~NBEEHR HEFM63- 153218

15
LU La[_b
. R
al ] A— —L
P}—< Rs ~ RCdS Jﬂ
et
VN I i <
R3
R2i J{ —L
L‘SLK “Lb
a
116 B
L LJ, D Lb i b
L W_J_
c2 Reds
_“[‘H—-ﬂ T Ro

nl}——'\Nv—
&
h\m
O
- |
—

P
fRm A
oo HEEX & 4
1%3%Rﬁ)% ARlT 000432 !

Apple Inc. EX1002 Page 661



r
.i

CdS
1.3
It
i
* B
] /™
)
H
h
=
E
\
% & ¥ ¥Reds & I @
818>

A , )
PP RE =N 2 W4 145
Kerhidr ars ctonss §

Apple Inc. EX1002 Page 662



ANEHEERB Bfié3- 153248

\
*
o
&
B in % B -
#1O®
*
=
B
:

22

5820 A A
#2+ - W

138 5PRIDOR ART_000434 ~

Apple Inc. EX1002 Page 663



o
7
=
23
X+ v ¥ Redsif 7 4 -
B2 1R
}
%
&
B
g
PhmEE
757 P
2z
rm s *HE3-153
#E+r 8 0 ‘

[
1383_PRIOR_ART_000435

Apple Inc. EX1002 Page 664



~A~BE=H BBfI63- 153218

R
T NV [
V1 CZ= Ve
L
o3
)
| —6de oct.
N
E
Bos f'C ~
%24 - . Hemopn '
ﬁﬂj\%bﬂw 15321

226 2+ & L |

1383_PRIOR_ART_000436

Apple Inc. EX1002 Page 665



MACHINE TRANSLATION

1383_PRIOR_ART_000437

Apple Inc. EX1002 Page 666



Name of the device Structure of glasses or helmets, etc. with dimming lenses

priority claim
July 4, 1986 Japan (JP) Jissho 61-103330
October 4, 1986 Japan (JP) Jitsugyo 61-152899

Scope of Utility Model Registration Claims

(1) In helmets or sunglasses, etc. for motorcycles that have an electrode substrate and use an
element in the lens section or visor section that causes the color or light transmittance to
change by the application of an external voltage, all electronic circuits, including the control
circuit of the element, a light sensor that detects external light, a power battery and a power
switch, are contained in the body of the glasses or The structure of glasses or helmets, etc.
with light-dimming lenses, characterized in that all electronic circuits such as control circuits
of elements, light sensors to detect external light, power batteries and power switches are
housed in the body of the helmet, etc.

(2) The structure of eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraph 1 of the utility model registration claims, characterized in that the electronic circuit
is equipped with a light sensitivity switching mechanism that switches or varies the element
that causes the color or light transmittance to change upon application of an external voltage
to a specific light intensity range or any light intensity range.

(3) The structure of eyeglasses or helmets, etc. with a light-tuning lens as described in
paragraphs 1 and 2 of the Utility Model Registration claims, characterized in that the element
that causes the color or light transmittance to change upon application of an external voltage
is a guest-host type liquid crystal cell.

(4) The structure of eyeglasses or helmets, etc. with a light-tuning lens as described in
paragraphs 1 and 2 of the Utility Model Registration claims, characterized in that the element
that causes the color or light transmittance to change by the application of an external voltage
is a twisted nematic liquid crystal cell.

(5) The structure of eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraphs 1 to 4 of the Utility Model Registration Claims, characterized in that the light
sensitivity switching mechanism comprises an automatic control mechanism by a
microcomputer.

(6) A structure for eyeglasses or helmets, etc. with a light control lens as described in
paragraphs 1 to 4 of the Utility Model Registration claims, characterized in that the light
sensitivity switching mechanism switches or varies the signal amplification level to adjust the
liquid crystal element to a specific light intensity range or any light intensity range.

(7) A structure for eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraphs 1 to 4 of the utility model registration claims, characterized in that the light
sensitivity switching mechanism switches or varies the output impedance to adjust the liquid
crystal element or EC cell to a specific light intensity range or any light intensity range.

(8) The light sensitivity switching mechanism is characterized by a structure in which a filter
with a different light transmittance is placed in the light input window of the light sensor, and
the filter is switched or varied to adjust the liquid crystal element or EC cell to a specific light
intensity range or any light intensity range, as described in paragraphs 1 to 4 of the utility
model registration claims. Structure of eyeglasses or helmets, etc. with lenses.

(9) The structure of glasses or helmets, etc. with a light-dimming lens as described in
paragraphs 1 to 8 of the Utility Model Registration claims, characterized in that the liquid
crystal element is housed between two synthetic resin transparent plates having a columnar or
spherical radius of curvature.
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(10) In addition to said light-dimming lens, a part of the helmet or glasses is equipped with an
obstacle warning device that detects a distance from a forward obstacle by a distance sensor
and sounds a buzzer installed in said helmet or glasses via a detection distance switching
mechanism that switches or changes the distance to a specific distance or less or to any
detection distance. The structure of eyeglasses or helmets, etc. with light-dimming lenses as
described in paragraphs 1 to 8 of the scope of claims for utility model registration,
characterized in that

(11) The structure of eyeglasses or helmets, etc. with dimming lenses as described in
paragraph 10 of the Utility Model Registration claims, characterized in that the distance
sensor is an infrared distance sensor.

(12) The structure of eyeglasses or helmets, etc. with dimming lenses as described in
paragraph 10 of the Utility Model Registration claims, characterized in that the distance
sensor is an ultrasonic distance sensor.

(13) A structure for eyeglasses or helmets, etc. with a dimming lens as described in
paragraphs 1 to 12 of the Utility Model Registration claims, characterized in that the
electronic circuit is configured on a flexible blintz board.

(14) The structure of eyeglasses, etc. with dimming lenses as described in paragraphs 1 to 8
of the Utility Model Registration Claims, characterized in that the electronic circuit excluding
the power supply battery is located in the bridge portion of the eyeglass frame.

(15) The structure of eyeglasses, etc. with light-dimming lenses as described in paragraphs 1
to 8 of the Utility Model Registration Claims, characterized in that the power supply battery
for the electronic circuit is located in the wisdom portion of the eyeglass frame.

Brief Description of Drawings

Figure 1 shows a diagram of a helmet with a dimming lens, Figure 2 shows a cross-sectional
view of the II-II line in Figure 1, Figure 3 shows the structure and control structure of a liquid
crystal cell, Figure 4 shows a cross-sectional view of the IV-IV line in Figure 1, and Figure 5
and Figure 6 show block diagrams of an obstacle warning mechanism respectively Figures 7,
8,9, 10, 11, 16, and 17 show the circuit diagram of a basic example of the control circuit of
this idea, and the circuit diagram of the light sensitivity switching mechanism, respectively.
The 17th figure shows an example of light intensity vs. resistance characteristics of a CdS
cell, the 18th figure shows an example of resistance vs. output voltage characteristics of a
CdS cell when an optical sensor is used as input resistance, the 19th figure shows an example
of applied voltage vs. light transmittance characteristics when a twisted nematic liquid crystal
cell is placed between orthogonal niches, and the 20th figure shows an example of external
light intensity vs. light transmittance characteristics when a twisted nematic liquid crystal cell
is placed between orthogonal niches. -Figure 21 shows an example of resistance value vs.
output voltage characteristics of a CdS cell when an optical sensor is used as a feedback
resistor; Figure 22 shows an example of applied voltage vs. optical transmittance
characteristics when a twisted nematic liquid crystal cell is placed between parallel niches;
Figure 23 shows the equivalent circuit of an output resistor and a liquid crystal Figure 24 is a
graph showing an example of frequency-voltage characteristics of a low-pass circuit.

1...Helmet body, 2...Visor, 4, 5... Transparent synthetic resin plate, 14...Light sensor, 16,
65.. Light sensitivity changeover switch, 20...Obstacle detection mechanism, 21. Obstacle

detection mechanism, 21...Detection distance setting pick, 22.. Light emitter, 23.. Light
receiver, 61...Glasses body, 62...Glasses frame, 64...Light sensor, L.. lens.
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Correction Dec. 19, 1961
The name of the device is amended as follows
Name of the device Structure of glasses or helmets, etc. with dimming lenses

The scope of claims and brief description of the drawings are amended as follows

Scope of Utility Model Registration Claims

(1) In helmets or sunglasses, etc. for motorcycles that have an electrode substrate and use an
element that changes color or light transmittance by the application of an external voltage or
a liquid crystal lens that changes its refractive index by changing the orientation state of
liquid crystal molecules as a lens part or visor part, a control circuit for the element, an
optical sensor that detects external light, The structure of glasses or helmets, etc. with light-
dimming lenses, characterized in that all electronic circuits, such as power supply batteries
and power switches, are housed in the body of the glasses or helmets, etc.

(2) A structure for eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraph 1 of the claims for utility model registration, characterized in that the electronic
circuit is equipped with a light sensitivity switching mechanism that switches or varies the
element that causes the color or light transmittance to change upon application of an external
voltage to a specific light intensity range or any light intensity range.

(3) The structure of eyeglasses or helmets, etc. with a light-tuning lens as described in
paragraphs 1 and 2 of the Utility Model Registration claims, characterized in that the element
that causes the color or light transmittance to change upon application of an external voltage
is a guest-host type liquid crystal cell.

(4) The structure of eyeglasses or helmets, etc. with a light-tuning lens as described in
paragraphs 1 and 2 of the Utility Model Registration claims, characterized in that the element
that causes the color or light transmittance to change by the application of an external voltage
is a twisted nematic liquid crystal cell.

(5) The structure of eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraphs 1 to 4 of the Utility Model Registration Claims, characterized in that the light
sensitivity switching mechanism comprises an automatic control mechanism by a
microcomputer.

(6) A structure for eyeglasses or helmets, etc. with a light control lens as described in
paragraphs 1 to 4 of the Utility Model Registration claims, characterized in that the light
sensitivity switching mechanism switches or varies the signal amplification level to adjust the
liquid crystal element to a specific light intensity range or any light intensity range.

(7) A structure for eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraphs 1 to 4 of the Utility Model Registration claims, characterized in that the light
sensitivity switching mechanism switches or varies the output impedance to adjust the liquid
crystal element to a specific light intensity range or any light intensity range.

(8) Glasses with a light control lens as described in paragraphs 1 to 4 of the Utility Model
Registration Claims, characterized in that the light sensitivity switching mechanism
comprises a structure in which a filter with a different light transmission level is placed in the
light input window of the light sensor, and the filter is switched or varied to adjust the liquid
crystal element to a specific light intensity range or any light intensity range. or structure of a
helmet, etc. as described in paragraphs 1 to 4 of the utility model registration claims.

(9) The structure of glasses or helmets, etc. with a light-dimming lens as described in
paragraphs 1 to 8 of the Utility Model Registration claims, characterized in that the liquid
crystal element is housed between two synthetic resin transparent plates having a columnar or
spherical radius of curvature.
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(10) In addition to said light-dimming lens, a part of the helmet or glasses is equipped with an
obstacle warning device that detects a distance from a forward obstacle by a distance sensor
and sounds a buzzer installed in said helmet or glasses via a detection distance switching
mechanism that switches or changes the distance to a specific distance or less or to any
detection distance. The structure of eyeglasses or helmets, etc. with light-dimming lenses as
described in paragraphs 1 to 8 of the scope of claims for utility model registration,
characterized in that

(11) The structure of eyeglasses or helmets, etc. with dimming lenses as described in
paragraph 10 of the Utility Model Registration claims, characterized in that the distance
sensor is an infrared distance sensor.

(12) The structure of eyeglasses or helmets, etc. with dimming lenses as described in
paragraph 10 of the Utility Model Registration claims, characterized in that the distance
sensor is an ultrasonic distance sensor.

(13) A structure for eyeglasses or helmets, etc. with a dimming lens as described in
paragraphs 1 to 12 of the Utility Model Registration claims, characterized in that the
electronic circuit is configured on a flexible blintz board.

(14) The structure of eyeglasses, etc. with dimming lenses as described in paragraphs 1 to 8
of the Utility Model Registration Claims, characterized in that the electronic circuit excluding
the power supply battery is located in the bridge portion of the eyeglass frame.

(15) The structure of eyeglasses, etc. with dimming lenses as claimed in paragraphs 1 to 8 of
the Utility Model Registration, characterized in that the power supply battery for the
electronic circuit is located in the wisdom portion of the eyeglass frame.

Brief Description of Drawings

Figure 1 shows a diagram of a helmet with a dimming lens, Figure 2 shows a cross-sectional
view of the II-II line in Figure 1, Figure 3 shows the structure and control structure of the
liquid crystal cell, Figure 4 shows a cross-sectional view of the IV-IV line in Figure 1, Figure
5 and Figure 6 show examples of the obstacle warning mechanism, respectively. Fig. 4 shows
the IV-IV cross section of Fig. 1; Fig. 5 and 6 show an example of the obstacle warning
mechanism; Fig. 7 is a diagram of the sunglasses showing another example of this idea; Fig.
8 is an enlarged view of the electronic circuit housing; Fig. 9 is an enlarged view of the
power battery housing; Fig. 10 is a circuit diagram showing a basic example of the control
circuit of this idea; Fig. 11 to 16 show an example of the light sensitivity switching
mechanism, respectively; Fig. 17 and 18 are circuit diagrams showing an example of the light
sensitivity switching mechanism. The 17th figure is a graph showing an example of light
intensity vs. resistance characteristics of a CdS cell, the 18th figure is a graph showing an
example of resistance vs. output voltage characteristics of a CdS cell when an optical sensor
is used as input resistance, the 19th figure is a graph showing an example of applied voltage
vs. light transmission characteristics when a twisted nematic liquid crystal cell is placed
between orthogonal niches Figure 20 shows an example of external light level - light
transmittance characteristics; Figure 21 shows an example of resistance value - output voltage
characteristics of a CdS cell when an optical sensor is used as a feedback resistor; and Figure
22 shows an example of applied voltage - light transmittance characteristics when a twisted
nematic liquid crystal cell is placed between parallel niches, Figure 23 is an equivalent circuit
of output resistance and liquid crystal cell, and Figure 24 is a graph showing an example of
frequency-voltage characteristics of a low-pass circuit.

1... Helmet body, 2...Visor, 4, 5... Transparent synthetic resin plate, 1 4...Light sensor, 16,
65.. Light sensitivity switching switch, 20...Obstacle detection mechanism, 21. Obstacle
detection mechanism, 21...Detection distance setting knob, 22...Light emitter, 23...Light
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receiver, 61.. Eyeglass body, 62.. Eyeglass frame, 64.. Light sensor, L...Lens, 63...Light
sensor, 64... Light sensor, 63.. Light sensor, 64...Light sensor, 63...Light sensor, 64.. Light
sensor, 63...Light sensor sensor, L...lens.
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specification

1. Name of the device

Structure of glasses or helmets, etc. with light-dimming lenses

2. Scope of claims for utility model registration

(1) In helmets or sunglasses, etc. for motorcycles that have an electrode substrate and use an
element in the lens section or visor section that causes the color or light transmittance to
change by the application of an external voltage, all electronic circuits, including the control
circuit of the element, a light sensor that detects external light, a power battery and a power
switch, are contained in the body of the glasses or The structure of glasses or helmets, etc.
with light-dimming lenses, characterized in that all electronic circuits such as control circuits
of elements, light sensors to detect external light, power batteries and power switches are
housed in the body of the helmet, etc.

(2) The structure of eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraph 1 of the utility model registration claims, characterized in that the electronic circuit
is equipped with a light sensitivity switching mechanism that switches or varies the element
that causes the color or light transmittance to change upon application of an external voltage
to a specific light intensity range or any light intensity range.

(3) The structure of eyeglasses or helmets, etc. with a light-tuning lens as described in
paragraphs 1 and 2 of the Utility Model Registration claims, characterized in that the element
that causes the color or light transmittance to change upon application of an external voltage
is a guest-host type liquid crystal cell.

(4) The structure of eyeglasses or helmets, etc. with a light-tuning lens as described in
paragraphs 1 and 2 of the Utility Model Registration claims, characterized in that the element
that causes the color or light transmittance to change by the application of an external voltage
is a twisted nematic liquid crystal cell.

(5) The structure of eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraphs 1 to 4 of the Utility Model Registration Claims, characterized in that the light
sensitivity switching mechanism comprises an automatic control mechanism by a
microcomputer.

(6) A structure for eyeglasses or helmets, etc. with a light control lens as described in
paragraphs 1 to 4 of the Utility Model Registration claims, characterized in that the light
sensitivity switching mechanism switches or varies the signal amplification level to adjust the
liquid crystal element to a specific light intensity range or any light intensity range.

(7) A structure for eyeglasses or helmets, etc. with light-dimming lenses as described in
paragraphs 1 to 4 of the utility model registration claims, characterized in that the light
sensitivity switching mechanism switches or varies the output impedance to adjust the liquid
crystal element or EC cell to a specific light intensity range or any light intensity range.

(8) The light sensitivity switching mechanism is characterized by a structure in which a filter
with a different light transmittance is placed in the light input window of the light sensor, and
the filter is switched or varied to adjust the liquid crystal element or EC cell to a specific light
intensity range or any light intensity range, as described in paragraphs 1 to 4 of the utility
model registration claims. Structure of eyeglasses or helmets, etc. with lenses.

(9) The structure of glasses or helmets, etc. with a light-dimming lens as described in
paragraphs 1 to 8 of the Utility Model Registration claims, characterized in that the liquid
crystal element is housed between two synthetic resin transparent plates having a columnar or
spherical radius of curvature.

(10) In addition to said light-dimming lens, a part of the helmet or glasses is equipped with an
obstacle warning device that detects a distance from a forward obstacle by a distance sensor
and sounds a buzzer installed in said helmet or glasses via a detection distance switching
mechanism that switches or changes the distance to a specific distance or less or to any
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detection distance. The structure of eyeglasses or helmets, etc. with light-dimming lenses as
described in paragraphs 1 to 8 of the scope of claims for utility model registration,
characterized in that

(11) The structure of eyeglasses or helmets, etc. with dimming lenses as described in
paragraph 10 of the Utility Model Registration claims, characterized in that the distance
sensor is an infrared distance sensor.

(12) The structure of eyeglasses or helmets, etc. with dimming lenses as described in
paragraph 10 of the Utility Model Registration claims, characterized in that the distance
sensor is an ultrasonic distance sensor.

(13) A structure for eyeglasses or helmets, etc. with a dimming lens as described in
paragraphs 1 to 12 of the Utility Model Registration claims, characterized in that the
electronic circuit is configured on a flexible blintz board.

(14) The structure of eyeglasses, etc. with dimming lenses as described in paragraphs 1 to 8
of the Utility Model Registration Claims, characterized in that the electronic circuit excluding
the power supply battery is located in the bridge portion of the eyeglass frame.

(15) The structure of eyeglasses, etc. with light-dimming lenses as described in paragraphs 1
to 8 of the Utility Model Registration Claims, characterized in that the power supply battery
for the electronic circuit is located in the wisdom portion of the eyeglass frame.

3. Detailed description of the idea

(Industrial Applications)

This invention relates to the construction of a helmet for motorcycles, light motorcycles,
passenger cars, light airplanes, and various other types of vehicles, and to the construction of
glasses or helmets with light-controlling lenses for improving sunglasses, etc. worn during
general riding.

(Conventional technology)

Various types of head protection helmets are in use in accordance with the mandatory
wearing of helmets when riding motorcycles, and many of them are equipped with a wind
visor that doubles as a sun visor in the opening to secure a field of vision. However, helmets
with sun visors have the disadvantage that visibility varies depending on the intensity of
sunlight, and especially when driving on roads with many tunnel entrances and exits,
visibility suddenly drops when entering a tunnel, resulting in a blind state.

The same is true for sunglasses used in general, and it was necessary to change glasses
depending on the intensity of outside light.

(Problem to be solved by the device)

Therefore, when wearing the above helmet, on roads with frequent tunnel entries and exits,
the driver had to stop and change the sun visor each time when entering or exiting a tunnel,
and it was impossible to use the helmet when using the highway because it was not possible
to stop on the road.

In particular, in the case of eyeglasses such as sunglasses, the electronic circuit for
electrically controlling the liquid crystal and EC material used in the lens section must be
equipped in a limited location on the eyeglass frame, which has been extremely difficult to
arrange and has not been embodied in practice.

The purpose of this invention is to provide a structure for glasses or helmets with light-
controlling lenses that automatically adjusts or switches the translucent lenses of sun visors or
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sunglasses installed on helmets according to the external illumination level, and also to
provide a structure for glasses or helmets with light-controlling lenses that detect obstacles in
front and issue warning signals to warn the wearer of obstacles in front. The purpose is to
provide a structure for glasses or helmets with light-dimming lenses with an added function
of detecting obstacles in front and issuing a warning signal. In addition, it is intended to
provide a technology to place the electronic circuit for electrically controlling the liquid
crystal and EC material used in the lens section in a limited location on the eyeglass frame.

(Means to solve the problem)

The structure of the proposed helmet or helmet, etc., with a light-dimming lens is a helmet or
sunglasses, etc., for motorcycles, in which an element having an electrode substrate and in
which the color or light transmittance is changed by the application of an external voltage is
used in the lens part or visor part, wherein the control circuit of the element, light sensor to
detect external light, power supply battery and a power switch are housed in the body of the
glasses or helmet, etc.

The above electronic circuit is equipped with a light sensitivity switching mechanism that
switches or varies the element, which changes color or light transmittance by the application
of an external voltage, to a specific light intensity range or to an arbitrary light intensity
range, and is used in response to the intensity of ambient light.

The liquid crystal element that causes the color or light transmittance to change upon
application of the above external voltage can be composed of a guest host liquid crystal cell
or a twisted nematic liquid crystal cell.

The light sensitivity switching mechanism can be an automatic control structure that
automatically controls the external voltage applied to the liquid crystal element by a
microcomputer, and the light sensitivity switching mechanism can be configured to switch or
vary the output impedance, or to place a filter with different light transmittance in the light
input window of the optical sensor and switch or vary the filter. The light sensitivity
switching mechanism can be configured to switch or vary the output impedance, or to place a
filter with a different light transmittance in the light input window of the light sensor and
adjust the liquid crystal element or EC cell to a specific light intensity range or an arbitrary
light intensity range.

Furthermore, the aforementioned liquid crystal element or EC cell is housed between two
synthetic resin transparent plates with a columnar or spherical radius of curvature to eliminate
external pressure directly applied to the lens.

The structure of glasses or helmets, etc., with light-dimming lenses is such that, in addition to
the above-mentioned light-dimming lenses, a part of the helmet or glasses, etc., is equipped
with an obstacle warning device that detects the distance from a forward obstacle by a
distance sensor and switches or varies the detection distance to a specific distance or less or
any detection distance through a detection distance switching mechanism, which is installed
on the helmet or glasses, etc. The pusher can be used as a bell. In the case of glasses, a
vibrating body that directly stimulates the wearer's skin can be provided instead of a pusher.

The above distance sensor can be composed of an infrared distance sensor or an ultrasonic
distance sensor.
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In addition, the structure of glasses or helmets, etc. with light-dimming lenses of the present
invention can achieve the purpose by configuring the electronic circuit with a flexi ble printed
circuit board and placing the electronic circuit excluding the power supply battery in the
bridge part of the eyeglass frame and the power supply battery in the wisdom part of the
eyeglass frame. The power supply battery is located in the bridge of the eyeglass frame.

(Action)

The structure of glasses or helmets, etc., with light-dimming lenses in the above configuration
can obtain appropriate transmitted light presentation in places where there are differences in
the intensity of external light, such as daytime and nighttime use, use inside or outside a
tunnel, etc., by means of a light-dimming action that changes light transmission by switching
the voltage applied to the liquid crystal cell of the light-dimming visor or lens by the light
sensitivity switching mechanism. This allows the user to change the light transmittance
without the need to replace the polarizers or lenses.

In addition, the above flat liquid cell is housed in the gap between two transparent synthetic
resin plates with a cylindrical or spherical curved surface, which protects the liquid cell from
external shocks and ensures sufficient strength against shocks.

Furthermore, the obstacle detection mechanism detects obstacles in front of the helmet with a
distance sensor and sounds a buzzer when the distance is less than a preset or adjusted
distance, thus acting as a distance warning device.

In addition, the control circuitry can be downsized without changing the appearance of
conventional eyeglasses, so the design of eyeglasses can be implemented without
compromising the design.

(Example)

The following is an example of the structure of glasses or helmets, etc. with light-dimming
lenses of the present invention, which will be described in accordance with the drawings.
Figures 1 to 6 show an example of a helmet for motorcycles, and Figures 1 to 3 show its
appearance.

The sign 1 is the helmet body which covers the user's head and consists of a visor 2 for
securing a field of vision in the front. As shown in the second figure, the visor 2 consists of
lenses L, L consisting of flat liquid crystal cells La, La via a liquid crystal cell storage frame
6 between two synthetic resin transparent plates 4, 5 such as plastic resin having a cylindrical
or spherical radius of curvature separated by a spacer 3, wherein the liquid crystal cells La are
of the In the case of a twisted nematic type, a polarizing film 8 is attached to the back surface
of a synthetic resin transparent plate 4. As shown in Figure 4, the liquid crystal cell La
consists of glass plates 10 and 10 with transparent electrode films 9 formed on their inner
surfaces through insulating spacers 11 and filled with liquid crystal 12 in the minute gaps
between the transparent electrode films 9 and 9, respectively, as shown in Guest-host type A,
and twisted-nematic type B. The liquid crystal cell La is composed of a helmets. The liquid
crystal cell La is driven by a power supply unit 13 such as a battery equipped in the helmet
body 1, and an output voltage is applied to both transparent electrode films 9 and 9 from a
control means 15 that adjusts the output voltage by inputting a signal from an optical sensor
14 such as a CdS element fixed to the front face of the helmet body 1. The light sensitivity
can be switched by the light sensitivity switching switch 16 installed in the main body 1, and
the control circuit described below controls the applied voltage to the lenses L and L.
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The obstacle detection mechanism 20 is composed of a control circuit including a light
emitter 22 made of LED and a light receiver 23 made of PSD fixed on the forehead of the
helmet body 1, as shown in the block diagram in Figure 5. . The control drive circuit inputs
the output of the bias circuit 24 of the light-receiving element 23, which receives light
through the light-receiving lens 24, and the output of the differential amplifier 27, which is
driven by the difference in output from the two pulse crawling conversion amplifiers 25 and
26, to a sample and hold circuit 28, and the output of the sample and hold circuit 28 and the
detection distance setting knob The output of the sample and hold circuit 28 is compared with
the output of the variable resistor 29, the setting of which is changed by the detection distance
setting knob 21, by the comparator 30 in the latter stage, and the comparative output drives
the buzzer 32 installed inside the helmet body 1 via the buzzer drive circuit 31. The above
sample-and-hold circuit 28 is synchronized with the timing generator 33, and the LED drive
circuit 34 energizes the above light projector 22, which consists of LEDs, to emit infrared
rays toward obstacles located in front of the helmet through the light projection lens 35, and
the reflected light of the infrared rays is input to the light receiving element 23. The reflected
light of the infrared ray is input to light receiving element 23.

Figure 6 shows a block diagram of the obstacle detection mechanism 20 using an ultrasonic
sensor, which consists of a wave transmitter sensor 41 and a receiver sensor 42 fixed to the
forehead of the helmet body 1, replacing the light emitter 22 and receiver 23 of the previous
example. Sign 43 is the sensitivity adjustment volume of the receiver sensor 42, 44 is the
receiver signal shaping circuit, 45 is the distance pulse generation circuit, 46 is the distance
coefficient circuit, and the buzzer 50 is driven by comparison with the timing generator 49
via the buzzer drive circuit 47. The timing generator 49 sends a drive signal to the distance
pulse generation circuit 52 and the wave sensor drive circuit 48 according to the input value
from the distance setting switch 51, which is composed of a digital switch circuit, and the
wave sensor drive circuit 48 oscillates a high frequency for distance measurement at a
predetermined frequency from the wave sensor 41. The structure is designed to oscillate a
high-frequency wave for distance measurement at a predetermined frequency from the wave
transmitter sensor 41 by the wave transmitter sensor drive circuit 48.

Figures 7 through 9 show the implementation of this idea in sunglasses.

The main body 61 of the glasses consists of the eyeglass frame 62, the lenses L, L, and the
light sensor window 64 and light sensitivity switching switch 65 formed on the eyeglass
frame 62. The electronic circuit and power supply battery, which will be described later, are
built into a part of the eyeglass frame 62. The lenses L, L use liquid crystal cells, each of
which electrically controls the amount of transmitted light.

As shown in Figure 8, the above electronic circuit is configured in the bridge section of the
eyeglass frame 62, and is the control electronic circuit described below with CdS cell 67,
analog IC 68, power switch 69, chip capacitor 70, and chip resistor 71 mounted on flexible
print substrate 66.

The above control electronic circuits can be mounted using conventional techniques such as
chip mounter machines and reflow solder machines, which allow for compact

microfabrication and high-density mounting that can be accommodated in the bridge section
of the above eyeglass frame 62.
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Furthermore, because the 66 flexible printed circuit board is a film-like substrate, it is capable
of forming electric circuits that follow its shape even in uneven or deformed locations.

The connection between the control electronic circuit and the liquid crystal cell of the lens L,
L is made at the connection indicated by the sign 72 via conductive adhesive or the like. The
power supply wiring section 73 extending from the flexible printed circuit board 66 is wired
from the bridge section of the eyeglass frame 62 to the wisdom section, leading to the
electrode section of the power supply battery 74 shown in the 9th figure.

The control circuits for the voltage applied to the lenses L, L of the helmet's light modulating
visor for motorcycles shown in the first example above and the sunglasses shown in the
second example are described below in Figs. 10 through 16.

The control circuit in Figure 10 shows a basic example of this idea.

This circuit shows an example in which an operational amplifier is used as the analog IC68,
and the analog IC68, capacitor C3, CdS cell 67, resistors R3 and R4 constitute a multivibrator
circuit. Therefore, in this circuit, the oscillation frequency of the multivibrator is increased
when the light level is high, and is decreased when the light level is low. The signal thus
obtained is applied to the liquid crystal cell La of lens L, L via resistor R5.

However, since the liquid crystal cell La forms a capacitive load C in terms of electrical
characteristics, R5 and CL constitute a low-pass filter as shown in the equivalent circuit in
Figure 23. Therefore, the voltage V2 between the two ends of the liquid crystal cell La
becomes low at high frequencies, and conversely becomes high at low frequencies. In other
words, when the amount of light is high, the voltage applied to the liquid crystal cell La is
low and the light transmittance of the lens L is suppressed, and when the amount of light is
low, the voltage applied to the liquid crystal cell La is high and the light transmittance of the
lens L is increased, thus demonstrating the light-shielding effect of sunglasses in response to
external light.

Next, the control circuit equipped with the light sensitivity switching mechanism is described.
The power supply connections are omitted from the circuit diagrams in Figures 11 through
16. The connection of the power supply is made as needed depending on the elements used,
and the circuit diagrams are examples of the minimum necessary.

Figures 11 and 12 show the circuit diagram of an example in which the optical sensitivity is
switched by switching the amplification level. The oscillation frequency of the multivibrator
circuit is determined by C1 and R1, and the oscillation frequency f can be obtained by the
following equation (a).

£ o= -~ - (5 z) - (4)
2.-C1+R1

The Al used in this multivibrator circuit can be an operational amplifier IC, comparator IC, or
a circuit combining discrete components.

In Figure 11, the signal obtained in the multivibrator circuit described above is supplied to
amplifier A2 via optical sensor Rcds. The amplifier A2 has a combination of feedback
resistors Rfl and Rfd, and a switch 16(65) to switch between them.
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Since the amplification G of amplifier A2 is obtained by the following equation (mouth), it is
possible to change the amplification G by switching the switch 16 (65).

Bl e {pr )y
Reds

The signal amplified by amplifier A2 is supplied to lenses L and L. The lenses L, L consist of
a liquid crystal cell La sandwiched between polarizing plates Lb and Lb'. A twisted nematic
liquid crystal cell is used for the liquid crystal cell La, and the polarizing plates Lb and Lb'
are placed in an orthogonal niche with their polarization axes orthogonal to each other. When
the twisted nematic liquid crystal cell is placed between the orthogonal-nicole polarizing
plates, as shown in Figure 19, the optical transmittance decreases when a high-voltage signal
is applied, while the optical transmittance increases when a low-voltage signal is applied.

In this example, a CdS cell is used for the light sensor Rcds, and the characteristics of the
CdS cell with respect to light are shown in Figure 17, where the resistance value is low when
the light level is high and high when the light level is low.

Therefore, as can be seen in equation (mouth), when the light sensor Rcds receives light, the
resistance value becomes small, the amplification of amplifier A2 increases, a high voltage
signal is applied to lenses L and L, and the light transmittance of lenses L and L decreases.
When the amount of light received by the light sensor Rcds is low, the resistance value
increases, the amplification of amplifier A2 decreases, a low voltage signal is applied to
lenses L and L, and the light transmittance of lenses L and L increases. The circuit that
operates in this way has two feedback resistors, Rfl and Rfd, and by switching these resistors,
the light sensitivity can be switched.

The relationship between the resistance values of Rfl and Rfd is RfI<Rfd, and the Rfl side is
used during the day when external light intensity is high, and the Rfd side is used at night (or
when external light intensity is low). In other words, when the light level is high, the light
sensor Rcds operates in the low resistance range, so the resistance value of the feedback
resistor Rfl should be set to a low resistance value that matches the change in Rcds. The
characteristics of the output voltage of A2 will be as shown in Figure 18. Therefore, the light
intensity and lens light transmittance characteristics will be as shown in the 20th figure. In the
20th figure, the characteristic curve of D shows an example of the characteristics when Rfd is
connected, and the characteristic curve of L shows an example of the characteristics when Rfl
is connected.

In this example, two feedback resistors are used, but more than two may be used depending
on the application. In this case, the number of contacts of the changeover switch 16(65)
should be the same number of steps as the number of feedback resistors. The 16(65) can be
toggle switches, rotary switches, slide switches, or the like, as long as they are capable of
switching the circuit.

When the light sensitivity is variable without steps, a variable resistor can be used as a
feedback resistor instead of Rfl and Rfd. In this case, the switching switch 16(65) becomes
unnecessary, and the light intensity can be set to any desired range.
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Figure 9 shows a circuit diagram of an example in which an optical sensor Rcds is used as the
feedback resistor of amplifier A2, and the output voltage of amplifier A2 with respect to the
light level can be changed to change the light sensitivity by switching the input resistors Rs1
and Rsd.

This example shows a case in which polarizing plates Lb and Lb' with parallel-nickel
polarization axes are used for lenses L. and L, and a liquid crystal cell La (twisted nematic
liquid crystal cell) is placed between them. In this example, in addition to the twisted nematic
liquid crystal, a liquid crystal cell using a guest host liquid crystal, which is a mixture of a
liquid crystal with positive dielectric anisotropy and a dye that absorbs light in the long axis
direction of the dye molecules, may be used for the lenses L, L. In the case of a liquid crystal
cell using guest host liquid crystal, polarizing plates Lb and Lb' may not be used at all, or
either one of the polarizing plates Lb and Lb' may be used.

The applied voltage and light transmittance characteristics of lenses L and L are shown in
Figure 22. When Rsd and Rsl are used as input resistors as in this example, the amplification
G of amplifier A2 can be obtained by the following equation (c), and the characteristics of
light sensor Rcds with respect to light intensity are as shown in Figure 17, and the
characteristics of light sensor Rcds and output voltage of amplifier A2 are shown in Figure
21.

HHEE G = — e R G = = ()
R sd Ksl

Therefore, by switching the input resistors Rsd and Rsl with switch 16(65), the output voltage
of amplifier A2 with respect to the light intensity can be changed to change the light
sensitivity. The light intensity and lens light transmittance characteristics at this time are
shown in Figure 20. In Figure 20, the characteristic curve in D shows an example when Rsd
is connected to the input resistor, and the characteristic curve in L shows an example when
Rsl is connected.

In this example, two input resistors are used, but more than two may be used depending on
the application. In this case, the number of contacts of the changeover switch 16(65) should
be the same as the number of input resistors. In this case, the number of contacts of the
changeover switch 16(65) should be the same number of steps as the number of input
resistors.

When the light sensitivity is to be varied steplessly instead of stepwise, a variable resistor can
be used as an input resistor instead of Rsl and Rsd. In this case, the changeover switch 16(65)
becomes unnecessary, and the light sensitivity can be set to any light intensity range.

Figure 13 shows a circuit diagram of an example of switching optical sensitivity by changing

the output impedance. A3, C2, R2, R3, and Rcds constitute a multivibrator circuit. The
oscillation frequency f of this multivibrator circuit can be obtained by the following equation

(d).
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1
D ———————— - {H 2 e {2

Therefore, since the resistance value of the optical sensor Rcds varies with the amount of
light as shown in Figure 17, the oscillation frequency f varies with the change in the
resistance value of the optical sensor Reds.

Since the liquid crystal cell exhibits capacitive electrical characteristics, a low-pass circuit
can be configured by connecting Rol or Rod in the circuit configuration shown in the 13th
figure. Therefore, if the capacitance value of the liquid crystal cell is C, the equivalent circuit
is as shown in the 23rd figure, and the voltage V2 applied to the liquid crystal cell can be
obtained by the following formula (e). In the 23rd figure, V1 is the output voltage of the
multivibrator circuit, V2 is the voltage applied to the liquid crystal cell, R represents Rol or
Rod, and C represents the combined capacitance value of the liquid crystal cells of lenses L
and L.

V8 o o ()
EEL. =2 5 f

As shown in equation (e), V2 becomes a low voltage when the frequency is high and a high
voltage when the frequency is low, and its frequency characteristic will show a characteristic
of 1 6 dB/octave when the cutoff frequency fC or higher as shown in Figure 24. The cutoff
frequency fC can be obtained by the following equation (He).
fe= (H z ) e {A)
2 CR

Therefore, by changing R in equation (he) to Rol or Rod, the cutoff frequency fC can be
changed, and the sensitivity to light intensity can be switched.

For the lenses L and L shown in this example, a twisted nematic liquid crystal cell with
polarizers Lb and Lb' in parallel niche or a liquid crystal cell with guest host liquid crystal
using either polarizers Lb and Lb' or no polarizer at all can be used. In this case, the light
intensity and lens transmittance characteristics are as shown in Figure 20. In Figure 20, the
characteristic curve in D shows an example when Rod is connected, and the characteristic
curve in L. shows an example when Rol is connected.

In this example, two output impedances, Rol and Rod, are used, but more than two may be
used depending on the application. In this case, the number of contacts of the changeover
switch 16(65) should be the number of steps appropriate for the number of output
impedances. The changeover switch 16(65) can be a toggle switch, rotary switch, slide
switch, or the like, as long as it is capable of switching the circuit.

When the light sensitivity is to be varied steplessly instead of stepwise, a variable resistor can
be used as the output impedance instead of Rod and Rol. In this case, the changeover switch
16(65) is not needed, and the light sensitivity can be set to any light intensity range.
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Figures 14 through 16 show the circuit diagram of an example in which a filter with different
light transmittance is placed in the light receiving window of the light sensor, and the light
sensitivity is switched by switching the filter. The filter fl has a side L with low light
transmittance and a side D with high light transmittance, which is switched. That is, when the
external light level is high, the filter is set to the L side, and the external light level is reduced
by this filter and is applied to the light sensor Rcds. Also . When the external light level is
low, it is set to the D side. If the difference in light transmittance between the L and D sides
of the filter is set to the difference in light intensity between day and night, for example, the
filter can be set to the L side, which reduces light intensity during the day, and to the D side,
which does not reduce light intensity during the night, to provide the same light control effect
for both day and night with a difference in light intensity.

Two or more filters with different light transmittance in Figures 14 through 16 may be used,
in which case the light sensitivity can be set as many times as the number of filters. If filters
with continuously varying light transmittance are used, the light sensitivity can be set
steplessly instead of step by step. Furthermore, the shape of the fill evening f1 can be a
rectangular plate or a disk, and the light sensitivity can be switched (or made variable) by
sliding or rotating them.

For the lenses L, L in the example shown in Figure 14, a twisted nematic liquid crystal cell
La sandwiched between polarizing plates Lb, Lb' with their polarization axes in parallel
niche, or a liquid crystal cell La using a guest host liquid crystal mixed with a liquid crystal
with positive dielectric anisotropy and a dye that absorbs light in the long axis direction of
dye molecules, etc. can be used. In the case of liquid crystal cells using guest host liquid
crystals, polarizing plates Lb and Lb' may not be used at all, or either one of the polarizing
plates Lb and Lb' may be used.

In the above examples, the case in which nematic liquid crystal cells are used for the lenses L
and L is described, but liquid crystal cells using cholesteric liquid crystal, smetic liquid
crystal, ferroelectric liquid crystal, etc. may also be used for the lenses L and L.

(Effects of the device)

As described above, the structure of glasses or helmets, etc., with a light-transmitting lens of
this invention can obtain the appropriate maximum transmitted light in places where there is a
difference in the intensity of external light, such as use during the daytime and nighttime or
use inside or outside a tunnel, by changing the degree of light transmission, so not only is it
unnecessary to replace a visor or glasses, it is also possible to adjust the light transmission
level of the lens to the desired level. In addition, the obstacle detection mechanism detects
obstacles in front of the helmet with a distance sensor and sounds a buzzer when the distance
is less than a preset or adjusted distance, thus acting as a distance warning device.

In addition, since the above flat liquid crystal cell is housed in the gap between two synthetic
resin transparent plates having a cylindrical or spherical curved surface, the lens can be
protected from external impact force and a helmet with sufficient strength against impact can
be constructed. In particular, when the helmet is used for eyeglasses, it can be implemented
with almost no change in appearance from conventional eyeglasses, so the design of the
eyeglasses can be implemented without losing any of its design.
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4. brief description of the drawing

Figure 1 shows a diagram of a helmet with a dimming lens, Figure 2 shows a cross-sectional
view of the II-II line in Figure 1, Figure 3 shows the structure and control structure of the
liquid crystal cell, Figure 4 shows a cross-sectional view of the IV-IV line in Figure 1, Figure
5 and Figure 6 show examples of the obstacle warning mechanism, respectively. Fig. 4 shows
the IV-IV cross section of Fig. 1; Fig. 5 and 6 show an example of the obstacle warning
mechanism; Fig. 7 is a diagram of the sunglasses showing another example of this idea; Fig.
8 is an enlarged view of the electronic circuit housing; Fig. 9 is an enlarged view of the
power battery housing; Fig. 10 is a circuit diagram showing a basic example of the control
circuit of this idea; Fig. 11 to 16 show an example of the light sensitivity switching
mechanism, respectively; Fig. 17 and 18 are circuit diagrams showing an example of the light
sensitivity switching mechanism. The 17th figure is a graph showing an example of light
intensity vs. resistance characteristics of a CdS cell, the 18th figure is a graph showing an
example of resistance vs. output voltage characteristics of a CdS cell when an optical sensor
is used as input resistance, the 19th figure is a graph showing an example of applied voltage
vs. light transmission characteristics when a twisted nematic liquid crystal cell is placed
between orthogonal niches Figure 20 shows an example of external light level - light
transmittance characteristics; Figure 21 shows an example of resistance value - output voltage
characteristics of a CdS cell when an optical sensor is used as a feedback resistor; and Figure
22 shows an example of applied voltage - light transmittance characteristics when a twisted
nematic liquid crystal cell is placed between parallel niches, Figure 23 is an equivalent circuit
of output resistance and liquid crystal cell, and Figure 24 is a graph showing an example of
frequency-voltage characteristics of a low-pass circuit.

1...Helmet body, 2...Visor, 4, 5... Transparent synthetic resin plate, 1 4...Light sensor, 16,
65...Light sensitivity switching switch, 20...Obstacle detection mechanism, 21. Obstacle
detection mechanism, 21.. Detection distance setting knob, 22... Light emitter, 23.. Light
receiver, 61.. Eyeglass body, 62.. Eyeglass frame, 64.. Light sensor, L....Lens, 63.. Light
sensor, 64.. Light sensor, 63...Light sensor, 64...Light sensor, 63...Light sensor, 64...Light
sensor, 63...Light sensor sensor, L...lens.
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(54) Title: DEVICE AND METHOD FOR ULTRAVIOLET RADIATION MONITORING

(57) Abstract: An ultraviolet radiation monitor is discloscd. The monitor includes an aluminum gallium nitride-based detector, such
as a Schottky junction fahricated with aluminum gallivm nitride and a Schottky layer containing palladium, and a processor. The
composition of the detector is tailored so that the detector is responsive substantially only to radiation of certain wavelengths, such
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DEVICE AND METHOD FOR
ULTRAVIOLET RADIATION MONITORING

This application is being filed as a PCT International Patent application in
the name of APA Optics, Inc., a U.S. national corporation (applicant for all countries
except the U.S.), and in the names of Minseub Shin, a citizen of the Republic of
Korea (South Korea), and Anil K. Jain, a U.S. citizen (applicants for the U.S. only),
on 27 April 2001, designating all countries.

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

The invention relates generally to monitoring ultraviolet radiation and more
specifically to monitoring UV radiation using aluminum gallium nitride detectors.

2. DESCRIPTION OF THE RELATED ART

Ultraviolet radiation (UV) detectors are useful in a variety of applications.
For example, UV radiometers are used to detect UV radiation from the sun to assist
users engaged in outdoor activities in setting time limits for exposure to the sunlight.
In manufacturing processes where epoxy is used, UV radiometers are often used to
monitor the UV radiation intensity from UV lamps to determine the proper length of
time for curing epoxy. UV detectors are also useful in flame sensing and missile
guidance systems.

In certain applications, it is advantageous or necessary to use UV detectors
that have spectral selectivity, i.e., sensor that are sensitive only to radiation of certain
wavelength but not of others. In flame sensing, for example, it is often desirable to
employ visible-blind UV detectors, i.ce., those sensitive to UV but not to radiation of
longer wavelengths. This is because in some applications, flames are to be detected
against hot backgrounds such as infrared emissions from hot bricks in a furnace. By
detecting only UV emissions, which are present in the flames but not in the hot
backgrounds. one can distinguish flames from the backgrounds.

For sunburn prevention, it is also desirable to selectively measure UV
radiation of wavelengths of 320 nanometers (nm) or shorter. Most of the sun’s UV

radiation of wavelengths shorter than 290 nm (often called “UV-C”) does not reach
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the earth’s surface due to the absorption by the earth’s ozone layer. Of the
remainder, UV radiation of wavelengths between 290 nm and 320 nm (“UV-B”) is
known to be particularly harmful to humans. Thus, it is desirable to accurately
monitor UV-B instead of radiation of a broad spectrum.
For sunburn prevention applications, it is also desirable to have a convenient
way to set accurate dosage limits and alert the user when the limits are reached.
Conventional devices and methods have not adequately addressed these and

other needs.

SUMMARY OF THE INVENTION

According to the invention, an ultraviolet radiation monitor includes (a) an
aluminum gallium nitride detector configured to produce an intensity signal
indicative of the intensity of the ultraviolet radiation received by the detector; (b)
signal generator configured to produce a skin type signal indicative of a level of
tolerance by a person’s skin to ultraviolet radiation; (¢) a signal generator configured
to produce a blocking power signal indicative of the blocking power of a sunscreen
applied to the skin of the person; and (d) a processor operatively connected to, and
receiving signals from, the detector, and the signal generators signal generator to
receive the intensity signal, skin type signal and blocking power signal. The
processor is configured to generate, in response to the skin type signal and blocking
power signal, a dose limit signal indicative of a limit of the cumulative ultraviolet
radiation the person is to receive and, in response to the intensity signal, a
cumulative dosage signal indicative of the cumulative ultraviolet radiation the
person has received over a time period. The processor is also configured to produce
a signal, such as an alarm or visual display, perceptible to the user when the
cumulative ultraviolet radiation indicated by the dosage signal is at least the limit
indicated by the dose limit signal.

The signal generators can include user interfaces to receive user inputs
indicative of the level of tolerance by a person’s skin to ultraviolet radiation and
indicative of the blocking power of the sunscreen applied to the skin of the person.

The ultraviolet radiation monitor can include a housing accommodating the
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signal generators, processor and user interfaces, with the housing being in the form
of a wrist watch.

The detector used in the ultraviolet radiation monitor can have a spectral
response in which the magnitude of response changes by at least an order of 1,000
between 300 nm and 330 nm. The spectral response can substantially match the
erythemal response spectrum. The detector can be a Schottky-barrier junction
detector. It can further be a junction in which one electrode is made substantially of
Al Ga, N, with x not less than about 25% and not more than about 30%, or not less
than about 27% and not more than about 29%.

The processor in the ultraviolet radiation monitor can be configured to
generally continuously receive from the detector intensity signals over the time
period and produce a dosage signal indicative of the time integral over the time
period of the ultraviolet radiation intensity. The processor can also be configured to
receive from the detector an intensity signal and produce a dosage signal indicative
of product of the intensity and the length of the time period.

The ultraviolet radiation monitor can include a substantially flat display
surface configured to show a variety of signals produced by the various components
of the monitor, and the detector can have a directional variation in the response in
which there is a direction in which the radiation flux causes the maximum response
by the detector. This direction can be at a non-zero angle, for example 40°, from the
orientation of the display surface.

A method for aiding a person to prevent over exposure to ultraviolet
radiation according to the invention includes (a) measuring the intensity of the
ultraviolet radiation using a ultraviolet radiation detector at lcast partially fabricated
from aluminum gallium nitride; (b) ascertaining the level of tolerance by the
person’s skin to ultraviolet radiation; (c) ascertaining the blocking power of any
sunscreen applied to the skin of the person; (d) deriving from the tolerance level and
blocking power a limit of the cumulative ultraviolet radiation the person is to
receive; (e) calculating, based at least partially on the measured ultraviolet radiation
intensity. the cumulative ultraviolet radiation the person has received over a time

period; and (f) alerting the use, for example by alarm or a visual display, when the
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cumulative ultraviolet radiation is at least the limit of the cumulative ultraviolet
radiation the person is to receive.

The method can also include selecting, without using spectral filters, the
spectral response of the detector such that the magnitude of response of the detector
to ultraviolet radiation changes by at least an order of 800, or between 800 and 1200,
or about 1000, between 300 nm and 330 nm. The selection can be accomplished by
setting the composition of the aluminum gallium nitride used in the detector, for
example, by constructing the detector with a Schottky-barrier junction detector in
which one electrode is made substantially of Al,Ga, N, wherein x is not less than
about 25% and not more than about 30%., or not less than about 27% and not more

than about 29%.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon
reading the following detailed description and upon reference to the drawings in
which:

Figure 1 shows the erythemal response spectrum of human skin;

Figure 2 shows the spectral response of a UV detector constructed with
aluminum gallium nitride of an approximate composition of Al,,,Ga, ,,N;

Figure 3 shows a watch-type UV radiation monitor as an illustrative
embodiment of the invention;

Figure 4 shows a crass-sectional view of the UV radiation monitor shown in
Fig. 3;

Figure 5 shows a schematic diagram of the electrical circuit for a UV
radiation monitor in one illustrative embodiment of the invention;

Figure 6 shows a more detailed diagram of the micro control unit;

Figure 7 shows the main steps in an illustrative process in accordance with
one aspect of the invention; and

Figures 8 A-8C shows the structure of a UV radiation detector in accordance

with one aspect of the invention.
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While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that
the description herein of specific embodiments is not intended to limit the invention
to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

The UV-monitoring device and method of the invention are particularly
useful for monitoring the UV radiation most harmful to human skin. They provide
sensitive and accurate UV measurements by using aluminum gallium nitride
detectors with tailored composition and UV dosage limit warning signals based on
calculations that take into account user skin type and UV-blocking power of any
sunscreen the user is using.

On average, how long a person may be safely exposed to UV radiation is
determined by a number of factors. First, the safe exposure time, i.c., the amount of
time a person can stay in the solar UV radiation without skin damage, is inversely
proportional to the intensity of the UV radiation, often expressed as “UV-index”
(“UVI™) for solar UV. Second, the tolerance of UV radiation by an individual is
related to that individual’s skin type, which may be quantified as a numeric “skin
factor” (“SF”), devised by the American Dermatological Association. Other factors
being equal, the higher the SF of a person, the longer the person can be exposed to
UV radiation. Specifically, if a person’s SF is incremented by one, the safe exposure
time of the person is lengthened by a factor of about 1.22. Third, a sunscreen
typically enables a person to be safely exposed to UV radiation longer. The “Sun
Protection Factor” (“SPF”) of a sunscreen denotes the factor by which the sun
exposure time may be lengthened. For example, a sunscreen with an SPF of 15
enables the person wearing the sunscreen to stay out in the sun 15 times the length of
time that person can be subjected to the same UV condition without the protection of

the sunscreen.
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In measuring UV radiation intensity for sunburn protection, it is important to
measure the portions of UV radiation that is harmful to humans. In general, human
skin is much more sensitive to UV-B than to UV-A. As shown in Figure 1, known
as the “erythemal response spectrum™, the human skin sensitivity to erythema
(redness or burning due to UV exposure) typically undergoes a increase of several
decades when the wavelength is decreased from about 330 nm to 300 nm. Thus, to
accurately measure harmful UV radiation, it is preferable to have a detector that has
a spectral response that closely matches the erythemal response spectrum, at least in
the range of about 290 nm to about 350 nm.

Although specific spectral responses of monitors may be achieved by a
combination of UV detectors and filters, it is often costly to use the number of filters
needed. In addition, the efficiency of the monitor is compromised because of the
energy losses in the filters. Photomultipliers may be used for some of these
applications but unfortunately are bulky, difficult to integrate with control
electronics and, in general, require high operating voltages.

The use of detectors made of aluminum gallium nitride addresses these
problems. Aluminum gallium nitride, Al,Ga, N, where x ranges from O to 1,isa
compound semiconductor that is ideally suited for devices in the ultraviolet parts of
the spectrum. Aluminum gallium nitride has a direct band gap which is tunable
from 3.4 electron volts (or 365 nm) at x=0 to 6.2 electron volts (or 200 nm) at x=1,
by adjusting the composition, i.e., the value of x. This makes the material ideally
suited for intrinsic ultraviolet sensors with high responsivities for wavelengths
shorter than 365 nanometers and essentially no photosensitivity for longer
wavelengths. For example, Schottky-barrier detectors fabricated from aluminum
gallium nitride (including the end-members AIN and GaN) for visible-blind UV
detection have been disclosed in the U.S. Patent No. 6,104,074, which is commonly
assigned with the present application and is incorporated herein by reference. The
spectral response (Figure 2), for example, of a detector fabricated with the
approximate composition Al,,,Ga, ,,N and in photovoltaic mode exhibits a cut-off at
about 290 nm, which is the Al,,,Ga, -,N band edge, with the responsivity falling off

by orders of magnitude for longer wavelengths.
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The spectral response of the aluminum gallium nitride detector can be
designed to closely match the erythemal response spectrum, i.e., to have an onset of
the drop in responsivity at about 290 to 300 nm and a drop of responsivity of at least
800, for example between 800 and 1,200 or about 1,000, between 300 nm and 330
nm. For example, with an approximate composition Al,,.Ga, N, the detector has
responsivity that decreases by a factor of about 1000, between wavelengths of 300
nm and 330 nm. The spectral response of the detector is otherwise also similar to
the erythemal response spectrum at least between about 290 nm and 350 nm
wavelengths.

As shown in Fig. 3, the UV radiation monitor 300 includes a housing 302,
which can be of any suitable housing, including a wrist-watch-type housing having a
watchband 304 for attaching the monitor 300 to a person.

The monitor 300 also includes a UV radiation detector 308 adapted to be
exposed to UV radiation through the housing 302. The detector 308 is of a photo-
electrical type that has an intrinsic (i.e., without the aid of filters) spectral response
limited to UV radiation. For example, the detector 308 can be a junction device
having aluminum gallium nitride on one side of the junction. More specifically, the
detector 308 can include a Schottky-barrier junction detector such as those disclosed
in the U.S. patent application S/N 09/206,328, as incorporated herein above. In
particular, the composition of aluminum gallium nitride can be chosen, such that the
detector 308 is sensitive substantially only to UV-B radiation. Experiments have
shown that detectors with a composition with x of about 25-30% have such
characteristics. For example, a composition of x of about 27-29% results in a
detector that is has a spectral response cutoff, i.e., the point where the responsivity
drops to10 % of peak responsivity, at about 320 nm.

The detector 308 can further be of a type that has a spectral response
approximately matching the spectral sensitivity of the human skin, i.e.. the
erythemal response spectrum. That is, the percentage decrease in the detector
response to radiation as a function of radiation frequency around the cutoff
wavelength is approximately the same as the percentage decrease in erythemal

response spetrum. For example, a composition with x of about 27% to about 29%

1383_PRIOR_ART_000581

Apple Inc. EX1002 Page 699



10

15

20

25

30

WO 01/84095 PCT/US01/13689

results in a detector that is has a spectral response that drops off by a factor of about
1000 between wavelengths of 300 nm and 330 nm.

An example of this type of device is shown in Fig. 8 A. The detector 308
includes a detector housing 802, which contains a Schottky-barrier junction 804 that
is sensitive substantially only to radiation with wavelengths of 320 nm or shorter, as
described above. The junction 804 is covered with a layer of a UV-transparent
epoxy 806, the spectral response of which is such that the combination of the epoxy
with the junction 804 results in a spectral response that approximately matches the
spectral sensitivity of the human skin. An example is the Epo-Tek 301-2 epoxy,
available from Epoxy Technology, Inc., Boston Massachusetts. This epoxy is 98-
99% transparent at wavelengths from 310 nm to 2.5 pm and 90% transparent at 300
nm but rapidly becomes opaque at wavelengths shorter than 290 nm. Thus the
combination of the junction 804 and epoxy layer 808 is sensitive substantially only
to radiation with wavelengths between 290 and 320 nm, i.e., UV-B, and the spectral
response approximately matches the spectral sensitivity of human skin. Figures 8B
and 8C illustrates the detector 308 in further details.

Aluminum gallium nitride UV detectors can be made by a variety of known
techniques, including those disclosed in the U.S. Patent No. 6,104,074 for Schottky-
barrier detectors, as mentioned above, and U.S. Patent No. 5,278,435, which is also
incorporated herein by reference.

As shown in Fig. 4, the detector 408 (308 in Fig. 3) can be covered by a
protective cover 410 (310 in Fig. 3). The protective cover 410 can be of any UV-
transparent material, including a visible-blocking, UV-transparent color filter such as
those commercially available from Corning, Inc., Corning, New York. Although
aluminum gallium nitride based detectors exhibit excellent rejection ratio of the
visible range (better than 1000:1), a color filter can further improve that
performance.

The housing 302 accommodates a number of pushbuttons, including the
START+ button 312, HOLD- button 314, MODE button 316 and SET button 318.

These buttons, when pushed, operate their respective switches 312 (See Fig. 3) in the
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electronic circuit 300 contained in the housing 302. Some of the functions of the
switches 312 will be described later below.

The housing 302 also contains a display 306, which includes a UVI display
arca 324, a date display area 326 and a time display area 328. The display can be of
any suitable type, including LCD. The UVI display area has an upper portion 322
and a lower portion 324. The lower portion 324 is adapted to display UVI in
numerical form, (whereas the upper portion 322 is adapted to display UVI in graphic
form, such as a “sun dot”, having ten bars, with the number of bars lit (or darkened)
representing the UVI value up to 10. The bars of the “sun dot” may also be
randomly lit and not represent the UVI, or may be a series of preprogrammed
patterns. This way, the “sun dot” is used to make the watch display more interesting
to the user and other observers. The time display area 328 is adapted to display the
time. The date display area 326 is adapted to display the date and day of week, but
also other parameters depending on the mode selected by the MODE or START+
buttons, as described in more detail below.

Referring again to Fig. 4, the detector 408 is positioned to face a direction
that is at an angle relative to the surface of the display 406. The detector may have a
direction in which the responsivity of the detector is the greatest. This is typically
the case, for example, where signal-generating layer in a junction detector is
generally planar and the detector does not employ other means, such as a diffuser, to
eliminate directional dependency. In that case, the direction of the maximum
responsivity is generally the direction perpendicular to the signal-generating layer, or
the junction. 1n the illustrative embodiment shown in Fig. 4, the detector 408
defines a direction of maximum responsivity generally perpendicular to the face of
the detector 408, and the surface of the display 406 has a general orientation that is
generally perpendicular to the surface. Preferably the angle is between about 30 to
50 degrees, and more preferably about 40 degrees so that when a person in an
upright posture facing the sun and wearing the monitor on his/her wrist attempts to
read and adjust the settings on the monitor, the detector 408 is most likely to point
approximately directly at the sun. This will most likely result in a reading of

substantially the maximum UV intensity.

1383_PRIOR_ART_000583

Apple Inc. EX1002 Page 701



wn

10

20

25

30

WO 01/84095 PCT/US01/13689

Electronically, as shown in Fig. 5, the UV monitor includes a processor 500,
which includes an amplifier 504 for receiving the current signal from the UV
detector 502 (the physical embodiment of which is the detector 308 in Figs. 3 and 4)
and converting the current signal to a voltage signal of a predetermined range, e.g.,
0-3 volts. The processor 500 also includes a micro controller unit (“MCU”) 506,
which handles all or most of the signal processing, including analog-to-digital
(“A/D”) conversion, detector calibration, time calculation, display drive and other
signal processing. The amplifier 504 is operatively connected to the MCU 506 and
supplies voltage signal to the MCU. The processor 500 further includes a
nonvolatile memory 508, such as an EEPROM, for storing the calibration
parameters for the detector 502. If the relation between the detector signal
amplitude and UV radiation intensity is linear, two numbers (oftset and linear
coefficient) can be stored in the memory 508 and read by the MCU 506. The
processor further includes switches 512, which can be activated by the pushbuttons
312-318 to send signals to the MCU 506 to accomplish setting the various
parameters of the UV monitor. The MCU 506 is operably connected to the display
510 for output.

The MCU 506 can be of any suitable micro-processor. Many off-the-shelf
microprocessors can be used. In the embodiment illustrated in Fig. 4, the MCU 506
includes a CPU 602, the processing codes are stored in the ROM 604, connected to
the CPU 602. Other parts of the MCU 606 are operably connected to the CPU 602
via the I/0 port and interrupt control 606: the serial 1/0 port 608, which is operably
connected to the nonvolatile memory 508; the LCD driver 610, which is operably
connected to the display 310; watch timer 612, which supplies timing signals to the
various watch functions and UV exposure time countdown; A/D converter 612,
which is connected to the amplifier 504 for converting the voltage signal to a digital
signal; and the [/O ports 614a-d for receiving signals generated by the switches 512.
respectively.

In operation, upon receiving UV radiation, the detector 508 generates a
current signal corresponding to the intensity of the radiation. The signal is converted

to a voltage signal by the amplifier 504. The MCU 506 reads the voltage signal and
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calculates the UVI value from the magnitude of the signal and calibration parameters
read from the nonvolatile memory 508. The UVI value is displayed in the UVI
display area 320 as described above. In the above example of graphical
representation of UVI using a “sun dot™ having ten rays, the “sun dot” can be
programmed to flash when UVI exceeds 10, indicating a dangerously high level of
UV radiation.

To set the safe exposure time, as outlined in Fig. 7, the user first initializes
(700) the UV monitor by pressing the START+ button 312. In response, the MCU
506 sets the percentage time remaining to 100% and prompts for the user to enter the
SF and SPF by incrementally changing the displayed values using the START+
(312) or HOLD- (314) buttons (710). After cach value is set, the user pushes the
SET button 318. Once both SF and SPF are set, the MCU 506 takes a reading of the
signal from the detector 502 (720). From the signal, from which and the calibration
parameters stored in the nonvolatile memory 508 the UVI can be calculated, and the
SF and SPF values, the MCU 506 calculates the corresponding safe exposure time
(“SE”) and multiplies it by the percentage time remaining (100% at the beginning)
(730). For example, the SE can be calculated as a function of UVI, SF and SPF

approximately by the equation:

uvi,

SE(UVI,SF,SPF) = SE(UVI,,SF,,SPF,) % ST TR oSt 2z SPE

SPF,
where SE(UVI,, SF,, SPF,) is the safe exposure time for a person of skin factor of
SF,, wearing a sunscreen of SPF,, and exposed to UV radiation of UV],. Any
SE(UVI,, SF,, SPF;) can be chosen as the starting value from which other SE can be
calculated. For example, one can choose SE(3, 5, 6), which is approximately one
hour. Any other suitable ways to ascertain SE can also be used. For example, SE
values corresponding to various combinations of SFF, SPI" and UVI can be pre-stored
in memory and selected from based on the particular combination of SF, SPF and
UVL

The MCU 506 then lets a certain amount of time, for example 0.5 seconds,
elapse (740) and calculates the percentage time remaining (750). Next the MCU 506
checks if the percentage time remaining is zero or less (760). If it is not, the MCU

506 then checks if the HOLD function, to be discussed in more detail below, is
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acitvated (770). If it is not, the process repeats itself beginning at step 720, i.e., a
new UVI measurement is made and new SE calculated; if the HOLD function is
activated, the process repeats itself beginning at step 740, i.e., more time is let pass
without taking a new UVI reading.

Whenever the percentage time remaining has reached zero or negative, the
MCU 506 triggers an alarm, alerting the user that the maximum safe UV exposure
time has expired (780).

The HOLD function lets the user decide whether the UVI is to be assumed to
be constant until the further instruction. When the user is not engaged in rigorous
activities, as in the case of sunbathing, the monitor is like to be relatively steady and
measure the UVI that the user is actually exposed to. In contrast, if the user is
engaged in rigorous activities such as tennis playing, the position of the monitor is
like to change frequently. There is then a possibility that the UV exposure measured
by the monitor is substantially different from that actually experienced by most parts
of the user’s body if the monitor continues to update its UVI reading. To avoid this
situation or to ensure a conservative setting, the user has the option to activated the
HOLD function, indicating that the UVI reading is to be held constant.

The HOLD function can be activated by pressing the HOLD- button 314 for
longer than a predetermined time period, for example five seconds. When the
HOLD function is activated, the value of the assumed UVT is displayed in digital
form in the lower portion 324 of the UVI display area 320, while the actual UV1is
optionally displayed graphically in the upper portion 322.

The user can use the MODE button 316 to display the values of SF, SPF, and
UVI and use the other pushbuttons 312, 314 and 318 to change any of the values.

Other processes are also possible. For example, instead of decreasing
percentage time remaining from the SE, in an equivalent process, the maximum
allowable UV dosage is set by the MCU 506 according to skin factor, UV dosage
rate is measured as UVI reduced by a factor of SPF, and the dosage rate is integrated
until the maximum allowable dosage is reached.

Other features can be added to further enhance the utility of the UV monitor.

For example, the UV monitor can also be constructed to have a “Storage” mode, in
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which the power consumption rate by the monitor is significantly reduced. The
MCU 506 can be programmed such that upon a predetermined sequence of pressing
some or all of the buttons 312, 314, 316 and 318, a selected group of energy
consuming components are turned off. For example, the display driver 610 and
detector amplifier 504 can be powered off in this mode. The MCU 506 itself carries
out no operation other than checking its own status and that of the I/O ports 614a-d
every half a second or any other acceptable periodicity. If none of the buttons 312,
314, 316 and 318 has been pressed, the monitor will remain in the storage mode. If,
however, any of the buttons 312, 314, 316 and 318 has been pressed, the MCU 506
sends instructions to power up all components and set the monitor in the normal
operational mode.

The particular embodiments disclosed above are illustrative only, as the
invention can be modified and practiced in different but equivalent manners apparent
to those skilled in the art having the benefit of the teachings herein. Furthermore, no
limitations are intended to the details of construction or design herein shown, other
than as described in the claims below. It is therefore evident that the particular
embodiments disclosed above can be altered or modified and all such variations are
considered within the scope and spirit of the invention. Accordingly, the protection

sought herein is as set forth in the claims below.
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This specification describes aspects of prior art UV detectors and monitoring UV
radiation. However, neither such aspects of prior art UV detectors and monitoring UV
radiation nor the description contained herein of such aspects of prior art UV radiation
detectors and monitoring UV radiation is to be taken as forming part of the common
general knowledge solély by virtue of the inclusion herein of the reference to and
description of such aspects of prior art UV radiation detectors and monitoring UV
radiation. '

Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises™ or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any
other integer or group of integers.

13/2

1383_PRIOR_ART_000588
COMS ID No: SBMI-04266132  Received by IP Australia: Time (H:m) 17:42 Date (Y-M-d) 2006-07-25

Apple Inc. EX1002 Page 706



E11-02-20021) 09:33  MERCHABNGOULD PA TEL:612 33651  US0113689

10

15

20

25

30

CLAIMS

What is claimed is:
. Anultraviolet radiation monitor, comprising:

(a) an ultraviolet radiation detector at least partially fabricated from
aluminum gallium nitride and configured to produce an intensity signal
indicative of the intensity of the ultraviolet radiation received by the
detector:

(b) a first signal generator configured to produce a skin type signal
indicative of a level of tolerance by a person’s skin to ultraviolet
radiation;

(c) a second signal generator configured to produce a blocking power
signal indicative of the blocking power of a sunscreen applied to the skin
of the person; and

(d) a processor operatively connected to the detector, the first signal
generator and the second signal generator to receive the intensity signal,
skin type signal and blocking power signal, ‘

wherein the processor is configured to generate, in response to the
skin type signal and blocking power signal, a dose liinit signal indicative
of a limit of the cumulative nltraviolet radiation the person is to receive
and, in response to the intensity signal, a cumulative dosage signal
indicative of the cumulative ultraviolet radiation the person has received
over a time period,

wherein the processor is further configured to produce a signal
perceptible to the user when the cumulative nltraviolet radiation indicated
by the dosage signal is at least the limit indicated by the dose limit signal.

2. The ultraviolet radiation monitor of claim 1, wherein the first signal

generator includes a first user interface configured to receive a user input
indicative of the level of tolerance by a person’s skin to ultraviolet
radiation, and wherein the second signal generator includes a second user
interface configured to receive a user input indicative of the blocking

power of the sunscreen applied to the skin of the person.

14
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AMENDED SHEET
Empfangscery 1ivreus 1vecy

Apple Inc. EX1002 Page 707



EF1-02-2002 ) 09:34  MERCHA@XGOULD PA - TEL:612 336¢S1 _ US0113689

3. The ultraviolet radiation monitor of claim 2, further comprising a housing
accommodating the signal generators, processor and user interfaces,
wherein the housing is in the form of a wrist watch.

5 4. The ultraviolet radiation monitor of claim 1, wherein the magnitude of
response of the detector to ultraviolet radiation changes by at least an
order of 800 between 300 nm and 330 nm.

5. The ultraviolet radiation monitor of claim 4, wherein the detector has a
10 spectral response that substantially matches the erythemal response
spectrui.

6. The ultraviolet radiation monitor of claim 2, wherein the processor is
configured 10 receive from the detector an intensity signal and to produce
15 a dosage signal indicative of product of the intensity and the length of the
time period. '

7. The ultraviolet radiation monitor of claim 1, wherein the monitor further
includes a substantially flat display surface configured to show a visual
20 signal indicative of at least one of the intensity signal, skin-type signal,
blocking power signal, dose limit signal and cumulative dosage signal,
wherein the detector defines a direction in which the radiation flux causes
the maximum response by the detector, wherein the direction is at an
angle from the orientation of the display surface.
25
8. The ultraviolet radiation monitor of claim 1, wherein the detectoris a
Schottky-barrier junction detector.

9. The ultraviolet radiation monitor of claim 1, wherein the detector
30 comprises 2 Schottky-barrier junction in which one electrode is made
substantially of A1,Ga, N, wherein x is not less than about 26% and not
more than about 29%.

15 1383_PRIOR_ART_000590
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10. A method for aiding a person to prevent over exposure to ultraviolet
radiation, the method comprising:
(a) measuring the intensity of the ultraviolet radiation using an
. " ultraviolet radiation detector at least partially fabricated from aluminum
5 gallium nitride; '

(b) ascertaining the level of tolerance by the person’s skin to
ultraviolet radiation;

(c) ascertaining the blocking power of any sunscreen applied fo the
skin of the person;

10 . (d) deriving from the results of steps (b) and (c) a limit of the
cumulative ultraviolet radiation the person is to receive;

(e) calculating, based at least partially on the ultraviclet radiation
intensity measured in step (a), the cumulative ultraviolet radiation the
person has received over a time period; and

15 (f) alerting the user when the comulative ultraviolet radiation is at
least the limit of the cumulative nltraviolet radiation the person is to

receive.

11. The method of ;:laim 10, further comprising (g) selecting, with ont using
20 spectral filters, the spectral response of the detector such that the
magnitude of response of the detector to ultraviolet radiation changes by
at least an order of 800 between 300 nm and 330 mim.

12. The method of claim 11, wherein (g) comprises setting the composition
25 of the aluminum gallium nitride used in the detector, constructing the
detector with a Schottky-barrier junction detector in which one electrode
is made substantially of Al,Ga,.N, wherein x is not less than about 26%
and not more than about 29%.

30 13, The method of claim 10, further comprising the steps of:
(h) setting a percentage time value as remaining for the person to stay

exposed to the ultraviolet radiation without skin damage;

16 1383_PRIOR_ART_000591
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(i) deriving from the results of steps (a), (b) and (c) a total amount of
time, SE, the person can stay exposed to ultraviolet radiation without
. skin damage according to the formula

SE(UVI,SF, SPF) = SE(UVI, . SF,,SPF, )% Z120 y gtsr-stovimzz , SPF
v <% SPF,

3 ’
where UV is the radiation intensity, SF is the level of tolerance,
quantified and skin type, by the person’s skin to ultraviolet radiation,
SPF is the blocking power, quantified as sun protection factor, of the
sunscreen applied to the skin of the person, SE(UVIy, SFy, SPFo) is a
10 predetermined constant equal to the amount of time a person of skin
factor of SFy and wearing a sunscreen of SPFy can stay exposed to
ultraviolet radiation of intensity UVIp without skin damage;
(§) calcnlating the time remaining' for the person 1o stay exposed to
the ultraviolet radiation without skin damage as the result of step (i)
15 multiplied by the percentage time value;
(k) waiting for a predetermined time interval;
(1) reducing the percentage time value by the ratio between the lexigth
of the predetermined time interval and the result of step (3);
(m) repeating steps (a) and (i) through (1) until the percentage time
20 value is not more than a predetermined value; and
(n) alerting the user after step (m).

17
1383_PRIOR_ART_000592

AMENDED SHEET
Emnfongerait 11.Feh. 1H:7Y

Apple Inc. EX1002 Page 710



2001261065 25 Jul 2006

25. Jul. 2006 15:41 No. 1173 P 6

14. An ultraviolet radiation monitor substantially as hereinbefore described.

15, An ultraviolet radiation monitor substantially as hereinbefore described with reference
to Figures 2 to 6 and 8A to 8C of the accompanying drawings.

16. A method for aiding a person to prevent overexposure to ultraviolet radiation
5 substantially as hereinbefore described.

17. A method for aiding a person to prevent overexposure to ultraviolet radiation
substantially as hereinbefore described with reference to Figure 7 of the accompanying
drawings, '

10 Dated this Twenty Fifth day of July 2006.

APA Enterprises, Inc.
Applicant

15  Wray & Associates

Perth, Western Australia
Patent Attorneys for the Applicant
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1
EYEGLASSES SUITABLE FOR TRANSMITTING AND RECEIVING
CELLULAR TELEPHONE CALLS
Technical Field

The present invention relates to a pair of eyeglasses suitable for

transmitting and receiving cellular telephone calls.

Disclosure of the invention

The aim of the present invention is to provide eyeglasses that in addition
to the normal optical and/or sunlight protection function are capable of
constituting a means for transmitting and receiving cellular telephone calls.

Within this aim, an object of the invention is to provide eyeglasses that
can be worn just as easily and comfortably as conventional ones.

Another object is to provide eyeglasses that can be used with any kind of
cellular telephone.

Another object is to provide eyeglasses whose devices for transmitting
and receiving cellular telephone calls are integrated, so as to avoid varying
their ergonomic performance. ’

Another object is to provide eyeglasses whose structure allows industrial-
scale manufacture at coinpetitive costs.

This aim and these and other objects that will become better apparent
hereinafter are achieved by eyeglasses, comprising a frontpiece which
supports lenses, to the ends of which temples are articulated, characterized in
that they comprise a microphone in the front part, at least one earpiece
adjacent to one end of a corresponding’temple, connection wires inside at
least one temple, and a connector for a cable for connection to a cellular
telephone.

Brief description of the drawings

Further characteristics and advantages of the invention will become better
apparent from the following detailed description of an embodiment thereof,
illustrated only by way of non-limitative example in the accompanying

drawings, wherein:
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2

Figure 1 is a rear perspective view of eyeglasses according to the
invention;

Figures 2 to 4 are enlarged-scale views of details of the eyeglasses of
Figure 1;

Figure 5 is a view of a detail of a further embodiment of the invention.

Ways of carrying out the Invention

With reference to the figures, a pair of eyeglasses according to the
invention is constituted, in a conventional manner, by a frontpiece 10, which
supports the lenses 11 (of a type suitable to correct defects or of a type that
provides protection against sunlight), to the ends of which temples 12 are
articulated.

According to the invention, the eyeglasses comprise a microphone 13
located in the internal front part that is not in view, at least one earpiece 14
adjacent to an end 15 of a corresponding temple 12, connection wires 16
arranged inside the structure, and a connector 17 for a cable 18 for
connection to a cellular telephone 19.

More particularly, the microphone 13 can be integrated in the front part
of the corresponding temple 12 (Figures 1 to 4) or integrated in the
frontpiece 10 (reference numeral 113 in Figure 5), in which case at the
corresponding hinge 20 it is necessary to provide electrical contacts, not
shown in the figure, for continuity.

The earpiece 14 can be arranged at the end of an extension 21 made of
plastically deformable material, which diverges from the end 15 of the
corresponding temple 12.

This is done to allow the user to perform personalized orientation and
positioning of the earpiece 14.

The material of the extension 21 can be plastically deformable metal or a
plastic material such a rubber co-molded on the temple 12 and containing a
plastically deformable metallic core.

As an alternative, it is possible to use a plastically deformable plastic
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material.

The passage of the connecting wires 16 is of course provided inside the
extension 21.

Such wires, like the wires for the microphone 13, are in fact embedded in
the plastic material, in the case of eyeglasses having a plastic frame, or are
located inside hollow regions of the structure, in the case of eyeglasses
having a metal structure. '

As regards the connector 17, it is of the female type and is embedded in
the end 15 and can be of the commonly commercially available type that is
complementary to the male connectors -22 normally used in cellular
telephone connections.

In practice, it has observed that the intended aim and objects of the
present invention have been achieved.

The eyeglasses in fact are entirely similar in appearance to normal sight-
correction eyeglasses or sunglasses and can be used normally for this
purpose, with the additional possibility, for example when in a car, on a
motorcycle, on a bicycle or in other cases, to connect the microphone 13 and
the earpiece 14 by means of the cable 18 to a cellular telephone 19 and
therefore to transmit and receive calls.

The earpiece 14 can of course also be integrated directly in the end 15.

In practice, the materials employed, so long as they are compatible with
the contingent use, as well as the dimensions, may be any according to
requirements.

The disclosures in Italian Utility Model Application No.
PD2001U000034 from which this application claims priority are

incorporated herein by reference.
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4

CLAIMS

1. Eyeglasses, comprising a frontpiece which supports lenses, to the ends
of which temples are articulated, characterized in that they comprise a
microphone in the front part, at least one earpiece adjacent to one end of a
corresponding temple, connection wires inside at least one temple, and a
connector for a cable for connection to a cellular telephone.

2. The eyeglasses according to claim 1, characterized in that said
microphone is located in the inner part thereof, which is not in view.

3. The eyeglasses according to claim 1, characterized in that said
microphone is integrated in said front part of a temple.

4. The eyeglasses according to claim 1, characterized in that said
microphone is integrated in the frontpiece.

5. The eyeglasses according to claim 1, characterized in that said at least
one earpiece is arranged at the end of an extension made of plastically
deformable material that diverges from said end of said temple.

6. The eyeglasses according to claim 5, characterized in that the material
of said tab is plastically deformable metal or elastically deformable plastic
material with a plastically deformable metallic core, or plastically
deformable plastic material.

7. The eyeglasses according to claim 1, characterized in that said
connection wires are embedded in the plastic material in the case of
eyeglasses having a frame made of plastics.

8. The eyeglasses according to claim 1, characterized in that said
connecting wires are located inside hollow regions of the structure in the
case of metal eyeglasses.

9. The eyeglasses according to claim 1, characterized in that said
connector is a female connector, which is embedded in the corresponding
end and is complementary to the connectors used in cellular telephone

connections.
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(57) Abrégé(suite)/Abstract(continued):

including a concave surface and an opposed convex surface. The visor is capable of being disposed such that at least a portion of
the visor is located outside a field of view of the operator. The head-mounted head tracking sensor is capable of repeatedly
determining a position of the head to thereby track movement of the head. In this regard, each position of the head is associated
with a position of the at least one eye. Thus, the processing element can repeatedly determine the gaze of the operator, based
upon each position of the head and the associated position of the eyes, thereby tracking the gaze of the operator.
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GAZE TRACKING SYSTEM, EYE-TRACKING ASSEMBLY AND AN
ASSOCIATED METHOD OF CALIBRATION

ABSTRACT OF THE DISCLOSURE

A system for tracking a gaze of an operator includes a head-mounted eye
tracking assembly, a head-mounted head tracking assembly and a processing element.
The head-mounted eye tracking assembly comprises a visor having an arcuate shape
including a concave surface and an opposed convex surface. The visor is capable of
being disposed such that at least a portion of the visor is located outside a field of
view of the operator. The head-mounted head tracking sensor is capable of repeatedly
determining a position of the head to thereby track movement of the head. In this
regard, each position of the head is associated with a position of the at least one eye.
Thus, the processing element can repeatedly determine the gaze of the operator, based
upon each position of the head and the associated position of the eyes, thereby

tracking the gaze of the operator.
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GAZE TRACKING SYSTEM, EYE-TRACKING ASSEMBLY AND AN
ASSOCIATED METHOD OF CALIBRATION

FIELD OF THE INVENTION
The present invention relates generally to head/eye tracking systems for visual
display systems and, more particularly, to head/eye tracking systems including an eye

tracking device having a curved visor.

BACKGROUND OF THE INVENTION

Visual display systems, such as flight simulation systems, are commonly
employed to train military and commercial pilots. Conventional visual display
systems include one or more screens onto which a video image is projected by one or
more projectors containing image sources, such as cathode ray tubes (CRTs). The
operator of the visual display system is also generally provided with a control panel
and, in some instances, a joystick for providing input to the visual display system in
response to the displayed video image. In this regard, the control panel and joystick
are often designed to duplicate the controls and displays found in an aircraft. Thus,
the operator can simulate the flight of an aircraft, for example, and can respond to the
environment as depicted by the visual display.

In order to provide a relatively large display for the operator, the video image
produced by the projector of a conventional flight simulation system is generally
expanded and displayed upon a screen having a much larger surface area than the
surface of the image source. For example, each optical line pair of a conventional
projector generally defines a projection angle of 7 to 12 arcminutes. Thus, while a
relatively large image is displayed for the operator, the resolution of the image is
somewhat diminished by the expansion of the video image.

To improve the effective resolution of the projected video image, systems and
methods have been developed to inset a high resolution video image into the
displayed video image or background image. The high resolution inset image is
generally relatively small and is, for example, positioned at an area of interest, such as
the portion of the screen that the operator is currently viewing. The high resolution
inset image generally has a small relative size, taking advantage of the human visual

system’s limited ability to see clear images outside a small area surrounding the line
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of sight. The small region surrounding the line of sight corresponds to the foveal
region of the human eye and, therefore, the corresponding ability to see high detail in
the region surrounding the line of sight is typically referred to as foveal vision. This
high resolution inset image, which is positioned to generally follow the operator’s line
of sight, is typically referred to as the Area of Interest (AOI) display. The line of
sight including the foveal vision of the operator is generally defined by (1) the
direction the operator’s head faces, and (2) the direction the operator’s eyes face
relative to the position of the operator’s head.

An area of interest 8 is typically determined by a head/eye tracking device, as
shown in FIG. 1. As shown, to frack the operator’s head position, the head/eye
tracking device 10 includes a head tracker sensor 12 mounted above the operator’s
head by means of a headband 14, helmet, or other securing device worn on the
operator’s head so that the position of the head/eye tracking device is held fixed in
position and orientation relative to the operator’s head. To track the position of the
operator’s eyes, the head/eye tracking device includes a video camera 16 mounted
above and forward of the operator’s head by means of the headband or other head-
mounted securing device. The image capture device tracks the position of the
operator’s eyes by imaging the pupils of the operator’s eyes through a partially
reflective/partially transmissive flat mirror 18, which is mounted in front of the
operator’s eyes. By imaging the operator’s pupils through the mirror, the image
capture device can be mounted in a position out of the operator’s visual field of view,
In operation, before the head/eye tracking device 10 can track position of the
operator’s head and eyes, the head/eye tracking device must be calibrated with the
screen upon which the video image produced by the projector is displayed.
According to one conventional method of calibrating the head/eye tracking device, a
plurality of calibration points are displayed upon the screen, such as nine calibration
points displayed in a 3x3 matrix. Then, to calibrate the head tracker sensor 12 of the
head/eye tracking device, the operator moves his head and, thus, the head tracker
sensor such that one of the calibration points is in line with a fixed reference point
attached to the head/eye tracker. A data point is then recorded based upon the
position of the head tracker sensor. The operator then repeats the process for each of
the calibration points displayed upon the screen, with a data point recorded at each
calibration point. Once a data point has been recorded for all calibration points, a

head tracking calibration function is calculated based upon the recorded data points.
-
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Either before or after calibrating the head tracker sensor, the image capture
device of the head/eye tracker must be calibrated with the screen so that the head/eye
tracking device can accurately track the position of the operator’s eyes relative to the
head tracker sensor. To calibrate the image capture device, the calibration points are
again displayed upon the screen. The operator then orients his head and, thus the
head tracker sensor, in a fixed position, preferably such that the operator’s line of
sight intersects a center point of the screen. Holding his head in the fixed position, the
operator moves his eves such that the operator’s line of sight intersects one of the
calibration points. A data point is then recorded for the calibration point based upon
an image of the operator’s pupils taken by the image capture device. In this regard,
the data point can include information such as pupil position in both the X and Y
directions, as well as corneal reflection in both the X and Y directions. Also as
before, the operator repeats the process of moving his eyes to each calibration point
and recording a data point for each calibration point, all while holding his head in the
fixed position. And after the data points have been recorded for all of the calibration
points, an eye tracking calibration function is calculated based upon the reéorded data
points, e.g., (eye pitch, eye yaw) = f(input data from tracker).

After calculating the calibration functions, the head/eye tracking device tracks
the position of the operator’s head based upon the position of the operator’s head as
determined by the head tracker sensor, and based upon the head tracking calibration
function. Similarly, the head/eye tracking device tracks the position of the operator’s
eyes as determined by the image capture device, and based upon the eye tracking
calibration function. And based upon the position of the operator’s head and pupils at
any given time, the area of interest is selected relative to the screen and thereafter
displayed, such as in line with the operator’s line of sight. The high resolution inset
image can then be projected within the area of interest to thereby be within the
operator’s foveal vision.

Whereas conventional head/eye tracking devices are adequate in tracking the
head and eye position of the operator, such conventional tracking devices have
drawbacks. The partially reflective/partially transmissive flat mirror 18, which is
mounted in front of the operator’s eyes, is visually distracting for the operator. In this
regard, the mirror is an unnatural obstruction in the operator’s visual field of view,
limiting the operator’s feeling of visual immersion in a virtual reality application,

such as that found in flight simulation systems.
-3
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In addition to the structural drawback of the partially reflective/partially
transmissive flat mirror 18, the method by which conventional head/eye tracking
devices are calibrated also has drawbacks. As stated before, either the operator’s eyes
or head must remain in a fixed position for a period of time during various stages of
calibrating the head/eye tracking device. In this regard, the calibration method is
prone to errors caused by inadvertent movement of either the operator’s eyes or head
during a time in which the eyes or head must remain in a fixed position for complete
accuracy. Due to the time period the operator is required to keep either his eyes or
head in the fixed position, the operator can have a tendency to fatigue, which can

cause the operator’s eyes or head to inadvertently move.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention there is provided a head-
mounted eye tracking assembly for tracking movement of at least one eye of an
operator. The eye tracking assembly includes a visor having an arcuate shape
including a concave surface and an opposed convex surface, wherein the visor is
capable of being disposed such that the at least one eye is located proximate the
concave surface, wherein the visor is at least partially reflective such that the visor is
capable of reflecting an image of the at least one eye, and wherein the visor is capable
of being disposed such that at least a portion of the visor is located outside a field of
view of the operator. The eye tracking assembly further includes an image capture
device disposed proximate the concave surface of the visor, wherein the image
capture device is capable of tracking movement of the at least one eye based upon the
image of the at least one eye reflected by the visor.

The concave surface of the visor may include a reflective coating.

The head-mounted eye tracking assembly may further include an illuminator
capable of illuminating the at least one eye.

The illuminator may be capable of illuminating the at least one eye with
infrared light.

The head-mounted eye tracking assembly may further include a lens disposed
in an optical path of the image capture device, wherein an effective focus of the image
capture device is based upon an optical power of the visor and an optical power of the

lens.
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The image capture device may be located outside the field of view of the
operator.

In accordance with another aspect of the invention, there is provided a system
for tracking a gaze of an operator. The gaze tracking system includes a head-mounted
eye tracking assembly. The head-mounted eye tracking assembly further includes a
visor having an arcuate shape including a concave surface and an opposed convex
surface, wherein the visor is capable of being disposed such that at least one eye is
located proximate the concave side, wherein the visor is at least partially reflective
such that the visor is capable of reflecting an image of the at least one eye, wherein
the visor is capable of being disposed such that at least a portion of the visor is located
outside a field of view of the operator, and wherein the head-mounted eye tracking
assembly is capable of repeatedly determining a position of the at least one eye based
upon the image of the at least one eye reflected by the visor to thereby. track
movement of the at least one eye. The head-mounted eye tracking assembly further
includes a head-mounted head tracking sensor capable of repeatedly determining a
position of the head to thereby track movement of the head, wherein each position of
the head is associated with a position of the at least one eye. The head-mounted eye
tracking assembly further includes a processing element capable of repeatedly
determining the gaze of the operator to thereby track the gaze of the operator, wherein
the processing element repeatedly determines the gaze of the operator based upon
each position of the head and the associated position of the at least one eye.

The concave surface of the visor of the head-mounted eye tracking assembly
may include a reflective coating.

The head-mounted eye tracking assembly may further include an illuminator
capable of illuminating the at least one eye.

The illuminator may be capable of illuminating the at least one eye with
infrared light.

The head-mounted eye tracking assembly may further include an image
capture device disposed proximate the concave surface of the visor, and wherein the
image capture device is capable of tracking movement of the at least one eye based

upon the image of the at least one eye reflected by the visor.
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The head-mounted eye tracking assembly may further include a lens disposed
in an optical path of the image capture device, wherein an effective focus of the image
capture device is based upon an optical power of the visor and an optical power of the
lens,

The image capture device may be located outside the field of view of the
operator.

In accordance with another aspect of the invention, there is provided a visual
display system. The visual display system includes a background image projector
having a predetermined field of view, the background image projector generating a
background image having a predetermined size and resolution that at least partially
fills the field of view. The visual display system further includes at least one inset
image projector for generating an area of interest (AOI) image having a smaller size
and a higher resolution than the background image, the inset image projector having a
predetermined field of view that is capable of being movably disposed at least
partially within the field of view of the background image projector. The visual
display system further includes a gaze tracking system capable of directing the
movement of the field of view of the inset image projector based upon the direction in
which an operator is looking. The gaze tracking system includes a head-mounted eye
tracking assembly. The head-mounted eye tracking assembly includes a visor having
an arcuate shape including a concave surface and an opposed convex surface, wherein
the visor is capable of being disposed such that at least one eye is located proximate
the concave surface, wherein the visor is at least partially reflective such that the visor
is capable of reflecting an image of the at least one eye, and wherein the visor is
capable of being disposed such that at least a portion of the visor is located outside a
field of view of an operator. The head-mounted eye tracking assembly further
includes an image capture device disposed proximate the concave surface of the visor,
wherein the image capture device is capable of tracking movement of the at least one
eye based upon the image of the at least one eye reflected by the visor.

The gaze tracking system may further include a head-mounted head tracking
sensor capable of repeatedly determining a position of the head to thereby track
movement of the head, wherein each position of the head is associated with a position
of the at least one eye. The gaze tracking system may further include a processing
element capable of repeatedly determining a gaze of the operator to thereby track the

gaze of the operator, wherein the processing element repeatedly determines the gaze
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of the operator based upon each position of the head and the associated position of the
at least one eye.

The concave surface of the visor of the head-mounted eye tracking assembly
may include a reflective coating.

The head-mounted eye tracking assembly may further include an illuminator
capable of illuminating the at least one eye.

The head-mounted eye tracking assembly may further include a lens disposed
in an optical path of the image capture device, wherein an effective focus of the image
capture device is based upon an optical power of the visor and an optical power of the
lens.

In accordance with another aspect of the invention, there is provided a head-
mounted eye tracking assembly for tracking movement of at least one eye of an
operator. The eye tracking assembly includes a visor having an arcuate shape
including a concave surface and an opposed convex surface, wherein the visor is
capable of being disposed such that the at least one eye is located proximate the
concave surface, wherein the visor is at least partially reflective such that the visor is
capable of reflecting an image of the at least one eye, and wherein the visor is capable
of being disposed such that at least a portion of the visor is located outside a field of
view of the operator. The eye tracking assembly further includes an image capture
device disposed proximate the concave surface of the visor, wherein the image
capture device is capable of tracking movement of the at least one eye based upon the
image of the at least one eye reflected by the visor. The eye tracking assembly further
includes a lens disposed in an optical path of the image capture device wherein an
effective focus of the image capture device is based upon an optical power of the
visor and an optical power of the lens.

The concave surface of the visor may include a reflective coating.

The head-mounted eye tracking assembly may further include an illuminator
capable of illuminating the at least one eye.

The illuminator may be capable of illuminating the at least one eye with
infrared light.

The image capture device may be located outside the field of view of the

operator.
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The visor may be capable of reflecting an image of a pupil of at least one eye,
and wherein the image capture device is capable of tracking movement of the at least
one eye based upon the image of the pupil of the at least one eye.

In accordance with another aspect of the invention, there is provided a system
for tracking a gaze of an operator. The gaze tracking system includes a head-mounted
eye tracking assembly. The head-mounted tracking assembly includes a visor having
an arcuate shape including a concave surface and opposed an convex surface, wherein
the visor is capable of being disposed such that the at least one eye is located
proximate the concave side, wherein the visor is at least partially reflective such that
the visor is capable of reflecting an image of the at least one eye, wherein the visor is
capable of being disposed such that at least a portion of the visor is located outside a
field of view of the operator, and wherein the head-mounted eye tracking assembly is
capable of repeatedly determining a position of the at least one eye based upon the
image of the at least one eye reflected by the visor to thereby track movement of the
at least one eye. The head-mounted tracking assembly further includes an image
capture device disposed proximate the concave surface of the visor, wherein the
image capture device is capable of tracking movement of the at least one eye based
upon the image of the at least one eye reflected by the visor. The head-mounted
tracking assembly further includes a lens disposed in an optical path of the image
capture device, wherein an effective focus of the image capture device is based upon
an optical power of the visor and an optical power of the lens. The gaze tracking
system further includes a head-mounted head tracking sensor capable of repeatedly
determining a position of the head to thereby track movement of the head, wherein
each position of the head associated with a position of the at least one eye. The gaze
tracking system further includes a processing element capable of repeatedly
determining the gaze of the operator to thereby track the gaze of the operator, wherein
the processing element repeatedly determines the gaze of the operator based upon
each position of the head and the associated position of the at least one eye.
The concave surface of the visor of the head-mounted eye tracking assembly may
include a reflective coating.

The head-mounted eye tracking assembly may further include an illuminator
capable of illuminating the at least one eye.

The illuminator may be capable of illuminating the at least one eye with

infrared light.
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The image capture device may be located outside the field of view of the
operator.

The visor may be capable of reflecting an image of a pupil of at least one eye,
and wherein the head-mounted eye tracking assembly is capable of repeatedly
determining a position of the at least one eye based upon the image of the pupil of the
at least one eye.

In accordance with another aspect of the invention, there is provided a visual
display system. The visual display system includes a background image projector
having a predetermined field of view, the background image projector generating a
background image having a predetermined size an resolution that at least partially fills
the field of view. The visual display system further includes at least one inset image
projector for generating an area of interest (AOI) image having a smaller size and a
higher resolution than the background image, the inset image projector having a
predetermined field of view that is capable of being movably disposed at least
partially within the field of view of the background image projector. The visual
display system further includes a gaze tracking system capable of directing the
movement of the field of view of the inset image projector based upon the direction in
which an operator is looking. The gaze tracking system includes a head-mounted eye
tracking assembly. The head-mounted eye tracking assembly includes a visor having
an arcuate shape including a concave surface and an opposed convex surface, wherein
the visor is capable of being disposed such that the at least one eye is located
proximate the concave surface, wherein the visor is at least partially reflective such
that the visor is capable of reflecting an image of the at east one eye, and wherein the
visor is capable of being disposed such that at least a portion of the visor is located
outside a field of view of the operator. The head-mounted eye tracking assembly
further includes an image capture device disposed proximate the concave surface of
the visor, wherein the image capture device is capable of tracking movement of the at
least one eye based upon the image of the at least one eye reflected by the visor. The
head-mounted eye tracking assembly further includes a lens disposed in an optical
path of the image capture device, wherein an effective focus of the image capture
device is based upon an optical power of the visor and an optical power of the lens.

The gaze tracking system may further include a head-mounted head tracking
sensor capable of repeatedly determining a position of the head to thereby track

movement of the head, wherein each position of the head is associated with a position
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of the at least one eye. The gaze tracking system may further include a processing
element capable of repeatedly determining the gaze of the operator to thereby track
the gaze of the operator, wherein the processing element repeatedly determines the
gaze of the operator based upon each position of the head and the associated position
of the at least one eye.

The concave surface of the visor of the head-mounted eye tracking assembly
may include a reflective coating.

The head-mounted eye tracking assembly may further include an illuminator
capable of illuminating the at least one eye.

The head-mounted eye tracking assembly may further include a lens disposed
in an optical path of the image capture device, wherein an effective focus of the image
capture device is based upon an optical power of the visor and an optical power of the
lens.

The visor may be capable of reflecting an image of a pupil of at least one eye,
and wherein the image capture device is capable of tracking movement of the at least
one eye based upon the image of the pupil of the at least one eye.

The inset image projector may have a predetermined field of view that is

capable of being movably disposed based upon electronic raster deflection.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is a schematic illustration of portions of a conventional gaze tracking
system;

FIG. 2 is a schematic illustration of portions of a gaze tracking system
according to one embodiment of the present invention;

FIG. 3 is a block diagram of a gaze tracking system according to one
embodiment of the present invention;

FIGS. 4A and 4B are schematic illustrations illustrating various movements in
a method for calibrating the gaze tracking system according to one embodiment of the
present invention;

FIG. 5 is a flow chart illustrating various steps in a method of calibrating a

gaze tracking system according to one embodiment of the present invention; and
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FIG. 6 is a perspective view illustrating a visual display system incorporating

the gaze tracking system of one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout.

Referring to FIGS. 2 and 3, a gaze tracking system 20 according to one
embodiment of the present invention is shown. The system includes a head-mounted
head tracking sensor 22, a head-mounted eye tracking assembly 24, and a processing
element 26. The head tracking sensor and eye tracking assembly are mounted to an
operator’s head by means of a headband 28, helmet or other head-mounted securing
device. The head tracking sensor is mounted to the operator’s head out of the field of
vision of the operator so as to not impede the operator’s vision. The head tracking
sensor is capable of repeatedly determining a position of the operator’s head to
thereby track the movement of the head. In this regard, the head tracking sensor can
comprise any of a number of known sensors capable of determining the position of
the operator's head. For example, the head tracker sensor can comprise an
InsideTrak ™ model head tracking sensor or a FasTrak = model head tracking sensor,
both manufactured by Polhemus Incorporated of Colchester, VT. Alternatively, the
head tracker sensor can comprise any of a number of other head tracking sensors that
operate based on magnetic, acoustic, optical or other technologies, as such are known
to those skilled in the art.

The eye tracking assembly comprises an image capture device 30 and a visor
32. The visor is secured to the headband 28 such that, when the headband is mounted
to the operator’s head, the visor is disposed in front of the operator’s head. The visor
is preferably at least partially reflective for light of a predetermined wavelength or
range of wavelengths. For example, the visor may be made from a partially reflective
material, such as Lexan® brand polycarbonate (manufactured by the General Electric

Company of Pittsfield, MA) coated with a reflective film, so that the operator’s field
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of view can extend through the visor while an image of the operator’s eyes, or more
particularly the operator’s pupils, reflects off of the visor into the optical path of the
image capture device. Advantageously, the visor is designed to provide an
environment for the operator that is typically found in many applications employing
the system, such as flight simulation applications. In this regard, the visor is designed
to not present any visually obstructive edges with the operator’s field of view. Thus,
the visor has an arcuate or curved shape including a concave surface 34 and an
opposed convex surface 36, one of which may support an at least partially reflective

coating. The visor is secured to the headband such that, when the headband is
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mounted to the operator’s head, the concave surface is disposed proximate the
operator’s eyes. Further, the visor is secured to the headband such that, when the
headband is mounted to the operator’s head, at least a portion of the visor is located
outside the operator’s field of view.

Like the head tracking sensor 22, the image capture device 30 is mounted
outside the field of view of the operator so as to not impede the operator’s vision. In
this regard, the image capture device is preferably mounted on a front portion of the
headband 28 such that the image capture device is located at a position peripheral to
the operator’s head out of the operator’s field of view. The image capture device is
capable of repeatedly determining a position of the operator’s eyes by imaging the
pupil of one or both of the operator’s eyes. Because the image capture device is
mounted on the headband outside the field of view of the operator, the image capture
device images the operator’s pupils by imaging a reflection of the pupils from the
visor of the eye tracking assembly. Thus, the image capture device can comprise any
of 2 number of devices capable of repeatedly determining the position of the
operator’s eyes to thereby track the movement of the operator’s eyes. Accbrding to
one embodiment, for example, the image capture device comprises a camera, such as
is included within ETL-500 model eye tracking system manufactured by ISCAN, Inc.
of Burlington, MA.

Advantageously, the image capture device 30 can comprise a camera, such as
is used in a conventional head/eye tracking device including a partially
reflective/partially transmissive flat mirror 18, as shown in FIG. 1. But it will be
appreciated that the visor 32 of the present invention will typically have a different
optical power than the flat mirror of the conventional head/eye tracking device. In
this regard, lenses have a characteristic power that is typically measured in diopters
and equals the inverse of the focal length of the lens in meters, as such is known to
those skilled in the art. It will also be appreciated that, in using a camera such as is
used in a conventional head/eye tracking device, the effective focus of the camera will
differ from the desired effective focus due to the difference in optical power between
the visor and the conventional flat mirror. Thus, in embodiments where the image ‘
capture device comprises a camera such as is used in a conventional head/eye tracking
device, the system preferably compensates for the change effective focus due to the

difference in optical power so as to bring the effective focus to a desired value, or the
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value of the effective focus of the camera as used in the conventional head/eye
tracking device.

The system 20 can compensate for the optical power of the visor 32 in any of a
number of different manners. For example, the aperture of the camera lens can be
reduced to thereby increase the depth-of-field of the camera. And by increasing the
depth-of-field of the camera, the system can compensate for the change in effective
focus of the camera. Additionally or alternatively, the system can include a iens 35
disposed in the optical path of the camera to compensate for the optical power of the
visor. In this regard, if the aperture of the camera lens is not reduced, the lens can be
selected such that the optical power of the lens plus the optical power of the visor
equals the optical power of a flat mirror as would be included in a conventional
head/eye tracking device including the camera.

As previously stated, the image capture device 30 images the operator’s pupils
by receiving light reflected off of the pupils and thereafter off of the visor 32 into the
optical path of the image capture device. To facilitate tracking the eyes, the system
20 can include an illuminator 37 capable of illuminating the eyes such that more light
reflects off of the eyes and, thus, the visor. However, to avoid visual distractions, the
illuminator is preferably an infrared illuminator, such as an infrared light emitting
diode, capable of illuminating infrared light to the eyes. The infrared light, thus,
reflects off of the front and rear surfaces of the corneas and the lenses of the eyes, and
thereafter reflects off of the visor into the optical path of the camera. It will be
appreciated that such images are commonly referred to as Purkinje images by those
skilled in the art. It will also be appreciated that as the light in this embodiment
comprises infrared light, the image capture device of this embodiment is preferably
infrared sensitive, such as an infrared sensitive camera. Additionally, the
predetermined wavelength or range of wavelengths that the visor is capable of
reflecting advantageously includes infrared light in this embodiment.

To track the gaze of the operator based upon a position of the operator’s eyes
and head, the system 20 also includes a processing element 26. The processing
element can comprise any of a number of different devices, such as a personal
computer or other high level processor. As shown in FIG. 3, and as already stated, the
eye-tracking assembly is capable of determining a position of the operator’s eyes.
Similarly, the head tracking sensor 22 is capable of determining a position of the

operator’s head. The processing element 26, in turn, is capable of receiving the
0.
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position of the operator’s eyes from the eye-tracking assembly and the position of the
operator’s head from the head tracking sensor. Based upon the position of the
operator’s eyes and operator’s head, the processing element can determine the
operator’s gaze. Repeatedly receiving the position of the operator’s eyes and head,
the processing element can therefore track the operator’s gaze, as will be appreciated
by those skilled in the art. And based upon the gaze of the operator the processing
element can define an area of interest 38 (shown in FIG. 2) relative to an external
device, such as a display.

Before the system can track the gaze of the operator, the system 20 is
preferably calibrated to the external device, such as a display. As previously
indicated, the difficulty in calibrating conventional eye trackers is that any head
movement during calibration will cause an error in the calibration. Thus,
embodiments of the present invention provide a method of calibrating a gaze tracking
system, such as the gaze tracking system described above, using data from the head
tracking sensor 22. By using data from the head tracking sensor, then, the calibration
can compensate for any head movement, and the true gaze angle can be determined
more accurately. ‘

Advantageously, embodiments of the method of the present invention also
uses movement of the head tracking sensor during calibration to collect eye data. In
this regard, conventional eye tracker calibration methods commonly calibrate the eye
tracker based upon a set of calibration points that typically numbers less than ten.
Conventional calibration methods, then, are typically limited to a small number of
data points (i.., input parameters) by which to approximate a calibration function for
the eye tracker. As such, the more data points that are recorded, and the more
distributed the data points, the better the final calibration of the cye tracker. Whereas
any of a number of different techniques can be employed to collect data points,
embodiments of the present invention provide are capable of collecting a large
number of data points during calibration, as described below.

Referring now to FIGS. 4A, 4B and 5, the method of calibrating the gaze
tracking system begins with initializing calibration of the gaze tracking system, as
shown in block 40 of FIG. 5. Initialization can be accomplished according to any of a
number of different manners but, according to one embodiment, calibration of the
system is initialized by initiating a calibration routine within the processing element

26. Once calibration of the system has been initialized, the processing element can
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drive a display to present a first reference point 42, or target, within the operator’s
field of view, as shown in FIGS. 4A, 4B and block 44 of FIG. 5.

Once the target 42 has been presented to the operator, the operator aligns the
operator’s line of sight 46 with the displayed target, as shown in block 48 of FIG. 5.
The operator then begins the calibration process, such as by actuating the processing
element 26 to begin calibration of the system. In this regard, when the operator
actuates the processing element, the processing clement drives the eye tracking
assembly to measure the position of the operator’s eyes, which measurement the
processing element will then associate with the target, as shown in block 50. At the
same time, the processing element drives the head tracking sensor 22 to measure the
angle of the operator’s head as well as translations of the position of the operator’s
head, as shown in block 52. The measured angle and translations are then set by the
processing element to be a second reference position.

After the position of the operator’s eyes and head have been measured by the
gaze tracking system 20, while keeping the operator’s line of sight 46 aligned with the
target 42, the operator moves the operator’s head and, thus, the head tracking sensor
22, to a position offset from the second reference position, as shown in FIGS. 4A and
4B, and block 54 of FIG. 5. In keeping the operator’s line of sight aligned with the
target while the operator moves the operator’s head, the operator’s eyes generally
move opposite of the head to maintain alignment of the line of sight with the target.
Once at the offset position, then, the gaze tracking system measures the position of the
eyes and an angle offset of the line of sight of the eyes relative to the first reference
point, as shown in block 56. Similarly, the gaze tracking system measures the
position of the head tracking sensor or, more particularly, the angle of the operator’s
head and translations of the position of the operator’s head relative to the second
reference position, as shown in block 58. Next, the processing element 26 records the
positions, such as in a memory location. Also, the processing element can determine
the direction of the operator’s eyes relative to the operator’s head from the
measurements, and record the direction along with the measurements.

After the processing element 26 has recorded the measurements and the
direction of the operator’s eyes, the operator then moves the operator’s head to
another offset position, again keeping the line of sight 46 aligned with the target 42.
The gaze tracking system again measures the position of the eyes and head tracking

sensor 22, and records the measurements along with the direction of the operator’s
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eyes. The process continues for N (e.g., 300) movements of the operator’s head such
that the processing records N data points consisting of the recorded measurements and
directions of the operator’s eyes relative to the operator’s head, as shown in blocks 60
and 62 of FIG. 5. Advantageously, the operator can move the operator’s head to
different offset positions, and the processing element can correspondingly record
measurements, at a high rate, such as 60 times a second. As such, large amounts of
data can be collected in a short amount of time. For example, recording
measurements at a rate of 60 times a second, the processing element can record 300
measurements in five seconds. In comparison, it would require roughly ten second to
collect data from a nine point grid of calibration points using conventional methods.
Allowing the operator to move the operator’s head freely while aligning the
line of sight 46 with the target 42 allows a large amount of data to be collected in a
short amount of time. But such a method typically gives very little control over what
data is collected. For example, since the operator can move his head in any way the
operator chooses, the recorded data can become concentrated in a small area, such as
around the target. For most calibration functions, the more distributed the data, the
better the resulting calibration. Thus, to allow for more control over the data that is
collected, the processing clement 26 can be capable of moving the target to one or
more different positions. And after moving the target to each position ,the operator
again aligns the line of sight and moves the head tracking sensor 22 to different offset
positions, with the processing element collecting data at each position. Whereas the
processing element can move the target to any one of a number of different points, the
processing element preferably moves the target to areas on a reference plane (e.g.,
display screen) for which the processing element has fewer recorded measurements.
With the data points, then, the processing element 26 determines a calibration
function to thereby calibrate the gaze tracking system 20. The processing element can
determine the calibration function according to any one of a number of different
methods. For example, the processing element can determine the calibration function
according to an interpolation method using an interpolation function, such as akima
interpolation, b-spline interpolation, bi-cubic interpolation, linear interpolation
quadratic interpolation, or the like. In such functions, the set of data points are used
as reference points and intermediate points, between the data points, are determined,

or interpolated, based on the surrounding data points.
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According to one advantageous embodiment, the processing element
determines the calibration function utilizing an artificial neural network, as illustrated
in block 64 of FIG. 5. As is known to those skilled in the art, artificial neural
networks are modeled upon the human brain's interconnected system of neurons.
Based upon this premise, the artificial neufal network allows the processing element
to imitate the brain's ability to sort out patterns and learn from trial and error,
discerning and extracting the relationships that underlie the input data. The network
learns when the input data (with known results) is presented to processing element.
Factors associated with the known results are then adjusted to bring the calibration
output closer to the known result (e.g., position relative to the target).

In addition to the above identified methods of determining the calibration
function, the processing element can use known physical properties of the optics of
the eye tracking assembly 24 of the gaze tracking system 20, and/or the physical
properties of the operator’s eyes (e.g., curvature of the eyes), to determine the
calibration function. In this regard, the above methods of determining the calibration
function allow for any unknown distortion to be present in the input data. For
example, due to the curvature of the visor 32, the image capture device 30 may
receive and/or record an image of the pupils of the operator’s eyes that has some
degree of radial distortion. Embodiments of the calibration method of the present
invention can at least partially compensate for the distortion by estimating the
calibration function for the data. However, using the known physical properties of the
optics, the processing element can further compensate for any optical distortion. For
example, the processing element can further compensate for optical distortion by
computing the light path through the system and mapping out any irregularities
according to any of a number of known techniques.

Referring now to FIG. 6, a visual display system 70, such as a flight
simulation system, that would benefit from the gaze tracking system of the present
invention is illustrated. The visual display system generally includes a plurality of
display screens 72. For example, the visual display system can include an out-the-
window flight simulation system such as the Visual Integrated Display System
manufactured by The Boeing Company, the assignee of the present application. As
also illustrated in FIG. 6, the image displayed on the display screens 72 includes a
background image having a predetermined size and resolution. The background

image is generally generated by a background image projector. The background
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image projector can, and preferably does, include a plurality of background image
projectors, at least one of which is associated with each display screen. For full color
background images, the background image projectors are generally RGB projector.

In order to display a relatively large background image for the operator, the
individual pixels are projected, and thereby expanded, for display on the associated
display screen 72. For example, each pair of video lines typically defines a projection
angle of 7 to 12 arcminutes. Therefore, the resulting background image displayed on
the display screens has a relatively low resolution. As illustrated in FIG. 6, an inset
image 74 can also be displayed on the display screen and is generally generated by an
inset image projector. As shown, the inset image can include other aircraft in an arca
of interest (AOT) 76 of the operator. Each inset image (i.e., AOI image) preferably
has a smaller size and a higher resolution than the background image in order to
provide the operator with additional detail in this particular AOI. The AOI is defined
by the gaze of the operator and, as such, the visual display system includes a gaze
tracking system, such as a gaze tracking system 20 in accordance with the present
invention (shown in FIGS. 2 - 4), to track the gaze of the operator. For more
information on such a display system, see U.S. Patent No. 5,487,665 or U.S. Patent
No. 5,746,599.

Therefore, the present invention provides an improved eye-tracking
assembly, gaze tracking system and method of calibration. In this regard, by
including a visor, at least a portion of which is capable of being located outside the
field of view of the operator, the operator can utilize the eye-tracking assembly
without distractions associated with conventional eye-tracking assemblies. As such,
the visor of the eye-tracking assembly can provide a more native environment to an
operator, particularly in instances in which the operator would typically wear a visor
that encompasses the operator’s field of view. Also, the present invention provides an
improved method of calibrating a gaze tracking system. The method of calibration
includes movement of the head tracking sensor with the operator’s eyes aligned in a
particular direction, as opposed to fixing the head in position and aligning the
operator’s line of sight with several reference points. As such, the method provides a
more accurate technique for calibrating the gaze tracking system. Further, the method
can utilize an artificial neural network to calibrate the system based upon input data

from an eye-tracking
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assembly and head tracking sensor, which allows the neural network to adaptively
learn from previous movements.

Many modifications and other embodiments of the invention will come to
mind to one skilled in the art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to
be included within the scope of the appended claims. Although specific terms are
employed herein, they arc used in a generic and descriptive sense only and not for

purposes of limitation.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A head-mounted eye tracking assembly for tracking movement of at least one

eye of an operator, said eye tracking assembly comprising:

a visor having an arcuate shape including a concave surface and an
opposed convex surface, wherein said visor is capable of being
disposed such that the at least one eye is located proximate the concave
surface, wherein said visor is at least partially reflective such that said
visor is capable of reflecting an image of the at least one eye, and
wherein said visor is capable of being disposed such that at least a
portion of said visor is located outside a field of view of the operator;

and

an image capture device disposed proximate the concave surface of
said visor, wherein said image capture device is capable of tracking
movement of the at least one eye based upon the image of the at least

one eye reflected by said visor.

2. A head-mounted eye tracking assembly according to Claim 1, wherein the

concave surface of said visor includes a reflective coating.

3 A head-mounted eye tracking assembly according to Claims 1 or 2, further

comprising an illuminator capable of illuminating the at least one eye.

4. A head-mounted eye tracking assembly according to Claim 3, wherein said

illuminator is capable of illuminating the at least one eye with infrared light.

S. A head-mounted eye tracking assembly according to any one of Claims 1 to 4
further comprising a lens disposed in an optical path of said image capture
device, wherein an effective focus of said image capture device is based upon

an optical power of said visor and an optical power of said lens.
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A head-mounted eye tracking assembly according to any one of Claims 1 to 5,
wherein said image capture device is located outside the field of view of the

operator.

A system for tracking a gaze of an operator, said gaze tracking system

comprising:
a head-mounted eye tracking assembly comprising:

a visor having an arcuate shape including a concave surface and
an opposed convex surface, wherein said visor is capable of
being disposed such that at least one eye is located proximate
the concave side, wherein said visor is at least partially
reflective such that said visor is capable of reflecting an image
of the at least one eye, wherein said visor is capable of being
disposed such that at least a portion of said visor is located
outside a field of view of the operator, and wherein the head-
mounted eye tracking assembly is capable of repeatedly
determining a position of the at least one eye based upon the
image of the at least one eye reflected by said visor to thereby

track movement of the at least one eye;

a head-mounted head tracking sensor capable of repeatedly
determining a position of the head to thereby track movement of the
head, wherein each position of the head is associated with a position of
the at least one eye; and

a processing element capable of repeatedly determining the gaze of the
operator to thereby track the gaze of the operator, wherein said
processing element repeatedly determines the gaze of the operator
based upon each position of the head and the associated position of the

at least one eye.
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A system according to Claim 7, wherein the concave surface of the visor of

said head-mounted eye tracking assembly includes a reflective coating.

A system according to Claims 7 or 8, wherein said head-mounted eye tracking
assembly further comprises an illuminator capable of illuminating the at least

one eye.

A system according to Claim 9, wherein the illuminator is capable of

illuminating the at least one eye with infrared light.

A system according to any one of Claims 7 to 10, wherein said head-mounted
eye tracking assembly further comprises an image capture device disposed
proximate the concave surface of said visor, and wherein the image capture
device is capable of tracking movement of the at least one eye based upon the

image of the at least one eye reflected by said visor.

A system according to Claim 11, wherein said head-mounted eye tracking
assembly further comprises a lens disposed in an optical path of the image
capture device, wherein an effective focus of the image capture device is

based upon an optical power of the visor and an optical power of the lens.

A system according to Claims 11 or 12, wherein the image capture device is

located outside the field of view of the operator.

A visual display system comprising:

a background image projector having a predetermined field of view,
said background image projector generating a background image
having a predetermined size and resolution that at least partially fills

the field of view;

at least one inset image projector for generating an area of interest

(AQI) image having a smaller size and a higher resolution than the
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background image, said inset image projector having a predetermined
field of view that is capable of being movably disposed at least
partially within the field of view of said background image projector;

and

a gaze tracking system capable of directing the movement of the field
of view of said inset image projector based upon the direction in which
an operator is looking, said gaze tracking system comprising a head-

mounted eye tracking assembly comprising:

a visor having an arcuate shape including a concave surface and
an opposed convex surface, wherein said visor is capable of
being disposed such that at least one eye is located proximate
the concave surface, wherein said visor is at least partially
reflective such that said visor is capable of reflecting an image
of the at least one eye, and wherein said visor is capable of
being disposed such that at least a portion of said visor is

located outside a field of view of an operator; and

an image capture device disposed proximate the concave
surface of said visor, wherein said image capture device is
capable of tracking movement of the at least one eye based

upon the image of the at least one eye reflected by said visor.

15. A visual display system according to Claim 14, wherein said gaze tracking

system further comprises:
a head-mounted head tracking sensor capable of repeatedly
determining a position of the head to thereby track movement of the

head, wherein each position of the head is associated with a position of

the at least one eye; and
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a processing clement capable of repeatedly determining a gaze of the
operator to thereby track the gaze of the operator, wherein said
processing element repeatedly determines the gaze of the operator
based upon each position of the head and the associated position of the

at least one eye.

A visual display system according to Claims 14 or 15, wherein the concave
surface of the visor of said head-mounted eye tracking assembly includes a

reflective coating.

A visual display system according to any one of Claims 14 to 16, wherein said
head-mounted eye tracking assembly further comprises an illuminator capable

of illuminating the at least one eye.

A visual display system according to any one of Claims 14 to 17, wherein said
head-mounted eye tracking assembly further comprises a lens disposed in an
optical path of said image capture device, wherein an effective focus of said
image capture device is based upon an optical power of said visor and an

optical power of said lens.

A head-mounted eye tracking assembly for tracking movement of at least one

eye of an operator, said eye tracking assembly comprising:

a visor having an arcuate shape including a concave surface and an
opposed convex surface, wherein said visor is capable of being
disposed such that the at least one eye is located proximate the concave
surface, wherein said visor is at least partially reflective such that said
visor is capable of reflecting an image of the at least one eye, and
wherein said visor is capable of being disposed such that at least a

portion of said visor is located outside a field of view of the operator;

an image capture device disposed proximate the concave surface of

said visor, wherein said image capture device is capable of tracking
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movement of the at least one eye based upon the image of the at least

one eye reflected by said visor; and

a lens disposed in an optical path of said image capture device wherein
an effective focus of said image capture device is based upon an

optical power of said visor and an optical power of said lens.

A head-mounted eye tracking assembly according to claim 19, wherein the

concave surface of said visor includes a reflective coating.

A head-mounted eye tracking assembly according to claim 19, further

comprising an illuminator capable of illuminating the at least one eye.

A head-mounted eye tracking assembly according to claim 21, wherein said

illuminator is capable of illuminating the at least one eye with infrared light.

A head-mounted eye tracking assembly according to claim 19, wherein said

image capture device is located outside the field of view of the operator.

A head-mounted eye tracking assembly according to claim 19, wherein said
visor is capable of reflecting an image of a pupil of at least one eye, and
wherein said image capture device is capable of tracking movement of the at

least one eye based upon the image of the pupil of the at least one eye.

A system for tracking a gaze of an operator, said gaze tracking system

comprising:

a head-mounted eye tracking assembly comprising:

a visor having an arcuate shape including a concave surface and
opposed an convex surface, wherein said visor is capable of
being disposed such that the at least one eye is located

proximate the concave side, wherein said visor is at least
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partially reflective such that said visor is capable of reflecting
an image of the at least one eye, wherein said visor is capable
of being disposed such that at least a portion of said visor is
located outside a field of view of the operator, and wherein the
head-mounted eye tracking assembly is capable of repeatedly
determining a position of the at least one eye based upon the
image of the at least one eye reflected by said visor to thereby

track movement of the at least one eye;

an image capture device disposed proximate the concave
surface of said visor, wherein the image capture device is
capable of tracking movement of the at least one eye based
upon the image of the at least one eye reflected by said visor;

and

a lens disposed in an optical path of the image capture device,
wherein an effective focus of the image capture device is based
upon an optical power of the visor and an optical power of the

lens;

a head-mounted head tracking sensor capable of repeatedly determining a
position of the head to thereby track movement of the head, wherein each

position of the head associated with a position of the at least one eye; and
a processing element capable of repeatedly determining the gaze of the
operator to thereby track the gaze of the operator, wherein said processing

clement repeatedly determines the gaze of the operator based upon each

position of the head and the associated position of the at least one eye.

A system according to claim 2§, wherein the concave surface of the visor of

said head-mounted eye tracking assembly includes a reflective coating.
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A system according to claim 25, wherein said head-mounted eye tracking
assembly further comprises an illuminator capable of illuminating the at least

one eye.

A system according to claim 27, wherein the illuminator is capable of

illuminating the at least one eye with infrared light.

A system according to claim 25, wherein the image capture device located

outside the field of view of the operator.

A system according to claim 25, wherein said visor is capable of reflecting an
image of a pupil of at least one eye, and wherein the head-mounted eye
tracking assembly is capable of repeatedly determining a position of the at

least one eye based upon the image of the pupil of the at least one eye.

A visual display system comprising:

a background image projector having a predetermined field of view,
said background image projector generating a background image
having a predetermined size an resolution that at least partially fills the

field of view;

at least one inset image projector for generating an area of interest
(AOQI]) image having a smaller size and a higher resolution than the
background image, said inset image projector having a predetermined
field of view that is capable of being movably disposed at least
partially within the field of view of said background image projector;

and

a gaze tracking system capable of directing the movement of the field
of view of said inset image projector based upon the direction in which
an operator is looking, said gaze tracking system comprising a head-

mounted eye tracking assembly comprising:
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a visor having an arcuate shape including a concave surface and
an opposed convex surface, wherein said visor is capable of
being disposed such that the at least one eye is located
proximate the concave surface, wherein said visor is at least
partially reflective such that said visor is capable of reflecting
an image of the at east one eye, and wherein said visor is
capable of being disposed such that at least a portion of said

visor is located outside a ficld of view of the operator;

an image capture device disposed proximate the concave
surface of said visor, wherein said image capture device is
capable of tracking movement of the at least one eye based

upon the image of the at least one eye reflected by said visor;

a lens disposed in an optical path of said image capture device,
wherein an effective focus of said image capture device is
based upon an optical power of said visor and an optical power

of said lens.

32. A visual display system according to claim 31, wherein said gaze tracking

system further comprises:

a head-mounted head tracking sensor capable of repeatedly
determining a position of the head to thereby track movement of the
head, wherein each position of the head is associated with a position of

the at least one eye; and

a processing element capable of repeatedly determining the gaze of the
operator to thereby track the gaze of the operator, wherein said
processing element repeatedly determines the gaze of the operator
based upon each position of the head and the associated position of the

at least one eye.
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A visual display system according to claim 31, where the concave surface of
the visor of said head-mounted eye tracking assembly includes a reflective

coating.

A visual display system according to claim 31, wherein said head-mounted
eye tracking assembly further comprises an illuminator capable of illuminating

the at least one eye.

A visual display system according to claim 31, wherein said head-mounted
eye tracking assembly further comprises a lens disposed in an optical path of
said image capture device, wherein an effective focus of said image capture
device is based upon an optical power of said visor and an optical power of

said lens.

A visual display system according to claim 31, wherein said visor is capable of
reflecting an image of a pupil of at least one eye, and wherein said image
capture device is capable of tracking movement of the at least one eye based

upon the image of the pupil of the at least one eye.
A visual display system according to claim 31, wherein said inset image

projector has a predetermined field of view that is capable of being movably

disposed based upon electronic raster deflection.
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Description

The present invention relates to wearable appara-
tus for noninvasive determinations of the metabolic con-
dition of a specific target region of tissue. More
specifically, we describe embodiments of user-wearable
system for monitoring the oxygen concentration in the
tissue of a subject undergoing aerobic stress, such as
an exercising person.

The increasing popularity of all forms of exercise
over the last several decades has also lead to an
increased interest in the measurement of individual ath-
letic performance. However, at the present time, ath-
letes are limited to obtaining heartbeat and blood
pressure data while they are exercising. Although of
some use, these data do not reflect peripheral circula-
tory capacity or the oxygenation state of specific muscle
tissue.

In order to measure oxygen delivery to the capillary
bed of the muscles, an athlete must be tethered to elec-
trocardiogram apparatus and have blood samples
drawn while running on a treadmill. These are essen-
tially operating room apparatus and procedures, which
do not simulate the actual conditions of exercise. The
measurement of aerobic efficiency by analyzing the
oxygenation state of a particular muscle while exercis-
ing is important to a variety of persons. For example, as
a casual jogger strives to become a marathon runner,
the efficiency at which they use oxygen can severely
impact performance; data reflecting the utilization of
oxygen can provide information which allows an athlete
to change pacing strategies or otherwise adjust their
activity to produce better results. Other athletes, such
as swimmers, cyclists and rowers would also find this
information useful for evaluating performance. However,
the use of blood oxygenation data is not limited to com-
petitive athletes; even geriatrics who undergo mild aer-
obic exercise to maintain and improve their health can
benefit from data concerning the changes in blood oxy-
genation brought about by exercise or other activity.
Other animals, such as racehorses, can also benefit
form this type of performance data. By measuring the
oxygen delivery to the muscles, both the quality of train-
ing and the natural ability to exercise may be evaluated.

In addition to monitoring and maximizing athletic
performance, information pertaining to the delivery of
oxygen to the limbs and the brain is important in military
and space applications where changes in gravity and
other stresses may result in fatigue, and ultimately,
blackouts.

Although apparatus are available which measure
the oxygenation content of blood using data collected
from a fingertip or ear lobe, these devices do not actu-
ally measure the oxygenation state of nearby muscle
groups or the brain. To monitor athletic performance, or
the condition of exerted muscles, data collection must
be performed at the site of interest. For example, run-
ners will wish to know the condition of the muscles in
their legs, and further wish to be provided with this infor-
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mation curing a race, not in a laboratory. Therefore, for
an apparatus measuring the metabolic condition of an
athlete to be truly useful, a rugged, lightweight, user-
wearable system must be provided.

EP-A-0 102 816 discloses a pulse oximeter in
which two LED'S sequentially pulse light of two different
wavelengths (one infra-red, one red) through human tis-
sue. The light is modulated by the pulsatile component
of the arterial blood in the tissue (as blood flows in, more
light is absorbed by the tissue) and a photosensor
measures the transmitted light. By its construction it
does not target relatively deep tissue.

In summary, the prior art provides a portable appa-
ratus comprising:

(a) detector means for detecting scattered electro-
magnetic radiation, said detector means producing
a signal proportional to a condition of living tissue,
said detector means being removably attached
against the exterior surface of said tissue, said
detector means including;

(i) lamp means for producing electromagnetic
radiation directed against said tissue;

(i) sensor means for detecting a scattered por-
tion of said radiation which has migrated
through said tissue, said sensor being located
adjacent to said lamp means on said exterior
surface;

(iii) substantially opaque barrier means dis-
posed between said lamp means and said sen-
sor means for substantially reducing the
transmission of near-surface transmitted radia-
tion from said lamp means to said sensor
means; and

(iv) means for pulsing said lamp means in a
plurality of pulses having a known duration;

(b) power pack means for delivering current electri-
cally connected to said detector means for produc-
ing a signal; and

(¢) signal processing means for receiving said sig-
nal generated by said detector means and for
processing said signal to produce information indic-
ative of said condition and display means for dis-
playing said information.

One method by which the oxygen level in a muscle
may be measured is by tissue spectrometry. For exam-
ple, red and near-red light, having wavelengths between
about 600-800 nanometres (nm), will harmlessly pene-
trate body tissues. As the light penetrates the tissue, it
migrates and is absorbed by deoxygenated haemo-
globin in small blood vessels. Normally, tissue receives
oxygen from haemoglobin contained in red blood cells,
which circulate in the major blood vessels and eventu-
ally into the capillary bed, supplying muscle tissues with
oxygen. Aerobic activity can cause the level of oxygen
use to raise, causing a commensurate rise in the level of
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deoxyhaemoglobin in individuals. Near-red light is
absorbed by tissue that is not receiving as much oxygen
as the surrounding tissue due to increased levels of
deoxyhaemoglobin in less trained individuals. Thus, by
determining the amount of incident radiation absorbed,
the oxygenation state of a specific area of tissue and the
training level of an individual can be determined.

The present invention is characterized

(A) in that both said detector means and said power
pack means are wearable by said subject during
activity,

(B) in that said lamp means and sensor means are
mounted on a flexible, water-proof, body-conforma-
ble array capable of simultaneously maintaining
said lamp and sensor means adjacent the skin of
the subject during such activity, said lamp means
and said sensor means being located in an
arrangement which establishes at least two sub-
stantially symmetric photon lateral-scatter paths
through a target region lying beneath said surface,
said arrangement including a centrally located sen-
sor means with respect to at least two laterally
spaced-apart lamp means adapted to target deep
lying tissue regions of a body part,

(C) in that said barrier means is mounted on said
flexible array, said barrier means being disposed on
said flexible array between said lamp means and
said sensor means in such manner that, while sub-
stantially blocking superficial photons migrating in
the skin from entering said detector means, said
barrier means allows photon migration through both
of the respective photon lateral-scatter paths from
the lamp means to the sensor means,

(D) in that said pulsing means is adapted to pulse
said lamp means at a selected rate, and

(E) in that said signal processing means is adapted
to process the received signal to produce informa-
tion indicative of the metabolic condition of said tar-
get region.

The present invention thus provides a novel, wear-
able system for determining the metabolic condition of
an aerobically stressed portion of the muscle tissue of
an exercising person. The system comprises a light-
weight rugged detector, worn against the skin surface of
the subject, adjacent the muscle being monitored. The
system of the present invention thus minimizes any per-
formance impairment. The system further comprises a
wearable power pack and a display means for display-
ing information indicative of the aerobic metabolic con-
dition of the region being monitored. In a preferred
embodiment intended for use while running or engaged
in similar athletic activities, the display is a worn on the
wrist and displays information from a leg-mounted
detector. In another embodiment, intended to provide
information to coaches, a telemetry system is employed
to transmit a signal carrying the data from the detector
to a remote location, for processing and display
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The detector suitably employs electromagnetic
radiation of red or near-red light and preferably employs
a continuous wave spectrophotometer having at least
two sources of electromagnetic radiation with wave-
lengths between about 760 nanometers and about 800
nanometers directed into the tissue of the subject. The
detector is efficiently coupled to the body tissue and uti-
lizes the principle of photon migration to detect the por-
tion of the transmitted radiation arriving at an adjacent
skin region.

The present invention also provides a method of
monitoring a metabolic condition within a target region
of the tissue of a subject comprising the steps of:

(a) providing an apparatus as aforesaid;

(b) activating said detector means when flashing at
least two sources of said lamp means to direct elec-
tromagnetic radiation into said target region;

(c) sensing the scattered portion of the electromag-
netic radiation which has migrated through the tar-
get region;

(d) determining the metabolic condition in the target
region; and

(e) displaying information indicative of the meta-
bolic condition in said target region of said subject
responsive to said signal produced by said detector
means.

By this means, the percentage of deoxyhemoglobin
in the blood of the subject may be determined, and a
signal representative of this percentage is converted
into a graphic representation. The display may prefera-
bly be a digital display, a bar graph or a series of deoxy-
hemoglobin levels, placed on a time scale.

In embodiments of our apparatus we can obtain a
rapid determination of the oxygenation state of tissue,
such as muscle tissue, located beneath the surface of
the skin of a subject, such as an athlete, without requir-
ing the subject to be tethered or physically connected to
laboratory or operating room monitoring equipment.

The apparatus may be attached to a user to deter-
mine the oxygenation state of a portion of the user's
body and to provide that information in a readily under-
standable form.

Certain embodiments of our apparatus provide
information pertaining to the oxygenation state of tissue
directly to a user wearing the apparatus of the present
invention.

Certain embodiments of our apparatus transmit
information pertaining to the oxygenation state of tissue
to a remote observer.

In the drawings:

Figure 1 is a depiction of a preferred configuration
of an embodiment of apparatus according to the
present invention.

Figure 2 is a partially diagrammatic, partially sche-
matic representation of a preferred embodiment of
detector.
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Figure 3 illustrates another preferred configuration
of an embodiment of apparatus according to the
present invention.

Figure 4 is a partially diagrammatic, partial sche-
matic representation of an alternate preferred
embodiment of detector.

A preferred embodiment of our apparatus is illus-
trated in Figure 2. In this embodiment an electro-optical
pickoff detector unit 10 is worn on the leg of the exercis-
ing subject 50. It is preferred that the weight of the
detector be kept to a minimum so that hindrance to a
competing athlete is negligible. In a preferred embodi-
ment, the detector will be housed in a flexible array con-
structed from a suitable non-irritating, lightweight
material.

Power is provided to the detector unit 10 from a
replaceable battery pack 30. The replaceable power
pack 30 is preferably designed to be of minimal dimen-
sions and weight. Most preferably, the battery pack 30
would be designed to last only for the duration of the
activity, e.g., several minutes of sprinting, several hours
for a marathon runner, etc. In competitive sports appli-
cations, the life of the battery pack is preferably based
upon the interval between substitutions or other inter-
ruptions between periods of competition.

The embodiment illustrated in Figure 1 further com-
prises an arm indicator 40, which is preferably worn on
the arm in the manner of a wristwatch. The arm indica-
tor 40 displays the percentage of deoxyhemoglobin
(%Hb) as a measure of the subject's metabolic state. As
seen in Figure 1A, such a display may comprise a sim-
ple readout of this information, such as a bar graph.
Alternatively, the information displayed may be placed
on a time scale, to graphically illustrate the change in
%Hb concentration over the course of the activity, as
illustrated by Figure 1B. In a most preferred embodi-
ment, the graphic displays illustrated by Figures 1A and
1B are comprised of liquid crystal displays (LCD's),
although other electrical or electronic display means
may also be used. The amplitude interval of this embod-
iment is preferably divided into 6-10 levels, each cover-
ing a portion of the designated %Hb scale.

It will be appreciated that the range of the %Hb
scale may be adjusted depending upon the range
expected to occur during the activity. Since the precision
of the apparatus is limited by that of the indicator, the
range which is displayed is an important variable
parameter. In the most accurate embodiment, with the
endpoints of the %Hb scale set at 20% and 40%, the
apparatus would have an accuracy of about 6%, which
is about the limit of precision which can be obtained
from a moving limb. One of ordinary skill will realize that
the gain of the apparatus is preset, depending upon the
intensity of the intensity of the activity expected. In a
most preferred embodiment, a button placed on the arm
indicator 40 allows the gain to be set.

Referring now to Figure 2, there is illustrated a par-
tially schematic, partially diagrammatic representation
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of a preferred embodiment of a circuit which comprises
the optical pickoff component of a DC tissue spectro-
photometer detector 10 contemplated for use in our sys-
tem. The detector 10 is shown for illustrative purposes
mounted against a skin surface 25 of a subject. In a typ-
ical configuration, the detector is mounted against either
large, homogeneous muscles, such as the gastrocne-
mius or the quadriceps or against the forehead of an
adult. Two lamps 12,14 and two detectors 16,18 are
contained in a flexible waterproof array. Also contained
in the array is an opaque specular barrier, which is a
concentric ring of material 11 between the lamps 12,14
and the detectors 16,18 which acts as a barrier zone to
light of a specified wavelength. Most preferably, the
material which comprises the barrier zone will not only
be opaque to light within a specified region, but will fur-
ther act as an absorber thereof.

Thus, superficial light rays from the skin are, in
effect, blocked by the opaque barrier 11 from entering
the detectors 16,18. This blocking action by the barrier
11 of these superficial rays enables the system to deter-
mine the oxygenation state of hemoglobin within the
muscle rather than at the skin surface. The rays that
migrate deep within the tissue are received by the
detectors 16,18. The light rays that migrate superficially
"escape” through the skin surface and will be absorbed
by the opaque barrier 11. When, for example, a 760 nm
impulse is applied, the deoxygenated hemoglobin (Hb)
within the muscle is detected and when an 800 nm sig-
nal is applied, the oxygenated and deoxygenated hemo-
globin (HbO, and Hb) within the tissue region are
detected. The system is able to ignore the oxygenation
state at the skin surface and determine that within the
tissue.

The lamps 12,14 may be, for example, 1/2 W flash-
light bulbs that are periodically illuminated in the NR
region. The lamps are provided with cutoff filters 13,15
so that only energy of a specified wavelength illumi-
nates the tissue. The silicon diode detectors 16,18 are
sensitive to 760 + 20 nm and 800 + 20 nm wavelengths
respectively.

In a preferred embodiment, the lamps 12,14 are
light emitting diode (LED) sources, which emit light hav-
ing a wavelength of about 760 nanometers and about
800 nanometers respectively. In either embodiment, the
lamps are flashed or pulsed at a predetermined repeti-
tion rate. The repetition rate of sampling, i.e., the rate at
which the lamps are flashed determines the rate at
which data may be collected. Thus, for a long distance
runner, the lamps are flashed slowly; the output is com-
mensurately changed for a sprinter, the lamps flashed
rapidly to produce sufficient data to evaluate an exercise
having a duration on the order of seconds. The selec-
tion of LEDs as sources of electromagnetic radiation
provides a further advantage, since these sources pro-
duce a signal-to-noise ratio (S/N) approximately one
order of magnitude greater than previously disclosed
optical coupling systems using optical light fiber
sources.
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Referring now to Figure 4, an alternate embodiment
of circuit for use with the system is illustrated. In this
case a single detector 17 responding to separate light
flashes collects and transmits signals to an amplifier 24,
which has bipolar outputs that are connected intermit-
tently to an integrator 27 by a switch 26A. Another
switch 26 adjusts the relative duration of the two light
pulses to equalize the two signals. One of ordinary skill
will understand that those portions of Figure 2 and Fig-
ure 4 having the same reference numerals perform sub-
stantially similar functions. Many details of the particular
circuits need not be set forth with particularity as they
are well known or will be obvious to those of ordinary
skill.

Referring to Figure 2, it can be seen that the detec-
tors 16,18 are also protected by a transmitting filter 19
to minimize the effect of background light. The filter 19
may be comprised of a separate member, a coating or
integrated into the housing of the circuit. The DC output
of each of the detectors 16,18 is time-shared into its
respective differential amplifier 20,22. The amplifiers
are connected in opposite polarity, one non-inverting,
the other inverting. The dwell time of the switch 23 con-
necting the amplifiers 20,22 is adjusted to equalize the
response of the two signals by appropriate circuitry 28.
The signal from the integrator is coupled to a recorder
(not illustrated). As shown in Figure 4, the signal from
the 800 nm lamp 12 may be simultaneously employed
to vary the gain of the amplifier 24 so as to correct the
signals for changes of blood volume and to produce the
ratio of the two signals, and thus maintaining constant
sensitivity for difference detection. One of ordinary skill
will appreciate that a similar gain compensation circuit
can be incorporated into the circuitry of the 800 nm
detector amplifier 22, shown in Figure 2. Whether incor-
porated into the circuits of Figure 2 or Figure 4, the 800
nm signal is also coupled to a second recorder channel
to collect data reflecting total absorbtion or blood vol-
ume.

Another configuration is illustrated in Figure 3. In
this embodiment, a radio-linked telemetry system com-
prised of a transmitter 60 attached to the subject and a
receiver 62, allows the remote monitoring of the subject.
A supervisor, coach, or clinician is thereby enabled to
monitor the performance of the subject. The display is
remote. One of ordinary skill will appreciate that the dis-
plays utilized may be similar to those illustrated in Fig-
ures 1A and 1B, or may be more complex, displaying
data using various scales, time overlays, colors, etc. In
a most preferred embodiment the telemetry signal
would be carried on the 220-400 MHz band, using a
transmitter in the 100 MW range.

The configuration illustrated by Figure 3 allows us
to monitor athletes in competition or workers and mili-
tary/space personnel located in remote locations. For
example, the apparatus may be used in training to
determine the duration of peak performance and the
appropriate times for the substitution of fresh players or
other adjustments. This configuration would also be
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preferred for monitoring the metabolic condition of an
animal such as a racehorse, racing dog, or any animal
whose metabolic condition is being studied for clinical or
other purposes.

In any of the embodiments, it is preferred that the
data be integrated over at least about ten seconds to
smooth out irregularities which normally occur in the
concentration of deoxyhaemoglobin during exercise.
However, it will be understood that the period integration
can be varied, depending upon the duration of the activ-
ity being monitored.

Although manual balancing of the apparatus is
required, in a preferred embodiment, the balancing is
accomplished by depressing a button, which will nor-
malize the output of the two wavelengths.

One of ordinary skill in the art will appreciate that
the present invention is not limited to the particular
embodiments described in detail. Modifications to the
circuitry disclosed, and other aspects of the spectropho-
tometer configurations disclosed, as well as other mod-
ifications to the physical arrangement of the specifically
described and illustrated apparatus are feasible.

Claims

1. Portable apparatus for determining a condition of
tissue of a subject (50), said tissue having an exte-
rior surface (25), said apparatus comprising:

(a) detector means (10) adapted operatively to
detect scattered electromagnetic radiation,
said detector means being adapted to be
removably attached against said exterior sur-
face, and said detector means mounting:

(i) lamp means (12,14) for operatively pro-
ducing electromagnetic radiation directed
against said tissue;

(i) sensor means (16,18,17) for operatively
detecting a scattered portion of said radia-
tion which has migrated through said tis-
sue, said sensor (16,18,17) being
arranged for location adjacent to said lamp
means on said exterior surface; and

(i) substantially opaque barrier means
(11) disposed between said lamp means
and said sensor means for substantially
reducing the transmission of near-surface
transmitted radiation from said lamp
means to said sensor means;

and being provided with means for operatively
pulsing said lamp means in a plurality of pulses
having a known duration;

(b) power pack means (30) electrically con-
nected to said detector means and adapted for
delivering current thereto; and

(c) signal processing means adapted opera-
tively to receive a signal generated by said
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detector means and to process said signal to
produce information indicative of the said con-
dition, and display means (40) for displaying
said information;

said apparatus being characterized

(A) in that both said detector means and
said power pack means are wearable by
said subject during activity,

(B) in that said lamp means and sensor
means are mounted on a flexible, water-
proof, body-conformable array capable of
simultaneously maintaining said lamp and
sensor means adjacent the skin of the sub-
ject during such activity, said lamp means
and said sensor means being located in an
arrangement which establishes at least
two substantially symmetric photon lateral-
scatter paths through a target region lying
beneath said surface, said arrangement
including a centrally located sensor means
with respect to at least two laterally
spaced-apart lamp means adapted to tar-
get deep lying tissue regions of a body
part,

(C) in that said barrier means is mounted
on said flexible array, said barrier means
being disposed on said flexible array
between said lamp means and said sensor
means in such manner that, while substan-
tially blocking superficial photons migrating
in the skin from entering said detector
means, said barrier means allows photon
migration through both of the respective
photon lateral-scatter paths from the lamp
means to the sensor means,

(D) in that said pulsing means is adapted
to pulse said lamp means at a selected
rate, and

(E) in that said signal processing means is
adapted to process the received signal to
produce information indicative of the meta-
bolic condition of said target region.

Apparatus according to Claim 1, further character-
ized in that said display means (40) is electrically
connected to said detector means (10) and weara-
ble by said subject (50).

Apparatus according to Claim 2, further character-
ized in that said display means is removably mount-
able within the view of said subject.

Apparatus according to Claim 1, further character-
ized in that said display means further comprises
telemetry means (60,62) for operatively transmitting
a signal from said detector means to the display
means.
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5.

10.

11.

12.

Apparatus according to Claim 4, further character-
ized in that said telemetry means comprises:

(a) transmitter means (60) attachable to said
subject (50); and

(b) receiver means (62) associated with said
display means (40) and located remotely from
said subject.

Apparatus according to any preceding claim, fur-
ther characterized in that the display means (40) is
a liquid crystal display.

Apparatus according to any preceding claim, fur-
ther characterized in that said lamp means (12,14)
provides electromagnetic radiation in the form of
red or near-red light and is preferably comprised of
at least two sources of electromagnetic radiation
having a wavelength generally in the range of 760
nanometres to 800 nanometres.

Apparatus according to any preceding claim, fur-
ther characterized in that said pulsing means is
adjustable to vary the duration of the produced
pulses.

Apparatus according to any preceding claim, fur-
ther characterized in that said lamp means includes
a flashlight bulb or a light emitting diode.

Apparatus according to any preceding claim, fur-
ther characterized in that said flexible array is
adapted for mounting said detector means against
the head or leg of said subject, the target region
being a region within the head or leg of the said
subject.

Apparatus according to any preceding claim, fur-
ther characterized in that said array is adapted to be
worn by an athlete, by a person working, by active
military personnel, by space personnel, or by an
animal.

A method of monitoring a metabolic condition within
a target region of the tissue of a subject comprising
the steps of:

(a) providing an apparatus according to Claim
1;

(b) activating said detector means when flash-
ing at least two sources of said lamp means to
direct electromagnetic radiation into said target
region;

(c) sensing the scattered portion of the electro-
magnetic radiation which has migrated through
the target region;

(d) determining the metabolic condition in the
target region; and

(e) displaying information indicative of the met-
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abolic condition in said target region of said
subject responsive to said signal produced by
said detector means.

A method according to Claim 12, further comprising
the step of transmitting said information indicative
of the metabolic condition in said target region to a
remote located by telemetry.

A method according to Claim 12, further comprising
the step of adjusting said pulsing means to flash
said lamp means at a rate dependant on the activity
of said subject.

Patentanspriiche

1.

Tragbare Vorrichtung zur Bestimmung eines
Zustands des Gewebes eines Subjekts (50), wobei
das Gewebe eine AuBenoberflache (25) besitzt und
die Vorrichtung folgendes aufweist:

(a) Detektormittel (10) geeignet zum betriebs-
maBigen Detektieren gestreuter elektromagne-
tischer Strahlung, wobei die Detektormittel
entfernbar an der erwahnten AuBBenoberflache
anbringbar sind, und die Detektormittel folgen-
des tragen:

(i) Lampenmittel (12, 14) zur betriebsmaBi-
gen Erzeugung elekiromagnetischer,
gegen das Gewebe gerichteter Strahlung;
(i) Abfuhimittel (16, 18, 17) zum betriebs-
maBigen Detektieren eines gestreuten
Teils der Strahlung der durch das Gewebe
gelaufen ist, wobei der Sensor (16, 18, 17)
zur Anordnung benachbart zu den Lam-
penmittel auf der AuBenoberflache ange-
ordnet ist; und

(ii) im wesentlichen undurchsichtige Bar-
rierenmittel (11) angeordnet zwischen den
Lampenmitteln und den Sensormitteln
zum substantiellen Reduzieren der Uber-
tragung der nahe der Oberflache Ubertra-
genen Strahlung von den Lampenmitteln
2u den Sensormitteln;

und wobei die Detektormittel mit Mitteln verse-
hen sind zum betriebsmaBigen Pulsen der
Lampenmittel mit einer Vielzahl von Pulsen mit
bekannter Dauer;

(b) Leistungspackmittel (30) elektrisch verbun-
den mit den Detektormitteln und geeignet zur
Lieferung von Strom an diese; und

(c) Signalverarbeitungsmittel geeignet zum
betriebsméaBigen Empfang eines durch die
Detektormittel erzeugten Signals und zur Ver-
arbeitung des Signals zur Erzeugung von Infor-
mation, die den erwahnten Zustand anzeigt
und Anzeigemittel (40) zum Anzeigen der Infor-
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mation;
wobei die Vorrichtung dadurch gekennzeichnet
ist,

(a) daB sowohl die Detektormittel als auch
die Leistungspackmittel durch das Subjekt
wahrend Aktivitat tragbar sind,

(b) daB die Lampenmittel und die Sensor-
mittel auf einer flexiblen, wasserdichten,
fur den Kérper bequemen Anordnung
angebracht sind, die in der Lage ist, gleich-
zeitig die Lampe und die Sensormittel
benachbart zur Haut des Subjektes wah-
rend dieser Aktivitdt zu halten, wobei die
Lampenmittel und die Sensormittel in einer
Anordnung angeordnet sind, die minde-
stens zwei im wesentlichen symmetrische
Photonen-Seiten-Streupfade durch eine
Zielregion unterhalb der Oberflache vor-
sieht, wobei die Anordnung zentrale oder
mittig angeordnete Sensormittel aufweist,
und zwar bezliglich mindestens zwei seit-
lich voneinander mit Abstand angeordne-
ten Lampenmitteln, geeignet zum Zielen
auf tiefliegende Gewebegebiete oder
Regionen eines Kdrperteils,

(c) daB die Barrierenmittel auf der erwahn-
ten flexiblen Anordnung angebracht sind
und auf dieser zwischen den Lampenmit-
teln und den Sensormitteln derart ange-
ordnet sind, daB, wahrend sie
oberflachliche Photonen, die in der Haut
wandern, vom Eintritt in die Detektormittel
blockieren, die Barrierenmittel die Photo-
nenwanderung durch die beiden entspre-
chenden Photonen-Seiten-Streupfade von
den Lampenmitteln zu den Sensormitteln
gestatten,

(d) daB die Pulsmittel geeignet sind, die
Lampenmittel mit einer ausgewahlten Rate
zu pulsieren, und

(e) daB die Signalverarbeitunsmittel geeig-
net sind, um das empfangene Signal zu
verarbeiten, um Information zu erzeugen,
die eine Anzeige fir den metabolischen
Zustand oder die metabolische Bedingung
der Target- oder Zielzone angibt.

Vorrichtung nach Anspruch 1, ferner gekennzeich-
net dadurch, daB die erwahnten Anzeigemittel (40)
elektrisch mit den Detektormitteln (10) verbunden
sind und durch das Subjekt (50) tragbar sind.

Vorrichtung nach Anspruch 2, ferner dadurch
gekennzeichnet, daB die Anzeigemittel entfernbar
innerhalb des Gesichtsfeldes des Subjektes ange-
ordnet sind.

Vorrichtung nach Anspruch 1, ferner dadurch
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gekennzeichnet, daB die Anzeigemittel Telemetrie-
mittel (60, 62) aufweisen zum betriebsmaBigen
Ubertragen eines Signals von den Detektormitteln
zu den Anzeigemitteln.

Vorrichtung nach Anspruch 4, ferner dadurch
gekennzeichnet, daB die Telemetriemittel folgendes
aufweisen:

(a) Transmitter- oder Sendemittel (60) anbring-
bar an dem Subjekt (50); und

(b) Empfangermittel (62) assoziiert mit den
Anzeigemitteln (40) und angeordnet entfernt
vom Subjekt.

Vorrichtung nach einem der vorhergehenden
Anspriiche, ferner dadurch gekennzeichnet, daB
die Anzeigemittel (40) eine Flussigkeitskristallan-
zeige sind.

Vorrichtung  nach einem  vorhergehenden
Anspruch, ferner dadurch gekennzeichnet, daB die
Lampenmittel (12, 14) elektromagnetische Strah-
lung in der Form roten oder nahe roten Lichtes vor-
sehen, und zwar vorzugsweise mindestens zwei
Quellen elektromagnetischer Strahlung aufweisen
mit einer Wellenlange im allgemeinen Bereich von
760 Nanometer bis 800 Nanometer.

Vorrichtung  nach einem  vorhergehenden
Anspruch, ferner dadurch gekennzeichnet, daB die
Pulsmittel einstellbar sind, um die Dauer der
erzeugten Impulse zu verandern.

Vorrichtung nach  einem  vorhergehenden
Anspruch, ferner dadurch gekennzeichnet, daB die
Lampenmittel eine Blitzlichtbirne oder eine lichte-
mittierende Diode aufweisen.

Vorrichtung  nach einem  vorhergehenden
Anspruch, ferner dadurch gekennzeichnet, daB die
flexible Anordnung geeignet ist, um die Detektor-
mittel am Kopt oder am Bein des Subjekts anzuord-
nen, wobei die Target- oder Zielzone eine Region
oder Gebiet innerhalb des Kopfes oder des Beins
des Subjektes ist.

Vorrichtung  nach  einem  vorhergehenden
Anspruch, ferner dadurch gekennzeichnet, daB die
Anordnung geeignet ist, um von einem Athleten,
einer arbeitenden Person oder aktiven Militarperso-
nal, im Weltraum tatigem Personal oder einem Tier
getragen wird.

Verfahren zur Uberwachung eines metabolischen
Zustandes innerhalb einer Zielregion des Gewebes
eines Subjekts, wobei die folgenden Schritte vorge-
sehen sind:

10

15

20

25

30

35

40

50

55

EP 0 441 791 B

13.

14.

14
(a) Vorsehen einer
Anspruch 1;
(b) Aktivieren der Detektormittel, wenn minde-
stens zwei Quellen der Lampenmittel blitzen,
um die elektromagnetische Strahlung in die
Zielregion zu richten;
(c) Abfuhlen des gestreuten Teils der elekiro-
magnetischen Strahlung, die durch die Zielre-
gion gelaufen ist;
(d) Bestimmung des metabolischen Zustands
der Zielregion; und
(e) Anzeigen der Information, die den metabo-
lischen Zustand der Zielregion des Subjekts
angibt, und zwar ansprechend auf das durch
die Detektormittel erzeugte Signal.

Vorrichtung geman

Verfahren nach Anspruch 12, wobei ferner der
Schritt des Ubertragens der Information, die eine
Anzeige fiir den metabolischen Zustand der Targe-
tregion bildet, zu einer entfernten Stelle durch Tele-
metrie vorgesehen ist.

Verfahren nach Anspruch 12, wobei ferner der
Schritt des Einstellens der Impuls- oder Pulsmittel
vorgesehen ist, um die Lampenmittel blitzlichtartig
zu betatigen, und zwar mit einer von der Aktivitat
des Subjekts abhangigen Rate.

Revendications

1.

Dispositif portable pour déterminer la condition d'un
tissu d'un sujet (50), ce tissu ayant une surface
externe (25), ce dispositif comprenant :

(a) un moyen (10) adapté pour détecter un
rayonnement électromagnétique diffus, ce
moyen étant congu pour pouvoir étre fixé de
maniére non définitive sur cette surface
externe et comportant :

(i) des lampes (12) et (14) pour produire un
rayonnement électromagnétique dirigé sur
ce tissu;

(ii) des capteurs (16), (18) et (17) pour
détecter une partie diffuse de ce rayonne-
ment ayant migré a travers ce tissu, ces
capteurs étant disposés de maniére a se
trouver a des emplacements voisins de
ces lampes sur cette surface externe; et
(iii) une barriére sensiblement opaque (11)
placée entre ces lampes et ces capteurs
pour réduire de maniére substantielle la
transmission de rayonnement émis au voi-
sinage de la surface de ces lampes vers
les capteurs;

et étant équipé d'un moyen destiné a
activer les lampes par une pluralité d'impul-
sions de durée connue;
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(b) un groupe d'alimentation électrique (30)
connecté électriquement & ce détecteur et
adapté pour Iui délivrer un courant ; et
{¢) un moyen de traitement de signal adapté
pour recevoir un signal généré par ce détecteur
et le traiter de maniére a produire une informa-
tion indiquant ladite condition, ainsi qu'un
moyen (40) pour afficher cette information;

ce dispositif étant caractérisé en ce que

(A) les détecteurs et le groupe d'alimenta-
tion électrique sont tous les deux portables
par le sujet en activité,

(B) les lampes et les capteurs sont montés
sur un support souple, imperméable, se
conformant au corps, capable de maintenir
simultanément ces lampes et capteurs a
proximité de la peau du sujet pendant cette
activité, ces lampes et capteurs étant pla-
cés selon une disposition établissant au
moins deux trajets sensiblement symétri-
ques de diffusion latérale de photons 2 tra-
vers une zone cible se trouvant sous ladite
surface, cette disposition comportant un
capteur centré par rapport a au moins
deux lampes espacées latéralement adap-
tées pour viser les zones de tissu situé en
profondeur d'une partie du corps,

(C) la barriere est montée sur ce support
souple entre les lampes et les capteurs de
telle maniére que, tout en empéchant sen-
siblement les photons superficiels migrant
dans la peau d'entrer dans les détecteurs,
elle permette la migration des photons par
les deux trajets respectifs de diffusion laté-
rale des lampes vers les capteurs,

(D) le moyen générateur d'impulsions est
adapté pour fournir une impulsion a la
lampe a une fréquence donnée, et

(E) le moyen de traitement de signal est
adapté pour traiter le signal regu de
maniére a produire une information indi-
quant la condition métabolique de cette
zone cible.

Dispositif selon la revendication 1, caractérisé en
outre en ce que le moyen d'affichage (40) est con-
necté électriquement au détecteur (10) et portable
par le sujet (50).

Dispositif selon la revendication 2, caractérisé en
outre en ce que le moyen d'affichage est monté de
maniére non définitive dans le champ de vision du
sujet.

Dispositif selon la revendication 1, caractérisé en
ce que le moyen d'affichage comprend en outre des
moyens de télémétrie (60) et (62) pour transmetire
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un signal provenant de ces détecteurs au moyen
d'affichage.

Dispositif selon la revendication 4, caractérisé en
outre en ce que le moyen de télémétrie comprend :

(a) un moyen émetteur (60) susceptible d'étre
fixé au sujet (50); et

(b) un moyen récepteur (62) associé au dispo-
sitif d'affichage (40) et placé a distance de ce
sujet.

Dispositif selon I'une quelconque des revendica-
tions précédentes, caractérisé en outre en ce que
le moyen d'affichage (40) est a cristaux liquides.

Dispositif selon I'une quelconque des revendica-
tions précédentes, caractérisé en outre en ce que
les lampes (12) et (14) fournissent un rayonnement
électromagnétique sous forme de lumiére rouge ou
proche du rouge et comprennent de préférence
deux sources de rayonnement ayant une longueur
d'onde généralement de I'ordre de 760 & 800 nano-
métres.

Dispositif selon I'une quelconque des revendica-
tions précédentes, caractérisé en outre en ce que
le moyen générateur d'impulsions est réglable de
maniére a pouvoir faire varier la durée des impul-
sions produites.

Dispositif selon l'une quelconque des revendica-
tions précédentes, caractérisé en ce que les lam-
pes comprennent une ampoule de lampe torche ou
une diode électroluminescente.

Dispositif selon I'une guelconque des revendica-
tions précédentes, caractérisé en outre en ce que
le support souple est adapté pour permettre de pla-
cer les détecteurs sur la téte ou la jambe du sujet,
la zone cible étant située dans la téte ou la jambe.

Dispositif selon I'une quelconque des revendica-
tions précédentes, caractérisé en outre en ce que
ce support est adapté pour étre porté par un ath-
lete, par une personne travaillant, par le personnel
militaire actif, le personnel de I'espace ou par un
animal.

Procédé de surveillance de la condition métaboli-
que dans une zone cible du tissu d'un sujet compre-
nant les étapes consistant a :

(a) mettre en place un appareil selon la reven-
dication 1;

(b) activer les détecteurs quand on allume au
moins deux sources desdites lampes de
maniére a dirigé un rayonnement électroma-
gnétique sur cette zone cible;
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(c) capter la partie diffuse du rayonnement
électromagnétique ayant migré a travers la
zone cible;

(d) déterminer la condition métabolique dans
cette zone; et

(e) afficher l'information indiquant cette condi-
tion dans cette zone cible du sujet sensible au
signal produit par ces détecteurs.

Procédé selon la revendication 12, comprenant en
outre I'étape consistant a transmettre par télémétrie
cette information indiquant la condition métabolique
dans cette région cible a distance.

Procédé selon la revendication 12, comprenant en
outre I'étape consistant a régler le moyen généra-
teur d'impulsions pour activer ladite lampe a une
fréquence dépendant de I'activité du sujet.
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AEBIE, RE7L LD, 2V OEFRESEZF Yy /Fyd o0l deb 1D
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HERED <A VAR L > THF ¥ IF v aNAEFFRESICEDE, bAdEL 120
BlOoREKGED YA 70k OREREED, BN 1 —VEBOREL TS oD
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EORDEMPELEBICENT, 2ACED 1 DODE2DAAIKED YA 7 Ot i,
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EEESY. TRPICBUAEERAET TR, VOB KICETIEERICEF Y S
T ENDIEATRETH D EVIHEEET S, JHUICEY ., ST EIYFOERL 20
Botk, MEOBREDILMINES, BRENDI T EAAETHD, FEMICIL, Eih~
A7ARyEFERLT, 2—UH, BrdE5 FBLTWELIEND, FEBICEZICHE
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DHEIEY 2 —ILIZ L > TERENDZ DI, FEFICLCGELTWS,
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B1IOHARGEORAVORVICE2THF Y S FyENIEB0EEEMEERER LD
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ZIE, MEMSHEITTERE NG ZENAEETH 5, ZORR, TOEBHRELEL, &
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HB,
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THEETDZEHHAETHD, TORBRAEEEIL, Vb, AEBICEDVRT A,
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MWREET 4 A7 A1d, XD, BOMBRELICEEICEEHSNDE T + X LA - T34
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EHNTEETH D, REB/L— L, BEAAEF v /F v T 200D ELRDIFEREED
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TH5,

[0016]

EOADLIERVEZETIL, YRAT LG DAL ES T DOABKRGED YA 7 ARy %
FRLTOBEOAVT Y FA2F v /F v 2L0D0EERHMTY 2 —ILE2EDL, ZOEBER
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BIENTARTH D, EROZDLESBYA7AFRYRE~vA 70Ky - 7L A 165, 10
AkIC, RE7L—A10EIC, BI21E RE7L—41 00mELICTHIcELESA
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[0021]
RldY, MINER2IORENZEEY, REZ7L—L41 0, 1 D2XIAEROHRIK
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15, 1614, BICEMART, SV HFAHENMTTICEHEBENE ZENAEETH B, ©

DFER. FEMKFEOZEL Y13, 156, 160HE. BE. RO/ XIGHEIKREEC
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FOEEL Y1 6H, TOFFMICEIE, I -YREBICAEINDS, FIC. fEEY 2
—11ld, MEMSEMCERENZAAKGTEOEEL Y1 6ONBELEEL T, £
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ARV RbF v 7Frvahd, B1OHAKRGEOEE Y 15ICL->THFv 7T F v
NS EMREE RS, B2 0HRKEDSEL Y13 ICL-THFv IFrvanAE
F#MEESEN HHEY 2 -1 1ICE >TSS, FHEasnT, AERGEOEEL
YH16H, ZOFMCEDTE, 2-VEHICAEINS, FIZ. —EDEETHLEH
Hv R TR, FARGFOEEL Y 1 6 oFRKEEOERNA, 2R VENALT -1
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B, RB7L—LA10E BN Y T =70 A E 72— 12HHEA. A VX
TJr—X12%FFERLT, OBEOEFLED/ XIET—XOHEOBERH, BEFvx/IL1
TENLT, BBE7L—L10BEBERKREEI OOMTxEmENE T tb‘ﬂﬁ%’(%
o Zy NT—0 AR T71—212F, EHOELDL Ry b7 — I BIZ1L. B
luetoothXidZigBe etb\o%ﬁu’c%l]bﬂ’cméD—ﬁ»ﬁﬁ%%ﬁz\y Ny

=2 THS, GSM (Global System for Mobile Com 40
munication). GPRS (Generalized Packet Radi
o Service),  UMTS (Universal Mobile Telecom

munications System). WLAN (ERO—H/L -TUT -Fv 7
—2) 802, 11, FBERMN. XdtboEEoEMBERN LY R— 422
ERTEB, LAL. REIELT, Ry b7 =2 A2 71—21 21 EFE0OE/A
VETT—RTHLTE. BIZIE USBA YA 7x—AXR@GF irewi re (BFH
B) Av27x—2 0 HWEA TRy (BEEE b Urs XEfol
BEOBIRLAN (A—hHL - TUT - Ry b7 —=2) ITHTEA VR T7T2—ATHDHIE
LABECH D, AR 71— RE, bBAA BIZE APy bPRIEh—o U
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ABa=v b3 2%58, BEWEmAEEI G, FI2E #FF-—RUaY ta—L
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Patents JP6275987B2

Eveglass frame with integrated acoustic communication system for communicating with a mobile wireless device
and corresponding method

Abstract

A system and methed for ustical communication, in wi

srogphone for ¢
to ey

one directionally dep

g volce signsls of & us ¢
device for signal tran i

roal electronic oe

20 that the girectionzt depandencs of
the 8t feast one Microphone is use seificatly adiustabie in an sdaptive way. The directionsil
enes can be by ented as mivraphone ariays and/or in MEMS tectinology,
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Claims (358)

A system for azoustic communication,
A

Aspeciacte Trame including a &
Atransmitier contig
Based on @

wrophones for captudng ane or more audio signals;
or more audic signals captured by one or more external slectrenic devices;
Hy dapendant microp! s of the plurality of ¢i

Qi 1 capturad By one

0 CF an-gepandant mic

prhones of

i icrophanes least one A conirol moduie for adjusting the direction dependency o first direction dependent microphong;
e frams to caphure a body

The sysie 0 OO 3 ion-depende i ne is disnosad ear engaging portion of the spe:
vibration acoustis si

The sysierm for acou

micron

2 for acous aidling to claim 1

The ane o7 o first directi
directivn-repent

The system for acoustic communication azcording to claim 1,

a

2 one of Mmoare audio signals captured by a third

t ricrophane, A system for auoustic nommunication that is pe

T for acst o direction

ool

N B am shle using o

or mate sudio signa

1 for acoustic comim
= for ac

ication accarding 1o claim 1,

nication, wherein ¥

COTOT e at feast one direction dependsnt microphy

wrording o claim 5,

i3 @ Micronhene 8ay.

The system for acoustic communivation

e for acoustic o

accarding 1o olsion 1

wherein &

The system for acoustic cor aceording welaim 1,

The eyeglass frame is a system for scoustic commu
rication

icgtion inciuding means for retinal scanning di

The system for acoustic cony

ceording toclsim g,

The sy 1 for acous

The system tor acoustic com

foelnt cation, whers

& eveglass frame includes a direction module configuied to capiuie a gave direction.
ication accarding 1o claim 1,

Asystern for acoustic communication including a speach recognition module configured to csplure verbs! commasnds using at feast one diredtion-
The system for azoustic communication according to claim 1

m for acet.

shone,

S interface.

T interface, and

211 for acous
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= inciudes 3 photovaltaic celi gured 1 ide power

sphured by the first dire
plurality of direction-dependent mi ‘o accustic com:
A& maethod for acoustic conmuni
Capluring one i 1 igwith a plur
Transmitting the captured data including
Ut leaak one s

= audiv sig

pendent rmicrophanes;
rone oF Mot sudio signals 16 one or more exerms! davices;

Baced on ever wil

ansily dependernt mic mp Hone oF QUi

conirol madi =ctien depender
& methos for &
The rr
The method for acoustic

ne direction-dependernt ”m‘-\m...':rw-u!m ated at alocatio
fatm 14,
second

thod for auousti

communication aecording 1@ ©
ation, wherein the

COMMUN ction-dependent microphons is & contact

crophons.

The methog for aceu

captured by a third

on-depsndent micrephone based on the one or more audio signais

tering the one or mare audic sign
fenendant microphone Method for communication,
The method for accustic communication according to cleim 14,

direrio

A metnod for acoustio comm sticr comprising controffing an am sing the one of more sudio signals captured by a Tion fepand icrophones,

The methad for accustic communication accarding to clsim 14,
ein the at
comdnicslion acconding o ¢

o for accustic communication, wh dcrophons is & microphane array.

x5t one diraction-depender
imis,

by MEMB techr

The method for acoust OgY.
The mewhod for acou
Ameihod for aeoustic communi L ing tranamitting the captured one or mare au ignals to a2 motile wir
The me! o cornrmunication aceaording to ofain 14,

Amet

device.

¢ for accu

data onto a reting usi

w for aceustic communication comprising projecting im

¢ to cl2im

a retinsl scanning dispiay.

At direction using a module.

The method for accu

A mathod for acoustic ¢ g verbal commanids n rmodule,

iface, a Zighee interface, a GEM interfacs, aumMTS

=

The method for accu

Comimi

A methons for acoustic communi

ation comprising providing @ power source via a photovolisic cell,

TILICALGH,

in a system for acaustic o

spectacte frame s for cs

uding a phuratity of recording me

g Ghe oF More 340 signals;
externat electronic devices:
e nhuraiity of recerding means, the at least

« audio signals caphured by one arm
ns or @ piurality of audic
N dependence,

: one of v
3 1 captured by one second recording me
s reans Control means for adjus

ing ane or more audi
it data including th or more

1 one sald 1 captured by on
iicrophanes fzastone A CO.’T‘(.’O! moduie for 2¢

signal

ore external stectronicc devices;
ts of the plursiity of di
e first dirsction « j-Ape"ceﬂv

wred audio signais captured by on

econd directionally dependent microphone or sudio s

ting the direction dependency of

atian, w e o) at g i

T microphone is locaned

SGr-depen

c communication according to clsim 27
The system for acoustic communication, wherein the

econd direction

epandent microshons is & contact microphons,

£ Cne of More audic sig

als captured by a third

direc senendent o
28. The sysiem for accu
A sy M for aco!

COMNUNcst

olizble using one of more sudil iCrophone.

gtem {or avoust

communivation acr;ording 1o ulair

y for acou

3 &t lesst one rire:

penda

A sysiem o i mmunication ing tieastor ue Y interfa . and 2 UMTS

Qales 1o a Mk SUe Communiec nt microphone far

user's sidio signal snd comimi

hoo and system for see on, in which s ¢

3 signal to an exiernal elec

3

captu
communic

Mo

ar

ncreasingly imoorsnt (ole ods

sammunication errminal equipmens play
B forming it

wewer moblle communication terminals are not anly responding 1o simple voice

oroadesst can be reced

of data o«

easingly ir smptex mubtimenia devices that can be used for audin broadceast or A vi
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network. The centrot «
; of data

:ge eomplex mohite

:, styluses, rscks invoives ns, ete, and often ; the use of such

this its the hand-free and convenient use of the

nnection, ach cass,

devices.

nt of methads that enable
2 hand, voioe recs:

ze v<~r:>ai fanguages o
automatic diakog sy

h 335 computers that re
found e
1 is performed everywhere where only a fimited vooshu

1gS 3N Process
table quer

vica! applice

. Howaver, in autamated spes

foyre nossinie 10 achieve amu

ang WO DE/062935 and WO D2/ 086589 describe, o
o the extemai slectronic dev

1, iLis how a hesring aid can inte 3 s e frame. Directicnat effects and lcealization, which shoukd
ation 1o acoustic events, through a & ic apatial distribution of sevarai microphon nthe spectacte frame an aff
s aie housed o externat efec ic devices are nut

0T

= connections

reah zed

can
provided,

US 200270197251 &1 discioses a microphone, & smafi speaker, a power supph (scoum S
externst efectronic device 0

art

izton), and & transmitter for t ing signais 10 3 mobile radio device
is 3 spectacies frame in which 2 corresponding receiver i mounted. Alternatively, the compenent may be housed in a cliz on @ s
at can he stiached 10 the spectacie frame and remeved ag

lar

L, 37 wWorn en a hat or head. Is possinie. T i 2iso be mouniad on an adiusiable arm.

The use of the above-descrit

microphone at a sufficient fevel.

s desir gralis apphied 10 the

<
3
&
&
z
<
<
¥
=
L
2
%
%
by

anangement in Aroriment with farge, noa-constant statie noise

S 3pricatinn invaihes a

v signal, ¢
tudes a micronhona
mg, b particuiar so-cailed ANC (aotive
for removing ambient noise and interference

noise ignal processing. Nevertheless, the seamform methad desc

sstional Bublication Mo 03/062935 inte
ional apoiication WG2004 / 16037

shional Bublication Mo 32/086599 Europesn Patent £ 219

ion Publication No. 2002/0187951 A1

Anplicyt

The abject of for acou

stateof the art. in

invention is 1o Dropess a new SvSTem and a new methar i communication that do net have the above-mentisned problems of the
WS (o.r convenient, hands-free use of mobile radio devices and orovides relisbie snd convenient input of verbal commands in
{interactive voice responss) in nojsy envirenments, And interactive vaice cantral must be enadied.

ci

<l

aceording 10 the invertion | stements of the i Jither advi Q0LS eMDOGiMEnts

faims and the present o
the above albjects are su

pende:

=S Ol

e frar ast

hatthe spe

ng 3 user's audio signal and 2

direction-dependent m
cormmunication mesas for transminting th
userszecific mann
microphoneg,
the sirection

val 16 an axternat electionic device, the atleast one microphone. The direction densendence of the can be adiusted
a dynamic manner oy the contrel meduls, which is based on the audia signal captures by the af least one second direction-dependant

ieved Through the present invention in that it inciu means for parforpy iustment of the direction dependence of
oendent micrephane. The advanizge of this embodiment varisnt is inter alis effec

Gaptive User-specific adj

siviviiiad tse

fands-

the vaptured A further a4

free nput of verbal

s

rrmiore, this embad tyarant has the advantage, inter aliz, that the o

Hor-dependent adiustime

function of the signais captured by oiner microphanes. The =, better user specific adaptations oan be reafizerd ity 3nd bewer preconditions
apntication of the systerm and method according 10 the invention in an environment with 5 nigh level of interference noise is bro abaut

i a further emosiment variant, the at least one se none. This emba

direction-gepen niage, inter

90{ turther

af
jnprove ¥ OISR rermoval £ 2 16 > sorrespandin
whather the user is spesking right n--w,aﬁcthe-n is1
signat o

other gire

ibhe confusion w idit zking in the vicinity. Tan be substantially eliminated. Furthermors, &

2 EPUVE‘ URE-50ed

e Sontas

wred by microphone is very well suited for use by the controt nou)!ﬂ 1o maske an adjsstrnent of the direction dependence of

2oyt of the
erit riicrephane, Have Thus, the pos: featiires et enend Hstes 25 ntimally combined with the
G, resultin
GRTONS BITSY OB
advantagzousiy be e and

powarful directionaf ef can i festures

iofed, and thos

cannat atand 8 high

eration

a

2 whereby
part ¢ srnall ane

in apothar ambdodim: i1 be incorporaied into 3 speciacia

and the
nicate with

ihat the system according io the hvent
3 £an o
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stic command via the glas need o Lse any

ently at a signific

s frame. Thus, the
fawer cost.

uile radio netwark orin
therefere communi

4N QUL

wWeni

MOre T

» inciudes means for @ retinal sean
ight meduiztion of the rays and rapid decomp
; bodi
ation without relving on exrernal ouiput devices, Has the advantage that itis pf»\:blﬂ At the same time, with
the system.

nai seanning dispiay is 3 display devi gt rays are
on, the entire picture can de shown. The spec
gs, 3 complex system th

in another embodiment variant, ihe spectacie
the retins of the eye. Thi

wiude additicna means tor captur

ing dispiay. At

piojected directly

. As zresult, this

et

frame

users 1o directly view and isten 1o inform
capture, fur izs of data input can be

7 DOSSE orporated

nediment variant, the svsiem includes a speech recognition module far capiuring verbal commands using at ieast one direction-dependent
;6 that the dat sed in 2 simple manner by the user using verbal commands, 4 fu
e alt devices are inted|

i a further e
This embodiment variant has the sdve
tage is lowsr powsr cons

ean be coniolied and /£ or sel

snination systern compris: stooth interface and / or a 7§ ieriace and /or e
shove jri

idition 16 the system aocording

1 are described below it connectl nying fgures

below.

a side view of 3 spectacie frame

A00usTie commi

TR aRCording o the presentinvention. 2 §

't is 8 piock diagram schematically fiustr
that ca system and method of the pres

tng another embodiment

Ve

A be used 1o oany o N secording to FIGL FIG. & s a block diagram schematicsliy ifus

of a system system of

cally sh

methed according o the present inventicn for acoustic communication. A6
KsRgichyl .28 a blockd
G5.2%

vention o acoustic oo ‘
nvention for aoubstic comi
aciacie frama th

the presentin
system
position of 3 worn

2 Dress

! S 10 a spectacie frame, for example a speciacts frame with 5 corrective lens or a frame for & r:glasses with 3 sunshade feng, worn by
al. The spevizcie frame 10 includes 3t least one direction-dependent acoustic sens
¢ 2C can be capiured. Throtugh the divection dependsence

farly weil The directia

e sound waves 27 amanating
user 20 onthe

6 at Q pos

} myopic o

from the mouth of the

nalse be
d field can &

Agom a5 shown in FiG. 1 or 2, the spe one of Mot direction-dependent 300USTIC sensors 15, A further direction-depen

5 at s ocation whe rial can be welf o e

nysical vibration acoustc nagated by the

hysiosh vibroscoustc
orn against the wemporat bon
507 15 can fikewise e imple H‘?T‘-{Cd E

uge's body. A par
3g shown in FIG

CThe arme usUaiy W

direction-

CrOpNone s sy qer guakity of the Acr\albamg captured, A piu
ned with respect e speciachs

rality

o can alse

d MEMS Te
parts. Thus, a MEMS is typicaily a proce
hone or micraphone array that can be manufactures through the use of

ularly welt sulted fon

tively, far with so-cal nology (MicroE

ays 13,15, 15, s be impleme
rochif with some iogic and at keast some mioving
ry sral micr

2 sound o aiir'at e game dme with a 8

of with rmechanic: ris that can

5 that res

resuyr aie

at daia.

ig iz an

waphone or microphone sriay wift be

mounting inthe pactagie rame 12

ncent ace 13,15, 14,
&. b particular, trough the use of
w nh Emlo e‘fcrz A result, the pos
Based on guddic si
ar 13, 15 18, Ali comp
o A2 CoNtel clrcults 44, 84, o

coiire and svaliate s
3,18, 16 W eonimnl the ¢
A o°mcu1a1! simple

1, reference numersal 11 indizates a control madute. The control m
e direction-d cent

1 can alse eomounicste wi
togy, the directien-dependent accustic sensors 13, 15, 14 can b
/ or directinn deper ""af tha d wn-c’em’:nd'ﬁn

an be influ

ane direc
for sigi

& fnrma“mi 2 3

Goated in

i an ambodiment varian

= problem-solving actording 1o the invention, fur #x wsiond vibiratior

n sound wave of the audio signal is pronagated 1o

the skult and the temporal bon
the user ased an the eveluation. In &

§ 16 hetter take inte seaount s

raptured audio signal i

ricular, the con

fechna ioa 20

i another ermbodiment vari
the girection

s of the problerm-sobving accﬂrding wh 0N, (ot nniy
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articuiar, ambient sounds that remain
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U
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e of the microsho:

s dynamically adapted axample

information in the form of data can be
H ged detween devices 30 The
gRes, but alsc SEM (Global Bystem |

in part dion an /

g o which the verbal infor
FrLeRten w

oo sper;[acie w communication chan 7.t esn be exor

abiile Cor

network i :ame of 8lustooth or

GRS (Gen

face 12 is net anly 3 local wirelsss netwol

fzad Fackel Radio Service), UTE, {Universal Mobite T anion Systermns), WLAN (Wircless Local Area Network) BD2.11, infrared oo
technaiogy, or any other ¢ hnolegy © d. However, in principle, the any contact interface

e of an Ethamet {2 ¥ =N Ring, or any other wired LAR, (iocal, 1t can also be 10 sn
w axamples, Ethes Ring, $0 that nat es, but 2lso PRP
pie) ) Ora

5 MAD addy

=t or Token

anly packet switched inie

{Foint 1o Uit-switchs

tosnbeu by a protocst such as GPRS (G
i, i principie, the syser
sent invention exist, but instead ma

jio Service), e, an inte nas nio newwnrk add

he pressnt inventicon is net fimited o a particuls

Facket Rs
method zccordi

L b8 possid
teawres acc-:vrd gtothe:

be frripternent one of mare desired networks, it has 1o be emphasized ths o oy voice Irsnsmission and / or data
trai ssivn gwitched transpa or routed baiween d speskers and power

Py devices ¢

30 in G,

sHioo termi tevice o any desired so-catled cusion

& of a G8M mebite racdia netwark, or 3 UMTS device of 2
39 in principie has 3 standard p:
muonents. 1 can be any other device. The mm;ie

chile communication ter ndarc

f any mobiie radio netwoerk, for ex 3 GEM de
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UV RADIATION DETECTION AND WARNING
APPARATUS AND METHOD

The present invention relates to detection and warning systems.
More particularly, the present invention relates to a UV radiation detection system.

Health professionals, as well as the general public, are becoming increasingly
aware of the harmful effects that an extended exposure to sunlight has on human skin.
The ozone layer, which acts as a filter to reduce the amount of uitraviolet light present
in sunlight that makes it to the Earth’s surface, is thinning (there is even an opening at
the North Pole). By most standards of measure, the amount of harmful rays present
in sunlight continues to grow, increasing the risk of skin cancer, and otherwise
generally aging the skin and causing spotting and wrinkles. Excessive exposure to
ultraviolet light is now linked to an increased probability of eye damage, particularly
cataracts, which is why eye glasses coated with a UV blocking material has become
very popular. UVB radiation is a specific band of ultraviolet light that is considered
particularly harmful to humans.

As result of all the warnings both by doctors and the media, people now tend
to spend less time in the sun even during their holiday. When they do spend time -
outdoors it is common for people to use a sunscreen with an SPF (Sun Protection
Factor) which usually gives an indication of how strong is the protection.

However, the majority of people are still unsure of what is the difference in
protection between a 30 SPF lotion and a 60 SPF lotion (it is not a linear scale), and
whether or not the lotion-is “water proof” or at least water resistant, and how often it
should be re-applied depending on the duration the person is swimming, perspiring

from physical activity (or just from the heat), etc.
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In addition, there are additional conditions, such as environmental conditions,
time of day, sunlight intensity, wind, etc., all of which can affect how much sunscreen
should be put on and how often it should be reapplied.

There are some portable devices that do not actually measure the UV but
rather calculate how long one should stay in the sun based on the ambient condition
informationn input to the device. For example, U.S. Patent 5,365,068 discloses a
device that calculates certain information that is associated with sunbum and
damaging skin. This portable device requests the user to identify how long they plan
to stay in the sun, what is the user’s skin type, and based on entries regarding the
ambient conditions (i.e. sunny, cloudy, etc.) the device recommends an optimal level
of SPF (sum protection factor) &at should be used, the amount that should be applied,
etc. These types of devices do not consider other factors such the quantity of UV
light peaks from the hours of 11 A.M. to 2 P.M,, and that during a period from
approximately the beginning of spring to the summer, the UV levels are
approximately two to three times greater than in December, when the UV is at a
minimum.

There are also simple methods and devices that exist for actually measuring
UV radiation, for example, in the form of UV cards, but generally they are not very
accurate. Kn addition, these cards also represent another additional item that people
have to remember to take with them when they go out. More expensive devices
provide more accurate measurements but these devices tend to be larger in size than
the cards, making it all the more unlikely for people to carry them around. In addition,
UVB light is felt to be the most damaging to humans of all the light in the UV
spectrum, so the monitoring device should be able to discriminate between UV A and
UVB, for example, in order to get the most accurate indication possible. Thus, an

individual measurement device needs to have certain capabilities that increase its
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costs to the point where the typical sunbather is either cannot or will pay fof such a
measuring device.

It is known that cellphones have become everyday objects and one can
assume that as objects most likely to be found on people at any place and o ccasion
(similar to a wallet). XIn addition, cellphone networks by definition (due to their
working principle) and amost recently by upgrades applied for enhanced emergency
services, can be used to determine the geographic location of a celiphone in the
network. Thus, in case of emergency such as illness, a person can be located by the
cellphone network in a Fashion similar to determine a location using GPS but with
much less accuracy.

The present invention exploits the geographic location feature of cell phones
by providing a UV radiation report that can be individualized to the location of a
particular cellphone, or area.

In a first aspect of the invention, the network provider can receive conditions : ‘
regarding UV radiation from a local weather forecast station and transmit the
appropriate UV report to the user’s cellphone. This could be an alphanumeric call or
page, or it could include audio that announces the UV level. The report could be sent .
to a person’s cellphone periodically or upon an activation request by the user.

Thus a user cara find out quickly and accurately the UV index for their
particular area. This information can be provided, for example, by a weather
forecasting service that nnonitors area of particular interest regarding sunburn, su ch as
public beaches, or by broadcasting to the user the UV index for a particular zip code,
predetermined zone, cell area, etc.

In another aspect of the present invention, a system involves a subscriber
service, cell service, or government entity setting up UV detection devices. These

devices would then relay the information to a central cite, which in turn, when
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requested, could provide individuals with localized UV index information on their
cellphone that is far more accurate than the weather forecast from the night before or
the moming of that particular day.

In yet another aspect of the invention, the user is informed about a level of
UVB information; which is thought to be particularly harmful to human skin and
eyes. Along with the UV information, recommend SPF levels for suntan lotion, and
recommended maximum exposure time in the sun can be provided. Also, if the user,
for example, doesn’t have suntan lotion with an SPF of 45, the system can broadcast
how long exposure is recommended if one has suntan lotion with an SPF of 30. For
example, the communication network can transmit to the wireless telephone a
recommended maxirmum duration time for exposure to ultraviolet radiation based on
the UV index determined in the vicinity of the wireless telephone, wherein the
maximum duration time includes a first time period based on no SPF lotion has been
applied and a second time based on application of the proper SPF.

According to another aspect of the invention, a user may enter an SPF rating
of an available SPF lotion and the communication network corresponds with a third
time period based on the rating of the available SPF lotion.

Fig. 1 is an illustration of a UV indjcation system according to a first aspect
of the invention.

Figs. 2A and 2B illustrate a method according to the present invention.

It is to be understood by persons of ordinary skill in the art that the following
descriptions are provided for purposes of illustration and not for limitation. An artisan
understands that there are many variations that lie within the spirit of the invention
and the scope of the appended claims. Unnecessary detail of known functions and
operations may be omitted from the current description so as not to obscure the

present invention.
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Fig. 1 is an illustration of a first aspect of the present invention. A user 101
having a cellphone 105 (not drawn to scale) is in an outdoor area that is closest to
Area A (Areas B and C are also shown). The sun 102, along with daylight, also
transmits ultraviolet light. Each area has a plurality of sensors 115 that are
specifically designed for sensing ultraviolet light. For example, U.S. Patent 5,387,798
to Funakoshi et al.,, which is hereby incorporated by reference as background
material, discloses a UVA —UVB discriminating sensor. While it is preferable that a
sensor discriminate between UVA and UVB because UVA exposure causes human
skin to darken, whereas UVB is the far more harmful UV light that is associated with
freckles, blisters, skin cancer, and cataracts, a simple UV sensor could also be used,
particularly if costs need to be controlled.

The sensors 115 communicate with network 110, which has or communicates
with a positioning system 111 and a microprocessor 112 for analyzing sensor data,
either via fiber optic link or copper link 117, or via wireless communication through
antenna 116. The sensors, for example, can change color when exposed to different
amounts of ultraviolet light. This change can be sensed by a photosensor and .
converted into distinguishable levels of current to be fed back as wireless or optical,
electrical signals to the network 110, which then can analyze the levels, find the UV
index, and make appropriate recommendations with regard to recommended exposure
times to the sun and/or amount of SPF that needs to be worn.

The sensors, in this particular aspect of the invention, are envisioned to be
arranged along, for example, the boardwalk of public beach, at different areas of
public playgrounds, at outdoor arenas and stadiums, volley ball courts, ballfields, i.e.
anywhere that is deemed to be a popularly frequented area that normally includes

activity that is conducive to one getting exposure to the sun.
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The three areas (A-C) are chosen merely for illustrative purposes, and a
person of ordinary skill in the art should not infer any limitation with regard to the
number and type of sensors, and/or the number and type of sensors. Each of these
three areas are at a slightly different angle to the sun, and as a result, may not have the
same levels of UV light. In addition, it is possible that there are objects, such as trees,
hills tall buildings, etc., that interfere with receipt of direct sunlight at a given point.
Thus, according to an aspect of the invention, the plurality of sensors closest to the
cellphone is used to determine the UV index, as this is in all likelihood the most
closely associated level that is experienced by the user.

The user 102 receives an indication of, for example, the UV index on his/her
wireless telephone 105. While the term telephone has been selected for the
description, for purposes of the scope of the invention, and scope of the appended
claims, it is to be understood that in this particular instance a wireless telephone is
merely a generic term, and the device may comprise a PDA, such as a Palm Pilot, a
handheld or notebook computer with or without a telephone function, a pager, which
may be an audio pager, visual pager (alpha-numeric) or any combination. What is
necessary is either at least one of an audio or a visual display.

The user 102, in a first aspect of the invention, can dial a certain number and
‘receive the readings directly on his/her cellphone. This number queues the network
into providing the UV readings. In other aspects of the invention, the user may
subsoribe to a service and automatically receive the transmissions when they are
within range of the network. Finally, it is also envisioned that the cellphone within
range could receive a broadcast of the levels detected by the nearest sensor or sensors.
With an actual wireless telephone, for example, this data could be transmitied via the
SMS (short message service) of a cellphone. The information could be transmitted

in, for purposes of illustration and not for limitation, CDMA, TDMA, GSM, QDMA.
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It is also envisioned that the network is a wireless LAN operating under a
protocol, for example, such as 802.11. Both the sensors and the telephone (or other
applicable communicator) are devices associated with a particular WLAN, and the
telephone receives communication from the network based on a predetermined
number of sensors 115 that are within a certain number of feet, such as a radius, or
within a certain signal strength of the telephone (for example, based on a pilot signal
strength determined by a Base Station Controller (BSC) that communicates with the
WLAN.

Wireless telephones 105 now have a preferable feature in that many now
have enhanced emergency services for calls to police, fire, etc (911) so that
appropriate personnel can determine where the caller is located. Often, in a wooded
area or after a crash in the dark, people may either be unfamiliar with the area or
disoriented with regard to their location. This feature, which can be turned on as well
to locate missing persons, can also be used to determine a location of the telephone,
and thus, its owner 101. Then, a reading based on the sensors 115 closest to the
telephone, in this case, the sensors in AREA A, but not Area B or Area C, are used to
calculate UV index, etc.

The user may receive data such as the UV index and SPF data only after
specifically requesting it, or he/she may receive additional updates by programming,
or when it has been determinned that there is z; serious change in the UV index. The
users cellphone could beep, ring, etc. and the new data can be displayed on the face of
the phone. Alternatively, once a maximum or recommended time has passed, the
network may signal the telephone with an indication that additional exposure to the
sun is not recommended. It is also clear how another aspect of the invention can be to
notify a person or persons when they have received an adequate amount of sunlight

sufficient to synthesize quantities of vitamin D in the average human that are
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acceptable. Vitamin D plays an important role in bone development, and there have
been several well-documented studies showing a possible link between lack of
exposure to the sun during winter rnonths over an extended period and an increased
risk of contracting multiple sclerosis. Throughout the world, people from different
continents are at increased risk when their winter time sun exposure is low. There are
also disorders, such as SAD, in which the medical profession is prescribing a certain
amount of exposure to light as a remedy. The presently claimed invention would be
ideal for any of these purposes as it would provide the user with accurate information
and not require one to carry around a monitor, sensor, etc. The cellphone would be all
that is required on the user’s part.

Figs. 2A and 2B illustrate a mmethod according to the present invention.

At step 210 a network for a wireless telephone is provided. The network
should have a positioning capability, such as Enhanced Emergency Services and/or
GPS, or any other positioning system may suffice. The Enhanced Emergency
Services offer the advantage that they are already part of a cellphone network, so
protocol to develop GPS or some othier positioning system is not required.

At step 220 a plurality of sensors are arranged in a plurality of areas. As
discussed above, this could be high-traffic areas for outdoor exposure, such as
beaches, parks, public pools, playgrounds, outdoor arenas, etc. The sensors can be,
for example, arranged zlong the boardwalk of a beach, on the roof tops of local
beachfront hotels, etc. The sensors could alse be arranged in the ground, and in such
cases should be located somewhat to the side of normal pedestrian traffic. The ground
sensors may also incur a problem in that someone could step on them, place objects
on them and/or otherwise stand betvween the sensors and the sunlight and cause the
sensors to give incorrect reaaings. For this reason, placement on street lamps, posts,

etc. is preferred. False readings are also another reason why it is preferred to use a
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plurality of sensors in each area, so that the network can either average or discard the
highest and lowest readings.

At step 230 the sensors from each area report the sensed data back to the
network for processing. These sensors can be connected wirelessly to the network, or
they may connect via optical fiber, or even copper wire. In any event, the sensors’
output needs to be sent to the network (i.e. a controller) that in all likelihood will
process the data. However, it is possible that the processing occur locally, but this
would increase costs of the system.

At step 240 the network calculates for each area at least one of the UV index,
and/or a recommended exposure time. Based on the UV index, this data can be cross -
referenced with a table that indicates the recommended SPF lotion to be used for each
value of the index, and the maximum time before burning typically occurs. The table
may also contain equivalents to the SPF, so that, while, for example, SPF 30 lotion
might be recommended, if someone has SPF 15 the network will reduce the time of
the recommended exposure. It should be noted that in some instances a sliding scale
of SPF versus time might not be favored by dermatologists, but in reality most people
tend to have either only one type of lotion, or have one very strong one, such as 30,
and a lower number, such as 15, for use afier several days of exposure.

At step 250, upon a request from a wireless telephone, the network will
determine the location of the wireless telephone and a distance of sensors that are
closest to the wireless telephone. This request could be activated by the user pushing
a function key on their cellphone, or dialing a certain number dedicated to using this
feature. Alternatively, a user may put the cellphone into a s un-monitor mode which
automatically provides the information and updates every predetermined time period,

or when the information has changed by a certain threshold amount.
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At step 260, there is a decision as to whether the distance of the sensors
closest to the wireless phone is greater than a predetermined threshold? If the answer
is yes, then the readings might not be applicable, or could indicate less UV exposure
than what is actually present at the user location due to the difference in positions. At
such a point, or where there are no sensors installed, the UV indication may be based
on weather bureau forecasts for the closest city, part of the city, town, zip code, or
other geographic designation. It is also possible to place sensors beside the cel Iphone
towers, and use the closest cell area.  Thus, step 265A would be applicable. In this
case, it might be advised to let the user know the indication is a general UV
indication.

However, if the distance to the sensors closest to the wireless telephon e is not
less than the predetermined threshold, then the network can transmit the data based on
the sensor readings deemed closest. In this regard, it should be understood that the
processing of the sensor data may only occur when a user requests informat ion, so as
not to waste processor time churning away at calculations for all the different areas
when there aren’t any users requesting the information. Alternatively, the UV index
data (and SPF data, etc.) can be stored in a table that is updated every predetermined
interval of time.

Various modifications can be made by a person of ordinary skill in the art to
the present invention that does not depart from the spirit of the invention or the scope
of appended claims. For example, while only three or four sensors per area are
shown, depending on the cost, there could be fewer, or literally bundreds of sensors.
The number of areas, the size of the areas can all be varied to suit user need. As
previously discussed, the term wireless telephone and cellphone can be used
interchangeably, and it should be understood that reference to cellphone or wireless

telephone in the specification and the appended claims includes but is not limited to
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PDAs, pagers, notebook computers with wireless transmission capability, virtually
any device that is used to communicate voice and/or visual data. The sound system
and/ or the visual display is used to communicate the UV index information. For
example, it can be displayed on the cellphone screen, computer screen, PDA screen,
Pager screen, or listened to by the speaker on the telephone, computer, pager (if

applicable), PDA, digital communicator, etc.
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What is claimed is:
1. Anultraviolet radiation indicator system comprising:
a wireless telephone (105) adapted for communication with a wireless
communication network (110) having a positioning system (111);

5 a plurality of radiation sensors (115) that sense ultraviolet radiation being
arranged in predetermined areas, +wherein the radiation sensors (115) are adapted for
communication with the wireless communication network (110);

wherein said wireless communication network (110) provides at least an
ultraviolet radiation index (UV index) based on readings from the sensors located closest to the

10 wireless telephone, said UV index being transmitted to the wireless telephone (105).

2. The ultraviolet radiation indicator system according to claim 1, wherein said wireless
communication network (110) provides said UV index to the wireless telephone (105) upon a

user request received from the wireless telephone (105).

15
3. The ultraviolet radiation indicator system according to claim 2, wherein the wireless
telephone (105) includes a predetermined setting requesting updated UV index reports of a
predetermined number over a predetermined period of time.

20 4.  The ultraviolet radiation indicator system according to claim 3, wherein the
communication network (110) automatically transmits a warning to the wireless telephone (105)
when the UV index exceeds a certain predetermined threshold.
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5. The ultraviolet radiation indicator system according to claim 3, wherein a user
additionally requests the communication network (110) to begin timing a period of exposure to
ultraviolet light, said communication network transmitting a signal to the wireless telephone

(105) indicating when a maximum recommended exposure time to ultraviolet light has reached a

5  predetermined threshold.

6. The ultraviolet radiation indicator sy stem according to claim 1, wherein said wireless
communication network (110) transmits to the wireless telephone (105) a recommended sun
protection factor (SPF) for sunburn/suntan lotion to be applied in the vicinity of the wireless

10 telephone (105).

7. The ultraviolet radiation indicator system according to claim 6, wherein said wireless
communication network (110) transmits to the wireless telephone (105) a recommended
maximum duration time for exposure to ultraviolet radiation based on the UV index determined

15 in the vicinity of the wireless telephone (103), said maximum duration time includes a first time
period based on no SPF lotion has been applied and a second time based on application of the

proper SPF.

8. The ultraviolet radiation indicator system according to claim 7, wherein a user enters a
20  rating of an available SPF lotion and the communication network (110) corresponds with a third

time period based on the rating of the available SPF lotion.
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9. The ultraviolet radiation indicator system according to claim 1, wherein the
positioning system (111) comprises a Global Positioning System that is used to determine a
location of the wireless telephone (105) so as to provide information based on radiation sensors

that are a shortest distance from the wireless telephone.

10. The ultraviolet radiation indicator system according to claim 1, wherein the
positioning system (111) comprises said means for determining a location of the wireless
telephone (105) according to a strongest received signal strength of a base station controller out
of one or more base controllers that can communicate with the wireless telephone (105).

10

11. The ultraviolet radiation indicator system according to claim 10, wherein the signal

-strength received by the positioning system (111) comprises a pilot signal from the wireless .

telephone (105).

15 12. The ultraviolet radiation indicator system according to claim 11, wherein the
wireless telephone (105) is adapted to receive a wake-up/power up message from a power
reduction mode and/or a power up mode message via the pilot signal if an emergency message

regarding exposure to ultraviolet light requires transmission to the wireless telephone.

20 13. An ultraviolet radiation indicator system comprising:
a wireless telephone (105) adapted for receiving information regarding at least one of an

ultraviolet radiation (UV) index that indicates a level of ultraviolet light sensed, and a sunlight
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protection factc;r (SPF) number that indicates a recommended SPF suntan/sunburn Iotion for use
outdoors;
a plurality of sensors (115) that sense ultraviolet radiation, the sensors being arranged in a
plurality of predetermined locations where knowledge of at least one of the (UV) index and the
5  (SPF) number is desired;
a microprocessor (112) that receives information from the plurality of sensors (115) in at
least one predetermined location and determines at least a (UV) index; and
a transmitter (116) in communication with the microprocessor for transmitting said at

least one of the (UV) index and the (SPF) number to the wireless telephone (105).

10
14. The ultraviolet radiation indicator system according to claim 13, wherein said at least
one of the (UV) index and the (SPF) factor is transmitted using a SMS (short message service)
frequency of the wireless telephone (105).
15 15. The ultraviolet radiation indicator system according to claim 13, wherein said at least

one of the (UV) index and the (SPF) factor is transmitted to the wireless telephone (105) using

one of CDMA, TDMA, and GSM.

16. The ultraviolet radiation indicator system according to claim 15, wherein the
20 plurality of sensors (115) and the microprocessor (112) communicate via an IEEE 802.11

wireless protocol.
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17.  The ultraviolet radiation indicator system according to claim 13, wherein the
plurality of sensors (115) and the microprocessor (112) are linked via one of optical fiber (117)

and copper wire.

5 18. The ultraviolet radiation indicator system according to claim 13, wherein the

plurality of sensors (115) monitor (UV)B ultraviolet radiation.

19. An ultraviolet radiation indicator comprising:
a wireless telephone (105) adapted for receiving information regarding at least one of: (1)
10 an ultraviolet radiation (UV) index that indicates a level of ultraviolet light sensed, (2) a sunlight
protection factor (SPF) number that indicates a recommended SPF suntan/sunburn lotion for use
outdoors, and (3) a recommended exposure time in the sunlight;
wherein said wireless telephone (105) includes an enhanced emergency services function
identifying its physical location to permit receipt of information associated with said at least one
15 of'the (UV) index, the recommended SPF suntan/sunburn lotion, and the recommended exposure

time in the sunlight for a particular physical location closest to the wireless telephone (105).

20. A method for providing ultraviolet radiation indication, comprising the steps of:
(a) providing a communication network for communication with a wireless telephone
20 having a positioning system (210);
(b) arranging in predetermined areas a plurality of radiation sensors that sense ultraviolet
radiation,  wherein the radiation sensors are adapted for communication  with the

communication network (220);
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(c) sensing a level of ultraviolet radiation and providing a result to the communication
network (230);

(d) said communication network caiculating at least one of an ultraviolet radiation index
(UV index), a recommended sunlight protection factor (SPF) lotion used to protect skin from

5 sunburn, or a recommended exposure time to the ultraviolet radiation (240);

wherein said communication network provides the information recited in step (¢) to a
wireless telephone based on readings from the sensors selected from the plurality of sensors that
are located closest to the wireless telephone, said information being provided to the wireless
telephone subsequent to a user keying a predetermined code or requesting a UV indication level

10 by activating a function key (250).

21. The method according to claim 20, wherein step (d) includes comparing a distance of
the closest plurality of sensors to the wireless telephone located with a predetermined maximum
threshold distance, and if that distance is greater than the predetermined maximum threshold,

15  providing the information regarding UV index and SPF by one of zip code, geographical area,

city, section of city (260, 265A, 265B).
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EYEGLASSES PRESET FOR CONNECTION TO CELLULAR
TELEPHONES FOR TRANSMITTING AND RECEIVING CALLS
Technical Field

The present invention relates to a pair of eyeglasses preset for connection

to cellular telephones for transmitting and receiving calls.
Background Art

Over the last few decades, as telephony has developed, telephone

connections have become increasingly frequent; however, while fixed
telephones require interrupting any activity in order to make and/or receive

calls, the arrival of the cellular telephone has given a new meaning to the

" concept of telephony, allowing telephone connections even in particular

situations that are not strictly linked to the work or private environment and
without the need to have a telephone connected to the telephone line by
means of wires and placed in a specific room.

It is in fact possible to communicate substantially in any enclosed or open
location covered by the telephone network and without necessarily having to
interrupt activity or work.

However, the use of a cellular telephone, which entails the use of one's
hands to hold and handle the device, reply and/or dial the number, as well as
the use of one’s sight to perform certain functions, distracts the user's
attention and concentration from the activity he is performing, such as for
example driving a vehicle, manéuvering a machine, performing sports
activities, et cetera, possibly producing dangerous situations.

Disclosure of the Invention

The aim of the present invention is to provide eyeglasses which, in
addition to the normal optical and/or sunlight-barrier function, are capable of
constituting a means for transmitting and receiving cellular telephone calls,
so that the user can receive and make calls without taking his attention off
the activity he is performing.

Within this aim, a consequent object of the invention is to provide
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eyeglasses that reduce the risk of emission of electromagnetic waves, which
are believed to be dangerous for human organs such as the brain.

Another object is to provide eyeglasses that can be worn as easily and
comfortably as conventional eyeglasses.

A further object is to provide eyeglasses that can be used with any kind of
cellular telephone.

Another object is to provide eyeglasses in which the devices for
transmitting and réceiving cellular telephone calls are integrated so as to not
alter their ergonomic features.

A still further object is to provide eyeglasses whose structure allows
industrial-scale production at competitive costs.

This aim and these and other objécts that will become better apparent
hereinafter are achieved by eyeglasses, characterized in that they comprise a
microphone in a front part thereof, electronic noise-reduction components,
connection cables located inside the structure, and a connector for a cable
for connection to a cellular telephone.

Brief description of the Drawings ‘

Further characteristics and advantages of the invention will become better
apparent from the following detailed description of an embodiment thereof,
illustrated by way of non-limitative example in the accompanying drawings,
wherein: ;

Figure 1 is a rear perspectivé view of eyeglasses according to the
invention; '

Figure 2 is an enlarged-scale perspective view of a detail of the
eyeglasses of Figure 1;

Figure 3 is a perspective view of the eyeglasses of Figure 1 with a
corresponding telephone;

Figure 4 is a circuit diagram of the components located inside the frame
of the eyeglasses;

Figure 5 is a detail view of a universal three-contact connector for a
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connecting cable that is used;
Figure 6 is a detail view of a four-contact connector for a connecting
cable that is used.

Ways of carrying out the Invention

With reference to the figures, a pair of eyeglasses according to the
invention is, as usual, constituted by a front 10, which supports lenses 11 (of
the sight-correcting type or of the sunlight-barrier type), to the ends of which
temples 12 are articulated.

According to the invention, the eyeglasses comprise a microphone 13,
preferably an ultraflat high-sensitivity one, which is located in the inner front
part that is not in sight, for example of one of the temples 12. Electronic
noise-reduction components, described hereinafter in greater detail, are also
located inside the frame, as well as éonnecting cables 16. A connector 17 for
a cable 18 for connection to a cellular telephone 19 is also provided.

The microphone 13 can also be integrated in the front 10, in which case
electrical contacts for continuity must be provided at a corresponding hinge
20.

As regards the connector 17, it is of the female type and is embedded in a
terminal 15, and can be of the commonly commercially available type that is
complementary to a male connector 22 normally used in cellular telephone-
connections and located at the end of the connecting cable 18.

The connecting cable also compﬁses a branch, at the end of which an in-
ear headset 14 is arranged.

The other end of the cable 18 is provided with another male connector 23,
which can be inserted in a corresponding female connector 24 of the
telephone 19.

The connector 23 can be either of the universal three-contact type (Figure
5), or of the four-contact type (Figure 6, désignated by the reference numeral
23a).

‘The connector 17 is conveniently of the three-contact type in order to
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interface with all telephone connection Kkits.

The connecting cables 16 (preferably of the shielded coaxial type in order
to eliminate any interference) are embedded in the plastics material in the
case of eyeglasses with a frame made of plastics, or are located inside
hollow regions of the structure in the case of eyeglasses having a metal
structure.

As regards the electronic noise reduction components, with particular
reference to the previously cited Figure 4, an SMD passive noise reduction
component is arranged in parallel to the microphone 13; such component is
constituted by a capacitor 27 with a resistor 28 in series, also of the SMD
type, in order to eliminate all transmission noise caused by electrostatic
discharges.

A button 29 is further integrated in the temple 12, adjacent to the
microphone 13, and is connected in parallel to the microphone 13 and in
series to an interface resistor 30, which allows to recognize the clearance
signal given by the button 29.

The button 29, which avoids the need to pull out the telephone whenever
it is used, has at least one of the following functions:

-- manual answer (call acceptance);
-- end of call;
-- voice call start. ‘

In a board 31 on which the electronic components are located, the surface
arranged opposite the components is shielded with conducting material in
order to avoid external noise.

In practice it has been found that the intended aim and objects of the
present invention have been achieved.

The eyeglasses in fact appear to be entirely similar to normal corrective
eyeglasses or sunglasses and can be used normally for this purpose, with the
additional possibility, for example‘when driving, motorcycling, cycling or in

other situations, to connect the microphone, by means of a cable, to a
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cellular telephone and to a corresponding in-ear headset and therefore to be

able to transmit and receive calls.

Moreover, with the automatic answer function it is not necessary to hold

* the telephone in one's hand, and by means of the button 29 it is possible to

make calls locally without taking one's sight off the action, avoiding
dangerous situations that can occur when driving a car.

In practice, the materials used, so long as they are compatible with the
contingent use, as well as the dimensions, may be any according to
requirements.

The disclosures in Italian Utility Model Application No. PD2002U000007
from which this application claims priority are incorporated herein by

reference.
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CLAIMS

1. Eyeglasses, characterized in that they comprise a microphone (13) in a
front part thereof, electronic noise-reduction components (27, 28),
connection cables (16) located inside the structure, and a connector (17) for
a cable (18) for connection to a cellular telephone (19).

2. The eyeglasses according to claim 1, characterized in that said
microphone (13) is located in the internal part thereof that is not visible.

3. The eyeglasses according to claim 1, characterized in that said
microphone (13) is integrated in the front part ofa temple (12).

4. The eyeglasses according to claim 1, characterized in that said
microphone (13) is integrated in the front (10).

5. The cyeglasses according to claim 1, characterized in that said
connecting cables (16) are embedded in the plastics material in the case of
eyeglasses having a plastics frame.

6. The eyeglasses according to claim 1, characterized in that said
connecting cables (16) are located inside hollow regions of the structure in
the case of metal eyeglasses.

7. The eyeglasses according to claim 1, characterized in that said
connector (17) is a female connector embedded in the corresponding
terminal (15), said female connector (17) being complementary to the
connectors used in cellular telephony connections.

8. The eyeglasses according to claim 1, characterized in that said
electronic noise reduction components comprise an SMD passive noise
reduction component, which is connected in parallel to said microphone and
is constituted by a capacitor (27) and, in series with said capacitor, a resistor
(28), also of the SMD type.

9. The eyeglasses according to claim 1, characterized in that said
connecting cables (16) are of the shielded coaxial type.

10. The eyeglasses according to claim 1, characterized in that for noise

reduction there is a shielding, made of conducting material, of the base on
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which the electronic components are located, said shielding being provided
on the opposite surface with respect to said components.

11. The eyeglasses according to claim 1, characterized in that a button
(29) is integrated in the frame and is connected in parallel to said
microphone (13).

12. The eyeglasses according to claim 11, characterized in that said
button (29) is arranged in series to an interfacing resistor (30), which allows
to recognize the clearance signal given thereby.

13. The eyeglasses according to claims 11 and 12, characterized in that
said button (29) has at least one of the following functions:

-- manual answer (call acceptance);
-- end of call;
-- voice call start.

14. A connecting cable (18) for eyeglasses, characterized in that it
comprises, at its ends, respective connectors (22, 23, 23a), one of said
connectors being complementary to a connector (17) of the eyeglasses and
one of said connectors being complementary to a connector of a telephone,

said cable (18) having a branch with an in-ear headset (14).
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ABSTRACT: SMART SUNGLASSES OR COMT
INFORMATION DISPLAY BUILT INTO EYEWEAR HAVING
ORDINARY APPEARANCE, POSSIBLY WITH SIGHT LICENSE

A wearable viewfinder or display apparatus for being incorporated into eveglasses
having an ordinary appearance is described. The wearable viewfinder or display
provides eye safety by eliminating sharp objects and by matching eye contour with
a low curvature or flat inward surface, but at the same time allows for a natural
curvature outwardly. so that the outward facing surface of the eveglass lens has a
natural curvature, and therefore a natural (normal-looking to persons other than the

wearer) appearance.
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DISTRICT OFFICE
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Patent Application TORONTO
BUREAU DE DISTRICT

of PROPRIETE INTELLECTUELLE

INTELLECTUAL PROPERTY

Steve Maun
for
SMART SUNGLASSES OR COMPUTER INFORMATION DISPLAY
BUILT INTO EYEWEAR HAVING ORDINARY APPEARANCE,
POSSIBLY WITH SIGHT LICENSE
of which the [ollowing is a specification:

FIELD OF THE INVENTION

The present invention pertains generally to a wearable apparatus that provides the
wearer with an electronic display device, graticule. reticule. or crosshairs, similar to
or suitable for a camera viewfinder screen, or for a wearable computer information

display. or the like, while at the saine time appearing to others as ordinary eyeglasses.
BACKGROUND OF THE INVENTION

Visual wearable computers of the 1970s and carly 1980s (up to and including
1981, being the “seventies” of wearable computing) once tended to have an wmsual
appearance, primarily because of the display device over at least one eve of the user.
This era was characterized by headworn devices, e.g. helmets, and headsets, such as
devices having an appearance of headphones, with apparatus attached thereto.

Throughout the early 1980s a change from head mounted displays to eyeglass
mounted displays took place as described in a wearable computing textbook recently
published by John Wiley and Sons, entitled “Intelligent Image Processing”. ISBN:
(-471-40637-6. 384 pages, published November 2, 2001.

Throughout the 1990s, the apparatus evolved into what appears as if it were or-
dinary looking cyeglasses. Various version of the “nineties” embodiment place com-

pouents inside the eyeglasses.
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Thus we wearable computing for Intelligent Image Processing (Personal Imaging
O o o o fe)

follows, in terms of physical appearance, three distinct eras:
e the seventies: headworn. helmets. headsets, headphones, ete.;

o the eighties: smart sunglasses, eyewear with components that persons other

than the wearer can see:

e the nineties: eyewear having an ordinary appearance to others, preferably such

that the apparatus is not detected by others.

Within the context of the “nineties” generation systems, it is desired that there
be no sharp edges. and that preferably therefore. the inside surface have little or
negative curvatwre (e.g. be not excessively convex, and in fact, ideally it would be
approximately flat or concave toward (lLe eye) and that the outside surface match
approximately the curvature of the eyeglasses on the outside.

Accordingly, a wedge-shaped optical clement mounted within or inside eyeglasses
provides a view toward safety and ordinary appearance.

Preferably this wedge-shaped optical element is mounted in the lower portion
of the field of view of at least one eye of the wearer ol the eyeglasses, eg. it is
preferably mounted below the optical axis of straight-aliead vision. Preferably this
wedge-shaped optical clement is mounted so that the wedge points upward, so that
the fatter end points downward toward a display element concealed within the lower
portion of the eyeglass frames, or within a lower portion of an eveglass lens. In this
way, the apparatus will have the appearance of ordinary bifocal eveglasses or ordinary
reading glasses.

Preferably, either both eyes have a display. or if only onc cye has a display. the
other lens of the eveglasses has a dummy element, to match the physical appearance of
the functioning element. Thus both eyeglass lenses preferably have roughly identical

appearalice, so that the eyeglasses overall have a normal appearance.

SUMMARY OF THE INVENTION
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It is possible with this invention to provide a wearable viewfinder that nay be
used without a caniera of any kind, so that the wearer can simply imagine what it is
like to be shooting, and can hone his or her compositional skills by having a reticle,
graticule, crosshairs. or the like, in front of his or her vision at all times while wearing
an embodiment, of the invention.

It is possible with this invention to provide a wearable eveglass based device
allowing the wearer to view data. such as from the screen of a wearable computer
(wearcomp) system but where the device appears to others to be simply a pair of
ordinary eveglasses.

When used with a camera. the invention can provide a viewfinder in which a very
natural first-person perspective documentary results. A computational systen, ei-
ther built into the wearable camera, or worn on the body elsewhere and connected
to the camera svstem, may be used to enhance images. This may be of value to
the visually impaired. The computer may also perform other tasks such as ohject
recoguition. Because the device is worn constantly, it may also function as a photo-
graphic/videographic memory aid. e.g. to help in way-{inding through the recall and
display of previously captured imagerv. For example, the wearable cancra system
may recognize the face of someone within the camera’s field of view and superimpose
the name of the person it recognized into the viewfinder. This is presented (o the
wearer in the form of a virtual name tag.

An important aspect of the invention, when combined with a amera, is the ca-
pability of the apparatns to mediate (augment, and to a limited extent diminish, or
otherwise alter) the visual perception of reality.

[t 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 sce the display device, and so that the user can ascertain the Compo-
sitlon of a picture or take a picture or video and transmit image(s) to one or more

remote locations. possibly as a personal safety device for use without the knowledge
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of perpetrators, criminals, or terrorists in the immediate enviromment.

It 1s 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.

It is possible with this invention to provide a means for a user to experience
additional information overlaid on top of his or her visnal field of view such that the
information is relevant to the imagerv beiug viewed.

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 process of
simply looking around. and then have these images combined together into a single
image of increased spatial extent, spatial resolution, dynamic range. or tonal fidelity.

O

When used as a viewfinder the invention is simply a means of determining the

extent of coverage of the camera in a natural manner, and may comprise either of:

e A reticle, graticule, rectangle, or other marking that appears to float within a

portion of the field of view.

o A display device that shows a video lmage, or some other dynamic information

perhaps related to the video image coming from a camera.

Other nses include a computer screen or other information that might include orga-
nizer. calendar, clock, airline information, etc..

One aspect of the invention allows a photographer or videographer to wear the
apparatus continuously and therefore always end up with the ability to produce a
picture from something that was scen a couple of minutes ago. This may be useful to
everyoue in the sense that we may not want to miss a great photo opportunity, and

often great photo opportunities only become known to us after we have had time to

think about something we previously saw.

5
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Such an apparatus might also be of use in personal safety, as a sousveillance {un-
dersight) system to balance excessive surveillance (oversight). Although there arc 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 cen-
tralized surveillance infrastructures, especially when the surveillance is not, balanced
with a reasonable degree of sousveillance. Most notably there have been several ex-
amples i1 which such centralized infrastructure has been abused by the owners of it
(as in roundups, detainment, and execution of peaceful demonstrators). Moreover,
“public safety” systems may fail to protect individuals agaiust crimes committed by
the organizations that installed the systems. The apparatus of this invention allows
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 coun-
trics. so that they would be difficult to destroy, in the event that the perpetrator of a
crime might wish to do so through the political machinery of a single country, state,
or organization.

The apparatus of the invention allows information to he displaved to the wearer in
a natural manner. without giving an unusual appearance to others (such as a potential
assailant or human rights violator), and therefore can be used as a sousveillance
svsten. or simply as a personal organizer.

(|

According to one aspect of the invention, there is provided a display system in
eveglasses, wherein a wedge shaped display optic has a convex outer surface matching
an approximate curvature and positioning of the lens of tvpical eveglasses.

According to another aspect of the invention, there is provided a wearable camera
concealed in the eyeglasses, in which the above mentioned crosshairs are used to aim
the camera.

According to another aspect of the invention, there is provided eveglasses in which

a viewscreen in the eveglasses provides an clectronic viewfinder connected to the
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output of the caniera also concealed in the eyeglass frames. Preferably this viewfinder
allows the wearer to examine not just composition. hut also exposure. contrast, and
details of the immage, as well as meta information such as that determined by an object
recoguition program that might, for example. recognize faces of people in the picture
and remind the wearer who it is that the wearer wanted to photograph. or remind
the wearer of people in the picture who are not satisfied with their picture portraits,
or who need to be re photographed in hetter lighting or the like, or the wearable face
recogtizer might recognize people aud construct a family tree in the viewfinder so for
example. a wedding photographer could orient himself for best shot of the group by
understanding and arranging individuals in a meaningful order.

According to another aspect of the invention there is provided an information

display having the appearance of ordinary eycglasses.

BRIEF DESCRIPTION OF THE DRAWINGS

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 examples
will serve to illustrate the invention with reference to the accompanying drawings. in
which:

FIG. 1 illustrates the principle and components of tvpical eyeglass display of the
invention.

FIG. 2 illustrates an outwardly displaying ecmbodiment of the invention in which
the optical clements form part of the outer surface of the eyeglasses.

FIG. 3 illustrates a downwardly displaying cmbodiment of the invention having

the appearance of ordinary bifocal eyveglasses.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

While the invention shall now be described with reference to the preferred em-

bodiments shown in the drawings, it should be understood that the intention is not

~3
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to limit the invention only to the particular embodiments showi but rather to cover
all alterations, modifications and equivalent arrangements possible within the scope
ol appended claims.

In all aspects of the present invention, references to “camera” mean any device or
collection of devices capable of simultancously 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 ol directions and or at a plurality
of locations. Similarly references to “viewscreen” shall not be limited to just minia-
turized television monitors or computer monitors. but shall also include computer
data display mcans, as well as fixed display means, where such fixed display means
include crosshairs, graticules, reticles, brackets, ete., and other video display devices,
still picture display devices, ASCIT text display devices, terminals, and systems that
dircetly scan light onto the retina of the eye to form the perception of an image.

References to “processor”, or “computer” shall inclucde sequential instruction, par-
allel instruction, and special purpose architectures such as digital signal processing
hardware, Field Programmable Gate Arrays (FPGAs), programmable logic devices,
as well as analog signal processing devices.

When it is said that object “A” is “borne” by object “B”, this shall include the
possibilities that A is attached to B3, that A is part of B, that A is built iuto B, or
that A is B.

FIG. 1 is a diagram depicting a pair of eyveglasses, having temple side pieces of
frame 100 with frames that support eveglass lenses 100L. The term “lens” is used in
the wide sense to include lenses having infinite focal length, as found, for example, in
decorative or fashionable non-corrective eyewear, or in sunglasses where lenses 1001,
provide light control (attenuation, polarization, etc.).

An eve axis EA of an eye 150 of the wearer is defined as an axis when looking
straight aliead. A viewing axis VA of eve 150 is defined when looking off-axis. The

direction of off-axis looking for the viewing axis is a direction of looking such that

e ————————— 1
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the eve is looking at the center of an image of a display element 130 as magnified.
focused. or the like, by optics 110. Satisfactory optics are the optics manufactured
by Canon, as described in U.S. Pat. No. 6.292,301. or other shnilar wedge -shaped
optics with display element opposite an apex of the wedge.

Viewing Axis VA may be in any of various directions. In a preferred embodiment
of the invention, for a right eye system, VA is to the right or downwards of eye axis
EA. and for a left eve system; VA is to the left or downwards of eye axis EA. Without
loss of generality, Fig. 1 depicts a right eve outward svstem. where it is understood
that either or both eves may be accommodated with display capability in either an
inward or downward (or even upward or inward) embodiment without departing from
the spirit of the invention.

Optics 110 has an onter surface S1. and an inner (eyeward) surface S2. If optics
110 has a corner 110C on an eyeward side, the corner is preferably rounded so that it
is not a sharp surface. Alternatively, a shroud 110S forms an cye protection surface,
so the entire inward surface S2 matches shroud 1108 to form a continuously smooth
surface. Shrond 110S also forms a light-tight scal along with eyeglass frames 100.

Optics 110 also has an apex 110A. In the outward embodiment an apex 110A
points inward. In the outward right-eye embodiment, the wearer may see the image
display as being straight ahcad, such that EA and VA are approximately collinear,
but preferably the image display is off to the side. In the preferred outward right-eye
embodiment, the wearer looks to the right to sce along a viewing axis VA.

The shape of optics 110 is such that the inward surface S2, (along with a shroud
1108, if present) forms a smooth safe inward surface for the eveglasses. Opposite the
apex 110A is a magnifying surface, S3. A display element 130 defines a display axis
DA. The outward end of display axis DA is angled in an outward direction away from
eye 150, wheras the inward end of display axis DA is angled inward toward eye 150.

A portion 120 of eveglass lenses L00L will typically allow some sce-around ca-

pability, so that the wearer of the glasses can see around the display optic 110. In
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a preferred embodiment of the eyveglasses, the portion 120 allows the wearer to see
straight ahead. In a preferred embodiment of the invention, the optics 110 begins
1o block the wearer’s view from roughly straight ahead, to an outward portion of
straight ahead. In some preferred embodiments, when the wearer looks outward to
see the display, the wearer can see above and below the optics 110, so that the wearer
has full sterco vision in a good portion of the field of view around the display.

Wiring 140W is concealed inside ordinary looking eyeglass safety straps to connect
to a pocked sized computer, or the like. Alternatively the computer may be built into
the eyeglass frames. Other devices in the eyeglasses such as a microphone, speakers,
indicator lights, cameras, etc., allow the eveglasses to function as a telephone, video-
phone, pocket organizer. personal safety device. or the like. For example, in some, but
not necessarily all embodiments of the invention, one or more cameras 160L. 160C,
and 160R may be present. Preferably a right camera 160R and a center camera 160C
(preferably concealed in the nosebridge of the glasses) provide outputs to a processor
for interpolation of viewpoint, to achieve an effective viewpoint of eye 150. Preferably
the dimensional stability of the eyeglass frames is such that the epipolar geometry
across cameras 160C and 160R is sufficiently fixed, that it can be determined in one
calibration step. Thus two images, a center image from camera 160C and a right
image fron camera 160R can be processed jointly by way of a coordinate transforma-
tion that causes epipolar lines to be parallel along one axis. Then the interpolation
between these two cameras is a simple matter. Prelerably the outputs of the two
canleras are somewhat identical so that interpolation errors at worst provide an im-
age no worse than just incorrectly selecting viewpoint 160C or 160R not exactly at
eve 150).

[n other cimbodiments, a near infrared camera and a source of infrared illunina-
tion in the eyeglasses provide some kind ol night vision capability. Alternatively, an
infrared bolometer or other kind of thermal imaging system in the eyeglass frames

may provide passive IR vision system with no light source required.
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An infrared camera may also be incorporated into the system by making surface
S1 into a hot mirror and allowing light to be reflected from subject matter onto the
hot mirror. Another embodinient has one or both lenses 100L being hot mirrors for
reflection of infrared light back to an IR camera.

A detachable module may be placed on the glasses when using them as an IR
vision system, so that they function ordinarily as only a display, and then become a
thermal vision system wlen the detachable portion is used.

In another embodiment, the eveglasses may display images from other body worn
imaging systems. such as a neckworn infrared bolometer, concealed in neck wear.
In this case, the relative orientation of eveglasses and neckwear may be determined
by inertial guidance systems upon cach of these two items, so that their relative
orientation is known. Other sensors that determine velative orientation and position
feed this information to a processor to compute ad overlay 3D scene information
and annotation.

Thus a computer mediated reality environment is possible, wherin the apparatus
does not have an unusual appearance. In this way personal safety environments can
be created in which large corporate or government organizations may not necessarily
be safe harbours for terrorists. With the possibility that an ordinary person might
capture good quality images of terrorist or state-sponsored terrorist activity, there is
a 1isk, for these engaging in and supporting such activity of heing discovered.

Such an apparatus may also include a sight license feature. A sight license is a
license to see. A sight license may be downloaded over the network to enable the
eyeglasses to operate. For example, a retinal or iris scanner in the cveglasses may
license the eveglasses to provide sight to the wearer, but not to others who might
steal the eyeglasses.

A communication between the apparatus and roon: lighting, heating, ventilation,
and the like, of an intelligent building may provide a situation in which lights in the

room turn off automatically when a person without a seeing license enters the rooni.

11
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The iutelligent building can know if persons have a seeing license, and also it can
know how many people are in a room. If the number ol persons in a room exceeds
the number of licenses detected, the lights can go off automatically. Some persons
with sight licenses may have the eveglasses of the invention such that the eyeglasses
automatically start operating when the room lights twn off.

Those with sight licenses who are wearing the eveglasses can assist others with
sight licenses who do not have eyeglasses. These licensed persons can be assisted into
an adjoining room, or other location, leaving only the unlicensed persons in the dark.

Windows in the building can be equipped with kerr cells, electrochromic mate-
rials, or other light control materials so that any natural light can be turned off to
make rooms dark when desired. Thus in the presence of trouble, terrorisi, crime, or
suspicion, a sight license enforcement signal can be sent so that only those with sight
licenses can see properly. Fogging agents can also be sent through the ductwork to
reduce vision further, in the event that unlicensed individuals might carry unautho-
rized seeing aids such as pocket illuminators, flashlights cigarette lighters, or other
contraband.

A seeing license downloaded into eveglasses of the invention with infrared bolome-
ter or thermal camera will allow licensed persons to continue sceing through darkness,
fog, and other sight license circumvention prevention measures.

Additionally, certain markings, indicia. etc., in buildings and other places may
be provided to those with a sight license. Liceused looking at certain materials is
thus possible. Sucn infrastructure can be used to keep terrorists (or those suspected
of possible terrorismi) in the dark. Morcover, since those with sight licenses can
be processed more easily, and since there becomes a benefit to becoming among
those being cerrain not to be terrorists, there is an incentive to enroll in a group
of non-terrorists. Unregistered aliens become categorized among those suspected of
terrorism, communism, witcheraft, plague, disease. or whatever else is the preferred

category for which to stigmatize a non-docile portion of the population.
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Other licenses may be incorporated. For example, all clocks in the environment
may be equipped with special license servers, so that if there are unlicensed persons in
view of a clock, the clock does not properly display tine. Therefore undesirables can
be kept from knowing the time of day. Moreover. a clock built into the eveglasses can
operate when a license is detected. Thus license-wear can be used to allow licensed
individuals to have information. while ensuring that undesirables are kept in the dark.

Moreover, by replaciug public services such as large clock towers. with licensed
public services like time transmitters that can be received by licensed individuals. it
can be made harder for unlicensed (unprocessed) persons to carry out their day-to-day
lives.

A license can be coupled to other activity, such as vaccination, so that unvacci-
nated persons get fewer and fewer services, to the extent that their lives are made
more difficult. This will provide an incentive to get with the program, and enroll
for a vaceinID (TM) vaccine chip implant combined with identification and tracking
device. VaccinlD (TM) ensures that those receiving a vaccine dispensing identifying
inplant can be tracked for further softwear upgrades to their vaccine identification
device.

Those not vet implanted or processed will be suspected of witcheraft, terrorism,
or whatever else is nnfashionable at the time.

Thus the information display of the invention can be used in a license network.,
such as a sight license, information license, reading license, walking license, license to
sit (as described in http://wearcam.org/seatsale/index. htm) or the like.

FIG. 2 depicts an embodiment of the invention in which an outer surface such as
S1 of optics 110 is actually part of, or blended into the outer surface 100S1 of the
eveglasses or eyveglass lens 1001, The optics 110 may be actually part of the eveglass
lens 100L. or may be bonded to the eyeglass lens 1001, preferably with index-matching
adhesive, so that there is no apparent discontinuity. In some embodiments, lens 100L

mav be tinted in areas around optics 110, o that these surrounding arcas of the lens
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100L match the appearance of optics 110. Especially if optics 110 has a mirrored
or partially silvered or partially reflective outer surface S1. then it is desired to tint
the lens LOOL to match this mirrored or partially silvered, or partially reflective outer
surface S1.

Preferably cameras, if present, are all angled toward the same ficld of view FOV
as provided by the display apparatus. Thus in this example, one or more cameras
(such as cameras 160L, 160C, and 160R) would all be pointed toward the right, so
that they would have the same field of view FOV as an eve 150 sees on the display
apparatus of the invention.

A dummy optic 110D preferably matches the appearance of the main optic 110.
The dummy optic may also have only the swrface structure, so that there is a less
severe distortion in which case inuner surface 110DS2 of the dummy optic may be
absent or less inclined with respect to the outer surface. The optics 110 (and possibly
110D) may be progressive, like progressive multifocal eveglasses. so that the optics
blend into the eyeglass structure, and are not particularly visible to others. Others can
see the wearer’s eves when looking at the wearer straight on, whereas the distortion
in the seeing of the wearer’s eves would only be seen from one side (or the other).

FIG. 3 is a dingram depicting an embodiment of the invention in a pair of bifocal
eveglasses, and will serve to define the terminology pertaining to various parts of the
bifocal eyeglasses. Eveglasses are normally held upon the head of the wearer by way
of temple side pieces 310. These temple side pieces 310 support, by way of a hinge
held on with rivets 320, a frame 330. Within frame 330 are two lenses 340. Lenses
340 contain inset lenses 350 which might ordinarily have different prescriptions than
lenses 340 in which they are set. Thus, within the context of the invention, optics
110 may be concealed by way of inset lenses 350, either as part of inset lenses 350, or
in place of inset lenses 350.

There is typically a cut line 360 between lens 340 and lens 350. This cut line forms

the apex 110A of optics 110. Alternatively, a more progressive kind of eyeglass lens
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can be made in which optics 110 are continously embedded into the eveglass lenses
340.

In ordinary usage of bifocal eveglasses, lens 340 would provide a prescription for
cdistant objects while inset lens 350 would provide a prescription for nearby objects.
Lens 350 would be commonly used for reading. Accorcdingly. lens 340 would. in some
cases, have infinite focal length (zero power) and simply serve as a support for lens
350, which would typically be a lens of positive focal length (c.g. a magnifying glass).

Therefore, in the context of the present invention. lens 350 being part of the
information display. results in a natural user-interface in which the wearer simply
looks downward to read material from the computer screen. This user-interface is
intuitive and easy to learn, because many people are already familiar with bifocal
eveglasses i the context of reacing paper based media, or the like, s0 using the same
arrangement to read a computer screen is quickly learned.

In some cases. lens 340 may be non existent. as in typical reading glasses, in which
lens 350 is mounted directly to frame 330, and the wearer looks over frame 330 to
see distant objects and wonld look through lens 350 to see nearby objects such as
the pages of a book. Thus an embodiment of the invention may be one in which
there is no lens 340, and wherein lens 350 is optics 110, Thus aptics 110 is mounted
directly 1o the eyeglass frames. with the apex 110A of optics 110 mounted at the top,
so that the wearer looks over the apex 110A to sce the real world. The wearer looks
downward to sec the computer generated world.

[n the bifocals embodiment, apex 110A corresponds to cut line 360. However, in
many modern multifocal eveglasses, there is no visible cut line 360, and instead there
is a gradual (“progressive™) trausition from the prescription of lens 340 to that of lens
350. Such multifocal lenses are known as progressive. The purpose of such gradual
transition is to accommodate a variety of distances, in situations where the wearer
normally has an inability to focus over any appreciable range of distances. as well

ag for improved appearance. Since the need for multifocal lenses shows a deficiency
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on the part of the user. there has been a trend toward hiding this deficiency, just as
there has been a trend toward contact lenses and laser eye treatments to eliminate
the need for evewear altogether. However, amid the desire among some to hide the
fact that they need hifocals or even just ordinary glasses, there are others who like
to wear eveglasses. Even some people who do not need cyeglasses often wear so-
called pseudo-intellectual glasses, which are glasses in which lens 340 has infinite
focal length. Morcover, bifocal eyeglasses and reading glasses are often associated
with intellectuals. and thus there is a portion of society that would readily wear
glasses having the general appearance of those depicted in FIG. 3, even if they did
not require a prescription of any kind.

The eveglass lenses 340 may also contain narkings 370 made directly on the glass.
Such markings, for example, may be the manufacturer’s name or an abbreviation
(such as the letters “GA” engraved on the left lens of Giorgio Armani (trade-mark)
glasses). For illustration in this disclosure, the markings “L” and “R” denote left and
right lenses, as labeled from the perspective of the wearer. Such markings may also
be useful to conceal other optical elements.

Rivets 320 may also be used to couceal cameras. Alternatively, cainera lens open-
ings can be made to have the appearance of rivets 320. One or more cameras such
as one in the nosebridge, and one at one or both sides of the eyeglass frames, can he
angled down to match the field of view of the downward embodiment of the mven-
tion. Additionally. a processor can be used to interpolate viewpoints to get the eye
viewpoint. Alternatively, a computer systen, informed by a computer vision systemi
from the cameras. can be used to synthesize a computer gencrated world as rendered
from the viewpoint of an eve of the wearcr.

From the foregoing description, it will thus be evident that the present invention
provides a design for a wearable display or camera viewfinder. As various changes
can be made in the above embodiments and operating methods without departing

from the spirit or scope of the invention, it is intended that all matter contained in
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the above description or shown in the accompanying drawings should be interpreted
as illustrative and not in a limiting sense.

Variations or modifications to the design and construction of this invention, within
the scope of the invention, may occur to those skilled in the art upon reviewing
the disclosure herein. Such variations or modifications. if within the spirit of this
Invention, are intended to be encompassed within the scope of any claims to patent

protection issuing upon this invention.
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WHAT I CLAIM IS:

1. A display svstem for use as a viewfinder or for viewing a static pattern or
variable information for use within eyeglasses having an appearance of ordinary
eyeglasses when including the display. said display coniprising:

e a display element;

o a wedge-shaped optical clement having an outer convex side for facing
away from an eye of a wearer of said display system, and aun inward side
for [acing toward an eye of a wearer. said inward side being one of:

— concave;
— approximately flat:
— less convex than said outer convex side,
said wedge-shaped optical element having an apex edge opposite a display-
facing surface, said display facing surface facing said display.
said outer convex side having approximately equal curvature to a surface of an
outward facing surface of said eveglasses.

2. A display system for use as a viewfinder or for viewing a static pattern or variable
information for use in eveglasses having an appearance of ordinary eyeglasses
when said eyeglasses include the display, said display comprising:

e a display element;

e o wedge-shaped optical element having an outer convex side for facing away
from an eye of a wearer of said display system, an inward side for facing
toward an eve of a wearer, said inward side heing one of:

— concave;
— approximately flat;

— less convex than said outer convex side,

18
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and an edgeward facing side for facing said display element. said wedge-
shaped optical element having an approximately triangular cross section.
said ourer convex side forming a long side of said approximately triangular
cross section, said inward side forming another long side of said approxi-
mately triangular cross section, said edgeward facing side forming a short
side of said approximately triangular cross section, an apex edge forming
a point of said approximately triangular cross section. said point hetween
said two long sides,

said outer convex side having approximately equal curvature to a surface of an

outward facing surface of said eyeglasses.

A display system comprising display eyeglasses for use as a viewfinder or for

viewiug a static pattern or variable information, said eyeglasses comprising:

e a displayv element:

e a wedge-shaped optical element having an outer convex side for facing away
from an eye of a wearer of said display eyeglasses, and an inward side for
facing toward an eye of a wearer ol said eveglasses, said inward side heing
one of:

— concave:
— approximately flat:
— less convex than said outer convex side,
said wedge-shaped optical element having an apex edge oppaosite a display-
facing surface, said display facing surface facing said display.
said outer convex side having approximately equal curvature to a surface of a
portion of a lens of said eyeglasses.
The display system of any of claims claim 1 to claim 3 said display system

having an outward facing Viewine Axis.
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The display system of any of claims claim 1 to claim 3 said display system

having a downward facing V lewing Axis.

The display system of any of claims claim 1 to claim 3 said apex edge running
up and down approximately in front of an eve of a wearer of said display syston,

when said display system is in use.

The display system of any of claims claim 1 to clain 3 said apex edge running
left to right below an eve of a wearer of said display system, when said display

system Is in use.

The display system of any of claims claim 1 to claim 3 said apex edge running
left to right along a line at a position close to the position in which a cut line

of typical bifocal eyeglasses would rum.

The display system of any of claims claim 1 to claim 3. further including a safety
shroud runuing from an inward corner edge of said optical element, said inward

corner edge on an edge of said inward facing surface opposite said apex edge.

The display system of any of claims claim 1 to claim 3 said outer surface of said

optical element forming at least part of at least one lens of said eveglasses.

The display system of any of claims claim 1 to claim 3 said ouler surface of
said optical element bonded to at least one lens of said cveglasses. said bonding
such that said optical element is concealed within a continuous surface of said

eyeglass lens.

A display system of any of claims claim 1 to claim 3 further including a Sight

License server.

A display system of any of claits claim 1 to claim 3 further including a camera

borne by said eveglasses.
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A display system of any of clais claim 1 to claim 3 further including a bolome-

ter borne by said eyeglasses.

A display system of any of claims clain 1 to claim 3 where a lens of said

eveglasses has a mirrored finish.

A digplay system of any of claims claim 1 to claim 3 where a lens of said

eveglasses hias a dark tint to conceal said optical element.

A display system of any of claims claim 1 to claim 3 where a lens of said
eveglasses has a dark or reflective tint around where said optical element is
installed, such that a transmissivity loss of said optical element is matched to

the surrounding view around said optical element.
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ABSTRACT: WEARABLE CAMERA SYSTEM WITH
VIEWFINDER MEANS

A novel means and apparatus for a new kind of photography and videography is
described. In particular, a wearable camera with viewfinder means is introduced. The
system, in effect, absorbs and quantifies rays of light that are processed on a small
wearable computer system and re—constituted to emerge to reconstruct the virtual
image of objects at nearly the same position in space, or at a coordinate transformed
position, as viewed by the wearer of the apparatus. The wearer of the apparatus
becomes, after adaptation, an entity that seeks, without conscious thought or effort,
an optimal point of vantage and camera orientation. Because of the wearer’s ability
to constantly see the world through the invention, which may also function as an
image enhancement device, the apparatus behaves as a true extension of the wearer’s

mind and body, giving rise to a new genre of documentary video.
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Patent Application
of
Steve Mann
for
WEARABLE CAMERA SYSTEM WITH VIEWFINDER MEANS

of which the following is a specification:

FIELD OF THE INVENTION

The present invention pertains generally to a new photographic or video means and
apparatus comprising a body-worn portable electronic camera system with wearable

viewfinder means.

BACKGROUND OF THE INVENTION

In photography (and in movie and video production), it is desirable to capture
events in a natural manner with minimal intervention and disturbance. Current
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 camera up to the eye. Even if the size of
the camera could be reduced to the point of being negligible (e.g. no bigger 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, especially
in establishments such as gambling casinos or department stores where photography
is often prohibited. 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 produce inferior images,
not just because of the technical limitations imposed by their small size, but, more

importantly because they lack a means of viewing the image. Because of the lack of
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viewfinder means. investigative video and photojournalism made with suclh cameras
suffers from poor composition.

Accordingly. what is proposed is a wearable camera and viewfinder means for
capturing video of exceptionally high compositional 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 evervday usage. the device
need not necessarily be covert, and may. in fact. be a fashionable device that serves
as both a visible crime deterrent, as well as a tool for documentary videomakers and
photojournalists.

Moreover, the fact that the apparatus can be worn comfortably for many hours
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 genre
of documentary, whose artistic style is very much as if a recording could be made
from a video tap of the optic nerve of the eye itself.

Although one could iragine mounting a video camera with viewfinder onto a hel-
met. the apparatus would be cumbersome owing to the imbalance and high moment
of inertia due to having weight out far from the center of rotation of the neck. The
protrusion of the camera would also present a problem, making tha apparatus cum-
bersome. Moreover, the resulting mismatch between viewfinder image and the real
world would create an unnatural mapping. Indeed. anyone who has walked around
holding a small camcorder up to his or her eye for several hours a day will obtain
an understanding of the ill psychophysical effects that result. Eventually. such ad-
verse effects as nausea, and flashbacks, may persist even after the camera is removed.
There is also the question as to whether or not such a so-called Mediated Reality
might, over a long period of time, cause brain damage, such as damage to the visnal
cortex, in the sense that learning (including the learning of new spatial mappings)
permanently alters the brain.

Accordingly. the invention proposes an embodiment with viewfinder means such
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that the image may be presented in a natural manner suitable for long -term usage
patterns.
There are several reasons why it might be desired to wear the camera over g

sustained period of time:
L. There is the notion of a personal visual diary of sorts.

2. There is the idea of being always reacly. By constantly 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 safetv
(crime reduction) as well as in ordinary evervday usage, such as capturing 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 filin, batreries. etc..
or at the very least. just getting the camera out of its carrving case. that we
often miss important monients like a baby's first Steps. or a spontaneous facial

expression during the opening of a gift.

3. There is the fact that the proposed invention, after worn for a long period of
time, begins 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 censcious thought or effort on the part of the user. Moreover.
a very natural first-person perspective genre of video results. For example.
while wearing an ernbodiment of the proposed invention, it is possible to look
through the viewfinder of a telescope or microscope and record this experience.
including the approach toward the evepiece. This experience is recorded. from
the perspective of the participant in the experience. The act of making the

recording 1s also done without appreciable conscious thought or effort.

4. A computional system, either built into the wearable camera. or worn on the
body elsewhere and connected to the camera systen, may be used to enhance

images. This may ve of value to the visually impaired. The computer nay
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also perform other tasks such as object recognition. Because the device is worn
constantly, it may also function as a memory aid, e.g. to help in way-finding

through the recall and display of previously captured imagery.

BACKGROUND OF THE INVENTION WITH RESPECT TO PRIOR
ART: It appears that apart from large view cameras upon which the image is observed
on a ground glass, that most viewfinders present an erect image. See, for example,
U.S. Pat. No.5095326 entitled “Keppler-type erect image viewfinder and erecting
prism”. In contrast to this fact, it is well-known that one can become accustomed,
through long-term psychophysical adaptation (as reported by George M. Stratton,
in Psychology Review, in 1896 and 1897) to eyeglasses that present an upside-down
image. After wearing upside-down glasses constantly, for eight days (keeping himself
blindfolded 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 TR260, (1994), (the report is available in http://wearcam.org/mediated-
reality /index.html) suggest that slight transformations such as rotation by a few
degrees or small image displacements give rise to a reversed aftereffect that is more
rapidly assimilated by the wearer, and that such effects can often have a more detri-
mental effect on performing other tasks through the camera as well as detrimental
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
carncorder to a helmet, so that one can Jook through the viewfinder and use it it
hands—free while performing 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 conventional camera, over a long period of time, may give rise to detrimental
fashback effects that may persist even after the camera is removed. This is especially

true when the tasks involve a great deal of hand-eye coordination, such as when
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one might, for example. wish to photograph. film, or make video recordings of the
e&perience of eating or playing vollevball or the like. by cloing the rask while concen-
trating primarily on the eye that is looking through the camera viewfinder. Indeed.
since cameras of the prior art were never intended to be used this way. to record
events from a first-person-perspective while looking through the viewtinder. it is not
surprising that performance is poor in this usage.

Part of the reason for poor performance associated with simply attaching a con-
ventional 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. N0.5692227 in which a rangefinder is coupled to a parallax error compensating
uechanism. only correct for parallax between the viewfinder and the camera lens
that is taking the picture. but do not correct for parallax between the viewtinder and
the image that would be observed with the naked eve while not looking through the
camera.

The invention may provide a viewfinder means that is suitable for long-term usage.
such as when one may be wearing the camera for 16 hours per day. looking through
it all the while. Accordingly, since traditional viewtinders are only viewed through on
a shorter term basis. there will be some important differences between the proposed
wearable camera system and traditional cameras. For example, when the proposed
wearable camera system comprises a zoom lens for the camera, it will be necessary
that the viewfinder also comprises a zoom lens, so that when zooming into a scene, the
image in the viewfinder will subtend a lesser visual angle (appear to get smaller) to
negate the usual effect in which zooming in produces increased magnification. Iu this
nlanner the proposed wearable camera svstem will provide the wearer with absolutely
no magnifcation regardless of the zoom adjustient.

Some viewfinders are equipped with a zoom capability. as, for example, is de-
scribed in U.S. Pat. No.5323264. so that their field of coverage varies with the varyving

of a zoom lens. The reader will need to be careful not to confuse zoom viewfinders
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of the prior art with the zoom viewfinder of the proposed invention in which view-
ing 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 negates any in-
crease in magnification that would otherwise result from zooming in on the scene. At
first this may seem counter-intuitive, in the sense that we normally expect zooming
in to produce magnification. This expectation is owing to the cameras of the prior
art. However, after using the proposed invention for an extended period of time,
one quickly grows accustomed to the unique characteristics of its viewfinder, and the
much more seamless integration of the viewfinder with everyday life. This seamless-
ness is such that after time, the wearer will begin to operate the proposed wearable
camera invention without appreciable conscious thought or effort.

An important aspect of the proposed invention is the capability of the apparatus
to mediate (augment, diminish, or otherwise alter) the visual perception of reality.
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.

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 allows the wearer to continue to see the real
world, while VR displays block out the ability to see the real world.

Displays for helmet mounted aircraft weapons aiming applications have been de-
veloped, as described in U.S. Pat. No.3697154, U.S. Pat. No.3833300, U.S. Pat.
N0.4081209, U.S. Pat. No.4220400. Such displays do not directly incorporate a cam-
era. Although they could be used to display the output image from an electronic
camera (hand-held or perhaps mounted to the same helmet), the above-mentioned

problems will still exist. U.S. Pat. No.4806011 describes an eyeglass—based display of
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a clock or the like. While the clock could, in principle, be replaced with a small tele-
vision, and a camera could be attached to the glasses and the output of the television
connected to it, the above-mentioned problems would still exist.

Open-—air viewfinders are often used on extremely low cost cameras, as well as on
some professional cameras for use at night when the light levels would be too low
to tolerate any optical loss in the viewfinder. Examples of open-—air viewfinders used
on professional cameras, in addition to regular viewfinders, include those used on
the (rafflex press cameras of the 1940s (which had three different kinds of viewfind-
ing means), as well as those used on some twin—lens reflex cameras. While such
viewfinders could be used in the context of the proposed invention, and would have
the advantage of not inducing the problems such as flashback effects described above,
they also fail to provide an electronically mediated reality. It is an object of the in-
vention to allow visual reality to be mediated in order to make certain that exposure
is correct as well as to keep the wearer of the apparatus in the feedback loop of the
photo compositional process by constantly providing the wearer with a video stream.
Moreover, it is desired that the apparatus will allow the wearer to experience a com-
putationally mediated visual reality, and for that experience to be shared through
wireless communications networks so that the wearer may receive additional visual
information, as well as be aware of modifications to visual reality that might arise,
for example, as part of a communications process in a shared virtual environment.
For such compositional and interactional capabilities, a simple air-based viewfinder
is inadequate.

Wearable display devices have been described, such as in U.S. Pat. No.5546099,
U.S. Pat. No.5708449, U.S. Pat. No.5331333, U.S. Pat. No.4636866, and may be used
as a starting point for implementing the proposed invention, through the addition of
the appropriate light sensing apparatus. U.S. Pat. No.5640221 also proposes an
eye-tracking device which may be used in the context of the proposed invention.

A means of using a plurality of pictures of the same scene or object, in which
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the pictures were taken using a camera with automatic exposure control, automatic
gain control, or the like has been propused in "PENCIGRAPHY WITH A (" JOINT
PARAMETER ESTIMATION IN BOTH DOMAIN AND RANGE OF FUNCTI ONS
IN SAME ORBIT OF THE PROJECTIVE-WYCKOFF GROUP. published by S.
Mann. in M.I.T. medialab vismod tech report TR384. December. 1994, and larer pub-
lished also in Proceedings of the IEEE International Conference on Image Processing
(ICTP-96), Lausanne. Switzerland, September 16-19. 1996, pages 193-196. The re-
port is also available on a world wide web site: http://wearcamn.org/icip96/index. html
as a hypertext document. This report relates to the proposed invention in the formu-
lation of a means for camera self-calibration in which the unknown nonlinear response
function of the camera is determined up to a single unknown scalar constant. There-
fore, once the camera is so understood, it may be used, within the context of the
method, as a light measuring instrument. As each pixel of the caniera then becomes
a light measuring instrument, successive pictures in a video sequence beconie multiple
estimates of the same quantity once the multiple images are registered and appropri-
ately interpolated. The mcasurement 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 resolution and extent. In this way a
miniature video camera as may be concealed inside a pair of eyeglasses may he used
to generate images of very high quality. sufficient for fine-arts work or other nses

where good image quality is needed.
DESCRIPTION OF THE INVENTION

The proposed invention facilitates & new form of visual art, in which the artist
may capture, with relatively little effort. a visual experience as viewed from his or
her own perspective. With some practice, it is possible to develop a very steady bodw
posture and mode of movement that best produces video of the genre pertaining
to this invention. Because the apparatus may be lightweight and close to the head.

there is not the protrusion associated with carrying a hand-held camera. Also because

8

~~~~~ o Apple Inc. EX1002 Page 879



CA 02233047 2000-02-21

components of the proposed invention may be mounted very close to the head. in a
manner that balances the weight distribution as well as minimizes the moment of
inertia about the rotational axis of the neck. the head can be turned quickly while
wearing the apparatus. This allows oue to record the experiences of ordinary dav-
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. Anvone
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 difficulry capturing
exceptionally high quality video using the proposed invention.

With the prior art. the best video or movie camera operators tend to be very
large people who have trained for many vears in the art of smooth control of the
cumbersome video or motion picture film cameras used. In addition to requiring a
very large person to optimally operate such cameras. various stabilization devices
are often used, which make the apparatus even more cumbersome. The proposed
wearable camera inventicn may be optimally operated by people of any size. Even
voung children can become quite proficient in the use of the proposed invention.

A typical embodiment of the invention comprises one or two spatial light modula-
tors 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 seusor ar-
ravs and appropriate optical elements comprise the camera portion of the invention.
Tvpically a beamsplitter or a mirror silvered 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:

* A reticle, graticule, rectangle. or other marking that appears to float within a

portion of the field of view.

o A display device that shows a video image. or some other dynamic information

perhaps related to the video image coming from the camera.

9
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SUMMARY OF THE INVENTION: OBJECTS AND ADVANTAGES

[t is an object of this invention to provide a method of positioning & camera in
which both hands are left free.

[t is a further object of this invention to provide a means of exposing a film or
acquiring a picture electronically where the spatial extent (field of view) of the iniage
may be ascertained without having to hold any device up to the eve.

This invention may provide such a method of exposing a film or acquiring a
picture electronically where the tonal characteristics of the picture mav be ascertained
without having to hold aav device up to the eve.

This invention may provide such a method of exposing a film or acquiring a picture
electronically where no apparent difference in body movement or gesture between
when a picture is being taken and when no picture is being taken is detectable by
others.

This invention may 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.

This invention may provide the user with a means of determining the coniposition
of the picture from a display device that is located such that only the user can see
the display device, as well as a secondary additional display device that the user can
show to others if and when the user desires to do so.

This invention may 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.

This invention may provide a wearable camera viewfinder nieans 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 emenate from essentially the same direction as thev would
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have had the apparatus not been worn.

This invention may 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.

This invention may provide a neans and apparatus for a user to capture a plurality
of images of the same scene or objects. in a natural process of simply looking around.
and then have these images combined together into a single image of increased spatial
extent, spatial resolution. dynamic range, or tonal ficelity.

This invention may provide a viewfinder means in which the viewfinder has a
focusing mechanism that is coupled to a focusing mechanism of a camera svstem, 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, that 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.

This invention may provide a viewfinder means in which the viewfinder has a
focusing mechanism that is coupled to a focusing mechanism of a camera svstem. 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.

This invention may provide a viewfinder means in which the viewfinder has a fo-
cusing mechanism that is controlled by an automatic focusing mechanism of a camera
system.

This invention may provide a stereo viewfinder means in which the viewfinder
has focusing and vergence control mechanisms that are controlled by an auromatic
focusing mechanism of a camera systen.

This invention may provide a viewfinder means in which the viewfinder has a

focusing mechanism that is controlled by an automatic focusing mechanism of a cam-
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era systen, and in which the apparatus comprises an eve—tracking mechanism that
causes the focus of the camera to be based on where the user is looking, and therefore
the focus of the viewfinder mechanism to be also focused in such a manuer 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 distance as thev
would have had with the apparatus removed from the user.

This invention may provide a wearable camera with viewfinder means for collab-
oration between the user of the apparatus and one or more other persons at remote
locations through the manipulation of virtual objects such as cursors, or computer
graphics renderings displayed upon the camera viewfinder.

This invention may allow multiple users of the invention, whether at remote loca-
tions or side-by-side, or in the same room within each other’s field of view. to intract
with one another through the collaborative capabilities of the apparatus.

This invention may allow multiple users of the invention, at remote locations. to
collaborate in such a way that a virtual environment is shared in which camera—based
head-tracking of each user results in acquisition of video and subsequent generation
of virtual information being made available to the other(s).

This invention may allow multiple users of the invention, at the same location,
to collaborate in such a way that multiple camera viewpoints 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 advise one or more of the users on
matters such as composition or camera angle.

This invention may allow multiple users of the invention, at different locations.
to collaborate on a project or endeavour that may not pertain to photography or
videography directly, but a project or endeavour nevertheless that is enhanced by the
ability for each person to experience the viewpoint of another.

This invention may allow one or more remote participants at conventional desktop

computers or the like to interact with one or more users of the invention. at one or
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more other locations, to collaborate on a project or endeavour that may not pertain
to photography or videography directly, but a project or endeavour nevertheless that
is enhanced by the ability for one or more users of the invention to cither provide or
obtain advice from or to another individual at a remote location.

SUMMARY OF THE INVENTION: Informal review of what the new
invention does

One aspect of the invention allows a photographer or videographer to wear the
apparatus continuously and therefore always end up with the ability to produce a
picture from soniething 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 opportunity, and
often great photo opportunities only become known to us after we have had time to
think about something we previously saw.

Such an apparatus might also be of use in personal 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 surveillance infrastructures. Most notably there have been several exam-
ples in which such centralized infrastructure has been abused by the owners of it {as
in roundups and detainment of peaceful demonstrators). Moreover, “public safetv’
systems may fail to protect individuals against crimes committed by the organiza-
tions that installed the systems. Accordingly, embodiments of the invention often
implement the storage and retrieval of images by transmitting and recording images
at one or more remote locations. In one embodiment of the invention. images were
transmitted and recorded in different countries, so that they would be difficult to
destroy, in the event that the perpretrator of a crime might wish to do so.

The invention allows images to be captured in a natural manner. without giving

an unusual appearance to others (such as a potential assailant).
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Moreover, as an artistic tool of personal expression, 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 through binoculars while riding horseback, or the experience 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 camera system with viewfinder
means that goes beyond current state-of-the-art point of view sports videos (such as
created by cameras mounted in sports helmets which have no viewfinder means).

A typical embodiment of the invention comprises a wearable viewfinder system
which is fitted with a motorized focusing mechanism. A camera also fitted with a
motorized focusing mechanism is positioned upon 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 camera 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 playing (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 require conscious thought or
effort. In was once said that television is more real than real life, and in much the
same way, the wearer of the apparatus becomes a cybernetic 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
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pronounced.
BRIEF DESCRIPTION OF THE DRAWINGS

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 examples
will serve to illustrate the invention with reference 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
tele—camera 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 concealed in or behind the glass
of the left lens.

FIG. 2 is a diagram of the wearable camera system with an improvement in which
the viewfinder is constructed so that when other people look at the wearer of the
apparatus they can see both of the wearer’s eyes in such a way that they do not
notice any unusual magnification of the wearer’s left eye which might otherwise look
unusual or become a problem in making normal eye contact with the wearer.

I'IG. 3 illustrates the principle of a camera viewfinder 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 transformation.

FIG. 4 illustrates a version of the apparatus similar to that in 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 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.
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FIG. 6 shows an embodiment of the wearable camera invention in which the
viewfinder contains considerable 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.

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

In all aspects of the present invention, references to “camera” mean any device or
collection of devices 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 “television” shall not be limited to just television
monitors or traditional televisions used for the display 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, and the like.

With respect to both the cameras and televisions, 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 or zoom television shall be taken to include the ability to display a picture
upon a computer monitor in various sizes through a process of image interpolation

as may be implemented on a body-worn computer system.

DETAILED DESCRIPTION OF THE INVENTION WITH
REFERENCE TO DRAWINGS

Fig 1 shows an early embodiment of the wearable camera invention built into eye-
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glass frames 100, typically containing two eyeglass lenses 105. A wide-angle camera
110 is typically concealed within the nose bridge of the eyeglass frames 100. In what
follows, the wide—angle camera 110 will be simply referred to as the “wide-camera”.
In this embodiment of the wearable camera invention, a second camera, 120, is also
concealed in the eyeglass frames 100. This second camera is onc which has been
fitted with a lens of longer focal length, and will be referred to as a “tele-camera”
in what follows. The wide-camera 110 faces forward looking through a beamsplit-
ter 130 so that the tele-camera 120 may have exactly the same field of view as the
wide—camera 110. The beamsplitter 130 is typically mounted at a 45 degree 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. Typically eyeglasses with black frames are selected, and a CCD sensor
array for wide—camera 110 is concealed in a cavity which is also used as a nose bridge
support, so that the eyeglasses have a normal appearance. The wide-camera is typi-
cally fitted with a lens having a diameter of approximately 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 eyeglasses. The tele-camera 120 is
typically concealed in the upper portion of the eyeglass frames. In some prototypes,
an Elmo QN42H camera was used owing to its long and very slender (7mm diame-
ter) construction. In actual manufacture, a custom-made tele-camera could be built
directly into the eyeglass frames. Since the tele-camera 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. In most prototypes of the invention, a complete camera system provid-
ing NTSC video was not installed directly in the eyeglasses. Instead, wires 125 from
the camera. sensor arrays were concealed inside the eyeglass frames and run inside a
hollow eyeglass safety strap such as the safety strap that is sold under the trade name
“Croakies”. Wires 125 are run down to a belt pack or to a body-worn computer,

recording, transmitting device, or the like. In some embodiments, a minimal amount
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of circuitry was concealed in the eyeglass frames so that the wires 125 could 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 for the camera viewfinder.
This optical system provides a magnified view 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. For example, in one recent embodiment, the viewfinder comprised a
1/4 inch (approx. 6mm) television screen comprising an LCD spatial light modulator
with a field-sequenced LED backlight. In some embodiments of the invention, the
television screen was driven by a coaxial cable carrying 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 equipment by connection 190.

In some embodiments television 160 contains a television tuner so that a single
coaxial cable may provide both signal and power. In other embodiments the majority
of the electronic components needed to construct the video signal are worn on the
body, and the eyeglasses contain only a minimal amount of circuits, perhaps only a
spatial light modulator, LCD flat panel, 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 eyeglasses. In typical operation of the invention, light enters the
eyeglasses and is absorbed and quantified by one or more cameras. By virtue of the
connection 190, information about the light entering the eyeglasses is available to a
body-worn computer system. 'I'he 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 dircctions 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 the

PENCIGRAPHY method described above. In some embodiments of the invention a
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second tele—camera 120 provides a more dense array of such photoquanta estimates.
This increase in density toward the center of the visual field of view matches the
characteristics of the human visual system in which there is a central foveal region of
increased visual acuity. Video from one or both cameras is possibly processed by the
body-worn computer and recorded or transmitted to one or more remote locations
by body-worn video transmission means 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 eyeglasses through connection 190 and
appears on viewfinder screen 160, viewed through optical elements 150. If desired,
the wide-angle camera may be used for motion tracking to serve the role of a head-
tracker by determining the location of the head using optical flow methods, and the
foveal camera may then be used as a high-resolution index into that image. Thus
even though television screen 160 may only have 240 lines of resolution, a virtual
television screen of extremely high resolution may be implemented by virtue of the
head—tracker, so that the wearer may view very high resolution pictures through what
appears to be a small window that pans back and forth across the picture by the head-
movements of the wearer. This act of panning the head back-and forth also may cause
a high-resolution picture to be acquired through appropriate processing of a plurality
of low—resolution pictures captured on tele-camera 120. This action mimicks the
function of the human eye, where saccades are replaced with head movements to
sweep out the scene using the camera’s light-measurement ability as is typical of
PENCIGRAPHIC imaging.

A major shortcoming of the apparatus depicted in Fig 1 is that the optical elements
150 block the eye(s) of the wearer. The wearer may be able to adapt to this condition,
or at least compensate for it through the display of video from the wearable camera
to create an illusion of transparency, in the same way that a hand-held camcorder

creates an illusion of transparency when it is on and running even though it would
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function as a vision-blocking eye patch when turned off. However, the fact that the
eye of the wearer is blocked means that others cannot make eye—contact with the
wearer. In social situations this creates an unnatural form of interaction. Although
the lenses of the glasses may be made sufficiently dark that the viewfinder optics are
concealed, it is preferable that the viewfinder optics may be concealed in eyeglasses
that allow others to see both of the wearer’s eyes. Accordingly, a viewfinder system
is depicted in Fig 2 in which an optical path 200 brings light from a viewfinder screen
210, through a first relay mirror 220, along a cavity inside the left temple-side piece of
the glasses formed by an opaque side shield 230, or simply by hollowing out a temple
side-shield. Light travcls to a second relay mirror 240 and is combined with light
from the outside environment as seen through diverging lens 250. The light from the
outside and from the viewfinder is combined by way of beamsplitter 260. The rest
of the eyeglass lenses 261 are typically tinted slightly to match the beamsplitter 260
so that other people looking at the wearer’s eyes do not see a dark patch where the
beamsplitter is. Converging lens 270 magnifies the image from the viewfinder screen
210, while canceling the effect of the diverging lens 250. The result is that others can
look into the wearer’s eves and see both eyes at normal magnification, while at the
same time, the wearer can see the camera viewfinder at increased magnification.
The embodiments of the wearable camera depicted in Fig 1 and Fig 2 give rise to
a small displacement between the actual location of the camera, and the location of
the virtual image of the viewfinder. Therefore, when performing tasks at close range,
such as looking into a microscope while wearing the glasses, there is a discrepancy
that must be learned. Initially when wearing the glasses, the tendency is to put the
microscope up to the eye, rather than the camera. As a result, the apparatus fails
to record exactly the wearer’s experience. It is desired 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
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the eye position, it is preferable that this not be required, for otherwise, as previously
described, long-term usage may lead to undesirable flashback effects. Accordingly,
Fig 3 illustrates 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. The video output of the camera 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 television 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
image that is backwards, 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 eye location 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 register with the real world. The image could, in principle also be registered
in tonal range, using the PENCIGRAPHY framework for estimating the unknown
nonlinear response 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 adjustment 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 330 so that the apparent distance to the object is the same
while looking through the apparatus as with the apparatus removed.

It is desirable that embodiments of the wearable camera invention comprising man-
ual 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 mech-

anisms are linked in such a way that the viewfinder image magnification is reduced as
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the camera 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.

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 generating a lookup
table for the viewfinder settings corresponding to each camera setting. In this way,
calibration may be automated during manufacture of the wearable camera system.
Some similar embodiments of the wearable camera invention use two cameras and two
viewfinders. In some embodiments, the vergence of the viewfinders is linked to the
focus mechanism of the viewfinders and the focus setting of cameras, so that there
is a single automatic or manual focus adjustment for viewfinder vergence, camera
vergence, viewfinder focus, and camera focus.

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 410 is deflected by beamsplitter 415. A visual angle
subtended by light ray 410 to light ray 420 is deflected by way of beamsplitter 415
into camera 430. Output from this camera is displayed on television 470, 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 440 is visible to the eye of the wearer by way of beamsplitter 415. The
leftmost ray of light 460 of the partial television 440 is aligned with the direct view
of the leftmost ray of light 410 from the original scene. Thus the wearer secs a
superposition of whatever real object is located in front of ray 410 and the television

picture of the same real object at the same location. The rightmost ray of light
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420 is similarly visible through the beamsplitter 415 in register with the rightmost
virtual ray reflected off the beamsplitter 415. 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 battery
powered LCD televisions, LCD camcorder viewfinders, 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 440 and the camera 430. If the television displays
the exact same rays of light that come from the real world, the view at eye location
490 is essentially the same as it might otherwise be. 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 diflicult for the wearer to discern whether or not video
is correctly exposed. Accordingly, a pseudocolor image may be displayed, or unique
patterns may be used to indicate areas of over exposure or under exposure.
Television 440 may also be fitted with a focusing lens so that it may be focused
to the same apparent depth as the real objects in front of the apparatus. A single
manual focus adjustment may be used for both camera 430 and television 440 to
adjust them both together. Alternatively, an autofocus camera 430 may control the
focus of television 440. Similarly, if a varifocal or zoom camera is used, a varifocal

lens in front of television 440 should be used, and should be linked to the camera
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lens, so that a single knob may be used to adjust the zoom setting for both.

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 440 to maximize
video feedback for each zoom setting of camera 430. This process may be automated
if desired, for example, using video feedback to generate a lookup table used in the
calibration of a servo mechanism controlling the zoom and focus of television 440.

The entire apparatus is typically concealed in eyeglass frames in which the beam-
splitter is either embedded in one or both glass lenses of the eyeglasses, or behind one
or both lenses. In the case in which a monocular version of the apparatus is being
used, the apparatus is built into one lens, and a dummy version of the beamsplit-
ter portion of apparatus may be positioned in the other lens for visual symmetry.
These beamsplitters may be integrated into the lenses in such a manner to have the
appearance of ordinary the lenses in ordinary bifocal eyeglasses. Moreover, magni-
fication may be unobtrusively introduced by virtue of the bifocal characteristics 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.

Fig 5 depicts a foveated embodiment of the invention in which incoming light 500
is intercepted 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 tele-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
tele—camera 540 is displaycd on a small screen television 560, typically of screen size
1/4 inch (approx. 6mm) on the diagonal, forming a virtual image of the tele-camera

as virtual light 561. A smaller television screen is used to display the image from
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the tele—camera in order to negate the increased magnification that the tele-camera
would otherwise provide. 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. Television 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 televisions 550 and 560 should equal the distance belween double-sided mirror
510 and beamsplitter 570 as measured 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 experiences 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 magnifications so that the television displaying
the image 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, which simplifies manufacture of the apparatus. Typically, 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, or in front of the lens of the eyeglasses. In some embodiments, 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.

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
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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
wireless 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 reflected 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. Implicit in 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 television 640. Finally, if it is desired that the apparatus be
unobtrusive, an additional polarizer or polarizing beamsplitter should be used so that
the television 640 is not visible to others by way of its reflection in beamsplitter 610.
Alternatively, in certain situations it may actually be desirable 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 facilitated by exposing beamsplitter 620 to view, or allowing
the reflection of the television to be seen in beamsplitter 610. Alternatively, another
television may be mounted to the glasses, facing outwards. Therefore, just as the
wearer of the proposed invention may see the image captured by the camera, along
with additional 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 outward—facing display, or
both. In some embodiments of the invention, the use of two separate screens was

useful for facilitation of an interview, in which the same image was presented to both
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the inward—-facing television and the outward-facing television, but the images were
mixed with different text. In this way the wearer was teleprompted with one stream

of text, while the interviewee was prompted with a different stream of text.
BENEFITS OF THE INVENTION

The wearable camera invention allows the wearer to experience the camera over
a long period of time. For example, after wearing the apparatus 16 hours per day
for several weeks, it begins to function as a true extension of the mind and body. In
this way, photographic composition is much more optimal, because the act of taking
pictures or shooting video no longer requires conscious thought or effort. More-
over, the intentionality of the picture-taking process is not evident to others, because
picture-taking is not preceeded by a gesture such as holding a viewfinder object up
to the eye. The wearable viewfinder is an important element of the wearable cam-
era invention allowing the wearer to experience everyday life through a screen, and
therefore be always ready to capture anything that might happen, or even anything
that might have happened previously 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 experience may be shared. The wearer may allow oth-
ers 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, collab-
orative videography, and telepresence. Moreover, the invention may perform other
useful tasks such as functioning as a personal safety device and crime deterrent by
virtue of its ability to maintain a video diary transmitted and recorded at multiple
remote locations. As a tool for photojournalists and reporters, the invention has clear

advantages over other competing technologies.

OTHER EMBODIMENTS
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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 changes can
be made in the above embodiments and operating 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.

Variations or modifications to the design and construction of this invention. within
the scope of the invention, may occur to those skilled in the art upon reviewing
the disclosure herein. Such variations or modifications, if within the spirit of this
invention, are intended to be encompassed within the scope of any claims to patent

protection issuing upon this invention.
EMBODIMENTS FEATURING BODY-WORN COMPUTER

A typical embodimert of the invention may be based on a wearable computer
system and may include a body-worn electronic display means capable of display of
a picture. video, or graphic information, where the display means is affixed to the
body in such a manner as to leave both of the wearer’s hands free, and where the
display means is capable of the display of information from the body worn computer
system, and where the computer system is capable of receiving input from a bodv—
worn electronic camera.

This embodiment need not necessarily be eyeglass-based, as shown in the draw-
ings, but may, for example, take the form of other headwear such as a helmet. For
example, a separate camera and camera viewfinder are mounted to a helmet. and
the camera is connected to a body-worn computer system in such a way that the
conlputer system may capture images from the camera, and where the viewfinder
comprises a computer monitor connected to the computer system.

Some of the preferred embodiments comprise a wearable computer based personal

imaging system where some of the rays of light that would enter the eve in the absence
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of the system are diverted to the camera by the system and displayed in such a manner
that each ray of light from the display device enters the eve in such a wav that it is
essentiallv collinear to the corresponding ray of light that initially entered the svstem
(e.g. each ray of processed light can emerge collinearly with the corresponding rays
of incoming light that gave rise to it).

This personal imaging system may operate by rays of light being diverted by a
mirror which is reflective on both sides, one side being used to divert ravs of light
to one or more cameras, and the other side of the mirror being used to view a video
image from the camera, possibly after the video image has been processed or altered
by a body worn computer system or by virtue of a wireless communications means.
In other words, the wearer can allow other people (wirelessly linked) to alter his or
her visual perception of reality.

The personal imaging system may also direct only a portion of each ray of light
that would otherwise enter the eve in the absence of the system, so that the portion
of light is diverted to the camera and displayed in such a manner that the portion of
each ray of light from the display device enters the eye in such a way that when the
signal from the camera is displayed upon the display device, the rays of light entering
the eye each correspond to subject matter that is essentially equivalent to that which
would have been observed in the absence of the personal imaging system.

In this personal imaging system, the camera and the screen of may be concealed
within the frame of eyeglasses. and means of diverting rays of light toward the camera
may be concealed within one or both lenses of the eyeglasses.

With the partial reality mediator personal imaging system, a portion of each rav
of light that enters the eye may be diverted to the camera and displayed in such a
manner that this portion of each ray of light from the display device enters the eve
in such a way that when the signal from the camera is displayed upon the display
device, the rays of light entering the eye each correspond to subject matter that is

in approximate spatial alignment with the undiverted portion of each of said rays of
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light, when the wearable computer just copies input (camera) to ontput {display).

Of course it is not necessary to maintain the above collinearity criterion. and there
are in fact some lesser preferred embodinents of the invention that don't maintain
this spatial alignment between the display, especially when it does not completely
block the wearer’s vision. In this case, it is preferable that the video image from
the camera appears upsice-down, rotated 90 degrees, or is otherwise presented in the
display means in a manner that makes it sufficiently distinct from the portion of the
wearer’s field of view that is not mediated by the display means.

[n many embodiments of the wearable computer personal imaging system, the
display means is a see-through display in the sense that it blocks essentially none of
the wearer's visual field of view. and where a continuously updated image from the
camera may be presented upon the display in a sufficiently different color than it
would otherwise appear in the absence of the personal imaging system, so that the
continuously updated image remains distinctly visible from the unmediated portion
of the visual field of view.

In some of the personal imaging system embodiments, especially those with see
through displays, an indication of over exposure or under exposure is given as an
overlay on the subject marter that is over or under exposed. Thus, for example. where
the display means is a see-through display in the sense that it blocks essentially none
of the wearer’s visual field of view. a continuously updated image from the camera is
presented upon the display means in a sufficient manner as to indicate clearly arcas
of over exposure or areas of underexposure as uniquely textured or colored patches
superimposed on the scene.

The above exposure indicator may take the form of graphic information. e.g.
graphics superimposed on reality. Thus a continuously updated image from said cam-
era Is presented upon the display means together with additional graphic information
pertaining to image exposure or pixel value statistics calculated from the camera, by

way of the wearable computer system.
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In some eyeglass embodiments of the invention, optical elements are embedded
within a lens of the eyeglasses in such a way as to provide a magnified view of said
display means. and where the optical elements are arranged and located to give the
eveglasses the appearance of ordinary bifocal eyeglasses. For aesthetic symmetry and
improved covertness. a mirrored (left-right reversed) replica of the optical elements
is installed in the other lens of the eveglasses even if this mirrored replica is non-
functional. Thus a stereo or two-eye system would have two sets of optics, but so
would a monocular system, where the second set of optics is a dummy set of optics
not actually used other than for the aesthetic benefit (visual symmetry) of others who
look at the wearer of the apparatus.

Some embodiments work just like the old gun sights and weapons sights commonly
used during the war years, where the beamsplitter (diverter) is installed backwards
and a concave mirror is used so that the user sees a double reflection magnified by
the concave mirror. In this case the display optics includes a beamsplitter mounted
at an approximate 45 degree angle with respect to the optical axis of the wearer's eye
looking through it. and a curved mirror with optical axis perpendicular to the that
of the wearer’s eve is mounted to provide a magnified image of the displav means.

This means and apparatus may be embedded within the lenses of eyeglasses,
to direct light from the display means into one or both eyes of the wearer of the
eyeglasses.

Using the miniaturized weapon-sight principle embedded in eyeglasses, the beam-
splitter unfortunately is not entirely covert. Therefore, it is preferable that the eve-
glasses be lightly tinted. Preferably the eycglass lens is tinted everywhere other than
where the beamsplitter is located. so that the eyeglass lens matches exactly the degree
of transmissivity of the portion where the beamsplitter is embedded in. That makes
the apparatus alimost completely covert.

This tinting can preferably be implemented by a metallization. so that the beam-

splitter itself is just part of the same nietallization (the same thin metal coating
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deposited on the eyeglass lens). Thercfore the beamsplitter is implemented throngh
d partial metalization within the eyeglass lenses, extending sufficiently that wost of
the rays of light passing through each of the lenses must also pass through the partial
metalization, aﬁd where the partial metalization is located at varying depth from the
front surface of each of the eyeglass lenses, so that the partial metalization curves
around to form a beamsplitter that directs light from one or more of the display
means into one or both eyes of the wearer.

In extreme cases, e.g. where a nice wide field of view is needed, it is hard to
conceal the discontinuity of the beamsplitter portion. In some embodiments of the
invention, rather than trving to conceal the beamsplitter, the partial metalization of
the entire eyeglass lens is done in such a way that there will be a discontinuity in the
partial metalization such that the partial metalization gives the eveglass lenses the
appearance of ordinary bifocal lenses commonly used in eyeglasses.

Embodiments of the invention using the weapons sight principle for the display
will typically have a beamsplitter and concave mirror positioned such that light from
the subject matter being photographed or observed through the eyeglasses may pass
through the beamsplitter once to reach the wearer’s eye, while light being observed
from the display means must pass through the beamsplitter, be reflected off the
concave mirror, and then be reflected off the beamsplitter to reach the wearer's eve.

Again, these items, bheamsplitter and concave mirror are preferably embedded
within the lens of the eyeglasses.

Even with this embodiment, it is preferable that the eyeglass lens is tintec every-
where except where said beamsplitter is located so that the entire eveglass lens iy of
the same transmissivity.

Typically the display rueans comprises a computer monitor and the wearable com-
puter system is capable of acquiring a digital representation of pictures from the cam-
era at a rate of more than one picture per second. and displaying these pictures upon

the display means, so tha: a viewfinder effect results.
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These wearable computer peripherals (computer monitor and camera) are prefer-
ably mounted in eyeglasses for the preferred embodiment. but may be mounted on
other headwear for other useful embodiments.

In many eyeglass based embodiments, a television screen or spatial light modula-
tor, or other active image display surface of the computer monitor and the camera
are mounted in the frames of eyeglasses, and means of providing magnification and
re-direction of light rays to view the monitor is embedded within the glass of one or
both lenses of said eyeglasses.

There will often be a means of providing magnification and re-direction of light
rays to view the monitor, where the magnification and re-direction means is embedded
within the lens material of one or both lenses of the eyeglasses, below the main optical
axis of the eye in its normal position, so that the means of providing magnification
and re-direction of light rays to view said monitor is embedded in a position within
said eyeglass lenses that is typical of bifocal cyeglass lenses. Thus the preferred
embodiment will have the appearance of ordinary bifocal eveglasses, to people other
than the wearer (e.g. the wearer will be the only one who need know that the
eveglasses are different from ordinary bifocal eyeglasses).

In many embodiments the wearable computer system is connected wirelessly to a
remote base—station by way of radio communications, so that images from the camera

can be processed or altered on the remote base-station.
EMBODIMENTS FEATURING WEARABLE DISPLAYS

Some embodiments of the invention may feature multiple video display devices.
This may facilitate monitoring more than one camera. One or more electronic cameras
and one or more video display devices are fixed together in a wearable device such
that one or more of the video display devices is visible to one or both eyes and is
capable of displaying a picture or video signal from one or more of the cameras.

Some embodiments have displays that are responsive to an input from a camera,

while others have displays that are not responsive to an input from a camera. In the
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former case, rays of light that would enter the eye in the absence of the apparatus
are diverted to one or more cameras, and displayed in such a manner that rays of
light from the one or more of said display devices enter the eye in such a way that
when the signal from one or more of said cameras is connected to one or more of said
displays,

In the former case, rays of light entering the eve each correspond to subject matter
that is essentially equivalent to that which would have been observed in the absence
of said apparatus.

In a preferred embodiment (preferred for its simplicity of design and manufacture),
rays of light are diverted by a mirror which is reflective on both sides, one side being
used to divert rays of light to one or more cameras, and the other side of the mirror
being used to view a video image of the output from said camera, possibly after the
video image has been processed or altered by a body worn computer system or by
virtue of a wireless communications means.

This same apparatus with one or more cameras and one or more display means
may also be mounted in eyeglasses.

Again, the means of providing magnification and re-direction of light rays to view
said monitor may be embedded within the glass of one or both lenses of said eveglasses,
below the main optical axis of the eye in its normal position, so that the means of
providing magnification and re-direction of light rays to view the monitor is embedded
in a position within the eyeglass lenses that is typical of bifocal eyeglass lenses.

One or more of said cameras and one or more of said display devices may be
affixed in eyeglasses.

In some embodiments, light may be split, by way of a beamsplitter. to two cameras
of differing fields of view.

Similarly, in some embodiments of the invention, there may be two (or more)

display devices, one displaying output from each of two cameras.
EMBODIMENTS FEATURING FIELD OF VIEW INDICATORS
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Some embodiments of the invention have a display that is in now wayv responsive
to any input from the camera. Other embodiments of the invention have a display
that is responsive to an input from the camera part of the time. and some have a
display that is only partially responsive to the camera (perhaps only part of the time).
In one embodiment, a body-worn electronic camera is affixed to the body of a wearer
in such a manner as to leave both of the wearer’s hands free, and where, also affixed
to the wearer is a means of displaying a static pattern of a rectangle, graticule. or
other indication of the field of view of the camera.

This embodiment may of course be mounted within eyeglasses.

In some eyeglass based embodiments, a camera mounted in eyeglasses is mounted
within eyeglasses that also include means of displaying a static pattern of a rectangle,
graticule, or other indication of the field of view of the camera, where the means
comprises reflective and refractive elements embedded within the lens material of one
or both lenses of the eyeglasses. Again, the static pattern is, in many embodiments
of the invention, not responsive to any input from the camera.

[n a preferred embodiment, the optics for generating the static pattern of a rectan-
gle, graticule, or other indication of the field of view of the camera comprise reflective
and refractive elements embedded within the lower portion of the glass of both lenses

of said eyeglasses.
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CLAIMS

The embodiments of the invention in which [ claim an exclusive property or priv-

ilege are defined as follows:

1. A personal imaging svstem for personal image capture and processing. conpris-

ing:

e a wearable computer:

e a camera for supplying a picture signal to said wearable computer, said

camera for being borne by headwear:

¢ a viewfinder for being borne by said headwear, said viewfinder for providing
at least a visible image boundary, said visible image boundary in focus to

a wearer of said headwear.

2. A personal imaging system for personal image capture and processing. compris-

ing:
e a wearable computer;

e a camera for supplying a picture signal to said wearable computer. said

camera for being borne by headwear:

e a viewfinder for being borne by said headwear, said viewfinder for providing
a visible image boundary, said visible image boundary for appearing in
focus to a wearer of said headwear, rays of light from said visible lmage
boundary being collinear with rays of light defining a field of view of said

camera.

3. A personal imaging system for personal image capture and processing. compris-

ing:

® a camera, said camera for being borne by headwear:
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e an image processing computer for processing an output of said camera:

e aviewfinder for being borne by said headwear. said viewfinder for providing
a visible image boundary, said visible image boundary for appearing in
focus to a wearer of said headwear, at least some rays of light from said
visible image boundary being collinear with at least some ravs of light

defining a field of view of said camera.

+. A personal imaging svstem for personal image capture and processing. compris-

[$1]

ing:
® a camera. said camera for being borne by headwear:

e a wearable picture processing computer for processing an output of said

camera,

¢ a viewfinder for being borne by said headwear, said viewfinder for providing
a visible image boundary, said visible image boundary for appearing in

focus to a wearer of said headwear,

the center of the field of view of said viewfinder, as viewed by a wearer of said
personal imaging system, being collinear with an incoming ray of light to which
the center of a picture from said camera is most responsive, when said personal

imaging systern is in use by said wearer.
A personal imaging system for personal image capture and processing. compris-
ing:
e a camera, said camera for being horne by headwear:
e a wearable picture processing computer for processing an output of saic
camera:

e a viewfinder for being borne by said headwear, said viewfinder for provid-
ing a rectangular visible image boundary, said visible image boundary for

appearing in focus to a wearer of said headwear.

1t s g i3 1 i .
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rays of light from the corners of said visible image boundary as viewed by o
wearer of said personal imaging svstem. being collinear with incowing rav of
light to which the corners of a picture from said camera are most respousive,

when said personal imaging system is in use by said wearer.
6. A personakimaging system for personal image capture and processing. COMPris-
ing:
e a camera. said camera for being borne by headwear:

¢ a wearable picture processing computer for processing an output of said
camera;

e a viewfinder for being borne by said headwear. said viewfinder for providing
a visible image boundary, said visible image boundary for appearing in

focus to a wearer of said headwear.

the feld of view of said caniera being equal to the field of view of said visible

image boundary as viewed by a wearer of said personal imaging system.

~!

A wearable personal imaging system for picture capture and processing. com-

prising:
® a camera,

® optics, at least a portion of said optics for being borne by headwear. said
optics for directing rays of light into said camera, the effective center of
projection of said camera when operating together with said optics. being
located approximately at the center of a lens of an eye of a wearer of said
personal imaging system. when said wearer is looking in an approximate

forward direction;

e a wearable picture processing computer for processing an output of said

camera,
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e aviewfinder for being borne by said headwear. said viewtinder for providing
a visible image boundarv. said visible image boundary for appearing in

focus to said wearer,

the center of the Jeld of view of said camera together with said optics. being
approximately collinear with the center of the field of view of said visible image

houndary as viewed by said wearer.

The personal imaging system of Claim 1. 2. 3. 4. 5. 6. or. T including a diverrer
for diverting at least a portion of some rays of eyeward bound light into said

o
[=]

camera.

The personal imaging system of Claim 3. where said diverter has oue mirrorred

surface.

The personal imaging system of Claim 3. where said diverter is located diago-
nally with respect to said camera’s optical axis, and an optical axis defined bv
an eye of a wearer of said personal imaging system, when said wearer is looking

straight ahead.

The personal imaging system of Claim 8. where said diverter is a two—sicled

mirror.

. The personal imaging system of Claim 3. where said diverter is a beamsplitter.

The personal imaging system of Claim 12 further including at least one polarizer

in the optical path between said camera and said viewfinder.

The personal imaging systern of Claim 12 further including at least one polarizer

in the optical path between said camera and said diverter.

. The personal imaging system of Claim 8, where the effective center of projection

of said camera is the same distance from the effective optical center. facing said
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camera, of said diverter as the effective center of projection of an eve of a wearer
of said personal imaging system is from the effective optical cenrer. facing said

eve. of said diverter.
The personal imaging system of Claim 3, where said diverter has at least one
flat side.
The personal imaging system of Claim 1. 2. 3. 4, 5. 6. 7, 8. 9. 10 11. 12. 13, 14,
or 15. said viewfinder including a camera aiming aid. said canera aiming aid
including one of:

e a reticle:

e a graticule;

e a rectangle:

¢ a marking.
The personal imaging system of Claim 1. 2. 3, 4,5 6,7 8 9, 10 11, 12. 13.
14, or 15, said viewfinder responsive to said computer, but said viewfinder not
responsive to said camera, said viewfinder including a camera aiming aid. said
camera aiming aid comprising visible information displayed on said viewfinder

from said computer.

The personal imaging system of Claim 1. 2. 3. 4, 5. 6. 7. 8. 9. 10 11. 12. 13,
14, or 15, where said camera is a wide camera. said personal imaging svstem

further including a narrow camera.

The personal imaging system of Claim 19, where said narrow camera and said

wide camera share a common effective center of projection.

. The personal imaging system of Claim 20 where said common effective center

of projection co-incides with the center of projection of an eve of a wearer of

said personal imaging system.
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22. The personal imaging svstem of Claim 1. 2. 3. 4. 5. 6. 7. S.9.10 L1120 13, 14,
or 15. where the center of projection of said cainera co-incides with rlie center

of projection of an eve of a wearer of said personal limaging svsten.

23. The personal imaging svstem of Claim 19. 20. or 21, where said viewtnder
is a wide viewfinder, said personal imaging system further including a narrow

viewfinder.

24. The personal imaging svstem of Claim 23. respective ravs of light from said
wide viewfinder being collinear with rays of light to which said wide camera
is responsive, and respective rays of light from said narrow viewfinder being

collinear with rays of light to which said narrow camera is responsive.

25. The personal imaging system of Claim 23. or 24. where said narrow viewtinder
is an electronic viewfinder, said narrow viewfinder for being responsive to an

input from said camera.

()
=

The personal imaging system of Claim 25. where said wide viewfinder is nor

responsive to an input from either of said cameras.

27. The personal imaging system of Claim 1. 2, 3,4,5.6,7,8,9. 10 11. 12. 13. 1.4,

or 15. further including a camera based headtracker.

28. The personal imaging system of Claim 23, or 24, further including a camera

based headtracker.

29. The personal imaging system of Claim 1, 2. 3. 4, 5, 6, 7,8, 9. 10 11. 12. 13. 14.

or 15, further including an evetracker.
30. The personal imaging system of Claim 23, or 24. further including an evetracker.

31. The personal imaging svstem of Claim 1. 2. 3. 4, 5,6, 7.8, 9. 10 11. 12. 13. 14.

or 15. 27. or 29. further including means tor overlaving additional information
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on said viewfinder. said additional information responsive to an input from said

camera.

. The personal imaging system of Claim 1. 2, 3. 14,5.6,7.8.9.10 11. 12, 13.

14, or 15, said camera responsive to rays of light collinear with lines extending

outward from an eye of a wearer of said personal imaging system.

The personal imaging system of Claim 1. 2. 3. 4. 5. 6. or. 7. further including
means for directing at least some ravs of light from said viewfnder. stelt rhar
said rays of light are collinear with at least somnie light rays to which said canera

1s responsive.

The personal imaging system of Claim 1. 2, 3, 4. 5, 6, or. 7. further including
means for directing all rays of light from said viewfinder, such that said rays of

light are collinear with all light rays to which said camera is responsijve.

The personal imaging system of Claim 1, 2, 3, 45,6, 7,8 9. 10 11. 12. 13.
14, or 15, said viewfinder being in focus to an eye of a wearer of said personal

imaging system regardless of a focus of a lens of said eve.

The personal imaging system of Claim 1, 2, 3, 4, 5, 6, 7,8,9,10 11. 12, 13. 14.

or 15, focus of said viewfinder being responsive to an output of said computer.

The personal imaging system of Claim 1, 2. 3. 4. 5. 6. 7. 8,9.10 11. 12. 13. 4.

or 15, focus of said viewfinder being responsive to focus of said camera.

A personal always ready picture capture device. including the personal imaging
system of Claim 1, 2, 3, 4. 5. 6. 7, 8, 9, 10 11. 12, 13, 14, or 15. together with
meaus for retroactive recording of at least one picture. said means for retroactive

recording including a circular buffer.

A visual memory prosthetic, including the personal imaging system of Claim 1.

2,3,4.5 6, 7,8, 9,10 11, 12, 13, 14, or 15. said visual memory prosthetic
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including an object recognizer.

40. The personal imaging system of Claim 1. 2. 3. 4. 3. 6. 7. 8. 9. 1O 11, 12,13, 14, or
5. further including means for directing a user of said personal lmaging svsteny
to position subject matter of greatest relevance within the field of view of said
camera, said means comprising the processing of images from said camera. and

display of results of said processing on said viewfinder.

41. The personal imaging system of Claim 40. for inducing a hypuotic semi-rrance
state in said user, similar to that induced by viewing a television in a darkened
room, such that said user will tend to rotate his or her head until subject matter

said user wishes to see is within the field of view of said canera.

42. The personal imaging system of Claim 10. where said processing includes the

addition of noise to said images.

43. The personal imagiug system of Claim 10, where said processing includes en-

hancement of said images.

4. The personal imaging system of Claim 10. where said camera is a night vision
camera. and said processing is the processing normally done in the course of

displaying imagery from a night vision camera.

15. A night vision system using the personal imaging system of Claim 1. 2. 3. 4.
3.6, 7,8 9, 10 11, 12. 13, 14. or 15. further including means for directing
a user of said personal imaging system to position subject matter of greatest
relevance within the field of view of said camera, said means comprising means
for brightening subject matrer within the feld of view from said camera. by wayv
of display of results of processing of images from said camera on said viewfinder.
sald brightening for enabling said user to see more clearly objects in said field

of view.
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The personal imaging system of Claim 1. 2. 3. 4. 5. 6, 7.8 9. 10 1L. 12. 13.
14, or 15, where said headwear comprises eyeglasses, and where said camera is

concealed within the nose bridge of said eveglasses.

The personal imaging system of Claim 1, 2. 3, 4. 5.6,7 8 9.10 11. 12. 13,
14, or 15. where said headwear incluces eyeglasses. and where said caunera is

concealed within the upper portion of the frames of said eveglasses.

The personal imaging svstem of Claim 19, 20. or 21. said wide canlera being
concealed within the nose bridge of eveglasses. and where said narrow camera

is concealed within the upper portion of the frames of said eveglasses.

The personal imaging system of Claim 1, 2, 3, 4. 5, 6. 7,8,9,10 11. 12. 13. 14
or 15, a connection between said computer and said camera being made by way

of wires concealed inside an eyeglass safety strap.

- A quantigraphic personal imaging system, including the personal imaging svs-

temof Claim 1, 2, 3, 4,5. 6,7, 8,9, 10 11, 12, 13, 14, or 15, where said computer
calculates the actual quantity of light, up to a single unknown scalar constant.

arriving at said camera from each of a plurality of directions.

The personal imaging system of Claim 19, 20, or 21, including headtracker. said
headtracker comprising processing an output of said wide camera by way of said

computer.

The personal imaging system of Claim 1, 2. 3, 4, 5, 6, 7. 8, 9, 10 11. 12. 13.
14, or 15, including a virtual television screen of high resolution. and means
for indexing a view into said virtual television screen, said means comprising
headtracker for tracking head movements of a wearer of said personal inmaging
system, said means for tracking head movements including the processing of a

plurality of pictures from said camera by way of said computer.
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53. A non eye-blocking personal inaging svstem. for allowing other people to make
eve contact and see both eves of a wearer of said non eve-blocking personal
imaging systeni. said non eve-blocking personal imaging system comprising rhe
personal imaging system of Claim 1. 2. 3. 1. 5. 6. 7. 8. 9. 10 11. 12. 13 L4 or
I5. together with a magnifier for viewing said viewfinder. and a demagnifier tor

cancelling clistortion of an eve of a wearer of said personal imaging svsten.
54. The system of Claim 53. where said demagnifier is a diverging lens.

55. The personal imaging system of Claim 1. 2, 3. 4. 5, 6, or, 7, where said headwear
is eveglasses, said personal imaging system including a beamsplitter borne by a
lens of said eveglasses. said lens of said eveglasses being tinted slightly to match

said beamsplitter. for concealment of said beamsplitter.

56. The personal imaging system of Claim 8, where said headwear is eveglasses. said
diverter comprising a beamsplitter borne by a lens of said eveglasses. said lens of
said eyeglasses being tinted slightly to match said beamsplitter, for concealment

of said beamsplitter.

57. A method of electronic newsgathering using the personal imaging svsten of
Claim 1, 2,3.4,5,6,7,8,9, 1011, 12. 13, 14. or 15. and comprising the steps

of:
» wearing said personal imaging system for some time period before. as well
as during a newsworthy event;

e viewing objects through said viewfinder for some time before as well as

during a newsworthy event:
e capturing images into said computer.
58. The method of electronic newsgathering of Claim 57, where said step of captur-

ing images into said computer includes a step of capturing at least some of said
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images into a circular buifer. and where said method of electronic newsgathering
further includes s step of stopping the capturing of said at least some of said

immages into said circular buffer, after said newsworthy event.

A reality mediator for altering the visual perception of realitv. said reality 1ie-
diator including the personal lmaging system of Claim 1. 2. 3. 4. 5. 6. 7.
9. 10 11. 12 13. 14, or 15. said realitv mediator further including means for
processing images captured from said camera and means for displaving results

of processing said images on said viewfinder.

The reality mediator of Claim 59. where said means for processing said images

comprises a program running on said computer.

The reality mediator of Claim 59, further including a picture signal transmitter
means and a picture signal receiver means, where said means for processing
sald images comprises transmission of said picture signal to at least one reniote
location for processing at said remote location. followed by reception of said

picture signal by way of said picture signal receiver.

The reality mediator of Claim 59, where said means for processing said inmages
includes the steps of capturing said images by way of said computer. followed
by transmission of at least some of said images to at least one remote location.
followed by at least some processing of said at least some of said images at said
at least one remote location. followed by reception of results of said at leasr

S0Mme processing.

The reality mediator of Claim 59. or 60. where said computer is connected by a
wireless communications link to a computer network comprised of said computer

and at least one other computer.

A collaborative reality mediator system for a community of photographic cvber-

netic users. said collaborative reality mediator comprising at least two personal
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imaging systems as described in Claim 59. 60. 61, or 62.

. The personal imaging system of Claim 1. 2, 3. 4, 5. 6, 7.8 9. 10 L1, 12. 13.

14, or 15, further including means for combining multiple pictures of the same

subject matter into a single image of increased resolution.

A collaborative reality mediator. for a community of photographic cvbernetic
users, said collaborative reality mediator comprising at least two personal imag-

ing systems as described in Claim 65.

A reality augmenter. including the personal imaging system of Claim 1, 2. 3.
4,5, 6. 7,8, 9,10 11. 12, 13, 14. or 15, where said viewfinder is an electronic
viewfinder, said reality angmenter further including means for overlaving infor-

mation on top of information displayed from said camera on said viewfinder.

A method of videography, including the reality augmenter of Claim 67. said

method of videography including the steps of:

e outfitting at least one user with said reality augmenter, together with re-
mote data communications means for remotely communicating with said

computer;

e using said means of overlaying information to remotelv advise said at least

one user with regard to matters of videographic composition or content.

. The method of videography of Claim 68. wherein a plurality of users are each

outfitted with said reality augmenter. and where said data communications
means includes means for any of said users to remotely advise any other of said

users.

A system for collaboration including at least two personal imaging svstems of

Claim 52, one of said personal imaging systems for a first user. and another

of said personal imaging systems for a second user, said means for indexing a
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view into sald virtual television screen being for said first user to index a view
into a virtual television screen of said second user, and further including means
for said second user to index a view into a virtual television screen of said first

user.

71. A system for shared lookpainting, including the system for collaboration of
Claim 70, further including means for combining multiple pictures of the same

subject matter into a single image of increased resolution.

72. A method of manufacturing the apparatus of Claim 8. or Claim 56. said method

comprising the steps of:

e prior to installing said diverter;

e aligning said camera with respect to said viewfinder, while monitoring an
output of said camera, said alignment responsive to said output of said
camera, said alignment for maximizing the degree to which said ravs of
light from said visible image boundary enter said camera closest to said
boundary of a field of view of said camera

. installing.said diverter after completing said aligning said camera with

respect to said viewfinder.

73. A method of manufacturing an embodiment of the apparatus of Claim 3. or
Claim 56, in which said viewfinder is an electronic viewfinder. said method

comprising the steps of:

® prior to installing said diverter;
¢ presenting a feedback test signal to said viewfinder:

e aligning said camera with respect to said viewfinder, while nonitoring an
output of said camera, said alignment responsive to said output of saic
camera. said alignment for maximizing the degree to which said output of

said camera matches at least one aspect of said feedback test signal:
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¢ installing said diverter after completing said aligning said camera with

respect to said viewfinder.

74. The personal imaging system of Claim 1, 2. 3, 4.5.6.7,8.9,10 11. 12, 13, 14,

or 15, said viewfinder responsive to an input from said computer.

~1

(&1}

The personal imaging system of Claim 74 for use by a wearer of said personal
imaging system, light from said viewfinder being virtual light. said personal
imaging svstem further including means for providing said virtual light with «
unique appearance in a region of said wearer's field of view that corresponds to

a region to which said camera is responsive to light.

76. The personal imaging system of Claim 75. where said means is by the elimina-

tion of colour information from said virtual light.

77. The personal imaging system of Claim 75, where said means is a colour filter

for altering the colour of said virtual light.

78. The personal imaging system of Claim 75, where said means includes display of

images from said computer in pseudocolour on said viewfinder.

79. The personal imaging system of Claim 75, where said means includes display of
unique patterns on said viewfinder, said unique patterns also indicating areas

of over exposure.

80. The personal imaging system of Claim 75, where said means includes display of
unique patterns on said viewfinder, said unique patterns also indicating areas

of under exposure.

81. Tle personal imaging system of Claim 1, 2, 3. 4,5, 6, 7,8, 9, 10 11. 12, 13. 14.
or 15, for use by a wearer of said personal imaging system, further including
means for making said display visible to other people standing in front of said

wearer.
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82. The personal imaging svstem of Claim 1. 2,3, 4,5.6.7.3. 9. 10 11. 12, 13. 14.
or 15, for use by a wearer of said personal imaging system. further including a

second display visible to other people standing in front of said wearer.

83. A wearable personal imaging system for picture capture and processing, com-

prising:
® an image sensor;

® optics, at least a portion of said optics for being borne by headwear. said
optics for directing rays of light into said sensor, the effective center of
projection of said sensor together with said optics. being located approxi-
mately at the center of a lens of an eve of a wearer of said personal imaging

system, when said wearer is looking in an approximate forward direction;

® a wearable picture processing computer for processing an output of said

Sensor,

e a viewfinder for being borne by said headwear, said viewfinder for providing
a visible image boundary, said visible image boundary for appearing in

focus to said wearer,

the center of the field of view of said sensor when operating together with said
optics, being approximately collinear with the center of the field of view of said

visible image boundary as viewed by said wearer.
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Scope of Utility Model Registration Claims

Glasses equipped with a pair of lenses and a frame that holds the lenses and is fastened to the
face, and the frame is equipped with an audio generator consisting of a speaker, a control
circuit, and a micro battery, etc., while a light sensor is provided on the inside of the frame
that detects outside light and outputs a start signal to the audio generator when the glasses are
removed. On the other hand, the inside of the frame is equipped with a light sensor that
detects ambient light and outputs a start signal to the sound generator when the glasses are
removed.

Brief Description of Drawings

The first figure is an overall view of an example of the eyeglasses of this application, the
second figure is a side view of the eyeglasses shown in the first figure when wom, the third
figure is an enlarged view of the vine when viewed from the direction of arrow A in the first
figure, and the fourth figure is an enlarged view of the vine when viewed from the direction
of arrow B in the first figure.

1. lens, 2...... frame, 7...... sound generator, 8...... light sensor, 10...... speaker, 11......
control circuitry, 12...... micro batteries.

specifications
1. name of the device
Glasses with voice alarm system

2. scope of claims for utility model registration

(1) Glasses with a pair of lenses and a frame that holds the lenses and is fastened to the face,
wherein the frame is equipped with an audio generator consisting of a speaker, a control
circuit, and an ultra-compact battery, and wherein the inside of the frame is equipped with a
light sensor that detects exterior light when the glasses are removed and outputs a start signal
to the audio generator. On the other hand, the glasses with an audio alarm device are
characterized in that an optical sensor is provided on the inside of the above frame that
detects ambient light and outputs a start signal to the above audio generator when the glasses
are removed.

3. detailed description of the idea

[Industrial Applications]

This invention relates to eyeglasses with an audio alarm device, and in detail, to eyeglasses
with an audio alarm device that generates an audio alarm when the eyeglasses are removed to
prevent misplacing, etc., the eyeglasses.

[Problem to be solved by the conventional techniques and devices].
There are various types of eyeglasses, including glasses for nearsightedness, farsightedness,

and astigmatism, but most people use eyeglasses as if they were a part of their body in daily
life.
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However, eyeglasses are originally used to compensate for weaknesses in vision, and
especially in cases of nearsightedness or low power, eyeglasses are not needed in daily life
except for reading small letters, and in fact, eyeglasses can be an eyesore.

For this reason, people who use eyeglasses often unconsciously put on and take off the above
glasses as needed.

However, once the glasses are removed from the hand, it is very common for the wearer to
forget that the glasses are there and to leave them where they are. In particular, since the
removed eyeglasses are usually held in one hand, it is easy to misplace the eyeglasses when it
is necessary to use one's hand to perform a task while the eyeglasses are removed.

In order to solve the above problem, thin chains are connected to the tips of the left and right
vines of the frames to form a loop so that the glasses are fastened around the user's neck by
the above chains when the glasses are removed. However, glasses with the above chain are
only used by some people because the above chain becomes an eyesore when the glasses are
being used, the above chain is long and sometimes gets in the way and restricts the activities
of the user of the glasses, and it also causes a design problem.

In addition, people take off their eyeglasses when they go to bed, but often leave them by
their bedside without storing them in their eyeglass case or other designated place, damaging
them without being noticed when they go to bed or wake up, or forgetting where to put them
when they wake up.

This invention was conceived under the circumstances described above, and its task is to

solve the above problem and provide a pair of eyeglasses that can prevent misplacing and
alert the user to store them in a designated place by generating an audible alarm when the
eyeglasses are removed.

[Issue.]

In order to solve the above-mentioned problems, the following technical measures are taken
in this application.

The invention is characterized in that the glasses are equipped with a pair of lenses and a
frame that holds the lenses and is fastened to the face, and that the frame is provided with an
audio generator consisting of a speaker, a control circuit, and a micro battery, while the inside
of the frame is provided with a light sensor that detects outside light when the glasses are
removed and outputs a start signal to the above audio generator. On the other hand, a light
sensor is provided on the inside of the above frame that detects ambient light and outputs a
start signal to the above sound generating device when the glasses are removed.

[The river of ideas and effects].

In this application, a sound generator consisting of a speaker, a control circuit, and a micro
battery is installed in the frame of eyeglasses, and an optical sensor that outputs a start signal
to the above sound generator is installed inside the above frame. Since the above light sensor
is installed inside the frame of the glasses, when the glasses are worn, the light receiving part
of the above sensor is shielded from the outside light by the face or the side of the head, and
does not output a start signal. However, when the glasses are removed, external light enters
the above sensor, which outputs a start signal to the above audio generator circuit and
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generates an audio alarm from the speaker. The user of the glasses is alerted by this audible
alarm and reminded that he/she has removed the glasses, thereby preventing the user from
forgetting to put them back on.

The above sensor does not output a start signal to the sound generator and the warning signal
can be stopped because the light receiving part of the above sensor is shielded from outside
light by the eyeglass case when the eyeglasses are stored in the prescribed eyeglass case or
the like. Therefore, by alerting the user of eyeglasses to store the eyeglasses in the specified
eyeglass case when they are removed, it is possible to prevent the user from damaging or
damaging the eyeglasses by leaving them unattended, as well as to make it a habit to store the
eyeglasses in the eyeglass jrce when they are not in use. It is also possible to make it a habit
to store eyeglasses in the eyeglass case when not in use.

On the other hand, the sound generating device of the present application is composed of a
speaker, a control circuit, and a micro battery, etc., and is capable of generating a waming
sound that can alert the spectacle wearer by means of a start signal output from the optical
sensor mentioned above. The above control circuit can generate not only a warning sound
consisting of a single voice, but also an electronic melody to alert the spectacle wearer
without causing discomfort.

In addition, recent developments in electronic technology have led to the development of
very small sound-generating devices mentioned above, which pose few technical problems
for incorporating or attaching them to the frames of eyeglasses. Furthermore, by using part or
the entire frame as a light receiving part of a solar cell, it is possible to provide glasses with
an alarm device that is even easier to use.

[ Example Description. ]
The following is a concrete explanation of the example of this application based on Figures 1
through 4.

The first figure is an overall view of an example of the present application. As shown in the
figure, eyeglasses used for normal vision correction, such as myopia, are roughly composed
of a pair of lenses 1,1 and a frame 2 for holding the above lenses 1,1 facing both eyes. The
above frame 2 holds the above lenses 1,1 in its front 3, while a pair of vines 4,4 are foldably
pivoted on both sides of the front 3 for attaching the glasses to the face by being engaged to
the user's two ears. In this example, metal vines 4,4 are employed, and the tips of the metal
vines 4,4 are provided with so-called "tip cell portions 5,5" made of resin or the like, which
are tangentially moored between the side of the head and the upper part of the ear of the
spectacle wearer. The tip cell portion 5, 5 has an abbreviated H-shape with the tip bent
downward, and is joined to the tips of the above-mentioned vines 4, 4 at the base 6, 6.

In this example, an audio alarm device 9 consisting of an audio generator 7 and an optical
sensor 8 is installed in the tip cell section 5a, which is joined to the tip of one of the above-
mentioned vines 4a.

As shown in Figures 3 and 4, the sound generating device 1 consists of a speaker 10, a
control circuit 11, and an ultra-small battery 12. The above speaker 11 is buried with the

sound generating surface facing inward by expanding the base 6a of the above tip cell part 5a
upward, while the above control circuit 11 and ultra-small battery 12 are installed in a bent
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portion 13 at the tip of the tip cell portion Sa, so that the entire device is embedded in the bent
portion 13.

The light sensor 8 is buried in the inner side near the bending point of the above-mentioned
tip cell portion Sa, with the light-receiving portion 8a facing inward of the eyeglasses. As a
result, when the above glasses are worn, the light-receiving portion 8a of the above light
sensor 8 securely contacts the user's temporal head and shields it, preventing outside light
from entering the above light-receiving portion 8a, as shown in the second figure. The above
speaker 10, control circuit 11, micro battery 12, and light sensor 8 are connected by lead wires
14 inside the above plastic tip cell portion 5a to form the voice alarm device 9.

When external light enters the light receiving part 8a, the above light sensor 8 generates a
start signal to the above control circuit 11 by decreasing resistance or generating a small
current, etc. On the other hand, the above control circuit 11 is activated by the start signal
output by the above light sensor 8 and generates an audible alarm from the above beeper 10
at a predetermined time. On the other hand, the above control circuit 11 is activated by the
start signal output by the above light sensor 8 and generates an audible alarm from the above
beeper 10 at a predetermined time. The micro battery 12 is used to drive the above control
circuit 11 and speaker 10, and should be easily replaceable or rechargeable.

As shown in Figure 2, when the glasses are worn on the face of the user, the light receiving
part 8a of the sensor 8 is shielded from outside light by the face or the side of the head, and
does not output a start signal. However, when the glasses are removed, the light receiving
part 8a of the above optical sensor 8 is illuminated by outside light and outputs a start signal
to the above sound generator 7 to generate an audio alarm from the 10 speaker. The user of
the glasses is alerted by this audio alarm and made aware that he/she has removed the glasses,
thereby preventing the user from forgetting to put the glasses on.

When the eyeglasses are stored in the prescribed eyeglass case, etc., the sensor 8 above does
not output the start signal to the sound generator and the warning signal can be stopped
because the light receiving part 8a of the sensor 8 above is shielded from the outside light by
the eyeglass case, etc. Therefore, by reminding eyeglass users to store their eyeglasses in the
specified eyeglass case when they remove them, it is possible to prevent them from damaging
or damaging their eyeglasses by leaving them unattended and also to make it a habit to store
their eyeglasses in the eyeglass case when they are not using them. It is also possible to make
it a habit to store eyeglasses in the eyeglass case when they are not in use.

Furthermore, the sound generator 7 in this example is configured to generate a warning sound
that can alert the spectacle wearer by means of the start signal output from the optical sensor
8 above, and the control circuit 11 above can generate a warning sound consisting of a single
sound or even an electronic sound melody by setting up a sound storage field in the control
circuit 11 above. The control circuit 11 can generate not only a warning sound consisting of a
single sound, but also an electronic sound melody by setting up a sound storage circuit in the
control circuit 11, which can alert the spectacle wearer without causing discomfort.

As described above, the present invention can provide eyeglasses that can prevent misplacing
and alert the user to store the eyeglasses in a designated place by generating an audible alarm
when the eyeglasses are removed.
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The scope of this application is not limited to the above examples. In the example, the voice
alarm device 9 of the present application is installed in the tip cell portion 5 joined to the tip
of the vine portion 4, but it can also be installed in other portions of the frame 2. The example
shows the application of the present invention to ordinary eyeglasses for vision correction,
but the invention can also be applied to sunglasses or dust-proof eyeglasses. Furthermore, it is
also possible to use part or the entire frame 2 as the light-receiving part of a solar cell.

4. brief description of the drawing

The first figure is an overall view of an example of the eyeglasses of this application, the
second figure is a side view of the eyeglasses shown in the first figure when womn, the third
figure is an enlarged view of the vine when viewed from the direction of arrow A in the first
figure, and the fourth figure is an enlarged view of the vine when viewed from the direction
of arrow B in the first figure.

1. lens, 2...... frame, 7...... sound generator , 8...... light sensor, 10...... speaker, 11......
control circuitry, 12...... micro batteries.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: HOWELL et al. Attorney Docket No.: IPVCP006X1C10D1C1
Application No.: 18/519,802 Examiner: HAMID, AMMAR T.
Filed: November 27, 2023 Group: 2695

Title: HEAD-WORN DEVICE WITH
CONNECTION REGION

AMENDMENT B

Mail Stop

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice of Allowance dated March 4, 2024, please amend

the above-identified patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper.

Remarks/Arguments are on page 9 of this paper.
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Amendments to the Claims:
The listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:
1. (Currently amended) A wireless wearable device, with at least a portion

of the wireless wearable device configured to be worn in at least one ear of a user,
to at least help the user hear audio outputs produced by the device, the wireless
wearable device comprising:
a speaker at least partially in the wireless wearable device;
an electrical connector at least partially in the wireless wearable device,
wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to
removably couple to corresponding conductive contacts of a counterpart
connector external to and separate from the wireless wearable device, at
least via spring-force, to at least enable each of the at least two conductive
areas to be electrically connected to its corresponding conductive contact;
arechargeable battery at least partially in the wireless wearable device, with
the battery configured to be charged via at least the electrical connector; and
a microphone at least partially in the wireless wearable device.

2. (Original) A wireless wearable device as recited in claim 1 comprising
another microphone at least partially in the wireless wearable device configured to

capture at least sound in vicinity of the wireless wearable device.

3. (Previously presented) A wireless wearable device as recited in claim 2
comprising electronic circuitry at least partially in the wireless wearable device
configured to cancel at least a portion of the sound captured by the another
microphone to produce the audio outputs.
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4. (Previously presented) A wireless wearable device as recited in claim 2,
wherein at least the microphone and the another microphone are configured to
receive audio inputs, with at least some sound in the audio inputs configured to be
cancelled based on using at least the microphone and the another microphone.

5. (Original) A wireless wearable device as recited in claim 2, wherein the
microphone is configured to be positioned closer to mouth of the user than the

another microphone, when the wireless wearable device is worn by the user.

6. (Previously presented) A wireless wearable device as recited in claim 2
comprising a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating voice
recognition to recognize at least a word received at least by the microphone for an

operation of the wireless wearable device.

7. (Original) A wireless wearable device as recited in claim 2 comprising
wireless communication circuitry at least partially in the wireless wearable device

configured for coupling to at least a Bluetooth network.

8. (Previously presented) A wireless wearable device as recited in claim 2
comprising:

a touch-sensitive input surface on a portion of the wireless wearable device;
and

a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating an operation of
the wireless wearable device based on identifying a sliding user-input action

across at least a portion of the touch-sensitive input surface.

9. (Original) A wireless wearable device as recited in claim 2 comprising a
controller at least partially in the wireless wearable device configured to determine
whether the wireless wearable device is being worn based on outputs from a

sensor at least partially in the wireless wearable device.
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10.  (Original) A wireless wearable device as recited in claim 2 comprising a

motion sensor at least partially in the wireless wearable device.

11.  (Previously presented) A wireless wearable device as recited in claim 2
comprising a touch-sensitive input surface on the wireless wearable device,
wherein the touch-sensitive input surface is configured to facilitate generating at
least an electrical signal for an operation of the wireless wearable device based on

receiving at least a touch input.

12.  (Original) A wireless wearable device as recited in claim 2 comprising an
area configured for attachment via magnetic force.

13.  (Original) A wireless wearable device as recited in claim 12 comprising a

magnet in the area.

14.  (Previously presented) A wireless wearable device as recited in claim 12
comprising a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating voice
recognition to recognize at least a word received at least by the microphone for an

operation of the wireless wearable device.

15.  (Previously presented) A wireless wearable device as recited in claim 14
comprising wireless communication circuitry at least partially in the wireless

wearable device configured for coupling to at least a wireless network.

16.  (Previously presented) A wireless wearable device as recited in claim 15

comprising a pressure sensor at least partially in the wireless wearable device.

17.  (Previously presented) A wireless wearable device as recited in claim 15
comprising a controller at least partially in the wireless wearable device configured
to determine whether the wireless wearable device is being worn based on outputs

from a sensor at least partially in the wireless wearable device.
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18.  (Original) A wireless wearable device as recited in claim 17 comprising a

motion sensor at least partially in the wireless wearable device.

19.  (Previously presented) A wireless wearable device as recited in claim 18
comprising a touch-sensitive input surface on the wireless wearable device,
wherein the touch-sensitive input surface is configured to facilitate generating at
least an electrical signal for an operation of the wireless wearable device based on

receiving at least a touch input.

20.  (Currently amended) A wireless wearable device to at least help a user
hear audio outputs produced by the device, with at least a portion of the wireless
wearable device configured to be worn in an ear of the user, and the wireless
wearable device comprising:

a speaker at least partially in the wireless wearable device;

an electrical connector at least partially in the wireless wearable device,

wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to

removably couple to corresponding conductive contacts of a counterpart

connector external to and separate from the wireless wearable device, at

least via spring-force, to at least enable each of the at least two conductive

areas to be electrically connected to its corresponding conductive contact;

arechargeable battery at least partially in the wireless wearable device, with
the battery configured to be charged via at least the electrical connector;

a microphone at least partially in the wireless wearable device;

another microphone at least partially in the wireless wearable device
configured to capture at least sound in vicinity of the wireless wearable device,
wherein the microphone is configured to be positioned closer to mouth of the user
than the another microphone, when the wireless wearable device is worn by the

user;
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a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating voice
recognition to recognize at least a word received at least by the microphone for an
operation of the wireless wearable device;

wireless communication circuitry at least partially in the wireless wearable
device; and

an area configured for attachment via magnetic force.

21.  (Previously presented) A wireless wearable device as recited in claim 20
comprising:

a touch-sensitive input surface on a portion of the wireless wearable device;
and

electronic circuitry configured to identify a sliding user-input action across

at least a portion of the touch-sensitive input surface.

22.  (Currently amended) A wireless wearable device to at least help a user
hear audio outputs produced by the device, with at least a portion of the wireless
wearable device to be worn in an ear of the user, and the wireless wearable device
comprising:
a speaker at least partially in the wireless wearable device;
an electrical connector at least partially in the wireless wearable device,
wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to
removably couple to corresponding conductive contacts of a counterpart
connector external to and separate from the wireless wearable device, at
least via spring-force, to at least enable each of the at least two conductive
areas to be electrically connected to its corresponding conductive contact;
arechargeable battery at least partially in the wireless wearable device, with
the battery configured to be charged via at least the electrical connector;

a microphone at least partially in the wireless wearable device;
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another microphone at least partially in the wireless wearable device
configured to capture at least sound in vicinity of the wireless wearable device,
wherein the microphone is configured to be positioned closer to mouth of the user
than the another microphone, when the wireless wearable device is worn by the
user;

wireless communication circuitry at least partially in the wireless wearable
device;

a touch-sensitive input surface on the wireless wearable device, wherein
the touch-sensitive input surface is configured to facilitate generating at least an
electrical signal for an operation of the wireless wearable device based on
receiving at least a touch input; and

an area configured for attachment via magnetic force.

23.  (Previously presented) A wireless wearable device as recited in claim 22
comprising:

a pressure sensor at least partially in the wireless wearable device; and

a controller at least partially in the wireless wearable device configured to
determine whether the wireless wearable device is being worn based on outputs

from a sensor at least partially in the wireless wearable device.

24. (New) A wireless wearable device to at least help a user hear audio
outputs produced by the device, with at least a portion of the wireless wearable
device to be worn in an ear of the user, the wireless wearable device comprising:
an electrical connector at least partially in the wireless wearable device,
wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to
removably couple to corresponding conductive contacts of a counterpart
connector of an apparatus external to and separate from the wireless

wearable device, at least via spring-force, to at least enable each of the at
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least two conductive areas to be electrically connected to its corresponding

conductive contact;

a rechargeable battery in the wireless wearable device, with the battery
configured to be charged via at least the electrical connector;

a speaker at least partially in the wireless wearable device, with the battery
configured to provide power to the speaker;

a first microphone, at least partially in the wireless wearable device,
configured to capture at least sound in vicinity of the wireless wearable device,
with the battery configured to provide power to the first microphone; and

a second microphone, at least partially in the wireless wearable device,

wherein the battery is configured to provide power to the second
microphone, and

wherein the second microphone is configured to be positioned closer
to mouth of the user than the first microphone, when the wireless wearable

device is worn by the user.

25. (New) A wireless wearable device as recited in claim 24 comprising an

area configured for attachment via magnetic force.
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REMARKS

Applicants previously presented claims 1-23 for examination. The Examiner
has allowed the claims, which Applicants acknowledge with gratitude. By this
amendment, Applicants have amended claims 1, 20, and 22; and have added
claims 24 and 25. Accordingly, claims 1-25 are pending. Reconsideration of the

application and an early Notice of Allowance are earnestly solicited.

Reconsideration of the application and an early Notice of Allowance are
earnestly solicited. If there are any issues remaining which the Examiner believes
could be resolved through either a Supplemental Response or an Examiner's
Amendment, the Examiner is respectfully requested to contact the undersigned
representative at the telephone number listed below.

Respectfully submitted,

/Peter P. Tong/

Peter P. Tong
Reg. No. 35,757
(650) 903-9200, x102
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: HOWELL et al.

Application No.: 18/519,802

Filed: January 25, 2024

Title:

CONNECTION REGION

Attorney Docket No.: IPYCP006X1C10D1CA
Examiner: HAMID, AMMAR T.

Group: 2695

HEAD-WORN DEVICE WITH

Commissioner for Patents

AMENDMENT B TRANSMITTAL

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Transmitted herewith is an Amendment in the above-identified application.
The fee has been calculated as shown below.
Claims Highest | b ocent | Small Entity | Undiscounted
After Previously Extra Rate Fee Rate Fee
Amendment Paid For
Total Claims 25 MINUS 23 02 x40 = x 100 = 200
Independent 4 MINUS 3 01 X192 = X 480 = 480
Claims
Multiple Dependent Claim Present and Fee Not Previously Paid $ $
Total $0.00 $680.00

U Applicant(s) hereby petition for a - month extension(s) of time to respond to the
aforementioned Office Action.

X Applicant(s) believe that no (additional) Extension of Time is required; however, if it is
determined that such an extension is required, Applicant(s) hereby petition that such an extension
be granted and authorize the Commissioner to charge the required fees for an Extension of Time
under 37 CFR 1.136 to Deposit Account No. 50-3874 (Order No. IPVCP006X1C10D1C1).

X Any fees due are being paid electronically herewith.

X Please charge any additional fees required to facilitate filing the enclosed response, to Deposit

Account No. 50-3874 (Order No. IPVCP006X1C10D1C1).

Appln. No. 18/519,802

Respectfully submitted,

/Peter P. Tong/

Peter P. Tong
Reg. No. 35,757

Atty. Docket No. IPVCP006X1C10D1CA
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: HOWELL et al. Attorney Docket No.: IPVCP006X1C10D1C1
Application No.: 18/519,802 Examiner: HAMID, AMMAR T.
Filed: November 27, 2023 Group: 2695

Title: HEAD-WORN DEVICE WITH
CONNECTION REGION

CERTIFICATE OF ELECTRONIC FILING
| hereby certify that this correspondence is being transmitted electronically to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on April
1,2024.

Signed: /Angela D. Nijim/ Printed Name: Angela D. Nijim
AMENDMENT B
Mail Stop
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice of Allowance dated March 4, 2024, please amend

the above-identified patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper.

Remarks/Arguments are on page 9 of this paper.
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Amendments to the Claims:
The listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:
1. (Currently amended) A wireless wearable device, with at least a portion

of the wireless wearable device configured to be worn in at least one ear of a user,
to at least help the user hear audio outputs produced by the device, the wireless
wearable device comprising:
a speaker at least partially in the wireless wearable device;
an electrical connector at least partially in the wireless wearable device,
wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to
removably couple to corresponding conductive contacts of a counterpart
connector external to and separate from the wireless wearable device, at
least via spring-force, to at least enable each of the at least two conductive
areas to be electrically connected to its corresponding conductive contact;
arechargeable battery at least partially in the wireless wearable device, with
the battery configured to be charged via at least the electrical connector; and
a microphone at least partially in the wireless wearable device.

2. (Original) A wireless wearable device as recited in claim 1 comprising
another microphone at least partially in the wireless wearable device configured to

capture at least sound in vicinity of the wireless wearable device.

3. (Previously presented) A wireless wearable device as recited in claim 2
comprising electronic circuitry at least partially in the wireless wearable device
configured to cancel at least a portion of the sound captured by the another

microphone to produce the audio outputs.
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4. (Previously presented) A wireless wearable device as recited in claim 2,
wherein at least the microphone and the another microphone are configured to
receive audio inputs, with at least some sound in the audio inputs configured to be
cancelled based on using at least the microphone and the another microphone.

5. (Original) A wireless wearable device as recited in claim 2, wherein the
microphone is configured to be positioned closer to mouth of the user than the

another microphone, when the wireless wearable device is worn by the user.

6. (Previously presented) A wireless wearable device as recited in claim 2
comprising a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating voice
recognition to recognize at least a word received at least by the microphone for an

operation of the wireless wearable device.

7. (Original) A wireless wearable device as recited in claim 2 comprising
wireless communication circuitry at least partially in the wireless wearable device

configured for coupling to at least a Bluetooth network.

8. (Previously presented) A wireless wearable device as recited in claim 2
comprising:

a touch-sensitive input surface on a portion of the wireless wearable device;
and

a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating an operation of
the wireless wearable device based on identifying a sliding user-input action

across at least a portion of the touch-sensitive input surface.

9. (Original) A wireless wearable device as recited in claim 2 comprising a
controller at least partially in the wireless wearable device configured to determine
whether the wireless wearable device is being worn based on outputs from a

sensor at least partially in the wireless wearable device.
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10.  (Original) A wireless wearable device as recited in claim 2 comprising a

motion sensor at least partially in the wireless wearable device.

11.  (Previously presented) A wireless wearable device as recited in claim 2
comprising a touch-sensitive input surface on the wireless wearable device,
wherein the touch-sensitive input surface is configured to facilitate generating at
least an electrical signal for an operation of the wireless wearable device based on

receiving at least a touch input.

12.  (Original) A wireless wearable device as recited in claim 2 comprising an

area configured for attachment via magnetic force.

13.  (Original) A wireless wearable device as recited in claim 12 comprising a

magnet in the area.

14.  (Previously presented) A wireless wearable device as recited in claim 12
comprising a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating voice
recognition to recognize at least a word received at least by the microphone for an

operation of the wireless wearable device.

15.  (Previously presented) A wireless wearable device as recited in claim 14
comprising wireless communication circuitry at least partially in the wireless

wearable device configured for coupling to at least a wireless network.

16.  (Previously presented) A wireless wearable device as recited in claim 15

comprising a pressure sensor at least partially in the wireless wearable device.

17.  (Previously presented) A wireless wearable device as recited in claim 15
comprising a controller at least partially in the wireless wearable device configured
to determine whether the wireless wearable device is being worn based on outputs

from a sensor at least partially in the wireless wearable device.
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18.  (Original) A wireless wearable device as recited in claim 17 comprising a

motion sensor at least partially in the wireless wearable device.

19.  (Previously presented) A wireless wearable device as recited in claim 18
comprising a touch-sensitive input surface on the wireless wearable device,
wherein the touch-sensitive input surface is configured to facilitate generating at
least an electrical signal for an operation of the wireless wearable device based on

receiving at least a touch input.

20.  (Currently amended) A wireless wearable device to at least help a user
hear audio outputs produced by the device, with at least a portion of the wireless
wearable device configured to be worn in an ear of the user, and the wireless
wearable device comprising:

a speaker at least partially in the wireless wearable device;

an electrical connector at least partially in the wireless wearable device,

wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to

removably couple to corresponding conductive contacts of a counterpart

connector external to and separate from the wireless wearable device, at

least via spring-force, to at least enable each of the at least two conductive

areas to be electrically connected to its corresponding conductive contact;

arechargeable battery at least partially in the wireless wearable device, with
the battery configured to be charged via at least the electrical connector;

a microphone at least partially in the wireless wearable device;

another microphone at least partially in the wireless wearable device
configured to capture at least sound in vicinity of the wireless wearable device,
wherein the microphone is configured to be positioned closer to mouth of the user
than the another microphone, when the wireless wearable device is worn by the

user;

Applin. No. 18/519,802 5 Docket No. IPVCP006X1C10D1CH

Apple Inc. EX1002 Page 969



PATENT

a storage medium at least partially in the wireless wearable device
configured to store at least computer program codes for facilitating voice
recognition to recognize at least a word received at least by the microphone for an
operation of the wireless wearable device;

wireless communication circuitry at least partially in the wireless wearable
device; and

an area configured for attachment via magnetic force.

21.  (Previously presented) A wireless wearable device as recited in claim 20
comprising:

a touch-sensitive input surface on a portion of the wireless wearable device;
and

electronic circuitry configured to identify a sliding user-input action across

at least a portion of the touch-sensitive input surface.

22.  (Currently amended) A wireless wearable device to at least help a user
hear audio outputs produced by the device, with at least a portion of the wireless
wearable device to be worn in an ear of the user, and the wireless wearable device
comprising:
a speaker at least partially in the wireless wearable device;
an electrical connector at least partially in the wireless wearable device,
wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to
removably couple to corresponding conductive contacts of a counterpart
connector external to and separate from the wireless wearable device, at
least via spring-force, to at least enable each of the at least two conductive
areas to be electrically connected to its corresponding conductive contact;
arechargeable battery at least partially in the wireless wearable device, with
the battery configured to be charged via at least the electrical connector;

a microphone at least partially in the wireless wearable device;
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another microphone at least partially in the wireless wearable device
configured to capture at least sound in vicinity of the wireless wearable device,
wherein the microphone is configured to be positioned closer to mouth of the user
than the another microphone, when the wireless wearable device is worn by the
user;

wireless communication circuitry at least partially in the wireless wearable
device;

a touch-sensitive input surface on the wireless wearable device, wherein
the touch-sensitive input surface is configured to facilitate generating at least an
electrical signal for an operation of the wireless wearable device based on
receiving at least a touch input; and

an area configured for attachment via magnetic force.

23.  (Previously presented) A wireless wearable device as recited in claim 22
comprising:

a pressure sensor at least partially in the wireless wearable device; and

a controller at least partially in the wireless wearable device configured to
determine whether the wireless wearable device is being worn based on outputs

from a sensor at least partially in the wireless wearable device.

24. (New) A wireless wearable device to at least help a user hear audio
outputs produced by the device, with at least a portion of the wireless wearable
device to be worn in an ear of the user, the wireless wearable device comprising:
an electrical connector at least partially in the wireless wearable device,
wherein the electrical connector includes at least two conductive
areas, each area on a surface of the wireless wearable device, and
wherein the at least two conductive areas are configured to
removably couple to corresponding conductive contacts of a counterpart
connector of an apparatus external to and separate from the wireless

wearable device, at least via spring-force, to at least enable each of the at
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least two conductive areas to be electrically connected to its corresponding

conductive contact;

a rechargeable battery in the wireless wearable device, with the battery
configured to be charged via at least the electrical connector;

a speaker at least partially in the wireless wearable device, with the battery
configured to provide power to the speaker;

a first microphone, at least partially in the wireless wearable device,
configured to capture at least sound in vicinity of the wireless wearable device,
with the battery configured to provide power to the first microphone; and

a second microphone, at least partially in the wireless wearable device,

wherein the battery is configured to provide power to the second
microphone, and

wherein the second microphone is configured to be positioned closer
to mouth of the user than the first microphone, when the wireless wearable

device is worn by the user.

25. (New) A wireless wearable device as recited in claim 24 comprising an

area configured for attachment via magnetic force.
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REMARKS

Applicants previously presented claims 1-23 for examination. The Examiner
has allowed the claims, which Applicants acknowledge with gratitude. By this
amendment, Applicants have amended claims 1, 20, and 22; and have added
claims 24 and 25. Accordingly, claims 1-25 are pending. Reconsideration of the

application and an early Notice of Allowance are earnestly solicited.

Reconsideration of the application and an early Notice of Allowance are
earnestly solicited. If there are any issues remaining which the Examiner believes
could be resolved through either a Supplemental Response or an Examiner's
Amendment, the Examiner is respectfully requested to contact the undersigned
representative at the telephone number listed below.

Respectfully submitted,

/Peter P. Tong/

Peter P. Tong
Reg. No. 35,757
(650) 903-9200, x102
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02:37 PM
N2 606 G02C5/001.cpc. (US-PGPUB; USPAT) [OR ON ON 2024/04/03
02:37 PM
N3 477 G02C5/14.cpc. (US-PGPUB; USPAT) |OR ON ON 2024/04/03
02:38 PM
N4 831 G02C5/143.cpc. (US-PGPUB; USPAT) |OR ON ON 2024/04/03
02:38 PM
N5 3596 G02C11/10.cpc. (US-PGPUB; USPAT) [OR ON ON 2024/04/03
02:38 PM
N6 15189 GO06F1/163.cpc. (US-PGPUB; USPAT) |OR ON ON 2024/04/03
02:39 PM
N7 25015 G10L15/22.cpc. (US-PGPUB; USPAT) [OR ON ON 2024/04/03
02:39 PM
N8 1183 381/104.ccls. (US-PGPUB; USPAT) |OR ON ON 2024/04/03
02:40 PM
04/03/2024 02:50:41 PM Page 6 of 6
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