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are provided for positioning a remote
sensor within a target object. An ar-
ticulated robotic system is coupled to
the remote sensor. A positioning sys-
tem determines a position of the tar-
get object to be inspected and deter-
mines a first position of the remote
sensor. A control system calibrates a
virtual representation of the target
object with respect to the position of
the target object, and tracks move-
ment of the remote sensor relative to
the target object.
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METHODS AND SYSTEMS FOR INSPECTION SENSOR PLACEMENT

TECHNICAL FIELD

[0001] The subject matter described herein relates generally to inspections and more particularly

to methods and systems for placement of inspection sensors.
BACKGROUND

[0002] Known aircraft generally undergo routine inspection of various components. Numerous
aircraft components typically are inspected, and the equipment used to perform such inspections
can vary from component to component depending, for example, on the component type and/or
location. Inspecting at least some components may be difficult because of various spatial
restrictions. For example, access to at least some components may require disassembly of at
least one occluding structure and/or removal of the component prior to inspection. Inspecting

such components may be a tedious and time-consuming task.

[0003] To facilitate inspection of at least some of such components, articulated robot
manipulator arms have been used to position inspection sensors within at least some limited
access areas. Such articulated robot manipulator arms facilitate avoiding disassembly of
portions of the aircraft in connection with performing inspections. Due to joint and link
flexibility and high-degrees of freedom of such robot manipulator arms, accurate, real-time
positioning and orientation tracking of such robot manipulator arms can be difficult. Further,
positioning errors may build up the further down a chain of articulated segments a location is
from a base. As such, the position of the end effector, i.e., the location of an inspection sensor,

generally has the largest errors.
BRIEF DESCRIPTION

[0004] In one aspect, there is provided a method for positioning an inspection sensor within an
aircraft, said method comprising: determining a position of the aircraft using a first
sensordisposed external to the aircraft; calibrating a virtual representation of the aircraft with
respect to the position of the aircraft; determining a first position of the inspection sensor using
the first sensor, wherein the inspection sensor and a positioning sensor are coupled to an
articulating robotic system at an end effector; extending the articulating robotic system through

an access port defined in the aircraft and articulating around at least one landmark within the

S1-
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aircraft such that the inspection sensor and the positioning sensor are positioned in an interior of
the aircraft without disassembly of the aircraft; tracking movement of the inspection sensor
within the aircraft and relative to the aircraft using the positioning sensor; receiving landmark
position information for the at least one landmark within the aircraft; determining a current
position of the inspection sensor when the inspection sensor contacts the at least one landmark;
identifying a position conflict when the determined current position is different than the received
landmark position information; adjusting the determined current position of the inspection
sensor based at least partially on the identified position conflict; and updating a virtual display

of the interior of the aircraft based at least partially on the identified position conflict.

[0005] In another aspect, there is provided a control system for positioning an inspection sensor
within an aircraft, said control system configured to: determine a position of the aircraft using a
first sensor disposed external to the aircraft; calibrate a virtual representation of the aircraft with
respect to the position of the aircraft; determine a first position of the inspection sensor using
the first sensor, wherein the inspection sensor and a positioning sensor are coupled to an
articulating robotic system at an end effector; extend the articulating robotic system through an
access port defined in the aircraft and articulate around at least one landmark within the aircraft
such that the inspection sensor and the positioning sensor are positioned in an interior of the
aircraft without disassembly of the aircraft; track movement of the inspection sensor within the
aircraft and relative to the aircraft using the positioning sensor; receive landmark position
information for the at least one landmark within the aircraft; determine a current position of the
inspection sensor when the inspection sensor contacts the at least one landmark; identify a
position conflict when the determined current position is different than the received landmark
position information; adjust the determined current position of the inspection sensor based at

least partially on the identified position

10907785v1
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conflict; and update a virtual display of the interior of the target object based at least partially on

the identified position conflict.

[0006] In yet another aspect, there is provided a system for positioning an inspection sensor
within an aircraft, said system comprising: an articulated robotic system having an end effector
coupled to the inspection sensor and a positioning sensor, and extendable through an access port
defined in the aircraft such that the inspection sensor and the positioning sensor are positioned in
an interior of the aircraft without disassembly of the aircraft; a positioning system disposed
external to the aircraft and configured to determine a position of the aircraft and to determine a
first position of the inspection sensor; and a control system that calibrates a virtual
representation of the aircraft with respect to the position of the, tracks movement of the sensor
within the aircraft and relative to the aircraft using the positioning sensor, receives landmark
position information of at least one landmark within the aircraft, determines a current position of
the inspection sensor when the inspection sensor contacts the at least one landmark, identifies a
position conflict when the determined current position is different than the received landmark
position information, adjusts the determined current position of the inspection sensor based at
least partially on the identified position conflict, and updates a virtual display of the interior of

the aircraft based at least partially on the identified position conflict.

[0007] The features, functions, and advantages that have been discussed can be achieved
independently in various embodiments of the present invention or may be combined in yet other
embodiments further details of which can be seen with reference to the following description

and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an illustration of an exemplary system that may be used to place and/or

visualize a sensor within a target object being inspected;

[0009] FIG. 2 is an enlarged schematic illustration of a portion of the system shown in FIG. 1;

-2a -
10907785v1



19 Jan 2016

2011258831

[0010] FIG. 3 is an illustration of an exemplary control system that may be used with the system

shown in FIG. 1; and

[0011] FIG. 4 is a flow chart illustrating an exemplary method of positioning a sensor that may

be used with the system shown in FIG. 1.

DETAILED DESCRIPTION

-2b -
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[0012] The subject matter described herein relaies generally to the
inspection of a targst object. More particularly, the subject matter described hersin
relates to methods and systems that facilitate remotely positioning a sensor within 8
target object being inspecied. In one embodiment, a sensor is remotely positionad
within 2 fargel object, and a posilioning sysiem determines a position of the target
obiect and determines a first position of the sensor. A controf system calibrates a virtua!
representation of the targel object with respect to the position of the target object and

tracks movement of the sensor relative o the target object.

[0013] An exemplary technical effect of the methods and systems
described herein includes at least one of: (a) determining a position of the target obiedt
using a first sensor; (b) calibrating a virtlual represeniation of the target object with
respect to the position of the target object; (¢} determining a first position of the ramote
sensor;, (d) determining a second position of the remote sensor relative 1o the first
position of the remote sensor; and {e) tracking movement of the remoie sensor relative
to the target object based on al least the first posilion and the second position of the

remocte sensor.

{0014} As used herein, an element or step recited in the singular and
proceeded with the word "a” or "an” should be undersiood as not excluding plural
elements or steps unless such exclusion is explicitly reciled. Furthermore, references to
‘one embodiment” of the present invention are not intended o be intermpreted as
excluding the exisience of additional embodiments that also incorporate the recited

features.

[0015] FIGS. 1 and 2 illustrate an exemplary system 100 that may be
used to place andior visualize an inspection sensor 102 within a larget object or
structure 104 being inspected. Notably, any type of inspection sensor, such as a non-
destructive inspection (ND1) sensor, that enables system 100 to function as described
herein may be used. In the exemplary embodiment, inspection sensor 102 detects at
least one parameler of structure 104, As such, inspection sensor 102 may be used o
inspect a surface of structure 104 and/or scan data for system 100. Inspsection sensor
102 may be, without limitation, an optical sensor, a camera, an infrared sensor, an

ulirasonic sensor, an eddy current sensor, a vibration sensor, a magnetometer, a laser
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scanner, a temperalure probe, a microphone, a speaker, a capacitance-based gap
measurement meter, an electrical multimeter, a voltage meter, a resistance meler, a
current meter, a conductvity meler, a static charge meter, and/or any combination of

the aforementioned components.

[0016] In the exemplary embodiment, an articulated robotic system 200,
such as a robolic snake system, is coupled 1o inspection sensor 102 o posilion, move,
and/or orient inspection sensor 102 relative o structure 104. In the exemplary
embodiment, articulated robotic systern 200 is a pedestal-mounted robotic snaks
system, also referred to as an elephant trunk robot, includes a mobile base 212 and an
articulated arm 204 exiending from mobile base 212. Alternatively, articulated robotic
system 200 may be, but is not limiled to being, a crawling robotic snake sysiem, an
endoscope, and/or a bare scope that does not include a base 212, In a further
embodiment, any articulated robotic system that enables system 100 to function as

described herein may be used.

(00171 In the exemplary embodiment, arm 204 includes a plurality of
jointed segments (not numbered) that enable articulated robotic system 200 to be
selectively positionad with multiple degrees of freedom. As such, articulated robotic
system 200 is configured (o seleclively move and/or orent inspaction sensor 102 in
various positions suitable for inspecting and/or evalualing struciure 104, In one
embadiment, motlion instructions transmitted to the jointed segments in arm 204 o
move and/or orient inspection sensor 102 in a desired direction. The motion
instructions are variably selected with a desired speed and direction that will result in a
desired movement of inspection sensor 102 located al the end effector of arm 204.
More specifically, in such an embodiment, arm 204 is navigable in a three-dimensional
space by variably transmiiting motion insiructions simultaneocusly to each jointed

segment in order to produce bending, twisting, spiraling, and/or furning motions.

[0018] In the exemplary embodiment, articulated robotic system 200
includes at least one sensor system capable of delermining its current position and
location, such as positioning sensor 206, that is & self-contained unit capable of tracking
and/or monitoring movement of at least one location on arm 204 and/or inspection

sensor 102, including lransient coscillations of arm 204 and/or inspection sensor 102,
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Fositioning sensor 206 provides a positional awareness for system 100 and may be
capable of measuring both a position and an orientation of iis location on the ariiculated
robotic system 200 relative to structure 104, In the exemplary embodiment, posilioning
sensor 206 is an inertial sensor, such as a microglectromechanical system (MEMS).
Fositioning sensor 208 is part of & measurement system, which may include a
processor (not shown), a plurality of accelerometers (not shown) that measure linear
acceleration, a plurality of gyroscopes {nof shown) that measure rotational velocity, and
sofiware (not shown) to process the linear acceleration and/or rotational velocity dala 1o
produce relative position and orientation information.  Other types of self-coniained
positioning sensors 206 are also possible, such as those thal use cameras to process

image data to determine the location of positioning sensor 206 within structure 104.

(00191 In the exemplary embodiment, a local coordinate measurament
sysiem 300 provides positional awareness data io facililate determining a first position
of inspection sensor 102 relative 1o structure 104, In the exemplary embodiment, local
coordinate measurement system 300 is a local positioning system (LPS) that includes a
range meter 302 and/or a digital camera that is coupled {o a pan and tilf unit 304.

{0020} Local coordinate measurement systern 300 may be used o
calibrate articulated robotic sysiem 200 {o the coordinate system of structure 104, in
the exemplary embodiment, range meter 302 measures relative disiances of visible
feature 110 of structure 104 o delermine the relative position of the ocal coordinate
measurement system 300 to structure 104, Additionally, in the exemplary embodiment,
range meter 302 measures relative distances of an sxterior features 210 of articulated
robotic system 200, such as points on base 212. More specifically, in the exemplary
embodiment, local coordinate measurement system 300 facilitates aligning articulated
robotic system 200 and/or structure 104 with respect o a coordinate sysiem to enable

registering a relative location of positioning sensor 208 and inspection sensor 102,

[00211 Pan and tilt unit 304 is actuatable {o variably orient range meter
302 of local coordinate measurement system 300, In the exemplary embodiment, pan
and tilt unit 304 enables range meter 302 tc rotate about a vertical axis of rotation 306
and about a horizontal axis of rotation 308, More specifically, in the exemplary

embodiment, range meter 302 is rotatable about vertical axis of rofation 308 to pan

:
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range meter 302, and range meter 302 is rolalable about horizontal axis of rotation 308
to filt range meter 302, In one embodiment, the height as well as the lateral position of
the range meter 302 is variably adjustable. In another embodiment, pan and tlt unit 304
is configured to measure 3 horizontal and/or vertical angle between exterior features
110, 210,

{00221 Once the articulated robotic system 200 is calibrated to the target
obiject 104, the inspeclion procsss begins by insstling the robot's end effector
containing the positioning sensor 206 and inspection sensor 102 through access port
112. Form the operator workstation 400 the operator 412 directs arm 204 past obslacles
118 inside targei object 104 by watching a virtual display of the targel object 104,
robotic arm 204, positioning sensor 2006, and inspection sensor 102 are displayed on a
graphical presentation interface 4086. Information from the positioning sensor 208 is
converted inte the coordinate system of target object 104 in order to place the virtual
obiects in the proper positions and orientations on the graphical presentation interface
206, In addition, internal landmarks or cbstacles 116 can be used o adjust or re-
calibrate the position data measurad by the positioning sensor 208. For example, it the
robot arm is in contact with an obstacle 116, which is at a Known position, but the
positioning sensor 206 is reporting a different position, the data from the positioning

sensor can be adjustad to reference this known position of obstacle 116

(00231 FIG. 3 Hlustrates an exemplary control system 400, also illustrated
in FIGS. 1 and 2, that may be used fo operate system 100. In the exemplary
embodiment, control system 400 includes a memory device 402 and a processor 404
coupled io memory device 402 for executing instructions. In some embodiments,
exacutable instructions and/or model data for structure 104 are stored in memory device
402. As used herein, the lerm “processor” is not limited (o integraied circuils referred to
in the art as a computer, but broadly refers to a controller, a microcontroller, a
microcomputer, a programmable logic controller (PLC), an  application specific

integrated circuit, and other programmabile circuits.

[0024] Control system 400 is configurable {o periorm one or more
operations described herein by programming processor 404, For example, processor

404 may be programmed by encoding an operalion as one or more exsculable
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instructions and by providing the executable instructions in memory device 402,
Processor 404 may include one or more processing unils {e.g., in a mulli-cora

configuration).

[0025] Memory device 402 includes one or more devices that enable
information, such as execuiable instructions and/or other data, 1o be selectively stored
and retrieved. In the exemplary embodiment, such other data includes at least a
predstermined three-dimensional computsr-aided  design (CAD) mods!l that is
representative of structure 104, Memory device 402 may include one or more compuler
readable media, such as, without limitation, dynamic random access memory (DRAM),
static random access mamory (SRAM), a solid state disk, and/or a hard disk. Maoreover,
memory device 402 may be configured fo store, without Hmitalion, executable

instructions and/or any other type of data.

[0026] In the exemplary embodiment, control systern 400 includes a
graphical presentgtion interface 408 that s coupled to processor 404 to enable
information to be presented to a user 412. For example, graphical presentation
interface 408 may include a display adapter {not shown) that is coupleable to a display
device {not shown}, such as a cathode ray tube (CRT), a liquid crystal display (LCD), a
fight emitling dicde (LED) display, an organic LED {OLED) display, and/or an "electronic
ink” dispiay. In the exemplary embodimenti, graphical presentation interface 406
enables the user 412 to selectively position and/or visualize the position of inspection
sensor 102 using system 100. In some embodiments, graphical presentation interface
406 includes one or more display devices. in addition tg, or in the alternative, graphical

presentation interface 406 may be coupled to, and/or include, a printer.

(00271 In the exemplary embodiment, control system 400 includes an
input interface 408 that receives input, such as conirol commands, from user 412, For
example, input inlerface 408 receives information suitable for use with the methods
described herein. Input interface 408 is coupled to processor 404 and may include, for
example, a joystick, a keyboard, a pointing device, a mouse, a stylus, a touch sensitive
panel {(e.g., a touch pad or a touch screen), andf/or a position detector. It should be
noted that a single component, for example, a louch screen, may function as both a

display device of graphical presentation interface 400 and as an inpul interface 408.
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[0028] In the exemplary embodiment, conirol system 400 includes a
communication interface 410 coupled to processor 404, In the exemplary embodiment,
communication interface 410 communicates with a remole device, such as inspection
sensor 102, articulated robotic system 200, positioning sensor 206, local cogrdinate
measurement system 300, and/or another control system 400, More specifically, in the
exemplary ambodiment, control system 400 cooperates with graphical presentation
interface 406 and/or input interface 408, 1o enable user 412 to operate system 100, For
example, communication interface 410 may include, without limitation, a wired network
adapter, a wireless network adapter, andior & mobile lelecommunications adapter.
Alternatively or sdditionally, control system 400 may be coupled to articulated robotic
system 200, iocal coordinate measurement system 300, and/or ancther control system
400 via a network {not shown). Such a nefwork may include, without limitation, the
Internet, a local area network {LAN), a wide area network (WAN), a wireless LAN
{(WLAN), a mesh nelwork, and/or a virtual private nelwork (VPN) or other suitsble
communication means. In the exemplary embodiment, control system 400 is electrically
coupled directly to, and/or formed integrally with, articulated robotic system 200 and/or

iocal coordinate measurement system 300,

[0029] FiG. 4 illustrates an exemplary method 500 for use in selectively
positioning inspection sensor 102 relative o 8 target object, or structure 104, being
inspected. During use, control system 400 facilitates remotely positioning inspection
sensor 102 to enable inspection and/or evaluation of structure 104, Mare specifically,
the embodiments described hersin enable a position of sensor 206, and as a resull the
position of the inspection sensor 102, to be accurately tracked using s three-

dimensional CAD model of structure 104 in a three-dimensional coordinate system.

[0030] Initially, arficulated robotic system 200 is positioned 502
proximate andfor adjacent to a target object or structure 104. In the exemplary
embodiment, range meler 302 measures 504 a distance lo an exterior position of
structure 104, and measures 506 a distance {o an exterior position of articulated robotic
system 200, In the exemplary embodiment, such positional dala is transmitted o
control system 400 to enable control system 400 o accurately detsrmine a position
and/or an orientation of structure 104 and/or articulated robotic system 200 relative to

local coordinate measurement system 300, In one embodiment, triangulstion
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techniques are used (o determine the relative positions of structure 104 and articulated
robotic sysiem 200. Based at least on such positional data, in the exemplary
embodiment, control system 400 delermines 508 a firs! position of positioning sensor

206, which is coupled to ariiculated robotic system 200,

[0031] In the sxemplary embodiment, at least one virtual representation
of structure 104 is received 510 from memory device 402, In one embodiment, a iype
of structure 104 may bs identified and/or determined bassd on positional data of
structure 104, and a virtual representation of structure 104 may be determined andior
selected based on the type of structure 104. Moreover, in the exemplary embodiment,
a virtual representation of articulated robotic system 200 and/or positioning sensor 206
may be provided based on the first position of positioning sensor 208, The virtual
reprasentations of structure 104, robaotic system 200 and/or positioning sensor 208 are

then registered 512 on a three-dimensional coordinate system.

[0032] In the exemplary embodiment, arliculated robolic system 200
actuates arm 204 to suitably position, orient, and/or move 514 inspection sensor 102
relative to structure 104 for inspection and/or evaluation of structure 104, In one
embodiment, user 412 may use graphical presentation interface 4086 and/or input
interface 408 to navigate amm 204 through an access port 112 andior around other
internal landmarks and/or obstructions 116. In such an embodiment, user 412 directs
arm 204 past obstructions 116 inside structure 104 by walching a virlual display of
structure 104, robotic arm 204, position sensor 206, and inspection sensor 102 on
graphical presentation interface 406. Information from positioning sensor 206 is
converted info the three-dimensional coordinate system in order to place the virtual
obijects in the proper positions and orientations on the graphical presentation interface
206. in another embodiment, data provided by inspection sensor 102 and/or positioning
sensor 206 may be used to enable partial and/or full automation of the navigation
process fo suitably position, orient, and/or move 514 inspection sensor 102 and/or

positioning sensor 206.

[0033] In the exemplary embodiment, posilional awareness data
acguired and/or provided by positioning sensor 208 is contlinuously monilored andfor

tracked 516 to provide real-lime and posi-processed position and/or orientation racking

9.
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as positioning sensor 208 is moved 514 from 3 first location to a second location relative
to structure 104. More specifically, in the exemplary embodiment, movement of
positioning sensor 206 is tracked 516 with respect to the position of structure 104, the
first position of positioning sensor 208, and/or other data provided by positioning sensor
206 andfor inspaction sansor 102, As such, in the exemplary embodiment, the second
location of positioning sensor 206 may be determined 518 based at least on the first
position of positioning sensor 206 and the movement tracked from the first position to
the second position. in the exemplary embodiment, the position and/or orientation of
positioning sensor 206 is continuously displayed on graphical presentation interface 408
in the three-dimensional coordinate system io virtually track movement of positioning

sensor 206 through limited access areas of structure 104,

[0034] At any time, daia provided by inspection sensor 102 and/or
positioning sensor 206 may be used to calibrate 520 the virtual representation of
structure 104, articulated robotic system 200, and/or positioning sensor 206 on the
three-dimensional coordinate system based at least on the position of structure 104
and/or the first and second positions of positioning sensor 206.  In the exemplary
embodiment, local coordinate measurement system 300 facilitates calibrating structure
104 andfor articulsted robot system 200 to the three-dimensional coordinate system.
More specifically, in the exemplary embodiment, relative distances andfor angles
between local coordinate measurement system 300, exterior feature 110, and exterior

feature 210 are determined.

[0035] Once the relative distance between axterior features 110 and 210,
i.e., the relative position and orientation belween structure 104 and articuiated robot
system 200, is determined, any motion of arm 204 and positioning sensor 206 may then
be converted inio the three-dimensional coordinate system. In addition, obstructions
116 may be used io adjust and/or re-calibrate the positional dala measured by
positioning sensor 208. For example, if robot arm 204 is in contact with obstructions
116, which is at a known position, but the positioning sensor 206 is reporting a different
position, the data from position sensor 208 may be adjusied to reference this known
position of obshuclions 116,  Using such reference data, numerical integration,
alignment, and filtering fechnigues, an updated and/or recalibrated sstimats position

and/or orientation of inspection sensor 102 and/or positioning sensor 206 may be
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provided during operation. For example, the virtual representation may be recalibrated,
as necessary, when positional awareness data provided by inspection sensor 102

and/or positioning sensor 206 is not consistent with the virtual representation.

[0036] The embodiments described herein provide for remolely placing
and/or visualizing a sensor 0 inspect various components within limited access areas.
As such, the exemplary methods and systems facilitate reducing a time and/or cost
associated with aircrafl inspections. The exemplary sysiems and methods are nol
limited to the specific embodiments described herein, but rather, components of each
system and/or steps of each method may be utilized independently and separately from
other components andfor method steps described herein. Each component and sach
method step may alse be used in combination with other components and/or method

steps.

{0037} This writlen description uses examples to disclose certain
embodiments of the present invention, including the best mode, and also (o enable any
person skilled in the art to practice those certain embodiments, including making and
using any devices or systems and performing any incorporated methods.  The
patentable scope of the present invention is defined by the claims, and may include
other examplas thal occur 10 those skilled in the art. Such other examples are infended
to be within the scope of the claims if they have structural elements that do not differ
from the literal language of the claims, or if they include equivalent structural elemenis

with insubstantia! differences from the literal language of the claims.
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CLAIMS

1. A method for positioning an inspection sensor within an aircraft, said method comprising:
determining a position of the aircraft using a first sensordisposed external to the aircraft;
calibrating a virtual representation of the aircraft with respect to the position of the
aircraft;
determining a first position of the inspection sensor using the first sensor, wherein the
inspection sensor and
a positioning sensor are coupled to an articulating robotic system at an end effector;
extending the articulating robotic system through an access port defined in the aircraft
and articulating around at least one landmark within the aircraft such that the inspection sensor
and the positioning sensor are positioned in an interior of the aircraft without disassembly of the
aircraft;

tracking movement of the inspection sensor within the aircraft and relative to the aircraft
using the positioning sensor;

receiving landmark position information for the at least one landmark within the aircraft;
determining a current position of the inspection sensor when the inspection sensor contacts the at
least one landmark;

identifying a position conflict when the determined current position is different than the
received landmark position information;

adjusting the determined current position of the inspection sensor based at least partially
on the identified position conflict; and updating a virtual display of the interior of the aircraft

based at least partially on the identified position conflict.

2. The method in accordance with claim 1, wherein calibrating a virtual representation of

the aircraft further comprises retrieving the virtual representation of the aircraft.

3. The method in accordance with claim 1 further comprising:
providing a virtual representation of the inspection sensor based on the first position of

the inspection sensor.

4. The method in accordance with claim 3 further comprising:
determining a second position of the inspection sensor relative to the first position of the
inspection sensor using the positioning sensor; and

-12 -
10907785v1



19 Jan 2016

2011258831

calibrating the virtual representation of the inspection sensor with respect to at least the

first position and the second position of the inspection sensor.

5 The method in accordance with claim 4, wherein tracking movement of the inspection

sensor is based on at least the first position and the second position of the inspection sensor.

6. The method in accordance with claim 1 further comprising:
providing a virtual representation of the articulated robotic system based on the first

position of the inspection sensor.

7. A control system for positioning an inspection sensor within an aircraft, said control
system configured to:

determine a position of the aircraft using a first sensor

disposed external to the aircraft; calibrate a virtual representation of the aircraft with
respect to the position of the

aircraft; determine a first position of the inspection sensor using the first sensor, wherein
the inspection sensor and a positioning sensor are coupled to an articulating robotic system at an
end effector;

extend the articulating robotic system through an access port defined in the aircraft and
articulate around at least one landmark within the aircraft such that the inspection sensor and the
positioning sensor are positioned in an interior of the aircraft without disassembly of the aircraft;

track movement of the inspection sensor within the aircraft and relative to the aircraft
using the positioning sensor;

receive landmark position information for the at least one landmark within the aircraft;

determine a current position of the inspection sensor when the inspection sensor contacts
the at least one landmark;

identify a position conflict when the determined current position is different than the
received landmark position information;

adjust the determined current position of the inspection sensor based at least partially on
the identified position conflict; and

update a virtual display of the interior of the target object based at least partially on the

identified position conflict.

8. The control system in accordance with claim 7, wherein said control system is further
configured to retrieve the virtual representation of the aircraft.

- 13-
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9. The control system in accordance with claim 7, wherein said control system is further
configured to provide a virtual representation of the inspection sensor based on the first position

of the inspection sensor.

10. The control system in accordance with claim 9, wherein said control system is further
configured to: determine a second position of the inspection sensor relative to the first position
of the inspection sensor using the positioning sensor; and

calibrate the virtual representation of the inspection sensor with respect to at least the first

position and the second position of the inspection sensor.

11. The control system in accordance with claim 10, wherein said control system is further
configured to track movement of the inspection sensor based on at least the first position and the

second position of the inspection sensor.

12.  The control system in accordance with claim 7, wherein said control system is further
configured to provide a virtual representation of the articulating robotic system based on the first

position of the inspection sensor

13. The control system in accordance with claim 12, wherein said control system is further

configured to move the articulating robotic system.

14. A system for positioning an inspection sensor within an aircraft, said system comprising:

an articulated robotic system having an end effector coupled to the inspection sensor and
a positioning sensor, and extendable through an access port defined in the aircraft such that the
inspection sensor and the positioning sensor are positioned in an interior of the aircraft without
disassembly of the aircraft;

a positioning system disposed external to the aircraft and configured to determine a
position of the aircraft and to determine a first position of the inspection sensor; and

a control system that calibrates a virtual representation of the aircraft with respect to the
position of the, tracks movement of the sensor within the aircraft and relative to the aircraft using
the positioning sensor, receives landmark position information of at least one landmark within
the aircraft, determines a current position of the inspection sensor when the inspection sensor
contacts the at least one landmark, identifies a position conflict when the determined current
position is different than the received landmark position information, adjusts the determined
current position of the inspection sensor based at least partially on the identified position
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conflict, and updates a virtual display of the interior of the aircraft based at least partially on the

identified position conflict.

15. The system in accordance with claim 14, wherein the positioning sensor comprises an

inertial sensor.

16. The system in accordance with claim 14, wherein said control system retrieves the virtual

representation of the aircraft.

17. The system in accordance with claim 14, wherein said control system provides a virtual

representation of the inspection sensor based on the first position of the inspection sensor.

18. The system in accordance with claim 17, wherein said control system determines a
second position of the inspection sensor relative to the first position of the inspection sensor and
calibrates the virtual representation of the inspection sensor with respect to at least the first

position and the second position of the inspection sensor.

19.  The system in accordance with claim 18, wherein said control system tracks movement
of the inspection sensor based on at least the first position and the second position of the

inspection sensor.

20. The system in accordance with claim 14, wherein said control system provides a virtual
representation of said articulated robotic system based on the first position of the inspection

sensor, and moves said articulated robotic system.

The Boeing Company
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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