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Standard Test Method for
Navigation: Defined Area1

This standard is issued under the fixed designation F3244; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 Purpose:
1.1.1 The purpose of this test method is to evaluate an

automatic, automated, or autonomous-unmanned ground vehi-
cle’s (A-UGV) capability of traversing through a defined space
with limited A-UGV clearance. This test method is intended for
use by A-UGV manufacturers, installers, and users. This test
method defines a set of generic 2D area shapes representative
of user applications and for different A-UGV types.

1.1.2 A-UGVs shall possess a certain set of navigation
capabilities appropriate to A-UGV operations. Two examples
of such capabilities include A-UGV movement between struc-
tures that define the vehicle path or obstacle avoidance. A
navigation system is the monitoring and controlling functions
of the A-UGV, providing frequent A-UGV updates of vehicle
movement from one place to another. A-UGV environments
often include various constraints to A-UGV mobility, such as
boundaries and obstacles. In this test method, apparatuses,
impairments, procedures, tasks, and metrics are specified that
apply constraints and thereby, standard test methods for deter-
mining an A-UGV’s navigation capabilities are defined.

1.1.3 This test method is scalable to provide a range of
dimensions to constrain the A-UGV mobility during task
performance.

1.1.4 A-UGVs shall be able to handle many types of open
and defined area complexities with appropriate precision and
accuracy to perform a particular task.

1.1.5 The required mobility capabilities include either pre-
programmed movement, autonomous movement, or a combi-
nation of both, from a start location to an end location. Further
mobility requirements may include: sustained speeds, vehicle
reconfiguration to pass through defined spaces, payload,
A-UGV movement within constrained volumes, A-UGV
avoidance of obstacles while navigating, or other vehicle
capabilities, or combinations thereof. This test method is
designed such that a candidate A-UGV can be evaluated as to
whether it meets a set of user application requirements.

1.1.6 This test method is used to evaluate the capabilities of
a single A-UGV operating with commands and data provided
to it by an operator (for example, locations of goal points, map
of the environment), as well as those derived from its own
sensors (for example, locations of obstacles in the
environment), as opposed to information provided to it from
another A-UGV or fleet controller. There may be future
standards that address the capabilities of multiple A-UGVs – or
fleets – that work together.

1.1.7 This test method does not consider the act of acquiring
or removing payloads, such as picking up/dropping off a pallet
or connecting to/disconnecting from a trailer, during naviga-
tion. The A-UGV may have a payload as part of its configu-
ration (see Practice F3327) that will be unchanged during the
test. A future standard may address these types of capabilities
during navigation.

1.1.8 Performing Location—This test method shall be per-
formed in a location where the apparatus and environmental
test conditions can be fully implemented. Environmental con-
ditions are specified and recorded (see Practice F3218).

1.1.9 Additional test methods within Committee F45 are
anticipated to be developed to address additional or advanced
mobility capability requirements, such as a fleet of A-UGVs
coordinating their movement through a facility.

1.2 Units—The values stated in SI units are to be regarded
as the standard. The values given in parentheses are not precise
mathematical conversions to inch-pound units. They are close
approximate equivalents for the purpose of specifying material
dimensions or quantities that are readily available to avoid
excessive fabrication costs of test apparatuses while maintain-
ing repeatability and reproducibility of the test method results.
These values given in parentheses are provided for information
only and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. Safety standards
such as ANSI/ITSDF B56.5, ISO 3691-4:2020, or other safety
standards should be followed. It is the responsibility of the user
of this standard to establish appropriate safety, health, and
environmental practices and determine the applicability of
regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the

1 This test method is under the jurisdiction of ASTM Committee F45 on
Robotics, Automation, and Autonomous Systems and is the direct responsibility of
Subcommittee F45.02 on Docking and Navigation.
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Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

F3200 Terminology for Driverless Automatic Guided Indus-
trial Vehicles

F3218 Practice for Documenting Environmental Conditions
for Utilization with A-UGV Test Methods

F3243 Practice for Implementing Communications Impair-
ments on A-UGV Systems

F3327 Practice for Recording the A-UGV Test Configuration
F3381 Practice for Describing Stationary Obstacles Utilized

within A-UGV Test Methods
F3499 Test Method for Confirming the Docking Perfor-

mance of A-UGVs
2.2 ANSI/ITSDF Standard:3

ANSI/ITSDF B56.5 Safety Standard for Driverless, Auto-
matic Guided Industrial Vehicles and Automated Func-
tions of Manned Industrial Vehicles

2.3 ISO Standard:4

ISO 3691-4:2020 Industrial Trucks - Safety Requirements
And Verification - Part 4: Driverless Industrial Trucks And
Their Systems

3. Terminology

3.1 Definitions—Terminology F3200 defines terms that may
be used throughout this standard.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 end goal, n—location at which a task will be com-

pleted and is defined by a line perpendicular to vehicle
movement.

3.2.2 goal(s), n—location(s) the vehicle will pass through as
a task is progressed.

3.2.3 impairment(s), n—an object, feature, or quality of the
situation/environment that is utilized to disrupt intended
A-UGV operation, such as the inclusion of obstacles or
communication failures during task performance. F3200

3.2.3.1 Discussion—For this test method, A-UGV operation
refers to the A-UGV navigating from the start to the goal.

3.2.4 intended behavior, n—A-UGV state or activity, set by
the test requestor, that defines success criteria for the comple-
tion of a task repetition.

3.2.5 obstacle, n—static or moving object or feature that
obstructs the intended movement. F3200

3.2.6 obstacle footprint, n—a rectangular area of space that
will be occupied by an obstacle during testing with dimensions

matching that of the top-down contour area of the obstacle (that
is, its outermost horizontal edges), used to describe the position
and orientation of the obstacle in the environment relative to
the boundaries.

3.2.6.1 Discussion—See Fig. 1 for examples of obstacle
footprints for different types of obstacles.

3.2.7 start, n—location at which the A-UGV will begin the
test and is defined by a line perpendicular to vehicle move-
ment.

3.2.8 task, n—sequence of movements and measurements
that comprise one repetition within a test. F3200

3.2.8.1 Discussion—For this test method, one task is defined
as when the A-UGV moves from the specified start location
(Point A) to the goal location (Point B or C), as shown in Figs.
2-8, traversing in a specified direction (forward or reverse).
Where possible, the A-UGV should return to the start line using
autonomous control without operator intervention.

4. Summary of Test Method

4.1 Area Definition—This test method consists of traversing
multiple repetitions of a single task within a specified naviga-
tion area defined by physical barriers, virtual barriers, floor
markings, or combinations thereof. Further details are given in
Section 6. Figs. 2-8 show possible defined area navigation
constraints and references to locations within the apparatus (A,
B, and C) and start and goal lines. Using these shapes, the test
method can be used to determine an A-UGV’s capability at
traversing through an area of specified dimensions. The test
method could also be used to determine the minimum space in
which the A-UGV is able to traverse.

4.2 Navigation Test Method:
4.2.1 The A-UGV drives through the apparatus (examples

are shown in Fig. 9 and Fig. 10). The apparatus layout is
defined by physical boundaries, virtual boundaries, or floor
markings around the area where the A-UGV will drive. Start
and goal lines are positioned to define a start location (A) and
goal locations (B or C). The completion of one task repetition
is when the A-UGV traverses from the start location and its
performance satisfies the intended behavior set by the test
requestor, which generally is set as crossing the goal line and
reaching the goal location without colliding with the environ-
ment. If the test requestor selects obstacles or communication
impairments to be used in the defined area during navigation,
then the intended behavior for the A-UGV may be set to stop
and cease navigation once the impairment is encountered. The
A-UGV shall not make contact with any boundary or obstacle
(unless with only a contact-sensing device that is used to
navigate) nor deviate from the defined area during a task. If the
A-UGV makes contact with any barrier or crosses a virtual
barrier during a repetition, the result is a test failure. The test
requestor has the authority to select defined area width(s) (xa or
ya, or both, in Figs. 2-8) for the test, in addition to several other
variables related to the boundaries (for example, height,
chamfers) and impairments (for example, obstacle dimensions,
position in the apparatus). The defined area width may be
altered by the test requestor prior to a test with the aim of
identifying the minimum space that can be traversed by the
A-UGV, if desired.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Industrial Truck Standards Development Foundation (ITSDF),
1750 K St. NW, Suite 460, Washington, DC 20006.

4 Available from International Organization for Standardization (ISO), ISO
Central Secretariat, Chemin de Blandonnet 8, CP 401, 1214 Vernier, Geneva,
Switzerland, https://www.iso.org.
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4.2.2 The A-UGV’s navigation capability is defined by its
ability to repeatedly travel through a defined area when
commanded to traverse from a start to end goal. The test does
not require a specific route to be followed by the A-UGV. The
route definition is not part of the standard test, nor the line that
may be followed, to a certain repeatability. The test is set out
to identify the area required for A-UGV movement. This test
also does not address the end position of the A-UGV once it is
passed the goal line to reach the goal location; see Test Method

F3499 test method for docking to evaluate this type of
capability for fine positioning.

4.2.3 The test supervisor will inform the test requestor of the
number of task repetitions to be made, corresponding to the
statistical reliability and confidence levels shown in Table 1.

4.2.4 The test supervisor is responsible for setting up the
apparatus and instrumentation, directing the test, and reporting
results of the test to the test requestor.

FIG. 1 Examples of Obstacles (left) and Their Corresponding Obstacle Footprints (right) Within a Defined Area Apparatus
(a) Pallet (b) Fork Tines (c) Table
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4.2.5 The test supervisor will be responsible for directing
the test technician and the A-UGV operator.

4.3 Metrics—Partially derived from Figs. 2-8. All measure-
ments shown in the figures related to a 2D space with a flat,
horizontal floor. Measurements between boundaries are per-
pendicular to the boundary being measured.

4.3.1 Straight Aisle Width (Fig. 2)—The value, xa, is the
distance between boundaries representing the area needed by
the A-UGV to traverse through a straight aisle.

4.3.2 Intersecting Aisles Widths (Single and Dual, Figs.
3-8)—The same discussion of aisle width described in 4.3.1
applies here. However, there are two measured widths to be

NOTE 1—The thick black lines indicate the physical barriers or lines along which virtual barriers or floor markings are set.
FIG. 2 Diagram of Test Method for Navigation through a Straight Aisle

NOTE 1—The thick black lines indicate the physical barriers or lines along which virtual barriers or floor markings are set.
FIG. 3 Diagrams of Test Method for Navigation through a Single Intersection with No Chamfers,

Showing Both Possible A-UGV Turn Directions
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determined: the initial aisle width, xa, and the final aisle width,
ya. The combination of these metrics describes the dimensions
of traversable 2D space by an A-UGV through an intersection
of θ degrees. The default value of θ is 90° for a perpendicular
intersection, but angles other than 90° may be selected by the
test requestor.

4.3.3 Chamfered Corners—These enable the test requestor
to further specify the shape of the corners of an area. Chamfers
are defined by setback distances for the interior chamfer (d1

and d2) see Fig. 5 and the exterior chamfer (d3 and d4), see Fig.
6. The setback distance is that distance between the virtual
corner and the start of the chamfer identifying the interior
space. The interior chamfer enables the width of the aisle
intersection to be increased from that identified in the single
intersection (see Fig. 5) or dual intersection (see Fig. 8). The
exterior chamfer enables the width of the aisle intersection to
be decreased from that identified in the single intersection (see
Fig. 6). Both interior and exterior chamfers can be used in the
single intersection (see Fig. 4).

4.3.4 Obstacle Inclusion—Obstacles (o1, o2, etc.) may be
included inside of the defined area to impair A-UGV naviga-
tion. Practice F3381 can be used to describe the characteristics
of the obstacles used. The locations and orientations of the
obstacle footprints are recorded (|xo1|, |yo1|, θo1, |xo2|, |yo2|, θo2,
etc.) with respect to an obstacle origin point (po1, po2, etc.) and
a boundary in the apparatus (see Fig. 10). There is no limit on
the number of obstacles that can be included. Obstacles may be
positioned in such a way that the A-UGV is not able to reach
the goal, which would require that the intended behavior be set
accordingly (see 4.3.8).

4.3.4.1 Dynamic/Moving Objects—A future standard will
provide the means to describe a moving object, similar to what
is done for stationary obstacles in Practice F3381. It is
expected that this standard test method will later be revised to
accommodate to inclusion of moving objects as obstacles, such
as defining the start and end location of the obstacle’s trajectory
as it moves in the defined area.

NOTE 1—The thick black lines indicate the physical barriers or lines along which virtual barriers or floor markings are set.
FIG. 4 Diagrams of Test Method for Navigation through a Single Intersection, Showing Interior Chamfer

Defined by d1 and d2 and Exterior Chamfer Defined by d3 and d4, Showing Both Possible A-UGV Turn Directions

NOTE 1—The thick black lines indicate the physical barriers or lines along which virtual barriers or floor markings are set.
FIG. 5 Diagrams of Test Method for Navigation through a Single Intersection with Interior Chamfer Only,

Defined by d1 and d2, Showing Both Possible A-UGV Turn Directions

F3244 − 21

5

Full document details: ASTM F3244-21

http://www.avadocuments.com/doc/astm-f3244-21
http://www.avadocuments.com/doc/astm-f3244-21


4.3.5 Completion Time—The start time of a task is consid-
ered the moment the entire body of the A-UGV crosses the start
line, exiting the start location (A). The end time of a task is
considered the moment the entire body of the A-UGV crosses
the goal line entering the end goal location (B or C) (see Figs.
2-8). Task completion time is recorded to an accuracy of 1 s for
each repetition, and test completion time is recorded as an
average of all completed task repetitions.

4.3.6 Path Length—The path length is defined for its use in
the calculation of the average traversal speed. It is the
measurement of a path down the center of the defined area, not
the actual path traversed by the A-UGV. Curved traversal
distances are not measured.

4.3.6.1 For the straight aisle, path length is lya (see Fig. 2).
4.3.6.2 For the intersecting aisles where θ is 90°, path length

is (lya – ya/2) + (lxa – xa/2) (see Figs. 3-8). For intersecting

aisles where θ is not 90°, a similar calculation using the defined
area’s center line should be made.

4.3.6.3 For larger, more complex areas, the path length is
measured by recording the approximate route taken by the
A-UGV through the apparatus, calculated using the center line
of the defined area encompassed.

4.3.7 Traversal Speed—The speed, measured in meters per
second, determined by dividing the path length by the comple-
tion time for a single repetition. Average traversal speed is
calculated by dividing the path length by the average time,
where average time is the total duration for n repetitions,
divided by n.

4.3.8 Intended Behavior—The test requestor can set success
criteria for each test, such as passing the goal line to reach the
goal location without colliding with the boundaries or stopping
in place when an impairment is encountered that does not allow

NOTE 1—The thick black lines indicate the physical barriers or lines along which virtual barriers or floor markings are set.
FIG. 6 Diagram of Test Method for Navigation through a Single Intersection with Exterior Chamfer Only,

Defined by d3 and d4, Showing Both Possible A-UGV Turn Directions

NOTE 1—The thick black lines indicate the physical barriers or lines along which virtual barriers or floor markings are set.
FIG. 7 Diagram of Test Method for Navigation through a Dual Intersection with No Chamfers
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