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Fig. 1B). These ||9ht Sourcﬁﬁewp01nt Detection Apparatus

BACKGROUND OF THE INVENTION

5 Field of the Invention
The present invention relates to a viewpoint
detection apparatus and electronic equipment having a
viewpoint detection apparatus.
Related Background Art

10 \ 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.

15 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.

20 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

25 measurement area with the viewpoint on a viewfinder
screen. :

The principle of a viewpoint detection apparatus



I Flum nate an eyeball of the observer with divergent 15 light. Some .
| i ght conponents of the illumnation |ight refl ected by the eyebal
are focused on an image sensor 1212 via the imaging lens 1211. Fig.
2A is a schematic - vi ew showi ng_ay eyebal | inmage projected on the

I mage sensor 1212. Fig. 2B is a graph showi ng the output 20
intensity of the inage sensor 1212. _ The vi ewpoi nt detection
met hod will be descri bed bel ow with reference to the respective

draw ngs. for C@RELALIng BRLEZONéRboRh8NEnblutSEunBeionrwill tive
Fig. A a cornea 1210 of an eyeball 1208 of the 25 observer is

i1 1um nat ed W 88scpibadeBelloght irradi ated fromthe |ight source

1206b. In this case, a cornea reflection image d (virtual inmage)

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

5 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

10 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

15 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

20 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

25 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 ®



- 8- - infrared light reflected by the surface of the cornea
1210 is focused by the imaging |l ens 1211 and forned at a position d'
on the imge sensor 1212. Simlarly, the cornea 1210 of the eyebal
is illumnated with infrared 5 lightgirradiated fromthe |ight source
1206a. In this - case, a cornea reflection inmage e (virtual inmage)
formed by the infrared |ight reflected by the cornea 1210 is focused
by the imaging |l ens 1211 and fornmed at a position e on the imge
sensor 1212. IlGfrared lilghthtrdfissctdd Gy edoeswurfauk bHfthe mupneal 301
surrounded by an iris 1204 respectively formimges of t he edges a
and b at positil@&id d's Hiatused byt Hhe nmpging lenssd&ldr ar@ Foxrmeqd lat
i magi ng lens 1211. Assune that the rot ati onal an%ie, [err], of the
optical axis of® ARSi&iap|d’ on the image sensor 1212. imilarly, the
cornea 1210 of the eyeball is illuminated with infrared
5 light irradiated from the light source 1206a. In this
case, a cornea reflection image e (virtual image)
formed by the infrared light reflected by the cornea
1210 is focused by the imaging lens 1211 and formed at
a position e' on the image sensor 1212.
10 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
15 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
20 "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
25 axis of the eyeball 1208 is given by

oc*sinéx = xXc - xo :--(1)'

In consideration of a predetermined correction value &6x



15 1208 with respect to the optical axis of the inmaging" l ens 1211

is*small. In this case, if the x-coordinates of the edges a and b .of
t he .pupi| 1301 are. respectively represented by xa and xb, nmany
x-coordi nates xa and xb can be-olptai ned on the inmage sensor 1212
(see the marks 20 "X" in Fig. 2A). Therefore, first of all, the cornea
center, xc, is calculated by the |east squares nethod of circle or
the Iike. Let xo be the x-coordi nate of the center of curvature of

t he cornea 121f6porothéhmiddle poinhhe kptbétweaah ahgl eorpearieflesthonespect
to the optical 25 axis.of the eyeball 1208 is given by

oc*sin[err] x =imggesxd and e, the x-coordinate, x¢ljs calculatedodasi derati on
of a predeterm _ned correction val ue 8x

- 4- follows:
Xk = (%xd + xe)/2 ee(2)
5 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
10 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
15 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
20 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
25 reflection images formed by the two light sources
(IREDs) 1206a and 1206b appear at the same vertical

position, and the corresponding coordinate is



for the middle poi nt, K, betmeeh-the cornea reflection i mges d and

e, *the x-coordinate xo is cal cul ated as © foll ows: xk =
(xd + xe)/ 2 o ... (2 5 - Xxo = (xd +
xe)/2 + [err]x -(8) - ‘where [err]x is a

nuneri cal val ue geonetrlcally obtalned -fromthe nethod of installing
t he apparatus, the ~eyebal | di st ance, and the like (a description of
this calculation nethod will be omtted). A substitution of 10
equation (1) i repregeatiednbf2yiyi elftie rotational ahgle] x6x, ac€sthe| xc -
{(xd + xe)/2 + [err]x}]/oc] ... (4) The rotational angle gerr]x S
then rewittenexebnll 1208 is C@épgéateghby bémogtathachadet Bethe

coordi nate of each feature point projected on the_inage sensor 1212,

as 15 fol | $R@t used for the| gpppxof ghesharfgental/planeiexgeprr +
[err]xl}]/OC/[%B;]Lquation (2). Let yo be the y-coordinate of a
5 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
10 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.
15 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:

20 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
25 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



(5) where [err] is the magnification determnined by t he

di'stance, sze, fromthe eyeball 1208 to the imaging 20 l ens 1211.. In
practice, this magnification [err] is aobt ai ned as a function of the
~distance [err]xd - xe'[err] betxyeen cornea refl ection inages. -
Consi der a vertical plane next. Fig. 1B shows the correspondi ng
arrangenent. Assune that cornea 25 reflection inmages forned by the two
| i ght sources (I REDs) 1206a and 1206b appear at the sane vertical
position, and Xewdixmg redds Nshe 91 kot @nd Sxd' ).
-5-

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

5 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

10 102 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

15 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

20 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

25 reflecting infrared light, a focusing lens 162 for
focusing the infrared light reflected by the dichfoic

mirror 161, an image pickup element (photoelectric



represented by yi. The rotational angle, [err]y, of the “eyebal | 1208
i s*cal cul ated by al nbst the sane nethod as that used for the case of
t he .hori zontal pl ane except for equation (2). Let- yo be the
y-coordinate of a 5 center o of cupvature. Then it follows that .
yo =yi + [err]y _ ...(6) _ Wwhere [err]y is
a nunerical value geonetrically obtained fromthe nethod of
installing the apparatus, the eyebal | distance, and the like (this

cal cul ati on me¢dwederdfon eléménbesashta€dd.ccohelsd ofer ddievedtfrig onal
angle [err]y in the vertical direction is given by

[err]y = arcsith¢ythfrated' lightrfdguseddoy[ehe] focusing lens X&)
where yc' is the coordinate of the pupil center on the | mage sensor
1212 in the veinteagndelectrbmal sEgnal, and Taeviewpoink dekecticenes (xn,
yn) on the vi ewf i nder screen of the video canera on the horizontal
and vertical pPhRewltri64cfprcoblainingvthe vtewpoint of the
’ 5 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
10 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
15 105 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
20 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
25 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



constant mdeternined by the viewfinder optical system as foll ows:

203 xn = nfarcsin[[xc" - {(xd + xe')/2 + [err]x"')]/oc/[err]]

... .(8) : yn = nrarcsin[[yc' - {(yi' + 8y')]/oc/[err]]" ... (9)
As is apparent fromFigs. 2A to 2C, pupgl —edges are detected by
using the | eading edge (xb') and 25 trailing edge (xa') of an output
waveformfromthe | mge sensor 1212. In addition,the coordinates of
a cornea reflection i mge area obtai ned by using steep

- 6- | eedemgnédgenproli shgnglefozndontrplling the A function of

perform ng focus adjustnent with a
photoelectric conversion element 163. A video signal

representing an image of-the eye 105 of the
photographer which is formed on the photoelectric
5 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

10 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

15 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

20 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

25 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



vrempofnt will be described next. Fig. 3is a . schematic vi ew show ng
a video canera having a 5 vi ewpoi nt focus adjustnent function.

The ,vi deo canera shown-in Fig. 3 conprises a | ens-i mage pickup system
101 having a zoom I ens and desi gngd_to i mage an object to be
phot ogr aphed, an el ectronic viewfinder 103 having a viewfinder screen
10 102 and used to observe the object to be inaged by 't he
| ens-image pi ckup system 101, an objective |lens 104 arranged in front
of the el ectrositeresewhendesul@dntadata invithepoenbrgel@c(stapunit 106 for
detecting the vi ewpoi nt of an eye 105 of a photographer, a display
15 circuit 181606n .di spl aying, on the viewfinder screen 102 an AF
frame indicating the outline of a focus area and_informatiQ
required for a phot Sgbssauentdyg. the CPU 25 P@ﬁ?“@éuﬁtEPoﬁﬁﬁlﬁcﬁﬁbFography
node, and a system controller 108 far controllln% hg Bégectlve
units of conversion element deactivation signal (step S16

5 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

10 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

15 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

20 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

25 obtained because the above cornea reflection images are
not normally formed.

Assume that the light-emitting diode 1206a in



20 - this canera

an infrared-emtting diode 160 for irradiating infrared .
on the eye 105 of the photographer, a dichroic " mrror 161 for
transmtting visible light and 25 _rafgecting infrared Iight, a focusing

. focusing the infrared light reflected by the dichroic
mrror 161, an image pickup el ement (photoel ectric :

| ens 162 for

-7-

conversion el enent such as a CCD) 163 for converting

The vi ewpoi nt detection unit 106 conprises

i ght

t he

i nfrared |ightFigcuk®debyts hkiglet ushich| tasddfRer thanimbxmah kightri cal
signal, and a viewpoi nt detection

10

15

20

25

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



crrcuif 164 for obtaining the viewdoint of the 5 phot ogr apher on the
vi ewfi nder screen 102 on the basis - of an image of the eye 105 of the -
phot.ographer on the i mge pickup el ement 163. _ Si nce the
dichroic mrror 161 transmits visible y7 _ [light, the photographer can
observe the viewfinder 10 screen 102 through.the objective |ens 104.
In " addition, since the dichroic mrror 161 reflects I nfrared
light, the reflection image irradiated from the infrared-emtting
- di ode 160 ont ccd lentywatditally deterni@id eti esbndfiealriadyt eint exth resfdbedl on
i mmge of the eye 15 105 is focused by the focusing | ens 162 and forned
on t he iXiageimptiop darenin MMiwpoint detectifory.antl iteke schemmti c
vi ew showi ng the arrangenent ~of the viewpoint detection circuit 164.
The vi ewpoi nt Proper mrasuxesn circuit 164 is mainly constituted by a 20
m croconputer 21 and incorporates a nenory 22, an A/D .
In order to achieve the first object, according to
5 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
10 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
15 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
20 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
25 determining an abnormality in the eyeball illumination

means on the basis of the lightness of the cornea

reflection image detected by the lightness detection



cdnverfer-23, a DA converter 24, and a CPU 25f'The | CPU 25 transfers

infrared light control signals to an infrared |ight irradiation unit
(not shown) including " the infrared-emtting diode 160 vi-a the DA
converter- 25 24 to control the infpgred light turning-on timng and
the amount of infrared light to be emtted. - The CPU 25 outputs
.a phot oel ectric conversion : - 8-

el enent control signal for controlling the phot oel ectri c conversion
el enent 163. Meankso aidypmiver supplyweFtopminggneans rfiege sdoppi®gdeye 105 of
t he phot ographer which is forned on the photoelectric 5

conversi on el @AWRT BPRKOED rthalienehsl bflkhmingtigremeans when the
abnormality determination means determines that the
eyeball illumination means is abnormal.

5 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

10 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

15 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.

20 It is the third object of thelpresent invention to
pfovide 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

25 to provide a viewpoint detection apparatus which can

perform high-precision detection on the basis of a

cornea reflection image.



light- is A/D-converted by the A/D converter 23, and the resul t ant
data is stored in the internal nenory 22. The vi ewpoi nt of the
phot ogr apher on the viewfinder screen 102 is then obtained on the
basis of the stored 10 video signal;gata according to the
above-descri bed : principle or an algorithmdisclosed in, e.g.,
Japanese Lai d- Open -Patent Application Nos. 1-241511 and 2-32312.
Fig. 5is a flowchart briefly showi ng a processi ng sequence enpl oyed
by the CPU 25 in tkhe Hboveanatid st esb i tnndddtiingsy &md vi ewpoi nt
detection- circuit 164. _ The CPU 25 out puts a photoelectric
conver si on advardiageshtofadthes giriemendi gimater(tsitaep w180 be, appéaramt RED
turning-on signal (step S1602). The CPU 25 waits until 20 ~ infrared
light is irradiza®edhsh fldawing Getsilad descriptiion dgr gomdungidon
reflection inege . is forned on the phot oel ectric conversion el enent
163 (step S16 th the accompanying drawings and the appended claims.
5
BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B are views for explaining the
principle of viewpoint detection;
Figs. 2A to 2C are views for explaining the
10 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
15 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
20 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
25 the present invention:

Fig. 8 is a block diagram showing the arrangéﬁent

of an infrared light irradiation unit in the embodiment



The GPU 25 then outputs an | RED turning-off signal
CPU 25 reads out a video signal 25 representing the eye 105 of the
phot oel ectric conversion el ement 163 (step
Al D-converts the signgllﬁﬁgh the A/D converter 23, and

stores the resultant data in the nmenory 22 (step
Subsequent | vy,
deactivation signal (step S1607), 5 and perforns viewpoi nt operation
processi ng ondfehe pred&ifd Srferti®ns deo signal

phot ographer from the

' S1605),
-0-

of

10

15

20

25

(step S1604).

The

S1606)..

the CPU 25 outputs a photoel ectric - conversion el enent

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.

representing the eye 105



t he phpt ographer which is stored in the internal nmenory 22 to obtain
t e vi ewpoi nt of the photographer on the . .viewfi nder screen 102 (step
S1608). The vi ewpoint data 10 is output to the systemcontroller 108
(step S1609). - The CPU 25 then_checks whether to continue viewpoint .
detection (step S1610). If viewpoint detection is to be conti nued,

the flowreturns to step S1601. ‘O herwse, the flowreturns to step
S1610 to check 15 agai.n whether to continue viewpoint detection. Note

that the systeppfRoniEs! bESCROBrION VS Tine PRESERRESEMBODIMENTSKUDP system
101 on the basis of the viewpoint data to control the focus of the

canera on the vi ewEnbbdihehte® of the phesegt aphesntiorxelll eéoehe zoon ng

function, the 20 fading function, or the like with a viewpoint swtch.
I n this convendescmibed rbebowentth weterenceftanthe accompanying he
phot ogr apher cannot be normally illum nated owwng to a failure in

t he infrared- edfavingsdi o8itnggothe principle of viewpoint detection
5 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

10 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

15 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

20 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

25 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



or the like, correct viewpoint information cannot be 25 obt ai ned
because the above cornea reflection inages are not nornally f or med.
Assune that the light-emtting diode 1206a in .

- 10 - ~ Fig. 1A emts light whigh~is darker t han nor nal l'i ght.

In this case, as indicated by the output intensity characteristics of
the image sensor in Fig. 2C the | eadi ng edge corresponding to a
pupi | edge portion Xb'l 5 beconmes snmall. As a result, the m croconputer
cannot Fi& -e i .n @A 4Q N0 RAWRT @mlpudmoie@g@vv%rl& Hinput to reason,
t he vi ewpoi nt _of thagghg;ographer cannot be accurately detected. As a

result, the &%

The IRED turning-on circuit 32 is constituted by

an infrared-emitting diode (IRED), a transistor, and

5 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

10 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

15 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

20 signal (step S401), and an IRED turning-on signal (step
S402). The CPU 25 then waits until infrared 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

25 turning-off signal (step S404).

The CPU 25 reads out a video signal representing

the eye 105 of the photographer from the photoelectric



f ocused on a poi nt different fromthe vi ewpoi nt of the 10 photographer;

or* the zooning function, the fading - function, or the likeis .
erroneously executed with a "~ . viewpoint switch different fromthe

vi ewpoi nt switch desired by the jphat ographer.

Furthernore, since an infrared-emtting diode 15 (IRED) for emtting
light to which the human eye is I nsensitive is used as a neans for
illum nating an eye of the photographer, the illumnation state of
the | RED copuensiohecetbmertd168t hstép 84R8d- ey@h%fc?%ezs

phot ographer. 20 SUMVARY OF THE | NVENTI ON The present
i nvention has BéBncRBVerts the sigpahsvwithathenAéP FPRVEBESE 47t B %on, and
has as its first object to automatically, deternlne an abﬂgrnallty
25 in an ey§ESFPS|FPGnFﬁ§PFGﬁnﬁeQﬁ§alﬁnvFBﬁpbPﬁ?rna memory

(step S406). The CPU 25 outputs a photoelectric
5 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
10 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
15 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
20 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
25 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



det ectd on.

It is the second object of the present i nventi on

to automatically determine an abnormality in an eyebal l i1l um nation

means i n viewpoi nt
order to achieve th

detection and take proper neasures. In
e first object, accojgling to 5 a preferred enbodi nent

of the present invention, there I s.provided a viewpoi nt detection

appar at us i ncl udi ng
Vi ewpoi nt by

vi ewpoi nt detection neans for detecting a
using a cornea reflection inage corresponding to |ight

i rradi ated on dmregddb&libnbuntiite 16Qeljalkkepi Bkhaaiynati on

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

5 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,

10 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 a between the two image output

levels is calculated (steps S501 to S503). The CPU 25

15 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).

20

In addition, if the image levels Pe and Pd are

higher than a maximum image output level Pmax (steps

S505

and S506), or lower than a minimum image output

level Pmin (steps S507 and S508), the CPU 25 determines

abnormal eyeball illumination. If all these conditions

25 are satisfied, the CPU 25 determines normal eyeball

illumination (step S509).

Fig. 12 shows a state of the above determination.



10  -means, conprising lightness detection neans f.or detecting a

| i'ght ness of the cornea refl ection inage, : and abnornallty

"deterni nation neans for deternining an abnornmality in the eyebal
i | lum nation neans on the basi s- df9 t-he |ightness of the cornea
reflection i mage -15 detected by the |ightness detection neans.
In order to achi eve the second enbodi nent, accordi ng to anot her
preferred enbodi nent of the resent i nvention, there is provided a
Vi ewpoi nt Refgering 69 Ebgarh?usthﬁcPEdlngtelEﬁp@eﬁen§§t§b§|Gﬁagéans

20 for detect a.viewoint by using a cornea reflection I mage
correspondi ng ?B£Pa§h%eV?rpﬁﬁa?€d¥Bﬁ gB?ébEPfleCtlon byagacdeyand| |

il lum [ h f
detecting a 11 SEneBSOERoRncEls, Hiaos Sitpurctpue tﬁ%t%»ﬁzge”ga&%mé%m ity
determ nation ngﬂécéfén fﬁag?hgetefﬂ1§1 g % Vg%?nesg %?agﬁ gssﬁgball

I1lum nation neans on basi's” ©
5 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

10 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

15 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

20 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

25 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



refl.ection i mage detected by the |ightness detection

- 12 - means, and power supply stopping neans for stapping

power supply to the eyeball illum nation neans when the abnormality
determ nation neans determ nes that thego - eyebal |l illumnation nmeans is
abnormal . 5 In order to achieve the second enbodi nent,

according to another preferred enbodi nent of the present invention,
there is provided a viewpoi nt detection apparatus including viewooi nt
det ecti on nmeam@ximum ifmagedcudpuitngexyeli Pmax or Resssithgna tber nea
reflection 10 | mage corresponding to light irradiated on an eyebal

by the eyebal minimuR daagen owlevs leyedr Pailmg 6 glerpdag is given
indicating that an abnormality has occurred in a
corresponding light-emitting diode 1206a or 1206b. 1In
5 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,

10 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.

15 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

20 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.

25 In the second embodiment, eyeball illumination

abnormality determination is not performed for each

viewpoint detection processing but is performed once



det ect’i on nmeans for detecting.a |ightness of the cornea . reflection
Image, abnormality determ nati on neans for determ ning an abnormality
in the eyeball illumnation 15 nmeans on the basis of the |ightness of

t he cornea reflection i mage detgcted by the |ightness detection
means, warni ng neans for warning of an abnormality when t he
abnormality determ nation neans determ nes that the eyebal

illum nation neans is abnormal. 20 It is the third object of the
present inventfooevery 10 vipwpoidd detedt¢donapeoeembinh epepstaonsperati on
and di splays a warning i medi ately after an abnormality is

detected in a vi enplonet specddticedlyppar yiewpoint detectiont js the fourth

obj ect of the present invention 25  to provide a viewpoint detection
appar at us whi PFOSE$sing counter,Cmis dncyemendednbief éct { §5§2BnSPR: Jbasi s of

a cornea reflection i e
and 1t 3% é%eckgggwhether the viewpoint detection

5 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.

10 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

15 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

20 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.

25 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



* 13.- The above and ot her objects, features, and

advant ages of the present invention wll be apparent fromthe
followi ng detail ed description in conjunction wi th the acconpanyi ng
drawi ngs and the appended clainms. 5 22 - BRIEF DESCRI PTION OF THE

DRAW NGS Figs. 1A and 1B are views for explaining the
princi pl e of viewpoint detection; Figs. 2A to 2C are views for
explaining the 10 rinciple of viewpoint detection; Fig. 3
is a block diéér§hﬁsﬁgﬂﬂﬁgPFﬁ€e§§ﬁ§QabﬁUe a relatiensltPent of an inage

pi ckup apparatus with a. . .
corresponding to the hatched portion shown in Fig. 15.

In the embodiment, the time required for cornea
reflection image watching processing is short relative
5 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
10 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
15 Aoperétions", 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
20 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,
25 abnormal eyeball illumination is determined when the
determination condition is satisfied five times

consecutively, unlike in the first and second



vi ewpQi nt detection function; Fig. 4 is a block diagram showi ng

t ke arrangenent 15 of a viewpoint detection circuit; . - Fig. 5
is a flow chart show ng viewpoint detection processi ng perfornmed by
t he viewpoi nt detection . circuit;23 - Fig. 6 is a block

di agram show ng the schematic 20 ~ arrangenent of an inage pickup
apparatus with a vi ewpoi nt detection function according to an
enbodi nment of the present invention; Fig. 7 is a block
di agr am showi n§mbpdimentagesnwhich abnofmalvepebalht ittuminathoni isuit in
t he enbodi nent of 25 t he present invention; Fig. 8is a

bl ock di agr am 9REGFRinedcwhenathendaterminatign ganditianeds| i ght

irradiation unit. in_the enbodi nent
satisfied once.

More specifically, when the determination
5 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
10 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).
15 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
20 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

25 in a cornea reflection image due to abnormal eyeball
illumination can be more accurately checked. 1In this

embodiment, abnormal eyeball illumination is determined



14t of the present invention; " Fig. 9is a flowchart

showi ng vi ewpoi nt detection processing performed by the viewpoint
detection circuit in the enbodi nent of the present invention; 5

Fig. 10 is a flow chart showi ng correa4reflection i mage wat chi ng
processing in the first enbodi nent of the present invention;

Figs. 11A to | 1D are viems show ng out put signals representi ng cornea
reflection imges; Fig. 12 is a graph show ng the relationship
bet ween t he wk%ttm%@?mlmm%rmxumm watisfied niges in the
first enmbodi nent of t resent i nvention; Figs. 13A and-
13B are Vi ewst %ﬂ%ﬁﬂg%n%ggmi* ¥wlyps As is apparent however the

threshold value of this count need not be five, but may
be arbitrarily set.

5 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

10 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 cornee reflection image, an

15 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

20 determines an abnormality in the eyeball illumination
means on the basis of the lightness of each cornea
reflection 1mage detected by the lightness detection
means. When an abnormality is determined, power supply
to the eyeball illumination means is stopped by the

25 power supply stopping means. Therefore, an abnormality
in the eyeball illumination means can be automatidhlly

determined in a viewpoint detecting operation, and



15 - how eyebal | illumnation errors are warned; Fig. 14 is a

fi{ow chart show ng cornea reflection : i mage wat chi ng processing in
- the second enbodi ment of the present invention; Fig. 15
is a graph showing the relationship -28s5 - between the output |evels of two
cornea reflection - images in the second enbodi nent of the present
I nvention; and Fig. 16 is a flow chart show ng the fl ow of
cor nea reflection i mage wat ching processing in the third 25

enbodi nent of pieper cssasuresy SU¢lwas a power off operation can be -
s automatically executed.

According to the above embodimente, the

abhormality determination means determines an
5 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

10 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. |

15 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

20 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

25 comparing the- ratio between the lightnesses of each
cornea reflection image at a plurality of positioné,

which are detected'by the lightness detection means,



DETALLED DESCRI PTI ON OF . THE PREFERRED EMBODI MENTS Enbodi nent s of
the present invention wll be - described below with reference to the:
acconpanyi ng drawi ngs. Since the principle of viewpoint detection 5
is the sane as that in the prior arts a6description ‘thereof will be
om tted. Fig. 6 is a block di agram showi ng the schematic
-arrangenent of an inage pickup apparatus wth a Vi ewpoi nt detection
function accordlng to an enbodi nent of the present invention. Since

the constituetth a reﬁﬁﬁﬁﬂﬁﬁx¥%ﬁ“%dn??%ﬂﬁ%ﬁé@ﬁ@méﬁécﬁﬂéysane as those

shown

.. 3, a descriptiqn thereof mnll om.tted. .
Fig. 7 shows ad]r(]ete%( 0, AT ﬁg’"{ﬂ%@ﬂdﬁ% ba‘il &F‘é\)ﬁﬂ‘d"{"ﬁttlﬁ’é’t ection
circuit accor 5 af _the pr t i.nyention. Since
i ﬂé}ﬂlé% eI enent’s rl& l}’ Cewn ST %13%[ gs&%lg r11:1 [

t he constitue a’ vi ewpol Crrcuit 164 are

the SaGpeAatifs e o Wking Fdte bropdt edsdidker ent point

5 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

10 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.

15 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

20 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,

25 high-precision determination can be realized.

The abnormality determination means determines an

abnormality in the eyeball illumination means when a



will-be briefly described. A mcroconputer 21 is adapted to out put

an eyeball illumnnation error signal 20 and an infrared |ight power
~source control signal in : addition to conventional control signals.
Fig. 8 shows an exanple of the arrangem®nt-of an infrared |ight
irradiation unit in-this enbodi nent of the present invention. The
infrared |ight irradiation 25 unit includes a swtch 31 and an | RED
turni ng-on circuit 32. In this infrared light irradiation unit
160 (equi val enPreseteaminedy deresmingtigndcoadition is consecutively
e o 31, Satlelen ST Y ohRNThe YRGS p202uLihS LEP 1O

perfermed by the viewpoint detection means a plurality
of number of times. With this operation, an
5 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
10 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
15 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
20 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.



The- | RED turning-on circuit 32 is constituted by an infrared-emtting
di ode (IRED), a transistor, and 5 the like. Emssion of the IRED is

cantrol l ed by an infrared |ight control signal fromthe vi ewoint
- detection circuit 164. The power supplyggot the | RED turning-on
circuit 32 is connected to the switch 31. The switeh—S3t—7s

opened/cl osed by an infrared light 10 power source cont
the vi ewpoi nt detection circuit 164. L" Iﬁ“l MIJ’ﬂl“I

chart showi ng¥WHAE ESoQIMIMED IS:processing performed by McCr 0CO
21 in the VI%M@OInt detection circuit 164 in thls enb di, ment of 15
the present inventi A viewpoint dgtestion @PpPﬁétHﬁcFBEBFﬁﬁﬂgg 21

poors The See' u) . S S5IuIEG A IEn e JEAIhtff L T O
photoelectrice&%Q%ﬂhglon el enent activation
5 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
10 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

15 means.

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

20 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

25 detection means detects the lightness of the cornea

reflection image at a plurality of positions.



70 "- -'signal (step S401), and an | RED turning-on signal (step $402) .

The CPU 25 then waits until infrared light is irradi ated on an eye
105 of a photographer and a reflection-i-mage is for

phot oel ectric conversion el enen29l163 (step 'S403), and ou

| RED 25 turni ng-off signal (step S404). The m qmu ﬂE“\“\
out a video signal representing the eye 105 of the

the photoel ectric
conversi on el ement 4:63 ATsaRPaAIBYS aneeCHB® 0 clalmm}mwm t he

signal with the A/D converter 23, and stores the resultant data in
t he internal|ﬁ9ﬁﬂ3?§ﬂ?rmallty determination means determines an

abnormality in said eyeball illumination means by .
comparing a ratio between lightnesses of the cornea

5 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
10 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,

15 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

20 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
25 said abnormality determination means determines an
abnormality in said eyeball illumination means evéry

time viewpoint detection processing is performed by



(sfép.8406). The CPU 25 outputs a photoelectric 5.. conversion el enent
deactivation signal (step S407), 'and . obtains the.viewpoint of the

phet ographer on the vi ewf i nder screen 102 by perforning viewpoimnt

operation . processing on the basi 80of- the vi deo signal
representing the eye 105 of the photographer which is 10° Lm,mﬂﬂi!"""mal”m
I nternal nenory 22 (step $S408). Subsequently, the Hos o+
perfornms predeterm ned . cornea reflection i nage watchi ng processing
(step S48334 ghavweairksdekeehiencyesns| ajplurehibty opf jRumber of
normal Iy perforped (step S410). If it is determined 15 t hat eyebal

i |l umination i 5*A8%mal |y perforned, vi ewpoi nt data is output to the
system control |l er 108 (step S411). The CPU 25 then checks whether to
continue viewpoint detection (step $412). If it is determ ned t hat

G robor ot aerect) onst o AR LbBHESrul "SocbPaing LS EISIAT D MelfR S1OT
5 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

10 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

15 .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.

20 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
25 corresponding to light irradiated on the eyeball by
said eyeball illumination means:;

C) 1lightness detection means for detecting a



to §teb S412 to check again whether to continue . vi ewpoi nt det ection.
If it is determined that eyeball illumnation is abnormal | 'y

per-f or med,

the CPU 25 outputs an eyeball 25 illumnation error signal

to the systemcontroller 108 (stmp -S413), and al so out puts an
infrared light power source turning-off signal to the—fﬂ#+a#ed_LLghL__

- 18 -

irradiation unit 160 (step $S414).
enmbodi ment of the cornea reflection i mmge wat chi ng k" ,um””"l
step S409 in FiLgghgneps| of the cpendascefbedthent imagd: ref

fl ow chart of

10

15

20

25

5 Fig. 10. Referring to Fig. 10, a level Pe Is the |nage
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

deteqted by said lightness detection means, with a

reference value.



ohfdut | evel of a cornea reflection inmage e, and a l.evel pd is the

| mge output |evel of a cornea reflection i nage d. I n
cornea reflection inmage watchi ng processing, 10 f|rst_gi—aLL__Lhe_Lnage__
out put | evels (lightness, | uninapce) of the eve

and Pd of the o anconned reflecti 32e;”?agi:Darﬂageagﬁtlﬂ!ﬁlﬂllﬂllmlllj Vil

is calculated (steps S501 to S503). The CPU 25 15 checks whet her the
rati o a between tH&.i mige appaxRtus accorddvgg std sledmallO,o wherdedwer than a
maxi num al | owabl e cornea reflection image ratio amax (step S504).
If a > amax, S#dopbnprmadddinidelerainetion aesns (determings lagm nati on

(step 8510). . In addition, if the inage |evels Pe and Pd are
hi gher than aafpésarma%ﬁ Hadd FRiSLEYebAdL Addbunisaddon means 8¥)5 and S506),

rol r than m_ni.num_i
0 ower tha c%mparlrrrl% rHa'%‘:ferenpc):e between lightnesses of the

5 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
10 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.
15
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

20 said viewpoint detection means a plurality of number of

times.

'16. An apparatus according to claim 10, wherein

said abnormality determination means determines that
25 said eyeball illumination means is abnormal, when the
predetermined determination condition is satisfied the

predetermined number of times consecutively in a



Iévgf'Pnin (steps S507 and S508), the CPU 25 determ nes abnor mal
eyebal | illumnnation. If all these conditions 25 are satisfied,. the CPU

25 <det erm nes normal eyebal l ~illumpation (step S569)——-—___ =

Fig. 12 shows a state of the above det@am-nation.

_ 19 - Referring to Fig. 12, the ordinate represe’ru,ﬂ!wgﬂj 1“"’
| e n Fid.

output level Pd of the cornea reflection imge d; and
the image output level Pe of the cornea reflection i mge e.
12, when the iPH§RbLEPRE n@nber 9f| times apfl Prewpvint detettioshi p

corresponding to . the hatched portion, it is determ ned that eyebal
processing performed by said viewpoint detection means.

17. A viewpoint detection apparatus comprising:
5 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
10 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
15 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

20 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

25 said abnormality determination means.determineS-that

said eyeball illumination means is abnormal.



i l.luni'nation is normal. Ctherw se, an eyebal | “illumination error is
det er m ned. Wth this processing, in the case of the cornea 10

reflection i mage shown in Fig. 11B, it is determned —thateyebalt—

illumnation is normal. In the cases -0f34 - t he corne ' ' e
shown in Figs: I1C and | 1D, it is determ ned that ﬂmmmﬂmlmﬂlllm
Illumnation is abnormal . |f abnormal eyeball illumnationmss 1
determ ned, an eyeball illum nation error signal is output to a
system control | er 188 i AnFRBPasatygeaccordingyspeniabmt 19} | whenesncontrol s
a display circuit .107 erforn1eéeball i Ilum nation error display.

As a re§ﬁfg,e?ﬁgga%sﬁﬁﬁymgp?ﬁﬁ?P 163n5che8r 88 eyebal | 20
Vi ewti nder scr searepbaPbRLrELSE AR CrREBYY phte ewmelfher "
A warning needg8ebckeofl! M8AnEhE AHYla8s "ESERHC LR imaging a cornea
5 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
10 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

15 reference value.

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

20 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.

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

abnormality in said eyeball illumination means by



charaeters but may be given by changing a turn-on 25 di splay of the AF
ffame in a nornal state to a flickering display, as shown in Fig.
13B. I-f one of - the imge output levels Pe and Pd is_hi

- 20 - maxi mum i mage output lewad Pnax or |ess than t

_hi gher—tharTrie
i ni mum i mage output level Pmin, a warning is given IQN\NM&“&“N‘“‘“

an abnormality has occurred in a correspondi ng |ight- Pocde *
1206a or 1206b. In 5 this manner, a warning is given by individually
i ndi cating a | cgmpazingt Laghgnegsesnofintbp cpenea refleqbifg) tPgIRact
occurred, thereby_allowng nore . accurate naigt%na@cg. .

a plurality of positions, which are detected by said

lightness detection means, with a reference value.

5 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

10 times.

24. An apparatus according to claim 19, wherein
said abnormality determination means determines that
said eyeball illumination means is abnormal, when the

15 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.

20 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
25 said electronic viewfinder;
C) viewpoint detection means for detectinga

viewpoint on the basis of a cornea reflegtion image



If é‘n'eyebal | illum nation error is determned, 10 the viewpoint
detection circuit 164 in Fig. 6 outputs -.an infrared light power
source turning-off signal to the infrared |ight irradiation '

160. Wth this operation, the-swaaceh 31 is turned ofmm :
t he power supply of the IRED turning-on circuit 32. ”"mrm’ﬁ ’"‘m’
unnecessary power consunption can be ' suppressed. I n atdi%ien, sthe &

operation prevents ,_unintentional execution of the zooning function,
t he f adPRETPORCRALRT BP 1iehti kerafiéatad.eRvble eyl t by

other than a dgsike e.l1s.turned opn, or prevents the 20 canera from
bei ng focused %%iéng%%ﬁa£i bi#%?l?ﬂﬁh°%nTegn§’ obj ect to be phot ographed.
OB Sher hor LT LB ELPE, BL08EE b bt For darpef RS S, “TToC 15

wi Il be described next w ereren ! ; (
25 In 118nerES8% LRI S5 hea C¥EPPbLLELH UTHAGL] ON
5 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

10 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.

15 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.

20
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
25 reflection image at a plurality of positions, which are

detected by said lightness detection means, with a

reference value.



abﬁbhnalrty determnation is not perfornmed for each Vi ewpoi nt
detection processing but is perfornmed once

- 21 - for every 10 viewpoi nt detection processi ngoperations.

More specifically, a viewpoint detectidn - processi ng '
i ncremented by "1" (step S901), and it is checked \/\hﬁ!ﬁ“ mlu l“ﬂll“l“'
- Vviewpoint detection 5 processing count in the viewpoint €etectdiom s =
processi ng counter Cis "10" (step S902). |f the viewpoint
det ecti on processid¥y cdm@ppanahus prcondiagrisc edgiing 24, whereinmedi atel y
term nated, thereby avoiding eyeball | . illum nation abnormality
deterninationsﬁ?ghQQQQﬁﬂall y determination means determines an

abnormality in said eyeball illumination means by

comparing a difference between lightnesses of the

5 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
10 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.

15
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
20 predetermined numbér of times consecutively in a

plurality of number of times of viewpoint detection

processing performed by said viewpoint detection means.



1077 I f the viewpoint detection processing coUnt is ©"10", the
Vi ewpoi nt detection processing counter Cis

S904). Thereafter, eyeball i1lum nation abnor determnation is
per f or med accordlng to al nost-t3® sane COﬂditI hmﬂhe
15 first enmbodi mrent shown in Fig. 10 (steps 8904 and
hence a detailed description thereof will be ~this

enbodi nent IS§ E ES gnz f igg first enbodlnent in that an

absol ute valu Q E c oF' THE b e between two i mage out put |evels
is used as a 20 LAl ti QR Sl 18k an [ tea t bet ween
two i nage output. Ievg(ﬁgrﬁl 5% g?@@a%%thPu nggegﬁgi lEfu&%ﬁ%g%ﬁﬁllty S

det er m ned OnLEhSeQQBQEEBOByIQahohgﬁter on tﬁ?§3£§ﬁ§ Eélﬂﬁe oﬁ%pﬁ@e

difference is larger t mm a e val ue Dmax.
In this enbodieeat, &hé.l,rrngah%tegw o'fe‘éeB%rﬁ%aa%flectlonpﬂmeéet.he cornea

refl ection inages e and d by wh

5 When an abnormallty is determined, a display indicating
it is made and a warning is given. At the same time,
power supply for eyeball illumination is stopped. The
abnormality determination of eyeball illumination is
performed by comparing the output level of a cornea

10 reflection image with a predetermined feference value
or comparing the output level ratio or difference of

the cornea reflection image with a predetermined

reference wvalue.



nornmab eyebal |l illumnation is determned as a result._
-'22 - of the above processing have a rel ationship

corvesponding to the hatched portion shown in Fig. 15. ThisSheetHagB eplaced
enbodi nent, the tine required for cornea reflecth1ﬂ| _ ng’
| .

processing .is short relative 5 to the time required. f
detection processi ng. Therefore, in continuous viewpoi nt -
det ection processing, the nunber of times of viewpoint det ecti on per

unit tinme can be decreas?e(gn.51 >~ In this enbggi . eyebal |
illumnation 10 abno y determ nation can bé per?orned under the
sane conditions as those in whe first enbodinent. In

n I"QJ:U "o

™~ :
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additron, the intervals at which eyeball ‘illumnation abnormality

détermi nation is perfornmed may not be "once 'Tﬁ“évery—%en—vLemppint
det-ection processing 15 operations”, but' may be af -'

Furt her nore, the intervals may be changed in.

state of an eye of the photographer. Cbrn

wat chi ng processing in the third enbodi ment. w

with reference 20 to the flow chart of Fig. 16.

third enbodi nent, eyeball illum nation abnormality determnation is
performed once for every 10 vi ewpoi nt detection processing
operations. However, with the addition of steps S1109, SI 11O and
s, 25 abnornmal eyeball illumnation is determ ned when the
determnation condition is satisfied five tinmes consecutively,

unlike in the first and second

1302

FIG. 2A

FIG. 2C

|

xb'1i | xa'1
xe1  xd'1



- 23" _ enbodi nents, in which abnornal

dét ermi ned when the determnination condition is This éi:@éth?sfé eiﬁﬁ
ed

Mor-e specifically, when the determnation 5 C nd

once, a determ nation condition satlsfactl

I ncrenmented by "1" (step - S1110), and it isl ch

determ nati on condition satisfaction count has reached "5" (step
S1111). If it is determned that the determ nation 10 condi tion
satisfaction count has reached "5", abnornal eyeball illumnation is
determ ned (step S1113). If the determ nation condition satisfaction

count has not

FIG. 3
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reached "5", normal eyeball illumination is determined t
! . . S : . . Th
15 If the determ nation condition is satisfied f ve ISSlgegtP?aP ’}ced
the determ nation condition satisfaction counter IIMM
(step S1109). Wen the determ nation condition i
tinmes consecutively, it is determ ned that eyeball
i1lumnation is abnornal. Wth this protessing, abnor mal eyebal |
illumnation is not inmmediately determned with an} ______] i_nstantaneous
change in a cornea refiection i mge due o fears or the like in the
eye. Therefore, a change 25 in a cornea refZc|ion imge due to
abnormal eyeball % : iI'lum nation can be nore-agcurately checked. In
this enbodi méxy!, abnornmal eyeball ill ungEpat{on is determ ned
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- 24" - ' when the deternmination condition is satisf+edfive =
times consecutively. As is apparent, however, the threshold val ue of

t hi-s count need not be five, but may ‘be arbitrari eetHﬁlSBeenRe laced
The present invention is not limted to the above- ’m
exanpl e, the present invention can be applied to a

one eyeball illum nation means (light source) such as an
infrared-em tting di ode is arranged, instead of a plurality of
eyeball 10 i 1lum nation neans. As descri bed above,
according to the enbodi nents - of the present invention, since an
abnormality in the eyeball illum nation neans is determ ned on the
basi s of the lIightness of each cornea reflection inmge, an

FIG. 5
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15 - abnormality in-the eyeball illum nation means can_be

automatically determ ned in viewoint detection, ~ thereby effectlvéTy
preventing operation errors and unnecessary po Tm@&ﬁ&ﬂﬁ;ﬁ&ﬁmk

In addition, the abnornallty determ nati on neans

abnormality in the eyeball illum nation rreans l")m M

| i ght ness of each cornea reflection image dete te ess
detection - neans. When an abnormality is determ ned, power supply

to the eyeball illumnnation nmeans is stopped by the 25 power supply

stoppi ng nmeans. Therefore, an abnormality in the eyeball
i1 lum nation nmeans can be automatically determ ned in a viewoi nt

detecting operation, and
FIG. 6
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-25 - proper neasures such as a power off operation cam be

ahtonatically execut ed. According to the [EBBVE € Q nts, the
) . ; . _ - IS Sheet € laced
abnormal ity determ nati on .nmeans determ nes an 5
eyebal | illum nation means on the .basi s of thefllights ”
cornea reflection imge detected by the |ightness de
When t he abnormality determ nati op nmeans detgrm nes that the
eyeball illum nation neans is abnormal,|the warning 10 nmeans gives a
correspondi ng marnkngr--MVt+rﬁ+ﬂ-§;j---- 'OpETfﬂﬁTEF,'an’abﬂUTTﬁﬂﬁ‘ty in the
eyeball illum nation nmeansxca P autonEEkcedly determnediin a
Vi ewpoi nt Sdé¢t ecting oper at wand proped grgasures can be quickly
taken. 15 — 1In addition, tz§<>dqg1tness tedti on neans detdcts
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the 1t ghtness of each cornea reflection image at a B Iurallty of

p03|t|ons Wth this operation, an abnormal i ty | n the e
i I l-um nati on neans can be automatically determ GhmqagBaccuratj“y
in a viewpoint 20 detecting operation, or nore .pro a:@dbe
t aken. According to the above enbodi nments, W
abnormal ity determnation nmeans determ nes an : abnor
eyeball illum nation neans by 25 conparing the ratio between t e
| i ght nesses of each cornea reflection image at a plurality of
posi tions, whi ch are detected by the |ightness detection neans,
FIG. 8
,\/'160
 Aubalatabebeiedebebeintefedetnbeliebeieeie e ——— L]
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with-a reference val ue, thereby automatically determ ni ng an
abnormality in the eyeball illum nation neans*nnre—aeeUFa%e¢y;+npa

vi ewpoi nt detecting operation, or taking nore Qﬁo er asures
In addition, according to the above enbodi nents, ¥ Cﬁy
determination means deternines an abnornallty |
I 1lum nation neans by conparing the dlfferende
| i ght nesses of each cornea reflection image at a pIurallty of 10
positions, which are d ed the |ightness detection neans, with
a reference val ue, the?iyéé; £§ automatical ly detern1n|ng an abnornallty
I n the eyeball natf on neans nore accurately in a viewoint
detecting operation, or taking nore proper neasures. 15
Furt hernore, according qﬁ%ﬂf bove enbodi nents, determ nati on of

I

any abnormality in the i llum nation nmeans is perforned every
time viewpoint
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det ect’i on processing is perforned a plurality of nunber of times by
the viewpoi nt detection neans. Wth this 20 operation, an abnornality I n

the-eyebal | illum nation nmeans can be automatic a
Vi ewpoi nt detecting operation, or nore proper ne S es can be
taken. I n addition, by |ncrea5|ng the vi ewpoi nt ng
count per unit tine, hi gh- pr eci si on detern1nat|on

n the

The abnormality detern1n determ nes an
eyebal |l illumnation me é;h %2?
- - predet erm ne erm ion condition is consecutlvely

satisfied while viewoint detection processing is
CORNEA REFLECTION IMAGE
WATCHING PROCESSING START

S501

NO

a=Pe/Pd a=Pd/Pe
| |
SH04 .
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a>amax
?
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S505
YES
Pe>Pmax >
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Pd>Pmax >
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?
NO
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Pd<Pmin >
?
85093¥ NO 8510\{ .
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performed by the viewpoint detection neans a pIUraVity - of T
times. Wth this operation, an 5 abnormality in the ’Eh)éfShéﬁHasBeenR

i | l.um nation means can be automati cal |y det er m ned, 5
measures can be taken. In addition, the operation c m,ur
erroneous determ nation of an abnormality in the ’eye

illum nati on neans when an i nstantaneous change 10 in the Ilghtness of
each cor.nea reflection inmage is caused by tears or the |ike.
Therefore, nore reliable detection and determ nation can be

per f or med. As has been descri bed above, an abnormality in the
eyeball illum nation neans is autonmatically determned 15 in a

vi ewpoi nt detecting operation, and the power supply of the eyebal
illum nation neans is turned off ' in accordance with the
determnation, or a warning is 2 t her eby i nproving

mai ntai nability and suppr essi f seH weyl_ consunption. Al so,

"t HG. 114

FIG. 11B

FIG. 11C

FIG. 11D




20 . operation prevents unintentional execution of the zoom ng

function, the fading function, or the |ike when a viewpoi nt switch
ot her than a desired one is turned on, or preyenyss $ii& Haswees Replatddm
bei ng focused on an obj ect other than an objedt t ed.
- 28 - VWHAT |S CLAIMED I S: 1. A VE mmmm‘imlm
appar at us conpri si ng: A) eyebal | |Ilun1nat|on
illum nating an eyeball; 5 . B) viewpoint detection neans for
detecting a vi ewpoi nt on the basis of a cornea reflection inage

= )

FIG. 134
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corrésponding to light irradiated on the eyeball by ' ebal

i1 lum nati on neans; C) lightness detection nmeans for detecting a
10 - lightness of the cornea reflection image; and Tthh BﬂmRelmwd”
abnornal ity determ nation neans for . determ ning an a

said eyeball illum nation means on the basis of the

cor nea reflectlon |nage detected by said |ightness detectlon

nmeans. /%7 r ng according to claim1, wherein

sai d eyebal | i 11 uni nat i ér S an infrared-emtting di ode (IRED)
and illumnates the 20 eyeball with infrared |ight. 3. An
apparatus according to claimi1, wherein sai d viewpoi nt detection

means includes #oGRNEACREFLECTION IMAGE
WATCHING PROCESSING START

' 5901
C=C+1 J

NO

- S3903
C=0 S
5904
YES
| Pe-Pd>Dmax |
?
NO
S905
YES
Pe>Pmax >
?
NO
S906
YES
- Pd>Pmax >
NO
S907
YES
Pe<Pmin >
?
NO
S908
' YES
Pd<Pmin >
?
SQOQﬁL NO 39107L !
EYEBALL TLLUMINATION EYEBALL TLLUMINATION
IS NORMAL IS ABNORMAL
o v

END



inaaing a cornea reflection image, and said |lightness 25 detection neans

detects the lightness of the cornea reflection inage at a pIurallty
of" positions. - 29 -
An apparatus according to claim1, wherein sai d abnormality
det ermi nati on rreaﬁlgeter iies an abnormality.-in ﬁmsneee slhbriReplaced :
iIIuninatlon nmea ‘conparing a rati o between |i
cor nea reflection image at a plurality of p05|t|ons
detect ed b%(: gedggi ﬁ n nmeans, wWth a re erence va
5 An appar%%&% é$€% 1, mherein
A 4 '
S1101
0=CH1 4

$1102
NO

$1103
0=0 v{
1104
YES
lPe—Pé?Dmaxl
$1105 NO
YES
Pe>Pmax >
?
$1106 NO
YES
Pd>Pmax
?
$1107 NO
YES -
Pe{Pmin . —
?
$1108 N
YES |
Pd<Pmin >
?
$1109 No 51110 '
I8 E=0 AAREREN E=E+1
] —1
S$1111 -
NO
S St2y $11133 |
EYEBALL ILLUMINATION IS NORMAL | | EYEBALL ILLUMINATION IS ABNORMAL
- —3




10 * ** said abnornality determination neans deternindf - apn lit
“in'said eyeball iIIun¥nation nmeans by : conpari15E%L6FFM§W5§H§ﬁkewee%_
| i.ght nesses of the cornea reflection image at Ba%I_L{ﬂél FEB 1306 :
‘posi tions, which are detected by,said Iightn erection: weaﬂs[ 15
with a reference val ue. 6 An apparatus according to crarm 1,
wher ei n said abnornmality determ nati on nmeans determ nes an
.abnormality in said eyeball illum nation neans by 20 conpari ng

i ght nesses of the cornea re@r@@Q&gﬁlbwgggfgment HaviagpPl urality of
posi-tions, which are detected by said | 1 ght ness "detecti on neans,
-wWith a reference val ue:~ Viewpoint Déteetr@@pab@hggt@gcordlng to cIa|n11,
wherein 25 said abnormality determ nati on nmeans determn nes an
abnormality in said eyeball illum nation neans every

BACKGROUND OF THE INVENTION

5 Field of the Invention

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

Related Background Art

10 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.

15 For 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.

20 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 fuﬁgiion, or matching the a distance

25 measurement area with the viewpoint on a viewfinder

screen.

The principle of a viewpoint detection apparatus



tin%'vjempoint detection processing is perforned by

- 30 - sai d vi ewpoi nt detection neans a pl _

tires. 8. An apparatus according to cf dIT-ACEMENTSHEETS
said abnormal ity determ nation nmeans determnes th N 'iaﬁgebal

I 1lum nation neans i s abnormal, when a pr edet *4&§#' e rat iflon
condition is satisfied not | ess t £ predeterm ned nunber of tines
in a plurality of number of tines of viewooint detection 10

processing perforned by said viewpoint detection neans. =<
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9. An apparatus according to claima8, wherein said abnormality

determ nati on neans determ nes that said eyeball illum nation nmeans
is abnormal, when the 15 predeternlned det er m pati-en—cordi :
satisfied the pr edet er ni ned number of tlnesraqgaﬂmﬁmAEﬁN§HF?F.
plurality of nunber of times of viewpoint detecti@n 05 Pagg86si ng

performed by said viewpoint detection Edls. 2* Date = _ig_“;é;ngApoint

det ecti on apparatus conpri sing: A) eyelta—FH ati on neans
for illumnating an eyebal | ; B) vi ewpoi nt detection neans
for detecting a vi ewpoi nt on the basis of a cornea reflection inage
25 corresponding to light irradiated on the eyeball by sai d
eyeball illum nation neans; O lightness detection neans for

detecting a

FIG. 2B
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- 31 -

sai d eyebal
cornea 5
nmeans; and

supply to said eyeball illumnatijon negpq4when sai d
determ nati on neans determ nes that sard 10
11. An apparatus accordi ng

i s abnornnal .

1011 |

| i ght ness of the cornea reflection inage;
abnormality determ nation neans for

illum nation

determ ning an abnormality in
means on the basis of the |ightness of the
reflection i mge detected by said |ightneg

detection

E) power supply stopping means || CREFUAGEMENT
D

108
/./

eyebal

FIG. 3

SYSTEN
CONTROLLER

VIEWPOINT

INFORMATION

»

107

DISPLAY
CIRCUIT

LENS-IMAGE
PICKUP
SYSTEM

106

. f..

VIEWPOINT
DETECTION
CIRCUIT

163

::::::55262

164 :

N

B

........................

105



said eyeball illum nation neans has an
(I'RED), said viewpoint 15
cornea reflection imge, and said |ightness det
detects the |lightness of the cornea reflection inmage
of positions. 20 12. An apparatus accordin

t

1)
Y

infrared-em tting di ode
detection nmeans includes_a CCD for | nmgi-ng-a
e ACERARNT SHEET

ap al
ﬁnBl@Mg

t
riei n

said abnornmality determ nation neans dgyqLm nes an

said eyeball _illum nation nmeans by conparing a ratio between
| i ght nesses of the cornea reflection image at a plurality of
positions, which are 25

a reference val ue._’
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- 32, . - 13. An apparatus according to cIa|n110 mhereln
sai d abnornallty determ nati on neans determ nes ag
said eyebal | illunination neans by conpari ng
| i ghtnesses of the 5 cornea reflection inmage 8
posi tions, whi ch are detected by said |ight ,
with a reference val ue. &%?Q appar afFsrs—aceorTH di-rg=te=s¥'ai m 10,
wherein 10 said abnormality determ %n nmeans detern1nes an
abnormality in said eyeball illum nation neans by conpari ng

| i ght nesses of the cornea reflection imge at a plurality of
positions, which are detected by said | i ght ness detection neans, with
a reference value. 15

i 51601
OUTPUT PHOTOELECTRIC CONVERSION V'
ELEMENT ACTIVATION SIGNAL
Y - 81602
OUTPUT IRED TURNING-ON SIGNAL
y $1603
WAIT FOR VIDEO SIGNAL 5
ACCUMULATION TIME
y 81604
OUTPUT IRED TURNING-OFF SIGNAL
- L  ¢$1605
READ OUT" VIDEO SIGNAL
y ;;81606
MEMORY STORING PROCESSING |
_ Y 81607
OUTPUT PHOTOELECTRIC CONVERSION
ELEMENT DEACTIVATION SIGNAL
y 71608
VIEWPOINT OPERATION PROCESSING
y 81609
OUTPUT VIEWPOINT DATA

- S1610
“TONTINUE VIEWPOINT DETECTIO

NO




15.  An apparatus according to claim210, wherein said abnormality

det erm nati on neans deternm nes an abnormality in said eyebal
i1l um nation nmeans every time viewpoint detection processi-Ag=F
perfornmed by 20 sai d viewpoi nt detection neanSﬁaRE}urallly,aF =gunper of
tinmes. 16. An apparatus according to ulalq; FE I n
sai d abnornmelity determ nation neans dgyqgm nes that .28 ' °S eyggfl
illum nation neans i s abnormal, when the pr adef erm-ped—detrerFrnat i on
condition is satisfied the predetern1ned nunber of tines

- 33 -

consecutively in a

FIG. 6
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pquaILty of nunmber of tinmes of viewpoint detection processing

performed by said viewpoint detection neans. AR WReEH
detecti on apparatus conpri si ng: 5 A) eyebal :
for illum nating an eyebal | ; _ B) viewpoi nt (i§t EERI means
for detecting a vi ewpoi nt on the basis of a corppdteef.lectl.oNTT.mage
corresponding to light irradiated on t ebal | by , ey e
i1lum nation neans; C) lightness detection neans for detecting a
| i ght ness of the cornea reflection imge; D) abnormality
determ nati on nmeans for determ ning 4n abnornal kty in said eyebal
i1lumnation 15 means on the basis of the |ightnesd of the cornea
reflection inmage dete€Ted by sdi~d THiightnéss deteciion| " """~ neans; - and
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E) war ni ng nmeans for warning of an abnormality when said abnormality

determ nati on neans determ nes 20 that said eyeball illum nation neans
i s abnormal . 18. An apparatus accordi ng fortney .
conprising power supply stopping neans for stopping || REPLAGEMENTSSHERY |t o
said eyeball illum nation neans when 25 sai d abnofmal i _:%SOPEBH ygnat ifon
means determ nes that sai d eyebalgl /44! um natio DAATS™ i rali

- 34- 19. An apparatus according to clarm I/, wherein

said eyeball illum nation nmeans has an infrared-em tting di ode

(IRED), said viewpoint

160
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' INFRARED LIGHT POWER
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E N CIRCUTT N " CONTROL SIGNAL
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Pd Pd=amax X Pe
A
Pbref |
Pd=Pe / amax
Psref —
— » Pe

Psref Poref



detection nmeans includes a CCD for imaging a cornea 5 reflectlon I mage,
and said |lightness detection neans detects i) ef=the
cornea reflection inmage at a plurality of

20. An apparatus according to claim19, wherein d}GdFEBnggga y
determ nati on nmeans determ nes an abnor nal ' h--said eyebal. |

I 1lum nation neans by conmpari ngg qati o between TTgNTNESSES t he
cor nea reflection image at a plurality of positions, which are
detected by said |ightness detection nmeans, with a 15 ref erence val ue.
21. An apparatus according to claim 19, wher ei n said abnormality

determ nati on neans determ nes an abnormality in said eyebal
i1lum nation neans by ??ah[;onpégjng a difference between |ightnesses of

t he
( START )

L

- S401
OUTPUT_PHOTOELECTRIC_CONVERSION |
ELEMENT ACTIVATION SIGNAL

y 55402
OUTPUT IRED TURNING-ON SIGNAL

Y ¢ 8403
WAIT FOR VIDEO SIGNAL
' ACCUMULATION TIME

y
S404
* QUTPUT IRED TURNING-OFF SIGNAL J

y /$405
READ OUT VIDEQ SIGNAL

——t 8406
MEMORY STORING PROCESSING

y : ¢ S407
OUTPUT PHOTOELECTRIC CONVERSTON
ELEMENT DEACTIVATION SIGNAL

y 5408
VIEWPOINT OPERATION PROCESSING

Y 5 5408
CORNEA REFLECTION IMAGE
WATCHING PROCESSING

NO

»
-

EYEBALL ILLUMIN?TION IS NORMAL

S411 YES y s 343
AN Y OUTPUT EYEBALL ILLUMINATION
OUTPUT VAEWPOINT DATA ERROR STGNAL

Y

£S414

$412 Y
YES A INFRARED LIGHT POWER SOURCE
CONTINUE VIEWPOINT DETECTION TURNING-OFF SIGNAL

NO




cornea reflecti.on image at a plurality of positions, whi ch are

detected by said |ightness detection neans, th a reference val ue.
25 22. An apparatus according to cIa|n119 I
abnormal ity determ nati on neans determ nes an WEB%EE %ﬁgsiﬁ gai d
eyebal | illum nation means by t 35 -
conparing |ightnesses of the cornea r¢6/qgt|on [ at T AT Bl uRal ity
of positions, which are detected by sard | i ght ness det ecti on nmeans,

with a reference val ue.

- YES
aamax
?
. NO
S$505
YES
Pe>Pmax >
?
NO
S506
. YES
Pd>Pmax >
?
NO
S507
. YES
Pe<Pmin . >
?
NO
S508 .
] YES
- Pd<Pmin >
.; ?
SSOQ‘L NO SSlO\L il .
EYEBALL ILLUMINATION EYEBALL ILLUMINATION
IS NORMAL IS ABNORMAL

Y

END



5 ° 23. An apparatus according to claim19, wherein _sald
abnormality determ nati on neans determ nes an SFrorm Bkt oR—s i
eyebal | illum nation neans every time viewpoint

is perforned by sai d viewpoi nt detection neans|a pl uneq IFI:\BNHOHU her
of 10 tines. 24. An appar at us accor difjn mea G a|n119 ...... !
wher ei n said abnormality deter 'qﬁaFon nmeans : 5
said eyeball illum nation nmeans is ab when the 15 pr edet er mi ned
determ nation condition is satisfied the pr edet er mi ned nunber of
times consecutively in a plurality of nunmber of tines of viewpoint
det ection processi ng performed by said.viewpoi nt detection neans.
20 25. A video camera having a viewpoint detection

apparatus, conpri sing:

FIG. T7A

AG. 118

FIG. 11C

FlG. 11D




A) an el ectronic viewinder; B) eyeball illumnation neans for

il lum nating an eyebal | corresponding to a viewpoint on a screen of
25 said el ectronic viewinder; C) viewpoint detection nmeans
for detecting a vi ewpoi nt on the basis of afeernea—teflection inmage
- 36 - corresponding to |ight |rrad|atec BEPLM@EmEﬁb%htEby

said eyeball illum nation neans; / | i gipt ness nmejns
for detecting a | i ght ness of the2 yf’ nea refl ebatean ___________

E) abnormality determ nation nmeans for det efm = ity
in said eyeball illumnation means on the basis of the Ilghtness of

t he cornea

FIG. 13A

TLLUMINATION ERROR
/ /] v N\
: J

AG. 138 | |

Pd
A Pd=Pe+Dmax

FIG. 15 o

Pd=Pe-Dmax

»

» P&

Psref Poref



refTection | mage detected by said Iightness detection means; and

F) warning nmeans for displaying a warning of an abnormality on the
screen of said electronic viewinder when id abnorpality—
determ nati on nmeans determ nes that said eyeRgpl ACEMERT ISHEEDN] Means
I s abnormal . 15 ‘26. An apparatus accor g flrther
conpri sing power supply stopping neans1quhstoppL ly to
said eyeball illum nation nmeans when sai d dbrerpetity—detorFt ation
- means determ nes that said eyeball illum nation neans is abnornal
- 20 27. An apparatus according to claim 24, wherein sai d
abnormality determnatio ns 73 erm nes an abnormality in said
eyeball illum nation neaQEZE;, 2; conparing a ratio between |ightnesses

of the cornea

FLECTION IMAGE
(gg?%E%NEEPROCESSING START:)

: )r3901
S902 N
/f8903
S804 YES
| Pe-Pd>Dmax |
?
8965 NO
YES
‘Pe>Pmax >
?
S906 No
YES
Pd>Pmax
?
S907 NO
YES
Pe<Pmin — >
? .
08 S A
59 ) YES
Pd<Pmin >
?
8909~{ NO 8910~( i
NATION EYEBALL ILLUMINATION
%gEﬁékhAELLUMI IS ABNORMAL
v

4

A

END
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25"
by said lightness detection neans,
237 -

with a

sai d abnormality determ nation neans determ nes an T -
conpari ng
cornea refl ecty,omy mage at
whi ch are detected by said |ightne ngg
29. An apparatu

sai d eyebal |
| i ght nesses of the 5
posi tions,

&%;Pe?nreference Valf%«:i_ 765

CORNEA REFLECTION I
WATCHING PROCESSING

I 1l um nation neans by

reflection image at a plurality of positions,

28. An apparatus according to cIa|n124 wher ei n

whi ch are
r ef erence val ue.

—abhnornal

ﬁ%ﬁmﬁm Maﬁj

-------------------

%%ﬁ%%ﬁans J

hnrrl ALY

det ect ed

24,

/;31101
S1102
NO
/{31103
S1104
YES
IPe—PQ?DmaxI
51105 NO
YES
Pe>Pmax »
?
$1106 NO
YES -
Pd>Pmax >
?
$1107-~ NO
YES
Pe<{Pmin
?
- S$1108 NO
YES
Pd<Pmin
?
S1109 NO S1110 Y
Y E=0 N E=E+1
1 T
St
NO
E<bH
?
81112:1 YES 811131\ !
EYEBALL TLLUMINATION IS NORMAL EYEBALL ILLUMINATION IS ABNORMAL
- I

nd

3
END



1'()'" 'sai d abnor mal i ty determnation nmeans determ nes an -abnormality
in said eyebal | illum nation means by conpari=ng esse8-ah—t he

cornea reflection i mage at a plurality of pof |ﬁmmgm1c§“gme]
detected by said | i ght ness detection neans, ue.

15 Qecf apatus according to clai m 2, pabel e fo0 =% S d
abnormality uéLgF?rﬁg%?'E§UG§E§:§§§32§%§§§_Fhat Sa-g—eyrels

i |1 unination ggggggéa RORERES predet er ni ned det er ni nati on
condition is %gﬁhw&ﬁerm ned nunmber of times

consecutively in an rtber of tine

f
det ecti on pr 08€8§|’“ﬁ‘@i§é’r P&%\?B‘lﬁ? 397y ofi &XFHA O&é;{ WF‘S‘:ifritﬁ‘é’ans

is performed by a computer on the basis of the output

level, i.e., lightness of a cornea reflection image.

5 When an abnormality is determined, a display indicating
it is made and a warning is given. At the same time,
power supply for eyeball illumination is stopped. The -
abnormality determination of éyeball illumination is
performed by comparing the output level of a cornea

10 reflection image with a predetermined reference value
or comparing the output level ratio or difference of
the cornea reflection image with a predetermined

reference wvalue.



