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A ' Traditionally, video has been either part of the environment,
BSTRACT such as video surveillance cameras mounted on or inside a

building or video conferencing systems based on fixed cameras within a special room, or

the domain of large organizations such as broadcast television stations. Recently, however,
a new field of research called “personal imaging” has emerged. Personal Imaging systems
are based on wireless video technology, and are typically characterized by video from a
first-person perspective by way of a head-mounted camera and display together with an
image processing computer worn on the body of the user. The possibilities afforded by
personal imaging include a personal safety device for crime reduction, a new kind of
videoconférencing system for computer-supported collaboration, as well as a new tool for
photojournalism. This article briefly describes work in personal imaging as it has evolved
over the past 20 years, and then attempts to set forth a future vision for wireless video in
a head-mounted context. Most notably, the notion of computer-supported collaborative

secondary activity, rather than a prima-
ry focus of attention. In fact, ideally it
will provide enhanced sensory capabili-
ties. It may, however, mediate (aug-
ment, alter, or deliberately diminish)
sensory capabilities. ;

wireless video is presented.

P ersonal imaging is a new application domain for
wireless video in which the video source is a wear-
able camera system also comprising a computational element and
visual display means typically concealed inside ordinary-looking
eyewear: [1]. Personal imaging systems are based on a new com-
putational framework called WearComp [2], and a new visual
user interface paradigm called mediated reality (MR) [3].

WearComp, which originated in the 1970s as a tool for the
visual arts [2], is a new form of human-computer interaction
‘comprising a computer that is subsumed into the personal
space of the user (wearer), controlled by the wearer, and has
both operational and interactional constancy (ie., is always on
and always ready and accessible) [4]. Typical embodiments of
WearComp comprise a body-worn computer system, a visual
display over one ot both eyes with text and graphics display
capability, and an input device typically consisting of five or
more pushbutton switches that may be operated by one hand.

Other input devices typically include a microphone and
video camera positioned such that it provides a view of the
same subject matter the wearer sees.

DEFINITION OF WEARCOMP

The new computational paradigm, WearComp, on which per-
sonal imaging is based is defined, with reference to Fig. 1 in
terms of its eight attributes, as follows.

Constant — Always ready. It may have “sleep modes” but is
never “dead.” Unlike a laptop computer which must be
opened up, switched on, and booted up before use, it is always
on and always running.

Unrestrictive to the User — Ambulatory, mobile, roving, “you
can do other things while using it” (type while jogging, etc.).

Unmonopolizing of User Attention — It does not cut one
off from the outside world like a virtual reality game or the
like. You can attend to other matters while using the appara-
tus. It is built with the assumption that computing will be a

Observable by the User — It can get
your attention continivously if you want it to. Almost always
observable: within reasonable limitations (e.g., you might not
see the screen while you blink or look away momentarily) the
output medium is constantly perceptible by the wearer.

Controllable by the User — Responsive. You can grab
control of it any time you wish. Even in automated processes
you can manually override to break open the control loop and
become part of the loop at any time you want (e.g.; a big Halt
button you want as an application mindlessly opens all 50 doc-
uments that were highlighted when you accidently pressed
Enter), making a computer more controllable. Infinitely often
controllable: the constancy of user interface results from
almost always observability and infinitely often controllability
in the sense that there is always a potential for manual over-
ride which need not always be exercised.

Attentive to the Environment — Environmentally aware,
multimodal, multisensory; as a result, this ultimately gives the
user increased situational awareness.

Communicative to Others — Can be used as a commu-
nications medium when you want it to. Expressive: allows
the wearer to be expressive through the medium, whether
as a direct communications medium to others, or as a
means of assisting the production of expressive media
(artistic or otherwise).

Personal — Human and computer are inextricably intertwined.

* Prosthetic — You can adapt it so that it acts as a true
extension of mind and body; after some time you forget
you are wearing it.

* Assertive — It can be a barrier to prohibition or requests
by others for removal during times when you wish such a
barrier. This is in contrast to a laptop computer in a
briefcase or bag that could be separated from you by a
“please leave all bags and briefcases at the counter” poli-
cy at a department store or library.
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Private — Others cannot observe or control it unless you let
them. Others cannot determine system status unless you want
them to; for example, a clerk at a refund counter in a depart-
ment store where photography is prohibited cannot tell
whether or not you are transmitting wireless video to a spouse
for a remote advice, in contrast to camcorder technology,
where it is obvious you are taking a picture when you hold it
up to your eye.

OTHER PROPERTIES THAT RESULT FROM THE
EIGHT BASIC PROPERTIES

Connected — Insofar as technically feasible, wireless com-
munication for a network connection is desirable. That it is
attentive (can receive inputs from other systems and networks)
and communicative (can send messages to other systems and
networks) implies connectivity.

Anticipatory (Proactive) — That it is attentive and constant
in its processing of incoming information implies that it can
not only respond to events as they happen, but also anticipate
events so that the apparatus can “learn” from the environ-
ment in a manner influenced by prior conditions. Moreover,
that it can be constantly observable means it can take initia-
tive and “make things happen” (e.g., it can get your atten-
tion). That it is communicative means it can also take
initiative with respect to interacting with others. By others,
we mean other people as well as other entities. For example
it may take the initiative to send a message to the heater in
the building to switch off when it senses you are on the verge
of a “sweatdown.”!

Retroactive — That it is attentive and controllable through
processes which are constant means it may continually collect
data that might be of use later. Thus, it may “learn” on subse-
quent recall.

Humanistic — This embodies human intellect as a part of
the feedback loop of its processing. This means also that
automatic (or autonomous) aspects of the system may be
overridden, and therefore it is possible for the human oper-
ator to “step inside” the feedback loop of a process when
and if desired. This arises from the fact that it is controllable
and observable. In this way WearComp distinguishes itself
from entities such as the obedience cuffs [5] worn by prison-
ers around their ankles, even obedience cuffs which have
some form of observable property (e.g., in the form of pain-
giving electric shocks produced by some obedience cuffs).
What the obedience cuff lacks is the controllable attribute
(in the sense that the prisoner does not have control of the
apparatus).

Note that these are options rather than requirements. For
example, private and communicative are in some ways oppo-
site, yet together they facilitate an expanded range of options
to move further in one direction or the other on a continuum
between these two opposites. The important aspect here is
choice for the user to move in an increased affordance space
rather than a specific definition of how the user should act
while using the apparatus.

Implicit in unrestrictive and unmonopolizing is that use
of the apparatus will be a secondary rather than primary
task.

1 A “sweatdown” is a sweat-induced computer shutdown resulting from
excessive sweat adversely affecting system components which have not
been sealed from the effects of moisture.
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B Figure 1. WearComp: a new form of human—computer interaction.

MEDIATED REALITY

The other important foundation technology for personal
imaging is MR, which will now be described. ‘

Ivan Sutherland, a pioneer in the field of computer graph-
ics, described a head-mounted display with half-silvered mir-
rors so that the wearer could see a virtual world superimposed
on reality [6, 7], giving rise to augmented reality (AR). The
general spirit of AR is to add computer graphics or the like to
the real world.

A more general framework, MR, of which AR is a special
case, is proposed. The intent of MR, like typical AR, includes
adding virtual objects to visual reality, but also includes the
ability to remove, augment, deliberately diminish, and signifi-
cantly alter the perception of visual reality. MR attempts to
visually “mediate” real objects, using a body-worn wireless
video apparatus where both the real and virtual objects are
placed on an equal footing, in the sense that both are present-
ed together via a synthetic (e.g., wireless video) medium.

A means of mediating (augmenting, deliberately diminishing,
or otherwise altering) reality in real time through  a wireless
video apparatus worn over the eyes has been proposed and
reduced to practice [3]. An unobtrusive (covert) version of the
apparatus has also been built into ordinary-looking sunglasses
connected to an image processing computer concealed under
ordinary clothing (Fig. 2). This entire means and apparatus will
be referred to as a reality mediator (RM). Unlike early 1980s
embodiments, characterized by hat-mounted antennas, the RF
radiating surfaces are also concealed inside ordinary clothing.
The RM allows one to augment, as well as deliberately dimin-
ish and otherwise alter, one’s perception of reality, as well as
to allow others to do so remotely through a wireless video
communications link. The system depicted in Fig. 2 therefore
leads to a new form of communication where, for example,
3D collaborative space may be shared with a remote viewer.

The ability to deliberately diminish reality is an important
capability of the RM. For example, when looking through the
special sunglasses at a brightly colored scene, there may not
exist a unique color to use for the overlays. However, the sun-
glasses, instead of creating a perfect illusion of transparency,
can be programmed to create an illusion of being achromat
transparent. Being achromat transparent means that each
incoming ray of light is absorbed and quantified, and its wave-
length ignored. A ray from the same location is sent out the
other side of the special sunglasses in the same direction, at
the same time, but with a flat (grey) spectrum. This makes the
wearer colorblind to real objects, making the real world
appear less “busy” when combined with some colorful com-
puter-generated overlays where color was used more effective-
ly té*accentuate the virtual objects. This was an effective way
to prevent computer-generated objects from being “lost” in

* the clutter of the real world.

IEEE Communications Magazine * June 1998

145



It has been found that color-reduced reality mediation
was quite useful, for example, when comfortably seated on a
commercial alrhne or commuter train; reading text on the
virtual screen created by the sunglasses (e.g., e-mail), one
could “tone down” the surroundings so that they take on a
lesser role. It was not desired to be blind to the surround-
ings, as is someone who is reading a real paper newspaper
(newspapers can easily end up covering most of a person’s
visual field). Other forms of chromatic mediation were also
explored.

WEARABLE TETHERLESS COMPUTER-IMIEDIATED REALITY

The compute power required to perform general-purpose
manipulation of color video streams was too unwieldy to be
worn in a backpack (although body-worn video processing
systems and other hardware to facilitate very limited forms
of reality mediation have been constructed by the author).
Accordingly, a large processing system with good video-pro-
cessing capability may be accessed remotely by establishing
a full-duplex video communications channel between the
RM and the host video processor.? In particular, the full-
duplex communications link comprises a high-quality com-
munications link called the inbound channel, which is used
to send the stereo video signal from the wearable cameras

M Figure 2. The author’s unobtrusive (covert) RM concealed in
ordinary sunglasses with a complete multimedia video produc-
tion studio and television station which can be concealed
underneath ordinary clothing.

to the remote computer(s), while a lower-quality communi-
cations link called the outhound channel is used to carry the
processed SIgnaI from the computer back to the HMD. This
apparatus is depicted in a simple diagram (Fig. 3), in which
a stereo video signal is sent to one or more computer sys-
tems over a high-quality microwave communications link
(the inbound channel). The computer system(s) send back
the processed image over a UHF communications link (the
outbound channel). Note that in this figure i denotes
inbound (e.g., iTx stands for inbound transmitter) and o
outbound (e.g., oRx stands for outbound receiver). The
term visual filter refers to the process(es) that mediate(s)
the visual reality and possibly insert(s) * ‘virtual” objects into
the reality stream.

Ideally both channels would be of high quahty, but the
machine-vision algorithms were found to be much more sus-
ceptible to noise than the author’s own vision (ability to see
through an apparatus that provided only a noisy illusion of
transparency); and due to a need to separate the frequency
bands, with an inferior frequency band being necessary for
one of the channels, it was decided that the higher-quality
channel should be the inbound channel. Since the illusion of
transparency is degraded by the total noise level of inbound
plus outbound artifacts, it was found to be equally poor
regardless of the order of these two degradation artifacts.
Therefore, it was decided to at least allow the remote video
processing hardware to receive the best-quality picture.

HUMAN-CENTERED WIRELESS VIDEO

The main reason the MR paradigm was formulated was to
make the camera take on a primary and central role in the
context of a personal wireless video system. With MR, a
camera must be present and the communications channels
operative in order for the wearer to see anything. Since the
camera is the only means by which the wearer of the RM .
can see (since the apparatus covers the eyes completely), the
camera actually becomes the wearer’s eye, for all practical
purposes. Thus, if, for-example, the camera is not adjusted
properly, or the video transmission is not of sufficient quali-
ty, the wearer will be unable to see properly. In this way, the
wearer is part of the feedback loop that keeps the camera,
and the rest of the system, adjusted properly. Therefore,
whether through conscious effort (manual adjustment of the
camera) or subconscious effort (choice of gaze angle, posi-
tioning of the head, body, antennas, etc.; and general con-
duct and behavior), the camera will always end up being
situated for the best picture. In this way the synergy between
human and machine operates as a system which always seeks
the best picture. The wearer’s entire body posture, manner-
isms, and general conduct evolve to become part of a natural
control system that constantly adjusts itself to obtain the
clearest image on the wearer’s own screen, with a side effect
that the transmitted video signal as observed by any other
entity (be it other humans or other machine vision algo-
rithms) was optimal. After an extended period of time, this
form of interaction no longer required conscious thought or
effort. This characteristic gives rise to the MR genre of doc-
umentary cinematography, as well as more-effective comput-
er-supported collaboration. .

2 At times, as many as 20 to 30 state-of-the art workstations working
simultaneously have been used to process the video, linked together with
large file servers over an FDDI network, so by no means does “processor”
imply a need to be limited to a single computer. However, it is hoped that a
scaled-down version of a special-purpose computer [8] might soon enable

higher-speed photo rendering.
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INFINITE SCREEN RESOLUTION WITH
CAMERA-BASED HEAD-TRACKING

As described in the previous section, the RM must have a
camera in order for the wearer to see. Accordingly, other
uses of this camera are proposed in this section. These other
uses are as a head-tracker, and to make the wearer into a
producer as well as a consumer of virtual information.

The proposed methodology, MR, is quite different from
other related work where the assumption is often that
there is a controlled environment such as the assembly line
of a factory, where VR headsets might be used to make
employees more productive, and where head-tracking and
the like may therefore be done quite easily with a special
device fixed in the environment. By tethered cables, work-
ers are, in effect, imprisoned in their work cells, unable to
roam freely without taking off their VR headsets.

Quite the opposite is true with personal imaging, where
there is no assumption regarding a fixed location. Indeed, the
goal of personal imaging is that the apparatus function in
nearly any environment, with no special preparation of the
environment required.
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M Figure 4. The WdeoOrbits head-tracking algorithm.

M Figure 3.4 simplé'fmplementation of an RM.

The VideoOrbits algorithm, based on the environment [9]
and depicted in Fig. 4, requires no special devices installed in
the environment. The camera in the personal imaging system
simply tracks itself based on its view of objects in the environ-
ment. The algorithm is based on algebraic projective geome-
try, and provides an estimate of the true projective coordinate
transformation, which for successive image pairs is composed
using the projective group [9]. Successive pairs of images may
be estimated using the Lie algebra of the group, while abso-
lute head tracking is done using the exact group by relating
the approximate parameters q to the exact parameters p in
the innermost loop of the process. The algorithm typically
runs at 5-10 frames/s on a general-purpose computer, but its
simple structure makes it easy to implement in hardware for -
full-motion video.

This new method of head-tracking based on the use of a
video camera was proposed in [1]; it performs head-tracking
visually and works without the need for object recognition.
Instead, it builds on the image processing framework pro-
posed by Venetsanopoulos [10] and Stockham [11], and com-
bines these ideas with the Horn and Schunk equations [12]
and some ideas in algebraic projective geometry and homo-
metric imaging, using a spatiotonal model, 5, which works in
the neighborhood of the 1dent1ty

[2(4)()6 o’ (x, y))]p ——ZF o(x,y) @

Xy

where 07 = [F,(w, %, y, 1), F WJ%UFﬂFaﬁ.M@)
at time ¢, Fy(x, ) = (df/dq)(dq(x)/dx) at time ¢, and Fy(x, ¢) is
the frame difference of adjacent frames. This “approximate
model” is used in the innermost loop of the diagram depicted
in Fig. 4 and then related to the parameters of an exact pro-
jectivity and gain group of transformations so that the true
group structure is preserved throughout, and the orbit of this
group of transformations is followed by the video stream
(hence the name “VideoOrbits”). The method is based on the
fact that the unknown nonlinearity of the camera, f, can be
obtained from differently exposed images f(g) and f(kq), and
so on, and that these can be combined to estimate the actual
quantity of light entering the imaging system;
zici(Ax+bjl - (F,- Ax+b)

A N cx+1 ) k; cx+1

(I(x)— zc(Ax+b)

I ex+1 :
where ¢; is . the derivative of the recovered nonlinear response
function of the camera, f, and A4, b, and ¢ are the parameters
of the true projective coordinate transformation of the light
falling on the image sensor. This method allows the actual
quantity of light entering the eye due to the real and virtual
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M Figure 5. The wrtual wireless video screen has essentzally Infinite resolutzon butis of course viewed through a ﬁmte—resolunon

eyeglass-based device.

objects to be placed on an equal footing. This allows the
wearer of the apparatus to explore a virtual world of infinite
screen Tesolution, because any flat object in the environment
becomes a virtual screen. Each virtual screen is based on pro-
jective geometry (Fig. 5).

Figure 5a shows the image of a newspaper appropriately
transformed, using the appropriate operator of the projective
group of coordinate transformations, and added to the wear-
er’s most recently transmitted image to sustain the illusion of
a rigid planar patch in 3D space; this process is called homo-
graphic modeling. By calculating the quantity of light using a
recovered estimate of the nonlinear response function of the
camera, a more realistic-looking tone scale results, as shown
in Fig. 5b. Fig. 5¢ shows a true mathematical projection, which
provides a more intuitive mode of user interface to the more
experienced user. The metaphor used is one of transparency
of the head, as if rays of light could pass through the back of
the head and enter into the back of the eye. This mode of
operation requires long-term adaptation to an often upside-
down and reversed image, but after adaptation the sens of the
image, reversed or unreversed, encodes a distinction between
rays of light coming through the front of the eyes and those
going through the back of the head.

It is'well known that humans can remember much more
information by pretending that each piece of information is in
a large building, and imagining ourselves walking around in
the rooms of the building. With the proposed framework, we
cati now make that mental trick a reality, and leave messages
for ourselves on various flat surfaces in the building. In this
way, an airport lounge or train station may be turned into a
virtual office, where we can place our calendar on one wall,
our e-mail on another, and just walk around and look at these
walls one at a time to manage several windows. VideoOrbits
thus provides us with a new window manager.

Moreover, images encountered by another wearer of a sim-
ilar apparatus may be recognized as belonging to the same
orbit of the projective group of coordinate transformations, so
the apparatus can be used as a communications device.

SeeinG Eve 1o EvE:
VIDEO CONSUMERS AS VIDEO PRODUCERS

As the wearer looks around at a virtual object which has been
inserted into the visual reality stream by way of the RM, a
side-effect is that information from the camera is collected,
and, in addition to its use as a head-tracker, the camera trans-
mits this video wirelessly to remote sites. Thus, while consum-
ing information (virtual objects) the wearer is also producing
information. The video the wearer takes in is assembled into a
so-called lookpainting image composite [2] that someone else
at another location can navigate in a manner similar to a
QuickTime VR environment map. However, the important
difference is that no special photographic tripod and appara-

tus were needed — the environment map was generated just
by looking around. Moreover, the exact same mathematical
calculations that were used to do the head-tracking are used
to assemble the successive frames of video into an environ-
ment map.

A remote viewer may navigate the environment map using
a desktop computer, or a VR headset with head-tracker.
Alternatively, the remote viewer may wear another RM ‘and
navigate the environment map using the proposed camera-
based head-tracker. In this case, two people at different loca-
tions each generate an environment map as a side-effect of
navigating the other person’s environment map. The same
mathematical framework used for generating the environment
map (Fig. 6a) is used for attaining subpixel accuracy in track-
ing (Fig. 6b—d), even in the crowded department store shown
in Fig. 6, with other people moving behind the cashier. The
proposed MR framework differs from virtual reality or aug-
mented reality applications in the sense that tracking (regis-
tration of the real and virtual worlds) remains accurate to this
level. Note that only every 10th frame of the image sequence
is shown in Fig. 6.

" PERSONAL IMAGING FOR
SYMBIOTIC WIRELESS VIDEO

BLIND VISION

If both the machine vision and artificial 1ntelhgence problems
were solved, a blind person with a personal imaging system
(body-worn image processing system and camera) and headset
could be guided by high-level scene understanding algonthms
However, rather than attempting to solve the machine vision
and artificial intelligence problems, imagine, instead, a blind per-
son wearing a version of a wearable wireless webcam (WearCam)
[13] with headset and boom microphone (WearTel) [14], and
being guided by a viewer at a remote location who is looking
at the received signal from the wearer’s camera and transmit-
ter. The remote viewer could'send verbal suggestions or other
audio cues back into the wearer’s headset. In this way, the
wearer is guided by human intelligence at a remote location.
Now suppose that there was a room full of volunteers, each
providing this human intelligence. With such a human intelli-
gence network, it might be possible for a number of blind
people to have the opportunity to experience a'new form of
increased m0b111ty that goes far beyond the self-contained
devices bul]t in the 1980s to assist the visually challenged [15].

VlRTUAL Boby

Consider the convalescent, infirm, or wheelchair-bound who
might wish to live vicariously through the eyes of an able-bod-
ied person. Such is possible with an apparatus such as-a wear-
able wireless webcam [13], in'which an able-bodied person
wears a camera and transmits navigable environments directly
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a

M Figure 6. a) Environment maps are generated by simply look-
ing around a room. b, c) Notice how the virtual “name tag”
(and grocery list) appears to stay attached to the cashier, even
d) when the cashier is no longer within the field of view of the
video camera and transmitter.

to the World Wide Web. Such a system was tested on a very
large scale for New Year’s Eve 1995, in which a large audi-

ence of people unable to get out to celebrate the festivities’

were able to do so vicariously through the author’s eyes.
Moreover, any one of these people was able to correspond
with the author by e-mail (sometimes suggesting to the author
a possible site or event of interest, or commenting on the very
image within the author’s field of view). Such an apparatus as
WearTel, which provides a first-person videoconferencing
capability, may give rise to a host of such applications in
which an able-bodied volunteer provides “telexperience” — a
telematic vicarious experience.

CONNECTED COLLECTIVE HUMANISTIC INTELLIGENCE
Now suppose that the convalescent, infirm, or wheelchair-

bound live vicariously through the able bodies of the blind, |

while at the same time providing the human intelligence need-
ed to interpret the video being sent from these blind people
with WearCams. Such is an example of a new kind of symbiot-
ic human intelligence.

Wireless video, together with an audio back-channel,
becomes the enabling technology. This use of WearTel differs
from traditional video conferencing in the sense that it is wire-
less, and provides a first-person perspective; that is, it pro-
vides a view not of the wearer of the apparatus, but rather of
what the wearer is looking at.

COMPUTER-SUPPORTED COOPERATIVE LIVING

A young child with perfect vision does not need remote visual
intelligence, but might nevertheless benefit from the wisdom
and experience of the elderly. Grandparents, for example,
might offer their advice in various social matters, or might be
able to tell, over a wireless voice link, an interesting story
about an old building they remember from their own child-
hood, as they see pictures of the building on the child’s Web
page. They may welcome the opportunity to vicariously spend
time with their grandchildren and, in some sense, relive a por-
tion of their childhood. Friends and relatives may be intercon-
nected in a new web of connected collective humanistic
intelligence.

It has been the author’s experience that such symbiotic
relationships must be built in such a way that there is a man-
ner for equilibrium to be reached. This is done by giving those
at each side of the communications link the ability to have
three settings:

* A privacy setting that prevents the establishment of a link
(this is like taking a telephone off the hook to prevent it
from ringing)

* A normal setting that allows a link to be established after
notification (analogous to a normal telephone call where
the telephone rings, and the recipient decides whether or
not to lift the handset off its hook)

* An “open” setting that allows a connection to be
established at any time (analogous to an open or
always-on intercom or a “video wall” that runs contin-
uously)

In this way, if too much advice is given, to the point
where the wearer of the apparatus feels overwhelmed or
feels intruded upon, the wearer will switch to “privacy,” or at
least to “normal.” In time, both sides learn how much inter-
action is wanted, and the interaction tends toward a level
that is symbiotic. Such an apparatus may also be used for
crime reduction.

PERSONAL IMAGING AS A
TooL FOR PHOTOJOURNALISTS AND REPORTERS

Throughout the 1990s the author has experimented with per-
sonal imaging as a means of creating personal documentary,

. and sharing this personal documentary video on the Web, in

the form of a wearable wireless webcam [16].

On several occasions, new and interesting forms of col-
laboration emerged. On various occasions the author
serendipitously encountered newsworthy events while wear-
ing the apparatus. On some such occasions where the
events were natural disasters or the like, there was no other
coverage of these events (e.g., traditional journalists were
unavailable to cover these events on the short notice
involved, despite great desire that there be coverage of
these events).

An example of how the author functioned as a “roving
reporter” is illustrated in Fig. 7. This shows how computer-
supported collaborative photojournalism (CSCP) emerged
from a wearable wireless webcam. The author encountered
an event through ordinary everyday activity. As it turned
out later, a newspaper had very desperately wanted to have
this event covered, but could not reach any of its photojour-
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nalists in time to cover the event. The author, however, was
able to offer hundreds of pictures of the event, wirelessly
transmitted while the event was still occurring. Further-
more, interaction with a large number of remote viewers
enabled a new form of real-time collaboration. In actual
practice, multiple images are “stitched together” to make a
picture good enough for a full-page newspaper-sized photo-
graph despite the fact that each image has relatively low

resolution. The manner in which pictures are combined is .

with the so-called lookpainting (VideoOrbits) algorithm
previously described.

In another example of CSCP the author encountered a
flood in the basement of a building and notified the police of
the flood. However, without really any conscious thought or
effort, the fact that the author walked past the event and
looked at it also resulted in its having been recorded and
transmitted wirelessly to remote sites. Thus, the author was
subsequently able to notify a newspaper of this transmission
(wirelessly notifying the newspaper’s editorial offices through
e-mail), and the very high resolution images of tremendoulsy
high dynamic range and tonal fidelity were retrieved by the
newspaper’s editorial office and published in the newspaper.
The quality of the images was higher than typical for the
newspaper, suggesting that the wearable wireless webcam can
rival the photographic technical quality and resolution of pro-
fessional photographers armed with the best cameras avail-
able on the market.

CONCLUSIONS ON
PERSONAL IMAGING AND WIRELESS VIDEO

‘Wearable tetherless con{puter-mediated reality, with its ori-
gins in a seemingly obscure visual aesthetic and photographic
technique of the 1970s and 1980s, has evolved from computer-
supported collaborative photography into computer-supported
collaborative videography, toward defining a new genre of
personal documentary.

In summary, this form of videography, called
lookpainting, arises in a symbiotic way through the use of
the camera as a head-tracking device. Not only does this lib-
erate the wearer from the traditional work cell so that the
wearer can use the head-tracker anywhere;, it also means
that a side-effect of the very head-tracking operation is to
produce a so-called lookpainting. In this way, the act of nav-
igating in the virtual space created by another person at a
remote location creates a virtual space reciprocally naviga-
ble by the person at the remote location. Thus, two or more
people may exchange Viewpoints in a new form of interac-
tion called “seeing eye to eye.”

Moreover, extremely high-resolution/high-definition pictures
can be rendered. Lookpainting also provides a look-around
user interface which is even more natural than the point-and-
click user interface of modern cameras. Furthermore, look-
painting affords the user total control of the process, makes the
process of capturing an image more engaging
and fulfilling, and results in environment maps

£el NOSA Mosale: Document View

File Qptions Navigate Annotate Aews

that can be shared remotely with others who
Help have access to the Web or a similar visual com-

Title:

URL:

munications media. This application has also
been successfully demonstrated for photojour-
nalism, resulting in a useful tool for the reporter

isn't it cool, those on mosale, world wide web for £iest time see news e it ha
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1 g6 to make Jookpainting of fire ruck.

n] of the future. Moreover, lookpainting provides a

new metaphor for computer-supported coopera-
tive living, as well as a new era in which ordinary
everyday experience can become newsworthy
material — an era in which the job of the
reporter may be spread out among ordinary peo-
ple who will eventually, given enough people
wearing enough wireless video units, encounter
events far more newsworthy than those captured
by a limited number of reporters covering only
as much as they can. Lastly, as mediated pres-
ence gives rise to mediated telepresence, a new
communications medium arises with applications
in personal safety and crime reduction as well as
interactional capabilities that go far beyond
portable IP video telephony.

Applications for the disabled have also been
proposed, for example, in which a blind person
may form a symbiotic relationship with another
person who is infirm or otherwise confined to a
wheelchair or hospital bed. :
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