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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a viewpoint
detection apparatus and electronic equipment having a
viewpoint detection apparatus.

Related Background Art

\ In various types of electronic equipment,
operation means, input means, and selection means Which
are based on detection of the viewpoint of a user have
recently been proposed to improve operability, input
means, and the like.

Fdf example, viewpoint detection is quite
effective for an apparatus, such as a video camera,
which requires a user to perform various types of
operations, input, and selection while continuing
photographing of an object image.

Some video camera has a so-called viewpoint input
function of allowing a user to select a marker
indicating execution of, e.g., a zooming or.fading
function with his/her viewpoint so as to execute the
selected function, or matching the a distance
measurement area with the viewpoint on a viewfinder
screen. :

The principle of a viewpoint detection apparatus
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for executing this viewpoint input function will be
described below.

Figs. 1A (top view) and 1B (side view) show the
principle of a viewpoint detection method.

Referring to Figs. 1A and 1B, light sources 1206a
and 1206b are light-emitting diodes (IREDs) or the
like, which irradiate infrared light to which an
observer is inéensitive. The respective light sources
are arranged to be almost symmetrical in the
x-direction (horizontal direction) about the optical
axis of an imaging lens 1211 (see Fig. 1lA) and located
slightly therebelow in the y-direction (vertical
direction) (see Fig. 1B). .These light sources
illuminate an eyeball of the observer with divergent
light. Some light components of the illumination light
reflected by the eyeball are focused on an image sensor
1212 via the imaging lens 1211. Fig. 2A is a schematic
view showing an eyeball image projected on the image
sensor 1212. Fig. 2B is a graph showing the outéut
inteﬁsity of the image sensor 1212.

'The viewpoint detection method will be described
below with reference to the respective drawings.
Consider a horizontal plane first. Referring to
Fig. 1A, a cornea 1210 of an eyeball 1208 of the
observer is illuminated with infrared light irradiated
from the light source 1206b. In this case, a corﬂéa

reflection image d (virtual image) formed by the

g ®
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infrared light reflected by the surface of the cornea
1210 is focuséd by the imaging lens 1211 and formed at
a position d' on the image sensor 1212. Similarly, the
cornea 1210 of the eyeball is illuminated with infrared
light irradiated from the light source 1206a. In this
case, a cornea reflection image e (virtual image)
formed by the infrared ligﬁt reflected by the cornea
1210 is focused by the imaging lens 1211 and formed at
a position e' on the image sensor 1212.

Light beams from edges a and b of a pupil 1301

surrounded by an iris 1204 respectively form images of

the edges a and b at positions a' and b' on the image

sensor 1212 via the imaging lens 1211. Assume that the
rotational angle, 6, of the optical axis of the eyeball
1208 with respect to the optical axis of the imaging
lens 1211 is small. In this case, if the x-coordinates
of the edges a and b of the pupil 1301 are respectively
represented by xa and xb, many x-coordinates xa and xb
can be obtained on the image sensor 1212 (see the marks
"x" in Fig. 2A). Therefore, first of all, the cornea
center, xc, is calculated by fhe least squares method
of circle or the like. Let xo be the x-coordinate of
the center of curvature of-the cornea 1210, o. Then
the rotational angle, 6x, with respect to the optical
axis of the eyeball 1208 is given by

oc*sinBx = xXc - %O S.o(1)

In consideration of a predetermined correction value &6x
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for the middle point, k, between the cornea reflection

images d and'e, the x-coordinate xo is calculated as

follows:
Xk = (xd + xe)/2 «..(2)
X0 = (xd + xe)/2 + &x ...(3)

where 86x is a numerical value geometrically obtained
from the method of installing the apparatus, the
eyeball distance, and the like (a description of this
calculation method will be omitted). A substitution of
equation (1) into equation (2) yields

8x = arcsin[[xc - {(xd + #e)/z + 6x}]/0ocl ... (4)
The rotational angle 6x is then rewritten with "'"
(apostrophe) being attached to the coordinate of each
feature point projected on the image sensor 1212, as
follows:

0x = arcsin[[xc' - {(xd' + xe')/2 + &6x'}]/oc/B]

..+(5)
where B is the magnification determined by the
distance, sze, from the eyeball 1208 to the imaging
lens'lzll. In practice, this magnification B is
obtained as a function of the distance |[xd' - =xe']
between cornea reflection images.

Consider a vertical plane next. Fig. 1B shows the
corresponding arrangement. Assume that cornea
reflection images formed by the two light sources
(IREDs) 1206a and 1206b appear at the same vertical

position, and the corresponding coordinate is
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represented by yi. The rotational angle, 6y, of the
eyeball 1208 is calculated by almost the same method as
that used for the case of the horizontal plane except
for equation (2). Let yo be the y-coordinate of a
center o of curvature. Then it follows that

yo = yi + 8y «..(6)
where 8y is a numerical value geometrically obtained
f;om the method of installing the apparatus, the
eyeball distance, and the like (this calculation method
will be omitted). Therefore, the rotational angle 6y
in the vertical direction is given by

8y = arcsin{[yc' - (yi' + 8y')]l/oc/Bl] eee(7)
where yc' is the coordinate of the pupil center on the
image sensor 1212 in the vertical direction.

The position coordinates (xn, yn) on the
viewfinder screen of the video camera on the horizontal
and vertical planes are respectively given, using a
constant m determined by the viewfinder optical system,
as follows:

xn

m*arcsin[[xc' - {(xd' + xe')/2 + &x'}]/oc/B]

...(8)

yn m*arcsin[[yc' - {(yi' + 8y')]/oc/B] eee(9)
As is apparent from Figs. 2A to 2C, pupil edges

are detected by using the leading edge (xb') and

trailing edge (xa') of an output waveform from the

image sensor 1212. In addition, the coordinates df a

cornea reflection image area obtained by using steep
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leading edge portions (xe' and xd').

A function of performing focus adjustment with a
viewpoint will be described next. Fig. 3 is a
schematic view showing a video camera having a
viewpoint focus adjustment function.

The video camera shown in Fig. 3 comprises a
lens-image pickup system 101 having a zoom lens and
designed to image an object to be photographed, an
electronic viewfinder 103 having a viewfinder screen
102 and used to observe the object to be imaged by the
lens-image pickup system 101, an objective lens 104
arranged in front of the electronic viewfinder 103, a
viewpoint detection unit 106 for detecting the
viewpoint of an eye 105 of a photographer, a display
circuit 107 for displaying, on the viewfinder screen
102, an AF frame indicating the outline of a focus area
and information required for a photographer, e.g., a
tape counter and a photography mode, and a system
controller 108 for controlling the respective units of
this éamera;

The viewpoint detection unit 106 comprises an
infrared-emitting diode 160 for irradiating infrared
light on the eye 105 of the photographer, a dichroic
mirror 161 for transmitting visible light and
reflecting infrared light, a focusing lens 162 for
focusing the infrared light reflected by the dichfoic

mirror 161, an image pickup element (photoelectric
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conversion element such as a CCD) 163 for converting
the infrared light focused by the focusing lens 162
into an electrical signal, and a viewpoint detection
circuit 164 for obtaining the viewpoint of the
photographer oh the viewfinder screen 102 on the basis
of an image of the eye 105 of the photographer on the
image pickup element 163. |

Since the dichroic mirror 161 transmits visible
light, the photographer can observe the viewfinder
screen 102 through the objective lens 104. 1In
addition, since the dichroic mirror 161 reflects
infrared light, the reflection image irradiated from
the infrared-emitting diode 160 onto the eye 105 is
reflected. The reflected reflection image of the eye
105 is focused by the focusing lens 162 and formed on
the image pickup element 163.

Fig. 4 is a schematic view showing the arrangement
of the viewpoint detection circuit 164. The viewpoint
detection circuit 164 is mainly constituted by a

microdomputer 21 and incorporates a memory 22, an A/D

. converter- 23, a D/A converter 24, and a CPU 25. The

CPU 25 transfers infrared light control signals to an

infrared light irradiation unit (not shown) including

the infrared-emitting diode 160 via the D/A converter

24 to control the infrared light turning-on timingfand
the amount of infrared light to be emitted. o

The CPU 25 outputs a photoelectric conversion
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element control signal for controlling the
photoelectric conversion element 163. A video signal
representing an image of-the eye 105 of the
photographer which is formed on the photoelectric
conversion element 163 upon irradiation of the infrared
light is A/D-converted by the A/D converter 23, and the
resultant data is stored in the internal memory 22.

The viewpoint of the photographer on the viewfinder
screen 102 is then obtained on the basis of the stored
video signal data according to the above-described
principle or an algorithm disclosed in, e.g., Japanese
Laid-Open Patent Application Nos. 1-241511 and 2-32312.

Fig. 5 is a flow chart briefly showing a
processing sequence employed by the CPU 25 in the
microcomputer 21 constituting the viewpoint detection
circuit 164.

The CPU 25 outputs a photoelectric conversion
element activation signal (step S1601), and an IRED
turning-on signal (step S1602). The CPU 25 waits until
infrared light is irradiated on the eye 105 of the
photographer and a reflection image is formed on the
photoelectric conversion element 163 (step S1603).

The CPU 25 then outputs an IRED turning-off signal
(step S1604). The CPU 25 reads out a video signal
representing the eye 105 of the photographer from the
photoelectric conversion element 163 (step 81605):

A/D-converts the signal with the A/D converter 23, and
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stores the resultant data in the memory 22 (step
S1606).

Subsequently, the CPU 25 outputs a photoelectric
conversion element deactivation signal (step S1607),
and performs viewpoint operation processing on the
basis of the video signal represenfing the eye 105 of
the photographer which is stored in the internal memory
22 to obtain the viewpoint of the photographer on the
viewfinder screen 102 (step S1608). The viewpoint data
is output to the system controller 108 (step S1609).
The CPU 25 then checks whether to continue viewpoint
detection (step S1610). If viewpoint detection is to
be continued, the flow ieturns to step S1601. '
Otherwise, the flow returns to step §1610 to chéck
again whether to continue viewpoint detection. Note
that the system controller 108 drives the lens-image
pickup éystem 101 on the basis of the viewpoint data to
control the focus of the camera on the viewpoint of the
phofographer or execute the zooming function, the
fading function, or the like with a viewpoint switch.

In this conventional arrangement, however, if an
eye of the photographer cannot be normally illuminated
owing to a failure in the infrared-emitting diode 160
or the like, correct viewpoint information cannot be
obtained because the above cornea reflection images are
not normally formed.

Assume that the light-emitting diode 1206a in
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Fig. 1A emits light which is darker than normal light.
In this case, as indicated by the output intensity
characteristics of the image sensor in Fig. 2C, the
leading edge corresponding to a pupil edge portion Xb'l
becomes small. As a result, the microcomputer cannot
determine this portion as a pupil edge. For this
reason, the viewpoint of the photographer cannot be
accurately detected. As a result, the camera is
focused on a point different from the viewpoint of the

photographer, or the zooming function, the fading

.function, or the like is erroneously executed with a

viewpoint switch different from the viewpoint switch
desired by the photographer. |

Furthermore, since an infrared-emitting diode
(IRED) for emitting light to which the human eye is
insensitive is used as a_means for illuminating an eye
of the photographer, the illumination state of the IRED
cannot be checked with the naked eye of the

photographer.

SUMQARY OF THE INVENTION

'The present invention has been made in
consideration of the above situation, and has as its
first object to automatically determine an abnormality
in an eyeball illumination means in viewpoint

detection.

It is the second object of the present invention
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to automatically determine an abnormality in an eyeball
illumination means in viewpoint detection and take
proper measures. |

In order to achieve the first object, according to
a preferred embodiment of the present invention, there
is provided a viewpoint detection apparatus including
viewpoint detection means for detecting a viewpoint by
using a cornea reflection image corresponding to light
irradiated on an eyeball by the eyeball illumination

means, comprising lightness detection means for

' detecting a lightness of the cornea reflection image,

and abnormality determination means for-determining an
abnormality in the eyeball illumination means on the
basis of the lightness of the cornea reflection image
detected by the lightness detection means.

In order to achieve the second embodiment,
according to another preferred embodiment of the
present invention, there is provided a viewpoint
detection apparatus including viewpoint detection means
for detecting a viewpoint by using a cornea reflection
image corresponding to light irradiated on an eyeball
by the eyeball illuminétion means, comprising lightness
detection means for detecting a lightness of the cornea
reflection image, abnormality determination means for
determining an abnormality in the eyeball illumination
means on the basis of the lightness of the cornea

reflection image detected by the lightness detection
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means, and power supply stopping means for stopping
power supply to the eyeball illumination means when the
abnormality determination means determines that the
eyeball illumination means is abnormal.

In order to achieve the second embodiment,
according to another preferred embodimént of the
present invention, there is provided a viewpoint
detection apparatus including viewpoint detection means
for detecting a viewpoint by using a cornea reflection
image corresponding to light irradiated on an eyeball
by the eyeball illumination means, comprising lightness
detection means for detecting a lightness of the cornea
reflection image, abnormality determination means for
determining an abnormality in the eyeball illumination
means on the basis of the lightness of the cornea
reflection image detected by the lightness detection
means, warning means for warning of an abnormality when
the abnormality determination means determines that the
eyeball illumination means is abnormal.

It is the third object of the present invention to

provide a video camera which stops an operation and

dispiays a warning immediately after an abnormality is
detected in a viewpoint detection apparatus.

| It is the fourth object of the present invention
to provide a viewpoint detection apparatus which can
perform high-precision detection on the basis of a

cornea reflection image.
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The above and other objects, features, and
advantages of the piesent invention will be apparent
from the following detailed description in conjunction

with the accompanying drawings'and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A ana 1B are views for explaining the
principle of viewpoint detection;

Figs. 2A to 2C are views for explaining the
principle of viewpoint detection;

Fig. 3 is a block diagram showing the schematic
arrangement of an image pickup apparatus with a
viewpoint detection function;

Fig. 4 is a block diagram showing the arrangement
of a viewpoint detection circuit;

Fig. 5 is a flow chart showing viewpoint detection
processing performed by the viewpoint detection
circuit;

Fig. 6 is a block diagram showing the schematic

arrangement of an image pickup apparatus with a

- viewpoint detection function according to an embodiment

of the present invention;

'Fig. 7 is a block diagram showing the arrangement

of a viewpoint detection circuit in the embodiment of

the present invention;
Fig. 8 is a block diagram showing the arrangéﬁent

of an infrared light irradiation unit in the embodiment
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of the present invention;

Fig. 9 is a flow chart showing viewpoint detection
processing performed by the viewpoint detection circuit
in the embodiment of the present invention;

Fig. 10 is a flow chart showing cornea reflection
image watching processing in the first embodiment of
the present invention;

Figs. 11A to 11D are views showing output signals
representing cornea reflection images;

Fig. 12 is a graph showing the relationship
between the output levels of two cornea reflection
images in the first embodiment of the present
invention;

Figs. 13A and 13B are views showing examples of
how eyeball illumination errors are warned;

Fig. 14 is a flow chart showing cornea_ reflection
image watching processing in the second embodiment of
the present invention;

Fig. 15 is a grabh showing the relationship
between the output levels of two cornea reflection
images in the second embodiment of the present
invention; and

Fig. 16 is a flow chart showing the flow of cornea
reflection image watching processing in the third

embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be
described below with reference to the accompanying
drawings. Since the principle of viewpoint detection.
is the same as that in the priér art, a description
thereof will be omitted.

Fig. 6 is a block diagram showing the schematic
arrangement of an image pickup apparatus with a
viewpoint detection function according to an embodiment
of the present invention. Since the constituent
elements of this apparatus are the same as those shown
in Fig. 3, a description thereof will be omitted.

Fig. 7 shows an example of the arrangement of a
viewpoint detection circuit according to an embodiment
of the present invention. Since the constituent
elements of a viewpoint detection circuit 164 are the

same as those shown in Fig. 15, 6n1y a different point

'will be briefly described. A microcomputer 21 is

adapted to output an eyeball illumination error signal
and an infrared light power source control signal in
addition to conventional control signals.

Fig. 8 shows an example of the arrangement of an
infrared light irradiation unit in this embodiment of
the present invention. The infrared light irradiation
unit includes a switch 31 and an IRED turning-on
circuit 32. In this infrared light irradiation unit

160 (equivalent to the infrared-emitting diode in
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Fig. 6), external power supply (not shown) is input to
the switch 31.

The IRED turning-on circuit 32 is constituted by
an infrared-emitting diode (IRED), a transistor, and
the like. Emission of the IRED is controlled by an
infrared light control signal from the viewpoint
detection circuit 164. The power supply of the IRED
turning-on circuit 32 is connected to the switch 31.
The switch 31 is opened/closed by an infrared light
power source control signal from the viewpoint
detection circuit 164.

Fig. 9 is a flow chart showing the flow of
processing performed by the microcomputer 21 in the
viewpoint detection circuit 164 in this embodiment of
the present invention.

A CPU 25 of the microcomputer 21 performs the. same

processing as that in the arrangement shown in Fig. 5

from -step S401 to step S408. That is, the CPU 25
outputs a photoelectric convé?sion element activation
signal (step S401), and an IRED turning-on signal (step
S402). The CPU 25 then waits until infrarved light is
irradiated on an eye 105 of a photographer and a
reflection image is formed on a photoelectric
conversion element 163 (step S403), and outputs an IRED
turning-off signal (step S404).

The CPU 25 reads out a video signal representing

the eye 105 of the photographer from the photoelectric
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conversion element 163 (step S405). The CPU 25
A/D-converts the signal with the A/D converter 23, and
stores the resultant data in the internal memory 22
(step S406). The CPU 25 outputs a photoelectric
conversion element deactivation signal (step S407), and
obtains the viewﬁoint of thé photographer on the
viewfinder screen 102 by performing viewpoint operation
processing on the basis of the video signal
representing the eye 105 of the photographer which is
stored in the internal memory 22 (step S408).

Subsequently, the CPU 25 performs predetermined
cornea reflection image watching processing (step
S409), and checks whether eyeball illumination is
normally performed (step S410). 1If it is determined
that eyeball illumination is normally performed,
viewpoint data is output to the system controller 108
(step S411). The CPU 25 then checks whether to
continue viewpoint detection (step S412). If it is
determined that viewpoint detection is continued, the
flow returns to step S401. Otherwise, the flow returns
to step S412 to check again whether to continue
viewpoint detection. _

If it is determined that eyeball illumination is
abnormally performed, the CPU 25 outputs an eyeball
illumination error signal to the system controller 108
(step S413), and also outputs an infrared light power

source turning-off signal to the infrared light
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irradiation unit 160 (step S414).

The first embodiment of the cornea reflection
image watching processing in step S409 in Fig. 9 will
be described next with reference to the flow chart of
Fig. 10. Referring to Fig. 10, a level Pe is the image
output level of a cornea reflection image e, and a

level pd is the image output level of a cornea

. reflection image d.

In cornea reflection image watching processing,
first of all, the image output levels (lightness,
luminance) of the image output levels Pe and Pd of the
cornea reflection images e and 4 are compared with each
other, and a ratio é between the two image output
levels is calculated (steps S501 to S503). The CPU 25
checks whether the ratio o between the image output
levels is equal to or lower than a maximum allowable
cornea reflection image ratio amax (step S504).

If a > amax, the CPU 25 determines abnormal eyeball
illumination (step S510).

In addition, if the image levels Pe and Pd are
higher than a maximum image output level Pmax (steps
S505 and 8506); or lower than a minimum image output
level Pmin (steps S507 and S508), the CPU 25 determines
abnormal eyeball illumination. If all these conditions
are satisfied, the CPU 25 determines normal eyeball
illumination (step S509).

Fig. 12 shows a state of the above determination.
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Referring to Fig. 12, the ordinate represents the image
output level Pd of the cornea reflection image d; and
the abscissa, the image output level Pe of the cornea
reflection image e. In Fig. 12, whén the image output
levels Pd and Pe have a relationship corresponding to
the hatched portion, it is determined that eyeball
illumination is normal. Otherwise, an eyeball
illumination error is determined.

With this processing, in the case of the cornea
reflection image shown in Fig. 11B, it is determined
that eyeball illumination is normal. In the cases of
the cornea reflection images shown in Figs. 11C and
11D, it is determined that eyeball illumination is
abnormal. If abnormal eyeball illumination is
determined, an eyebail illumination error signal is
output to a system controller 108 in Fig. 6. The
system controller 108 controls a display circuit 107 to
perform eyeball illumination error display. As a
resuit, the display circuit 107 performs eyeball
illumination error display like the one shown in
Fig. 13A on a viewfinder screen 102, thereby warning
the photographer.

A warning need not be given through a message in
characters but may be given by changing a turn-on
display of the AF frame in a normal state to a
flickering display, as shown in Fig. 13B. If one of

the image output levels Pe and Pd is higher than the



10

15

20

25

- 20 -

maximum image output level Pmax or less than the
minimum image output level Pmin, a warning is given
indicating that an abnormality has occurred in a
corresponding light-emitting diode 1206a or 1206b. 1In
this manner, a warning is given by individually
indicating a light-emitting diode in which the
abnormality has occurred, thereby allowing more
accurate maintenance.

If an eyeball illumination error is determined,
the viewpoint detection circuit 164 in Fig. 6 outputs
an infrared light power source turning-off signal to
the infrared light irradiation unit 160. With this
operation, the switch 31 is turned off to turn off the
power supply of the IRED turning-on circuit 32.
Therefore, unnecessary power consumption can be
suppressed. Iﬁ addition,.the operation prevents
unintentional execution of the zooming function, the
fading function, or the like when a viewpoint switch
other than a desired one is turned on, or prevents the
camera from being focused on an object other than an
object to be photographed.

Cornea reflection image watching processing in the
second embodiment will be described next with reference
to the flow chart of Fig. 14.

In the second embodiment, eyeball illumination
abnormality determination is not performed for each

viewpoint detection processing but is performed once
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for every 10 viewpoint detection processing operations.

More specifically, a viewpoint.detection
procéssing counter C is incremented by "1" (step S901),
and it is checked whether the viewpoint detection
processing count in the viewpoint detection processing
counter C is "10" (step S902). If the viewpoint
detection processing count is not "10", the processing
is immediately terminated, thereby avoiding eyeball
illumination abnormality determination processing.

If the viewpoint detection processing count is
"10", the viewpoint detection processing counter C is
reset to "0O" (step S904). Thereafter, eyeball
illumination abnormality determination is performed
according to almost the same conditions as those in the
first embodiment shown in Fig. 10 (steps S904 to S910),
and hence a detailed description thereof will be
omitted. However, this embodiment is different from
the first embodiment in that an absolute value D of the
différence between two image output levels is used as a
determination criterion instead of the ratio a between
two image output levels, and an eyeball illumination
abnormality is determined on the condition that the
absolute value D of the diffefence is larger than a
maximum allowable value Dmax.

In this embodiment, the image output levels Pe and
Pd of the cornea reflection images e and d by which

normal eyeball illumination is determined as a reéult
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of the above processing have a relationship
corresponding to the hatched portion shown in Fig. 15.
In the embodiment, the time required for cornea
reflection image watching processing is short relative
to the time required for viewpoint detection
processing. Therefore, in continuous viewpoint
detection_processing, the number of times of viewpoint
detection per unit time can be decreased.

In this embodiment, eyeball illumination
abnormality determination can be performed under the
same conditions as those in the first embodiment. In
addition, the intervals at which eyeball illumination
abnormality determination is performed may not be "once

for every ten viewpoint detection processing

operations”, but may be arbitrarily set. Furthermore,

the intervals may be changed in accordance with the
state of an eye of the photographer.

Cornea reflection image watching processing in the
third embodiment will be described next with reference
to the flow chart of Fig. 16. ‘

In the third embodiment, eyeball illumination
abnormality determination is performed once for every
10 viewpoint detection processing operations. However,
with the addition of steps S1109, S1110, and S1111,
abnormal eyeball illumination is determined when the
determination condition is satisfied five times

consecutively, unlike in the first and second
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embodiments, in which abnormal eyeball illumination is
determined when the determination condition is
satisfied once.

More specifically, when the determination
condition is satisfied once, a determination condition
satisfaction counter E is incremented by "1" (step
S1110), and it is checked whether the determination
condition satisfaction count has reached "5" (step
S1111). If it is determined that tﬁe determination
condition satisfaction count has feached "5", abnormal
eyeball illumination is determined (step S1113). If
the determination condition satisfaction count has not
reached "5", normal eyeball illumination is determined
(step S1112).

If the determination condition is satisfied five
times, the determination condition satisfaction counter
E is cleared to "O" (step S1109). When the
determination condition is satisfied five times
consecutively, it is determined that eyeball
illumination is abnormal.

With this processing, abnormal eyeball
illumination is not immediately determined with an
instantaneous change in a cornea reflection image due
to tears or the iike in the eye. Therefore, a change
in a cornea reflection image due to abnormal eyeball
illumination can be more accurately checked. 1In this

embodiment, abnormal eyeball illumination is determined
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when the determination condition is satisfied five
times consecutively. As is apparent, however, the
threshold value of this count need not be five, but may
be arbitrarily set.

The present invention is not limited to the above
embodiments. For example, the present invention can be
applied to a case wherein only one eyeball illumination
means (light source) such as an infrared-emitting diode
is arranged, instead of a plurality of eyeball
illumination means.

As described above, according to the embodiments
of the present invention, since an abnormality in the
eyeball illumination means is determined on the basis
of the lightness of each corneé reflection image, an
abnormality in the eyeball illumination means can be
automatically determined in viewpoint detection,
thereby effectively preventing operation errors and
unnecessary power consumption. |

In addition, the abnormality determination means
determines an abnormality in the eyeball illumination
means on the basis of the lightness of each cornea
réflection image'detectéd by the lightness detection
means. When an abnormality is determined, power supply
to the eyeball illumination means is stopped by the
power supply stopping means. Therefore, an abnormality
in the eyeball illumination means can be automatidhlly

determined in a viewpoint detecting operation, and
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proper measures such as a power off operation can be
automatically executed.

According to the above embodimente, the
abhormality determination means determines an
abnormality in the eyeball illumination means on the
basis of the lightness of each cornea reflection image
detected by the lightness detection means. When the
abnormality determination means determines that the
eyeball illumination means is abnormal, the warning
means gives a corresponding warning. With this
operation, an abnormality in the eyeball illumination
means can be automatically determined in a viewpoint
detecting operation, and proper measures can be quickly
taken. |

In addition, the lightness detection means detects
the lightness of each cornea reflection image at a
plurality of positions. With this operation, an
abnormality in the eyeball illumination means can be
automatically determined more accurately in a viewpoint
detecting operation, or more proper measures can be
taken.

According to the above embodiments, the
abnormality determination means determines an
abnormality in the eyeball illumination means by
comparing the- ratio between the lightnesses of each
cornea reflection image at a plurality of positioné,

which are detected'by the lightness detection means,



10

15

20

25

- 26 -

with a reference value, thereby automatically
determining an abnormality in the eyeball illumination
means more accurately in a viewpoint detecting
operation, or taking mofe proper measures.

In addition, according to the above embodiments,
the abnormality determination means determines an
abnormality in the eyeball illumination means by
comparing the difference between the lightnesses of
each cornea reflection image at a plurality of
positions, which are detected by the lightness
detection means, with a reference value, thereby
automatically determining an abnormality in the eyeball
illumination means more accurately in a viewpoint
detecting operation, or taking more proper measures.

Furthermore, according to the above embodiments,
determination of any abnormality in the eyeball
illumination means is performed every time Viewpoiht
detection processing is performed a plurality of number
of times by the viewpoint detection means. With this
operation, an abnormality in the eyeball illumination
means can be automatically determined in a viewpoint
detecting operation, or more proper measures can be
taken. In addition, by increasing the viewpoint
detection processing count per unit time,
high-precision determination can be realized.

The abnormality determination means determines an

abnormality in the eyeball illumination means when a
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predetermined determination condition is consecutively
satisfied while viewpoint detection processing is
perfermed by the viewpoint detection means a plurality
of number of times. With this operation, an
abnormality in the eyeball illumination means cen be
automatically determined, Or more proper measures can
be taken. In addition, the operation can prevent
erroneous determination of an abnormality in the
eyeball illumination means when an instantaneous change
in the lightness of each cornea reflection image is
caused by tears or the like. Therefore, more reliable
detection and determination can be performed.

As has been described above, an abnormality in the
eyeball illumination means is automatically determined
in a viewpoint detecting operation, and the power
supply of the eyeball illumination means is turned off
in accerdance with the determination, or a warning is
generated, thereby improving maintainability and
suppressing unnecessary power consumption. Also, this
operation prevents unintentional execution of the
zooming function, the fading function, or the like when
a viewpoint switch other than a desired one is turned
on, or prevents the camera from being focused on an

object other than an objebt to be photographed.
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1. A viewpoint detection apparatus comprising:

A) eyeball illumination means for illuminating an
eyeball;

B) viewpoint detection means for detecting a
viewpoint on the basis of a cornea reflection image
corresponding to light irradiated on the eyebali by
said eyeball illumination means;

C) lightness detection means for detecting a
lightness of the cornea reflection image; and

D) abnormality determination means for
determining an abnormality in said eyeball illumination
means on the basis of the lightness of the cornea
reflection image detected by said lightness detection

means.

2. An apparatus according to claim 1, wherein
said eyeball illumination means has an
infrared-emitting diode (IRED) and illuminates the

eyeball with infrared light.

3. An apparatus according to claim 1, wherein
said viewpoint detection means includes a CCD for
imaging a cornea reflection image, and said lightness
detection means detects the lightness of the cornea

reflection image at a plurality of positions.
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4. An apparatus according to claim 1, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by .
comparing a ratio between lightnesses of the cornea
reflection image at a plurality of positions, which are
detected by said lightness detection means, with a

reference value.

5. An apparatus according to claim 1, wherein
said abnormality determination means determines an
abnormality in said eYeball illumination means by
comparing a difference between lightnesses of the
cornea reflection image at a plurality of positions,
which are detected by said lightness detection means,

with a reference value.

6. An apparatus according to claim 1, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by
comparing lightnesses of the cornea reflection image at
a plurality of positions, which are detected by said

lightness detection means, with a reference value.

7. An apparatus according to claim 1, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means evéry

time viewpoint detection processing is performed by
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said viewpoint detection means a plurality of number of

times.

8. .An apparatus according to claim 7, wherein
said abnormality determination means determines that
said eyeball illumination means is abnormal, when a
predetermined determination condition is satisfied not
less than a predetermined number of times in a
plurality of number of times of viewpoint detection

processing performed by said viewpoint detection means.

9. An apparatus according to claim 8, wherein
said abnormality determination means determines that

said eyeball illumination means is abnormal, when the

predetermined determination condition is satisfied the

predetermined number of times consecutively in a
plurality of number of times of viewpoint detection

processing performed by said viewpoint detection means.

10. A viewpoint detection apparatus comprising:

A) eyeball illumination means for illuminating an
eyeball;

B) viewpoint detection means for detecting a
viewpoint on the basis of a cornea reflection image
corresponding to light irradiated on the eyeball by
said eyeball illumination means:;

C) 1lightness detection means for detecting a
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lightness of the cornea reflection image:; ”!l,"c, ml!_, "IMH "ILI " '!Il

D) abnormality determination means for
determining an abnormality in said eyeball illumination
means on the basis of the lightneés of the cornea
reflection image detected by said lightness detection
means; and

E) power supply stopping means for stopping power
supply to said eyeball illumination means when said
abnormality determination means determines that said

eyeball illumination means is abnormal.

11. An apparatué according to claim 10, wherein
said eyeball illumination means has an
infrared-emitting diode (IRED), said viewpoint
detection means includes a CCD for imaging a cornea
reflection image, and said lightness detection means
detects the lightness of the cornea reflection image at

a plurality of positions.

12. An apparatus according to claim 10, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by

comparing a ratio between lightnesses of the cornea

reflection image at a plurality of positions, which are

detected by said lightness detection means, with a

reference value.



10

15

20

25

- 32 -

13. An apparatus according to claim 10, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by
comparing a difference between lightnesses of the
cornea reflection image at a plurality of positions,
which are detected by said lightness detection means,

with a reference value.

14. An apparatus according to claim 10, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by '
comparing lightnesses of the cornea reflection image
a plurality of positions, which are detected by said

lightness detection means, with a reference value.

15. An apparatus according to claim 10, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means every
time viewpoint detection processing is performed by
said viewpoint detection means a plurality of number

times.

'16. An apparatus according to claim 10, wherein

said abnormality determination means determines that

A

at

of

said eyeball illumination means is abnormal, when the

predetermined determination condition is satisfied the

predetermined number of times consecutively in a
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plurality of number of times of viewpoint detection
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processing performed by said viewpoint detection means.

17. A viewpoint detection apparatus comprising:
A) eyeball illumination means for illuminating an

eyeball;

B) viewpoint detection means for detecting a

viewpoint on the basis of a cornea reflection image

corresponding to light irradiated on the eyeball by
said eyeball illumination means:;

C) 1lightness detection means for detecting a
lightness of the cornea reflection image;

D) abnormality determination means for
determining an abnormality in said eyeball illumination
means on the basis of the lightness of the cornea
reflection image detected by said lightness detection
means; and

E) warning means for warning of an abnormality
when said abnormality determination means determines

that said eyeball illumination means is abnormal;

18. An apparatus according to claim 17, further
comprising power supply stopping means for stopping
power supply to said eyeball illumination means when
said abnormality determination means.determines-that

said eyeball illumination means is abnormal.
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19. An apparatus according to claim 17, wherein
said eyeball illumination means has an
infrared-emitting diode (IRED), said viewpoint
detection means includes a CCD for imaging a cornea

reflection image, and said lightness detection means

detects the lightness of the cornea reflection image at

a plurality of positions.

20. An apparatus according to claim 19, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by

comparing a ratio between lightnesses of the cornea

reflection image at a plurality of positions, which are

detected by said lightness detection means, with a

reference value.

21. An apparatus according to claim 19, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by
comparing a difference between lightnesses of the
cornea reflection image at a plurality of positions,
which are detected by said lightness detection means,

with a reference wvalue.

22. An apparatus according to claim 19, wherein
said abnormality determination means determines &n

abnormality in said eyeball illumination means by
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a plurality of positions, which are detected by said

lightness detection means, with a reference value.

23. An apparatus according to claim 19, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means every
time viewpoint deteétion processing is performed by
said viewpoint detection means a plurality of number of

times.

24. An apparatus according to claim 19, wherein
said abnormality determination means determines that
said eyeball illumination means is abnormal, when the
predetermined determination condition is satisfied the
predetermined number of times consecutiﬁely in a
plurality of number of times of viewpoint detection

processing performed by said viewpoint detection means.

25. A video camera having a viewpoint detection
apparatus, comprising:

A) an electronic viewfinder;

B) eyeball illumination means for illuminating an
eyeball corresponding to a viewpoint on a screen of
said electronic viewfinder;

C) viewpoint detection means for detecting a

viewpoint on the basis of a cornea reflection image
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corresponding to light irradiated on the eyeball by
said eyeball illumination means:

D) 1lightness detection means for detecting a
lightness of the cornea reflection image;

E) abnormality determination means for
determining an abnormality in said eyeball illumination
means on the basis of the lightness of the cornea
reflection image detected by said lightness detection
means; and

F) warning means for displaying a warning of an
abnormality on the screen of said electronic viewfinder
when said abnormality determination means determines

that said eyeball illumination means is abnormal.

26. An apparatus according to claim 25, further
comprising power supply stopping means for stopping
power supply to said eyeball illumination means when
said abnormality determination means determines that

said eyeball illumination means is abnormal.

27. An apparatus according to claim 24, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by
comparing a ratio between lightnesses of the cornea
reflection image at a plurality of positions, which a;e
detected by said.lightness.detection means, with a

reference value.
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28. An apparétus according to claim 24, wherein
said.abnormality determination means determines an
abnormality in said eyeball illumination means by
comparing a difference between lightnesses of the
cornea reflection image at a plurality of positions,
which are detected by said lightness detection means,

with a reference value.

29. An apparatus according to claim 24, wherein
said abnormality determination means determines an
abnormality in said eyeball illumination means by
comparing lightnesses of the cornea reflection image at
a plurality of positions, which are detected by said

lightness detection means, with a reference value.

30. An apparatus according to claim 24, wherein
said abnormality determination means determines that
said eyeball illumination means is abnormal, when the
predetermined determination condition is satisfied the
predetermined numbér of times consecutively in a
plurality of number of times of vieﬁboint detection

processing performed by said viewpoint detection means.



