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5,904,724

: I
METHOD AND APFARATUS FOR
REMOTELY PILOTING AN AIRCRAFT -

BACKGROUND OF THE INVENTION--CROSS
REFERENCES TO RELATED APPLICATIONS

“Pilot Aid Using a Synthetic Environment”, Ser. No.
08/274,394 filed Jul. 11, 1994, “Digital Map Generator and
Display System”, Ser. No, 08/543,590, filed Oct. 16, 1995,

1. Field of Invention

This invention relates to the field of remotely piloted
vehicles (RPVs) and unmanned aeria) vehicles (UAVs).

2. Discussion of Prior An

RPVs can be used for any number of purposes. For
example, there is a large organization that promotes the use
of remote controlled planes. Certain RPVs are controlled by
viewing the plane with the naked eye and using a hand bheld
controller 1o control its flight Other RPVs are controlled by
8 remole pilot using simple joysticks while watching the
video produced by a camers in the remote aircrafi. This
camera is also used to produce the reconnsissance video.
There are tradeoffs involving the resolution of the video, the
rate at which the video is updated, and the bandwidih needed
to transmit it. The wider the bandwidth the more difficult it
is to secure the signal. The freedom to balance these
tradeofls is limited because this video is also used to pilot the
aircrafi and must therefore be updated frequently.

Certain UAVs are preprogrammed to follow a predeter-
mined course and lack the flexibility to deal with unexpected
situations. T .

The 1983 patent to Kanaly (U.S. Pat. No. 4,405,943)
shows a control and communications system for a remotely
piloted vehicle where an oculometer determines where 1the
remole operator is looking and signals the remote vehicie to
send the high resolution imagery corresponding 1o the area
around where the remote operator is looking and low
resolution imagery corresponding to the remote operator’s
peripheral vision, The objective is 10 minimize the band-
width of the information transmitted 1o the remate operator.

SUMMARY

A method and apparatus is described that allows a remote
aircraft to be conirolled by a remotely located pilot who js
presented with a synthesized three-dimensional projected
view representing the environment around the remote air-
craft According to one aspect of the invention, a system is
used that includes an aircraft and a rernote pilot station.

The aircraft uses a communications link 1o send its
location, attitude, and other operating conditions lo the
remote pilot station, The remote pilot station receives the
data and uses a database describing the terrain and manmade
structures in the remole aircraffs environment to produce a
3D view of the remote aircraft environment and present it ta
the remote human pilot. )

The remole pilot responds to the information and manipu-
lates the remote flight controls, whose positions and forces
are transthitted to the remote aircraft. Since the amount of
data is small, it can be readily secured through encryption
and spreadspectrum techniques,

Also, because the video reconnaissance cameras are no
longer needed to remolely pilot the aircrafl there is great
Aexibility in their use, To minimize bandwidth and reduce
the possibility of being detected, the video data can be sent
al a slow update rate, The data can also be stored on the
remote zircraft for laer transmission. Allernatively, low
resolution pictres can be sent in real-lime, while the cor-

10
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responding high resolution pictures can be at a later time.
‘The reconnaissance video can even be transmitted through a
different communications link than ihe control dala. There
may also be more than one reconnaissance camers,

The delay in the control link must be minimized in order
that the remote aircraft can be properly flown. The system
can measure the link delay and make this information
available to the pilot. This delay Link measuremenl can also
be used to modify the control software through which the
remote pilot flies the remote aircrafi. This is to prevent
pilot-induced-oscillation.

The computers in (he sysiem allow for several modes of
operation. For example, the remote aircraft can be instructed
to fly to given coordinates withom further inpur from the
remote pilol, it also makes it possible 1o provide computer
assistance to the remote pilot. In this mode, the remote fight
control controls absolute pitch and roll angles insicad pitch
and roll rates which is the normal mode for aircrafl In
addition, adverse yaw can be automaltically corrected so that
the resulting control laws meke the remote aircrafl
cxtremely easy to fly. Because this comes at the expense of
being able (o put the remole aircraft into unusual aftinudes,
for complete control of the remoie aircraft a standard control
mode is provided to give the remote pilot the same type of
coolro] that is used 1o fly a manned aircraft. Since the remote
zircraft is unmanned, the remote pilot can subject the remote
aircraft to high-G maneuvers that would not be safe for a
pilot present in 1he aircrafl.

To facilitate training, a simulated remote aircrafl is pro-
vided that allows an instructor o set up the training mission
and paramelers. This is especially useful in giving remote
pilots experience flying with different control link delays. [n
this simulated mode, Lhe sysiem can be further Jinked 10 a
battlefield simulator such as SIMNET.

In the first embodiment, the remote pilot is provided with
a standard video display. Additional dispilay channels can be
provided to give the remote pilot a greater field of view.
There can even be a display channel 10 give a rearward
facing view.

A second embodiment uses a head mounted display for
the remote-pilol instead of a standard display. This permits
the remote station 1o be made more compact so thal it can be
used in a wider varicty of installations. An cxample would
be in a manned aircraft flying several hundred miles away.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may besi be undersiood by referring o the
following description and accompanying drawings which
illustrate the invention. In the drawings:

FIG. 1 is a general illustration showing a remote pilot al
a remote pilot station operating & remole zircraft according
to one embodiment of the invention.

FIG. 2 is a block diagram showing the communicalions
link between a remote pilot station and a remote aircrafi
according to one embodiment of the invention.

FIG. 3 is a block diagram of a remote aircralt according
1o one embodiment of the inveation.

FIG. 4 is a block diagram of a remote pilot station
according to one embodiment of the invention.

FIG. 5 is a block diagram of a remote pilot station
according to another embodiment of the invention.

FIG. 6 is a block diagram of a remote aircrafl simulaior
used for iraining remote pilots according o one embodiment
of the invention.

FIG. 7 is an exampfe of a three dimensional projected
image presented (o a remote pilot by a remote pilot staiion
according 10 one embodiment of the invention.
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3 .
DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a thorough understanding of the inven-
tion. However, it is understood that the invention may be
practiced without these specific details. In other instances,
well-known circuits, structures and lechniques have not
been shown in detail in order not to obscure the invention.
" Amcthod and apparatus is described that allows a remote
aircraft lo be controlled by a remotely located pilot who is
presented with a synthesized threc-dimensional projecied
view representing the environment around the remote air-
crafl. Since the video from & reconnaissance camera located
on the remote aircrafl is not used to pilot the remote aircraft,
the amount of dala transmitted between the remote aircrafl
and the remote pilot is small. This provides greater flexibil-
ity in how the remotc aircraft is uscd and aliows the
transmitted data 1o be made more secure. The remote aircraft
mey be of any type, for example a remote control plane or
helicopier as used by recreational enthusiast,

FiG. 1 is a general illustration showing a remote pilot at
a remote pilot station operating a remote aircraft according
to one embodiment of the invention. FIG. 1 shows Remote
Pilot 102 interacting with Remote Pilot Station 101 and
controlling Remote Aircraft 103. Remote Pilot Station 101
and Remote Aircrafi 103 respectively include an Aatenna
104 and an Antenna 105 for communicating Information
106.

In one embodiment, Information 106 includes sialus
information conceming the status of Remote Aircraft 103
and flight control information for controlling the flight of

-Remote Aircraft 103. The status information is generated by

Remote Aircraft 103 and includes the three dimensional
position aod the orientation {also termed attitude, and coem-
prising heading, roll, pitch} of Remote Aircrafi 103. The
status information may also include information concerning
the flight surfaces, the engine, an additional altitude reading,
etc. Remote Pilot Station 101 uses 1his status information to
retrieve data from a2 Digital Database 107 which contains a
three-dimeasional description of terrain and manmade struc-
tures over which Remote Aircraft 103 is flying. Based on Lhe
three dimensional date retricved from Digital Database 107,
Remote Pilot Station 101 projects a synthesized three-
dimensional projected view of the terrain and manmade
structures in the vicinity of Remote Aircrafi 103, Based on
this view of the terrain and manmade structures, the Remole
Pilot Station 101, on its own and/or in response to input from
Remoie Pilot 102, gencrates and transmits flight control
information 10 Remote Aircraft 103 which adjusts its flight
accordingly.

In one embodiment, the Remote Aircraft 103 is a remote
controlled planc or helicopter used for recreational purposes.
Since remote controlled planes and helicopters tend to be
small in size, the circuitry in such remote aircraft to generate
end receive Information 106 is minimized, In such systems,
the Remote Pilot Station 101 may be implemented by
including additional attachments to an existing portable
computer. This allows the user to casily transport the remote
airerafl and pilot station o an appropriale location for fight.

FIG. 2 is a block diagram showing a bi-directional com-
munications link between a remote pilot station and a remote
aircraft according to one embodiment of the invention. FIG.
2 shows Communications Transceiver 201 coupled to
Antenna 104 of Remote Pilot Station 101, as well as
Communications Transceiver 204 coupled 1o Antenna 105
of Remote Aircraft 103. In addition, FIG. 2 shaws Informa-
tion 106 being communicated betwesn Antenna 104 and
Anienna 108,

4

FIG. 3 is a block diagrzm of a remote aircraflt umt used in
the remote aircraft according to one embodiment of the
invention. F1G. 3 shows Remote Aircraft Unit 300 including
Computer 308 coupled to GPS Receiver 301, Turn-and-bank

5 Indicator 302, Gyrocompass 303, Commumcanions Trans-
ceiver 204, Aircrafl Engine and Sensors 309, and Aircrafi
Flight Surfaces and Sensors 310. GPS Receiver 301 receives
signels from the salellites that make up the global position-
ing system (GPS) and calculates the aircraft’s position in

10 three dimensions. Tum-and-bank Indicator 302 and Gyro-
compass 303 provide the aircraft’s orientation which com-
priscs heading, roll, and pilch. This data is senl to Compuier

308 for transformation into the previously descnbed status

information. Computer 308 transmits this status information

15 to Communications Transceiver 204 which produces a radio

signal and supplies it to Antenna 108.

The Aircraft Engine and Sensors 309 are coupled 10
conlrol the aircraft’s engine, while the Ajrcraft Flight Sur-
faces and Sensors 310 are coupled to contro! the aircraft’s

20 flight surfaces. The flight control information is received
from the remote pilot station by Computer 308 through

Antenna 105 and Communications Transceiver 204. This

flight control information is processed by Computer 308 into
the necessary signals for transmission lo Aircraft Engine and

25 Sensors 309 and Aircrafi Flight Surfaces and Sensors 310 to

control the aircrafl’s engine and flight surfaces, respeciively.

The operation of the aircraft’s Bight control surfaces will be

later described with reference to FIG, 4.

In order o protect against ECM, the communications hink
between the Remote Pilot Station 101 and the Remote
Aircrafi 103 may be secured. While any number of different
techniques may be used 10 secure this link, in one embodi.
ment Computer 308 is implemented to encrypuidecrypt the
data transmitted and Communications Transceiver 204 is
implemented to use spread specirum echaiques.

Computer 308 may oplionally be coupled 1o Allimeter
MM, Video Camera Sysiem 305, lafrared Video Camera
System 306, Radar 307, and/or Video Siorage Unit 311
Altimeter 304 provides an oulput of the aircraft’s altitude as
a safety check in the event GPS Receiver 301 malfunciions.
Thus, this additional altitude reading may aiso be transmit-
ted to Remote Pilot Siation 101 as part of the status
information.

Video Camera System 308 is controlled by Computer 308
which dctermines where the camera is pointing as well as
focusing and the zoom factor. The video produced by the
camcra is not used by the remote pilot for Rying the remote
aircrafl, 5o there is more flexibility in using the video. As a
resull, any number of techniques can be used for receiving
the images captured by Video Camera System 305. As
examples:

1. High resolution, high update images may be sent back
in real-time through the Communicstions Link, when
the high bandwidth needed can be talerated.

2. High resolution, low update images may be sent back
in real-time through the Communications Link to
reduce the bandwidih.

3. The video may be recorded in Video Storage Unit 31t

60 for later 1ransmission.

4. The video may be transmitied through a separale

communications link,

5. There may be altiple video cameras.

Infrared Video Camera System 306 is similar 1o Video

65 Camera Sysiem 305 and has the same operaling modes.

Radar 307 in Remote Aircrafi 103 may be passive or

active, It may scan a particular paltern or it may track &

3
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selected object. Radar 307 may consist of several Radar
units. The information from Radar 307 is processed by
Computcr 308 so that only the desired information is trans-
mifted over the communication link to the Remote Pilot
Station 101 for display.

FIG. 4 is a block diagram of a cemote pilot statiop
according to one embodiment of the invention. FIG. 4 shows
a Remote Pilot Station 400 including a Computer 405
coupled to Communications Transceiver 201, Digital Data-
base 107, Graphics System 406, User Flight Controls with
Force Feedback 408, and a Storage Device 409. The Storage
Device 409 represents one or more mechanisms for storing
data. For example, the Storage Device 409 may include read
only memory TROM), random access memory (RAM),
magnetic disk storage mediums, optical slorage mediums,
Hash memory devices, and/or other machine-readable medi-
ums. Of course, Digital Database 107 may be stored in one
or more. machine-readable mediums and/or in Storage
Device 409,

As previously described, Antenna 104 receives the radio
signals transmitted by Remote Aircraft 103 representing the
status information of Remote Aircraft 103. These radio
signals are transformed by Communications Transceiver
201 and sent to Computer 405, Communications Transceiver
201 is set 1o the same mode as Communications Transceiver
204, so that if, for example, spread spectrum techniques are
used, the signal will be transparently received. Computer
405 recovers the data (de-encrypting, if required) so that the
dalz communications from Computer 308 in the Remote
Aircraft to Computer 405 in the Remole Pilot Station is
transparent. Thus, the bi-directional commurications link
comprises the combination of Communications Transceiver
201, Antenna 104, Antenna 105, and Communications
Transceiver 204.

As previously described, the status mformauon received

* by Computer 405 includes the three dimensional position
and the orientation of Remote Aircrafi 103, The status
information may also include information concerning the
flight surfaces, flight sensors, the engine, an edditional
altitude reading, etc. Computer-405 uses this status infor-
mation to refrieve data from Digital Dalabase 107 which
contains a three-dimensional description of terrain and man-
made structures over which Remote Aircraft 103 is flying.
The composition and creation of the Digita] Database 107 is
further described later. Based on the three dimensional data

" retrieved from Digital Database 107, Computer 405 per-

forms the mathematical operations to transform and project
the three dimensional data 1o generate video data represent-
ing a synthesized three-dimensional projected view of the
tercain (and, if desired, manmade structures) in the vicinity
or environment of Remote Adreraft 103. This video data is
transmitted to Graphjcs System 406, which displays the
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synthesized three-dimensional projected view on Video Das- .

play 407.
Since the image is gencraled from the digital database,
virtually any image of the environment of the Remote
. Alrcraft 103 can be generated. As examples, the pilot may
select the environment to be: 1) a simulated imags of what
would be scen out of the cockpit of 2 manned aircraft on 2
‘similar fight path; 3) a simulated image of what would be
seen when looking in a0y direction (e.g., backwards, pirt 2
side window, ¢tc.); 3) a simulated image of what would be
secn if a camera were tiling the remotely piloted aircraft;
etc. In addition, the simulated image may be set lo any
mngmﬁcauon Thus, the phrese environment of Remote
Aircraft 103 is intended to include any image generated wnh
reference 10 the remote aircrafi’s position.

65

6

The User Flight conirols with Force Feedback 408 are
used by the remote pilot to input flight path information. The
User Flight Controls may be of any number of different
types, some of which are further described later hersin. The
status information received by Compuier 405 also includes
information received from Aircraft Flight Surfaces and
Sensors 310. This information is wsed (o actuate force
feedback circuitry in User Flight Controls With Force Feed-
back 408. Remote Pilot 102 observes the synthesized three-
dimensional environment displayed on Video Display 407,
feels the forces on User Flight Contrals With Force Feed-
back 408 and moves the conirols accordingly, This Aight
control information is senf through the communications link,
to Computer 308, and is used to conirol the aircraft Aight
surfaces in Aircraft Flight Surfaces and Sensors 310
Remote Pilot 102 also receives data from Aircralt Engine
and Scosors 309 through 1he communications Jink and s
able 1o send data back 1o conirol the engine.

Flight Control

To illusirate the operation of the remole aircraft, a fixed-
wing airplane will be described 2s an example. However, Lhe
basic principles apply 10 other types of aircraft as well. The
basic control surfaces of an airplane consist of the ailerons,
the horizontal elevators, and the rudder. The ailerons are
moved differentiatly (one up, one down) te rotate the air-
plane around its roll axis; the horizontal elevalors cause the
airplane 1o rotate around its pitch axis; and the rudder causes
the airplane 1o rotate around its yaw axis.

When the ailerons are used to modify the lift character-
istics of the wings, one wing creates more lift while the other
wing creates less 1ifl. This also changes the drag character-
istics of the wings and results in a yaw force that is opposite
to the yaw force that resulls from the tail section causing the
airplane to weather-cock into the relative wind. It is this yaw
force caused by the airplanc weather-cocking into the rela-
tive wind thal causes a banked airplane 1o turn. The opposite
yaw force produced by using the ailerons is called adverse
yaw; the rudder control is used to counteract this force 10
produce a coordinated turn.

The simplest type of flight conirol consists of a joystick
and a set of rudder pedals. The controls are directly con-
nected to the Aight controi surfaces. With a joystick, moving
the stick left and right moves the ailerons, while moving the
stick forward and backward moves the horizontal elevalors
The rudder is controlled by two fool pedals, one for each
foot, that are mounted on a common shaft and hinged in the
middle like 2 seesaw. Pressing one foot peda! forward causes
the ather foot pedal Lo move backward and causes the rudder
to also move in one direction. Pressing the other (oot pedal
causes it 1o move forward and the opposite pedal 10 move
backward and causes the rudder 10 move in the opposite
direction.

An alicmative to the joystick is the control yoke which
consists of a wheel attached to a shaft that moves in and out
of the control housing. Tuming the wheel clockwise or
counterclockwise moves the ailerons; moving the wheel
shaft in and out moves the horizontal elevalors, The rudder
pedals as the same as those used with a joystick,

In order 10 aid in a descriptivn of remote aircrall
operation, it is thought worthwhile 1o first describe the

opersiion of non-remoiely piloied vehicles. Non-remotely

piloted vehicles can be operated in one of 1wo ways (also
termed as flight control modes); direct coatro! or computer
control (also termed as computer mediated).

Direct Control Non-Remotely Piloted Vehicles

When the flight controls are connected directly to the
contro) surfaces the result is a sccond order system. Using
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* the joyslick as an exarnple, moving the joystick left or right
establishes a roll rate. The airplane continues to roll uatil the
joystick is returned to the center position, afier which the
airplane remains in the bank angie thus established. The fool
pedals are used to counleract the adverse yaw as previously
described. Moving the joystick .forward or backward eslab-
lishes a pitch rate. The airplane continues to pitch until the
joystick is returned to the center position, after which the
airplane remains in the pitch angle thus established. Both the
rol} rate and the pitch rate- are subject to the limits of the
airplane’s design. :

Since the joystick is directly connecicd to the control
surfaces, the aerodynamic forces on the control surfaces are
transmitted back to the pilot, giving him or her valuable
feedback on how the airplane is flying,

The successful operation of the second order system with
the pilot io the loop depends on several factors such as the
arca and placement of the control surfaces, how much the
control surfaces move in response to the movement of the
pilot contsols, and how long the airplane takes to respond to
changes of the control surfaces. The lotal system character-
istics also depend on the reaction time of the pilot. If the
resulting system is poorly designed it may be unstabie,
which means it may not be possible for a human pitot (o fly
it safely. An example of an unstable sysiem is where the pilot
desires to perform a geotle roll 1o the right and so moves the
joystick to the right, the airplane’s roll rate is faster than the
pilot desires 5o hefshe altempts to compensate by moving
the joystick lo the left, the airplane rolls left at a rate that is
faster than the pilot desires so be/she moves the joystick 1o
the right, and 30 on, with the pilot constantly overcorrecting
and "with the aircraft’s rolling motions constantly getting
larger and larger until the aircraft geis into a condition from
which it may not be possible to recover, (¢.g., spinning into
the ground). The type of loss of control described is usually
referred to as ‘pilotinduced oscillation’ and although it may
be caused by an inexpericnced or inaitentive pilot, it is more
often caused by poor airplane design., Thersfore, new air-
plane designs are extensively tested to make sure they can be
safely flown. Examples of airplanes that use dircct contro! of
the control surfaces (Direct Contro] Second Order Systems)
are the Cessna 150 and the Piper Cub, ,

Computer Mediated Non-Remotely Piloted Vehicles

Computer mediated control sysiems use a computer
between the pilot controls and the control surfaces. The pilot
conlrols are read by the compitier, the daia are modified in
a particular way, and the computer sends control signals to
the control surfaces. The compuiter may also sense the forces
on the control surface and use it 1o control-force feedback Lo
the pilot controls. This type of computer mediated control
may be used to fly an airplane that would otherwise be
unstable, such as the F16 or the F117. Aircrafl such as the
F16 and F117 are also second order sysiems because the
position of the pilot’s joystick represents rate of rotation.

There are risks inherent in a computer mediated system.
Although the program can be simulated extensively before
using it in an actual airplane, the computer program may be
quite large and therefore difficull to simulate under all
possible conditions. An examplc of this is the Swedish JAS
39 Gripen Fighter. Despile extensive simulation of the flight
coatro] system, during a test flight a Gripen crashed due to
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“. .. the flight control system’s high amplification of stick

‘commands combined with the pilot’s” large, rapid stick
movements“.” The pilot had entered a1 low-speed high-
banked tura at a 280 meter altitude with Iit afterburners and

(1]
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was leaving the tum when his actions led 1o ‘pilor-induced
oscillation’. (Avialion Week & Space Technology, Aug. 23,
1993, pages 72-73).
Having described techniques for operating non-remotely
piloted vehicles, the Fight Control Modes for RPVs will be
described.

Second Order RPV Flight Control Mode

A second order control sysiem for an RPV is inherenily
compuler mediated because the remote pilot must interact
through two computers: the computer in the remote aircraft
and the computer in the remote pilot station.

Flying an RPV is further complicated because there are

‘additional time delays in the loop. The computer in the

remote aircraft must first determine the aircrafi's position
and orientation. The additional processing for transmitting a
secure signal by encryption and/or spread spectrum tech-
niques may create additional delays. Transmission delay of
signals between (he remote aircraft and remole pilol station
is negligible for a direct path. However, if the signals arc
relayed through other facilities the delay lime may be
appreciable, especially if an orbiting satellite is used There
are additionai delays in the remote pilol station as the remote
aircraft's position and orienlation are used 1o ransform the
data from the digital database 1o present the pilol with the
synthesized 3D projected view from the remole aircraft. In
one embodiment, the RPV system measures the various
delays and modifies the control laws used by (he compuler
in the remote pilot aircraft and in the feedback provided by
the computer in the remote pilot station 1o the remole pilot.
For example, the computer may adjust the sensitivity of the
User Flight Controls 408 according to the delay {e.g., as the
delay increases, the compuler will decrease the seasitivity of
the flight conlrols). The system also displays the measured
delay to the remote pilot.

First Order RPV Flight Control Mode

The stability of the flight control system, and thus the

flyability of an RPV, can be improved considerably by using
a first order system. In one embodiment of such 2 first order
system lhe position of the remote pilol’s joystick represents
1n angle relative to the horizon, instead of representing a rate
of rotation as in & second order system. The pasition of the
joystick is transmitted (o the computer in the remote aircraft
which moves the coatrol surfaces as required 10 place the
remole aircraft in the requesied orientation The cantrol
syslem in the remole aircraft is still a second order sysicm
but the delays in the communications link and the remote
pilot station are no longer a part of the sysiem's loop.
* When a joystick is centered, the remote aircraft will fty
straight and level. When the joystick is to the right of center
the remote aircraft will be in a right banked tum, When the
joystick is to the left of center the remote aircrafi will be in
a left banked turn, When the joystick is backward from
center the remote aircraft will be in a pitch up orientation.
When the joystick is forward of center the remote aircrafi
will be in a pitch down orientation,

The amount of bank and pitch permitted depends on the *

design of the remote aircraft. A high performance remale
aircraft will be capable of a greater amount of pitch and bank
than will a low performance remote aircraft.

Referring again to FIG. 4, Computer 405 may optionally
be coupled 1o Control Panel 402, Keyboard 403, Simulation
Port 404, Video Interface 410, VCR 411, andfor Video
Display 412. In one embodiment, Contro! Panel 402 con-
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tains specialized lights, displays, and switches to allow 2
quicker response to situations than can be provided by
Keyboard 403. Control Panel 402 can be arranged 1o
approximate the look and feel of an actual aircraft cockpit.
Keyboard 403 allows the remote pilol 10 select various
operating modes. For training purposes, Simulation Port 404
allows the remote pilot station to be connected to a remole
aircraft simulator instead of an actual remole aircraft. The
remote aircraft simelator will be further described with
reference to FIG. 6. Storage Device 409 allows the fight
data to be recorded, During playback this previously
recorded data is substituted for real-time data from the
remote aircraft 1o replay the mission for analysis. Any video
received from any reconnaissance cameras on the Remote
Aircraft 103 is converted by Video Inicrface 410 so that it
can be recorded on VCR 411 and displayed on Video
Display 412. VCR 411 can also operale in siraight-through
modo so that the reconnaissance video can be viewed in real
time.

FIG. 5 is a block diagram of a remote pilot station
according to ancther embodiment of the invention. FIG. §
shows Remote Pilot Station 500. Remote Pilot Station 500
is similar to Remote Pilot Station 400 of FIG. 4, except
Video Display 407 is replaced by Head Mounted Display
501. In addition, Head Mounted Display Attitude Scnsors
502 are coupled 1o Computer 405. Head Mounted Display
Altitude Sensors 502 measure the attitude of Head Mounted

Display 501. This information is used by Computer 408 10.

produce an additional three dimensional transformation of
the data from Digital Database 107 10 account for the
attitude of the remote pilots Head Mounted Display 501,
This does not require any additional data from the remote
gircraft. Of course, alternative embodiments could include
both a video display and a head mounted display.

FIG. 6 is a block diagram of a simulated remote aircrafl
used for training remote pilots according (o one embodiment
of the invention. F1G. 6 shows Remote Aircraft Simulator
600 including Computer 605 coupled to Asrodynamic
Model Processor 601, Instructor Control Panel 602, Key-
board 603, Simulation Port 604, Graphics System 608,
Storage Device 608, and Simulation Network lnterface 609.
Remote Aircraft Simulator 600 communicates with Remote
Pilot Station 400 or 500 through Simulation Port 604,
Aerodynamic Model Processor §01 execules a mathematical
model that simulates the bebavior of a remote aircraft. An
instructor uses Instructor Control Pane] 602 and Keyboard
603 to sclect various training scenarios. Graphics System
606 and Video Display 607 are used lo observe the operation
of the system. Storage Device 608 is used to record the
training session for later evaluation of the session. [n addi-
tion to proficiency training, theé Remote Aircraft Simulator
can also be used to practice a proposed mission, The data
communicated to the remote pilot station can include train-
ing and evaluation data for processing and/or display. This
training and evaluation data can include any relevant
information, such as flight path accuracy, etc.

Simulation Network Interface 609 permits participation in
a baitlefield simulation system such as SIMNET, mixing
aircraft, tanks, and ground troops for training in the coor-
dination of mixed forces. Thus, the system is designed to
allow for the communication of this battlefield simulation
information between the remots aircraft simulstor and the
remote pilot station, This allows the remote pilot station to
display one or more other simulated entities {e.g., tanks,
ground troops, other aircraft, etc.) described by the batile-

field simulation information,
The Database

The Digital Database 107 can be comprised of any type of
data from which a three dimensional image can be gener-
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aled. For example, the U.S. Geological Survey (USGS)
makes availsble various databases, (wo of winch are of
particular interest The first is the Dignal Elevation Madel
data which consist of an array of regularly spaced 1errain
elevalions.

The other USGS database is the Digital Line Graph daia
which includes: political and adminisirative boundaries;
hydrography consisting of all lowing water, standing water,
and wetlands; major transportation systems consisting of
roads and trails, railroads, pipelines, transmission lines, and
airports; and significant manmade structures. The Digital
Line Graph data is two-dimensional. In the present invention
features such as waler, roads, railroads, and pipelines arc
represented as polygons with elevations determined from the
Digital Elevation Mode! data. Transmission lines and sig-
nificant mapmade structures are defined as three-
dimensional objects made of polygons and are placed
according to the clevations determined from the Digital
Elcvation Model data. The different types of objects are
tagged so that the remote pilo! can select them 1o be
highlighted by category or by specific object.

Data from additional digital databases can also be incor-
porated. An example of such a database is from Jeppesen
Sanderson whose NavDala Services division provides aero-
nautical charts and makes this information available in
digital form.

The procedure for generating the synthesized three-
dimensional view from the Digital Database may use any
number of technigues, including those disclosed in 1he 1987
patent o Beckwith e1 al. (U.S. Pat. No 4,660,157 REAL
TIME VIDEO PERSPECTIVE DIGITAL MAF DISPLAY
METHOD), and the 1993 patent to Dawson et al. (U S Pat
No. 5,179,638 METHOD AND APPARATUS FOR GEN-
ERATING A TEXTURE MAPPED PERSPECTIVE
VIEW). One disadvaniage of gencrauing the synthesized
three-dimensional view from these elevalion datzbases in
real lime is the amount of storage space Lhey require. To
avoid this large amount of data storage, one embodiment of
Digital Database 107 is composed of terrain data thai
represents the real terrain using polygons. This database may
be generated using any number of techniques. For example,
this database may be generated by transforming ane or more
clevation databases into a polygon database using the tech-

. nigue taught in “Pilot Aid Using a Synthetic Eavironment”,
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Ser. No. 08/274,394 filed Jul. 11, 1994. Another method for
transforming ore or more elevation dalabases into a polygon
database is 1aught in “Digital Map Generator and Display
System”, Ser. No. 08/543,590, filed Qct. 16, 1995. An
example of a three dimensional projected image created
from this database is shown in FIG. 7.

While the inveation has been described in terms of several
embodiments, those skilled in the art will recognize that the
invention is not limited 1o the embodiments described, The
method and apparatus of the invention can be practiced with
modification and alteration within the spirit and scope of ihe
appended claims. The description is thus to be regarded as
illustrative instead of limiling on the invention.

What is ctaimed is:

1. A system comprising:

a remotely piloted aireraft including,

& position determining sysiem (o locate said remotely
piloted aircrafi's position in three dimensions, and
an orientation determining system for determining said

remotely pilated aircraft’s orientation in three
dimensional space;

a communications system for communicating fligh! data

between a computer and said remotely piloted aircraft,




5,904,724

n

said flight data including said remotely piloted air-
craft's position and orientation, said flight data also
including flight control information for controlling said
‘remotely piloted aircraft;

a digila) database comprising terrain data;

said computer to access said terrain dats according to said
remotely piloted aircraft’s position and to transform
said terrain data to provide three dimensional projected
image data according to said remotely piloted aircraft’s
orieatation; -

a display for displaying said three dimensional projected
image data; and '

a set of one or more remote flight controls coupled to said
computer for inpuiting said Right control information,
wherein said computer is also for determining a delay
time for communicating said flight data between said
computer and said remotely piloted airceafl, aod
wherein said compuler adjusts the sensitivity of said set
of one or more remote fight controls based on said
delay time.

2. The system of claim 1, wherein:

said remotely piloted aircraft includes a device for cap-
turing irmage data; and

said system operaltes in at least a first mode in which said
image data is not rransmitted from said remoiely
piloted aircrafi to said computer at a sufficient data rale
to allow for real time piloting of the remotely piloted
aircrafl.

). The system of claim 1, wherein the flight data com-
municated between said remotely piloted aircraft and said
computer is secured.

4, The system of claim 1, wherein.said remotely piloted

aircraft further comprises 1 set of one or more video cam-
cras. .
5. The system of claim 4, wherein said communications
system is also for communicating video data representing
images captured by said set of one or more video cameras,
said video dala for displaying said images.

6. The system of claim 5, wherein said video data is
iransmilted on a different communication link than said
flight data. .

7. The system of claim 4, wherein at least one camera in
said set of one or more video camenas is an infrared camera.

8. The system of claim 1, wherein said display is a head
mounted display.

9. The system of claim 1, wherein said sel of one or more
remote flight conirols is responsive 1o manuai manipula-
tions.

10. The system of claim 1, whercin said set of one or more
temote flight controls allows for inpuiting absolute pitch and
rall angles insicad of pitch and roll rates.

11. The system of claim 1, wherein said computer is also
used for comecling adverse yaw without requiring input
from said set of one or more remote flight controls,
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12. The system of claim 1, wherein:

said remotely piloted aircraft includes a device for cap-
turing image data; and said system operates in at least
a first mode in which said image data is nol transmitted
from said remotely piloted craft 10 said computer but
stared in said remolely piloted aircrafi.

13. A station for fiying a remotely piloted aircraft that is

real or simulated comprising:
database comprising terrain data;

a set of remote flight controls for inputting flight control
information; .

& compuler baving a communications unit configured to
receive status information identifying said remotely
piloted aircraft’s position and orientation in three
dimensional space, said computer configured (o access
szid terrain data according to said slatus information

- and configured to transform said terrain data to provide
three dimensional projected image dala representing
said remotely piloted aircraft’s environmeny, said com-
puter coupled 10 said set of remote Right conirols and
said communications unit for transmithng said Might
control information to control said remolely piloted
aircraft, said computer also to determine a delay nume
for communicaling said Right control information
between said computer and sad remotely piloted
aircraft, and said computer 1o adjust the senstuvity of
said sct of remote flight controls based on said delay
time; and

a display configured 10 display said three dimensional
projected image data.

14. The station of claim 13, wherein said communications
unit is also configured to receive video data representing
images captured by a set of video cameras on said remotely
piloted aircraft, said video data for displaying said images.

18. The station of claim 14, whercin said video daia is
transmitted on & different communication link thal said flight
control information and said status information.

16. The station of claim 13, wherein said display is a head
mounted display.

17. The station of claim 13, wherein said set of remote
fight controls is responsive 10 manual manipulalions

18. The siation of claim 13, wherein saxd set of remoie
flight controls are cenfigured to allow inpuiting absolute
pitch and roll angles instead of pitch and roll rates.

19. The station of claim 13, wherein said computer is also
configured 1o correct adverse yaw without requiring input
from said set of remote flight controls.

20. The station of ¢lajm 13, wherein said communications
unit includes at least onc of a communications Iransceiver
and a simulation porl.
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remotely located pilot who is presented with a synthesized three-dimensional projected
view representing the environment around the remote aircraft. According to one
aspect of the invention, a remote aircraft uax;smits its three-dimensional position and
orientation to a remote pilot station, The remote pilot station applies this information
to a digital database containing a three dimensional description of the environment
around the remote aircraft to present the remote pilot with a three dimensional
projected view of this environment. The remote pilot reacts to this view and interacts
with the pilot controls, whose signals are transmitted back to the remote aircraft. In
addition, the system compensates for the communications delay between the remote

aircraft and the remote pilot station by controlling the sensitivity of the pilot controls.

2055.P004 Pa[ent




10

15

20

172~ Ao\, - B/387I31

BACKGROUND OF THE INVENTION - Cross References to Related Applications
"Pilot Aid Using a Synthetic Environment", serial no. 08/274,394 filed July

11, 1994, "Digital Map Generator and Display System", serial no. 08/543,590 , filed

October 16, 1995, | |

BACKGROUND OF THE INVENTION - Field of Invention

This invention relates to the field of remotely piloted vehicles (RPVs) and

.unmanned aerial vehicles (UAVs).

BACKGROUND OF THE INVENTION - Discussion of Prior Art

RPVs can be used for any number of purposes. For example, there is a large
organization that promotes the use of remote controlled planes, Certain RPVs are
controlled by viewing the plane with the naked eye and using a hand held controlier to
control its flight. Other RPVs are controlled by a remote pilot using simple joysticks
while watching the video produced by a camera in the remote aircraft. This camera is
also used to produce the reconnaissance video. There are tradeoffs invol\:'ing the
resolution of the video, the rate at which the video is updatéd. and the bandwidth
needed to transmit it. The wider the bandwidth the more difficult it is to secure the
signal. The freedom to balance these tradeofs is Limited because this video is also

used to pilot the aircraft and tﬁust therefore be updated frequently.

2055.P004 Patent

B




2- .

Certain UAVs are preprogrammed to follow a predetermined course and lack
the flexibility to deal with unexpected situations.

The 1983 pateit to Kanaly (U.S. Patent No. 4,405,943) shows 2 control and
gﬁdmmuniqaﬁons system for a remotely piloted vehicle where an oculometer determines
where the remote operator is looking and signals the remote vehicle to send the high
resolution i1‘11agery corresponding to the area around where the remote operator is
looking and low resolution imagery corresponding to the remote operator’s peripheral
vision. The objective is to minimize the bandwidth of the information transmitted to

the remote operator.
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A method and apparatus is described that allows a remote aircraft to be
controlled by a remotely located pilot who is presented with a synthesized three-
dimensional projected view representing the environment around the remote aircraft.
According to one aspect of the invention, a system is used that includes an aircraft and
a remote pilot station.

The aircraft uses a communications link to send its location, attitude, and other
operating conditions to the remote pilot station. The remote pilot sfation receives the
data and usés a database describing the terrain and manmade structures in the remote
aircraft’s environment to produce a 3D view of the remote aircraft's environment and
present it to the remote human pilot.

_ ‘The remote pilot responds to the information and manipulates the remote flight
controls, whose positions and forces are transmitted to the remote aircraft. Since the
amount of data is small, it can be readily secured through encryption and spread-
spectrum techniques.

Also, because the video reconnaissance cameras are no longer needed to

remotely pilot the aircraft there is great flexibility in their use. To minimize bandwidth

and reduce the possibility of being detected, the video data can be sent at a slow

update rate. The data can also be stored on the remote aircraft for later transmission.
Aliernatively, low resolution pictures can be sent in real-time, while the corresponding
high resolution pictures can be at a later time. The reconnaissance video can cvcnrtgi:CL Y
transmitted through a different communications link than thé Gontrol data, There many

also be more than one reconnaissance cameraf.
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The delay in the control link must be minimized in order ihat the remole aircraft
can be properly flown. The system can measure the link delay and make this
information available to the pilot. This delay link measurement can also be used to
modify the control software through which the remote pilot flies the remote aircraft.
This is to prevent pilot-induced-oscillation.

The computers in the system allow for several modes of operation, For
example, the remote aircraft can be instructed to fly to given coordinates without
further iﬁput from the remote pilot, It also makes it possible to provide computer
assistance to the remote pilot. In this mode, the remote flight control controls absolute
pitch and roll angles instead pitch and roll rates which is the normal mode for aircraft.
In addition, adverse yaw can be automatically corrected so that the resulting control
laws make the remote aircraft extremely easy to fly. Because this comes at the expense
of being able to put the remote aircraft into unusual attitudes, for complete control of
the remote aircraft a standard control mode is provided to give the remote pilot the
same type of control that is used to fly 2 manned aircraft. Since the remote aircraft is
unmanned, the remote pilot can subject the remote aircraft to high-G maneuvers that
would not be safe for-a pilot present in the aircraft,

“To facilitate training, a simulated remote aircraft is provided that allows an
instructor to set up the training mission and parameters. This is especially useful in

giving remote pilots experience flying with different control link delays. In this

" simulated mode, the system can be further linked to a battlefield simulator such as

Pl

SIMNET.
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In the first embodiment, the remote pilot is provided with a standard video
display. Additional display channels can be provided to give the remote pilot a greater
field of view. There can even be a display channel to give a rearward facing view.

A second embodiment uses a head mounted display for the remote pilot instead

5  of a standard display. This permits the remote station to be made more compact so that
it can be used in a wider variety of installations. An example would be in a manned

aircraft flying several hundred miles away.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention may best be understood by referring to the following description
and accompanying drawings which illustrate the invention. In the drawings:

FIG. 1 is a general illustration showing a remote pilot at a remote pilot station
operating.a remote aircraft according to one embodiment of the invention.

FIG. 2 is a block diagram showing the communications link between a remote
pilot station and a remote aircraft according to one embodiment of the invention. .

FIG. 3 is a block diagram of a remote aircraft according to one embodiment of
the invention. |

FIG. 4 is a block diagram of a remote pilot station according o one
embodiment of the invention.

FIG. 5 is a block diagram of a remote pilot station according to another
embodiment of the invention.

FIG. 6 is a block diagram of a remote aircraft simulator used for training
remote pilots according to one embodiment of the invention.

FIG. 7 is an example of a three dimensional projected image presented to a

remote pilot by a remote pilot station according to one embodiment of the invention.
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DETAILED DESCRIPTION

In the following description, numerous specific details are set forth to provide

a thorough understanding of the invention. However, it is undersiood that the

invention may be practiced without these specific details. In other instances, well-

known circuits, structures and techniques have not been shown in detail in order not

_ to obscure the invention.

A method and apparatus is described that allows a remote aircraft to be
controlled by a remotely located pilot who is presented with a synthesized three-
dimensional projected view representing the environment around the remote aircraft.
Since the video from a reconnaissance camera located on the remote.aircraft is not
used to pilot the remote aircraft, the amount of data transmitted between the rémote
aircraft and the remote pilot is small. This provides greater flexibility in how the ‘
remote aircraft is used and allows the transmitted data to be made lmorc secure. The
remote aircraft may be of any type, for example a remote control plane or helicopter as
used by recreational enthusiast.

FIG. 1 is a general illustration showing a remote pilot at a remote pilot station
operating a remote aircraft according to one embodiment of the invention. FIG. |
shows Remote Pilot 102 interacting with Remote Pilot Station 101 and controlling
Remote Aircraft 103, Remote Pilot Station 101 and Remote Aircraft 103 respectively
include anﬂntenna 104 and an Antenna 105 for communicating Information 106,

In one embodiment, Infonpation 106 includes status il_aformation concerning
the status 6f Remote Aircraft -103 and flight control informati;n for controlling the

flight of Remote Aircraft 103. The status information is generated by Remote Aircraft
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103 and includes the three dimensional position and the orientation (also termed
attitude, and comprising heading, roll, pitch) of Remote Aircraft 103. The status
information may also include information concerning the flight surfaces, the engine,
an additional altitude reading, etc. Remote Pilot Station 101 uses this status
information to retrieve data from a Digital Database 107 which contains a three-
dimensional description of terrain and manmade structures over which Remote
Aircraft 103 is flying. Based on the three dimensional data retrieved from Digital
Database 107, Remote Pilot Station 101 projects 2 synthesized three-dimensional
projected view of the terrain and manmade structures in the vicinity of Remote Aircraft
103. Based on this view of the terrain and manmade structures, the Remote Pilot
Station 101, on its own and/or in response to input from Remote Pilot 102, generates
and transmits flight control information to Remote Aircraft 103 which adjusts its ﬁight
accordingly.

In one embodiment, the Remote Aircraft 103 is a remote controlled plane or
helicopter used for recreational purposes. Since remote controlled planes and
helicopters tend to be small in size, the circuitry in such remote aircraft to generate and
receive Information 106 is minimized. In such systems, the Remote Pilot Station 101
niay be implemented by including additional attachments to an existing portable
computer. This allows the user to easily transport the remote aircraft and pilot station
to an appropriate location for flight.

FIG. 2 is a block diagram-showing a bi-directional communications link

—

between a remote pilot station and a remote aircraft according to one embodiment of

the invention. FIG. 2 shows Communications Transceiver 201 coupled to Antenna
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104 of Remote Pilot Station 101, as well as Communications Transceiver 204 coupled
to Antenna 105 of Remote Aircraft 103. In addition, FIG. 2 shows Information 106
being communicated between Antenna 104 and Antenna 105,

FIG, 31is a block diagram‘of a remote aircraft unit used in the remote aircraft
according to one embodiment of the invention. FIG. 3 shows Remote Aircraft Unit
300 including Computer 308 coupled to GPS Receiver 301, Turn-and-bank Indicator
302, Gyrocompass 303, Communications Transceiver 204, Aircraft Engine and
Sensors 309, and Aircraft Flight Surfaces and Sensors 310. GPS Receiver 301
receives. signals from the satellites that make up the global positioning system (GPS)
and calculates the aircraft's position in three dimensions. Turn-and-bank Indicator 302
and Gyrocompass 303 provide the aircraft's orientation which comprises heading,
roll, and pitch, This data is sent to Computer 308 for transformation into the
previously described status information. Computer 308 transmits this status
information to Communications Transceiver 204 which produces a radio signal and
supplies it to Antenna 105, |

The Aircraft Engine and Sensors 309 are coupled to control the aircraft's
engine, while the Aircraft Flight Surfaces and Sensors 310 are coupled to_control the

aircraft's flight surfaces. The flight control information is received from the remote

pilot statien by Comi)uter-308 through Antenna 105 and Communications Transceiver

204. This flight control information is processed by Computer 308 into the necessary
signals for transmission to Aircraft Engine and Sensors 309 and Aircraft Flight

Surfaces and Sensors 310 to control the aircraft's engine andﬁight surfaces,
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mspectively. The operation of the aircraft's flight contro! surfaces will be later
described with reference to FIG. 4.

In order to protect against ECM, the communications link between the Remote
Pilot Station 101 and the Remote Aircraft 103 may be secured. While any number of
different techniques may be used to secure this link, in one embodiment Computer
308 is implemented to encrypt/decrypt the data transmitted and Communications
Transceiver 204 is implemented to use spread spectrum techniques.

Computer 308 may optionally be coupled to Altimeter 304; Video Camera
System 305, Infrared Video Camera System 306, Radar 307, and/or Video Storage
Unit 311. Alimeter 304 provides an output of the aircraft's altitude as a safety check
in the event GPS Receiver 301 malfunctions. Thus, this additional altitude reading
may also be transmitted to Remote Pilot Station 101 as part of the status information.

" Video Camera System 305 is controlled by Computer 308 which determines
where the camera is pointing as well as focusing and the zoom factor. The video
produced by the camera is not used by the remote pilot for flying the remote aircraft,
so there is more flexibility in using the video. As a result, any number of techniques
can be used for receiving the images captured by Video Camera System 305, As
examples:

1. High resolution, high update images may be sent back in real-time through
the Communications Link, when the high bandwidth needed can be tolerated.

2. High resolution, low update images may be sent back in real-time through

-t

the Communications Link to reduce the bandwidth.
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3. The video may be recorded in Video Storage Unit 311 for later

transmission.
| 4, The video may be trarismitted through a separate communications link,

5. There may be multiple video cameras.

Infrared Video Camera System 306 is similar to Video Camera System 305
and has the same operating modes.

Radar 307 in Remote Aircraft 103 may be passive or active. It may scan a
particular pattern or it may track a selected object. Radar 307 may consist of several
Radar units. The information from Radar 307 is processed by Computer 308 so that
only the desired information is transmitted over the communication link to the Remote
Pilot Station 101 for display.

FIG. 4 is a block diagram of a remote pilot station according to one
embodiment of the invention. FIG. 4 shows a Remote Pilot Station 400 including a
Computer 405 coupled to Communications Transceiver 201, Digital Database 107,
Graphics System 406, User Flight Controls with Force Feedback 408, and a Storage
Devi& 409. The Storage Device 409 represents one or more mechanisms for storing
data. For example, the Storage Device 409 may include read only memo\ry {(ROM),
random access memory (RAM), magnetic disk storage mediums, optical storage
mediums, flash memory devices, and/or other machine-readable mediums. Of course,
Digital Database 107 may be stored in one or more méchine-madable mediums and/or
in Storage Device 409. : R

As previously described, Antenna 104 receives the radio signals transmitted by

Remote Aircraft 103 representing the status information of Remote Aircraft 103,
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These radio signals are transformed by Communications Transceiver 201 and sent to
Computer 405. Communications Transceiver 201 is set to the same mode as
Communications Transceiver 204, so that if, for example, spread spectrum techniques
are used, the signal will be transparently received. Computer 405 recovers the data
{de-encrypting, if required) so that the data communicatiqns from Computer 308 in the
Remote Aircraft to Computer 405 in the Remote Pilot Station is transparent. Thus, the
bi-directional communications link comprises the comb.ination of Communications
Transceiver 201, Antenn.;a 104, Antenna 105, and Co;nmunications Transceiver 204.
As previously described, the status information received by Computer 405
includes the three dimensional position and the orientation of Remote Aircraft 103,
The status information may also inclﬁde infonnation-concerniﬁg the flight surfaces,
flight sensors, the engine, an additional altitude reading, etc. Computer 405 uses this
status information to retrieve data from Digital Database 107 which contains a three-
dimensional description of terrain and manmade structures over which Remote
Aircraft 103 is flying. The composition and creation of the Digital Database 107 is
further described later. Based on the three dimensional data retrieved from Digital
Database 107, Computer 405 pert'onﬁs the mathematical operations to transform and’
project the three dimensional data to generate video data representing a synthesized
titree;dimensional projected view of the terrain (and, if desired, manmade structures)
in'the vicinity or environment of Remote Aircraft 103, This video data is transmitted
to Graphics System 406, which displays. the synthesized three-dimensional projected

view on Video Display 407.
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Since the image is generated from the digital database, virtually any image of
the environment of the Remote Aircraft 103 can be generated. As eicamples, the pilot
may select the environment to be: 1) a simulated image of what would be seen out of
the cockpit of a manned aircraft on a similar flight path; 3) a simulated image of what
would be seen when looking in any direction (e.g., backwards, out a side window,
etc.); 3) a simulated image of what woulci be seen if a camera were tailing the remotely
piloted aircraft; etc. In addition, the simulated image may be set to any magnification.
Thus, the phirase environment of Remote Aircraft 103 is intended t6 include any image
generated with reference to the remote aircraft's position.

‘ The User Flight controls with Folroe Feedback 408 are used by 'the remote pilot
to input ﬂigilt path information. The User Flight Controls may be of any number of
different types, some of which are further described later herein. The status
information received by Computer 405 also includes information received from
Aircraft Flight Surfaces and Sensors 310, This informationlis used to actuate force
feedback circuitry in User Flight Controls With Force Feedback 408. Remote Pitot
102 observes the synthesized three-dimensional environment displayed on Video
Display 407, feels the forces on User Flight Controls With Force Feedback 408 and
moves the controls accordingly. Thig flight control information is sent through the
communications link, to Computer 308, and is used to control the aircraft flight
surfaces in Aircraft Flight Surfaces and Sensors 310. Remote Pilot 102 also receives
data from Aircraft Engine and Sensors 309 through the communications link and is

-

able to send data back to control the engine.
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Elight Contro]
- Toillustrate the operation of the remote aircraft, a fixed-wing airplane will be
described as an example. However, the basic principles apply to other types of

aircraft as well. The basic control surfaces of an airplane consist of the ailerons, the

horizontal elevators, and the rudder. The ailerons are moved differentially (one up,

one down) to rotate the airplane around its roll axis; the horizontal elevators cause the

airplane to rotate around its pitch axis; and the rudder causes the airplane to rotate
around its yaw axis. |

When the ailerons are used to modify the lift characteristics of the wings, one
wing creates more lift while the other wing creates less lift. This also changes the
drag characteristics of the wings and results in a yaw force that is opposite (o the yaw
force that rcsu.lts from the tail section causing the airplane to weather-cock into the
relative wind. It is this yaw force caused by the airplane weather-cocking into the
relative wind that causes a banked airplane to turn. The opposité yaw force produced
by using the ailerons is called adverse yaw; the rudder control is used to counteract
this force to produce a coordinated turn.

The simplest type of flight control consists of a joystick and a set of rudder
pedals, The controls are-directly connected to the flight control surfaces. With a
joystick, moving the stick left and right moves the ailerons, while}moving the stick
forward aﬁd backward moves the horizontal elevators. The rudder is controlled by
two foot pedals, one for each foot, that are mounted on a common shaft and hinged in
the middle like a seesaw. Pressing one foot pedal forward causes the other foot pedal

to move backward and causes the rudder to also move in one direction. Pressing the
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other foot pedal causes it to move forward and the opposite pedal to move backward
and causes the rudder to move in the opposite direction.

An alternative to the joystick is the control yoke which consists of a wheel
attached to a shaft that moves in and out of the control housing. Tuming the wheel
clockwise or counterclockwise moves the ailerons; moving the wheel shaft in and out
moves the horizontal elevators. The rudder pedals as the same as those used with a
joystick.

In order to aid in a description of remote aircraft operation, it is thought
worthwhile to first describe the operation of non-remotely piloted vehicles. Non-

remotely piloted vehicles can be operated in one of two ways (also termed as flight

~ control modes); direct control or compnitcr control (also termed as computer

15

20

mediated).
Direct C 1 Non-R lv Piloted Vehicl

Whe.n the flight controls are connected directly to the control surfaces the result
is a second order system. Using the joystick as an example, moving the joystick left
or right establishes a roll rate. The airplane continues to roll until the joystick is
returned to the center position, after which the airplane remains in the bank angle thus
established. The foot pedals are used to counteract the adverse yaw as previously
described. Moving the joystick forward or backward establishes a pitch rate. ﬁc
mrplane continues to pitch until the joystick is returned to the center positibn, after
which the airplane remains in the pitch angle thus established. Both the roll raie and

the pitch rate are subjéct to the limits of the airplane's design.
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Since the joystick is directly connected to the control surfaces, the
acrodynamic forces on the control surfaces are transmitted back to the pilot, giving
him o her valuable feedback on how the airplane is flying.

The successful operationof the second order system with the pilot in the loop '

depends on several factors such as the area and placement of the control surfaces, how

. much the control surfaces move in response to the movement of the pilot controls, and

how long the airplane takes to respond to changes of the control surfaces. The tota!
system characteristics also depend on the reaction time of the pilot. If the resulting
system is poorly designed it may be unstable, which.means it may not be possible for
a human pilot to fly it safely. An eiamplc of an unstable system is where the pilot
desires to perform a gende roll to the right and so moves the joystick to the right, the
airplane's roll rate is faster than the pilot desires so he/she attempts to compensate by
moving the joystick to the left, the aizplanc' rolls left at a rate that is faster than the pilot
desires so he/she moves the joystick to the right, and so on, with the pilot constantly
overcorrecting and with the aircraft's rolling motions constantly getting larger and
larger until the aircraft gets into a condition from which it may not be possible to
recover, {e.g., spinning into the ground). The type of loss of control described is
usually referred to as 'pilot induced oscillation’ and although it may be caused by an
inexperienced or inattentive pilot, it is more often caused by poor airplane design.
Therefore, new airplane designs.are extensively tested to make sure they can be safely
flown. Examples of airplanes that use direct control of the control surfaces (Direct

Control Second Order Systerﬁs) are the Cessna 150 and the Piper Cub.
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Computer mediated control systems use a computer between the pilot controls
and the cbljtml surfaces. The pilot controls are read by the computer, the data are
modified in a particular way, and the computer sends control signals to the control
surfaces. The computer may also sense the forces on the control surface and use it to
control force feedback to the pilot controls. This type of computer mediated control
may be used to-fly an airplane that would otherwise be unstable, such as the F16 or |
the F117. Aircraft such as the F16 and F117 are also second order systems because
the position of the pilot's joystick represents rate of rotation. i

There are risks inherent in a computer mediated system. ;\lthough the
program can be simulated extensively before using it in an actual airplane, the
computer program may be quite large and therefore difficult to simulate under all -
possible conditions. An example of this is the Swedish JAS 39 Gripen Fighter.
Despite extensive simulation of the flight contrel system, during a test flight a Gripen
crashed due to "...the flight control system's high amplification of stick commands
combined with the pilot's” large, rapid stick movements"." The pilot had entered a
low-speed high-banked turn at a 280 meter altitde with lit afterburners and was
leaving the turn when his actions led to ‘pilot-induced oscillation'. (Aviation Week &

Space Technology, August 23, 1993, pages 72-73).

Having described techniques for operating non-remotely piloted vehicles, the
Fight Control Modes for RPVs will be described.
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Second Order RPV Flight Control Mode

A second order control system for an RPV is inheréntly computer mediated
because the remote pilot must interact through two computers: the computer in the
remote aircraft and the computer in the remote pilot station.

Flying an RPV is further complicated because there are additional time delays
in the loop. The computer in the remote aircraft must first determine the aircraft's
position and orientation. The a&dilional processing for Eransmitting a secure signal by
encryption and/or spreadl spectrum techniques may create additional delays.
Transmission delay of signals between the remote aircraft and remote pilot station is
negligible for a direct péth. However, if the signals are relayed through other facilities
the delay time may be appreciable, especially if an orbiting satellite is used, There are
additional delays in the remote pilot station as the remote aircraft's position and
orientation are used to transform the data from the digital database to present the pilot
with the synthesized 3D projected view from the remote aircraft. In one embodiment,
the RPV system measures the various delays and modifies the control laws used by
the computer in the remote pilot aircraft and in the feedback provided by the computer
in the remote pilot station to the remote pilot. For example, the computer may adjust
the.sensitivity of the User Flight Controls 408 according to the delay (e.g., as the
delay increases, the computer will decrease the sensitivity of the flight controls). The

system also displays the measured delay to the remote pilot,

]

it Ciler REV FEabt Corre) Mo
The stability of the flight control system, and thus the flyability of an RPV,

can be improved considerably by using a first order system. In one embodiment of
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such a first order system the position of the remote pilot's joystick represents an angle
relative to the horizon, instead of representing a rate of rotation as in a second order
system. The position of the joystick is transmitted to the computer in the remote
ircraft which moves the control surfaces as required to place the remote aircraft in the
requested orientation. The control system in the remote aircraft is still a second order
system but the delays in the communications link and the remote pilot station are no
longer a part of the system's loop. |

When a joystick is centered, ﬁm remote aircraft will fly straight and level,
Wn the jbystick is to the right of center the remote aircraft will be in a right banked
turn. When the joystick is to the left of center the remote aircraft will be in a left
banked turn, When the joystick-is backward from center the remote aircraft will be in
a pitch up orientation. When the joystick is forward of center the remote aircraft will
be in a pitch down orientation.

The amount of bank and pitch permitted depends on the design of the remote
aircraft. A high performance remote aircraft will be capable of a greater amount of
pitch and bank than will a lo';w performance remote aircraft.

Referring again to FIG.I4, Computer 405 may optionally be coupled to
Control Panel 402, Keyboard 403, Simulation Port 404, Video Interface 4 10, VCR
411, and/or Video Display 412. In one embodiment, Control Panel 402 contains
specialized lights, displays, and switches to allow a quicker response to situations
than can be provided by Keyboard 403. Control Panel 402 can be arranged to
approximate the look and feel of an actual aircraft cockpit. Keyboard 403 allows the

remote pilot to select various operating modes. For training purposes, Simulation Port
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404 allows the remote pilot station to be connected to a remote aircraft simulator
instead of an actual remote aircraft. The remote aircraft simulator will be further
described with reference to FIG. 6. Storage Device 409 allows the flight data to be
recorded, Durihgplayback this previously recorded data is substituted for real-time
data from the remote aircraft to replay the mission for analysis. Any video received
from any reconnaissance cameras on the Remote Aircraft 103 is converted by Video
Interface 410 so that it can be recorded on VCR 411 and displayed on Video Display
412. VCR 411 can-also operate in straight-through mode so that the reconnaissance
video can be viewed in real time.

FIG. 5 is a block diagram of a remote pilot station according to another
embodiment of the invention. FIG. 5 shows Remote Pilot Station 500. Remote Pilot
Station 500 is similar to Remote Pilot Station 400 of FIG. 4, except Video Display
407 is replaced by Head Mounted Display 501. In addition, Head Mounted Display
Attitude Sensors 502 are coupled to Computer 405. Head Mounted Display Attitude
Sensors 502 measure the‘ attitude of Head Mounted Display 501. This information is
used by Computer 405 to produce an additional three dimensional transformation of ‘
the data from Digital Database 107 to account for the attitude of the remote pilot's
Head Mounted Display 501. This does not require any additiona! data from the remote

aircraft. Of course, alternative embodiments could include both a video display and a

head mounted display.

FIG. 6 is a block diagram of a simulated remote aircraft used for training
remote pilots according to oné embodiment of the invention."FIG. 6 shows Remote

Aircraft Simulator 600 including Computer 605 coupled to Aerodynamic Model
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Processor 601, Instructor Control Panel 602, Keyboard 603, Simulation Port 604,
Graphics System 606, Storage Device 608, and Simulation Network Interface 609.
Remote Aircraft Simulator 600 communicates with Remote Pilot Station 400 or 500
through Simulation Port 604. Aerodynamic Model Processor 601 executes a
mathematical model that simulates the behavior of & remote aircraft. An instructor uses
Instructor Control Panel 602 and Keyboard 603 to select various training scenarios.
Graphics System 606 and Video Display 607 are used to observe the operation of the
system. Storage Device 608 is used to record the training session for later evaluation
of the session: In addition to proficiency training, the Remote Aircraft Simulator can
also be used to practice a proposed mission. The data communicated to the remole
pilot station can include training and evaluation data for processing and/or display.
This training aﬁd evaluation data can include any relevant information, such as flight
path accuracy, etc.

Simulation Network Interface 609 permits participation in a battlefield
simulation system such as SIMNET, mixing aircraft, tanks, and ground troops for
training in the coordination of mixed forces. Thus, the system is designed to allow
for the communication of this battlefield simulation information between the remote
aircraft simulator and.the remote pilot station. This allows the remote pilot station to
display one or more other simulated entities (e.g., tanks, ground troops, other aircraft,
etc.) described by the battlefield simulation information.

The Database )

The Digital Database I107 can be comprised of any t};pe of data from which a

three dimensional image can be generated. For example, the U.S. Geological Survey
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(USGS) makes available various databases, two of which are of particular interest.
The first is the Digital Elevation Model ciata which consist of an array of regularly
spaced terrain elevations.

The other USGS database is the Digital Line Graph data which includes:
political and administrative boundaries; hydrography consisting of all flowing water,
standing water, and wetlands; major transportation systems consisting of roads and
trails, railroads, pipelines, transmission lines, and airports; and significant manmade
structures. The. Digital Line Graph data is two-dimensional. In the present invention
features such as water, roads, railroads, and pipelines are represented as polygons
with elevations determined from the Digital Elevation Model data. Transmission lines
and significant manmade structures are defined as three-dimensional objects made of
polygens and are placed according to the elevations determined from the Digital -
Elevation Model data. The different types of objects are tagged so that the remote pilot
can select them to be highlighted by category or by specific object.

Data from additional digil&l databases can also be incorporated. An example of
such a database is from Jeppesen Sanderson whose NavData Services division
provides acronautical charts and makes this information available in digital form.

The procedure for generating the synthesized three-dimensional view from the
Digital Database may use any number of techniques, inéluding those disclosed in the
1987 patent to Beckwith et al. (U.S. Patent No. 4,660,157 REAL TIME VIDEO
PERSPECTIVE DIGITAL MAP DISPLAY METHOD), and the 1993 patent to
Dawson ct al. (U.S. Patent No. 5,179,638 METHOD AND APPARATUS FOR
GENERATING A TEXTURE MAPPED PERSPECTIVE VIEW). One disadvantage
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of generating the synthesized three-dimensional view from these elevation databases in
real time is the amount of storage space they require. To avoid this large amount of
data storage, one embodiment of Digital Database 107 is composed of terrain data that
represents the real terrain using polygons. This database may’be generated using any
number of techniques. For example, this database may be generated by transforming
one or more elevation databases into a polygon database using the technique taught in
"Pilot Aid Using a Synthetic Environment", serial no.‘08{274,394 filed July 11,
1994, Another method for transforming one or more elevation databases into a
polygon database is taught in "Digital Map Generator apd Display System", serial no.
08/543,590, filed October 16, 1995. An example of a three dimensional projected
image created from this database is shown in Fig. 7.

While the invention has been described in terms of several embodiments, those
skilled in the art will recognize that the invention is not limited to the embodiments
described. The method and apparatus of the invention can be practiced with
modification and altcnjation within the spirit and scope of the appended claims. The
description is thus to be regarded as illustrative instead of limiting on the invention.

-~
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CLAIMS

What is claimed is: /
\I. A system comprising: '

a remotely pijoted aircraft;

a communicgtions system for communicating flight data between a computer
and said remotely piloted aircraft, said flight data including said remotely piloted
aircraft’s position ahd orientation, said flight data also including flight control
information for coptrolling said remotely piloted aircraft;

a digital database comprising terrain data;

said computer to access said terrain data according to said remotely piloted
aircraft's position and to transform said terrain data to provide three dimensional
projected image data according to said remotely piloted aircraft's orientation;

a display for displaying said three dimensional projected image data; and

a set of ofe or more remote flight controls coupled to said computer for

inputting said flight control information.

2. The systefn of claim 1, said remotely piloted aircraft including:

a position determining system for locating said remotely piloted
aircraft's positiof in three dimensions; and
orienitation determining syétem for determining said remotely piloted

aircraft’s orientjtion in three dimensional space. -
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3. The system of claim 1, wherein the flight data communicated between said

remotely piloted aircraft and said computer is secured.

4. The system of claim 1,-wherein said remotely piloted aircraft further comprises

a set of one or more video cameras.
5. The system of claim 4, wherein said communications system is also for
communicating video data representing images captured by said set of one or more

video cameras, said video data for displaying said images.

6. The system of claim 5, wherein said video data is transmitted on a different

communication link than said flight data.

1. The system of claim 4, wherein at Jeast one camera in said set of one or more

video cameras is an infrared camera.
8. The system of claim 1, wherein said display is a head mounted display.

9. The system of claim 1, wherein said set of one or more remote flight controls

is responsive to manual manipulations.

2055.P004
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10.  The system of claim 1, wherein sajd’Computer is also for determining a delay

time for communicating said £l between said computer and said remotely

piloted aircraft.

10
)2./ The system of claim 1, wherein said set of one or more remote flight controls
allows for inputting absolute pitch and roll angles instead of pitch and roll rates.
}f The system of claim 1, wherein said computer is also used for correcting
adverse yaw without requiring input from said set of one or more remote flight

qontrols.

14. A station for flying ajremotely piloted aircraft that is rea! or simulated /
comprising:
a database comprising terrain data;

a set of remote flight icontrols for inputting flight control information;

a computer having acommunications unit configured to receive status
information identifying saidjremotely piloted aircraft's position and orientation in three
dimensional space, said cothputer configured to access said terrain data according to
said status information an: cdnﬁgured to transform said terra-i'n data to provide three

dimensional projected image data representing said remotely piloted aircraft's
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The station of clainy!% wherein said communications unit is also configured
to receive video data representing images captured by a set of video cameras on said
femotely piloted aircraft, said video data for displaying said images.

4 o

/(‘ The station of cIaim)Jf wherein said video data is transmitted on a different

communication link that said flight control information and said status information.

\%

)Z./ The station of claim)d.’wherein said diéplay is a head mounted display.

g 12

\
' /P( The station of claim_l4, wherein said set of remote flight controls is

responsive to manual manipulations.

19.  The station of claim 14, wherein saig/computer is also for determining a delay
time for communicating said flight carlir ‘information between said computer and

said remotely piloted aircraft.

20.  The station of claim 19, wheretti’said computer adjusts the sensitivity of said

set of remote flight contro}é based on said delay time.

2055.P004
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\ l
1 /Tl/ The station of claim%ivherein said set of remote flight controls are

configured to allow inputting absolute pitch and roll angles instead of pitch and roll

~

3 rates,

(=

! 2 -
. 'The station of claim )( wherein said computer is also configured to correct
2 adverse yaw without requiring input from said set of remote flight controls.
¥,
1 . + The station of claim)A,/wherein said communications unit includes at least

2 one of a communications transceiver and a simulation port.

-

a position determining system; y

+  anorientation determining system;

W

O 00 =32 o L
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*

(he remeotely piioted-airerafr A4 vherein said status information
said flight control information is communicated between said remotely piloted aircraf

and said pilot station using a secured communications link.

26., The remotely piloted aircraft of claim 24, wherein said remoyély piloted aircraft

further comprises a set of video cameras.

27.  The remotely piloted aircraft of claim 26, furthef comprising a video storage

unit for storing images captured by said set g o6 cameras,

28.  The remotely piloted aircraft of d 26, wher€in said comnﬁunications system
is also for transmitting to said pilot statjén video data representing images captured by

said set of video cameras, said videg data for displaying said images.

29.  The remotely piloted Aircraft of claim 28, wherein said video data is

transmitted real-time.

30. The remote)y piloted aircraft of claim 28, wherein said video data is

transmitted on adifferent communication link than said status information.

31, Phe remotely piloted aircraft of claim 28, wherein at least one-camera-in-said————,

-

set of video camera¥is an infrared camera.

2055.P004 Patent




-30-

1 32 ——A-methed-for-flyingaremetely-piloted ajrcraft, said remotely piloted aircr
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haviﬁg a current position and a current orientation, said method comprising the steps
of: |

determining the current position of said remotely piloted aircraft in threg
dimensions;

determining the current orientation of said remotely piloted aircrapft in three
dimensions; '

communicating said current position and current orientatign from said remotely
piloted aircraft to a pilot station;

accessing a database comprising terrain data gpresents real terrestrial
terrain as a set of polygons;

transforming said terrain data into image dafk representifig a simulated three
dimensional view according to the current posjtfon and orientation of said remotely
piloted aircraft; |

displaying said simulated threedimensional view using said image data; and

communicating flight contrgl information from said pilot station to said
remotely pilotcd aircraft, said rgfotely piloted aircraft flying in accordance with said

flight control information.

33.  The method 4f claim 32, further comprising the steps of:
determining a delay time for communicating said flight control information to

said remote)y piloted aircraft;

djllSﬁl'lS' i:' o oo 31elh ERNONSE 1o said-de By ime

2055P004 ' Patent




[ ]

A WON

/39. A system comprisipg:

e method-of claim rthercomprising
generating said flight control information in response to manual manipulatitns

of a set of manual flight controls on said pilot station.

35.  The method of claim 32 further comprising the steps of:

recording images using a set of cameras orySaid reidtely piloted aircraft.
36.  The method of claim 35 further comprightfg the steps of:
communicating video data represepfing sait-images from said remotely piloted

aircraft to said pilot station.

37.  The method of clairi 36, wherein said step of communicating video data is
performed real-time,

8. "heshethod of claim 36, wherein said step of communicating said video data

is perfofmed using a different communieatio k-tramrsaid-fight tomrot
ipformation, L

nﬁ‘%:ad to simulate at least a remotely piloted aircraft;

a communicatiofis systfn) configured to communicaie flight data between a

lation unit, said flight-data including said remotely piloted
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aircraft's position and orientation, said fjight data also including flight control
information for contrelling said remotejy piloted aircraft;

a digital database comprising thrrain data; |

said computer configured to Access said terrain data according to said remotely
piloted aircraft's position and to trafisform said terrain data to provide three
dimensional projected image data gccording to said remotely pilokd aircraft's
orientation;

a display configured to display said three dimensional projected image data;
and

a set of one or more

ote flight gohtrols coupled to said computer for

inputting said flight control ipformatio
40.  The system of claigr 39, whergin said simulation unit includes a simulation
network interface config to communicate battlefield simulation information with a

simulation network, said/ communications system also configured to communicate said
battlefield simulation information between said simulation unit and said computer, said

computer also configufed to diéplay one or more other simulated entities described by

said batdefield simuldtion information.

41. * The systemof claim 40, wherein said simulation network is SIMNET.
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42.  The system of claim 41, wherein said simulation unit is.also configured to
communicate to said computer via said comfnunications system training and evaluation

information for processing, recording, or display by said computer.

43.  The system of claim 39, wherei

said simulation unit further comprises:
a-aerodynamic model processofffor aiding in simulating said remotely piloted

aircraft.

44,  The system of claim 39, wherein said display is a head mounted display.

45,  The system of claim 39, Avherein st of one or more remote flight controls

is responsive to manual manipplations.
46.  The system of claim/39, whereirnysaid computer is also for determining a delay
time for-communicating sajd flight data between said computer and said remotely

piloted aircraft.

47.  The system of ¢laim 46, wherein said computer adjusts the sensitivity of said

set of one or more rengote flight controls based on said delay time.

48.  The system pf claim 39, wherein said set of one or more remote flight controls

allows for inputting absolute pitch and roll angles instead of‘[;itch and roll rates.
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adverse without requirigfg dnput from said set of one or more remote flight
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SIR;  Transmitted herewith for filing is the nonprovisional patent application of
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Serial No.: 08/587,731 2
Art Unit: 2304

DETAILED ACTION

Notice to Applicant(s)

1. This application has been examined. Claims 1-49 are pending.

2. The prior art submitted on January 19, 1996 has been considered.
Drawings

3. The drawings are objected to under 37 CFR § 1.84 for the reasons set forth by
the draftsman. See attached PTO-948 form for details. Correction is required. -
However, correction of the noted defect can be deferred until the application is. allowed

by the examiner.
Claim Rejections - 35 USC § 102

4, The following is a quotation of the appropriate paragraphs of 35 U.S.C. § 102
that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -~

(b) the invention was patented or described in a printed publication in this or a
foreign country or in public use or on sale in this country, more than one year
prior to the date of application for patent in the United States. '
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5. Claims 1-9, 14-18, 23-32, and 34-45 rejected under 35 U.S.C. § 102(b) as being
anticipated by Lyons et al. (an article entitled'Some Naviga;ion Concepts For

Remotely Piloteci Vehicled, AGUARD Conference Proceedings No. 176 on Medium
Accuracy Low Cost Navigation, Septemb'er 1975, pages 5-1 to 5-1J).

a. With respect to claims 1, 14, and 39, Lyons et al. disclose the invention
as claimed (see at least the abstract) including a remotely piloted aircraft (see figure §,
RPV), a communications systen.l for communicating flight data between a computer and
said remotely piloted aircraft, said flight data including said remotely piloted aircraft's
position and orientation, said flight data also including flight control information for
controlling said remotely piloted aircraft (see page 5-2, section kadio Navigation Using
a Data Link, -and figure 6 and the related téxt), a digital database comprising terrain
data (see pages 5-3 and 5-4, section Terrain Map Correlation; and figure l8). Lyons et
" al. further disclose that the computer accesses said terrain data according to said
remotely piloted aircraft's‘position and to transform said terrain data to provide three
dimensional projected image data according to said remotely piloted aircraft's
orjentation; a display for displaying said three dimensional projected image data (see
page 5-4, third ﬁarz‘igraph, and figure 8), and a remote flight control coupled to said

computer for inputting said flight control information (see figure 6).

Therefore, all of the limitations of claim 1 are met by Lyons et al.
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b.  With respect to claim 2, Lyons also disclose that remotely piloted aircraft
including a position determining system for locating said remotely piloted aircraft's
position in three dimensions and an orientation determining system for determining said
remotely piloted aircraft's orientation in three dimensional space (see pages 5-4 and 5-
5, section Navigation Accuracy). |

C. With respect to claim 3, Lyons et al. disclose that the flight data
communicated between said remotely_piloted aircraft and said coniputer is secured (see
page 5-2, first paragrap_h of the Radio Navigation Using Data Link section).

d. With respect to claims 4, 5, 7, and 15, Lyons et al. disclose that said
remotely piloted aircraft further comprises a infra red sensor image (video camera) and
means for communicating and displaying video data representing images captured by
the sensor image (see page 5-3, section Map Matching, and ﬁgufe 8).

e. With respect to claims 6 and 16, Lyons et al. disclose that the video data
is transmitted on a different communication link (wideband transmission.of video
signals) than said flight data (see page 5-2, first paragraph of section Radio Navigation
Usingl a Data Link).

f.  With respect to claims 8, 17, énd 44, Lyons et al. disclose that the display

is a head mounted display (see figures 5 and 6).

. ‘ . )
g.  With respect to claims 9, 18, and 45, Lyons et al. also disclose that the



Serial No.: 08/587,731 ' 5
Art Unit: 2304 :

rémote flight control is responsive to manual manipulations (see figure 6).

h. With respect to claim 23, Lyons 'et al. disclose that the communications
unit includes at least one of a communications transceiver and a simulation port (see
page 5-4 and figure 6).

i. - With respect to claim 24, Lyons et al. further disclose that the database
representing terrain using polygons (see figure 10).

i With respect to claims 25-28 and 30-31, the limitations of these claims
have been noted in the rejection above. They are therefore considered rejected as set
forth above.

k. With respect to claim 29, wherein said video data is transmitted real-time
(see page S-3, first paragraph of the section Map Matching).

1. Claims 32 and 34-38 are method claims correspondirig to apparatus claims
24-31. Therefore, claims 32 and 34-38 are rejected for the same rationales set forth for

claims 24-31.
m.  With respect to claim 40-42, Lyons et al. disclose that the simulation unit

includes a network interface configured to communicate battlefield simulation

. information with a simulation network, said communications system also configured to

-

communicate said battlefield simulation information between said simulation unit and

said computer, said computer also configured to display one or more other simulated
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entities _described by said battlefield simulation information (see the Introduction,
Terrain Map Correlation sections, and figures 7, 9).

n. With respect to claim 43, Lyons et al. disclo‘se that the simulation unit
further cqmprises an aerodynamic model processor for aiding in simulating said

remotely piloted aircraft (see page 5-4, second paragraph).
Claim Rejections - 35 USC § 103

6.  The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:
(@ A ﬁatent may not be obtained th(-)ugh the invention is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the subject
matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner ‘in which uthe invention was

made.

7.  Claims 10, 11, 19, 20, 33, 46, and 47 are rejected under 35 U.S.C. 103(a) as
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being unpatentable over Lyons et al. as applied to claims 1-9, 14-18, 23-32, and 34-45,
and further in view of Kanaly (4,405,943).
Lyons et al. disclosel the claimed invention as discussed above except for the

determination of a cielay time for communicating said flight data between said

computer and said remotely piloted aircraft, and adjusting the sensitivity of said set of

one or more remote flight controls based on said delay time. However, Kanaly does

suggest delay time for communicating between the ground station ﬁnd the remote

airborne into account of controlling the rémote airborne (see at least column 3, lines

15-24, and column 8, line 54 to column 9, line 6). It would have been obvious to

incorporate the teaching of Kanaly into the 'systcm of Lyons et al. in order to improve

the system with the enhanced capability of providing more accurate the remote flight

controls to the remoted vehicle and receiving the accurate position and heading data of
|

the vehicle from the remoted vehicle.

8. Claims 12-13, 21-22, and 48-49, rejected under 35 U.S.C. 103(a) as being
unpatentable over Lyons et al. as applied to claims 1-9, 14-18, 23-32, and 34-45 above,
and further in view of Thornberg et al. (5,552,983).

Lyons et al. disclose the claimed invention as discussed above except that the

remote flight controls allows for inputting absolute pitch and roll angles. However,
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such feature is well known in the art at the tinie the invention was made. For example,
Thornberg et al. suggest a variable referenced control system for remotely operated
vehicles which includes means for inputting absolute pitch and roll angles for remotely
control the unmanned aeriai vehicle (see at least figures 5 and 6). It would have been
obvious to one of ordinary skill in the art at the time the invention was made to
incorporate the teaching of Thornberg et al. into the system of Lyons et al. in order 10
input the pitch and roll control signals as the flight control signals for remotely control
the vehicle.

Conclusion

9. All claims are rejected.

10.  The following feferences afe cited as being of general interest: Diamantides
(3,742,495), Brocard et al. (4,218,702), Narendra et al. (4,855,822), Loard
(5,015,187), Fitzpatrick et al. (5,072,396), Rahim (5,155,683), Eiband et al.

(5,240,207), Steinitz et al. (5,266,799), and Khvilivitky.

11.  Any inquiry concerning this communication or earlier communications from the

e

examiner should be directed to examiner Tan Nguyen, whose telephone number is

(703) 305-9755. The examiner can normally be reached on Monday-Thursday from
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7:30 AM-5:00 PM. The examiner can also be reached on alternate Fridays.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kevin J. Teska, can be reached on (703) 305-9704.
| Any inquiry of a general nature or relating to the status of this application should

. be directed to the Group receptionist whose telephone number is (703) 305-3800.

Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to:

(703) 308-9051, (for formal communications intended for entry)
Or: , .
(703) 308-5357 (for informal or draft communications, please label

"PROPOSED" or "DRAFT")

" Hand-delivered responses should be brought to Crystal Park II, 2121
Crystal Drive, Arlington. VA, Sixth Floor (Receptionist).

Jon

/tqn TAN Q. NGUYEN '
July 18, 1997 PATENT EXAMINER

GROUP 2300
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Jed Margolin

Serial No. 08/587,731

Sir:

BSTg&Z

Examiner; T. Nguyen

Art Unit: 2304
Filed: January 19, 1996
For: A Method and Apparatus for
Remotely Piloting an Aircraft
Assistant Commissioner for Patents
Washington, D.C. 20231
AMENDMENT AND REMARK

Responsive to the Office Action mailed on July 23, 1997, the Applicant

respectfully requests the Examiner to enter the following amendment and to consider the

following remark:

In the Claims:

AMENDMENT

Please cancel Claims 39-49, without prejudice.

1 herpby certify that this sorrespondence is belng transmitted by facsimile
to the United Statas Patent and Trademark Office in accordance with 37 CFR § 1.6{d), on the datc shown below.

Name: ConslanceVanDalen

Signutul"e: W c"—’w—‘

Date: ____ Sepiember 11,1997

[doos

Patent 5; ;

7
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1279 Oak. ..ad Parkway
BLAKELY g fnyvale, Calfornia 84088 {

‘SOKOLOFF (408) 720-8598 Telephone
. TAYLOR & {408) 720-9387 Facsimile

ZAFMAN

A Limited Liability
Partnarship Including

Law Corporations URGENT

I Deliver to Examiner: Tan Nguyen '
LFax No. (703) 308-9051 )

FROM BSTZ: DEMA I
Attorney: Daniel De Vos

~

Reg. No.: 37,813 Art Unlt: 2304
Phone No. (408) 720-8598 Serial No.: 08/587,731
Operator: Conny Van Dalen Filing Date: 01-19-86
Page 1of !4
Message:

CONFDENTIALITY NOTE
The documents aceompanying this facsimile tranemission contaln information from the lawy firm of Blakely Solololf Tayior & Zafman
which b cxnfickaniial or priviagesd. The infonmation s inferdied 1o be for the use of the individual or entity hamed on this tranermission
sheet. fyou are not the intendixd recipient, be sware thet any disciosure, copying, disiribution or use of the conients of this fexed

informuation ks prohiblied, If you have receivexd this facsimile in eror, plesse notfy us by felephons immediatoly so that we can armange for
the retricval of the origirml dacusTenie al no cost o you

F YOU EXPERIENCE ANY DIFFICULTY IN RECEIVING THE ABOVE PAGES, PLEASE CALL (408) 7208588 AND ASK FOR THE
OPERATOR NAMED ABOVE.

Certificate of Facsimile Tranamisston
| hereby certify that this correspondence is being transmitled by facsimile to the Patent
and Trademarks Office in accordance with 37 CFR § 1,8(d), on _o/11/97

CoovTBrcefaanle, . A-1147

Signature Date
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Attorney's Docket No.: _002055.P004 Patent
In re the Application of: __Jed Margolin
Application No.: __08/587,731

Filed: __January 19,1666

For:

(Invantor{s})

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR: Transmitted herewith is an Amendment for the above application.

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been established by

a verified statement previously submitted.
A verified statement to establish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.

X No additional fee is required.

The fea has been calculated as shown below:

QOTHER THAN A
Col. 1 (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additicnal Additional
After Amd. Paid For Extra Rate Fee Rate Fee
Total . .
Claims 38 | Minus 49 0 x11|$ x221$ 0
Indep. - o
Claims 4 |Minus 5 0 x40 13 X80 | $ 0
First Prsantx:nt:on of Mulitiple +130 1§ +260 |8
* [t the entry in Col. 1 is lass than the entry in Col. 2, Total Total
write “0" in Col. 3. Add. Fee $ Add. Fee $ 0

** |f the “Highest No. Previously Paid For" IN THIS
SPACE Is less than 20, write "20" n this space.

_ == I tha "Highast Ne. Praviously Paid For* IN THIS SPACE is less than 3, write 3" in this
space. The "Highest No. Previously Paid For' (Total or Independsnt) is the highest number
found from the equivalent box in Col. 1 of a prior amendment or the number of claims
originally filad,

1 hereby certify that this correspondoncs is being ttansmitted by facsimils
to the United States Patent and Trademark Offlce in accordance with 37 CFR § 1,6(d), on the date shown below.

Namse: Canstance Van Dalen
Signarure: £-5 v~ R W—-—
Date: September 11, 1997

-1~ (LIV/cak 10/25/98)
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Acheckintheamountof$ s attached for presentatlon of additional clalm(s).
Applicant(s) hereby Petition(s) for an Extension of Time of month{s) pursuant to
a7 C.F.RA. § 1.136(a).
A check for § is attached for processing fees under 37 C.F.R. § 1.17.
Please charge my Deposit Account No. 02-2688 the amount of $ .
" A duplicate copy of this sheet is enclosed.

The Commissioner of Patents and Trademarks is hereby authorized to charge payrnent of the
following fess associated with this communication or cradit any overpayment to Deposit
Account No. 02-2666 (a duplicate copy of this sheet is enclosed):

X Any additional filing fees required under 37 C.F.R. § 1.16 for presentation of

oxtra claims.
X Any sxtension or petition fees under 37 C.F.B<%§

BLAJE [ OR & ZAFMAN LLP

gl

Date: ?/{/ . 1897

7

12400 Wilshire Boulevard

Seventh Floor Reg. No. _37.813
Los Angeles, California 80025
{408) 720-8598

“2- (LJV/cak 10/25/08)
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Attormey's Docket No.: _DO2055P004
In re ths Appiication of: __Jed Margolin

Application No.: ___O8/587,731

BSTE&Z

{inventor(s}))

Filed: __January 10, 1996

(title)

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR: Transmitted herewith is an Amandment for the above application.

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has besn established by

a verified staternent previously submitted.

A verified staterment to eatablish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is snclosed.

b4 No additional fee is required.

The foe has been calculatad &s shown below:

OTHER THAN A
Col. 1 {Col.2) __ (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highast No.
Remaining Previously | Present Additional Additional
After Amd. Paid For | Extra Rate Fee Rate Fee
Toral . -
Claims 38 |Minus 49 0 x11[8 x22|$% o
Indep. « ; —
Claims 4 | Minus 5 0 x40 | $ X80 % 0
First Presentation of Multiple +130(8 4260 |8
*"If the entry in Col. 1 is less than the enlry In Col, 2, ~ Total Total
write “0* In Col. 3. Add. Fes $ Add. Fee $ 0

** if the "Highest No. Previously Pald For" IN THIS
SPACE is logs than 20, write “20" in this space.

*** | the "Highast No. Previously Paid For* IN THIS SPACE is less than 3, write "3" in this

space.

a "Highest No. Previously Paid For" (Total or indepsendent) is the highast number

found from the equivalent box in Col. 1 of a prior amendment or the number of clalms
originally flied.

T hereby cerify that this correspondence is being transmitred by facsimile
to the Unitad States Patent and Trademark Office in sccordance with 37 CPFR § 1.6(d), on the date shown below.

Name: . ConstanccVanDalen
Signare; TPt~ A- N ANOR 0 |

Date: _______ Septernber 11,1997

[@oo4

(LIV/cak 10/25/38)
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A check in the amount of § is attached for presentation of additienal claim(s).
Applicant(s) hereby Petition(s) for an Extension of Timeof ______ month{s) pursuant to
37 C.F.R. § 1.138(n).
A check for § is anached for processing fees under 37 C.F.R. § 1.17.
Please charge my Deposit Account No. Q2-2866 the amount of § .
A duplicate copy of this sheet is enclosed.
The Commissionar of Patents and Trademarks is hershy authorized to charge payment of the
following fees assoclated with this communication or credit any overpaymant to Deposit
Account No, 02-2666 (a duplicate copy of this sheet [s encloaed):

X Any additional filing fess required under 37 C.F.H. § 1.16 for presentaticn of

exira claims.
X Any extension or petition fees under 37 C.F.R. § 1.17.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP

il

Date: 9 A 1907 ORIGINAL SIGNED BY
| 7 Daniel M, Ds Vos L2
12400 Wilshire Boulevard _—
Seventh Floor Reg. No. __37.813
Los Angeles, California 80025
(408) 720-8598

ioos

.o (LV/cak 10/25/88)
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orp,
fpﬂ x UNITED STATES DEPARTMENT OF COMMERCE

PR 1)t . Patent and Trademark Offioe
-;" 4 { ASSISTANT SECRETARY AND COMMISSIONER OF PATENTS AND
o j TRADEMARKS
ares of Washington, D.C. 20231
JERIAL NUMBER . r::;zna DATE FIRST KAME APPLICANT I ATTORNEY DOCKET FO.
08/587,731 01/19/96 - MARGOLIN 002055.P004
BLAKELY SOKOLOFF TAYLOR AND ZAFMAN ‘ EXAMINER
1240 WILSHIRE BOULEVARD TAN Q. NGUYEN
7TH FLOOR : . ART UNIT PAPER NUMBER
LOS ANGELES, CA 90025 2304 £
| - DATE MAILED:

Fleass find below a communication from the Examiner in charge of this application,

Commisdlomer of Patonts and Trademarks.

The communication filed on October 05, 1997 is non-responsive because

it fails to include a complete or accurate record of the substance of the September 11,
1997 in;crvicw. There is no argument or discussion abo'ut_ the difference between
claimed invention and the references cited in the amendment (the amendmeﬁt contain
only the request for canceling claims 39-49),

Applicant is given a ONE MONTH TIME LIMIT from the date of this letter, or
until the expiration of the period for response set in the last office action, whichever is
longer, to complete the response. NO EXTENSION OF THIS TIME LIMIT MAY BE

GRANTED UNDER EITHER 37 CFR 1.136(a) OR (b).

PTOL-0 (REV. &84




Any inquiry concerning this communication or earlier communications from the
examiner should be directed to examiner Tan Nguyen, whose telephone number is
(703) 305-9755. The examiner can normally be reached on Monday-Thursday from
7:30 AM-6:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kevin J. Teska, can be reached on (703) 305-9704.

Any inquiry of a general nature or relating to the status of this application should
be directed to the Group receptionist whose telephone number is (703) 305-3900.

JC‘m
TANQ. NGUYEN
PATENT EXAMINER

TAN NGUYEN GROUP 2300
Qctober 10, 1997

PTOL-50 (REV. 6134}
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Patent

g&\\‘%ﬁ IN THE UNTTED STATES PATENT AND TRADEMARK OFFICE 7%

qmphcauon of: ,
Jed Margolin ' O-L
Examiner: T. Nguyen / “3 |

Serial No, 08/587,731 ~ RECEIVED

Art Unit: 2304
Filed: January 19, 1996 GCT 2 1 1997,
For: A. Method and Apparatus for - \
Remotely Pifoting an Aircraft GROLP 2300
Assistant Commissioner for Patents
Washington, D.C, 20231
AMENDMENT AND REMARK |

Sir: .

Responsive to the Office Action mailed on July 23, 1997, the Applicant
respectfully requests the Examiner to enter the following amendment and to consider the
following remark:

AMENDMENT

In the Claims: /
: 4

Please cancel Claims 3949, without prejudice.

T horeby centify that this concspondence iy belng deposited with the United Starcs Posial
Service as first class mail with sufficlent pratuge in nn envelope addressed to the
Conwnissloncr of Patents and Tradenarks, Washington, D.C, 20231

un__\a)g%l_g\j sit . ' i

ame of Person Corrcapo

= SR =~y
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REMARK
Applicant respectfully requests reconsideration of this application as amended. -

35 US.C. $102 rejection

The Examiner has rejected clatms 1-9, 14-18, 23-32, and 34-45 under 35 U.S.C.

~ $102(b) as being anticipated by Lyons, ¢t al., “Some Navigation Concepts for Remotely
Piloted Vehicles
1. Summary of Lyvong

Applicant would like to thenk the Examiner for taking the time during the
telephone intcwiew to discuss the Lyons reference. Lyons contemplates a remotely
piloted vehicle (RPV) transmitting information to & control center (Figure 1),used by the
pilot to fly the RPV. To displsy the position of the RPV to the pilot, the control center
pr;)vides a “moving map display.” As contemplated by Lyons, “the most convenient
display mode for the present application is the rolling map or “passing scene’ technique
where a new line is added to the top of the display and the scene is shifted slowly
downwards” .(pagé 5-3, end of first full paragraph). In particular, Lyons contemplates
using film to generate the moving map (Figure 5). The moving map iy moved based on

' dead reckoned positions of the RPV.

As is well known in the art, dead reckoned positions have accumulating ervor. To
correct for this error, Lyons describes two basic concepts: 1) “map matching” (Section
3); and 2) “terrain map correlation™ (Section 4). The map matching concept requires that'
the RPV transmit some kind of jmage dara to the control center. Thus, in addition to the
moving map display, the control center shown in Figure 6 has s sensor display (i.e., a
display generated from the image data trans:ﬁittcd by the RPV). Lyons contemplates the
transmission of two kinds of image data generated by: 1) side looking radar (SLR)

002055,P004 Patent
Serial No, 08/587,731 Art Unit; 2304 .
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images; and 2) real time forward-looking sensors. When using the SLR system, the SLR
generated image data received by the control center allows it to make a downward-
looking image. The pilot watches the sensor display (i.c., the display generated based on
the transmitted image data) for “likely update features”—landmarks. When the pilot sees
a landmark in the scnsor display, the pilot presses a transfer button which causes the
control center to superimpose the sensor display over the moving map (Figure 5). The
pilot then adjusts the moving map so that it matches the overlaid sensor display image
and presses an accept button, By adjusting thc moving map in this manner, the dead
reckoned position of the RFV is updated in an attempt to remove the ertor associated
Qith the calculation of dead reckoned positions (Page 5-3, .second, third, and fourth full
paragraphs). The simulated SLRI'map update system is illustrated in Pigures 7A and 7B.

Having described the SLR-based map matching technique, the real time forward-
looking sensor systems will now be described. Lyaons describes basically two systems for
updating dead reckoned RPV positions on a moving map using only real time forward-
iooking sensors: 1) an anai:no:p'hic projection systern (page 5-I3. fifth full paragraph;
figure B); and 2) a HUD based system (page 5-3, sixth full paragraph; figure 9). Similar
to the SLR based system, the anamorphic projection system requires the pilot to watch
the scnsor display (i.e., the image generated from the transmitted data) for landrarks,
press a button which superimposes the transmitted image on the moving map, adjust the
moving map, and press an accept button. As described in Lyons, in order to superimpose
the forward-looking transmitted image en thcl two-dimensional/top-down moving map
image, the forward-looking image is transformed using anamorphic projection. Lyons
goes on to describe various problems with the anamorphic projection tectmique, and then
describes the HUD based system. '

002053,p004 Patent
Serial No. 08/587,731 Art Unit: 2304
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In the HUD based system, the pilot is presented with two images: 1) the moving
map display (see left-hand image of Figure 9); and 2) the sensor display generated from
th§ image data transmitted from the rea] time forward-looking sensor on the RPV. The
HUD technology is used to allow the pilot to mark landmarks on the forward-looking
sensor based image. These HUD markings are then superimposed on the moving map,
and ths pilot makes the necessary adjustments to the moving mep (page 5-3, sixth ful}
paragraph).

In summary .I the map matching te‘chniqucs use the following: 1) the transmission
oflimaga data from the R.I%V to the control center; 2) a display at the control center which
shows an image based on the real time image data received from the RPV;3)a moving
map display that ia moved based on the dead reckoned position of the RPV; and 4) some
manner of superimpoiing the sensor irage onto the moving map to allow the pilot to
update the moving map in an eﬁ’on to correct the error associated with the dead reckoned
positions. Neither the sensor display’s image nor the moving map can be equated to the
generation of “a three~dimensionsl projected imagé™ generated based upon “e digital
database” gtored in the control center. The sensor display's image is based on image data
transmitted from the RPV, while the moving map contemplated by Lyons is a two-
dimensional, top-down view displayed using film (see Figures 5 and 7).

Having described the map matching techniques from Lyons, Applicijtnt will now
describe the terrain map correlation technique of Lyons. The terrain map correlation
technique described in Lyons is elso used for correcting the error in dead reckoned
positions shown to the pilot by a two-dimensional moving map. In particular, Lyons
states at page 5-3, last paragraph: |

Reconisence or fofward-look.ing sensors provide a convenient method of

updating the navigation system, However, these s€nsors required large
datalink bandwidth to trensmit the video picture to the control center and

002055.P004 . . ‘ Patenl
Serinl No, 08/587,731 ) : Art Unit: 2304 |
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herice are vulnerable to ECM... Hence, an alternative method of updating
the navigation gystern is desirable. (emphasis added)

The phrase “vpdating the navigation system” is used throughout Lyons to refer to the |
adjustment of a two-dimensional mnving map in an effort to cotrect for error due to dead
reckoning,

Rather than requiring ihe user to actively update the moving map display (i.e.,
push a button which causes the jimages to be superimposed, adjusting the moving map,

" and pushing an accept button), the terrain map correlation téchnique attempts to adjust
the moving map (i.e., correct for the dead reckoned error) without pilot intervention using
8 laser range measurements and a digital clevation database. In operation, the RPV
transrnits to the control center a set of laser range measurements (including an altimecer

- reading). The c.ontrol center uses dead reckoned positions to both adjust the two-
dimensional moving map and to estimate the location of the RPV over a digital database
map of elevation points stored in the control center (Figure 10). Based on a calculetion
of the possible error associsted with the dead reckoned positions, a search area is
identified in the digital database (Figure 12). A search is then performed within this |
search area to identify the position that most closely matches the transmitted laser range

"data. The RPV's position is then updated to the location that best ma@es the transmitted
laser ranges in en atternpt to corest the error associated with the dead reckoned positions. -
The moving map is then automatically adjusted (without pilot interveation) to reflect the
updated RPV position. | .

Thus, the digital database of Lyons (conceptually illustrated in Figure 10) is not
used to gencrate a three-dimensional projected image, but is used to update the two-
dimensional moviné map in an effort to correct for the error in the dead reckoned
positions, In addition to the description in Lyons, further support for the fact that the
digital database of Lyons is not used to generate a threc-djmensi;;ml projected image is

002055.P004 Patent
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that the image of Figure 10 is gencrated u;ing square polygons. Squa}c polygons are not
plainer, and therefore, typically are not used for generating images. In contrast,
triangular polygons are plainer and are typically used for displaying three-dimensional
projected images.

In contrast to the teachings of Lyons, claim 1 requires the use of a digital database
stored in the control center, and a computer that transforms the database “to provide |
three-difriensjonal projected” images based on the position and oricntation data received
from the RPV, Thus, the digital detabase of claim 1 is used to generate a three-
dimensional projected image for the pilot, whereas: 1) the moving map of Lyons is 2 two-
dimensional image generated using film; and 2) the digital database of Lyons is used for
updating the two-dimensional moving map to correct for error associated with the dead
reckoned positions, not for display.

Similarly, independent claim 14 requires a database comprising terrain data and a

. computer “configured to access said terrain data according to “information identifying:

the remotely piloted craft's position and orientation in three-dimensional space” and
configured to transform said terrain data to provide three-dimensional projected image
data representing said remotely piloted aircraft’s environment.” Furthermore, claim 14
requires a display to display the three-dimensional image dara.

Tadependent claim 24 covess a remotely piloted sircraft having a communication
system for transmitting the @tdy piloted aircraft’s position and orientation to a pilot
station “for trapsformati on into a thres-dimensional projected image of said remotely
piloted aircraft's envirotument according to a database representing real terrestrial terrain

using polygons.”

002055.P004 Patent
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Finally, indefendcnt method claim 32 requires; 1) “communijcating said carrent
position and oricntation from said remotely pllofed craft to a pilot station;” 2) “accessing
a database comprising terrain data that te.;prescmts real terrestrial terrain as a set of
polygons;” 3) “transforming said terrain data into image data representing a simulated
three-dimensional view according to the current position and oricntation of said remotely
piloted aircraft,”” and 4) ;‘diaplaying said threc-dimensional view using said image data.””

The remaining pending claims are sach dependent on one of the allowable base
claims 1, 14, 24, and 32. For at least these reasons, Applicant respectfully submits that

this rejection has been overcome.

35 U.S.C. §103 rejection, over Lyons, et al. in view of Kanaly (US Patent 4,405,943)
The Examiner has rejected Claims 10, 11, 19, 20, 33, 46-47 under 35 U.S.C. §103

as being obvious over Lyons, et al. ("Lyong") in view of Kanaly (US Patent 4,405,943).

Claims 10, 11, 19, 20 end 33 are each dependent on one of the aliowable base claims 1,
14, 24, and 32. Claims 46 and 47 have been canceled (without prejudice). For at least
this reason, Applicant respectfully submits that this rejection has been overcome with
respect tq claims 10, 11, 19, 20 and 33.

‘ 35 U.S.C. §103 rejection, over Lyons, et al. in view of Thornberg, et al. (US Patent
' 3,552,983) i
The Examiner has rejected Claims 12-13, 21-22. and 48-49 under 35 U.S.C. §103
as being obvious over Lyons, et al. (“Lyens™ in view of Thormberg, et al, (US Patent
5.552.983) Claims 12, 13, 21-22 are each dependant on one of the allowable, bass claims
1 and 14. Claims 48 and 49 have been cenceled (withbut prejudice). For at lqast this

—
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reason, Applicant respectfully subrmits that this rejection has been overcome with respect
to claims 12, 13, 21, and 22.

Conclusion
Applicant respectfully submits that the rejections have been overcome by the
amendments and remarks, and that the Claims are now in condition for allowance,
Accordingly, Applicant respectfully requests the rejections be withdrawn angd the Claims
as amended be allowed. '

Drawing Corrections ‘
The drawings have been objected to by the draftsman. The Applicant will file
amended drawings at the ims of allowance of the present application.
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Invitation for a telephane interview
The Examiner is invited to call the undersigned at 408-720-8598 if there

remains any issue with allowance of this case.

Charge our Deposit Account

Please charge any shortage to our Deposit Account No. 02-2666.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

74
“Daniel M. De Vos
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598

dolq
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TAVLON & (7SS0 WO pacante Tonenitl gpe
A Limited Liabliity RECE]V,L.
Partnership Including Date: ].ﬂl.z.'lég% en
Law Comorations : 21 1997
URGENT

LDellver to: Tan Nguyen

|Fax No. (703) 308-5358 '

FROM BSTZ: To Firm: U.s. PATENT AND TRADEMARK OFFICE
' Phone:
From: Daniel De Vos Your Ret: Applic. No.: 08/587,731
| Operator: Dawn Roberts Our Ref: 002055.P004
Page 1 of _14 Title: A METHOD AND APPARATUS FOR
REMOTELY PILOTING AN AIRCRAFT

Message;

As agreed, Applicant is resubmitting the response previously faxed on September 11,
1897. To complete the record, following is a brief summary of the reasons (as understood by
the Applicant) for resubmitting the rasporise;

On September 11, 1997 applicant faxed 14 pages to the Patent and Trademark Office.
These 14 pages Iincluded a fax cover page, two coples of a two page Transmittal letter, and a
nine page response. In response, Applicant recelved a paper malled on September 12,
1987 indicating that applicants response was non-responsive. In a telephone discussion, it
was determined that only one page of applicants nine page response was actually received.

Sincerely,

Daniei M. De Vos

CONFIDENTIALITY NOTE

The documents eceompanying this tacsimile transmission contein information from the law firm of Blakely Sokoloff
Taylor & Zatman which is confidential or privilsged. The information is intended to be for the use of the individual or
entity named on this transmission shest. If you are not the intended recipient, be sware-that any disclosure,
copying, distribution or use of the contents ¢f this faxed information is prohibited. i you have received this
facsimile in error, please netify us by telephone immediately so that we can arrange for the retrleval of the original
documents at no cost to you.

{F YOU EXPERIENCE ANY DIFFICULTY IN RECEIVING THE ABOVE PAGES, PLEASE CALL (408) 720-8508 AND
ASK FOR THE OPERATOR NAMED ABOVE, ;

doo1
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RECEIVED
ocT 21 1997
RROP 2300
Attomey's Docket No. _manE.EQQA___ Patant
In re the Application of: __.led Margolin
{inventor(s))

Application No.: __O8/587,731

ASSISTANT COMMISSIONER FOR PATENTS
Washingion, D.C. 20231

SIR; Transmitted harswith is an Amendment for the above application.

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been established by
a verified atatement previously submitted.

A verified statement to establish smail entity status under 37 C.F.R. §§ 1.8 and 1.27 is enclosed.
X No additional fee is required.

The fee has baen calculated as shown below:

OTHER THAN A
Col. 1 {Col, 2) {Col. 3) SMALL ENTITY + SMALL ENTITY
Highest No. T
Remaining Previously | Present Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fee
gf;:;s * 38 |Minus | * 48 0 x111% x22(§ 0O
nasp 4 |Mins | s 0 x40 |$ @o[s o
First Presentation of Multiple +130( s +260|5
* If the entry In Col, 1 Ia less than the entry In Col. 2, Total Tolal
wiite 0" in Col, 3, Add, Fee $ Add, Fee $ 0

*  If the "Highest No, Previously Paid For" IN THIS
SPACE is leaa than 20, write “20" In this space._

** | the "Higheat No. Previoualy Paid For® IN THIS SPACE /s less than 3, write "3 in this
space, The “Highest No. Previously Paid For* (Totai or Independent) is the highest number,
_ found from the equivaient box in Col. 1 of a pricr amsndment or the numbber of claims
originally filed.

I hercby certify that this correspondence is being transmitted by facsimile
to the United Stutes Patent and Tradamark Office in runce with 37 CFR § 1,6(d), on the dats shown halow,

doo2
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A check in the amount of § is attached for presentation of additional claim(s).

Applicant(s) haraby Petition(s) for an Extension of Timeof _________ month(s) pursuant to
37 C.F.A. § 1.138(a).

A check for § is attached for processing fass under 37 C.F.R. § 1.17.
Pleasa charge my Deposh Account No. (2-2668 the amaount of $ .
A duplicate copy of this shest s enclozed.
The Commissioner of Patents and Tradernarks is hereby authorized to charge payment of the
following fees associated with this communication or cradit any overpaymant to Deposit Account
No. 02-2688 (a duplicate copy of this shest is enclosed);
_X _ Anyadditionat filing fees required under 37 C.F.R. § 1.16 fot presantation of
oxtra claims.
X Any sxtension or petition fees under 37 C.F.R

BLAK W!‘MAN LLP
Date: Io/?-l , 1887 : -

Daniel M. De Vos

il

12400 Wilshire Boulevard

Seventh Floor Reg. No, _37.813
Los Angelas, Califomla 80025
(408) 720-8598

2. {LJV/cak 10/25/96)
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RECEI&p
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. LR !
Attomey's Docket No.: _0Q205S.P004 'Eﬁn?ﬂﬁ(}
In re the Application of: __Jad Margolin
- {Inventor(s))

. Application No.: __08/S87.731
Filed: __January 18, 1996

For:

& iy

ABSISTANT COMMISSIONER FOR PATENTS
wWashingtan, D.C. 20231 .

SIR; Transmitted herewith is an Amendment for the above applicatian.

" Small entity status of this application under 37 C.F.R. §§ 1.8 and 1.27 has bean established by
a verified stateament previously submitted.
A verified statement to establish smail entity status undar 37 C.F.R. §§ 1.9 and 1.27 Is enclosed.

__X_ No additional fee |s required.

The fse -has been calculated as shdwn below:

‘ OTHER THAN A
Col. 1 Col. 2 (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Praasnt Additionsl Additional
After Amd. Paid For Extra I _Rate Fee Rate Fee
o s o8 |Minua{ T as 0 x11 s x22|$ 0
Pl D L Sl 0 x4ol$ | x80|s o
First Prasentation of Multiple +130 |8 +260 8
*Ifthe entry in Col. 1 is lass than the entry In Col. 2, Total Total
writs "0 In Col. 3, Add. Fee | Add.Fea|® O

*  |f the “Highest No. Previoualy Paid For" IN THIS
SPACE I» leaa than 20, write "20" in thle space.
"= |f the “Highest No. Previsugly Pald For' IN THIS SPACE [ Isss than 3, write “3” in this
space. The “Highest No. Previously Fald For" (Tetal or Independent) Is the highest number.
found fromn the equivalent box In Co!. 1 of & prior amendmaent or the humbeér of claims

originaity filed,
1 hereby certify that this correapondence is baing transmitted by facsimile
to the United States Patent and Trademark Office in accopdance with 37 CPR § 1.6(d), on the dalc shown below,
Name; ‘

(LJVicak 10/25/98}
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—— Acheckintheamountof$_______is attached for presemation of additional clairn(s),

" Applicant(s) hereby Petition(s) for an Exiansion of Tims of manth(s) pursuant to
37CF.R. § 1.136(a).
Acheckfor$__ s lﬁaohod for processing fses under 37 C.F.R. § 1.17.

. Please charge my Déposit Account No. D2-2668 the amount of §

A duplicate copy of this sheet is snclosed.

_X___ The Commissioner of Patents and Trademarks is heraby authorized to charge peyment of the

following fees assoclated with this communication or cradit any overpayment o Deposit Account
No. 02-2668 (a duplicate copy of this sheet s enclosed):
X . Any additional fling fees required under 37 C.F.R. § 1.18 for presentation of
extra claims.
X Anyextension or petition fees under 37 C.F.R. § 1.17.

BLAKEmCﬂﬁm.%Ka ZAFMAN LLP

Date: "’/_ 2( 1907 ' _ML
' ' Daniel M. De Vos ‘

12400 Wiishire Boulevard

Seventh Floor Reg. No. _37,813
Los Angeles, California 90025
{408} 720-8598

dnos

(LVicak 10/25/96)
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DETAILED ACTION

Notice to Applicant(s)

1. This office action is responsive to the amendment filed on October 21, 1997. As
per request, claims 39-49 have been canceled. Thus, claims 1-38 are pending.

Drawings.

2. The drawings are objected to under 37 CFR § 1.84 for the reasons set forth by
the draftsman. See attached PTO-948 form for details. Correction is required.
However, correction of the ndted defect can be deferred until the application is allowed
by the examiner,

Claim Rejéctians -35USC§ 103

3. The following is a quotation of 35 U.S_.C. 103(a) which forms the.basis for all
obviousness rejections set forth in this Office accion-
(a) A patent may not be obtained thou? the invention is not identically disclosed
or described as set forth in section 102ﬁ this title, if the differences between the

subject matter sought to be patented and the prior art are such r.hat the subject

matter as a whole would have been obvious at the time the invention was made
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to a person having ordinary skill in the art to which said subject matter pertains.

Patentability shall not be negatived by the manner in which the invention was

made.

4, Claims 1-9, 14-18, 23-32, and 34~38 rejected under 35 U.S.C. § 103(a) as being
unl;atcntablc over Lyoﬁs et al. (an article entitled “Some Navigation Concepts For
Remotely Piloted Vehicles”, AGUARD Conference Proceedings No, 176 on Medium
Accuracy Low. Cost Navigation, September 1975, pages 5-1 to 5-15) in view of
Wysocki et al. (5,381,338) or Fant (4,835,532) or Beckwith et al. (4,660,157).

a.  With respect to claims I, 2, and 14, Lyons et al. disclose the invention as
claimed (see at least the abstract) including a remotely piloted aircraft (see figure 8,
RPY), a communications system for communicating flight ;lata between a computer and
said remotely piloted aircraft, gaid flight data including said remotely piloted aircraft's
position and orientation, said flight data also including flight control information for
controlling said remotely piloted aircraft (see pagé §-2, section Radio Navigation Using
a Data Link, and figure 6 and the related text), a digital database comprising terrain
data (see pages 5-3 and 5-4, sectioﬁ Terrain Map Correlation; and figﬁre 8). Lyons et
al. further disclose that the computer accesses said terrain data according to said

remotely piloted aircraft's position and to transform said terrain data to provide a

projected image data according to said remotely piloted aircraft's orientation; a display
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for displaying said projected image data (see page 5-4, third paragraph, and figure 8),
and a remote flight control coupled to said computer for inputting said flight control ‘
information (see figure 6). : |

Lyon et al. do not explicitly disclose that the computer produce a three
dimensional image data from the digital database and the navigation information.
However such feature is well known at the time the invention was made (for examples,
see figure 1 and the related text in Wysocki et al.; see figures 1, 3 and the related text
in Fant; or see figures 1, 4 and the related text in Beckwith et al.). It would have been
obvious to one of ordinary skill in the art at the time the invention was madé to
incorporate the teaching of either Wysocki et al., Fant, or Beckwith et al. into the
system of Lyop et al. in order to improve the system with the enhanced capability of
displaying three-dimensional image of the remoted aircraft over the terrain data.

b. With respect tol claim 3, Lyons et al. ﬁisclosc tﬁat the flight data
communicated between said remotely piloted aircraft and said computer-is secured (see
page 5-2, first paragraph of the Radio Navigation Using Data Link section).

c. ‘With respect to claims 4, 5, 7, and 15, Lyoﬁs et al. disclose that said

remotely piloted aircraft further comprises a infra red sensor image (video camera) and

means for communicating and displaying video data representing images captured by

the sensor image (see page 5-3, section Map Matching, and figure 8).
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d.  With respect to claims 6 and 16, Lyons et al. disclose that the video data
is transmitted on a diffcrer'lt communication link (wideband transmission of video
signals) than said flight data (see page 5-2, first paragraph of section Radio Navigation
Using a Data Link). |

e.  With respect to claims 8 and 17, Lyons et al. disclose that the display is a
head mounted display (see figures 5 and 6).

f. With respect to claims 9 and 18, Lyons et al, also disclose that the remote
flight control is responsive to mamual manipulations (see figure 6).

g.  With respect to claim 23, Lyons et al. disclose that the comrhunications
unit includes at least one of a communications transceiver and a simulation‘ port (see
page 5-4 and figure 6).

| h, With respect to claim 24, Lyons et al. further disclose that the database
representing terrain using polygons (sée figure 10).

i. With respect to claims 25-28 and 30-31, the limitations of these claims
have been noted in the rejection above, They are therefore considered rejected as set
forth above.

j. With respect to claim 29, wherein said video data is transmitted real-time
(s.ee paée 5-3, first paragraph of tiae section Map Matching). ]

k.  Claims 32 and 34-38 are method claims corresponding to apparatus claims
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24-31. Therefore, claims$ 32 and 34-38 are rejected for the same rationales set forth for

claims 24-31.

5. . Claims 10, 11, 19, 20, and 33 are rejected under 35 U.S,C. 103(a) as being
unpatentable over Lyons et al., Wysocki et al. or Fant or Beckwith et al. as applied to
claims 1.-9, 14-18, 23-32, and 34-38, and further in view of Kanaly (4,405,943).
Lyons et al. disclose the claimed invention as discussed above except for the
determination of a delay time for communicating said flight data between said

computer and said remotely piloted aircraft, and adjusting the sensitivity of said set of

one or more remote flight coﬁtrols based on said delay time. However, Kanaly does
sugéest delay time for communicating between the ground station and the remote
airborne into account of controlling the remote airborne (see at least column 3, lines
15-24, and column 8, line 54 to column 9, line 6). It would have been obvious to
incorporate the teaching of Kanaly into the system of Lyons et al. in order to improve
the systerﬁ with the enhanced c'apability of providing more accurate the remote flight
‘controls to the remoted vehicle and receiving'thé accurate position and heading data of

the vehicle from the remoted vehicle.

6. Claims 12-13, and 21-22 are rejected under 35 U.S.C. 103(a) as being
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unpatentable over Lyons et al., Wysocki et al. or Fant or Beckwith et al, as applied to
claims 1-9, 14-18, 23-32, and 34-38 above, and further in view of Thornberg et al-
(5,552,983).

Lyons et al. disclose the claimed invention as discussed above except that the
remote flight controls allows for inputting absolute pitch and roll angles. However,
such feature is well known inihe art at the time the invention was made. For example,
Thornberg et al. suggest a variable refergnﬁcd control system for rémotely operated
vehicles- which includes means for inputting absolute pitch and roll angles for remotely
control the unmanned aerial vehicle (see at léast figures 5 and 6). It would have been
obvious to o:lle of ordinary skill in the art at the time the invention was made to . |
incorporate the teaching of Thornberg et al. into the system of Lyons et al. in order to
i.nput the pitch and roll control signals as the flight control signals for remotely control
the vehicle. |
7. All claims are rejected.

. Remarks

8.  Applicant's arguments.filed on October 27, 1997 have been fully considered and

—

they are deemed to be persuasive. However, upon the updated search, the new

ground of rejections has been set forth as above.
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