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ROPE OR LINE  24 M (80 FT)

3 M (10 FT)

3 M (10 FT)

1.2 M 
(4 FT)

OVERALL DISTANCE  30 M (100 FT)

START 

END

** CARRY
WEIGHT _________

KG    or   LBS

COMPLETENESS
SCORE (POINTS) _________

SUCCESSFUL REPS

DISTANCE PER
REPETITION _________

METERS   or   FEET

** SUCCESSFUL  
DISTANCE _________

METERS   or   FEET

ELAPSED
TRIAL TIME _________

MINUTES

AVERAGE
SPEED __________

M/MIN  or FT/MIN

RELIABILITY OF
TRAVERSE TASK _________ %

SUCCESSFUL REPS / TOTAL ATTEMPTS  X 100

Sustain Speed
MANEUVERING

TIME LIMITSAPPARATUS SCALE

LAP DISTANCE = 60 M (200 FT) 

LAP DISTANCE = 30 M (100 FT)

LAP DISTANCE = 15 M (50 FT)
(CIRCLE ONE OR FILL IN)(CIRCLE ONE)

10
MIN

20
MIN

___
MIN

Robot Make:  ___________________________

Robot Model: ___________________________

Robot Config: ___________________________

Operator Code : _______           VO Code: : ______

Facility : ___________________________

YYYY-MM-DD : ___________________________

Start Time (2400): ___________ End: ___________

DARK
< 1 LUX

LIGHTING

LIGHTED
300+ LUX

(CIRCLE ONE)

PROCEDURE: 
• Start the timer with the robot on the projected 

line beyond one obstacle. If using a carry 
weight, place it on the opposite end of the 
lane beyond the other obstacle. The carry 
weight should avoid slippage in arm joints or 
potential rollover given the task complexity.

• Drive the robot FORWARD ONLY around the 
obstacle and onto the designated line at the 
end point. Straddle the line continuously to 
the other end before driving freely around the 
other obstacle.  If using a carry weight, 
remotely grasp, stow, and carry the weight for 
the remainder of the trial. 

• Continue driving around the obstacles and 
straddling the entire line from end to end. 
Each task repetition is completed when the 
robot has returned to the start point. Continue 
until the timer expires.

• SCORE: 1 point per successful repetition when 
the robot’s ground contacts completely pass 
the centerline beyond the start point obstacle. 
When time expires a half point can be scored if 
the robot has completely crossed the 
centerline beyond the other obstacle.

• FAULTS: 0 points for a faulted repetition. Just 
drive to the next repetition start point and 
continue. Timer continues. Faults include:
- Failure to maintain straddle at any point so 
the line becomes visible along side the robot.
- Any manual interaction with the robot.
- Any visual or audible help for the operator. 
- Any robot touch to the apparatus requiring 
reset or repair to ensure each subsequent 
repetition is the same.

• REPORT: Fill in the trial information. Circle 
successful repetitions. Strike through faults. 
Calculate metrics. If finished within the time 
limit, use the elapsed time in the calculations. 

** TOTAL WEIGHT TRANSPORTED DOWNRANGE:
CARRY WEIGHT x SUCCESSFUL DISTANCE = KG-M (LB-FT)

CARRY CRATE WEIGHT
(Some Visual Blockage )

1-F

2-F

3-F

4-F

5-F

6-F

7-F

8-F

9-F

10-F

11-F

12-F

13-F

14-F

15-F

16-F

17-F

18-F

19-F

20-F

21-F

22-F

23-F

24-F

25-F

26-F

27-F

28-F

29-F

30-F

REPETITIONS
FORWARD (F) LAPS

(CIRCLE WHEN SUCCESSFUL, STRIKE WHEN FAULTED)

SPEED CONVERSIONS

(CIRCLE ONE)

CARRY OBJECT

(CIRCLE ONE)

NONE

CRATE WEIGHT  

“T” WEIGHT

80% RELIABILITY WITH 80% 
CONFIDENCE REQUIRES AT LEAST

• 10 Repetitions with 0 Faults
• 20 Repetitions with 1 Fault
• 30 Repetitions with 3 Faults

5-F 5-F

Drive forward while straddled over 
the 24 m (80 ft) line end-to-end then 
freely around the obstacles to get 
back on the line.

The obstacles are 1.2m (4 ft) 
wide cones, crates, or sensor 
target panels spaced 3 m (10ft) 
from both ends of the rope.

10 KM/HR = 170 M/MIN 
(6 MPH = 530 FT/MIN)

5 KM/HR = 80 M/MIN
(3 MPH = 260 FT/MIN)

Maneuvering: Sustain Speed (Forward Only)
ASTM E2829

2

Standard Test Methods For Response Robots
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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)
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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

ORIGINAL VERSION (2012)

NEW VERSION (2020)
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Options for Robot Paths
Maneuvering Tests
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FLAT FIGURE-8 PATH
CONTINUOUS DOWNRANGE

(2012)

ZIG-ZAG PATH
FORWARD and REVERSE

(2019)



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

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

Maneuvering: Align Ground Contacts (Forward/Reverse)
ASTM WK53649
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Maneuvering: Center Through Turns (Forward/Reverse)
ASTM WK______
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SPACE = ROBOT DIAGONAL 
(GROUND PROJECTION)

SPACE = 120% ROBOT WIDTH
(ENCOURAGING AUTONOMY)
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Maneuvering: Traverse Inclines (Forward/Reverse)
ASTM E2803
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Maneuvering: Diagonal Curbs (Forward/Reverse)
ASTM WK54291
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Maneuvering: Negotiate Leaning Obstacles (Forward/Reverse)
ASTM WK _____
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Maneuvering: Avoid Positive & Negative Obstacles (Autonomous)
ASTM WK______
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Maneuvering/HIS: Search Labyrinth/Maze
ASTM E2853
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HRI: Random Maze Search: Coverage (Random Start Point) (% targets found of 20 available)
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HRI: Random Maze Search: Cleared (Random Start Point) (% targets identified of those found)

0.1

1.1

2.1

3.0

4.0

Pointm PackB510Pointm-1k ReconS Calib Matil-Mb Matil-Mp Bombo2 Armad-M DR10-B DR10-S Andros SandF Vang-D FirstLk Armad-B Super Dr TalonIV Telemax

0.200.200.300.300.300.300.300.400.400.400.400.400.500.600.60
0.80

(t
a
rg

e
ts

 e
n

g
a
g

e
d

 p
e
r 

m
in

u
te

)

HRI: Random Maze Search: Average Rate of Advance (Random Start Point) (targets engaged per minute)

HUMAN ROBOT INTERACTION TESTS: RANDOM MAZE SEARCH

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: 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)
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Mobility: Continuous or Crossing Pitch/Roll Ramp Terrain
ASTM E2826 or ASTM E2627
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Mobility: Elevated Crossing Ramp Terrain
ASTM WK_____
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CARRYING WEIGHTED CRATEMOBILITY CONFIGURATION
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Mobility: Symmetric Stepfield Terrain
ASTM E2828

RACE, England

NIST, USA

RoboCupRescue
Australia

ORIGINAL 
CONTINUOUS 

FIGURE-8 PATH

REVISED 
FORWARD/REVERSE
ZIGZAG PATH 
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Mobility: New Crate Terrains (for Legged Robots)
ASTM WK______
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Diagonal Hill – Solid Surfaces
(all crate stacks upside-down)

Pyramid Hill – Checkered Surfaces
(every other crate stack upside-down)

Originally designed for the DARPA 
Robotics Challenge for Disaster Response 
(2012-2015). But the Robots were too big 

and heavy, so we used cinder blocks.

7

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

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

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

Robot Developers
§ Understand missions through tangible test apparatuses

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

§ Highlight “Best-In-Class” capabilities

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

§ Specify purchases based on existing combinations of capabilities

§ Align expectations with deployment decisions

Program Managers 
§ Describe objectives with a collection of tangible tasks

§ Challenge conventional approaches and inspire innovation

§ Measure baseline capabilities and document progress

These pop-up terrains are easy to purchase, set up, and stow.  Very reconfigurable.
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Mobility: New Crate Terrains (for Legged Robots)
ASTM WK______
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Originally designed for the DARPA 
Robotics Challenge for Disaster Response 
(2012-2015). But the Robots were too big 

and heavy, so we used cinder blocks.

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

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

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

Robot Developers
§ Understand missions through tangible test apparatuses

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

§ Highlight “Best-In-Class” capabilities

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

§ Specify purchases based on existing combinations of capabilities

§ Align expectations with deployment decisions

Program Managers 
§ Describe objectives with a collection of tangible tasks

§ Challenge conventional approaches and inspire innovation

§ Measure baseline capabilities and document progress

Diagonal Hill – Solid Surfaces
(all crate stacks upside-down)

Pyramid Hill – Checkered Surfaces
(every other crate stack upside-down)
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Mobility: Variable Hurdle Obstacle
ASTM E2802
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Mobility: Variable Stair Obstacle
ASTM E2804
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Mobility: Variable Stair Obstacle
ASTM E2804
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Mobility: Variable Stair Obstacle with Debris
ASTM E2804
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Mobility: Crossover Slopes (Sand, Gravel, or Low Friction OSB)
ASTM E2991, E2992 
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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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Mission Essential Tasks
C-IED/EOD
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