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(57) ABSTRACT

An image is modified for display on a rigid curved wearable
display device. Positioning data is received from position
sensors on the rigid curved wearable display device. The
position sensors provide positioning data that describe, in real
time, a physical three-dimensional orientation of the rigid
curved wearable display device relative to a field of vision of
a wearer of the rigid curved wearable display device. The
position sensors further determine a present viewable area of
the exterior display surface based on the physical three-di-
mensional orientation of the rigid curved wearable display
device relative to the field of vision of the wearer. An image on
the present viewable area is modified based on the physical
three-dimensional orientation of the rigid curved wearable
display device relative to the field of vision of the wearer, thus
generating a modified image that is displayed on a predefined
area of the exterior display surface.
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RIGID CURVED WEARABLE DISPLAY
DEVICE

BACKGROUND

[0001] The present disclosure relates to the field of elec-
tronic devices, and specifically to output display devices used
with computers. Still more specifically, the present invention
relates to rigid curved wearable display devices.

SUMMARY

[0002] Inanembodimentofthe presentinvention, a method
and/or computer program product displays an image on the
rigid curved wearable display device. Positioning data is
received from position sensors on a rigid curved wearable
display device. The position sensors provide positioning data
that describe, in real time, a physical three-dimensional ori-
entation of the rigid curved wearable display device relative
to a field of vision of a wearer of the rigid curved wearable
display device. The rigid curved wearable display device has
an exterior display surface, which has a convex planar shape.
The position sensors determine a present viewable area of the
exterior display surface based on the physical three-dimen-
sional orientation of the rigid curved wearable display device
relative to the field of vision of the wearer of the rigid curved
wearable display device. An image on the present viewable
area is modified based on the physical three-dimensional
orientation of the rigid curved wearable display device rela-
tive to the field of vision of the wearer of the rigid curved
wearable display device, thus generating a modified image
that is displayed on a predefined area of the exterior display
surface.

[0003] In an embodiment of the present invention, a rigid
curved wearable display device comprises a set of position
sensors, one or more processors, and a video display control-
ler. The set of position sensors provide positioning data that
describe, in real time, a physical three-dimensional orienta-
tion of the rigid curved wearable display device relative to a
field of vision of a wearer of the rigid curved wearable display
device. The rigid curved wearable display device has an exte-
rior display surface, which has a convex planar shape. The
position sensors determine a present viewable area of the
exterior display surface based on the physical three-dimen-
sional orientation of the rigid curved wearable display device
relative to the field of vision of the wearer of the rigid curved
wearable display device. One or more processors modify an
image on the present viewable area based on the physical
three-dimensional orientation of the rigid curved wearable
display device relative to the field of vision of the wearer of
the rigid curved wearable display device, thus generating a
modified image. A video display controller displays the modi-
fied image on a predefined area of the exterior display surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 depicts an exemplary system and network
which may be used to implement the present invention;
[0005] FIG. 2 illustrates an exemplary rigid curved wear-
able display device on a wearer’s arm;

[0006] FIGS. 3a-3b depict peripheral distortion of an
image caused by a curvature of a display on a rigid curved
wearable display device;

[0007] FIGS. 4a-45 illustrate a removal of the peripheral
distortion shown in FIG. 36 by modifying the image;
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[0008] FIG. 5 depicts image distortion caused by viewer
parallax;
[0009] FIG. 6 illustrates various hardware components that

are used in one or more embodiments of the rigid curved
wearable display device illustrated in FIG. 2; and

[0010] FIG. 7 is a high level flow chart of one or more
exemplary steps taken by one or more processors to manage
arigid curved wearable display device.

DETAILED DESCRIPTION

[0011] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0012] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an opti-
cal storage device, an electromagnetic storage device, a semi-
conductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures in a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g., light pulses passing through a fiber-
optic cable), or electrical signals transmitted through a wire.
[0013] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.
[0014] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Smalltalk, C++ or the
like, and conventional procedural programming languages,
such as the “C” programming language or similar program-



US 2016/0171646 Al

ming languages. The computer readable program instructions
may execute entirely on the user’s computer, partly on the
user’s computer, as a stand-alone software package, partly on
the user’s computer and partly on a remote computer or
entirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider). In
some embodiments, electronic circuitry including, for
example, programmable logic circuitry, field-programmable
gate arrays (FPGA), or programmable logic arrays (PLA)
may execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

[0015] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer readable program instructions.
[0016] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function in a particular manner, such that the computer read-
able storage medium having instructions stored therein com-
prises an article of manufacture including instructions which
implement aspects of the function/act specified in the flow-
chart and/or block diagram block or blocks.

[0017] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0018] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods, and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of instructions, which comprises one or more executable
instructions for implementing the specified logical function
(s). In some alternative implementations, the functions noted
in the block may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may some-
times be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of
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the block diagrams and/or flowchart illustration, and combi-
nations of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts or carry out combinations of special purpose hardware
and computer instructions.

[0019] With reference now to the figures, and in particular
to FIG. 1, there is depicted a block diagram of an exemplary
system and network that may be utilized by and/or in the
implementation of the present invention. Note that some or all
of the exemplary architecture, including both depicted hard-
ware and software, shown for and within computer 102 may
be nd within computer 102 may be utilized by software
deploying server 150 and/or a rigid curved wearable display
device 124.

[0020] Exemplary computer 102 includes a processor 104
that is coupled to a system bus 106. Processor 104 may utilize
one or more processors, each of which has one or more
processor cores. A video adapter 108, which drives/supports
a display 110, is also coupled to system bus 106. System bus
106 is coupled via a bus bridge 112 to an input/output (I/O)
bus 114. An 1/O interface 116 is coupled to /O bus 114. I/O
interface 116 affords communication with various I/O
devices, including a keyboard 118, a mouse 120, a media tray
122 (which may include storage devices such as CD-ROM
drives, multi-media interfaces, etc.), a rigid curved wearable
display device 124, and external USB port(s) 126. While the
format of the ports connected to I/O interface 116 may be any
known to those skilled in the art of computer architecture, in
one embodiment some or all of these ports are universal serial
bus (USB) ports.

[0021] As depicted, computer 102 is able to communicate
with a software deploying server 150 using a network inter-
face 130. Network interface 130 is a hardware network inter-
face, such as a network interface card (NIC), etc. Network
128 may be an external network such as the Internet, or an
internal network such as an Ethernet or a virtual private net-
work (VPN).

[0022] Note that in one embodiment, the rigid curved wear-
able display device 124 communicates with computer 102
directly via a wireless interface 125, which includes a trans-
ceiver capable of sending and receiving radio frequency,
infrared, or other wireless transmission carrier signals. In one
embodiment, the rigid curved wearable display device 124
communicates with computer 102 via the network 128,
assuming that network 128 includes hardware capable of
transceiving (transmitting and receiving) radio frequency,
infrared, or other wireless transmission carrier signals.
[0023] A hard drive interface 132 is also coupled to system
bus 106. Hard drive interface 132 interfaces with a hard drive
134. In one embodiment, hard drive 134 populates a system
memory 136, which is also coupled to system bus 106. Sys-
tem memory is defined as a lowest level of volatile memory in
computer 102. This volatile memory includes additional
higher levels of volatile memory (not shown), including, but
not limited to, cache memory, registers and buffers. Data that
populates system memory 136 includes computer 102’s oper-
ating system (OS) 138 and application programs 144.
[0024] OS 138 includes a shell 140, for providing transpar-
ent user access to resources such as application programs 144.
Generally, shell 140 is a program that provides an interpreter
and an interface between the user and the operating system.
More specifically, shell 140 executes commands that are
entered into a command line user interface or from a file.
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Thus, shell 140, also called a command processor, is gener-
ally the highest level of the operating system software hier-
archy and serves as acommand interpreter. The shell provides
a system prompt, interprets commands entered by keyboard,
mouse, or other user input media, and sends the interpreted
command(s) to the appropriate lower levels of the operating
system (e.g., a kernel 142) for processing. Note that while
shell 140 is a text-based, line-oriented user interface, the
present invention will equally well support other user inter-
face modes, such as graphical, voice, gestural, etc.

[0025] As depicted, OS 138 also includes kernel 142,
which includes lower levels of functionality for OS 138,
including providing essential services required by other parts
of OS 138 and application programs 144, including memory
management, process and task management, disk manage-
ment, and mouse and keyboard management.

[0026] Application programs 144 include a renderer,
shown in exemplary manner as a browser 146. Browser 146
includes program modules and instructions enabling a world
wide web (WWW) client (i.e., computer 102) to send and
receive network messages to the Internet using hypertext
transfer protocol (HTTP) messaging, thus enabling commu-
nication with software deploying server 150.

[0027] Application programs 144 in computer 102’s sys-
tem memory (as well as software deploying server 150’s
system memory) also include a wearable display device man-
agement logic (WDDML) 148. WDDML 148 includes code
for implementing the processes described below, including
those described in FIGS. 2-7. In one embodiment, computer
102 is able to download WDDML. 148 from software deploy-
ing server 150, including in an on-demand basis, wherein the
code in WDDML 148 is not downloaded until needed for
execution. Note further that, in one embodiment of the
present invention, software deploying server 150 performs all
of'the functions associated with the present invention (includ-
ing execution of WDDML 148), thus freeing computer 102
from having to use its own internal computing resources to
execute WDDML 148.

[0028] Note that the hardware elements depicted in com-
puter 102 are not intended to be exhaustive, but rather are
representative to highlight essential components required by
the present invention. For instance, computer 102 may
include alternate memory storage devices such as magnetic
cassettes, digital versatile disks (DVDs), Bernoulli car-
tridges, and the like. These and other variations are intended
to be within the spirit and scope of the present invention.
[0029] With reference now to FIG. 2, an exemplary rigid
curved wearable display device 200 is depicted on a wearer’s
arm 202. As depicted, the rigid curved wearable display
device 200 has an exterior display surface 204. That is, the
rigid curved wearable display device 200 has a rigid base
(frame) structure 219, on which a flexible display material
(i.e., exterior display surface 204) is mounted, thus forming
the rigid curved wearable display device 200 shown in FIG. 2.
The exterior display surface 204 is composed of a flexible
display material, such as an organic light-emitting diode
(OLED), a flexible e-paper display, an active matrix light
emitting diode (AMOLED) display, etc. All such display
materials have a matrix of electroluminescent light emitting
material that, analogous to a rigid light emitting diode (LED)
orplasma display, is able to selectively illuminate pixel points
on the display in order to generate images, including text,
photos, videos, etc. While different technologies can be used
to manufacturer and/or utilizes such flexible displays, an
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exemplary technology uses OLED displays, which have a
layer of semiconductors (i.e., LEDs), each of which is situ-
ated between two electrodes in order to selectively turn each
LED off and on.

[0030] Mounted on rigid curved wearable display device
200 are multiple sensors 206. As described herein and in
various embodiments of the present invention, sensors 206
may be cameras, infrared (IR) sensors, radio frequency (RF)
sensors, input buttons, etc. That is, in various embodiments of
the present invention sensors 206 are position sensors, cam-
eras, signal receivers, etc. Usages of such sensors 206 are
presented in further detail below.

[0031] AsshowninFIG. 2, the wearer 208 is looking along
a field of vision 212 at a central portion 216 of the exterior
display surface 204. When looking in the normal (i.e., per-
pendicular) direction towards the exterior display surface 204
as shown, the image being displayed on the central portion
216 is undistorted, as indicated by the uniformly spaced and
parallel lines. However, at the peripheral areas 2184-2185 of
the exterior display surface 204, the image being displayed is
distorted, as indicated by the non-parallel lines that appear to
be closer together. That is, the lines in the peripheral areas
218a-218b actually are parallel and spaced apart just as the
lines in the central portion 216 are. However, due to the
curvature of the rigid curved wearable display device 200 and
its exterior display surface 204, the lines in the peripheral
areas 2184-218b appear to be closer and non-parallel to the
viewer (i.e., wearer 208).

[0032] With reference now to FIGS. 3a-3b,the amount of
distortion to the image being displayed on the exterior display
surface 204 is proportional to the degree of curvature away
from a line of sight perpendicular to the display. Thus, FIG. 3a
illustrates an edge-on view of this issue. The eyeball 308
represents the wearer’s viewpoint of the exterior display sur-
face along the line-of-sight line 212 shown in FIG. 2. FIG. 35
shows what the wearer appears to see. That is, although each
of the lines are actually still equidistant and parallel to one
another across all of the exterior display surface 204, to the
user’s eye 308 the lines in the peripheral regions 218a and
218b appear to be closer together (compressed), and possibly
no longer parallel (as shown in FIG. 2). This distortion is
caused by the curvature of the exterior display surface 204.
[0033] Consider now FIGS. 4a-4b. The orientation
between the user’s eye 308 and the exterior display surface
204 is still along the same line-of-sight line 212 shown in FIG.
3a. However, now the lines depicted on the exterior display
surface 204 have been moved farther apart from one another
(i.e., “stretched”) at the peripheral regions 218a and 2184.
This causes some of the outer-most lines to no longer be
visible to the wearer of the rigid curved wearable display
device 200. However, the image no longer appears to be
compressed at the peripheral regions 218a and 2185 due to
the stretching apart of the lines, thus giving the wearer a better
(e.g., more “planar”) viewing experience. This movement of
images/pixels (e.g., the lines shown in the figures) on the
exterior display surface 204 is achieved by a stretching trans-
formation computation, which expands/stretches the image at
the peripheral regions 218a and 2185 based on the amount of
curvature in the rigid curved wearable display device 200 and
the distance from the user’s eye 308 to the exterior display
surface 204.

[0034] Other aspects of the viewing geometry can impact
how the image can be distorted and these may be corrected as
well. For example, and with reference now to FIG. 5, the
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user’s eye 308 is still looking at the exterior display surface
204 of'the rigid curved wearable display device 200 as shown
in FIG. 3. However, now the wearer of the rigid curved wear-
able display device 200 is no longer viewing the exterior
display surface 204 along the line of sight 212 shown in FIG.
3 (such that the wearer’s line of sight would be perpendicular
to the center of the exterior display surface 204). Rather, in
FIG. 5 the wearer is now looking at the exterior display
surface 204 at an angle that is offset by angle 502 from the
perpendicular line of sight 212. This offset causes the “cen-
ter” of the exterior display surface 204 (i.e., the portion of the
exterior display surface 204 that needs no adjustment to the
displayed image) to “shift” to the new areca 504. That is, even
if the wearer is looking at the original central area 506, the
image in central area 506 is now distorted (“compressed”)
when viewed by the wearer due to the parallax caused by the
new viewing angle. As described herein, various sensors (e.g.,
one or more small cameras on the rigid curved wearable
display device 200) can be used to determine this offset angle,
such that the image on the exterior display surface 204 is
adjusted accordingly, thereby removing peripheral distortion.
[0035] With reference now to FIG. 6, various hardware
components that are used in one or more embodiments of the
rigid curved wearable display device 200 illustrated in FIG. 2
are presented. One or more of the hardware components
depicted are used to determine the three-dimensional orien-
tation of the rigid curved wearable display device 200, par-
ticularly with regard to the spatial relationship between the
head and/or eyes of the wearer of the rigid curved wearable
display device 200 and the rigid curved wearable display
device 200 itself.

[0036] As depicted in FIG. 6, in one embodiment the rigid
curved wearable display device 200 includes a processing
logic 604, which may be a processor, such as processor 104
depicted in FIG. 1. Thus, this embodiment allows the rigid
curved wearable display device 200 to function autono-
mously. In another embodiment, a wireless interface 625
(analogous to the wireless interface 125 depicted in FIG. 1)
provides access to a computer (e.g., computer 102 shown in
FIG. 1), which analyzes and/or otherwise processes signals
from the sensors and other hardware components depicted in
FIG. 6.

[0037] In one embodiment of the present invention, the
position of the rigid curved wearable display device 200 on an
arm/wrist of a wearer is determined by a gravity-based three-
dimensional (3-D) orientation sensor 603 shown in FIG. 6.
The 3-D orientation sensor 603 is a weight-enabled sensor
capable of determining the orientation of the rigid curved
wearable display device 200. That is, the orientation of the
rigid curved wearable display device 200 (in three dimen-
sions) is determined by the position of the arm/wrist of the
wearer (e.g., wearer’s arm 202 shown in FIG. 2). For
example, the wearer’s arm may be hanging down, in front of
the wearer, above the wearer, with the elbow and/or wrist
straight or crooked, etc. Such arm/elbow/wrist positioning
results in the rigid curved wearable display device 200 being
positioned in a specific orientation, which is identified by the
3-D orientation sensor 603.

[0038] Forexample, assume that the 3-D orientation sensor
has a centroid ball 605. Assume further that surrounding the
centroid ball 605 is a pressure detecting material, such as
piezoelectric crystals, depicted as regions 607a-6074. When
the rigid curved wearable display device 200 is positioned as
shown relative to the Earth 609, then gravity pulls the centroid
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ball 605 against region 607¢ of the pressure detecting mate-
rial. If therigid curved wearable display device 200 were to be
inverted, then the centroid ball 605 would be pulled against
region 607a of the pressure detecting material. If the rigid
curved wearable display device 200 were to be rotated 90-de-
grees, then the centroid ball 605 would be pulled against
either region 6075 or 6074 of the pressure detecting material.
Similarly, if rigid curved wearable display device 200 were to
be partially rotated (i.e., at less than a full 90 degrees or 180
degrees), then the centroid ball 605 would be pulled against
proportional amounts of the regions 607, thus presenting a
full 360 degree resolution of the orientation of the rigid
curved wearable display device 200.

[0039] Assume further that the pressure detecting material
surrounding the centroid ball 605 in 3-D orientation sensor
603 surrounds the centroid ball in all three axes (X, Y, Z). This
spherical surrounding of pressure detecting material around
the centroid ball 605 thus identifies a full 3-D directional
orientation of the rigid curved wearable display device 200.

[0040] While the depiction of 3-D orientation sensor 603
provides one enabling embodiment of the present invention,
other embodiments may use spring gauges supporting a cen-
troid weight, accelerometers, etc.

[0041] In any configuration of the 3-D orientation sensor
603, a correlation is made between the 3-D orientation sensor
603 and the position of the wearer’s arm/wrist. For example,
assume that a wearer has his arm hanging straight down, and
that the rigid curved wearable display device 200 is on his/her
wrist. Whenever the wearer’s arm hangs straight down, the
centroid ball 605 is known to push down on region 607¢ ofthe
pressure detecting material shown in 3-D orientation sensor
603. Similarly, whenever the wearer’s arm is straight up, the
centroid ball 605 is known to push down on region 607a ofthe
pressure detecting material shown in 3-D orientation sensor
603. Similarly, when the wearer’s arm is extended away from
the front of his body, while bending the elbow at 45 degrees,
then the centroid ball 605 is known to push against a specific
combination of regions 6074 and 607¢ of the pressure detect-
ing material. By comparing current readings from 3-D orien-
tation sensor 603 with known readings, the physical orienta-
tion of the rigid curved wearable display device 200 can be
determined. That is, previous readings from the 3-D orienta-
tion sensor 603 generated while the wearer’s arm was hang-
ing straight down generated a specific set of outputs from one
or more of the regions of pressure detecting material sur-
rounding the centroid ball 605. Thus, if the centroid ball 605
is pressing against the pressure detecting material in region
607c, then a determination is made that the wearer’s arm is
hanging straight down by his/her side, assuming that the
wearer is wearing the rigid curved wearable display device
200 on his/her wrist. Similarly, other known positions/read-
ings are compared with the current readings from the 3-D
orientation sensor 603, in order to identify the current posi-
tion of the rigid curved wearable display device 200 accord-
ing to the position of the wearer’s arm, elbow, wrist, etc.
Again, it is to be understood that the regions surrounding the
centroid ball 605 are actually three-dimensional regions
(rather than the two-dimensional cross section shown in FIG.
6), thereby describing a full 3-D orientation (i.e., along the X,
Y, Z Cartesian axes) of the rigid curved wearable display
device 200.

[0042] In one embodiment of the present invention, the
position of the rigid curved wearable display device 200 on an
arm/wrist of a wearer is determined by an accelerometer 611
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shown in FIG. 6. Accelerometer 611 is any electromechanical
device capable of detecting movement, in any 3-D axis, of the
rigid curved wearable display device 200. By identifying an
initial starting position in 3-D space of the rigid curved wear-
able display device 200 (by manual settings or through use of
other components within the rigid curved wearable display
device 200), the current real-time position of the rigid curved
wearable display device 200 can be determined by processing
logic 604. For example, assume that the wearer inputs (using
an initialization button 613) a signal indicating that the wear-
er’s arm (on the wrist of which the rigid curved wearable
display device 200 is being worn) is hanging straight down.
Thereafter, any movement, in any 3-D space, is detected by
the accelerometer 611. These changes are then processed by
the processing logic 604, which calculates/determines
exactly where the rigid curved wearable display device 200 is
in relation to the wearer’s eyes/head. This tells the video
display controller 617 where content displayed on exterior
display surface 204 should be modified in order to avoid
visual distortion (e.g., in peripheral arcas 2184-2185).

[0043] In one embodiment of the present invention, the
position of the rigid curved wearable display device 200
relative to the wearer’s head is determined by infrared (IR)
sensors, such as IR detectors 615 depicted in FIG. 6. That is,
assume that multiple IR sensors are positioned about the
exterior of the rigid curved wearable display device 200.
Assume further that the wearer’s head emits the greatest
amount of heat from his body, since other areas have less
blood flow near the skin surface, the face has the greatest
density of capillaries near the epidermis, the face is the only
part of the body that is usually uncovered by clothing, etc.
Thus, one of the IR detectors 615 detects a highest level of IR
radiation (heat). The position of that IR detector 615 is thus
determined to be facing the wearer’s face (and thus his eyes).
This tells the video display controller 617 where content
displayed on exterior display surface 204 should be modified
in order to avoid visual distortion (e.g., in peripheral areas
2184-218b).

[0044] Thus, the present device determines whether or not
the wearer can see the exterior display surface 204 onthe rigid
curved wearable display device 200, which region of the
exterior display surface 204 is perpendicular to the eye of the
wearer, and which region(s) are in peripheral areas of the
exterior display surface 204. This is performed by a continu-
ous monitoring of visual inputs (images) of the wearer’s face
by the multiple sensors/cameras.

[0045] In one embodiment of the present invention, the
position of the rigid curved wearable display device 200
relative to the wearer’s head is determined by electromyo-
graphic (EMG) sensors 621 shown in FIG. 6. EMG sensors
621 are sensors that detect muscular movements by the
wearer. That is, whenever a person moves a muscle, an elec-
trical signal (i.e., an ion-induced change in electrical potential
across the nerve membrane) is transmitted down axons (nerve
fibers) that control the muscles. A motor neuron and the
muscles that it innervates are collectively known as a motor
unit. When the motor neuron causes the muscles in the motor
unit to contract, electrical activity is stimulated in these
muscles. The sum of the electrical activity from the motor
neuron and the muscles in the motor unit create a motor unit
action potential (MUAP), which is measured by the EMG
sensors 621. The measured MUAP is analyzed by the pro-
cessing logic 604 to identify the level of muscle movement.
That is, electrical signals are specific enough to identify a
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location of which muscles are being moved. Whenever the
wearer moves his arm/elbow/wrist, a unique MUAP pattern
occurs. Thus, the MUAP pattern detected in real time by the
EMG sensors 621 is compared with known/stored MUAP
readings for specific arm/elbow/wrist positions. This com-
parison leads to a determination of where the rigid curved
wearable display device 200 is in relation to the wearer’s face
(and thus his eyes). This tells the video display controller 617
where content displayed on exterior display surface 204
should be modified in order to avoid visual distortion (e.g., in
peripheral arcas 218a-2185).

[0046] In one embodiment of the present invention, the
position of the rigid curved wearable display device 200
relative to the wearer’s head is determined by radio frequency
(RF) detectors 623, which detect the location and strength of
RF signals coming from the wearer’s head. For example and
returning again to FIG. 2, assume that the wearer 208 has an
RF transmitter 214 near or affixed to his head. This RF trans-
mitter may be part of a cell phone that he is holding to his
head, or part of a set of “smart glasses” that have electronic
capabilities. The RF transmitter 214 transmits a beam to the
RF detectors 623 on the rigid curved wearable display device
200. The RF detectors 623 are positioned across various
positions on the rigid curved wearable display device 200,
such that the RF beam reaches the different RF detectors 623
at different times. These time differences (determined in one
embodiment by identitying phase shifts that occur as a same
signal reaches different RF detectors 623 at different times)
allow the processing logic 604 to calculate where the rigid
curved wearable display device 200 is in relation to the wear-
er’s face (and thus his eyes). This tells the video display
controller 617 where content displayed on exterior display
surface 204 should be modified in order to avoid visual dis-
tortion (e.g., in peripheral areas 218a-218b).

[0047] Thus, as described herein, in one embodiment of the
present invention, a rigid curved wearable display device
includes a set of position sensors (e.g., accelerometer 611, IR
detectors 615, EMG sensors 621, cameras 627 shown in FIG.
6), one or more processors (e.g., processing logic 604 in FIG.
6), and a video display controller (e.g., video display control-
ler 617 shown in FIG. 6. The set of position sensors provide
positioning data that describe, in real time, a physical three-
dimensional orientation of the rigid curved wearable display
device relative to a field of vision of a wearer of the rigid
curved wearable display device. The rigid curved wearable
display device has an exterior display surface (e.g., exterior
display surface 204 shown in FIG. 2). The exterior display
surface has a convex planar shape (i.e., has a flat surface that
is shaped/bent to create a surface that is curved like the
exterior of a circle or sphere). The position sensors determine
a present viewable area of the exterior display surface (i.e.,
what the wearer presently is able to see) based on the physical
three-dimensional orientation of the rigid curved wearable
display device relative to the field of vision of the wearer of
the rigid curved wearable display device.

[0048] The one or more processors modify an image on the
present viewable area based on the physical three-dimen-
sional orientation of the rigid curved wearable display device
relative to the field of vision of the wearer of the rigid curved
wearable display device, thus generating a modified image.
[0049] Thevideo display controller then displays the modi-
fied image on a predefined area of the exterior display surface.
[0050] In one embodiment of the present invention, the
predefined area of the exterior display surface is all of the
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present viewable area of the exterior display surface (e.g.
central portion 216 and peripheral areas 218a-218b of the
exterior display surface 204 shown in FIG. 2). The processors
thus apply stretching transformations to the image to generate
the modified image, where the stretching transformations
remove peripheral distortions to the image caused by the
convex planar shape of the exterior display surface. These
stretching transformations stretch the image being displayed
on the exterior display surface based on 1) the image, 2) the
field of vision of the wearer, and 3) the shape of the exterior
display surface. By knowing the field of vision of the wearer
(relative to the exterior display surface) and the shape of the
exterior display surface, the system overcomes the perceived
compression (distortion) of the image at the peripheral areas
by artificially stretching out (imposing additional spatial
regions) to these peripheral areas of the exterior display sur-
face.

[0051] In one embodiment of the present invention, the
original image and the modified image are visually a same
image. That is, the original image is able to fit on the central
portion of the presently viewable area of the exterior display
surface, such that there is no distortion of the original image
when displayed in the central portion of the exterior display
surface, and thus the original image is displayed (unmodified)
in this central portion.

[0052] In one embodiment of the present invention, mul-
tiple cameras (shown as sensors 206 in FIG. 2) are positioned
on different locations on the rigid curved wearable display
device (as also shown in FIG. 2). These cameras capture
different photos of the wearer, such that each photo shows a
different perspective of the user’s face. For example, one
photo may show the user’s right ear as being larger than the
user’s left ear (due to object perspective in which a closer
object looks larger than a farther object), thus indicating that
the photo is being taken from the right side. Such images,
either alone or in combination thus provide enough informa-
tion to the processors to determine the physical three-dimen-
sional orientation of the rigid curved wearable display device
relative to a field of vision of a wearer of the rigid curved
wearable display device.

[0053] In one embodiment of the present invention, an
array of infrared detectors (e.g., IR detectors 615 in FIG. 6) is
located on the rigid curved wearable display device. These
infrared detectors provide information used to determine
which area of the exterior display surface is closest to the
wearer/viewer, and thus can be used to identify the central
area of the exterior display surface. Thus, a video display
controller (e.g., video display controller 617 in FIG. 6) iden-
tifies which of the infrared detectors is detecting a highest
level of infrared radiation as compared with other infrared
detectors from the array of infrared detectors, and then deter-
mines a location of a face of a wearer as being in a direction
that an infrared detector that is detecting a highest level of
infrared radiation is facing. That is, an IR detector that is
farther away from the user’s face will detect less heat from the
user’s face than a closer IR detector, thus enabling the video
display controller to determine the relative position of the
user’s face to the exterior display surface. The video display
controller then displays the image on the predefined area of
the exterior display surface that faces the wearer.

[0054] In one embodiment of the present invention, elec-
tromyogram sensors (e.g., EMG sensors 621 shown in FIG. 6)
detect muscular activity within the arm of the wearer in real
time. That is, as the user/wearer moves muscles in his/her
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arm/hands, EMG electrical activity associated with such
muscle movement is detected by the EMG sensors, thus
allowing the system (e.g., processing logic 604 and/or video
display controller 617 in FIG. 6) to determine the location and
orientation of the rigid curved wearable display device rela-
tive to the user/wearer’s face. The video display controller
then displays the image on the predefined area of the exterior
display surface that faces the wearer, as determined by the
location and orientation of the rigid curved wearable display
device relative to the user/wearer’s face.

[0055] With reference now to FIG. 7, a high level flow chart
of'one or more exemplary steps taken by one or more proces-
sors to manage a rigid curved wearable display device is
presented.

[0056] After initiator block 702, positioning data is
received from position sensors in a rigid curved wearable
display device (block 704). These position sensors provide
positioning data that describe a physical three-dimensional
orientation of the rigid curved wearable display device in real
time. As described herein, the rigid curved wearable display
device has an exterior display surface, which has a convex
planar shape. Note that the positioning data from the position
sensors (e.g., 3-D orientation sensor 603, accelerometer 611,
IR detectors 615, EMG sensors 621, RF detectors 623 shown
in FIG. 6) can be received locally by a processing logic (e.g.,
the processing logic 604 shown in FIG. 6) or remotely (e.g., a
computer 102 shown in FIG. 1).

[0057] Returning to FIG. 6, the position sensors determine
a present viewable area of the exterior display surface based
on the physical three-dimensional orientation of the rigid
curved wearable display device relative to the field of vision
of the wearer of the rigid curved wearable display device, as
described in block 706.

[0058] As described in block 708, one or more processors
then modify an image on the present viewable area based on
the physical three-dimensional orientation of the rigid curved
wearable display device relative to the field of vision of the
wearer of the rigid curved wearable display device, thus gen-
erating a modified image.

[0059] Asdescribed inblock 710, a video display controller
then displays the modified image on a predefined area of the
exterior display surface.

[0060] The flow-chart ends at terminator block 712.
[0061] In one embodiment of the present invention, the
predefined area of the exterior display surface is all of the
present viewable area of the exterior display surface (e.g.,
central area 216 as well as peripheral areas 2184-2185 in FIG.
2). In this embodiment, one or more processors apply stretch-
ing transformations to the image to generate the modified
image. As described herein, the stretching transformations
remove peripheral distortions to the image caused by the
convex planar shape of the exterior display surface.

[0062] In one embodiment of the present invention, the
original image and the modified image are visually a same
image. That is, there is no modification (stretching, compress-
ing, etc.) of the image. In this embodiment, the predefined
area of the exterior display surface is a central portion of the
present viewable area of the exterior display surface. The
central portion is centered within the field of vision of the
wearer of the rigid curved wearable display device, and the
convex planar shape of the exterior display surface causes no
distortion to the original image when displayed in the central
portion of the exterior display surface. Thus, no modification
to the image is required.
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[0063] As described herein and in one embodiment of the
present invention, determining the positioning data that
describe the physical three-dimensional orientation of the
rigid curved wearable display device is achieved by receiving,
by one or more processors, radio frequency (RF) readings
from an array of RF detectors within the rigid curved wear-
able display device. The RF detectors detect a relative loca-
tion and distance of an RF transmitter that is positioned on a
head of the wearer. Processors then determine a location of a
face of the wearer based on the RF readings that are received
by the array of RF detectors from the RF transmitter on the
head of the wearer, and the image is displayed on the pre-
defined area of the exterior display surface that is facing the
face of the wearer.

[0064] As described herein and in one or more embodi-
ments of the present invention, processors receive positioning
data that describe the physical three-dimensional orientation
of the rigid curved wearable display device from an acceler-
ometer within the rigid curved wearable display device.
[0065] As described herein and in one embodiment of the
present invention, determining the positioning data that
describe the physical three-dimensional orientation of the
rigid curved wearable display device is achieved by one or
more processors receiving infrared readings from an array of
infrared detectors within the rigid curved wearable display
device. The processors identify which of the infrared detec-
tors is detecting a highest level of infrared radiation as com-
pared with other infrared detectors from the array of infrared
detectors, and then determine a location of a face of the
wearer as being in a direction of an infrared detector that is
detecting the highest level of infrared radiation is facing. The
video display controller then displays the image on the pre-
defined area of the exterior display surface that faces the face
of the wearer.

[0066] As described herein and in one embodiment of the
present invention, determining the positioning data that
describe the physical three-dimensional orientation of the
rigid curved wearable display device is achieved by one or
more processors receiving positioning readings from a three-
dimension orientation sensor within the rigid curved wear-
able display device, where the three-dimension orientation
sensor detects gravitational forces from Earth to describe a
three-dimensional orientation of the rigid curved wearable
display device in real time. Processors then determine, based
on detected Earth gravitational forces, a location and orien-
tation of the rigid curved wearable display device with rela-
tion to a face of the wearer. The video display controller then
displays the image on the predefined area of the exterior
display surface that faces the face of the wearer.

[0067] As described herein and in one embodiment of the
present invention, determining the positioning data that
describe the physical three-dimensional orientation of the
flexible output device is achieved by one or more processors
receiving electromyographic readings from electromyogram
sensors within the rigid curved wearable display device,
where the electromyogram sensors detect muscular activity
within the arm of the wearer in real time. The processors then
determine, based on the electromyographic readings, a loca-
tion and orientation of the rigid curved wearable display
device with relation to a face of the wearer. The video display
controller then displays the video content on the predefined
area of the exterior display surface that faces the wearer.
[0068] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises™ and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0069] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
various embodiments of the present invention has been pre-
sented for purposes of illustration and description, but is not
intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the invention. The embodiment
was chosen and described in order to best explain the prin-
ciples of the invention and the practical application, and to
enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifica-
tions as are suited to the particular use contemplated.
[0070] Note further that any methods described in the
present disclosure may be implemented through the use of a
VHDL (VHSIC Hardware Description Language) program
and a VHDL chip. VHDL is an exemplary design-entry lan-
guage for Field Programmable Gate Arrays (FPGAs), Appli-
cation Specific Integrated Circuits (ASICs), and other similar
electronic devices. Thus, any software-implemented method
described herein may be emulated by a hardware-based
VHDL program, which is then applied to a VHDL chip, such
as a FPGA.
[0071] The descriptions of the various embodiments of the
present invention have been presented for purposes of illus-
tration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodi-
ments. The terminology used herein was chosen to best
explain the principles of the embodiments, the practical appli-
cation or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art
to understand the embodiments disclosed herein.
[0072] Having thus described embodiments of the inven-
tion of the present application in detail and by reference to
illustrative embodiments thereof, it will be apparent that
modifications and variations are possible without departing
from the scope of the invention defined in the appended
What is claimed is:
1. A method of displaying an image on a rigid curved
wearable display device, the method comprising:
receiving, by one or more processors, positioning data
from position sensors on a rigid curved wearable display
device, wherein the position sensors provide positioning
data that describe, in real time, a physical three-dimen-
sional orientation of the rigid curved wearable display
device relative to a field of vision of a wearer of the rigid
curved wearable display device, wherein the rigid
curved wearable display device comprises an exterior
display surface, and wherein the exterior display surface
has a convex planar shape;
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determining, by the position sensors, a present viewable
area of the exterior display surface based on the physical
three-dimensional orientation of the rigid curved wear-
able display device relative to the field of vision of the
wearer of the rigid curved wearable display device;

modifying, by one or more processors, an image on the
present viewable area based on the physical three-di-
mensional orientation of the rigid curved wearable dis-
play device relative to the field of vision of the wearer of
the rigid curved wearable display device, wherein modi-
fying the image generates a modified image; and

displaying, by a video display controller, the modified
image on a predefined area of the exterior display sur-
face.

2. The method of claim 1, wherein the predefined area of
the exterior display surface is all of the present viewable area
of the exterior display surface, and wherein the method fur-
ther comprises:

applying, by one or more processors, stretching transfor-

mations to the image to generate the modified image,
wherein the stretching transformations remove periph-
eral distortions to the image caused by the convex planar
shape of the exterior display surface.

3. The method of claim 1, wherein the original image and
the modified image are visually a same image, wherein the
predefined area of the exterior display surface is a central
portion of the present viewable area of the exterior display
surface, wherein the central portion is centered within the
field of vision of the wearer of the rigid curved wearable
display device, and wherein the convex planar shape of the
exterior display surface causes no distortion to the original
image when displayed in the central portion of the exterior
display surface.

4. The method of claim 1, further comprising:

determining the positioning data that describe the physical

three-dimensional orientation of the rigid curved wear-

able display device by:

receiving, by one or more processors, radio frequency
(RF) readings from an array of RF detectors within
the rigid curved wearable display device, wherein the
RF detectors detect a relative location and distance of
an RF transmitter that is positioned on a head of the
wearer;

determining, by one or more processors, a location of a
face of the wearer based on the RF readings that are
received by the array of RF detectors from the RF
transmitter on the head of the wearer; and

displaying the image on the predefined area of the exte-
rior display surface that is facing the face of the
wearer.

5. The method of claim 1, further comprising:

receiving, by one or more processors, positioning data that

describe the physical three-dimensional orientation of
the rigid curved wearable display device from an accel-
erometer within the rigid curved wearable display
device.

6. The method of claim 1, further comprising:

determining the positioning data that describe the physical

three-dimensional orientation of the rigid curved wear-

able display device by:

receiving, by one or more processors, infrared readings
from an array of infrared detectors within the rigid
curved wearable display device;
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identifying, by one or more processors, which of the
infrared detectors is detecting a highest level of infra-
red radiation as compared with other infrared detec-
tors from the array of infrared detectors;

determining, by one or more processors, a location of a
face of the wearer as being in a direction that an
infrared detector, which is detecting the highest level
of infrared radiation, is facing; and

displaying, by the video display controller, the image on
the predefined area of the exterior display surface that
faces the face of the wearer.
7. The method of claim 1, further comprising:
determining the positioning data that describe the physical
three-dimensional orientation of the rigid curved wear-
able display device by:
receiving, by one or more processors, positioning read-
ings from a three-dimension orientation sensor within
the rigid curved wearable display device, wherein the
three-dimension orientation sensor detects gravita-
tional forces from Earth to describe a three-dimen-
sional orientation of the rigid curved wearable display
device in real time;

determining, by one or more processors and based on
detected Earth gravitational forces, a location and
orientation of the rigid curved wearable display
device with relation to a face of the wearer; and

displaying, by the video display controller, the image on
the predefined area of the exterior display surface that
faces the face of the wearer.
8. The method of claim 1, further comprising:
determining the positioning data that describe the physical
three-dimensional orientation of the flexible output
device by:
receiving, by one or more processors, electromyo-
graphic readings from electromyogram sensors
within the rigid curved wearable display device,
wherein the electromyogram sensors detect muscular
activity within the arm of the wearer in real time;

determining, by one or more processors and based onthe
electromyographic readings, a location and orienta-
tion of the rigid curved wearable display device with
relation to a face of the wearer; and

displaying the video content on the predefined area of
the exterior display surface that faces the wearer.

9. A rigid curved wearable display device, comprising:

a set of position sensors, wherein the set of position sensors
provide positioning data that describe, in real time, a
physical three-dimensional orientation of the rigid
curved wearable display device relative to a field of
vision of a wearer of the rigid curved wearable display
device, wherein the rigid curved wearable display device
comprises an exterior display surface, wherein the exte-
rior display surface has a convex planar shape, and
wherein the position sensors determine a present view-
able area of the exterior display surface based on the
physical three-dimensional orientation of the rigid
curved wearable display device relative to the field of
vision of the wearer of the rigid curved wearable display
device;

one or more processors that modify an image on the present
viewable area based on the physical three-dimensional
orientation of the rigid curved wearable display device
relative to the field of vision of the wearer of the rigid
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curved wearable display device, wherein modifying the
image generates a modified image; and

avideo display controller that displays the modified image

on a predefined area of the exterior display surface.

10. The rigid curved wearable display device of claim 9,
wherein the predefined area of the exterior display surface is
all of the present viewable area of the exterior display surface,
and wherein the one or more processors apply stretching
transformations to the image to generate the modified image,
wherein the stretching transformations remove peripheral
distortions to the image caused by the convex planar shape of
the exterior display surface.

11. The rigid curved wearable display device of claim 9,
wherein the original image and the modified image are visu-
ally a same image, wherein the predefined area of the exterior
display surface is a central portion of the present viewable
area of the exterior display surface, wherein the central por-
tion is centered within the field of vision of the wearer of the
rigid curved wearable display device, and wherein the convex
planar shape of the exterior display surface causes no distor-
tion to the original image when displayed in the central por-
tion of the exterior display surface.

12. The rigid curved wearable display device of claim 9,
further comprising:

multiple cameras positioned on different locations on the

rigid curved wearable display device, wherein the mul-
tiple cameras capture different photos of the wearer, and
wherein one or more processors determine the physical
three-dimensional orientation of the rigid curved wear-
able display device relative to a field of vision of a
wearer of therigid curved wearable display device based
on the different photos of the wearer.

13. The rigid curved wearable display device of claim 9,
further comprising:

an array of infrared detectors on the rigid curved wearable

display device; and

a video display controller, wherein the video display con-

troller:

identifies which of the infrared detectors is detecting a
highest level of infrared radiation as compared with
other infrared detectors from the array of infrared
detectors;

determines a location of a face of a wearer as being in a
direction that an infrared detector that is detecting a
highest level of infrared radiation is facing; and

displays the image on the predefined area of the exterior
display surface that faces the wearer.

14. The rigid curved wearable display device of claim 9,
further comprising:

electromyogram sensors that detect muscular activity

within the arm of the wearer in real time; and

a video display controller, wherein the video display con-

troller:

determines, based on the electromyographic readings, a
location and orientation of the rigid curved wearable
display device with relation to a face of the wearer;
and

displays the image on the predefined area of the exterior
display surface that faces the wearer.

15. A computer program product for displaying an image
on a rigid curved wearable display device, the computer pro-
gram product comprising a computer readable storage
medium having program code embodied therewith, wherein
the computer readable storage medium is not a transitory
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signal per se, and wherein the program code is readable and
executable by a processor to perform a method comprising:
receiving positioning data from position sensors on a rigid
curved wearable display device, wherein the position
sensors provide positioning data that describe, in real
time, a physical three-dimensional orientation of the
rigid curved wearable display device relative to a field of
vision of a wearer of the rigid curved wearable display
device, wherein the rigid curved wearable display device
comprises an exterior display surface, and wherein the
exterior display surface has a convex planar shape;

determining, by data received from the position sensors, a

present viewable area of the exterior display surface
based on the physical three-dimensional orientation of
the rigid curved wearable display device relative to the
field of vision of the wearer of the rigid curved wearable
display device;

modifying an image on the present viewable area based on

the physical three-dimensional orientation of the rigid
curved wearable display device relative to the field of
vision of the wearer of the rigid curved wearable display
device, wherein modifying the image generates a modi-
fied image; and

displaying, by a video display controller, the modified

image on a predefined area of the exterior display sur-
face.

16. The computer program product of claim 15, wherein
the predefined area of the exterior display surface is all of the
present viewable area of the exterior display surface, and
wherein the method further comprises:

applying, by one or more processors, stretching transfor-

mations to the image to generate the modified image,
wherein the stretching transformations remove periph-
eral distortions to the image caused by the convex planar
shape of the exterior display surface.

17. The computer program product of claim 15, wherein
the original image and the modified image are visually a same
image, wherein the predefined area of the exterior display
surface is a central portion of the present viewable area of the
exterior display surface, wherein the central portion is cen-
tered within the field of vision of the wearer of the rigid
curved wearable display device, and wherein the convex pla-
nar shape of the exterior display surface causes no distortion
to the original image when displayed in the central portion of
the exterior display surface.

18. The computer program product of claim 15, wherein
the method further comprises:

determining the positioning data that describe the physical

three-dimensional orientation of the rigid curved wear-

able display device by:

receiving radio frequency (RF) readings from an array of
RF detectors within the rigid curved wearable display
device, wherein the RF detectors detect a relative
location and distance of an RF transmitter that is
positioned on a head of the wearer;

determining a location of a face of the wearer based on
the RF readings that are received by the array of RF
detectors from the RF transmitter on the head of the
wearer; and

displaying the image on the dynamically adjusted dis-
play region of the exterior display surface that is fac-
ing the face of the wearer.

19. The computer program product of claim 15, wherein
the method further comprises:
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determining the positioning data that describe the physical
three-dimensional orientation of the rigid curved wear-
able display device by:
receiving positioning readings from a three-dimension
orientation sensor within the rigid curved wearable
display device, wherein the three-dimension orienta-
tion sensor detects gravitational forces from Earth to
describe a three-dimensional orientation of the rigid
curved wearable display device in real time;
determining, based on detected Earth gravitational
forces, a location and orientation of the rigid curved
wearable display device with relation to a face of the
wearer; and
displaying the image on the predefined area of the exte-
rior display surface that faces the face of the wearer.
20. The computer program product of claim 15, wherein
the method further comprises:
determining the positioning data that describe the physical
three-dimensional orientation of the flexible output
device by:
receiving electromyographic readings from electromyo-
gram sensors within the rigid curved wearable display
device, wherein the electromyogram sensors detect
muscular activity within the arm of the wearer in real
time;
determining, based on the electromyographic readings,
alocation and orientation of the rigid curved wearable
display device with relation to a face of the wearer;
and
displaying the video content on the predefined area of
the exterior display surface that faces the wearer.
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