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IMAGE MONITORING AND DISPLAY FROM 
UNMANNED VEHICLE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion of U.S. patent application Ser. No. 13/847,161 filed Mar. 
19, 2013, which claims the benefit of U.S. Provisional Patent 
Application No. 61/685,539 filed Mar. 20, 2012, the contents 
of both of which are incorporated by reference herein in their 
entirety. 

FIELD AND BACKGROUND OF THE 
INVENTION 

0002 This invention relates to an image monitoring and 
display from a vehicle, typically an unmanned vehicle, but 
also capable of use on a manned vehicle. More particularly, 
the invention relates to a system of sensors mounted on a 
vehicle, whether manned or unmanned, a display system, and 
transmission and reception mechanisms associated with the 
sensors and display System respectively whereby images or 
information captured by the sensors can be viewed on the 
display system. There may be a single or multiple display 
systems. 
0003. In one preferred form, the invention is for an 
expanded perspective, wrap-around view, image capture and 
monitoring system for remote piloting of UAVs (unmanned 
aerial vehicles). 
0004 One significant shortcoming when utilizing a single 
lens, conventionally configured camera and monitoring 
device combination for airborne first person view (FPV) ori 
entation and guidance of an unmanned aerial vehicle (UAV) 
during remote control operations is the limited field of view 
(FOV) that it offers. When using a single lens, convention 
ally-configured camera and monitor combination, the rela 
tively narrow perspective that is created may hinder a pilots 
ability to ascertain an object's true location and proximity to 
the UAV due to a lack of ambient visual cues, making accurate 
attitude and control adjustments more difficult. 
0005. In certain instances, a very wide perspective (ex 
treme wide angle) lens can be mounted on the conventionally 
configured single camera setup to compensate for the limited 
field of view. The problem with using an extreme wide angle 
lens is that, because of its unnaturally exaggerated wide 
perspective and accompanying increased spherical distortion, 
objects appear diminished in size and an observer's percep 
tion of movement and speed is inaccurate, making the precise 
maneuvering of the craft difficult. This effect is somewhat 
analogous to the configuration of the right side view mirror in 
most automobiles, namely, objects are closer than they 
appear, with accurate distance determinations therefore dif 
ficult to make. 

SUMMARY OF THE INVENTION 

0006. According to one aspect of the invention, there is 
provided an image capture and display system comprising: an 
image capture array positioned on a vehicle, the image cap 
ture array comprising a plurality of image sensing members, 
and at least one transmitter for transmitting images from the 
image sensing members; and a monitor display array posi 
tioned remotely from the image capture array, the monitor 
display array comprising a display monitor for and corre 
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sponding to each image sensing member, and a receiver for 
receiving the images corresponding to each transmitter. 
0007. In one form, the vehicle is an unmanned aerial 
vehicle, and the monitor display is positioned at a ground 
based location. A transmitter may be provided for each of the 
image sensing members in the image capture array and a 
receiver corresponding receiver is provided for each of the 
display monitors in the monitor display array. 
0008. In one embodiment, image sensing members of dif 
ferent types are placed in the image capture array So that the 
system can simultaneously capture images of different con 
ditions. 
0009 Preferably, the image capture array comprises a 
frame member attached to the vehicle configured for mount 
ing of the image sensing members thereon. Further, images 
from two or more image sensing members may be combined 
for transmission by a single transmitter, the transmission 
being received by a receiver capable of separating and recon 
structing the images to display them on display monitors to 
form a substantially continuous visual representation as cap 
tured by the image sensing members. 
0010. In another embodiment of the invention, the image 
sensing members comprise a first forward facing camera 
capturing a first forward field of view and a second rearward 
facing camera capturing a second rearward field of view; and 
the monitor display array comprises a first display monitor 
which is curved and displays the images corresponding to the 
first forward field of view, and a second display monitor 
which displays images corresponding to the second rearward 
field of view. The second display monitor may be curved, 
smaller than the first display monitor, and located above the 
first display monitor. 
0011. According to another aspect of the invention, there 

is provided an image capture and display system comprising: 
an image capture array for positioning on a vehicle, the image 
capture array comprising a plurality of image sensing mem 
bers, and at least one transmitter for transmitting images from 
the image sensing members; and a monitor display array for 
positioning remotely and comprising a pair of wearable video 
type goggles having a visual display for and corresponding to 
the composite image provided by the image sensing member, 
and a receiver for receiving the images corresponding to each 
transmitter. 
0012. In another aspect of the invention, there is provided 
a method for the capture and display of images, the method 
comprising: attaching an image capture array to a vehicle, the 
image capture array comprising a plurality of image sensing 
members, and at least one transmitter for transmitting images 
from the image sensing members; and positioning a monitor 
display array positioned remotely from the image capture 
array, the monitor display array comprising a display monitor 
for and corresponding to each image sensing member, and a 
receiver for receiving the images corresponding to each trans 
mitter for display on the display monitors. 
0013 The expanded perspective, wrap-around view, 
image capture and monitoring system, which can be in both 
vertical and horizontal views, for remote piloting of UAVs is 
intended to counteract the limitations of the traditional single 
camera and monitor FPV combination for UAVs by providing 
the pilot or operator thereof with a wider, yet substantially 
undistorted optical perspective that is more in line with the 
way a human normally sees the environment that encircles 
him. By enhancing peripheral vision and affording the pilot or 
operator (or an individual monitoring the craft's actions if it is 
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being flown autonomously) the ability to see what is Sur 
rounding the aircraft in all directions, more accurate control 
input decisions can be made with vastly improved situational 
awareness and obstacle avoidance capabilities. The cumula 
tive effect further makes the craft safer and improves capa 
bility for aerial Surveillance, aerial inspection, aerial map 
ping, transport and lifting of materiel, aerial photography or 
videography, and other remotely controlled UAV applica 
tions. 
0014. The panoramic, wrap-around view can be achieved 
in a number of ways. These ways would include, but are not 
limited to, the following: 
00.15 (1) Utilizing multiple, relatively normal perspective 
(~55, for example) cameras or sensors fashioned in a gener 
ally circular (or semi-circular) array which capture images or 
information which are then transmitted to, and then displayed 
on a corresponding monitoring array that is fashioned in a 
general circle (or semi-circle). 
0016 (2) Utilizing one or more panoramic or surround 
view cameras or sensors to create a circular (or semi-circular), 
curved view, which captures images it information that are 
then transmitted to, and displayed on a corresponding curved 
monitoring system. 
0017 Version (1): 
0018. Multiple, Normal-Perspective, 
(camera or sensor) Array. 
0019. This version of the device comprises four main 
stages or components. These are: 

Image Capture 

0020 (1) an image capturing stage, 
0021 (2) a wireless image data transmission stage, 
0022 (3) a wireless image data reception stage, and 
0023 (4) an image display stage. 
0024. The first stage is that of the image capture. To 
achieve this, multiple motion-picture, image capturing 
devices, such as cameras or sensors, are arranged, each in 
Succession, in a generally circular or multi-faceted pattern to 
create an array of cameras or sensors which afford a Substan 
tially continuous and contiguous 360° view around the 
vehicle, which in this embodiment will be considered to bean 
aircraft. It should be noted that this array can also be created 
with fewer image capture devices if the application calls for 
less than a 360° view, or if each image capture device covers 
a wider view. For instance, multiple cameras could be 
installed on the front quadrant of the craft creating something 
like a 180° forward view, with another camera facing the rear 
creating a 90° rearward view, the cumulative result being a 
non-contiguous view of 270°. Many different combinations 
to cover selected areas may be configured within the scope of 
the present invention. 
0025. The structure supporting the array of cameras or 
sensors can take any number of forms and is, generally, of 
secondary importance so long as the structure permits cam 
eras to be mounted with the appropriate spacing and offset 
angle, relative to one another, to facilitate an accurate circular 
view or other selected of the environment surrounding the 
aircraft. 
0026. The second stage is the wireless signal transmission. 
The video output feeds from each of the cameras or capturing 
devices is relayed to multiple transmitters, or alternatively, 
can be amalgamated by a "combiner into a matrix which 
then relays this amalgamated signal to a single transmitter. 
These transmitters, or the single transmitter when using the 
amalgamated and matrix feed method, then use one or more 
of radio frequencies, infrared frequencies, or other electro 
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magnetic transmission frequencies to send a wireless signal 
to remote receivers, or a single receiver, when using the 
amalgamated and matrix feed method. These signal transmis 
sions can be either in an analogue or digital format, Subject to 
the requirements of the application. 
0027. The third stage is the wireless signal reception. The 
signal(s) received from the transmitter(s) as described above 
are captured by multiple receivers, or a single receiver if the 
amalgamated and matrix feed method is used. These signals 
are converted into video feeds, and in the case of an amal 
gamated and matrix feed method, the signal is “uncombined 
or decoded, and sent to the display portion of the device. 
0028. The fourth stage is the image monitoring. The image 
monitoring or display stage of this multiple normal-perspec 
tive image capture version of the device can be implemented 
in the following several different ways. Examples of such 
ways are as follows: 
0029 (a) In a first variant, there is an image monitoring 
station comprising an array of monitors which are configured 
so that the array generally mimics the layout or configuration 
of the airborne portion (that is, cameras or sensors) of the 
expanded perspective, wrap-around view, image capture and 
monitoring system of the invention. This “station' is prefer 
ably comprised of a series of video monitors or displays 
arranged in Succession in a generally circular or multi-faceted 
patternaround the pilot or operator(s), who may be positioned 
within or at the center of the circle. The video feed from each 
of the image capture devices onboard the airborne craft is fed 
to its corresponding video display in the array, providing the 
pilot or operator(s) with a contiguous, coherent, remote view 
of the environment Surrounding the unmanned aerial vehicle, 
or other type of vehicle as the case may be. 
0030. As an example, if there are six outwardly facing 
cameras, arranged at about a 60° offset on the airborne craft, 
then there would be six monitor displays facing inward, 
arranged at about the same 60° offset at the monitoring sta 
tion. The pilot or operator would be situated within the circle 
(or multi-faceted arrangement), encompassed or Surrounded 
by the array of displays, in a viewing position that best aug 
ments UAV situational awareness and control. 
0031. The monitor configuration does not have to be cir 
cular, and can be arranged in any configuration that is appro 
priate to the given application, such, for example only, hex 
agonal, square, elliptical, or the like. 
0032 (b) In the second variant of the image display, a 
wrap-around monitor with a generally circular (or semi-cir 
cular) screen is used to display the feeds from the multiple 
image capturing devices. The associated images from each of 
the transmitted video feeds would be displayed one next to the 
other in the correct order relative to each other in order to 
create a substantially contiguous “single' image on this 
curved monitor display. 
0033. Additionally, motion picture “stitching software 
can optionally be utilized to join' or make the real time 
output of the multiple camera feeds appear seamless as if 
generated by one big panoramic camera, if desired. 
0034 (c) In the third variant, the video feeds from the 
cameras or sensors are viewed using video “immersion' type 
goggles, or equivalent type goggles, which one or more 
operators may be wearing. These goggles may be used in 
conjunction with "head-tracking' or “eye movement track 
ing technology where virtual tracking of the visual field is 
based upon either or both of the operators head motion or eye 
movement. The necessity of this tracking technology is due to 
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the fact that these types of goggles often provide a field of 
view (FOV) that may be narrower or more limited than that 
which the expanded perspective, wrap-around view system 
image sensor is capable of providing. Technological devel 
opments may allow for goggles that afford a FOV that is wide 
enough to encompass the complete, expanded perspective 
image that has been acquired by the image capture portion of 
the expanded perspective, wrap-around view system. In this 
event, this type of goggle can be utilized. 
0035. Version 2: 
0036 Panoramic Image Capture (cameras or sensors). 
0037. The expanded perspective, wrap-around view, 
image capture and monitoring system of the invention can 
also be implemented using one or more image capturing 
devices (such as cameras or sensors) with panoramic lenses to 
create the desired wrap-around, Surround view. 
0038. As described above with reference to the multiple 
normal-perspective image capture array version (version 1), 
the panoramic image capture version of the expanded per 
spective, wrap-around view, image capture and monitoring 
system for remote piloting of UAVs also consists of four main 
stages or components, as follows: 
0.039 (1) an image capturing stage, 
0040 (2) a wireless image data transmission stage, 
0041 (3) a wireless image data reception stage, and 
0.042 (4) an image display stage. 
0043. The first stage is the image capture. The image cap 
ture or sensing stage of the panoramic image capture version 
(version 2) of the device can be implemented in the a number 
of ways, the following of which are representative examples 
and are not intended to limit the scope of the invention: 
0044 (a) A singular, "wrap-around, 360° panoramic 
image capture device (i.e. lens, camera or sensor) can be used 
to create a substantially “seamless' 360°, circular view. Alter 
natively, a wrap-around, semi-circular view of less than 360° 
can be implemented as well, depending on the application. 
For example, the wrap-around view could be 180°, or 270°, or 
300°, or some other selected value. 
0045 (b) Multiple “wrap-around, panoramic image cap 
ture devices (i.e. lenses, cameras or sensors), depending on 
the application, can be used to create a cumulative wrap 
around view of up to 360°. One example of this image capture 
could be: one panoramic lens and video sensor combination 
creating a 180° view forward of the aircraft, plus one pan 
oramic lens and video sensor combination creating a 90° view 
to the rear of the craft, in total creating a cumulative, non 
contiguous view of 270°. Other configurations would be 
within the scope of the invention. 
0046. The second stage is the wireless signal transmission. 
The video output feeds from each of the cameras or capturing 
devices is relayed to multiple transmitters, or alternatively, 
can be amalgamated by a "combiner into a matrix which 
then relays this amalgamated signal to a single transmitter. 
These transmitters, or single transmitter when using the 
matrix feed method, then use radio frequencies, infrared fre 
quencies, or other electromagnetic transmission frequencies 
to send a wireless signal to remote receivers, or a single 
receiver, depending on the method in place. These signal 
transmissions can be either in an analogue or digital format, 
based on the requirements of the selected application. 
0047. The third stage is the wireless signal reception. The 
signal(s) from the transmitter(s) are captured by multiple 
receivers, or a single receiver if the amalgamated and matrix 
method is used. These signals are converted into Video feeds, 
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or, in the case of an amalgamated and matrix method, the 
signal is “uncombined’ or decoded, and sent to the display 
portion of the device. 
0048. In this case, as is the situation with any of the other 
embodiments or versions described herein, there may be a 
mix of single transmitters and receivers for each image cap 
turing device and its corresponding monitor, used in conjunc 
tion with the amalgamated or combined transmitters and 
receivers. Thus, one or more selected camera or sensor and its 
paired monitor may each have their own dedicated transmit 
ters and receivers, while two or more of the remaining cam 
eras or sensors and monitors pairs may have amalgamated or 
combined transmitters or receivers serving multiple Such 
pairs. 
0049. The fourth stage is the image monitoring. The image 
monitoring stage of the panoramic image capture (version 2) 
of the device can be implemented in the following ways: 
0050 (a) In a first variant, one or more wrap-around moni 
tors with generally circular or semi-circular or otherwise 
curved display surfaces are configured to exhibit the feed or 
feeds of the image capture portion of the system in the first 
stage. The layout of these monitors will be configured to 
emulate to the extent possible or desired the lens and camera 
(or sensor) arrangement on the airborne component of the 
craft, creating a viewing perspective that attempts to “mirror 
or is representative of the airborne field of view that is being 
captured on the vehicle. 
0051 (b) In a second variant, the video feeds are viewed 
using video “immersion' type or similar type goggles, which 
the operator(s) may be wearing in conjunction with "head 
tracking’ or “eye movement tracking technology where Vir 
tual tracking of the visual field is based upon head motion or 
eye movement of the operator. The necessity of this tracking 
technology is due to the fact that these types of goggles often 
provide a field of view (FOV) that may be narrower or more 
limited than that which the expanded perspective, wrap 
around view system image sensor is capable of providing. 
Technological developments may allow for goggles that 
afford a FOV that is wide enough to encompass the complete, 
panoramic image that has been acquired by the image capture 
portion of the expanded perspective, wrap-around view sys 
tem. In such an event, this type of goggle can be utilized. 
0.052 System Configuration 
0053. The airborne, camera or image capture portion of 
the expanded perspective, wrap-around view, image capture 
and monitoring system of the invention may be attached to 
some part or structure of the vehicle being flown, and prefer 
ably in a location where the view is largely unobstructed by 
the craft for unhampered performance in collecting desirable 
images. The location may be above, below, in front of, behind, 
or to the side, of the host vehicle, or such other suitable 
location. 
0054 The expanded perspective, wrap-around view, 
image capture and monitoring system can be installed on any 
type or configuration of airborne UAV. This would include 
(but not be limited to) the following types of aircraft: fixed 
wing, rotor craft (conventional single blade or multi-rotor), 
glider, lighter-than-air, rocket, space vehicle, etc. The UAV 
can be of any size or weight. 
0055. The monitoring or display station portion of the 
expanded perspective, wrap-around view, image capture and 
monitoring system can be implemented as a fixed, ground 
based installation, or it can be carried by or contained within 
a variety of mobile vehicles. These host mobile vehicles 
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would include (but are not limited to) vehicles that are 
ground-based, water-based (surface or underwater), airborne, 
or deployed in space. 
0056. The monitoring or display station can also be 
installed in the airborne craft that is being piloted and which 
contains the image capturing portion of the system. As an 
example, the image capture portion of the device can be 
mounted outside the aircraft, while the monitoring portion is 
installed inside the same flying craft. This type of configura 
tion would be useful in Scenarios such as night operations 
where the craft is being piloted using thermal (infrared) imag 
ing as opposed to a visible light spectrum camera (or sensors), 
or when dangerous environmental factors such as high radia 
tion levels necessitate that the pilot or occupants of the craft 
be shielded from these dangerous elements, which may 
impact the visibility of the outside conditions from the air 
craft. 
0057 The expanded perspective, wrap-around view sys 
tem of the invention can utilize many types of image captur 
ing or sensing devices in its construction. These would 
include (but not be limited to) normal visual spectrum cam 
eras or sensors, infrared cameras or sensors for night vision 
and/or heat sensing (useful in the carrying out of fire preven 
tion or search and rescue operations), radiation sensors, pres 
Sure sensors, gaseous content or humidity sensors, Sonic sen 
sors, EMF spectrometers, to name a few possibilities. 
0058. Furthermore, the system can be configured to cap 
ture and display a 3D version of the wrap-around view for 
increased depth perception cues. 
0059. The complete system and its operation, from image 
capture, through transmission, to monitoring, would be 
designed to accomplish minimal delay or latency throughout 
the signal chain to give the pilot or operator information in as 
close to real time as technically feasible. 
0060. The apparatus and method of the invention can uti 
lize analogue, digital, channel hopping digital (i.e. COFDM), 
infrared, or other yet to be developed image capture or trans 
mission technologies, or even a combination of Such tech 
nologies to achieve optimal performance. 
0061 The image displayed on the monitoring portion of 
the system can be augmented or even replaced by computer 
generated 3D map imagery linked to a navigational system 
such as GPS or a RealTime Kinematic System if desired. And 
although the displayed image may be generated synthetically, 
the benefits of the wrap-around view would still be present in 
that it provides the pilot or operator(s) with wide perspective, 
visual cues and increased situational awareness for accurate 
control input and craft maneuverability. 
0062 For example, if a UAV is being operated in an envi 
ronment of reduced or even Zero visibility, Such as in fog or 
during fire fighting operations where very thick Smoke is 
present, the wrap-around computer generated, augmented 
view of surrounding terrain or obstacles will allow the pilot or 
operator the ability to maneuver the craft effectively and 
safely despite his or her inability to see any clear image using 
a conventional visual spectrum video feed. 
0063. The aircraft borne component (Stages 1 and 2) of the 
expanded perspective, wrap-around view, image capture and 
monitoring system installation, in any of its variants, can be 
implemented with or without gyro stabilization, or other 
types of Stabilization, technology depending on the applica 
tion and whether stabilization and/or a level horizon is 
deemed to be advantageous to the application. 
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0064. In one embodiment, the airborne component 
(Stages 1 and 2) of the expanded perspective, wrap-around 
view, image capture and monitoring system installation, in 
any of its variants, can be placed within a protective housing, 
chamber or other Suitable structure that safeguards and pro 
tects the components such as the lenses from weather ele 
ments, from shock in the event of a crash, hostile weapons 
attacks, or if it allows for aerodynamic benefits. Various filters 
may also be provided on the cameras, and in another embodi 
ment, some or all of the cameras or sensors may be contained 
in a dedicated housing or container to afford the necessary 
protection. 
0065 Transmission repeaters or signal amplifiers can be 
added to the system and placed in a location or locations 
which are considered to improve or boost signal quality or 
extend the range of the UAVs operational area. As on 
example only, if a craft is flown on one side of a mountain 
range, with the pilot or operator's monitoring station situated 
on the other side of a mountain range in a position that does 
not facilitate a suitable line-of-sight (LOS) signal transmis 
Sion, a repeater and/or an amplifying device can be placed at 
a point of high elevation atop the mountain range to aid in the 
quality and strength of the signal that is being transmitted and 
received. 
0066. A transmission repeater can also be carried aloft by 
another aircraft (manned or remotely-controlled), or satellite 
in addition to or instead of the above situation. 
0067. The signal that is being broadcast by the airborne 
component (Stages 1 and 2 as described above) of the 
expanded perspective, wrap-around view, image capture and 
monitoring system can be received and displayed by multiple 
monitoring or display stations (fixed-installation or mobile) 
simultaneously. As such, the video feed may be monitored in 
several locations at the same time, providing information to 
different operators or entities for use according to specific 
need. Such locations may be a command center as well as a 
field unit, so that both may benefit, and use the information, 
from the live video or other feed. 
0068 More than one expanded perspective, wrap-around 
view, image capture and monitoring system can be mounted 
on a UAV depending on the application. For instance, one 
system could work within the visual spectrum for piloting (or 
other) purposes, while another system could utilize a thermal 
imaging spectrum for aerial Surveillance, fire fighting opera 
tions, or search and rescue purposes. Additionally, more than 
one system can be installed on a UAV for the purpose of 
operational redundancy in the event that one system fails. 
Further, different types of system feeds can be transmitted to 
different monitoring stations depending on the needs of each 
Such monitoring station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0069. In the drawings: 
0070 FIG. 1 is a schematic representation of an unmanned 
aerial vehicle and a monitoring display station in accordance 
with one aspect of the invention; 
0071 FIG. 2 is perspective view of a camera or sensor 
arrangement on an unmanned aerial vehicle in accordance 
with one embodiment of the invention; 
0072 FIG. 3 is a top perspective view of a monitoring and 
display station inaccordance with one aspect of the invention; 
0073 FIG. 4 is detail perspective view of the image cap 
ture apparatus mounted on an airborne vehicle in one aspect 
of the invention; 
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0074 FIG. 5 is a detailed perspective view of a the image 
capture apparatus and antenna shown mounted on an aerial 
vehicle which is partially shown: 
0075 FIG. 6 is a top schematic view of a monitoring 
station and the image capture apparatus showing the respec 
tive transmitters and receivers associated with each other, 
0076 FIG. 7 is a schematic view of an aerial vehicle with 
cameras or sensors and a monitoring station with displays in 
accordance with a further embodiment of the invention; 
0077 FIG. 8 is a detailed view of the aerial vehicle and its 
cameras or sensors of the type illustrated in FIG. 7 of the 
drawings; 
0078 FIG. 9 is a detailed view of the monitoring station 
and its monitors or displays of the type illustrated in FIG. 7 of 
the drawings; 
007.9 FIG. 10 shows a schematic view of goggles and 
related hardware worn by an operator for viewing the image 
captured on the aerial vehicle: 
0080 FIG. 11 is a schematic representation of an 
unmanned aerial vehicle including a circular sensor in accor 
dance with a further aspect of the invention; 
0081 FIG. 12 is a schematic representation of a monitor 
ing station including a circular video display in accordance 
with a further aspect of the invention; 
0082 FIG. 13 is a schematic representation of an 
unmanned aerial vehicle including a spherical sensor in 
accordance with a further aspect of the invention; 
0083 FIG. 14 is a schematic representation of a monitor 
ing station including a substantially spherical video display in 
accordance with a further aspect of the invention; 
0084 FIG. 15 is a schematic representation of a monitor 
ing station including a spherical video display accordance 
with yet a further aspect of the invention; 
0085 FIG. 16 is a schematic representation of a monitor 
ing station in accordance with still a further aspect of the 
invention; and 
I0086 FIG. 17 is a schematic representation of an 
unmanned vehicle and monitoring station utilizing circular or 
spherical image capture and display with a plurality of sensor 
and display mechanisms, transmitters and receivers. 

DETAILED DESCRIPTION OF THE INVENTION 

0087. Reference is now made to the accompanying draw 
ings which show various embodiments of the invention. The 
drawings are intended to illustrate Some of the embodiments, 
but certainly not all, which can be configured and constructed 
in accordance with the invention. 
0088 FIG. 1 of the drawings illustrates an image monitor 
ing and display system 10 of the invention. It is noted that the 
monitoring and display is not limited to conventional video in 
the visual spectrum, but can also utilize infrared, thermal, 
radiation, or other sensors and display mechanisms. There 
fore, any reference herein to visual spectrum image and dis 
play should also be understood to encompass all other types 
of sensing and their respective forms of display. 
0089. The monitoring and display system 10 comprises 
and camera array 12 mounted on a frame 14, which is attached 
to the underside of an unmanned aerial vehicle 16. One type 
of aerial vehicle 16 is shown in FIG.1, but many types may be 
used. These include manned or unmanned vehicles, fixed 
wing or rotor craft, gliders, to name a few. The aerial vehicle 
16 may optionally include a gyro stabilization device 18 
where considered necessary or appropriate. 
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0090 The camera array 12 comprises six cameras 20 
mounted on the frame 14, which may be in the form of a 
chassis, platform or other suitable structure. The cameras 20 
may be exposed, as shown in FIG. 1, but they may also be 
individually enclosed or enclosed in a containment structure 
which would make up the frame 14. Each camera or sensor 
has a lens 22, and each is located on the frame 14 to as to 
capture a different segment of the Surroundings. In the 
embodiment illustrated, there are six cameras 20 and each 
would capture images representing six approximately 60 
degree segments so that the combined image encapsulates the 
full 360 degree view about the aerial vehicle 16. The cameras 
20 are placed on the frame 14 so that there will preferably be 
a clear and unimpeded view of the Surroundings. 
0091. Each camera 20 has associated therewith an antenna 
26. In the embodiment of FIG.1, the antennae 26 are mounted 
on the lower surface of the frame 14 and project downwardly. 
Each antenna 26 is directly below its associated camera 20, 
and is configured to transmit the image from its associated 
camera 20 to a receiver, as will be described. The antenna 
arrangement can also take other forms and is not specific to 
"downward' and “below its associated camera' as described 
with references to the present embodiment. 
0092. The embodiment in FIG. 1 illustrates an antenna 26 
for each camera 20 or sensor, but the invention contemplates 
within its scope fewer antennae 26 than cameras 20. The 
images from one or more or all of the cameras 20 may be 
combined and transmitted by a single antenna to a base station 
where the combined signal will be received and separated into 
its individual component parts so as to recreate the 360 degree 
(or other spectrum) view captured by the plurality of the 
cameras 20. 

0093. The invention as illustrated in FIG. 1 of the drawings 
also has a base monitoring or display station 40. This station 
40 comprises six monitors 42 arranged relative to each other 
to form a generally hexagonal shape, and defining an interior 
space 44 which can accommodate a pilot or operator 46 and 
seating 48. The monitors 42 are adjacent or abut each other so 
as to preferably provide as close to a seamless composite 
display of the various images captured by the cameras 20. 
0094. Each monitor has associated therewith a receiver 50. 
and each receiver has its own antenna 52. Each antenna 52 of 
the receivers 50 communicates with one corresponding 
antenna 26 of the cameras 20, in a manner that will allow the 
monitors 42 to display the captured images of the cameras 20 
in the same order as they are captured by the cameras 20. In 
this way, a generally 360 degree Surround image is assembled 
and produced on the monitors to display the view much like 
an operator would have if he or she was actually in the aerial 
vehicle 16. 
0095. It is to be noted that the drawings only show the 
image capture and monitoring system, but there will also be 
ground or remote controls to navigate the aerial vehicle (when 
unmanned) so that it can be directed and flown to the desired 
location and orientation. Further, each of the lenses 22 on the 
cameras 20 may be adjustable, either manually or automati 
cally, so that they are directed downwardly to the area to be 
photographed. Such adjustments may become necessary as 
the vehicle 16 ascends or descends so that the desired or 
selected area below continues to be the main focus for the 
cameras 20. 

0096 Reference is now made to FIG. 2 of the drawings 
which shows a detail of the camera array 12 mounted on the 
aerial vehicle 16. The frame 14 is shown as generally com 
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prised of six equal panels 62 arranged in the shape of a 
hexagon and having an outside lower shelf60 which Supports 
each camera 20 and lens 22 facing outwardly, each lens 22 
being positioned to capture its own approximately 60 degree 
segment of the surroundings. The frame 14 is fixed to the 
aerial vehicle 16 by means of an appropriate attachment fit 
ting 64. The frame 14 defines an internal chamber or space 66 
designed to house the electronics and other hardware for 
operating the system, including a transmitter 70 associated 
with each camera 20 which is connected to its respective 
antenna 26 located below the shelf 60 to facilitate optimaland 
unimpeded communication with the antennae 52 on the 
monitoring station 40. 
0097 FIG.3 of the drawings is a detail view of the moni 
toring station 40 of the invention, showing an operator 46 with 
control box 76 on a seat 48 placed in the space 44. The 
operator 46 is Surrounded by the six hexagonally arranged 
bank of monitors 42, each monitor 42 having its dedicated 
receiver 50 with antenna 52. The seat 48 is on wheels or 
casters, offering the operator 46 mobility in moving about the 
space 44, with the ability to turn or rotate his position to view 
any one or more of the six monitors 42. The six monitors 
collectively provide a 360 degree panoramic view that would 
be available to a person sitting in the aerial vehicle 16. 
0098. Each of the six antennae illustrated in FIG. 3 has 
been designated its own reference numeral, 52a, 52b. 52c, 
52d, 52e and 52?. Each of these antennae 52a to 52f has its 
frequency communication setting and is programmed to 
receive data from one of the six corresponding antennae 26 on 
the camera array 12. As seen in FIG. 5 of the drawings, 
showing a more detailed view of the antennae 26 associated 
with the cameras or sensors 20, there are six antennae each 
having their own reference numerals, namely, 26a, 26b, 26c. 
26d, 26e and 26f. Thus antenna 26a communicates with 
antenna 52a, antenna 26b communicates with antenna 52b. 
and so on. Each camera 20 therefore has the image it is 
capturing displayed on a dedicated monitor 42, all of the 
monitors 42 together providing the composite real time image 
of the surroundings as would be observed from the aerial 
vehicle 16. There is also the ability to move the aerial vehicle 
16 in both direction and orientation to a selected location or 
position so that the image of the desired areas can be secured 
at the monitoring station 40. 
0099 FIG. 4 of the drawings shows an upward perspective 
view of the aerial vehicle 16, the attachment fitting 64, frame 
14 and cameras 20. This figure illustrates a situation where the 
system may be capturing images and transmitting them, as 
described above. 

0100 FIG. 6 of the drawings shows a schematic represen 
tation of the camera array 12, including cameras 20a, 20b, 
20c, 20d, 20e and 20?, while attached to the aerial vehicle 16 
(not shown) and its manner of communication with the moni 
toring station 40 as has already been described above. This 
figure illustrates the specific mechanism of communication 
between the two, with a transmitter 70 and antennae 26a, 26b, 
26c. 26.d. 26e and 26f on the aerial vehicle 16 communicating 
exclusively with its corresponding antenna 52 and receiver 50 
on the monitoring station 40. As mentioned above, there are 
embodiments of the invention where two or more signals 
from separate transmitters 70 are combined or matrixed, 
transmitted through a common antenna, and then decoded at 
the monitoring station 40 and directed to the appropriate 
monitor 42 to reconstruct the composite image. In other 
words, it is not necessary to the invention that each camera 20 
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and monitor 42 have its own transmitter or receiver, so there 
may be fewer such transmitters or receivers than there are 
cameras 20. 

(0.101) While FIGS. 1 to 6 of the drawings show six cam 
eras or monitors, the invention may have other desired num 
bers of these components. For example, there may be only 
four of each, or eight of each. Additionally, the cameras may 
not necessarily capture the entire 360 degree panoramic view. 
There may be two or more cameras for capturing images 
which represent only part of the full circumference, and the 
individual views need not be contiguous each other. There are 
many variations possible all of which are in the scope of this 
invention. 

0102 FIG. 7 of the drawings shows another embodiment 
of the invention. The aerial vehicle 16 in this embodiment has 
two cameras, namely, a forward facing camera 90 which 
captures a 180 degree field of view, and rearward facing 
camera 92 having a 90 degree field of view. The cameras 90 
and 92 therefore combine to provide a cumulative field of 
view of approximately 270 degrees. Each camera (or sensor, 
as the case may be) 90 and 92 may have its own transmitter 
and associated antenna, or there may be a single transmitter 
94, as illustrated in FIG. 7 of the drawings, with its antenna 96 
which transmits the combined signal from both cameras 90 
and 92 to a receiver for display as will be described. 
(0103) Note that the two cameras 90 and 92 may provide a 
field of view with different cumulative combinations to that 
illustrated, or even the full 360 degree view, based on the 
specific requirements and parameters of a given operation. 
0104. The monitoring station 100 is modified to suit the 
configuration of the cameras 90 and 92. The monitoring sta 
tion 100 comprises a larger curved display 102 showing a 180 
degree view corresponding to the image captured by the for 
ward facing camera 90. The operator or pilot (or someone 
serving both of these functions) 46 sits in front of this display 
102 as shown. A smaller curved display 104 is placed above 
the larger curved display 102, so that both the front view 
image from the aerial vehicle as well as the back view image 
can be observed simultaneously without having to physically 
shift positions within the space 44 referenced above. Prece 
dence interms of image size will be given to the forward view 
transmitted, but at the same time, the operator 46 will have 
within her peripheral vision at least the view to the rear of the 
aerial vehicle, as captured by the rearward facing camera 92. 
0105. The monitoring station 100 includes a receiver 106 
with antenna 108 for communicating with and receiving data 
streams or signals from the transmitter 94. The number of 
receivers 106 on the monitor station 100 will correspond with 
the number of transmitters on the aerial vehicle 16 to facilitate 
proper presentation of the video stream accurately at the 
monitor station 100. Instead of multiple streams, there may be 
a combined matrix or single stream, as described with refer 
ence to a previous embodiment. 
0106 Note that combination of flat panel viewing and 
curved panel viewing may be provided. Thus, for example, a 
larger curved display 102 may be used in conjunction with 
one or more smaller flat panel displays of the type illustrated 
above, to present a view suitable to the circumstances of the 
operation. 
01.07 FIG. 8 shows a more detailed view of the aerial 
vehicle 16 as illustrated in FIG. 7 of the drawings, while FIG. 
9 shows a more detailed perspective view of the monitor 
station 100, with a better view of the control panel used by the 
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operator to mange and adjust the cameras as well as the 
direction of flight and orientation of the aerial vehicle. 
0108 FIG. 10 is a schematic representation of video 
goggles 120 which may be worn by a user or operator 122 for 
viewing the signals transmitted from the cameras or sensors. 
In a preferred form of the invention, the goggles 120 may have 
sensors 124 for determining the position of the head of the 
operator 122 and displaying the image (such as a forward 
facing, rearward facing or side facing image) according to the 
sensed position of the head. There may also be associated 
with the goggles 120 a receiver 126 with antenna 128 which 
will have a purpose and function as already described. 
0109 Reference is now made to FIG. 11 of the drawings, 
which shows an unmanned aerial vehicle 160 in accordance 
with a further aspect of the invention. Note that this figure 
shows an unmanned aerial vehicle 160, but it is within the 
scope of the invention that the vehicle may also be manned or 
operated by an onboard pilot. The vehicle 160 may itself be 
similar to that which has been previously described, such as 
illustrated in FIG. 8 of the drawings. The vehicle 160 has a 
sensor attachment fitting 162 extending downwardly there 
from, and a circular sensor 164 fixed to the sensor attachment 
fitting 162. There is further provided a video transmitter 166, 
and a video antenna 168. It is to be noted that this figure 
illustrates a sensor which has 360 degree circular or near such 
circular viewing capabilities. The image captured is therefore 
of the 360 degree view surrounding the circular sensor 164. In 
other embodiments, the circular sensor may not necessarily 
capture images of the total 360 degree view, but may be less 
than this, such as, for example only, 270 degrees. 
0110 FIG. 12 of the drawings shows a monitoring station 
170 which comprises a central area for accommodating the 
pilot 172 and the unmanned aerial vehicle piloting controller 
174. A circular video display 176, mounted on legs or a frame 
178, is positioned about the pilot 172. The video display 176 
receives data through a video receiver antenna 180, and a 
video receiver 182, so that the image is displayed on the 
circular substantially continuous video display 176. It should 
be noted that the circular video display 176 would typically be 
one which receives data from an unmanned aerial vehicle 
having a circular sensor 164 as generally illustrated in FIG. 11 
of the drawings. 
0111 FIG. 13 of the drawings shows an unmanned aerial 
vehicle 160 which has a sensor attachment fitting 162. A 
spherical sensor 190 is fixed to the sensor attachment fitting 
162, and is able to capture images which are spherical in 
nature. Such spherical images would include Substantially 
360 degree views in both the vertical and horizontal orienta 
tions. The images so captured by the spherical sensor 190 are 
transmitted to a video transmitter 192 with accompanying 
video antenna 194 which are in turn transmitted to a moni 
toring station. 
0112 FIG. 14 of the drawings shows a monitoring station 
200, partially cutaway to illustrate its interior features, having 
a structure and configuration which is adapted to display 
images which have been captured by the spherical sensor 190 
illustrated in FIG. 13 of the drawings and transmitted to the 
monitoring station 200 through the video transmitter 192 and 
video antenna 194. The monitoring station 200 comprises a 
video display enclosure 202 of generally spherical shape with 
a video display screen 204 on the inside surface thereof. 
Inside the video display enclosure 202, a piloting controller 
206 may be accommodated, and a pilot 207 sits on a seat 208 
mounted on a seat base 210. The video display enclosure 202 
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is itself mounted on a Supporting base 212, and has an enclo 
sure access port 214 and ladder 216 for the convenience of the 
pilot controller 207. Associated with the video display enclo 
sure 202 is a video receiver antenna 218 and video receiver 
220. Data captured from the video antenna 194 by the receiver 
antenna 218 is processed through the video receiver 220 and 
displayed on the video display screen 204. 
0113 FIG. 15 of the drawings shows a further view of a 
monitoring station 230 in accordance with the present inven 
tion. The monitoring station 230, cutaway for demonstrating 
the interior, shows the video display enclosure 232 mounted 
on a base 234, and a video display screen 236 of the inside 
surface of the video display enclosure 232. The piloting con 
troller 238 is positioned for convenient use by a pilot 240, 
who sits on a seat 242 Supported on a platform 244. 
0114 FIG. 16 of the drawings shows a another version of 
a monitoring station 250 which is generally substantially 
spherical, but is cutaway at its lower edge or portion. The 
monitoring station 250 is accessed through an enclosure 
access door 252, which forms an integral part of the substan 
tially spherical video display enclosure 254. The video dis 
play screen 256 is preferably formed on the inside surface of 
the video display enclosure 254, including over the inside 
surface of the access door 252, so that when the door 252 is 
closed, a preferably continuous and Substantially seamless 
image will be shown on the video display screen 256 includ 
ing over the inside of the access door 252. Within the video 
display enclosure 254, a floor platform 260 is formed, upon 
which a seat 262 is mounted, the seat 262 being for the benefit 
of the pilot 264. The pilot 264 operates a controller 266, as 
previously described and illustrated. The video display enclo 
sure 254 has a video downlink receiver 268 with an associated 
video downlink receiver antenna to 270. The antenna or 270 
and receiver 268 receive captured images from an unmanned 
aerial vehicle, and through appropriate controllers convert 
these images to live feed on the video display screen 256. 
0115 FIG. 17 of the drawings illustrates a system in accor 
dance with the invention, which may have a spherical or 
circular image capturing mechanism, and a spherical or cir 
cular monitor. In this embodiment, there is a plurality of 
image sensors, transmitters, receivers, as well as monitor 
sections. In this figure, there is shown an unmanned aerial 
vehicle 360 having an attachment mechanism 362 depending 
therefrom, upon which a sensor housing 364 is mounted. The 
sensor housing 364 contains a plurality of sensors able to 
capture an image which is circular or spherical in nature. The 
sensor housing 364 has four transmitters 366a to 366d, each 
of the transmitters having an associated antenna 368a to 
368d. These transmit the images captured within the sensor 
housing 364 to a monitoring station 370. The monitoring 
station 370 is configured to accommodate an operator 372 
and control board 374. The monitoring station 370, in the 
present embodiment, has four sections, each of the four sec 
tions having a receiver 382a to 382d, each of these receivers 
having an associated antenna 380a to 380d. The transmitters 
366 and antennae 368 transmit respective images to antennae 
380 and receivers 382. Where there are four image capturing 
sensors in the sensor housing 364, four sections of the moni 
toring station 370 display an image corresponding to each of 
these four capturing sensors. Preferably, the four images are 
seamed together so as to provide a Substantially continuous 
image around the operator 372, which according to the nature 
of the monitoring system may be circular, spherical, or a 
combination thereof. Although four image sensors are shown 
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in FIG. 17, the invention is not limited to spherical or circular 
monitoring with for Such sensors, and there may be any num 
ber of conveniently selected sensors and corresponding moni 
tors. Furthermore, the number of sensors and monitors need 
not be the same, with a particular transmitter transmitting its 
image to more than one monitor section, or vice versa. 
0116. Throughout this description, the embodiments and 
examples shown should be considered as exemplars, rather 
than limitations on the apparatus and procedures disclosed or 
claimed. Although many of the examples presented herein 
involve specific combinations of method acts or system ele 
ments, it should be understood that those acts and those 
elements may be combined in other ways to accomplish the 
same objectives. Acts, elements and features discussed only 
in connection with one embodiment are not intended to be 
excluded from a similar role in other embodiments. 
0117. As used herein, "plurality” means two or more. As 
used herein, a “set of items may include one or more of such 
items. As used herein, whether in the written description or 
the claims, the terms “comprising”, “including”, “carrying. 
“having”, “containing”, “involving, and the like are to be 
understood to be open-ended, i.e., to mean including but not 
limited to. Only the transitional phrases “consisting of and 
“consisting essentially of, respectively, are closed or semi 
closed transitional phrases with respect to claims. Use of 
ordinal terms such as “first', 'second”, “third”, etc., in the 
claims to modify a claim element does not by itself connote 
any priority, precedence, or order of one claim element over 
another or the temporal order in which acts of a method are 
performed, but are used merely as labels to distinguish one 
claim element having a certain name from another element 
having a same name (but for use of the ordinal term) to 
distinguish the claim elements. As used herein, “and/or 
means that the listed items are alternatives, but the alterna 
tives also include any combination of the listed items. 

1. An image capture and display system comprising: 
an image capture sensor positioned on a vehicle, the image 

capture sensor comprising an arcuate continuous image 
sensing member, and a transmitter for transmitting 
images from the image capture sensor, and 

a monitor display positioned remotely from the image cap 
ture sensor, the monitor display comprising a display 
monitor having an arcuate continuous image configura 
tion Substantially corresponding to that of the image 
capture sensor, and a receiver for receiving the images 
corresponding to the transmitter. 

2. An image capture and display system as claimed in claim 
1 wherein the vehicle is an unmanned aerial vehicle. 

3. An image capture and display system as claimed in claim 
2 wherein the monitor display is positioned at a ground based 
location. 

4. An image capture and display system as claimed in claim 
1 wherein the image capture sensor cumulatively captures 
less than a 360 degree field of view. 

5. An image capture and display system as claimed in claim 
1 wherein the image capture sensor are cameras for capturing 
Video images in the visual spectrum. 

6. An image capture and display system as claimed in claim 
wherein the image capture sensor are infrared cameras for 
capturing images in the infrared spectrum. 
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7. An image capture and display system as claimed in claim 
1 wherein the image capture sensor are night vision sensors 
for capturing video images in the visual spectrum. 

8. An image capture and display system as claimed in claim 
1 wherein the image capture sensor are selected from the 
group consisting of heat sensors, radiation sensors, pressure 
sensors, gaseous content sensors, humidity sensors, Sonic 
sensors and EMF spectrometers. 

9. An image capture and display system as claimed in claim 
1 comprising image capture sensor of different types so that 
the system can simultaneously capture images of different 
conditions. 

10. An image capture and display system as claimed in 
claim 1 wherein the monitor display array defines an internal 
space capable of accommodating an operator of the system. 

11. An image capture and display system as claimed in 
claim 1 wherein the image capture sensor comprises a frame 
member attached to the vehicle configured for mounting of 
the image sensing members thereon. 

12. An image capture and display system as claimed in 
claim 1 wherein the vehicle is selected from the group con 
sisting of manned aerial vehicle, glider, ground-based 
vehicle, water-based vehicle, and space vehicle. 

13. An image capture and display system as claimed in 
claim 1 wherein the image capture sensor is located outside of 
an aerial vehicle and the monitor display array is located 
inside the same aerial vehicle. 

14. An image capture and display system comprising: 
an image capture sensor for positioning on a Vehicle, and at 

least one transmitter for transmitting images from the 
image capture sensor; and 

a monitor display array for positioning remotely from the 
image capture sensor, the monitor display array com 
prising a display monitor for and corresponding to the 
image capture sensor, and a receiver for receiving the 
images corresponding to each transmitter. 

15. An image capture and display system as claimed in 
claim 1 wherein the image capture sensor comprises a gen 
erally circular sensor for capturing Substantially 360 degree 
images. 

16. An image capture and display system as claimed in 
claim 15 wherein the display monitor is substantially circular 
in shape and displays the images in a Substantially continuous 
360 degree image. 

17. An image capture and display system as claimed in 
claim 1 wherein the image capture sensor comprises a gen 
erally spherical or partially spherical sensor for capturing 
Substantially spherical images. 

18. An image capture and display system as claimed in 
claim willing the display monitor is Substantially spherical or 
partially spherical in shape and displays the images in a 
Substantially continuous 360 degree image. 

19. An image capture and display system as claimed claim 
1 wherein a plurality of image sensing members are provided 
to form the arcuate continuous image. 

20. An image capture and display system as claimed claim 
1 wherein a plurality of display monitors are provided which 
display the arcuate image. 

k k k k k 


