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Systems, methods, and devices are disclosed for predictive
shimming of large structures. Systems may include a remote
device configured to move along a first path relative to a first
vehicle structure. The remote device may be configured to
move a sensor device along a plurality of measurement points
included in the first path. A base device may be configured to
identify a position of the sensor device at each measurement
point. The base device may be configured to generate mea-
surement data including a first plurality of measurements
identifying at least one structural dimension of a first surface
of the first vehicle structure. A controller may be configured
to control operation of the base device and the remote device
based on engineering data associated with the first vehicle
structure. The controller may be further configured to deter-
mine at least one shim dimension associated with the first
surface.

116 114 111 115
o P
g a
117
108
106
113
107
@




Patent Application Publication Jul. 21,2016 Sheet1 of 11 US 2016/0207638 A1

© [
o N~ =
w0 =~ (o) v~
2 \ *
X \l ) > 4/
~ ~ (&)
o
T
&)
0 o
T~ ~

FIG. 1A




Patent Application Publication Jul. 21,2016 Sheet2 of 11 US 2016/0207638 A1




Patent Application Publication Jul. 21,2016 Sheet 3 of 11 US 2016/0207638 A1

FIG. 2A



Patent Application Publication Jul. 21,2016 Sheet4 of 11 US 2016/0207638 A1

FIG. 2B



Patent Application Publication Jul. 21,2016 Sheet S of 11 US 2016/0207638 A1

’/230
232 239
o>
A.VM:
St o TN
o
N
s e 2y
= ‘%' r
o %
238 237 236 234

FIG. 2C



Patent Application Publication Jul. 21,2016 Sheet 6 of 11 US 2016/0207638 A1

242

FIG. 2D



Patent Application Publication Jul. 21,2016 Sheet 7 of 11 US 2016/0207638 A1

252 254 K’\mzss

FIG. 2E



Patent Application Publication Jul. 21,2016 Sheet 8 of 11 US 2016/0207638 A1

302

308

FIG. 3



Patent Application Publication Jul. 21,2016 Sheet 9 of 11 US 2016/0207638 A1

’/—400

( Automated Shimming Method )

Move a remote device along a first path relative to

a first vehicle structure, where the first pathis |~ 402

identified based on engineering data associated
with the first vehicle structure

:

Generate a first plurality of measurements along

the first path, where the first plurality of — 404

measurements identifies at least one structural

dimension of a first surface of the first vehicle
structure

‘

Generate measurement data based on the first 406
plurality of measurements, where the /
measurement data is generated by a base device
communicatively coupled to the remote device

Y

Determine at least one shim dimension based, at
least in part, on the generated measurement data

:
C Do )

FIG. 4




Patent Application Publication Jul. 21,2016 Sheet 10 of 11 US 2016/0207638 A1

( Automated Shimming Method )
502
510
. |Move a remote device along a measurement path
\ | 4 relative to a vehicle structure
Move the base
device fo the 504
next scanning N Generate a plurality of measurements along the |~
location ° measurement path

?

Yes

Should the b l
Odueviceebease Should additional / 506
moved? measurement paths be

/ - measured?

508 Ve Nf

Generate measurement data pasedonthe | -—5712
plurality of measurements

Y

—— 514
Update engineering data based on the /
measurement data

v

- — - - /576
Determine shim dimensions based, at least in
part, on the generated measurement data

Y
( dore )

FIG. §




Patent Application Publication Jul. 21,2016 Sheet 11 of 11 US 2016/0207638 A1

SPECIFICATION AND |
DESIGN 604

v

MATERIAL
PROCUREMENT [~ 606

Y

COMPONENT AND
SUBASSEMBLY  [—608
MANUFACTURING

Y

SYSTEM
INTEGRATION

v

CERTIFICATION AND
DELIVERY

v

IN SERVICE — 614

Y

MAINTENANCE AND
SERVICE

~——610

—— 612

—— 616

FIG. 6

AIRCRAFT L A4 — aveTEMe A

618 -1 AIRFRAME PROPULSION ELECTRICAL

INTERIOR

1

622 — HYDRAULIC ENVIRON.

602 626 " p1G. 7 630



US 2016/0207638 Al

SYSTEMS, METHODS, AND APPARATUS FOR
AUTOMATED PREDICTIVE SHIMMING FOR
LARGE STRUCTURES

TECHNICAL FIELD

[0001] This disclosure generally relates to vehicles and
machinery and, more specifically, to shimming systems
implemented with such vehicles and machinery.

BACKGROUND

[0002] In a manufacturing or assembly environment,
spaces or gaps may often exist between two or more compo-
nents or structures that are to be coupled to each other. For
example, in a large structure, such as an airplane wing, gaps of
varying magnitudes may exist between components of the
wing, such as an internal structural component such as a rib,
and an external or surface component such as a top or bottom
surface of the wing. Shims may be used to fill gaps between
components or structures at an interface to ensure proper
mechanical coupling between the parts that are to be coupled.
A shim may be a relatively thin piece of a material, such as
metal, which is inserted into the gap to fill the gap and achieve
acceptable mechanical coupling between structures. How-
ever, conventional techniques for implementing shims
remain limited because they are not able to efficiently and
effectively determine dimensions that may be used to create
shims for large structures.

SUMMARY

[0003] Systems, method, and devices for manufacturing,
using, and otherwise implementing automated shimming for
large structures are disclosed herein. Systems as disclosed
herein may include a remote device that may be configured to
move along a first path relative to a first structure and, where
the remote device may be further configured to move a sensor
device along a plurality of measurement points included in
the first path. The systems may also include a base device
communicatively coupled to the remote device and config-
ured to identify a position of the sensor device of the remote
device at each measurement point of the plurality of measure-
ment points. The base device may be further configured to
generate measurement data identifying at least one structural
dimension of a first surface of the first structure. The systems
may further include a controller device communicatively
coupled to each of the base device and the remote device. The
controller device may be configured to control operation of
the base device and the remote device and further configured
to determine at least one shim dimension associated with the
first surface of the first structure based, at least in part, on the
measurement data.

[0004] In some embodiments, the sensor device includes a
tracking ball and a reflective device coupled to the tracking
ball. The base device may include a tracking device config-
ured to be optically coupled with the reflective device. Fur-
thermore, according to some embodiments, the tracking ball
may be configured to mechanically couple with the first sur-
face responsive to being within a designated distance of the
first surface. The mechanical coupling between the tracking
ball and the first surface may cause at least one change in a
position of the tracking ball, and the tracking device may be
configured to identify the change. According to some
embodiments, the tracking ball may be coupled to a housing
of the sensor device via a mechanical arm, where the
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mechanical arm is configured to determine a position of the
tracking ball. In various embodiments, the first surface of the
first structure is included in an interface with a second surface
of a second structure, and the measurement data may also
include a first plurality of measurements associated with the
first surface and a second plurality of measurements associ-
ated with the second surface.

[0005] Insome embodiments, the shim dimension is deter-
mined based, at least in part, on the first plurality of measure-
ments and the second plurality of measurements. According
to various embodiments, the base device is configured to
move along a second path relative to the first structure, and the
movement of the base device may be based, at least in part, on
metrology data identifying a first position of the first structure
and a second position of the base device in an assembly
environment. In some embodiments, movement of the remote
deviceis based, at least in part, on engineering data. In various
embodiments, the controller device is further configured to
update the engineering data based on the generated measure-
ment data. According to some embodiments, the first struc-
ture is a component of a wing of an airplane.

[0006] Also disclosed herein are methods that may include
moving a remote device along a first path relative to a first
structure, where the first path is identified based on engineer-
ing data identifying a plurality of structural dimensions of the
first structure. The methods may further include generating a
first plurality of measurements along the first path, where the
first plurality of measurements are associated with a first
plurality of measurement points along the first path, and the
first plurality of measurements identify at least one structural
dimension of a first surface of the first structure. The methods
may also include generating measurement data based on the
first plurality of measurements, where the measurement data
is generated by a base device communicatively coupled to the
remote device. The methods may further include determining
atleast one shim dimension associated with the first surface of
the first structure based on the measurement data.

[0007] In some embodiments, the generating of the mea-
surement data may further include receiving, at the base
device, the first plurality of measurements from a sensor
device included in the remote device, where the remote
device includes a tracking ball and a reflective device. In
various embodiments, the base device includes a tracking
device, and the receiving the first plurality of measurements
further includes measuring at least one position of the track-
ing ball via the tracking device. In some embodiments, the
methods further include updating the engineering data based
on the generated measurement data. According to various
embodiments, the first surface of the first structure is included
in an interface with a second surface of a second structure.
The methods may also include generating a second plurality
of measurements along a second path relative to the first
structure, where the second plurality of measurements are
associated with a second plurality of measurement points
along the second path. The generated measurement data may
include the second plurality of measurements associated with
the second surface of the second structure. Furthermore, the
shim dimension may be determined based, at least in part, on
the first plurality of measurements and the second plurality of
measurements. In some embodiments, the first structure is a
component of a wing of an airplane.

[0008] Also disclosed herein are devices that may include a
first communications interface configured to communicate
with a remote device configured to move along a first path
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relative to a first structure, where the remote device is further
configured to move a sensor device along a first plurality of
measurement points included in the first path. The devices
may also include a second communications interface config-
ured to communicate with a base device, where the base
device is configured to identify a position of the sensor device
of the remote device at each measurement point of the plu-
rality of measurement points. The base device may be further
configured to generate measurement data identifying at least
one structural dimension of a first surface of the first structure.
The devices may also include a controller configured to con-
trol movement of the base device and the remote device via
the first and second communications interfaces, and further
configured to determine at least one shim dimension associ-
ated with the first surface of the first structure, where the at
least one shim dimension is determined based on the mea-
surement data.

[0009] In some embodiments, the first surface of the first
structure is included in an interface with a second surface of
a second structure. Moreover, the measurement data may
further include a first plurality of measurements associated
with the first plurality of measurement points along the first
path and a second plurality of measurements associated with
the second surface of the second structure, and the controller
may be configured to determine the shim dimension based, at
least in part, on the first plurality of measurements and the
second plurality of measurements. In various embodiments,
the first structure is a component of a wing of an airplane.
[0010] While numerous embodiments have been described
to provide an understanding of the presented concepts, the
previously described embodiments may be practiced without
some or all of these specific details. In other instances, well
known process operations have not been described in detail so
as to not unnecessarily obscure the described concepts. While
some concepts have been described in conjunction with the
specific examples, it will be understood that these examples
are not intended to be limiting, and other suitable examples
are contemplated within the embodiments disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A illustrates a diagram of an example of an
automated shimming system, implemented in accordance
with some embodiments.

[0012] FIG. 1B illustrates a diagram of an example of an
interface between structures, implemented in accordance
with some embodiments.

[0013] FIG. 2A illustrates a diagram of an example of a
remote device as described in FIG. 1A, implemented in accor-
dance with some embodiments.

[0014] FIG. 2B illustrates a diagram of another example of
a remote device as described in FIG. 1A, implemented in
accordance with some embodiments.

[0015] FIG. 2C illustrates a diagram of an example of a
remote device as described in FIG. 1A having a rotatable arm,
implemented in accordance with some embodiments.

[0016] FIG.2D illustrates a diagram of another example of
a remote device as described in FIG. 1A having a rotatable
arm, implemented in accordance with some embodiments.
[0017] FIG. 2E illustrates a diagram of yet another example
of'a remote device as described in FIG. 1A having a rotatable
arm, implemented in accordance with some embodiments.
[0018] FIG. 3 illustrates a diagram of an example of a base
device as described in FIG. 1A, implemented in accordance
with some embodiments.
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[0019] FIG. 4 illustrates a flow chart of an automated shim-
ming method, implemented in accordance with some
embodiments.

[0020] FIG. 5 illustrates a flow chart of another automated
shimming method, implemented in accordance with some
embodiments.

[0021] FIG. 6 illustrates a flow chart of an example of an
aircraft production and service methodology, implemented in
accordance with some embodiments.

[0022] FIG. 7 illustrates a block diagram of an example of
an aircraft, implemented in accordance with some embodi-
ments.

DETAILED DESCRIPTION

[0023] In the following description, numerous specific
details are set forth in order to provide a thorough understand-
ing of the presented concepts. The presented concepts may be
practiced without some or all of these specific details. In other
instances, well known process operations have not been
described in detail so as to not unnecessarily obscure the
described concepts. While some concepts will be described in
conjunction with the specific examples, it will be understood
that these examples are not intended to be limiting.

[0024] Conventional techniques for implementing shims in
a manufacturing or assembly environment remain limited
because they are not able to effectively generate the appro-
priate measurement data for large structures which may be
involved in the assembly process. As discussed herein, large
structures may include large components which are included
in large vehicles. For example, a large structure may be a wing
of an airplane, or a component of the wing, such as a surface
panel of the wing. Large structures may have dimensions in
excess of 100 feet. In the example of an airplane wing, a
structure or component may have dimensions of 110 feet by
20 ft. or more. Due to the extensive size of such structures,
conventional techniques for implementing shims typically
include manual collection of dimensional measurements fol-
lowed by manual calculation of dimensions of shims based on
various different measurements. Such a manual process may
be time consuming, could potentially introduce human error,
and may utilize a significant portion of floor space in an
assembly process.

[0025] Various embodiments disclosed herein provide for
the automated predictive shimming of large structures. In
some embodiments, a remote device, such as a remote drone,
may navigate one or more surfaces of a large structure and
may collect various measurements that may be used to gen-
erate dimensions for all shims required at an interface of the
large structure. In various embodiments, the remote device
may be communicatively coupled to a base device that may be
configured to monitor and track the location of the remote
device. In some embodiments, the operation of both the
remote device and the base device may be controlled by a
controller device. Accordingly, the controller device may
guide the remote device and base device along designated
paths to obtain measurement data capable of being used to
determine the appropriate dimensions for shims for the large
structure. In this way, the measurement data may be generated
automatically and as a single contiguous acquisition process,
thus resulting in the fast and efficient acquisition of data as
well as a high level of accuracy in the data itself. Moreover,
the measurement data may be integrated with existing engi-
neering data that describes or characterizes specification
designs of the structure. Thus, the engineering data may be
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updated to reflect the most recent and accurate measurement
data. As will be described in greater detail below, various
embodiments disclosed herein may provide for various other
aspects, such as the placement of the shims, the placement of
other parts, and/or various other tooling operations such as
drilling and/or cleaning.

[0026] FIG. 1A illustrates a diagram of an example of an
automated shimming system, implemented in accordance
with some embodiments. Automated shimming systems as
disclosed herein, such as system 100, may be configured to
automatically scan and measure various surfaces and inter-
faces of a large structure and/or components of the large
structure to determine the precise dimensions of gaps that
may be present at such interfaces, as well as the appropriate
dimensions of shims that may be manufactured and used to
fill the gaps and ensure proper mechanical coupling among
components of the large structure. Furthermore, as will be
discussed in greater detail below, system 100 may be further
configured to determine that no gap exists and no shim should
be manufactured. In this way, system 100 may be imple-
mented to determine the dimensions of the shims efficiently
and accurately for any suitable large structure.

[0027] As similarly discussed above, an automated shim-
ming system such as system 100 may be implemented with
one or more large structures in a manufacturing or assembly
environment which may include the assembly of a large
vehicle, such as an aircraft. For example, system 100 may be
implemented with an airplane wing, such as wing 102. In this
example, wing 102 is being assembled from various interior
and exterior components such as rib 103 and an exterior
surface such as upper panel 104. As similarly discussed
above, components such as rib 103 and upper panel 104 may
be joined or mechanically coupled at an interface or joint
which may include several attachment points. However, at
this interface and its associated attachment points, there may
be a gap or space between the parts or structures. In some
embodiments, there may be several gaps at difterent locations
along the interface between rib 103 and upper panel 104. As
will be discussed in greater detail below, various components
of system 100 may be configured to automatically determine
the appropriate dimensions for shims that may fill the gaps
and ensure proper mechanical coupling between rib 103 and
upper panel 104.

[0028] Asillustrated in FIG. 1A, wing 102 is in the process
of being assembled, and upon completion would be covered
by surface panels. Furthermore, while FIG. 1A illustrates an
aircraft wing, system 100 may be implemented with any
suitable large structure. For example, system 100 may be
implemented with other portions of the aircraft, such as a
fuselage section or empennage section. Furthermore, system
100 may be implemented with assembly or manufacturing
environments associated with other types of vehicles, such as
boats, commercial ships, trains, cars, and trucks.

[0029] In various embodiments, system 100 may include
remote device 110. According to some embodiments, remote
device 110 may be a remotely controlled vehicle capable of
free movement in the assembly environment. For example,
remote device 110 may include a propulsion system which
enables the movement of remote device 110. Moreover, the
propulsion system may be movable or configurable to enable
six degrees of freedom within the three-dimensional space of
the assembly environment. In one example, remote device
110 may be an aerial drone. As discussed in greater detail
below with reference to FIG. 2A and FIG. 2B, remote device

Jul. 21, 2016

110 may be an aerial drone that includes a propulsion system
that includes various propulsion devices, such as propellers or
thrusters.

[0030] In various embodiments, remote device 110 is con-
figured to navigate various measurement paths along a large
structure, such as wing 102, or a component of a large struc-
ture, such as rib 103. As will be discussed in greater detail
below, the paths may be determined or delineated by inter-
faces between components of the large structure. Accord-
ingly, a path associated with the remote device may represent
an interface between components or structures for which
measurements should be made to determine the appropriate
dimensions of shims for that interface. Moreover, the bound-
aries ofthe paths may be determined by controller device 111.
In some embodiments, as will be discussed in greater detail
below, remote device 110 may be communicatively coupled
to controller device 111 via a wireless communications link,
or any other suitable communications modality. In various
embodiments, remote device 110 may be further configured
to sample or obtain several measurements along each path.
For example, remote device 110 may be configured to fly
along a path which represents an interface between rib 103
and upper panel 104. Remote device 110 may be configured
to take various measurements identifying structural dimen-
sions of a surface of rib 103. Accordingly, remote device 110
may include a sensor device, such as sensor device 112, which
may be configured to accurately measure a surface topology
of' a component or structure that is the subject or target of a
particular scanning or measurement path. As discussed in
greater detail below, sensor device 112 may be a sensor device
that mechanically couples with a surface of the large struc-
ture, such as a ball or tracking ball. In some embodiments,
sensor device 112 may be a sensor device that does not
mechanically couple with the surface of the large structure,
such as a laser scanning tool.

[0031] While various embodiments herein describe a mea-
surement path associated with a large structure such as a
wing, and portions of the large structure such as a rib and
upper or lower surface or panel, various measurement paths
associated with other parts and structures may be imple-
mented as well. For example, measurement paths may be
implemented to acquire measurements associated with inter-
faces between ribs and spars included in a large structure,
such as a wing section. Moreover, measurement paths may be
implemented to acquire measurements associated with inter-
faces between spars and upper or lower surfaces or panels of
the large structure. Further still, measurement paths may be
implemented to acquire measurements associated with joints
or interfaces in fuselage sections of an airplane as well as
empennage sections.

[0032] According to some embodiments, remote device
110 may include various communications interfaces which
enable communication with other components of system 100.
For example, remote device may include a communications
interface that may be configured to transmit and receive data
to and from base device 106 and controller device 111. As
similarly discussed above, the transmission and reception of
data may be via a wireless communications link. In this way,
data may be sent to and from remote device 110 thus enabling
another component of system 100, such as controller device
111, to control the operation of remote device 110 and control
the progression of remote device 110 along a particular scan-
ning path. In various embodiments, the communications
interfaces may be wireless communications interfaces, thus
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enabling wireless communication among components of sys-
tem 100. Furthermore, according to some embodiments,
remote device 110 may further include a power source, such
as a battery supply. In various embodiments, remote device
110 may be coupled or tethered to an external power source
via a flexible power cable.

[0033] While various embodiments, disclosed herein have
described remote device 110 within the context of generating
measurement data, various other contexts are also disclosed
herein. For example, remote device 110 may be configured to
carry a payload, such as a part. Thus, remote device 110 may
be configured to place parts, such as shims, along a particular
path. Furthermore, remote device 110 may be configured to
include various tools and may be configured to perform vari-
ous tooling operations, such as drilling and cleaning. Thus,
remote device 110 may be configured to perform tooling
operations, such as drilling holes, along a particular path.

[0034] System 100 may also include base device 106. In
various embodiments, base device 106 may be configured to,
among other things, provide various support functionalities
for remote device 110. For example, base device 106 may be
configured to include support platform 117 upon which
remote device 110 may land and take off from to execute a
scanning protocol among one or more measurement paths.
Furthermore, base device 106 may include a tracking system
or device, such as tracking device 108, which may be config-
ured to monitor and record positional data associated with
remote device 110. Accordingly, as discussed in greater detail
below with reference to FIG. 3, base device 106 may be
configured to track a specific position of remote device 110
and log positional data identifying the position or location of
remote device 110. As similarly discussed above with refer-
ence to remote device 110, base device 106 may include
various communications interfaces that enable communica-
tion with other components of system 100, such as controller
device 111. Furthermore, the communications interfaces
included in base device 106 may be wireless communications
interfaces, thus enabling wireless communication between
components. As discussed in greater detail below, while con-
troller device 111 has been shown as a separate computing
device, according to some embodiments, controller device
111 may be included in and integrated with base device 106.
Accordingly, controller device 111 may be an internal com-
ponent of base device 106, and a communications interface
might not be included or may be an internal communications
bus.

[0035] In various embodiments, base device 106 may
include its own propulsion system. Accordingly, base device
106 may include a mobile platform capable of movement
independent of remote device 110. For example, base device
106 may include several wheels that enable omnidirectional
movement along a surface of the assembly or manufacturing
environment. In this way, base device may be configured to
navigate to various different scanning or measurement loca-
tions along a movement path which may circumnavigate a
large structure that is being scanned. As will be discussed in
greater detail below, base device 106 may navigate to the
various different scanning or measurement locations based on
available metrology data and/or a determined relationship
between base device 106 and one or more landmarks or
targets, such as landmark 118. In one example, base device
106 may navigate to a first position along a movement path,
launch remote device 110 to obtain measurements along a
measurement path, retrieve remote device 110, and subse-
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quently move to a second position along the movement path.
In this way, base device 106 may launch remote device 110 to
obtain measurements from several different locations around
a large structure, such as wing 102.

[0036] System 100 may further include controller device
111. In various embodiments, controller device 111 may be a
data processing device or system configured to control the
operation of other components of system 100, such as remote
device 110 and base device 106. While controller device 111
is shown as a separate data processing device, a controller
device may be implemented within base device 106 as an
on-board component, such as controller device 107. In some
embodiments, controller device 111 or 107 may be a data
processing device that includes a processing unit and associ-
ated storage devices. For example, the processing unit may
include one or more central processing units (CPUs) config-
ured to retrieve and analyze various data associated with wing
102, remote device 110, and base device 106, such as engi-
neering data and metrology data. Thus, in some embodi-
ments, the CPU may be an application-specific processor
configured or customized for the processing of spatial data
associated with large structures. Furthermore, the storage
devices may include any hardware component capable of
storing information, such as data, program code in functional
form, and/or other suitable information either on a temporary
basis and/or a permanent basis. The storage devices may
include memory which may be, for example, a random access
memory or any other suitable volatile or non-volatile storage
device. In some embodiments, the storage devices may be
persistent and non-transitory storage devices that may
include, for example, one or more components or devices
such as a hard drive, a flash memory, a rewritable optical disk,
or some combination of the above. The storage devices may
be configured to store data generated and retrieved by the
processing unit. It will be appreciated that while many fea-
tures are subsequently described with reference to controller
device 111, embodiments including controller device 107 are
configured to have similar features as well.

[0037] Accordingly, controller device 111 may be config-
ured to receive positional data from base device 106, deter-
mine a measurement path for remote device 110, as well as
generate and provide command and control data to remote
device 110 that configures remote device 110 to follow the
measurement path. In some embodiments, controller device
111 may be configured to determine the measurement path
based, at least in part, on engineering data associated with the
large structure that is being scanned.

[0038] Insomeembodiments, the engineering data may be
previously generated design or schematic data. For example,
the engineering data may include various three-dimensional
data derived from a computer-assisted design (CAD) model
of' the large structure. The engineering data may be retrieved
by controller device 111, and controller device 111 may be
configured to generate one or more measurement paths based
on the engineering data. For example, controller device 111
may be configured to retrieve engineering data, discussed in
greater detail below, and may be further configured to deter-
mine or calculate a vector identifying a shortest path between
the current location of remote device 110 and each measure-
ment point of several designated measurement points. In
some embodiments, the designated measurement points may
have been previously identified or flagged by a designer or
other worker, and included in the engineering data. Thus, the
calculated vector may be a shortest path through three-dimen-
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sional space that is generated or configured based on available
data about the structure and/or shape of the large structure
itself. In this way, the measurement path may be the shortest
path available with no blockage of a line of sight between
remote device 110 and based device 106 for each measure-
ment point included in the measurement path. According to
some embodiments, controller device 111 may be communi-
catively coupled with a data store such as engineering data
store 115 which may be configured to store the engineering
data associated with the large structure. In some embodi-
ments, data store 115 may include one or more storage media
or a database system. Controller device 111 may be config-
ured to identify and retrieve the relevant engineering data
from data store 115.

[0039] In various embodiments, controller device 111 may
be further configured to generate and provide command and
control data to base device 106. For example, controller
device 111 may be configured to generate command and
control data that configures base device 106 to follow a move-
ment path around a large structure, and complete a scanning
protocol at each of several locations along the movement
path. In some embodiments, controller device 111 may deter-
mine the command and control data associated with the
movement path based, at least in part, on metrology data that
identifies a position or location of one or more components of
system 100 within the assembly or manufacturing environ-
ment. In some embodiments, system 100 may include a
metrology system or device, such as metrology device 114,
which may be configured to monitor and log a position of
different components within an assembly environment,
which may be a factory or warehouse. For example, metrol-
ogy device 114 may include at least part of a global position-
ing system (GPS) which may include a central transmitter.
The central transmitter may be configured to communicate
with various receivers coupled to components on the factory
floor. For example, a first receiver may be included in or
coupled with base device 106, and a second receiver may be
coupled to or included in wing 102. In this way, metrology
device 114 may periodically query the receivers to generate
metrology data that includes one or more data values identi-
fying the position of components of system 100, such as base
device 106, and wing 102.

[0040] In various embodiments, controller device 111 may
be configured to identify a movement path and generate the
command and control data based, at least in part, on the
metrology data. In some embodiments, controller device 111
may generate the movement path and command and control
data associated with the movement path based on available
engineering data as well as metrology data. For example, as
previously discussed, controller device 111 may generate a
measurement path based designated measurement points
included in engineering data that defines, describes, or other-
wise characterizes the structure of a large structure, such as
wing 102. In this example, controller device 111 may be
configured to determine that, for a particular measurement
path or set of designated measurement points, base device
106 should be moved to establish a line of sight with the
measurement path. Controller device 111 may be configured
to determine the ideal position of base device 106 based on
the engineering data. For example, based on the CAD model
data included in the engineering data, controller device 111
may identify a position or location that has an unobstructed
line of sight with each designated measurement point in a
particular measurement path. Controller device 111 may be

Jul. 21, 2016

further configured to determine the current location of base
device 106 based on metrology data, and determine a shortest
path between the current location of base device 106 and the
determined ideal location. The shortest path may be used as a
movement path. In various embodiments, metrology device
114 may be communicatively coupled with a data store such
as metrology data store 116 which may be configured to store
the metrology data associated with the large structure and the
manufacturing environment. In some embodiments, data
store 116 may include one or more storage media or a data-
base system.

[0041] According to some embodiments, controller device
111 may be further configured to determine dimensions of
shims based on the measurement data generated by base
device 106 and remote device 110. As will be discussed in
greater detail below with reference to FIG. 1B and FIG. 5,
controller device 111 may be configured to compare measure-
ment data of a first surface, which may be rib 103, with
measurement data of a second surface, which may be upper
panel 104, and/or the engineering data to determine a distance
between the first and second surface, and further determine an
appropriate thickness of a shim that should be placed between
the first surface and the second surface. In this way, controller
device 111 may be configured to retrieve and process various
data from system 100 to determine dimensions of shims for
each gap in each interface that has been scanned.

[0042] While FIG. 1A illustrates system 100 as including a
single remote device and a single base device, various
embodiments disclosed herein disclose the use of numerous
remote devices and numerous base devices. For example,
during the acquisition of measurement data for a large struc-
ture, such as wing 102, several remote devices and several
base devices may be used to scan different measurement
paths simultaneously. Moreover, a single controller device
may control the operation of the multiple based devices and
their associated remote devices. Further still, several control-
ler devices may be implemented in tandem to control the
multiple base devices and their associated remote devices to
acquire measurement data for a structure.

[0043] FIG. 1B illustrates an example of an interface
between structures, implemented in accordance with some
embodiments. As similarly discussed above, an interface may
exist between two structures in an assembly environment,
such as assembly environment 120. For example, first struc-
ture 122 may be coupled to second structure 124 via an
interface, such as interface 125. In some embodiments, first
structure 122 and second structure 124 may be components or
structures included in a large vehicle structure, such as an
airplane wing. For example, first structure 122 may be an
internal component, such as a rib, and second structure 124
may be a lower surface of the airplane wing.

[0044] In various embodiments, surfaces that form inter-
face 125 may include several structural features configured to
provide increased coupling between first structure 122 and
second structure 124, as well as additional structural support
for each respective structure. For example, second structure
124 may be coupled to several structural members which may
be longerons, stiffeners, or stringers, such as stringer 128,
which may attached or coupled to an internal surface of
second structure 124 which, in this example, may be the lower
surface of an airplane wing. Moreover, first structure 122 may
include several portions or areas which may be configured to
conform to and couple with the stringers. Accordingly, inter-
face 125 may be defined by the coupling between first struc-
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ture 122 and second structure 124, as well as the surfaces and
stringers of each respective structure.

[0045] As shown in FIG. 1B, first portion 130 of interface
125 may be flush and may have no gap or distance between
first structure 122 and second structure 124. However, other
portions, such as second portion 132 may not be flush and
may have a gap or space, such as gap 134. As similarly
discussed above, to ensure sufficient coupling between first
structure 122 and second structure 124, gap 134 may be filled
with a shim that is configured to fill gap 134 with a material,
such as metal. As will be discussed in greater detail below, one
or more system components may be configured to utilize
remote devices and sensor devices to measure dimensions
and features of first structure 122 and second structure 124,
and may be further configured to determine shim dimensions
to fill any gaps between the two structures. Moreover, one or
more system components may be further configured to manu-
facture the shims and place them in the gaps to ensure
mechanical coupling between the structures.

[0046] FIG. 2A illustrates a diagram of an example of a
remote device as described in FIG. 1A, implemented in accor-
dance with some embodiments. As similarly discussed above,
remote device 200 may be configured to navigate one or more
measurement paths corresponding to components of a large
structure to obtain several measurements of the surface of the
components. As shown in FIG. 2A, remote device 200 may
include a housing, such as housing 202 which may provide
structural support for various components of remote device
200 and may house various components as well, such as
wireless communications interfaces and control software and
hardware.

[0047] In various embodiments, remote device 200 may
further include various propulsion devices, such as propul-
sion device 204, which may be configured to generate lift and
rotate in orientation to provide remote device six degrees of
freedom when moving through three-dimensional space. In
some embodiments, propulsion device 204 may include a
propeller, such as propeller 205. As shown in FIG. 2A, remote
device 200 includes four propulsion devices, but any suitable
number may be used. For example, remote device 200 may be
configured to include two propulsion devices or even six
propulsion devices.

[0048] According to some embodiments, remote device
200 may include a sensor device 206 which may be config-
ured to generate one or more measurements of a surface of a
large structure. For example, sensor device 206 may include
ball 207 that freely rotates around an axis of motion. Ball 207
may further include reflective device 208 which may be a
reflective prism or a cluster of mirrors. In various embodi-
ments, reflective device 208 may be configured to reflect a
laser beam that may originate from a tracking device included
in a base device associated with remote device 200. Thus, as
discussed in greater detail below with reference to FIG. 3, the
laser tracking system of the base device may be configured to
monitor a location of reflective device 208. If sensor device
206 is in contact with a surface of a large structure, a control-
ler or controller device may be configured to use a known
radius of ball 207 to calculate a position of the surface itself,
and obtain a measurement at that position. In some embodi-
ments, ball 207 may be made of any suitable lightweight
material and may have a diameter of between about 1 inch and
1.5 inches. In some embodiments, ball 207 may have a
smaller diameter for more detailed measurements and feature
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scanning and/or for smaller operational spaces and areas. For
example, ball 207 may have a diameter of about 0.5 inches.
[0049] In various embodiments, sensor device 206 may be
coupled to housing 202 via coupling device 210 which may
be configured to enable removable coupling between sensor
device 206 and housing 202. For example, coupling device
210 may include a latch or magnetic interface including mag-
nets on mating surfaces that allow sensor device 206 to be
coupled to housing 202 or removed from housing 202. More-
over, coupling device 210 may include a compressible por-
tion that is configured to be partially compliant in a particular
axis of motion. In various embodiments, coupling device 210
may include a linear bearing and spring configured to have a
compliance or spring constant sufficient to maintain physical
or mechanical coupling with a surface of the large structure
when measurements are being acquired. In some embodi-
ments, coupling device 210 may include an elastic material
such as a rubber-band or foam rubber. In various embodi-
ments, coupling device 210 may include a telescoping
mechanism such as a four-bar-linkage. Thus, pressure applied
to sensor device 206 which may occur, for example, as a result
of'contact with a surface of a structure, may temporarily cause
compression of the compressible portion and movement of
sensor device 206 relative to housing 202. The compression
may be terminated and sensor device 206 may return to a
resting position when contact with the surface is no longer
present.

[0050] While FIG. 2A illustrates one example of remote
device 200 that includes one ball, various embodiments dis-
closed herein disclose the use of numerous balls. For
example, sensor device 206 may include two balls or three
balls which may each include a reflective device capable of
being monitored and tracked to generate measurement data.
Accordingly, coupling device 210 may be configured to
couple numerous balls to housing 202.

[0051] FIG. 2B illustrates a diagram of another example of
a remote device as described in FIG. 1A, implemented in
accordance with some embodiments. As similarly discussed
above, remote device 220 may be configured to navigate one
or more measurement paths corresponding to interfaces of
components of a large structure to obtain several measure-
ments of the surface of the components. As similarly dis-
cussed above with reference to FIG. 2A, remote device 220
may include a housing, propulsion devices, and a sensor
device, such as sensor device 222. As shown above in FIG.
2A, a sensor device may be coupled to the underside of a
remote device. When configured in this way, the remote
device may be configured to obtain measurements of a sur-
face that is beneath the remote device, which may be, for
example, when the remote device is hovering or flying over a
top surface of an exposed rib. However, as shown in FIG. 2B,
asensor device may also be coupled to the top side of aremote
device, such as remote device 220. When configured in this
way, remote device 220 may be configured to obtain mea-
surements of a surface that is above remote device 220, such
as a bottom surface of the rib. As shown in FIG. 2B, remote
device 220 may include coupling device 224 which, as simi-
larly discussed above with reference to coupling device 210,
may provide removable coupling and compliance between
the housing of remote device 220 and sensor device 222.
[0052] Moreover, as discussed in greater detail below, cou-
pling device 224 may be coupled to a rotating mechanism that
extends around a portion of the housing of remote device 220.
For example, a rotating collar may extend around a center
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point of the housing and may be configured to rotate 360
degrees. When configured in this way, the angular position of
sensor device 222 relative to the housing may be changed
dynamically to adjust to component surfaces that may have
varying orientations.

[0053] FIG. 2C illustrates a diagram of an example of a
remote device as described in FIG. 1A having a rotatable arm,
implemented in accordance with some embodiments. As
similarly discussed above, a remote device, such as remote
device 230, may include a rotating mechanism, such as rotat-
ing mechanism 232, that may be configured to change the
position of a sensor device, such as sensor device 238. In
some embodiments, rotating mechanism 232 may be config-
ured to rotate in response to one or more inputs received at
remote device 230 from a base unit and/or controller device.
For example, rotating mechanism 232 may include one or
more mating geared parts, such as a first geared wheel and a
second geared wheel. The second geared wheel may be
coupled to a mechanical device configured to rotate the sec-
ond geared wheel, such as servo actuator 234. Thus, rotation
of'the second geared wheel caused by servo actuator 234 may
cause the first geared wheel to rotate. In some embodiments,
the first geared wheel may be coupled to one or more other
components, such as mechanical arm 236, and may cause
mechanical arm 236 to rotate. In this way, a position of a
coupling device, such as coupling device 237, and sensor
device 238 which may be coupled to mechanical arm 236,
may be changed or modified to scan different surfaces having
different orientations. Furthermore, remote device 230 may
further include sensor device 239 which may be a second
sensor device, or may be a counter weight configured to
balance a load associated with sensor device 238.

[0054] FIG. 2D illustrates a diagram of another example of
a remote device as described in FIG. 1A having a rotatable
arm, implemented in accordance with some embodiments. As
similarly discussed above with reference to FIG. 2C, remote
device 240 may include rotating mechanism 242 which may
be coupled to mechanical arm 244. In some embodiments,
mechanical arm 244 may be coupled to coupling device 246
and sensor device 248. In some embodiments, rotating
mechanism 242, mechanical arm 244, and sensor device 248
may be oriented in a first orientation. When configured in the
first orientation, sensor device 248 may be configured to scan
surfaces that may be in front of and/or behind remote device
240. Accordingly, when in the first orientation, remote device
240 may be configured to scan surfaces that may have a
relatively vertical orientation, such as a vertical stabilizer of
an empennage section of an airplane.

[0055] FIG. 2E illustrates a diagram of yet another example
of'a remote device as described in FIG. 1A having a rotatable
arm, implemented in accordance with some embodiments. As
similarly discussed above with reference to FIG. 2C, remote
device 250 may include rotating mechanism 252 which may
be coupled to mechanical arm 254. As similarly discussed
above, mechanical arm 254 may be further coupled to cou-
pling device 256 and sensor device 258. In some embodi-
ments, rotating mechanism 252, mechanical arm 254, and
sensor device 258 may be oriented in a second orientation.
When configured in the second orientation, sensor device 258
may be configured to scan surfaces that may be above and/or
beneath remote device 250. Accordingly, when in the second
orientation, remote device 250 may be configured to scan
surfaces that may have a relatively horizontal orientation,
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such as a horizontal stabilizer of an empennage section, or
various surfaces of components of an airplane wing.

[0056] FIG. 3 illustrates a diagram of an example of a base
device as described in FIG. 1A, implemented in accordance
with some embodiments. As similarly discussed above, an
automated shimming system, such as system 300, may
include various components, such as base device 304 and
remote device 306, which may be configured to acquire mea-
surement data for the manufacture and placement of shims.
FIG. 3 illustrates an example of communicative coupling
between remote device 306 and base device 304 that enables
base device 304 to track the location and position of remote
device 306, and generate measurement data based on such
tracking FIG. 3 further illustrates a propulsion system, such
as base propulsion system 308, which may be configured to
move base device 304 along a movement path to different
scanning locations. In some embodiments, base propulsion
system 308 may include several wheels that may be powered
by an on-board power source. Furthermore, base device 304
may include landing platform 307 which may be configured
to provide a landing and takeoft point for remote device 306.

[0057] In various embodiments, base device 304 may
include a tracking device or system such as tracking device
302. In one example, tracking device 302 is a laser tracking
device. In various embodiments, the use of a laser tracking
device enables long range data acquisition from remote
device 306. Furthermore, the use of a laser tracking system
enables the payload to be relatively light because just a reflec-
tive device is used. Accordingly, tracking device 302 may
include a laser and may be configured to move and/or angle
the laser responsive to movement of remote device 306 to
maintain a line of sight, such as line of sight 305, between the
laser and a reflective device included in remote device 306.
Based on the angle and elevation of the laser as well as range
information, tracking device 302 may generate positional
data that identifies where in a coordinate system remote
device 306 is relative to base device 304. Thus, positional data
identifying the position of remote device 306 may be refer-
enced to the position of base device 304.

[0058] Furthermore, in some embodiments, base device
304 may be further configured to reference its own position or
location based on available metrology data and a relationship
between base device 304 and one or more landmarks or
targets included in the assembly environment. For example,
base device 304 may be configured to determine a distance
between base device 304 and several targets placed within the
assembly environment at predetermined known locations. In
some embodiments, base device 304 may determine such
distances by using range information that may be provided by
tracking device 302. Based on the relative distances between
base device 304 and the targets, base device 304 may deter-
mine, by for example triangulation, its location within the
assembly environment. In some embodiments, the targets or
landmarks may be used to establish a general or rough
approximation of a location, and such a position may be
refined based on detailed feature information received from
remote device 306. For example, remote device 306 may scan
and identify specific features of the large structure, and base
device 304 may be configured to correlate the scanned fea-
tures with a location identified in the engineering data. Base
device 304 may be further configured to infer its own location
based on its distance and spatial relationship with the scanned
feature. In various embodiments, base device 304 may store
and maintain the positional data and/or may transmit this data
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to a controller device for further analysis. In particular
embodiments, the generated positional data may be measure-
ment data when such data is generated during a measurement
path at a measurement point, as will be discussed in greater
detail below with reference to FIG. 5.

[0059] FIG. 4 illustrates a flow chart of an automated shim-
ming method, implemented in accordance with some
embodiments. As similarly discussed above, an automated
shimming system may include various components config-
ured to acquire measurement data for the manufacture and
placement of shims. Thus, automated shimming systems as
disclosed herein may be implemented as part of a data acqui-
sition method or process that may include the collection of
measurement data that describes or characterizes gaps
between components of a large structure, and the subsequent
processing of that measurement data to generate shim dimen-
sions characterizing dimensions of shims that should be
manufactured to fill the gaps between components.

[0060] Accordingly, method 400 may commence at opera-
tion 402, during which a remote device may be moved along
a first path relative to a first structure. As similarly discussed
above, the first path may be identified based on engineering
data associated with the first vehicle structure and may cor-
respond to an interface between components of a large struc-
ture, such as a wing of an airplane.

[0061] Method 400 may proceed to operation 404, during
which a first plurality of measurements may be generated
along the first path. In some embodiments, the first plurality
of measurements may be associated with a first plurality of
measurement points along the first path. Thus, in addition to
determining a measurement path for the remote device, a
system component, such as a controller device, may identity
several measurement points at which measurements should
be taken. These measurement points may correspond to par-
ticular points along an interface between components that
includes the first vehicle structure. For example, the measure-
ment points may correspond to attachment points or locations
where fasteners may be used. As previously discussed, the
measurement points may be identified based on one or more
data values included in the engineering data. In some embodi-
ments, the first plurality of measurements may identify at
least one structural dimension of a first surface of the first
vehicle structure. Thus, the measurements may identify a
depth or height of a particular feature in the surface of the
structure as well as its exact location relative to the remote
device and its corresponding base device.

[0062] Method 400 may proceed to operation 406, during
which measurement data may be generated based on the first
plurality of measurements. In some embodiments, the mea-
surement data may be generated by a base device that is
communicatively coupled to the remote device. Accordingly,
the base device may package, in a data object, the measure-
ments acquired during the remote device’s scan of the first
path. The data object may be stored, or may be transmitted to
another system component, such as a controller device, for
subsequent analysis.

[0063] Method 400 may proceed to operation 408, during
which at least one shim dimension associated with the first
surface of the first vehicle structure may be determined. In
some embodiments, the at least one shim dimension may be
determined by the controller device, and may be determined
based, at least in part, on the measurement data. As will be
discussed in greater detail below with reference to FIG. 5, the
controller device may compare the received measurement
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datato other measurement data or to existing engineering data
to identify measurement points that have gaps. The controller
device may then calculate the appropriate dimensions of
shims for each measurement point that is determined to have
a gap.

[0064] FIG. 5 illustrates a flow chart of another automated
shimming method, implemented in accordance with some
embodiments. As similarly discussed above, an automated
shimming system may include various components config-
ured to acquire measurement data for the manufacture and
placement of shims. In various embodiments, measurement
data may be acquired for numerous different measurement
paths from numerous different scanning locations. Thus, a
data acquisition method or process may include the collection
of measurement data that describes or characterizes gaps
between interfaces between several or all components of a
large structure. In this way, all measurement data utilized for
the production of shims for a large structure may be collected
in a single data acquisition process or method.

[0065] Accordingly, method 500 may commence with
operation 502 during which a remote device may be moved
along a measurement path relative to a vehicle structure. As
similarly discussed above with reference to FIG. 4, the path
may be identified based on engineering data associated with
the vehicle structure and may correspond to an interface
between components of a large structure. In various embodi-
ments, the path may be identified by a controller device, and
command and control data may be transmitted to the remote
device to control the movement of the remote device along the
measurement path currently being scanned.

[0066] Method 500 may proceed to operation 504 during
which a plurality of measurements may be generated along
the measurement path. As similarly discussed above, the plu-
rality of measurements may be associated with a plurality of
measurement points which may be determined by the con-
troller device. In some embodiments, the measurement points
may be designated points at which the remote device pauses
and stabilizes itself to eliminate errors that might otherwise
be introduced by motion of the remote device. Accordingly, a
measurement may be made at each measurement point in
which the base device records the position of the remote
device and the sensor device that may be attached or coupled
to the remote device.

[0067] As previously discussed above, the sensor device
may be a ball, such as a tracking ball, that may include a
reflective device. Accordingly, during the scanning of the
measurement path, the remote device may be positioned to
place the sensor device within a designated distance of a
surface that is to be scanned. For example, the sensor device
may be placed in contact with the surface, and may be
mechanically coupled with the surface via the physical con-
tact between the surface and the sensor device. The remote
device may proceed along the measurement path and drag or
roll the ball of the sensor device along the path. Variations in
the height, depth, and other features of the surface may cause
refraction and/or compression of the coupling device of the
remote device, as well as corresponding variations in the
position of the reflective device. Such variations may be mea-
sured and recorded at the designated measurement points and
stored by the base device or other system component, such as
the controller device.

[0068] Method 500 may proceed to operation 506 during
which it may be determined whether or not additional mea-
surement paths should be measured. In some embodiments,
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such a determination may be made based on a scanning pro-
tocol that has been generated by the controller device. As
similarly discussed above, the measurement paths may have
been determined by the controller device based on an analysis
of measurement points included in the engineering data. In
some embodiments, one or more data values identifying each
of'the measurement paths may be stored in a data object, and
the scanning protocol may progress through the measurement
paths in an ordered fashion. If it is determined that no addi-
tional measurement paths should be measured, method 500
may proceed to operation 512, which is discussed in greater
detail below. However, if it is determined that additional
measurement paths should be measured, method 500 may
proceed to operation 508.

[0069] Accordingly, during operation 508 it may be further
determined whether or not the base device should be moved.
In some embodiments, movement of the base device may
facilitate the scanning and measurement of different mea-
surement paths that might not otherwise be accessible. For
example, if the base device includes a tracking device that is
a laser tracking device, then the line of sight between the base
device and the additional measurement paths may be blocked
by other portions of the large structure, or other objects that
may be present in the assembly environment. Accordingly,
the base device may be moved to a location where the line of
sight is not blocked. As similarly discussed above, a determi-
nation of whether or not to move the base device may be made
based on a scanning protocol that has been generated by the
controller device based on available engineering data and/or
metrology data.

[0070] Ifitis determined that the base device should not be
moved, method 500 may return to operation 502 and a differ-
ent measurement path may be scanned and measured. Insome
embodiments, the different measurement path may be for a
different interface between components than was previously
measured. In various embodiments, the different measure-
ment path may be for a different surface of a different com-
ponent entirely. For example, a first plurality of measure-
ments may be made for a first surface of a first vehicle
structure that may be the top of a rib of an airplane wing. A
second plurality of measurements may then be made for a
second surface of a second vehicle structure that may be the
bottom of an upper surface panel that will be attached to the
top of the rib. In another example, the second plurality of
measurements may be for a second surface corresponding to
a top of a different rib that may be adjacent to the previously
measured rib.

[0071] Returning to operation 508, if it is determined that
the base device should be moved, method 500 may proceed to
operation 510. In various embodiments, during operation
510, the base device may be moved to a next scanning loca-
tion. As similarly discussed above, the scanning locations
may have been designated by the controller device, and the
controller device may control the movement of the base
device to the next scanning location. For example, the con-
troller device may retrieve metrology data from a metrology
device or system. The metrology data may identify a current
location of the large structure, and a current location of the
base device relative to the large structure. The controller
device may also identify a position of the next scanning
location based on available engineering data. The controller
device may map the position to the metrology data and gen-
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erate command and control data that configures the base
device to move from its present location to the position of the
next scanning location.

[0072] As previously discussed with reference to operation
506, once it has been determined that no additional measure-
ment paths should be measured, method 500 may proceed to
operation 512 during which measurement data may be gen-
erated based on the plurality of measurements. As similarly
discussed above, the measurement data may be generated by
the base device or the controller device. Accordingly, one or
more data values identifying the measurements that were
previously taken may be packaged as a data object. The data
object may be stored, or may be transmitted to another system
component, such as a controller device, for subsequent analy-
sis.

[0073] Method 500 may proceed to operation 514 during
which engineering data may be updated based on the mea-
surement data. In various embodiments, a measured struc-
tural dimension of a surface may be different than the struc-
tural dimension that may have been included in the
engineering data, which may be based on a computer model.
Thus, according to some embodiments, a system component,
such as a controller device, may be configured to update the
engineering data with the measurement data. Accordingly,
the data value included in the engineering data may be
replaced with the data value included in the measurement
data.

[0074] Method 500 may proceed to operation 516 during
which shim dimensions may be determined based, at least in
part, on the generated measurement data. As previously dis-
cussed, the shim dimensions may be determined by the con-
troller device. According to various embodiments, the con-
troller device may determine the shim dimensions by
comparing the received measurement data to other measure-
ment data. For example, the received measurement data may
include a first set of measurements identifying surface fea-
tures, such as height, depth, and relative position of a first
surface which may be the top of a rib of an airplane. The
controller device may compare the first set of measurements
with a second set of measurements identifying surface fea-
tures of a second surface which may be the underside of an
upper surface panel that is to be placed on top of the rib. In this
example, the second set of measurements may have also been
included in the measurement data, or may have been previ-
ously measured and stored in a data store. In various embodi-
ments, the location of the measurement points along the first
measurement path will correspond with the placement of the
measurement points of the second measurement path because
the two surfaces are mating surfaces of an interface. Accord-
ingly, the controller device may be configured to calculate the
spatial or dimensional difference between the first surface and
the second surface at each measurement point, as may be
determined based on the difference between their respective
relative positions. If there is no difference, no shim is
required. However, if there is a difference, then the controller
device may determine that a gap exists, and may further
determine that the calculated spatial or dimensional differ-
ence of the gap is the thickness that the shim should have.
Accordingly, the calculated spatial difference may be the
shim dimension. In some embodiments, a shim dimension
may be determined for each measurement point in each mea-
surement path.

[0075] In various embodiments, the controller device may
determine the shim dimension by comparing the received
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measurement data to existing engineering data. Returning to
the previous example, if no second set of measurements is
available, the controller device may approximate them based
on existing structural dimensions included in the engineering
data. The controller device may be configured to calculate the
spatial or dimensional difference between the measurement
data and the engineering data at each measurement point, and
the controller device may calculate spatial or dimensional
differences of the gaps based on the comparison. As similarly
discussed above, the controller device may determine that the
calculated distances are the thicknesses of the corresponding
shims.

[0076] Furthermore, as similarly discussed above, once
shim dimensions have been determined, according to some
embodiments, a plurality of shims having the determined
dimensions may be manufactured. Moreover, in various
embodiments, the automated shimming system may be con-
figured to place the shims at the appropriate locations. Thus,
the remote device may be configured to have a payload bay
that stores a plurality of shims and a remote controlled arm or
manipulator that places the shims. The remote device may
retrace its path along the different measurement paths and
place shims at each previously measured location.

[0077] Embodiments of the disclosure may be described in
the context of an aircraft manufacturing and service method
600 as shown in FIG. 6 and an aircraft 602 as shown in FIG.
7. During pre-production, illustrative method 600 may
include specification and design 604 of the aircraft 602 and
material procurement 606. During production, component
and subassembly manufacturing 608 and system integration
610 of the aircraft 602 takes place. Thereafter, the aircraft 602
may go through certification and delivery 612 in order to be
placed in service 614. While in service by a customer, the
aircraft 602 is scheduled for routine maintenance and service
616 (which may also include modification, reconfiguration,
refurbishment, and so on).

[0078] Each of the processes of method 600 may be per-
formed or carried out by a system integrator, a third party,
and/or an operator (e.g., a customer). For the purposes of this
description, a system integrator may include without limita-
tion any number of aircraft manufacturers and major-system
subcontractors; a third party may include without limitation
any number of venders, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity,
service organization, and so on.

[0079] As shown in FIG. 7, the aircraft 602 produced by
illustrative method 600 may include an airframe 618 with a
plurality of systems 620 and an interior 622. Examples of
high-level systems 620 include one or more of a propulsion
system 624, an electrical system 626, a hydraulic system 628,
and an environmental system 630. Any number of other sys-
tems may be included. Although an aerospace example is
shown, the principles of the invention may be applied to other
industries, such as the automotive industry.

[0080] Apparatus and methods embodied herein may be
employed during any one or more of the stages of the produc-
tion and service method 600. For example, components or
subassemblies corresponding to production process 608 may
be fabricated or manufactured in a manner similar to compo-
nents or subassemblies produced while the aircraft 602 is in
service. Also, one or more apparatus embodiments, method
embodiments, or a combination thereof may be utilized dur-
ing the production stages 608 and 610, for example, by sub-
stantially expediting assembly of or reducing the cost of an
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aircraft 602. Similarly, one or more of apparatus embodi-
ments, method embodiments, or a combination thereof may
beutilized while the aircraft 602 is in service, for example and
without limitation, to maintenance and service 616.

[0081] Although the foregoing concepts have been
described in some detail for purposes of clarity of understand-
ing, it will be apparent that certain changes and modifications
may be practiced within the scope of the appended claims. It
should be noted that there are many alternative ways of imple-
menting the processes, systems, and apparatus. Accordingly,
the present examples are to be considered as illustrative and
not restrictive.

What is claimed is:

1. A system comprising:

a remote device configured to move along a first path
relative to a first structure and, the remote device being
further configured to move a sensor device along a plu-
rality of measurement points included in the first path;

a base device communicatively coupled to the remote
device and configured to identify a position of the sensor
device of the remote device at each measurement point
of the plurality of measurement points, the base device
being further configured to generate measurement data
identifying at least one structural dimension of a first
surface of the first structure; and

a controller device communicatively coupled to each of the
base device and the remote device, the controller device
being configured to control operation of the base device
and the remote device and further configured to deter-
mine at least one shim dimension associated with the
first surface of the first structure, the at least one shim
dimension based on the measurement data.

2. The system of claim 1, wherein the sensor device com-
prises a tracking ball and a reflective device coupled to the
tracking ball, and wherein the base device comprises a track-
ing device configured to be optically coupled with the reflec-
tive device.

3. The system of claim 2, wherein the tracking ball is
configured to mechanically couple with the first surface
responsive to being within a designated distance of the first
surface, wherein the mechanical coupling between the track-
ing ball and the first surface causes at least one change in a
position of the tracking ball, and wherein the tracking device
is configured to identify the change.

4. The system of claim 2, wherein the tracking ball is
coupled to a housing of the sensor device via a mechanical
arm, the mechanical arm being configured to determine a
position of the tracking ball.

5. The system of claim 1, wherein the first surface of the
first structure is included in an interface with a second surface
of a second structure, and wherein the measurement data
further comprises a first plurality of measurements associated
with the first surface and a second plurality of measurements
associated with the second surface.

6. The system of claim 5, wherein the shim dimension is
determined based, at least in part, on the first plurality of
measurements and the second plurality of measurements.

7. The system of claim 1, wherein base device is configured
to move along a second path relative to the first structure, and
wherein movement of the base device is based, at least in part,
on metrology data identifying a first position of the first
structure and a second position of the base device in an
assembly environment.
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8. The system of claim 1, wherein movement of the remote
device is based, at least in part, on engineering data.

9. The system of claim 8, wherein the controller device is
further configured to update the engineering data based on the
generated measurement data.

10. The system of claim 1, wherein the first structure is a
component of a wing of an airplane.

11. A method comprising:

moving a remote device along a first path relative to a first

structure, the first path being identified based on engi-
neering data identifying a plurality of structural dimen-
sions of the first structure;

generating a first plurality of measurements along the first

path, the first plurality of measurements being associ-
ated with a first plurality of measurement points along
the first path, the first plurality of measurements identi-
fying at least one structural dimension of a first surface
of the first structure;

generating measurement data based on the first plurality of

measurements, the measurement data being generated
by a base device communicatively coupled to the remote
device; and

determining at least one shim dimension associated with

the first surface of the first structure based on the mea-
surement data.

12. The method of claim 11, wherein the generating of the
measurement data comprises:

receiving, at the base device, the first plurality of measure-

ments from a sensor device included in the remote
device, the remote device including a tracking ball and a
reflective device.

13. The method of claim 12, wherein the base device
includes a tracking device, and wherein the receiving the first
plurality of measurements comprises:

measuring at least one position of the tracking ball via the

tracking device.

14. The method of claim 11 further comprising:

updating the engineering data based on the generated mea-

surement data.

15. The method of claim 11, wherein the first surface of the
first structure is included in an interface with a second surface
of a second structure.

16. The method of claim 15 further comprising:

generating a second plurality of measurements along a

second path relative to the first structure, the second
plurality of measurements being associated with a sec-
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ond plurality of measurement points along the second
path, wherein the generated measurement data includes
the second plurality of measurements associated with
the second surface of the second structure, and wherein
the shim dimension is determined based, at least in part,
on the first plurality of measurements and the second
plurality of measurements.

17. The method of claim 11, wherein the first structure is a
component of a wing of an airplane.

18. A device comprising:

a first communications interface configured to communi-
cate with a remote device configured to move along a
first path relative to a first structure, the remote device
being further configured to move a sensor device along a
first plurality of measurement points included in the first
path;

a second communications interface configured to commu-
nicate with a base device, the base device being config-
ured to identify a position of the sensor device of the
remote device at each measurement point of the plurality
of measurement points and further configured to gener-
ate measurement data identifying at least one structural
dimension of a first surface of the first structure; and

a controller configured to control movement of the base
device and the remote device via the first and second
communications interfaces, and further configured to
determine at least one shim dimension associated with
the first surface ofthe first structure, the at least one shim
dimension being determined based on the measurement
data.

19. The device of claim 18, wherein the first surface of the
first structure is included in an interface with a second surface
of a second structure, wherein the measurement data includes
a first plurality of measurements associated with the first
plurality of measurement points along the first path and a
second plurality of measurements associated with the second
surface of the second structure, and wherein the controller is
configured to determine the shim dimension based, at least in
part, on the first plurality of measurements and the second
plurality of measurements.

20. The device of claim 18, wherein the first structure is a
component of a wing of an airplane.
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