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ABSTRACT

A system includes a transformation module, alignment module and aligned
localization module. The transformation module 1s configured to receive first and second
pose estimates of a mobile platform movable within an environment. The first and second
pose estimates are relative to different, respective first and second digital maps of the
environment in different, respective first and second coordinate systems. The transformation
module, then, may be configured to calculate a geometric transform between the first and
second digital maps based on the first and second pose estimates. The alignment
module may be configured to align the first and second digital maps based on the geometric
transform, and thereby generate an aligned digital map. And the aligned localization
module may be configured to localize the mobile platform relative to the aligned digital map,

and thereby calculate an aligned pose estimate of the mobile platform.



10

15

20

235

CA 02830730 2013-10-18

AUGMENTED MOBILE PLATFORM LOCALIZATION

TECHNOLOGICAL FIELD

The present disclosure relates generally to mobile platforms and, in particular, to
localization of a mobile platform relative to an environment within which the mobile

platform 1s configured to move.

BACKGROUND

Large-scale, structural manufacturing and/or servicing operations in a number of
industries often involve a large number of systems. A number of these operations include
tasks that are increasingly being performed by machines and robots. And a number of these
machines and robots are placed onboard mobile platforms that move within an environment,
such as a building or other facility, to enable the machines and robots to perform their tasks.

Effective use of these mobile platforms often depends on their accurate localization
within the environment within which they move, which is often an indoor environment. A
number of localization solutions have been developed that may be used for this purpose, but
each suffers from issues. For example, current solutions developed for automated guided
vehicles rely on the presence of surveyed physical landmarks such as paint, tape, magnets or
the like on the floor, and laser reflectors on the walls. These landmarks are time consuming

and expensive to install. Furthermore, except for laser reflectors, the landmarks constrain the

mobile platform to follow pre-defined routes.

Localization solutions based on laser reflectors, sometimes referred to as laser
tracking, require installing reflectors at regular intervals on the perimeter of the indoor
environment, and making sure that the platform has a line-of-sight to those retlectors.
Natural-feature, laser-localization solutions require a static environment, for which a map 1s
created offline and used online to localize the platform by comparing it with laser scans

acquired by the platform. These solutions, however, may not be suitable for cluttered,

dynamic environments.
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Therefore, 1t may be desirable to have a system and method that takes into account at

least some of the issues discussed above, as well as possibly other 1ssues.

BRIEF SUMMARY

Example implementations of the present disclosure are generally directed to a system,
apparatus and method for augmented localization of a mobile platform relative to an
environment within which the mobile platform 1s movable. The system may be configured to
calculate the mobile platform’s position and orientation (sometimes referred to as a pose
estimate), in a coordinate system registered to a map of the environment. This pose estimate
may be continuously updated and communicated to the mobile platform to support functions
such as path planning, path following and collision avoidance. In one example, some of these
functions may be further supported by an onboard navigation database that stores the
position of one or more destinations, waypoints or the like, and/or data defining one or more
navigation lanes, stay-out zones or the like, within the environment. Example
implementations of the present disclosure do not rely on static landmarks, and may therefore
effectively operate in dynamic and cluttered environments.

In one embodiment there is provided a system that includes a transformation module,
an alignment module, an aligned localization module and a communication interface. The
transformation module 1s configured to receive first and second pose estimates of a mobile
platform movable within an environment. The first and second pose estimates are relative to
different, respective first and second digital maps of the environment in different, respective
first and second coordinate systems. The transformation module is also configured to
calculate a geometric transform (e.g., homographic, affine) between the first and second
digital maps based on the first and second pose estimates.

The alignment module 1s configured to align the first and second digital maps based
on the geometric transform, and thereby generate an aligned digital map. The aligned
localization module 1s configured to localize the mobile platform relative to the aligned

digital map, and thereby calculate an aligned pose estimate of the mobile platform. The

.
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communication interface is configured to communicate the aligned pose estimates to the
mobile platform to aid navigation of the mobile platform as it moves within the environment.

The transformation module may be configured to receive the first pose estimate from
a mapping and localization system onboard the mobile platform. The mapping and
localization system may be configured to build the first digital map of the environment, and
calculate the first pose estimate of the mobile platform relative to the first digital map. The
alignment module may be configured to receive the first digital map from the mapping and
localization system. The mapping and localization system may be configured to build the
first digital map and calculate the first pose estimate in accordance with a simultaneous
localization and mapping (SLAM) technique.

The transformation module may be configured to receive the second pose estimate
from a wireless locating system. The wireless locating system may be configured to calculate
the second pose estimate of the mobile platform relative to the second digital map accessible
from storage. The transformation module may be configured to receive the second pose
estimate from the wireless locating system including an indoor or local positioning system.

The first and second digital maps may cover a same space of the environment, and
the first and second pose estimates may be different descriptions of the same position and
orientation of the mobile platform in the same space of the environment.

The system may include a mapping and localization system, a wireless locating
system (WLS) and a communication interface. The mapping and localization system may be
configured to build the first digital map of the environment and calculate the first pose
estimate of the mobile platform relative to the first digital map. The first digital map may
depict real obstacles in the environment. The wireless locating system (WLS) localization
module may be configured to control a transmitter to broadcast a signal received by the

mobile platform and receive a responsive transponding signal from the mobile platform to

calculate the second pose estimate of the mobile platform relative to the second digital map.
The second digital map may depict one or more of a destination, travel lane or stay-out zone.

The communication interface may be configured to communicate the aligned pose estimate

3
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to the mobile platform to aid navigation of the mobile platform as it moves within the
environment.

In another embodiment there 1s provided an apparatus including a processor and a
memory storing computer-readable program code portions that, in response to execution by
the processor, cause a transformation module, an alignment module, an aligned localization
module and a communication interface to perform various steps. The apparatus, in response
to the execution by the processor, is caused to receive first and second pose estimates of a
mobile platform movable within an environment. The first and second pose estimates are
relative to different, respective first and second digital maps of the environment in different,
respective first and second coordinate systems. The apparatus, in response to the execution
by the processor, 1s further caused to calculate a geometric transform between the first and
second digital maps based on the first and second pose estimates and align the first and
second digital maps based on the geometric transform and thereby generate an aligned digital
map. The apparatus, in response to the execution by the processor, is further caused to
localize the mobile platform relative to the aligned digital map and thereby calculate an
aligned pose estimate of the mobile platform. The communication interface communicates
the aligned pose estimate to the mobile platform to aid navigation of the mobile platform as
1t moves within the environment.

In another embodiment there 1s provided a method. The method involves receiving
first and second pose estimates of a mobile platform movable within an environment. The

first and second pose estimates are relative to different, respective first and second digital
maps of the environment in different, respective first and second coordinate systems. The

method further involves calculating a geometric transform between the first and second
digital maps based on the first and second pose estimates and aligning the first and second

digital maps based on the geometric transform, thereby generating an aligned digital map.

The method also involves localizing the mobile platform relative to the aligned digital map,

thereby calculating an aligned pose estimate of the mobile platform, and communicating the

-37-
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aligned pose estimate to the mobile platform to aid navigation of the mobile platform as it
moves within the environment.

[n other aspects of example implementations, an apparatus and method are provided
for augmented localization of a mobile platform. The features and functions discussed herein
may be achieved independently 1n various example implementations or may be combined 1n

yet other example implementations further details of which may be seen with reference to the

following description and drawings.

BRIEF DESCRIPTION OF THE DRAWING(S)

Having thus described example implementations of the disclosure in general terms,
reference will now be made to the accompanying drawings, which are not necessarily drawn

to scale, and wherein:

FIG. 1 illustrates an augmented localization system according to one example

implementation of the present disclosure;

3b-
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FIG. 2 illustrates an example of a suitable mapping and localization system,
according to one example implementation;

FIG. 3 illustrates an example of a suitable wireless locating system, according to one
example implementation;

FIG. 4 illustrates an example of a suitable registration system, according to one
example implementation;

FIG. § graphically illustrates one example of a suitable first digital map and first pose
estimate, according to one example implementation;

FIG. 6 graphically illustrates one example of a suitable second digital map and
second pose estimate, according to one example implementation;

FIG. 7 is flowchart illustrating various operations in an aircraft production and
service methodology according to one example implementation; and

FIG. 8 is a block diagram of an aircraft according to one example implementation.

DETAILED DESCRIPTION

Some implementations of the present disclosure will now be described more tully
hereinafter with reference to the accompanying drawings, in which some, but not all
implementations of the disclosure are shown. Indeed, various implementations of the
disclosure may be embodied in many different forms and should not be construed as limited
to the implementations set forth herein; rather, these example implementations are provided
so that this disclosure will be thorough and complete, and will fully convey the scope of the
disclosure to those skilled in the art. For example, unless otherwise indicated, reference
something as being a first, second or the like should not be construed to imply a particular

order. Like reference numerals refer to like elements throughout.
Referring now to FIG. 1, an augmented localization system 100 is illustrated

according to example implementations of the present disclosure. The system may include
any of a number of different subsystems (each an individual system) for performing one or

more functions or operations with respect to a mobile platform 102. The mobile platform

4-
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may be movable within an indoor or even an outdoor environment. To support its
movement, the mobile platform may include a motion control system 104 configured to
control and effect movement of the mobile platform. To support the motion control system,
the mobile platform may include a navigation system 106 and perhaps one or more other
components such as a collision-avoidance system configured to aid navigation of the mobile
platform as it moves within the environment.

In one example, the mobile platform 102 may include an onboard machine or robot,
and may be movable within an environment to enable the machine/robot to perform one or
more tasks of one or more structural manufacturing and/or servicing operations. In this
example, the mobile platform may include one or more components such as a mission-
management system configured to support mission-specific tasks of the machine/robot. It
should be understood, however, that example implementations may be useful in the context
of mobile platforms that do not include an onboard machine or robot, or that include an
onboard machine or robot for other types of tasks.

To further support its movement, the mobile platform 102 may require localization
within its environment, which may support operation of the navigation system 106. This
localization may include acquisition of the mobile platform’s position and orientation
(sometimes referred to as its pose) on a digital model or map of its environment. The digital
map of an environment may be a two-dimensional (2D) or three-dimensional (3D) geometric
description of the environment. The digital format of the map may include a description of
the environment using coordinates and numerical descriptions of the positions of landmarks
within the environment such as objects, surfaces or other distinguishable features. In
accordance with example implementations, the landmarks in an environment may differ from
environment-to-environment, and may change in an environment over time such as in the
case of a dynamic environment. In a 2D digital map, position may be described in terms of

orthogonal X, Y coordinates, and in a 3D digital map, position may be described in terms of

orthogonal X, Y, Z coordinates.
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For a mobile platform 102 capable of three degrees of freedom (3-DOF), its position
may be described in terms of X, Y coordinates, and its orientation may be described in terms
of yaw. In another example of a mobile platform capable of six degrees of freedom (6-
DOF), its position may be described in terms of X, Y, Z coordinates, and its orientation may
be described in terms of roll, pitch, yaw. A wheeled platform, for example, may be movable
on the ground with 3-DOF, while a handheld platform may be movable with 6-DOF-.

An environment and pose of the mobile platform 102 within that environment may be

geometrically described from different perspectives or frames of reference (each reterring to
a respective coordinate system). The same position and orientation of a mobile plattorm
within the environment may therefore be described by different poses relative to ditferent
digital maps of the environment in different coordinate systems.
As shown in FIG. 1, the augmented localization system 100 may include mapping and
localization system 108 configured to build a first digital map of an environment of the
mobile platform, and localize the platform relative to the first digital map to calculate a first
pose estimate of the mobile platform. The augmented localization system may include a
wireless locating system 110 configured to localize the platform relative to a different,
second digital map of the environment to calculate a second pose estimate of the mobile
platform. The augmented localization system may further include a registration system 112
coupled to the other systems and configured to automatically register or align the first digital
map with the second digital map based on the first and second pose estimates. The
registration system may thereby generate an aligned digital map to which the mobile
platform may be localized. The pose of the mobile platform relative to the aligned digital
map, then, may be communicated to the navigation system 106 to aid navigation of the
mobile platform as it moves within the environment.

Although being shown as part of the augmented localization system 100, one or more
of the mapping and localization system 108, wireless locating system 110 and/or registration

system 112 may instead be separate from but in communication with the augmented

localization system. Also, although the registration system is shown as being oft of the

_6-



10

15

20

235

CA 02830730 2013-10-18

mobile platform 102, in other examples the registration system may be carried onboard the
mobile platform similar to the mapping and localization system. It should also be
understood that one or more of the subsystems may function or operate as a separate system
without regard to others of the subsystems. And further, it should be understood that the
augmented localization system may include one or more additional or alternative subsystems
than those shown 1n FIG. 1.

Reference will now be made to FIGS. 2, 3 and 4, which illustrate more particular
examples of a suitable mapping and localization system, wireless locating system and/or
registration system, respectively, according to example implementations of the present
disclosure.

FIG. 2 illustrates a mapping and localization system 200 according to one example
implementation. The mapping and localization system 200 may be one example of the
mapping and localization system 108 of the augmented localization system 100 of FIG. 1. In
one example, the mapping and localization system may be located onboard a mobile
platform 202, which in one example may correspond to the mobile platform 102 of FIG. 1.
The mapping and localization system may be generally configured to build a first digital map
of the environment of the mobile platform, and localize the mobile platform relative to the
first digital map. In one example, the mapping and localization system may be contigured to
build the first digital map and localize the mobile platform relative to it in accordance with
any of a number of different robotic mapping techniques.

The mapping and localization system 200 may include one or more range sensors 204
and/or odometric sensors 206 coupled to a mapping and localization module 208. The range
sensor(s) onboard the mobile platform 202 may be configured to scan its environment and
provide range measurements between the mobile platform and landmarks around the mobile
platform in its environment. The odometric sensor(s) onboard the mobile platform may be
configured to provide odometry data as the mobile platform moves within its environment.

Examples of suitable range sensors include laser rangefinders, LIDAR (Light Detection and

Ranging) sensors, sonar sensors, camera or other visual sensors, or the like. The odometric

_7.-
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sensors may be of any of a number of different types of sensors, and may include not only
odometric sensors but visual-odometric sensors, inertial measurement units (IMUs) or the
like.

The mapping and localization module 208 may be configured to receive and process
the range measurements and odometry data to spatially map the environment relative to the
mobile platform 202, and localize the mobile platform relative to that map. The mapping
and localization module may spatially map the environment and localize the mobile platform
in any of a number of different manners. One example of a suitable manner 1s the well-
known simultaneous localization and mapping (SLAM) technique, although it should be
understood that the mapping and localization need not be performed simultaneously.
Regardless of the exact manner by which the mapping and localization module spatially
maps the environment and localizes the mobile platform, the mapping and localization
module may output a spatial map (first digital map) of the environment, and the mobile
platform’s position and orientation (first pose estimate) relative to the first digital map. FIG.
5 graphically illustrates one example of a suitable first digital map 500 and first pose
estimate 502 that may be output by the mapping and localization module according to one
example implementation of the present disclosure.

The mapping and localization module 208 may build and continuously update the
first digital map, and calculate and continuously update a first pose estimate of the mobile
platform 202. The mapping and localization module may handle the first digital map and
first pose estimate in any of a number of different manners. In one example, the mapping
and localization system 200 may further include a communication interface 210 coupled to
the mapping and localization module. In this example, the mapping and localization module
may be configured to communicate the first digital map and first pose estimate to the
communication interface, which may in turn be configured to communicate the first digital

map and first pose estimate to a registration system such as the registration system 112 of

FIG. 1.
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Briefly returning to FIG. 1, the wireless locating system 110 may be generally
configured to localize the mobile platform 102 relative to a second digital map of the
environment to calculate a second pose estimate of the mobile platform. The wireless
locating system may be any of a number of suitable positioning systems capable of
localizing the mobile platform in an indoor environment or outdoor environment, or in an
environment that is partially indoor and partially outdoor. In one example, in an outdoor
environment, the wireless locating system may include a satellite navigation (e.g., GPS)
receiver located onboard the mobile platform and configured to receive signals from a
number of satellites. The wireless locating system, then, may include a localization module
configured to calculate the second pose estimate of the mobile platform on the second digital
map based on the signals. In this example, the second digital map may be accessed from an
appropriate storage, such as file storage, database storage, cloud storage or the like.

In one example, the wireless locating system 110 may be additionally or alternatively
configured to localize the mobile platform 102 in an indoor environment. In this example,
the wireless locating system may include any of a number of different indoor or local
positioning systems such as indoor GPS, real-time locating systems (RTLS) or the like.

FIG. 3 illustrates a wireless locating system 300 according to one example
implementation. The wireless locating system 300 may be one example of the wireless
locating system 110 of the augmented localization system 100 of FIG. 1. In one example,
the wireless locating system may be located within the environment of a mobile platform
302, which in one example may correspond to the mobile platform 102 of FIG. 1. As shown,
the wireless locating system may include a transmitter 304 and a plurality of receivers 306
coupled to a wireless locating system (WLS) localization module 308 by wire or wirelessly.
The processor may be configure to control the transmitter to broadcast a signal that is
received by a beacon 310 located onboard the mobile platform. In one example, the beacon
may be a radio frequency (RF) transponder or tag, such as an active tag (self powered) or

passive tag (which is powered by energy received from the transmtter).
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The beacon 310 may be configured to receive the signal from the transmitter 304, and
respond to the signal by transmitting a transponding signal that includes information
identifying the beacon, and thus the mobile platform 302. The receivers 306 located
throughout the environment may receive the transponding signal, and provide respective
versions of the transponding signal to the WLS localization module 308. The WLS
localization module may process information in the versions of the received transponding
signal to identify the beacon and localize the mobile platform relative to a second digital map
of the environment. This may be accomplished in any of a number of different manners,
such as by triangulation using the time-of-arrival of the version of the transponded signal
received by each of the receivers. In one example, the second digital map may be stored in
an appropriate storage 312, such as file storage, database storage, cloud storage or the like.
The WLS localization module may thereby calculate a second pose estimate of the mobile
platform relative to the second digital map. FIG. 6 graphically illustrates one example of a
suitable second digital map 600 and second pose estimate 602 that may be output by the
WLS localization module according to one example implementation of the present
disclosure.

The WLS localization module 308 may calculate and continuously update a second
pose estimate of the mobile platform 302 relative to the second digital map. The WLS
localization module may handle the second digital map and second pose estimate in any of a
number of different manners. In one example, the wireless locating system 300 may further

include a communication interface 314 coupled to the WLS localization module. In this
example, the WLS localization module may be configured to communicate the second digital
map and second pose estimate to the communication interface, which may in turn be
configured to communicate the second digital map and second pose estimate to a registration
system such as the registration system 112 of FIG. 1. In another example, the storage 312
including the second digital map may be accessible by the registration system. In this

example, the WLS localization module may be configured to communicate the second pose

-10-
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estimate to the registration system via the communication interface, and the registration
system may access the second digital map from 1ts storage.

FIG. 4 illustrates a registration system 400 according to one example implementation.
The registration system 400 may be one example of the registration system 112 of the
augmented localization system 100 of FIG. 1. The registration system may be configured to
register or align first and second digital maps of an environment of a mobile platform such as
the mobile platform 102 of FIG. 1, and localizing the mobile platform relative to the
resulting aligned digital map. As shown, the registration system may include a
transformation module 402 configured to receive first pose estimates of the mobile platform
relative to a first digital map, and second pose estimates of the mobile platform relative to a
second digital map. In one example, the transformation module may be coupled to a
communication interface 404 configured to receive the first pose estimates from a mapping
and localization system (e.g., mapping and localization system 108), as or after the mapping
and localization system calculates the first pose estimates. Similarly, the communication
interface may be configured to receive the second pose estimates from a wireless locating
system (e.g., wireless locating system 110), as or after the wireless locating system calculates
the second pose estimates.

The transformation module 402 may be configured to calculate a geometric transform
between the first and second digital maps based on the first and second pose estimates.
Examples of suitable geometric transforms include a homographic transform, affine

transform or the like. The transformation module may calculate the geometric transform in
any of a number of different manners. In one example, the transformation module may
calculate the geometric transform in accordance with an iterative method such as the random
sample consensus (RANSAC) method. In this regard, the transformation module may
calculate and continuously update the geometric transform as it receives first pose estimates

and second pose estimates, such as those estimates may be continuously calculated by

respective systems.

_11-
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The registration system 400 may include an alignment module 406 configured to
receive the geometric transform, and first and second digital maps of the environment of the
mobile platform. The alignment module may be coupled to and receive the geometric
transtorm from the transformation module 402. In one example, the alignment module may
also be coupled to the communication interface 404 configured to receive the first digital
map from a mapping and localization system (e.g., mapping and localization system 108), as
or after the mapping and localization system builds or updates the first digital map.
Similarly, for example, the communication interface may be configured to receive the second
digital map from a wireless locating system (e.g., wireless locating system 110). In another
example, storage 312 including the second digital map may be accessible by the alignment
module.

Regardless of the exact manner by which the alignment module 406 receives the
geometric transform, and first and second digital maps, the alignment module may be
configured to register or align the first digital map with the second digital map based on the
geometric transform, such as in any of a number of known manners. The alignment module
may thereby generate an aligned digital map. The alignment module may communicate the
aligned digital map to an aligned localization module 408 to which the alignment module
may be coupled. The aligned localization module may then be configured to localize the
mobile platform relative to the aligned digital map, and may thereby calculate an aligned
pose estimate of the mobile platform. This may be accomplished in any of a number of

different manners.

As explained above, the first digital map and first pose estimate may be built or
calculated and continuously updated. Similarly, the second pose estimate and geometric
transform may be calculated and continuously updated. In one example, then, the alignment
module 406 may continuously update the aligned digital map, and the aligned localization
module 408 may continuously update the aligned pose estimate. As or after calculating or

updating the aligned pose estimate, the aligned localization module may communicate the

aligned pose estimate, such as back to the mobile platform (e.g., navigation system 106 of

_1)-
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