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COMMUNICATION SYSTEM FOR S nagme . ysem

REMOTELY PILOTED VEHICLE field of view of camera equipment aboard a remotely

y - piloted vehicle is imaged as high resolution data. This
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a1 A - Mol - aboard the remote vehicle. In order to reduce the band-
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) stored high resolution data, corresponding to the output
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[52] US. CL oo 358/133; 335588//110(;39, The remaining portion of the image provided on the

[58] Field of Search ................. 358/133, 100, 103  Operator’s display is comprised of low resolution data

b derived from the high resolution data stored in memory.

[56] References Cited Because the high resolution data is obtained from mem-
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- camera is effectively decoupled from the data link. As

3,557,304 1/1971 Rueetal. .oeveevivvvnriecnrnns 358/103 such, the system permits the camera to be a single mov-

able sensor or an array of muitipie fixed sensors. It also
substantially increases the speed of operation of the
system.
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LOW BANDWIDTH CLOSED LOOP IMAGERY

CONTROL AND COMMUNICATION SYSTEM
FOR REMOTELY PILOTED VEHICLE

FIELD OF THE INVENTION

The present invention relates to high resolution video
transmission systems and, more particularly, to a com-
munication system for providing high resolution imag-
ery information to the controller of a remotely piloted
vehicle.

BACKGRCUND OF THE INVENTION

As the develonment of ontical scan 1n svstem

As the development of optical scar
video transmission systems has contlnued to improve,
the use of such systems for remote tele-monitoring and
for control purposes, such as in remotely piloted vehi-
cles (e.g. reconnaissance and weapon delivery aircraft)
has become particularly attractive. In the course of
operation of such systems an operator, usually ground
based, communicates with and may actually control the
flight of the remote vechicle via a control/display con-
sole which is coupled with camera and guidance con-
trol equipment on the remote vehicle by means of a
radio communication link. A general illustration of such
a system is shown in FIG. 1, wherein an cperator 10 at
a control/display console 40 observes on the face of a
display 50 (e.g. a CRT display) a scene 30 as viewed by
camera equipment carried by a remotely piloted vehicle
20, signals representative of the scene having been
transmitted over an imagery communication link to the
ground station. The control console 40 normally per-
mits the operator to return guidance and camera-point-
ing commands to the remotely piloted vehicle 20. The

function of the gnerator mav tunically regnire him to
unction Of (n€ operator may typicaily require amm i

maneuver the remotely piloted vehicle and/or slew the
camera equipment so as to observe navigation land-
marks over which the remotely piloted vehicle flies.
Upon approaching a remote target area, the aircraft
and/or the camera are maneunvered so as to permit the
viewing optics clearly observe the target; the returned
video data is recorded and subsequently transferred to a
permanent hard copy photograph of the scene for de-
tailed analysis. Since it is normally required that the
image returned to the command console be of a fairly
high quality, particularly in the case of a reconnaissance
flight, the data link bandwidth for effecting the required

transmission of video information can be very hioch
Lransmission O viGeo micrmation ¢an ol aiga.

In an effort to reduce this bandwidth, there have been
proposed imaging/transmission systems whereby only a
delimited portion of the scene being displayed to the
console operator contains a high resolution image The
premise upon which such systems operate is the fact
that the pomon of a scene observed by an individual at
any instant contains much more information than the
observer can use. Using this underlying principle, such
systems control the action of the camera equipment
upon the remote vehicle so as to effectively reduce its
field of view or so as to confine the high resolution
portion of its field of view to a delimited area, a dis-
played image for which is observed directly upon the
console display screen by the operator. In order to
accompolish this task, such systems employ, as part of
the command console, an oculometer which observes
where the eye of the operator is looking on the display
screen. The oculometer generateg signals that are trans-
mitted to the remote vehicle to opcrate a camera servo
mechanism so as to point the high resolution imaging

’

20

Ny
o

w2
o

40

45

405 041
AT g ST

2

optics to that location on the scene being -simulta-
neously viewed by the camera equipment and the con-
sole operator.

Examnlary natant
Zxempiary paient Ixeratur

systems includes the U.S. patent to Holmes U.S. Pat.
No. 3,507,988 and the U.S. patent to Lewis U.S. Pat.
No. 4,028,725. The systems described in these patents
employ an operator viewing position sensor which gen-

erates nnfhnf sionals indicating the point of observation
Sign mawcaumg inC point of ail

on a dnsplay screen of the operator. The output signals
are used to control high resolution viewing optics so as
to maintain the high resolution image of the scene at the
location where the observer is looking.

In the svstem described in the Holmes natent. an ave

the system described in the Holmes patent, an eye
position sensor monitors the movement of the observ-
er’s eye and causes a high resolution spiral scan pattern
of a camera tube to be centered about the observer’s
instantaneous line of sight. Simultaneously, a disp]ay
tube located at the observer’s console, which receives
video information corresponding to the high resolution
scan from the remote camera, will recreate such infor-
mation at that point on the display tube bemg observed
by the operator.

Similarly, in the system described in the Lewis patent
the output of an oculometer system, which monitors
helmet posmon and eye angle posmon, drives respec-
[1VC SE€rvo mcbﬂdﬂlbmb ll'l UIC remote VCﬂlClC ana at me
display terminal. The remote vehicle includes a narrow
field of view sensor whose optical axis is made to coin-
cide with the axis of observation of the control console
operator as he views the dlsplay 1mage The system also
lIlL.luUCb a lUWUI ICbUluLlUﬂ WIUC llClU UI VICW bCllbUI,
image data for which is transmitted from the remote
vehicle to the control console and is combined with the
high resolution information to provide background
adjacent the high resolution portion of the scene to

whicrh tha agnarator’s view ig directed
wiiiCil ¢ Opratlr s ViIEwW IS Girelica.

Basically, each of the systems described in these pa-
tents includes a high resolution imaging system and a
low resolution imaging system mounted within the re-
motely piloted vehicle. The oculometer output signals
are caused to operate a camera servo mechanism which
effectively maintains the high resolution portion of the
scanning optics directed at that portion of the scene to
which the eyes of the observer are directed (i.e. the
operator’s instantaneous look angle). With these types
of systems, the camera in the remotely piloted vehicle
must be continuously coupled to the data link between
the remote vehicle and the observer’s console. More-
over, it is the operation of the camera equipment, in-
cluding slewing cf the same in a remotely piloted vehi-
cle, that is made to respond to the look angle of the
console operator.

SUMMARY OF THE INVENTION

As opposed to the prior art approach of achieving
bandwidth reduction by direct control of the action of
the camera equipment in the remotely piloted vehicle,
the present invention seeks to effectively decouple the
camera equipment from the data link. To accomplish
this, and still provide the high resolution information
required by the observer on the ground, the present
invention employs a video imaging and transmission
system in which the entire field of view of the camera
equipment on the remote vehicle is imaged as high
resolution data. This high resolution data is digitized
and stored in memory aboard the remote vehicle. How-

literature which describe

g g
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ever, for the f\nrpncn of rprinr‘vna the bandwidth of the

mformatlon which is transmltted to the console opera-
tor, only a selected portion of the stored high resolution
data is read out from memory and transmitted as high
resolution data. The remaining portion of the image
provided on the operator’s display console is comprised
of low resolution data derived from the high resolution
data stored in memory and transmitted from the remote

VCluLlC LU l-llC UPCLH.I.UI b bUllDUlC Dcuauac lhc lllEll
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 per-
mits the camera to be effectively decoupled from the

data link, As such, the system pﬁrmﬂ'c the camera to be

ta link. As such, the system permits the camera
a single movable sensor or an array of multiple fixed
sensors. It also substantially increases the speed of oper-
ation of the system. Namely, a considerabiy shorter
period of time is required to simply fetch data from
memory, as compared to having to slew a camera, as in
the prior art systems described above. The savings in
time in fetching the data from the memory permits the
use of more time for ulgltizmg, mrmattmg, processmg,
etc. without delaying the image so much as to be notice-
able by the console operator.

In accordance with a preferred embodiment of the
present invention, the communication link between the
control console and the remotely piloted vehicle is an
anti-jam communication link adding to.the security of
the communication. For this purpose, a suitable security
imparting modulation scheme, such as a spread spec-

trum communication technique, is employed for encod-

ing and transmitting the digital data between the re-

motely piloted vehicle and the console operator.

As an adjunct to the normal mode of operation of the
imaging and transmission system briefly outlined above,
the present invention also offers the capability of obtain-
ing a high resolution image of the entirety of a particu-
lar scene of interest. In this mode, the oculometer con-
trol unit is effectlvely bypassed so that the contents of
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entirety of the high resolution data representative of the
displayed scene of interest, but only a portion of which
data has been transmitted and displayed as high resolu-
tion data, is read out of memory and transmitted from

tha ramnta vahinla tn tha ~anntral i
the remote vehicle tc the control conscle for display or

recording via auxiliary equipment. In this mode, a rapid
response time to the change in look angle of the opera-
tor is no longer important (the look angle is effectively
frozen), so that a longer period of time can be used to
transmit all of the high resolution data to the command
console for display or recording.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general illustration of a communication
link between a remotely piloted vehicle and an opera-
tor’s command console;

FIG. 2 is a pictorial/block diagram illustration of a

closed loop imagery control svstem in accordance with

closed loop imager control system in accordance with
the present invention; and

FIG. 3 is a schematic block diagram of the hlgh reso-
Iution closed loop imagery control system shown in
FIG. 2.

DETAILED DESCRIPTION O
INVENTION

e

nelerrmg HOW to FIG. 2 ihere Ib bﬂOWIl a plblol"ldl/‘
block diagram illustration of the present invention,
wherein a console operator 10 communicates with a
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remotely mlntf-d vehicle 20, eg. a remotely nllnred

aircraft, contammg imaging optlcs and processing-
equipment that provide video data for transmission to
and display upon the console manned by the operator in
order to assist him in controlling the vehicle. Typically, .
the operator will not only control the viewing optics
aboard the vehicle; but also the actual flight of the vehi-
cle. As the control of the flight of the vehicle, per se,

do Farm part of the ota
does not form part of the present invention, the details

of the same will not be described here. Instead, the
description to follow will delineate the manner in which
the console operator may be provided with high resolu-
tion data over a reduced bandwidth and secure commu-

. nication link nffennn the above noted ﬂdvantﬂgeﬁ aver

the prior art.

Now, associated with the consolc operator 10 are in
oculometer 35, which monitors the look angie of the
operator relative to his head position, and helmet sight
sensors 34, which measure the head attitude relative to
a fixed position in space. These components will be
referred to generally as oculometer equipment 33, from
which there is obtained a total look angle representative
of the point on a display screen 32 which presents a
video image originally derived from the camera equip-
ment on the remotely piloted vehicle 20 and which is
directly observed by the operator 10. The oculometer

equipment to be employed for this purpose may be the

type described in the above-reference patent to Lewis.
The oculometer equipment of the system described in
the Lewis patent includes both an eye angle detector
and a helmet position detector, output signals from
which represent a specific location on the image dis-
played by the console upon which the optical axis of the
eye of the observer impinges. This is usually within a
fairly narrow high resoiution viewing zone, of pius or
minus 1 to 2 degrees. It is for this reduced or narrow
field of view that the corresponding portion of the
transmitted scene being displayed is to be presented as a
hlgh resolution 1mage The remamder of the field of
VICW !Ildy LUII.I.dlll IUW lCBUluuUll unl,a blllbc Lhc abull.y
of the human eye to observe high resolution data out-
side this narrow cone is extremely limited; the low
resolution data is provided for the surrounding scene
approximately consistent with the ability of the ob-

server to sense it. This hich and low resolution video

server to sense it. This high and resolutio
data is generated by the processing/transmission equip-
ment in the remote vehicle 20 and, together with atten-
dant synchronizing and control signals, is transmitted
over a preferably secure (anti-jam) communication link
38 to display processing equipment 31 at the operator’s
¢ontrol station. The display processing equipment 31 is
coupled to the console display 32 (e.g. CRT dlsplay) to
provide the received video-data for direct viewing by
the operator.

Within the aircraft 20 itself are lmagmg optics (not
shown) and attendant digital memory 21 into which
data representative of the entire field of view of the
imaging optics is stored as high resolution data. Using
the remote piloted vehicle attitude as measured by on-
board control sensors, the high resolution data from the
camera equipment is stored in fixed space coordinates.
The hatched area 23 shown within the memory block
21 of FIG. 2 corresponds to the low resolution imagery
portion surrounding a high resolution imagery portion
22. The hlgh resolution imagery portion 22 corresponds
to the delimited high resolution image zone exiracted
by the oculometer equipment 33 in response to the eye
position and head position of the operator 10 as he ob-
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serves the display image 32 on his operator’s console.
Since the entirety of the image produced by the optical
equipment on-board the remotely piloted vehicle 20 is
'stored in memory 21 as high resoiution data, any por-
tion of the scene being observed by the optical equip-
ment can be selected and transmitted to the control
station as high resolution data, However, as pointed out
prev1ously, only an abbrevrated portion of the 1mage
contained in memory is uuuuauy read out and transmit-
ted as high resolution data, since the actual high resolu-
tion field of view of the observer is extremely reduced.

Those. portions of the image-representative data
stored in memory which are adjacent to the high resolu-
tion data to be transmitted {and also which contain hich

IO Cata 1O 2O INANSIMINCE Ang also wilcli contain nign

resolution data) are converted into low resolution data
for transmission in order to fill up the remainder of the
image to be displayed by the control console. Conver-
sion of such low resolution data can be simply effected
by a number of techniques, such as averaging adjacent

pt
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lines of data or the selective addressing of segments of 20

memory adjacent that portion of memory from-which
the high resolution data is obtained. A more detailed
explanation of such image-extraction and transmission
scheme that may carried out by the various components
of which the system according to the present invention

is comprised will be presented below in conjunction
with the dper\r;nhnn of FIG, 3.

Referring to FIG 3, there is shown a detailed block
diagram of the high resolution closed loop imagery
control system in accordance with the present invertion
which has been shown more generally in FIG. 2. Where
like designations of FIG. 3 are used to describe like
components of FIG. 2, the same reference number have
been used. It is to be observed that the individual com-
puncm.a, per s¢, of which the overall S'ystern is uuuug-
ured, may be selected from commercially available
sources or implemented using ordinary technical skills.
As such, the details of such components need not be
described herein and the description of FIG. 3 will,

instead, be directed to the manner in which the regnec-
1steag, e manner 1Ch the respe

tive units are -interconnected and cooperate with one
"another to provide the reduced bandwidth video trans-
mission system set forth more generally in the previous
description.

o
wn

The system may be divided into two parts; a first of 45

which corresponds to the control station manned by the
operator 10 (or ground pilot) and the second ‘of which
COi‘i‘ES‘pGﬁus to the lcxuuu:ly puuu:u vehicle 28.
control station includes oculometer equipment 33 and a
cathode ray tube a video display 31 associated with the
operator 10. From this console, the operator provides
control signals and instructions to a data link modem 51

which also receives signals from the oculometer 33

which also receives signals from the oculometer 33
representative of the look angle of the operator upon
the image of CRT display 31. Those control signals
which relate to the actual flying condition of the vehi-
cle;- namely which control flight control surfaces 81,
engine control 82 and vehicle instrumentation 83 do not
form a part of the present invention and are not neces-
sary for an understanding of the bandwidth reduction
scheme persuant to the present invention. Lui':'y are
simply illustrated and explained here for illustrating the
background of the environment in which the invention
has a special utility.

Also coupled to the modem equlpment 51 may be a

tane recorder 82 and a nhotooranhic recorder 53 for

tape recorder 52 and a photographic recorder 53
providing a hard copy of image data received at the
control station. As wili be explained below, for an‘auxil:

L A
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iary mode of operation; there is no updating of memory
data and the system accordmg to the present mvention
by passes the oculometer and permits the selective
transmission and display of the entire high resolutlon
stored in memory.

Modem 51 nreferablv includes secure or anti-jam
modulation equipment, such as spread spectrum encod-
ing equipment, for providing a secure format for the
signals to be communicated between the remote vehicle
and the control station. The input/output ports of the
modem 51 are coupled to a transceiver 54 having an
associated antennas 55.

Aboard the remotely piloted vehicle 20 is an RF
anienna unit 61 coupled to iransceiver 62 which is asso-
ciated with another modem 63. Like modem 51 at the
control station, modem 63 includes anti-jam communi-
cation equlpment such as a spread spectrum modulator-
demodulator Modem 63 extracts camera control output
blgﬂdlb Urlgllldlly gcncralcu Uy UbulUliietef OO Ul I.‘ﬂe
command station and couples these signals to a camera
control unit 75 to which is coupled associated camera
unit 74. Camera control unit 75 controls the skewing of
the camera 74 and the scanning of the pixels within the
camcera 'L'u'“t ltb\.}f to obtain i image msuﬂ}n at the Gutp‘dt of
the camera which are to be digitized by an analog-to-
digital converter 73, As the pixels within the camera 74
are being sequentially scanned or addressed by the cam-

era control unit 75 during operation of the camera, the
various grey tones of the outputs of the respective pixels

arious groy 1ongs Of 1€ Ouipuls Of € respecllve plxels

are converted into digital format by analog-to-digital
converter 73 and then encoded for storage in a digital
scene memory 21. With present-day digital signal pro-
cessing equipment, the number of bits into which the
grey levels of the respective pixels are guantized and
encoded is at least sufficient to encompass the resolution
grey level capacity of the console display at the ground
station. For example, for a high resoluiion CRT capabie
of accommodating up to sixteen grey levels, four bits
are required.

As explained briefly above, the video transmission
system of the present invention has two operational

Aada sseden e tlan flunt e mawmanl amaAada Anle o

moacs. u‘ulins inc 1irsi, OF normai, moGe, Omy a
lected and delimited portion of the data stored in mem-
ory 21, as determined by the oculometer equipment at
the operator’s console, is read out and transmitted as
high resolution data. It is through this mechanism that
the bandwidth reduction sought by the system is at-
tained. During a second, or auxiliary, mode of operation
(initiated by the operator), all the image data in memory
is read out as high resolution data and transmitted to the
control console for display. During this mode, how-
ever, the observer’s oculometer is decoupled from sys-
tem control, so that rather than follow the operator’s
look angle, the: system ignores the operator s v1ewmg
movements and freezes the scene pxcacuu:u on the dis-
play. In this manner, not having to rapidly respond to
eye and head movements, the system has sufficient time
to transmit a relatively large quantity of high resolution
data over a time frame in excess of that for the normal

mnda  for aithoar temnarary dienlayv ar recordinoe hy
moGe, iCr Cinlr Wmplrary GiSpi:dy Or ICCOIGINg OY

units 52 and 53. This mode may be selectively used
during reconnaissance flights where the operator selects
a particular scene for hard copy retention. From his
command console he simply uses a mode change com-
mand to which-mode control unit 71 responds, so as to
cause all the image data stored in memory 21 to be read
out and transmitted as high resolution data.

sC-
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For the purpose of carrying out the selective access-
ing of the contents of memory 21 for the normal and
auxiliary modes of operation of the system mode con-
trol unit 71 is essentially comprised of memory address
control logic that responds to signals from the modem
63 and identifies which portion of the scene stored in
memory 21 is to be read out as high resolution data and

coupled for transmission to the control station. As ex-

“lamed above in some circumstances, e, g the mnnharv

mode, it may be desired to transmit the entlre scene as
viewed by the operator as high resolution data and, for
this purpose, the mode control unit 71 simply succes-
sively addresses the respective locations in memory 21
in which the scene is stored for transmission to the
operator at the control station. However, the normal
mode of operation of the system, in accordance with the
improvement offered by the present invention, is that of
selectively addressing the memory 21 to read out there-
from only a segment of the scene within the narrow
field of view of the observer as defined by oculometer
and of assembling this data for transmission as high
resolution data via the transceiver equipmer.t to the
control station. In this mode, control unit 71 responds to
the signals that have been produced by the oculometer
at the control station and derived from modem 63

aboard the remotely piloted vehicle, so as to cause the
selectively addressing of memory 21 to directly read
out therefrom those portions of memory which corre-
spond to the high resolution portion of the scene. The
remainder of the scene, which is aiso stored as high
resolution data, is formatted as low resolution data by a
reduced addressing format, whereby the mode control
unit 71 causes selected portions of the memory which
contain the remainder of the image scene adjacent the
ﬂlgﬂ resomuon pOIIlOIl UClIlg Vieweﬂ Dy ihe observer io
be readout and assembled for transmission to the con-

trol station.

In this regard, the 1mage pixel data obtamed from

camera unit 74 and stored in memory 21 may be stored
~h Af which ic

+tha £ afn ofi
in the form of a matrix of image puu.lc, €Al Ci WaCii 1s &

digitized to a prescribed degree of grey tone accuracy,
namely some number of bits associated with each image
pixel corresponding to the resolution of the operator’s

display, as explained above. The selective extracting of
only a portion of a scene of interest to be transmitted as
high resolution data can be simply effected by the se-
quential addressing of the x-y coordinates within the
matrix defined by the position in the scene as repre-
sented by the signals from the oculometer 33 at the
control station. The remaining pixel data of which the
scene is comprised can be assembled as low resolution
data by the selective addressing of non-immediately
dujaccﬁl or SﬁaCcu apart pixen Of COUIsc, other suit-
able schemes for producing the low resolution data,
such as the averaging of the image data words of adja-
cent matrix location can also be employed.

As pointed out above, there are two modes of opera-
a normal mode and an

tion of the nresent invention

tion of the present invention,
auxiliary mode. In a normal mode of-operation, the
system is designed to be oculometer responsive, namely
only a specific portion of the image being dispiayed to
the operator is to be extracted from memory and trans-
mitted to the ground station as high resolution data. The
remainder of the image surrounding the narrow field of
view defined by the high resolution data is extracted
from memory aboard the remote vehicle and transmit-
ted to the ground station as low resolution data. Thus, at
his console, the operator is equipped to monitor the
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scene presented from the viewing camera aboard the
remote vehicle and guide the movement of the vehicle
in-flight. Again, it is to be observed that the present
invention does not relate to the guidance of the vehicle,
per se, and no description thereof in conjunction with
the operation of the invention will be presented.
During the flight of the remote vehicle, the radio
transmission equipment aboard the vehicle is continu-
ously supplying scene data read out from memory 21
and transmitting the same to the ground station to be
demodulated and coupled from modem 51 to the opera-
tor’s CRT display. This image data is originally gener-
ated from the sequential horizontal/vertical scanning of
the pixels of the camera, converting the various grey
tones into digital format, encoding the same and storing
the camera image into digital memory. The contents of
ihe memory are coniinuously updaied as ihe pixels of
the camera produce new image information so that, at
any time, memory 21 contains a digital code representa-
tion of the grey level of each pixel of the camera,
namely an encoded representation of the scene being

ochcarvad hu tha camar omirinm .
observed by the camera equipment of the remotely

piloted vehicle. Pursuant to the present invention, dur-
ing the normal mode of operation, only a selected seg-
ment of the memory, corresponding to the portion of
the scene being observed by the operator as detected by
the oculometer unit, is extracted from memory as high
resolution data. Through selective addressmg loglcal
circuitry within mode control unit 71, which responds
to the signais from the operator’s ocuiometer equipment
33 at the ground station, as the contents of memory 21
are read out and modulated for transmission to the
ground station, only that portion of the memory identi-
fied with the oculometer high resolution field of view

Py P ne odman an hish wac~liséine
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data. Namely, although all data is written into memory
as high resolution data, for the most part it is read out as

*low resolution data through one of the selective ad-

dressing schemes described previously, except for that

portion of the scene corresponding memory addresses

for which are associated with high resolutlon data. For
this segment, the read operation simply converts to a
normal storage location/pixel direct read out scheme.
While the bandwidth for this particular segment of the
data is increased relative to the remainder. of the data,
the overall image itself only has a small segment of high
bandwidth so that there is obtained an overall reduction
in bandwidth compared with having to transmit the
entirety of the image as high resolution data. The data is
the modulated and transmitted via secure communica-
tion equipment.62-63, such as spread spectrum trans-
mission equipment for transmission to the ground sta-

iy

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 control signals are used to control the scan-
ning of the image pixels of the display 31, so as to gener-
ate hlgh resolution data only at that portion correspond—
ing to point of observation of the operator 10 and
equaied with thai pariicuiar poriion of the overali 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 operator 10 to a look
angle correction by the oculometer 33 and changed to a
nicw location in memory 21 from which new high reso-

lution data is to be read out and its subsequent transmis-
sion and appearance on the display device 31 as high
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resolution imagery data may be less than 0.2 seconds
using present day modulation and transmission rates.
This minimum time delay is substantial]y less than the
approximate 0.5 seconds rcq'uirc,u normany oy ihe
human eye before the operator becomes aware of the
high resolution data that he is viewing.

In addition to the normal mode of operation above,
wherein the system is continuously responsive to the

atantad hy tha annlam
look angle of the operator as detected by the oculome-

ter equipment, the operator may choose to make a per-
manent record of the entirety of the scene that he is
viewing. In this circumstance, an auxiliary mode con-
trol signal applied from the operator’s console causes
the oculometer emlm ent to be by passed and a sepa-
rate mode signal to be transmitted to the remote vehicle.
The remote vehicle contains control logic within the
mode conirol unit 71 than respond to this signai and
effectively freezes the contents of memory 21 to corre-
spond to the latest image being observed at the display
console at the ground station. Each memory location is
individually addressed so that the entirety of contents of
memory 21 are read out as rusu resolution data.
modulation transmission equipment proceeds to trans-
mit this information to the ground station, but at a lower
transmission rate than previously employed for the
normal mode of operation, since the requirement of

ranidly resnonding the the movement of the onerator’s

rapidly responding the the movement of the operator’s
look angle is no longer necessary. Namely, the system
need not respond to the 0.5 second awareness factor of
the operator but can transmit the high resolution data at
a slower rate, thereby reducing the effect bandwidth
required. This information is received at the ground
station and made available for permanent recordation
via a video tape recorder 52 or photographic recorder
53, as shown.

While I have shown and described one embodiment
in accordance with the present invention, it is under-
stood that the same is not limited thereto but is suscepii-
ble of numerous changes and modifications as known to

art, and I therefore do not wish to

T o
4468

a person skilled in the
a2 person sxXuied in

be limited to the details shown and described herein but
intend to cover all such changes and modifications as
are obvious to one of ordinary skill in the art.

What is claimed is:

1. A system for displaying, at a local station a high
resolution image of a portion of scene optically imaged
at a remote station comprising:

at said remote station,

a memory;

first means for generating high resolution data repre-

sentative of said optically imaged scene to be dis-
played and storing said data in said memory;

9 g ¥ 1 id mamary
second means for selectively accessing said memory

to read out therefrom a first portion of said data as
high resolution image information and a second
portion of said data as low resolution image infor-
mation; and

third means for transmitting signals corresponding to
said first portion of said data containing said high
resolution image information and said second por-
tion of said data coniaining said low resoluiion
image information to said local station; and

at said local station,

fourth means for generating signals representative of
a prescribed portion of said scene for which a high

roanlitinm tamnan ta ta ha dicmlavad. and
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fifth means for transmitting signals representative of
the signals generated by said fourth means to said
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remote station to cause said second means to selec-
tively access said memory to read out therefrom as
high resolution image information that portion of
said data corresponding o said -prescribed portion
of said scene.

2. A system according to claim 1, wherein said sec-
ond portion of said data read out from said memory by
said second means as low resolution image information
uulAboyuudo toa por tion or said scene aujaceﬁl to that
to which said high resolution image information corre-
sponds.

3. A system according to claim 1, wherein said system
further includes, at said local station,

a display device; and

sixth means for receiving the signals transmitted to

said local station by said third means and causing
said high resolution image information to be cou-
pled to said display device whereby a high resolu-
tion image of said portion of said scene is displayed
thereby.

4. A system according to claim 3, wherein said sec-
ond portion of said data read out from said memory by
said second means as low resolution image information
corresponds to a portion of said scene adjacent to that
to which said high resolution image mformatlon corre-
sponds.

5. A system according to claim 4, wherein sai

means includes means for causing said low resolution
image information to be coupled to said display device,
whereby a low resolution image of a portion of said
scene adjacent to the high resolution portion thereof is
displayed by said display device.

6. A system according to claim 3, wherein said fourth
means comprises means, responsive to the observation,
by an operator, of a location of interest on said display
device, for causing the signals generated thereby to be
representative of a delimited portion of said scene asso-
ciated with said location of interest on said display de-
vice at which a high resolution image isto be displayed.

Ardin claim & wha nid farieth
T A system accoraing to ciaim 6, wherein said tourth

means comprises oculometer means and head move-
ment sensing means, respectively responsive to the eye
and head movement of said operator, for generating
signals representative of the location of observation by
said operator on said display device at which said high
resolution i image is to be dlsplayed

8. A system according to claim 1, wherein said third
and fifth means respectively include means for modify-
ing the signals transmitted thereby so as to cause said
signals to be effectively immune to jamming.

9. A system according to claim 1, wherein said system
further includes an anti-jam communication link over
which signals are transmitted between said remote and
local stations.

10. A system according to claim 9, wherein said anti-
Jjam communication link comprises a spread spectrum
communication link.

11. A system according to claim 6, wherein said re-
mote station comprises a remotely piloted vehicle the
operation of which is controlled by said operator ob-
serving said display device.

12. A system according to claim 11, wherein said
system further includes an anti-jam communication link
over which signals are transmitted between said remote
and local stations.

12 A cugtnm anmmsdias o Aloiaa Sl

19, A 8ySi€int aCCoraing 1o Ciaim 1, WIICIC
said second means further includes means for selec-
tively accessing said memory to read out therefrom

nid qivth
10 SiXin
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all the data stored thereby associated with said
scene as high resolution data, and

said third means includes means for transmitting sig-

nals corresnonding to the entirety of gaid goene ag
nails corresponding (¢ the entirety Of said scene as

high resolution data to said local station.

14. A system according to claim 13, wherein

said fourth means includes means for selectively gen-
erating signals representative of the entirety of said

scene for which a Innh resolution image is to he

ion image be
displayed, and

said fifth means includes means for transmitting sig- -

nals representative of the signals generated by said

fourth means to said remote station to cause said
second means to access said memorv so as to read

SCCONCA mMEans 10 acCess Sald memory s¢ as o reac

out therefrom as high resolution image information
data corresponding to the entirety of the scene.
15. A system according to claim 14, wherein said
system further comprises, at said local station,

a disnlav device, and

Qspay Cevice, anc

sixth means for receiving the signals transmitted to
said local station by said third means and causing
said high resolution image information for the en-
tirety of said scene to be displayed on said display
device,

16. A system according to claim 15, wherein said
system further includes, at said local station,

a recording device, and wherein

said sixth means includes means for causing said high

resolution image information for the entirety of
said scene to be recorded on said recording device.

17. A system according to claim 1, wherein said first
means comprises means for continuously causing there
to be generated from the entirety of said optically im-
aged scene high resolution image data and updating the
contents of said memory with said high resolution
image data.

18. A sysLem according to claim 17, wherein said
system comprises, at said remote station, optical sensor
means for generating output signals representative of
the entirety of the scene optically imaged thereby, and
said first means includes means, coupled to said optical

sengor means. for cenerating diaital data renrecentative
senser means, Ior generating qigiial gata representative

said output signals and updating the contents of said
memory with said digital data.

19. A system according to claim 18, wherein said
second portion of said data read out from said memory
by said second means as low resolution image informa-
tion corresponds to a portion of said scene adjacent to
that to which said high resolution image information
corresponds.

20. A system according to claim 18, wherein said
system further includes, at said local station,

a display device; and

sixth means for receiving the signals transmitted to

said local station u'y' said third means and causmg
said high resolution image information to be cou-
pled to said display device whereby a high resolu-
tion image of said portion of said scene is displayed
thereby.

21 A cgyctam ancording tag olaim 20
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fourth means comprises means, responsive to the obser-
vation, by an operator, of a location of interest on said
display device, for causing the signals generated
thereby to be representative of a delimited portion of

said scene associated with caid location of interest on

SaiG SCCNe associaiel Wil sall 10Cation O Inereést on

said display device at which a high resolution image is
to be displayed.
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22. A system according to claim 21, wherein said
system further includes an anti-jam communication link -
over which signals are transmitted between said remote
and local stations.

23. A system according to claim 22, wherein said
remote station comprises a remotely piloted vehicle the
operation of which is controiled by said operator ob-
serving said display device.

24. A system according to claim 23, wherein said
second portion of said data read out from said memory
by said second means as low resolution image informa-
tion corresponds to a portion of said scene adjacent to
that to which said high resolution image information
corresponds.

25. A system according to claim 24, wherein said
sixth means inc]udes means for causing said low resolu-
tion uuag,c information to be Luupu:u to said uispia’y’
device, whereby a low resolution image of a portion of
said scene adjacent to the high resolution portion
thereof is displayed by said display device.

26. A system according to claim 25, wherein said

fourth meane comnrises oculometer means and haad
iourtll means Compris€s OCUIOImeier means and neéad

movement sensing means, respectively responsive to
the eye and head movement of said operator, for gener-
ating signals representative of the location of observa-
tion by said operator on said display at which said high
resolution image is to be displayed.
27. A video storage and retrieval system comprising:
a memory; )
first means for generaiing high resolution data repre-
sentative of an optically imaged scene and causing
said data to be stored in said memory; and
second means for selectively accessing said memory
to read out therefrom a first portion of said data as

a

annnnd
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high resolution image information and
portion of said data as low resolution image infor-
mation.

28. A video storage and retrieval system according to
claim 27, further including third means for transmitting
signals corresponding to said first portion of said data
containing said high resolution image information and
said second portion of said data containing said low
resolution image information.

29. A video storage and retrieval system according to
claim 27, wherein said second portion of said data read
out from said memory by said second means as low
resolution image information corresponds to a portion
of said scene adjacent to that to which said high resolu-
tion image information corresponds.

30. A video storage and retrieval system according to
claim 28, wherein

said second means further includes means for selec-

tively accessing said memory to read out therefrom
all the data stored thereby associated with said
scene as high resolution data, and

said third means inciudes means for iransmitting sig-

nals corresponding to the entirety of said scene as
high resolution data.

31. A video storage and retrieval system according to
claim 27, wherein said first means comprises means for
CGﬂtiﬁﬁOﬁSxY causing there to be generated from the
entirety of said optically imaged scene high resolution
image data and updating the contents of said memory
with said high resolution image data.

32. A video storage and retrieval system according to

claim 27 wherein said svstem comnrices ontical censor
ciamm &7, waerein saig system COomprises oplical sensor

means for generating output signals representative of
the entirety of the scene optically imaged thereby, and
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said first means includes means, coupled to said optical
sensor means, for generating digital data representative
said output signals and updating the contents of said
memory, with said digital data.

33. A video storage and retrieval system accordmg to
claim 28, wherein said third means includes means for
modifying the signais transmitted thereby so as to cause
said signals to be effectively immune to jamming.

34. A video storage and retrieval system according to
claim 28, wherein said third means includes means for
transmitting signals over a spread spectrum communi-
cation link.

35. A video storage and retrieval system according to
claim 27, wherein said system is equipped for use aboard
a remotely piloted vehicle and said second means in-
cludes means, responsive to control signals from a con-
trol station, for cnlnnrun:-lv access}ng said m memory in
accordance therewith.

36. For use with a remote device having a memory in

5
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which are stored high resolution data representative of 20

an optically imaged scene to be displayed, and being
adapted to be coupled to a display device upon which
said scene may be dlsplayed to an operator, a system for
controllmg the presentation of scene data to said opera-
I.Ul LUlllPl
first means for sensing the location of the visual ob-
servation by said operator on said display device
and, in response thereto, generating first signals
identifying a prescribed portion of the scene con-
taining said location of visual observation; and
second means, responsive to said first stgnals gener-
ated by said first means, for causing said remote
device to transmit second signals as high resolution
information representative of the high resolution
data stored in said memory that corresponds to said
prescribed portion of the scene containing said
location of visual observation, and third signals as
low resolution information represeniative of scene
data stored in said memory other than that corre-
sponding to said prescribed portion.
37. A system according to claim 36, wherein said
system further comprises
third means, coupled to said display device and re-
sponsive to said second and third signals, for caus-
ing the scene image displayed by said display de-
vice to be displayed as a high resolution image
within said prescribed portion thereof and as a low
resolution image at a portion other than said pre-
scribed portlon thereof.
38. For use with a remote device having a memory in

which are stored high resoiution data representative of

a scene to be displayed and with a display device upon
which said scene may be displayed to an operator, a
method of controlling the presentation of scene data to
said operator comprising the steps of:

P S P siarsal alicaernédne fase and

(a} Buuauls Lhu 1Ubﬂl.l\.!ll Uf 'vlaual ubacx vauuu uy aalu
operator on said display device and thereby identi-
fying a prescribed portion of the scene containing
said Iocation of visual observation; and

(b) in response to step (a), causing said remote device
to transmit high resolution information signals rep-
resentative of | high resolution scene data stored in
said memory that corresponds to said prescribed

portion of the scene containing said location of

visual observation, and low resolution information
signals representative of scene data stored in said
memory other than that corresponding to said pre-
scribed portion.
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..39. A method according to claim 38, further compris-
ing the steps of:
(c) in response to step (b), causing the scene image
displayed by said display device to be displayed as
a high resolution image within said prescribed por-
tion thereof and as a low resolution image at a
portion other than said prescribed portion thereof.
40. A system for displaying, at a local station a high
resolution i image ofa pGrtiGu of scene Upu\.auy uuascd
at a remote station comprising:
at said remote station,
a memory;
first means for generating high resolution data repre-

] : . . G
sentative of said optically imaged scene to be dis-

played and storing said data in said memory;
second means for selectively accessing said memory

to read out therefrom a first portion of said data as

high resolution image information and a second

nnrhnn of said data as low resolution imace infor-

on of said data as low resolution image infor-
matlon and

third means for transmitting signals corresponding to
said first portion of said data containing said high
resolution image information and said second por-
tion of said data containing said low resolution
image information to said local station; and

at said local station,

display means for visually dispiaying the images rep-
resentative of said first and second portions of said
data;

fourth means for sensing the location on said display
means the visual observation by the operator and,
in response thereto, generating signals identifying
that portion as requiring high resolutton image
information; and

fifth means for transmitting signals representative of
the signals generated by said fourth means to said

i id 4 ta aalan
remote station {o cause said second means to selec-

tively access said memory to read out therefrom as
high resolution image information that portion of
said data corresponding to said prescribed portion

of said scene.
A system according to claim 40, wherein said

41, stem according to claim

second portlon of said data read out from said memory
by said second means as low resolution image informa-
tion corresponds to a portion or said scene adjacent to
that to which said high resolution image information
corresponds.

42. A system according to claim 40 further including,
at said local station,
said local station by said thlrd means and causing
said high resolution image information to be cou-
pled to said display means, whereby a high resolu-
tion image of said portion of said scene is displayed

therebv.
herety

43. A system according to claim 42, wherein said
sixth means includes means for causing said low resolu-
tion image information to be coupled to said display
means, whereby a low resolution image of a portion of
said scene adlacent to the hmh resolution portion
thereof is dlsplayed by said dtsplay means.

44. A system according to claim 40, wherein said
fourth means comprises means, responsive to the obser-
vation by an operator of a location of interest on said
display means, for causing the signals generated thereby
to be representative of a delimited portion of said scene
associated with said location of interest on said display
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means at which a high resolution image is to be dis- the entirety of the scene optically imaged thereby, and

played.
45. A system according to claim 44, wherein said

Frrrrth ann aonlamat,
fourth means ccmpr:ses oculometer means and head

movement sensing means, respectively responsive to
the eye and head movement of said operator, for gener-
ating signals representative of the location of observa-
tion by said operator on said display means at which
said high resolution image is to be displayed.

46. A system according to claim 40, wherein said
system comprises, at said remote station, optical sensor

means for gemerating output signals representative of
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said first means includes means, coupled to said optical
sensor means, for generating digital data representative

of said output signals and updating the contents of said

memory with said digital data.

47. A system according to claim 46, wherein said
second portion of said data that is read out from said
memory by said second means as low resolution image
mfnrmatmn cnrreﬁmndq toa nortJon Of cmd scene adla-
cent to that to which said hlgh resolution image infor-
mation corresponds.
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