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Description
FIELD OF THE INVENTION

[0001] The present invention pertains generally to a
new photographic or video means and apparatus com-
prising a body-worn portable electronic camera system
with wearable viewfinder means.

BACKGROUND OF THE INVENTION

[0002] In photography (and in movie and video pro-
duction), it is desirable to capture events in a natural
manner with minimal intervention and disturbance. Cur-
rent state-of-the-art photographic or video apparatus,
even in its most simple "point and click" form, creates a
visual disturbance to others and attracts considerable
attention on account of the gesture of bringing the cam-
era up to the eye. Even if the size of the camera could
be reduced to the point of being negligible (e.g. no big-
ger than the eyecup of a typical camera viewfinder, for
example), the very gesture of bringing a device up to the
eye is unnatural and attracts considerable attention, es-
pecially in establishments such as gambling casinos or
department stores where photography is often prohibit-
ed. Although there exist a variety of covert cameras
such a camera concealed beneath the jewel of a necktie
clip, cameras concealed in baseball caps, and cameras
concealed in eyeglasses, these cameras tend to pro-
duce inferior images, not just because of the technical
limitations imposed by their small size, but, more impor-
tantly because they lack a means of viewing the image.
Because of the lack of a viewfinder, investigative video
and photojournalism made with such cameras suffers
from poor composition.

[0003] It appears that apart from large view cameras
upon which the image is observed on a ground glass,
most viewfinders present an erect image. See, for ex-
ample, U.S. Pat. No. 5095326 entitled "Neppler-type
erect image viewfinder and erecting prism". In contrast
to this fact, it is well-known that one can become accus-
tomed, through long-term psychophysical adaptation
(as reported by George M. Stratton, in Psychology Re-
view, in 1896 and 1897) to eyeglasses that present an
upside-down image. After wearing upside-down glass-
es constantly, for eight days (keeping himself blindfold-
ed when removing the glasses for bathing or sleeping)
Stratton found that he could see normally through the
glasses. More recent experiments, as conducted by and
reported by Mann, in an MIT technical report Mediated
Reality, medialab vismod TR-260, (1994), (the report is
available in http://wearcam.org/mediated-reality/index.
html) suggest that slight transformations such as rota-
tion by a few degrees or smallimage displacements give
rise to a reversed aftereffect that is more rapidly assim-
ilated by the wearer, and that such effects can often
have a more detrimental effect on performing other
tasks through the camera as well as more detrimental
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flashbacks upon removal of the camera. These findings
suggest that merely mounting a conventional camera
such as a small 35mm rangefinder camera or a small
video camcorder to a helmet, so that one can look
through the viewfinder and use it it hands-free while per-
forming other tasks, will result in poor performance at
doing those tasks while looking through the camera
viewfinder. Moreover, these findings suggest that doing
tasks while looking through the viewfinder of a conven-
tional camera, over a long period of time, may give rise
to detrimental flashback effects that may persist even
after the camera is removed. This is especially true
when the tasks involve a great deal of hand-eye coordi-
nation, such as when one might, for example, wish to
photograph, film, or make video recordings of the expe-
rience of eating or playing volleyball or the like, by doing
the task while concentrating primarily on the eye that is
looking through the camera viewfinder. Indeed, since
known cameras were never intended to be used this
way (to record events from a first-person-perspective
while looking through the viewfinder) it is not surprising
that performance is poor in this usage.

[0004] Part of the reason for poor performance asso-
ciated with simply attaching a conventional camera to a
helmet is the induced parallax and the failure to provide
an orthoscopic view. Even viewfinders which correct for
parallax, as described in U.S. Pat. No. 5692227 in which
a rangefinder is coupled to a parallax error compensat-
ing mechanism, only correct for parallax between the
viewfinder and the camera lens that is taking the picture,
but do not correct for parallax between the viewfinder
and the image that would be observed with the naked
eye while not looking through the camera.

[0005] Traditional camera viewfinders often include
the ability to overlay virtual objects, such as camera
shutter speed, or the like, on top of reality, as described
in U.S. Pat. No. 5664244 which describes a viewfinder
with additional information display capability.

[0006] Open-air viewfinders are often used on ex-
tremely low cost cameras, as well as on some profes-
sional cameras for use at night when the light levels
would be too low to tolerate any optical loss in the view-
finder. Examples of open-air viewfinders used on pro-
fessional cameras, in addition to regular viewfinders, in-
clude those used on the Grafflex press cameras of the
1940s (which had three different kinds of viewfinders),
as well as those used on some twin-lens reflex cameras.
While such viewfinders, if used with a wearable camera
system, would have the advantage of not inducing the
problems such as flashback effects described above,
they would fail to provide an electronically mediated re-
ality. Moreover, although such open air viewfinders
would eliminate the parallax between what is seen in the
real world and what is seen in the real world looking
through the viewfinder, they fail to eliminate the parallax
error between the viewfinder and the camera.

[0007] A manner of using a plurality of pictures of the
same scene or object, in which the pictures were taken
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using a camera with automatic exposure control, auto-
matic gain control, or the like has been proposed in
'PENCIGRAPHY'WITH AGC: JOINT PARAMETER ES-
TIMATION IN BOTH DOMAIN AND RANGE OF FUNC-
TIONS IN SAME ORBIT OF THEPROJECTIVE-WYCK-
OFF GROUR , published by S. Mann, in M.I.T. (medialab
vismod) tech report TR-384, December, 1994, and later
published also in Proceedings of the IEEE International
Conference on Image Processing (ICIP-96), Lausanne,
Switzerland, September 16-19, 1996, pages 193-196.
(The report is also available on a world wide web site:
http://wearcam.org/icip96/index.html as a hypertext
document, along with related documents on http://wear-
cam.org.) This report relates to a manner of camera self-
calibration in which the unknown nonlinear response
function of the camera is determined up to a single un-
known scalar constant. Therefore, once the camera is
so understood, it may be used, within the context of the
method, as a quantigraphic light measuring instrument.
As each pixel of the camera then becomes a light meas-
uring instrument, successive pictures in a video se-
gquence become multiple estimates of the same quantity
once the multiple images are registered and appropri-
ately interpolated. The measurement from a plurality of
- such estimates gives rise to knowledge about the
scene sufficient to render pictures of increased dynamic
range and tonal fidelity, as well as increased spatial res-
olution and extent. In this way a miniature video camera
as may be concealed inside a pair of eyeglasses may
be used to generate images of very high quality, suffi-
cient for fine-arts work or other uses where good image
quality is needed.

[0008] WO-A-97 34411 discloses a beamsplitter in
front of an eye of a user, wherein the beamsplitter diverts
some of the eyeward bound light to an electronic cam-
era, and where the output of the camera is transmitted
to a remote display. My article "Wearable Computing: A
First Step Toward Personal Imaging" in IEEE Computer,
Vol. 30, No. 2, published 1997 February 1, on pages
25-32, discusses a head-mounted camera and display
system, in which the display is responsive to an output
of the camera.

[0009] United States Patent 5,550,585 shows, in se-
rial order, a lens, image sensor array, display, and a fur-
ther lens, all four of these being directly in front of an
eye of a user of the apparatus. The sensor output enters
a processor, and the output of the processor enters the
display. United States Patent 4,786,966 discloses a
head-mounted video camera and a video display in front
of the eyes of a user.

[0010] In DE-A-44 36 528, a camera and display are
mounted to an eyeglass holder so that the display shoes
an enlarged view of subject matter viewed by the cam-
era.

[0011] In WO96/36721, video cameras are mounted
at the sides of the head of a wearer and the cameras
are oriented and focused based on eye tracking meas-
urements. The cameras only capture an approximation
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of the natural vision of the wearer.
[0012] InU.S. Pat. No. 5,610,678, a head borne view-
finder is provided for a body worn camera.

SUMMARY OF THE INVENTION

[0013] It is an object of this invention to provide a
method of positioning a camera in which both hands
may be left free.

[0014] Itis a further object of this invention to provide
a means of exposing a film or acquiring a picture elec-
tronically where the spatial extent (field of view) of the
image may be ascertained without having to hold any
device up to the eye.

[0015] What is described is a wearable camera and
viewfinder for capturing video of exceptionally high com-
positional and artistic calibre. In addition to the fact that
covert versions of the apparatus can be used to create
investigative documentary videos having very good
composition. for everyday usage the device need not
necessarily be covert. In fact, it may be manufactured
as a fashionable device that serves as both a visible
crime deterrent, as well as a self-explanatory (through
its overt obviousness) tool for documentary videomak-
ers and photojournalists.

[0016] Another feature of the invention is that the
wearable camera has a viewfinder such that the image
may be presented in a natural manner suitable for long-
term usage patterns.

[0017] There are several reasons why it might be de-
sired to wear the camera over a sustained period of time:

1. There is the notion of a personal visual diary of
sorts.

2. There is the idea of being always ready. By con-
stantly recording into a circular buffer, a retroactive
record function, such as a button that instructs the
device to "begin recording from five minutes ago"
may be useful in personal safety (crime reduction)
as well as in ordinary everyday usage, such as cap-
turing a baby's first steps on video. With the prior
art in photography and video, we spend so much
time preparing the camera and searching for film,
batteries, etc., or at the very least, just getting the
camera out of its carrying case, that we often miss
important moments like a baby's first steps, or a
spontaneous facial expression during the opening
of a gift.

3. There is the fact that the wearable camera sys-
tem, after being worn for a long period of time, be-
gins to behave as a true extension of the wearer's
mind and body. As a result, the composition of video
shot with the device is often impeccable without
even the need for conscious thought or effort on the
part of the user. Also, one can engage in other ac-
tivities, and one is able to record the experience
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without the need to be encumbered by a camera,
or even the need to remain aware, at a conscious
level, of the camera's existance. This lack of the
need for conscious thought or effort suggests a new
genre of documentary video characterized by long-
term psychophysical adaptation to the device. The
result is a very natural first-person perspective doc-
umentary, whose artistic style is very much as if a
recording could be made from a video tap of the op-
tic nerve of the eye itself. Events that may be so
recorded include involvement in activities such as
horseback riding, climbing up arope, or the like, that
cannot normally be well recorded from a first-per-
son perspective using cameras of the prior art.
Moreover, a very natural first-person perspective
genre of video results. For example, while Wearing
an embodiment of the invention, itis possible to look
through the eyepiece of a telescope or microscope
and record this experience, including the approach
toward the eyepiece. The experience is recorded,
from the perspective of the participant.

4. A computational system, either built into the
wearable camera, or worn on the body elsewhere
and connected to the camera system, may be used
to enhance images. This may be of value to the vis-
ually impaired. The computer may also perform oth-
er tasks such as object recognition. Because the
device is worn constantly, it may also function as a
photographic/videographic memory aid, e.g. to help
in way-finding through the recall and display of pre-
viously captured imagery.

[0018] It is desired that the proposed viewfinder ar-
rangement be suitable for long-term usage, such as
when one may be wearing the camera for sixteen hours
per day, looking through it all the while. Traditional view-
finders are only looked through on a shorter term basis.
Thus there will be some important differences between
the wearable camera system and traditional cameras.
For example, when the wearable camera system com-
prises a zoom lens for the camera, it is desired that the
viewfinder also comprise a zoom lens, so that when
zooming into a scene, the image in the viewfinder can
be made to subtend a lesser visual angle (appear to get
smaller). It is also desired that the exact extent of this
reduction in apparent visual angle be controlled to ex-
actly cancel out the usual effect in which zooming in pro-
duces increased magnification. In this manner the wear-
able camera system provides the wearer with absolutely
no apparent magnification, or change in apparent mag-
nification, while looking through the viewfinder and ex-
ploring the full range of zoom adjustment.

[0019] Some viewfinders are equipped with a zoom
capability, as, for example, is described in U.S. Pat. No.
5323264, so that their field of coverage (magnification)
varies with the varying of a zoom lens. The reader will
need to be careful not to confuse these zoom viewfind-
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ers of the prior art with the zoom viewfinder of the wear-
able camera invention in which viewing takes place
through an electronic viewfinder where the decrease in
visual angle subtended by the image of the viewfinder
screen is coupled to the increase in focal length of the
camera within the proposed invention. This coupling ne-
gates (cancels out) any increase in magnification that
would otherwise result from zooming in on the scene.
At first this lack of increase in apparent magnification
with increase in lens focal-length may seem counter-in-
tuitive, in the sense that we normally expect zooming in
to produce an increase in apparent magnification as ob-
served while looking through a camera viewfinder. This
expectation is owing to known cameras. However, after
using the wearable camera system for an extended pe-
riod of time, one quickly grows accustomed to the
unique characteristics of its viewfinder, and the much
more seamless integration of its viewfinder with every-
day life. This seamlessness is such that after time, the
wearer will begin to operate the wearable camerainven-
tion without appreciable conscious thought or effort.
With magnification, or changes in magnification, it is
much more difficult to fully adapt to the presence of the
camera.

[0020] Animportant aspect of the proposed invention
is the capability of the apparatus to mediate (augment,
diminish, or otherwise alter) the visual perception of re-
ality.

[0021] The proposed camera viewfinder is related to
the displays that are used in the field of Virtual Reality
(VR) in the sense that both are wearable. However, an
important difference is that the proposed invention al-
lows the wearer to continue to see the real world, while
VR displays block out the ability to see the real world.
[0022] It is possible with the invention to allow visual
reality to be mediated in order to make certain that ex-
posure is correct as well as to keep the wearer of the
apparatus in the feedback loop of the photo composi-
tional process by constantly providing the wearer with a
video stream. Moreover, it is desired that the apparatus
will allow the wearer to experience a computationally
mediated visual reality, and for that experience to be
shared through wireless communications networks so
that the wearer may receive additional visual informa-
tion, as well as be aware of modifications to visual reality
that might arise, for example, as part of a communica-
tions process in a shared virtual environment. For such
compositional and interactional capabilities, a simple
air-based viewfinder is inadequate.

[0023] Itis possible with this invention to provide such
a method of exposing a film or acquiring a picture elec-
tronically where the tonal characteristics of the picture
may be ascertained without having to hold any device
up to the eye.

[0024] Itis possible with this invention to provide such
a method of exposing a film or acquiring a picture elec-
tronically where no apparent difference in body move-
ment or gesture between when a picture is being taken
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and when no picture is being taken is detectable by oth-
ers.

[0025] It is possible with this invention to provide the
user with a means of determining the composition of the
picture from a display device that is located such that
only the user can see the display device, and so that the
user can ascertain the composition of a picture or take
a picture or video and transmit image(s) to one or more
remote locations without the knowledge of others in the
immediate environment.

[0026] It is possible with this invention to provide the
user with a means of determining the composition of the
picture from a display device that is located such that
only the user can see the display device, as well as an
optional additional display device that the user can show
to others if and when the user desires to do so.

[0027] It is possible with this invention to provide the
user with a means of determining the composition of the
picture from a display device that is located such that
both the user as well as others can see it, if the user
should so desire.

[0028] It is possible with this invention to provide a
wearable camera viewfinder means in which video is
displayed on a viewfinder in such a way that all rays of
light from the viewfinder that enter the eye appear to
emanate from essentially the same direction as they
would have had the apparatus not been worn.

[0029] It is possible with this invention to provide a
means for a user to experience additional information
overlaid on top of his or her visual field of view such that
the information is relevant to the imagery being viewed.
[0030] It is possible with this invention to provide a
means and apparatus for a user to capture a plurality of
images of the same scene or objects, in a natural proc-
ess of simply looking around, and then have these im-
ages combined together into a single image of in-
creased spatial extent, spatial resolution, dynamic
range, or tonal fidelity.

[0031] It is possible with this invention to provide a
viewfinder means in which the viewfinder has a focusing
mechanism that is coupled to a focusing mechanism of
a camera system, so that when the camera is focused
on a particular object the viewfinder also presents that
object in a manner such that when the apparatus moves
relative to the user's eye, the object appears to neither
move with or against the movement of the eye, so that
the rays of light entering the eye are approximately the
same in direction as if the apparatus were not present.
[0032] It is possible with this invention to provide a
viewfinder means in which the viewfinder has a focusing
mechanism that is coupled to a focusing mechanism of
a camera system, so that when the camera is focused
on a particular object the viewfinder also presents that
object in the same focal depth plane as the object would
appear to the user with the apparatus removed.

[0033] It is possible with this invention to provide a
viewfinder means in which the viewfinder has a focusing
mechanism that is controlled by an automatic focusing
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mechanism of a camera system.

[0034] It is possible with this invention to provide a
stereo viewfinder means in which the viewfinder system
has camera focusing, camera vergence, display focus-
ing, and display vergence control where all four are
linked together so that there is only need for a single
control.

[0035] It is possible with this invention to provide a
stereo viewfinder means in which the viewfinder has fo-
cusing and vergence control mechanisms that are con-
trolled by an automatic focusing mechanism of a camera
system.

[0036] It is possible with this invention to provide a
viewfinder means in which the viewfinder has a focusing
mechanism that is controlled by an automatic focusing
mechanism of a camera system, and in which the ap-
paratus comprises an eye-tracking mechanism that
causes the focus of the camera to be based on where
the user is looking, and therefore the focus of the view-
finder mechanism to be also focused in such a manner
that the convergence of light rays from whatever object
happens to be within the foveal region of the eye's view
also produces rays of light that have the same focal dis-
tance as they would have had with the apparatus re-
moved from the user.

[0037] The proposed invention facilitates a new form
of visual art, in which the artist may capture, with rela-
tively little effort, a visual experience as viewed from his
or her own perspective. With some practice, it is possi-
ble to develop a very steady body posture and mode of
movement that best produces video of the genre per-
taining to this invention. Because the apparatus may be
lightweight and close to the head, there is not the pro-
trusion associated with carrying a hand-held camera. Al-
so because components of the proposed invention are
mounted very close to the head, in a manner that bal-
ances the weight distribution. Mounting close to the
head minimizes the moment of inertia about the rota-
tional axis of the neck, so that the head can be turned
quickly while wearing the apparatus. This arrangement
allows one to record the experiences of ordinary day-to-
day activities from a first-person perspective. Moreover,
because both hands are free, much better balance and
posture is possible while using the apparatus. Anyone
skilled in the arts of body movement control as is learned
in the martial arts such as karate, as well as in dance,
most notably ballet, will have little difficulty capturing ex-
ceptionally high quality video using the apparatus of this
invention.

[0038] With known video or movie cameras, the best
operators tend to be very large people who have trained
for many years in the art of smooth control of the cum-
bersome video or motion picture film cameras used. In
addition to requiring a very large person to optimally op-
erate such cameras, various stabilization devices are of-
ten used, which make the apparatus even more cum-
bersome. The apparatus of the invention may be opti-
mally operated by people of any size. Even young chil-
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dren can become quite proficient in the use of the wear-
able camera system.

[0039] Atypical embodiment of the invention compris-
es one or two spatial light modulators or other display
means built into a pair of eyeglasses together with one
or more sensor arrays. Typically one or more CCD
(charge coupled device) image sensor arrays and ap-
propriate optical elements comprise the camera portion
of the invention. Typically a beamsplitter or a mirror sil-
vered on both sides is used to combine the image of the
viewfinder with the apparent position of the camera. The
viewfinder is simply a means of determining the extent
of coverage of the camera in a natural manner, and may
comprise either of:

* Areticle, graticule, rectangle, or other marking that
appears to float within a portion of the field of view.

* Adisplay device that shows a video image, or some
other dynamic information perhaps related to the
video image coming from the camera.

[0040] One aspect of the invention allows a photog-
rapher or videographer to wear the apparatus continu-
ously and therefore always end up with the ability to pro-
duce a picture from something that was seen a couple
of minutes ago. This may be useful to everyone in the
sense that we may not want to miss a great photo op-
portunity, and often great photo opportunities only be-
come known to us after we have had time to think about
something we previously saw.

[0041] Such an apparatus might also be of use in per-
sonal safety. Although there are a growing number of
video surveillance cameras installed in the environment
allegedly for "public safety", there have been recent
questions as to the true benefit of such centralized sur-
veillance infrastructures. Most notably there have been
several examples in which such centralized infrastruc-
ture has been abused by the owners of it (as in roundups
and detainment of peaceful demonstrators). Moreover,
"public safety" systems may fail to protect individuals
against crimes committed by the organizations that in-
stalled the systems. The apparatus of this invention al-
lows the storage and retrieval of images by transmitting
and recording images at one or more remote locations.
Images may be transmitted and recorded in different
countries, so that they would be difficult to destroy, in
the event that the perpetrator of a crime might wish to
do so.

[0042] The apparatus of the invention allows images
to be captured in a natural manner, without giving an
unusual appearance to others (such as a potential as-
sailant).

[0043] Moreover, as an artistic tool of personal ex-
pression, the apparatus allows the user to record, from
a first-person-perspective, experiences that have been
difficult to so record in the past. For example, a user
might be able to record the experience of looking
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through binoculars while riding horseback, or the expe-
rience of waterskiing, rope climbing, or the like. Such
experiences captured from a first-person perspective
provide a new genre of video by way of a wearable cam-
era system with viewfinder means that goes beyond cur-
rent state-of-the-art point of view sports videos (such as
created by cameras mounted in sports helmets which
have no viewfinder means).

[0044] A typical embodiment of the invention compris-
es a wearable viewfinder system which is fitted with a
motorized focusing mechanism. A camera also fitted
with a motorized focusing mechanism is positioned up-
on one side of a mirror that is silvered on both sides, so
that the viewfinder can be positioned on the other side
and provide a view that is focused to whatever the cam-
era is focused on. Such an apparatus allows the user to
record a portion of his or her eye's visual field of view.
With the correct design, the device will tend to cause the
wearer to want to place the recording zone over top of
whatever is most interesting in the scene. This tendency
arises from the enhancement of the imagery in this
zone. In much the same way that people tend to look at
a TV set in a darkened room, regardless of what is play-
ing (even if the TV is tuned to a blank station and just
playing "snow"), there is a tendency when wearing the
invention to look at the recording/display/viewfinder
zone. Therefore, there is a tendency to try to put the
recording zone on top that which is of most interest.
Therefore using the apparatus, after time, does not re-
quire conscious thought or effort. It was once said that
television is more real than real life, and in much the
same way, the wearer of the apparatus becomes a cy-
bernetic organism (cyborg) in a true synergy of human
and camera. This is particularly true with a low vision
system in which one can actually see better through the
viewfinder than in real life (e.g. at night when an image
intensifier provides enhanced vision). In this case, the
tendency of the wearer to want to become an organism
that seeks best picture is very pronounced.

[0045] Accordingly, the present invention in one as-
pect comprises headgear having an electronic camera
borne by said headgear and an electronic display borne
by said headgear, said electronic display responsive to
an output from said electronic camera, wherein the im-
provement comprises: reflective optics arranged for, at
least partially, reflecting light such that a first pencil of
light which would otherwise converge at a first point out-
side a lens assembly of said camera is at least partially
reflected to a second pencil of light directed at an optical
center of said lens assembly of said camera, said lens
assembly comprising at least one lens, wherein said re-
flective optics is further for reflecting light from said dis-
play such that said reflected light from said display forms
a third pencil of light approximating said first pencil of
light, in order to provide substantial exact registration of
what would have been seen at said first point due to said
first pencil of light, in the absence of said headgear, with
what, in the presence of said headgear, is seen at said
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first point due to said third pencil of light.

[0046] According to another aspect of the present in-
vention, there is provided headgear having a sensor
borne by said headgear, a display borne by said head-
gear, said display situated for being visible to a wearer
of said headgear when said headgear is worn, an output
from said sensor for a processor, and an input to said
display for accepting input from said processor, wherein
the improvement comprises: reflective optics arranged
for reflecting light such that at least a portion of at least
some rays of light which would otherwise, in the ab-
sence of said reflective optics, not be measured by said
sensor, is reflected to be measured by said sensor, said
processor for determining a quantity of light in each of
said at least some rays of light, said processor for con-
trolling said display to provide outgoing rays of light each
one being collinear with, and responsive to, one of said
at least some rays of light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The invention will now be described in more
detail, by way of examples which in no way are meant
to limit the scope of the invention, but, rather, these ex-
amples will serve to illustrate the invention with refer-
ence to the accompanying drawings, in which:

FIG. 1 is a diagram of a simple embodiment of the
invention in which there are two cameras, a wide-
angle camera concealed in the nose bridge of a pair
of sunglasses, a telecamera concealed in the top
part of the frame of the sunglasses, and combined
by way of a beamsplitter with the wide-camera, as
well as a viewfinder means concealed in the left
temple side-piece of the glasses with optics con-
cealed in or behind the glass of the left lens. FIG 1A
is an exploded view of a portion of FIG 1. FIG 1B is
a detail view of a portion of FIG 1. FIG 1C and FIG
1D illustrate aspects of the operation of the embod-
iment of FIG 1.

FIG. 2 is a diagram of the wearable camera system
with an improvement in which the viewfinder is con-
structed so that when other people look at the wear-
er of the apparatus they can see both of the wearer's
eyes in such a way that they do not notice any un-
usual magnification of the wearer's left eye which
might otherwise look unusual or become a problem
in making normal eye contact with the wearer.
FIG. 3 illustrates the principle of a camera viewfind-
er which replaces a portion of the visual field of view
with the view from a camera, yet allows the wearer
to see through the apparatus without experiencing
any psychophysical adaptation or coordinate trans-
formation.

FIG. 4 illustrates a version of the apparatus similar
tothatin FIG. 1, except where a portion of the visual
field of view is only partially replaced, owing to the
use of polarizers to prevent video feedback, as well
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as a beamsplitter rather than a double-sided mirror.
FIG. 5 shows an embodiment of the invention in
which there are two televisions of different sizes
which are each superimposed upon exactly the field
of view that corresponds to each of two cameras,
one being wide-angle and the other being tele.
FIG. 6 shows an embodiment of the wearable cam-
era invention in which the viewfinder contains con-
siderable magnification, yet allows other people to
see both of the wearer's eyes except for a slight
amount of blocked vision which may be concealed
by making the glasses look like bifocal glasses.
FIG. 7 shows an embodiment of the invention where
there is coupling between camera focus and view-
finder focus.

FIG. 8 shows an embodiment of the invention where
there is a zoom capability, and where the virtual light
principle is preserved regardless of zoom setting.
FIG. 9 shows a stereo embodiment of the invention
where both cameras are focused by the left camera,
and where the left camera also controls the focus
of both viewfinders and the vergence of the entire
system.

FIG. 10 shows an embodiment of the invention
where an eye tracker is used to set the stereo cam-
era focus, the stereo viewfinder focus, and the ver-
gence, to all correspond with the object. the wearer
is looking at.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] While the invention shall now be described
with reference to the preferred embodiments shown in
the drawings, it should be understood that the intention
is not to limit the invention only to the particular embod-
iments shown but rather to cover all alterations, modifi-
cations and equivalent arrangements possible within
the scope of appended claims.

[0049] In all aspects of the present invention, refer-
ences to "camera" mean any device or collection of de-
vices capable of simultaneously determining a quantity
of light arriving from a plurality of directions and or at a
plurality of locations, or determining some other attribute
of light arriving from a plurality of directions and or at a
plurality of locations. Similarly references to "display",
"television", or the like, shall not be limited to just tele-
vision monitors or traditional televisions used for the dis-
play of video from a camera near or distant, but shall
also include computer data display means, computer
data monitors, other video display devices, still picture
display devices, ASCII text display devices, terminals,
systems that directly scan light onto the retina of the eye
to form the perception of animage, direct electrical stim-
ulation through a device implanted into the back of the
brain (as might create the sensation of vision in a blind
person), and the like.

[0050] Withrespectto both the cameras and displays,
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as broadly defined above, the term "zoom" shall be used
in a broad sense to mean any lens of variable focal
length, any apparatus of adjustable magnification, or
any digital, computational, or electronic means of
achieving a change in apparent magnification. Thus, for
example, a zoom viewfinder, zoom television, zoom dis-
play, or the like, shall be taken to include the ability to
display a picture upon a computer monitor in various siz-
es through a process of image interpolation as may be
implemented on a body-worn computer system.
[0051] References to "processor", or "computer"” shall
include sequential instruction, parallel instruction, and
special purpose architectures such as digital signal
processing hardware, Field Programmable Gate Arrays
(FPGAs), programmable logic devices, as well as ana-
log signal processing devices.

[0052] References to "transceiver" shall include vari-
ous combinations of radio transmitters and receivers,
connected to a computer by way of a Terminal Node
Controller (TNC), comprising, for example, a modem
and a High Level Datalink Controller (HDLCs), to estab-
lish a connection to the Internet, but shall not be limited
to this form of communication. Accordingly, "transceiv-
er" may also include analog transmission and reception
of video signals on different frequencies, or hybrid sys-
tems that are partly analog and partly digital. The term
"transceiver" shall not be limited to electromagnetic ra-
diation in the frequence bands normally associated with
radio, and may therefore include infrared or other optical
frequencies. Moreover, the signal need not be electro-
magnetic, and "transceiver" may include gravity waves,
or other means of establishing a communications chan-
nel.

[0053] While the architecture illustrated shows a con-
nection from the headgear, through a computer, to the
transceiver, it will be understood that the connection
may be direct, bypassing the computer, if desired, and
that a remote computer may be used by way of a video
communications channel (for example a full-duplex an-
alog video communications link) so that there may be
no need for the computer to be worn on the body of the
user.

[0054] The term "headgear" shall include helmets,
baseball caps, eyeglasses, and any other means of af-
fixing an object to the head, and shall also include im-
plants, whether these implants be apparatus imbedded
inside the skull, inserted into the back of the brain, or
simply attached to the outside of the head by way of reg-
istration pins implanted into the skull. Thus "headgear"
refers to any object on, around, upon, or in the head, in
whole or in part.

[0055] Whenitis said that object "A" is "borne" by ob-
ject "B", this shall include the possibilities that A is at-
tached to B, that A is part of B, that A is built into B, or
that A is B.

[0056] Fig 1 shows an embodiment of the invention
built into eyeglass frames 100, typically containing two
eyeglass lenses 105. An electronic wide-angle camera
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110 is typically concealed within the nose bridge of the
eyeglass frames 100. In what follows, the wide-angle
camera 110 may be simply referred to as the "wide-cam-
era", or as "wide-angle camera". In this embodiment of
the wearable camera, a second camera, 120, is also
concealed in the eyeglass frames 100. This second
camera is one which has been fitted with a lens of longer
focal length, and will be referred to as a "narrow-angle
camera", or simply a "narrow-camera" in what follows.
The wide-camera 110 faces forward looking through a
beamsplitter 130. The narrow-camera 120 faces side-
ways looking through the beamsplitter. For clarity, the
beamsplitter 130 and camera 110 are shown separated
in Fig 1a, while in actual construction, the beamsplitter
is cemented between the two cameras as shown in Fig
1. The beamsplitter 130 is typically mounted at a 45 de-
gree angle, and the optical axes of the two cameras are
typically at 90 degree angles to each other. The optical
axes of the two cameras should intersect and thus share
a common viewpoint. Thus the narrow camera 120 may
have exactly the same field of view as the wide-camera
110. Typically eyeglasses with black frames are select-
ed, and a CCD sensor array for wide-camera 110 is con-
cealed in a cavity which is also used as a nose bridge
support, so that the eyeglasses have a normal appear-
ance. Typically, the body of the wide-camera is formed
from epoxy, which sets it permanently in good register
with the beamsplitter and the narrow-camera 120. Dur-
ing setting of the epoxy, the cameras are manipulated
into an exact position, to ensure exact collinearity of the
two effective optical axes. The wide-camera 110 is typ-
ically fitted with a lens having a diameter of approximate-
ly 1/32 inch (less than one millimeter) — small enough
that it cannot be easily seen by someone at close con-
versational distance to the person wearing the eye-
glasses. The narrow-camera 120 is typically concealed
in the upper portion of the eyeglass frames. The narrow-
camera 120 is preferably custom-made, like the wide-
camera, by encapsulating a CCD sensor array, or the
like, in an epoxy housing together with the appropriate
lens, so that cameras 110 and 120 are both bonded to
beamsplitter 130, and all three are in turn bonded to the
eyeglass frame. A satisfactory narrow-camera, for use
in small-production runs of the invention (where it is dif-
ficult to construct the housing from epoxy) is an EImo
(TM) model QN42H camera, owing to its long and very
slender (7mm diameter) construction. In mass-produc-
tion, a custom-made narrow-camera could be built di-
rectly into the eyeglass frames. Since the narrow-cam-
era 120 is typically built into the top of the eyeglass
frames, the wide-camera 110 should also be mounted
near the top of the frames, so the two optical axes can
be made to intersect at right angles, making the effective
optical axes (e.g. that of camera 120 as reflected in
beamsplitter 130) collinear.

[0057] Preferably, a complete camera system provid-
ing NTSC video is not installed directly in the eyeglass-
es. Instead, wires 125 from the camera sensor arrays
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are concealed inside the eyeglass frames and run inside
a hollow eyeglass safety strap 126. A satisfactory eye-
glass safety strap is the safety strap that is sold under
the trademark "Croakies". Eyeglass safety strap 126
typically extends to a cloth-wrapped cable harness 127
typically made of the same kind of hollow cloth material
from which safety strap 126 is made. There is typically
a connection between cable harness 127 and a wiring
harness 180, where wiring harness 180 is typically not
wrapped in cloth. Wiring harness 180 and cable harness
127 are connected together by connection 175. Con-
nection 175 typically includes a strain relief clip or the
like that clips to the inside of the wearer's shirt, at the
back of the neck, so that wiring harness 180 will not pull
on cable harness 127. In this way, cable harness 127 is
slack, and allows safety strap 126 to fall slack and thus
have an appearance that it just happened to fall down
partially inside the wearer's shirt.

[0058] Wires 125 are run down to a belt pack or to a
body-worn pack 128, often comprising a computer as
part of processor 182, powered by battery pack 181
which also powers the portions of the camera and dis-
play system located in the headgear. The processor
182, if it includes a computer, preferably contains also
a nonvolatile storage device or network connection. Al-
ternatively, or in addition to the connection to processor
182, there is often another kind of recording device, or
connection to a transmitting device 186. The transmitter
186, if present, is typically powered by the same battery
pack 181 that powers the processor. In some embodi-
ments, a minimal amount of circuitry may be concealed
in the eyeglass frames so that the wires 125 may be
driven with a buffered signal in order to reduce signal
loss. In or behind one or both of the eyeglass lenses
105, there is typically an optical system 150. This optical
system provides a magnified view of an electronic dis-
play in the nature of a miniature television screen 160
in which the viewing area is typically less than one inch
(or less than 25 millimeters) on the diagonal. The elec-
tronic display acts as a viewfinder screen. The viewfind-
er screen may comprise a 1/4 inch (approx. 6mm) tele-
vision screen comprising an LCD spatial light modulator
with a field-sequenced LED backlight. Preferably cus-
tom-built circuitry is used. However, a satisfactory em-
bodiment of the invention may be constructed by having
the television screen be driven by a coaxial cable car-
rying a video signal similar to an NTSC RS-170 signal.
In this case the coaxial cable and additional wires to
power it are concealed inside the eyeglass safety-strap
and run down to a belt pack or other body-worn equip-
ment by wiring harness 180.

[0059] Insome embodiments, television 160 contains
a television tuner so that a single coaxial cable may pro-
vide both signal and power. In other embodiments the
majority of the electronic components needed to con-
struct the video signal are worn on the body, and the
eyeglasses contain only a minimal amount of circuitry,
perhaps only a spatial light modulator, LCD flat panel,
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or the like, with termination resistors and backlight. In
this case, there are a greater number of wires 170. In
some embodiments of the invention the television
screen 160 is a VGA computer display, or another form
of computer monitor display, connected to a computer
system worn on the body of the wearer of the eyeglass-
es.

[0060] Wearable display devices have been de-
scribed, such as in U.S. Pat. No. 5546099, Head mount-
ed display system with light blocking structure, by Jes-
sica L. Quint and Joel W. Robinson, Aug. 13, 1996, as
well as in U.S. Pat. No. 5708449, Binocular Head
Mounted Display System by Gregory Lee Heacock and
Gordon B. Kuenster, Jan. 13, 1998. (Both of these two
patents are assigned to Virtual Vision (TM), a well-
known manufacturer of head-mounted displays). A "per-
sonal liquid crystal image display" has been described
U.S. Pat. No. 4636866, by Noboru Hattori, Jan. 13,
1987. Any of these head-mounted displays of the prior
art may be modified into a form such that they will func-
tion in place of television display 160.

[0061] Intypical operation of the system of Fig 1, light
enters the eyeglasses and is absorbed and quantified
by one or more cameras. By virtue of a connection
through wiring harness 180, information about the light
entering the eyeglasses is available to the body-worn
computer system previously described. The computer
system may calculate the actual quantity of light, up to
a single unknown scalar constant, arriving at the glasses
from each of a plurality of directions corresponding to
the location of each pixel of the camera with respect to
the camera's center of projection. This calculation may
be done using photoquantigraphic image processing. In
some embodiments of the invention the narrow-camera
120, is used to provide a more dense array of such pho-
toquanta estimates. This increase in density toward the
center of the visual field of view matches the character-
istics of the human visual system in which there is a cen-
tral foveal region of increased visual acuity. Video from
one or both cameras is possibly processed by the body-
worn computer 182 and recorded or transmitted to one
or more remote locations by a body-worn video trans-
mitter 186 or body-worn Internet connection, such as a
standard WA4DSY 56 kbps RF link with a KISS 56
eprom running TCP/IP over an AX25 connection to the
serial port of the body-worn computer. The possibly
processed video signal is sent back up into the eye-
glasses through wiring harness 180 and appears on
viewfinder screen 160, viewed through optical elements
150.

[0062] Typically, rather than displaying raw video on
display 160, processed video is displayed thereupon,
with reference also to FIG 1b (a close-up detail view of
processor 182), as follows: The video outputs from cam-
eras 110 and 120 pass through wiring harness 180 into
vision analysis processor 183. Vision analysis proces-
sor 183 typically uses the output of the wide-camera for
head-tracking. This head-tracking determines the rela-
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tive orientation (yaw, pitch, and roll) of the head based
on the visual location of objects in the field of view of
camera 110. Vision analysis processor 183 may also
perform some 3-D object recognition or parameter esti-
mation, or construct a 3-D scene representation. Infor-
mation processor 184 takes this visual information, and
decides which virtual objects, if any, to insert into the
viewfinder. Graphics synthesis processor 185 creates a
computer-graphics rendering of a portion of the 3-D
scene specified by the information processor 184, and
presents this computer-graphics rendering by way of
wires in wiring harness 180 to television screen 160.
Typically the objects displayed are synthetic (virtual) ob-
jects overlaid in the same position as some of the real
objects from the scene. Typically the virtual objects dis-
played on television 160 correspond to real objects with-
in the field of view of narrow-camera 120. In this way,
narrow camera 120 provides vision analysis processor
183 with extra details about the scene so that the anal-
ysis is more accurate in this foveal region, while wide-
camera 110 provides both an anticipatory role and a
head-tracking role. In the anticipatory role, vision anal-
ysis processor 183 is already making crude estimates
of identity or parameters of objects outside the field of
view of the viewfinder screen 160, with the possible ex-
pectation that the wearer may at any time turn his or her
head to include some of these objects, or that some of
these objects may move into the field of view of view-
finder 160 and narrow camera 120. With this operation,
synthetic objects overlaid on real objects in the viewfind-
er provide the wearer with enhanced information of the
real objects as compared with the view the wearer has
of these objects outside of the viewfinder.

[0063] Thus even though television viewfinder screen
160 may only have 240 lines of resolution, a virtual tel-
evision screen, of extremely high resolution, wrapping
around the wearer, may be implemented by virtue of the
head-tracker, so that the wearer may view very high res-
olution pictures through what appears to be a small win-
dow that pans back and forth across the picture by the
head-movements of the wearer. Optionally, in addition
to overlaying synthetic objects on real objects to en-
hance real objects, graphics synthesis processor 182
(FIG 1b may cause the display of other synthetic objects
on the virtual television screen. For example, FIG 1c il-
lustrates a virtual television screen with some virtual
(synthetic) objects such as an Emacs Buffer upon an
xterm (text window in the commonly-used X-windows
graphical user-interface). The graphics synthesis proc-
essor 182 causes the viewfinder screen 160 (FIG 1) to
display a reticle seen in the viewfinder window at 192.
Typically viewfinder screen 160 has 640 pixels across
and 480 down, which is only enough resolution to dis-
play one xterm window since an xterm window is typi-
cally also 640 pixels across and 480 down (sufficient
size for 24 rows of 80 characters of text). Thus the wear-
er can, by turning the head to look back and forth, posi-
tion viewfinder reticle 192 on top of any of a number of
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xterms 194 that appear to hover in space above various
real objects 198. The real objects themselves, when po-
sitioned inside the mediation zone established by the
viewfinder, may also be visually enhanced as seen
through the viewfinder. Suppose the wearer is in a de-
partment store and, after picking up a $7 item for pur-
chase, the wearer approaches the cashier, hands the
cashier a $20 dollar bill, but only receives change for a
$10 bill (e.g. only receives $3 change from $20). Upon
realizing this fact a minute or so later, the wearer locates
afresh available, (e.g. one that has no programs running
in it so that it can accept commands) xterm 196. The
wearer makes this window active by head movement up
and to the right, as shown in Fig 1d. Thus the camera
functions also as a head tracker, and it is by orienting
the head (and hence the camera) that the cursor may
be positioned. Making a window active in the X-windows
system is normally done by placing the mouse cursor
on the window and possibly clicking on it. However, hav-
ing a mouse on a wearable camera/computer system is
difficult owing to the fact that it requires a great deal of
dexterity to position a cursor while walking around. With
the invention described here, the viewfinder is the
mouse/cursor: the wearer's head is the mouse, and the
center of the viewfinder is the cursor. In Fig 1c and Fig
1d, windows outside the viewfinder are depicted in
dashed lines, because they are not actually visible to
the wearer. The wearer can see real objects outside the
field of view of the viewfinder (either through the remain-
ing eye, or because the viewfinder permits one to see
around it). However, only xterms in the viewfinder are
visible. Portions of the xterms within the viewfinder are
shown with solid lines, as this is all that the wearer will
see.

[0064] Once the wearer selects window 196 by look-
ing at it, then the wearer presses the letter "d" to begin
"recorDing", as indicated on window 196. Note that the
letter "d" is pressed for "recorD", because the letter "r"
means "Recall" (in some ways equivalent to "Rewind"
on a traditional video cassette recorder). Letters are typ-
ically selected by way of a small number of belt-mounted
switches that can be operated with one hand, in a man-
ner similar to the manner that courtroom stenographers
use to form letters of the alphabet by pressing various
combinations of pushbutton switches. Such devices are
commonly known as "chording keyboards" and are well
known in the prior art. Also note that the wearer did not
need to look right into all of window 196: the window
accepts commands as long as it is active, and doesn't
need to be wholly visible to accept commands.

[0065] Recording is typically retroactive, in the sense
that the wearable camera system, by default, always
records into a 5-minute circular buffer, so that pressing
"d" begins recording starting from 5 minutes ago, e.g.
starting from 5 minutes before "d" is pressed. This
means that if the wearer presses "d" within a couple of
minutes of realizing that the cashier short-changed the
wearer, then the transaction will have been sucessfully
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recorded. The customer can then see back into the past
5 minutes, and can assert with confidence (through per-
fect photographic/videographic memory Recall, e.g. by

pressing "r") to the cashier that a $20 bill was given. The

jects and the view of the scene as it would appear with
the glasses removed from the wearer.

[0070] A drawback of the apparatus depicted in Fig 1
is that the optical elements 150 block the eye(s) of the

extra degree of personal confidence afforded by the in- & wearer. The wearer may be able to adapt to this condi-
vention typically makes it unnecessary to actually tion, or at least compensate for it through the display of
present the video record (e.g. to a supervisor) in order video from the wearable camera to create an illusion of
to correct the situation. Of course, if there was a belief transparency, in the same way that a hand-held cam-
that the cashier was dishonest, the customer could file corder creates an illusion of transparency when it is on
a report or notify authorities while at the same time sub- 70 and running even though it would function as a vision-
mitting the recording as evidence. Typically the record- blocking eye patch when turned off. However, because
ing is also transmitted by way of transmitter 186 so that of the parallax between cameras 110 and 120 and the
the cashier or other representatives of the department actual eye position given by viewfinder optics 150, cre-
store (such as a department store security guard who ating the illusion of transparency requires passing all ob-
might be a close personal friend of the cashier) cannot 75 jects through the analysis processor 183, followed by
sieze and destroy the storage medium upon which the the synthesis processor 185, and this may present proc-
recording was made. essor 182 with a formidable task. Moreover, the fact that
[0066] Note that here the drawings depict objects the eye of the wearer is blocked means that others can-
moved translationally (e.g. the group of translations not make eye-contact with the wearer. In social situa-
specified by two scalar parameters) while in actual prac- 20 tions this creates an unnatural form of interaction. Al-
tice, virtual objects undergo a projective coordinate though the lenses of the glasses may be made suffi-
transformation in two dimensions, governed by eight ciently dark that the viewfinder optics are concealed, it
scalar parameters, or objects undergo three dimension- is preferable that the viewfinder optics may be con-
al coordinate transformations. When the virtual objects cealed in eyeglasses that allow others to see both of the
are flat, such as text windows, such a user-interface is 25 wearer's eyes. A beamsplitter may be used for this pur-
called a "Reality Window Manager" (RWM). pose, but it is preferable that there be a strong lens di-
[0067] In using the invention, typically various win- rectly in front of the eye of the wearer to provide for a
dows appear to hover above various real objects, and wide field of view. While a special contact lens might be
regardless of the orientation of the wearer's head (posi- worn for this purpose, there are limitations on how short
tion of the viewfinder), the system sustains the illusion 30 the focal length of a contact lens can be, and such a
that the virtual objects 194 (in this example, xterms) are solution is inconvenient for other reasons.

attached to real objects 198. The act of panning the [0071] Accordingly, a viewfinder system is depicted in
head back-and forth in order to navigate around the Fig 2 in which an optical path 200 brings light from a
space of virtual objects also may cause an extremely viewfinder screen 210, through a first relay mirror 220,
high-resolution picture to be acquired through appropri- 35 along a cavity inside the left temple-side piece of the
ate processing of a plurality of pictures captured on nar- glasses formed by an opaque side shield 230, or simply
row-camera 120. This action mimicks the function of the by hollowing out a temple side-shield. Light travels to a
human eye, where saccades are replaced with head second relay mirror 240 and is combined with light from
movements to sweep out the scene using the camera's the outside environment as seen through diverging lens
light-measurement ability as is typical of photoquanti- 40 250. The light from the outside and from the viewfinder
graphic image processing. Thus head movements are is combined by way of beamsplitter 260. The rest of the
used to direct the camera to scan out a scene in the eyeglass lenses 261 are typically tinted slightly to match
same way that eyeball movements normally orient the the beamsplitter 260 so that other people looking at the
eye to scan out a scene. wearer's eyes do not see a dark patch where the beam-
[0068] Processor 182 is typically responsible for en- 45 splitter is. Converging lens 270 magnifies the image
suring that the view rendered in graphics processor 185 from the viewfinder screen 210, while canceling the ef-
matches the viewing position of the eye in front of optics fect of the diverging lens 250. The result is that others
150, and not the original position from which the video can look into the wearer's eyes and see both eyes at
was presented from cameras 110 and 120 to vision normal magnification, while at the same time, the wearer
processor 183. Thus there is a change of viewing angle, 50 can see the camera viewfinder at increased magnifica-
in the rendering, so as to compensate for the difference tion. The rest of the system of Fig 2 is similar to that of
in position (parallax) between the cameras and the view Fig 1 (and like parts have been given like reference nu-
afforded by the display. merals in their last two digits), except that the video
[0069] Some homographic and quantigraphic image transmitter 186 shown in Fig 1 has been replaced with
analysis embodiments do not require a 3-D scene anal- 55 a data communications transceiver 286. Transceiver
ysis, and instead use 2-D projective coordinate trans- 286 along with appropriate instructions loaded into com-
formations of a flat object or flat surface of an object, in puter 282 provides a camera system allowing collabo-
order to effect the parallax correction between virtual ob- ration between the user of the apparatus and one or
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more other persons at remote locations. This collabora-
tion may be facilitated through the manipulation of
shared virtual objects such as cursors, or computer
graphics renderings displayed upon the camera view-
finder(s) of one or more users.

[0072] Similarly, transceiver 286, with appropriate in-
structions executed in computer 282, allows multiple us-
ers of the invention, whether at remote locations or side-
by-side, or in the same room within each other's field of
view, to interact with one another through the collabora-
tive capabilities of the apparatus. This also allows mul-
tiple users, at remote locations, to collaborate in such a
way that a virtual environment is shared in which cam-
era-based head-tracking of each user results in acqui-
sition of video and subsequent generation of virtual in-
formation being made available to the other(s).

[0073] Multiple users, at the same location, may also
collaborate in such a way that multiple camera view-
points may be shared among the users so that they can
advise each other on matters such as composition, or
so that one or more viewers at remote locations can ad-
vise one or more of the users on matters such as com-
position or camera angle.

[0074] Multiple users, at different locations, may also
collaborate on an effort that may not pertain to photog-
raphy or videography directly, but an effort nevertheless
that is enhanced by the ability for each person to expe-
rience the viewpoint of another.

[0075] It is also possible for one or more remote par-
ticipants at conventional desktop computers or the like
to interact with one or more users of the camera system,
at one or more other locations, to collaborate on an effort
that may not pertain to photography or videography di-
rectly, but an effort nevertheless that is enhanced by the
ability for one or more users of the camera system to
either provide or obtain advice from or to another indi-
vidual at a remote location.

[0076] The embodiments of the wearable camera
system depicted in Fig 1 and Fig 2 give rise to a small
displacement between the actual location of the cam-
era, and the location of the virtual image of the viewfind-
er. Therefore, either the parallax must be corrected by
a vision system 183, followed by 3-D coordinate trans-
formation (e.g. in processor 184), followed by re-render-
ing (e.g. in processor 185), or if the video is fed through
directly, the wearer must learn to make this compensa-
tion mentally. When this mental task is imposed upon
the wearer, when performing tasks at close range, such
as looking into a microscope while wearing the glasses,
there is a discrepancy that is difficult to learn, and may
also give rise to unpleasant psychophysical effects such
as nausea or "flashbacks". Initially when wearing the
glasses, the tendency is to put the microscope eyepiece
up to one eye, rather than the camera 110 which is right
between the eyes. As a result, the apparatus fails to
record exactly the wearer's experience, until the wearer
can learn that the effective eye position is right in the
middle. Locating the cameras elsewhere does not help
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appreciably, as there will always be some error. It is pre-
ferred that the apparatus will record exactly the wearer's
experience. Thus if the wearer looks into a microscope,
the glasses should record that experience for others to
observe vicariously through the wearer's eye. Although
the wearer can learn the difference between the camera
position and the eye position, it is preferable that this
not be required, for otherwise, as previously described,
long-term usage may lead to undesirable flashback ef-
fects.

[0077] Accordingly, Fig 3illustrates a system whereby
rays of light spanning a visual angle from ray 310 to ray
320 enter the apparatus and are intercepted by a two-
sided mirror 315, typically mounted at a 45 degree angle
with respect to the optical axis of a camera 330. These
rays of light enter camera 330. Camera 330 may be a
camera that is completely (only) electronic, or it may be
a hybrid camera comprising photographic emulsion
(film) together with a video tap, electronic previewer, or
other manner of electronic output, so that a film may be
exposed and the composition may also be determined
by monitoring an electronic output signal. Such a cam-
era that provides an electronic output signal from which
photographic, videographic, or the like, composition can
be judged, will be called an "electronic camera" regard-
less of whether it may also contain other storage media
such as photographic film. The video output of the cam-
era 330 is displayed upon television screen 340 possibly
after having been processed on a body-worn computer
system or the like. A reflection of television screen 340
is seen in the other side of mirror 315, so that the tele-
vision image of ray 310 appears as virtual ray 360 and
the television image of ray 320 appears as ray 370.
Since the camera 330 records an image that is back-
wards, a backwards image is displayed on the television
screen 340. Since the television 340 is observed in a
mirror, the image is reversed again so that the view seen
at pencil of light rays 390 is not backwards. In this way
a portion of the wearer's visual field of view is replaced
by the exact same subject matter, in perfect spatial reg-
ister with the real world as it would appear if the appa-
ratus were absent. Thus the portion of the field of view
spanned by rays 310 to 320 which emerges as virtual
light, will align with the surrounding view that is not me-
diated by the apparatus, such as rays 311 and 321 which
pass through the apparatus and enter directly into the
eye without being deflected by two-sided mirror 315.
The image could, in principle also be registered in tonal
range, using the photoquantigraphic image processing
framework for estimating the unknown nonlinear re-
sponse of the camera, and also estimating the response
of the display, and compensating for both. So far focus
has been ignored, and infinite depth-of-field has been
assumed. In practice, a viewfinder with a focus adjust-
ment is used, and the focus adjustment is driven by a
servo mechanism controlled by an autofocus camera.
Thus camera 330 automatically focuses on the subject
matter of interest, and controls the focus of viewfinder
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330 so that the apparent distance to the object is the
same while looking through the apparatus as with the
apparatus removed.

[0078] Itis desirable that embodiments of the weara-
ble camera system comprising manual focus cameras
have the focus of the camera linked to the focus of the
viewfinder so that both may be adjusted together with a
single knob. Moreover, a camera with zoom lens may
be used together with a viewfinder having zoom lens.
The zoom mechanisms are linked in such a way that the
viewfinder image magnification is reduced as the cam-
era magnification is increased. Through this appropriate
linkage, any increase in magnification by the camera is
negated exactly by decreasing the apparent size of the
viewfinder image.

[0079] The calibration of the autofocus zoom camera
and the zoom viewfinder may be done by temporarily
removing the mirror 315 and adjusting the focus and
zoom of the viewfinder to maximize video feedback.
This must be done for each zoom setting, so that the
zoom of the viewfinder will properly track the zoom of
the camera. By using video feedback as a calibration
tool, a computer system may monitor the video output
of the camera while adjusting the viewfinder and gener-
ating a lookup table for the viewfinder settings corre-
sponding to each camera setting. In this way, calibration
may be automated during manufacture of the wearable
camera system.

[0080] The apparatus of Fig 3 does not permit others
to make full eye-contact with the wearer. Accordingly,
Fig 4 depicts a similar apparatus in which only a portion
of the rays of the leftmost ray of light 310 is deflected by
beamsplitter 415 which is installed in place of mirror 315.
The visual angle subtended by incoming light ray 310 to
light ray 320 is deflected by way of beamsplitter 415 into
camera 330. Output from this camera is displayed on
television 340, possibly after processing on a body-worn
computer or processing at one or more remote sites, or
a combination of local and remote image processing or
the like. A partial reflection of television 340 is visible to
the eye of the wearer by way of beamsplitter 415. The
leftmost ray of light 460 of the partial view of television
340 is aligned with the direct view of the leftmost ray of
light 310 from the original scene. Thus the wearer sees
a superposition of whatever real object is located in front
of ray 310 and the television picture of the same real
object at the same location. The rightmost ray of light
320 is similarly visible through the beamsplitter 415 in
register with the rightmost virtual ray reflected off the
beamsplitter 415.

[0081] Note thatthe partial transparency of beamsplit-
ter 415 allows one to see beyond the screen, soitis not
necessary to carefully cut beamsplitter 415 to fit exactly
the field of view defined by television 340, or to have the
degree of silvering feather out to zero at the edges be-
yond the field of view defined by television 340.

[0082] Rays 460 and 470 differ from rays 360 and 370
in that 460 and 470 present the viewer with a combina-
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tion of virtual light and real light. In order to prevent video
feedback, in which light from the television screen would
shine into the camera, a polarizer 480 is positioned in
front of the camera. The polarization axis of the polarizer
is aligned at right angles to the polarization axis of the
polarizer inside the television, assuming the television
already has a built-in polarizer as is typical of small bat-
tery powered LCD televisions, LCD camcorder viewfind-
ers, and LCD computer monitors. If the television does
not have a built in polarizer, a polarizer is added in front
of the television. Thus video feedback is prevented by
virtue of the two crossed polarizers in the path between
the television 340 and the camera 330. Alternatively, in-
stead of using explicit polarizers, a beamsplitter with po-
larization properties may be used for beamsplitter 415.
Although many beamsplitters will exhibit some polariza-
tion properties, on account of being somewhat near the
Brewster angle (functioning somewhat like a Brewster
plate), certain kinds of beamsplitters, such as dichroic
beamsplitters, exhibit very strong polarization charac-
teristics. For example, beamsplitter 415 may comprise
a dichroic beamsplitter cube.

[0083] The pencil of rays of light 490 will provide a
mixture of direct light from the scene, and virtual light
from the television display 340. The pencil of rays 490
thus differs from the pencil of rays 390 (FIG 3) in that
490 is a superposition of the virtual light as in 390 with
real light from the scene.

[0084] In describing this invention, the term "pencil"
of rays shall be taken to mean rays that intersect at a
point in arbitrary dimensions (e.g. 3D as well as 2D)
even though the term "pencil" usually only so-applies to
2D in common usage. This will simplify matters (rather
than having to use the word "bundle" in 3D and "pencil"
in 2D).

[0085] It is desired that both the real light and virtual
light be in perfect or near perfect registration. However,
in order that the viewfinder provide a distinct view of the
world, it may be desirable that the virtual light from the
television be made different in color or the like from the
real light from the scene. For example, simply using a
black and white television, or a black and red television,
or the like, or placing a colored filter over the television,
will give rise to a unique appearance of the region of the
wearer's visual field of view by virtue of a difference in
color between the television image and the real world
upon which it is exactly superimposed. Even with such
chromatic mediation of the television view of the world,
it may still be difficult for the wearer to discern whether
or not video is correctly exposed. Accordingly, a pseu-
docolor image may be displayed, or unique patterns
may be used to indicate areas of over exposure or under
exposure. Once the wearer becomes aware of areas of
improper exposure (such as when an automatic expo-
sure algorithm is failing), the parameters of the automat-
ic exposure algorithm (such as setting of program mode
to "backlight", "high contrast”, "sports mode" or the like)
may be changed, or the automatic exposure may be
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overridden.

[0086] Television 340 may also be fitted with a focus-
ing lens so that it may be focused to the same apparent
depth as the real objects in front of the apparatus. A sin-
gle manual focus adjustment may be used for both cam-
era 330 and television 340 to adjust them both together.
Alternatively, an autofocus camera 330 may control the
focus of television 340. Similarly, if a varifocal or zoom
camera is used, a varifocal lens in front of television 340
should be used, and should be linked to the camera
lens, so that a single knob may be used to adjust the
zoom setting for both.

[0087] The apparatus of Fig 4 may be calibrated by
temporarily removing the polarizer, and then adjusting
the focal length of the lens in front of television 340 to
maximize video feedback for each zoom setting of cam-
era 330. This process may be automated if desired, for
example, using video feedback to generate a lookup ta-
ble used in the calibration of a servo mechanism con-
trolling the zoom and focus of television 340.

[0088] The entire apparatus is typically concealed in
eyeglass frames in which the beamsplitter is either em-
bedded in one or both glass lenses of the eyeglasses,
or behind one or both lenses. In the case in which a mo-
nocular version of the apparatus is being used, the ap-
paratus is built into one lens, and a dummy version of
the beamsplitter portion of apparatus may be positioned
in the other lens for visual symmetry. These beamsplit-
ters may be integrated into the lenses in such a manner
to have the appearance of ordinary lenses in ordinary
bifocal eyeglasses. Moreover, magnification may be un-
obtrusively introduced by virtue of the bifocal character-
istics of such eyeglasses. Typically the entire eyeglass
lens is tinted to match the density of the beamsplitter
portion of the lens, so there is no visual discontinuity
introduced by the beamsplitter.

[0089] Fig 5 depicts a foveated embodiment of the in-
vention in which incoming light 500 and 501 is intercept-
ed from the direct visual path through the eyeglasses
and directed instead, by double-sided mirror 510 to
beamsplitter 520. A portion of this light passes through
beamsplitter 520 and is absorbed and quantified by
wide-camera 530. A portion of this incoming light is also
reflected by beamsplitter 520 and directed to narrow-
camera 540. The image from the wide-camera 530 is
displayed on a large screen television 550, typically of
size 0.7 inches (approx. 18mm) on the diagonal, forming
a wide-field-of-view image of virtual light 551 from the
wide-camera. The image from the narrow-camera 540
is displayed on a small screen television 560, typically
of screen size 1/4 inch (approx. 6mm) on the diagonal,
forming a virtual image of the narrow-camera as virtual
light 561.

[0090] Real rays of light in the periphery of the medi-
ation zone formed by the apparatus emerge as virtual
rays from television 550 only. For example, real ray 500
emerges as virtual ray 551.

[0091] Realrays nearthe central (foveal) region of the
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mediation zone emerge as virtual rays from both televi-
sions (e.g. they also emerge as virtual rays from televi-
sion 560). Television 560 subtends a smaller visual an-
gle, and typically has the same total number of scanlines
or same total number of pixels as television 550, so the
image is sharper in the central (foveal) region. Thus tel-
evision 560 is visually more dominant in that region, and
the viewer can ignore television 550 in this region (e.g.
the blurry image and the sharp image superimposed ap-
pear as a sharp image in the central region).

[0092] Thus, for example, unlike the real light ray 500
which emerges as virtual light from only one of the two
televisions (from only television 550), the real light ray
501 emerges as virtual light from both televisions. Only
one of the virtual rays collinear with real ray 501 is
shown, in order to emphasize the fact that this virtual
ray is primarily associated with television 560 (hence the
break between where the solid line 501 is diverted by
mirror 510 and where the collinear portion continues af-
ter mirror 570). This portion of the dotted line between
mirror 510 and mirror 570 that is collinear with real light
ray 510 has been omitted to emphasize the visual dom-
inance of television 560 over television 550 within the
central (foveal) field of view,

[0093] In this foveal region, it is the virtual light from
television 560 that is of interest, as this virtual light will
be perceived as more pronounced, since the image of
television 560 will be sharper (owing to its more closely
packed pixel array or scanlines). Thus even though real
light ray 501 emerges as two virtual rays, only one of
these, 561, is shown: the one corresponding to televi-
sion 560.

[0094] A smaller television screen is typically used to
display the image from the narrow-camera in order to
negate the increased magnification that the narrow-
camera would otherwise provide, when equal magnifi-
cation lenses are used for both. In this manner, there is
no magnification, and both images appear as if the rays
of light were passing through the apparatus, so that the
virtual light rays align with the real light rays were they
not intercepted by the double-sided mirror 510. Televi-
sion 550 is viewed as a reflection in mirror 510, while
television 560 is viewed as a reflection in beamsplitter
570. Note also that the distance between the two tele-
visions 550 and 560 should equal the distance between
double-sided mirror 510 and beamsplitter 570 as meas-
ured in a direction perpendicular to the optical axes of
the cameras. In this way, the apparent distance to both
televisions will be the same, so that the wearer experi-
ences a view of the two televisions superimposed upon
one-another in the same depth plane. Alternatively, the
televisions may be equipped with lenses to adjust their
maghnifications so that the television displaying the im-
age from the tele camera 540 subtends a smaller visual
angle than the television displaying the image from wide
camera 530, and so that these visual angles match the
visual angles of the incoming rays of light 500. In this
way, two television screens of equal size may be used,
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which simplifies manufacture of the apparatus. Typical-
ly, the entire apparatus is built within the frames 590 of
a pair of eyeglasses, where cameras 530 and 540, as
well as televisions 550 and 560 are concealed within the
frames 590 of the glasses, while double-sided mirror
510 and beamsplitter 570 are mounted in, behind, orin
front of the lens of the eyeglasses. In some embodi-
ments, mirror 510 is mounted to the front of the eyeglass
lens, while beamsplitter 570 is mounted behind the lens.
In other embodiments, one or both of mirror 510 and
beamsplitter 570 are actually embedded in the glass of
the eyeglass lens.

[0095] Two-sided mirror 510 may instead be a beam-
splitter, or may be fully silvered in places (to make a par-
tial beamsplitter and partial fully silvered two-sided mir-
ror). For example, it may be silvered more densely in
the center, where the visual acuity is higher, owing to
the second television screen. It may also be feathered
out, so that it slowly fades to totally transparent around
the edges, so there is not an abrupt discontinuity be-
tween the real world view and the portion that has been
replaced by virtual light. In this case, it is often desirable
to insert the appropriate polarizer(s) to prevent video
feedback around the edges, or to use appropriate po-
larizing beamsplitters, such as dichroic beamsplitter
materials.

[0096] Fig 6 depicts an alternate embodiment of the
wearable camera invention depicted in Fig 4 in which
both the camera and television are concealed within the
left temple side-piece of the eyeglass frames. A first
beamsplitter 610 intercepts a portion of the incoming
light and directs it to a second beamsplitter 620 where
some of the incoming light is directed to camera 630 and
some is wasted illuminating the television screen 640.
However, the screen 640, when presented with a video
signal from camera 630 (possibly after being processed
by a body-worn computer, or remotely by way of wire-
less communications, or the like) directs light back
through beamsplitter 620, where some is wasted but is
absorbed by the eyeglass frame to ensure concealment
of the apparatus, and some is directed to beamsplitter
610. Some of this light is directed away from the glasses
and would be visible by others, and some is directed to
the curved mirror 650 where it is magnified and directed
back toward beamsplitter 610. The portion that is reflect-
ed off of beamsplitter 610 is viewed by the wearer, while
the portion that continues back toward beamsplitter 620
must be blocked by a polarizer 660 to prevent video
feedback. Implicitin the use of polarizer 660 is the notion
that the television produces a polarized output. This is
true of LCD televisions which comprise a liquid crystal
display between crossed polaroids. If the television is of
a type that does not already produce a polarized output,
an additional polarizer should be inserted in front of tel-
evision 640. Finally, if it is desired that the apparatus be
unobtrusive, an additional polarizer or polarizing beam-
splitter should be used so that the television 640 is not
visible to others by way of its reflection in beamsplitter
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610. Beamsplitter 610 may, for example, be a dichroic
cube beamsplitter that has polarization properties. Al-
ternatively, in certain situations it may actually be desir-
able to make the display visible to others. For example
when the system is used for conducting interviews, it
might be desirable that the person being interviewed
see himself or herself upon the screen. This may be fa-
cilitated by exposing beamsplitter 620 to view, or allow-
ing the reflection of the television to be seen in beam-
splitter 610. Alternatively, another television may be
mounted to the glasses, facing outwards. Therefore, just
as the wearer of an embodiment of the invention may
see the image captured by the camera, along with ad-
ditional information such as text of a teleprompter, the
interviewee(s) may also be presented with an image of
themselves so that they appear to be looking into an
electronic mirror, or may be teleprompted by this out-
ward-facing display, or both. In some embodiments of
the invention, the use of two separate screens was use-
ful for facilitation of an interview, in which the same im-
age was presented to both the inward-facing television
and the outward-facing television, but the images were
mixed with different text. In this way the wearer was tel-
eprompted with one stream of text, while the interviewee
was prompted with a different stream of text.

[0097] While the optical elements of the camera sys-
tem of the described embodiments are embedded in
eyeglasses, equally these elements may be embedded
in other headgear such as a helmet.

[0098] The beamsplitter 415 of figure 4 and 610 of fig-
ure 6 could conveniently be implemented as a metalli-
sation within a lens of the eyeglasses. These beamsplit-
ters and diverging lens 250 of figure 2 may be embed-
ded within the eyeglass lens below the main optical axis
of the eye in its normal position so that the embedded
elements may appear to be a feature of bifocal eye-
glasses.

[0099] Fig 7 depicts a wearable camera system with
automatic focus. While the system depicted in Fig 3 may
operate with a fixed focus camera 330, so long as it has
sufficient depth of field, there is still the question of at
what focus depth television 340 will appear. Ideally the
apparent depth of the display would match that of ob-
jects seen around the display, as represented by rays
oflight 311, 321, which are beyond two-sided mirror 315.
This may be achieved if display medium 340 is such that
it has nearly infinite depth of field, for example, by using
a scanning laser ophthalmoscope (SLO), or other de-
vice which displays an image directly onto the retina of
the eye, for display 340, or if display 340 were a holo-
graphic video display.

[0100] A lower-cost alternative is to use a variable fo-
cus display. The primary object(s) of interest, 700 are
imaged by lens assembly 710 which is electronically fo-
cusable by way of a servo mechanism 720 linked to
camera 730 to provide automatic focus. Automatic focus
cameras are well known in the prior art, so the details
of automatic focus mechanisms will not be explained
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here. A signal, 750, from the automatic focus camera is
derived by way of reading out the position of the servo
720, and this signal 750 is conveyed to a display focus
controller (viewfinder focus controller) 760. Viewfinder
focus controller 760 drives, by way of focus control sig-
nal 770, a servo mechanism 780 which adjusts the focus
of viewfinder optics 790. The arrangement of signals
and control systems is such that the apparent depth of
television screen 340 is the same as the apparent depth
at which the primary object(s) of interest in the real
scene would appear without the wearable camera ap-
paratus.

[0101] Other objects, 701, located in different depth
planes, will not be in focus in camera 730, and will thus
appear blurry on screen 340. They may appear slightly
misaligned with where they would have appeared in the
absence of the wearable camera system. The degree
of misalignment will depend on eye position - the mis-
alignment may or may not be present, or may be quite
small. However, because the objects are out of focus,
and are not the primary details of the scene, a small pos-
sible misalignment will not be particularly objectionable
to the wearer of the apparatus.

[0102] In this example, rays 310 and 311 are both in
the depth plane of the central object of interest, so that
there is no discontinuity between emergent virtual light
360 and real light 311. Thus there is no discontinuity in
perceived depth at the leftmost edge of two-sided mirror
315. There is, however, a difference in depth between
virtual ray 370 of real ray 320 and almost adjacent real
ray 321, because virtual ray 370 is in the same depth
plane as 310, 311, and 360, while real ray 321 is in a
more distant depth plane owing to the more distant fac-
ing surface of objects 701. However, because the eye
will be focused on the depth plane of 310, 311, and 360,
ray 311 from the real world will be out of focus by virtue
of the limited depth of focus of the human eye itself. Thus
the real objects will appear blurry, and a discontinuity
between these real objects and their blurry image on
screen 340 will not be appreciably perceptible.

[0103] Fig 8 depicts an embodiment of the wearable
camera system having a zoom lens. Rays of light, for
example, rays 500 and 501, enter the wearable camera
system and emerge from display 840 as virtual light rays
800 and 801 respectively. In this process of going from
light input to virtual light output, two-sided mirror 510
serves to deflect light to autofocus camera 730. Autofo-
cus camera 730 comprises lens 810 and servo mecha-
nism 820 configured in such a manner as to function as
a conventional automatic focus camera functions, ex-
cept that there is, provided to the rest of the system, a
signal 750 that indicates the focus setting of the camera
730 and its lens 810 as selected by the camera's control
system and servo mechanism 820, and that the camera
is also a zoom camera in which the zoom setting can be
controlled remotely by zoom signal input 850. Zoom sig-
nal input 850 controls, by way of servo 820, the relative
position of various optical elements 810, so that, in ad-
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dition to automatic focus, the camera can be given a de-
sired focal length (field of view). The focus signal 750
goes into a focus and zoom controller 860 which accepts
a zoom control signal input, 852, from the user, and di-
rects this zoom control signal to the camera by way of
signal 850, and also directs an appropriately processed
version of this zoom control signal 851 to display con-
troller 861. In this embodiment, display zoom is
achieved as an electronic zoom. While camera zoom is
achieved optically, display zoom is achieved electroni-
cally, by way of display controller 861 and display signal
870. The camera zooms in by adjustment of lens 810
for longer focal length, increasing the focal distance
from the lens to the sensor array in camera 730, result-
ing in increased magnification. This increase in magni-
fication is acompanied by a decrease, by operation of
display controller 861, of the image size displayed on
television 840. Television 840 may differ from television
340 (of FIG 7) in the sense that television 840 is opti-
mized for display of resampled (electronically resized)
images. This reduction in image size cancels out what
would otherwise be an increase in magnification when
zooming in with camera 730. It is this precicely control-
led cancellation of any magnification that ensures that
rays of light entering the apparatus are collinear with
rays of virtual light emerging from the other side of the
apparatus.

[0104] Fig. 9 depicts a stereo embodiment of the
wearable camera system. An eyeglass frame compris-
ing left temple side-piece 910 and right temple side-
piece 911 contains two complete assemblies, 920 and
921, each one similar to the entire assembly depicted
in Fig 7 or Fig 8.

[0105] Rays of light, for example, ray 320, enter the
left eye assembly 920, and emerge as rays of virtual
light, for example, 370. As a result, a focus of autofocus
camera 730 results, by virtue of the main object of inter-
est before assembly 920. The autofocus camera 730 in-
cludes a servo mechanism 720, and the control voltage
that the camera feeds to this servo mechanism to keep
the camera in focus is also sent outside assembly 920
to focus controller 930. Focus controller 930 drives cam-
era 731 inside the right eye assembly 921. Camera 731
is not an autofocus camera, but, instead is a remotely
focusable camera. By remotely focusable, what is
meant is that rather than having its servo mechanism
721 driven by the cameraiitself, as it hunts for best focus,
the servo mechanism is instead driven by an external
signal. This external signal comes from the camera 730
in the left eye assembly 920. The reason for not having
two independently automatically focusing cameras is
that it is desired that both cameras will focus in the same
depth plane irrespective of slight errors that might be
present in the focus of either one.

[0106] Focus controller 930 also sets the focus of both
left and right viewfinders by controlling left viewfinder
lens servo 780 and right viewfinder lens servo 781.
Moreover, focus controller 930 sends a signal to ver-
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gence controller 940 which drives servo mechanism 950
to adjust the vergence of left eye assembly 920 and ser-
vo mechanism 951 to adjust the vergence of right eye
assembly 921.

[0107] Inthis embodiment, the focus of both cameras,
the focus of both displays, and the vergence of both as-
semblies are all controlled by the focus of the left cam-
era, so that whatever object the left camera focuses it-
self onto, will define the depth plane perceived by both
eyes looking at their respective displays. This depth
plane will also correspond to the vergence of the dis-
plays, so that depth and disparity will match at all times.
[0108] Fig. 10 depicts the left eye portion of an em-
bodiment of the wearable camera system where the
camera focus and vergence are driven by the output of
an eyetracker. Eyetracker assembly 1010 (comprising
camera and infrared light sources) illuminates and ob-
serves the eyeball by way of rays of light 1011 that par-
tially reflect off beamsplitter 1020. Beamsplitter 1020 al-
so allows the wearer to see straight through to mirror
315 and thus see virtual light from viewfinder 340. The
eyetracker 1010 reports the direction of eye gaze and
conveys this information as a signal 1012 to eye tracker
processor 1030 which converts this direction into "X"
and "Y" coordinates that correspond to the screen co-
ordinates of viewfinder screen 340. These "X" and "Y"
coordinates, which are expressed as signal 1031, indi-
cate where on the viewfinder screen 340 the wearer is
looking. Signal 1031 and the video output 1032 of cam-
era 730 are both passed to focus analyzer 1040. Focus
analyzer 1040 selects a portion of the video signal 1032
in the neighbourhood around the coordinates specified
by signal 1031. In this way, focus analyzer 1040 ignores
video except in the vicinity of where the wearer of the
apparatus is looking. Because the coordinates of the
camera match the coordinates of the display (by way of
the virtual light principle), the portion of video analyzed
by focus analyzer 1040 corresponds to where the wear-
er is looking. The focus analyzer 1040 examines the
high-frequency content of the video in the neighbour-
hood of where the wearer is looking, to derive an esti-
mate of how well focused that portion of the picture is.
This degree of focus is conveyed by way of focus sharp-
ness signal 1041 to focus controller 1050 which drives,
by way of focus signal 1051, the servo mechanism 720
of camera 730. Focus controller 1050 is such that it
causes the servo mechanism 720 to hunt around until it
sharpness signal 1041 reaches a global or local maxi-
mum.

[0109] The focus analyzer 1040 and focus controller
1050 thus create a feedback control system around
camera 730 so that it tends to focus on whatever object
(s) is (are) in the vicinity of camera and screen coordi-
nates 1031. Thus camera 730 acts as an automatic fo-
cus camera, but instead of always focusing on whatever
is in the center of its viewfinder, it focuses on whatever
is being looked at by the left eye of the wearer.

[0110] In addition to driving the focus of the left cam-
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era 730, focus controller 1050 also provides a control
voltage 1052 identical to the control voltage of 1051.
Control signal 1052 drives servo mechanism 780 of lens
790, so that the apparent depth of the entire screen 340
appears focused at the same depth as whatever object
the wearer is looking at. In this way, all objects in the
viewfinder appear in the depth plane of the one the
wearer is looking at.

[0111] Focus controller 1050 provides further control
voltages, 1053 and 1054 for the right eye camera and
right eye viewfinder, where these signals 1053 and 1054
are identical to that of 1051. Moreover, focus controller
1050 provides the same control voltage to the vergence
controller 940 so that it can provide the control signal to
angle the left and right assemblies inward by the correct
amount, so that all focus and vergence controls are
based on the depth of the object the left eye is looking
at. It is assumed left and right eyes are looking at the
same object, as is normal for any properly functioning
human visual system.

[0112] In other embodiments of the invention, it may
be desired to know which object is of interest when there
are multiple objects in the same direction of gaze, as
might happen when the wearer is looking through a dirty
glass window. In this case there are three possible ob-
jects of interest: the object beyond the window, the ob-
ject reflected in the glass, and the dirt on the window.
All three may be at different depth planes but in the same
gaze direction.

[0113] An embodiment of the wearable camera sys-
tem with a human-driven autofocus camera (e.g. driven
by eye focus), could be made from an eye tracker that
would measure the focus of the wearer's left eye. Pref-
erably, however, two eyetrackers may be used, one on
the left eye, and one on the right eye, in order to attempt
to independently track each eye, and attempt to obtain
a better estimate of the desired focus by way of the ver-
gence of the wearer's eyes.

[0114] A reality window manager (RWM), similar to
that depicted in Fig 1c and Fig 1d, may also be driven
by the eyetracker, so that there can be an independent
head position (framing) and cursor position (where look-
ing), rather than always having the cursor in the center
of the viewfinder. This arangement would also facilitate
movement of the cursor without moving the head, which
may reduce head movements that appeal unnatural to
others watching the user of the wearable camera sys-
tem.

[0115] The apparatus of this invention allows the
wearer to experience the camera over a long period of
time. For example, after wearing the apparatus sixteen
hours per day for several weeks, it begins to function as
a true extension of the mind and body. In this way, pho-
tographic composition is much more optimal, because
the act of taking pictures or shooting video no longer
requires conscious thought or effort. Moreover, the in-
tentionality of the picture-taking process is not evident
to others, because picture-taking is not preceeded by a
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gesture such as holding a viewfinder object up to the
eye. The wearable viewfinder is an important element
of the wearable camera invention allowing the wearer
to experience everyday life through a screen, and there-
fore be always ready to capture anything that might hap-
pen, or even anything that might have happened previ-
ously by virtue of the retroactive record capability of the
invention. Moreover, additional information beyond just
exposure and shutter speed may be displayed in the
camera viewfinder. For example, the camera allows the
wearer to augment, diminish, or otherwise alter his or
her perception of visual reality. This mediated-reality ex-
perience may be shared. The wearer may allow others
to alter his or her perception of reality. In this way the
invention is useful as a new communications medium,
in the context of collaborative photography, collabora-
tive videography, and telepresence. Moreover, the in-
vention may perform other useful tasks such as func-
tioning as a personal safety device and crime deterrent
by virtue of its ability to maintain a video diary transmit-
ted and recorded at multiple remote locations. As a tool
for photojournalists and reporters, the invention has
clear advantages over other competing technologies.
[0116] From the foregoing description, it will thus be
evident that the present invention provides a design for
a wearable camera with a viewfinder. As various chang-
es can be made in the above embodiments and operat-
ing methods without departing from the spirit or scope
of the invention, it is intended that all matter contained
in the above description or shown in the accompanying
drawings should be interpreted as illustrative and not in
a limiting sense.

[0117] Variations or modifications to the design and
construction of this invention, within the scope of the in-
vention as defined by the claims, may occur to those
skilled in the art upon reviewing the disclosure herein.

Claims

1. Headgear (100) having an electronic camera (330,
530, 540) borne by said headgear and an electronic
display (340) borne by said headgear, said electron-
ic display responsive to an output from said elec-
tronic camera, wherein the improvement compris-
es: reflective optics (314, 415, 510, 610, 620, 650)
arranged for, at least partially, reflecting light such
that a first pencil of light which would otherwise con-
verge at a first point outside a lens assembly (710,
720; 810, 820) of said camera is at least partially
reflected to a second pencil of light directed at an
optical center of said lens assembly of said camera,
said lens assembly comprising at least one lens,
wherein said reflective optics is further for reflecting
light from said display such that said reflected light
from said display forms a third pencil of light approx-
imating said first pencil of light, in order to provide
substantial exact registration of what would have
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been seen at said first point due to said first pencil
of light, in the absence of said headgear, with what,
in the presence of said headgear, is seen at said
first point due to said third pencil of light.

The headgear of claim 1 arranged such that, in use,
said first point (390, 490) is at an eye of a wearer of
said headgear.

The headgear of claim 3 (was 2) wherein said elec-
tronic camera comprises a first camera and wherein
said headgear further includes an electronic second
camera (330, 530, 540) borne by said headgear,
one of said first camera and said second camera
comprising a wide angle camera and another of
said first camera and said second camera compris-
ing a narrow angle camera.

The headgear of claim 2 wherein said electronic
camera comprises a narrow angle camera (540)
and wherein said headgear further includes an elec-
tronic wide angle camera (530) borne by said head-
gear, and wherein said electronic display is respon-
sive to an output from said narrow angle camera for
providing a viewfinder for said narrow angle camera
and said wide angle camera.

The headgear of claim 2 wherein said electronic
camera comprises a wide angle camera and where-
in said headgear further includes an electronic nar-
row angle camera borne by said headgear, and
wherein said electronic display is a first electronic
display and including a second electronic display
(560) responsive to an output of said narrow angle
camera and including optics (570) for directing light
from said second electronic display to said eye of
said wearer in order to provide a viewfinder for said
narrow angle camera.

The headgear of claim 3 wherein said optics is first
optics and including second optics (520) directing
incoming light so that a center of a field of view of
said first camera is collinear with a center of a field
of view of said second camera.

The headgear of claim 6 wherein said second optics
comprises a beamsplitter.

The headgear of claim 7 wherein said second optics
further comprises a mirror directing incoming light

to said beamsplitter.

The headgear of claim 1 wherein said optics com-
prises at least one of:

e amirror;

¢ abeamsplitter.
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The headgear of claim 1 wherein said optics com-
prises an optical element which is one of:

e amirror;
¢ abeamsplitter,

said optical element arranged for reflecting light
such that at least said portion of said first pencil of
light which would otherwise converge at said first
point outside said lens assembly of said camera is
reflected to said second pencil of light directed at
said optical center of said lens assembly of said
camera, wherein said optical element is further for
reflecting light from said display such that said re-
flected light from said display forms a pencil of light
approximating said first pencil of light.

The headgear of claim 10 wherein light enters said
camera from one side of said optical element, and
wherein light reaches said first point from an oppo-
site side of said optical element.

The headgear of claim 2 wherein said optics com-
prises at least one mirror for directing light from said
electronic display to a beamsplitter in front of an eye
of a wearer.

The headgear of claim 1 including optics arranged
for reflecting light which would otherwise enter an
eye of a wearer to said camera and for reflecting
light from said display to said eye of a wearer such
that reflected light from said display is collinear with
said light which would otherwise enter said eye of
said wearer.

The headgear of claim 13 wherein said camera and
said display are opposite one another so as to have
aligned optical axes and said optics comprises an
optical element positioned so as to be in front of an
eye of a wearer and between said camera and said
electronic display.

The headgear of claim 14 wherein said optical ele-
ment comprises a two-sided mirror making a 45 de-
gree angle with said optical axes.

The headgear of claim 15, wherein the effective dis-
tance between an optical center of said lens assem-
bly of said camera and an optical center of said two-
sided mirror is equal to the effective distance be-
tween an optical center of said two-sided mirror and
said eye.

The headgear of claim 14 wherein said optical ele-
ment comprises a beamsplitter making a 45 degree
angle with said optical axes and wherein said elec-
tronic display incorporates a polarizer and wherein
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said headgear includes a further polarizer in front
of said camera oriented to block polarized light from
said display.

The headgear of claim 17, wherein the effective dis-
tance between an optical center of said lens assem-
bly of said camera and an optical center of said
beamsplitter is equal to the effective distance be-
tween an optical center of said beamsplitter and
said eye.

The headgear of claim 13 wherein said optics com-
prises a mirror and including a beamsplitter, said
beamsplitter positioned between said mirror and an
eye of a wearer.

The headgear of claim 19 wherein said beamsplitter
comprises a first beamsplitter, an optical axis of said
camera is perpendicular to an optical axis of said
display, and said electronic display incorporates a
polarizer and including a second beamsplitter inter-
posed along said optical axes and making a 45 de-
gree angle with said optical axes; a polarizer in front
of said camera oriented to block polarised light from
said display.

The headgear of claim 4 further including head
tracking means input with an electronic output sig-
nal of said wide angle camera.

The headgear of claim 21 including a processor
(182; 183, 184, 185) for providing a reality window
manager (192, 194, 196, 198) said processor out-
putting to said electronic display such that said dis-
play provides a virtual window as well as providing
a viewfinder for said narrow-angle electronic cam-
era.

The headgear of claim 2 including means for (i) di-
recting incoming rays of light that would enter an
eye of a wearer in an absence of said means into
said camera and (ii) directing rays of light from said
display into said eye of a wearer, each directed ray
of light being approximately collinear with an incom-
ing ray of light from which said each directed ray of
light was derived, prior to direction of said incoming
ray of light into said camera.

The headgear of claim 9 where said optics compris-
es a two sided mirror.

The headgear of claim 24 where said mirror com-
prises a flat transparent surface with a metallic coat-
ing on one side, and where said one side faces to-
ward said camera.

The headgear of claim 13 where said optics in-
cludes a beamsplitter and where said optics further
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includes a concave reflective material discontinuity.

The headgear of claim 13 where said optics in-
cludes a beamsplitter and where light from said dis-
play passes through said beamsplitter at least once
before travelling away from said beamsplitter and
then back toward said beamsplitter and being re-
flected off of said beamsplitter toward an eye of said
wearer.

The headgear of claim 27 where said display in-
cludes a polarizer.

The headgear of claim 27 where said display beam-
splitter comprises a dichroic beamsplitter which has
polarization properties.

The headgear of any of claims 1 to claim 29, where
said headgear is eyeglasses (590, 910, 911).

The eyeglasses of claim 30 said optics for directing
light from said electronic display to an eye of a wear-
er of said eyeglasses.

The eyeglasses of claim 30 said optics arranged for
reflecting a pencil of light which would otherwise en-
ter an eye of a wearer to an optical center of said
lens assembly of said camera and for reflecting light
from said display to said eye of a wearer such that
said reflected light from said display is collinear with
said light which would otherwise enter said eye of
said wearer.

The eyeglasses of claim 30 wherein said optics
comprises a beamsplitter implemented as a metal-
lisation in a lens of said eyeglasses.

The headgear of claim 1 including a transmitter for
transmitting camera signals.

The headgear of claim 1 wherein said headgear
comprises eyeglasses having a safety strap said
strap receiving an output wire from said camera and
including a body pack receiving a recorder fed with
said camera output wire from said strap.

The headgear of any of claims 1 to claim 29 includ-
ing a focusable camera and focusable display
means where said focusable camera and focusable
display means are such that they may be operated
by a single control that focuses real light going to
said camera and virtual light coming from said dis-
play onto the same depth plane.

The headgear of any of claims 1 to claim 29 includ-
ing a camera with zoom and display means with
zoom where a zoom setting of both said camera and
said display means may be operated by a single
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40.

41

42.

43.

control so that a virtual light principle is maintained
for all zoom settings.

The headgear of any of claims 1 to claim 29 includ-
ing an autofocus camera and remotely focusable
display means where said autofocus camera drives
a focus of said focusable display means.

The headgear of any of claims 1 to claim 29 where
said camera is a left camera, said display is a left
display, and said optics are left optics, and further
including a right camera, right display, and right op-
tics, similarly arranged, except that one of said cam-
eras is an automatic focus camera and the other is
aremotely focusable camera, where said automatic
focus camera provides a focus output to said re-
motely focusable camera.

The headgear of claim 39 where said left display
and said right display are remotely focusable dis-
plays and where said automatic camera also pro-
vides outputs to focus both of said remotely focus-
able displays onto the same depth plane as an ob-
ject onto which said automatic focus camera is fo-
cussed.

. The headgear of any of claims 1 to claim 29 includ-

ing an automatic focus camera providing a signal to
automatically adjust vergence of at least two cam-
eras so that the optical axes of said at least two
cameras intersect in the vicinity of an object to
which they are focussed.

Headgear (100) having a sensor (330) borne by
said headgear, a display (340) borne by said head-
gear, said display situated for being visible to a
wearer of said headgear when said headgear is
worn, an output from said sensor for a processor
(182; 183, 184, 185), and an input to said display
for accepting input from said processor, wherein the
improvement comprises:

* reflective optics (314, 415) arranged for reflect-
ing light such that at least a portion of at least
some rays of light which would otherwise, in the
absence of said reflective optics, not be meas-
ured by said sensor, is reflected to be measured
by said sensor,

said processor for determining a quantity of light in
each of said at least some rays of light, said proc-
essor for controlling said display to provide outgoing
rays of light each one being collinear with, and re-
sponsive to, one of said at least some rays of light.

The headgear of claim 42 said optics for reflecting
light which would otherwise enter an eye of a wearer
to said headgear and for reflecting light from said
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display to said eye of said wearer such that said re-
flected light from said display is collinear with said
light which would otherwise enter said eye of said
wearer.

53.

The headgear of claim 48, 49, or 50, further includ-
ing head tracking means input with an electronic
output signal of said wide angle camera.

5 54. The headgear of claim 53 including a processor for
The headgear of claim 42 wherein said processor providing a reality window manager, said processor
comprises a computer wirelessly connected to a outputting to said electronic display such that said
computer network. display provides a virtual window as well as provid-
ing a viewfinder for said electronic camera.
The headgear of claim 42 wherein said headgear 10
comprises eyeglasses having a safety strap said 55. The headgear of claim 42 said processor (182) for
strap receiving an output wire from said camera and providing a view rendered in a graphics processor
including a body pack receiving a recorder fed with (185) matches the viewing position of an eye view-
said camera output wire from said strap. ing said display, said viewing position not being the
15 original viewing position of said camera (110; 120).
The headgear of claim 42 where said processor
comprises a vision analysis processor and a graph- 56. The headgear of claim 42 said processor (182) for
ics synthesis processor. providing a change of viewing angle, in rendering,
to compensate for a difference in position between
The headgear of claim 46 where-said processor in- 20 said sensor and a view afforded by said display.
cludes a machine vision process, and a computer
graphics rendering process. 57. The headgear of claim 55 or 56, said processor
(182) for providing a homographic or quantigraphic
The headgear of claim 42 wherein said sensor com- image analysis not requiring a three dimensional
prises a first camera and wherein said headgear fur- 25 scene analysis.
therincludes an electronic second camera borne by
said headgear, one of said first camera and said 58. The headgear of claim 42 said means for compen-
second camera comprising a wide angle camera sating including the use of a 2-D projective coordi-
and another of said first camera and said second nate transformation of a flat object or fiat surface of
camera comprising a narrow angle camera. 30 an object.
The headgear of claim 42 wherein said sensor com- 59. The headgear of claim 42 said means for compen-
prises a narrow angle camera and wherein said sating effecting a parallax correction between virtu-
headgear further includes an electronic wide angle al objects and a view of a scene as it would appear
camera borne by said headgear, and wherein said 35 with said headgear removed from a wearer of said
electronic display is responsive to an output from headgear.
said narrow angle camera for providing a viewfinder
for said narrow angle camera and said wide angle
camera. Patentanspriiche
40
The headgear of claim 42 wherein said sensor com- 1. Kopfgestell (100), das eine elektronische Kamera
prises a wide angle camera and wherein said head- (330,530,540), die durch das Kopfgestell getragen
gear further includes an electronic narrow angle wird, und eine elektronische Anzeige (340) auf-
camera borne by said headgear, and wherein said weist, die durch das Kopfgestell getragen wird, wo-
electronic display is a first electronic display and in- 46 bei die elektronische Anzeige auf eine Ausgabe aus
cluding a second electronic display responsive to der elektronischen Kamera anspricht, wobei die
an output of said narrow angle camera and includ- Verbesserung aufweist: eine reflektierende Optik
ing optics for directing light from said second elec- (314, 415,510, 610, 620, 650), die mindestens teil-
tronic display to said eye of said wearer in order to weise dazu angeordnet ist, Licht so zu reflektieren,
provide a viewfinder for said narrow angle camera. 50 daR ein erstes Lichtblschel, das andernfalls an ei-
nen ersten Punkt auRerhalb eines Objektivaufbaus
The headgear of claim claim 48, 49, or 50, including (710, 720; 810, 820) der Kamera konvergieren wiir-
optics for directing incoming light so that a center of de, mindestens teilweise zu einem zweiten Lichtbi-
a field of view of said first camera is collinear with schel reflektiert wird, das auf ein optisches Zentrum
a center of a field of view of said second camera. 55 des Objektivaufbaus der Kamera gerichtet ist, wo-
bei der Linsenaufbau mindestens eine Linse auf-
The headgear of claim 51 wherein said second op- weist, wobei die reflektierende Optik ferner dazu
tics comprises a beamsplitter. dient. Licht von der Anzeige so zu reflektieren, dafy
21
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das reflektierte Licht von der Anzeige ein drittes
Lichtbuschel formt, das sich dem ersten Lichtbi-
schel nahert, um eine im wesentlichen genaue Dek-
kung dessen, was an dem ersten Punkt infolge des
ersten Lichtblschels beim Fehlen des Kopfgestells
gesehen worden ware, mit dem bereitzustellen,
was beim Vorhandensein des Kopfgestells am er-
sten Punkt infolge des dritten Lichtblschels gese-
hen wird.

Kopfgestell nach Anspruch 1, das so angeordnet
ist, dafd sich im Gebrauch der erste Punkt (390, 490)
an einem Auge eines Tragers des Kopfgestells be-
findet.

Kopfgestell nach Anspruch 3 (war 2), wobei die
elektronische Kamera eine erste Kamera aufweist
und wobei das Kopfgestell ferner eine elektronische
zweite Kamera (330, 530, 540) aufweist, die durch
das Kopfgestell getragen wird, wobei eine der er-
sten Kamera und der zweiten Kamera eine Weit-
winkelkameraist und eine andere der ersten Kame-
ra und der zweiten Kamera eine Engwinkelkamera
ist.

Kopfgestell nach Anspruch 2, wobei die elektroni-
sche Kamera eine Engwinkelkamera (540) aufweist
und wobei das Kopfgestell femer eine elektronische
Weitwinkelkamera (530) aufweist, die durch das
Kopfgestell getragen wird, und wobei die elektroni-
sche Anzeige auf einer Ausgabe aus der Engwin-
kelkamera anspricht, um einen Sucher fiir die Eng-
winkelkamera und die Weitwinkelkamera bereitzu-
stellen.

Kopfgestell nach Anspruch 2, wobei die elektroni-
sche Kamera eine Weitwinkelkamera aufweist und
wobei das Kopfgestell femer eine elektronische
Engwinkelkamera aufweist, die durch das Kopfge-
stell getragen wird, und wobei die elektronische An-
zeige eine erste elektronische Anzeige ist und eine
zweite elektronische Anzeige (560) aufweist, die
auf eine Ausgabe der Engwinkelkamera anspricht
und eine Optik (570) aufweist, um Licht von der
zweiten elektronischen Anzeige zum Auge des Tra-
gers zu leiten, um einen Sucher fiir die Engwinkel-
kamera bereitzustellen.

Kopfgestell nach Anspruch 3, wobei die Optik eine
erste Optik ist und eine zweite Optik (520) aufweist,
die einfallendes Licht so richtet, dal® ein Zentrum
eines Gesichtsfelds der ersten Kamera kollinear mit
einem Zentrum eines Gesichtsfelds der zweiten Ka-
mera ist.

Kopfgestell nach Anspruch 6, wobei die zweite Op-
tik einen Strahlteiler aufweist.
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13.

14.

15.

Kopfgestell nach Anspruch 7, wobei die zweite Op-
tik femer einen Spiegel aufweist, der einfallendes
Licht auf den Strahlteiler richtet.

Kopfgestell nach Anspruch 1, wobei die Optik min-
destens einen aufweist aus:

einem Spiegel;
einem Strahlteiler.

Kopfgestell nach Anspruch 1, wobei die Optik ein
optisches Element aufweist, das eines aus

einem Spiegel;

einem Strahlteiler.

ist, wobei das optische Element angeordnet ist, um
Licht so zu reflektieren, dal mindestens der Anteil
des ersten Lichtbuschels, das sonst an dem ersten
Punkt auRerhalb des Linsenaufbaus der Kamera
konvergieren wirde, zu dem zweiten Lichtbuschel
reflektiert wird, das auf das optische Zentrum des
Linsenaufbaus der Kamera gerichtet ist, wobei das
optische Element femer dazu dient, Licht von der
Anzeige so zu reflektieren, dall das reflektierte Licht
von der Anzeige ein Lichtbuschel bildet, das sich
dem ersten Lichtblischel nahert.

Kopfgestell nach Anspruch 10, wobei das Licht in
die Kamera von einer Seite des optischen Elements
eintritt, und wobei Licht den ersten Punkt von einer
entgegengesetzten Seite des optischen Element
erreicht.

Kopfgestell nach Anspruch 2, wobei die Optik min-
destens einen Spiegel aufweist, um Licht von der
elektronischen Anzeige zu einem Strahilteiler vor ei-
nem Auge eines Tragers zu richten.

Kopfgestell nach Anspruch 1, das eine Optik auf-
weist, die angeordnet ist, um Licht, das sonstin ein
Auge eines Tragers eintreten wiirde, zur Kamera zu
reflektieren und um Licht von der Anzeige so zum
Auge eines Tragers zu reflektieren, daf reflektier-
tes Licht von der Anzeige mit dem Licht kollinear ist,
das sonstin das Auge des Tragers eintreten wirde.

Kopfgestell nach Anspruch 13, wobei die Kamera
und die Anzeige einander gegenuberliegen, so dal
sie ausgerichtete optische Achsen aufweisen, und
die Optik ein optisches Element aufweist, das so
angeordnet ist, da es sich vor einem Auge eines
Tragers und zwischen der Kamera und der elektro-
nischen Anzeige befindet.

Kopfgestell nach Anspruch 14, wobei das optische
Element einen doppelseitigen Spiegel aufweist, der
einen Winkel von 45 Grad mit den optischen Ach-
sen bildet.
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Kopfgestell nach Anspruch 15, wobei der effektive
Abstand zwischen einem optischen Zentrum des
Linsenaufbaus der Kamera und einem optischen
Zentrum des doppelseitigen Spiegels gleich dem
effektiven Abstand zwischen einem optischen Zen-
trum des doppelseitigen Spiegels und dem Auge
ist.

Kopfgestell nach Anspruch 14, wobei das optische
Element einen Strahlteiler aufweist, der einen Win-
kel von 45 Grad mit den optischen Achsen bildet,
und wobei die elektronische Anzeige einen Polari-
sator enthalt und wobei das Kopfgestell einen wei-
teren Polarisator vor der Kamera aufweist, der so
orientiert ist, da® er polarisiertes Licht von der An-
zeige sperrt.

Kopfgestell nach Anspruch 17, wobei der effektive
Abstand zwischen einem optischen Zentrum des
Linsenaufbaus der Kamera und einem optischen
Zentrum des Strahlteilers gleich dem effektiven Ab-
stand zwischen einem optischen Zentrum des
Strahlteilers und dem Auge ist.

Kopfgestell nach Anspruch 13, wobei die Optik ei-
nen Spiegel aufweist und einen Strahlteiler auf-
weist, wobei der Strahlteiler zwischen dem Spiegel
und einem Auge eines Tragers angeordnet ist.

Kopfgestell nach Anspruch 19, wobei der Strahltei-
ler einen ersten Strahlteiler aufweist, eine optische
Achse der Kamera senkrecht zu einer optischen
Achse der Anzeige ist, und die elektronische Anzei-
ge einen Polarisator enthalt und einen zweiten
Strahlteiler aufweist, der langs der optischen Ach-
sen dazwischen angeordnet ist und einen Winkel
von 45 Grad mit den optischen Achsen bildet; wobei
ein Polarisator vor der Kamera so orientiert ist, daf}
er polarisiertes Licht von der Anzeige sperrt.

Kopfgestell nach Anspruch 4, das ferner eine Kopf-
verfolgungseinrichtung aufweist, in die ein elektro-
nisches Ausgangssignal der Weitwinkelkamera
eingegeben wird.

Kopfgestell nach Anspruch 21, das einen Prozes-
sor (182; 183, 184, 185) aufweist, um einen Reali-
tatsfensterverwalter (192, 194, 196, 198) bereitzu-
stellen, wobei der Prozessor so Daten an die elek-
tronische Anzeige ausgibt, da die Anzeige ebenso
ein virtuelles Fenster wie auch einen Sucher fur die
elektronische Engwinkelkamera bereitstellt.

Kopfgestell nach Anspruch 2, das eine Einrichtung
aufweist, um (i) einfallende Lichtstrahlen, die beim
Fehlen der Einrichtung in ein Auge eines Tragers
eintreten wirden, in die Kamera zu richten und (ii)
Lichtstrahlen aus der Anzeige in das Auge eines
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24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tragers zu richten, wobei jeder gerichtete Licht-
strahl anndhemd kollinear mit einem einfallenden
Lichtstrahl ist, von dem der gerichtete Lichtstrahl
vor der Richtung des einfallenden Lichtstrahls in die
Kamera abgeleitet wurde.

Kopfgestell nach Anspruch 9, wobei die Optik einen
doppelseitigen Spiegel aufweist.

Kopfgestell nach Anspruch 24, wobei der Spiegel
eine ebene transparente Oberflache mit einer Me-
tallbeachichtung auf einer Seite aufweist, und wo-
bei die eine Seite zur Kamera weist.

Kopfgestell nach Anspruch 13, wobei die Optik ei-
nen Strahlteiler aufweist und wobei die Optik ferner
eine konkave reflektierende Materialdiskontinuitat
aufweist.

Kopfgestell nach Anspruch 13, wobei die Optik ei-
nen Strahlteiler aufweist und wobei Licht von der
Anzeige mindestens einmal durch den Strahlteiler
geht, bevor er vom Strahlteiler weg und dann zu-
riick zum Strahlteiler geht und vom Strahlteiler weg
zu einem Auge des Tragers reflektiert wird.

Kopfgestell nach Anspruch 27, wobei die Anzeige
einen Polarisator aufweist.

Kopfgestell nach Anspruch 27, wobei der Anzei-
genstrahlteiler einen dichroltischen Strahlteiler auf-
weist, der Polarisationseigenschaften aufweist.

Kopfgestell nach einem der Anspriiche 1 bis 29, wo-
bei das Kopfgestell eine Brille (590, 910, 911) ist.

Brille nach Anspruch 30, wobei die Optik angenord-
netist, um Licht von der elektronischen Anzeige auf
ein Auge eines Trager der Brille zu richten.

Brille nach Anspruch 30, wobei die Optik angeord-
net ist, um ein Lichtbischel, das sonst in ein Auge
eines Tragers eintreten wirde, auf ein optisches
Zentrum des Linsenaufbaus der Kamera zu reflek-
tieren und um Licht von der Anzeige so zum Auge
eines Tragers zu reflektieren, dal das reflektierte
Licht von der Anzeige kollinear mit dem Licht ist,
das sonst in das Auge des Tragers eintreten wirde.

Brille nach Anspruch 30, wobei die Optik einen
Strahlteiler aufweist, der als eine Metallisierung in
einer Linse der Brille implementiert ist.

Kopfgestell nach Anspruch 1, das einen Sender
zum Senden von Kamerasignalen aufweist.

Kopfgestell nach Anspruch 1, wobei das Kopfge-
stell eine Brille ausweist, die ein Sicherheitsband
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37.

38.

39.

40.

41.

45

aufweist, wobei das Band eine Ausgangsleitung
von der Kamera aufnimmt, und ein Kérperpack auf-
weist, das einen Recorder aufnimmt, der mit der Ka-
meraausgangsteitung von dem Band versorgt wird.

Kopfgestell nach einem der Anspruche 1 bis 29, das
eine fokussierbare Kamera und fokussierbare An-
zeigeeinrichtung aufweist, wobei die fokussierbare
Kamera und die fokussierbare Anzeigeeinrichtung
so gestaltet sind, dal sie durch eine einzelne
Steuerung betrieben werden kénnen, die reales
Licht, das zur Kamera geht, und virtuelles Licht, das
von der Anzeige kommt, auf dieselbe Tiefenebene
fokussiert.

Kopfgestell nach einem der Anspriiche 1 bis 29, das
eine Kamera mit Zoom und eine Anzeigeeinrich-
tung mit Zoom aufweist, wobei eine Zoomeinstel-
lung sowohl der Kamera und als auch der Anzeige-
einrichtung durch eine einzelne Steuerung betrie-
ben werden kann, so daB eine virtuelle Lichtgrund-
lage fur alle Zoomeinstellungen erhalten wird.

Kopfgestell nach einem der Anspriiche 1 bis 29, das
eine Kamera mit selbsttatiger Scharfeinstellung
und eine femfokussierbare Anzeigeeinrichtung auf-
weist, wobei die Kamera mit selbsttatiger Scharf-
einstellung eine Scharfeinstellung der fokussierba-
ren Anzeigeeinrichtung betreibt.

Kopfgestell nach einem der Anspriiche 1 bis 29, wo-
bei die Kamera eine linke Kamera ist, die Anzeige
eine linke Anzeige ist und die Optik eine linke Optik
ist, und ferner eine rechte Kamera, eine rechte An-
zeige und eine rechte Optik aufweist, die entspre-
chend angeordnet sind, aulRer daf} eine der Kame-
ras eine automatisch fokussierende Kamera ist und
die andere eine fernfokussierbare Kamera ist, wo-
bei die automatisch fokussierende Kamera eine Fo-
kussierausgabe an die fernfokussierbare Kamera
bereitstellt.

Kopfgestell nach Anspruch 39, wobei die linke An-
zeige und die rechte Anzeige femfokussierbare An-
zeigen sind und wobei die automatische Kamera
auch Ausgaben bereitstellt, um beide fernfokussier-
baren Anzeigen auf dieselbe Tiefenebene wie ein
Gegenstand zu fokussieren, auf den die automa-
tisch fokussierende Kamera fokussiert ist.

Kopfgestell nach einem der Anspriiche 1 bis 29, das
eine automatisch fokussierende Kamera aufweist,
die ein Signal bereitstellt, um automatisch die Ver-
genz mindestens zweier Kameras einzustellen, so
daf sich die optischen Achsen der mindestens zwei
Kameras in der Nahe eines Objekts schneiden, auf
die sie fokussiert sind.
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46.

47.

48.
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Kopfgestell (100), das aufweist: einen Sensor (330,
der durch das Kopfgestell getragen wird, eine An-
zeige (340), die durch das Kopfgestell getragen
wird, wobei die Anzeige so angeordnet ist, daB sie
fur einen Trager des Kopfgestells sichtbar ist, wenn
das Kopfgestell getragen wird, einen Ausgang von
dem Sensor fur einen Prozessor (182; 183, 184,
185), und einen Eingang in die Anzeige zur Aufnah-
me des Eingangs vom Prozessor, wobei die Ver-
besserung aufweist:

eine reflektierende Optik (314, 415), die ange-
ordnet ist, um Licht so zu reflektieren, daf? min-
destens ein Anteil mindestens einiger Licht-
strahlen, die beim Fehlen der reflektierenden
Optik sonst durch den Sensor nicht gemessen
wirden, reflektiert wird, um durch den Sensor
gemessen zu werden,

wobei der Prozessor angeordnet ist, um eine Licht-
menge in jedem der mindestens einigen Lichtstrah-
len zu bestimmen, der Prozessor angeordnet ist,
um die Anzeige zu steuern, um abgehende Licht-
strahlen bereitzustellen, die jeweils mit mindestens
einigen Lichtstrahlen kollinear sind und auf sie an-
sprechen.

Kopfgestell nach Anspruch 42, wobei die Optik an-
geordnet ist, um Licht zu reflektieren, das sonst in
ein Auge eines Tragers des Kopfgestells eintreten
wirde, und um Licht von der Anzeige zum Auge des
Tragers zu reflektieren, so daB} das reflektierte Licht
von der Anzeige kollinear mit dem Licht ist, das
sonst in das Auge des Tragers eintreten wirde.

Kopfgestell nach Anspruch 42, wobei der Prozes-
sor einen Computer aufweist, der drahtlos mit ei-
nem Computarnetzwerk verbunden ist.

Kopfgestell nach Anspruch 42, wobei das Kopfge-
stell eine Brille aufweist, die ein Sicherheitsband
aufweist, wobei das Band eine Ausgangsleitung
von der Kamera aufnimmt, und ein Kérperpack auf-
weist, das einen Recorder aufnimmt, der mit der Ka-
meraausgangsleitung aus dem Band versorgt wird.

Kopfgestell nach Anspruch 42, wobei der Prozes-
sor einen Bildanalyse-Prozessor und eine Graphik-
synthese-Prozessor aufweist.

Kopfgestell nach Anspruch 46, wobei der Prozes-
sor einen maschinellen Bilderkennungsproze und
einen Computergraphikbilderzeugungsprozel auf-
weist.

Kopfgestell nach Anspruch 42, wobei der Sensor
eine erste Kamera aufweist und wobei das Kopfge-
stell ferner eine elektronische zweite Kamera auf-
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50.

51.

52.

53.

54,

55.

56.

47

weist, die durch das Kopfgestell getragen wird, wo-
bei eine der ersten Kamera und der zweiten Kamera
eine Weitwinkelkamera aufweist und eine andere
der ersten Kamera und der zweiten Kamera eine
Engwinkelkamera aufweist.

Kopfgestell nach Anspruch 42, wobei der Sensor
eine Engwinkelkamera aufweist und wobei das
Kopfgestell ferner eine elektronische Weitwinkelka-
mera aufweist, die durch das Kopfgestell getragen
wird, und wobei die elektronische Anzeige auf eine
Ausgabe der Engwinkelkamera anspricht, um einen
Sucher fir die Engwinkelkamera und die Weitwin-
kelkamera bereitzustellen.

Kopfgestell nach Anspruch 42, wobei der Sensor
eine Weitwinkelkamera aufweist, wobei das Kopf-
gestell ferner eine elektronische Engwinkelkamera
aufweist, die durch das Kopfgestell getragen wird,
und wobei die elektronische Anzeige eine erste
elektronische Anzeige ist und eine zweite elektro-
nische Anzeige aufweist, die auf eine Ausgabe der
Engwinkelkamera anspricht und eine Optik auf-
weist, um Licht von der zweiten elektronischen An-
zeige auf das Auge des Tragers zu richten, um ei-
nen Sucher fir die Engwinkelkamera bereitzustel-
len.

Kopfgestell nach Anspruch 48, 49 oder 50, das eine
Optik aufweist, um einfallendes Licht so zu richten,
daR ein Zentrum eines Gesichtsfelds der ersten Ka-
mera kollinear mit einem Zentrum eines Gesichts-
felds der zweiten Kamera ist.

Kopfgestell nach Anspruch 51, wobei die zweite
Optik einen Strahlteiler aufweist.

Kopfgestell nach Anspruch 48, 49 oder 50, das fer-
ner eine Kopfverfolgungseinrichtung aufweist, in
die ein elektronisches Ausgangssignal der Weitwin-
kelkamera eingegeben wird.

Kopfgestell nach Anspruch 53, das einen Prozes-
sor aufweist, um einen Realitatsfensterverwalter
bereitzustellen, wobei der Prozessor so Daten an
die elektronische Anzeige ausgibt, daf die Anzeige
ebenso ein virtuelles Fenster wie auch einen Su-
cher fir die elektronische Kamera bereitstellt.

Kopfgestell nach Anspruch 42, wobei der Prozes-
sor (182) zur Bereitstellung einer Ansicht, die in ei-
nem Graphikprozessor (185) erzeugt wird, die Be-
trachtungsposition eines Auges anpalit, das die An-
zeige betrachtet, wobei die Betrachtungsposition
nicht die urspriingliche Betrachtungsposition der
Kamera (110; 120) ist.

Kopfgestell nach Anspruch 42, wobei der Prozes-
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57.

58.

59.

48

sor (182) angeordnet ist, um bei der Bilderzeugung
eine Anderung des Betrachtungswinkels bereitzu-
stellen, um eine Positionsdifferenz zwischen dem
Sensor und einer Ansicht zu kompensieren, die
durch die Anzeige geboten wird.

Kopfgestell nach Anspruch 55 oder 56, wobei der
Prozessor (182) angeordnet ist, um eine homogra-
phische oder quantigraphische Bildanalyse bereit-
zustellen, die keine dreidimensionale Szenenana-
lyse benétigt.

Kopfgestell nach Anspruch 42, wobei die Einrich-
tung zur Kompensation die Verwendung einer pro-
jektiven 2-D-Koordinatentransformation eines ebe-
nen Objekts oder einer ebenen Oberflache eines
Objekts aufweist.

Kopfgestell nach Anspruch 42, wobei die Einrich-
tung zur Kompensation eine Parallaxenkorrektur
zwischen virtuellen Objekten und einer Ansicht ei-
ner Szene bewirkt, wie sie erscheinen wiirde, wenn
das Kopfgestell vom Trager des Kopfgestells ent-
fernt wirde.

Revendications

Equipement de téte (100) ayant une caméra élec-
tronique (330, 530, 540) portée par ledit équipe-
ment de téte et un afficheur électronique (340) porté
par ledit équipement de téte, ledit afficheur électro-
nique réagissant a une sortie de ladite caméra élec-
tronique, dans lequel I'amélioration comprend : une
optique réfléchissante (314, 415, 510, 610, 620,
650) agencée pour, au moins partiellement, réflé-
chir la lumiére de telle fagon qu'un premier pinceau
de lumiére qui autrement convergerait en un pre-
mier point a I'extérieur d'un ensemble de lentilles
(710,720 ; 810, 820) de ladite caméra est au moins
partiellement réfléchi vers un deuxiéme pinceau de
lumiére dirigé sur un centre optique dudit ensemble
de lentilles de ladite caméra, ledit ensemble de len-
tilles comprenant au moins une lentille, dans lequel
ladite optique réfléchissante est en outre destinée
a réfléchir la lumiére provenant dudit afficheur de
telle fagon que ladite lumiére réfléchie provenant
dudit afficheur forme un troisiéme pinceau de lumié-
re approchant ledit premier pinceau de lumiére, afin
de fournir une correspondance sensiblement exac-
te de ce qui aurait été observé au dit premier point
du fait dudit premier pinceau de lumiére, en I'absen-
ce dudit équipement de téte, avec ce qui, en pré-
sence dudit équipement de téte, est observé au dit
premier point du fait dudit troisi€me pinceau de lu-
miére.

Equipement de téte selon la revendication 1, agen-
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cé de telle fagon qu'a I'utilisation, ledit premier point
(390, 490) se situe au niveau d'un oeil d'un porteur
dudit équipement de téte.

Equipement de téte selon la revendication 3 (an-
ciennement 2), dans lequel ladite caméra électro-
niqgue comprend une premiére caméra et dans le-
quel ledit équipement de téte comprend en outre
une deuxiéme caméra électronique (330, 530, 540)
portée par ledit équipement de téte, I'une de ladite
premiere caméra et de ladite deuxiéme caméra
comprenant une caméra grand-angulaire et une
autre de ladite premiére caméra et de ladite deuxié-
me caméra comprenant une caméra petit-angulai-
re.

Equipement de téte selon la revendication 2, dans
lequel ladite caméra électronique comprend une
caméra petit-angulaire (540) et dans lequel ledit
équipement de téte comprend en outre une caméra
électronique grand-angulaire (530) portée par ledit
équipement de téte, et dans lequel ledit afficheur
électronique réagit a une sortie provenant de ladite
caméra petit-angulaire afin de produire un viseur
pour ladite caméra petit-angulaire et ladite caméra
grand-angulaire.

Equipement de téte selon la revendication 2, dans
lequel ladite caméra électronique comprend une
caméra grand-angulaire et dans lequel ledit équi-
pement de téte comprend en outre une caméra
électronique petit-angulaire portée par ledit équipe-
ment de téte, et dans lequel ledit afficheur électro-
nique est un premier afficheur électronique et com-
prenant un deuxieme afficheur électronique (560)
réagissant a une sortie de ladite caméra petit-an-
gulaire et comprenant une optique (570) destinée a
diriger la lumiére provenant dudit deuxiéme affi-
cheur électronique vers ledit oeil dudit porteur afin
de produire un viseur pour ladite caméra petit-an-
gulaire.

Equipement de téte selon la revendication 3, dans
lequel ladite optique est un premiére optique et
comprenant une deuxiéme optique (520) dirigeant
la lumiére entrante de telle fagon qu'un centre du
champ de vision de ladite premiére caméra est co-
linéaire avec un centre d'un champ de vision de la-
dite deuxiéme caméra.

Equipement de téte selon la revendication 6, dans
lequel ladite deuxiéme optique comprend un sépa-
rateur de faisceaux.

Equipement de téte selon la revendication 7, dans
lequel ladite deuxiéme optique comprend en outre
un miroir dirigeant la lumiére entrante vers ledit sé-
parateur de faisceaux.
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9.

10.

1.

12,

13.

14.

Equipement de téte selon la revendication 1, dans
lequel ladite optique comprend au moins un élé-
ment parmi :

un miroir ;
un séparateur de faisceaux.

Equipement de téte selon la revendication 1, dans
lequel ladite optique comprend un élément optique
qui est un élément parmi :

un miroir ;

un séparateur de faisceaux,

ledit élément optique étant agencé pour réflé-
chir la lumiére de telle fagon qu'au moins ladite
partie dudit premier pinceau de lumiere qui
autrement convergerait en ledit premier point a
I'extérieur dudit ensemble de lentilles de ladite
caméra est réfléchie vers ledit deuxiéme pin-
ceau de lumiére dirigé sur ledit centre optique
dudit ensemble de lentilles de ladite caméra,
dans lequel ledit élément optique est en outre
destiné a réfléchir la lumiére provenant dudit af-
ficheur de telle fagon que ladite lumiére réflé-
chie provenant dudit afficheur forme un pin-
ceau de lumiére approchant ledit premier pin-
ceau de lumiére.

Equipement de téte selon la revendication 10, dans
lequel la lumiére entre dans ladite caméra a partir
d'un c6té dudit élément optique, et dans lequel la
lumiére atteint ledit premier point a partir d'un cété
opposé dudit élément optique.

Equipement de téte selon la revendication 2, dans
lequel ladite optique comprend au moins un miroir
pour diriger la lumiére provenant dudit afficheur
électronique vers un séparateur de faisceaux en fa-
ce d'un oeil d'un porteur.

Equipement de téte selon la revendication 1, com-
prenant une optique agencée pour réfléchir la lu-
miére qui autrement pénétrerait dans un oeil d'un
porteur vers ladite caméra et pour réfléchir la lumié-
re provenant dudit afficheur vers ledit oeil d'un por-
teur de telle fagon que la lumiére réfléchie prove-
nant dudit afficheur est colinéaire avec ladite lumie-
re qui autrement pénétrerait dans ledit oeil dudit
porteur.

Equipement de téte selon la revendication 13, dans
lequel ladite caméra et ledit afficheur sont opposés
I'un a l'autre de fagon a avoir des axes optiques ali-
gnés et ladite optique comprend un élément optique
positionné de fagon a étre en face d'un oeil d'un por-
teur et entre ladite caméra et ledit afficheur électro-
nique.
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Equipement de téte selon la revendication 14, dans
lequel ledit élément optique comprend un miroir a
deux faces faisant un angle de 45 degrés avec les-
dits axes optiques.

Equipement de téte selon la revendication 15, dans
lequel la distance effective entre un centre optique
dudit ensemble de lentilles de ladite caméra et un
centre optique dudit miroir a deux faces est égale a
la distance effective entre un centre optique dudit
miroir a deux faces et ledit oeil.

Equipement de téte selon la revendication 14, dans
lequel ledit élément optique comprend un sépara-
teur de faisceaux faisant un angle de 45 degrés
avec lesdits axes optiques et dans lequel ledit affi-
cheur électronique intégre un polariseur et dans le-
quel ledit équipement de téte comprend un autre
polariseur en face de ladite caméra orienté de fagon
a bloquer la lumiére polarisée provenant dudit affi-
cheur.

Equipement de téte selon la revendication 17, dans
lequel la distance effective entre un centre optique
dudit ensemble de lentilles de ladite caméra et un
centre optique dudit séparateur de faisceaux est
égale a la distance effective entre un centre optique
dudit séparateur de faisceaux et ledit oeil.

Equipement de téte selon la revendication 13, dans
lequel ladite optique comprend un miroir et compre-
nant un séparateur de faisceaux, ledit séparateur
de faisceaux étant positionné entre ledit miroir et un
oeil d'un porteur.

Equipement de téte selon la revendication 19, dans
lequel ledit séparateur de faisceaux comprend un
premier séparateur de faisceaux, un axe optique de
ladite caméra est perpendiculaire a un axe optique
dudit afficheur et ledit afficheur électronique intégre
un polariseur, et comprenant un deuxieéme sépara-
teur de faisceaux interposé le long desdits axes op-
tiques et faisant un angle de 45 degrés avec lesdits
axes optiques ; un polariseur en face de ladite ca-
méra étant orienté de fagon a bloquer la lumiére po-
larisée provenant dudit afficheur.

Equipement de téte selon la revendication 4, com-
prenant en outre des moyens de poursuite de téte
recevant un signal de sortie électronique de ladite
caméra grand-angulaire.

Equipement de téte selon la revendication 21, com-
prenantun processeur (182 ; 183, 184, 185) destiné
a fournir un gestionnaire de fenétres de réalité (192,
194, 196, 198), ledit processeur délivrant des si-
gnaux au dit afficheur électronique de telle facon
que ledit afficheur fournit une fenétre virtuelle ainsi
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27.

28.
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qu'un viseur pour ladite caméra électronique petit-
angulaire.

Equipement de téte selon la revendication 2, com-
prenant des moyens destinés (i) a diriger des
rayons de lumiére entrants qui pénétreraient dans
un oeil d'un porteur en l'absence desdits moyens
dans ladite caméra et (ii) a diriger des rayons de
lumiére provenant dudit afficheur dans ledit oeil
d'un porteur, chaque rayon de lumiére dirigé étant
approximativement colinéaire avec un rayon de lu-
miére entrant a partir duquel ledit chaque rayon de
lumiére dirigé a été dérivé, avant que ledit rayon de
lumiére entrant soit dirigé dans ladite caméra.

Equipement de téte selon la revendication 9, ou la-
dite optique comprend un miroir & deux faces.

Equipement de téte selon la revendication 24, ou
ledit miroir comprend une surface plane transpa-
rente dotée d'un revétement métallique sur un cété,
et dans lequel ledit un cété est orienté vers ladite
caméra.

Equipement de téte selon la revendication 13, ou
ladite optique comprend un séparateur de fais-
ceaux et ou ladite optique comprend en outre une
discontinuité matérielle réfléchissante concave.

Equipement de téte selon la revendication 13, ou
ladite optique comprend un séparateur de fais-
ceaux et ou la lumiere provenant dudit afficheur tra-
verse ledit séparateur de faisceaux au moins une
fois avant de s'éloigner dudit séparateur de fais-
ceaux, puis de revenir vers ledit séparateur de fais-
ceaux et d'étre réfléchi par ledit séparateur de fais-
ceaux vers un oeil dudit porteur.

Equipement de téte selon la revendication 27, ou
ledit afficheur comprend un polariseur.

Equipement de téte selon la revendication 27, ou
ledit séparateur de faisceaux de l'afficheur com-
prend un séparateur de faisceaux dichroique ayant
des propriétés de polarisation.

Equipement de téte selon I'une quelconque des re-
vendications 1 a 29, ou ledit équipement de téte est
des lunettes (590, 910, 911).

Lunettes selon la revendication 30, ladite optique
étant destinée a diriger la lumiére provenant dudit
afficheur électronique vers un oeil d'un porteur des-
dites lunettes.

Lunettes selon la revendication 30, ladite optique
étant agencée pour réfléchir un pinceau de lumiére
qui autrement pénétrerait dans un oeil d'un porteur

Motorola v. Stellar
Motorola Exhibit 1015

Page 027



33.

34.

35.

36.

37.

38.

39.

53 EP 1 064 783 B1 54

vers un centre optique dudit ensemble de lentilles
de ladite caméra et pour réfléchir la lumiére prove-
nant dudit afficheur vers ledit oeil d'un porteur de
telle fagon que ladite lumiére réfléchie provenant
dudit afficheur est colinéaire avec ladite lumiere qui
autrement pénétrerait dans ledit oeil dudit porteur.

Lunettes selon la revendication 30, dans lesquelles
ladite optique comprend un séparateur de fais-
ceaux se présentant comme une métallisation sur
une lentille desdites lunettes.

Equipement de téte selon la revendication 1, com-
prenant un transmetteur pour transmettre des si-
gnaux de caméra.

Equipement de téte selon la revendication 1, dans
lequel ledit équipement de téte comprend des lu-
nettes ayant une sangle de sécurité, ladite sangle
recevant un fil de sortie venant de ladite caméra et
comprenant un boitier recevant un enregistreur ali-
menté par le fil de sortie de ladite caméra a partir
de ladite sangle.

Equipement de téte selon I'une quelconque des re-
vendications 1 a 29, comprenant une caméra foca-
lisable et des moyens d'affichage focalisables, ou
ladite caméra focalisable et les moyens d'affichage
focalisables sont tels qu'ils peuvent étre pilotés par
une seule commande qui focalise la lumiére réelle
allant vers ladite caméra et la lumiére virtuelle ve-
nant dudit afficheur surle méme plan de profondeur.

Equipement de téte selon I'une quelconque des re-
vendications 1 a 29, comprenant une caméra avec
zoom et des moyens d'affichage avec zoom, ou un
réglage de zoom de ladite caméra et desdits
moyens d'affichage peut étre piloté par une seule
commande de telle fagon qu'un principe de lumiéere
virtuelle est conservé pour tous les réglages de
zoom.

Equipement de téte selon I'une quelconque des re-
vendications 1 a 29, comprenant une caméra a fo-
calisation automatique et des moyens d'affichage
focalisables a distance, ou ladite caméra a focali-
sation automatique commande un foyer desdits
moyens d'affichage focalisables.

Equipement de téte selon I'une quelconque des re-
vendications 1 a 29, ou ladite caméra est une ca-
méra gauche, ledit afficheur est un afficheur gauche
et ladite optique est une optique gauche, et com-
prenant en outre une caméra droite, un afficheur
droit et une optique droite, agencés d'une fagon si-
milaire, si ce n'est que I'une desdites caméras est
une caméra a focalisation automatique et I'autre est
une caméra focalisable a distance, ou ladite camé-
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40.

4.

42.

43.

44.

ra a focalisation automatique délivre une sortie de
focalisation a ladite caméra focalisable a distance.

Equipement de téte selon la revendication 39, ou
ledit afficheur gauche et ledit afficheur droit sont des
afficheurs focalisables a distance et ou ladite camé-
ra automatique délivre aussi des sorties pour foca-
liser I'un et I'autre desdits afficheurs focalisables a
distance sur le méme plan de profondeur qu'un ob-
jet sur lequel ladite caméra a focalisation automati-
que est focalisée.

Equipement de téte selon I'une quelconque des re-
vendications 1 a 29, comprenant une caméra a fo-
calisation automatique délivrant un signal pour
ajuster automatiquement la vergence d'au moins
deux caméras de telle fagon que les axes optiques
desdites au moins deux caméras se coupent au voi-
sinage d'un objet sur lequel elles sont focalisées.

Equipement de téte (100) ayant un capteur (330)
porté par ledit équipement de téte, un afficheur
(340) porté par ledit équipement de téte, ledit affi-
cheur étant situé pour étre visible par un porteur du-
dit équipement de téte quand ledit équipement de
téte est porté, une sortie dudit capteur pour un pro-
cesseur (182 ; 183, 184, 185), et une entrée dudit
afficheur pour accepter I'entrée venant dudit pro-
cesseur, dans lequel I'amélioration comprend :

une optique réfléchissante (314, 415) agencée
pour réfléchir la lumiére de telle fagon qu'au
moins une partie d'au moins certains rayons de
lumiére qui autrement, en I'absence de ladite
optique réfléchissante, ne serait pas mesurée
par ledit capteur, est réfléchie pour étre mesu-
rée par ledit capteur,

ledit processeur étant destiné a déterminer une
quantité de lumiére dans chacun desdits au
moins certains rayons de lumiére, ledit proces-
seur étant destiné a commander ledit afficheur
pour fournir des rayons de lumiére sortants,
chacun étant colinéaire avec, et réagissant a,
I'un desdits au moins certains rayons de lumié-
re.

Equipement de téte selon la revendication 42, ladite
optique étant destinée a réfléchir la lumiére qui
autrement pénétrerait dans un oeil d'un porteur vers
ledit équipement de téte et a réfléchir la lumiere pro-
venant dudit afficheur vers ledit oeil dudit porteur de
telle fagon que ladite lumiére réfléchie provenant
dudit afficheur est colinéaire avec ladite lumiére qui
autrement pénétrerait dans ledit oeil dudit porteur.

Equipement de téte selon la revendication 42, dans
lequel ledit processeur comprend un ordinateur re-
lié par une liaison sans fil & un réseau d'ordinateurs.
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46.
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49.

50.

51.

55 EP 1 064 783 B1 56

Equipement de téte selon la revendication 42, dans
lequel ledit équipement de téte comprend des lu-
nettes ayant une sangle de sécurité, ladite sangle
recevant un fil de sortie venant de ladite caméra et
comprenant un boitier recevant un enregistreur ali-
menté par le fil de sortie de ladite caméra a partir
de ladite sangle.

Equipement de téte selon la revendication 42, ou
ledit processeur comprend un processeur d'analy-
se de vision et un processeur de synthése graphi-
que.

Equipement de téte selon la revendication 46, ou
ledit processeur intégre un processus de vision ar-
tificielle et un processus de rendu de graphismes
informatiques.

Equipement de téte selon la revendication 42, dans
lequel ledit capteur comprend une premiére caméra
et dans lequel ledit équipement de téte comprend
en outre une deuxiéme caméra électronique portée
par ledit équipement de téte, I'une de ladite premie-
re caméra et de ladite deuxiéme caméra compre-
nant une caméra grand-angulaire et une autre de
ladite premiere caméra et de ladite deuxiéme ca-
méra comprenant une caméra petit-angulaire.

Equipement de téte selon la revendication 42, dans
lequel ledit capteur comprend une caméra petit-an-
gulaire et dans lequel ledit équipement de téte com-
prend en outre une caméra électronique grand-an-
gulaire portée par ledit équipement de téte, et dans
lequel ledit afficheur électronique réagit a une sortie
provenant de ladite caméra petit-angulaire afin de
fournir un viseur pour ladite caméra petit-angulaire
et ladite caméra grand-angulaire.

Equipement de téte selon la revendication 42, dans
lequel ledit capteur comprend une caméra grand-
angulaire et dans lequel ledit équipement de téte
comprend en outre une caméra électronique petit-
angulaire portée par ledit équipement de téte, et
dans lequel ledit afficheur électronique est un pre-
mier afficheur électronique et comprenant un
deuxiéme afficheur électronique réagissant a une
sortie de ladite caméra petit-angulaire et compre-
nant une optique pour diriger la lumiére provenant
dudit deuxiéme afficheur électronique vers ledit oeil
dudit porteur afin de fournir un viseur pour ladite ca-
méra petit-angulaire.

Equipement de téte selon la revendication 48, 49
ou 50, comprenant une optique pour diriger la lu-
miere entrante de telle fagon qu'un centre d'un
champ de vision de ladite premiére caméra est co-
linéaire avec un centre d'un champ de vision de la-
dite deuxiéme caméra.
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Equipement de téte selon la revendication 51, dans
lequel ladite deuxieme optique comprend un sépa-
rateur de faisceaux.

Equipement de téte selon la revendication 48, 49
ou 50, comprenant en outre des moyens de pour-
suite de téte recevant un signal de sortie électroni-
que de ladite caméra grand-angulaire.

Equipement de téte selon la revendication 53, com-
prenant un processeur destiné a fournir un gestion-
naire de fenétres de réalité, ledit processeur déli-
vrant des signaux au dit afficheur électronique de
telle fagon que ledit afficheur fournit une fenétre vir-
tuelle ainsi qu'un viseur pour ladite caméra électro-
nique.

Equipement de téte selon la revendication 42, dans
lequel ledit processeur (182) destiné a fournir une
vue rendue dans un processeur graphique (185)
adapte la position de vision d'un oeil observant ledit
afficheur, ladite position de vision n'étant pas la po-
sition de vision originale de ladite caméra (110 ;
120).

Equipement de téte selon la revendication 42, ledit
processeur (182) étant destiné a fournir un change-
ment de I'angle de vision, lors du rendu, pour com-
penser une différence de position entre ledit cap-
teur et une vue fournie par ledit afficheur.

Equipement de téte selon la revendication 55 ou 56,
ledit processeur (182) étant destiné a fournir une
analyse d'image homographique ou quantigraphi-
que ne nécessitant pas une analyse de scéne en
trois dimensions.

Equipement de téte selon la revendication 42, les-
dits moyens pour compenser comprenant |'utilisa-
tion d'une transformation de coordonnées de pro-
jection en 2 dimensions d'un objet plan ou d'une
surface plane d'un objet.

Equipement de téte selon la revendication 42, les-
dits moyens pour compenser effectuant une correc-
tion de parallaxe entre des objets virtuels et une vue
d'une scéne telle qu'elle apparaitrait quand ledit
équipement de téte est retiré d'un porteur dudit
équipement de téte.
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FIG. 1a - FOVEATED EMBODIMENT OF WEARABLE
CAMERA SYSTEM - DETAIL OF BEAMSPLITTER
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