOOT HOUSE SCENARIO FABRICATED ROOM TO ROOM SEARCH  SCENARIO

Confined Test Lanes and Scorable Indoor Scenarios

LEVEL 4  |  OBSTRUCTED LANES AND SCORABLE SCENARIOS

LEVEL 5  |  CONFINED LANES AND SCORABLE SCENARIOS

https://shop.unitree.com/products/unitreeyushutechnologydog-artificial-intelligence-companion-bionic-companion-intelligent-robot-go1-quadruped-robot-dog
https://shop.unitree.com/products/aliengo
https://shop.unitree.com/products/unitree-b1
https://support.bostondynamics.com/s/article/Robot-specifications
https://farrwest.com/pub/media/pdf/Hero%20Products/Vision60/GRV60QUGV.pdf
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Emerging Legged Robot Capabilities

FINAL 5-LANE SEQUENCE
(PART 1)

START | END

DOWN RANGE & RETURN

FINAL 5-LANE SEQUENCE (10 MINUTE TIME LIMIT) 
All 5 Lanes in Both Directions = 80 m (260 ft)

ICRA 2023 Quadruped Robot Challenge, London, England July 2023

Champion and Best-in-Class Autonomy: Team KAIST (South Korea) 
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Emerging Legged Robot Capabilities

START | END

DOWN RANGE & RETURN

FINAL 5-LANE SEQUENCE (10 MINUTE TIME LIMIT) 
All 5 Lanes in Both Directions = 80 m (260 ft)

ICRA 2023 Quadruped Robot Challenge, London, England July 2023

Champion and Best-in-Class Autonomy: Team KAIST (South Korea) 

EXAMPLE OF THEIR PATH PLANNING THROUGH A SEQUENCE OF ZIG-ZAG LANES
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Emerging Legged Robot Capabilities
ICRA 2023 Quadruped Robot Challenge, London, England July 2023

These standard test lanes apply to a range of robot sizes 
with variable levels of difficulty in each. 

Remote teleoperative demonstrations were conducted 
between test trials using a Boston Dynamics Spot to help 

refine and validate settings for larger robots. 

ADJUSTABLE K-RAILS
STEP HEIGHTS SET TO 

20 cm (8 in) 

CLASSIC STEPFIELDS

NEW CRATE STEPFIELD
(WITH DEXTERITY TESTS)

STEP HEIGHTS SET TO 
30 cm (12 in) 
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Emerging Legged Robot Capabilities
ICRA 2023 Quadruped Robot Challenge, London, England July 2023

These standard test lanes apply to a range of robot sizes 
with variable levels of difficulty in each. 

Remote teleoperative demonstrations were conducted 
between test trials using a Boston Dynamics Spot to help 

refine and validate settings for larger robots. 

ADJUSTABLE K-RAILS
STEP HEIGHTS SET TO 

20 cm (8 in) 

NEW CRATE STEPFIELD
(WITH DEXTERITY TESTS)

STEP HEIGHTS SET TO 
30 cm (12 in) 
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Three Scales of Tests
Choose the Scale that Matches the Intended Environment

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.

60 cm (24 in) lateral clearance guaranteed.
Environments like dwellings, trains, busses, planes, or between parked cars, etc.
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Three Scales of Tests
Choose the Scale that Matches the Intended Environment
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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 
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VERTICAL ACCESS

HORIZONTAL ACCESS
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Response Robots (E54.09) http://RobotTestMethods.nist.gov

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

30 cm (12 in) lateral clearance guaranteed.
Small throwable robots, potentially disposable, are deployed through access holes into large scale tests.

Emphasis on 3D printed robots with effective designs that can be readily disseminated or improved.
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League Emphasis

Maneuvering (MAN) refers to terrains that can typically be driven FORWARD and 
REVERSE to demonstrate bi-directional situational awareness, fine motor control, 
precise steering, etc.

Mobility (MOB) refers to terrains and obstacles that are typically too difficult to 
mandate a particular driving direction. These are reproducible tests abstracted from 
real-world situations that robots need to perform in emergency response operations.

Dexterity (DEX) refers to manipulator tasks embedded within the various terrains and 
obstacles. They include some standard tests that are easy for everyone to replicate 
and compare performance along with other tasks that are more operationally 
relevant and variable. They are on linear rails to evaluate manipulator reach and omni 
directional objects to evaluate orientational dexterity.

Exploration (EXP) refers to autonomous maneuvering tasks within complex terrains 
to generate 2D and 3D maps of the environment  while identifying objects of interest. 
The resulting maps are scored for accuracy and quality as if they were about to be 
handed to an emergency responder for immediate use.
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League Approach (1 of 5)

Evaluate and Compare 

• The main objective for teams is to challenge and learn about their robotic system 
capabilities while refining their approaches. 

• Teams learn what it will take for their robots to succeed. 

• The best scoring teams can win awards to recognize their accomplishments.

Resilience to Failure

• Robot resets during trials to ensure some level of measurable success. 

• The operator or team member with the best view should declare a reset. 
• 2-minute penalty allows the robot to be safely reset at the start of the terrain in 

which it failed. The trial continues after the penalty time has elapsed.

Inclusiveness

• Teams get as many trials as possible within the time available, so they can rigorously 
evaluate their robots in support of their research objectives. 

• Teams schedule their own test plan each day to manage their own risks.
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League Approach (2 of 5)

Hundreds of Test Trials to Conduct

• These are astonishingly productive 
public evaluations with massively 
concurrent Preliminary trials across 
10  individual test lanes.

• Teams proctor and score other teams 
in the Prelims to practice conducting 
tests for their own team at home. 

• Teams choose which tests they focus 
on to support their research goals.

• Teams participate during most days 
until the best teams conduct more 
difficult combined sequences of tests.  



Version: 2023G

League Approach (3 of 5)

Lane Difficulty Settings 
• Enable incremental challenges for robots with various capabilities. 
• League organizers can set the level of difficulty to provide challenges just 

beyond the participating robots capabilities to measure the resulting 
behaviors and reliability.

• When the apparatus difficulty setting is the same for all teams, and the 
time limit is the same, the trial results are comparable.

Trial Time Limits
• Not intended to make it a race.  
• There is enough time for a capable robot to demonstrate a statistically 

significant number of task repetitions. 
• This provides a measure of reliability that the task can be performed. 
• Trials begin every 30 minutes (at 00 and 30 past the hour):

  – 5 minutes to set up
  – 20 minutes of operation
  – 5 minutes to exit

HALF LANE SHOWN
FLAT TO 15° INCLINE



Version: 2023G

League Approach (4 of 5)

Remote Control

• Operators remotely control their robots while out of sight of the lane. 

• All situational awareness must come through the operator interface. 
• No talking to the operator is allowed during the trial except to reset a 

robot or for any other safety issue. 

Autonomy

• Autonomous behaviors are encouraged because real-world 
communications between the robot and the remote operator is often 
unreliable or intermittent with radio drop-out zones. 

• Successful autonomous traverses require NO INTERACTION WITH THE 
OPERATOR INTERFACE between end zones within each lane.  The operator 
may only set a end GOAL POINT at the far end zone, no waypoints.

• Autonomous lane traverses score a 4x multiplier because autonomy is 
often slower than teleoperation. 

• The operator may take over teleoperative control in the lane end zones to 
set the next waypoint downrange or at any time during the traverse to 
finish the lane for a teleop score. 
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League Approach (5 of 5)

Radio Comms Degradation

• Happens inside intact and partially collapsed structures. 

• Assistive and autonomous behaviors are needed to improve the 
effectiveness and reliability of robots being operated from safe locations 
outside the structure.

• NEW: We provide scoring incentives (2x multiplier) to encourage 
teleoperated robots to work with intermittent and unpredictable 
communications.

Tethers 

• Are always allowed because they can provide secure communications 
and ongoing power to drive the robot or recharge batteries over time. 

• They must be managed from the lane door by a helper, not guided over 
the walls.

• Tethers can glow in the dark with arrows identifying the route the robot 
took. Tethers should be spooled on the robot and act as a winch when 
necessary to help descend stairs then climb back up if necessary. 
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NEW CHALLENGE: Embedded Negotiate Tasks

ROBOT VIEW OF
“NEGOTIATE”
OBSTACLES

ANGLED BEAM HANGS 
FROM THE CROSSBAR AND 
IS AFFIXED TO THE SIDE 
WALL WITH A MAGNET AND 
WASHER SO IT CAN RELEASE 
IF BUMPED.

5x5
x1

06cm
 (2

x2
x4

2in)

TERRAIN

90cm (36in)
ABOVE

TERRAIN TOP

45°

CLEARANCE
WIDTH 

90cm (36in)

TERRAIN

VERTICAL PANEL IS AFFIXED 
TO THE SIDE WALL WITH  
MAGNET AND WASHER SO IT 
CAN RELEASE IF BUMPED. 
COULD ALSO BE A MAPPING 
FIDUCIAL OR STACK OF 
CRATES.

WIDTH
30cm
(12in)

NEGOTIATE

CLEARANCE
WIDTH 

90cm (36in)

TERRAIN

WIDTH
30cm
(12in)

ANGLED/MAGNETIZED VERTICALS/FIDUCIALS

This year only in Continuous Ramps, K-Rails, and Sand/Gravel
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NEW CHALLENGE: Embedded Negotiate Tasks
This year only in Continuous Ramps, K-Rails, and Sand/Gravel
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Arena Layout



Version: 2023G10 Test Lanes
Arena Overview
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98
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TERRAINS (TER)  Either ”FLAT” or “SLOPED” 15degrees

Continuous Ramps (FLAT)

Crossing “Pinwheel” Ramps (15deg slopes)

K-Rails (15deg slopes)

Sand & Gravel (15deg slopes)

OBSTACLES (OBS) All have adjustable features to increase difficulty

Incline & Center (15deg plane, variable door widths top/bottom)  

Pallet/Pipe Hurdles (10/20/30cm elevations with pipes)

Stairs (35/40/45deg, 20cm Risers, 2/4 debris)

Doors (Push/Pull, 240cm “room” or 120cm “hallway” access)

EXPORATION (EXP) All emphasize autonomy and mapping

Avoid Holes (elevated paths, objects to identify)

Labyrinth (various terrains, mapping fiducials, objects to identify)
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Version: 2023GSemis: 3 Concurrent Sequences (Enter and Exit Through the Same Doors)

Arena Overview
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Approach an Urban Dwelling 
Sequence Lanes 1-2-3 (in any order): 

• Obstacles: Traverse and Center (COMMS)

• Terrain: Crossing Ramps

• Terrain: Sand & Gravel (NEGOTIATE)
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Arena Overview
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Approach a Country Dwelling 
Sequence Lanes 4-5-6 (in any order): 

• Terrain: Continuous Ramps (COMMS, NEGOTIATE)

• Terrain: K-Rails (NEGOTIATE)

• Obstacles: Pallets with Pipes
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Arena Overview
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Search a Dwelling and Vehicle for Victims
Sequence Lanes 7-8-9-10 (in any order): 

• Exploration: Avoid Holes
• Obstacles: Doors

• Exploration: Labyrinth

• Obstacles: Stairs
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Arena Overview
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Tech Challenge Area (Optional)



Version: 2023G

10 Test Lanes
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Test Lanes

• Doorways at top and bottom of 15 degree 
slope set to

 ROBOT WIDTH + 10cm (4in)

• Mapping fiducial or post prevents riding 
the wall.

• Optional center task is to be avoided, 
could be dexterity location.

Obstacle: Traverse & Center (COMMS)

SLIDING DOOR SET TO
 ROBOT WIDTH + 10 CM (4 IN)
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Test Lanes
Terrain: Crossing Ramps (15Deg Slopes)
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Test Lanes
Terrain: Sand and Gravel (NEGOTIATE)
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Test Lanes
Terrain: Continuous Ramps (COMMS, NEGOTIATE)
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OPTION:
15 DEGREE CONTINUOUS RAMPS 

ON 15 DEGREE SLOPES
 

(SO 30 DEGREES IN PLACES)

15 DEGREE CONTINUOUS RAMPS
IN FLAT CONFIGURAITON 

Repetitions start and end when any part of the robot crosses the START/END CENTERLINE. 

The start point can be at either end of the apparatus.
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Test Lanes
Terrain: K-Rails (NEGOTIATE)
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Test Lanes
Obstacle: Pallet Hurdles with Pipes

TYPICAL PALLETS IN EUROPE 
120M X 80CM

PIPES CAN SIT ON TOP OF HORIZONTAL 
POSTS SHIMMED WITH OSB LAYERS TO 
GET BE COINCIDENT WITH TOP 
ELEVATIONS.

2022 Lane Design
(10cm & 20cm elevations)

NOTE: Potential “Down Dog” positions 
during dexterity tasks, which happens no 
place else in RoboCupRescue

NOTE: Front hallway basically 
conforms to the standard test 
method.  Easy for everybody to 
fabricate and practice coordinated 
flipper control as an elemental 
test at incremental elevations. 

European pallets appear extra thick (14.4cm) so maybe it is time for hurdles to 
increase their difficulty from 10cm and 20cm steps.

2023 Lane Design
(15cm & 30cm elevations)

NOTE: We can start PRELIMS with 
all 15cm elevations.  Then add a 
level for SEMIS.

20

20

20

30 30

15

15

10

10

10



Version: 2023G

Test Lanes
Obstacle: Stairs (35/40/45 Deg, 2/4 Debris) 

• Upper landing is now CONFINED at 1.2m x 2.4m (4ft x 8ft)

• Starts with no DEBRIS in Preliminaries and adds more difficulty in Semis and Finals

• Needs a belay over the top for robot safety on more difficult settings

STEERING
ON 
STAIRS

2 OBSTACLES 4 OBSTACLES

BELAY 
FOR 

SAFETY

WATER TRAY 
IS NOT USED 

UPPER LANDING 
IS A “HALLWAY” 

1.2 x 2.4 M
(4 x 8 FT)

SLIDING STAIR TREADS
SPACED VERTICALLY 

20CM (8IN)



Version: 2023G

Test Lanes
Obstacle: Doors (Push/Pull)

• BOTH sides any door can be contained with ”L walls” to adjust the approach paths
• “ROOM” is 2.4m (8ft) square, which is easier in the Prelims
• “HALLWAY” is 1.2m (4ft) x 2.4m (8ft), which is harder in the Semis and Finals

• Reverse the direction for PUSH vs PULL tasks

SLIDING
”L WALLS”

BOTH
SIDES

RECTANGULAR ”HALLWAY” HARDER)

SLIDING
”L WALLS”

BOTH
SIDES

SQUARE ”ROOM” (EASIER)

TOP VIEW TOP VIEW



Version: 2023G

Test Lanes

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

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

76

Pallet Terrains with Adjustable Doorways
Autonomous Mobility Tests

Variable width doorways between pallets set to 120% of robot width.
They should be high enough act as shoulder width obstacles.

Pallet stacks can also vary in height.

2

1

1 2

Pallet widths are 
110-120 cm (44-48 in)

Pallets slide by one another to 
define variable clearance doorways 
set to 120% of robot width.

2

1

2
4

2

1

1
3 1

1
31

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

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

74

Pallet Terrains with Adjustable Doorways
Autonomous Mobility Tests

• Variable doorway widths (120% robot width)

• Negative obstacles (don’t fall off)

• Steps up/down at any point (different stacks)

• Solid or slatted surfaces

START/END

REVERSE

START/END

REVERSE

30 pallets builds all variants

Exploration: Avoid Holes

• Autonomous and teleop robots must avoid negative/positive obstacles while exploring and mapping the 
exterior of the Labyrinth and surrounding scene. Falling off the driving surface is a reset (2 min. penalty). 

• Autonomous robot operators may give a rough estimate of the end goal location relative to the start. 
Successful autonomous traverses get the 4x multiplier on the Mapping score.

• Mapping score from 0-10 minutes (traverse – score – clear the map – repeat). Dexterity tasks are available 
to score from 10-20 minutes.

• Self standing fiducials and shared fiducials with the interior of the Labyrinth (different test), can facilitate 
map merging. Blocks make 

amorphous 
surface areas



Version: 2023G

Test Lanes
Exploration: Labyrinth/Maze

• Autonomous and teleoperative robots must explore 
and map the interior of the Labyrinth like a dwelling 
(can merge with Avoid Holes map).

• Autonomous robot operators may give a rough 
estimate of the end goal location relative to the 
start. Successful autonomous traverses get the 4x 
multiplier on the Mapping score.

• Mapping score from 0-10 minutes (traverse – score 
– clear the map – repeat). 

• Dexterity tasks are available to score from 10-20 
minutes.

• Lighting will be dim for object recognition and 
dexterity – bring remotely adjustable lighting.

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

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

Unmanned Tactical Applications Conference at Guardian Centers
Example Validation and Use Cases

Oct 2022

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

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

102

Distribute Fiducials Throughout Your Scenarios
Exploration and Mapping Tests

• Validate easy to replicate 
exploration and mapping tests 
in YOUR scenarios.

• Focus on reconfigurable task 
apparatuses that are easy to lay 
out temporarily and store 
between trials.

• Compare your 2D and 3D map 
results over time in 
variable/repeatable layouts 
within the same scenario.

• Try different scenarios using all 
the same layout rules, in 
houses, workplaces, industrial 
facilities, outdoor settings.

UPPER MAPPING
FIDUCIALS CENTERED 
AT 2 M (6 FT)

LOWER MAPPING
FIDUCIALS CENTERED 
AT 1 M (3 FT)

PAIRS OF HALF-ROUND FIDUCIALS ARE ALWAYS ON BOTH SIDES OF WALLS

60 cm (24 in) diameter 
cylindrical shapes provide 
shape fiducials in maps.

BLACKOUT TARP COVER

BRING LIGHTS, CONTAINS DRONES

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

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

Unmanned Tactical Applications Conference at Guardian Centers
Example Validation and Use Cases

Oct 2022



Version: 2023G

Scoring Mobility
(During 0-10 Minutes of Trial)



Version: 2023G

Scoring Mobility (During 0-10 Minutes)

• Mobility scoring is based on driving continuous end-to-end traverses in the 
lane. The robot must start and end completely within the squares.

• Driving teleoperatively scores 1 point for completion in each direction.

• Driving autonomously (hands off the interface) scores 4 points for 
successful completion in each direction. The remote operator may take 
over control at any time to finish a traverse teleoperatively for 1 point and 
try again autonomously on the next repetition. Teleoperation is allowed in 
both end zones to set waypoints, evaluate maps, etc.

• Single Lane Missions perform up to 10 end-to-end traverses in the first 10 
minutes of the trial. If finished early, use the elapsed time as a measure of 
efficiency. Wait for the Dexterity time to start.

• Multiple Lane Missions perform a sequence of end-to-end traverses in 
each lane by entering and exiting from the same doorway. Teams may 
choose the order of lanes based on risk, but may need to drive further to 
complete all. No repeated lanes are allowed until all lanes are completed.

UP RANGE 

DO
W

N 
RA

NG
E

NEGOTIATE 4

NEGOTIATE 3

OPERATOR
STATION

SQUARE
ROOM

BEFORE STARTING A TRIAL,  
CLOSE THE SELF-STANDING

L-WALL AROUND THE ROBOT

A-SIDEB-SIDE

END
START

START
END

DEXTERITY

DEXTERITY

DEXTERITY

DEXTERITY

NEGOTIATE 2

NEGOTIATE 1

HALLWAY A

HALLWAY B

LINEAR

OMNI

LINEAR

OMNI



Version: 2023G

Scoring Mobility (During 0-10 Minutes)
Proctors Circle the Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

TELEOP

AUTO 

TELEOP

POINTS

AUTO

ELAPSED TIME

MM : SS

POINTS



Version: 2023G

Scoring Mobility (During 0-10 Minutes)
Proctors Circle the Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

Continuous Ramps

Continuous Ramps

Continuous Ramps

Continuous Ramps

Continuous Ramps

Example: Teleoperative Robot in Single Lane Mission

TELEOP

AUTO 

TELEOP

POINTS

AUTO

ELAPSED TIME

MM : SS

POINTS

9:35

23



Version: 2023G

Scoring Mobility (During 0-10 Minutes)
Proctors Circle the Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

Continuous Ramps

Continuous Ramps

Continuous Ramps

Continuous Ramps

Continuous Ramps

Example: Autonomous Robot in Single Lane Mission

TELEOP

AUTO 

TELEOP

AUTO 

TELEOP

POINTS

AUTO

ELAPSED TIME

MM : SS

POINTS

9:35

32

4



Version: 2023G

Scoring Mobility (During 0-10 Minutes)
Proctors Circle the Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

Continuous Ramps

K-Rails

Pallets and Pipes

Pallets and Pipes

Continuous Ramps

Example: Autonomous Robot in Multiple Lane Mission

SKIPPED K-RAILS TO FINISH 5 LANES. 
DROVE PAST IT TO GET TO CONTINUOUS RAMPS.

TELEOP

AUTO 

TELEOP

POINTS

AUTO

ELAPSED TIME

MM : SS

POINTS

10:00

10

12

TIME ELAPSED - DID NOT FINISH 
STRIKE THROUGH LINE



Version: 2023G

Embedded Dexterity Tests
(During 10-20 Minutes of Trial)



Version: 2023G

Embedded Dexterity Tasks 

• The dexterity tasks inside each zig-zag lane are intended to 
encourage multi-joint manipulators with coordinated control to 
compensate for unknown chassis orientations and difficulties of 
repositioning on difficult terrains.

• After completing the designated Mobility repetitions or when 
Mobility time expires, perform the Dexterity tasks starting anywhere 
and in any order.  No repeated tasks are allowed.

• Linear tasks encourage straight line gripper/tool paths and reach.

• Omni tasks encourage dexterous gripper/tool orientations. OMNI 
tasks are harder so score double compared to similar LINEAR tasks.

• No additional multiplier for autonomous driving because it is 
interrupted by the dexterity tasks. 

• Operational tasks are all OMNIS and involve friction, force, or more 
precision so score even more, but are not available until the Finals.

UP RANGE 

DO
W

N 
RA

NG
E

NEGOTIATE 4

NEGOTIATE 3

OPERATOR
STATION

SQUARE
ROOM

BEFORE STARTING A TRIAL,  
CLOSE THE SELF-STANDING

L-WALL AROUND THE ROBOT

A-SIDEB-SIDE

END
START

START
END

DEXTERITY

DEXTERITY

DEXTERITY

DEXTERITY

NEGOTIATE 2

NEGOTIATE 1

HALLWAY A

HALLWAY B

LINEAR

OMNI

LINEAR

OMNI

DOOR

15 DEGREE SLOPE

15 DEGREE SLOPE

FLAT HALLWAY

FLAT HALLWAYLIN
EA

R

OM
NI

OM
NI

    LIN
EA

R 
   OPERATIONAL TASKS



Version: 2023G

Sensor Crate (White) Prelims/Semis/Finals
• Visual, Proximity, Hazmat, Motion, Thermal

Inspect Tasks (Green) Prelims/Semis/Finals
• Linear – 1 point each
• Omni – 2 point each

Touch Tasks (Blue) – Prelims Only (easier, use your own tool)
• Linear – 2 point each
• Omni – 4 point each

Insert Tasks (Blue) - Semis (add the grasp shaft tool in center)
• Linear – 3 point each
• Omni – 6 point each

Operational Tasks (Black) – Finals only due to force & friction
• Omni – 10 point each

Embedded Dexterity Tasks

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

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

“Directed Inspection” Tasks
Dexterity and Strength Classification Tests

• The “Directed Inspection” tasks measure the reach space of the robot 

without the difficulties associated with interacting with the environment. 

They are performed  in both the Linear and Omni orientations at 30 cm (1 

ft) incremental reach distances and elevations.

• Each alignment position and orientation is close to the approach point 

necessary for related tasks requiring contact such as Touch/Insert Tools, 

Rotate, and Extract.

• Align with the 5 cm (2 in) diameter pipe so the inner edge of the largest 

visual acuity ring is completely visible. The targets can be downloaded 

and printed on paper or sticker sheets.

• Each pipe has 5 increasingly small ring gaps to identify based on their 

orientations (random combinations of 8 orientations).

• Score up to 5 points per task = 25 points total: 

• 1 point for successful alignment with the outer ring showing the gap 

oriented to the Top (always).

• 1 point for each smaller gap orientation identified correctly.

Conduct Tests Two Ways
Open Test Lane

Standard Test Methods for Small Unmanned Aircraft Systems
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Bucket Stands
Each lane uses (4)  omni-directional bucket stands, a 
Launch/Land Platform, and a measuring taps 
centerline. The parts for each stand include:

[1] 4x4x6in center post
[4] 2x4x12in legs with 45deg taper both ends
[5] 2-gallon white buckets (8in diameter)
10] 3in screws to affix the legs – 2 per leg at top
[5] 1in screws to affix the buckets
[4] Slotted leg extensions
[8] ¼-20 x 2in hanger bolts and wing nuts for the

leg extensions to slide on and tighten
[15] 8in diameter weatherproof stickers

(see website to download the sticker files)
[4] Big numbers 1-1-1-1 inside the top bucket
[4] Big letters A-B-C-D around the top bucket
[5] Acuity targets A-B-C-D inside bottom of all
[2] Perch acuity targets inside and bottom of A

.

The bucket stands are adjusted to vertical using the slotted leg extensions so the angled buckets are at 45 degrees.

Stickers inside each bucket have a GREEN INSCRIBED RING 
to guide alignment and a visual acuity target with 
increasingly small Concentric Cs gaps to identify the 
correct (1 of 8) orientations.

TOP
( T )

( B )
BOTTOM 

( TR ) TOP RIGHT

( R ) RIGHT

( BR ) BOTTOM RIGHT

TOP LEFT ( TL )

LEFT  ( L )

BOTTOM LEFT ( BL )

A

 Gap size (mm) Gap size (inches) Equivalent Avg. Human vision at 6 m (20 !) 
 40 mm 1.58 in 4.5 % 
 16 mm 0.63 in 11 % 
 6.4 mm 0.25 in 28 % 
 2.6 mm 0.10 in 70 % 
 1.0 mm 0.04 in 180 % 
 0.41 mm 0.016 in 440 % 

For accurate calibration, the outer diameter of the largest Landolt C optotype should be 200 mm (7.9 in). 

Standard Test Methods for Response Robots
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Nested Landolt C Vision Test Chart

#3

DATE/TIMEPILOT CODE

48IN SQ
UARE LA

NDING WITH

12IN
CENTER RADIUS TARGET

100-300 FT MEASURING TAPE

(4) OMNI STANDS

A
D

C
B 1, 2, 3, 4

LAUNCH

A D
PERCH 

ACUITYP1

P1

LEAVE CARRY HANDLE ON TOP BUCKET

1A
1A1A

PARTIAL (1 PT)

ALIGNED (5 PTS)

Align with each bucket long enough to capture a 
single alignment image (NO ZOOM) showing the 
green ring inside the bucket. Score 5 points for a 

continuous green ring or 1 point for a partial. Similar 
scoring for accurate or partial landings.

Align with each bucket long enough to capture a 
single alignment image (NO ZOOM) AND a single 
acuity image of each target (MAX ZOOM). Score 1 
point for each correct identification of the 5 
increasingly small Concentric C gap directions.

Basic Maneuvering (MAN)
ALIGN WITH BUCKETS AND LAND ACCURATELY

Payload Functionality (PAY) 
ALIGN AND IDENTIFY ACUITY TARGETS

20 ALIGNMENTS TOTAL UP TO 100 POINTS 20 TARGETS TOTAL UP TO 100 POINTS

Standard Test Methods for Small Unmanned Aircraft Systems
ASTM International Standards Committee on Homeland Security Applications; 
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Montgomery County Police Drone Training & Evaluation Facility
Safety | Capabilities | Proficiency

DOJ/DHS National Unmanned Aircraft Systems Program Evaluation, August 2020

I

CONFINED TEST LANE

GPS DENIED
and

DARK (<1 LUX)

DUAL BUCKET 
ALIGNMENTS

AT  1 M  (3 FT) 
PROXIMITY TO 

OBSTACLES

OPEN TEST LANE

B

LENGTH: 30/60 M  (100/200 FT)

E

OBSTRUCTED TEST LANE

DUAL BUCKET 
ALIGNMENTS
AT 2 M (6 FT) 
PROXIMITY TO 
OBSTACLES

LENGTH: 15 M  (50 FT) LENGTH: 7.5 M  (25 FT)

ACCURATE (5 PTS)

THE INNER EDGE OF LARGEST RING MUST BE COMPLETELY VISIBLE
ALIGNED

50 mm (2 in) inside diameter PVC Pipe
https://www.amazon.com/PVC-Pipe-Sch-Inch-White/dp/B072Q9M54Z/
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Optional Tasks
Dexterity and Strength Classification Tests

• These are not included in the Preliminary round of trials, so that every robot 
performs the same Linear, Omni, and Strength classification tasks.

• However other operationally relevant task apparatuses can be fabricated and 
practiced within the same dexterity apparatus.  The omnidirectionality of 
these tasks provides even more generality in task performance, as if the 
relative orientation of the robot chassis to the task in the scenario is 
completely unpredictable.  Consider turning doorknobs while the chassis is 
angled on steps, as many external house doors require.  If you can turn all the 
omni doorknobs, your robot’s dexterity can probably compensate for any 
inconvenient chassis orientation.

• Some examples that could be highlighted in demonstrations.
• Touch e-stop buttons
• Rotate shut-off valves (90 degree)

• Rotate doorknobs
• Insert keys into doorknobs
• Place water bottles
• Hook carabiners with a secondary tow line

Rotate Doorknobs Touch E-stop Buttons

Rotate Valves Hook Carabiners

Place Water Bottle Touch-Rotate-Extract-Inspect
67
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Optional Tasks
Dexterity and Strength Classification Tests

• These are not included in the Preliminary round of trials, so that every robot 
performs the same Linear, Omni, and Strength classification tasks.

• However other operationally relevant task apparatuses can be fabricated and 
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these tasks provides even more generality in task performance, as if the 
relative orientation of the robot chassis to the task in the scenario is 
completely unpredictable.  Consider turning doorknobs while the chassis is 
angled on steps, as many external house doors require.  If you can turn all the 
omni doorknobs, your robot’s dexterity can probably compensate for any 
inconvenient chassis orientation.

• Some examples that could be highlighted in demonstrations.
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INSERT KEYS

PRESS E-STOPS

TURN 90° VALVES
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Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)

58
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“Extract and Place” Tasks
Dexterity and Strength Classification Tests

• The “Extract and Place” tasks measure the reach space of the 
robot for precisely grasping objects. They are performed in both 
Linear and Omni orientations at 30 cm (1 ft) incremental reach 
distances and elevations.

• The task requires the robot to position and orient the gripper to 
grasp and extract the objects pre-placed in the apparatus. Any 
grasp object with a 6 mm (1/4 in) diameter shaft can be used to 
fit into the 8 mm (5/16 in) hole or T-Nut diameter.

• Successful extraction requires the the object to be completely 
removed from the hole. Successful placement of the object 
requires it to be in the crate. Dropped objects cannot re-grasped 
and placed in the crate. 

• At the start of the trial the crate must be pre-positioned behind 
the start area at least 120 cm (4 ft) from the terrain. It can be 
moved by the robot anywhere at any time during the trial.

• Score up to 5 points = 25 points total: 
• 1 point for extracting the object from the apparatus.
• 4 points for placing the object in the crate.

Small Round Abrasive Flap Wheel Sanders
Grasp Object: 25 mm (1 in) diam high friction cylinder
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/dp/B07ZRQ9YL3/

Large Round Abrasive Flap Wheel Sanders
Grasp Object: 50 mm (2 in) diam high friction cylinder Shaft: 6 mm 
(¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/gp/product/B0821B4RZN/

Glue your own grasp object onto a disc pad holder 
ANY SOLID/CONVEX SHAPE (not magnetic, sticky, etc.)
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long 
https://www.amazon.com/dp/B07D33NG4M/?coliid=I32UQSG0OLD8Q6&colid=3RUGTGF8AJBSU&psc=1&ref_=lv_o
v_lig_dp_it 64
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Embedded Dexterity Tasks
INSPECT (Green)
Available in All Rounds

LINEAR – 1 point for each alignment                                                                  OMNI – 2 points for each alignment
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“Directed Inspection” Tasks
Dexterity and Strength Classification Tests

• The “Directed Inspection” tasks measure the reach space of the robot 

without the difficulties associated with interacting with the environment. 

They are performed  in both the Linear and Omni orientations at 30 cm (1 

ft) incremental reach distances and elevations.

• Each alignment position and orientation is close to the approach point 

necessary for related tasks requiring contact such as Touch/Insert Tools, 

Rotate, and Extract.

• Align with the 5 cm (2 in) diameter pipe so the inner edge of the largest 

visual acuity ring is completely visible. The targets can be downloaded 

and printed on paper or sticker sheets.

• Each pipe has 5 increasingly small ring gaps to identify based on their 

orientations (random combinations of 8 orientations).

• Score up to 5 points per task = 25 points total: 

• 1 point for successful alignment with the outer ring showing the gap 

oriented to the Top (always).

• 1 point for each smaller gap orientation identified correctly.

Conduct Tests Two Ways
Open Test Lane
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Bucket Stands
Each lane uses (4)  omni-directional bucket stands, a 
Launch/Land Platform, and a measuring taps 
centerline. The parts for each stand include:

[1] 4x4x6in center post
[4] 2x4x12in legs with 45deg taper both ends
[5] 2-gallon white buckets (8in diameter)
10] 3in screws to affix the legs – 2 per leg at top
[5] 1in screws to affix the buckets
[4] Slotted leg extensions
[8] ¼-20 x 2in hanger bolts and wing nuts for the

leg extensions to slide on and tighten
[15] 8in diameter weatherproof stickers

(see website to download the sticker files)
[4] Big numbers 1-1-1-1 inside the top bucket
[4] Big letters A-B-C-D around the top bucket
[5] Acuity targets A-B-C-D inside bottom of all
[2] Perch acuity targets inside and bottom of A

.

The bucket stands are adjusted to vertical using the slotted leg extensions so the angled buckets are at 45 degrees.

Stickers inside each bucket have a GREEN INSCRIBED RING 
to guide alignment and a visual acuity target with 
increasingly small Concentric Cs gaps to identify the 
correct (1 of 8) orientations.

TOP
( T )

( B )
BOTTOM 

( TR ) TOP RIGHT

( R ) RIGHT

( BR ) BOTTOM RIGHT

TOP LEFT ( TL )

LEFT  ( L )

BOTTOM LEFT ( BL )

A

 Gap size (mm) Gap size (inches) Equivalent Avg. Human vision at 6 m (20 !) 
 40 mm 1.58 in 4.5 % 
 16 mm 0.63 in 11 % 
 6.4 mm 0.25 in 28 % 
 2.6 mm 0.10 in 70 % 
 1.0 mm 0.04 in 180 % 
 0.41 mm 0.016 in 440 % 

For accurate calibration, the outer diameter of the largest Landolt C optotype should be 200 mm (7.9 in). 
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Nested Landolt C Vision Test Chart

#3

DATE/TIMEPILOT CODE

48IN SQ
UARE LA

NDING WITH

12IN
CENTER RADIUS TARGET

100-300 FT MEASURING TAPE

(4) OMNI STANDS

A
D

C
B 1, 2, 3, 4

LAUNCH

A D
PERCH 

ACUITYP1

P1

LEAVE CARRY HANDLE ON TOP BUCKET

1A
1A1A

PARTIAL (1 PT)

ALIGNED (5 PTS)

Align with each bucket long enough to capture a 
single alignment image (NO ZOOM) showing the 
green ring inside the bucket. Score 5 points for a 

continuous green ring or 1 point for a partial. Similar 
scoring for accurate or partial landings.

Align with each bucket long enough to capture a 
single alignment image (NO ZOOM) AND a single 
acuity image of each target (MAX ZOOM). Score 1 
point for each correct identification of the 5 
increasingly small Concentric C gap directions.

Basic Maneuvering (MAN)
ALIGN WITH BUCKETS AND LAND ACCURATELY

Payload Functionality (PAY) 
ALIGN AND IDENTIFY ACUITY TARGETS

20 ALIGNMENTS TOTAL UP TO 100 POINTS 20 TARGETS TOTAL UP TO 100 POINTS

Standard Test Methods for Small Unmanned Aircraft Systems
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Montgomery County Police Drone Training & Evaluation Facility
Safety | Capabilities | Proficiency

DOJ/DHS National Unmanned Aircraft Systems Program Evaluation, August 2020

I

CONFINED TEST LANE

GPS DENIED
and

DARK (<1 LUX)

DUAL BUCKET 
ALIGNMENTS

AT  1 M  (3 FT) 
PROXIMITY TO 

OBSTACLES

OPEN TEST LANE

B

LENGTH: 30/60 M  (100/200 FT)

E

OBSTRUCTED TEST LANE

DUAL BUCKET 
ALIGNMENTS
AT 2 M (6 FT) 
PROXIMITY TO 
OBSTACLES

LENGTH: 15 M  (50 FT) LENGTH: 7.5 M  (25 FT)

ACCURATE (5 PTS)

THE INNER EDGE OF LARGEST RING MUST BE COMPLETELY VISIBLE
ALIGNED

50 mm (2 in) inside diameter PVC Pipe
https://www.amazon.com/PVC-Pipe-Sch-Inch-White/dp/B072Q9M54Z/
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“Directed Inspection” Tasks
Dexterity and Strength Classification Tests

• The “Directed Inspection” tasks measure the reach space of the robot 

without the difficulties associated with interacting with the environment. 

They are performed  in both the Linear and Omni orientations at 30 cm (1 

ft) incremental reach distances and elevations.

• Each alignment position and orientation is close to the approach point 

necessary for related tasks requiring contact such as Touch/Insert Tools, 

Rotate, and Extract.

• Align with the 5 cm (2 in) diameter pipe so the inner edge of the largest 

visual acuity ring is completely visible. The targets can be downloaded 

and printed on paper or sticker sheets.

• Each pipe has 5 increasingly small ring gaps to identify based on their 

orientations (random combinations of 8 orientations).

• Score up to 5 points per task = 25 points total: 

• 1 point for successful alignment with the outer ring showing the gap 

oriented to the Top (always).

• 1 point for each smaller gap orientation identified correctly.

Conduct Tests Two Ways
Open Test Lane
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Bucket Stands
Each lane uses (4)  omni-directional bucket stands, a 
Launch/Land Platform, and a measuring taps 
centerline. The parts for each stand include:

[1] 4x4x6in center post
[4] 2x4x12in legs with 45deg taper both ends
[5] 2-gallon white buckets (8in diameter)
10] 3in screws to affix the legs – 2 per leg at top
[5] 1in screws to affix the buckets
[4] Slotted leg extensions
[8] ¼-20 x 2in hanger bolts and wing nuts for the

leg extensions to slide on and tighten
[15] 8in diameter weatherproof stickers
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[4] Big numbers 1-1-1-1 inside the top bucket
[4] Big letters A-B-C-D around the top bucket
[5] Acuity targets A-B-C-D inside bottom of all
[2] Perch acuity targets inside and bottom of A

.

The bucket stands are adjusted to vertical using the slotted leg extensions so the angled buckets are at 45 degrees.

Stickers inside each bucket have a GREEN INSCRIBED RING 
to guide alignment and a visual acuity target with 
increasingly small Concentric Cs gaps to identify the 
correct (1 of 8) orientations.
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For accurate calibration, the outer diameter of the largest Landolt C optotype should be 200 mm (7.9 in). 
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Nested Landolt C Vision Test Chart
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1A
1A1A
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Align with each bucket long enough to capture a 
single alignment image (NO ZOOM) showing the 
green ring inside the bucket. Score 5 points for a 

continuous green ring or 1 point for a partial. Similar 
scoring for accurate or partial landings.

Align with each bucket long enough to capture a 
single alignment image (NO ZOOM) AND a single 
acuity image of each target (MAX ZOOM). Score 1 
point for each correct identification of the 5 
increasingly small Concentric C gap directions.

Basic Maneuvering (MAN)
ALIGN WITH BUCKETS AND LAND ACCURATELY

Payload Functionality (PAY) 
ALIGN AND IDENTIFY ACUITY TARGETS

20 ALIGNMENTS TOTAL UP TO 100 POINTS 20 TARGETS TOTAL UP TO 100 POINTS

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

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

Montgomery County Police Drone Training & Evaluation Facility
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DOJ/DHS National Unmanned Aircraft Systems Program Evaluation, August 2020

I

CONFINED TEST LANE

GPS DENIED
and

DARK (<1 LUX)

DUAL BUCKET 
ALIGNMENTS

AT  1 M  (3 FT) 
PROXIMITY TO 

OBSTACLES

OPEN TEST LANE

B

LENGTH: 30/60 M  (100/200 FT)

E

OBSTRUCTED TEST LANE

DUAL BUCKET 
ALIGNMENTS
AT 2 M (6 FT) 
PROXIMITY TO 
OBSTACLES

LENGTH: 15 M  (50 FT) LENGTH: 7.5 M  (25 FT)

ACCURATE (5 PTS)

THE INNER EDGE OF LARGEST RING MUST BE COMPLETELY VISIBLE
ALIGNED

50 mm (2 in) inside diameter PVC Pipe
https://www.amazon.com/PVC-Pipe-Sch-Inch-White/dp/B072Q9M54Z/
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MUST IDENTIFY
2 (of 5) 

CONCENTRIC Cs 
TO SCORE POINTS

TOP LEFT GAP 
(As Shown)
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• The omni apparatus has 5 different positions and orientations 
around a point. There is 1 center position that is similar to the 
center of the linear apparatus. There are 4 more angled 
orientations.

• It measures the advanced reach and dexterity of the robot at 30 
cm (1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes centered on 
each face.

• Similar sized T-Nuts protect the holes from damage from tool 
placements and provide a consistent clearance between the tool 
and the hole diameter.

Omni Task Apparatus
Dexterity and Strength Classification Tests

30 cm (12 in)

30 cm (12 in)
30 cm (12 in)

NOTE
TWO 5 x 10 cm (2 x 4 in) BLOCKS 
UNDERNEATH ARE SIZED TO FIT 

EASILTY BETWEEN THE SLATS ON 
THE TASK SHELF ASSEMBLY

NOTE

CENTER
RIGHT BACKLEFT BACK

RIGHT FRONTLEFT FRONT

PLYWOOD 
OR

OTHER

30 cm (12 in) SQUARE

SCREW

Recommended:
T-Nuts protect the holes and 

provide exact clearance fit for the tool shaft

Holes 
8 mm (5/16 in)

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/
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• The omni apparatus has 5 different positions and orientations 
around a point. There is 1 center position that is similar to the 
center of the linear apparatus. There are 4 more angled 
orientations.

• It measures the advanced reach and dexterity of the robot at 30 
cm (1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes centered on 
each face.

• Similar sized T-Nuts protect the holes from damage from tool 
placements and provide a consistent clearance between the tool 
and the hole diameter.

Omni Task Apparatus
Dexterity and Strength Classification Tests
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30 cm (12 in)
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NOTE
TWO 5 x 10 cm (2 x 4 in) BLOCKS 
UNDERNEATH ARE SIZED TO FIT 

EASILTY BETWEEN THE SLATS ON 
THE TASK SHELF ASSEMBLY

NOTE

CENTER
RIGHT BACKLEFT BACK

RIGHT FRONTLEFT FRONT

PLYWOOD 
OR

OTHER

30 cm (12 in) SQUARE

SCREW

Recommended:
T-Nuts protect the holes and 

provide exact clearance fit for the tool shaft

Holes 
8 mm (5/16 in)

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/
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Embedded Dexterity Tasks

LINEAR – 2 point for each TOUCH
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Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)

58
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Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)
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OMNI – 4 points for each TOUCH
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“Extract and Place” Tasks
Dexterity and Strength Classification Tests

• The “Extract and Place” tasks measure the reach space of the 
robot for precisely grasping objects. They are performed in both 
Linear and Omni orientations at 30 cm (1 ft) incremental reach 
distances and elevations.

• The task requires the robot to position and orient the gripper to 
grasp and extract the objects pre-placed in the apparatus. Any 
grasp object with a 6 mm (1/4 in) diameter shaft can be used to 
fit into the 8 mm (5/16 in) hole or T-Nut diameter.

• Successful extraction requires the the object to be completely 
removed from the hole. Successful placement of the object 
requires it to be in the crate. Dropped objects cannot re-grasped 
and placed in the crate. 

• At the start of the trial the crate must be pre-positioned behind 
the start area at least 120 cm (4 ft) from the terrain. It can be 
moved by the robot anywhere at any time during the trial.

• Score up to 5 points = 25 points total: 
• 1 point for extracting the object from the apparatus.
• 4 points for placing the object in the crate.

Small Round Abrasive Flap Wheel Sanders
Grasp Object: 25 mm (1 in) diam high friction cylinder
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/dp/B07ZRQ9YL3/

Large Round Abrasive Flap Wheel Sanders
Grasp Object: 50 mm (2 in) diam high friction cylinder Shaft: 6 mm 
(¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/gp/product/B0821B4RZN/

Glue your own grasp object onto a disc pad holder 
ANY SOLID/CONVEX SHAPE (not magnetic, sticky, etc.)
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long 
https://www.amazon.com/dp/B07D33NG4M/?coliid=I32UQSG0OLD8Q6&colid=3RUGTGF8AJBSU&psc=1&ref_=lv_o
v_lig_dp_it 64

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

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

“Extract and Place” Tasks
Dexterity and Strength Classification Tests

• The “Extract and Place” tasks measure the reach space of the 
robot for precisely grasping objects. They are performed in both 
Linear and Omni orientations at 30 cm (1 ft) incremental reach 
distances and elevations.

• The task requires the robot to position and orient the gripper to 
grasp and extract the objects pre-placed in the apparatus. Any 
grasp object with a 6 mm (1/4 in) diameter shaft can be used to 
fit into the 8 mm (5/16 in) hole or T-Nut diameter.

• Successful extraction requires the the object to be completely 
removed from the hole. Successful placement of the object 
requires it to be in the crate. Dropped objects cannot re-grasped 
and placed in the crate. 

• At the start of the trial the crate must be pre-positioned behind 
the start area at least 120 cm (4 ft) from the terrain. It can be 
moved by the robot anywhere at any time during the trial.

• Score up to 5 points = 25 points total: 
• 1 point for extracting the object from the apparatus.
• 4 points for placing the object in the crate.

Small Round Abrasive Flap Wheel Sanders
Grasp Object: 25 mm (1 in) diam high friction cylinder
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/dp/B07ZRQ9YL3/

Large Round Abrasive Flap Wheel Sanders
Grasp Object: 50 mm (2 in) diam high friction cylinder Shaft: 6 mm 
(¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/gp/product/B0821B4RZN/

Glue your own grasp object onto a disc pad holder 
ANY SOLID/CONVEX SHAPE (not magnetic, sticky, etc.)
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long 
https://www.amazon.com/dp/B07D33NG4M/?coliid=I32UQSG0OLD8Q6&colid=3RUGTGF8AJBSU&psc=1&ref_=lv_o
v_lig_dp_it 64

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

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

Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)

58

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

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

Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)

58

TOUCH (Blue)
Sustained Contact of Tool to Hole in T-Nut

Easier – So only Available in Preliminaries as a Baseline
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Standard Test Methods for Response Robots
ASTM International Standards Committee on Homeland Security Applications; 

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

• The omni apparatus has 5 different positions and orientations 
around a point. There is 1 center position that is similar to the 
center of the linear apparatus. There are 4 more angled 
orientations.

• It measures the advanced reach and dexterity of the robot at 30 
cm (1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes centered on 
each face.

• Similar sized T-Nuts protect the holes from damage from tool 
placements and provide a consistent clearance between the tool 
and the hole diameter.

Omni Task Apparatus
Dexterity and Strength Classification Tests

30 cm (12 in)

30 cm (12 in)
30 cm (12 in)

NOTE
TWO 5 x 10 cm (2 x 4 in) BLOCKS 
UNDERNEATH ARE SIZED TO FIT 

EASILTY BETWEEN THE SLATS ON 
THE TASK SHELF ASSEMBLY

NOTE

CENTER
RIGHT BACKLEFT BACK

RIGHT FRONTLEFT FRONT

PLYWOOD 
OR

OTHER

30 cm (12 in) SQUARE

SCREW

Recommended:
T-Nuts protect the holes and 

provide exact clearance fit for the tool shaft

Holes 
8 mm (5/16 in)

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/
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Standard Test Methods for Response Robots
ASTM International Standards Committee on Homeland Security Applications; 

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

• The omni apparatus has 5 different positions and orientations 
around a point. There is 1 center position that is similar to the 
center of the linear apparatus. There are 4 more angled 
orientations.

• It measures the advanced reach and dexterity of the robot at 30 
cm (1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes centered on 
each face.

• Similar sized T-Nuts protect the holes from damage from tool 
placements and provide a consistent clearance between the tool 
and the hole diameter.

Omni Task Apparatus
Dexterity and Strength Classification Tests

30 cm (12 in)

30 cm (12 in)
30 cm (12 in)

NOTE
TWO 5 x 10 cm (2 x 4 in) BLOCKS 
UNDERNEATH ARE SIZED TO FIT 

EASILTY BETWEEN THE SLATS ON 
THE TASK SHELF ASSEMBLY

NOTE

CENTER
RIGHT BACKLEFT BACK

RIGHT FRONTLEFT FRONT

PLYWOOD 
OR

OTHER

30 cm (12 in) SQUARE

SCREW

Recommended:
T-Nuts protect the holes and 

provide exact clearance fit for the tool shaft

Holes 
8 mm (5/16 in)

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/
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Embedded Dexterity Tasks
INSERT (Blue)

Penetration of Tool into T-Nut at Least 25mm (1in)
Harder – So only Available in Semis and Finals

LINEAR – 3 point for each INSERT

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

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

Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)

58

Standard Test Methods for Response Robots
ASTM International Standards Committee on Homeland Security Applications; 
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Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)
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OMNI – 6 points for each INSERT
Standard Test Methods for Response Robots

ASTM International Standards Committee on Homeland Security Applications; 
Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov

“Extract and Place” Tasks
Dexterity and Strength Classification Tests

• The “Extract and Place” tasks measure the reach space of the 
robot for precisely grasping objects. They are performed in both 
Linear and Omni orientations at 30 cm (1 ft) incremental reach 
distances and elevations.

• The task requires the robot to position and orient the gripper to 
grasp and extract the objects pre-placed in the apparatus. Any 
grasp object with a 6 mm (1/4 in) diameter shaft can be used to 
fit into the 8 mm (5/16 in) hole or T-Nut diameter.

• Successful extraction requires the the object to be completely 
removed from the hole. Successful placement of the object 
requires it to be in the crate. Dropped objects cannot re-grasped 
and placed in the crate. 

• At the start of the trial the crate must be pre-positioned behind 
the start area at least 120 cm (4 ft) from the terrain. It can be 
moved by the robot anywhere at any time during the trial.

• Score up to 5 points = 25 points total: 
• 1 point for extracting the object from the apparatus.
• 4 points for placing the object in the crate.

Small Round Abrasive Flap Wheel Sanders
Grasp Object: 25 mm (1 in) diam high friction cylinder
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/dp/B07ZRQ9YL3/

Large Round Abrasive Flap Wheel Sanders
Grasp Object: 50 mm (2 in) diam high friction cylinder Shaft: 6 mm 
(¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/gp/product/B0821B4RZN/

Glue your own grasp object onto a disc pad holder 
ANY SOLID/CONVEX SHAPE (not magnetic, sticky, etc.)
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long 
https://www.amazon.com/dp/B07D33NG4M/?coliid=I32UQSG0OLD8Q6&colid=3RUGTGF8AJBSU&psc=1&ref_=lv_o
v_lig_dp_it 64

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

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

“Extract and Place” Tasks
Dexterity and Strength Classification Tests

• The “Extract and Place” tasks measure the reach space of the 
robot for precisely grasping objects. They are performed in both 
Linear and Omni orientations at 30 cm (1 ft) incremental reach 
distances and elevations.

• The task requires the robot to position and orient the gripper to 
grasp and extract the objects pre-placed in the apparatus. Any 
grasp object with a 6 mm (1/4 in) diameter shaft can be used to 
fit into the 8 mm (5/16 in) hole or T-Nut diameter.

• Successful extraction requires the the object to be completely 
removed from the hole. Successful placement of the object 
requires it to be in the crate. Dropped objects cannot re-grasped 
and placed in the crate. 

• At the start of the trial the crate must be pre-positioned behind 
the start area at least 120 cm (4 ft) from the terrain. It can be 
moved by the robot anywhere at any time during the trial.

• Score up to 5 points = 25 points total: 
• 1 point for extracting the object from the apparatus.
• 4 points for placing the object in the crate.

Small Round Abrasive Flap Wheel Sanders
Grasp Object: 25 mm (1 in) diam high friction cylinder
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/dp/B07ZRQ9YL3/

Large Round Abrasive Flap Wheel Sanders
Grasp Object: 50 mm (2 in) diam high friction cylinder Shaft: 6 mm 
(¼ in) diameter, at least 25 mm (1 in) long
https://www.amazon.com/gp/product/B0821B4RZN/

Glue your own grasp object onto a disc pad holder 
ANY SOLID/CONVEX SHAPE (not magnetic, sticky, etc.)
Shaft: 6 mm (¼ in) diameter, at least 25 mm (1 in) long 
https://www.amazon.com/dp/B07D33NG4M/?coliid=I32UQSG0OLD8Q6&colid=3RUGTGF8AJBSU&psc=1&ref_=lv_o
v_lig_dp_it 64

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

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

Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)
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Standard Test Methods for Response Robots
ASTM International Standards Committee on Homeland Security Applications; 
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Linear Task Apparatus
Dexterity and Strength Classification Tests

T-Nuts  8 mm (5/16 in) threaded 
https://www.amazon.com/gp/product/B06XCK35C1/

• The linear apparatus has 5 different positions and orientations 
along a line. There are 3 perpendicular positions at different 
elevations and 2 angled orientations.

• It measures the basic reach and dexterity of the robot at 30 cm 
(1 ft) incremental reach distances and elevations.

• The apparatus should have 8 mm (5/16 in) holes at the 
dimensions shown.

• Inserting similar sized T-Nuts protect the holes from damage 
from tools and provide a consistent clearance between the tool 
and the hole diameter.

30 cm (12 in)30 cm (12 in)

30 cm (12 in)

5 x 10 x 90 cm  
(2 x 4 x 36 in)

LUMBER

90 cm (36 in)

58
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Embedded Dexterity Tasks
OPERATIONAL TASKS (Black)

Harder due to Force, Friction, Precisions
So only Available in Finals

OMNI ONLY
10 points for each task

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

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

Optional Tasks
Dexterity and Strength Classification Tests

• These are not included in the Preliminary round of trials, so that every robot 
performs the same Linear, Omni, and Strength classification tasks.

• However other operationally relevant task apparatuses can be fabricated and 
practiced within the same dexterity apparatus.  The omnidirectionality of 
these tasks provides even more generality in task performance, as if the 
relative orientation of the robot chassis to the task in the scenario is 
completely unpredictable.  Consider turning doorknobs while the chassis is 
angled on steps, as many external house doors require.  If you can turn all the 
omni doorknobs, your robot’s dexterity can probably compensate for any 
inconvenient chassis orientation.

• Some examples that could be highlighted in demonstrations.
• Touch e-stop buttons
• Rotate shut-off valves (90 degree)

• Rotate doorknobs
• Insert keys into doorknobs
• Place water bottles
• Hook carabiners with a secondary tow line

Rotate Doorknobs Touch E-stop Buttons

Rotate Valves Hook Carabiners

Place Water Bottle Touch-Rotate-Extract-Inspect
67
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Optional Tasks
Dexterity and Strength Classification Tests

• These are not included in the Preliminary round of trials, so that every robot 
performs the same Linear, Omni, and Strength classification tasks.

• However other operationally relevant task apparatuses can be fabricated and 
practiced within the same dexterity apparatus.  The omnidirectionality of 
these tasks provides even more generality in task performance, as if the 
relative orientation of the robot chassis to the task in the scenario is 
completely unpredictable.  Consider turning doorknobs while the chassis is 
angled on steps, as many external house doors require.  If you can turn all the 
omni doorknobs, your robot’s dexterity can probably compensate for any 
inconvenient chassis orientation.

• Some examples that could be highlighted in demonstrations.
• Touch e-stop buttons
• Rotate shut-off valves (90 degree)

• Rotate doorknobs
• Insert keys into doorknobs
• Place water bottles
• Hook carabiners with a secondary tow line

Rotate Doorknobs Touch E-stop Buttons

Rotate Valves Hook Carabiners

Place Water Bottle Touch-Rotate-Extract-Inspect
67
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Optional Tasks
Dexterity and Strength Classification Tests

• These are not included in the Preliminary round of trials, so that every robot 
performs the same Linear, Omni, and Strength classification tasks.

• However other operationally relevant task apparatuses can be fabricated and 
practiced within the same dexterity apparatus.  The omnidirectionality of 
these tasks provides even more generality in task performance, as if the 
relative orientation of the robot chassis to the task in the scenario is 
completely unpredictable.  Consider turning doorknobs while the chassis is 
angled on steps, as many external house doors require.  If you can turn all the 
omni doorknobs, your robot’s dexterity can probably compensate for any 
inconvenient chassis orientation.

• Some examples that could be highlighted in demonstrations.
• Touch e-stop buttons
• Rotate shut-off valves (90 degree)

• Rotate doorknobs
• Insert keys into doorknobs
• Place water bottles
• Hook carabiners with a secondary tow line

Rotate Doorknobs Touch E-stop Buttons

Rotate Valves Hook Carabiners

Place Water Bottle Touch-Rotate-Extract-Inspect
67

INSERT KEYSPRESS E-STOPS TURN 90° VALVES

OMNI ONLY
10 points for each task

OMNI ONLY
10 points for each task
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Scoring Dexterity (During 10-20 Minutes)
Proctors Circle the Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE
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Mapping Tests
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Embedded Mapping Tasks
Labyrinth and Maze

BLACKOUT TARP COVER

BRING LIGHTS, CONTAINS DRONES

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

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
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Distribute Fiducials Throughout Your Scenarios
Exploration and Mapping Tests

• Validate easy to replicate 
exploration and mapping tests 
in YOUR scenarios.

• Focus on reconfigurable task 
apparatuses that are easy to lay 
out temporarily and store 
between trials.

• Compare your 2D and 3D map 
results over time in 
variable/repeatable layouts 
within the same scenario.

• Try different scenarios using all 
the same layout rules, in 
houses, workplaces, industrial 
facilities, outdoor settings.

UPPER MAPPING
FIDUCIALS CENTERED 
AT 2 M (6 FT)

LOWER MAPPING
FIDUCIALS CENTERED 
AT 1 M (3 FT)

PAIRS OF HALF-ROUND FIDUCIALS ARE ALWAYS ON BOTH SIDES OF WALLS

60 cm (24 in) diameter 
cylindrical shapes provide 
shape fiducials in maps.

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

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

Unmanned Tactical Applications Conference at Guardian Centers
Example Validation and Use Cases

Oct 2022
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Embedded Mapping Tasks
Generate 2-D Maps at 1m (3ft) and 2m (6ft) to be Evaluated

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

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
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Measure Robot Capabilities and/or Operator Proficiency
Exploration and Mapping Tests

• Validate easy to replicate 
exploration and mapping tests 
in YOUR scenarios.

• Focus on reconfigurable task 
apparatuses that are easy to lay 
out temporarily and store 
between trials.

• Compare your 2D and 3D map 
results over time in 
variable/repeatable layouts 
within the same scenario.

• Try different scenarios using all 
the same layout rules, in 
houses, workplaces, industrial 
facilities, outdoor settings.

Distribute QR codes (all the same or all unique) and/or 
half round shape fiducials in pairs on both sides of walls to 

measure map consistency and accuracy.

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

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
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Distribute Lower Fiducials Throughout Your Scenarios
Exploration and Mapping Tests

2021 Embedded Remote Trials

UPPER MAPPING
FIDUCIALS CENTERED 
AT 2 M (6 FT)

LOWER MAPPING
FIDUCIALS CENTERED 
AT 1 M (3 FT)

FIDUCIALS ALWAYS ON BOTH SIDES OF WALLS

Example Workplace Scenario(5) Upper fiducials
(5) Lower fiducials

Lower Fiducial Map
5 pairs of fiducials shown in a 3D map 
layer at 1 m (3 ft) elevation. The fiducial 
pairs should form circles in 2D maps.

Map Metrics:
• Coverage (how many of 10 are visible?)
• Consistency (how close are the pairs?)
• Local Accuracy (by room)
• Global accuracy (average overall)

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

Response Robots (E54.09)  |  Website: RobotTestMethods.nist.gov
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Distribute Upper Fiducials Throughout Your Scenarios
Exploration and Mapping Tests

UPPER MAPPING
FIDUCIALS CENTERED 
AT 2 M (6 FT)

LOWER MAPPING
FIDUCIALS CENTERED 
AT 1 M (3 FT)

FIDUCIALS ALWAYS ON BOTH SIDES OF WALLS

Example Workplace Scenario
(5) Upper fiducials
(5) Lower fiducials

Upper Fiducial Map
5 pairs of fiducials shown in a 3D map 
layer at 2 m (6 ft) elevation. The fiducial 
pairs should form circles in 2D maps.

Map Metrics:
• Coverage (how many of 10 are visible?)
• Consistency (how close are the pairs?)
• Local Accuracy (by room)
• Global accuracy (average overall)

Find and Identify the QR codes and other objects of interest and 
mark their location on the map.
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Scoring Mapping (During 0-10 Minutes)
Proctors Circle the Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

• Exploration/Mapping tasks are scored based on the accuracy and quality of the maps produced 
within a single lane or sequence of lanes. 

• If using 3D scanners, produce two maps at two different elevations: 
• low is 1m (3ft) and 
• high is 2m (6ft). 

• The scored features are split between both map elevations. They include half-round mapping 
fiducials, QR codes as search gaze tasks, and other objects of interest to identify from a known set.



Version: 2023G

Scoring Single or Multi-Lane Missions



Version: 2023G

Scoring Single or Multi-Lane Missions
Proctors Fill In the Header and Circle Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs

q Doors

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE



Version: 2023G

Scoring Single Lane Missions
Proctors Fill In the Header and Circle Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

Single Lane Missions 
Prelims (30 minute rotations, 20 minute trials) 

• There are 10 concurrent lanes with operator stations. 

• Each test lane is conducted individually to capture up to 10 repetitions 
from end-to-end to refine their systems and tactics for the challenges 
in each test lane. 

• Teams schedule their own test plan each day to balance their 
objectives with related risks (or the organizers make a schedule). 

• Teams must try every lane in the Preliminaries but several scores can 
be dropped from the totals. 

• Each team provides a “Proctor” to score and attest to the results of 
other team trials. This ensures all teams go home with experience 
conducting objective evaluations for their ongoing development. 



Version: 2023G

Scoring Multiple Lane Missions
Proctors Fill In the Header and Circle Scored Points as They Happen

Version: 2023D

Version: 2023D

Single Lane or Multi Lane Mission Form

q Continuous

q Crossing Ramps 

q Traverse/Center COMMS

q Hurdles with Pipes 

q Avoid Holes (Auto)

q Labyrinth (Mapping)

q K-Rails NEGOTIATE

q Sand/Gravel NEGOTIATE

q Stairs 

q Doors

CIRCLE A SINGLE LANE IN THE LIST ABOVE
OR WRITE SEQUENCE OF LANES IN ORDER                              x2    x4 1          2           3         4

1

2   

3

4  

5

6  

7

8  

9

10  

MOBILITY: Drive TELEOPERATIVELY or AUTONOMOUSLY (no hands on interface) end-to-end in the lane.

L  90° L  45° CENTER R  45° R  90°

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

MAP SET  1 MAP SET  2 MAP SET  3 MAP SET 4 

L  BOT L   TOP CENTER R  TOP R  BOT

(ALWAYS)

(PRELIMS)

(SEMIS, FINALS)

(FINALS)

(FINALS)

(FINALS)

VISUAL PROXIMITY MOTION HAZMAT THERMAL

(ALWAYS)

DEXTERITY: Perform the available SETS OF TASKS starting anywhere and in any order. No repeated tasks.

MAPPING: Display 3-D scanned walls and features on TWO DIFFERENT 2-D MAPS at elevations of 1m (3ft) and 2m (6ft).

TEAM / ROBOT PROCTOR: FULL NAME (COUNTRY)ROUND DATE COUNTRY

MOBILITY

TOTAL POINTS

NEGOTIATE

TOTAL  Ns

ELAPSED TIME

MM : SS

DEXTERITY

TOTAL POINTS

ELAPSED TIME

MM : SS

MAPPING

TOTAL POINTS

CIRCLE SUCCESSFUL TASKS AND STRIKE THROUGH UNFINISHED OR PENALIZED TASKS. USE A NEW FORM FOR ROBOT RESETS.

N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N
N N N N

1                    2                    4    
RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

RETURN UP RANGE TO START POINT

1 2 3 4 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

2 2 2 2 2
4 4 4 4 4

6 6 6 6 6

10 10 10 10 10

10 10 10 10 10
10 10 10 10 10

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

1   2   3   4   5
1   2   3   4   5

1   2   3   4   5

INSPECT
TOUCH

INSERT

VICTIM CRATE

INSPECT
TOUCH

INSERT
PUSH E-STOPS

CLOSE VALVES
INSERT KEYS

OMNI TASKS

LINEAR TASKS

SENSOR TASKS

QUALITY AND ACCURACY

FIDUCIALS  (COVERAGE)
QR CODES  (SEARCH GAZE)

OBJECTS  (LEXICON)

1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    
1                    2                    4    

TELEOP COMMS AUTO NEGOTIATE

TERRAINS (TER) OBSTACLES (OBS) EXPLORATION  (EXP)

COMMS
NEGOTIATE

Multiple Lane Missions 
Semis (30 minute rotations, 20 minute trials) 
• These sequences challenge teams to optimize their systems across 

different capabilities. 

• There are 3 concurrent lane sequences with different operational 
objectives. 

• The lanes are conducted in any order but no repeats are allowed until 
all lanes are completed. 

Combined Scenario Missions 
Finals Challenge the Best Robots to Their Limits 

• Challenge teams like an operational deployment with various phases. 

• The best few teams traverse ALL the available test lanes. Teams may 
choose their own order to minimize risks. 

• The time limit should be set to enable the best teams to finish the set 
of lanes, perform one dexterity task within each, and map their path 
for a total score. 



Version: 2023G

New Tech Challenge



Version: 2023G

Tech Challenge

Motivation
The new Technology Challenge provides teams with an opportunity to showcase 
advanced capabilities in RoboCup Rescue. It encompasses a range of tasks that 
require supervised autonomy under conditions of severe radio degradation.
In addition to the predefined tasks, the challenge offers an open field where research 
teams can demonstrate new capabilities relevant to rescue robotics within their 
respective fields of study. Examples include alleviating operators' stress in repetitive 
tasks or introducing assistive functions.
The team that performs the best in this challenge will be awarded the Technology 
Challenge Certificate. The score obtained in this challenge does not contribute to the 
overall championship or other "best in class" certificates.
Scenario
The objective is to deploy a smart robot into an apartment and enable it to 
autonomously search for victims with supervision from the operator.
Four Challenging Tasks
• Traverse stairs, open a cabinet door, find and map a victim.
• Open Stage: Teams are encouraged to showcase their own capabilities and 

demonstrate new technologies relevant to the field.

Arena Layout

MOBILITY: Stair Traversal (25 pts)
Go up and down a set of stairs
• Align with the stairs (5 pts)
• Go up the stairs and reach the top area (5 pts)
• Rotate robot more than 90°, then align again 

with stairs (5 pts)
• Go down the stairs and reach the bottom area 

(10 pts)

DEXTERITY: Cabinet Door (25 pts)
Open a cabinet door, look inside and read the QR 
code
• Drive into area in front of cabinet door (5 pts)
• Detect handle (5 pts)
• Open door at least 90° (10 pts)
• Read QR code which is located inside the 

cabinet automatically (5 pts)

EXPLORATION: Victim Mapping (25 pts)
Detect and localize one victim based on heat 
(automatic)

• Automatic victim identification (10 pts)
• Location in a 2D map (10 pts)
• Location in a 3D map (5 pts)

OPEN STAGE (25 pts)
Demonstrate new technologies and research 
• Usefulness (0 - 10 pts)
• Novelty (0 - 10 pts)
• Technical maturity (0 - 5 pts)

12
3

1

2

3

12
3



Version: 2023G

Tech Challenge

Environment, Setup and Scoring

• The robot must traverse uneven terrain, with 10 cm x 10 cm beams on the ground. 

• All tasks must be performed with high radio degradation (bandwidth < 1 Mb/s), 
but full connectivity is ensured within the 1.2 m x 1.2 m start zone.

• Tasks can be performed with human-in-the-loop supervision, emphasizing 
supervised autonomy.

• All 4 tasks must be performed in a single 30 minutes mission: 5 minutes to set up, 
20 minutes of operation, 5 minutes to exit.

• The maximum score for the challenge is 100 points, with each task worth 25 
points.

• Each task can be skipped. The order of the task execution can be determined by 
the operator. 

• Detailed scoring sheets will be used to evaluate the fixed tasks, while technical 
experts will assign points for the Open Stage demonstration.

Arena Layout

MOBILITY: Stair Traversal (25 pts)
Go up and down a set of stairs
• Align with the stairs (5 pts)
• Go up the stairs and reach the top area (5 pts)
• Rotate robot more than 90°, then align again 

with stairs (5 pts)
• Go down the stairs and reach the bottom area 

(10 pts)

DEXTERITY: Cabinet Door (25 pts)
Open a cabinet door, look inside and read the QR 
code
• Drive into area in front of cabinet door (5 pts)
• Detect handle (5 pts)
• Open door at least 90° (10 pts)
• Read QR code which is located inside the 

cabinet automatically (5 pts)

EXPLORATION: Victim Mapping (25 pts)
Detect and localize one victim based on heat 
(automatic)

• Automatic victim identification (10 pts)
• Location in a 2D map (10 pts)
• Location in a 3D map (5 pts)

OPEN STAGE (25 pts)
Demonstrate new technologies and research 
• Usefulness (0 - 10 pts)
• Novelty (0 - 10 pts)
• Technical maturity (0 - 5 pts)

12
3

1

2

3

12
3
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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 8 

robots.  These trials were performed after closing the arena with all spectators in the stands outside the 

nets. 

  

   
Figure 10: Robots win Best-In-Class awards in each of the four categories.  The overall Championship 

Awardees typically perform best in at least one of the categories, and often two or three, demonstrating 

quantitatively they are well on their way toward commercialization. 

 

       
Figure 11: The resulting radar chart shows overall competence in four main suites of test methods including 

Maneuvering (MAN), Mobility (MOB), Dexterity (DEX), and Exploration/Mapping (EXP). The scores were 

normalized in each test method to produce comparable charts.  The overall ranking from left to right was the 

order of finalists.  The winner performed best across three of four categories to demonstrate the best overall 

potential for emergency response operations. 

 

 

Several award-winning robots over the years have transitioned into commercial systems supporting 

operational deployments with bomb squads and soldiers. In fact, upon return from this competition, we 

hosted our local Washington, D.C. Metropolitan Transit Police Bomb Squad for training within the exact 

same standard test methods hosted within NIST's Robotics Test Facility. They showed up with two newly 

purchased robots – an award winner from the 2006 RoboCupRescue Championship in Bremen, Germany! 

• Maneuvering (MAN 1-5) forward/reverse, fine steering, situational awareness.

• Mobility (MOB 1-5) advanced terrains and obstacles.

• Dexterity (DEX 1-5) manipulator reach, strength, and tool use.

• Exploration (EXP 1-5) 2D/3D mapping and autonomous behaviors.

Excellent DEX, Functional MAN Functional MAN, MOB, & DEXExcellent MAN and MOBFunctional MAN, DEX, and EXP 

RADAR CHARTS

           

          
Figure 2:  The award winners in the 120cm (48in) test method class of ground robots as captured in the photo 
booth during the configuration identification.   
 

      
Figure 3:  Other examples of the 120cm (48in) test method class of ground robots.   
 

     
Figure 4:  Examples of the 30cm (24in) test method class of ground robots, which are often developed by high 
school and college students.  These are typically 3D printed designs open to all participants. So the best-in-class 
capabilities can be replicated widely very quickly. 
 

     
Figure 5:  The local bomb squad from New South Whales participated throughout, using the test methods to 
practice with their new robots, old robots, and bomb suits. They also helped educate the paddock full of researchers 
and audience about the dangers involved in their jobs and their currently available commercial robots. 

 
 
 
 
   

           

          
Figure 2:  The award winners in the 120cm (48in) test method class of ground robots as captured in the photo 
booth during the configuration identification.   
 

      
Figure 3:  Other examples of the 120cm (48in) test method class of ground robots.   
 

     
Figure 4:  Examples of the 30cm (24in) test method class of ground robots, which are often developed by high 
school and college students.  These are typically 3D printed designs open to all participants. So the best-in-class 
capabilities can be replicated widely very quickly. 
 

     
Figure 5:  The local bomb squad from New South Whales participated throughout, using the test methods to 
practice with their new robots, old robots, and bomb suits. They also helped educate the paddock full of researchers 
and audience about the dangers involved in their jobs and their currently available commercial robots. 

 
 
 
 
   

Awards Recognize Important Contributions

Every team get to comprehensively evaluate their robot. Teams seeking to accumulate 
scores can win awards to recognize their accomplishments.

Scores are normalized relative to the best score in each lane or sequence so the results 
can be compared with other lanes that are easier/harder for teams in general.

• Best-In-Class Awards are given for teams that demonstrate the most capable and 
reliable robots within a class of tests: Mobility, Dexterity, and Exploration/Mapping. 
The trials are captured during the Preliminaries when all teams are involved.

• 1st, 2nd, and 3rd Place Awards are given to teams that combine all three categories 
of capabilities to demonstrate the best performance across the entire arena. These 
teams perform the most challenging mission sequences on the final day.

• Certificate Awards recognize important contributions across the league such as the 
most intuitive operator interface or particularly effective design functionalities and 
the Tech Challenge.

 
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 8 

robots.  These trials were performed after closing the arena with all spectators in the stands outside the 

nets. 

  

   
Figure 10: Robots win Best-In-Class awards in each of the four categories.  The overall Championship 

Awardees typically perform best in at least one of the categories, and often two or three, demonstrating 

quantitatively they are well on their way toward commercialization. 

 

       
Figure 11: The resulting radar chart shows overall competence in four main suites of test methods including 

Maneuvering (MAN), Mobility (MOB), Dexterity (DEX), and Exploration/Mapping (EXP). The scores were 

normalized in each test method to produce comparable charts.  The overall ranking from left to right was the 

order of finalists.  The winner performed best across three of four categories to demonstrate the best overall 

potential for emergency response operations. 

 

 

Several award-winning robots over the years have transitioned into commercial systems supporting 

operational deployments with bomb squads and soldiers. In fact, upon return from this competition, we 

hosted our local Washington, D.C. Metropolitan Transit Police Bomb Squad for training within the exact 

same standard test methods hosted within NIST's Robotics Test Facility. They showed up with two newly 

purchased robots – an award winner from the 2006 RoboCupRescue Championship in Bremen, Germany! 

• Maneuvering (MAN 1-5) forward/reverse, fine steering, situational awareness.

• Mobility (MOB 1-5) advanced terrains and obstacles.

• Dexterity (DEX 1-5) manipulator reach, strength, and tool use.

• Exploration (EXP 1-5) 2D/3D mapping and autonomous behaviors.

Excellent DEX, Functional MAN Functional MAN, MOB, & DEXExcellent MAN and MOBFunctional MAN, DEX, and EXP 

RADAR CHARTS

           

          
Figure 2:  The award winners in the 120cm (48in) test method class of ground robots as captured in the photo 
booth during the configuration identification.   
 

      
Figure 3:  Other examples of the 120cm (48in) test method class of ground robots.   
 

     
Figure 4:  Examples of the 30cm (24in) test method class of ground robots, which are often developed by high 
school and college students.  These are typically 3D printed designs open to all participants. So the best-in-class 
capabilities can be replicated widely very quickly. 
 

     
Figure 5:  The local bomb squad from New South Whales participated throughout, using the test methods to 
practice with their new robots, old robots, and bomb suits. They also helped educate the paddock full of researchers 
and audience about the dangers involved in their jobs and their currently available commercial robots. 
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