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SYSTEMS AND METHODS FOR
AUTOMATICALLY AND
SEMIAUTOMATICALLY CONTROLLING
AIRCRAFT REFUELING

TECHNICAL FIELD

The present invention is directed generally toward systems
and methods for automatically and semiautomatically refu-
eling aircraft, including systems and methods that incorpo-
rate operator input and sensor input when coupling receiver
aircraft to refueling devices.

BACKGROUND

In-flight refueling (or air-to-air refueling) is an important
method for extending the range of aircraft traveling long
distances over areas having no feasible landing or refueling
points. Although in-flight refueling is a relatively common
operation, especially for military aircraft, the aircraft to be
refueled (e.g., the receiver aircraft) must be precisely posi-
tioned relative to the tanker aircraft in order to provide safe
engagement while the fuel is dispensed to the receiver air-
craft. The requirement for precise relative spatial positioning
of'the two rapidly moving aircraft makes in-flight refueling a
challenging operation.

There are currently two primary systems for in-flight refu-
eling. One is a hose and drogue system, which includes a
refueling hose having a drogue disposed at one end. The hose
and drogue are trailed behind the tanker aircraft once the
tanker aircraft is on station. The pilot of the receiver aircraft
then flies the receiver aircraft to intercept and couple with the
drogue for refueling. Another existing system is a boom refu-
eling system. The boom refueling system typically includes a
rigid boom extending from the tanker aircraft, with a probe
and nozzle at its distal end. The boom also includes airfoils
controlled by a boom operator stationed on the refueling
aircraft. The airfoils allow the boom operator to actively
maneuver the boom with respect to the receiver aircraft,
which flies in a fixed refueling position below and aft of the
tanker aircraft.

One approach to addressing the challenge associated with
precisely positioning the tanker aircraft relative to the
receiver aircraft is to automate the process. For example, one
existing arrangement includes using cameras housed in the
tanker aircraft to determine the distance between the receiver
aircraft and the tip of a refueling boom carried by the tanker
aircraft. The system can then be used to automatically control
the position of the boom to mate with a corresponding refu-
eling receptacle of the receiver aircraft. The system can be
configured to allow the boom operator to take control of the
movement of the boom, for example, if the automatic system
malfunctions or if for any reason the refueling boom must be
directed away from the receiver aircraft. While generally
effective, this approach may not provide the optimum level of
controllability in all refueling situations.

SUMMARY

The following summary is provided for the benefit of the
reader only, and does not limit the invention as set forth by the
claims. The invention is directed generally toward systems
and methods for automatically and/or semiautomatically
refueling aircraft. A system in accordance with one aspect of
the invention includes an operator input device configured to
receive operator inputs and direct a first input signal corre-
sponding to a target position for an aerial refueling device.
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The system can further include a sensor positioned to detect a
location of at least one of the aerial refueling device and a
receiver aircraft. The sensor can be configured to direct a
second input signal corresponding to a location of at least one
of the aerial refueling device and the receiver aircraft. The
system can still further include a controller operatively
coupled to the operator input device and the sensor to receive
the first and second input signals. The controller can be con-
figured to direct a command signal to adjust the position of the
aerial refueling device in response to both the first and second
input signals, unless either or both of the first and second
input signals are absent or below a threshold value.

In particular aspects of the invention, the controller is con-
figured to sum signals based at least in part on the first and
second signals and direct the command signal based on the
sum. In further particular aspects, the controller can be con-
figured to sum portions of the first and second signals corre-
sponding to motion along a first axis independently of por-
tions of the first and second signals corresponding to motion
along a second (e.g., orthogonal) axis.

A method in accordance with another aspect of the inven-
tion is directed to refueling an aircraft in flight. The method
can include receiving a first signal from an operator input
device, with the first signal corresponding to a target position
for an aerial refueling device. The method can further include
receiving a second input signal from a sensor, with the second
input signal corresponding to the position of atleast one of the
aerial refueling device and a receiver aircraft. The method can
still further include directing a change in the position of the
aerial refueling device based on both the first and second
input signals, unless at least one of the first and second input
signals is absent or below a threshold value.

Still another aspect of the invention is directed to an
unmanned aerial refueling system. The system can include an
unmanned aircraft carrying a refueling device, and a control-
ler configured to automatically control a position of the refu-
eling device relative to a receiver aircraft. The system can still
further include an electronic facility that is configured to be
projected from the unmanned aircraft, e.g., for surveillance
and/or electronic jamming. Accordingly, the system can serve
as an unmanned strike support aircraft with a refueling capa-
bility.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially schematic, isometric illustration of a
tanker aircraft refueling a receiver aircraft in accordance with
an embodiment of the invention.

FIG. 2 is a partially schematic illustration of a system for
controlling an aerial refueling device in accordance with an
embodiment of the invention.

FIG. 3 is a flow diagram illustrating a method for control-
ling motion of an aerial refueling device in accordance with
an embodiment of the invention.

FIG. 4 is a partially schematic, side elevation view of a
tanker aircraft refueling a receiver aircraft in accordance with
an embodiment of the invention.

FIG. 5 is a partially schematic, top isometric view of a
representative receiver aircraft.

FIG. 6 is a schematic illustration of a system configured to
receive sensor data and operator input for controlling a refu-
eling boom in accordance with an embodiment of the inven-
tion.

FIGS. 7A-7C illustrate autonomous, unmanned aerial
refueling aircraft configured in accordance with further
embodiments of the invention.
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DETAILED DESCRIPTION

Existing automated aerial refueling systems provide sev-
eral advantages over a purely manual boom positioning
arrangement. However, these systems may not be ideal in all
situations. For example, these systems are typically config-
ured to operate in one of two mutually exclusive modes: a first
mode in which positioning the boom is completely auto-
mated, or a second mode in which positioning the boom is
completely manual. However, these systems are unable to
handle a situation in which the boom operator may wish to
assist, but not take over, control of the boom.

The present disclosure describes systems for automatically
refueling aircraft, including systems that receive inputs from
both sensors and a human operator. Certain specific details
are set forth in the following description and in FIGS. 1-7C to
provide a thorough understanding of various embodiments of
the invention. Well-known structures, systems and methods
often associated with such systems have not been shown or
described in detail to avoid unnecessarily obscuring the
description of the various embodiments of the invention. In
addition, those of ordinary skill in the relevant art will under-
stand that additional embodiments of the invention may be
practiced without several of the details described below.

Many embodiments of the invention described below may
take the form of computer-executable instructions, including
routines executed by a programmable computer. Those
skilled in the relevant art will appreciate that the invention can
be practiced on computer systems other than those shown and
described below. The invention can be embodied in a special-
purpose computer or data processor that is specifically pro-
grammed, configured or constructed to perform one or more
of the computer-executable instructions described below.
Accordingly, the term “computer” as generally used herein
refers to any data processor and can include Internet appli-
ances and hand-held devices (including palm-top computers,
wearable computers, cellular or mobile phones, multi-proces-
sor systems, processor-based or programmable consumer
electronics, network computers, mini computers and the
like). Information handled by these computers can be pre-
sented at any suitable display medium, including a CRT dis-
play or LCD.

The information can also be practiced in distributed envi-
ronments, where tasks or modules are performed by remote
processing devices that are linked through a communications
network. In a distributed computing environment, program
modules or subroutines may be located in local and remote
memory storage devices. Aspects of the invention described
below may be stored or distributed on computer-readable
media, including magnetic or optically readable or removable
computer disks, as well as distributed electronically over
networks. Data structures and transmissions of data particular
to aspects of the invention are also encompassed within the
scope of the invention.

FIG. 1 illustrates a system 160 that includes a tanker air-
craft 100 in the process of refueling a receiver aircraft 110
with an aerial refueling device 120 configured in accordance
with an embodiment of the invention. The tanker aircraft 100
has a fuselage 101, wings 102, and one or more engines 103
(two are shown in FIG. 1 as being carried by the wings 102).
In other embodiments, the aircraft 100 can have other con-
figurations. In a particular aspect of the embodiment shown in
FIG. 1, the aerial refueling device 120 can include a refueling
boom 121 having actuatable control surfaces 122. The posi-
tions of the control surfaces 122 can be adjusted to “fly” the
boom 121 into engagement with the receiver aircraft 110. The
position of the boom 121 can be controlled based on inputs
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received automatically via a sensor, as well as inputs received
from a human operator. Accordingly, this arrangement can
allow the operator to control the boom 121 during selected
periods of time, and can allow the system 110 to automati-
cally control the boom 121 at other times, without requiring
the operator to direct the system 160 to switch back and forth
between autonomous and manual control. Furthermore, the
operator can control the location of the boom 121 with assis-
tance from the automatic portion of the system 160, while
allowing the operator the opportunity to override the auto-
matic portion of the system 160 at any point. Further aspects
of'the manner in which the system 160 operates are described
below.

FIG. 2 schematically illustrates components of the system
160 initially described above with reference to FIG. 1. The
system 160 can include a controller 230 that controls the
motion of the aerial refueling device 120, based on inputs
received from an operator input device 250 and a sensor 240.
The operator input device 250 can include a joystick 251 or
other suitable manual input control device (e.g., a yoke). The
sensor 240 can include an optical sensor, for example, a pair
of cameras or other photosensitive detectors 241 that provide
a stereoscopic image to the controller 230. The controller 230
can combine the input signals (in a manner described in
greater detail below with reference to F1G. 6) and, based upon
the combination of the signals, direct a command signal to the
aerial refueling device 120 to change a position of the device.

In one embodiment, the aerial refueling device 120 can
include the boom 121. Accordingly, the controller 230 can
direct actuation of the control surfaces 122 to provide for
lateral motion of the boom 121 (as indicated by arrow A) and
vertical or pitch motion of the boom 121 (as indicated by
arrow B). The controller 230 can also control axial actuation
of'a deployable boom tip 123, as indicated by arrow C.

In a particular aspect of this embodiment, the controller
230 can be coupled to an actuator 252 that is in turn coupled
to the operator input device 250 to provide feedback to the
operator. Accordingly, when the controller 230 directs a com-
mand signal to move the boom 121 in a particular manner, a
corresponding command signal can be directed to the actua-
tor 252 to move the operator input device 250 in a correspond-
ing manner. As a result, an operator placing a hand very
lightly on the joystick 251 will feel the joystick 251 move in
a manner that tracks the motion of the boom 121, and in a
manner that is commanded by the controller 230 based upon
the sensor 240. If the operator places any force (e.g., greater
than a threshold level of force) on the joystick 251, the opera-
tor’s input can also influence the position of the boom 121. In
a particular aspect of this embodiment, the rate at which the
controller 230 will direct a motion of the boom 121 based on
the operator’s input, will vary proportionately to the force
applied by the operator to the operator input device 250.
Suitable operator input devices 250 for performing this func-
tion are available from MPC Products Corporation of Skokie,
1.

FIG. 3 is a flow diagram illustrating a process 300 for
directing the motion of a boom or other aerial refueling
device. In process portion 302, the process 300 includes
receiving a first input signal from an operator input device,
and in process portion 304, the process includes receiving a
second input signal from a sensor. The first input signal can
correspond to a target position for the aerial refueling device,
and the second signal can correspond to an actual position of
the refueling device and/or the receiver aircraft. As used
herein in this context, the term “position” can refer to an
absolute position or a relative position. For example, position
can refer to an absolute position (e.g., based on GPS data or
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other data) of the boom and/or receiver aircraft. In another
example, position can refer to a position of the boom and/or
the receiver aircraft relative to the tanker aircraft or relative to
each other. In particular embodiments, position can refer to
the separation distance between the boom and the receiver
aircraft.

In process portion 306, the process 300 can include auto-
matically determining an error between the actual boom posi-
tion and a target boom position, based on the second input
signal. The authority granted to the automatic motion control
of the aerial refueling device can then be limited (process
portion 308). Accordingly, process portion 308 can prevent
the automatic portion of the system from overwhelming a
large manual operator input. The process can then include
directing the motion of the aerial refueling device to reduce
the error, based on both the first and second signals (process
portion 310).

In a particular embodiment, process portion 310 can
include directing the motion of the aerial refueling device
based on both the first and second signals, unless either or
both input signals are absent or below a threshold value. For
example, if the operator applies no force to the operator input
device (or applies a very small force), then the system can
direct the motion of the boom based entirely on the automati-
cally determined position error value. Conversely, if the auto-
matically determined position error value is zero (e.g., the
aerial refueling device is accurately positioned for refueling),
but the operator applies a force to the operator input device,
the system will allow the operator to override the automati-
cally determined position error value. The system can con-
tinuously monitor both the first and second signals so as to
seamlessly transition between fully automated motion, fully
manual motion and motion based on both manual and auto-
mated inputs.

FIG. 4 illustrates a partially schematic, partially cut away
side view of the tanker aircraft 100 refueling the receiver
aircraft 110 in accordance with an embodiment of the inven-
tion. In one aspect of this embodiment, a sensor pod 442
houses the sensor 240 (FIG. 2) at a location where the sensor
240 can detect the positions of the boom 121 and the receiver
aircraft 110. Accordingly, the sensor or sensors 240 located
within the sensor pod 442 can have a sensor field of view 443
that extends downwardly and aft from the sensor pod 442.
The sensors within the sensor pod 442 can be configured to
detect a position of at least one of the receiver aircraft 110 and
the boom 121 so as to determine a position error E. For
example, the position error E can be the vector distance
between the tip of the boom 121 and a refueling receptacle
411 of the aircraft and can accordingly have components in
multiple coordinate directions (e.g., azimuth and elevation).

FIG. 5 illustrates a receiver aircraft 510 having a configu-
ration different than that of the aircraft 110 shown in FIG. 4,
and illustrates one suitable position for a fuel receptacle 511.
The fuel receptacle 511 can have a distinctive visual appear-
ance and/or can include visual cue markings 512 that assist
the sensor(s) in precisely identifying the location of the fuel
receptacle 511. In one embodiment, a single sensor or pair of
sensors can be used to optically determine the distance
between the boom tip and the receptacle. In another embodi-
ment, the boom (not visible in FIG. 5) can have a separate
position sensor associated with it (e.g., an accelerometer and
associated processor) and the position detected by the boom
position sensor can be combined with the visual image of the
fuel receptacle 511 to determine the distance between the
boom tip and the fuel receptacle 511. Suitable systems and
methods for making the position error determinations are
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disclosed in U.S. Pat. No. 6,752,357 and U.S. Pat. No. 5,530,
650, both incorporated herein in their entireties by reference.

FIG. 6 is a schematic illustration of a system 660 config-
ured to carry out tasks described above with reference to
FIGS. 1-5. In one aspect of this embodiment, many of the
functions described in connection with the system 660 can be
carried out by the controller 230 described above with refer-
ence to FIG. 2. For example, the controller 230 can include a
target recognition component 663 that receives sensor data
661. The target recognition component 663 can be configured
to determine the location of the receiver aircraft receptacle
and the tip of the refueling boom. A summing component 664
can determine a position error based on the difference
between the receptacle location and the boom tip location. A
limiter 665 can limit the position error signal that is based on
the sensor data 661. The limiter 665 can accordingly be used
to ensure that operator inputs beyond the limiter value will be
sufficient to override inputs based on the sensor data 661. This
arrangement can also allow the operator to manually make
gross movements of the boom, while allowing automated
portions of the system (e.g., based on the sensor data 661) to
fine-tune the location of the boom. The automatically deter-
mined position error signal is then summed with the operator
input 662 by another summing component 666, and the
resultant error signal is then acted upon by a series of boom
control laws 667. The output of the boom control laws 667 is
one or more control effector commands 668 that direct the
boom to a target location (e.g., the receptacle of the receiver
aircraft) via actuators and/or other devices.

One feature of several embodiments of the systems and
methods described above with reference to FIGS. 1-6 is that
they can include directing the position of an aerial refueling
device (e.g., a deployable boom) based on automated sensor
input, as well as input from a human operator. This is unlike
some conventional systems, which operate in either an auto-
matic mode or a manual mode, but are not configured to
simultaneously act on both automated sensor input informa-
tion and manual input information. An advantage of this
arrangement is that the manual operator can remain in the
control loop at all times without affecting the ability or the
system to continue providing automatically determined
inputs for the motion of the boom. The operator can easily
alternate between being an active or passive participant in the
control loop without taking any action other than simply
touching or releasing (respectively) the manual input control
device. As a result, the operator can easily direct the boom
away from the receiver aircraft if such an action is necessary
and, once it is again appropriate for the boom to be automati-
cally positioned close to the receiver aircraft, the operator can
simply release the operator input device and allow the boom
to be automatically directed to the receiver aircraft refueling
receptacle.

Another advantage of the foregoing feature is that it can
allow the operator and the automated sensors to simulta-
neously control different aspects of the motion of the refuel-
ing device. For example, the operator may wish to automati-
cally have the boom aligned laterally with the refueling
receptacle, but have the tip of the boom above the receiver
aircraft (e.g., to allow the pilot of the receiver aircraft greater
flexibility in positioning his aircraft, or for other reasons).
Accordingly, the boom operator can apply a pitch-directed
force to the input device to control the pitch of the boom,
while allowing the operator input device to move laterally,
thereby allowing the automated portion of the system to direct
the lateral motion of the boom. In other embodiments, the
motion can be divided between the operator and the auto-
mated sensor in different manners. For example, the auto-
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mated sensor can be used to control both the pitch and lateral
position of the boom, and the operator can control the exten-
sion or retraction of the probe tip.

Still another advantage of features of several of the fore-
going embodiments is that they can be used to gradually shift
from a fully manual boom operation to a fully automated
boom operation. For example, during system testing, pilot
training, and/or boom operator training, the operator can
remain in the control loop to position the boom for as long as
it takes for the operator, the tanker aircraft pilot, and the
receiver aircraft pilot to become comfortable with the auto-
mated motion of the boom. The operator can gradually reduce
the input he or she provides as this comfort level increases,
and can ultimately oversee a completely hands-off operation,
while remaining available to intervene for an emergency
breakaway procedure or other acute procedure.

As described above, the foregoing system can, in some
cases, be used in a fully automated manner to direct the
motion of the aerial refueling device without any human
intervention. Accordingly, this system can be installed on
unmanned aerial refueling aircraft. Examples of such aircraft
are illustrated in FIGS. 7A, 7B, and 7C. In a particular aspect
of the embodiments shown in FIGS. 7A-7C, these unmanned
aircraft can include not only an automatic refueling capabil-
ity, but can also include other capabilities that make the air-
craft suitable as unmanned strike support aircraft. Such capa-
bilities can include antennae 704 integrated with the aircraft
wings and used for air-to-ground surveillance, air-to-air sur-
veillance, air traffic control (e.g., aircraft proximity) and/or
other surveillance tasks. These aircraft can also use the addi-
tional electronic capability for other purposes, for example, to
jam electronic signals from target aircraft or ground facilities.
Because these capabilities are integrated with an unmanned
aerial refueling tanker, the aircraft can perform surveillance
tasks while being on station and available to refuel either
manned aircraft or unmanned aircraft. This combination of
capabilities can significantly increase the utility of the air-
craft.

From the foregoing, it will be appreciated that specific
embodiments of the invention have been described herein for
purposes ofillustration, but that various modifications may be
made without deviating from the invention. For example, the
signals transmitted by the sensor may include a visual indi-
cation of the receiver aircraft and/or the refueling system, or
these signals can include other characteristics (e.g., the posi-
tion of the boom relative to the tanker aircraft, based on input
from displacement sensors). Aspects of the invention
described in the context of particular embodiments may be
combined or eliminated in other embodiments. For example,
the refueling systems can be installed on aircraft having con-
figurations other than those described above, and/or can be
used to control aerial refueling devices other than those
described above (e.g., hose and drogue devices). Further,
while advantages associated with certain embodiments of the
invention have been described in the context of those embodi-
ments, other embodiments may also exhibit such advantages,
and not all embodiments need necessarily exhibit such advan-
tages to fall within the scope of the invention. Accordingly,
the invention is not limited, except as by the appended claims.

I claim:
1. An aerial refueling system, comprising:

an operator input device configured to receive operator
inputs and direct a first input signal corresponding to a
target position for an aerial refueling device;
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a sensor positioned to detect a location of a receiver air-
craft, the sensor being configured to direct a second
input signal corresponding to a location of the receiver
aircraft; and

a controller operatively coupled to the operator input
device and the sensor to receive both the first and second
input signals, the controller being configured to direct a
command signal to adjust the position of the aerial refu-
eling device in response to both the first and second input
signals.

2. The system of claim 1 wherein the controller is config-
ured to sum signals based at least in part on the first and
second signals and direct the command signal based on the
sum.

3. The system of claim 1 wherein the controller is config-
ured to sum signals based at least in part on portions of the first
and second signals and corresponding to motion along a first
axis independently of signals based at least in part on portions
of'the first and second signals corresponding to motion along
asecond axis, wherein the second axis is generally orthogonal
to the first axis.

4. The system of claim 1 wherein the controller includes a
limiter configured to limit the effect of the second input signal
when the second input signal corresponds to a target motion
greater than a threshold amount.

5. The system of claim 1 wherein the controller is config-
ured to continually receive input signals from both the opera-
tor input device and the sensor.

6. The system of claim 1 wherein the controller is config-
ured to direct a command signal based only on the first input
signal when the second input signal is absent or below a
threshold value, and wherein the controller is configured to
direct a command signal based only on the second input
signal when the first input signal is absent or below a thresh-
old value.

7. The system of claim 1 wherein at least one of the sensor
and the controller is configured to detect a difference in posi-
tion between the aerial refueling device and the receiver air-
craft, and wherein the controller is configured to direct a
command signal that moves the aerial refueling device in a
direction that reduces the difference in position.

8. The system of claim 1, further comprising an actuator
coupled to the controller and the operator input device, the
actuator being configured to move the operator input device
in a manner that is consistent with the command signal.

9. The system of claim 1 wherein the sensor includes a
photosensitive sensor coupled to a target recognition device.

10. The system of claim 1, further comprising the aerial
refueling device, and wherein the aerial refueling device
includes a deployable boom.

11. The system of claim 1, further comprising:

the aerial refueling device;

a tanker aircraft carrying the aerial refueling device; and

a receiver aircraft positioned proximate to the tanker air-
craft.

12. The system of claim 11 wherein the receiver aircraft is

an unmanned air vehicle.

13. The system of claim 1, further comprising:

the aerial refueling device, and wherein the aerial refueling
device includes a generally rigid boom that is movable
between a stowed position and a deployed position; and

a tanker aircraft carrying the boom, the controller, the
operator input device, and the sensor;

wherein the sensor includes a plurality of cameras coupled
to a target recognition device, the target recognition
device including a computer-readable medium contain-
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ing instructions to recognize at least portions of the
boom and a receiver aircraft.

14. The system of claim 1 wherein the controller includes
a computer readable medium containing instructions to direct
a change in position of the aerial refueling device.

15. An aerial refueling system, comprising:

input means for receiving operator inputs and directing a
first input signal corresponding to a target position for an
aerial refueling device;

sensor means for detecting a location of at least one of the
aerial refueling device and a receiver aircraft and direct-
ing a second input signal; and

control means for controlling a position of the aerial refu-
eling device, the control means being operatively
coupled to the input means and the sensor means to
receive both the first and second input signals, the con-
trol means being configured to adjust the position of the
aerial refueling device in response to both the first and
second input signals.

16. The system of claim 15 wherein the control means is
configured to direct a command signal based only on the first
input signal when the second input signal is absent or below
a threshold value, and wherein the control means is config-
ured to direct a command signal based only on the second
input signal when the first input signal is absent or below a
threshold value.

17. An aerial refueling system, comprising:

an operator input device configured to receive operator
inputs and direct a first input signal corresponding to a
target position for an aerial refueling device;

a sensor positioned to detect a location of a receiver air-
craft, the sensor being configured to direct a second
input signal corresponding to a location of the receiver
aircraft; and
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a controller operatively coupled to the operator input
device and the sensor to receive the first and second input
signals, the controller being configured to direct a com-
mand signal to adjust the position of the aerial refueling
device in response to both the first and second input
signals unless either or both of the first and second input
signals are absent or below a threshold value, wherein
the controller is configured to sum signals based at least
in part on the first and second signals and direct the
command signal based on the sum.

18. An aerial refueling system, comprising:

an operator input device configured to receive operator
inputs and direct a first input signal corresponding to a
target position for an aerial refueling device;

a sensor positioned to detect a location of a receiver air-
craft, the sensor being configured to direct a second
input signal corresponding to a location of the receiver
aircraft; and

a controller operatively coupled to the operator input
device and the sensor to receive the first and second input
signals, the controller being configured to direct a com-
mand signal to adjust the position of the aerial refueling
device in response to both the first and second input
signals unless either or both of the first and second input
signals are absent or below a threshold value, wherein
the controller includes a limiter configured to limit the
effect of the second input signal when the second input
signal corresponds to a target motion greater than a
threshold amount.



