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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Jed Margolin
Serial No.: 11/736,356 Examiner: Ronnie M. Mancho
Filed: 04/17/2007 Art Unit: 3664

For: SYSTEM AND METHOD FOR SAFELY FLYING UNMANNED AERIAL VEHICLES
IN CIVILIAN AIRSPACE

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE

Dear Sir:

In response to the Office Action mailed September 1, 2010, please consider the following

remarks.

Section 1. General Summary

Claims 1 - 14 were rejected solely under 35 U.S.C. §103(a) as being obvious by combining U.S.
Patent 5,904,724 (“Margolin ‘724”) and published Patent Application US 2005004723 (“Duggan”).
Applicant will show that the Examiner has failed his burden of establishing a prima facie case of
obviousness.

a. The Examiner has failed to distinctly point out where all of the claim elements and

limitations of Applicant’s claims are present in the two cited references.
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b. The Examiner has mischaracterized the two cited references as teaching all of the claim
elements and limitations of Applicant’s claims, when they do not.

¢. The present Applicant is the named inventor on one of the Examiner’s cited references

(U.S. Patent 5,904,724).

Section 2 - Detailed Response

Part A - Examiner’s Detailed Action Paragraph 2

2. Claims 1-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over Margolin
(5904724) in view of Duggan et al (US 2005004723).

Regarding claim 1, Margolin (abstract; figs. 1-7; col. 3, lines 8-67; col. 4, lines 1-67; col. 5, lines 1-

67) discloses a system for safely flying an unmanned aerial vehicle in civilian airspace comprising:

(a) a ground station 400 (fig. 1 & 4) equipped with a synthetic vision system (figs. 1 &3; col. 4,

lines 1 to col. 5, lines 67);

(b) an unmanned aerial vehicle 300 (figs. 1 &3) capable of supporting said synthetic vision
system (305, 306, 307, 311 on aircraft; col. 3, lines 8-67; col. 4, lines 1-67; col. 5, lines 1-67);

(c) aremote pilot 102 operating said ground station 400 (figs. 1&4; col. 3, lines 8-67; col. 4,
lines 1-67; col. 5, lines 1-67);

(d) a communications link between said unmanned aerial vehicle 300 and said ground station

400;

(e) asystem onboard said unmanned aerial vehicle 300 for detecting the presence and position
of nearby aircraft (305, 306, 307, 311 on aircraft) and communicating this information to said

remote pilot 102 (col. 3, lines 8-67; col. 4, lines 1-67; col. 5, lines 1-67);

whereas said remote pilot uses said synthetic vision system (305, 306, 307, 311 on aircraft) to
control said unmanned aerial vehicle 300 during at least selected phases of the flight of said

unmanned aerial vehicle.
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Applicant Responds.

MPEP § 2142 states under the heading ESTABLISHING A PRIMA FACIE CASE OF
OBVIOUSNESS

a. **>The key to supporting any rejection under 35 U.S.C. 13 is the clear articulation of the

reason(s) why the claimed invention would have been obvious. The Supreme Court in KSR

International Co. v. Teleflex Inc., 550 U.S. 82 USPQ2d 1385, 1396 (2007) noted that the

P —

analysis supporting a rejection under 35 U.S.C. 183 should be made explicit. The Federal Circuit

has stated that "rejections on obviousness cannot be sustained with mere conclusory

statements: instead, there must be some articulated reasoning with some rational

underpinning to support the legal conclusion of obviousness." In re Kahn, 441 F.3d 977, 988, 78
USPQ2d 1329, 1336 (Fed. Cir. 2006). See also KSR, 550 U.S. at , 82 USPQ2d at 1396 (quoting

Federal Circuit statement with approval). <

{Emphasis added}

The Examiner has cited lengthy passages in the above rejection and made conclusory statements as

to their contents.

Examiner:
Regarding claim 1, Margolin (abstract; figs. 1-7; col. 3, lines 8-67; col. 4, lines 1-67; col. 5,
lines 1-67) discloses a system for safely flying an unmanned aerial vehicle in civilian airspace

comprising:

Applicant:
In Margolin *724: Column 3, lines 8-67; Column 4, lines 1-67; and Column 5, lines 1-67 form a

continuous passage from Column 3, line 8 to Column 5, line 67. This passage of approximately
1619 words forms the core of the Margolin ‘724 DETAILED DESCRIPTION. The remainder of the
Margolin *724 DETAILED DESCRIPTION teaches additional topics such as Flight Control (with
headings Flight Control, Direct Control Non-Remotely Piloted Vehicles, Computer Mediated Non-
Remotely Piloted Vehicles, Second Order Flight Control Mode, First Order Flight Control Mode
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{See Column 6, line 19 - Column 8, line 3}, the features of a Control Panel (See Column 8, line 64
- Column 9, line 18}, the use of a Head-Mounted Display {See Column 9, lines 19 - 32}, the use of
the invention for training {See Column 9, lines 33 - 63}, and The Database {See Column 9, line 64
- Column 10, line 50.}

The Examiner cites Figures 1 - 7 in Margolin ‘724. These constitute all the figures in Margolin

“724.

The Examiner also cites the Abstract in Margolin ‘724. According to 608.01(b) Abstract of the
Disclosure [R-7]:
37 CFR 1.72 Title and abstract.
ssfesiesisk
(b) A brief abstract of the technical disclosure in the specification must commence on a
separate sheet, preferably following the claims, under the heading "Abstract" or "Abstract of
the Disclosure." The sheet or sheets presenting the abstract may not include other parts of the
application or other material. The abstract in an application filed under 35 U.S.C. 111 may not

exceed 150 words in length. The purpose of the abstract is to enable the United States Patent

and Trademark Office and the public generally to determine quickly from a cursory inspection

the nature and gist of the technical disclosure.<

{Emphasis added}

The popular interpretation of 608.01(b) is that the purpose of the Abstract is to provide search

terms. In any event, the Abstract in Margolin ‘724 does not say anything about civilian airspace.

The Examiner has made a conclusory statement by repeating the title of Applicant’s invention
(leaving out the words “and method™) and citing the core of the DETAILED DESCRIPTION in
Margolin ‘724.

In the remaining sections of the Examiner’s rejection of Applicant’s Claim 1 he asserts that he has

found all of the elements and limitations of Applicant’s invention.
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It is not surprising that some of the elements of Applicant’s invention are present in Margolin ‘724
since Margolin ‘724 is probably the pioneering patent for the use of what is now called synthetic
vision in remotely piloted aircraft (now commonly called Unmanned Aerial Vehicles) and

Applicant’s present invention uses synthetic vision as an element.

However, there are limitations in Applicant’s current invention that are not present in Margolin

“724.

Examiner:

whereas said remote pilot uses said synthetic vision system (305, 306, 307, 311 on aircraft) to
control said unmanned aerial vehicle 300 during at least selected phases of the flight of said

unmanned aerial vehicle.

{From Applicant’s Claim 1}

References 305, 306, 307, 311, and 300 come from Margolin ‘724 Figure 3 which shows the
structural elements in Margolin ‘724 Remote Aircraft Unit 300. There is nothing in these structural
elements which show that synthetic vision is used “during at least selected phases of the flight of

said unmanned aerial vehicle.”

The Examiner has not shown that this limitation is taught in Margolin ‘724. He has only made a

conclusory statement.

Although KSR may have loosened the required reasoning that may be employed for combining prior
art references in an obviousness rejection, the Examiner must still provide a factual basis for each of
the claimed features of a rejected claim. MPEP 2143.03 entitled “All Claim Limitations must be
Considered” states: “all words in a claim must be considered in judging the patentability of that

claim against the prior art.” In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970).”

If an examiner fails to address all of the recitations of a rejected claim, a prima facie case of
obviousness has not been established because such a deficiency fails to satisfy the evidentiary

requirements articulated by the Supreme Court in KSR (e.g. “the key to supporting any rejection
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under 35 U.S.C. 103 is the clear articulation of the reason(s) why the claimed invention would have

been obvious™ and that “a rejection under 35 U.S.C. 103 should be made explicit.”)

The BPAI in a recent decision (Ex parte Wehling et al.) stated (with emphases added}:
“the dispositive issue in this case is whether the Examiner has explicitly articulated a prima
facie case of obviousness which addresses all of the limitations of the claimed invention.” The

BPAI was guided by the following legal principles:

“When determining whether a claim is obvious, an Examiner must make ‘a searching comparison of
the claimed invention — including all its limitations — with the teachings of the prior art.” In re
Ochiai, 71 F.3d 1565, 1572 (Fed. Cir. 1995) (emphasis added). Thus, ‘obviousness requires a
suggestion of all limitations in a claim.” CFMT, Inc. v. Yieldup Int’l. Corp., 349 F.3d 1333, 1342
(Fed. Cir. 2003) (citing In re Royka, 490 F.2d 981, 985 (CCPA 1974)). Furthermore, in KSR Int’l
Co. v. Teleflex Inc., 550 U.S. 398, 418 (2007) (citing In re Kahn, 441 F.3d 977, 988 (Fed. Cir.
2006), the Supreme Court noted that ‘[t]o facilitate review, this [obviousness] analysis should

be made explicit.”” (Ex parte Wehling et al., Appeal No. 2009-8111 (BPAI))

The BPAI in Ex Parte Wehling et al. held that “absent a fact-based analysis which explicitly
compares all the limitations of the claimed invention with the combined teachings of Gioffre and
Rockliffe, we are constrained to reverse the rejection of claims 1, 21, 29, and 31 and the claims

dependent thereon under § 103 over the combined teachings of Gioffre and Rockliffe.”

Note that Ex Parte Wehling et al. (Appeal 2009-008111, Application 10/743,118) was decided May
17, 2010. According to the BPAI online database the decision was issued 10/19/2010 which is after

the mail date of the Examiner’s rejection (9/1/2010).

Examiner’s Detailed Action Paragraph 2 (Continued)

The Examiner continues

Margolin did not disclose that the vehicle is flown using an autonomous control system.
However, Duggan teach of a system for safely flying an unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an unmanned aerial vehicle (sec. 0352, 00353), wherein
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during phases of a flight of an unmanned aerial vehicle (UAV, sec 0318, 0322, 0353) when a

synthetic vision (sec. 0356, 0365, 0388, 0390) is not used to control said unmanned aerial

vehicle said unmanned aerial vehicle is flown using an autonomous control system (autopilot,

sec 0346 to 0350, 0390-0329).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the

invention was made to modify Margolin as taught by Duggan for the purpose of incorporating

an autopilot to ensure smooth transitions (Duggna abstract, sec 0014, 0085, 0086).

The different embodiments in both prior arts are combinable as it would be obvious to

nelsic] having ordinary skill in the art.

(Applicant assumes Examiner meant to say, “The different embodiments in both prior arts are

combinable as it would be obvious to one having ordinary skill in the art.)

The Examiner has mischaracterized Duggan.

Examiner

Duggan

Margolin did not disclose that the
vehicle is flown using an
autonomous control system.
However, Duggan teach of a
system for safely flying an
unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an
unmanned aerial vehicle (sec.

0352,

00353),

[0352] In one aspect of the present invention, an operator
station (also referred to as the ground control station or GCS)
is designed to accommodate command and control of multiple
vehicles or a single vehicle by a single operator. In accordance
with one embodiment, the ground control station is platform
independent and implements an application program interface
that provides windowing and communications interfaces (e.g.,
the platform is implemented in Open Source wxWindows
API). The underlying operating system is illustratively
masked and enables a developer to code in a high level

environment.

[0353] In one embodiment, the ground control station

incorporates several specialized user interface concepts
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wherein during phases of a flight
of an unmanned aerial vehicle

(UAV, sec 0318,

0322,

designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the
vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These
design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0318] If the pilot chooses a surveillance location outside the
total FOV, then the outer loop guidance will illustratively
follow a command-to-LOS mode guide law until the UAV
flight path points toward the target. Once the desired staring-
point comes within a minimum range threshold, the guidance
automatically trips into a loiter pattern (either constant-radius
or elliptical) to maintain a station with a single key-click while
he/she conducts other activities. FIGS. 22A & 22B together

demonstrate the surveillance-point approach scenario.

[0322] In accordance with one aspect of the present invention,
sensor-slave mode commands are generated by an
autonomous line-of-sight driven function, in which the
command objectives are generated by the necessities of the

function rather than by an operator. For example, a function
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0353)

when a synthetic vision (sec. 0356,

0365,

designed to command a raster-scan of a particular surveillance
area, or a function designed to scan a long a roadway could be
used to generate sensor slave commands. Another example is
a function designed to generate line-of-sight commands for

UAV-to-UAV rendezvous formation flying.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the
vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These
design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0356] a synthetic vision display

[0365] The two video monitors are illustratively used to
display real-time data linked camera imagery from two air
vehicles having cameras (of course, fewer, more or none of
the vehicles might have cameras and the number of monitor

displays can be altered accordingly). In accordance with one
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embodiment, camera imagery is recorded on videotapes
during a mission. In accordance with one embodiment, the
two repeater displays are used to provide redundant views of
the GUI and synthetic vision display. The laptop illustratively

serves as a GUI backup in the event that the main GUI fails.

0388, [0388] In one aspect of the present invention, synthetic vision
display technical approach of the present invention is based
upon integrating advanced simulated visuals, originally
developed for training purposes, into UAV operational
systems. In accordance with one embodiment, the simulated
visuals are integrated with data derived from the ground

control station during flight to enable real-time synthetic

visuals.
0390) is not used to control said [0390] In one aspect of the present invention, through GUI
unmanned aerial vehicle said display 2622, an operator can maintain a variable level of

unmanned aerial vehicle is flown control over a UAV, from fully manual to fully autonomous,
using an autonomous control with simple user-friendly inputs. For example, if an operator
system decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified

route and maneuvers the vehicle accordingly. In another
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(autopilot, sec 0346 to 0350,

embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system
controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can
program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.

[0346] In accordance with one embodiment, an exemplary
translation layer implementation will now be provided. After
the guidance algorithms execute, the outputs are translated to
the native vehicle autopilot commands. The equations below
provide example kinematic translations from the guidance
acceleration commands to native vehicle autopilot commands.
These equations demonstrate the principal that vehicle motion
is activated through acceleration. The methods that various
vehicles employ to generate acceleration are numerous (bank
angle autopilot, acceleration autopilot, heading control
autopilot, altitude control autopilot, etc). Since the control
algorithms described herein generate acceleration commands
that can be kinematically translated into any of these native
autopilot commands, the guidance algorithms truly provide a
generalized library of control laws that can control any vehicle

through that vehicle's native atomic functions. Ubiquitous
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acceleration control techniques enable VACS to synthesize
control commands for any vehicle, including air, ground, or
sea-based. 35 a v = vertical plane acceleration command a h =
horizontal plane acceleration command =tan-1(ahav)=
bank angle command a T =a v 2+ ah 2 = total body
acceleration command . = ah V = turn rate command i =1- 1
+ .t =heading command . = (av - g ) V = flight path rate
commandi=1- 1+ .t={flight path angle command h .=V
sin () =climb rate command hi=hi=1+h. t=altitude

command Eq . 57

[0347] Additional functionality that can be enabled in a
translation layer is means for discouraging or preventing an
operator (e.g., the human or non-human operator interfacing
the VACS architecture) from overdriving, stalling, or spinning
the vehicle frame. This being said, limiting algorithms can

also be employed in the guidance or autopilot functions.

[0348] X. Autopilot

[0349] As has been addressed, the present invention is not
limited to, and does not require, a particular autopilot system.
The control system and architecture embodiments of the
present invention can be adapted to accommodate virtually

any autopilot system.

[0350] For the purpose of providing an example, an
illustrative suitable autopilot software system will now be
described. The illustrative autopilot system incorporates a
three-axis design (pitch and yaw with an attitude control loop

in the roll axis) for vehicle stabilization and guidance
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0390-0329).

command tracking. The autopilot software design incorporates
flight control techniques, which allow vehicle control
algorithms to dynamically adjust airframe stabilization
parameters in real-time during flight. The flight computer is
programmed directly with the airframe physical properties, so
that it can automatically adjust its settings with changes in
airframe configuration, aerodynamic properties, and/or flight
state. This provides for a simple and versatile design, and
possesses the critical flexibility needed when adjustments to
the airframe configuration become necessary. The three-loop
design includes angular rate feedback for stability
augmentation, attitude feedback for closed-loop stiffness, and
acceleration feedback for command tracking. In addition, an
integral controller in the forward loop illustratively provides
enhanced command tracking, low frequency disturbance

rejection and an automatic trim capability.

{The Examiner may have meant 0390-0392. Otherwise the
range is not credible}

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of
control over a UAV, from fully manual to fully autonomous,
with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target

region. Prior to accepting the edited route, the control system
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evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system
controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can
program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.

[0391] The described Intelligent displays with smart variables
represent an effective approach to actively displaying
information for different types of vehicles. However, a
problem can arise when a new vehicle is integrated into the
ground control station with a completely foreign command
and control interface. Under these circumstances, the ground
control station is not concerned about displaying data, but is
tasked to provide a command and control interface for the
operator to perform the required operations. This conundrum
is the motivation for another embodiment of the present
invention, namely, the integration of vehicle specific panels in

the ground control station.
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Therefore, it would have been
obvious to one of ordinary skill in

the art at the time the invention

[0392] In one embodiment, a generic vehicle class (GVC) is
illustratively a software component that provides a rapid
development environment API to add new vehicle classes and
types to the ground control station. The GVC also
illustratively serves as a software construct that allows the
inclusion of multiple vehicles within the ground control
station framework. One of the variables in the application is a
vector of pointers to a generic vehicle class. This list is
constructed by allocating new specific vehicles and returning
a type case to the base generic vehicle class. When a new
vehicle is integrated into the ground control station, the
generic vehicle class provides all of the virtual functions to
integrate with system control components (e.g., to integrate
with a map display, a communications package, PCIG
imagery and/or appropriate display windows). An important
object in the application framework is illustratively a pointer
to the current vehicle generic class. When the user switches
vehicles, this pointer is updated and all displays grab the
appropriate smart variables from the pointer to the new base
class. This is the mechanism by which windows immediately
update to the current vehicle information whenever the user
switches vehicles. The default windows use the pointer to the
current vehicle to grab information. In this manner, if the user
switches to a new vehicle with a different set of datalink
variables, that fact is immediately apparent on the display

windows.
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was made to modify Margolin as
taught by Duggan for the purpose
of incorporating an autopilot to
ensure smooth transitions (Duggna
abstract, sec 0014, 0085, 0086).

The different embodiments in
both prior arts are combinable as it
would be obvious to ne [sic]

having ordinary skill in the art.

Abstract

Embodiments are disclosed for a vehicle control system and
related sub-components that together provide an operator with
a plurality of specific modes of operation, wherein various
modes of operation incorporate different levels of autonomous
control. Through a control user interface, an operator can
move between certain modes of control even after vehicle
deployment. Specialized autopilot system components and
methods are employed to ensure smooth transitions between
control modes. Empowered by the multi-modal control
system, an operator can even manage multiple vehicles

simultaneously.

[0014] Embodiments of the present invention pertain to a
hierarchical control system, user interface system, and control
architecture that together incorporate a broad range of user-
selectable control modes representing variable levels of
autonomy and vehicle control functionality. A unified
autopilot is provided to process available modes and mode
transitions. An intelligence synthesizer is illustratively
provided to assist in resolving functional conflicts and
transitioning between control modes, although certain
resolutions and transitions can be incorporated directly into
the functional sub-components associated with the different
control modes. In accordance with one embodiment, all modes
and transitions are funneled through an acceleration-based
autopilot system. Accordingly, control commands and

transitions are generally reduced to an acceleration vector to
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be processed by a centralized autopilot system.

[0085] As will be discussed in greater detail below, the
control system and architecture embodiments of the present
invention essentially enable any autopilot design to support
control of a vehicle in numerous control modes that are
executed with switches between modes during flight. All
control modes are supported even in the presence of sensor
errors, such as accelerometer and gyro biases. This robustness
is at least partially attributable to the fact that the closed-loop
system, in all control modes, is essentially slaved to an inertial
path and, hence, the sensor biases wash out in the closed loop,
assuming the biases are not so grossly large that they induce
stability problems in the autopilot system. Furthermore, winds
are generally not an issue in the overall control scheme in that
the flight control system will regulate to the inertial path,
adjusting for winds automatically in the closed loop. Given
the precision afforded by inertial navigation aided by GPS
technology, inertial path regulation offers a highly effective
and robust UAV control approach. Generally speaking, the
autopilot system functions such that winds, medium Dryden
turbulence levels, sensor errors, airframe aerodynamic and
mass model parameter uncertainties, servo non-linearity (slew
rate limits, etc.), and various other atmospheric and noise
disturbances will non have a critically negative impact on

flight path regulation.

[0086] Component 408 receives commands generated by
component 404 and filtered by autopilot component 406. The
commands received by component 408 are executed to
actually manipulate the vehicle's control surfaces. Autopilot

component 406 then continues to monitor vehicle stabilization
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and/or command tracking, making additional commands to

component 408 as necessary.

At the beginning of this subsection, the Examiner asserts, “Margolin did not disclose that the
vehicle is flown using an autonomous control system. However, Duggan teach of a system for

safely flying an unmanned aerial vehicle in civilian airspace comprising: ...”

The Examiner’s statement, “However, Duggan teach of a system for safely flying an unmanned
aerial vehicle in civilian airspace comprising: ...” is conclusory and is not supported by the

Examiner’s citations to Duggan.

In addition, none of the Duggan citations teach that either synthetic vision or Duggan’s Variable
Autonomy System is used “during at least selected phases of the flight of said unmanned aerial

vehicle” which is a limitation in Applicant’s Claim 1.

Duggan fails to teach the limitation that his Variable Autonomy System is used during selected
phases of a UAV’s flight and Margolin ‘724 fails to teach the limitation that synthetic vision is used
during selected phases of a UAV’s flight. Therefore, the combination of Duggan and Margolin ‘724

does not read on Applicant’s Claim 1.

As cited above by Applicant, MPEP 2143.03 “All Claim Limitations must be Considered” states:
“all words in a claim must be considered in judging the patentability of that claim against the prior

art.” In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970).”

The Examiner has failed his duty under MPEP 2143.03 (and in view of Wehling) to present a prima

facie case of obviousness for rejecting Applicant’s Claim 1.

Examiner’s Regarding Claim 2, a claim dependent on Claim 1. Applicant has shown that Claim 1

is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 2 is

non-obvious.

2143.03 All Claim Limitations Must Be **>Considered< [R-6]
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*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an
independent claim is nonobvious under 35 U.5.C. 103, then any claim depending therefrom is

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner’s Regarding Claim 3, a claim dependent on Claim 1. Applicant has shown that Claim 1

is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 3 is
non-obvious.
2143.03 All Claim Limitations Must Be **>Considered< [R-6]
*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an
independent claim is nonobvious under 35 U.5.C. 103, then any claim depending therefrom is

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner’s Regarding Claim 4, a claim dependent on Claim 1. Applicant has shown that Claim 1

is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 4 is
non-obvious.
2143.03 All Claim Limitations Must Be **>Considered< [R-6]
*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an
independent claim is nonobvious under 35 U.5.C. 103, then any claim depending therefrom is

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner:

Regarding claim 5, Margolin (abstract; figs. 1-7; col. 3, lines 8-67; col. 4, lines 1-67; col.
5, lines 1-67) in view of Duggan disclose a system for safely flying an unmanned aerial vehicle
in civilian airspace comprising:
(a) a ground station equipped with a synthetic vision system;
(b) an unmanned aerial vehicle capable of supporting said synthetic vision system;

(c) aremote pilot operating said ground station;
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(d) acommunications link between said unmanned aerial vehicle and said ground station;
e) asystem onboard said unmanned aerial vehicle for detecting the presence and position of
nearby aircraft and communicating this information to said remote pilot;
whereas said remote pilot uses said synthetic vision system to control said unmanned
aerial vehicle during at least selected phases of the flight of said unmanned aerial vehicle, and
during those phases of the flight of said unmanned aerial vehicle when said synthetic vision
system is not used to control said unmanned aerial vehicle said unmanned aerial vehicle is flown
using an autonomous control system, and
whereas the selected phases of the flight of said unmanned aerial vehicle comprise:
(a) when said unmanned aerial vehicle is within a selected range of an airport or other
designated location and is below a first specified altitude;
(b) when said unmanned aerial vehicle is outside said selected range of an airport or other

designated location and is below a second specified altitude.

Applicant:
In Margolin *724: Column 3, lines 8-67; Column 4, lines 1-67; and Column 5, lines 1-67 form a

continuous passage from Column 3, line 8 to Column 5, line 67. This passage of approximately
1619 words forms the core of the Margolin ‘724 DETAILED DESCRIPTION. The remainder of the
Margolin “724 DETAILED DESCRIPTION teaches additional topics such as Flight Control (with
headings Flight Control, Direct Control Non-Remotely Piloted Vehicles, Computer Mediated Non-
Remotely Piloted Vehicles, Second Order Flight Control Mode, First Order Flight Control Mode
{See Column 6, line 19 - Column 8, line 3}, the features of a Control Panel (See Column 8, line 64
- Column 9, line 18}, the use of a Head-Mounted Display {See Column 9, lines 19 - 32}, the use of
the invention for training {See Column 9, lines 33 - 63}, and The Database {See Column 9, line 64

- Column 10, line 50.}

The Examiner cites Figures 1 - 7 in Margolin ‘724. These constitute all the figures in Margolin

“724.

The Examiner also cites the Abstract in Margolin ‘724. According to 608.01(b) Abstract of the
Disclosure [R-7]:
37 CFR 1.72 Title and abstract.
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(b) A brief abstract of the technical disclosure in the specification must commence on a
separate sheet, preferably following the claims, under the heading "Abstract" or "Abstract of
the Disclosure." The sheet or sheets presenting the abstract may not include other parts of the
application or other material. The abstract in an application filed under 35 U.S.C. 111 may not

exceed 150 words in length. The purpose of the abstract is to enable the United States Patent

and Trademark Office and the public generally to determine quickly from a cursory inspection

the nature and gist of the technical disclosure.<

{Emphasis added}

The popular interpretation of 608.01(b) is that the purpose of the Abstract is to provide search

terms. In any event, the Abstract in Margolin ‘724 does not say anything about civilian airspace.

The Examiner has made a conclusory statement by repeating the title of Applicant’s invention
(leaving out the words “and method™) and citing the core of the DETAILED DESCRIPTION in
Margolin ‘724.

In the remaining sections of the Examiner’s rejection of Applicant’s Claim 5 he asserts that he has

found all of the elements and limitations of Applicant’s invention.

It is not surprising that some of the elements of Applicant’s invention are present in Margolin ‘724
since Margolin ‘724 is probably the pioneering patent for the use of what is now called synthetic
vision in remotely piloted aircraft (now commonly called Unmanned Aerial Vehicles) and

Applicant’s present invention uses synthetic vision as an element.

However, there are limitations in Applicant’s current invention that are not present in Margolin

“724.

Examiner:
whereas said remote pilot uses said synthetic vision system to control said unmanned aerial

vehicle during at least selected phases of the flight of said unmanned aerial vehicle, and during
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those phases of the flight of said unmanned aerial vehicle when said synthetic vision system is
not used to control said unmanned aerial vehicle said unmanned aerial vehicle is flown using an

autonomous control system, and

whereas the selected phases of the flight of said unmanned aerial vehicle comprise:

(a) when said unmanned aerial vehicle is within a selected range of an airport or other designated
location and is below a first specified altitude;

(b) when said unmanned aerial vehicle is outside said selected range of an airport or other

designated location and is below a second specified altitude.

The Examiner has not even attempted to show where these limitations are taught in Margolin “724.
As noted, he has cited the core of the Margolin ‘724 DETAILED DESCRIPTION, all of the
drawings, and the abstract. His rejection is purely conclusory and does not follow the requirements
for making a prima facie rejection required by MPEP § 2143.03 All Claim Limitations Must Be
Considered, KSR, and Wehling, as well as MPEP § 2142 ESTABLISHING A PRIMA FACIE
CASE OF OBVIOUSNESS.

The Examiner continues:

Margolin did not disclose that the vehicle is flown using an autonomous control system.
However, Duggan teach of a system for safely flying an unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an unmanned aerial vehicle (sec. 0352, 00353), wherein
during phases of a flight of an unmanned aerial vehicle (UAV, sec 0318, 0322, 0353) when a
synthetic vision (sec. 0356, 0365, 0388, 0390) is not used to control said unmanned aerial
vehicle said unmanned aerial vehicle is flown using an autonomous control system (autopilot,
sec 0346 to 0350, 0390-0329).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Margolin as taught by Duggan for the purpose of incorporating

an autopilot to ensure smooth transitions (Duggna abstract, sec 0014, 0085, 0086).
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The different embodiments in both prior arts are combinable as it would be obvious to ne

having ordinary skill in the art.

Examiner

Duggan

Margolin did not disclose that the
vehicle is flown using an
autonomous control system.
However, Duggan teach of a
system for safely flying an
unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an
unmanned aerial vehicle (sec.

0352,

00353),

[0352] In one aspect of the present invention, an operator
station (also referred to as the ground control station or GCS)
is designed to accommodate command and control of multiple
vehicles or a single vehicle by a single operator. In accordance
with one embodiment, the ground control station is platform
independent and implements an application program interface
that provides windowing and communications interfaces (e.g.,
the platform is implemented in Open Source wxWindows
API). The underlying operating system is illustratively
masked and enables a developer to code in a high level

environment.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the
vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These

design concepts together provide a flexible, multiple vehicle
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wherein during phases of a flight
of an unmanned aerial vehicle

(UAV, sec 0318,

0322,

0353)

control system. The details of the concepts are discussed

below.

[0318] If the pilot chooses a surveillance location outside the
total FOV, then the outer loop guidance will illustratively
follow a command-to-LOS mode guide law until the UAV
flight path points toward the target. Once the desired staring-
point comes within a minimum range threshold, the guidance
automatically trips into a loiter pattern (either constant-radius
or elliptical) to maintain a station with a single key-click while
he/she conducts other activities. FIGS. 22A & 22B together

demonstrate the surveillance-point approach scenario.

[0322] In accordance with one aspect of the present invention,
sensor-slave mode commands are generated by an
autonomous line-of-sight driven function, in which the
command objectives are generated by the necessities of the
function rather than by an operator. For example, a function
designed to command a raster-scan of a particular surveillance
area, or a function designed to scan a long a roadway could be
used to generate sensor slave commands. Another example is
a function designed to generate line-of-sight commands for

UAV-to-UAV rendezvous formation flying.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the

vehicles individually from the ground control station at any
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when a synthetic vision (sec. 0356,

0365,

0388,

time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These
design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0356] a synthetic vision display

[0365] The two video monitors are illustratively used to
display real-time data linked camera imagery from two air
vehicles having cameras (of course, fewer, more or none of
the vehicles might have cameras and the number of monitor
displays can be altered accordingly). In accordance with one
embodiment, camera imagery is recorded on videotapes
during a mission. In accordance with one embodiment, the
two repeater displays are used to provide redundant views of
the GUI and synthetic vision display. The laptop illustratively
serves as a GUI backup in the event that the main GUI fails.

[0388] In one aspect of the present invention, synthetic vision
display technical approach of the present invention is based
upon integrating advanced simulated visuals, originally
developed for training purposes, into UAV operational
systems. In accordance with one embodiment, the simulated
visuals are integrated with data derived from the ground

control station during flight to enable real-time synthetic
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0390) is not used to control said
unmanned aerial vehicle said
unmanned aerial vehicle is flown
using an autonomous control

system

visuals.

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of
control over a UAV, from fully manual to fully autonomous,
with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system
controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can

program a fixed heading, altitude and speed using the control
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(autopilot, sec 0346 to 0350,

options provided in selections pane 2630.

[0346] In accordance with one embodiment, an exemplary
translation layer implementation will now be provided. After
the guidance algorithms execute, the outputs are translated to
the native vehicle autopilot commands. The equations below
provide example kinematic translations from the guidance
acceleration commands to native vehicle autopilot commands.
These equations demonstrate the principal that vehicle motion
is activated through acceleration. The methods that various
vehicles employ to generate acceleration are numerous (bank
angle autopilot, acceleration autopilot, heading control
autopilot, altitude control autopilot, etc). Since the control
algorithms described herein generate acceleration commands
that can be kinematically translated into any of these native
autopilot commands, the guidance algorithms truly provide a
generalized library of control laws that can control any vehicle
through that vehicle's native atomic functions. Ubiquitous
acceleration control techniques enable VACS to synthesize
control commands for any vehicle, including air, ground, or
sea-based. 35 a v = vertical plane acceleration command a h =
horizontal plane acceleration command =tan-1(ahav)=
bank angle command a T =a v 2+ ah 2 = total body
acceleration command . = ah V = turn rate command i =1- 1
+ .t =heading command . = (av - g ) V = flight path rate
commandi=1- 1+ .t={flight path angle command h .=V
sin () =climb rate command hi=hi=1+h. t=altitude

command Eq . 57

[0347] Additional functionality that can be enabled in a

translation layer is means for discouraging or preventing an
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operator (e.g., the human or non-human operator interfacing
the VACS architecture) from overdriving, stalling, or spinning
the vehicle frame. This being said, limiting algorithms can

also be employed in the guidance or autopilot functions.

[0348] X. Autopilot

[0349] As has been addressed, the present invention is not
limited to, and does not require, a particular autopilot system.
The control system and architecture embodiments of the
present invention can be adapted to accommodate virtually

any autopilot system.

[0350] For the purpose of providing an example, an
illustrative suitable autopilot software system will now be
described. The illustrative autopilot system incorporates a
three-axis design (pitch and yaw with an attitude control loop
in the roll axis) for vehicle stabilization and guidance
command tracking. The autopilot software design incorporates
flight control techniques, which allow vehicle control
algorithms to dynamically adjust airframe stabilization
parameters in real-time during flight. The flight computer is
programmed directly with the airframe physical properties, so
that it can automatically adjust its settings with changes in
airframe configuration, aerodynamic properties, and/or flight
state. This provides for a simple and versatile design, and
possesses the critical flexibility needed when adjustments to
the airframe configuration become necessary. The three-loop
design includes angular rate feedback for stability
augmentation, attitude feedback for closed-loop stiffness, and

acceleration feedback for command tracking. In addition, an
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0390-0329).

integral controller in the forward loop illustratively provides
enhanced command tracking, low frequency disturbance

rejection and an automatic trim capability.

{The Examiner may have meant 0390-0392. Otherwise the
range is not credible}

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of
control over a UAV, from fully manual to fully autonomous,
with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system

controls the UAV into a constant altitude, heading and speed
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flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can
program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.

[0391] The described Intelligent displays with smart variables
represent an effective approach to actively displaying
information for different types of vehicles. However, a
problem can arise when a new vehicle is integrated into the
ground control station with a completely foreign command
and control interface. Under these circumstances, the ground
control station is not concerned about displaying data, but is
tasked to provide a command and control interface for the
operator to perform the required operations. This conundrum
is the motivation for another embodiment of the present
invention, namely, the integration of vehicle specific panels in

the ground control station.

[0392] In one embodiment, a generic vehicle class (GVC) is
illustratively a software component that provides a rapid
development environment API to add new vehicle classes and
types to the ground control station. The GVC also
illustratively serves as a software construct that allows the
inclusion of multiple vehicles within the ground control
station framework. One of the variables in the application is a
vector of pointers to a generic vehicle class. This list is
constructed by allocating new specific vehicles and returning
a type case to the base generic vehicle class. When a new
vehicle is integrated into the ground control station, the

generic vehicle class provides all of the virtual functions to
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Therefore, it would have been
obvious to one of ordinary skill in
the art at the time the invention
was made to modify Margolin as
taught by Duggan for the purpose
of incorporating an autopilot to
ensure smooth transitions (Duggna

abstract, sec 0014, 0085, 0086).

The different embodiments in
both prior arts are combinable as it
would be obvious to ne[sic] having

ordinary skill in the art.

integrate with system control components (e.g., to integrate
with a map display, a communications package, PCIG
imagery and/or appropriate display windows). An important
object in the application framework is illustratively a pointer
to the current vehicle generic class. When the user switches
vehicles, this pointer is updated and all displays grab the
appropriate smart variables from the pointer to the new base
class. This is the mechanism by which windows immediately
update to the current vehicle information whenever the user
switches vehicles. The default windows use the pointer to the
current vehicle to grab information. In this manner, if the user
switches to a new vehicle with a different set of datalink
variables, that fact is immediately apparent on the display

windows.

Abstract

Embodiments are disclosed for a vehicle control system and
related sub-components that together provide an operator with
a plurality of specific modes of operation, wherein various
modes of operation incorporate different levels of autonomous
control. Through a control user interface, an operator can
move between certain modes of control even after vehicle
deployment. Specialized autopilot system components and

methods are employed to ensure smooth transitions between
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control modes. Empowered by the multi-modal control
system, an operator can even manage multiple vehicles

simultaneously.

[0014] Embodiments of the present invention pertain to a
hierarchical control system, user interface system, and control
architecture that together incorporate a broad range of user-
selectable control modes representing variable levels of
autonomy and vehicle control functionality. A unified
autopilot is provided to process available modes and mode
transitions. An intelligence synthesizer is illustratively
provided to assist in resolving functional conflicts and
transitioning between control modes, although certain
resolutions and transitions can be incorporated directly into
the functional sub-components associated with the different
control modes. In accordance with one embodiment, all modes
and transitions are funneled through an acceleration-based
autopilot system. Accordingly, control commands and
transitions are generally reduced to an acceleration vector to

be processed by a centralized autopilot system.

[0085] As will be discussed in greater detail below, the
control system and architecture embodiments of the present
invention essentially enable any autopilot design to support
control of a vehicle in numerous control modes that are
executed with switches between modes during flight. All
control modes are supported even in the presence of sensor
errors, such as accelerometer and gyro biases. This robustness
is at least partially attributable to the fact that the closed-loop
system, in all control modes, is essentially slaved to an inertial

path and, hence, the sensor biases wash out in the closed loop,
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assuming the biases are not so grossly large that they induce
stability problems in the autopilot system. Furthermore, winds
are generally not an issue in the overall control scheme in that
the flight control system will regulate to the inertial path,
adjusting for winds automatically in the closed loop. Given
the precision afforded by inertial navigation aided by GPS
technology, inertial path regulation offers a highly effective
and robust UAV control approach. Generally speaking, the
autopilot system functions such that winds, medium Dryden
turbulence levels, sensor errors, airframe aerodynamic and
mass model parameter uncertainties, servo non-linearity (slew
rate limits, etc.), and various other atmospheric and noise
disturbances will non have a critically negative impact on

flight path regulation.

[0086] Component 408 receives commands generated by
component 404 and filtered by autopilot component 406. The
commands received by component 408 are executed to
actually manipulate the vehicle's control surfaces. Autopilot
component 406 then continues to monitor vehicle stabilization
and/or command tracking, making additional commands to

component 408 as necessary.

At the beginning of this subsection, the Examiner asserts, “Margolin did not disclose that the
vehicle is flown using an autonomous control system. However, Duggan teach of a system for

safely flying an unmanned aerial vehicle in civilian airspace comprising: ...”

The Examiner’s statement, “However, Duggan teach of a system for safely flying an unmanned
aerial vehicle in civilian airspace comprising: ...” is conclusory and is not supported by the

Examiner’s citations to Duggan.
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In addition, none of the Duggan citations teach the limitations in Applicant’s Claim 5 that either
synthetic vision or Duggan’s Variable Autonomy System is used:
1. “during at least selected phases of the flight of said unmanned aerial vehicle”
2. that the selected phases comprise:
(a) when said unmanned aerial vehicle is within a selected range of an airport or other
designated location and is below a first specified altitude;
(b) when said unmanned aerial vehicle is outside said selected range of an airport or other

designated location and is below a second specified altitude.

Duggan fails to teach the limitation that his Variable Autonomy System is used during selected
phases of a UAV’s flight and Margolin ‘724 fails to teach the limitation that synthetic vision is used
during selected phases of a UAV’s flight. Therefore, the combination of Duggan and Margolin ‘724

does not read on Applicant’s Claim 5.

As cited above by Applicant, MPEP 2143.03 “All Claim Limitations must be Considered” states:
“all words in a claim must be considered in judging the patentability of that claim against the prior

art.” In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970).”

The Examiner has failed his duty under MPEP 2143.03 (and in view of Wehling) to present a prima

facie case of obviousness for rejecting Applicant’s Claim 5.

Examiner’s Regarding Claim 6, a claim dependent on Claim 5. Applicant has shown that Claim 5

is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 6 is

non-obvious.
2143.03 All Claim Limitations Must Be **>Considered< [R-6]
*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an
independent claim is nonobvious under 35 {1.5.C. 183, then any claim depending therefrom is

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).
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Examiner’s Regarding Claim 7, a claim dependent on Claim 5. Applicant has shown that Claim 5

is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 7 is

non-obvious.
2143.03 All Claim Limitations Must Be **>Considered< [R-6]
*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an
independent claim is nonobvious under 35 U.5.C. 103, then any claim depending therefrom is

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner:

Regarding claim 8, Margolin (abstract; figs. 1-7; col. 3, lines 8-67; col. 4, lines 1-67; col. 5,
lines 1-67) in view of Duggan disclose a method for safely flying an unmanned aerial vehicle as part
of a unmanned aerial system equipped with a synthetic vision system in civilian airspace comprising
the steps of-

(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of the
flight of said unmanned aerial vehicle when said synthetic vision system is not used to control said
unmanned aerial vehicle an autonomous control system is used to fly said unmanned aerial vehicle;

(b) providing a system onboard said unmanned aerial vehicle for detecting the presence and

position of nearby aircraft and communicating this information to said remote pilot.

Applicant:
In Margolin *724: Column 3, lines 8-67; Column 4, lines 1-67; and Column 5, lines 1-67 form a

continuous passage from Column 3, line 8 to Column 5, line 67. This passage of approximately
1619 words forms the core of the Margolin ‘724 DETAILED DESCRIPTION. The remainder of the
Margolin *724 DETAILED DESCRIPTION teaches additional topics such as Flight Control (with
headings Flight Control, Direct Control Non-Remotely Piloted Vehicles, Computer Mediated Non-
Remotely Piloted Vehicles, Second Order Flight Control Mode, First Order Flight Control Mode
{See Column 6, line 19 - Column 8, line 3}, the features of a Control Panel (See Column 8, line 64

- Column 9, line 18}, the use of a Head-Mounted Display {See Column 9, lines 19 - 32}, the use of
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the invention for training {See Column 9, lines 33 - 63}, and The Database {See Column 9, line 64
- Column 10, line 50.}

The Examiner cites Figures 1 - 7 in Margolin ‘724. These constitute all the figures in Margolin

“724.

The Examiner also cites the Abstract in Margolin ‘724. According to 608.01(b) Abstract of the
Disclosure [R-7]:
37 CFR 1.72 Title and abstract.
ssfesiesisk
(b) A brief abstract of the technical disclosure in the specification must commence on a
separate sheet, preferably following the claims, under the heading "Abstract" or "Abstract of
the Disclosure." The sheet or sheets presenting the abstract may not include other parts of the
application or other material. The abstract in an application filed under 35 U.S.C. 111 may not

exceed 150 words in length. The purpose of the abstract is to enable the United States Patent

and Trademark Office and the public generally to determine quickly from a cursory inspection

the nature and gist of the technical disclosure.<

{Emphasis added}

The popular interpretation of 608.01(b) is that the purpose of the Abstract is to provide search

terms. In any event, the Abstract in Margolin ‘724 does not say anything about civilian airspace.

The Examiner has made a conclusory statement by repeating the title of Applicant’s invention
(leaving out the words “and method™) and citing the core of the DETAILED DESCRIPTION in
Margolin ‘724.

In the remaining sections of the Examiner’s rejection of Applicant’s Claim 8 he asserts that he has
found the elements and limitations of Applicant’s invention.
(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of

the flight of said unmanned aerial vehicle when said synthetic vision system is not used to
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control said unmanned aerial vehicle an autonomous control system is used to fly said
unmanned aerial vehicle;
(b) providing a system onboard said unmanned aerial vehicle for detecting the presence and

position of nearby aircraft and communicating this information to said remote pilot.

The Examiner has not even attempted to show where these limitations are taught in Margolin “724.
He has particularly failed to show where the following is taught:
(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of
the flight of said unmanned aerial vehicle when said synthetic vision system is not used to
control said unmanned aerial vehicle an autonomous control system is used to fly said

unmanned aerial vehicle;

As noted, he has cited the core of the Margolin ‘724 DETAILED DESCRIPTION, all of the
drawings, and the abstract. His rejection is purely conclusory and does not follow the requirements
for making a prima facie rejection required by MPEP § 2143.03 All Claim Limitations Must Be
Considered, KSR, and Wehling, as well as MPEP § 2142 ESTABLISHING A PRIMA FACIE
CASE OF OBVIOUSNESS.

The Examiner continues:

Margolin did not disclose that the vehicle is flown using an autonomous control system.
However, Duggan teach of a system for safely flying an unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an unmanned aerial vehicle (sec. 0352, 00353), wherein
during phases of a flight of an unmanned aerial vehicle (UAV, sec 0318, 0322, 0353) when a
synthetic vision (sec. 0356, 0365, 0388, 0390) is not used to control said unmanned aerial
vehicle said unmanned aerial vehicle is flown using an autonomous control system (autopilot,
sec 0346 to 0350, 0390-0329).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Margolin as taught by Duggan for the purpose of incorporating

an autopilot to ensure smooth transitions (Duggna abstract, sec 0014, 0085, 0086).
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The different embodiments in both prior arts are combinable as it would be obvious to ne having

ordinary skill in the art.

Examiner

Duggan

Margolin did not disclose that the
vehicle is flown using an
autonomous control system.
However, Duggan teach of a
system for safely flying an
unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an
unmanned aerial vehicle (sec.

0352,

00353),

[0352] In one aspect of the present invention, an operator
station (also referred to as the ground control station or GCS)
is designed to accommodate command and control of multiple
vehicles or a single vehicle by a single operator. In accordance
with one embodiment, the ground control station is platform
independent and implements an application program interface
that provides windowing and communications interfaces (e.g.,
the platform is implemented in Open Source wxWindows
API). The underlying operating system is illustratively
masked and enables a developer to code in a high level

environment.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the
vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data

between the ground control station and the UAV's. These
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wherein during phases of a flight
of an unmanned aerial vehicle

(UAV, sec 0318,

0322,

0353)

design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0318] If the pilot chooses a surveillance location outside the
total FOV, then the outer loop guidance will illustratively
follow a command-to-LOS mode guide law until the UAV
flight path points toward the target. Once the desired staring-
point comes within a minimum range threshold, the guidance
automatically trips into a loiter pattern (either constant-radius
or elliptical) to maintain a station with a single key-click while
he/she conducts other activities. FIGS. 22A & 22B together

demonstrate the surveillance-point approach scenario.

[0322] In accordance with one aspect of the present invention,
sensor-slave mode commands are generated by an
autonomous line-of-sight driven function, in which the
command objectives are generated by the necessities of the
function rather than by an operator. For example, a function
designed to command a raster-scan of a particular surveillance
area, or a function designed to scan a long a roadway could be
used to generate sensor slave commands. Another example is
a function designed to generate line-of-sight commands for

UAV-to-UAV rendezvous formation flying.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual

control mode, the operator can assume control authority of the
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when a synthetic vision (sec. 0356,

0365,

0388,

vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These
design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0356] a synthetic vision display

[0365] The two video monitors are illustratively used to
display real-time data linked camera imagery from two air
vehicles having cameras (of course, fewer, more or none of
the vehicles might have cameras and the number of monitor
displays can be altered accordingly). In accordance with one
embodiment, camera imagery is recorded on videotapes
during a mission. In accordance with one embodiment, the
two repeater displays are used to provide redundant views of
the GUI and synthetic vision display. The laptop illustratively
serves as a GUI backup in the event that the main GUI fails.

[0388] In one aspect of the present invention, synthetic vision
display technical approach of the present invention is based
upon integrating advanced simulated visuals, originally
developed for training purposes, into UAV operational
systems. In accordance with one embodiment, the simulated

visuals are integrated with data derived from the ground
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0390) is not used to control said
unmanned aerial vehicle said
unmanned aerial vehicle is flown
using an autonomous control

system

control station during flight to enable real-time synthetic

visuals.

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of
control over a UAV, from fully manual to fully autonomous,
with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system
controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the

UAYV using the control stick (e.g. joystick) or the operator can
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(autopilot, sec 0346 to 0350,

program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.

[0346] In accordance with one embodiment, an exemplary
translation layer implementation will now be provided. After
the guidance algorithms execute, the outputs are translated to
the native vehicle autopilot commands. The equations below
provide example kinematic translations from the guidance
acceleration commands to native vehicle autopilot commands.
These equations demonstrate the principal that vehicle motion
is activated through acceleration. The methods that various
vehicles employ to generate acceleration are numerous (bank
angle autopilot, acceleration autopilot, heading control
autopilot, altitude control autopilot, etc). Since the control
algorithms described herein generate acceleration commands
that can be kinematically translated into any of these native
autopilot commands, the guidance algorithms truly provide a
generalized library of control laws that can control any vehicle
through that vehicle's native atomic functions. Ubiquitous
acceleration control techniques enable VACS to synthesize
control commands for any vehicle, including air, ground, or
sea-based. 35 a v = vertical plane acceleration command a h =
horizontal plane acceleration command =tan-1(ahav)=
bank angle command a T =a v 2+ ah 2 = total body
acceleration command . = ah V = turn rate command i =1- 1
+ .t =heading command . = (av - g ) V = flight path rate
commandi=1- 1+ .t={flight path angle command h .=V
sin () =climb rate command hi=hi=1+h. t=altitude

command Eq . 57

[0347] Additional functionality that can be enabled in a
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translation layer is means for discouraging or preventing an
operator (e.g., the human or non-human operator interfacing
the VACS architecture) from overdriving, stalling, or spinning
the vehicle frame. This being said, limiting algorithms can

also be employed in the guidance or autopilot functions.

[0348] X. Autopilot

[0349] As has been addressed, the present invention is not
limited to, and does not require, a particular autopilot system.
The control system and architecture embodiments of the
present invention can be adapted to accommodate virtually

any autopilot system.

[0350] For the purpose of providing an example, an
illustrative suitable autopilot software system will now be
described. The illustrative autopilot system incorporates a
three-axis design (pitch and yaw with an attitude control loop
in the roll axis) for vehicle stabilization and guidance
command tracking. The autopilot software design incorporates
flight control techniques, which allow vehicle control
algorithms to dynamically adjust airframe stabilization
parameters in real-time during flight. The flight computer is
programmed directly with the airframe physical properties, so
that it can automatically adjust its settings with changes in
airframe configuration, aerodynamic properties, and/or flight
state. This provides for a simple and versatile design, and
possesses the critical flexibility needed when adjustments to
the airframe configuration become necessary. The three-loop
design includes angular rate feedback for stability

augmentation, attitude feedback for closed-loop stiffness, and
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0390-0329).

acceleration feedback for command tracking. In addition, an
integral controller in the forward loop illustratively provides
enhanced command tracking, low frequency disturbance

rejection and an automatic trim capability.

{The Examiner may have meant 0390-0392. Otherwise the
range is not credible}

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of
control over a UAV, from fully manual to fully autonomous,
with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote

directional command), for example, the control system
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controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can
program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.

[0391] The described Intelligent displays with smart variables
represent an effective approach to actively displaying
information for different types of vehicles. However, a
problem can arise when a new vehicle is integrated into the
ground control station with a completely foreign command
and control interface. Under these circumstances, the ground
control station is not concerned about displaying data, but is
tasked to provide a command and control interface for the
operator to perform the required operations. This conundrum
is the motivation for another embodiment of the present
invention, namely, the integration of vehicle specific panels in

the ground control station.

[0392] In one embodiment, a generic vehicle class (GVC) is
illustratively a software component that provides a rapid
development environment API to add new vehicle classes and
types to the ground control station. The GVC also
illustratively serves as a software construct that allows the
inclusion of multiple vehicles within the ground control
station framework. One of the variables in the application is a
vector of pointers to a generic vehicle class. This list is
constructed by allocating new specific vehicles and returning
a type case to the base generic vehicle class. When a new

vehicle is integrated into the ground control station, the




Jed Margolin

Serial Number: 11/736,356
Examiner: Ronnie M. Mancho

Filed: 04/17/2007
Art Unit: 3664

Sheet 46 of 241

Therefore, it would have been
obvious to one of ordinary skill in
the art at the time the invention
was made to modify Margolin as
taught by Duggan for the purpose
of incorporating an autopilot to
ensure smooth transitions (Duggna

abstract, sec 0014, 0085, 0086).

The different embodiments in
both prior arts are combinable as it
would be obvious to ne[sic] having

ordinary skill in the art.

generic vehicle class provides all of the virtual functions to
integrate with system control components (e.g., to integrate
with a map display, a communications package, PCIG
imagery and/or appropriate display windows). An important
object in the application framework is illustratively a pointer
to the current vehicle generic class. When the user switches
vehicles, this pointer is updated and all displays grab the
appropriate smart variables from the pointer to the new base
class. This is the mechanism by which windows immediately
update to the current vehicle information whenever the user
switches vehicles. The default windows use the pointer to the
current vehicle to grab information. In this manner, if the user
switches to a new vehicle with a different set of datalink
variables, that fact is immediately apparent on the display

windows.

Abstract

Embodiments are disclosed for a vehicle control system and
related sub-components that together provide an operator with
a plurality of specific modes of operation, wherein various
modes of operation incorporate different levels of autonomous
control. Through a control user interface, an operator can
move between certain modes of control even after vehicle
deployment. Specialized autopilot system components and

methods are employed to ensure smooth transitions between
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control modes. Empowered by the multi-modal control
system, an operator can even manage multiple vehicles

simultaneously.

[0014] Embodiments of the present invention pertain to a
hierarchical control system, user interface system, and control
architecture that together incorporate a broad range of user-
selectable control modes representing variable levels of
autonomy and vehicle control functionality. A unified
autopilot is provided to process available modes and mode
transitions. An intelligence synthesizer is illustratively
provided to assist in resolving functional conflicts and
transitioning between control modes, although certain
resolutions and transitions can be incorporated directly into
the functional sub-components associated with the different
control modes. In accordance with one embodiment, all modes
and transitions are funneled through an acceleration-based
autopilot system. Accordingly, control commands and
transitions are generally reduced to an acceleration vector to

be processed by a centralized autopilot system.

[0085] As will be discussed in greater detail below, the
control system and architecture embodiments of the present
invention essentially enable any autopilot design to support
control of a vehicle in numerous control modes that are
executed with switches between modes during flight. All
control modes are supported even in the presence of sensor
errors, such as accelerometer and gyro biases. This robustness
is at least partially attributable to the fact that the closed-loop
system, in all control modes, is essentially slaved to an inertial

path and, hence, the sensor biases wash out in the closed loop,
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assuming the biases are not so grossly large that they induce
stability problems in the autopilot system. Furthermore, winds
are generally not an issue in the overall control scheme in that
the flight control system will regulate to the inertial path,
adjusting for winds automatically in the closed loop. Given
the precision afforded by inertial navigation aided by GPS
technology, inertial path regulation offers a highly effective
and robust UAV control approach. Generally speaking, the
autopilot system functions such that winds, medium Dryden
turbulence levels, sensor errors, airframe aerodynamic and
mass model parameter uncertainties, servo non-linearity (slew
rate limits, etc.), and various other atmospheric and noise
disturbances will non have a critically negative impact on

flight path regulation.

[0086] Component 408 receives commands generated by
component 404 and filtered by autopilot component 406. The
commands received by component 408 are executed to
actually manipulate the vehicle's control surfaces. Autopilot
component 406 then continues to monitor vehicle stabilization
and/or command tracking, making additional commands to

component 408 as necessary.

At the beginning of this subsection, the Examiner asserts, “Margolin did not disclose that the
vehicle is flown using an autonomous control system. However, Duggan teach of a system for

safely flying an unmanned aerial vehicle in civilian airspace comprising: ...”

The Examiner’s statement, “However, Duggan teach of a system for safely flying an unmanned
aerial vehicle in civilian airspace comprising: ...” is conclusory and is not supported by the

Examiner’s citations to Duggan.
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In addition, none of the Duggan citations teach the limitations in Applicant’s Claim 8§ that either
synthetic vision or Duggan’s Variable Autonomy System comprises the step of:
(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of
the flight of said unmanned aerial vehicle when said synthetic vision system is not used to
control said unmanned aerial vehicle an autonomous control system is used to fly said

unmanned aerial vehicle;

Duggan fails to teach the limitation that his Variable Autonomy System is used during selected
phases of a UAV’s flight and Margolin ‘724 fails to teach the limitation that synthetic vision is used
during selected phases of a UAV’s flight. Therefore, the combination of Duggan and Margolin ‘724

does not read on Applicant’s Claim 8.

As cited above by Applicant, MPEP 2143.03 “All Claim Limitations must be Considered” states:
“all words in a claim must be considered in judging the patentability of that claim against the prior

art.” In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970).”

The Examiner has failed his duty under MPEP 2143.03 (and in view of Wehling) to present a prima

facie case of obviousness for rejecting Applicant’s Claim 8.

Examiner’s Regarding Claim 9, a claim dependent on Claim 8. Applicant has shown that Claim 8

is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 9 is

non-obvious.
2143.03 All Claim Limitations Must Be **>Considered< [R-6]
*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner’s Regarding Claim 10, a claim dependent on Claim 8. Applicant has shown that Claim

8 is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 10

1s non-obvious.
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2143.03 All Claim Limitations Must Be **>Considered< [R-6]
*% " All words in a claim must be considered in judging the patentability of that claim against

the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner’s Regarding Claim 11, a claim dependent on Claim 8. Applicant has shown that Claim

8 is nonobvious. Therefore, under 2143.03 All Claim Limitations Must Be Considered, Claim 11

1s non-obvious.

2143.03 All Claim Limitations Must Be **>Considered< [R-6]

*% " All words in a claim must be considered in judging the patentability of that claim against
the prior art." In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an
independent claim is nonobvious under 33 U.S.C. 103, then any claim depending therefrom is

nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).

Examiner:

Regarding claim 12, Margolin (abstract; figs. 1-7; col. 3, lines 8-67; col. 4, lines 1-67; col. 5, lines 1-
67) in view of Duggan disclose a method for safely flying an unmanned aerial vehicle as part of a
unmanned aerial system equipped with a synthetic vision system in civilian airspace comprising
the steps of:
(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of
the flight of said unmanned aerial vehicle when said synthetic vision system is not used
to control said unmanned aerial vehicle an autonomous control system is used to fly said
unmanned aerial vehicle;
(b) providing a system onboard said unmanned aerial vehicle for detecting the presence and

position of nearby aircraft and communicating this information to said remote pilot;

whereas said selected phases of the flight of said unmanned aerial vehicle comprise:
(a) when said unmanned aerial vehicle is within a selected range of an airport or other

designated location and is below a first specified altitude;
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(b) when said unmanned aerial vehicle is outside said selected range of an airport or other

designated location and is below a second specified altitude.

Applicant:
In Margolin *724: Column 3, lines 8-67; Column 4, lines 1-67; and Column 5, lines 1-67 form a

continuous passage from Column 3, line 8 to Column 5, line 67. This passage of approximately
1619 words forms the core of the Margolin ‘724 DETAILED DESCRIPTION. The remainder of the
Margolin “724 DETAILED DESCRIPTION teaches additional topics such as Flight Control (with
headings Flight Control, Direct Control Non-Remotely Piloted Vehicles, Computer Mediated Non-
Remotely Piloted Vehicles, Second Order Flight Control Mode, First Order Flight Control Mode
{See Column 6, line 19 - Column 8, line 3}, the features of a Control Panel (See Column 8, line 64
- Column 9, line 18}, the use of a Head-Mounted Display {See Column 9, lines 19 - 32}, the use of
the invention for training {See Column 9, lines 33 - 63}, and The Database {See Column 9, line 64

- Column 10, line 50.}

The Examiner cites Figures 1 - 7 in Margolin ‘724. These constitute all the figures in Margolin

“724.

The Examiner also cites the Abstract in Margolin ‘724. According to 608.01(b) Abstract of the
Disclosure [R-7]:
37 CFR 1.72 Title and abstract.
ssfesiesisk
(b) A brief abstract of the technical disclosure in the specification must commence on a
separate sheet, preferably following the claims, under the heading "Abstract" or "Abstract of
the Disclosure." The sheet or sheets presenting the abstract may not include other parts of the
application or other material. The abstract in an application filed under 35 U.S.C. 111 may not

exceed 150 words in length. The purpose of the abstract is to enable the United States Patent

and Trademark Office and the public generally to determine quickly from a cursory inspection

the nature and gist of the technical disclosure.<

{Emphasis added}
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The popular interpretation of 608.01(b) is that the purpose of the Abstract is to provide search

terms. In any event, the Abstract in Margolin ‘724 does not say anything about civilian airspace.

The Examiner has made a conclusory statement by repeating the title of Applicant’s invention
(leaving out the words “and method”) and citing the core of the DETAILED DESCRIPTION in
Margolin ‘724.

In the remaining sections of the Examiner’s rejection of Applicant’s Claim 8 he asserts that he has

found the elements and limitations of Applicant’s invention.

(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of
the flight of said unmanned aerial vehicle when said synthetic vision system is not used
to control said unmanned aerial vehicle an autonomous control system is used to fly said
unmanned aerial vehicle;

(b) providing a system onboard said unmanned aerial vehicle for detecting the presence and

position of nearby aircraft and communicating this information to said remote pilot;

whereas said selected phases of the flight of said unmanned aerial vehicle comprise:

(a) when said unmanned aerial vehicle is within a selected range of an airport or other
designated location and is below a first specified altitude;

(b) when said unmanned aerial vehicle is outside said selected range of an airport or other

designated location and is below a second specified altitude.

The Examiner has not even attempted to show where these limitations are taught in Margolin “724.
He has particularly failed to show where the following is taught:
(a) using a remote pilot to fly said unmanned aerial vehicle using synthetic vision during at
least selected phases of the flight of said unmanned aerial vehicle, and during those phases of
the flight of said unmanned aerial vehicle when said synthetic vision system is not used
to control said unmanned aerial vehicle an autonomous control system is used to fly said

unmanned aerial vehicle;
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and
whereas said selected phases of the flight of said unmanned aerial vehicle comprise:
(a) when said unmanned aerial vehicle is within a selected range of an airport or other
designated location and is below a first specified altitude;
(b) when said unmanned aerial vehicle is outside said selected range of an airport or other

designated location and is below a second specified altitude.

As noted, he has cited the core of the Margolin ‘724 DETAILED DESCRIPTION, all of the
drawings, and the abstract. His rejection is purely conclusory and does not follow the requirements
for making a prima facie rejection required by MPEP § 2143.03 All Claim Limitations Must Be
Considered, KSR, and Wehling, as well as MPEP § 2142 ESTABLISHING A PRIMA FACIE
CASE OF OBVIOUSNESS.

The Examiner continues:

Margolin did not disclose that the vehicle is flown using an autonomous control system.
However, Duggan teach of a system for safely flying an unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an unmanned aerial vehicle (sec. 0352, 00353), wherein
during phases of a flight of an unmanned aerial vehicle (UAV, sec 0318, 0322, 0353) when a
synthetic vision (sec. 0356, 0365, 0388, 0390) is not used to control said unmanned aerial
vehicle said unmanned aerial vehicle is flown using an autonomous control system (autopilot,
sec 0346 to 0350, 0390-0329).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Margolin as taught by Duggan for the purpose of incorporating
an autopilot to ensure smooth transitions (Duggna abstract, sec 0014, 0085, 0086).

The different embodiments in both prior arts are combinable as it would be obvious to ne

having ordinary skill in the art.

Examiner Duggan

Margolin did not disclose that the | [0352] In one aspect of the present invention, an operator
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vehicle is flown using an
autonomous control system.
However, Duggan teach of a
system for safely flying an
unmanned aerial vehicle in civilian
airspace comprising:

a ground station controlling an
unmanned aerial vehicle (sec.

0352,

00353),

wherein during phases of a flight
of an unmanned aerial vehicle

(UAV, sec 0318,

station (also referred to as the ground control station or GCS)
is designed to accommodate command and control of multiple
vehicles or a single vehicle by a single operator. In accordance
with one embodiment, the ground control station is platform
independent and implements an application program interface
that provides windowing and communications interfaces (e.g.,
the platform is implemented in Open Source wxWindows
API). The underlying operating system is illustratively
masked and enables a developer to code in a high level

environment.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the
vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,
computer screen display, etc.). A custom data link is
illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These
design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0318] If the pilot chooses a surveillance location outside the

total FOV, then the outer loop guidance will illustratively
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0322,

0353)

follow a command-to-LOS mode guide law until the UAV
flight path points toward the target. Once the desired staring-
point comes within a minimum range threshold, the guidance
automatically trips into a loiter pattern (either constant-radius
or elliptical) to maintain a station with a single key-click while
he/she conducts other activities. FIGS. 22A & 22B together

demonstrate the surveillance-point approach scenario.

[0322] In accordance with one aspect of the present invention,
sensor-slave mode commands are generated by an
autonomous line-of-sight driven function, in which the
command objectives are generated by the necessities of the
function rather than by an operator. For example, a function
designed to command a raster-scan of a particular surveillance
area, or a function designed to scan a long a roadway could be
used to generate sensor slave commands. Another example is
a function designed to generate line-of-sight commands for

UAV-to-UAV rendezvous formation flying.

[0353] In one embodiment, the ground control station
incorporates several specialized user interface concepts
designed to effectively support a single operator tasked to
control multiple vehicles. The GCS also illustratively supports
manual control and sensor steering modes. In the manual
control mode, the operator can assume control authority of the
vehicles individually from the ground control station at any
time in flight. In the sensor steering mode, a vehicle will
autonomously fly in the direction the operator is manually
pointing the on-board imaging sensor (e.g., operator views
video output from a digital camera on a TV interface,

computer screen display, etc.). A custom data link is
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when a synthetic vision (sec. 0356,

0365,

0388,

0390) is not used to control said
unmanned aerial vehicle said

unmanned aerial vehicle is flown

illustratively, utilized to support a two-way transfer of data
between the ground control station and the UAV's. These
design concepts together provide a flexible, multiple vehicle
control system. The details of the concepts are discussed

below.

[0356] a synthetic vision display

[0365] The two video monitors are illustratively used to
display real-time data linked camera imagery from two air
vehicles having cameras (of course, fewer, more or none of
the vehicles might have cameras and the number of monitor
displays can be altered accordingly). In accordance with one
embodiment, camera imagery is recorded on videotapes
during a mission. In accordance with one embodiment, the
two repeater displays are used to provide redundant views of
the GUI and synthetic vision display. The laptop illustratively
serves as a GUI backup in the event that the main GUI fails.

[0388] In one aspect of the present invention, synthetic vision
display technical approach of the present invention is based
upon integrating advanced simulated visuals, originally
developed for training purposes, into UAV operational
systems. In accordance with one embodiment, the simulated
visuals are integrated with data derived from the ground
control station during flight to enable real-time synthetic

visuals.

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of

control over a UAV, from fully manual to fully autonomous,
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using an autonomous control

system

(autopilot, sec 0346 to 0350,

with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system
controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can
program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.

[0346] In accordance with one embodiment, an exemplary
translation layer implementation will now be provided. After

the guidance algorithms execute, the outputs are translated to
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the native vehicle autopilot commands. The equations below
provide example kinematic translations from the guidance
acceleration commands to native vehicle autopilot commands.
These equations demonstrate the principal that vehicle motion
is activated through acceleration. The methods that various
vehicles employ to generate acceleration are numerous (bank
angle autopilot, acceleration autopilot, heading control
autopilot, altitude control autopilot, etc). Since the control
algorithms described herein generate acceleration commands
that can be kinematically translated into any of these native
autopilot commands, the guidance algorithms truly provide a
generalized library of control laws that can control any vehicle
through that vehicle's native atomic functions. Ubiquitous
acceleration control techniques enable VACS to synthesize
control commands for any vehicle, including air, ground, or
sea-based. 35 a v = vertical plane acceleration command a h =
horizontal plane acceleration command =tan-1(ahav)=
bank angle command a T =a v 2+ ah 2 = total body
acceleration command . = ah V = turn rate command i =1- 1
+ .t =heading command . = (av - g ) V = flight path rate
commandi=1- 1+ .t={flight path angle command h .=V
sin () =climb rate command hi=hi=1+h. t=altitude

command Eq . 57

[0347] Additional functionality that can be enabled in a
translation layer is means for discouraging or preventing an
operator (e.g., the human or non-human operator interfacing
the VACS architecture) from overdriving, stalling, or spinning
the vehicle frame. This being said, limiting algorithms can

also be employed in the guidance or autopilot functions.
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0390-0329).

[0348] X. Autopilot

[0349] As has been addressed, the present invention is not
limited to, and does not require, a particular autopilot system.
The control system and architecture embodiments of the
present invention can be adapted to accommodate virtually

any autopilot system.

[0350] For the purpose of providing an example, an
illustrative suitable autopilot software system will now be
described. The illustrative autopilot system incorporates a
three-axis design (pitch and yaw with an attitude control loop
in the roll axis) for vehicle stabilization and guidance
command tracking. The autopilot software design incorporates
flight control techniques, which allow vehicle control
algorithms to dynamically adjust airframe stabilization
parameters in real-time during flight. The flight computer is
programmed directly with the airframe physical properties, so
that it can automatically adjust its settings with changes in
airframe configuration, aerodynamic properties, and/or flight
state. This provides for a simple and versatile design, and
possesses the critical flexibility needed when adjustments to
the airframe configuration become necessary. The three-loop
design includes angular rate feedback for stability
augmentation, attitude feedback for closed-loop stiffness, and
acceleration feedback for command tracking. In addition, an
integral controller in the forward loop illustratively provides
enhanced command tracking, low frequency disturbance

rejection and an automatic trim capability.

{The Examiner may have meant 0390-0392. Otherwise the
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range is not credible}

[0390] In one aspect of the present invention, through GUI
display 2622, an operator can maintain a variable level of
control over a UAV, from fully manual to fully autonomous,
with simple user-friendly inputs. For example, if an operator
decides to divert a UAV to a new route, the operator has a
plurality of options to select from. The following are examples
of some of the options that an operator has. Those skilled in
the art should recognize that this is not an exhaustive list. In
one embodiment, the operator could graphically edit the
existing route on mission situation display 2629 by adding a
waypoint or orbit pattern in the vicinity of a desired target
region. Prior to accepting the edited route, the control system
evaluates the revised route against the vehicle performance
capability as well as terrain obstructions. If the route is within
acceptable bounds, the control system registers the modified
route and maneuvers the vehicle accordingly. In another
embodiment, the operator could select a park mode on
selections pane 2630. After selected, the control system
queues the operator to click the location of and graphical size
(via a mouse) the desired orbit pattern in which the vehicle
will fly while "parked" over a desired target. In another
embodiment, the operator can select a manual control mode
on selections pane 2630. By selecting RDC (remote
directional command), for example, the control system
controls the UAV into a constant altitude, heading and speed
flight until the operator instructs a maneuver. While in RDC
mode, the operator can either pseudo-manually direct the
UAYV using the control stick (e.g. joystick) or the operator can
program a fixed heading, altitude and speed using the control

options provided in selections pane 2630.



































































































































































































































































































































































































































































































































































