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

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

ASTM E54.09 Homeland Security Applications; Response Robots
Ground Tests: Maneuvering and Mobility

Test Director:

Adam Jacoff
Intelligent Systems Division

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

Sponsor:

Phil Mattson
Science and Technology Directorate 

U.S. Department of Homeland Security

Internet
RobotTestMethods.nist.gov

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

Response Robots (E54.09)

Adam	Jacoff
Intelligent	Systems	Division

NATIONAL	INSTITUTE	OF	STANDARDS	AND	TECHNOLOGY
U.S.	Department	of	Commerce

Email
RobotTestMethods@nist.gov

1

Version 2022A

STARTS AT 11:00 AM EST 
WASHINGTON, DC TIME



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

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

2

39 Ground Tests

Logistics
• E2521-16 Terminology

• E3132-17 System Configuration 

• E2592-16 Packaging for Equipment Caches

Sensing
• E2566-17 Visual Acuity

• WK42364 Visual Dynamic Range 

• WK54755 Visual Color Acuity

• WK57967 Thermal Image Acuity

• WK49478 Latency of Video and Control

• WK33261 Point and Zoom Cameras 

• WK60783 Audio Speech Intelligibility

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

• E2855.21- Non-Line-of-Sight Range

• WK60731 Attenuated Range (APC)

Dexterity
• E2830-20 Tow Grasped Sleds

• WK54271 Inspect

• WK54272 Touch/Insert Tools

• WK54273 Rotate

• WK54274 Extract and Place

• WK54276 Grasp, Carry, and Place

• WK54290 Break/Bore Panels 

• WK54278 Cut Straps and Ropes

• WK54287 Inspect Underbody

• WK54289 Inspect Cab Interior

Situational Awareness
• E2853-21 Search Tasks

Energy/Power
• WK55025 Endurance 

STANDARDS   BALLOTING   PROTOTYPE
20             11               8

Mobility
• E2829-20 Sustained Speed

• E2991-17 Terrains: Gravel

• E2992-17 Terrains: Sand

• E2826-20 Terrains: Continuous Pitch/Roll Ramps

• E2827-20 Terrains: Crossing Pitch/Roll Ramps

• E2828-20 Terrains: Symmetric Stepfields

• WK##### Terrains: Reconfigurable Pallets

• WK##### Terrains: Reconfigurable Crates

• E2803-20 Obstacles: Variable Inclined Planes

• E2801-20 Obstacles: Variable Gaps

• E2802-20 Obstacles: Variable Hurdles

• E2804-20 Obstacles: Variable Stairs/Landings

• E3310-21 Obstacles: Variable Parallel Rails

• E3311-21 Obstacles: Variable Diagonal Rails 



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

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

3

Scale for Outdoor Environments
Ground Tests

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

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

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

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

of harm’s way. 

 

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

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

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

DEXTERITY/REACH TASKS
IN 

PITCH/ROLL RAMP TERRAIN

DEXTERITY/REACH TASKS
IN 

STEPFIELD TERRAIN
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Scale for Indoor/Outdoor Environments
Ground Tests

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

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

1.2 m (4 ft) Lateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Four nested lanes contain 20 
test methods and fit into one 

ISO container.

Tests Scaled for More Confined Indoor/Outdoor Environments
Safety | Capabilities | Proficiency
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Scale for Confined Access Environments
Ground Tests
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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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Standard Test Methods for Small Unmanned Aircraft Systems
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Apparatuses Scale to Intended Environments
Increasing Complexity with Same Procedure and Metric

1.2 m (4 ft) L
ateral Clearance

2.4 m (8 ft) 
Lateral Clearance

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

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

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

Tests Scaled for Compromised/Collapsed Environments
Safety | Capabilities | Proficiency
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Rubble Pile, Disaster City, College Station, TX

1.2 m (4 ft) L
ateral Clearance

2.4 m (8 ft) 
Lateral Clearance

Smaller Robots Fit Through Confined Access into Larger Tests
Ground Tests
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“Standard Test Methods in a Box”
Idea for ISO Container Facility

Parking Lot ISO Container Facilities (Rent or Buy)
Ground Tests

ALL DEXTERITY TESTS AND MORE IN ONE SHIPPING CONTAINER

DIAGONAL RAILS ADD SOME TERRAIN COMPLEXITY TO 
DEXERITY, STRENGTH, AND GRASP-STOW-CARRY-PLACE TASKS

CROSSOVER HILL 
OBSTACLES FOLD FLAT
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Conducting Standard Test Methods
Safety  | Capabilities |  Proficiency

Standard Test Trials Lead to Deployments
Safety | Capabilities | Proficiency
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Maneuvering
Ground Tests
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Common Features of Maneuvering Tests
Maneuvering Tests

• Essentially flat with minimal 
discontinuities to deal with.

• Isolated speed control, steering, 
situational awareness, etc.

• Easy enough to require FORWARD 
and REVERSE driving.

SUITE OF TESTS    (Standard | Validating)

E2829-20 Maneuvering: Sustained Speed

E3310-21 Maneuvering: Parallel Rails

E2801-20 Maneuvering : Gaps

E2803-20 Maneuvering: Inclined Planes

WK####  Maneuvering: Centering Tasks

WK####  Maneuvering: Leaning Obstacles

WK####  Maneuvering: Underbody Inspection

WK####  Maneuvering: Avoid Holes
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Sustain Speed on a Line (Forward Only or Forward/Reverse)
Maneuvering Tests

11

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

Operational Equipment; Robots  (E54.08.01)

Exis%ng Robo%c Capabili%es Tested to Sta%s%cal Significance:

Tested Robots (Listed by Weights):

Standard Test Method for Evaluating Emergency Response 
Robot Capabilities: Mobility: Confined Area Terrains: 
Sustained Speed (ASTM Standard E2829): Flat Pavement
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MOBILITY: Sand: Average Rate of Advance (figure-8 path, at least 150 meters) (meters/minute)
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MOBILITY: Gravel: Average Rate of Advance (figure-8 path, at least 150 meters) (meters/minute)

0

40

80

120

160

Pointm-1k DR10-B DR10-S Armad-M FirstLk Armad-B ReconS SandF Pointm Bombo2 Matil-Mb PackB510 Matil-Mp Vang-D TalonIV Telemax Calib Andros Super Dr

8111214171919

64

(m
e
te

rs
/m

in
u

te
)

MOBILITY: Maneuvering Speed: Line Following: (OSB surface, figure-8 path, at least 150 meters) (meters/minute)

MOBILITY TEST METHODS: CONFINED AREA TERRAIN TRAVERSES
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MOBILITY: Sustained Speed (100 m) (outdoor, flat pavement, 100 m figure-8 path, 10 reps) (meters/minute)

Future Plan:  Vary environmental condi0ons and incline of apparatus to evaluate the robots’ levels of autonomy. 

Pointman 

1000‐005 (7.9 kg)

Ma%lda Mob.

(27.5 kg)

Packbot 510

(31.3 kg)

Ma%lda Manip.

(48.2 kg)

Digital Vanguard

(57.0 kg)

Talon IV

(58.3 kg)

Caliber 

(90.3 kg)

HD1‐J

(105 kg)

Thursday, November 17, 2011

LINE TO STRADDLE

ANY PATH

OBSTALCES TO DRIVE PAST OR AROUND
Two sparated cones or crates to force 

the robot to steer past. An optional 
sensor panel A-Frame is also shown.

FORWARD ONLY
AROUND OBSTACLE
COUNTER-CLOCKWISE 

FORWARD ONLY
AROUND OBSTACLE

CLOCKWISE

FORWARD/REVERSE
TO THE LEFT 

PAST THE OBSTACLE 24 m (80 ft) 3 m (10 ft)

FORWARD/REVERSE
TO THE RIGHT
PAST THE OBSTACLE

STRAIGHT LINE TO STRADDLE
A parking lot line or rope stretched 
tightly and anchored in pavement.

1.2 m (4 ft) 1.2 m (4 ft)
END POINT END POINT

30 m (100 ft)

3 m (10 ft)

ORIGINAL VERSION (2012)

NEW VERSION

NEW VERSION (2020)
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Parallel Rails (Forward/Reverse)
Maneuvering Tests

12
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Parallel Rails (Forward/Reverse)
Maneuvering Tests
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Incline
Maneuvering Tests

(Forward/Reverse)
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Centering (Forward/Reverse)
Maneuvering Tests

(Forward/Reverse)

15

SPACE = ROBOT DIAGONAL 
(GROUND PROJECTION)

SPACE = 120% ROBOT WIDTH
(ENCOURAGING AUTONOMY)
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Centering (Forward/Reverse)
Maneuvering Tests

(Forward/Reverse)
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Leaning Objects
Maneuvering Tests

(Forward/Reverse)
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Avoid Holes (Autonomous)
Maneuvering Tests
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Avoid Holes (Autonomous)
Maneuvering Tests
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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
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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
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Obstacles
Ground Tests
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Common Features of Obstacle Tests
Obstacle Tests

Variable obstacle difficulties using 
incremental settings.

Procedures are based on A/B side offsets 
from the obstacle at the start and end 
positions.

Three different confinements around the 
obstacle approach and exit:
• Open (no walls)
• Rectangular (1:2 ratio landings)
• Square (1:2 ratio landings)
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Standard Tests | Validating Prototypes
Obstacle Tests

• E2802-20 Obstacles: Variable Hurdles

• E3311-21 Obstacles: Variable Diagonal Rails 

• E2804-20 Obstacles: Variable Stairs/Landings
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Variable Hurdle
Obstacle Tests

23



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

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

Variable Hurdle
Obstacle Tests
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Variable Hurdle
Obstacle Tests
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2 HIGH

1 HIGH

3 HIGH
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Variable Hurdle
Obstacle Tests
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Variable Diagonal Rails
Obstacle Tests
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Started as Diagonal Curbs



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

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

1H
2H

3H

1W

1W
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Variable Diagonal Rails 
Obstacle Tests
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1H
2H

3H

1W

1W
1W
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Variable Stairs
Obstacle Tests
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Variable Stairs
Obstacle Tests
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Variable Stairs with Debris Option
Obstacle Tests
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Terrains
Ground Tests
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Common Features of Terrain Tests
Terrain Tests

Three different driving paths and levels of 
difficulty:

• Figure-8 Path (Forward Only)

• Zig-Zag Path (Forward/Reverse)

• NEW Crossover Slopes Obstacle (Any 
Orientation)

OPEN (NO W
ALLS)

CONFINED (W
ITH W

ALLS)

OPEN (NO W
ALLS)

FIGURE-8 PATH
(CONTINUOUS)
ALWAYS FORWARD
(2012)

ZIG-ZAG PATH
(END TO END)
FORWARD and REVERSE
(2019)
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Standards | Prototypes
Terrain Tests

E2826-20 Terrains: Continuous Pitch/Roll Ramps

E2827-20 Terrains: Crossing Pitch/Roll Ramps

E2991-17 Terrains: Gravel

E2992-17 Terrains: Sand

E2828-20 Terrains: Symmetric Stepfields

WK##### Terrains: Reconfigurable Pallets

WK##### Terrains: Reconfigurable Crates

OPEN (NO W
ALLS)

CONFINED (W
ITH W

ALLS)

OPEN (NO W
ALLS)

FIGURE-8 PATH
(CONTINUOUS)
ALWAYS FORWARD
(2012)

ZIG-ZAG PATH
(END TO END)
FORWARD and REVERSE
(2019)
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Continuous and Crossing Pitch/Roll Ramps
Terrain Tests

35
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Elevated Crossing Ramps
Terrain Tests
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These were too difficult to fabricate and didn’t provide the intended challenge.
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Crossover Slopes (Sand, Gravel, Low Friction, High Friction)
Obstacle Tests
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New Crossover Slopes Option for Terrains
Terrain Tests

38

SHOWN WITH NEW K-RAIL TERRAIN

(EASY, INEXPENSIVE, REMOVABLE RAILS)
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Crossover Slopes Option for All Terrains
Terrain Tests
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Reconfigurable Pallets
Terrain Tests

40

These are especially cheap 
and easy to source and 
build. 

They provide of different 
incremental elevations for 
autonomous robots 
starting to negotiate 
terrains.
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Reconfigurable Pallets
Terrain Tests
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Pallet Terrains with Adjustable Doorways
Autonomous Mobility Tests

Variable width doorways between pallets set to 120% of robot width.

• Double high stacks of pallets, or higher as steps provide 
a “fall off” avoidance of negative obstacles (holes).

• Double length pallets make “hallways.”
• Four stacks together make square “rooms.”

Solid OSB panels on top make for consistent 
friction surface and minimize tripping.

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.

They should be high enough act as shoulder width obstacles.
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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.
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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.
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Stepfields
Terrain Tests
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These are classic, of course!  

But they are the most 
expensive test we build, and 
difficult to fabricate. They were 
just the first idea in (2003!)

We need a an easier 
discretized terrain that’s more 
reconfigurable.   Especially for 
legged robots.
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Reconfigurable Crates
Terrain Tests
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Issues to Resolve
Autonomous Mobility Tests

• It will be hard to challenge large robot mobility in the 
typical RoboCupRescue terrains and obstacles this year.  
Those robots should focus on dexterity and mapping.

• The pallet terrains are not particularly challenging for 
teleoperative robots.

• The crate terrains are not compatible with tracked robot 
of any size and weight.  They intended for lightweight 
legged robots. The crates are only cable tied to each 
other vertically.

• We always encourage teams to fabricate smaller scale 60 
cm (24 in) wide mobility apparatuses that are intended 
for confined environments like dwellings, between 
parked cars, bus/train/plane, etc.  They fit into a single 
shipping container or parking spot. All the dexterity tasks 
also scale down to 60 cm (24 in) wide environments too.

Pallet-Based Terrains (Negative Obstacles and Steps)

Crate-Based Terrains (Negative Obstacles and Hills)
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DIAGONAL HILL (SOLID or GRATED STEPS) PYRAMID HILL (CHECKERED STEPS)
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Reconfigurable Crates
Terrain Tests
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terrains can be reconfigured including the Diagonal Hill (shown) or a Pyramid Hill with the highest point in 
the center of the room.  Or every second crate can be flipped over in a checkered pattern to include 
negative obstacles or holes to avoid, forcing very specific footfall locations.  These checkered terrains can be 
combined with the hill topologies for maximum difficulty. These crate-based terrain tests are also easy to 
purchase and fabricate all over the world.   
 
Note the white and black dual bucket alignment tasks all around the sides and top at different elevations 
and orientations.  This is a quantitative way to measure and compare the search/inspect capabilities of 
robots while negotiating the terrains.  The same search/inspect tasks can be placed over all the other 
standard terrains such as crossing ramps, sand and gravel crossover slopes, and stepfields, etc. 
 

       
Figure 42) LEFT: The zig-zag crate terrain is easy to reconfigure for increasingly difficult challenges. CENTER: 
The diagonal hill with no holes. RIGHT: The checkered version of the terrain with holes either to avoid or 
deal with. 
 

    
Figure 43) The Boston Dynamics Spot without its manipulator or extra sensors practicing the crate terrains. 
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Reconfigurable Crates
Terrain Tests
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Figure 44) LEFT: Embedded search/inspect tasks with dual bucket alignments that measure the difference 
between robots with and without manipulators that can position, orient, and zoom cameras while 
negotiating various terrains.  The search/inspect tasks are exactly like the aerial Confined Test Lane tasks 
but require a closer 30 cm (12 in) standoff position to align with each pair of buckets simultaneously. RIGHT: 
Fetch tasks may be the next set of tests to standardize! 
 
  

Sensor Test Lane 
 
The Sensor Test Lane evaluates visual acuity, thermal acuity, hazmat label identification, motion detection, and 
latency while hovering at altitudes up to 90 m (300 ft). Also Survey Acuity for forward flying aircraft. It uses 
larger 120 liter (32 gallon) buckets with 45 cm (18 in) diameter inscribed rings to guide alignments. Panels 
with targets on white and black backgrounds point toward the hover position. Typical visual/thermal acuity 
targets are across the top line and operationally relevant objects are across the bottom line, including 
hazmat labels, partial license plates, gauges to read, weapons to identify, and thermal sources as examples. 
The back side of the target panels have QR codes of different sizes to capture in flyover video to measure 
the Survey Acuity of the system from various straight and level flight altitudes. The video can be post-
processed to automatically read as many incrementally small QR codes as possible for scoring.  This can 
identify the smallest readable size across a large search area when multiple posters are laid out. 

 

WITH EMBEDDED LINEAR INSPECT TASKS
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Labyrinth/Maze Navigation
Maneuvering Tests

46

0%

20%

40%

60%

80%

100%

Armad-M Vang-D ReconS SandF Pointm-1kMatil-Mb Matil-Mp FirstLk DR10-B DR10-S Pointm Andros PackB510 Calib Bombo2 Armad-B Super Dr TalonIV Telemax

65%67%

83%83%
89%89%90%90%90%

94%94%95%95%95%
100%100%

(%
 t

a
rg

e
ts

 f
o

u
n

d
 o

f 
2

0
 a

v
a
ila

b
le

)

HRI: Random Maze Search: Coverage (Random Start Point) (% targets found of 20 available)
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HUMAN ROBOT INTERACTION TESTS: RANDOM MAZE SEARCH
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Exis%ng Robo%c Capabili%es Tested to Sta%s%cal Significance:

Tested Robots (Listed by Weights):

Standard Test Method for Evaluating Emergency Response 
Robot Capabilities: Human-System Interaction (HSI): 
Search Tasks: Random Mazes with Complex Terrain 
(WK33259) -- Ballot Process Ongoing

Recon Scout

(0.5 kg)

FirstLook

(2.3 kg)

Armadillo Base

(2.8 kg)

Armadillo Wheels 

& Arm (4.7 kg)

Dragon Runner  

DR‐10 (4.7 kg)

Sand Flea 

(4.7 kg)

Dragon Runner 

SCK (6.1 kg)

Pointman

(7.9 kg)

Pointman 

1000‐005 (7.9 kg)

Bombot

(14.9 kg)

Ma%lda Mob.

(27.5 kg)

Packbot 510

(31.3 kg)

Ma%lda Manip.

(48.2 kg)

Digital Vanguard

(57.0 kg)

Caliber 

(90.3 kg)

HD1‐J

(105 kg)

% of Targets that 
were Covered

Future Plan:  Vary environmental condi0ons and floor types to evaluate the robots’ levels of autonomy. 

Thursday, November 17, 2011

Mapping Fiducials (Half Barrels) Mapping Fiducials (Half Barrels)



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

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

Mission Essential Tasks
C-IED/EOD
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Shipping Container Facilities (Buy or Rent)
Maneuvering and Dexterity
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FLAT FIGURE-8 CROSSOVER SLOPES
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39 Ground Tests

Logistics
• E2521-16 Terminology

• E3132-17 System Configuration 

• E2592-16 Packaging for Equipment Caches

Sensing
• E2566-17 Visual Acuity

• WK42364 Visual Dynamic Range 

• WK54755 Visual Color Acuity

• WK57967 Thermal Image Acuity

• WK49478 Latency of Video and Control

• WK33261 Point and Zoom Cameras 

• WK60783 Audio Speech Intelligibility

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

• E2855-21 Non-Line-of-Sight Range

• WK60731 Attenuated Range (APC)

Dexterity
• E2830-20 Tow Grasped Sleds

• WK54271 Inspect

• WK54272 Touch/Insert Tools

• WK54273 Rotate

• WK54274 Extract and Place

• WK54276 Grasp, Carry, and Place

• WK54290 Break/Bore Panels 

• WK54278 Cut Straps and Ropes

• WK54287 Inspect Underbody

• WK54289 Inspect Cab Interior

Situational Awareness
• E2853-21 Search Tasks

Energy/Power
• WK55025 Endurance 

STANDARDS   BALLOTING   PROTOTYPE
20             11               8

Mobility
• E2829-20 Sustained Speed

• E2991-17 Terrains: Gravel

• E2992-17 Terrains: Sand

• E2826-20 Terrains: Continuous Pitch/Roll Ramps

• E2827-20 Terrains: Crossing Pitch/Roll Ramps

• E2828-20 Terrains: Symmetric Stepfields

• WK##### Terrains: Reconfigurable Pallets

• WK##### Terrains: Reconfigurable Crates

• E2803-20 Obstacles: Variable Inclined Planes

• E2801-20 Obstacles: Variable Gaps

• E2802-20 Obstacles: Variable Hurdles

• E2804-20 Obstacles: Variable Stairs/Landings

• E3310-21 Obstacles: Variable Parallel Rails

• E3311-21 Obstacles: Variable Diagonal Rails 

NEED TO BE UPDATED (2016/2017)
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