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(57 ABSTRACT

A method and apparatus that allows a remote aircrafi to be
controlled by a remotely located pilot who is presented with
a synthesized three-dimeasional projecied view representing
the environment around the remote aircraft. According 1o
one aspect of the invention, a remote aircraft transmits 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 dimeasional projected view of this
environment. The remote pilot reacts to this view and
interacts with the pilot controls, whose signals are transmit-
ted back 10 the remote aircraft. In addition, the system
compeasates for the commuaications delay between the
remote aircraft and the remote pilot station by coatrolling
the sensitivity of the pilot controls.

20 Claims, 7 Drawing Sheets
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METHOD AND APPARATUS 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. Na. 08/543,590, filed Oct. 16, 1995.

1. Field of Inveation

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

2. 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
controller to coatrol 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 involving the resolution of the video, the
rate at which the video is updated, 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
tradeoffs is limited because this video is also used to pilot the
aircraft 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.

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 the
remote operator is looking and signals the remote vehicle 1o
send the high resolution imagery corresponding o the area
around where the remote operator is looking and low
resolution imagery cormresponding to the remote operator’s
peripheral vision. The objective is to minimize the band-
width of the information transmitted to the remote operator.

SUMMARY

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 eavironment around the remote air-
craft According 1o one aspect of the invention, a system is
uscd thal 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 station receives the
data and uses a database describing the lerrain and manmade
structures in the remote aircraffs environment to produce a
3D view of the remote aircraft environment and present it to
the remote human pilot.

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

Also, because the video reconnaissance cameras are no
longer nceded to remotely pilot the sircraft there is great
fexibility 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. Alternatively, low
resolution pictures can be sent in real-time, while the cor-
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fesponding high resolution pictures can be at a later time.
The reconnaissance video can even be transmitted through a
different communications link than the control data. There
may also be more than one reconnaissance camera.

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 dclay link measurement can also
be vsed 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 input from the
remote pilot. It also makes it possible 1o provide computer
assistance 1o the remote pilot. In this mode, the remote fight
coatrol coatrols absolute pitch and roll angles instead pitch
and roll rates which is the normal mode for aircraft In
addition, adverse yaw can be aatomatically corrected so that
the resulting control laws make the remote aircraf
extremely easy to fly. Because this comes at the expense of
heing able (o put the remote aircraft into upusual attitudes,
for complete control of the remote aircraft a standard control
made is provided 1o give the remote pilot the same type of
control that is used to fly a manned aircraft. Since the remote
aircraft is unmanoed, 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 pro-
vided that allows an instructor to set up the training mission
and parameters. This is especially useful in giving remote
pilots experience flying with different coatrol link delays. In
this simulated mode, the sysiem can be further linked 0 a
battlefield simulator such as SIMNET,

In the first embodimenl, the remote pilot is provided with
a standard video display. Additional display channels can be
provided to give the remote pilot a greater ficld of view.
There can even be a display chanoel to give a rearward
facing view.

A second embodiment uses a head mounted display for
the remote pilot instead 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 bundred miles away.

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 remole 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
lo one embodiment of the inveation.

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

FIG. § is a block diagram of a remote pilot station
according to another embodiment of the javention.

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

FI1G. 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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3
DETAILED DESCRIPTION

In the following description, numerous specific details are
sct forth to provide a thorough understanding of the inven-
tion. However, it is understood that the inveation 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 10 be controlled by a remotely located pilot who is
presented with a synthesized three-dimensional projected
view representing the environment around the remote air-
craft. Since the video from a reconnaissaace camera located
on the remote aircraft is not used 1o pilot the remote aircraft,
the amouat of data transmitted between the remote aircraft
and the remote pilot is small. This provides greater flexibil-
ity in how the remote aircraft is used and allows the
transmitted data to be made more secure. The remote aircraft
may be of any type, for example a remote control plane or
helicopter as used by recreational enthusiast.

FIG. 1is a general illustration showing a remote pilot at
a remote pilot station operating a remote aircraft according
1o 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 Aircraft 103 respectively include an Antenna
1064 and an Anteona 105 for communicating Information
106.

In one embodiment, Information 106 includes status
information conceming the stas 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 and the orientation (also termed attitude, and com-
prising 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
retricve data from a Digital Database 107 which contains a
three-dimensional description of terrain and manmade struc-
tures over which Remote Aircraft 103 is flying. Based on the
three dimensional data retrieved from Digital Database 107,
Remote Pilot Station 101 projects a synthesized three-
dimeasional projected view of the terrajn 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 transmils flight coatrol
information to Remote Aircraft 103 which adjusts its flight
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 may be implemeated by
including additional attachments to an existing portable
computer. This allows the user 1o easily transport the remote
aircraft and pilot station to an appropriate location for flighr.

FIG. 2 is a block diagram showing a bi-directioaal com-
munications link between a remote pilot station and a remote
aircraft according to one embodiment of the inveation. FIG.
2 shows Communications Transceiver 201 coupled to
Aatenna 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 loforma-
tion 106 being communicated between Antenna 104 and
Antenna 108,
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FIG. 3 is a block diagram of a remote aircraft unit used in
the remote aircraft according (o 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 Trans-
ceiver 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 position-
ing system (GPS) apd calculates the aircraft’s position in
three dimeasions. Turn-and-bank Indicator 302 and Gyro-
compass 303 provide the aircraft’s orientation which com-
prises 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 10
control the aircraft’s engine, while the Aircraft Flight Sur-
faces and Sensors 310 are coupled to control the aircraft’s
fight 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 inio
the necessary signals for transmission to Aircraft Enginc and
Sensors 309 and Aircraft Flight Surfaces and Sensors 310 10
control the aircrafi’s engine and flight surfaces, respectively.
The operation of the aircraft’s flight control 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, io one embodi-
meat Computer 308 is implemented to encryptidecrypt the
data transmitted and Communications Transceiver 204 is
implemeanted to use spread spectrum techniques.

Computer 308 may optionally be coupled to Altimeter
304, Video Camera System 308, Infrared Video Camera
Systcm 306, Radar 307, and/or Video Storage Unit 311.
Altimeter 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 transmil-
ted t0 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 fexibility 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:

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

2. High resolution, low update images may be sent back
in reai-time through the Communications Link w0
reduce the bandwidth.

3. The video may be recorded in Video Storage Unit 311
for later transmission.

4. The video may be transmitted through a separate
commuaications 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 paticular pattern or it may track a
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selected object. Radar 307 may consist of several Radar
units. The information from Radar 307 s processed by
Computer 308 so that only the desired information is trans-
mitted over the communication link to the Remote Pilot
Station 101 for display.

FIG. 4 is a block diagram of a remote pilot station
according 10 one embodiment of the invention. FIG. 4 shows
a Remote Pilot Station 400 including a Computer 405
coupled 1o 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 storage mediums,
flash memory devices, and/or other machine-readable med;-
ums. Of course, Digital Database 107 may be stored in one
or more machine-readable mediums andjor in Storage
Device 409.

As previously described, Antenna 104 receives the radio
signals transmitted by Remote Aircraft 103 represcating the
status information of Remote Aircraft 103. These radio
signals are transformed by Communications Transceiver
201 and sent to Compuler 405. Communications Tramsceiver
201 is set ta 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 communications from Computer 308 in the Remot:
Aircraft to Computer 405 in the Remote Pilot Station is
ransparent. Thus, the bi-directional communications link
comprises the combination of Communications Transceiver
201, Anteana 104, Antenna 105, and Communications
Transceiver 204.

As previously described, the status information received
by Computer 405 includes the three dimensionai position
and the orientation of Remote Aircraft 103. The status
information may also include information concerning the
fight surfaces, flight sensors, the engine, an additional
altitude reading, etc. Computer 405 uses this status infor-
mation (o retrieve data from Digital Database 107 which
conlains a three-dimensional description of terrain and man-
made 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
retricved from Digital Database 107, Computer 405 per-
forms the mathematical operations to transform and project
the three dimeasional data to generate video data represent-
ing a synthesized three-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 Dis-
play 407.

Since the image is generated from the digita] database,
virtually any image of the environment of the Remote
Aircraft 103 can be generated. As examples, the pilot may
select the environment to be: 1) a simulated image of what
would be scen 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 (c.g-, backwards, out a
side window, etc.); 3) a simulated tmage of what would be
seen if a camera were tailing the remotely piloted aircraft;
ctc. In addition, the simulated image may be set to any
magnification. Thus, the phrase eavironment of Remote
Aircrafl 103 is intended to include any image generated with
reference o the remote aircrafi’s position.
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The User Flight controls with Force Feedback 408 are
used by the remote pilot 1o input flight paih information. The
User Flight Coatrols 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 information is used to 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 Controls With Force Feed-
back 408 and moves the controls accordingly. This flight
control information is sent through the communications link,
to Compuler 308, and is used to control the aircraft fight
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 contro! the engine,

Flight Control

To illustrate 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 air-
plane around its roll axis; the horizoatal elevators cause the
airplace 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 character-
istics of the wings, one wing creates more lift while the other
wing creates less lift. This also changes the drag character-
istics of the wings and results in a yaw force that is opposite
to the yaw force that results from the tail section causing the
airplanc to weather-cock into the relative wind. It is this yaw
force caused by the airplane weather-cocking into the rela-
tive wind that causes a banked airplane to turn. The opposite
yaw force produced by using the ailerons is called adverse
yaw; the rudder coaotrol 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 con-
nected to the flight control surfaces. With a Joystick, moving
the stick left and right moves the ailerons, while moving the
stick forward and backward moves the horizontal elevators,
The rudder is controlled by two foot pedals, one for each
foot, that are mounted oq 2 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 other foot pedal
causes it 10 move forward and the opposite pedal to move
backward and causes the rudder to move in the opposite
direction.

An altemnative 1o the joystick is the control yoke which
consists of a wheel attached 1o a shaft that moves in and out
of the control housing. Turning the wheel clockwise or
counterclockwise moves the aileroqs; moving the wheel
shaft in and out moves the horizontal elevators, The rudder
pedals as the same as those used with a Jjoystick.

In order to aid in a description of remote aircraft
operation, it is thought worthwhile to first describe the
operation of noo-remotely piloted vehicles. Non-remotely
piloted vehicles can be operated in one of two ways (also
termed as flight coatrol modes); direct control or computer
control (also termed as computer mediated).

Direct Control Non-Remotely Piloted Vehicles

When the flight controls are connected directly to the
control surfaces the result is a second order system. Using
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the joystick as an example, moving the joystick left or right
establishes a roll rate, The airplane continues 10 roll unti 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 estab-
lishes a pitch rate. The airplane continucs to pitch until the
Joystick is returned 10 the center position, after which the
airplane remains in the pitch angle thus established. Both the
roll ratc and the pitch rate are subject to the limits of the
airplane’s design.

Since the joystick is directly connected to the contro!
surfaces, the acrodynamic forces on the control surfaces are
transmitted back to the pilot, giving him or her valuable
feedback on how the airplane is flving.

The successful operation of 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
chaages of the control surfaces. The total system character-
istics 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 example of an unstable system is where the pilot
desires 10 perform a gentle roll to the right and s0 moves the
joystick to the right, the airplanc’s roll rate is faster than the
pilot desires so he/she atlempts to compensate by moving
the joystick to the left, the airplane 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 (he pilot constanily overcorrecting
and with the aircraft’s rolling motions coustantly getting
larger and lasger 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 inaentive pilot, it is more
often caused by poor airplane design. Therefore, new air-
plane designs are extensively tested 10 make sure they can be
safely flown. Examples of airplanes that use direct control of
the control surfaces (Direct Control Second Order Systems)
are the Cessna 150 and the Piper Cub.

Computer Mediated Non-Remotely Piloted Vehicles

Computer mediated control systems use a computer
between the pilot controls and the control 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 if to control force fecdback to
the pilot controls. This type of computer mediated control
may be used to fly an airplane that would otherwise be
unstable, such s 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.

There are risks inherent in a computer mediated system.
Although the program can be simulated extensively before
using it in an actual airplape, 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
control syslem, during a test flight a Gripen crashed due to
“ ... the flight contro} system's high ampilification of stick
commands combined with the pilot’s” large, rapid stick
movements".” The pilot had eotered a low-speed high-
banked turn at a 280 meter altitude with lit afterburners and

30

45

50

65

8

was leaving the turn when his actions led o ¢ pilot-induced
oscillation’. (Aviation Week & Space Technology, Aug. 23,
1993, pages 72-73).

Having described techniques for operating non-remotely
piloted vehicles, the Fight Control Modes for RPVs wil] be
described.

Second Order RPV Flight Control Mode

A second order control system for an RPV is inherently
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
remole aircraft must first determine the aircrafi’s position
and orientation. The additional processing for transmilting a
secure signal by encryption and/or spread spectrum tech-
niques may create additional delays. Transmission delay of
signals between the remote aircraft and remote pilot station
is negligible for a direct path. 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 positiont 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
ooe embodiment, the RPV system measures the various
delays and modifies the control laws used by the computer
in the remote pilot ajrcraft and in the feedback provided by
the computer in the remote pilot station to the remote pilot.
For example, the computer may adjust the scositivity 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.

First Order RPV Flight Control Mode

The stability of the flight control system, and thus the
flyability of an RPV, cag be improved coosiderably by using
a first order system. In one embodiment of such a first order
system the position of the remote pilot’s joystick represents
an angle relative to the horizoa, 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 aircraft
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, the remote aircraft will fly
straight and level. Whea the joystick 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
cenler 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 remole aircrafi. A high performance remotc
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 optiopally
be coupled to Control Panel 402, Keyboard 403, Simulation
Port 404, Video Interface 410, VCR 411, andfor Video
Display 412. In one embodiment, Control Pancl 402 con-
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tains specialized lights, displays, and switches 10 allow a
quicker response (o 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 404
allows the remote pilot station to be connected to a remote
aircrafl 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 10 be recorded. During playback 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
Alrcraft 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. § is a block diagram of a remote pilot station
according to another embodiment of the invention. FIG. §
shows Remote Pilot Station 500. Remote Pilot Station 500
is similar to Remote Pilol Station 400 of FIG. 4, except
Video Display 407 is replaced by Head Mouated Display
501. In addition, Head Mounted Display Attitude Sensors
502 are coupled to Computer 408. Head Mouated Display
Attitude Sensors 502 measure the attitude of Head Mounted
Display 501. This information is used by Computer 405 1o
produce an additional three dimensional transformation of
the data from Digital Database 107 1o account for the
attitude of the remote pilots Head Mounted Display 501.
This does not require any additional data from the remote
aireraft. 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 one embodiment
of the invention. FIG. 6 shows Remote Aircraft Simulator
600 including Computer 605 coupled 10 Aerodynamic
Model Processor 601, Instructor Control Panel 602, Key-
board 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.
Acrodynamic Model Processor 601 executes a mathematical
model that simulates the behavior of a remote aircrafs. An
Instructor uses Instructor Coatrol Panel 602 and Keyboard
603 to select various Uraining scenarios. Graphics System
606 and Video Display 607 are used 10 observe the operation
of the system. Storage Device 608 is used to record the
training scssion for later evaluation of the session. Io addi-
tion to proficiency training, the Remote Aircrafi 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 banlefield 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
informalion 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 battle-
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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ated. For example, the US. Geological Survey (USGS)
makes available various databases, two of which are of
particular interest The first is the Digital Elevation Model
data which consist of an array of regularly spaced terrain
¢levations. :

The other USGS datsbase is the Digital Line Graph data
which includes: political and administrative boundaries;
hydrography consisting of all flowing waler, standing water,
and wetlands; major transportation systems consisting of
roads and irails, 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
Iepresented as polygons with elevations determined from the
Digital Elevation Model daia. Transmission lines and sig-
nificant manmade structures are defined as three-
dimensional objects made of polygons and are placed
according 1o the elevations determincd from the Digital
Elevation Model data. The different types of objects are
tagged so that the remote pilot 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 NavData Services division provides aero-
nautical charts and makes this information available in
digiial form.

The procedure for generating the synthesized three-
dimensional view from the Digital Database may use any
number of techniques, including those disclosed in the 1987
pateat to Beckwith et al. (US. Pat. No. 4,660,157 REAL
TIME VIDEO PERSPECTIVE DIGITAL MAP DISPLAY
METHOD), and the 1993 patent to Dawson et al. (US. Pat,
No. 5,179,638 METHOD AND APPARATUS FOR GEN-
ERATING A TEXTURE MAPPED PERSPECTIVE
VIEW). One disadvaatage 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 tech-
nique taught in “Pilot Aid Using a Synthetic Environment”,
Ser. No. 08/274,394 filed Jul. 11, 1994. Another method for
transforming one or more elevation databases joto a polygon
database is taught in “Digital Map Generator and Display
System™, Ser. No. 08/543,590, filed Oct. 16, 1995. An
example of a three dimcansional projected image created
from this databasc is showa 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 o the embodiments described. The
method and apparatus of the inveation can be practiced with
modification and alteration within the spirit and scope of the
appended claims. The description is thus to be regarded as
iflustrative instead of limiting on the invention.

What is claimed is:

1. A system comprising:

a remotely piloted aircraft including,

a position determining system to locate said remotely
piloted aircraft’s position in three dimensions; and

an orieatation detcrmining system for determining said
remotely piloted aircraft’s orientation in three
dimensional space;

a communications system for communicating flight data

between a computer and said remotely piloted aircraft,
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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 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 10 said remotely piloted aircraft’s
oricntation;

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 inputting said flight control information,
wherein said computer is also for determining a delay
lime for communicating said flight data between said
computer and said remotely piloted aircraft, and
wherein said computer adjusts the sensitivity of said set
of one or more remote flight conurols based on said
delay time.

2. The system of claim 1, wherein:

said remotely piloted aircraft includes a device for cap-

turing image data; and

said system operates in al least a first mode in which said

image data is pol transmitted from said remotely
piloted aircraft (o said compuler at a sufficient data rate
to allow for real time piloting of the remotely piloted
aircraft.

3. 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 a set of one or more video cam-
eras,

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 sajd
flight data.

7. The system of claim 4, whercin at least 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 manipula-
tions.

10. 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.

11. The system of claim 1, wherein said compulter is also
used for correcting adverse yaw without requiring input
from said sct 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 operales in at least
a first mode in which said image data is not transmitted
from said remotely piloted craft 10 said compuler but
stored in said remotely piloted sircraft.

13. A station for flying a remotely piloted aircrafi that is

real or simulated comprising:

a databasc comprising terrain data;

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

& computer having a communications unit configured to
receive status information identifying said remotely
piloted aircraft’s position and orentation in three
dimensional space, said computer configured to access
said terrain data according to said status information
and configured to transform said terrain data to provide
three dimeasional projected image data representing
said remotely piloted aircraft’s environment, said com-
puter coupled to said set of remote flight controls and
said communications unit for transmitting said flight
control information to control said remotely piloted
aircrafl, said computer also 1o determine a delay time
for communicating said flight control information
between said computer and said remotely piloted
aircraft, and said computer to adjust the sensitivity of
said set of remote flight controls based on said delay
lime; and

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

14. The station of claim 13, wherein said communications
unit is also configured 10 receive video data representing
images captured by a set of video cameras on said remotely
piloted aircraft, said video data for displaying said images.

15. The station of claim 14, whercin said video data js
transmitted on a different communication link that 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
flight controls is responsive to manual manipulations.

18. The station of claim 13, wherein said set of remote
flight controls are configured to allow inputting abhsolute
pitch and roll angles instead of pitch and roll rates.

19. The station of claim 13, wherein said compuler is also
configured to correct adverse yaw without requiring ioput
frora said set of remote flight controls.

20. The station of claim 13, wherein said communications
unit includes at least one of a communications transceiver
and a simulation port. :
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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 transmits 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.
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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 acrial 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 controller 10
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 tradeofls involving the
resolution of the video, the rate at which the video is updated, and the bandwidth
needed to transmit it. The wider the handwidth the more difficult it is to secure the
signal. The (reedom to balance these tradeofTs is limited because this video is also

used to pilot the aircraft and must therefore be updated frequently.
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Certain UAVs are preprogrammed to follow a predetermined course and lack
the flexibility to deal with unexpected situations.

The 1983 patent to Kanaly (U.S. Patent No. 4,405,943) shows a control and
communications 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 imagery 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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SUMMARY

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 @ communications link to send its location, attitude, and other
operating conditions to the remote pilot station. The remote pilot station receives the
data and uses a databasc 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 picturcs can be sent in real-time, while the corresponding
high resolution pictures can be at a later time. The reconnaissance video can even he

o &
transmitled through a different communications link than the control data, Thcrc:fmyZ

also be more than one reconnaissance cnmcraf.
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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 measurement can also be used to
modify the control software throu gh 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 input 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 he 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 a 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 aireraft 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 1o a battlefield simulator such as

SIMNET.
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In the first emhodiment, 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 he a display channel 1o give a rearward facing view,

A second embodiment uses a head mounted display for the remote pilot instead
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 2 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 genera! illustration showin £ a remote pilot at a remote pilot station
5 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 onc embodiment of the invention.
FIG. 3 is a block diagram of a remote aircraft according to one embodiment of
the invention.
10 FIG. 4 is a block diagram of a remote pilot station according 10 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
15 remote pilots according to one embodiment of the invention.
FIG. 7 is an example of a three dimensional projected image presented 10 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 understood 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 hy a remotely located pilot who is presented with a synthesized three-
dimensional projecied view representing the environment around the remote aircrafy,
Since the video from a reconnaissance camera located on the remote aircraft is not
used 1o pilot the remote aircrafi t, the amount of data transmitted hetween the remote
aircraft and the remote pilotis small. This provides greater flexibility in how the
remole aircralt is used and allows the transmitted data to be made more secure. The
remote aircraft may be of any type, for example a remote control plane or helicopter as
used hy recreational enthusiast,

FIG. 1 is a gencral illustration showing a remote pilot ata remote pilot station
operaling a remote aircraf according 1o one embodiment of the invention. FIG. |
shows Remote Pilot 102 interacting with Remote Pilat Station 101 and controlling
Remote Aircraft 103. Remote Pilot Station 101 and Remote Aircraft 103 respectively
include an Antenna 104 and an Antenna 105 for communicating Information 106,

In one embodiment, Information 106 includes status information concerning
the status of Remote Aircrafi 103 and flight control information for controlling the

flight of Remote Aircraft 103, The status information is gencrated 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 includc information concerning the fli ght surfaces, the engine,
an additional altitude reading, etc. Remote Pilot Station 101 uses this status
5 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 a synthesized three-dimensional
projected view of the terrain and manmade structures in the vicinity of Remote Aircraft
10 103. Based on this view of the terrain and manmade structures, the Remote Pilot
Station 101, on its own and/or in response Lo input from Remate Pilot 102, generates
and transmits flight control information to Remote Aircraft 103 which adjusts its flight
accordingly.
In onc embodiment, the Remate Aircraft 103 is a remote controlled plane or
15 helicopter used for recreational purposes. Since remote controlled planes and
helicopters tend to be smalt in size, the circuitry in such remote aircralt to generate and
receive Information 106 is minimized. In such systems, the Remote Pilot Station 101
may he implemented by including additional attachments to an existing portable
computer. This allows the user to easily transport the remote aircraft and pilot station
20 to an apprapriate location for Night.
FIG. 2 is a block diagram showing a hi-dircctional 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

2055.P004 Patent

00417



10

15

20

9.

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

FIG. 3 is a block diagram of a remote aircraft unit used in the remote aircraft
according to oné 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 satellitcs 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 aircraf, U'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 remate
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 to Aircraft Engine and Scnsors 309 and Aircraft Flight

Surfaces and Sensors 310 to control the aircraft's engine and flight surfaces,
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respectively. The operation of the aircraft's flight control surfaces will he later
described with reference to FIG. 4.

In order 10 protect against ECM, the communications link between the Remote
Pilol.Slalion 101 and the Remote Aircraft 103 may he secured. While any number of
different techniques may he 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 he coupled to Ahimeter 304, Video Camera
System 305, Infrared Video Camera System 306, Radar 307, and/or Video Storage
Unit 311. Altimeter 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,
50 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:

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

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

the Communications Link 1o 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 transmitted through a separate communications link.

S. There may be multiple video cameras.

Infrarcd 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. [t may scan a
particular pattern or it may track a selected ohject. 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 1o 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
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 (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 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.
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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 reccived. Computer 405 recovers the data
(de-encrypting, if required) so that the data communications 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 combination of Communications
Transceiver 201, Antenna 104, Antenna 105, and Communications Transceiver 204.
As previously described, the status information received by Computer 405
includes the three dimensional position and the oricatation of Remote Aircraft 103,
The status information may also include information concerning the flight surfaces,
flight sensors, the engine, an additional altiude 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 performs the mathematical operations to transform and
project the three dimensional data to generate video data representing a synthesized
three-dimensional projecied 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 examples, 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 would be scen if a camera were tailing the remotely
piloted aircraft; etc. In addition, the simulated image may be set to any magnification.
Thus, the phrase environment of Remote Aircraft 103 is intended to include any image
generated with reference to the remote aireraft's position,

The User Flight controls with Force Feedback 408 are used hy the remote pilot
to input flight path information. The User Flight Controls may he 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 information is used to actuate force

feedback circuitry in User Flight Controls With Force Feedback 408. Remote Pilot
102 observes the synthesized three-dimensional cnvironment displayed on Video
Display 407, feels the forces on User Flight Controls With Force Feedback 408 and
moves the controls accordingly. This 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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Flight Countrol

To illustrate the operation of the remote aircraft, a fixed-wing airplane will he
described as an example. However, the hasic 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 thal is opposite to the yaw
force that results from the tail section causing the airplane 1o weather-cock into the
relative wind. [t is this yaw [orce caused by the airplane weather-cocking into the
relative wind that causes a banked airplane to turn. The opposite yaw force produced
by using the zilerons 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 and backward moves the horizontal elevators. The rudder is controlled by
wo foot pedals, one for each foot, that are mounted on a common shaft and hinged in
the middle like a seesaw. Pressing one fool pedal forward causes the other foot pedat

to move backward and causes the rudder Lo 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 aliernative 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. Turning the wheel
clockwise or counterclockwise moves the ailcrons; 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 o 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 computer control (also termed as computer
mediated).

1 - tely Piloted Vehicles

When the flight controls arc 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
retumned 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 hackward establishes a pitch rate. The
airplane continues to pitch until the joystick is retumed to the center position, after
which the airplane remains in the pitch angle thus cstablished. Both the roll rate and

the pitch rate are subject Lo the limits of the airplanc’s design.
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Since the joystick is directly connected 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 {lying,

The successful operation of 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 total
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 example of an unstable system is where the pilot
desires to perform a gentle rol! 1o 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 airplane 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 constandy
overcomrecting 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, (c.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 Systems) are the Cessna 150 and the Piper Cub.
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. Mediated Non-Re Iy Piloted Vehicl

Computer mediated control systems usc a computer between the pilot controls
and the control surfaces. The pilot contrals 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.

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 difficult to simulate under all
possible conditions. An example of this is the Swedish JAS 39 Gripen Fighter.
Despite extensive simulation of the flight control system, during a test flight a Gripen
crashed duc 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 altitude with lit afterbumers 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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A second order control system for an RPV is inherently 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 additional processing for transmitling a secure signal by
encryption and/or spread spectrum techniques may create additional delays.
Transmission delay of signals between the remote aircraft and remote pilot station is
negligible for a direct path. However, if the signals are relayed through other facilities
the delay time may he appreciable, especially it an orbiting satellite is used. There arc
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 modifics 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.

:r igh :
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 transmitied to the computer in the remote
aircraft 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, the remaote aircraft will fly straight and level.
When the joystick 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 he 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 piich permitted depends on the design of the remolte
aircraft. A high performance remote 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 to
Control Panel 402, Keyboard 403, Simulation Port 404, Video Interface 410, 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 Pancl 402 can be arranged 1o
approximate the look and feel of an actoal 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 10 be connected 10 a remote atrcraft 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. During playback 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 remolte 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
4017 is replaced by Head Mounted Display S01. 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 Compulter 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 docs not require any additional data from the remote
aircraft. Of course, altemative embodiments could include both a video display and a
head mounticd display.

FIG. 6 is a block diagram of a simulated remote aircraft used for training
remote pilots according to one 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 execules a
mathematical model that simulates the behavior of a remole 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 1o 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
aiso be used to practice a propased mission. The data communicated to the remote
pilot station can include training and evaluation data for processing and/or display.
This training and evaluation data can include any relevant information, such as flight
path accuracy, ctc.

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 (¢.g., tanks, ground troops, other aircraft,
etc.) described by the battleficld simulation information.

The Database

The Digital Database 107 can be comprised of any type 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 data 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 houndaries; 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 arc defined as three-dimensional objects made of
polygons 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 digital databases can also be incorporated. An example of
such a database is from Jeppesen Sanderson whose NavData Services division
provides aeronautical charts and makes this information available in digital form.

The procedure for generating the synthesized three-dimensional view from the
Digital Databasc may use any number of technigues, including 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 et al. (U.S. Patent No. 5,179,638 METHOD AND APPARATUS FOR
GENERATING A TEXTURE MAPPED PERSPECTIVE VIEW). One disadvantage

2055.P004 Patent
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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
aumber of technigues. For example, this database may be generated by transforming
one or more elevation databases into a polygon database using the technigue 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 and Display System”, serial no.
08/543,590, filed October 16, 1995. An example of a three dimensional projecied

image crcated 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 embaodiments
described. The method and apparatus of the invention can be practiced with
modification and alteration 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:

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

a digital dptabase 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 ¢ata according to said remotely piloted aircraft's orientation;

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

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

inputting said ﬂii ht control information.

2. " The sysu:"n of claim 1, said remotely piloted aircraft including:

a position determining system for locating said remotely piloted
aircraft's positiop in three dimensions; and
orientation determining system for determining said remotely piloted

aircraft's orientgtion in three dimensional space.
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3. The system of claim 1, wherein the flight data communicated betwecn 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 capturcd by said set of one or more

video cameras, said video data for displaying said images.

6. The system of claim 5, whercin said video data is transmitted 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 cameras is an infrared camera.

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

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

is responsive to manual manipulations.

2055.P004 Patent
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1 10. The system of claim 1, wherein sajComputer is also for determining a delay
2 time for communicating said flj between said computer and said remotely

3  piloted aircraft.

1 11.  The system of dlaim 10, wherein said computer adjusts the sensitivity of said

2 set of one or morgAemote flight controls based on said delay time.

10
1 )2/ The system of claim 1, wherein said set of one or more remote flight controls
2 allows for inputting absolute pitch and roll angles instead of pitch and roll rates.
1 )6/ The system of claim 1, whercin said computer is also used for correcting
2 adverse yaw without requiring input from said set of one or more remote flight

3 controls.

%le 14, A station for flying aremotely piloted aircraft that is real or simulated /’ f
comprising:
3 a database comprising terrain data;
4 a set of remote {lightfcontrols for inputting flight control information;
5 a computer having ajcommunications unit conligured to receive slatus

6  information identifying saidf remotely piloted aircraft’s position and orientation in three
7  dimensional space, said comhputer configured o access said terrain data according to
8  said status information andfconfigured to transform said terrain data to provide three

9  dimensional projected image data representing said remotely piloted aircraft's

20055.P004 Patent
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environment, said computer coupledAo said set of remote flight controls and said

communications unit for transmigting said flight control information to control said

remotely piloted aircraft; and
a display configured/lo display said three dimensional projected image data.
14/ (%)
)J./ The station of claim)A./whercin said communications unit is also configured
1o receive video data representing images captured by a set of video cameras on said

remotely piloted aircrafi, said video data for displaying said images.

< ot

/H( The station of cluim)/.f wherein said video data is transmitted on a different

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

1% %)

)/7./ The station of claim}A.’whcrein said display is a head mounted display.

\/( 2

/( The station of claim){whcn:in said set of remote flight controls is

responsive 1o manual manipulations.

19.  The station of claim 14, wherein saig/computer is also for determining a delay

time for communicating said flight contrgf information between said computer and

said remotely piloted aircraft.

20.  The station of claim 1 said computer adjusts the sensitivity of said

set of remote flight contro}é bascd on said delay time.
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9 2
}’K The station of claim 14, wherein said set of remote flight controls are
configured to allow inputting absolute pitch and roll angles instead of pitch and roll

rates.

| 2

The station of claim /M/ wherein said computer is also configured to correct
adverse yaw without requiring input from said set of remote flight controls.
The station of clﬂim}l,/whcrcin said communications unit includes at least

one of a communications transceiver and a simulation port.

iloted-aircraftcomprising:———— =~ e

e
e

a position determining system;
an orentation determining syslcm;//

a communications systeprfor tpfnsmitting status information, including said

N5

remotely piloted aircraft's posjliop-and orjentation, to a pilot station for transformation
into a three dimensional proj age of said remotely piloted aircraft's
environment according jefa database representing real terrestrial terrain using
polygons, said comfiunications system also for receiving from said pilot station flight
control information; and

p

A control system for adjusting said remotely piloted aircraft's flight in response

A -
lWﬂ. S

2055.P004 Patent

00430



229-
128 [he remetety-pitoed-aircrafto i 24, wherein said status information-asd
2 said flight control information is communicated between said remotely piloted aircraf
3 and said pilot station using a secured communications link.
1 26., The remotely piloted aircraft of claim 24, wherein said remog€ly piloted aircraft
2 further comprises a set of video cameras.
| 27.  The remotely piloted aircraft of claim 26, furthy compdsing a video storage
2 unit for storing images capturcd by said set & cameras.
1 28 The remotely piloted aircraft of 26, wher€in said communications system
2 is also for transmitting to said pilot statjdn vidco data representing images captured by
1 said set of video cameras, said videg data for displaying said images.
1 29.  The remotely piloted Aircraft of claim 28, wherein said video data is
2 transmitted real-time.
1 30. The remoteld piloted aircraft of claim 28, wherein said video data is
2 transmitted on adifferent communication link than said status information.
1 3L [he remotely piloted aircraft of claim 28, wherei oRe-carmeratn-satd
2 set@f video cameraSis an inlrared camera
2055.P004 Patent

R

~.1



1 ~32. A-methodf

2 having a current position and a current orientation, said method comprising the steps
3 of

4

S  dimensions;

6 determining the current orientation of said remotely piloted aircrpt in three

7  dimensions;

8 communicating said current position and current orientatign from said remotely
9  piloted aircraft 1o a pilot station;
10 accessing a database comprising terrain data fl presents real terrestrial
11  terrain as a set of polygons;
12 transtorming said terrain data into image dafa represgndifig a simulated three
13 dimensional view according to the current position and orientation of said remotely
14 piloted aircraft;
15 displaying said simulated threedimensional view using said image data; and
16 communicating flight contrgl information from said pilot station to said
17 remotely piloted aircraft, said rpfmotely piloted aircraft flying in accordance with said
18  flight control information.

1 33. The method Of claim 32, further comprising the steps of:

2 determindng a delay time for communicating said flight control information to
3 said remote)y piloted aircraft;

4 eontrot T UM T TESPONST Wrsaid-detay-time
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gencrating said flight control information in response to manual manipulgi

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

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

recording images using a sct of cameras o nétely piloted aircraft.

36.  The method of claim 35 further comprigp

aircraft to said pilot station.

37.  The method of clgifh 36, wherein said step of communicating video data is

performed real-time.

39. A system comprisifg: /

a simulation unit fonfigred to simulate at least a remotely piloted aircraft;
a communicatiofs systfnj configured to communicate {light data between a

computer and said simplation unit, said flight data including said remotely piloted
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aircraft's pasition and orientation, said fiight data also including flight control
information for controlling said remote)y piloted aircraft,

a digital database comprising tfrrain data;

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

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

a set of one or more

ote flight gojtrols coupled to said computer for

inputting said flight control ipformatio

40. The system of claigh 39, wher, said simulation unit includes a simulation

network interface configufed to communicate battlefield simulation information with a
simulation network, said/communications system also configured to communicate said
batdefield simulation irfformation between said simulation unit and said computer, said
computer also configufed to display one or more other simulated entities described by

said bautleficld simuldtion information.

41.  The systemjof claim 40, whercin said simulation network is SIMNET.

2055.P0X)4 Patent




42.  The system of claim 41, wherein sai 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, whereirysaid simulation unit further comprises:
a acrodynamic model processoq for aiding in simulating said remotely piloted

aircraft.

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

45.  The system of claim 39, Wherein s of one or more remote flight controls

is responsive to manual manipglations.
46.  The system of claim {39, whereirlsaid computer is also for determining a delay
time for communicating safd flight data between said computer and said remoltely

piloted aircraft.

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

set of one or mare rerfote flight controls based on said delay time.

48.  The system bf claim 39, wherein said set of one or more remote {light controls

allows for inputting absolute pich and roll angles instead of pitch and roll rates.
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herein said computer is also used for correcting

39, w
without requirigfg dnput from said set of one or more remote flight
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ne '
re Application of: ) A’ / if [ f
)
Jed Margolin ) Examiner: Not Yet Assigned
)
erial No..  NOT ASSIGNED YET ) Art Unit: Not Yet Assigned
)
Filed: Not Yet Assigned )
)
For: A METHOD AND APPARATUS )
FOR REMOTELY PILOTING AN )
AIRCRAFT )
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INFORMATION DISCLOSURE STATEMENT

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

Applicant hereby requests consideration of the enclosed Information Disclosure
Statement pursuant to 37 C.F.R. §1.97(b)(3). Attached hereto is PTO Form 1449
along with a copy of the cited reference. If any additional fee is required, please charge

Deposit Account No. 02-2666. A duplicate of this Petition is enclosed for deposit

account charging purposes.

ZAFMAN

Dated: 1//7 , 1996

Daniel M. De Vos
Reg. No. 37,813

12400 Wilshire Boulevard
Seventh Floor

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

37 CF.R. § 18(a)

[ hereby certify that this correspondence is being deposited with the United States Posial Service as first
class mail with sufficient postage in an envelope addressed to the Commissioner of Patents and
Trademarks, Washingion, D.C. 20231

on lanuary 19 1996 .
Date of Deposit
Duicie G. Sti
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SOME NAVIGATTCHMAL CSHCEPTS TOR RTMCTILY 3TICTsl 7TRHICLTS

J. 4. Lyama, v. J. lannister, J. 3. 2rown.
dawker Sicdeley Aviacion Lrd.
2rouga.
Morza Jumberside.
Jnited lizgdom.

[Nl
ABSTRACT RN
~ - /
.- ! Thia aper discuasesfmechods by whici the zavigmtion funczion Zar Remotely Piloced Jenizles {(3e5vy;

| can be acaisved without the Teed for coeplex scecialided mawiga:ion zquipment 4 “The objective 47 o zake
- mae of squipment zorzally carriad for RPV operation o supplement a siaple dead T=ckonizg aavigation sratea.
In this v;ly significant loprovesents is savigacion =apability can He acaieved with lit=le or 30 added
cowplexity {n the veniclae itael!. The additional processiag is carrizd out at the =smtrul czatle eoers
reat=icsions on equipment size and zoet are 30t 20 pronibitive. Both a two—way data liak agd a ‘orvard
locktisg electro-optical sensor are hignly desirmole Y facilities ind :hess are on-cosrd squipments that
can be adapted to provide additionml informarion at the ground—3ased or airborae caarzal statian !cf
veaicle poeition updating. T

.: The paper discusses tecaniquea vnxjin;i::-;u th3e use of the zZara link to rovide :ln,/ga—Letrﬁ.ng avi~
"{gution to mp mtcaing uaing -ecoonmissance sefsors or & forward loowing sensor zicture.d Use can alss Se
imade 3f an ou-ooard laser to pruvide renge-to-tar-min seasurements «niza, when correlated with a coaputer

: stored mp, soables the IPV pasition to be coatinuously undated. Jesults of simulation studies waicl mve

ibeen carried out o validate Z2e tecnniques and 3rovide an estimate of the accuraciss ttat my de achieved

iare pn--ntod} .

o

NOMENCIATTRE
% apv = Position erTor of RPV
%2 = Range ercor of DME syatex
) Sy - 3earing error of Omta Linx
I L} = 3acge of I froa relay aircrart
I L = Havigation erTor of control or relay venicle
; 2: = Sange of IPY at the ath sacple
: Ya = Azizutl angle of RPY ac the oth smaple-
| At - Tiaze 2etween data samples
: K = Velocity of relay vehiclae
i
i 3 a Headizg of RPV
3c = Range of PV from the bSisector of the relay station oase line
‘ Ve = Bearizg of AV froa the oisector of the relay station base line
D = Diatance between *5# relay stations forzing The Sase line
3? - Bange {-om 2PY to Ideutification Point
a T o= Haignc of EFV above Identification Point
9 3 . Downlook angle ‘rom RFV to Identiffcation Poiat
3L = Lager cepreasion angle
i - laser aziouth angle
R, - Horizontal range frow 3PV ta lager/tertmin intersectioa poiat
43, - Height dilfarence between terTmin at RPV uod at laaser/tercain intersection soint
B Srror fn aczual/predicted terwmia height
1. INTRODUCTION

lao recent yeara the eva-

A‘q field eavi-onment haa led 3 1

types of aissiona. Tor hig: a:

iAcT2m31ng cost and complexity of cmoned ajrcra:
—az¥maisal of the use of Remwately ?ilated Ve
i1n situatloas in wnich aircrev are at -
Llimated o €8 i3 Aleianiarc, iravided the venicle controllssg .. .
Zuidasnce and control inforwa o, tle IV can 30s3e33 an aperationai flexioil:
sanned airzmaft. The roles 206t suited to a vatilefield APV are :

'or gpermtioa imo a Bac:t
1 (Rs) for certain
use of sxpendable or
- «%t he necesza:ry
aparaole with that of a

ren:

1) Target Marking
it} Reconraissence

iii) A

The ;erezmation of the XV Seyond Tarsard Zdge of the 2az:
of a4 zzlay stacion located yuch that %3 aliiiuce ig adequate 0 T3

A+ Receasitases he use
Izatact 41ty the IFY waile

{
i

004b5




its positlion is such 28 0 be out 3f ~apge of 3AMe. The rwlay my e eivher a staticeary slatiora or
zatsolliag airczals. In the latler case, the controller -an Ye located i3 the ai-coaflt. More umial iy
the use of a yTound contIol atatiom.

The APV snocld be as =mall as 3oseible comratible with the above zission Tasis and his =eans
reatricting “he complexity of the ombcard avionica.  Althougn squipmeaC suca ss forwara lookizg icd
mismnce sessors, s dara iink and joasibly a laser arc of necessiiy located on the Venicle, ne davigmrien

and juidagce equipaent can de largely accoamodated on the relay vemicle or at the ZTound statios. e 5
seasors wl-vady on board the ZPY can Se used %o >ravide & amvigmtional Zacility wnich ean Supgiement 1 siwpie \g
t‘ deet accurmcy fystea such 4s a :owpasa/air data anit. The Dmsic airborme syetes would srovide safsic:
. B'(w)' informmtion for gemerml Z1lying of the 3IFY, i.e. geadiag, Telocity asd a1 -ough »emsure of posi
d the additional sensors can bYe used ta provide an accurate seasure of present IPY posmitica. E osotay
(VOQ is adopted 3are and fae japer 3re=seacs s Jnmoer of alterastilve techniques waersoy, depeading on he za—:
situation, one or more af tlhe above items fara mrt af the overal® Javigation syatem.

srcod-

Tirsely, the data link is required to mintain a coostant or -egular periodic contact withy the TV Yy
3eans of a 2&rToUv Deam - width microwave link, hesce a trucking facility wust already exiatT on the Telay
venicle providirg AV bearing informtion. Fange informtion can be jrovided 5y wemns of o Teapongive
tTaneponder similar ta an IFY system atilising the emme venicle antennas.

Secondly, uvdate fxcilities can Y@ provided by asans of either z real iime forvard lookiag ar vertical
Teconnaismnce lmage used in conjunction with a aoving mp display.

A third 70asibility sakee use of the raagiog laser 1sed for target sarking parpossd. Za route a2 ﬁ
and from the target arwa, range-to-terTain msasurementa can be transmitied over She data link o the soatzol
station. This data can then be carrelatad with a cowputer stored oup to deterxmine the »amt likely 3IFV

pomition.

The adoption of ane or more of the apove techiniques leada to a significant improvesent ‘n zavizationai
eccurmcy with little or 2o additiooal coeplexity in ‘he vehicle {tself.

2. 2ADTO NAVIGATION OSTMG A DATA LINK
The data link forms the life line of communjication between the I and zhe contrnl etatian.
the »eans oy wvaich rﬂig_-ncr:rs_xxz_l: to the IPY are tranemitied and video zigsala received. 3ecause of zhe
aeed for wvidebsnd toNgemlamfons of video signala {(typlcally $ M Hz) and the deaimanility of nar—ov hean -
[ S widtl, lowv side-lobe antennas for good anti-jamming capability, xicrowave Irequencies are geaerally esmmlcyed.

This limita 3PV operntion to line of eight communication and hence omy Jecessitate the nse of airhorme ~=lxy
scacions. A poeaible operutional situation {s shown in Fig. 1. In oractice there amy vell be sors t:an
one rslay station and RPV, It {8 envisaged hat the reluy station will stand cack froa the TEBHA, ouc of
direct -ange of ground-to-air wempons. This does Dot however Trevent the soepy miking use of either f-ound
or airjorde jamwers ta {lloswinate the cwlay vehicle, thershy reducing the effective yignal-to-aoise natio
of the 3ignals received from the 3PV, Zwo situations can ae d.i.hi.n(uinhed, one in which the relative
swlay ~ 3PV geowwtry is such that the lasmming «ignels are Teceived by the Telay antenna minloge, ‘n woiex
mae the 31ignal-to-aoise rmtic is low. The second situatiom —elates zorw to large lateral sacacatians of
Jammers aad the BPV in which case jasmeing signals enter the relay antenma Tia “he side-lobea, I2 smca
caaea, the signal-to—aoise matioc my 3ot be wignificantly degrmded aud mimpaiced cpermticna can coaticne.

When the effecta of ememy LH can he neglectad, i.e. the Telay station Tewomining {n contact with <he
PV, acgular informmtion {s directly available from the data link antenns and Tenge can be derived asiag
coaventional ME techniquea. Thus the poettiom of the 3PV rwlative to the mMlay statian cas Se reasacably
vell defined. For absolute location of the EPV, clearly the poaition of the relay vehicle ceeds %o Se
definad. in the case af tethered nlatlores thia is no problem but for patrelling sirsreft or bovering

vehicles he erTor of the relay vehicle navigetion systes nes also to be taken Lpto accouat. Ag overail
error can be eetirmted from the following equmtiaca.

ey« [ gt -0, - R‘uv')‘ -(1) e

Typical results ars preaented ia Tig. 2.

Parhapa of sore {mportance is the dyramic probles of guiding the ¥PY to a given poeitica. Tor 'Mig
cmae {t ig desiruble to hmve a good imowledge of the IPV Eln:di}_g‘ and velocity as vell aa itas Aresentc positian
and beat Teeulte are obtained by unaing bhoth on-boerd and Teaote gui ® equipsent. for ermmple, evtimces
of acading and velocity pruvided by the compasa/mir data syatem can be compered with time dependent rmnge
and bearing data derived froam the data link to obtain improved eatimmtes of PV position, velacity and
%eadirg. Tigure 3 showa the geaowetry relevant to a } point waving wipdow trecking technique.

The 2eading
of the APV :zan Se «ritten in functional form aa
8 .f{Rn-l,n_n'l'Un-l,n,n-i/AT-VR) -(2)
Thia geaemally -souirea more processing effort than the dez::3i-atios of mnge or velocity., Tar tethersd K
or hoveriii ;<la~ 7caicles Vg ia clearly rera {n the abar- snugcion. Since the on-scard and ~=mete syacesa 9

486 indeccagent _aca the reeulta are beat combinea usiny . ..yi.scical (ilter. The aimpleac approaca i3
P uow 4 lcast squarwa tecbaique (ses Tefervace L).  lltermatively. aa lategrated {lteriay sechod sa
described in Reference 2 mmy de ewnlayed. This lattar Faper sfuggedts a4 iignificant lmpruvemeat in cevigmt-
iooal accurwcies 9y cwplaoying filtering techniguas. ‘.

o XN snvizoamenta, rmnge informetion to the ZFY cannot be guaraatesd thaugh 1t 11 likely that
bearing {aformation can 3till be derived. To catimmte :Sa APY¥ paeition in euch circumdtancea, use can be
made of the poaaible zultiplicity of rwlay scatioaas, Trom known locations of the relay vehicles, csoea
Seariag ixee aa he Y of intercet can be achizTad.  Thia i3 a vell ‘@own locatloa techoique, boti Iar

N 15 4
i tir sad carize evolizailcas. A decalled analv i3 7 <ta zettod :a riTea in lezerzoca §. Tar zhe zrzaent O G q b 1
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angiysis a4 3072 weeful sxpression ’or joaitioa acsurmwcYy i3

319.,-U.J:T HEFEES LR i1 . taet.giiayio [ 3€D 3ia we) :\;!
0 :asbC {3
gn 3 are platied in Tig. 4. Tt 2an ba spown ‘Tos tde aoove exorTisioo tIat the
is tecznique,
IFY 2eyood
on accuTacy

Results derived fTom equatli
sest accuracy i3 acalsved voea ¢ = 3 and 3c/D = 0.3536. Thua for good accuracy using H
+ye rwiay statioms snould 3@ large compared with the peaerratios of
lsy station 3oe

the separmtion dDetweed c
the T2A, To deterzine tae overal® IPY jomition, the additional =fZ=ct of

yust also Se :axen iaCo recouat.
3- AP MATCITNG

S0 far w<a aave considered on-coard dead ~eckoning and r=aote radia zavigation Iscaniques. The mmin
aroolem with these secaniques I3 t3al Tie josition accTwSY {3 sithar tise or -uage dependent and 10
;ddltioul sethods of apdatiag Ve le positions are lecessary. A numoer of techaniquea wr> aveiladle for
an PV, Tor reconnaissance Yebicles Saving ceal :ige sensors, the drooles i3 relatively stmaignt-forward.
The ase of sither Side Looxing Radar (SLR) or nfre led Line Scan (I3LS) systcws weans that efZectively a
mp L3 gensrated wnile the sensor is opersting. ¢ -omulting video aigoal tranomitted ta the comtsol
scation thus provides a setiod wneraoy the RFV podition can de readily locuted.

One aystem widely employed Zor displaying aircraft aavigational information is the arojected suving
sap display and a siailar tecanique can be ewployed 7y the IP¥ control statioa. Curent mp sysfess ave
the additional facility of being able %o comoins an electronic display with the aoviag mp and 3eferioce L
discuswes sows of the lateat develapseuts in shis field. Making ome of thias principle, it WY be joszible to
pruject the seasor ‘mmge outs the mp and determine he PV positiocn by mtciisg the iwo icagee. Tz, S
abowa the drinciples of the combined map/eensor display srojection eyates. -

In practice it is envisaged shat the IV reconnaissance seosor immge will ve sonitored on a )
display. The ume of digital scan converters allovs a Jumber of altaruative display Xreeentatlcns (ane
Reference 5). Perzapa “he moetT convenieut display mode for the preseat application is the ;ullizg mp
or "Dmssing scene' tecinique wiers a dew liae is added to the top of the display and ibe sceas ia snifted
slavly dovnvards.

VWhen likely "1pdate featur=se are seen (e.3. Tivers, crosarcads, distinctive oan ade oblects) the o
{-ume i3 {rogen, a “Tanefer butloen is initiated sod the digitally atored Zrume is projected via tie mp < i
systes. The mp '8 ‘hen soved laterelly to align with the projected immge. When :he alignaent ia judg"
adequate an accept Yatton is pressed and the present josition co—ordinates of the PV updated, taki=g iata
account the slapeed tise for updating actions. A josaible arrengement of opermtor console {& shawn {31
Tig. 6. Contzel af ihe image jicTures and -ap watzning facility is achieved througn the use of a layetick
centzol. Sows sinulatad Tesults of This updata “ecanique arw anown in Tig. 7. “hese resulta tmike use
of SLI immgery.

“hen the IV has only real time sorward-looking senscre, use can still \‘:-‘:-do of “he TTenmnitted
inmge to provide s savigational update facility. Jowever, in ordar %0 create the corTect pereve '« D=
like prajectiod, appropriate transformtion of the itmge {3 oeceseary. In photogresmetrical language this

is termed rectificatioa though =ae appropriate tera in perapective art s asamorpaic projection. The
orinciple izvolved {a shown in Tig. 8. “he —eceived forward looking ‘imge smy be co—ordinate trmnefarwed
either by aptical teciniques atilixing anasorphic lcas aystews or electronically by seans of the scan
converter or projection CRT ewveep circaitry. Since ihe iomge already exists in aect=ical fora, the
electzonic treneformticn tecaniques are probably 3caet suitaole. The mp type lmmge projected onta the
display is 30w trapesoidal in snmpe because ef\thc tranaformation. Major fsatures om the mp can agmin be
aligned as deacribed above. In practice severml factors combine to sake the tsek more difficult than for
the vertical sensor cmae :-

1) varying rvsolution, comtrmst and {ntensity acroas the display.
4i) ~ diatortion dne to undulatiaon of the terrain.
ii1) the wildly eiaggerntad size of trees, hedgea, buildings etc.

Seace an alterrative simpler update technique {3 provceed for this situatica.

Witk a forward looking seasor dieplay it is J¢03eible to =mri objects electonically with a loyatick
contolled murker symoal; this ia otandard HUD taconology. The electronica can be arTmnged saci thac
having fioten a suitable izmge and marked an {dentifiable paint om i{t, a mrker aymbol appsars oc the
srojected mp. Alao the field-af-viev of the seasor, as projectsd in the horizoantal plane, le saperispased
oo the amp aa a 'bright up” presestation eo that the orientation of the seasor viev is clearly seen. The
sameé joyotick ls oow used to align the sap with the oarker. To enaure carrect alignment at least two
{dentificatica peints (IPa) ase —=quired on any given lmmgae, prefernbly three or four, In « canveational
airborme situstion the &ok of arking a target on a display {a not easy and sy take severwl secoads. for
the situstios described above, lavever, the oroblew ln one of sarking cheaea objscta oa a frozen lcmge ‘o
a shirt sleave envirunment and 3zace this acpect of the aavigation probles is 3ot considered toa difflcult.

Fig. 9 abows iome sigu.1isd cesults of the abova update tachnique. The efZect of tae brighbt arss
ia clearly seea ia r=laIl:” - -arksd targeta.

L. TERRATH MAP CORRELATICH o

Reconnmissance or forvar~i looking seasora sravide a convenient mathod of updating tte savigation
systea. Jowever, ‘hess 3en30ry requira a large data link bandwidth to traaoseit he video pictur=e o the
contral ceatre and neace ars niizerable to &ML 2eduction of the video bandwidth reduces the efZect of
TN but with a coaseauent legmacation of picturs -eaolatioa. Hence an elternative zathod of upcacliag
tdc oavigatioa sr3csa is iesiraoie=. ™a oScthod za Ye described uaca racging asasurcaectas -d-";y the
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2 zompucCsr 2T the contrul cectre. The 4 pE
small and zezc= i3 corseepondingly less suscept

Jdasicaily tbe tecinigue iepends sn an adegumals S¥rTas
to Ily the IPV, The Zertaiz ia storsd as a series of Ze
area apd these are used I3 IJUSTTICT a zomputer 3odel af

mz i3 data tase JTom the map i3 zonsiderzdle duc E 2 iz is a
izulaciog of The RPY fligat zacl at the contIBi czntTe iZen allows laser maage 5 : g‘
W sosition and a comtarison Iade “ith actual TRALIAL Teasers=mencs. A ser:es of H

e sxpeczed values {and aited in deviaction Iroa ese =xzecTed 7alues By
erTorsj are also tested agmiast e sctual zeasursments and :le 2esT cosition and Aesding for the 3F/
Zound. '

Tor a 2-D simulatlion, wher: it i3 only necessary > feteswine the alongtomck »osition af the o,
it tas deen Jound that a xipizum of :irss Jeasurements {2 laser - altimeter! ars aecessars :a ire v’
ssliable indication of positicn, wnile for a 3-J simulatisn at least four measurements (3 laser - al
are ragquired, These conclusions are Sased on srror-(-=e sisulations. However, wnea srTors are
into account it Z&s becen Jound Jecesaary to coasidermoly iidcrmase the nusder of acasurtments o eflsz
smooth Sut the errurs. Aeast Iroa the ervors nvalved i3 tie aciual lases deasursoeacs the accumcr af
terrain representation has a considermble influence on the ‘easizi‘ity of Ile aaraod. In aéd
teconique Ls ineffective over the sea or aver flat, fsacursless termmia.  leverczhelesa, 3y coooi
asthod with those described prasviously, an effeczive cavization system is 3ifered vitlout zae zecess
far specialised mavigation squipment.

range mtciing processes, Searing ia mind that the latfer anouid sot simply Se a reversal of zhe fas—er

a8 this would aeglect the “szal world” ertors cavaed oy iwverfect repr=aeatation of e tar—aii. The
sisulacion of the mmtchisg jrocsss is drzcisely the process that is rewduized to be car-iaed out at ::e
control centrs, «bile the sizulation of the lader measurement iy an Attemdt %o predict the -ssults o7 aciual
ssasurements amde frow the venicle during flight. Jence carzful represeatatian of the tsrcaia Sas seca
used Jor measuresent aisuiazion vith terrain daca pointa sraced 10Om apart on a rectangular z:-id.

The »ethod haa bYeen demonstruted using a cowputer sisulation of both the leser rwngs zsasurs=ent and

The Tmnge 23 seen 3y the lsser is calculated by “akizg a section through %he terzmiz i3 she 2
i{n vhich the laser is jolaciag. Assuming a inowledge of zhe IV height above the terrain a {
altimeter) and the laser Seem depression angle 3. the aorizontal nge W and jacremeantal ae 3
the laser/terTain ‘nterseczion s0int 7, -elative o the PV lo0aition X, can e calculated (7 iz.
followving data is then transmitzed Zrom the RFV ta the contiul ceatre :-

1) neignt diZZerences 13.1.....- X PR ¢ {
L )

i) i E [SEPP- .-
ii Sorizontal rmnges 211 S E{:
iii) laser azizuth anglea Bl-.-... ﬂi...... Hu

Fros a knowledge of IFV velocity and beading and an sstimmte of likely cavization ercsry, tha
AV sosition can be predic:ied togerier with a cirele of p0amble errar (Fiz. 12). A searca zan tie
be made wvithin this circle %o deterzine the zoet likely RPV sositian. For each joeitioa considerss, ]
terraia heigint I ia known -os the sodel and at range SH, and beering &, from that powition the expected
terTmin heigint (s given 5y 3 + 4d,. Tiis i3 compared -’utu the actual’ter—win heigat at thac soiat (ae
starsd by the sodel) to give an erfor £4. 3y~conxidering each R and By (i = L to n) an S er—sr is
abtained Zor each poaition, and the position with minisum ersor nvis the acec likely RFV jositien.

5. MAVIGATION ACCTRACITS

In this section of the peper an attaspt vill be made to compars he cavigation accuricies atiairabie
froa the variocua technriques previcusly discuased. Q

For the basic on-board system comorising a mmgnetic compass and air data unit, the allowing acoiurmcies
are predicted beased oa currestly available equipseat :-

heading 1° standard deviation
relocity 2% standard deviation

This gives a josition mccirmcy of approximmtaly 2% distance gone . However, a mmjor sourcs sf =
due %o «ind; although a correction cam Ye applied, an uncertainty in wind sneed of the orzer of
oot unrzaesonsole. Assusing an APV velocity 200 &/3 this -eoresents 2¥% ziving a resultaac FEET
of the arder of }i‘ distance gona.

rror will Ye
3 V1 is
tion accuracy

fange—aecaring techniquea have been used for ALY Fears 23 exemplilZied Sy TACAN/DME =av:
§T7und Jeacons a mmjor source of ercor {3 mltisach srooa

zatioc. “hen
etion wvaich gives riie to Larcge

©23 the DJearing ta a station. 2avover ihs modern syateas vhich usc sirbarae beacons averzcze 1%
4 15 the situarion whicl exist3 when = l.ring 3PVs,
Clearly target bearing estimation fraum the relay venicle i3 a mmjor cont-ibucor te BV location

accuracy. Since aicrowmve frequeacica, pernaps at X-cand, coupled with @ancoul se decarmicacion
ar: :mployed in the relay veaicle, £ood angular estimtes of She RPV hearing are available.
ars iepgndent on aatemaoa size, (requency of apermtion and 3igaal-to-aolise -atia. Tt is coocaldered zhat at
least 17 standard deviation should be readily attainable i3 a practical systea, from Flg. 2 it i3 seca
itac tal3 gives a trpical WY poaition ervor betler than 2 Ao standard daviation et 100 ka raage. The

Teczalaoues
Tiral figures

1iiizate saort range accurecy ia clearly depeadent on he scuracy of the =l.iy venicle cavigatioa systea. O O 4 b

<o



—ernas oaly dearing inforaction i3 availaole i3 ke czlay
Yy for AV

‘““hea ‘ammiag emvironwents sucn that
cenicles, <de 7033 Jeariag Zix srincisle uc :

sing Tuliiple ~zlay veniclea r2maiss a FEEERE]
sasicion fixing. . & shows hs acsuracy fapction on a .-ela_ti—ve ;c_xle and clearly indicazes Ihe josition
dependent acsaracy +ffact. To se :his tecaniaue mc:essiu‘_‘_j in a srmcsical sitmacias, 1t is aeczimcy
: 1y selegt 0 zatri stacion positisas sor the r=lay Tenicles s:iaiive I3 Ze Satzlefield.

<3 zaT=Es

<3is carrratonds

Takiag the 0% accuTacy IOAIIUT AS 2 ;uit_ie zQ ‘._T.e ar=a of 3 <y of ke tecinigue,
v3 2 distance ITom 13 Saseiiie 31-2e£I3T TOugaly squac 2 :?: selay station seta;ation. <a the—elors
anvisage RPY operations out zo 10 A Zrow The Telay, Ihe Teiay sty e L
other. At this separation <l a Jearirg aciiracy eszimmtion of ! setandard deviacion tie A 4 a0 Se
=p a saxizus accuracy of 1.5 wm stanéard deviation. Combining thia vith a typizal relay Tesicle
f 0.5 xn -mises tais Iigur: 5y less than O.1

located
pasition accuracy 9

Navigatioa ypdatipg 181iZK 3 ~eal :ize picturz ITom 2 vertical —=consaissance seasor :rovides 1 vely

accurate zeans of position fixing. Tig. 7 snows scae sizulated —ssults Sased om S12 immgery. e
jcture quality of these -wdars i3 seen o e more tlan adeguate o ideat saical e

and en feat s. ia the example snows, tbe ~tver bank provides a 3oo Tig

7——,5?.’1?;’4’%: of aisalignment of the mp and -adar image. In Tig. Tb the Iwo arr all

errors are pregens due T3 -3e scale compresasion sffect at -mnges3 close ta =he EV and this iz reflectsd i3
map projection discortion. Sveg without furtier video srocessiag to corfTe: this efZect, it is conaiderzd

ttat a location Accazecy of 0.2 xm iy attaisable.

‘Jhen using v forward ~ooking sensar for mD mmtching the useful swege of Iie sensor i3 liaited ta
~ 3 \m, neace tZe mtcaing will 2e done over a amel)l area and a larges scale map an e used (cf Tigs.
7 asd 9). This, Zegetter vith the faet that considersole detail will be 7yisinle ‘n =he forag-ound of
the display, dakes the —atshing task sasier allowing a amten %o withia smy 100 3. Unfortuzately 7arious
system ercors caa sroduce lacorrsct +-—anaformtion of the display and cesult in significanc zasitiaoa errors.
The sources of srzor and +heir effects ars the mame izrespective of whether a full 4isplay iTmansfarsation

tecanique i3 being used or only mrked ideatification points.

Acroas tTack srrory should 3e swall sisce the ouly eror ig ehat due to -arking the lisplay im azimuti.
Oiasplay earking scould se pessible o witiia « 2% full scale, allowing for 0t cperator azd mrker Systea
arTors. far a BO%OV secsor tiis corTraponds to an angular +T5r of 10 1 =ds. Oisplay dciats of intereat
are sxpected %0 Je at —acges betveen 1 and 2 «m and for acsurata acroas toack —atcaing a c=ar and a far 7 :
point should 3e -30sen. -his will give seasor aeadiog 16 witlin 30 a :mds and acrosa tImecx ertur3 <

i.e. the mtcaircg ia +he biggeat source of errar.

Along tracx er-ors Ian Se auch greater. The Tange o an ideatificatizn joict is given oy

waere h  is zhe Yeizat of the PV above tie a4 -

3 153 is the downlook angle Zzom WV to z3e =

The aost signillicant sources of srror in determ:iniag 31?. vith typical values Zor standard deviation, are

i} UGocer<ainty ia 3FV altitude ~ 3 a in 150w i.a. B3 %

12) Opndulating ter-mia. The efZect of undulating terTain is exactly the iase as
variations in TPV altitude. Variations o + 20 aars axoected, iL.e. L3F 3.

§43) Display sarking. Zrmorsio oarking the display in elsvatlon are agaia estimted
at + 2% full scale. For a 20% vertical TOV this is 3 2 rad.

ir) Upcertainty in seasor attitude. The accuraey with vaica the seasor artizude is
koown in slevation is dependent on tae equipment it in the APV, A value of 2 2

T red is assumed. Tf the attitude is uwot ¥nown to this sccuracy an estiecate can

prubably be made froa the pasitioa of the horizZoa.

For identificmtion pointa at a wowinal runge of 1.5 km the abave factars gire The Zollowizg independent
erToOT3

1) 0a 11) 200 = i1i) 100 = iv} 25 &g
The cowhined effects of these ercors and the basic matching error ia 2]0 =.

Aa yet it hms 30t been possible %o quantify the navigation accurmcy “at could be achieved by Qe
laaer/termain correlation systea. I+ i3 a function of =he tervaia used and =3¢ accuracy of ter-wmin
representatioa. Srelinisary resul:s of the sisulatica described previously arr availaple with tie effect3
of errurs ia

_  laaer beam depreasion angle { 2 e rad, 1L 0 }
- laser runge messurcamsac (6 =, 1 0 )
. adis eignt »easureseot (3 3, 10 )
. cer-ain aeigat rwpriceziatiea (% 3 3, 17 )

repreaested. These resull3 suggeot shat the tschnique is viabla. Nevor:tcleas the search tecraique used
to obtain these results waa very xuch siaplified; (or each oavigwtioa aticapt the tiue vehicle p-iliou - a
pressnted to the aystes aloog vith oumercus 91Nty in the scarca afua. In practice. ize tTue Je3ition vould
10T be avuilable and some degrudatios iz ~esults would then be eXpectsd.

Farther vork s rzquired lo wscec=3in the relation betveen avigatica accurmcy acd erzors in termmin
representatiaa. doweves, since it appcars hat Tertuia reprracatation {3 aa iapectaci dar: of e coocept
217 ‘rom stersosccdic photogrmphe snould yield comsidersble fZimveaeat over data

cam—in Adata taken dirz

iy ——

o P s s




taked rom reva. Alac mmr=ful cogmideratiom ia

1sed In srmezice.

3. SANCLTIZCHS

T=quired of *he optiyum sear=a tec:nigue vaica would Ye.

A sa7ization coocept 3mm Seen Dresentad vhershy a goed cavigatien accurscy (down 2o * ‘@) zan Ye
Table ) sumrarisea tte accaTacies of Ihe

Ttalised for 2a IV with the 3izimum of ou-ooard 2quipment.
Tarious teciniques availaole. z
control and guidancs system 0

‘then x vide bSandwidth data link -an be -mintained the mp mmtching

is Jroposed ttat several of theas be izcarporated iito iNe overail ISV
itat the contzoller can select *le ome agat suitaole Zor 1 gizeg situaction,

: 2

“ecanigue waiag 33 or TEL3

affera the 1i3pledaC and nost sccurmte molution with the ‘orwmrd looking sensor as a good alterative, s

does dowvever, iepose a large vorkload on the coamt:vlisr aiazcs, depending
ev minutea.
davices which are curently Jeiig developed o
trackicg mmy lead %o automt

20ard syste the updating Jeeds o be perZormed every
envisiged, keepify irmck of several Ve, - Ilactromic
perfors area zor-elation Zor sutommtic elsct-o-aptical
teak in the Zuturw. .

Vhere the data link ia limited in Sandwidth “he

oo the accuracy of tle basic on-
A secarmte savigator ‘s ter=fare

los of tde mtchiag

lassr/ter-min cor—elatian tachnigue soould give guad

accurmey and the proceas could se cowpletaly autosmced to srovide a coatinuous indicatiom of A joaition,
Jisadventagea of the syatem are the large amount of data Jeoragw and computatiom necesansy at ‘he comtrol

=:ntre, the developsent work required to prodace an opermtional systew and the

over leaturelesas termwin.

Alterzatively recourse can be mmde o & systes hased on vemsuresencs rada from the
Tlese arw vell satavlished tachniquea afZazing good scsurucy at short

Tanges. Aguia a completely autoemtic system is joasible.

unsui tadility of e syatew

¢

rrlay stacions.
Tmoges and sodeat scsaTmcy at loog

Ia 4e =vent of & toral failurs of the IFV control/guidance link, the on-ovoard IYsTea w“auld he
idequate to allaw the RPV o aavigate itsel? back =o a Pre—defined recovery area.
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DISCUSSION

n 4alliwell, Decca Systems Study and Manazsment 2ivision, WK

Using the tervain zap corvelation serhod, are those ranges rwaily able T Zive an umicue posiian?
~Yere ass Srobably 2an7y 3oluilena ia each caze, on’y dne of waich i3 curcect. AfSer a false
caset the =rie Josition aay be suzaide the ar=a s’ upcer—aiacy Je the exT iz dave your
sisuiations akbown any tepdeacy o this arfecs? -

J ¥ Lyons, FSa, M€ .

7or an srrar-irae systea three -ange soasurenents and redic height wil)l in genersal be adaquara ta
give en umique poaition within e 1iaited area, though it i3 oassidble to conceive terzein
configurations wnere his would aot acld. The 2ethad will got worik over flat featursleas
terzuin. 4lsa, in a resel-world systea, erTors wiil ¢ prezeant snd further rungs sessursments
will be necessary to 3mocth the effects of thesze. Tar conwvenience and to avoid & clattersd
presentation only three aeasurementa wers iilustToated in PFig, 120

The arwa of uncertainty {or the nex: fix depends o erTors associated with the estimation of
resent nosition. However, when an update i3 atleaoptsd, a conridence level can be estizated
based on how well the renge seasurrvmenta i oa stared terrsin zodsl. Only when a high
confideace level i3 achisved is an update asceptad.

C T 7 Jessop, Spercy Gyrescope Company, UK

To achieve the 7 x sccurwcies quotad what horizontal datua sccurecy, in pitch md roll, is
essused for forwzaurd and aideways loaiding laser and radar sensors; end could these in fact
approaca loersial navigation syStes accuracy lavals?

Ny 4

J D 3snnister, IS4, UK

7or the small lasar bean depresaion angles s3suzed, the syatea i3 relatively insensitive o
small changes in 3itch and -oll aagles. Tha jager illustTates, in ?1g. 11, that {t i1 the
horizemtal rengs, IH, which i3 used for the corralation process. Tha ertur in FH will be wmmall
Jowever the question then ariszes a3 o the change in ter-ain height over the datance aszsoclated
with the erzor is FH. This will depend ¥very Fuch aa ‘he natize of the tarrain heing overflowm.
The eccuracy of the pitch and roll informeticn tbus determinas the type of terrwin over whica
the aethad provides a useful update faeilfty. Ailso it should be borae in aind thet the smoathing
effect of takiSg & gumber of asaluremeats is very powerrul.
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Digital Elevation Models

Digital elevation modeis

Digital clevation model (DEM) data
consist of an array of regularly spaced
elevauons. U.S. Geological Survey
(USGS) DEM data are sold in 7.5-
minute, 15-minute (Alaska only), and
1-degree units.

Data production

DEM data for 7.5-minute units are
collected by four production methods:
(1) the Gestalt Phow Mapper 11 (GPM?2),
an automated photogrammetric system
designed to produce orthophotos, digital
terrain data, and contours in subunits
called patches: (2) manual profiling from
photogrammetric stereomodels using
stereoplotiers equipped with three-axis
electronic digital profile recording
modules, by scanning stercomode!s
along successive terrain profiles; (3)
interpolation of the elevations from
stereomodel digitized contours, derived
from stereoplotters equipped with three-
axis digital recording modules used for
compilation of 7.5-minute wpographic
quadrangle maps; and (4) interpolation
from digital line graph (DLG) hypso-
graphic and hydrographic data, collected
using scanners, manual digitizers, and
automated line followers.

DEM data for 15-minute units are
derived from DLG hypsographic and
hydrographic data.

DEM data for 1-degree units are collected
from wpographic map sources, ranging
from the 7.5-minute map series to the

I- by 2-degrce map series, or from photo-
graphic sources by using image correlation
systems.

Unit size and file extent

DEM data for 7,5-minute units corres-
pond to the USGS 7.5-minute lopographic
quadrangle map senes for all of the
United Sutes and its tervitories except
Alaska.

S ~

Porton of a 7.5-minute DEM piot of Tumwater, WA

DEM data for 15-minute units correspond
to the USGS 15-minute topographic
quadrangle map series in Alaska. The unit
sizes in Alaska vary depending on the
latitude. Units south of 59° N. cover 15-
by 20-minute areas, those between 59°
and 62° N, cover 15- by 22.5-minute
areas, those between 62° and 68° N.
cover 15- by 30-minute areas, and those
north of 68° N. cover 15- by 36-minute
areas. (All values are latitude-longitude,
respectively.)

DEM data are produced by the Defense
Mapping Agency in I- by 1-degree units
that correspond 1o the east or west half of
USGS 1- by 2-degree topographic quad-
rangle map series (1:250,000 scale) for all
of the United States and its territorics. In
Alaska these are west, central, and eagt
files.

All nonstandard quadrangles with neat-
lines that extend beyond the standard unit
size to accommodate overedge boundaries
are collected as multiples of the standard
unit sizes. These data, therefore, are sold
as two 7.5- by 7.5-minute units.

Data characteristics

All DEM data are similar in logical data
structure and are ordered from south to
north in profiles that are ordered from
west to east. However, they differ in
geographic reference systems and
sampling intervals.

DEM data in 7.5-minute units consist of
regular arrays of elevations arranged
horizontally on the Universal Transverse
Mercator (UTM) coordinate system of
the North American Dawm of 1927
(NAD 27). These data are siored as
profiles with 30-meter spacing along and
between each profile. The profiles do
not always have the same number of
clevations because of the variable angle
between true nonth and grid north in the
UTM system.

DEM daia in 15-minute units consist of
regular amays of elevations arranged
horizontally to the coordinate system of
NAD 27. The spacing between elevations
along profiles is 2 arc seconds of latitude
by 3 arc seconds of longitude. Each
profile has 451 elevations.

DEM data in 1-degree units consist of

a regular array of elevations armanged
horizontally using the coordinate svstem
of the World Geodetic System 1972
Datum. A few units are also available
using the World Geodctic System 1934
Datum. Spacing of the clevations along
and between each profile is 3 arc seconds
with 1,201 elevations per profile. The
only exception is DEM data in Alaska,
where the spacing and number of
clevations per profile varies dspending on
the lautude. Latitudes between 50° and
70° N. have spacings at 6 arc seconds
with 601 elevations per profile, and
ladtudes greater than 70° N. have
spacings at 9 arc seconds with 401
clevatons per profile.




7 5 - Mhioute DEM plot of Tumwater. Washington

Data records

A DEM file is organized into three logical
records, typ2s A, B, and C. The type A
record contains information defining the
general characteristics of the DEM,
including its name, boundaries, units of
measurement, minimum and maximum
clevatons, number of type B records, and
projection parameters. There is only one
type A record per DEM file. The type B
record contains profiles of elevation data
and associated header information. There
is a type B record for each profile. The
type C record contains statistics on the
accuracy of the data.

Data accuracy

The accuracy of DEM data depends on
the source and resolution of the data
sumples. The accuracy of the 7.5-minute
DEM daua is derived by comparing linear
interpolated clevations in the DEM with
corresponding map location elevations
and computing the statistical standard
deviation or root-mean-square error
(RMSE), The RMSE is used to describe
the DEM accuracy. The vertical accuracy
of 7.5-minute DEM’s is 15 meters or
better. The 15-minute DEM accuracy is
one-half of a contour interval of the

I 5-minute wopographic quadrangle map

or better. The 1-degree DEM data have
an absolute accuracy of 130 meters
horizontally and 30 meters vertically.

US GeoData Sampler

A US GeoData Sampler is available for a
nominal charge. The sampler includes the
7.5-minute DEM and the 1:24,000-scale
DLG for Tumwater, Washingion; the
1:100,000-scale DLG for Tacoma,
Washington; the 1:2,000,000-scale DLG
for the northwestern States (WA, OR,
and ID); 1- by 2-degree land use and
land caver data for Seaule, Washingion;
the 1- by 1-degree DEM for Seattle,
Washington East; and the Geographic
Names Information System data for the
State of Washington,

Ordering instructions

DEM data are written as ANSI-standard
ASCII characters in fixed-block format
on uniabeled or ANSI labeled 9-track
magnetic tapes at a 1,600-bpi or 6,250-bpi
density. The logical record length is 1,024
bytes with a physical record size of 4,096
bytes or {our logical records. DEM data
may be ordered by specifying the unit
size, maximum block size, @pe density,
and tape label and by identifying the sales
unit by topographic quadrangle name or

by the southeast latitude and longitude
comer coordinates.

The US GeoData Sampler can be ordered
in standard or opuonal ASCII DLG
formats, on either one 6,250-bpi or three
1,600-bpi tapes.

The Earth Science Information Center
can fumish indexes, price lists, and order
forms. Data Users Guides arc included
with each order.

For further information, contact:

U.S. Geological Survey

Earth Science Information Center
507 National Center

Reston, Virginia 22092
1-800-USA-MAPS

June 1993




Structure of Digital Data

The Earth Science Information Centers (ESIC) distribute digital cartographic/geographic data files
produced by the U.S. Geological Survey (USGS) as part of the Natonal Mapping Program. The
data files are grouped into four basic types. The first type, called a Digital Line Graph (DLG), is
line map information in digital form. These dara files include information on planimetric base cate-
gories, such as transportation, hydrography, and boundaries. The second type, called a Digital
Elevation Mode! (DEM), consists of a sampled array of elevations for ground positions that are
usually’ at regularly spaced intervals. The third type, Land Use and Land Cover digital data,

Geographic Names Information System, provides primary informaton for known places, feanures,
and areas in the United States identified by a proper name.

The digial cartographic dara files from selected quadrangles Currently available from ESIC include
the following:

. Digital Elevation Models (DEM's)
- 7.5-minute
- 15-minute
- 30-minure
- l-degree

. Dighal Line Graphs (DLG's)
- 1:24,000-scale
- 1:62,500-scale
- 1:63,360-scale
- 1:100,000-scale
- 1:2,000,000-scale

. Land Use and Land Cover digital data
- 1:250,000- and 1:100,000-scale Land Use and Land Cover and associated maps
- 1:250,000-scale Alaska Interim Land Cover

. Geographic Names Information System

The digital data are useful for the production of cartographic products such as plotting base maps
and for various kinds of spatial analysis. A major use of these digital canographic/geographic
data is to combine them with other geographically referenced data, enabling scientists to conduct
automated analyses in support of various decision making processes.

The information for the following Pages on "Structure of Digital
Data" was obtained from sections of the DATA USERS GUIDES listed:

DATA USERS GUIDES

Digital Line Graphs from 1:24,000-Scale Maps - 32

Digital Line Graphs from 1:100,000-Scale Maps - $1.50

Digital Line Graphs from 1:2,000,000-Scale Maps - $1.50

Land Use and Land Cover from 1:2,000,000-scale Maps - 1

Digital Elevation Models - 31

Geographic Names Information System - 31 o
Alaska Interim Land Cover Mapping Program - §] 0 O 4 \“-., O

NV LN

Data Users Guides 1-7 cteplace Geological Survey Ciccular 895 8-G.




DIGITAL ELEVATION MODELS

7.5-MINUTE DIGITAL ELEVATION MODELS

Characteristcs

A 7.5-minute DEM has the following characteristics:

. The data consist of a regular array of elevations referenced horizontally in the UTM
coordinate system. The reference datum may be North American Datum of 1927

(NAD 27), North American Datum of 1983 (NAD 83), Old Hawaiian Datumn (OHDy,
or Puerto Rico Datum of 1940 (PRD).

- The unit of coverage is the 7.5-minute quadrangle. Overedge coverage is not pro-
vided.

. The data are ordered from south 1o north in profiles that are ordered from west [0
cast.

. The data are siored as profiles in which the spacing of the elevations along and

between each profile is 30 m,

. The profiles do not always have the same number of elevations because of the vari-

able angle between the quadrangle’s true north and the grid north of the UTM coor-
dinate system.

. Elevations for the continental U.S. are either meters or feet referenced to the National
Geodeuc Venical Datum of 1929 (NGVD 29). Elevations for Hawaii and Pueno
Rico are either in meters or feer referenced 10 local mean sea level. DEM's of low-
relicl termain or generated from contour maps with intervals of 10 ft (3 m) or less are
gencrally recorded in feet. DEM's of moderate to high-relief terrain or generated

from maps with terrain contour intervals greater than 10 f are generally recorded in
melers.

Profiles for 7.5-minute DEM'’s are generated by using a UTM caresian coordinate system as g
base. The profiles are clipped 1o the straight-line intercept between the four geographic comers
of the quadrangle--an approximation of the geographic map boundary (neadine),

The resulting area of coverage for the DEM is a Quadrilateral, the opposite sides of
which are not parallel.

sect the east and west neatines as well as the north and south neatlines.
In addition, DEM's have profile easting values that are continuous from one DEM to the adjoin-
ing DEM only if the adjoining DEM is contained within the same UTM zone.

*

See Data Users Guide § - Digital Elevation Models




I-DEGREE DIGITAL ELEVATION MOUELS

1-Degree DEM (3- x 3-arc-second data spacing). Provides coverage in 1- x I-degree
blocks. Two products (three in some regions of Alaska) provide the same coverage
as a standard USGS 1- x 2-degree map series quadrangle. The basic elevation model
is produced by or for the Defense Mapping Agency (DMA), but is distributed by
USGS in the DEM data record format

Characteristics
A l-degree DEM has the following characteristics:
. The product consists of a regular array of elevations referenced horizonially on the

geographic (latitude/longitude) coordinate system of the World Geodetic System 1972
Daum (WGS 72) or the World Geodetic System of 1984 (WGS 84).

. The unit of coverage is a 1- x 1-degree biock. Elevation data on the integer degree
lines (all four sides) correspond with the same profiles on the surrounding cight
blocks.

. Elevations are in meters relative 10 NGVD 29 in the continental U.S. and local mean
sea level in Hawaii and Pueno Rico.

. The data are ordered from south to north in profiles that are ordered from west 1o
east.

. Spacing of the elevations along each profile is 3 arc-seconds, The first and last dara
points are at the integer degrees of latrude. A profile will therefore contain 1,201
elevations.

. Spacing between profiles varies by latitude: however, the first and last data points are

at the integer degrees of longirude. North of 50° degrees N and south of 70° N, the
spacing is 6 arc-seconds with 601 profiles per product. For the remainder of Alaska
north of 70° N the spacing is 9 arc-seconds with 401 profiles per product.

For U.S. 1:250,000-scale 1 degree by 2 degree areas, you need
to order TWO 1 degree by 1 degree DEM units: EAST HALF and
WEST HALF. They are TWO Separate DEM units with TWO separate
costs: $7 for each half for a total of $14 for the entire area,
if you are ordering six or more units.

122° 121° . 120°
3ge 38°
WEST EAST SAN JOSE
HALPF HALF ' 12 x 2°
1° x 1° 1° x 1° 1:250,000-
unit unit scale area
3ge 37°

For ALASKA 1:250,000-scale DEMs, some areas require THREE units:

EAST HALF, CENTRAL HALF and WEST HALF, if you want the entire area.

(@)

an

eld
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7.5-MINUTE

ALASKA DIGITAL ELEVATION MODELS

The product consists of a regular array of elevations referenced horizontally to the
geographic (latitude/longitude) coordinate system of NAD 27 or NAD 83.

Elevation data on the quadrangle neatlines (all four sides) share edge profiles with the
surrounding eight quadrangles.

Elevations are in meters or feet relative to NGVD 29,

The data are ordered from south to north in profiles that are ordered from west to
east.

Characteristics

Alaska DEM's have the following characteristics:

The unit of coverage corresponds 1o four basic quadrangle sizes for 1:24,000- and
1:25,000-scale graphics (depending on latitude):

Cell size limits

7.5 x 18 minutes State of Alaska north of 68° N latitude
7.5 x 15 minutes Between 62° N and 68° N lartude
7.5 x 11.25 minutes Between 59° N and 62° N latmde
7.5 x 10 minutes State of Alaska south of 59° N latirude

The longitudinal limits of these cells are compuied cast and west of the -150 degree
meridian. The north-south cell limits conform 10 even multiples of 7.5

minutes of
latitude.

The data are collected with a 1- x 2-arc-second spacing in latitude and longitude,
respectively. The first and last data points along a profile are at the inte

ger degrees
of latimde. A profile will therefore contain 451 elevations.

Characteristics

15-MINUTE Alaska DEM's have the following characteristics:

The unit of coverage corresponds to four basic quadrangle sizes for 1:63,360-scale
graphics (depending on latirude):

Cell size limits
15 x 36 minutes State of Alaska north of 68° N latirude
15 x 30 minutes Between 62° N and 68° N latitude
15 x 22.5 minutes Between 59° N and 62° N latitude
15 x 20 minutes State of Alaska south of 59° N latitude

The longitudinal limits of these cells are computed east and west of the -150 degree
meridian. The north-south cell limits conform to even multiples of 15 minutes of
latitude.

The data are collected with a 2- x 3-arc-second spacing in latitude, and longitude,
respectively. The first and last data points along a profile are al the integer degrees
of lautude. A profile will therefore contain 451 elevations,
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Digital line graph data

Digital line graph (DLG) data are digital
representations of cartographic infor-
mation. DLG's of map features are
converted 1o digital form from maps and
related sources. U.S. Geological Survey
(USGS) DLG data are classified as large,
intermediate, and small scale.

Data sources

Large-scale DLG data are derived from
USGS 1:20,000-, 1:24,000-, and
1:25,000-scale 7.5-minute topographic
quadrangle maps. If 7.5-minute maps are
not available, sources are used in the
following order of preference: (1) advance
manuscripts for 7.5-minute maps; (2)
published 15-minute quadrangles at
1:62,500 scale (1:63,360 scale for
Alaska); and (3) archival compilation
materials for 1S-minute quadrangles such
as 1:48,000-scale compilations.

Intermediate-scale DLG data are derived
from USGS 1:100,000-scale 30- by 60-
minute quadrangle maps. If these maps
are not available, Bureau of Land
Management planimetric maps at a scale
of 1:100,000 are used, followed by
archival compilation materials.

Small-scale DLG data are derived from
such maps as the USGS 1:2,000,000-scale
sectional maps of the National Atlas of
the United Stiates of America. Alaska
hydrography data were collected at
1:1,000,000 scale from Landsat images
from 1979. Other categories of data were
revised from 1979-80 sources.

Unit size and file extent

Large-scale DLG data are produced in
7.3-minute units that correspond to USGS
1:20,000-, 1:24,000-, and 1:25,000-scale
topographic quadrangle maps. However,
some older units in the western Uniled
States cover 15-minute areas and corres-
pond W maps at 1:62,500 scale, The unit
sizes in Alaska vary depending on
Iatitude. Units south of 59° N. cover

Ptal of DLG data—nortwest corner of Bombay, New York-Quabec Quadrangle, 1:24,000-c~ale showing

hydrography, roads and trads, radroads, misceNaneous transponaton, and hypsography.

15- by 20-minute areas; between 59° and
62° N., 15- by 22.5-minute areas: between
62° and 68° N., 15- by 30-minute areas;
and north of 68° N., 15- by 36-minute
arcas (all values are latitude and longitude,
respectively),

Intermediate-scale DLG data are sold in
30-minute units that correspond to the
cast or west half of USGS 30- by 60-
minute 1:100,000-scale wpographic
quadrangle maps. Each 30-minute unit is
produced and distributed as four 15- by
15-minute cells, except in high-density
areas, where the 15-minute cells may-be
divided into four 7.5-minute cells,

Intermediate-scale hydrography and trans-
portation DLG data are sold on compac!
disc-read only memary (CD-ROM). Each
disc contains all the 15- by 15-minute cells
within the 1:100,000-scale quadrangles
that cover a State or States. Currently 3
areas within 14 planned sectional regions
in the United States are available: Area
3—southeastern States of NC, SC, and
GA; Area 4—FL,; and Arca 13—nonth-
westemn States ol WA, OR, and ID.

Small-scale DLG data that correspond to
USGS 1:2,000,000-scale sectional maps
of the National Autlas are sold in 21 units.
Fifteen sections cover the continental

United States, five cover Alaska, and one

covers Hawaii. These sectional DLG's are
usuaily sold in multi-State units. Some,
however, may cover only one State or a
portion of a State. All 21 units are
available on a single CD-ROM.

All nonstandard quadrangles with neat-
lines that extend beyond the standard unit
size 0 accommodalte overcdge boundaries
are collected as multiples of the standard
unit size. Data covering a 7.5- by 8.5-
minute quadrangle area would, therefore,
be sold as two 7.5-minute units.

Data content

Large-scale DLG data are available in
nine categories: (1) hypsography,
including contours and supplementary
spot elevations; (2) hydrography,
including flowing water, standing water,
and wetlands; (3) vegetative surface
cover, including woods, scrub, orchards,
vineyards, and vegetatve features
associated with wetlands* (4) non-
vegetative features, incluaing lava, sand,
and gravel; (5) boundaries, including
Siate, county, city, and other national
and State lands such as forests and parks;
(6) survey control and markers, including
horizontal and ventical positions (third
order or better); (7) transportation,
including roads and trails, railroads,

[ )
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pipelines, and transmission lines; (8)
manmade fearures, including cultural
features not collected in other major data
categories such as buildings; and (9) the
Public Land Survey System, including
township, range, and section line
information.

Presendy, intermediate-scale DLG's are
sold in five categories: (1) Public Land
Survey System; (2) boundaries; (3) trans-
ponation; (4) hydrography; and (5)
hypsography.

Small-scale DLG data are sold in three
calegories: (1) boundaries, including
political and administrative boundaries;
(2) ransportation, including roads and
trails, railroads, and cultural features
(airports and the Alaska pipcline); and
(3) hydrography, including streams and
water bodies, and hypsography
(Continental Divide only). All of these
categories are also included in the
1:2,000,000-scale CD-ROM.

Data structure

Al DLG data distributed by the USGS
are DLG - Level 3 (DLG-3), which means
the data contain a full range of atribute
codes, have full topological structuring,
and have passed cenain quality-conmrol
checks. The DLG-3 concept is based on
graph theory in which a two-dimensional
diagram is expressed as a direct graph
composed of a set of nodes, lines, and
areas that express logical relationships
with minimal redundancy. Nodes define
the end points of lines. A line is an
ordered set of points that describe the
position and shape of a linear feature of
the map. An area is a continuous,
unbroken region of the map bounded by
lines. Applied 10 a map, this concept
expresses spatial relationships between
map elcments that are obvious when the
map is examined. The spatial relation-
ships between features on a map include
concepts such as locadon, adjacency, and
connections. Data that maintain the spatial
relationships inherent in the map are
topologically structured.

Attribute codes

Atmibute codes are used to describe the
physical and culral characteristics of
DLG node, line, and area elements. Auri-
bute codes are used 0 reduce redundant
information, provide encugh reference

information to support integration with
larger data base, and describe the
relationships between cartographic
elements. Each DLG element has one or
more attribute codes composed of a three-
digit major code and a four-digit minor
code. For example, with the 1:2,000,000-
scale DLG data, the line attribute code
290 5001 has a major code (290),
meaning road, with a minor code (5001)
identifying the road as an interstate.

Data formats

Large- and intermediate-scale DLG's are
available in standard and optional
formats. The standard format has reduced
storage requirements, 144-byte logical
record length, an intemnal file coordinate
system (thousandths of a map inch), and
topological tinkages contained only in the
line elements. The optional format is easy
to use with an 80-byte logical record
length, a ground planimetric coordinate
systemn (Universal Transverse Mercator),
and topological linkages contained in
node, line, and area elements. .

Smali-scale DLG's are available in
standard, optional, and graphic formats,
The standard format is the same as the
large- and intermediate-scale DLG's. The
optional forma is also the same as the
large and intermediate scales, except that
it uses the ground planimetric coordinate
system of the Albers Equal-Area Conic
projection. The graphic format is compat-
ible with Geological Survey Canagraphic
Automatic Mapping (GS-CAM) plotting
software, with a 20-byte logical record
length; a geographic (latitude-longitude)
coordinate system expressed in degrees,
minutes, and seconds; and no opological
linkages. All three formats are available
on the 1:2,000,000-scale CD-ROM,

Data records

The standard format data are organized
into 9 record types and the optional
format data into 11 record types. For
descriptions of these record types, refer 1o
Data Users Guide 1—Digial Line Graphs
from 1:24,000-Scale Maps, Data Users
Guide 2—Digital Line Graphs from
1:100,000-Scale Maps, and Data Users
Guide 3—Digital Line Graphs from
1:2,000,000-Scale Maps.

The graphic format data are DLG line
records organized by feature type and

reformarted into two record types: one
line identifier record and multiple
lattude-longitude records.

Data accuracy validation

DLG data do not carry quantified
accuracy statements. However, the data
files are checked and validated before
they are released for distribution for file
fidelity and completeness, attribute
accuracy, and topological fidelity. For
large- and intermediate-scale DLG's,
additional data validation such as edge
matching and quality control flagging is
performed.

US GeoData Sampier

The US GeoData Sampler is available
for a nominal charge. Data contents
include the 7.5-minute digital elevation
model (DEM) and the 1:24,000-scale
DLG for Tumwater, Washington; the
1:100,000-scale DLG for Tacoma,
Washington; the 1:2,000,000-scale DLG
for the northwestem States (WA, OR,
and ID); the 1- by 2-degree land use and
fand cover data for Seaue, Washington;
the I- by 1-degree DEM for Seawde,
Washington East; and the Geographic
Names Information System dara for the
State of Washington.

Ordering instructions

DLG data are writien as ANSI-standard
ASCH characters in fixed-block format on
unlabeled or ANSI labeled nine-rack
magnetic tape at a 1,600-bpi or 6.250-bpi
density. DLG's may be ordered by spect-
fying the scale, format, maximum block
size, tape density, tape label, and either
the wpographic quadrangle name or
section, or the southeast latitude and longi-
tude comer coordinales of the sales unjt.

The US GeoData Sampler can be ordered
by name and is offered in standard or
optional ASCII DLG formats, on either
one 6.250-bpi or three 1,600-bpi tapes,

To assist you in ordering, the Eanth
Science Informaton Center (ESIC) can
fumnish indexes, price lists, and order
forms. Data Users Guides are included
with each order.

For further information, contact the
USGS, Earth Science Information Center,
507 National Center, Reston, VA 22092,
ot call 1-800-USA-MAPS.

June 1993




DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

This documnent describes the Digital Line Graphs (DLG's) prepared primarily from the 1:24,000
malerials associated with the USGS Topographic Map Senes. The series will evenally provide
complete national coverage.

DATA CONTENT

The DLG data files derived from the 1:24,000-scale and other large-scale maps contain selacted
base categories of canographic data in digital form; these data categories do not necessarily
correspond 1o the traditional feature separates associated with the maps. The auribute coding
scheme for these data has undergone several revisions since the start of the digital program. A
major revision of these codes has been printed as Standards for Digital Line Graphs - Part 3,
Anribute Coding, which is available for purchase from a USGS ESIC office (see the ordering
information inside the front cover). Currendy, DLG data entered in the National Digital
Cartographic Data Base (NDCDB) are coded in accordance with the Standards for Digital Line
Graphs. The implementation of the new coding standards will require the updating of existing files
in the NDCDB in order to have a consistent product available for users. Software and procedures
are being developed o conven existing data files to these codes during the next several years,
Priority will be given to converting files retrieved in response 1o sales requests. In the meantime, a
data base query will provide identification of the coding scheme used for any file in the NDCDB.
This information will be supplied to cusiomers when orders are submitted, and upon transminal of
daa files. The following caltegories are included in current large-scale DLG files:

. Boundaries -- This category of data consists of (1) political boundaries thag identify
Stales, counties, cities, and other municipalities, and (2) administrative boundaries
that identify areas such as National and State forests. Political and administrative
boundaries are always collected as a single data set.

. Hydrography -- This category of data is currenty being collected as combined
hydrography consisting of all flowing water, standing water. and wetlands,

Prior 1o 1983, hydrographic data were differentiated into two components: streams
and water bodies. Sweams represent flowing water and were digitized as a nerwork
intended for hydrologic flow modeling. Streams included the banks of double-line
rivers and centerline connectors placed through double-line rivers and lakes. Water
bodies include standing water such as lakes and ponds. Wetands and coastal
hydrographic data were not collected.

. Public Land Survey System (PLSS) -- This category of data describes the
rectangular system of land surveys that is administered by the U.S. Bureau of Land
Management. PLSS data are only collected for areas falling solely. or in par,
within the States that were formed from the public domain. The PLSS subdivides
the public domain and represents property boundaries or references o property
boundanes. These DLG data are not intended 1o be official on authoritative. They
are presented as carographic reference information. The only legal basis for
determining land boundaries remains the onginal survey.




DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

continued

Transportation -- This category of data includes major transportation systems
collected in three separate overlays labeled: (1) Roads and Trails, (2) Railroads, and
(3) Pipelines, Transmission Lines, and Miscellaneous Transporation Features.

In the last quarter of 1985, new transportation aftribute codes were implemented.
The principal difference between the old and new coding schemes is that under the
old transporntation subcategory, certain miscellaneous transportation features were not
collected and descriptive aturibute codes were not used.

Other Significant Manmade Structures -- This category of data includes
miscellaneous cultural features not included in the other major data categories.

New anribute codes for Other Significant Manmade Structures were implemented in

the last quarter of 1985. Very litde data from this category currently reside in the
NDCDB.

The anribute codes for the following base categories were newly defined in late 1985. Currendy,
there are very litde data available in these categones.

Hypsography -« This category of daia consists of information on topographic relief
(primarily contour data).

Surface Cover -- This category of data consists of information about vegelative
surface cover such as woods, scrub, orchards, and vineyards. Vegetative fearures
associated with wetlands, such as marshes and swamps, are collected under
Hydrography.

Non-Vegetative Surface Features -- This category of data consists of informaton
about the natural surface of the Earth as symbolized on the map such as lava, sand,
and gravel feamres. This category is not all-inclusive, as other non-vegetative
surface features are found in the category of Hydrography.

Survey Control and Markers -- This category of data consists of informaton about
the points of established position and third-order or better elevatons that are used as
fixed references in positioning and correlating map features.
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DIGITAL LINE GRAPHS FROM 1:2,000,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:2,000,000-scale maps contain selected base categories of
cartographic data in digital form. The data files are derived from the sectional maps of the 1970
National Atlas of the United States of America. The following categories are included in current
1:2,000,000-scale DLG files:

. Boundaries -- This category of data includes boundary information collected in two
separate subcategories: (1) Political Boundaries and (2) Administrative Boundaries.

. Hydrography -- This category of data includes features collected in three separate

subcategories: (1) Streams, (2) Water Bodies, and (3) Hypsography (Continental
Divide only).

. Transporiation -- This category of data includes major transponation systems
collected in three separate subcategories: (1) Roads and Trails, (2) Railroads, and
(3) Cultural Features (airports and Alaska pipeline).
DISTRIBUTION FORMATS

The 1:2,000,000-scale DLG data are available in three distribution formats: (1) standard,
(2) optional, and (3) graphic.

The Standard distribution format was designed 10 minimize storage requirements. Explicit
topological linkages are contained only in the line elements.

The Optional distribution format was designed for data interchange. These files are rypically larger
than those in the standard format but, for certain applications, can simplify processing
requirements. Topological linkages are explicitly encoded between all line and node elements, and
all line and area elements. This structure allows a polygon data structure to be easily created.

The Graphic distribution format was designed to be compatible with the GS-CAM (Geological
Survey - Cartographic Automatic Mapping) software. This software provides for plotting line and
point information using a varety of map projections, scales, and graphic symbologies.

The files in the graphic distribution format are derived from the topologically
structured DLG data described above, and contain a subset of the line and auribute code
information in the DLG files. No node or area information is stored in these files.

These files are
not topologically structured.

The small-scale (1:2,000,000-scale) DLG sectional U.S.
data 1s available on a CD-ROM for $32.

coverage




DIGITAL LINE GRAPHS FROM 1:100,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:100,000-scale maps contain selected
base categories of cartographic data in digital form; these data cate-
gories do not necessarily correspond to the traditional feature s?parates
associated with the maps. The following categories are included in cur-
rent 1:100,000 DLG files:

. Hydrography -- This category of data describes combined
hydrography consisting of all flowing water, standing water, and
wetlands.

. Transportation -- This category of data includes major trans-

portation systems collected in three separate subcategories
labeled: (1) roads and trails, (2) railroads, and (3) pipelines,
transmission lines, and miscellaneous transportation.

° Hypsography -- This category of data consists of information on
topographic relief (primarily contour data), and supplementary
spot elevations.

. Boundaries -- This category of data consists of (1) political
boundaries that identify States, counties, cities, and other
municipalities, and (2) administrative boundaries that identify
areas such as National and State forests. Political and admini-
strative boundaries are always collected as a single data set.

. Public Land Survey System (PLSS) -- This category of data
describes the rectangular system of land surveys that is
administered by the U.S. Bureau of Land Management. PLSS data
are only collected for areas falling solely, or in part, within
the States that were formed from the public domain. The PLSS
subdivides the public domain and represents property boundaries
or references to property boundaries. These DLG data are not
intended to be official or authoritative. They are presented as
cartographic reference information. The only legal basis for
determining land boundaries remains the original survey.

The hypsography, boundary, and PLSS categories were authorized for
production in late 1987. Currently there is very little data available
in these categories.

The remaining categories: manmade features, survey control, vegetative
surface cover, and nonvegetative features are projected to enter the
production phase in 1990. ‘
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DIGITAL LINE GRAPHS

DISTRIBUTION FORMATS

The 1:24,000-scale and other large-scale DLG data are available in two distribution formats: (1)
standard and (2) optional.

The Standard distribution format is intended to minimize slorage requirements. Explicit topological
linkages are contained only in the line elements (starting node, ending node, area to the left of
direction of travel, area to the right of direction of travel).

The Optlapal distribution format was designed to facilitate data usage. The topological relationships
explicitly encoded include siarting node, ending node, area to the left of direction of travel and area
to the right of direction of travel for line elements, bounding lines for area elements, and bounding
lines for nodé elements. These files are typically larger than those in the standard format but, for
centain applications, can simplify processing requirements. For example, topological linkages are
explicitly encoded for all line, node, and area elements, allowing a polygon data structure 10 be
easily creaied. These linkages facilitate GIS applications of DLG data as well as generation of
graphic products.

The characteristics of the standard and optional DLG formats are

Standard and opuonal DLG format

Standard Optiooal
Character set 8-bit ASCII 8-bit ASCT
Logical record 144 bytes 80 bytes
length
Physical record Variable in Varisble in
length (blocksize) multiples of muitiples of
144 bytes. 80 bytes.
Coordinate system Intenal file Ground
(thousandths of planimetric
& map inch). (UTM).
Topological Contained only Contained in
linkages in line elements. node, arca, and

line elements.
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DIGITAL LINE GRAPHS FROM 1:2,000,000-SCALE MAPS --continued
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Multistate cells used for Digital Line Graphs from 1:2,000,000-scale maps.

INDEX MAP

NORTHEASTEAN STATES

MIDDLE ATLANTIC STATES
SOUTHEASTERN STATES

FLORIDA

SOUTHERN MISSISSIPPI VALLEY STATES
CENTRAL MISSISSIPPI VALLEY STATES
NORTHERN GREAT LAKES STATES
SOUTHERN TEXAS

SOUTHERN PLAINS STATES
CENTRAL PLAINS STATES
NORTHERN PLAINS STATES
ARIZONA AND NEW MEXICO
SOUTHERN CALIFOANIA
CENTRAL PACIFIC STATES
NORTHWESTERN STATES
SOUTHEASTERN ALASKA
CENTRAL ALASKA

NORTHERN ALASKA
SOUTHWESTERN ALASKA
ALEUTIAN ISLANDS

HAWAIIAN {SLANDS




APPENDIX  --Sample DLG Data File (Standard Distribution Formar)

(Bach 144-charncur record is shown a8 fwo couseauive 72-chamcter lines )

GLEN ELLEN 19618 24000
3 1 10 -~0.122033045000000D 09 0.380180450000000D 08 6.0
0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 2 0.610000000000000D O 0 4
-0.122625000000000D 03 0.382500000000000D 02 =-0.122625000000000D 03
0.383750000000000D 02 -0.122500000000000D 03 0.383750000000000D 02
-0.122500000000000D 03 0.382500000000000D 02

0.609594407590000D 00 -0.288178569420000D-02 0.538248793410000D 06
0.424037445560000D 07 4
SW -8971-11376NW ~8955 11375NE 8955 11376SE 897111376

1
BOUNDARIES (24&L25) 795 16 795 7 530 20
N 1 -8971-11376 0 0
N 2 -8955 11375 4] 0
N 3 8955 11376 0 0
N 4 83%71-11376 [¢] 0
N S -B966 3203 0 0
N 6 2101 11374 0 0
N 7 5832 11376 0 0
N 8 7513 11376 0 0
N 9 8956 7434 0 0
N 10 8961 2884 0 0
N 11 3469 10371 0 0
N 12 5530 9112 0 0
N i3 -3115-10127 0 0
N 14 7520 11175 1 0

90 1
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APPENDIX  --Standard DLG Distribution Format (Record Contents)

In the standard DLG distribution format, the topological linkages are contained only in the line ;lcmcms. The
files are physically comprised of standard 8-bit ASCII characters organized into fixed-length logical records of
144 characters. Nine distinct record types are defined.

Logical

record

type Content

A Header record containing DLG identification information.

B Header record containing projection information and registration points.

C Header record identifying data categories contained in this DLG and indicating the
number of nodes, areas, and lines in each category.

D1 A node or an area record.

D.2 A line record.

Record containing x,y coordinate string.

Record containing auribute codes.

Record containing text string (not cwently used).
Accuracy estimate (not currenty used).

momm

The acwal sequence of records in a standard dismibution DLG file is as follows:

I. Header records
Type A (one record)
Type B (one record)
Type C (one record)

2. Data records

Node records Repeated
Node description (D.1) for ecach
Atribute codes (F) node within a N
Text string (G) data category
Area records
Asea descripuon (D.h) Repeated Repeated
Attrbute codes (F) for each for each
Text string (G) area within a 4 data category
daia category
Line records
Line description (D.2) Repeated
x.y coordinates (E) for each
Attribute codes (F) line within a J
-~ Text string (G) data category

3. Accuracy estimate
Type H (one record) (not currently used)




APPENDIX  --Sample DLG Data File (Optional Disuibution Format)
(Bach 80-character record is shown a3 a singic lme.)

USGS-NMD DLG DATA -~ CHARACTER FORMAT - 09-29-82 VERSION

GLEN ELLEN 1968 24000
3 1 10 2 0.61000000000D+00 4 0 4 1
-0.122033045000000D+09 0.380180450000000D+08 0.0
0.0 : 0.0 0.0
6.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.10000000000D+01 0.0 0.0 0.0
sW 38.250000 ~122,.625000 532812.91 4233413.86
NW 38.375000 -122.625000 532757.10 4247282.79
NE 38.375000 -122.500000 543674.93 4247335.01
SE 38.250000 -122.500000 543750.25 4233465.56
BOUNDARIES (24&25) 0 16 16 010 7 7 010 20 20
N 1 532812.91 4233413.86 2 0 0
1 ~-10
N 2 532757.10 4247282.79 2 0 1]
-2 3
N 3 543674.93 4247335.01 2 Q Q
-6 7
N 4 543750.25 4233465.56 2 0 0
-9 10
N 5 532773.94 4242301.15 3 0 0
~1 2 12
N 6 539496.77 4247314.04 3 0 0
-3 4 17
N 7 541771.16 4247326.01 3 0 0
-4 5 -19
N 8 542795.89 4247330.85 3 0 0
-5 6 -14
N 9 543686.72 4244968.57 3 0 0
-7 8 -15
N 10 543703.06 4242158.35 3 0 0
-8 9 -20 '
N 11 540333.59 4246706.56 3 0 0
-16 -17 18
N 12  541593.59 4245945.02 3 0 0
-18 19 20
N 13 536379.09 4234192.12 2 0 0
- 11 -11 )
N 14 542800.74 4247208.34 2 1 0
14 15
30 1
N 15 537351.64 4243171.97 2 1 0
=12 13
90 1
N 16 538780.02 4243415.25 2 1 Q
-13 16
90 1
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APPENDIX --Optional DLG Distibution Format (Record Contents)

In the optional DLG distribution format, wpological linkages are explicitly encoded for node and area
clements as well as for line elements. The files are physically comprised of 8-bit ASCII characters organized
into fixed-length logical records of 80 characters (bytes). Bytes 1-72 of cach record may contain DLG data,
and bytes 73-80 may contain a record sequence number.

The 11 distinct record types used in the optional DLG distribution format may be categorized as header and
data records.

Four types of records are considered header records:

. File idendfication and description records
. Accuracy records (not currently used)

. Control-point identification records

. Data-category identification records

Seven types of records are considered data records:

Node and area identi{ication records

Node-to-line linkage records

Arca-10-line linkage records

Line identification records (also contains line-to-node and line-to-area linkages)
Coordinate string records

Attribute code records

Text records (not currently used)

The actual sequence of records in an optional distribution format DLG file is as follows:

I. Header records

Ten file identification and
description records

Accuracy records (not currently used)

Control point identificaton records
(one per control-point)

Data category identification records
(one per data category in the file)

2. Daia records

Node identification record Repeated
Node-to-line linkage record(s) for ecach
Auribute code record(s) node within a N
Text record(s) data category

Area identification record Repeated Repeated
Area-to-line linkage record(s) for each for each
Attribute code record(s) area within a } data category
Text record(s) data category

Line idenufication records Repeated
Coordinate string record(s) for each
Auribute code record(s) line within a /
Text record(s) data category

60dyo
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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 PT0-948 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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Serial No.: 08/587,731 3
Art Unit: 2304

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 entitied'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).

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 8,
RPV), a communications system 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 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, section Terrain Map Correlation; and figure 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 three
dimensional projected image data according to said remotely piloted aircraft’s
orientation; a display for displaying said three dimensional projected image data (see
paée 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).

Therefore, all of the limitations of claim 1 are met by Lyons et al.




Serial No.: 0B/587,731 4
Art Unit: 2304
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 computer is secured (see
page 5-2, first paragraph 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 figure 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
Using a Data Link).

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

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

g With respect 1o claims 9, 18, and 45, Lyons et al. also disclose that the

G04y9
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remote 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).

j 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 5-3, first paragraph of the section Map Matching).

1 Claims 32 and 34-38 are method claims corresponding 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
infbrmation 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

GGCav
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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. disclose that the simulation unit
further comprises 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) A patent may not be obtained though 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 the invention was

made.

7. ; Claims 10, 11, 19, 20, 33, 46, and 47 are rejected under 35 U.S.C. 103(a) as

<o

(S

o]
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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. 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 controls based on said delay time. However, Kanaly does
suggest 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 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,

oo
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such feature is well known in the art at the time 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 aerial 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 to
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 references are 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.

I1. Any inquiry concerning this communication or earlier communications from the
examiner shouid 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).

\j On N\ %f«—
/tan TAN Q. NGUYEN v

July 18, 1997 PATENT EXAMINER
GROUP 2300
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002055.P004 Patent 5/ /Q

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: ,0- 5,77
Jed Margolin N

‘Examiner: T. Nguyen

Serial No. 08/587,731

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

Sir:

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

AMENDMENT
In the Claims: »

Please cancel Claims 39-49, without prejudice.

I hereby certify that this correspondence i being trassmilted by facsimile
o the United States Patent and Trademark Office in accardance with 37 CFR § 1.6(d), on the date shawn befow.

Neme: __ ConglanceVanDalen
Signaturc; [P e miana ce A 00—

Date: Septamber 11, 1997

GGo0d
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Attamey’s Docket No.: _Q02085,P004 Patent
In re the Application of: __Jad Margolin
{inventor(s))
Application No.: __ O8/587.731
Fllad: Janyary 19, 1806
For: __A Method and Apparatug for Remotely Piloting an Aircraft

(title)

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR: Transmittad herawith is an Amendmant for the above application.

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

s verifiad statement previously submitted.

A verifiad statement to establish small antity status undar 37 C.F.R. §§ 1.9 and 1.27 is enclosed.
__X ___ No additional fee is required.

The fee has been calculated as shown below:
OTHER THAN A

(Col. 1) {Col.2)  (Col 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fea
Total . X "
Claims 38 | Minus |* 49 0 x11]$ x22 |8 o
indep. |. T
Claims 4 |Minus {*** S 0 x40 | $ x80 (3 0
First Praesentation of Muitiple
3
ndan im(s) ¥1301s +260,3
* Ifthe entry in Col. 1 is less than the antry in Col, 2, Total Total
write *0" I Col. 3. Add, Foe |3 Add. Fas | ¥ 0

** If the “Highest No. Previously Pald For” IN THIS
SPACE Is less than 20, write 20" in this space.
== If the “Highest No. Previously Paid For” IN THIS SPACE is less than 3, wilte *3* in this
space. The "Highest No. Previously Paid For* (Total or Independent) Ja the highest number
found from the squivalent box in Col, 1 of a prior amendment or the number of claims
originally tilad.

Uhereby certify that this correspondence is being transmitted by facsimile
w the United States Patcnt and Trademark Office in accordance with 37 CFR § 1.6(d), on the date shown below.

Name: Constange Van Dajen
Signaye: &'5 A M__
Date: September 11, 1997

.- (LV/cak 10/25/96)

GCo:!y
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A check in the amount of $

is attached for presentation of additional claim(s).

Applicant(s) hereby Petition(s) for an Extension of Time of ________ month(s) pursuant to
37 C.F.R. § 1.136(a).
A check for § is attached for processing fees under 37 C.F.R. § 1.17.

Please charge my Deposit Account No. 02-2666 the amountof $___ .
A duplicate copy of this sheet is enclosed.
The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following teas assaciated with this communication or credit any overpayment to Depasit
Account No. 02-2686 (s duplicate capy of this sheet is enclosed):

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

extra claims.
X Any sxtansion or petition fees under 37 C.F.B-§

BLAJCE 4 OR & ZAFMAN LLP

]

Date: 7%/ , 1997

7

12400 Witshire Boulevard

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

Daniel M. De Vos

(LJV/cak 10/25/98)
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Attomey's Docket No.: _0Q2055,P004 Patant
In re the Application of: __.Jad Margolin
(inventor(s))
Application No.: __Q8/S87.731
Filed: __January 19,1996
For __A Method and Apparatus for Remately Plloting an Alrgraft

{title)
ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231
SIR: Tranamitted 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 statement previously submitted.

A verified statement 1o establish smalil entity status under 37 C.F.R. §§ 1.9 and 1.27 is encloesd.
__ X No additional fee is required.

The fee has been caiculatad as shown below:
OTHER THAN A

(Col_1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Higheat No.
Remaining Previously | Presant Additional Additlonal
After Amd. Paid For Extra Rate Foe Rate Fee
Totatl
clame | 38 | Minus |~ 49 1] x11{$ x22 | $ o
Indep.
Claus“ - 4 | Minus 5 0 x40 s x801}% 0
P
First msontntl::nr::)f Multiple +130|s +260 | $
* it the entry in Col. 1 is less than the entry In Col. 2, Total Total
writs "0 In Col. 3. Add. Fes | Add. Fes | § o

“* i the "Highaest No. Previously Paid For” IN THIS
SPACE Is less than 20, write “20° in this space.
*** If the “Highest No. Previously Paid For" IN THIS SPACE |g less than 3, write *3" in this
. The “Highest No. Praviously Paid For” (Total or indapsndent) is the highest numbar
found from the aquivalsnt box in Col. 1 of a prior amendment or the numbar of claims
originally flled.

I bereby certify that this correspondence is being transmitted by facsimile
to the United States Patent and Trademark Office in accordance with 37 CFR § 1.6(d), on the date shown below,

Name;

e ConstagccVaaDalco
Signature: 8—%’ A W

Date: Scptembor 11, 1997

-1 (LiVicak 10/25/96)

(i
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A check In the amount of § is attached for presentation of additional claim(s).
Applicant(s) hereby Petition(s) for an Extension of Time of month(s) pursuant 1o
37 C.F.RA. § 1.136(a).

A check for § is attached for processing fees under 37 C.F.R. § 1.17.

Plsase charge my Deposit Account No. Q2-2866 the amount of §

A duplicate copy of this sheet s enclased.

il

The Commissioner of Patents and Trademarks is heraby autharized 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 is enclosed):
X Any additional filing fees required under 37 C.F.R. § 1.16 for presentation of
extra claims.
X Any extansion or petition fees under 37 CF.R. § 1.17.
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
Date: g /” 1e87 ORIGINAL SIGNED BY
/ Daniel M. De Vos A
12400 Wilshire Boulevard
Seventh Floor Reg. No. _ 37,813
Los Angaies, Calitornla 80025
{408) 720-8598

(LV/cak 10/25/96)

Goos
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1279 Oaj. . :ad Parkway
BLAKELY Sunnyvatle, California 84086

SOKOLOFF (408) 720-8598 Talephone
TAYLOR & (408) 720-9397 Facsimile

ZAFMAN

A Limited Liability
Partnership Including

Law Corporations URGENT
Deliver to Examiner: Tan Nguyen . )

( Fax No. (703) 308-9051 )

FROM BSTZ: DEMARK OFFICE
Attorney: Daniel De Vos
Reg. No.: 37,813 Art Unit: 2304

Phone No. (408) 720-8538 Serial No.: 08/587,731
Operator: Conny Van Dalen Filing Date: 01-19-96
Page 1 of !4

Message:

FAx g
ECE -
SEp &D

GROUP 2600

CONFIDENTIALITY NOTE
mmmnmmmmmnmmawwnﬁa&m
which s confidential or privileged. Miﬂrﬂbnbmmbbhhmdhwawﬂymmhm
sheet. lmnmhwmt!mmwmmdﬂhMalmdhmamm
Information s probdblect lywtwvemmhdﬂihx’rﬁhm,mmmﬁyuswmhnuwymmdmmmh
the retrieval of the original documents ot no ecst D you

FMMMWNNWMWP@WW(@MMNMW
OPERATORNAMED ABOVE.

Certificate of Facsimiie Transmisslon

| heraby caertify that this correspondsncae is being transmitted by facsimile to the Patent
and Tradamarks Office in accordance with 37 CFR § 1.6(d), on

(s~ ad B0 Q-11q7 «

Signature Date
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Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER OF PATENTS AND
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e ot ¥ Washingten, D.C. 20231
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BLAKELY SOKOLOFF TAYLOR AND ZAFMAN EXAMINER

1240 WILSHIRE BOULEVARD TAN Q. NGUYEN

7TH FLOOR ART UNIT PAPIZR NUMBER

LOS ANGELES, CA 90025 2304 [
DATE MAILED:

Please find below & frum the Examiner in charge of this application.

Commissioner of Putents 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 interview. There is no argument or discussion about the difference between
claimed invention and the references cited in the amendment (the amendment 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 CER 1. 136(a) OR (b).
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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\Uﬂ

TAN @, NGUYEN
PATENT EXAMINER
TAN NGUYEN GROUP 2300
October 10, 1997
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Assistant Commissioner for Patents
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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; L

VY
(4
Please cancel Claims 39-49, without prejudice.

I hereby centity thar (his vofiespondence is being deposited with the United Statcs Postal
Servica as first class mail with sufficient Postuge in an envelope uddiessed to the
Conunissloncr of Patents and Trademarks, Washington, D.C, 20231
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REMARK

Applicant respectfully requests reconsideration of this application as amended. -

35 U.S.C. §102 rejecrion

The Examiner has rejected claims 1-9, 14-18, 23-32, and 34-45 under 35 US.C.
§102(b) as being anticipated by M&MM&!&MMM!
Piloted Yehjcles, ™

1. Summary of Lyong

Applicant would like to thank the Examiner for taking the time during the
tclephone interview to discuss the Lyons reference. Lyons contemplates a remotely
piloted vehicle (RPV) transmitting information to a control center (Figure 1),used by the
pilot to fly the RPV. To display the position of the RPV ta the pilot, the control center
prﬁvides 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” (page 5-3, end of first full paragraph). In particular, Lyons contermplates
using film to generate the moving map (Figure ). The moving map is moved based on
dead reckoned positions of the RPV.

As is well known in the art, dead reckoned pasitions have accumulating error, 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 image dara to the control center. Thus, in addition to the
moving map display, the contyol center shown in Pigure 6 has a sensor display (i.e., a
display generated from the image data transmitted by the RPV). Lyons confemplates the

transmission of two kinds of image data generated by: 1) side looking radar (SLR)

002055.P004
Serial No. 08/587,731
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images; and 2) real time forward-looking sensors. When using the SLR system, the SLR
Benerated image data received by the control center allows it to make a downward-
looking image. The pilot watches the sensor display (i.e., the display gencrated based on
the transmitted image data) for “likely update features™—landmarks. When the pilot sees
4 landmark in the sensor display, the pilot presses 4 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 presscs an accept button, By adjusting the moving map in this manner, the dead
reckoned position of the RPV is updated in an attempt to remove the crror associated
with the calculation of dead reckoned positions (Page S-3, second, third, and fourth ful]
paragraphs). The simulatcd SLR/map update system is illustrated in Pigures 7A and 7B,
Having described the SLR-based map matching technique, the real time forward-
locking sensor systems will now be described. Lyons describes basically two systems for
updating dead reckoned RPV positions on a moving map using only real tine forward-
looking sensors: 1) an anamorphic projection system (page 5-3, fifth full paragraph;
figure 8); 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 sensor display (i.e., the image generated from the transmitted data) for landmarks,
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 on the two-dimensional/top-down moving map
image, the forward-looking image is transformed using anamorphic projection. Lyons
£oes on to describe various problems with the anamerphic projection technique, and then

describes the HUD based system.

002035.P0O04 Pateni
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. In the HUD based system, the pilot is presented with two images: 1) the moving
map display (see lefi-hand image of Figure 9): and 2) the sensor display generated from
the itnage data transmitted from the real 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 the pilot makes the necessary adjustments to the moving map (pagc 5-3, sixth full
paragraph).

In suminary, the map matching techniques use the following: 1) the transmission
of image data from the RPV 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 is moved based on the dead reckoned position of the RPV; and 4) somc
manner of superimposing the sensor image onto the moving map to allow the pilot ta
update the moving map in an effort to correct the error associated with the dead reckoged
positions. Neither the sensor display’s image nor the moving map can be equated to the
generation of *“a three-dimensional projected image™ gencrated baged upon “a digital
database” stored 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 (sec Figures 5 and 7).

Having described the map matching techniques from Lyons, Applicant will now
describe the terrain map correlation technique of Lyons, The terrain map correlation
technigue described in Lyons is also used for correcting the errar in dead reckoned
positions shown to the pilot by a two-dimensional moving map. In particular, Lyons

states at page 5-3, last paragraph:

Reconisance or forward-looking sensors provide a convenient method of
updating the navigation system, However, these sensors required Jarge
datalink bandwidth to transmit the video picture to the contro! center and
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hence are vulnerable to ECM. .. Hence, an alternative method of updating

the navigation systerq is desirable. (emphasis added)

The phrase “updating the navigation systern” is used throughout Lyons to refer to the .
adjustment of a two-dimensional moving map in an effort to correct for error due to dead
reckoning.

Rather than requiring the user to actively update the moving map display (i.e.,
Push a button which causes the images to be superimposed, adjusting the moving map,
and pushing an accept button), the terrain map correlation technique attempts to adjust
the moving map (i.e., correct for the dead reckoned error) without pilot intervention using
& laser range measurements and a digital elevation database. In operation, the RPV
transmits to the control center a set of laser range measurements (including an altimeter
rcading). The cﬁutrol 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 stoted in the conmrol center (Figure 10). Based on a calculation
of the possible error assaciated 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 ransmitted laser range
data. The RPV's position is then updated to the Jocation that best matches the transmitted
laser ranges in an attempt o correct the error associated with the dead reckoned positions.

The moving map is then automatically adjusted (without pilot intervention) 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 js used to update the two-
dimensional moving 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 three-dimensional projected image s
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that the image of Figure 10 is generated using square polygons. Square polygons are not
plainer, and therefore, typically are not used for generating images. In contrast,
triangular polygons are plainer and arc typically used for displaying three-dimensional
projected images.

2. ons Doc a bvjaus the Claj entio

In contrast ta 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-dimensional projected” images based on the position and orientation data recejved
from the RPV. Thus, the digital database of claim 1 is used to gencrate a three-
dimensional projected imagc for the pilot, whercas: 1) the moving map of Lyons is a 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 claimg 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 threc-dimensional space” and
configured to transform said terrain data to provide three-dimensional projected image
data representing said remotely piloted aircraft’s cnvironment.” Furthermore, claim 14
requires a display to display the three-dimensional image dara.

[ndependent claim 24 covers 4 remotely piloted aircraft having a communication
8ystem for transmitting the remotely piloted aircraft’s position and orientation to a pilot
station “for transformation into a three-dimensional projected image of said remotely
piloted aircraft’s environment according to a database representing real terrestrial terraig

using polygons.”

002055.Poo4 Patent
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Finally, independent method claim 32 requires; ) “eommunicating said curreat
position and oricntation from said remotely piloted craft to a pilot station;” 2) “accessing
a databasc comprising terrain data that represents real terrestrial terrain as a ser of
polygons;™ 3) “transforming said terrain data into image data representing a simulated
three-dimensional view according to the current position and orientation of said remotely
piloted aircraft;” and 4) “displaying said three-dimensional view using said image data "

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

this rejection has been overcome.,

35 U.S.C. §103 rejection, over Lyons, et ul. in view of Kanaly (US Paten; 4,405,943) -

The Examiner has rejected Clajms 10,11, 19,20, 33, 46-47 under 35U.s.C. 5103
as being obvious over Lyons, et al. ("Lyons") in view of Kanaly (US P 405,943).

Claims 10, 11, 19, 20 and 33 are each dependent on one of the allowablc 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 to claims 10, 11, 19, 20 and 313.

35US.C §103 rejection, over Lyons, et al. in view of Thomberg, et al, (US Patent
5,552,983)

The Examiner has rejected Claims 12-13 2 1-22, and 48-49 under 35 Us.c. 8103
as being obvious over Lyons, et al. ("Lyong") in view of T homberg, et al, (US Patent

3,552.983) Claims 12, 13, 21-22 are each dependent on one of the allowable base claims

U'and 14. Claims 48 and 49 have been canceled (without prejudice). For at least this

QOZ{OSS.POM Patent
Serial No. 08/587,731 Art Unit: 2304
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reason, Applicant respectfully submits that this rejection has been overcome with respect

to clairns 12, 13, 21, and 22.

Coanclusion
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 and the Claims

as amended be allowed.

Drawing Corrections
The drawings have been objected to by the draftsman. The Applicant wil] file

amended drawings at the time of allowance of the present application.
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Invitation for a relephone 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 Deposir Account

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

Respectfully submirted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Daniel M. De Vos
Reg. Na. 37.813

Date: le f2¢ 1997

12400 Wilshire Boulevard

Seventh Floor

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

ne;
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Facsimite [ransml@l Sheet

Date: L.f}

E)ellver to: Tan Nguyen

/ 21
URGENT frs, 97

(Fax No. (703) 308-5333 )

FROM BSTZ:

Phone:

To Firm: U.s. PATent Ano TRADEMARK OFFICE

From: Daniel De Vos
Operator: Dawn Roberts
Page 1 of _14 _

Your Ref: Applic. No.: 08/587,731
Our Ref: 002055.P004

Title: A METHOD AND APPARATUS FOR
REMOTELY PILOTING AN AIRCRAFT

Message:

Sincerely,

Daniel M. De Vos

As agreed, Applicant is resubrmitting the rasponse previously faxed on September 11,
1997. To complete the record, following Is a brief summary of the reasons (as understood by
the Applicant) tor resubmitting the response:

On September 11, 1997 applicant faxed 14 pages to the Patent and Trademark Office.
These 14 pages included a fax cover page, two copies of a two page Transmittal [etter, and a
nine page response. In responsa, Applicant recelved a paper malled on September 12,
1997 indicating that applicants resp
was determined that only one page

onse was non-responsive,
e
of applicants nine page response was actually recsived,

In a telephone discussion, it

CONFIDENTIALITY NOTE

The documents accompanying this facsimile transmission contain information from the law firm of Blakely Sokoloff
Taylor & Zatman which is copfidential or privileged. The information is intended to be for the use of the indlvidual or

entity named on this transmission shast,

If you are not the intended recipient, be aware that any disclosure,
copying, distribution or use of the contents of this faxed information is prohibited.

if you have recaived this

facsimile in error, please notify us by telephane immedlately so that we can arrange for the retrieval of the original

documents at na cost to yau.

IF_YOU EXPERIENCE ANY DIFFICULTY IN RECEIVING THE ABOVE PAGES, PLEASE CALL (408) 720-8588 AND
ASK FOR THE OPERATOA NAMED ABOVE,

n - =t
-r"’-'v,)_' )
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Attomey's Docket No.: 002055 P04

doo2
RECEIVED
act 2 1 1997
AROUP 2300
Patent

In re the Application of: —Jled Margolin

(inventor(s))
Application No.: _ 08/587.731

Filed: _ January 18, 1996

For.

£ VIQLD

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

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

a varified statement praviously submitted,
A varifiad statement to establish srmall entity

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

status under 37 C.F.R,. §§ 1.9 and 1.27 Is enclosed.

*r No additional fes = required.
The fee has been calculated as shown below:
OTHER THAN A
Col. 1 Col. 2) Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest Na,
Ramaining Previously | Present Additional Additiona)
After Amd. Paid For Extra Rate Fee Rate Fee
Totat . ; .
Claims 38 | Minus 49 4] x11]|$ x221$% 0
Indep. . I e
Claims 4 [ Minus 5 o] x40( $ x80O[$ ¢}
First Presentation of Multipie
;] ependent Claim{s +130/3 +260 /3
* Ifthe entry in Col. 1 is less than the entry In Col. 2, Total Total
write *0” in Cal, 3. Add. Fee | $ Add. Fee | $ 0
**  if the *Highest No. Previously Paid Far* IN THIS

SPACE is less than 20, write *20° In this space.
It the *Highest No, Previously Paid For IN THIS SPACE is less than 3, write ¢

* In this

Space. The "Highest No. Previously Paid For* (Total or Indapendaent) is the highest number

found from the equivaient box In Col. 1 of a prior amendment of the number of claims
arginally filed.

1 horeby certify thar this correspondencs is boinyg trapsmiticd by facsimite
Trage

0 the United States Patent and

ark Office in acco; dunce with 37 CFR § 1.6{d), on the date shown betow.

(LdV/cak 10/25/96)

N AL
BERES BV
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Acheckintheamountof$_______ Is attachad for presentation of additional claim(s).
Applicant(s) haraby Pefition(s} for an Extension of Timeof __________ month(s) pursuant to
a7 CF.R. § 1.136(a).
A check for § is attached for processing feas under 37 CF.R. § 1.17.

Plsass charge my Deposit Accaunt No. 02-2666 the amount of $
A duplicate copy of this sheet is enclosed.
X The Commissionar of Patents and Trademarks is hareby authorized to charge payment of the

following fees associated with this communication or credit any overpaymant to Deposit Account
No. Q2-2666 (a duplicate copy of this sheet is enclosed);

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

extra claims.
X Any extansion or petition fees under 37 C.F.R

BLAK A AFMAN LLP

Date: 10/’-' , 1997

Daniel M. De Vos

12400 Wilshire Boulevard

Saeventh Floar Reg. No. _37.813
Los Angalas, Califonia 90025

(408) 720-8598

{LJVicak 10/25/98)
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RECEE,

OCT 2 1 199y

R0
Aftomey’s Docket No.: _002055.P004 hﬁﬁ?ﬁﬂ(}

In re the Application of: __.Jed Margolin
Application No.: __Q8/987.731

Filed: __January 18, 1998 v
For: for ly Pil

(lnvontor(-))_

(titte)
-A8SISTANT COMMISSIONER FOR PATENTS

Washington, D.C. 20231 .

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

Small entity satus of this applicatian under 37 C.F.R. §§ 1.9 and 1.27 has been aestablished by

a verified statement previously submitted.

A verified statement to astablish small entity status under 37 C.F.R. §§ 1.9 and 1.27 Is enclosed.
X No additional fee is required.

The fee has been calculated as shown below:;

OTHER THAN A
(Col. 1) (Col. 2) {Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest Na.
Remaining Praviously | Prasent Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fae
Total X
Cl;m‘ - 38 | Minua | ** 49 o x11(s 2213 0
Indep. . vt
Claima . 4 { Minus 5 0 x40 | % . x80|$ o]
First Presentation of Multiple
dent C +1301($ +260(8
it the entry in Col. 1 is less than the antry In Col. 2, Total Total
write "0 in Cal. 3. Add. Fes | ® Add. Fag | ® 0

*= It the "Highest No. Previously Paid For" IN THIS
SPACE iz leas than 20, write "20" in this space.

If the “Highest Nu. Praviously Pald For" N THIS SPACE is leas than 3, write "3' in this
space. The “Highast No. Previously Paid For” (Total or Independent) Is the highast humbar
fnyqd 'i’!:r:l‘l ﬂ;e aquivalent box in Cal. 1 of a prior amendmaent of the number of claims
ariginal ad,

[ hereby certity that this correspand is belng u itied by facsimil
to the United Stales Patenr and Trade ordancc with 37 CFR § 1.6(d), on the datc shown below,

(LiV/cak 10/25/98)
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A check In the amountof $ is attached for presentation of additional claim(s).

Applicant(s) hereby Pstition(s) for an Extension of Time of month(s) pursuant 1o
37 C.F.A. § 1.136(a).
Achackfor$_______ is aftached for procassing fees under 37 C.F.R. § 1.17.

Please charge my Deposit Account No. 02-2666 the amount of §,

A duplicate copy of this sheet is enciosed.

The Commissionar of Patents and Trademarks is hereby authorized to charge payment of the
following feas associated with this communication or credit any overpayment to Deposit Account
No. 02-2666 (a duplicate copy of this shast ia enclosed):

X Any additional fliing fees required under 37 C.F_R. § 1.18 for presentation of
extra olaims.

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

BLAKEmﬂ (ﬁim. & ZAFMAN LLP

%

Date: ! "/ 2l 197 )
' Daniel M. De Vos
12400 Wilshire Boulevard
Savaenth Floor Req. No. __37,813

Los Angeles, California 80025
(408) 720-8598

(LdV/cak 10/25/96)
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: # L % | UNITED STATES L. ./ARTMENT OF COMMERCE
‘;@ j Patent and Trademark Office

Frayyy Address; COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
| appucarion numeea | FILING DATE 1 FIRST NAMED APPLICANT | ATTORNEY DOCKET NO |
0S/587,731 n1/13/96 MARGOLIN J NDZ0SS.FO04

[— EXAMINER ]

LMz2i/1128

BILAKELY SOKOLOFF TAYLOR AND ZAFMAN NGEUYEN, T
17401 WILSHIRE BOULEVARL [ satowr | easeRnumeen |
7TH FLOOR 8,
LIS ANGELES A FON2S 2763
DATE MAILED:
11725797

This is a communication from the examiner In charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

OFFICE ACTION SUMMARY
Qg(ﬂesponsive 1o communication(s) filed on (O,/ . l// ! q C\ 7

[J This action is FINAL.

] since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 D.C. 11; 453 0.G. 213.

A shortened statutory period for response to this action is set to expire —3 — njomh(s), or thirty days,
whichever is longer, from the mailing date of this communication. Failure to respond within the period for response will cause

the application to become abandoned. (35U.S.C. § 133). Extensions of lime may be obtained under the provisions of 37 CFR
1.136(a).

Disposition ot Clalms
MClaim(s) \ ad 3 2 Mare pending in the application.

Of the above, claim(s)

Is/are withdrawn from consideration.

{J claim(s) is/are allowed.
M Claim(s) \ - ’3 g/ is/are rejected.
{2 Craim(s) is/are objected to.
] claims are subject 1o restriction or slection requirement,

Application Papers
] See the attached Notice of Draftsperson’s Patent Drawing Review, PTO-948.
[} The drawing(s) filed on

is/are objected to by the Examiner,

C] The proposed drawing correction, filed on is (] approved (3 disapproved.

L1 The specitication Is objected to by the Examiner.
{7} The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C.. § 119
L] Acknowledgement is made of a claim for foraign priority under 35 U.S.C. § 119{a)-(d).

T At [T Some* !’ None of the CERTIFIED copies of the priority documents have been
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Serial No.: 08/587,731 2
Art Unit: 2304

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 noted defect can be deferred until the application is allowed
by the examiner.

Claim Rejections - 35 USC § 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 action:
(a) A patent may not be obtained though 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
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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
unpatentable over Lyons 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 viewbof
Wysocki et al. (5,381,338) or Fant (4,835,532) or Beckwith et al. (4,660,157).

a. With respect to claims 1, 2, and 14, Lyons et al. disclose the invention as
claimed (see at least the abstract) including a remotely piloted aircraft (see figure 8,
RPV), a comrunications system 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 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, section Terrain Map Correlation; and figure 8). Lyons et
al. further disclose that the computer accesses said terrain data according to said
remoiely 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

G
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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 made to
incorporate the teaching of either Wysocki et al., Fant, or Beckwith et al. into the
system of Lyon 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 to claim 3, Lyons et al. disclose that 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, 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 figure 8).
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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 controls based on said delay time. However, Kanaly does
suggest 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 &IC teaching of Kanaly into the system of Lyons et al. in order to improve
the system with the enhanced capability of providing more accurate the remote flight
coptrols to the remoted vehicle and receiving the 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

(0o
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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 ébsolute pitch and roll angles. However,
such feature is well known in the art at the time 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 angies for remotely
control the unmanned aerial vehicle (see at least figures 5 and 6). It would have been
obvious to oﬁc 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
input 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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9. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to examiner Tan Nguyen, whose telephone nurnber is
(703) 305-9755. The examiner can normally be reached on Monday-Thursday from
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) 305-3900.
Any response to this actien should be mailed to:

Coramissioner 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).

/tqn
November 20, 1997
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P 72 ey Jed Margolin
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Examiner: T. Nguyen ﬁ/ / ?X/
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Filed: January 19, 1996

For: A Method and Apparatus for

Remotely Piloting an Aircraft

Assistant Commissioner for Patents
Washington, D.C. 20231

-
INFORMATION DISCLOSURE STATEMENT
Sir:

Enclosed is a copy of Information Disclosure Citation Form PTO- 1449 together
with copies of the documents cited on that form. It is respectfully requested that the cited
documents be considered and that the enclosed copy of Information Disclosure Citation

Form PTO-1449 be initialed by the Examiner to indicate such consideration and a copy
thereof returned to applicant(s).

Pursuant to 37 C.F.R. § 1.97, the submission of this Information Disclosure
Statement is not to be construed as a representation that a search has been made and is not

1o be construed as an admission that the infonmation cited in this statement is material to
patentability.

Pursuant to 37 C.F.R. § 1.97, this Information Disclosure Statement is being

submitted under one of the following (as indicated by an “X” to the left of

FIRST CLASS CERTIFICATE OF MAILING

| hereby ceify that this correspondence is being deposited with the United States Postal Service as first
Washington, D.C. 20231 on

class mail with sufficient postage in an envelope addrassed to the Assistant Commissioner for Patents,
February 27,1

(Date of Daposit)
Conny Van Dalen

Name of Person Maifing Correspondence
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2-27-9¢
Signature Data




the appropriate paragraph):

37 C.F.R. §1.97(b).

X 37 C.E.R. §1.97(c). If so, then enclosed with this Information
Disclosure Statement is one of the following:

A certification pursuant to 37 C.F.R. §1.97(e) or

X A check for $240.00 for the fee under 37 C.F.R. § 1.17(p).

37 C.F.R. §1.97(d). If so, then enclosed with this Information

Disclosure Statement are the following:

() A certification pursuant to 37 C.F.R. §1.97(e),

(2) A petition requesting consideration of the Information Disclosure
Statement; and

3) A check for $ for the fee under 37 C.F.R. §1.17(i)
for submission of the Information Disclosure Statement.

If there are any additional charges, please charge Deposit Account No. 02-2666.

Dated: /29,1998

12400 Wilshire Blvd.

Seventh Floor

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

LJV/cak (10/01/96)

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

QLAY

SRIGINAL SICiTh Yy
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Daniel M. De Vos T
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GRIPEN LIKELY
TO FLY AGAIN SOON

CAROLE A. SHIFRIN/LONDON

Apnliminory report on the crash of
the Swedish JAS 39 Gripen fighter
earlier this month has put blame on the
flight control system’s high amplification
of stick commands combined with the pi-
lof's “large, ropid stick movements.”’

“This E 1o the stobilily morgin being
exceeded and the ocircrafl entering o
sall,” Sweden’s accident investigation
boord soid. The ponel said o contribut-
ing foctor was the lote display ol the air-
craft’s “STYRSAK™ ﬂi?:: atitude warm
ing, which gave the pilot 100 lile time to
react.

The board sald oction should be taken

1o aliminate the risk of pilotinduced oscit
lation in the oircroft’s anvelope. After this

has been implementad ond verified, the-

board said i sow no salety reaion
fiights should not be resumed.

The praliminary report of the Avg. B
accident ruled out a system or design de-
ficiency in the Gripen's odvanced flight
contol syrem, which had coused the
crash of the first prototype in February,
1989. A finding of a serious design fault
would have coused a major reevaiuation
of the multirola Gripen [AWAST Aug. 16,

. 78).

P The problem will be relatively easy 1o
correct and the aircroft should be flying
ogain within the nex three o five weaks,

Swedish air force officials said.

The preliminary report on the crash,
which occurred during an oir displ
over centrol Stockholm, said that Saal
Mifitary Aircraft test pilol Lors Rodestram
had entersd o low-speed turn ot a 280-
molers (919-4) aliude with lit afterburn-
o and a speed of 285 km. /hr. {154 kt.].
During the left furn, the aircraft's ongle of
bank was about 63 deg., loading about
2g ond angle of oflack about 21 deg.

When leaving the turn, the pilot ap-
plied an almost maximum mavement of
the control stick to the right o3 ha wos
pushing it forward 10 assume level Right.
The large stick movement coused the aie
auﬁ'om'w«tothc:?lﬂwhﬂclhcon-
gle of onock decreosed. Attempling to
jevel quickly, Radesirom then applied o
lorge movement of the stick 1o the lefi
while continuing 1o push forward to low-
or the nose.

The slevons moved with maximum
speed, chonging the aircralt’s flying chor-
actaristics and reducing its stobility mar
gin. This is when the control systam sent o
signal 10 the aircral's STYRSAK waming
systam that the maximum rate of slevon
Jaﬂocnion hod been reached. The aircralt
rasponded o the pilat’s command with o
roll 1o the lekt combined with o noseup

movement.

TAIWAN INDUSTRY
SEEKS MAJOR GROWTH

MICHAEL MECHAM, TAIPE!, TAIWAN

giwan aerospoce companies, which
. I now have annvol mifitary and civil
owrospacs programs valued of some $1
billion, want to grow six fimes a3 lorge
by the end of the decode though [oint
 vanture work with foreign pariners.
- That theme won siressed last week of
the Tolpsl Aarospacs Technology Exhibi-
fion, atrocted 230 exhibitors from
15 nations—&60% more than in. its frst
" outing two years age. The axhibition s
- proving such a draw tha izets are
" considering the inclusion of flying dis-
. plays for 199S.
" THE REPUBUC OF OHINA'S IDF fighter
" was shown only in a Riflscole mockup
version inside the exhibition hall. But two
? of the First production models—single-
.;and twin-seot versions—wers publicly

displayed for the first time of the nearby
Shun-Shan air base. They appearad
alongside the ATJ advanced jet kainer,
shown in o single-seat light fighter config-
urglon and os a twin-seat rainer. Toiwan
Asrospace hopes to comp
the U. 5. Joint Primary Alrcroft Training
System competition. :

government estimate, Talwan's an-

nual oerospacs growth rate will be 20%

through 1996, Achieving $6 billion in

annual maintenance and production .

work by 2000 would be even mors spec-
locular. But David R. C. Chy, director of
the Committes for Aviation and Space In-
dustry Devslopment {CASID), said it
should be posible, vsing the pending
British Aerospace/Toiwan Aeraspace
ogresment fo jointly produce the R} re-

72 AVIATION WEEK & SPACE TECHNOLOGY/August 23, 1993

the ATJ in

To cotract these movements, Radestrom
moved the stick almost ofl the woy fo the
right and somewhat forword. The oircroft
then rolled fo the right with an angle of
bank of abou 35 deg. in combinafion
with @ nose-down movement 10 =7 deg.
angle of pitch. Rodesirom then moved the
stick rapidly backwards and o the left to
lift the nosa at the some Yime that the air-
cralt's stabilizing functions attempled o
lift the nosa.

“This coused the movement fo
be amplified so much that the siabilizing
affac) of the elavons was insutficient,
whereupon the aitcraft went into a
superstall and became unconirolicble,”
the preliminacy report said.

The STYRSAK warning fo tha pilot that

gional commuter jet and the pending F-
16 ond Mirage 2000-5 fighter ocquisi-
Hons as springboords. .
CASID, ’;go ,government agency
charged with promoting Talwon cero-
spoce developmani, has strong bocki
from 3

Prasident Lee W, In on
dress prepared for the exhibition, Lee emr
- phasizad that of the sight key indusirial

technglogies identified In his national
economic stimulus packoge, seven ore
applicoble to aercspoce. S

CHU DESCRIBED TAIWAN'S goat as be-
ing an Aslon aerospace “hub” in leogue
with foreign porters rather than ory
gronder schame of ocquiring technalogy
now in hopes of setting off later on an In-
dependant course.

“"Our gool is to ba the best partner of
the best companies,”” he said.

Neither Dossault nor ROC Defense
Ministry officials will discuss details of the
panding sale of Miroge 2000-5s. Of por-
ticular Interest isswhat type of offset
agreement might be ochieved for the
fightee.

mn a-w T

ANTNANCS

RV
—-fica

T

¥

P eperD
B 4

3

43

FRA2LY

—ua—




he wos beginning lo saturate the control
rystem was dlsrgoyod 1 sec. after the
ropid stick movemant. Just 6.2 sec.
elopsed from the lime the pilot gove the
command to leave the turn until he

wjected.

The delay in display of the STYRSAK
warning meant the pilot did not have a
chanca to react, the report said. The low
ohtitude did not give him the opportunity
1o lake action to regain control of the air-
craf, and his decision to eject was cor-
rect, It concluded.

Officiols soid the problem that caused
the accident had bean ideniified during
the devalopment progrom. But the risk of
the sitvation occurring In Right was con-
sidered "negligible.” -

The model 13 most likely to be the
) agreement now being implemanted with
K Lockheed for the F-14. It calls for offsets
worth 10% of the $&-biltion controct for
150 oircroft.
1 LOCKHEED OFFICIALS are expecied o
) begin canvaning 19 Taiwan foctorias
this waek lo salect condidates for offset

- work .
i Chy said Taiwon dowes not have priori-
: Yes for the offxsts. Mainienonce and re-
supply are expected to be the major ole-
ments, although original parts supply
could be an element In.later block deliw
- eries, he sald. : :

B Most |
andlysis of the local Industry, he seid.
“Wa have litle eriance, so we have
1o rely on Lockhaﬂ; axpertise,” he said.
Taiwan's mataiiurgy indusiries are ex
pecied 1o provide the core for the offseds,
which means air frame and perhaps 1ome
angine parts will be . Thot is be-
couse Taiwan should be oble to achieve
certification In oirframe parts fouer than

A
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INSTRUMENTS FOR PROFESSIONALS

CHROND LONGITUDE
Designed for ghube-cirdling travetbers, Ihls
' e oh "

hsphays 8 secundd time i by an swsiliary bour
hamd, distinct from the Jocal-time hand, uraler
which it can b retrecte). Prunouncs tegitatity in
the dark. Screw-locked cruwa. Waher-naistant @
30 m. Rovating besc) with wind ruse.
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'Jed Margolin

o Examiner: T. Nguyen
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‘ Art Unit: 2304 5

Filed: January 19, 1996 B
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Remotely Piloting an Aircratt "_ DR ot
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Assistant Commissioner for Patents s p

Washington, D.C. 20231 o

AMENDMENT AND REMARK

Sir:

Responsive to the Office Action mailed on November 28, 1997, the Applicant
respectfully requests the Examiner to enter the following amendment and to consider the
following remark:

AMENDMENT
In the Specification:

On page 3, line 22, pleay

‘eplace "many” with --may--.

On page 3, line 23, please replace "cameras” with --camera--.

In the Claims: // / /

Please cancel claims 10, 11, 19 and 20, withowt prejudice.

Please amend the claims as follows:

FIRST CLASS CERTIFICATE OF MAILING

[ hereby certily that this correspondence is being deposited with the United States Postal Service ss first class mail
with sufficient postage 1 an covelope addressed to the Assistant Convnissioner for Patents, Washington, D.C. 20231
on __ February 27, 1098

(l).IlL'-.(T[ Deposit) .
Couny Vap Dalen

Name of Person Manting Correspondence

@Y\m&'\ Jas SO O 2-0271-9Y

Signature Date
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1. (Once Amended) A system comprising:
a remotely piloted aircraft including,

a position determining system 1o locate 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;

a communications system 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;

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 aircrafl's orientation;

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

a set of one or more remote flight controls coupled 1o said computer for inputting

said flight control information, wherein said computer is also for determining a delay

time for communicating said flight data hetween said computer and said remotely piloted

aircraft, and wherein said computer adjusts the sensitivity of said set of one or more

remote flight controls based on said delay time.

2. (Once Amended) The system of claim 1, wherein;

said remotely piloted aircraft {including:] includes a device for capturing image

‘data; and

said system operates in at least a first mode in which said image data is not

transmitted from said remotely piloted aircraft to said computer at a sufficient data rate to

allow for real time piloting of the remotely piloted aireraft

-2
Attorney Docket 002055.P004 Patent
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{a position determining system for locating said remotely piloted aircraft's

7
/\\)\'B\ 8  position in three dimensions; and

9 an orientation determining system for determining said remotely piloted

10 aircraft's orientation in three dimensional space).

—

l?d/ {Once Amended) A station for flying a remotely piloted aircraft that is real or

2 simulated comprising:
a database comprising terrain data;
4 a set of remote flight controls for inputting flight control information;
5 a computer having a communications unit configured to receive status
6 - information identifying said remotely piloted aircraft's position and orientation in three
7  dimensional space, said computer configured to access said terrain data according to said
% 8  status information and configured to transform said terrain data to provide three

9  dimensional projected image data representing said remotely piloted aircraft's
10  environment, said computer coupled to said set of remote flight controls and said
11 communications unit for transmitting said flight control information to control said

12 remotely piloted aircraft, said computer also to determine a delay time for

13 communicating said flight control information between said computer and said remotely

14 piloted aircraft, and said computer to adjust the sensitivity of said set of remote {light

1S controls based on said delay time; and

16 a display configured to display said three dimensional projected image data.

a position dofermibing system to [ocate sajd renmotely piloted aircraft's position in

\ Attorney Docket 002055.P004 Patent
Serial No. 08/587,731 Art Unit: 3614
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ation, meluding said -

7 remotely piloted aircraft's position and orientation, to a pilot station £ muon

{Toted aircraft's environment

8  into a three dimensional projected image of said remote

‘sentinyf real le;nasﬁﬁll terrain using polygons, said

according to a database rep

communications system glso foeregeiving from sad pilot station flight control

information; and

Gatrol system fobadjtisting said remotely piloted aircraft's flight in response to

control information.

Please add the following new claims:

l[a%. (New) The system of claim 1, wﬁcrcin:

2 said remotely piloted aircraft includes a device for capturing image data; and

3 said system operates in at least a first mode in which said umage data is not transmitted
4 from said remotely piloted craft to said computer but stored in said remotely piloted

5 aircraft.

2

i3

L4

L5

!

j 7

| 152, (New) The metfod of claim 32 turther comprising the step of:

’\ 2 wnﬁing said flight control information responsive to said simulated three

o3 mlhou( any image [ransmitted from said remotely proed Tireratt:

4-
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0 Thc honzon, rather than a rac ol

REMARK

Applicant respectiully requests reconsideration of this application as amended.

35 UJ.5.C. $103 rejection, over Lyons in view of Wysoki or Fant or Beckwith

‘The Examiner has rejected Claims 1-9, 14-18, 23-32, and 34-38 under 35 U.S.C.

§103 as being ohvious over Lyons in view of Wysoki or Fant or Beckwith.
According to M.P.E.P. § 2142, “[t]o estahlish a primary facia case of obviousness,

.. the prior art reference (ur references when combined) must teach or suggest all the

claim limitations. The teaching or suggestion to make the claim combination and the

reasonable expectation of success must both be found in the prior art, and not based on
applicant’s disclosure.” (emphasis added).

CLAIMS 1 and 14

Claim | has been amended to include the limitations of claims 2, 10 and 1. Similarly
Claim 14 has been amended 1o include the limitations of claims 19 and 20. Thus, Clums

| and 14 are discussed under the next rejection directed to claims l(), 11, 19, and 20.
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CLAIMS 24 AND 32

l. The Office Action Misdescribes Lyons

The office action agrees that Lyons does not teach the generation of “three
dimensional image data from the digital database and the navigation information.”
However, Lyons fails to teach more than just the generation of the 3D imuge.

Lyons teaches a pilot station that uses dead reckoning to estimate the location of
the RPV. As is well knowu in the art, dead reckoned positions have accumulating error.
To correct for this error, the RPV transmits some information to the pilot station. The
information transmitted depends on the approach of which Lyons describes two:

1 The transmission of vidco ot radar image data from the RPV to the pilot
station. For the video and radar image data (Section 3, including Figure
8), the pilot station provides a two dimensional moving map on which the
pilot station indicates the dead reckoned position. At various intervals, the
pilot must use the video or radar image to correct the dead reckoned
position (This is what Figure 8 shows).

2) The transmission of laser measurements from the RPV to the pilot station. For

the laser measurements (Section 4, Figure 10-12), the pilot station includes
a database. The pilot station identifies a search area in the database based
on the dead reckoned position - where the current dead reckoned position
is the center of the search area (“expected RPV position” in Figure 12} and
the search area represents the locations the RPV could be due to the
accumulating error in the current dead reckoned position. The pilot station
then compares the laser measurement for various position in the search
areq in an effort Lo locate the correct position of the RPV. Once the
database has been used to locate the correct position of the RPV, the pilot
station indicates the RPVs actual position on the 2D moving map (this
map is not generated based on the database). )
-6-
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One advantage of the laser system being that the error in the dead reckoned
position is automatically corrected using the laser and database, whereas the video and
radar image data system requires user intervention to update. Another advantage of the
Jaser system is that the laser data requires less bandwidth than the video or radar image

data. For a further description of Lyons, see footnote .

' I summary, the Lyons reference teaches various technigues for updating the dead reckoned position of
remotely piloted aircraft on a two dimensional moving map display available to the pilot. In particular, Lyons
contemplutes 3 RPV tmnsmilting information 1o a control center (Figure 1). The control center is used by the pilot to
fly the RPV. To display the position of the RPV to the pilot, the control center provides a “moving map display.” As
contemplated by Lyons, “the most convenient display mode for the present application 1s the rolling map ot ‘pussing
scene’ technique where a new line is added 1o the top of the display and the scene is shifted slowly downwards” (page
5.3, end of first full paragraph). In particular, Lyons contemplates using film to generate the moving map {Figure 3).
The moving map is moved based on the dead reckoned positions of the RPV.

As is well known in the an, dead reckoncd positions have accumulating error. To adjust for this error, Lyons
describes two basic concepts: 1) map matching (Section 3% and 2) terrain map corrclation (Section 4). The map
matching concept requires that the RPV transmit some Kind of image data to the control center. In Figure 6, the
contral center is shown having the moving map display and the sensor display (i.c., a display generated from the image
data transmitted by the RPV). Lyons contemplates the transmission of two kinds of image data: 1) side looking radar
(SLR); andt 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.e., the
display generated based on the transmitted image data) for “likely update features”—landmarks. When the pilot secs a
Jandmark in the sensor display, the pilot presses a transfer button which causes the control center to superimpose the
sensor display aver the moving map (Figure 9). The pilot then udjusts the moving map so that it matches the overlnd
sensor display image and presses an aceept button. By adjusting the moving map in this manner, the dead reckoned
position of the RPV is updated in an atiempt w remove the error associated with the calculation of dead reckoncd
positions (Page 5-3, second, third. and fourth full paragraphs). The simulatcd SLR/map upklate system is illustrated in
Figures 7A and 7B.

Having described the SLR-based map matching technique, the eeal time forward-looking sensor techniyue
will now be described. Lyons describes hasically two techniques of updating desd reckoned RPV positions on a
moving map using only real time forward-looking sensors: 1) an anamorphic projection technigue (page 3-3, fifth full
paragraph; figure R): and 2) a HUD based technique (page 5-3, sixth full paragraph; figure 9). Similar to the SLR
hased technigue, the anamorphic projection technigue requires the pilol to walch the sensor display (i.c., the image
generated frum the transmitted data) for landmarks, press a button which superimpases he transmitted image on the
moving map, adjust the moving mup, and press an accept button. As described in Lyons, in ontler to supenmpaose the
forward-looking transmitted image on the moving map, the forward-looking image is transformed using snamorphic
projection. Lyons goes on to describe various problems with he anamorphic projection technigue, and then describes
the HUD based technique.

In the HUD based technigque, the pilot is presented with twu images: 1) the moving map display (see left-
hand image of Figure 9); and 2) the seasor display generated from the image data transmitted from the real time
forward-tooking sensor on the RPV. The HUD technology is used o allow the pilot to mark landimarks on the
forward-looking sensor hased image. These HUD markings are then superimposed on the moving map, and the pilot
mnakes the necessary adjustments to Lthe moving map (page §-3, sixth fuil paragraph).

In summary, the mup matching techmgues use the following: 1) the transmission of tmage data from the
RPV 10 the control center; 2) a display at the control centet which shows an image based on the real ime image data
‘reccived from the RPY; 3) a moving map display that is moved based an the dead reckoned positon of the RPY; and
4) some manner ol superimposing 1he sensar image onto the muving map to allow the pilot to updale the moving map
i an etfort ta correct the error associated with the dead reckoned positions. Neither the sensor display's fmage nor the
moving map can be equated 1o the generation of "'a three-dimensional projected image’” generated bused upon “u
digital datubase” stored in the control center. The sensor display’s image is based on image data transmisted from the
RPV, while the moving map contemplated by Lyons is 4 two-dimensional, op down view displayed using film (sce
Figures 5 and 7).

Having described the map matching techniyues from Lyons, Applicant will now describe the tenain map
cotrelation technique of Lyons. The terrain map correlation techiiyue descrihed in Lyons is also used for correcting
the errur in dead reckoned positions shown (o the pot by a two-dimensional moving map. In particolur, Lyons slates
at page 5-3, last paragraph:

-7-
Attorney Docket 002055 P04 Patent
Serial No. O8/587,731 Art Unit: 3614

63940




The office action states that Lyons teaches a remotely piloted aircraft that
transmils its position and orientation. However, Lyons actually teaches the remotely
piloted aircraft transmitting either: 1) video or radar image data; or 2) laser
measurements (sce ahove and footnote). Neither the video/radar image or the laser
measurements are the RPVs position, but are data used to either manually or
automatically update the dead reckoned position of the Lyons system. Thus, Lyons does
not teach the claimed transmission of the remotely piloted aircraft’s position and
orientation in three dimensional space (see claims 24 and 32).

In addition, the office action cites pages 5-4, third paragraph, and Figure 8 as
disclosing a single system that accesses a database based on the remotely piloted

aircraft’s transmitted position and orientation and fransforms the terrain data into a

projected image. However, Figure 8 is for a first system in which the RPV uses a
“forward looking sensor” to transmit a video image and the pilot station uses anamorphic
projection to overlay that image on a 2D moving map, which is not generated by

transforining a database of polygons (see page 5-3, paragraph 6), while pages 5-4, third

Reconnaissance or forward-looking sensors provitde a convenient method of updating the
navigation system. However, these sensors required large datalink bandwidth to transmit the video
picture 10 the control center and hence are vulnershle to ECM... Henee, an alternative method of
updating the pavigation system is destrable. (emphasis added)
The phrase “updating the navigation system” is used throughout Lyons to refer to the adjustment of a two-dimensional
moving map in an etfort to correct for error due 1o dead reckoning.

Rather than requiring the user to actively update the moving map display (i.e., push a button which causes
the images to be superimposed, adjusting the moving map, and pushing an accept button), the terrain map correlation
techmigue attempts o adjust the moving map (i.¢., correct for the dead reckoned error) without pilot intervention using
a laser range measurements and a digital elevation database. In operation, the RPV transnuts to the control center a set
of laser rnge measurements (including an sltimeter reading). The control center uses dead reckaned pasitions to both
adjust the two-dimensionat maving map and to estimate the Jocation of the RPV over a digital database map of
clevation points stored in the control center (Figure 10). Based on a catculation of the possible error associated with
the dead reckoned positions, i scarch aren is idemitied in the digital database (Figure 12). A search s then performed
within this search area to identify the position that maost closely ratches the transmmitted laser range data. The RPV's
position is then updated 10 the location that best matches the trunsmitted faser ranges in an attempt to correct the error
associated with the dead reckoned positions. The moving map is then automatically adjusted (without piloy
intervention) to reflect the updated RPV position.

‘Thus, the digital database of Lyons (conceptually illustrated in Figure 10} is not used to generate a three-
dimensional projecied image, but 1y used to update the two-dimensional moving map in an ¢ffort to carrect far the
error in the dead reckoned positons. I addition to the description in Lyons, turther suppon for the fact that the digital
database of Lyons is not used to generate a three-dimensional projected image is that the image of Figure 10 is
generated using square polygons. Square palygons are not guaranteed 10 be planar, and theretore, typicaily are not
used for generating images. I contrast, triangular polygons are guiaranteed to be planar und are Wpically used for
displaying images.

-8-
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paragraph describe a second system in which the RPV transmils laser measurements in
liew of a video stream - Lyons describes the advantages of using one over the other.

With reference to the laser system, the database is simply used to correct for the
accumulating error in the dead reckoned position. Once the actual location of the RPV is
corrected using the database and laser measurements, the database is no longer used or
wansformed. In contrast, the image generated by Lyon’s pilot station is the 2D moving
map with an indication of the corrected RPV location (see footnote 1 for support). Thus,
Lyons does not teach the claimed transformation of the terrain data in the database to
generate a projected image based on the position and orientation transmitted by the RPV.

2. The Combination of Lyons and Wysoki or Fant or Beckwith

The office action cites Wysoki or Fant or Beckwith as teaching the generation of
three dimensional image data from a digital database. However, the claimed invention
requires that the database represent the terrain using polygons (sce Applicant’s claim 24,
lines'9 - 10 and claim 32, lines 10-11). None of Lyons, Wysoki, Fant or Beckwith
generate a projected image using polygons’. Furthermore, none of Wysoki, Fant or
Beckwith teach the limitations of the claims discussed above with reference to Lyons.

Therefore, the combination does not teach the transimission by the RPV of its position and

orientation in three dimensional space, and the pilot station using the received position

and orientation to transform a database representing real terrestrial terrain using polygons

into a three dimensional projected image of the remotely piloted aircraft’s environment.

o described above, the data in the database of Lyons is not used 10 generate an image, but simply 10 update the dead
reckoned position.

With respect o Beckwith, the digital elevation data in the database is points with a constant Rorth up
position, not polygons {see col. 6, lines 2-61; cul. 7, lines J0-26).

Fant describes the use of two databases: 1) the object library database which contains real-workl images, amd
) the gaming area database which provides Lhe information necessasy for the placement of the contents of the object
librasy, surfaces, and special effect on a grid or gaming area (sec col. 6, line 38 - col. 7, line 1. In particular, the Funl
patent is for a high performance computer graphics system that combines Computer Generated Tnmagery (CGH with
Cosputer Synthesized hmagers (CSD w farm Camputer Generated Synthesized hnagery (CGS (see col. 2, ine 53 -
col. 3, line 12).

Wysoki describes a databuse of digital orthophotographs (see col. 4, lines 43-51). Digital orthophutographs
are compulenzed images generated by making geomelric correclions o scanned uerial photographs. In particular, un
aerial photograph contains sone Jegree of distortion. I contrast, maps mamtain u constant scale, but lack the detail of
an aerial photograph. Orthophotography combines the features of maps and serial photographs. The seriad
photographs are unwrapped (0 remove the distartion) and fitted 10 2 particular map projection loscredle an image Nsp
that has uniforni scale and Known accuracy.
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As a result, in certain emhodiments of the invention, the remote pilot can fly the
RPV without any image data being transmitied by the RPV, but based on the 3D
projected image generated by transforming the database, with respect to the RPV position
and orientation received by the pilot station from the RPV, into a 3D image. In other
words, the pilot in the claimed system need not rety on image data transmitied from the
RPV to fly the RPV. For at least this reason, it is respectfully submitted that these clatms

are allowable over the cited prior art.

35 U.5.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Kanaly

The Examiner has rejected Claims 10, 11, 19,20, and 33 under 35 U.S.C. §103 as

being obvious vver Lyons in view of Wysoki or Fant or Beckwith, and further in view of
Kanaly.

As stated above, claim 1 has been amended to include the limitations of claims 2, 10
and 1 1. Similarly Claim 14 has been amended to include the limitations of claims 19 and
0. Thus, Claims 1 and 14 are discussed under this rejection.

Sirnilar to the limitations of Claims 24 and 32, Claims | and 14 require that the RPV
transinit its position and orientation in three dimensional space to the pilot station and
that the pilot station transform the terrain data with respect to the position and orientation
to generate a three dimensional projected image. As previously stated, the combination
of reference does not teach these limitations.

In addition, Claims 1, 14 (as amended) and claim 33 include the limitations of
determining the delay time for communication between the pilot station and RPV, us well
as adjusting the sensitivity of the flight controls based on the determined delay time.

Kanaly does not teach or suggest these limitations. In contrast, Kanaly deals with
4 system in which a remote operator wears a helmet (on which an oculometer is

mounted) that determines where the remote operator is looking. Signals indicating where

-10-
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the remote operator is looking are sent to the RPV. The RPV includes a camera. The
prior art system over which Kanaly distinguishes is one in which the camera on the RPV
provides high resolution data in the center and low resolution data on the periphery. Asa
result, the prior art system must move the camera in response to the remote operators
movements. This camera movement introduces a delay in the image provided to the
remolte operator.

To reduce or remove this delay (not measure it or adjust flight controls) due to
movement of the camera, Kanaly teaches having the camera store high resolution data
over the whole scene in a memory on board the RPV. The RPV transmits the high
resolution imagery corresponding to the center of where the remote operator is looking
and low resolution imagery (based on the stored high resolution data) corresponding to
the remote operator's peripheral vision. As a result, movement of the remote operator’s
head merely requires the RPV adjust from where in the memory the high and low
resolution dita is accessed - the camera need not be moved. “Because the high resolution
data is obtained ;"mm memory and not from the camera equipmicnt directly, as in the prior
art, the scheme in accordance with the present invention permits the camera 1o be
effectively decoupled from the data link.” (sce col. 2, line 56 - col. 3, line 24; col. 8, line
54 - col. 9, line 6).

Thus, Kanaly does not teach the measurement of a communication dclay in order
10 adjust the sensitively of flight controls based on that delay (sce claims 1, 14, and 33).

For at least this rcason, it 1s respectfully submitted that these claims are allowable.

35 U.5.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Thornberg
The Examiner has rejected Claims 12-13 and 21-22 under 35 U.S.C. §103 as

being obvious over Lyons in view of Wysoki or Fant or Beckwith, and further in view of

Thornberg. :
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Claims 12-13 and 21-22 are each dependent on one of the allowable base claims |
and 14. For at lcast this reason, Applicant respectfully submits that claims 12-13 and 21-

22 are allowable.

New claims 50 -53

Claims 50 - 52 cach require that the remotely piloted aircraft include some device
for capturing image data but that the system operate in at least a first mode in which that
image data is not transmitted and/or not used to pilot the aircraft. In other words, the
pilot in the claimed system cannot rely on image data transmitted from the RPV (as in
certain systems of Lyons - radar and video data) to fly the RPV. In certain embodiments
of the invention, the remote pilot can fly the RPV based on the 3D projected image
generated by transforming the database with respecl to the RPV position and orientation
received by the pilot station from the RPV. Of course, additional information that is not
image data could also be transmitted.

Claim 53 specifies the manner in which the {light controls used to pilot the
aircraft are operated. In particulur, certain joystick controls on aircraft operate to indicate
a rate of rotation (e.g., pushing a joystick to the right means the aircraft should start
turning right at the speed indicated by the orientation of the joystick - if the position is
held, the plane will roll). However, the claimed manner of operation requires the joystick
position indicate the orientation of the aircraft with respect to the horizon (e.g., joystick
centered causes the aircraft to fly straight; joystick pushed to the right causes the aircraft

to bank to the right at the angle indicated by the joystick - not roll; etc.).

Conclusion
Applicant respectfully submits that the rejections have heen overcome by the

amendments and remarks, and that the Claims are now in condition for allowance.

.
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Accordingly, Applicant respectfully requests the rejections be withdrawn and the Claims

as amended be allowed.

Drawing Corrections
The drawings have been objected to by the draftsman. The Applicant will file

amended drawings af the time of allowance of the present application.
Invitation for a telephone 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

) /

“Daniel M. De Vos
Reg. No. 37,813
12400 Wilshire Boulevard
Seventh Floor

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

Date: Z,/Z 7, 1998
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DETAILED ACTION

Notice to Applicant(s)

1. This office action is responsive to the amendment filed on March 02, 1998. As
per request, claims 10, 11, 19 and 20 have been canceled. Thus, claims [, 2, 14, and
24 are amended. Claims 50-53 have been added. Thus claims 1-9, 12-18, 21-38 and
50-53 are pending.

2. The prior art submitted on March 02 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 § 103

4. The following is a quotation of 35 U1.5.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Oftice action:
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(a) A patent may not be obtained though 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 the invention was
made.
S. Claims 1-9, 14-18, 23-38, and 50-53 are rejected under 35 U.S.C. § 103(a) as
being unpatentable over Lyons 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), and
further in view of Kanaly (4,405,843).

a. With respect to claims 1 and 14, Lyons et al. disclose the invention as
claimed (see at least the abstract) including a remotely piloted aircraft (see figure 8,
RPV), a communications systemn for comiunicating 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 (sce page 5-2, section Radio Navigation Using

L:-I:)L)LI
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a Data Link, and figure 6 and the rclz;tcd text), a digital database comprising terrain
data (see pages 5-3 and 5-4, section Terrain Map Correlation; and figure 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
for displaying said projected image data (sce 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 columns 6, 8; figure | 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
made to incorporate the teaching of cither Wysocki et al., Fant, or Beckwith et al. into
thq system of Lyon 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.

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
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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 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
incérporale the teaching of Kanaly into the system 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 recejving the accurate position and heading data of
the vehicle from the remoted vehicle.

Thus, because of the motivation set forth above, it would have been obvious (o a
person of ordinary skill in the art at the time the invention was made to combine the
teachings of Lyon, Kanaly, with either Wysocki et al., Fant, or Beckwith et al.

b. With respect to claims 2, 50, and 51, Kanaly discloses that the remotely
piloted aircraft includes a device for capture image data (see figure 3, item 74) and the
image data is stored in the memory (see figure 3, item 21 and the related text).

c. With respect (o claim 3, Lyons et al. disclose that the flight data
communicated between said remotely piloted aircraft and said computer i8 secured (see
page 5-2, first paragraph of the Radio Navigation Using Data Link section).

d. With respect (o claims 4, 5, 7, and 15, Lyons et al. disclose that said

GCob
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remotely pi]étcd 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).

€. 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
Using a Data Link).

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

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

h. With respect (o claiin 23, Lyons et al. disclose that the communications
unit includes at least one of a comniunications 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).

| j- 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.
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‘ k. With respect to claim 29, wherein said video data is transmitted real-time
(see page 5-3, first paragraph of the section Map Matching).

1. Claims 32-38 and 52 are method claims corresponding to apparatus claims
24-31. Therefore, claims 32-38 and 52 are rejected for the same rationales set forth for
claims 24-31.

m.  With respect to claim 53, Kanaly disclose the step of receiving the input
representing a current position of a directional control. The step of interpreting the
current position relative to the horizon is not mentioned. However, it would have been
obvious to one of ordinary skill in the art at the time the invention was made to
interpret the current position relative to the horizon since it is well known for the

control instrument as shown in the figure 1 can be performed such function.

6. Claims 12-13, and 21-22 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., and Kanaly
as applied to claims 1-9, 14-18, 23-38, and 50-53 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 in the art at the time the invention was made. For example,
L]
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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 aerial vehicle (see at least figures S and 6). It would have been
obvious to one of ordinary skill in the art at the time the invention was made ta
incorporate the teaching of Thornberg et al. into the system of Lyons et al. in order to
input 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 but
they are not deemed to be persuasive. Upon amended claims, the newly added
claims, and the updated search, the new ground of rejections has been set forth as
above.

9. [n the amendment, applicants essentially argue that the Lyon reference “fails to
teach more than just the generation of the 3D image™. However, upon examination of
the claims, the references cited clearly cover the subject matter AS CLAIMED by the

applicants. Therefore, the rejection under 35 U.S.C. § 103 is considered to be proper.
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10.  Applicants also argue that none of Lyons, Wysocki, Fant or Beckwith generate a
projected image using pol;lgons. Applicant's attention is directed to figure 10 of the
Lyon reference in which it discloses that the terrain model includes a plurality of
polygons and in figure 1, 3, 5, and column 5, lines 42-49 of the Fant reference do
suggest such feature.

11. Applicants further argue that the references cited do not disclose the determining
of the delay time for conununication. Applicant's attention is directed to column 8, line
54 to column 9 line 35 in which it disclose such feature. Therefore, the new rejection
made is considered to be proper.

12, Applicant's amendiment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the muiling date of this action. In the event a first reply is filed within
TWO MONTHS of the nailing date of this final action and the advisory action is not
ma.i!ed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CIR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no cvent, however, will the statutory period for reply expire

later than SIX MONTHS from the date of this final action.

13.  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 examniner can normally be reached on Monday-Thursday from
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, William Cucbhlinski, can be reached on (703) 308-3873.

Any response to this action should be mailed to:
Box AF

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

or faxed to:

(703) 305-7687, (for formal communications, please mark
“LEXPEDITED PROCEDURE?; for informal or draft
comnnications, please label "PROPOSED" or "DRAFT")

Hand-delivered responses should be brought to Crystal Park II, 2121
Crystal Drive, Arlington. VA., Sixth Floor (Receptionist).
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35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further

in view of Kanaly

The Examiner has rejected Claims 1-9, 14-18, 23-38 and 50-53 under 35 U.S.C.

§103 as being obvious over Lyons in view of Wysoki or Fant or Beckwith, and further in
view of Kanaly.
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As described in more detail below, the Office Action: 1) either clearly
misdescribes Kanaly or clearly asserts an improper rejection regarding Kanaly; and 2)
clearly misdescribes Lyons in stating that Lyons describes an RPV that communicates
“flight data ... including said remotely piloted aircraft’s position” (see Office Action page
3). In addition, Applicant submits that Lyons in view of Wysoki or Fant or Beckwith,
and further in view of Kanaly does not teach the claimed invention

In order to address the numerous references used to support this rejection,
Applicant discusses Kanaly; then Lyons; then the combination of Lyons and Kanaly and
Wysoki or Fant or Beckwith; and finally why Applicant’s claimed invention is not
obvious over the asserted combination.

1} The Office Action either Misdescribes Kanaly or Asserts an Improper

Rejection Regarding Kanaly

The Office Action states that IJ__tﬁ)s does not disclose “the determination of a
delay time for communicating said flight data between said remotely piloted aircraft, and
adjusting the sensitivity of said set of one or more one or more flight controls based on
said delay time.” (see Office Action page 5) Then, the Office Action states that Kanaly
““does suggest delay time for communicating between the ground station and the remote
airborne into account of controlling the remote airbome.” Id. Either, the Office Action
is: 1) incorrectly asserting that Kanaly teaches that the computer monitors the time delay
and adjusts the sensitivity of the controls; or 2) asserting an improper rejection because
“the prior art reference (or references when combined)” do not “teach or suggest all the
claim limitations,” but rather teach away.

a) Assuming the Office Action is Asserting that Kanaly Describes

Monitoring the Time Delay for Communication and Adjusting the

Sensitivity of the Controts Based on the Measured Time Delay

Attorney Docket 002055.P004 Patent
Serial No. 08/587,731 Art Unit: 3614
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Kanaly basically teaches the inclusion of a buffer in a remotely piloted vehicle to
store high resolution image data to mask the time delay for slewing a camera.' However,
Kanaly does not describe that the pilot station computer determine the time delay for
communication and adjust the sensitivity of the controls uccordingly. In particular, the

Office Action cites the following two sections of Kanaly to support the rejection:

It also substantially increases the speed of operation of the system.
Namely, a considerably shorter period of time is required to simply fetch
data from memory, as compared to having to slew the camera, as in the
prior art system described above. The savings in time in fetching the data
from the memory permits the use of more time for digitizing , formatting,
processing, etc. without delaying the image so much as to be noticeable by
the console operator. (col. 3, lines 15 - 24). (emphasis added)

The above quote deals with the delay resulting from having to slew the camera,

not from the communications delay.

At the ground station the incoming signals are down converted and
demodulated from transceiver 54 and modem 51 equipment to obtain
display control signals. The display conlrol signals are used to control the
scanning of the image pixels of the display 31, so as to generate high
resolution data only at the portion corresponding to point of observation of
the operator 10 and equated with that particular portion of the overall
scene data stored in memory 21 aboard the remotely piloted vehicle. It has
been found that the time delay from a step change in look angle by the

' Kanaly Jeals with a system in which a remote operator wears a helmet (on which an oculometer
is mounted) that determines where the remote aperator is looking. Signals indicating where the remote
operator is looking are sent to the RPV. The RPV includes a camera. The prior art system over which
Kanaly distinguishes is one in which the camera on the RPV provides high resolution data in the center and
low resolution data on the periphery. As a result, the prior art system must move the camera in response 10
the remote operator’s movements. This camnera movement introduces a delay in the image provided o the
remote operator.

To reduce or remove this delay (not measure it or adjust flight controls) due 1o movement of the
camera, Kanaly teaches having the camera store high resolution data over the whole scene in a memory on
board the RPV. The RPV transmits the high resolution imagery corresponding to the center of where the
remote operator is Jooking and low resolution imagery (hased on the stored high resolution data)
corresponding to the remote operator's peripheral vision, As a result, inovement of the remate operalor’s
head merely requires the RPY adjust from where in the memory the high and low resolution data is
accessed - the camera need not be moved. “Because the high resolution data is obtained from memory and
not from the camera equipment directly, as in the prior art, the scheme in accordance with the present
invention permits the camera to be etfectively decoupled from the data link.” (see col. 2, line 56 - col. 3,

line 24; col. 8, line 54 - col. 9, line 6). .

3.
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operator 10 to a look angle correction by the oculometer 33 and changes to
a new location in memory 21 from which new high resolution data is to be
read out and its subsequent transmission and appearance on the display
device 31 as high resolution imagery data may be less than 0.2 seconds
using present day modulation and transmission rates. This minimum time
delay is substantially less than the approximate 0.5 seconds required
normally by the human eye before the operator becomes aware of the high
resolution data that he is viewing. (col. 8, line 54 to col. 9, line 6).

The above quote merely indicates that it takes 0.2 seconds to perform the following:
“a look angle correction by the oculometer 33, “changes to a new location in memory 21}
from which new high resolution data is to be read out;™ “jts subsequent transmission,”
and “its appearance on the display.” Thus, Kanaly is discussing the delay of the overall
system and how it has been improved, not the specific time delay required for
communication from the RPV to the pilot station. In addition, Kanaly just recognizes
that there is delay and that the delay is not perceptible to the human eye (In fact, Kanaly
states that the required “0.2 seconds” is “substantially less” “than the approximate 0.5

seconds required normally by the human eye™). Since Kanaly's delay is not perceptible

to the human eye, it is not at all surprising that no where in Kanaly is the idea of having
the computer in the pilot station measure the delay and adjust the sensitivity of the
controls. As such, Kanaly teaches away from the claimed invention by teaching that the

delay is not perceptible to the human eye.

b) Assuming the Office Action is Improperly basing the Rejection on the

Mere Fact that Kanaly indicates that there Exist Delay in His

System, and that Part of that Delay is Due to Transmission of Data

The second quote from Kanaly reproduced above clearly indicates that Kanaly has
determined that the delay associated with “a look angle correction by the oculometer 33,”
“changes to a new location in memory 21 from which new high resolution data is to be

”

read out,” “its subsequent transmission,” and “its appearance on the display” is less than

0.2 seconds. This provides no support for the rejection. .

.4-
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According to M.P.EP. § 2142:

{t}o establish a primary facia case of ohviousness, ... the prior art
reference (or references when combined) must teach or suggest all the
claim limitations. The teaching or suggestion to make the claim
combination and the reasonable expectation of success must both be found
in the prior art, and not based on applicant’s disclosure.” (emphasis
added).

The determination by Kanaly that the delay time for his overall system is
imperceptible by the human eye does not even come close to teaching or suggesting the
claimed limitation of having the computer in the pilot station measure the time delay,
much less doing anything about that time delay (e.g., adjusting the sensitivity of the
controls). In fact, Kanaly indicates that the delay is imperceptible (0.2 is “substantially
less™ than 0.5 seconds), and thereby indicates no need to do anything about the delay.
Thus, if the Office Action is asserting that the mere fuct that Kanaly has determined a
static time of 0.2 seconds for his system and that this time is imperceptible to the human
eye as tcuqhing or suggesting the claimed limitations, the rejection is improper because
claim limitations that are not taught or suggested by Kanaly are being ignored. In fact,
Kanaly teaches away from the claimed invention by teaching that the delay is not
perceptible to the human eye.

2) The Office Action Misdescribes Lyons

Although Lyons has been extensively described in Applicant’s prior responses
and discussed at length in an interview, the Office Action continues to assert that Lyons
describes the transmission of flight data from the aircraft, where that flight data includes
the aircraft’s position. This is clearly not the case.

Lyons teaches the use of dead reckoning.” Dead reckoning is the determination of

an estimated or dead reckoned position that is based on various elements (including

! In summary, the Lyons reference teaches various techniques for updating the dead reckoned position of

remotely piloted aircratt on a two dimensional moving map display availuble to the pilot. In particular, Lyons

contemplates a RPV transmitting information to a control center (Figure 1). The contral center ig used by the pilat o

fly the RPY. To display the position of the RPV to the ptlot, the control center provides a “moving map display.” As

contemplated by Lyons, “the mast convenient display mode for the present application 1s the rolling map or ‘passing
-5.
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scene’ technique where # new line is added to the top of the dispiay and the scene is shifted slowly downwards” (page
5-3, end of first full puragraph). In particular, Lyons contemplates using film to gencrate the moving map (Figure 5).
The moving map is moved based on the dead reckoned positions of the RPY.

As is well known in the art, dead reckoned positions have accumulating error. To adjust 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 image data to the control center. In Figure 6, the
control center is shown having the moving map display and the sensor display (i.c., a display gencrated from the image
data transmitted by the RPV). Lyons c pl the tr ission of two kinds of image data: ) side looking radar
{SLRY); and 2} real time forward-looking sensors, When using the SLR sysiem, the SLR generated image data received
by the control center atlows it to make a downward-looking image. The pilot watches the sensor display (i.e., the
display generated based on the transmitted image data) for “likely update features”—landmarks. When the pilot sees a
landmark in the sensor display, the pilot presses a transfer bution 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 averluid
sensor display image and presses an accept button, By adjusting the moving map in this manncr, the dead reckoned
position of the RPV is updated in an atiempt to remove the crror associated with the calculation of dead reckoned
positions (Page 5-3, sccond, third, and fourth full paragraphs). The simulated SLR/map update system is illustrated in
Figures 7A and 7B.

Having described the SLR-bascd map matching technique, the real time forward-looking sensor technique
will now be described. Lyons describes basically twe technigues of updating dead reckoned RPV positions on a
moving map using only real time forward-loaking sensors: 1) an anamorphic projection technique (page 5-3, fifth full
paragraph; figure B); and 2) a HUD based technique (page 5-3, sixth full paragraph; figure 9). Similar to the SL.R
based technique, the anamorphic projection technique requires the pilot to watch the sensor display (i.e., the image
generated from the transmitted data) for landmarks, 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
forwurd-looking transmitied image on the moving map, the forward-lonking image is transformed using anumorphic
projection. Lyons gues on to describe various problems with the anamorphic projection technique, and then describes
the HUD based technigque.

In the HUD based technique, the pilot is presented with two images: 1) the moving map display (see left-
hund image of Figure 9); and 2) the sensor display generated from the image data transmitted from the real time
forward-looking sensor on the RPY. The HUD technology is used to allow the pilot to mark lundmarks on the
forward-looking sensor hased image. These HUD markings are then superimposed on the moving map, and the pilot
makes the necessary adjustments to the moving map (page 5-3, sixth full paragraph).

In summary, the map matching technigues usc the following: 1) the transmission of image data from the
RPV to the control center; 2) a display at the control center which shows an image based on the real time mmage data
received from the RPV; 3) a moving map display that is moved based on the dead reckoned position of the RPV: and
4) some manner of superimpusing the sensor image ontw the moving map to allow the pilol (o update he moving map
in an effort 10 corvect the error associated with the dead reckoned positions. The sensor display's image is based on
image data transmitted from the RPV, while the moving map conlemplated by Lyons is a two-dimensional, top dawn
view displayed using tilm (sec Figures 5 and 7).

Having described the map matching techniques from Lyons, Applicant will now describe the terrain map
correlation technique ol Lyons. The terrain map correlation (echnigue described in Lyons is also used for correcling
the error in dead reckoned positions shown fo the pilot by a two-dimensional moving map. In particular, Lyons states
at page 5-3, last paragraph:

Reconnaissance or forward-lnoking sensors provide a convenient method of updating the
navigation system. However, these sensors required large datalink bandwidth to transmit the video
picture to the control center and hence are vulnerable to ECM... Hence, an altemative method of
updaling the navigation system is desirable. (emphasis added)
The phrase “updating the navigation systemn” is used throughout Lyons to refer to the adjustment of 4 two-dimensional
moving map in an effort 1o correct for error due to dead reckoning.

Rather than requiring the user to actively update the moving map display (i.e., push a hutton which causes
the images (o be superimposed, adjusting the moving map, and pushing an accept button), the terrain map correlation
technique alempts to adjust the moving map (i.e., correct for the dead reckoned error) without pilot intervention using
a laser range measurements and a digital elevation database. In operation, the RPV transmits to the control center a set
of laser range measurements (including an altimeter reading). The control center uses dead reckoned positions to hoth
adjust the two-dimensional moving map and to estimate the location of the RPV over a digitat database map of
clevation paims stored in the control center (Figure 10). Based on a calculation of the possible error associaed with
the dead reckoned positions, i search area is identificd in the digital database (Figure 12). A search is then performed
within this search area to identify the position that most closely matches the transmiued laser range data. The RPV's
position is then updated 1o the location that best matches the transmitted laser ranges in an attempt to correct the error
associaled with the dead reckoned positions. The moving map is then automatically adjusted (wjthout pilot
intervention) w reflect the updated RPY position.

_6-
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speed, direction, etc), that has accumulating error, and that must be corrected before
generating any image. As such, the Lyons paper discusses techniques for correcting or
updating the dead reckoned positions. In particular, Lyons states “The objective is to
make use of equipment normally carried for RPV operation to supplement a simple dead
reckoning navigation system.” (abstract).

In particular, Lyons describes trunsmitting laser measurements for updating the
dead reckoned position. The pilot station determines error associated with dead
reckoning; identifies a search area in the digital ELEVATION database based on the dead
reckoned position - where the current dead reckoned position is the center of the search
area (“expected RPV position” in Figure 12) and the search area represents the locations
the RPV could be due to the accumulating error in the current dead reckoned position;
compares the transmitted laser measurements for various positions in the search area in
an effort to locate a corrected dead reckoned position of the RPV .’

In fact, Lyons states the following:

This paper discusses methods by which the navigation function for a
Remotely Piloted Vehicles {RPVs) can be achieved without the need for
complex specialized navigation equipment. The objective is to make usc
of equipment normally carried for RPV operation to supplement a simple
dead reckoning navigation system. In this way significant improvements
in navigation capability can be achieved with little or no added complexity
in the vehicle itself. The additional processing is carried out at the control

centre where restrictions on equipment size and cost are not o prohibitive,
(Abstract)

Thus, the digital database of Lyons (conceptually illustrated in Figure 10) is used to update the two-
dimensional moving map in an effort to correct for the error in the dead reckoned pasitions,

‘In addition, the office action cites pages 54, third paragraph, and Figure 8 as disclosing a single system that accesses
a databasc based on the remutely piloled aircraft’s transmitted position and orientation and transtorms the terrain data
into a projected image. However, Figure R is for a first system in which the RPV uses 4 “forward looking sensor” o
trunsmit a video tmage and the pilot station uses unamarphic projection Lo overlay that image on a 2D moving map,
which is not generated by transforming a database of polygons (see page S-3, paragraph 6), while pages 5-4, thyrd
paragraph Jescribe a second system in which the RPY transmits laser measurements in Jicu of a video stream - Lyons
describes the advantages of using one over the other. ‘

-7-
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Again, none of the data transmitted by the RPV (whether it be flight data for dead
reckoning, the dead reckoned position, nor the laser measurements) is the position of the
aircraft; everything transmitted by Lyon’s RPV is data used by the pilot station to

determine a corrected dead reckoned position of the aircraft through complicated

processing, which corrected dead reckoned position is used for display.
Now that Applicant has put forth a more correct reading of Lyons, Applicant will

address what results from combining Lyons with Wysoki or Fant or Beckwith.

3) The combination of Lyons and Wysoki or Faat or Beckwith, in further view of

Kanaly

Lyons describes that the remote pilot station displays to the remote pilot a two-
dimensional moving map (which is not based at all on the digital elevation database) on
which the position of the remote aircraft .is indicated. In particular, Lyons uses the digital
elevation database in the remote pilot station in conjunction with the laser measurements
for automatically updating the dead reckoned position indicated on the two-dimensional
moving map.

The Office Action asserts that the combination of Lyons and Wysoki or Fant or
Beckwith would result in a system that produces “a three dimensional image data from
the digital database and the navigation information.” First, the claims are not that the
image is generated from the digital database and some vague notion of “navigation
‘information,” but require that the transmitted position and orientation be used to

generate the three dimension image (as stated above, Lyons describes a very different

system in which the transmitted data is not used for image generation, but that the
transmitted data goes through complicated processing to generate a corrected dead
reckoned position and that it is the corrected deud reckoned position that is used for
image generation). Thus, the Office Action’s language is improperly disregarding
limitations in the claims. ‘
-§-
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Second, the combination of Lyons Kanaly and Wysoki or Fant or Beckwith would

result in a system according to the following table, where the addition of Kanaly for the

purposes asserted by the Office Action would merely result in making a determination of

the time delay of the entire system to illustrate that the combination is better than the

prior art and/or fast enough not to be perceptible by the human eye.

Lyons in view of Wysoki or Fant or

Beckwith, and further in view of Kanaly

Applicant’s Invention

Aircraft transmits dead reckoning

information

Aircraft determines its own position and
orientation, and then transmits its own

position and orientation

Aircraft transmits laser measurements for

automatic dead reckoned position update

Pilot station determines error associated
with dead reckoning; identifies a search
area in the digital database based on the
dead reckoned position - where the current
dead reckoned posttion is the center of the
search area (“expected RPV position” in
Figure 12) and the search area represents
the locations the RPV could be due to the
accumulating error in the current dead
-reckoned position; compares the
transmitted laser measurements for various
position in the search area in an effort to

locate a corrected position of the RPV,

9.
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As modified by Wysoki, Fant or Beckwith, | The pilot station transforms the digital

the pilot station would then also transform database relative to the position and

the digital database relative to the corrected | orientation transmitted from the aircraft to
dead reckoned position to generate a three | generate a three dimensional image.

dimensional image.

Knowing the time delay and that it is The pilot station computer measuring the
imperceptible to the human eye time delay to communicate with the aircraft

(see claims | & 14)

The pilot station computer adjusting the

sensitivity of the controls based on the

measured time delay (see claims | & 14)

Thus, the asserted combination would result in forgoing Lyon's two-dimensional map,
and instead using Lyons digital database to generate a three-dimensional image (through
some technique in Wysoki, Fant or Beckwith) relative 10 a corrected dead reckoned
position. The above Lable is a fair read of the combination of Lyons and Wysoki or Fant
or Beckwith because none of Wysoki or Fant or Beckwith describe a manner of piloting
of a remotely piloted aircraft; in contrast Wysoki and Fant and Beckwith describe how to
generate three dimensional images from various databases (none of which store the
terrain as a set of polygons).

4) The Claimed Invention is Not Obvious in view of the combination of Lyons

and Wysoki or Fant or Beckwith, and further in view of Kanaly

Clearly, the above table illustrates that the combination of Lyons and Wysoki,
Funt or Beckwith does not describe Applicant’s claimed invention. In particular, the
combination of Lyons, Kanaly, and Wysoki or Fant or Beckwith results in a system (hat
uses transmission of dead reckoning information by the aircraft, some mechanism in the
-10-
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pilot station to correct the dead reckoned positions, and some scheme to generate images
based on the corrected dead reckoned position.'

The laser measurement system of Lyons® relied on by the Office Action requires
the use of “terrain-referenced navigation™ - that is, Lyons describes searching an elevation
database in a search area (based on the estimated error in the dead reckoned position) for
a match to a set of elevation based laser measurements. Terrain-referenced navigation
suffers from a number of disadvantages, including an inability to function over non-
unique terrain (e.g., flat terrain such as deserts, water, etc.). For example, assume that
Lyons RPV is flying over water. The three or more laser measurements taken by the
RPV will all indicate that the terrain over which the RPV is flying is a relatively constant
elevation. According to Lyons, the three or more laser measurements would be compared
to locations in an estimated error region that is a relatively constant elevation because it
maps a body of water. As such, the laser measurements can no longer be used to correct

the dead reckoned position. In fact, Lyons states:

Apart from the errors involved in the actual laser measurements the
accuracy of terrain representation has a considerahle influence on the
feasibility of the method. In addition, the technique is ineffective over the
sea or over flat, featureless terrain. (section 4). (emphasis added).

4 .
Lyons states the followiny:

This paper discusses methods by which the navigalion function for a Remotely Piloted Vehicles
(RPVs) can he achieved without the need for complex speciatized p: vigation equipment. The
objective is 1o make use of eyuipment normally carried for RPV uperation to supplement a simple
dead reckoning navigation system. fn this way significant improvements in navigation capability
can he achieved with ittle or no added complexity in the vehicle itself. The additional processing
i3 carried out at the control cenfcg where restrictions on eyuipment size and cost ure not so
prohibitive. ... Use can also he made of an on-board laser to pravide ran re-10-terain
measurements which, when correlated with a computer stored map, enables the RPV position fo he
continuously updated. (Ahstract)

5 Lyons describes basically two systems: 1) a higher bandwidth system that uses dead reckoning and
transmits images from the RPV (o the pilot station for updating the dead reckoned positions; and 2 a lower bandwidth
system that also uses dead reckoning, bur uses taser measurements for updating the dead reckoned positions. Unlike
the former, Applicant's claimed system does not require the transmission of images 1o Ay the aircraft and 1o correct
dead reckoned positions, but has the remotely piloted aircraft determine and transmit its position and gencrates thrce-
dimensional images from the database in the pilot station from thut transmited position. As described in the text,
unlike the later, Applicant’s claimed system does not use terrain-referenced navigation. ‘

-11-
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Where the data link is limited in bandwidth the laser/tetrain correlation
technique should give good accuracy and the process could be completely
automated to provide a continuous indication of RPV position.
Disadvantages of the system are the Jarge amount of data storage and
computation necessary at the control centre, the development work
required 1o produce an operational system and the unsuitability of the
system over featureless terrain. (section 5). (emphasis added)

Applicant’s claimed invention does not use Lyons dead reckoned positions that
must be corrected in the pilot station using terrain-referenced navigation, but rather
Applicant’s claimed invention requires the remotely piloted aircraft determines and
transmits its own position to the pilot station and that it is this transmitted position and
orientation that is used to generate the three dimensional images (not an untransmitted
corrected dead reckoned position). Again, the asserted combination results in a system in
which the digital database in the pilot station is accessed based on the error associated
with the dead reckoned position, and then the digital database is accessed using the
correct dead reckoned position to generate the three dimensional image (in other words,
the asserted combination does not generate the three-dimensional image using the
position and orientation transmitted from the RPV; in contrast the asserted combination
uses a corrected dead reckoned position that was not transmitted by the RPV). Thus, none
of the data transmitted by the RPV (whether it be flight data for dead reckoning, the dead
reckoned position, image data, or the laser measurements) is the position of the aircraft;

rather, everything transmitted by Lyon’s RPV is data used by the pilot station to

determine a corrected dead reckoned position of the aircraft through complicated
processing, which corrected dead reckoned position is used for display. Thus, Lyons
teaches away from Applicant’s claimed invention in that Lyon’s “objective™ is to put the
onus of determining the position of the RPV on the pilot station to “supplement a simple

dead reckoning navigation system,” whereas Applicant’s claimed invention puts the onus
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of determining position on the remotely piloted vehicle and uses the transmitted position
1o generate the three dimensional image.
In particular, Applicant’s claim 32 requires “determining the current position of

said remotely piloted aircraft in three dimensions; ... communicating said current

position .. from said remotely piloted aircraft to a pilot station; transforming said terrain

data into image data representing a simulated three dimensional view according to the
current position; displaying said simulated three dimensional view using said image
data.” Thus, Applicant’s claim 32 requires that the three-dimensional image bhe produced
from the TRANSMITTED position, not one that is corrected or updated using some laser
measurement dead reckoning scheme. Since Applicant’s claimed invention requires the
remotely piloted aircraft to determine and transmil its own position to the pilot station
and that it is this transmitted position and orientation that is used to generate the three
dimensional images, Applicant’s system provides an advantage over Lyons in that
Applicant’s system does not have difficulty over featureless terrain.

Furthermore, Claims 1 and 14 have additional limitations that the Office Action
improperly asserts are found in Kanaly. The determination by Kanaly that the delay time
for his overall system is imperceptible by the human eye does not even come close to
teaching or suggesting the claimed limitation of having the computer in the pilot station
measure the time delay, much less doing anything about it {e.g., adjusting the sensitivity
ol the contrals). In fact, Kanaly indicates that the delay is imperceptible (0.2 is
“substantially less” than 0.5 seconds), and thereby indicates no need to do anything about
the delay. Thus, Kanuly teaches away from the claimed invention by teaching that the
-delay is not perceptible to the human eye. In contrast, the language of claims | and 14
requires that the computer in the pilot station determine the delay and adjust the
sensitivity of the controls. If there was a static time delay in transmission and/or the
delay was imperceptible, the sensitivity of the flight controls of Applicant’s system could
be permanently set. However, Applicant claim language requires that the computer in the

13-
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pilot station determine the time delay of the communication and adjust the sensitivity of
the controls, thereby requiring at least one real time measurement of the delay and some
adjustment.

Furthermore, Applicant’s claims 24 and 32 require that the database store the
terrain data as polygons. As previously described, none of art used in the rejection make
use of a database that stores the terrain data as a set of polygons. In particular, Lyons
describes the use of an Elevation Database in which each point represents an elevation.
Although Figure 10 from Lyons shows (for illustrative purposes only because Lyons does
not display an image from the database) lines connecting the elevation points, the points
in an clevation database are not stored as polygons. While the images generated by
Wysoki or Beckwith of Fant may look like one or more polygons, the terrain is not stored
in their databases as polygons.® In contrast, Applicant’s claim 24 requires the transmitted
“position and orientation” be transformed “into a three dimensional projected image of

suid remotely piloted aircraft’s environment according to a database representing real

terrestrial terrain using polygons.” Similarly, Applicant’s claim 32 requires “accessing a
database comprising terrain data that represents real terrestrial terrain as u set of
polygons.” Thus, claims 24 and 32 require that the database stores the terrain as

polygons.

* As descrihed above, the data in the database of Lyons is not used to generate an image, but simply o update the dead
reckoned position.

With respect to Beckwith, the digital efevalion data in the database is points with a constant north up
position, not polygons (see col. 6, lines 52-61; col. 7, Jines 30-36).

. Fant describes the use of (wo databases: 1) the object library database which contains real-world images; and
2) the gaming area datshase which provides the information necessary for the placement of the contents of the ubject
library, surfaces, and special effect on a grid or gaming area (see col. 6, line 38 - col. 7, linc 10). In particular, the Fant
patent is for a high performance computer graphics system thas combines Computer Generated Imagery (CGI) with
Computer Synthesized Imagers (CS]) 1o form Computer Generated Synthesized tmagery (CGSE) (see col. 2, line 53 -
col. 3, line 12).

Wysoki describes a datahase of digital orthophotographs (see col. 4, lines 43-51). Digital orthophotographs
are computerized images generated by making geometric corrections to scanned aerial photographs. In particular, an
ascrial photograph contains some degree of distortion. In contrast, maps maintain a constant scale, but luck the detail of
an acrial photograph. Onhophotography combines the features of maps and serial photographs. The aerial
phutographs arc unwrapped (1o remove the distortion) and fitted to a particular map projection to create an image map
that has uniform scale and known accuracy.

-14-
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The remaining rejected claims are each dependent on one of the allowable base
claims. For at least these reasons, Applicant respectfully request this rejection bhe

withdrawn.

35 U.S.C. $103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Thornberg
The Examiner has rejected Claims 12-13 and 21-22 under 35 U.S.C. §103 as
being obvious over Lyons in view of Wysoki or Fant or Beckwith, and further in view of
Thornberg.
Claims 12-13 and 21-22 are each dependent on one of the allowable base claims 1
and 14. For at least this reason, Applicant respectfully submits that claims 12-13 and 21-

22 are allowable.

Conclusion
Applicant respectfully submits that the tejections 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 and 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 time of allowance of the present application.
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Invitation for a telephone 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

Date: 7/(’ , 1998 C&/ ~ /’ //

Danicl M. De Vos
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598
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In re the Application of: __Jed Margolin AMENDMENT UNDER
{inventor(s)} 37 C.F.R.§1.116
Application No.: _08/587,731 EXPEDITED PROCEDURE
Filed: __January 19, 1996 EXAMINING GROUP 3614
For: A Method and Apparatus for Bemotely Piloting an Aircraft —
8 9
(title) = 5
= Ll
ASSISTANT COMMISSIONER FOR PATENTS —_
Washington, D.C. 20231 (R
Box AF Tw
=
SiR: Transmitted herewith is an Amendment After Final Action for the above application. o 5

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been establtshed.by é..
verified statement previously submitted.

D
A verified statement to establish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.
2§ No additional fee is required.

A Notice of Appeal is enclosed.

The fee has been calculated as shown below:

OTHER THAN A

(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fae
Total N ; .
Claims 38 | Minus 49 0 x111% 0 x22 | 3%
Indep. |, :
Claims 3 [Minus 5 Q x41 |3 0 x8218%
. First Presentation of Multiple
.~ "~.. Dependent Claim(s) +135]8 0 *270) 8
* It the entry in Col. 1 is less than the entry In Col. 2, Total Total
writa *0” in Col. 3. Add. Fee | 3 O | Add.Fee|?®
** It the "Highest No. Previously Paid For" IN THIS

SPACE is less than 20, write "20" in this space.

If the "Highest No. Previously Paid For* IN THIS SPACE is less than 3, write “3“ in this
space. The "Highest No. Prev:ously Paid For" (Total or independent) is the highest number

found trom the equivalent box in Col. 1 of a prior amendment or the number of claims
originally filed.

| heraby certify that this correspondence is being deposited with the United States Postal Service as lirst class mail

with sufficient postage in an envelope addressed to the Assistant Commissioner far Patents, Washington,
D.C: 20231

on July 6, 1998
Date of Deposit

Conny Van Dalen
Name of Person Mailing Correspondence
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A check in the amount of § is attached for presentation of additional claim(s).

Applicant(s) hereby Patition(s) for an Extension of Time of month(s) pursuant to
37 C.F.R. § 1.136(a).
A check for $ is attached for processing fees under 37 C.F.R. § 1.17.

Please charge my Deposit Account No. 02-2666 the amountof §____
A duplicate copy of this sheet is enclosed.
X The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following fees associated with this communication or credit 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 prasentation of

extra claims.
X____ Any extension or petition fees under 37 C.F.R. § 1.17.
' BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
Date: 7/6 ., 1998 B nor S
/ Daniel M. De Vos
12400 Wilshire Boulevard
Seventh Floor Reg. No. _ 37,813

Los Angeles, California 90025
(408) 720-8598

(LdV/cak 10/25/36)
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Application No. Applicant(s)

08/587,711 MARGOLIN
AdV'SOTY Actlon Examiner Group Art Unit i
TAN Q. NGUYEN 3614

THE PERIOD FOR RESPONSE: [check only al or b}]
a) { expites __ THREE months from the mailing date of the final rajection.
b} [} expiras either three months from the mailing date of the final rejection, or on the mailing date ot this Advisory Action, whichever
" is later. In no avent, howsver, wil the starutory period for the response expire later than six months from the data of the final
rejection.
Any axtansion of time must ba obtained by filing a petition under 37 CFR 1.136(a), the proposed response and the appropriate fea. Tha
date an which the reaponse, the petition, and the fea have been filed is the date of the response and also the dats for the purpases of

datermining the period of extension and the corresponding amount of the fee. Any extension fes pursuant to 37 CFR 1.17 will be
calculated from the date of the originaily set shortened statutory period for response or as sat forth in b) sbove.

Appellant’s Brief is due two months from the date of the Notice of Appeal filed on {or within any

-
period for response set torth above, whichever is later). See 37 CFR 1.191(d} and 37 CFR 1.192(a).

e

Applicant’s response to the final rejection, filad on 7/9/38 has been considered with the following effect,
but is NOT deemed to piace the application In condition for allowance: ’

1 The proposed amendmaent(s):
[1 will be entered upon tliing of 8 Notice of Appeal and an Appeal Brief,
{J will not be entered because:
{J they raise new issues that would require further consideration and/or search. (See note below),
[ ] they raise the issue of new matter. {See note below).

[ they are not deemad to place the application in better form for appeal by materlally reducing or simplifying the
issues for appeal.

I they present additional claims without cancelling 8 corresponding number of finally rejected claims.
NOTE:

[} Applicant's response has overcome the following rejection(s):

X} Newly proposed or amended claims 7-9, 12-18, 21-23, and 50 would be allowable if submitted in a
separate, timely filed amendment cancelling the non-allowable claims.

Xl The attidavit, exhibit or request for reconsideration has been considered but does NOT place the application in condition
for aflowance because:
Unon the response filed on July 19, 1998, the arquments are partial deemed to be persuasive. Therefore, claims 1 -9,
12-18, 21-23, and 50 . However, the references cited do read on claims 24-38, and 51-52 . -

The aftidavit or exhibit will NOT be considerad because it is not directed SOLELY to issues which were newly raised by
the Examiner in the finai rejection.

x

For purposes of Appeal, the status of the claims is as follows (sas attached writtan explanation, if any):
Claims allowed: 7-9, 12-18, 21-23, and 50

Claims objected to: NONE

Claims rejected: 24-38, 51, and 52

The proposed drawing correction filed on {_has [ has not been approved by the Examiner,

Note the attached Information Disclosure Statement(s), PTQ-1449, Paper No(s).

') Otner ——;/bﬂ

TAN Q. NGUYE
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8/ Assistant Commissioner for Patents EXAMINING GROUP 3614
Washington, D.C. 20231

RESPONSE UNDER 37 C.F.R. § 1,116
EXPEDITED PROCEDURE - EXAMINING GROUP 3614

Sir:
Responsive to the Advisory Action mailed on July 24, 1998, the Applicant
respectfully requests the Examiner to enter the following amendment and to consider the

following remark:

S
AMENDMENT o =
@'
In the Claims: M} -
A
/ Pleuse cancel Claims 24-38, 51 and 52 without prejudice. s
it ’qu ro
£
REMARK

The Advisory Action has indicated that claims 1-9, 12-18§, 21-23, and S0 are
allowable and that cluims 24-38, 51 and 52 remain rejected. Although Applicant disagrees
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with the rejection, Applicant has canceled claims 24-3R, 51 and 52 to place the application
in condition for allowance. Applicant currently plans on filing a continuation to further

pursue the rejected claims.

Invitation for a telephone 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
- )
/ -
/

;

Date: (.")’/L/ , 1998 < ’\Z—f\_/ ( (}{"’ <
Danicl M. De Vés—"
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, Califomnia 90025-1026
(408) 720-%598
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X No additional fee is required.
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Date:

A check in the amount of $ is attached for presentation of additional claim(s).
Applicant(s) hereby Petition(s) for an Extension of Time of ____month(s) pursuant to
37 C.F.R. § 1.136(a).
A check for $ is attached for processing fees under 37 C.F.R. §1.17.
Please charge my Deposit Account No. 02-2666 the amount of $
A duplicate copy of this sheet is enclosed.
The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following fees associated with this communication or credit any ovarpayment 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

X

extra claims.
Any extension or petition fees under 37 C.F.R. § 1.17,
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d

Seventh Floor Reg. No. __ 37,813
Los Angeles, California 90025
(408) 720-8598

.2. (LIV/icak 10/25/96)




ACCESS ACKNOWLEDGMENT
and
SECRECY ORDER RECOMMENDATION BY DEFENSE AGENCY

Application Serial No : 08/587,731 Defense Agency: Navy
Filing Date:  01/19/96 Date Referred:  03/18/96

[hereby acknowledge as indicated by my signature on this form that 1 have inspected this application in
administration of 35 USC 181 on behalf of the Agency/Command specified below. | promise not to divulge any
information from this application for any purpose other than administration of 35 USC 181,

Recommendation
(e.g., ‘Secrecy Not Recommended (SNR)") Reviewer(s) Signaturce/Datc/Command

/& S Llatpr Shste M1y

Instructions to Reviewers:

1. Al individuals reviewing this application are required under 35 USC 181 1o sign and date this form
regardiess of whether they arc making a secrecy order recommendation,

2. The attached copy of the application, any copics made therefrom and this form must be returned to the
PTO once a recommendarion not to impose secrecy has been made or a secrecy order has been rescinded.

Time for Completion of Review:

Pursuant to 35 U.S.C. 184, the subject matter of this application may be filed in a foreign country for
the purpose of filing a patent application without a license any time after the expintion of 6 months from
filing date wniess the application becomes the subject of a secrecy order.
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ACCESS ACKNOWLEDGMENT
and
SECRECY ORDER RECOMMENDATION BY DEFENSE AGENCY

Application Serial No.: 08/587,731
Filing Date:  01/19/96 Date Referred:  03/18/96

1 hereby acknowledge as indicated by my signature on this form that 1 have inspected this application in
adwinistotion of 35 USC 181 on behalf of the Agency/Command specificd below. | promisc not to divalge any
information from this application for any purpose other than administration of 35 USC 181,

Defense Agency: AirForce

Recommendation
(e.p., ‘Secrecy Not Recommended (SNR)") Reviewer(s) Signature/Date/Command

foirr

Instructions to Reviewers:
1. Al individuals revicwing this application are required under 35 USC 181 to sign and date this form
regardless of whether they are making a secrecy order recommendation.

2. The attached copy of the application, any copies made therefrom and this formm must be retumed to the
PTO once a recommendation nol to impose secrecy has been made or a secrecy order has heen rescinded

Time for Completion of Review:
Pursuant to 35 U.S.C. 184, the subject matter of this application may be filed in a foreign country for

the purpose of filing a patent application without a licensc any time after the expiration of & months from
filing date unless the application becomes the subject of a sccrecy order.
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Application No. Applicant(s)

08/587,731 MARGOLIN
InterVIew Summary Examiner Group Art Unit
TAN Q. NGUYEN 3614

All participants {applicant, applicant's representative, PTQ personnel):

(1) TAN Q. NGUYEN (3)

(2) DANIEL M DE VOS (4)

Date of Interview 8/20/98

Type KXTelephonic [Bersonal (copy is given to dpplicant agplicant's representative).

Exhibit shown or demonstration conducted: Yes WG, if yes, brief description:

Agreement [(Xjvas reached. "Was not reached.

Claim(s) discussed: 53

ldentification of prior art discussed
NONE

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:
CLAIM 33 1S REQUESTED TQ BE CANCELED SINCE |T DEPENDS ON CLAIM 34 WHICH WAS CANCELED. THE

AGREEMENT WAS REACHED.

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render
the claims allowable must be attached. Also, where no copy of the amendents which would render the claims allowable
is available, a summary thereof must be attached.)

1. X! itis not necessary for applicant to provide a separate record of the substance of the interview

Unless the paragraph above has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE
LLAST OFFICE ACTION 1S NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP
Section 713.04). If a response to the last Office action has already been filed, APPLICANT IS GIVEN ONE MONTH
FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW.

2 X Since the Examiner's interview summary above (including any attachments) reflects a complete response to
each of the objections, rejections and requirements that may be present in the last Office action, and since the
claims are now altowable, this completed farm 1s considered to fulfill the regponse requirements of the last
Office action. Applicant is not relieved from providing a separate record of the interview uniess box 1 above
1s also checked

Exammer Note: You must sign and stamp this form unless & is an attachment to a signed Otfice action.

U S Patent and Traitemark Office

PTO-413 (Rev. 10-95) Interview Summary Paper No
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@ UNITED STATES DEPARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

[ appucationno. | FuneoaE ] FIRST NAMED INVENTOR ]| ATTORNEY DOCKET NO. |
VS 01719796 MARGOLIM J DOZOSS Pang
. EXAMINER |
r . PMz1/oEza l
BELAKELY SOROLOFF TAYLOR ANMD ZAFMAMN NELIYEN, T
12400 WILSHIRE BUOLLEYARD [ aaronr | earen o |
FTH FLOOR

LOS ANGELES CA 90025 e 4 / g

DATE MAILED:
Q/ 24792

Please find below and/or attached an Offlce communication concerning this application or
proceeding.

Commissioner of Patents and Tradumarks

o nmwef\

PTO-80C (Rev 2/85]

11 U.8.GOVERNMENT PRINTING OFFICE 1508 411 638/40278 1- File Caoy
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Application No. Applicant(s)
08/587,731 MARGOLIN
Notice of Allowability i Sroup AT TR
TAN Q. NGUYEN 3614

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

X This communication is responsive to 08/07/98 and 08/20/98

X! The allowed claim(s) is/are _1-8, 10-17, 21-23, and 50 (now renumbered as 1-20)

[T} The drawings filed on are acceptable.

| Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 118(a)-(d).
[} At [JSome* [Mone of the CERTIFIED copies of the priority documents have been
[] received.
{1 received in Application No. (Series Code/Serial Number)

[7) received in this national stage application from the International Bureau (PCT Rule 17.2(a)}.

*Centified copies not received:

7} Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHEROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

{7) Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION 1S REQUIRED.

X

Applicant MUST submit NEW FORMAL DRAWINGS
["1 because the originaily filed drawings were declared by applicant to be informal

X} including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-948, attached hereto or
toPaperNo. __ 3 .

{7} including changes required by the proposed drawing correction filed an , which has been
approved by the examiner.

| ¢ inciuding changes required by the attached Examiner's Amendment/Comment.

identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson.

"1 Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBERY). If applicant has received a Notice of Allowance and Issue Fee Due, the iISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should aiso be included.

] Notice of References Cited, PTO-832

i i Information Disclosure Statement(s), PTO-1443, Paper No(s).
¢ ! Notice of Draftsperson's Patent Drawing Review, PT0O-948

' | Notice of Informal Patent Application, PTO-152

X Interview Summary, PTO413

7+ Examiner's Amendment/Comment

Attachment(s) /
J
J
|

! | Examiner's Comment Regarding Requirement for Deposit of Biological Material
i) Examiner's Statement of Reasons for Allowance

U S Patent and Transmark Office

PTO-37 (Rev 9-95) Notice of Allowabillty Part of Paper No 16

D
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f"\ UNITED STATES DEPARTMENT OF COMMERCE

Patent and Trademark Office
NP,

NOTICE OF ALLOWANCE AND ISSUE FEE DUE

APPLICATION NO. L FILING DATE TOTAL CLAIMS EXAMINER AND GROUP ART UNIT I DATE MAILED

DRREI AR e e PR D S SR g L

"

ATTYSDOCKETNO. | CLASS-SUBCLASS | BATCHNO. | APPLN. TYPE [ smaenrrry FEEDUE | DATE DUE

SN B S RRN A AN AR IE S OY Vi N Siin T i L e

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT,

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED.

HOW TO RESPOND TO THIS NOTICE:

. Review the SMALL ENTITY status shown above.
If the SMALL ENTITY is shown as YES, verity your If the SMALL ENTITY is shown as NO:
current SMALL ENTITY status:

A. If the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and A. Pay FEE DUE shown above, or
Trademark Office of the change in status, or

B. if the status is the same, pay the FEE DUE shown
above. B. File verified statement of Small Entity Status before, or with,

payment of 1/2 the FEE DUE shown above.

1l Part B-Issue Fes Transmittal should be completed and retumad to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even If the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and retumed. If you are charging the ISSUE FEE to your deposit account, section “4b” of Part
B-lssue Fee Transmittal should be completed and an axtra copy of the form should be submitted.

. All communications regarding this application must give application number and batch number.
Please diract all communications prior to Issuance to Box ISSUE FEE uniess advised to the contrary,

IMPORTANT REMINDER: Utllity patents issulng on applications filad on or after Dec. 12,1980 may require payment of
malntenance fees. It is patentee’s responsibllity to ensure timely payment of maintenance
faes when due.

PAYENT AND TRADEMARK OFFICE CCPY

PTOL-85 (REV. 10-88) Approvad for usa through 0&8/30/99. (0651-0033)

Juod




UNITED STATY . DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

28/587,12 | P~
3

[ appucationro. | FILNGDATE | FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO . 1
TR FARCTENAt! 7 T775E TR TR HHEA S

FME /1201
r i -1 EXAMINER ]

SLAKELY SOEILOFF TAYLOR AMD ZAFMAN MY e
WILSHIRE GO E VAR

[ aaTunr PAPER NUMBER |
[ ANu 1ES CA NS ey

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding.

[o] iss) of Pat and Trademarks

o M

PTQ-90C (R 2/96
Rev } 1- File Copy

“US GPO: 1898437 638/80022
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Application No. Applicant(s)

)

(u /@M‘hg 08/587,731 MARGOLIN
NOtice o A”OW&bI’Ity Examiner Group Art Unit
TAN Q. NGUYEN 3861

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previousty mailed}, a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

X! This communication Is responsive to 09/03/98

X! The allowed claim|s) is/are 1-9, 10-17, 21-23, and 50 (now renumbered as 1-20)

X} The drawings filed on 1/19/96 are acceptable.

') Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a}-{d).
{3 An {7) Some* [] None of the CERTIFIED coples of the priority documents have been
{7) received.
"} received in Application No. (Series Cods/Serial Number) .
[1 recelved in this national stage application from the International Bureau {PCT Rula 17.2{a)).
*Certitied copies not received:
[J Acknowledgemaent s made of a claim for domestic priority under 35 U.S.C. § 119{a).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

{1 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PT0O-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

{] Applicant MUST submit NEW FORMAL DRAWINGS
(7} because the originally filed drawings were declared by applicant to be informal,

[J including changes required by the Notice of Draftsperson’s Patent Drawing Review, PT0-948, attached heretp or
to Paper No.

[ 1 including changes required by tha proposed drawing correction filed on ., which has been
approved by the examinar.

. } including changes required by the attached Examiner's Amendment/Comment.
Identlfylng indicta such as the application number (sae 37 CFR 1.84{c)} should be written on the raverse side of the

drawings. The drawings should be filed as a separate paper with a transmittal lettter addrassed to the Official
Draftsperson.

"] Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any rasponse to this letter shouid includé, in the upper right hand corner, the APPLICATION NUMBER {SERIES
CODE/SERIAL NUMBER). If applicant has received a Naotice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should aiso bs included.
Attachment(s)

{] Notice of References Cited, PT0-892

|} Information Disclosure Statement(s), PTO-1449, Paper No(s).

X Notice of Draftsparson’s Patent Drawing Review, PT0-348

.} Notice of Informa! Patent Application, PTO-152

[ ] Interview Summary, PTO-413 an /)/

[] Examiner's Amendment/Comment

"! Examiner's Comment Ragarding Requirement for Daeposit of Biological Material TAN Q. NGUKEN

I

| _. Examiner's Statement of Reasons for Allowance : PRIMARY EXAMIN
ART UNIT 3661

U. 5. Patent and Trademark Office

PTO-37 (Rev. 9-95] Notice of Allawability Part of Paper No. 17
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Form PTO 948 (Kev, 8-9R) V.S DEPARTMENT OF COMMERCE - Patent and Trademark Oifice  Application No. ( ’ - &

NOTICE OF DRAFTSPERSON'S
PATENT DRAWING REVIEW

ll:;gn/:;b(s) fied {insent d.m.) J_qj.glg

ippruved hy the Drattspoissn wnder 37 CFR L4 or 1152,
U Gbjeced w by the Drafisperson uades 37 CFR 184 or 1152 for the reasons indicared below. ‘Fhe Examiner will require
submission of new, eorrected drawings w hen necessary. Corrected drawing must be sumilted according o the instructions on the back of this notice.

. DRAWINGS. 37 CFR 1.84(n): Acceplable categorics of drawings: 8. ARRANGEMENT OF VIEWS. 37 CFR 1.84(i)
Riack ink. Color. _ __ Words do ol appear on a hatizontal, kefi-o-right fashion
—_ Colin draveings are not acceplable unil petiton is granted. when piige is either uprigit or turoed so thal the 1op
Fie(s) berowes the right side, except forgraphs. Figes)
Peacil amd non black iuk not pennitted. Vig(s) o W SCALE. 37 CFR 1BA(M)

2. PH()’](XJRAI‘H'\ A7 CEFR LKA ()
1 Tubl-sone setis veyuired. Fig(s)

Seale mitlarge enough to show mechanisny without
crowdiny when dawing is reduced insive 1o two-thinds in

___ Photogrepbis aot property smonoicd (st use bystol hoard ar reprodwction,
phatographic doubileweight papor). Figls) Figls) .
_ Voorquality (hallene). Fisy 1. CHARACYER OF LINES, NUMBERS, & |ITTERS.
LOTYPE OF PAPTR. 37 CFR .84:) . 37 CFR L84
____ Paper nat ilexibie, strong, while, and dutable. oo Lines, munhers & fclters nob wnifarmly thick amd well
Fig(s) . defined, clean, dutatie, and black (poor line quatity).
—__ Erasures, sherations, overwritings, intertincations, Fig(s)
fulds, copy machine marks not accepicd. Fig(s) . 11, SHADING. 37CFR 1.84(m)
___ Mylar, velons paper is not acceptable (ton thing. —— Solid bluck arcas pale. Fig(s)

_ Solid black shading not permitied. Fig(s) ___
Shade lines, pale, mugh and blurted. Fig(s)

Fipls) __
SIZE OF PAPER, 374

JFR L840 Avcoptable sizes:

___2bdvem by 307 co (INN size Ad) 12. NUMBI RS, LEITERS, & REFERENCE CIIARACTHRS,
b emby 279 e (8 12 x 11 inches) 37 CFROL3(p)
___Altdrawing sihcels not the same size. —— Numbors and reference characters not phain-and legihle.,
Sheet(s) - Fig(s) _

l)rnwm;,: shuets not an 2cceptable size. Fig(s)
s, MAR(pIN 37 CER VBI{g) Acceptable ivargins:

. . _____ Figure legends ate | poor. Fig(s)

. Numbers and seference chatacters wol oricated in the
samwe dircction as the view. 37 CFR 1.RB4(p)(1)

‘top 2.5 an tedi 2.5em Right 1.5 e Botlow 1.0 ey

SIZF: A4 Sivc _ . English alplmhumn used. 7 CFR LEI(p)(2)
Top 25 em Lei 5 e Right 1.5 cm Bowomy 1.0 em Figs

5 Y2k . Numbers, letters and reference characters must be b least
Margins not acceplaite. Fig(sy A2 em (18 inchy in beiglt. 37 CFR 1_B4(pu 3}

Top (1) et Fip(s)
~ Right () Botivm (1) 13 LEAD LINES. 37 CFR 1.84(g)
6. VIEWS. 37 CHR 1L.84(h) . Lesd lines cross each mhu Fig(s)

REMINDUR: Specification inay teqnine gevision w —— | ead tines missing.
correspoid o drawing changes. EL RUMBERIMG OF SHEETS OF l)RAWlNUb ITCER 1.84()

Partial views, 37 CFR L8NS Shicets oo mannbered consecntivety, and in Arabic nuwinerals
Drackets needed 10 show figare as one entity. bepmmng with number 1. Sheed(s)

Figts) . 15, NUMBERING OF VIEWS. 37 CFR ) H4(0)
_ Vicws ne shed separately or properly. e Views not nuinbesed consceutively, and in Arabic awinerals,

Fip(s) _ e heginning with number 1. Fig(s) ___

_ DIntarged v uot Libueled sepurctely o properly, L6, CORRECIIONS, 37 CFR |.R4(w) -
¥ N _ ___. Uarrections not made from prior FFO-948

7. SECTIONAL VIEWS. 37 CFR L84 (h)( Y dirted

__ Hatching not ilicated for sectional partions of an ubjeci. 17. DESIGN DRAWINGS. 37 CFR 1152
Fig(sy ___ . ___ Suiface shading shown not appropriate. Fig(s)

___Sectionai designation shouwtd be noted with Arabic ot . Sulid black shading ot used fof colar eontrast.
Roman numbers, Fig(s) ___ Fig(sy

COMMENTS

1 /7
REVIEWER KA D . DATF.‘_[ i jZ_\:?tgg'rm,lzmmNnNO. L

ATTACHMENT TO PAPER NO. _

oo




PART B—ISSUE FEE TRANSMITTAL

A2 - 0L
St - Z

Comphum matl this form, together with applic, jeas, to:  Box ISSUE FEE
Assistant Commissioner for Patents

Washington, D.C. 20231

MAILING INSTRUCTIONS: This form should be used for ransmitting the ISSUE FEE. Biocks 1

through 4 should be dwhere

P approp

asir d unieas corrected below or directed otherwise

o

pecitying a new f

maintenanca fee notifications.

Af further correspondenca including the lssue Fee
Raceipt, mn Palem advance ordars and notification of maintenance fees will be mailed to the current

wdence address; and/or (b) indicating a separate “FEE ADDRESS® for

Note: The certficats of malfing below can only be usad for domastic
mailings of the Issue Fae Transmittal. Thia certificale cannot be used
for any othar accompanying papers. Each addional papar, such as an
assigrumen of format drawing, must have its own canificats of maiting.

Cartificata of Malling

n Block 1, by (a)

CURRENT CORRESPONDENGE ADDRESS (Nots: Legibly mark-up with sny correciions o use Biook 1)

{ heraby certify that this iasue Fee Tranamittal is being deposited with
the United States Postal Sarvioa with sufficient postege for first class
mait in an envelopa addressed 10 the Box issus Fes addrass above on

the dale indicated below.
FM21 /024

EBLAKELY SOEMOFF TAYLOER ARND  ZAFMARN hbéfé“

12400 NIL‘;’HIF\E BOIL EVARL: 9/5,,;/[/‘\ Conny Van Dalen {Depoanors name)

7TH ) Q 3

LOS Co . ™ VoA LU (spam)

11-24-98 (Dwn)
APPLICATION NO, [ rumeoare | torwcams  JIn NER AND GROUP ART UNIT | oaEmaseD
F

D L) 23 Gl 240 2o J'A'"‘A'A - Hr~=| Il_?‘e I ot 4 3 Fo Pl B R’ W B BV’
m = - 7 et v T = .i LS Loy gy wog v T LA Shy o pSp N gy JOT
Applcant

M2 ntioln) me g\ T
TITLE OF ot \
EA \\
METHODR ANDE APFARATUS FOR REMOTELY FILOTING AN AIRCRAFT
ATTY'S DOCKET NO. | ocasssusciass | satcino. | apmn TR [ suaLenmiry | reeoue ] DATE DUE
2 T Mt LA ST 2 S i b F B Yo B P ML YL Yo e 3 4 L4 sao
1. of cor or  of * Fag Addresa® (37 CFA 1 363) 2. Fox piinding an e patars 'm}ﬂpego P R4
unowTomm(a)wcmmmemmam d, but not (1) the names of up to 3 registersd patent  Blakely, Sokoloff,

(] Change of comespondance addraas {or Changa of Correspondance Addrees form
PTO/SB/122) attached.

{T1“Fae Address® indication (or “Fse Addreas” indication form PTO/SE/47) attached.

attomays or agenta OR, attemaltively, {2)
lhenamuof a single fim (having as a
y or agent)
mdmenmmolmlozmamdpmam
attomeys ar agents. {f no nama |s iisted, no
name will ba prinied.

pTaylor and Zafman LLP

3

3 ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or tyna)
PLEASE NOTE: Unless an assignea is identiied below, no assignee data wilt appaar on the palant.

Ao,

4a. The foliowing (ees are enciosed (make check payabie (0 Commissioner
of Patents and Trademarks):

Inclusion of assignee data is only appropiate whan an has been pi
tha PTO or is being under cover.
fifing an assigrvment.

{A) NAME OF ASSIGNEE

C

(B) RESIDENCE: (CITY & STATE OR COUNTRY)

Please check the approp
O indhvidual

e

categary
{7 compomation or other private group antty [} govemmaent

on of this lorm is NOT a subsititue for

below {will not be printed an the patant}

A
y submitied to X1 Fes

X Advance Order - 8 of Coples__ten (10)

a.mtmwmmummmhmamlmmmmwm:
DEPOSIT ACCOUNT NUmMBER _02-2666
(ENCLOSE AN EXTRA COPY OF THIS FORM)

1X tssus Fea
4 Advance Order - #of Copiea___ten (10}

The COMMISSIONER OF PATENTS AND TRAADEMARKS ’a raquested 10 apply the lssue Fee o the application identifisd above.

(WMSW 7%/&/{5 129

7

hik

12/20/1998 RTEERATE 00000150 o7

NOTE; The Issue Fea will not bo]ar,oepm from anyunJotmr than the applicant; a reglslamd anomey
or agent; or the assignee or othar party In interest as shown by the records of the Patent and

Trademark Otfica,

- o Fripe
i 02 FC3561 ‘&3 :

Buroen Hour Statemaent: This form is estimated to take 0.2 hours to complets. Time will vary
dapending on the needs of the individual casa. Any comments on the amount of time required
o complete this form should be sant to the Chiel Information Officer, Patent and Trademark
Office, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, Assistant Commissioner for

Patents, Washington D.C. 20231

Under the Paperwork Reduction Actof 1995, no persons are required to reapond 1o a collection

ol i n urdess it displ

Py

a vafid OMB control numbaer,

TEAKSIY THIS
PTOL-858 {REV.10-06) Approved for use through 08/30/93. OMB 0851-0033

FOFfN WiTH FEE

Petant and Trademark Office; U.5. DEPARTMENT OF COMMER G O {) U B




PART B—ISSUE FEE TRANSMITTAL
Complite and mell this form, together with applice! Box ISSUE FEE
Aasistant Commissioner for Patents
Washington, D.C. 20231

o8, t0:

MAILING INSTRUCTIONS: This torm should be used for transmitting the ISSUE FEE. Blocks 1
through 4 should b completed where appropriate. All further comespondence including the Issue Fee
Receigt, the Patent, advance orders and nofification of maintenance fees will be mailed to the current
coirespondance address as indicated uniess comected balow or directed otherwise in Block 1, by (a)
specitying » new correspondence address; and/or {b) indicating a separate *FEE ADDRESS" lor
_maintenanca lae notifications.

CURRENT CORRE SPONDENCE ADDRESS (Nola: Legibly mark-up with any corrections o uss Block 1)

Nua;mmnlhcuwolmamr\ghelowmnodyb.uudlumm
maiings of the Issus Fes Transmittal, This certificate cannot ba used
for any other acce ying papers. Each additk paper, such as an
miqmemmlonmldmvdng,muhnvanxmmnlﬂtzmolmalﬁm4

Certificate of Malllng

| harsty cartity inat this Issus Fee Transminal s with
tha United Statas Postal Service with sufficient postage for first class
nwlhanmbpoaddvaﬁodhmaoxhummmu\

tha date indicated below.
P2y /0
ELAKELY - DLOFF TAYLOR AMD ZAFMAN
17240 n:lI wle“ ITRE BOULEVARD Conny Van Dalen Daprmtors nama)
YTH FLOOR y
LUS AMGELES CA 9002S f’?”‘*(j“ Vool es — o
i1{-24-43 (Dasa)
APPLICATION NO. | runeoare | voractams 1 EXAMINER AND GROUP ART UNIT | oaremaien
S Lo ey 4L 310 L Tl S AVl | x o 4 A N -
— SASS T 2o R Ea M E R —F S A
Applcant
1 (At e vy 1 o - TEDY
TITLE OF A
INVENTION “
METHOL AMI: ARPFARATIS FOR REMOITELY PILOTING AN AT RCRAFT
ATTY'S DOCKET NO. | ctasssusciass | eatchino. | PPN TYPE | swauwentiv | reeoue | DATE DUE
2 A Ty B i | 2413 4000 O 1342 YL T Ty 4 s~ -
1. doreses 3 ) A2

or of * Fee Addrass" (37 CFR 1.363).
Use of PTO form(s) and Customer Number ars

rscommended, but not required. (1)lhenamdmn3mgﬁmmdpatem
attomeys or agents OR, alematively, (2)
the name of a single firm (having a5 a
membar a regisiered atiomey or agent)
andmonameaompmzasglmamdputm
atiomeys or agents. If noname s iistad, no
name witf ba printed.

DChnnqe of comespondance addrass {or Change of Correspondence Address form
PTO/SE/122) attached.

[3“Fae Address® indication {or “Fee Address® indication torm PTO/S8/47) attached.

o ¥ YES FrE O -6
2. Forprning on the patent fror fage. fist -

o

i

1Blakely, Soknloff,

oTaylor and Zafman LLP

3

14

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type)

PLEASE NOTE: Unless an assignee Is identified below, no assignea data wil appsar on the patent.
Inciusion of assignes data is only appropiais when an assignment has been previously submittad to
the PTO or ts being submitled under saparte cover. Completion of this form is NOT a subshtitue for

fifing an assignment.
(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY & STATE OR COUNTRY)

Please check the appropriate assignes catagory indicated below (wifl not be printed on the palent)
3 navidual [ coporation or other private growp entity ] government

4a. The folowing leas ame anciosed {make check payabie 10 Commissionar
of Patents and Trademarks):

(X tssue Fea

(X Advance Order - # of Coples__ten  (10)

4b. Tha foliowing fees or deficiency in these tees shoukd be charged ta:

DEPOSIT ACCOUNT NumBer __(12-2666
(ENCLOSE AN EXTRA COPY OF THIS FORM)

1 1as0e Feo

[ Advance Omter - # of Coples __ten ao)

The COMMISSIQNEH OF PATENTS AND TRADEMARKS IS rawled 1o apply the Issue Fee o the

appiication identified above.

{Authorired Signatire) 4, | H. T R 25,129 {Date
2 lal e Wi 4 .

(107 .

NOTE; The issus Fee wit not ba u::%‘adﬂmm anyona othar than the applicant; a mglslavee
Or agent; of ihe assignee or other party In interest as shown by the records of the Patent and
Trademark Offica.

L4
mey

GRIGINAY D'0KED BY

Burden Hour Statement: This form is estimatad to take 0.2 hours lo complate. Time will vary
depending on tha naeds of the individual casa. Any comments on the amount of tima required
to complets this form should be sent to the Chief information Officer, Patent and Trademark
Offics, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES AND THIS FORM TO: Box issue Fee, Assistant Commissioner for
Patonts, Washington D.C. 20231

Under the Paperwork Reduction Act of 1995, no persons are required to raspond to a collection
of int ion unless It displays a valid OMB control number.

ay

TRANSMIT THIS FORM WITH FEE

PTOL-858 (REV.10-98) Approved for use through 08/36/89. OMB 0651-0033

Patent and Trademark Otfice; U.8. DEPARTMENT OF CONMERC

60504




UNITED STATES wePARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER

OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

FILE LOCATION 9200 SERIAL NUMBER 08587731 PATENT NUMBER 5904724
THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 23497
THE FEE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 23497
ON 08/11/00 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 23497 1S:

JED MARGOLIN
3570 PLEASANT ECHO DRIVE
SAN JOSE CA 95148-1916

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:
RECORD, ON THE NEXT AVAILABLE CONTENTS LINE OF THE FILE JACKET,

' ADDRESS CHANGE TO CUSTOMER NUMBER’ . LINE THROUGH THE 0OLD
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE ’CUSTOMER
NUMBER' AS THE NEW ADDRESS. FILE THIS LETTER IN THE FILE JACKET.
WHEN ABOVE CHANGES ARE ONLY TO FEE ADDRESS AND/OR PRACTITIONERS
OF RECORD, FILE LETTER IN THE FILE JACKET.

THIS FILE IS ASSIGNED TO GAU 3614.

PTO-FMD AT
TALBOT~1/97 G vbUu
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file:/ffc:/APPS/preexanveomespondence/2 i

UNITED STATES DEPARTMENT OF COMMERCE
Patent und Trademark Office

. . Address: COMMISSIONER OF PATENT AND TRADEMARKS
0C000000005292177 Washington, D.C. 20231
[ APPLICATION NUMBER l FILING DATE I‘ FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE ’
08/587,731 01/19/1996 JED MARGOLIN 002055.P004

23497

JED MARGOLIN
3570 PLEASANT ECHO DRIVE
SAN JOSE, CA 951481916

Date Mailed: 08/03/2000

NOTICE REGARDING POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/02/2000.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the above
address as provided by 37 CFR 1.33.

Customer Service Center
Initial Patent Examination Division (703) 308-1202

OFFICE COry

RIZIHH) 2:34 PV




+

Plaise ype & phus sign (+) Insicd 1his box —»

PTO/SBIRZ (11-86)
Appwovad for usa through 673099, OMB 0661-0034

]
3L6]

Palunt end Trademark Office; 11.S. DEPARTMENT OF COMME RGE
Under the Paperwark Reduction At of 1996, no persons are required 1o mspond 1a o collection of infamation unless ¥ displays

a valid OMB conliol fwambar.

/ Application Number 08/587,731 )
F Filing Date 01-19-1996
REVOCATION OF POWER O P— Jed Margolm
ame nvantor
ATTORNEY OR ,
Group Art Unit 3614
AUTHORIZATION OF AGENT Examiner Name NGUYEN, TAN QUAN
\ Allorngy Dackel Number Y.
! hereby revoke all previous powers of atorney or authorizations of agent given in the above-identified
application: L
[:] A Power of Attarney or Authorization of Agent is submitted herewith. 2
OR
m Please change the correspondence address for the above-identified application to; !
Place Custamer |~
X] customer Number [_23497 ] —» Number Bar Code *
OR Label here
Firmor
Individual Name
Address
Address
City
Country State l 2IP l
Telephone Fax
| am the:
X1 Applicant.
D Assignee of record of the enlire interest
Centificate under 37 CFR 3.73(b} is anclosed
SIGNATURE of Applicant or Assignee of Racard
Name Jed Margolin
Signature W 7)/‘7’6,/?%&’;,
174 4
Date G 36w
urcen Hoor STatement. TS fonn 13 osuriahmd G take D3 Frvre o completa. Juns will vary deperang dpam
COMMmants on the amount of time

wu are recuired to compiwie this form skoukt be s
Washingtan, 3G 20231,

Waskington, J¢ 20231,

DO NO

SEND FEES GR COMPLETED FORMS TC THIS ADORESS. SEND TG

the peecs ul he irdividual cass hny
Glicar, Palent ard Tradmmark Office,
Asvistant Cumnmiissione for Patarts.

ANt 19 tha Chis! informetion

(@]
c
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: T. Nguyen

Jed Margoiin
Ant Unit: 3614
Application No. 08/587,731

Filed: January 19, 1996 P Fff—‘\j-{:,j.',h
Issue Batch No.: 116 Ubiise, v B

[ S
S,

For: A Method and A atus f
or ethod and Apparatus for Notice of Allowance: 8/24/983EP 03 ’(’98

Remotely Piloting an Aircraft

~

A
iy

v

SUBMISSION OF FORMAL DRAWINGS

Official Draftsman
Washington, DC 20231

Dear Sir:

Applicant respectfully requests that the objection to the shading in Figure 7 be withdrawn
because: 1) the shading aids in understanding the invention; and 2) the inventor has no other
way of generating the figures. According to 37 C.F.R. 1.84(m) “the use of shading in views is
encouraged if it aids in the understanding of the invention... Flat parts may also be lighty
shaded. Such shading is preferred in the case of parts shown in perspective...” Figure 7
illustrates the projections that can be produced from the database in accordance with the
invention. The shading is used for depth cueing, and therefore aids in the understanding of the

invention by augimenting the perspective views provided.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

//7

Ve
v ,
P o

Daniel M. De Vos  ~ ~—— -
Registration No. 37 813

Dute: d’( 3 1998

12400 Wilshire Blvd.
Seventh Floor

I hereby that
Los Angeles, CA 90025-1026 A o iy S, e St o ot fesnd

(408) 720-8598 sufficlent postags I an envelope addressed W the
Assistant Commissioner for Pxtents, Washington, 0.C. 20231
on Al)qusf 2 151‘?3’

- dm
C.avn Y \m‘\ ey
Name of Persan Mailing ¢

e e S BT 00605
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The Commissioner of Patents
and Trademarks

| PTO UTILITY GRANT /
Paper Number [ L

Has received an application for a patent fora

Coh new and sseful invention. The title and de-
Jhe

scription of the invention are enclosed, The

requirements of law have been complied with,
H d and it has been determined that a patent on
n‘. e the invention shall be granted under the Lz
S :tates Therefore, this
United States Patent
0 Grants to the person(s) baving title to this

- patens the right to exclude others Srom mak-
LAmek'—ca ing, wsing, offering for sale, or selling the in-
vention throughout the United States of
America or importing the invention ints the
United States of America Sor the term set foreh
below, subject 1o the payment of maintenance
Jees as provided by Law,
If this application was Sfiled prior to June 8,
1995, the term of this patent is the longer of
seventeen years from the date of grant of this
patent or twenty years from the earliest cffect-
ive US. filing date of the application, rub-
Ject 10 any statutory extensian.

If this application was Sfiled on or afier June
8, 1995, the term of this patent is twenty years
Jrom the U.S. ﬁling date, subject to an statu-

ion. If the application ¢ ins a
specific reference to an earlier filed applica-
tion or applications under 35 U.S.C, 120, 121
or 365(c), the term of the patens i twenty years
Syom the date on which the carliest applica-
tion was filed, subject to any statutory exten-

s10m, 8

Commissioner of Potents and Traclermarks

Form PTD-1584 (Rev. 207

(RIGHT INSIDE)
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