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(54) Gesture recognition system operability verification

(57) A gesture recognition system and method veri-
fies the operability of the gesture system by providing a
test target that is configured to generate a test stimulus
that is recognizable by the gesture recognition system.

The test stimulus from the test target is received and
processed in the gesture recognition system to generate
a test response. The processor verifies that the test re-
sponse corresponds to the test stimulus.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to ges-
ture recognition systems, and more particularly relates
to a system and method for verifying the operability of a
gesture recognition system.

BACKGROUND

[0002] The technology used to implement computa-
tional device user interfaces is both varied and continu-
ally advancing. These technologies run the gamut, and
include dedicated hardware interfaces (e.g., keyboard,
mouse, etc.), touch screen interfaces, and more recently
gesture recognition systems, just to name a few. As is
generally known, gesture recognition systems are gen-
erally configured to detect movement of an object, such
as a part of a human body (e.g., a hand), identify such
movement as a particular stimulus (e.g., a gesture), and
classify the stimulus as an input to the computational
device.
[0003] In recent years, aircraft control systems (e.g.,
avionics systems) have become increasingly electronic
and integrated with on-board computers. When com-
bined with recent advances in gesture recognition soft-
ware and hardware, there is now interest in using gesture
commands to control various avionics system functions.
Yet, despite these recent advances, presently known
gesture recognition systems may not be able to meet the
varying levels of hardware and software criticality or the
flight crew procedures currently implemented by regula-
tory authorities that are designed to assure a very high
likelihood of error free operability. Assurance that a ges-
ture recognition system is working properly is important
especially in special situations where a gesture recogni-
tion system or certain gesture sensitivities (e.g. a small
depth of motion) may only be used during certain phases
of flight or only in specific situations, where prior assur-
ance that the system is operational is highly desirable.
[0004] Accordingly, it is desirable to provide a method
and system for operating an avionics system having ges-
ture command capability that provides assurances of op-
eration, allows the flight crew to interact in a manner con-
sistent with modem flight deck procedures, and is capa-
ble of meeting operability assurance requirements of reg-
ulatory authorities. The present invention addresses at
least this need.

BRIEF SUMMARY

[0005] In one embodiment, a method for verifying the
operability of a gesture recognition system includes pro-
viding a test target that is configured to generate a test
stimulus that is recognizable by the gesture recognition
system. The test stimulus from the test target is received
and processed in the gesture recognition system to gen-

erate a test response. The processor verifies that the test
response corresponds to the test stimulus.
[0006] In another embodiment, a gesture recognition
system includes a gesture recognition device, a test tar-
get, and a processor. The gesture recognition device has
a field of sensitivity, and is configured to detect movement
of objects within the field of sensitivity. The test target is
disposed within the field of sensitivity of the gesture rec-
ognition device and is configured to generate a test stim-
ulus detectable by the gesture recognition device. The
processor is in operable communication with the gesture
recognition device, and is configured to detect object
stimuli generated by objects within the field of sensitivity
and selectively generate system output commands
based on the detected object stimuli. The processor is
further configured to receive the test stimulus detected
by the gesture recognition device, generate a test re-
sponse based on the test stimulus, and verify that the
test response corresponds to the test stimulus.
[0007] Furthermore, other desirable features and char-
acteristics of the gesture recognition system and method
will become apparent from the subsequent detailed de-
scription and the appended claims, taken in conjunction
with the accompanying drawings and the preceding
background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will hereinafter be de-
scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 depicts a functional block diagram of one em-
bodiment of a gesture recognition system.

DETAILED DESCRIPTION

[0009] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. As used here-
in, the word "exemplary" means "serving as an example,
instance, or illustration." Thus, any embodiment de-
scribed herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other em-
bodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to
limit the scope of the invention which is defined by the
claims. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary, or the
following detailed description.
[0010] Referring to FIG. 1, a functional block diagram
of an embodiment of a gesture recognition system 100
is depicted, and includes a gesture recognition device
102, a processor 104, and a test target 106. The gesture
recognition device 102 may be variously configured and
implemented, but in the depicted embodiment the ges-
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ture recognition device 102 comprises a plurality of cam-
eras 112 (e.g., 112-1, 112-2, 112-3, ... 112-N) and a plu-
rality of light (e.g., infrared light) sources 114 (114-1,
114-2, 114-3, ... 114-N). It will be appreciated, however,
that the gesture recognition device 102 could be imple-
mented with only one camera 112 and one light source
114, or with one or more cameras 112 and no light sourc-
es 114. In the latter case, as may be appreciated, the
system 100 may rely on ambient light to provide sufficient
illumination. Moreover, the one or more cameras 112
may be variously configured and implemented, as may
the one or more light sources 114. No matter its specific
implementation, the image capture device 102 has a field
of sensitivity 108 (e.g., a field of view), and is configured
to capture images of objects 110 within the field of view
108. The objects within the field of view may be a human
body, parts of a human body, devices held by a human
body, or any one of numerous inanimate objects that can
be detected by the image capture device.
[0011] The processor 104 is in operable communica-
tion with the image capture device 102, and is configured
to detect object stimuli generated by objects within the
field of view 108. As used herein, the term "object stimuli"
refers to movements (e.g., gestures) of one or more ob-
jects, reflections off of objects or projected images, or
light sources. The processor 104 is additionally config-
ured to selectively generate system output commands
based on the detected object stimuli. The system output
commands that the processor 104 generates may vary
depending upon the end-use environment in which the
system 100 is implemented. If, for example, the end-use
environment is an aircraft avionics system, the output
commands may be commands associated with aircraft
and/or cockpit systems and or components. For example,
the output commands may be commands to raise or low-
er landing gear, to move flight control surfaces, to jettison
fuel, to turn certain lights on and off, to control the volume
of the communications radio, to switch pages being dis-
played on a cockpit display, just to name a few. The par-
ticular commands that are generated are numerous and
varied and are based, of course, on the object stimuli
(e.g., gesture).
[0012] The image capture device 102 and processor
104, and the general operational functionality described
herein are not new, and both may be implemented using
any one of numerous known gesture recognition system
configurations, whether known now or developed in the
future. As such, detailed descriptions of these compo-
nents and the general gesture recognition functions im-
plemented thereby are not needed, and will not be further
provided. However, as was previously noted, in the con-
text of certain end-use environments, such as an aircraft,
presently known gesture recognition systems do not im-
plement the capability to meet the operability assurance
requirements of regulatory authorities. Thus, the compo-
nents and functions implemented by the system 100 to
provide this capability will now be provided.
[0013] The operability assurance capability of the ges-

ture recognition system 100 is provided via the test target
106 and additional functionality implemented by the proc-
essor 104. The test target 106 is disposed within the field
of view 108 of the image capture device 102 and is con-
figured to generate a test stimulus 115 that is detectable
by the image capture device 102. The processor 104, in
implementing the additional functionality, is further con-
figured to receive the test stimulus detected by the image
capture device 102, generate a test response based on
the test stimulus, and verify that the test response cor-
responds to the test stimulus.
[0014] It will be appreciated that the test target 106
may be variously configured and implemented, and that
the test stimulus generated by the test target 106 may
also be variously configured and implemented. For ex-
ample, the test target 106 may be implemented using
one or more non-moving (e.g., fixed) devices or it may
be implemented using one or more moving devices.
Moreover, the test target 106 may be a dedicated device
or component having the sole function of generating the
test stimulus, or it may be a device or component that
implements other functions in addition to generating the
test stimulus. Some non-limiting examples of a non-mov-
ing device or component include a pulsing light source,
or a reflective object or surface that reflects light. Some
non-limiting examples of a moving device or component
include a rotating wheel, an oscillating pendulum, a trans-
lating mechanism, and an operator-controlled device,
such as, for example, an aircraft control surface actuator
(e.g., the yoke or wheel on the yoke) in an aircraft cockpit.
As may be appreciated, some moving devices or com-
ponents, such as rotating wheels, oscillating pendulums,
and translating mechanisms, may move with a set peri-
odicity, whereas others, such as the operator-controlled
device, may move non-periodically (e.g., only when
movement thereof is initiated by an operator).
[0015] In addition to the variations in configuration and
implementation of the test target 106, it will be appreci-
ated that the test response that the processor 104 gen-
erates in response to the test stimulus may also vary.
For example, in some embodiments the test response
may simply be an internal verification that the system 100
recognizes the test target 106, including its relative dis-
tance, depth, and various other characteristics. This test
response may then be compared to an expected system
response to verify that the test response corresponds to
the test stimulus.
[0016] In other embodiments, such as when the test
target 106 is implemented as (or using) an operator-con-
trolled device, the test response may be the detected
response of the device or component that is controlled
by the operator-controlled device. So, for example, if the
operator-controlled device is an aircraft yoke, the expect-
ed system response would be the movement of the air-
craft flight control surface(s) commanded by the yoke
movement. If the processor 104, via, for example, feed-
back sensors, detects the commanded movement of the
aircraft flight control surface(s), then the response is ver-
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ified to correspond to the test stimulus. Alternatively, the
expected system response could be the detected move-
ment of the aircraft as commanded by the yoke move-
ment. Moreover, the position of the control yoke as
sensed by the gesture recognition system 100 could also
be compared to the position sensors that, at least for a
fly-by-wire system, directly sense the movement of the
yoke. This would be an even more direct comparison
method than the resulting command to the flight control
surfaces or the movement of the aircraft. As may be ap-
preciated, many variations are possible, depending upon
the operator-controlled device and the devices or com-
ponents that the operator-controlled device is controlling.
[0017] No matter how the test target 106 is implement-
ed and configured, nor how the test response is gener-
ated, the processor 104, at least in some embodiments,
is further configured to selectively switch the gesture rec-
ognition system 100 into an inactive mode. In particular,
when processor 104 determines that the test response
does not correspond to the test stimulus, it switches the
gesture recognition system 100 into the inactive mode.
In the inactive mode, the gesture recognition system 100
will no longer be used to selectively generate system
output commands based on detected object stimuli. The
processor 104, in some embodiments, may also be con-
figured to generate an alert when the gesture recognition
system is switched to the inactive mode. The alert may
be an audible alert, a visual alert, a tactile alert, or various
combinations thereof.
[0018] The processor 104 may also be configured to
automatically generate the test response at a predeter-
mined periodicity, or to do so in response a prompt from
a user. In the latter case, and as FIG. 1 further depicts,
the processor 104 is coupled to receive a test initiation
signal 116 and is configured, upon receipt thereof, to gen-
erate the test response. Typically, however, the periodic
automated test response is sufficient to ensure, with rel-
atively high confidence, that the system 100 will be work-
ing properly when needed by the user. Although the pre-
determined periodicity may vary, one example periodicity
that may be used is once per minute. In some instances,
users themselves may evoke the system 100 for addi-
tional confidence. For example, in the context of an air-
craft, a user may, just prior to a take-off, when landing
gear will be raised via gesture control, evoke the system.
[0019] It will be appreciated that the gesture recogni-
tion system 100 described above is merely exemplary of
one particular implementation and configuration, and that
various other configurations may be implemented. For
example, the gesture recognition system 100 is not lim-
ited to the optic-based system described above. Rather,
the gesture recognition system 100 could be configured
and implemented as an acoustic-based system or an
electric-field-based system, just to name a few. It will be
appreciated that with these alternative configurations
and implementations, the gesture recognition device 102
may be configured and implemented as an acoustic-
based device or as an electric-field-based device, just to

name a few. In each case, however, the gesture recog-
nition device 102 may include, for example, one or more
sensors 112 (e.g., 112-1, 112-2, 112-3, ... 112-N), each
having a field of sensitivity 108. The gesture recognition
device 102 may also include one or more emitters 114
(114-1, 114-2, 114-3, ... 114-N) configured to generate
appropriate stimulus (e.g., acoustic, electric field, etc.).
The one or more sensors 112 are each configured to
detect the movement of one or more objects within the
field of sensitivity 108. As may also be appreciated, the
test target 106 and test stimulus 115 generated thereby
will vary, depending upon the type of gesture recognition
device 102 that is used. For example, if an acoustic-
based system is implemented, the test target 106 may
generate (if needed) an acoustic test stimulus 115. Sim-
ilarly, if an electric-field-based system is implemented,
the test target 106 may generate (if needed) an electric
field test stimulus 115.
[0020] The system and method described herein pro-
vides a gesture recognition system that is capable of pro-
viding assurance of proper system operation, and the
capability of meeting operability assurance requirements
of regulatory authorities. It should be noted that the proc-
essor 104 may be implemented as a single device or as
a collection of devices and circuits configured to meet
high integrity standards through well-known means, such
as two devices monitoring the one or more test targets
106 and comparing to confirm that each is receiving the
same stimuli.
[0021] Those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embod-
iments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. Some of the embodiments and implementations
are described above in terms of functional and/or logical
block components (or modules) and various processing
steps. However, it should be appreciated that such block
components (or modules) may be realized by any
number of hardware, software, and/or firmware compo-
nents configured to perform the specified functions. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans
may implement the described functionality in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the present invention. For
example, an embodiment of a system or a component
may employ various integrated circuit components, e.g.,
memory elements, digital signal processing elements,
logic elements, look-up tables, or the like, which may
carry out a variety of functions under the control of one
or more microprocessors or other control devices. In ad-
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dition, those skilled in the art will appreciate that embod-
iments described herein are merely exemplary imple-
mentations.
[0022] The various illustrative logical blocks, modules,
and circuits described in connection with the embodi-
ments disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
[0023] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the proc-
essor such that the processor can read information from,
and write information to, the storage medium. In the al-
ternative, the storage medium may be integral to the proc-
essor. The processor and the storage medium may re-
side in an ASIC. The ASIC may reside in a user terminal.
In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal
[0024] In this document, relational terms such as first
and second, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such rela-
tionship or order between such entities or actions. Nu-
merical ordinals such as "first," "second," "third," etc. sim-
ply denote different singles of a plurality and do not imply
any order or sequence unless specifically defined by the
claim language. The sequence of the text in any of the
claims does not imply that process steps must be per-
formed in a temporal or logical order according to such
sequence unless it is specifically defined by the language
of the claim. The process steps may be interchanged in
any order without departing from the scope of the inven-
tion as long as such an interchange does not contradict
the claim language and is not logically nonsensical.
[0025] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
a direct physical connection must be made between
these elements. For example, two elements may be con-
nected to each other physically, electronically, logically,

or in any other manner, through one or more additional
elements.
[0026] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the invention, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the inven-
tion. It being understood that various changes may be
made in the function and arrangement of elements de-
scribed in an exemplary embodiment without departing
from the scope of the invention as set forth in the ap-
pended claims.

Claims

1. A gesture recognition system, comprising:

a gesture recognition device having a field of
sensitivity, the gesture recognition device con-
figured to sense movement of objects within the
field of sensitivity;
a test target disposed within the field of sensi-
tivity of the gesture recognition device and con-
figured to generate a test stimulus detectable by
the gesture recognition device; and
a processor in operable communication with the
gesture recognition device, the processor con-
figured to detect object stimuli generated by ob-
jects within the field of sensitivity and selectively
generate system output commands based on
the detected object stimuli, the processor further
configured to:

receive the test stimulus detected by the
gesture recognition device,
generate a test response based on the test
stimulus; and
verify that the test response corresponds to
the test stimulus.

2. The system of claim 1, wherein the processor is fur-
ther configured to:

switch the system into an inactive mode when
the test response does not correspond to the
test stimulus; and
generate an alert when the gesture recognition
system is switched to the inactive mode.

3. The system of claim 1, wherein the processor is fur-
ther configured to at least automatically generate the
test response at a predetermined periodicity.
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4. The system of claim 1, wherein the processor is fur-
ther configured to receive a test initiation signal and,
upon receipt thereof, generate the test response.

5. The system of claim 1, wherein:

the test target is configured to move; and
the test stimuli is movement of the test target.

6. The system of claim 5, wherein the test target moves
periodically.

7. The system of claim 5, wherein the test target moves
non-periodically.

8. The system of claim 1, wherein:

the system is disposed in an aircraft; and
the test target is an aircraft control surface ac-
tuator.

9. The system of claim 1, wherein:

the test target is stationary; and
the test stimulus is an optical stimulus.

10. A method for verifying the operability of a gesture
recognition system, comprising the steps of:

providing a test target, the test target configured
to generate a test stimulus that is recognizable
by the gesture recognition system;
receiving, in the gesture recognition system, the
test stimulus from the test target;
processing, in the gesture recognition system,
the test stimulus to generate a test response;
and
verifying, in the processor, that the test response
corresponds to the test stimulus.
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