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Field of the l'nvention 5 The RERIAGED | n ion relates to a
V|emp0|nt detecting device. Rel un rt | nmage equi pnent suéﬁ'as
vi deo canera have shown remarkabl e progresslin recent years,

smal | er 10 size and nore diversified functions. Along with such
progress, for the purpose of reducing the cunbersone operations associ ated
wi th such diversified functions and of achieving the operation intended by
the operator, there is being i RiyeRAIGEH Dakelting YePMREi Nt detecting

devi ce enabling the-<execution of various functions and the control of
various operati-ons By the viewpoint of the operator. Such viewpoint
detecting device, for exanple in case of a canera such as a video canera,
enabl es BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to a viewpoint
detecting device.
Related Background Art

Image equipment such as video camera have shown
remarkable progress in recent years, toward a smaller

10 size and more diversified functions.

Along with such progress, for the purpose of
reducihg the cumbersome operations associated_with such
divepsified functions and of achieving the operation
intended by the operator, there is being introduced the

15 viewpoint detecting device enabling the execution of
various functioﬁs‘and the con;rbl of various operations
by the viewpoint of the operator.

Such viewpoint detecting device, for example in
case of a camera such as a video camera, enables

20 focusing to a position watched by the operator or
functions as a switch for executing any of the
functions when a corresponding index mark is watched by
the operator.

In the following there will be explained an-

25 example of the video.camera in which, as previously
propose¢ by the applicant, the viewpoint detecting

device is utilized for lens focusing and zooming.



20 focusing to a position watched by the operator or functions as a
switch for executing any of the functions when a correspondi ng i ndex nmark
is watched by the operator. In the following there will be explained an 25
exanpl e of the video canera in which, as pre%iously proposed by the
applicant, the viewpoint detecting device is utilized for |ens focusing and
zoom ng. -2- The video canera proposed by the present applicant has the
vi ewpoi nt i nput function by a viewpoint detecting device provided in the

Yl O 8oL, 5 B R AR v G T
object at the vi giditHe Viehiidint NYPut MR AN by a viewpoint
detecting device provided in the view finder, for
achieving zooming operation by selecting zooming marks
5 "TELE" and "WIDE" displayed on the finder image area
and focusing to an object at thg viewpoint on said
finder image area.
In the following there will be explained the
principle of viewpoint detection in the viewpoint
10 detecting device proposed by the present applicant.
Figs. 1C and 1D are respectively a plan view and a
lateral view showing the principle of viewpoint
detection.
Referring to Figs. 1A to 1D, light sources 706a,
‘15 706b composed for example of infrared light emitting
diodes (IRED), emitting infraréd light insensitive to
the observer, are positioned substantially symmetrical
in the x (horizontal) direction with respect to the
optical axis of a imaging lens 711 (cf. Fig. 1C) and
20 somewhat lower in thg y (vertical) direction.(cf. Fig.
1D) and effect diverging illuﬁination on the eye of the
observer. A part of the illuminating light reflected
by the eye 708 is focused by the imaging lens 711 onto
an image sensor 712. Fig. 1A approximately shows the
25 image of the eye projected on the iﬁage sensor 712, and
Fig. 1B is a chart showing the output intensity of the

image sensor 712.



In the followng there wll be explained the principle of viewoint
detection in the viewoint 10 detecti ng device proposed by the present
applicant. Figs. 1C and 1D are respectively:ﬁ.plan view and a lateral view
showi ng the principle of viewpoint detection. Referring to Figs. 1A to 1D
| i ght sources 706a, 15 706b conposed for exanple - of infrared |ight
emtting diodes (IRED), emtting infrared light insensitive to the
observer, are positioned substantially symretrical in the x (horizontal)

direction with respeciNdw thee pHilncigled ¥t vikwpoliiBgdBgebensn/#iliche Fi 9.
1C) and 20 somewhat lower in they (vertical) direction (cf. Fig. 1D)
and effect diver gxpjainedrwidih ceferenve ape thesehdrakiagser. A part of the
illumnating |ight reflected by the eye 708 is focused by the imaging | ens
711 onto an i mage senddr fArst Fiigp the hopisontailcpblanpowthehdngfaredi nage
of the eye projected on the i mage sensor. 712, and Fig. 1B is a chart

showi ng t he out pd‘f"% qumt)gq) nof. the light source 706b illuminates,

5 as shown in Fig. 1C, the cornea 710 of the eye 708 of
the observer. A corneal reflected image 4 (false
image) formed by the infrared light reflected on the
surface of the cornea 710 is condensed by the imaging
lens 711 and is focused on a position d' on the image

10 sensor 712. Similarly a corneal reflected image e
(false image) formed by the infrared light reflected on
the surface of the cornea 710 is condensed by the
imag{ng lens 711 and is focused at a position e' on the
image sensor 712.

15 Also light beams from edges a, b of the pupil 701,
surrounded by the iris 704 (Fig. 1lA) are focused,
through the imaging lens 711, at positions a', b' on
the image sensor 712. In case the rotation angle 0 of
the optical axis of the eye 708 is small relative to

20 the optical axis of the imaging lens 711, there can be
determined, on the image sensor 712, a plurality of the
x-coordinates'xa, xb of the edges a, b of the pupil
701, as indicéted'by marks x in Figs. 1A to 1D. Thus,
the center xc of the pupil is calculated, utilizing the

25 minimum square method on circle.

On the other hand, the rotation angle 6x of the'

eye 708 relative to the optical axis can be represented



| mge sensor 712. -3- Now the principle of viewpoint detection wll be
explained with reference to these drawings. At first, in the horizontal

pl ane, the infrared light emtted fromthe |jght source 706b illum nates,
as shown in Fig. 1C, the cornea 710 of the eye 708 of the observer. A
corneal reflected image d (false inage) forned by the infrared |ight
reflected on the surface of the cornea 710 is condensed by the imging | ens

711 and is focused on a position d on the inage 10

Simlarly a corneal dfiifd edhdiBOSdfy (Wi & ddTRUThalke!

sensor
dolgy

light reflected on the surface of the cornea 710 I's condensed
I magi ng | ens 711 AargF icurhaiad o thedd @drned 7@0:0n the i nage sensor 712.

oc * sinBx = xc - xO

712.
e°chilkesr o

(1)

Also xo can be determined in the following manner,

5 in consideration of a predetermined correction value 5x

at the center k of the corneal reflected images d and

e:
Xk = (xd + xe)/2
X0 = (xd + xe)/2 + 6x (2)
10 6x is a value geometrically determined from the

method of installation of the device, distance to the

eye etc. but the method of such determination will not

be explained further.

By substituting (1) in (2), 6x can be determined

15 as:

O0x = arcsin[[xc - {(xd + xe)/2 + 8x}]/oc] (3)

Also the coordinates of the feature points

projected on the image sensor can be defined, with

prime('), as follows:

20 6x = arcsin[[xc' - {(xd' + xe')/2 + &x'}]/oc/Bl (4)

wherein B is a magnification determined by the eye

distance sze to the imaging-lens 711 and obtained in

practice as a function of the distance |xd' - xe'| of

the corneal reflected images.

25 In the vertical plane, there is obtained a

configuration as shown in Fig. 1D. The corneal

reflected images formed by the two IRED's 706a, 706b

5



15 . Al so light beanms fromedges a, b of the pupil 701, surrounded by
the-iris 704 (Fig. 1A) are focused, through the imaging |lens 711, at

b' on the imge sensor 712. In. case the rotation angle [err]
of the optical axis of the eye 708 is small Trelative to 20 the opti cal
axis of the imaging lens 711, there can be determ ned, on the inmage sensor
712, a plurality of the x-coordinates xa, xb of the edges a, b of the pupi
701, as indicated by marks x in Figs. 1A to 1D. Thus, the center xc of the
pupi | is cal cul abee, inf il isameg posd tibn yili NTHYNT6648i6n "BAGLE @9 6£'Cl e.

positions a',

On the ot her

hand,

the rotation angle [err]x of the eye 708 relative to the

optical axis cantbe eygr @#98ncen be calcmiatelll bnsa similarngahheér as in

x-coordi nate xo of the center o of curvature of the cornea 710:
the horizontal plane, except for the equation (2) which

10

15

20

25

is replaced by the following equation (5) defining the

y-coordinate yo of the centér o of curvature of the

cornea:

yo = yi + &y (5)

wherein 8y is a value determined geometrically from the

method of installation of the device, the distance to

the eye etc. but the method of such determination will

not be explained further. Thus the rotation angle 6y

in the vertical direction can be represented as:

6y = arcsin[{yc' - (yi' + &y')}/oc/p] (6)

wherein yc' is the vertical coordinate of the pupil

center on the image sensor.

Also the coordinate (xn, yn) of a position on the

finder image area of the video camera can be defined,

with a constant m determined by the view finder optical

system, as follows in the horizontal and vertical

planes:
xn = m * arcsin[[xc' - {(xd' + xe')/2 + &x}]/oc/B]
(7)
yn = m * arcsin[{yc' - (yi' + Gy')}/oc/ﬁ] (8)

As will be apparent from Figs. 1A and 1B, the

detection of the pupil edges utilized an upshift (xb')

and a down-shift (xa') of the output waveform of the

image sensor. Also the coordinates of the corneal



oc * sinferr]x

= XC- XO (1) Also xo can be

determ ned in the foll owi ng manner, 5 I n consideration of a
predeterm ned correction value [err]x at the center k of the corneal
reflected images d and e: xk = (xd + xe)/2 Xo = (xd + xe)/2 + [err]x

(2) 10

[err]x is a value geonetrically determ ned fromthe method
of installation of the device, distance to the eye etc. but the nethod of
such determ nation will not be explained further. By substituting (1) in

(2), [err]x can beflettedl DedgdSd are agetéffiined -bylsgdry [upshift{xd xexe)/ 2

+ [err]x}]/oc]

(3) Also the coordinates of the feature points

projected on thexdhhge sensor can be defined, with prinme('), as foll ows:
= arcsin[[xc' - {(xd" + xe')/2 + [err]x"}]/oc/[err]] (4) wherein
i s a magni fi cat Tenthiet fohloetngythexe ¢yll be explained a

[err]x
[err]

5
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viewpoint switch as an example of the viewpoint
detecting device utilizing the above-explained
principle.

Fig. 2 is a schematic block diagram of a wvideo
camera with viewpoint switch function.

The video camera shown in Fig. 2 is providéd with
a phototaking lens system 401 including a zoom lens for
taking the image of an object; a view finder 403
COntaining a finder image area 402 for observing the
object to be taken by the phototaking lens system 401;
an eyepiece lens 404 provided in front of the view
finder 403; viewpoint detecting means 406 for detecting
the viewpoint of an eye.405 o? the photographer; a
display circuit 407 for displaying, on the image area
402, an AF frame approximately showing the focusing
area, viewpoint switch marks to be explained later and
other information such as tape counter and phototaking
mode, required for the photographer; a system control
circuit 408 for controlling various parts of the
camera; a memory 409 for memorizing ?be coordinate
values of the viewpoint switch marks on the finder
image area; and an adder 410 for adding the outputs of
the phototaking lens system 401 and the display circuit
407.

20



di stance sze to the inaging |l ens 711 and obtained in practice as a function
of the distance |xd" - xe'| of the corneal reflected images. 25 In
the vertical plane, there is obtained a con%pguratlon as shown in Fig. 1D.
The corneal reflected inmages fornmed by thé t'wd | RED s 706a, 706b -5- are
In a sane position yi. The rotation angle [err]y of the eye 708 can be
calculated in a simlar manner as in the horizontal plane, except for the
equation (2) which is replaced by the follow ng equation (5) deflnlng the 5

y-coordi nate yo of thwhéeabebeoméﬁtiaﬁéatUiéw?&iﬁ@ﬂdéééé%ﬁh gYReandi e
[err]y wherein [err]y is a value

determi ned geoneprovafled it aheinfrasddolighttahi eting dloddede@vise, the
di stance to
irradiating the eye 405 of the photographer with
infrared light; a dichroic mirror 461 transmitting the
5 visible light but reflecting the infrared light; a
condenser lens 462 for condensing the.infrared light
reflected by said dichroic mirror 461; a photoelectric
converting element 463 for converting the infrared
light, condensed by said condenser lens 462, into an

10 electrical signal; and a viewpoint detecting circuit
464 for determining the viewpoint watched by the
photographer on the finder image area, based on the
image of the eye 405 of the photographer on said
photoelectric converting element 463.

15 As the dichroic mirror 461 transmits the visible
light, the photographer can observe the finder image
area 402 through the eyepiece lens 404. Also as the
dichroic mirror 461 reflects the infrared light, the
reflected image of the eye 405, irradiated by the

20 infrared light emitting diode 460, is condensed by the
-condenser lens 462 and focused on the photoelectric
converting element 463.

The viewpoint detecting circuit 464 determines the
viewpoint of the photographer on the finder image area

25 402, based on the image of the eye 405 on the
photoelectric converting élement 463, according to the

above-mentioned principle or an algorithm disclosed in



10 the eye etc. but the nethod of such determination will ‘not be

expl ained further. Thus the rotation angle ey in the vertical direction can
be represented as: [err]y = arcsin[{yc' - (%i' + 8y')}/oc/[err]]

(6) wherein yc' is the vertical coordinat& 9f the pupil 15 center on the
| mage sensor. Al so the coordinate (xn, yn) of a position on the finder

I mge area of the video canera can be defined, with a constant m determ ned
by the vieM/finder optical system as follows in the horizontal and

verti cal ﬁl?é‘e.f? pdikese maté{ﬁ%i%cilﬁen (ﬂ d.Lca'tl:f&ﬁlQ host,

[err]x}]/oc/[er yn = m?* arcsin + [err]y’ )}/oc/[err]]
8) As wll be mmngquaﬁdcmaiézﬁazﬂA and 1B, the 25 detecti on of the
pupi | edges utilized an upshift (xb') and a down-shift (xa') of the output

wavef orm of the i nagelssettsorfolAoaind etans diild de expliened s

functions of the ﬁiewpoint switch provided in the view
5 finder 403 of the video camera equipped with the
viewpoint detecting device.
An example of the display on the finder image area
402 is schematically shown in Fig. 3.
As shown in Fig. 3, there is display a menu
- 10 consisting of index marks 50la, 501b, 50l1c represented
by alphabets "W", "T" and "F" and indicating mutually
different operations. For example "W" indicates the
zooming operations toward the wide angle side, while
"T" indicates that toward the telephoto side, and "F"
15 indicates the fading operation. A numeral 502 at the
lower right corner does not have the switching function
but indicates, for example, a date.
In the following there will be explained an
example of the function of the system control means
20 408, with reference to a flow chart shown in Figs. 4A
and 4B. Groups of céordinates of predetermined ranges
includihg the visual switch index marks are memorized
in a memory 409, and each group of coordinates includes
all the coordinates within the range of each index mark
25 shown in Fig. 3. These groups afe represented for
example by a, B and Y respectively for the zooming

toward the wide angle side, the zooming toward the



-6- ref|ected images are determ ned by sharp upshifts (xe', xd'). In the
followng there wll be explained a viewoint swtch as an exanple of the
vi ewpoint 5 detecting device utilizing the above-expl ai ned principle.
Fig. 2 is a schematic block diagramof a VI &G canmera with vi ewpoi nt switch
function. The video canera shown in Fig. 2 is provided with 10 a
phot ot aki ng | ens system 401 including a zoomlens for taking the inmge of
an object; a view finder 403 containing a finder imge area 402 for

observing the objggl fgﬁﬁtiﬁ%fr%ﬁ ttct)%e fglaq_t,ﬁt.ak'?ggfg_ggi s%ﬁgﬁggﬁgl_; an

eyepi ece | ens 404 provi _ the virew hder vi ewpoi nt
detecting means HiefrOlsuppiI8e itd1&H &g Ramdlra0fisaBuenea48a eEtkpe

phot ogr apher; a
S601), variables £, m and n are reset to zero (S602),
whereby the viéwpoint switches are made ready. The
5 variables £, m, n respectively indicate the numbers of
coincidences of the viewpoint of the photographer with
ar"’ of the coordinates of the groups a, B and y; While
the photographer looks into the view finder and the
viewpoint detection is executed properly (S603), the
10 system control means 408 continuously receives the
coordinate of the viewpoint of the photographer on the
finder image area 402, from the viewpoint detecting
circuit 464.
In the following thére will be explained, as an
15 = example, the functions when the photographer watches
the wide angle index mark "W". When the coordinate of
the vieﬁpoint approximately coincides with any of the
coordinates in the group a (S604), the system control
means 408 ferminates any function other than the
20 zooming operation toward the wide angle side (S636),
then resets the variables m, n to 0 (S605)
discriminates whether the vériable £ is at least equal
to a predetermined number (5 in the present example)
(S606), and, if less, adds 1 to £ (S608). Then there
25 is again discriminated whether £ is at least equal to 5.
.(8609), and, iflless, the sequence returns to the step

S603 to receive the coordinate of the viewpoint from



display circuit 407 for displaying, on the i mage area 402, an AF frane
approxi mately showi ng the focusing area, viewpoint swtch nmarks to be
expl ai ned | ater and 20 ot her infornatioggiuch as tape counter and

phot ot aki ng node, required for the photogr

e€r; a systemcontrol circuit

408 for controlling various parts of the canera; a nenory 409 for
menori zing the coordi nate val ues of the viewpoint swtch marks on the
finder 25 i mage area; and an adder 410 for adding the outputs of the

phot ot aki ng | enstgy sy £8wP8inBndetEEL h§Pboyceit Cabd, 407.

-7- The

above-nenti oned vi ewpoi nt detecting neans 6 is provided with an infrared
light emtting di ode @A0therothendhand it htheyeteld S609 tidemtios g apher

with infrared light; a dichroic mrror 461 transnmtting the

that ¢ is at least to 5, the zoom lens is shlfted

toward the wide angle side, and the sequence returns to

5 the step S603 to receive the coordinate of the

viewpoint again. If the step S606 identifies that £ is

at least equal to 5, the sequence jumps to a step S611.

Even when the coordinates of the group a, if the

coordinate of the viewpoint moves outside the group a

10 before the number of coincidences reaches 5, the

variable 2 is reset to zero (S613, S621, S628). A

similar procedure is executed also when the index mark

wpn or "F" is looked at.

In the above-explained configuration, however, if

15 the pupil is covered by the eyelid because of the

inclination of the face of the photographer or of the

eye movement, there cannot be obtained a plurality of

the coordinates of the edges a, b of the pupil 601

shown in Figs. 1A and 1B, so that the coordinate (xc,

20 yc) of the pupil center can no longer be calculated, or

contains a significant error even if it can be

calculated, as will be explained further in the

following.

Fig. 5 shows, as an example, a situation where the

25 upper eyelid 804 partly covers the pupil so that the

coordinates can only be obtained from the lower part of

the pupil edge 801. 802 and 803 are corneal reflected



5 visible light but reflecting the infrared |light; a condenser |ens 462
for condensing the infrared light reflected by said dichroic mrror 461; a
phot oel ectric converting el enent 463 for converting the infrared |ight,
condensed by said condenser |ens 462, into ln-10 el ectrical signal; and
a viewpoi nt detecting circuit 464 for determ ning the viewpoint watched by
t-he phot ographer on the finder inage area, based on the i mge of the eye
405 of the phot ographer on said photoel ectric converting el ement 463. 15

As the dichroic .é [or églgt‘er a&z@égﬁé@lﬁcgg siab§| %,éigh%%edt g?\ RRQL ogr apher

can observe the TiTrder 1rhege ar rough eyepl ec ens 404. Al so

as the dichroic fgfé%éjérﬁé}]p%ﬁ%ﬁﬁeiébt I}@odl, gé@r‘.&d #d;réﬁﬁlidexl he dfd ed i mage

of the eye 405, irradi rared emtting diode 460,
i s condensed by ddeeSRIWIENS OEhd hsp D% 10 SQfe ¥yd fl%na?@&@ﬁ's‘%féﬁ' c

converting el enent 463. The viewpoi nt detecting circuit 464 determ nes the
state, for example where the pupil edges can be

5 detected in only two points in the lower part of the
eye as shown in Fig. 6. As the pupil edge is detected
in only two points, there can be considered many
circles such as 902 and 903 that pass these two points
and it is not possible to determine the pupil which is

10 represented by a broken-lined circuit 901.
. Also even if more than two points can be defined

on the pupil edge (as indicated by marks x in Fig. 7),
but if a fluctuation exists in these points as shown in
Fig. 7, the calculated pupil may become larger, as

15 indicated by 1002, or smaller than the actual pupil
1001 because the upper edge is not available. Thus the
viewpoint detection based on the information of thus

calculated pupil may result in a significant error.

20 SUMMARY OF THE INVENTION
In consideration of the foregoing, a first object
of the present invention is to provide a viewpoint
detecting method and a device therefore, capable of
correcting the above-explained pupil information
25 thereby reducing the error in the viewpoint detection.
A second object of the present invention is to

provide a viewpoint detecting device capable of



vi ewpoi nt of the photographer on the finder inage area 25 402, based on
the image of the eye 405 on the photoel ectric converting el enent 463,
according to the above-nentioned principlel%b an al gorithmdisclosed in

t he Japanese Patent Lai d-open Applications S. 01- 241511 and 02-32312. In
the followng there will be explained the functions of the viewoint switch
provided in the view 5 finder 403 of the video canera equi pped with the
vi ewpoi nt detecting device. An exanple of the display on the finder inage

area 402 is sches@pprassing E¥ndidn bf ToedtiON drtdrl &nd3 rddu@itg S

di splay a nenu 10 consi sting of index marks 501a, 501b, 501c represented
by al phabets "W+¢he Bremd if thedviewbaiit riptaduidd.y different operations.
For exanple "W indicates the
A third object of the present invention is to
provide an image pickup device capable of suppressing
5 formation of the correction error and reducing the
error in the viewpoint detection, even under a
situation where the diameter of the pupil of the
photographer varies frequently.
A fourth object of the present invention is to

10 provide a viewpoint detecting device capable of
reducing the measurement error in the calibration for
personal fluctuation in the deviafion between the
inclination angle of the eye and the visual axis,
specific to each person.

15 The above-mentioned objects can be attained,
according to a preferred embodiment of the present
invention, by a viewpoint detecting method of
irradiating the eye of the user with light from a light

. source, detecting the position of the viewpoint of the

20 eye from the reflected image thereof and calculating
the viewpoint of the line of sight of the user,
wherein, in case the calculation of said viewpoint is
'conducted properly, the information representing the
positional relationship of the corneal reflected image

25 and the pupil or the iris is stored in memory means,
and, in case said calcuiation of the viewpoint is not

conducted properly, said information employed in the



zooni ng, operations toward the wi de angle side, while "T" indicates that
toward the tel ephoto side, and "F' 15 i ndi cates the fading operation. A
nuneral 502 at the | ower right corner does not have the switching function
but indicates, for exanple, ‘a date. In the 8/ Fowing there will be
expl ai ned an exanple of the function of the system control neans 20 408,
with reference to a flow chart shown in Figs. 4A and 4B. G oups of

coordi nates of predeterm ned ranges including the visual switch i ndex marks

Ced i ' N |1
e ) e, Godubagt ovada 3 coRsgbthgs sk |
These groups ar e £RRr A Gibricly MEAHY k) the' Ehichehtiofndel ehel -

respectively for the zoom ng toward the wi de angle side, the zoom ng toward
t he - 9- viewpoint is conducted anew with said correcting

information.

5 | Also according to a preferred embodiment, there is
provided a viewpoint detecting device in which the eye
of the user is irradiated by light from a light source,
the relative positional relationship between the
corneal reflected image and the pupil or the iris is

10 detected and the viewpoint of the line of sight of the
user is calculated based on said.positional
relationship, comprising memory means for storing
information representing said positional relationship
in case said viewpoint calculation is conducted

15 properly, and calculation means for reading, in case
said viewpoint calculation is not conducted properly,
said information employed in the preceding calculation
as correcting information from said memory means and
effecting the viewpoint calculation anew with said

20 correcting information.

Also according to a preferred embodiment, there is
provided a viewpoint detecting device wherein said
memory means is adapted to always store latest
information, and said calculation means is adapted to

25 utilize said latest information as said correcting
information.

Also according to a preferred embodiment of the



tel ephoto side and the fading. At first, when the power supply to the video
canmera is turned on (step S601), variables [err], mand n are reset to zero
(S602), whereby the viewpoint switches are de ready. The 5 vari abl es
[err], m n respectively indicate the nuﬁbégg'of coi nci dences of the

vi ewpoi nt of the photographer with are of the coordi nates of the groups
[err], [err] and [err]. \Wile the photographer |ooks into the view finder
and the viewpoint detection is executed properly (S603), the 10 system

control means 4Q%3dxHt NHRMHLAOEC AN e predideRahf 2mabBe piicRiypoi nt of
t he phot ographer on the finder inage area 402, fromthe viewoint detecting

circuit 464. |ndkddelgraovided hdeh & Midkpodingl aetedting aevite inexanpl e,
t he functions when t he photographer watches the wi de angle index mark "W.
When t he coordi ndiishoftlicheye efpdhe umepr ds daraljiatednbydédghitt framy aof
the coordinates in the group a (S604), the systemcontrol neans 408

term nates any fldght @oundesr thearelipfive positional relationship

5 between the corneal reflected image and the pupil or
the iris is detected and the viewpoint of the line of
sight of the user is calculated based on said -
positional relationship, comprising memory means for
storing said positional relationship employed in case

10 said viewpoint calculation is conducted properly and
luminance information of the taken image in this state,
light amount detecting means for detecting the
luminance of said taken image, and calculation meané
for reading, in case said viewpoint calculation is not

15 ‘conducted properly,.the luminance information obtained
from said light amount detecting means and the
corresponding information representing said positional
relationship as cofrecting information from said memory
means and effecting viewpoint calculation anew

20 utilizing said correcting information.

Also according to a preferred embodiment of the
present invention; the above-mentioned viewpoint
calculation is executed at the measurement of personal
difference information for calibrating the personal

25 fluctuation for example the deviation between the
inclination angie of the eye and the visual axis,

specific to each person.



20 zoom ng operation toward the wi de angle side (S636), then resets the
variables m n to O (S605) discrimnates whether the variable [err] is at

| east equal to a predeterm ned nunber (5 in the present exanple) (S606),
and, if less, adds 1 to [err] (S608). Then there 25 i s again
discrininated whether [err] is at least equal to 5 (S609), and, if |ess,
the sequence returns to the step S603 to receive the coordinate of the

vi ewpoi nt from -10- the viewpoint detecting circuit 464. On the other

nand, 1 the step Sc08cifenbLhbesobiaLel ShEl che Bloddelitferiidde 209

lens ts shifted towar € an st de € sequence retutrns

Lhe step S603 togp Scfféiﬁui@é Eﬂ@féb?atﬁifi Baéo.\{éefmyt ﬁ&é’féht'fréd?e step
S606 identifies t err] is at leaSt equal to t he sequence junps to a
step S611. the following description which is to be taken in

conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D are views showing the principle of
viewpoint detection:;

Fig. 2 is a block diagram of a vieWpoint detecting

10 device;
Fig. 3 is a schematic view of viewpoint switches
utilizing the viewpoint.detecting shown in Fig. 2;
.Fig. 4 which comprised of Figs. 4A and 4B is a
flow chart showing the control sequence of a viewpoint
15 switch;

Figs. 5 to 7 are views showing the drawback of the
device shown in Fig. 3;

Fig. 8 is a block diagram of a viewpoint detecting
device constituting a first embodiment of the present |

20 invention;

Fig. 9 which comprised of Figs. 9A and 9B is a
flow chart showing the control sequence of a viewpoint
detecting device of the first embodiment of the present
invention;

25 - Fig. 10 is a schematic view showing the viewpoint
calculation process in the first embodimeht of the

present invention;



Even when the coordinates of the group a, if the coordinate of the

Vi ewpoi nt noves outside the group a 10 before the nunber of coincidences
reaches 5, the variable [err] is reset to zeéo (S613, S621, S628). A
simlar procedure is executed al so when tTel§ rdex mark "T" or "F" is |ooked
at. In the above-expl ained configuration, however, if 15 the pupil is
covered by the eyelid because of the inclination of the face of the .

phot ographer or of the eye novenent, there cannot be obtained a plurality

of the coordinates of rife e00RRi8n Bomprisea PPk i1 FIOWMh Mk 95 A and

1B, so that the coordinate (xc, 20  yc) of the pupil center can no Tonger
be cal cul ated, oflewnthant showingfth@ntoRtrel So@iende df @8 point
calculated, as will be explained further in the follow ng. Fig. shows, as

an exanpl e, a sidetéecthnghdeeithecastitupihng =®ysddcchdEnyrdinent®ers the
pupil so that the coordinates can only be obtained fromthe | ower part of

the present invention;

5 Fig. 12 is a block diagram of a part of a
viewpoint detecting device constituting a third
embodiment of the present invention;
Fig. 13 is a schematic view of a memory in the
viewpoint detecting device of the third embodiment of
10 the present invention; and

Fig. 14 is a schematic view showing the principle

of measurement of personal difference information.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Fig. 8 is a block diagram of a vidéo camera
constituting a first embodiment of the present
invention, wherein components equivalent in function to
those in Fig. 2 are represented by same symbols and
will not be explained further. The circuit shown in

20 Fig. 8 additionally contains a memory 465. In the
following there will be explained the process executed
by the viewpoint detecting circuit 464.

At first, when the user activateg the viewpoint

input function, a viewpoint detecting operation is

25 repeated for every predetermined time interval T.

After the user starts the viewpoint input function, the

memory 465 stores a predetermined number of pupil



t he pupil edge 801. 802 and 803 are corneal reflected | mges of the

| i ght sources, as explained in the foregoing principle. Now |let us
consider a case of determ ning the pupil d%F fromthe eye imge in such
state, for exanple where the pupil edges T be 5 detected in only two
points in the |lower part-of the eye as shown in Fig. 6. As the pupil edge
Is-detected in only two points, there can be considered many circles such
as 902 and 903 that pass these two points and it is not possible to

Jotermne (he PUpldndbLed ca1dBiated SFEGR S bt P UK %q]dééa&g%ﬁgsre cui t

901. Al'so even | nore than two points ca dge (as
i ndi cated by marigex the ¥fewgoin®Udetdceidd Lbi‘éélaf.tu@\: Pdsibid) these

points as shown in Fig. 7, the cal cul ated pupil may becone |arger, as 15
i ndi cated by 1008&5@@]5@%&1 epupiBreddes asdniidt (Bidbtained or the
calculafed viewpoint is identified as erroneous for
5 example because of the aforementioned drawback, the
viewpoint detection is conducted again utilizing the
pupil diameter, stored in said memory 465, as
correcting information.
Figs. 9A and 9B show flowcharts of the above-

10 mentioned operation. When the user activates the
viewpoint detecting device (S201), a timer is started
(8202). .After the lapse of a predetermined time T
(s203), the timer is stopped and reset (S204), and the
viewpoint detection is started (S205). At first there

- 15 are conducted detection of the position of the corneal
reflected image (S206) and detection of the pupil edge
(S207), then there is discriminated whether the pupil
edges have been obtained in at least predetermined n
points (S208), and, if obtained, there are calculated

20 the pupil position (S209) and the viewpoint (S210).

If the calculated viewpoint is identified as an
error (S211), there is executed the process of a step
S212. If the viewpoint is not identified as an error,
the sequence proceeds to a step S215, and, if data are

25 not stored in the memory 465, storage is conducted
(S216). If the step S208 identifies that the pupil

edges are less than the predetermined n points or if



1001 because the upper edge is not available. Thus the viewpoint detection
based on the information of thus calculated pupil may result in a
significant error. 20 SUMVARY OF THE | | ON I n consideration of the
foregoing, a first object of the present TnVention is to provide a

vi ewpoi nt detecting nethod and a device therefore, capable of correcting

t he above-expl ained pupil information 25 t hereby reducing the error in
t he vi ewpoi nt detection. A second object of the present inventionis to

provide a vi ewpogne SEEECERND LM EEr Lo HN @r¥for, thel ZequiHyy €ssing
formati on of correction-error and reducing the error in the viewpoint

detection. A thipthededsttofthdestsrS2A2,) i)t i the hemoryy iabS Addsrage
pi ckup device capabl e of suppressing
not store the information on the pupil diameter, the
sequence returns to the step S205 to repeat the
5 detecting operatidn. If the memory 465 stores the
information of the pupil diameter, it is used as the
-correcting information, for calculating the pupil
position (S213) and the viewpoint is calculated (S214).
If the function of the viewpoint detecting device is
10 continued (S217), the sequence returns to S202.

In S211, the error in the viewpoint detection can
be identified( for example, in case the pupil diameter
calculated in the step S209 for determining the pupil
position is significantly larger or smaller than the

15 standard pupil diameter of human being, or in case_the
coordinate of the viewpoint calculated in the step $210
is positioned outside the viewfinder 402, 6r in case
the distance between the finder 402 and the eye,
calculated from the measurement of the corneal

20 reflected image in the step S206 is longer than a
predetermined value.

In the following there will be explained an
example of the step S213 for calculating the pupil
position, utilizing the correcting information in the

25 memory 465.

Let us cqnsider a situation where, as already

explained in the drawback of the pridr art, the upper



5 formation of the correction error and reducing the error in the

vi ewpoi nt detection, even under a situation where the dianeter of the pupi
of the photographer varies frequently. A fqurth object of the present
invention is to 10 provi de a vi ewpoi nt” a€t écti ng devi ce capabl e of
reduci ng the nmeasurenent error in the calibration for personal fluctuation
i n the deviation between the inclination angle of the eye and the vi sual
axis, specific to each person. 15 The above-nenti oned objects can

be attained, acoRlsifi 6 SRl GEIL LA L TR boyOleridl Gpies felsl eld on.

by a vi ewpoi nt detecting netho firra ng the eye of the user'mﬁt
light froma |iofHa®Othe puphel sdddtid b taavidd on1gyf inhenhd QWi ipadit.t he

20 eye fromthe reflected i mage thereof and cal cul ati ng the vi ewpoi nt of
the line of sigRefdriigg UseEighd®i rthe redirsd d detealted ait adhrele said
vi ewpoi nt i s conducted properly, the information representing the
points 301, 302, 303 by the edge detection. It is
5 assumed that the pupil 304, represented by a circle
estimated by minimum square method from these edge
points is larger than a predetermined pupil diameter.
In such case the pupil can be determined, with a
diameter stored in the memory 465, at a position
10 minimizing the sum of the squares of the disfances from
the points 301, 302, 303.

In an example of such calculation, the error for
the measured pupil edge (xi, yi) is represented by:

e = (xi - a)2 + (yi - b)? - ¢2 (9)

15 wherein (xi, yi) is the coordinate of the measured
pupil edge (i = 1, 2, 3), (a, b) is the center of the
pupil to be calculated, and ¢ is the radius of pupii,
obtained by division with 2 of the pupil diameter
stored in the memory 465. The sum E of the squared

20 errors for all the detected edges is represented by:

E = Je? = J[(xi - a)? + (yi - b)? - c?]? (10)
and the centrallportion (a; b) of the pupil is obtained
by solving simultaneous equations obtained by partially
differentiating the equation (10) with wvariables a, b.

25 As explained in the foregoing, in case the center

of the pupil cannot be calculated or the calculated

viewpoint involves a significant error even if the



positional relationship of the corneal reflected inmage 25 and the pupi

or the iris is stored in nenory neans, and, in case said calculation of the
vi ewpoi nt is not conducted properly, said infornation enployed in the -
13 - preceding calculation is read as correéfing information from said
menory neans and the cal culation of the viewpoint is conducted anew with
said correcting information. 5 Al so according to a preferred

enbodi ment, there is provided a viewpoint detecting device in which the eye

ggsfPfoﬁSFrrgfa{%%%g%%%%%%t thgﬁéfé%gkgg E%E%Pzggéé?fﬂégguégg%%hgepupi
or the iris is 1ggpildq%?EE&Ql§n@05Q&eﬁi%WQRi@Beogyémfdlhﬂg 98 %hgh%agg t he
user is calcul at base n saird positiona
inclination or the eye movement of the user so that the
pupil edges a, b cannot be obtained in plural points,

5 the viewpoint is calculated utilizing, as the
correcting information, the information required in
recognizing the preceding pupil position in which the
detection error was not identified'significént, and the
detection error can be reduced in this manner.

10 In the first embodiment explained above, if the
repeating interval T of.detection is sufficiently short
(for example the interval of the vertical
synchronization signal of the video signal), the image
. taken by the video camera and displayed on the view
15 finder is anticipated to have a high correlation
between the fields, so that the pupil diameter of the
user is also anticipated to have a high correlation in
the viewpoints different in time. Consequently, in a
second embodiment, the information of the pupil
20 diameter stored in the memory 465 in the first
embodiment is selected as the latest information before
‘the viewpoint detection error is identified. Figs. 11A
and 11B show the control sequence in said second
embodiment.
25 In Figs. 11A and 11B, the steps S201 to S214, S217
and S218 are same as those in the first embodiment

shown in Figs. 9A and 9B. In the flow shown in Fig.



rel ati onship, conprising nenory nmeans for storing information representing
sai.d positional relationship in case said viewpoint calculation is _
conducted 15 properly, and cal cul ation mgans for reading, in case said
vi ewpoi nt cal culation is not conducted properly, said information enpl oyed
in the preceding calculation as correcting information fromsaid nenory
nmeans and effecting the viewpoint cal culati on anew with said 20

correcting information. Al so according to a preferred enbodi nent, there is
provi ded a vi ewddiByt thes exteps) SRAG GndV8RIE nirs Fidy OB ARrememitted ahaipt ed
to always store latest information, and said cal cul ati on neans is adapted
to 25 utilizen sstep SR isfnewigt iastded. said correcting information.

Al so according to a preferred enbodi nent of the
The step S211A always renews the information of

the memory 465 whenever no error is identified in the
5 viewpoint detection, regardless whether the pupil
diameter is stored in the memory 465. Other functions
are same as those in the first embodiment. Thus the
correcting information consists of the latest
information of the pupil diameter, before the viewpoint
10 detection error is identified.

Thus the second embodiment can reduce the
detecfion error of the viewpoint while suppressing
gene;ation'of a correction error, by employing, as the
correcting information, a pupil diameter, which has a

15 high correlation with the pupil diameter when the
viewpoint detection error is identified.

In phototaking with the video camera of the first
embodiment, some objects may frequently vary their
light amount. Also light and dark objects fields are

20 often taken in mixed manner for example by a panning or
tilting operation. In such situation, the luminanse of
the image in the view finder varies according to the
luminance of the object to be taken, so that the pupil
diameter of the user also varies frequently. In such

25 case, as the correcting information, there is employed
a pupil diameter employed in the viewpoint detection of

an image of which luminance is as close as possible to



- 14 -, present invention, there is provided an i mage pi ckup device provided
with a viewpoint detecting device in which the eye of the user is
irradiated by light froma |ight source, tgg rel ative positiona
relationship 5 bet ween the corneal refl®tted i nrage and the pupil or the
iris is detected and the viewpoint of the |line of sight of the user is

cal cul at ed based on said positional relationship, conprising nenory neans
for storing said positional relationship enployed in case 10 sai d

vi ewpoi nt cal cUlaLiOB s $neOLAHGEEHRRRORRE! ¥18RFot BT 88056¢1 85 06 FBbLORS Of
the taken image in this state, "Iight anmount detecting neans for detecting

the Ium nance ofigeatdftiaken i nage, and cal cul ati on neans for reading, in
case said viewpoint calculation is not 15 conducted properly, the
| um nance i nfornmati oright a2nee¢ &r bioeki dibggam afivanthiled eembodimeats and
the corresponding information representing said positional relationship as
correcting i nfooffathenpresentaidveation, wherein components
5 corresponding to those in Fig. 8 are represented by
same symbols. Newly added light amount detecting means
466 can be AE (auto exposure) means provided in the
phototaking lens system 401 of the video camera, or may
be composed separately or a phototransistor or an image
10 senéor for measuring the amount of light entering the
video camera. The memory 465 stores the light amounts
of the images and the pupil diameters in the past k
cycles where the viewpoint detection was possible.
The number k can be selected arbitrarily. If a
15 viewpoint detection error, due to a detection error in
the pupil position, is identified, the viewpoint
detecting circuit 464 obtained the luminance of the
currently taken image from the light amount detection
means 466 and reads, from the memory 465, the pupil
20 diameter of an image of which luminance is closest to
the above-mentioned luminance. An example of the
content of the memory 465 is shown in Fig. 13.
An area 601 stores averaged IRE values of
different frames as the image luminances, while an area
25 602 stores the pupil diameters (in the unit of 0.1 mm)

corresponding to the respective image luminances. If

the luminance of the image taken when the above-



means and effecting viewpoint cal cul ati on anew 20 utilizing said
corr.ecting information. Al so according to a preferred enbodi nent of the
present invention, the above-nentioned viewpoint calculation is executed at
t he measurenment of personal difference infol@ation for calibrating the

personal 25 fluctuation for exanple the deviation between the
I nclination angle of the eye and the visual axis, specific to each person.
- 15 - Still other objects of the present invention, and the features

et 11 SRR Y R O R oUW SRR OTR 1 1

OF THE DRAW NGS pupil diameter of 75 (x 0.1 mm) is employed as the
correcting information. Other components in Fig. 12
‘function same as in Figs. 1A to 1D.

5 The above-explained third embodiment allows to
reduce the error in the viewpoint detection and the
error in correction, even under a situation where “the
pupil diameter of the user varies frequently.

A fourth embodiment effects, in the viewpoint
10 detection explained above, calibration for correcting
the personal fluctuation, such as the deviation between
the inclination angle of the eye and the visual axis,
specific to each user.
Fig. 14 shows an egample of the display on the
15 finder image area 402 for effecting the calibration,
wherein two index marks 411, 412 are displayed in two
points on the finder image area 402. The user watches
the marks 411, 412 in succession for effecting the
viewpoint detection, and the information on the
20 personal fluctuation is obtained from the deviations
bétween the coordinates of the index marks on the image
area 402 and the measured coordinates of the
viewpoints.
For example, in watching the lower mark 412 on the
25 image area 402, the eye is directed downwards to tha; a
part of the pupil may be covered by the eyelid and the

_pupil position may not be identified. In such case the



Figs. 1A to 1D are views showi ng the principle of viewoint detection; Fig.
2 is a block diagram of a viewpoint detecting 10 device; Fig. 3 is a
schematic view of viewpoint swtches utili%%pg_the vi ewpoi nt detecting
shown in Fig. 2; Fig. 4 which conprised of “Figs. 4A and 4B is a flow chart
showi ng the control sequence of a viewpoint 15 switch; Figs. 5to 7 are
vi ews showi ng the drawback of the device shown in Fig. 3; Fig. 8 is a block
di agram of a vi ewpoi nt detecti.ng device constituting a first enbodi nent of

the present 20 pyupilVed afdder| dmpLoydd Cih GEHE Witk dint idébeAcMd OB is a
fl ow chart showing the control sequence of a viewpoint detecting device of
the first enbodiwetdhirg ttite miaendll e nitilized as the corir@ctlitig S a
schematic vi ew showi ng the vi ewpoi nt
information, whereby the measurement in the calibration
can be reduced. The method of correction is similar to
5 that in the foregoing embodiments.

Thus the fourth embodiment can reduce the
measurement error in the calibfation for correcting the
personal fluctuation such as the deviation between the
eye inclination angle and the visual axis, specific to

10 each user.

The above-explained embodiments allow to reduce
the error in the viewpoint detection, by storing the
information utilized in the calculation of the
viewpoint, and, in case calculation is identifiéd

15 improper because the information required for
recognition of the position of the pupil or the iris is
not measurable or the calculated viewpoint is
significantly erroneous, calculating the viewpoint
utilizing, as the correcting information, the stores

20 information required for recognition of the position of
the pupil or the iris.

- Also the above-explained embodiments allow to
reduce the error in the viewpoint detection while
suppressing formation of the correction error, by

25 storing latest information as the above-mentioned

correcting information, and, in case calculation is

identified improper because the information required



cal cul ation process in the first enbodi ment of the present invention; -
16 - Fig. 11 which conprised of Figs. 11A and 11B is a flow chart show ng
the control sequence of a viewpoint deteqjiiglpevice constituting a second
enbodi nent of the present invention; 5 Fig. 12 is a block diagram
of a part of a viewpoint detecting device constituting a third enbodi ment
of the present invention; Fig. 13 is a schematic view of a nenory in the

vi ewpoi nt detecting device of the third enbodi ment of
invention; and Fe@r #dcognati6hedit the VhE¥L 616w tHe
measur enent of personal difference information. DETAIL

10

t he present

é%(ﬂi@id?} ecrd

DESCRI PTI ON OF THE

PREFERRED EMBODI MERESis not measurable or the calculated viewpoint is

10

15

20

25

significantly erroneous, calculating the viewpoint with
said latest correcting information.

Also the above-explained embodiments allow to
reduce the error in the viewpoint detection while
suppressing formation of the correction error, even
under a situation where the pupil diameter of the user
varies frequently, by storing the information employed
in the viewpoint calculation and the luminance
information of the taken image, and, in case
calculation is identified improper because the
info:mation required for recognition of the position of
the pupil or the iris is not measurable or the
calculated viewpoint is significantly erroneous,
calculating the viewpoint utilizing the correcting
information corresponding to an image of which
luminance is closest to that of the image taken.by the
image pickup device.

Also the above-explained embodiments effects
viewpoint calculation at the calibration of the
personal fluctuation such as the deviation between the
eye inclination angle and the visual axis, specific to
each user, thereby effecting plural viewpoint
calculations, and, in case calculation is identified
improper because the information required for

recognition of the position of the pupil or the iris is



15 ) Fig. 8 is a block diagramof a video camera constituting a first
enbodi ment of the present invention, wherein conponents equivalent in

function to those in Fig. 2 are represented by same synbols and will not be
expl ai ned further. The circuit shown in 2026 -Fig. 8 additionally contains
a nenory 465. In the following there will be explained the process

executed by the viewpoint detecting circuit 464. At first, when the user
activates the viewpoint input function, a viewpoint detecting operation is

25 repeated fu %‘é‘%{éﬁz@b?%etd’f @Hée%tfﬂa%hegégt.g&néf tgr the user

starts the viewpoint input function e nmenory tores a predeterm ned
nunber of pupi | sigh i £ Cantdiy2 @ Rnedial, C Waaled aki g the wewboeqee
coor di nat es when the V|emp0|nt detection was first possible.
utilizing said stored information as the correctlng
information, thereby reducing the measurement error in

5 such calibration.



case plural pupil edges cannot be bfms@,@@Equptsthml
pecaces of

identified as erroneous for 5 efanpl e

fﬁf%¥4u4ﬂMﬂm‘_______
nti oned
drawback, the viewpoint detection : dtl JJHIW mﬂm

di aneter, stored in said nenory 465, as cordcting infor ”
and 9B show flowcharts of the above- 10 menti oned operati on. en®t he

user activates the viewpoi nt detecting device (S201), a tiner is started
(S202). After the | apse of a predetermined time T (S203), the tiner is

st opped and reseiﬂ§¥egé%é%@§ﬂg§£g¥¥|empoint detection is started (S205). At
first there 15 ‘ection of the position of the corneal

refl ected i mage (S206), an | en there
is discrimnated whetﬁ%r t edggﬁ&%ﬁ§gﬂﬁ§%%8b talﬁgg%kd " | east
predeterm ned n points ofHEjdéﬁedﬁiﬁﬁ'ﬂﬂﬁn s BeRe +alikd ngP lanl liflad 20
the pupil position (8209) an&’the vi ewpoi nt™ (S210). If the calcul ated

viewpoi nt i s idergs filRsl eife &€ the user and detecting the position of
5 the viewpoint of said user;

b) memory means for storing the detected
information of said viewpoint when said viewpoint is
properly detected by séid viewpoint detecting means:;
and

10 c) correction means adapted, in case the detection
of said viewpoint by said viewpoint detecting means is
not properly conducted, to correct the output of said
viewpoint detecting means by reading the information
stored in said memory means.

15

2. A vewpoint detecting device according to claim
1, further comprising illumination means for
illuminating the eye of said user, wherein said
viewpoint detecting means is adapted to detect said

20 viewpoint by receiving the light eﬁitted by said
illumination means and reflected by the surface of said

eye.

3. A viewpoint detecting device according to
25 claim 1, wherein said viewpoint detecting means is
adapted to detect said viewpoint based on a corneal

reflected image and the light reflected from the pupil



o ——

error (S211), there is executed " Hat BEENtep S212. If the
viewpoint is not identified as an erroggpLAGEPequenfie S to a st

S215, and, if data are 25 not fory 46 m\m‘\ \“‘!\
conducted (S216). If the step S208 identifi @ that the piﬂ\“\&“ﬁ SS
than the predetermined n points or if - 18 - the step ¥ idenfifies an
error, the sequence proceeds to the step S212, and, if the nenory 465 does
not store the information on the pupil dianeter, the sequence returns to
the step S205 to re t .t 5 detecting operation. |If the nenory 465
stores the inforﬁ%i&%%’&fggﬁe pupi| dianeter, it is used as the correcting
i nformation, for calculating the pupil position (S213) and the viewpoint is
calcul ated (S214). If the function of the viewpoint detecting device is

4. A viwepoint detecting device according to

r

claim 3, wherein the information stored in said memory

5 means is information on the pupil diameter.

5. A viwepoint detecting device according to
claim 1, wherein said correction means includes error
discrimination means for identifying an error in the

10 viewpoint detection by said viewpoint detecting means,
and said error discrimination means is adapted to
identify the error in the viewpoint detection in case

the pupil diameter is an abnormal wvalue.

15 6. A viwepoint detecting device according to
claim 1, wherein said correction means includes error
discrimination means for identifying an error in the
viewpoint detection by said viewpoint detecting means,
and said error discrimination means is adapted to

20 identify the error in the viewpoint detection in case
the coordinate of the viewpoint is positionéd outside

an image area.

7. A viwepoint detecting device according to
25 claim'l, wherein said correction means includes error
discrimination means for identifying an error in the

viewpoint detection by said viewpoint detecting means,



10 continued (S217), the seque w Al In S211, the error in

t he.vi ewpoi nt detection can be idé fhéﬁg-;ﬂ3§§955§& In C '

di aneter calculated in the step S§09 _f W eFRi nin S

significantly larger or smaller than the 1529 -standardﬁmm), nﬁ‘iﬂﬂm
ta

human being, or in case the coordinate of the viewpoint talcula
step S210 is positioned outside the viewfinder 402, or in case the distance

bet ween the finder 402 and the eye, calcul ated fromthe measurement of the

| 20 fl d h 06 I h
;C)(r){agg?erm' ned \r/gl te ‘itﬁ‘g’f i 5 'St’rfga}tgz “]Iesa&fon elragtﬁ?%c%daﬁoexarrpl e of
the step S213 fory g eggéﬂftwg éé?&xgﬁﬂtegr{wwévﬁ{al&r'de%d’c&ohh%nc\%fﬁs%‘“' ng

|nformat|on|nthe us co a Slituation ere

al ready expl ai nedeid di@t&i@d‘%égn e Ry ard lan likRgePRGea is

abnormal.

8. A video camera'provided with viewpoint
detecting function, comprising:;

a) monitor means for monitoring a phototaken
image;

10 b) viewpoint detecting means for detecting the
position of the viewpoint of the user on an image area
of said monitor means;

c) memory means for storing the detected
information of said vieWpoint when said viewpoint is

15 proporly detected by said viewpoint detecting means:;
and

d) correction means adapted, in case the detected
of said viewpoint by said viewpoint detecting means is
not properly cbnducted, to correct the output of said

- 20 viewpoint detecting means by reading the information

stored in said memory means.

9. A video camera according to claim 8, wherein
said monitor means is an electronic view finder
25 comprising illumination means for illuminating the eye
of said user, and wherein said viewpoint detecting

means is adapted to detect said viewpoint by receiving



- 19 - portion of the pupil is covered by the upper eyelid, so that the
pupi|l edge is obtained only in the lower part. Referritmgto Fig. 10, the
edge is detected at three points 301, 302, 303 by the ' t is
5 assuned that the pupil 304, represente3 by a ci rcmﬂmﬂmm&mm

m ni nrum square nethod fromthese edge points is |arger &ham a. predeéterm ned
pupi|l diameter. In such case the pupil can be determ ned, with a dianeter
stored in the nenory 465, at a position 10 m nim zing the sumof the
squares of the distances . fro h Qi nts.301, 302  303. n _exanpl e of

ERe LG PRT PO B Bade e i e dhd YR

such cal cul ati on
represented by: = | [ ] La-nP) lavalerrl

(9) 15 whereiﬁef§é§£$?)ﬁ%s€%%es§€§¥ ?n%?e£%¥&t?%sﬁeasured pupi | edge (i
=1, 2, 3), (a, b) is the center of the

10. A video camera according to claim 8, wherein
5 said viewpoint detecting means is adapted to detect
said viewpoint based on a corneal reflected image and

the light reflected from the pupil or the iris.

11. A video camera according to claim 8, wherein
10 the information stored in said memory means is

information on plural pupil diameters.

12. A video camera according to claim 8, wherein

said correction means includes error discrimination

15 means for identifying an error in the viewpoint
detection by said viewpoint detecting means, and said
error discrimination means is adapted to identify the
error in the viewpoint detection in case the pupil
diameter is an abnormal value, or in case the

20 coordinate of the viewpoint is positioned outside an
image area of said monitor means, or in case the
distance between the eye and the image area is

abnormal.

25 13. A video camera according to claim 8, wherein
said correction means includes error discrimination

means for identifying an error in the viewpoint



pupil to be calculated, and c is the radius of pupil, obtained by division
with 2 of the pupil dianmeter stored in the nenory 465.

Lorr] 2 err[Oxi ~ a)2 + (yi - byferr] -~ 8%y [orr] prﬂiﬁ[ll mﬂlﬂ WA < e

central portion (a, b) of the pupil is obtained by solving sim angous
equations obtained by partially differentiating the equation (10) with
variables a, b. 25 As explained in the foregoing, in case the

center of the pupidedsalg 4y3§§¥d“q5%ﬁ$%£%k hﬁ%sgﬁkﬁﬁ @Eggsv'g O%g%d can

I nvol ves a 5|gn|f|cant error even
be cal cul ated, beg#éye dilMAwlinatidPHeahs 12Vaaagtilt ot BSr%)é@:'t' dndue to

the face inclination or the eye novenent of the user so that the pupi
edges a, b cannoloupuIbicd RRAd RiRwpoantpdetesting means with the
information stored in said memory means in case edges

5 of the pupil are not detected in a predetermined

number.

14. A video camera according to claim 13, wherein
said memory means is adapted to renew the information
10 stored therein in case the viewpoint is properly

detected by said viewpoint detecting means.

-15. A viewpoint detecting method for use in a
viéwpoint detecting device in which the eye of the user
15 is irradiated by light from a light source, the
relative positional relationship between the corneal
reflected image of said eye and the pupil or the iris
thereof is detected, and the viewpoint of the line of
sight of said user is calculated utilizing said
20 positional relationship, comprising steps of:
storing information representing said positional
relationship in memory means in case said calculation
of the viewpoint is properly conducted; and
reading, in case said calculation of the viewpoint
25 is not conducted properly, the information employed in
a preceding calculatién, as correcting information from

said memory means and calculating the viewpoint anew



5 the viewpoint is calculated utilizing, as the correcting infornation,
the.information required in recognizing the precedi ng pupil }

g pupil positien—mm
which the detection error was not identifieg, significant, and t tion
error can be reduced in this nmanner. 10 I n the\\“\“ﬁ“\ ﬁﬁm
expl ai ned above, if the repeating interval T of detect | GRS ently
short (for exanple the interval of the vertical synchrofiization signal of
the video signal), the imge taken by the video canera and di splayed on the
view 15 fi ndewith aaidccpatredtinghiwforméatibncorrel ati on between the
fields, so that the pupil dianmeter of the user is also anticipated to have
a high correlation in the viewoints different in tinme. Consequently, in a
second enbodi nent, the information of the pupil 20 di aneter stored in
the menory 465 in thelfirsk ehevpoirhtdtecting maethat acwordingtto

i nformation before the viewpoint detection error is identified. Figs. 11A
and |1 B shom/théc%%ﬂTr%ﬁ'ségﬁﬁﬁb% fald FEoxed oipformation is the

5 information on the pupil diameter.

17. A viewpoint detecting method according to
claim 16, further comprising a step for discriminating
that said calculation of the viewpoint is not properly

10 conducted, said discrimination step being adapted to
identify an error in the viewpoint detection in case

the pupil diameter is an abnormal value.

'18. A viewpoint detecting method according to
15 claim 16, further comprising a step for discriminating
that said calculation of the viewpoint is not properly
conducted, said discrimination step being adapted to
identify an error in the viewpoint detection in case
the coordinate of the viewpoint is pqsitioned outside

20 an image area.

19. A viewpoint detecting method according to
claim 16, further comprising a step for discriminating
that said calculation of the viewpoint is not properly

25 conducted, said discrimination step being adapted to
identify an error in the viewpoint detection in case

the distance between the eye and an image area is



enbodi nent. 25 In Figs. 11h7ahelSHER! S201 to S214, S217
and S218 are sane as those in the f{i wn in Figs. 9A and
9B. In the flow shown in Fig. - t he steps S215 and S216 in
Fig. 9B are onmtted and a step S211A is new?? added. The stepSZITA always
renews the information of the nmenory 465 whenever no er [ I n
the 5 vi ewpoi nt detection, regardl ess whet her the p “Hﬂum IJM“F
stored in the nenory 465. Q her functions are same as those | rst
enbodi ment. Thus pheg@rrecting i nformation consists of the Iatest

i nformation of the pupi | dianeter, before the viewpoint 10 det ecti on
error is identified. Thus the second enbodi nent can reduce the

20. A viewpoint detecting device in which the eye

of the user is irradiated with light from a light
5 source, detecting a reflected image of said eye is

detected to calculate the viewpoint of the line of
sight of the user, comprising:

mémory means for storing viewpoint detecting
information employed in case said calculation of the

10 viewpoint is conducted properly; and

calculation means adapted, in case said
calculation of the viewpoint is not conducted properly,
to read the information stored in said memory means as
“correcting information and to calculate the viewpoint

15 utilizing said correcting information.

21. A viewpoint detecting device according to
claim 20, wherein said memory means is adapted to
always store latest information, and said calculation

20 means is adapted to employ said latest information as

said correcting information.

22. A viewpoint detecting device according to

claim 21, further comprising illumination means for

25 illuminating the eye of the user, and wherein said
viewpoint is detected by receiving the light emitted

from said illumination means and reflected on the



detection error of the viewpoint while suppressing genéFEFTBﬁ‘0#~a\\\\\\\\
correction error, by enploying, as the correcting inforZﬂmw upi
di aneter, which has a 15 hi gh correlatio4vvith the p ﬂmlﬁwﬁﬂl
the viewpoint detection error is identified™IT phototaki‘ng®w 3 ango
canmera of the first enbodi nent, sone objects may frequently vary théir*
i ght amount. Also light and dark objects fields are 20 often taken in
m xed manner for exanple by a panning or tilting operation. In such
situation, the |gpi-paRecopfshi@ ép@ge in the view finder varies according
to the lum nance of the object to be taken, so that the pupil dianeter of
the user also varies frequently. In such 25 case, as the correcting
information, there is enployed a pupil dianeter enployed in the viewpoint
detection of an i mage28f whiciekpointndetesting desicasagEmsding to
claim 21, wherein said viewpoint is detected based on a
5 corneal reflected image and the light reflected from

the pupil or the iris.

24. A viewpoint detecting device according to
claim 21, wherein the information stored in said memory

10 means is the information on plural pupil diameters.

25. A viewpoint detecting device according to
claim 21, wherein said calculation means includes error
discrimination means for identifying an error in the

15 viewpoint detection by said viewpoint detecting means,
and said error discrimination means is adapted to |
identify an error in the viewpoint detection in case
the pupil diameter is an abnormal value, or in case the
coordinate of the viewpoint is positioned outside the

20 image area of said monitor means, or in case the
distance between the eye and the image area is

abnormal.

26. A viewpoint detecting device according to
25 claim 21, wherein said calculation means includes error
discrimination means for identifying an error in the

viewpoint detection by said viewpoint detecting means,



- 22 - that of the inmage when the viewpoint detection er

ror is identif
Fig. 12 is a block diagramof a third enbodi nent of thg/pLeseﬂf’TﬁetLL+Ed’

wherei n conponents 5 corresponding to thqQse in Fig. 8
sanme synbols. Newl y added |ight anount defeg i ng neans 4
exposure) neans provided in the phototaking | ens system
canera, or may be conposed separately or a phototransi st
sensor for measuring the amount of |ight entering the vi

A

deo canera. The

menory 465 st or edd & d i P rsP Wildeimiidi i gRanand st Adapiteld td aneters

in the past k cycles where the viewpoi nt detection was p

ossi bl e. The nunber

k can be sel ect eGordidt aftid Youtgutt b said/ivémpaintd detecitinge means due t o

a detection error in the pupil position, is identified,

t he vi ewpoi nt

det ecting circui twidft ¥tHe aim@skrdis dnurstorest iof said oemosyt meangkd® | nage

fromthe |ight anmount detection

case edges of said pupil cannot be detected in a

5 predetermined number.

27. An image pickup apparatus including a

viewpoint detecting device in which the

eye of the user

is irradiated by light from a light source, a reflected

10 image of said.eye is detected to calculate the

viewpoint of the line of sight of said user,

comprising:

memory means for storing viewpoint

detecting

information employed in case said calculation of the

15 viewpoint is properly conducted and lunimance

information of the taken image in such case;

light amount detecting means for detecting the

luminance of said taken image; and

calculation means adapted, in case

said

20 calculation of the viewpoint is not conducted properly,

to read, from said memory means, the viewpoint

detecting information corresponding the

luminance

information obtained from said light amount detecting

means, as correcting information, and to calculate the

25 viewpoint anew with said correcting information.

28. An apparatus according to claim 27, wherein



means 466 and reads, fromthe menoj yrdéSHEEN@IASUPEEN

_ 0 ngag}EHELEL—Lﬁ_é¥F~—
| mage of which Ium nance is closes t()tREPHMHﬂb-nent um nance
exanpl e of the content of the neno Fi Q. ﬁ @ﬂ“
stores averaged | RE val ues of different fraffs=as the lmau“‘“um

while an area 25 602 stores the pupil dianmeters (in the*unit ‘of 0. 1 nn@
corresponding to the respective imge |lumnances. If the |lum nance of the
i mage taken when the above- - 23 - nmentioned error is identified, is for

exanpl e 37 | RE, Hﬁpvléﬁﬂ§f%%eﬁé%%c@§o$%1@ Eoﬂﬁhf%é?egﬁleﬁéd as the

correcting i nf or MatON conmponents in F unction same as in

Figs. 1A to 1D Reasurement'®fdpR¥onsdl &"l'il@d:uhl‘&hbﬁ engegdmaRRbnaltbews to
reduce the error in the viewpoint detection and the

. correcting the personal fluctuation between the eye

inclination angle and the visual axis, specific to each

5 user.

29. An apparatus according to claim 27, adapted
to detect the relative positional relationship between
a corneal reflected image of the eye and the pupil or

10 the iris thereof.

30. An apparatus according to claim 27, wherein
the information stored in said memory means is the
information on plural pupil diameters.

15

31. An apparatus accord;ng to claim 27, wherein
said calculation means includes error discrimination
means for identifying an error in the viewpoint
detection by said viewpoint detecting means, and said

20 error discrimination means is adapted to identify an
error in the viewpoint detection in case the pupil
diameter is an abnormal value, or in case the
coordinate of the viewpoint is positipned outside the
image area of said monitor meané, or in case the

25 distance between the eye and the image area is

abnormal.



error in correction, even under a situation where-the pupit—dirameter—of—the
user varies frequently. A fourth enbodi nent effects, i i "

det ection expl ai ned above, calibration for correcting H?,mmem'mmmm"ﬂ!f
fluctuation, such as the deviation betweer B8fe-i nclinati*oncangl ewofs eye
and the visual axis, specific to each user. Fig. 14 shows an exanple of the
di splay on the 15 finder inmage area 402 for effecting the calibration,

wherein two i ndex marks 411, 412 are displayed in two points on the finder

i mage area 402. The u tches the marks 411, 412 in.sugcessjon, for
effecting the viempoi§$562?%Ef$%ﬁﬁtﬁﬁﬁ}qIﬁgqlﬁFSP%aPF8X1§ﬁgtHé%kothe
personal fl uctuatj;QR.ds AP R4 4f devi ati t a_t he

coor di nat es of thel(alavr?é%x maﬁs O%J{gﬁ?%ge%ﬁfgghggg gﬁdgﬁﬁgmngésured
coordi nates of the viewpoints. For exanple, in watching the | ower mark 412
on the 25 i mage area 402, the eye is directed dowmmwards to that a



he pupil|l position may

part of the pupil'nay be covered
§ENdijlaret er enpl oyed in the

not be identified. In such case t
vi ewpoi nt detection in watching t utilli zed as the correcting
i nformati on, whereby the neasurenent rati on can be reduced. The
met hod of correctionis simlar to 5 that in the foregoing enbodi nents.
Thus the fourth enbodi nent can reduce the neasurenent error in the
calibration for correcting the personal fluctuation such as the deviation
bet ween t he ey ABSERACHIOR ITHEIWISCLIOSURE: vi sual axis, specific to 10

each user. The above-expl ai ned enbodi nents allow to reduce the error in the
vi ewpoi nt det ecti on,A miesparinty detedtifonr device comprieesi ap vhewpaliotl ati on
of the

Yrrhd %_H%

e

detection circuit which detects a position of viewpoint
of an operator, a memory for storing detection

5 information from fhe viewpoint detection circuit in
case that the position of viewpoint is properly
detected, and a correction circuit which compensates an
output of the viewpoint detection circuit by using the
detection information stored in the memory, when the

10 detection of the position of viewpoint is not conducted

properly by the viewﬁoint detection circuit.

7

15



vi ewpoi nt, and, in case calculation is identified 15 | nproper because
the information required for recognition of the position of the pupil or
~the iris is not nmeasurable or the cal:cul ated viewpoint is significantly

- erroneous, calcul ating the viewpoint utilizing, as the correcting-
“information, the stores 20 inforgﬁyﬁgn required for recognition of the
position of the pupil' .or the iris. 'so™~t he above- expl ai ned enbodi nent s
aliow to reduce the error in the viewpoint detection while suppressing

formation.of the correction error, byjo45 stor i M| atest information as
the above-nentioned correcting i PRl nal e 0 CHPS calculation is
i dentified i r ?e use gpg @a - 25 -yfor
recognition P/EZ p ;fion .
N Loy
F 4

o
/ -~
N
XL—‘%

706a, 706b



iris is not neasurable or the calculated viewoint is significantly
erroneous, calculating the viewpoint with said |atest correcting
information. 5 Al so the above-expl ai ned enbodi nents allow to reduce
the error in the viewpoint detection while suppressing formation of the
correction error, even under a S|tuahty?%mhere the pupil dianeter of the
user varies frequently by storing t formati on enpl oyed 10 in the
vi ewpoi nt cal cul ation and the | um nance information of the taken imge,
and, in case calculation is identified inproper because the information
required for recognition of the position of the pupil or the iris is not
nmeasurabl e or the 15 cal cul ated viewpoint is significantly erroneous,
calculating the viewpoint utilizing the correcting information
corresponding to an image of which Iuninance is closest to that of the

i mge taken by the inage pickup device. Al so the above-expl ai ned
enbodi nents ef fects FIG 2
409b
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vi ewpoi nt cal culation at the calibration of the personal fluctuation such
as the deviation between the eye inclination angle and the visual axis,
specific to each user, thereby effecting plural viewpoint 25

cal cul ations, and, in case calculation is identified inproper because the
information required for recognition4?1ijmaposition of the pupil or the
irisis - 26 - not neasurable or tfie-cal cul ated viewpoint is
significantly erroneous, calculating the viewpoint utilizing said stored
information as the correcting information, thereby reducing the nmeasurenent
error in5 such cal i bration.

FIG. 3
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REPLACEMENT SHEET - 27 - WHAT IS CLAIMED IS: 1. A viewpoint detecting
device conprising; a) viewpoint detecting neans for taking an inmage of the
eye of the user and detecting the position of 5 t he vi ewpoi nt of said
user; b) nmenory neans for storing the detected information of said

vi ewpoi nt when said viewpoint is propqéy! detected by said viewpoi nt
detecting neans; and 10 c) corfle ?ion neans adapted, in case the
detection of said viewpoint by said viewpoi nt detecting neans i s not
properly conducted, to correct the output of said viewpoint detecting nmeans
by reading the information stored in said nenory neans. 15 2. A vi ewpoi nt
detecting device according to claim1, further conprising illum nation

" FIG. 4 FIG. 4A

FIG. 4A | FIG. 4B
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illumnating the eye of said user, wherein said viewoint detecting neans

I s adapted to detect said 20 vi ewpoi nt by receiving the light emtted by
said illumnation neans and reflected by the surface of said eye. 3. A

vi ewpoi nt detecting device according to 25 claim1l, wherein said

vi ewpoi nt detecting neans i s adapted t§7f?tect sai d viewpoi nt based on a
corneal reflected image and the |ight +etdected fromthe pupil - 28 - or
the iris. 4. A viewpoint detecting device according to claim3, wherein the
i nformation stored in said nenory 5 means i s information on the pupi
dianeter. 5. A viewpoint detecting device according to claim1l1, wherein
said correction nmeans includes error '

FIG. 4B
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di scrimnation neans for identifying an error in the 10 Vi ewpoi nt
detection by said viewoint detecting neans, and said error discrimnation
nmeans is adapted to identify the error in the vi ewpoi nt detection in case
the pupil dianeter is an abnormal val ue. 6. A viewpoint
detecting device according to claim1 r/}J\Eﬁreln said correction neans

i ncl udes error discrimnation nmeans fé entifying an error in the -

vi ewpoi nt detection by said viewpoint detecting means, and said error

di scrim nation neans is adapted to 20 identify the error in the

vi ewpoi nt detection in case the coordinate o Lewpoi nt is positioned

cord@0® to 25

claim11l, wherein said correction megAsS i ncludes error di nati on neans

for identifyin rrog in the vige [ [ i d W ewpoi nt
detecting ms*an??ﬁe 5

FIG. 7




REPLACEMENT SHEET REPLACEMENT SHEET - 29 - and said error
discrimnation neans is adapted to identify the error in the viewpoint
detection in case the distance between the eye and an image area is
abnormal. 5 8. A video canera provided with viewpoint detecting function,
conprising; a) nonitor neans for nDnitiy' g a phot ot aki ng i mage; 10

b) viewpoi nt detecting neans for detec |t§ the position of the viewpoint of
the user on an inmage area of said nonitor nmeans; c) nenory neans for
storing the detected information of said viewoint when said viewoint is
15 properly detected by said viewpoi nt detecting neans; and

FIG. 8
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d) correction neans adapted, in the case that the position of the viewoint
by said viewpoint detecting neans is not properly conducted, to correct the
out put of said 20 vi ewpoi nt detecting nmeans by reading the information
stored in said nenory neans. 9. A video canmera according to claim38

wherein said nonitor neans is an elec%yqaic view finder 25 conpri sing
illumnation neans for illumnating the '€ye of said user, and wherein said
vi ewpoi nt detecting neans is adapted to detect said viewpoint by receiving
-30 - the light emitted by said illum nation neans and refl ected by the
surface of said eye. 10. A video canera according to claim8, wherein 5
sai d viewpoi nt detecting neans is adapted to detect said viewpoint based on
a corneal reflected i nage and

CFIG. 9
F/G 9A ' FIG. 9A

FIG. 9B
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the light reflected fromthe pupil or the iris. 11. A video canera
according to claim8, wherein 10 the information stored in said nenory
means is information on plural pupil dianeters. .12. A video canera
according to claim8, wherein said correction neans includes error

di scrimnation 15 means for ident'Pﬂéng an error in the viewoint
detection by said viewoint detecting ans, and said error discrimnation
nmeans is adapted to identify the error in the viewpoint detection in case
the pupil dianmeter is an abnornmal value, or in case the 20 coordi nate of
the viewpoint is positioned outside an i mage area of said nonitor neans,- or
I n case the distance between the eye and the imge area is abnormal. 25

13. A video canerng rdisgfzg claim8, wherein said correction means

I ncludes error dis at i ans for identifying an error in the
Vi ewpoi nt
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- 31 - detection by said viewpoint detecting neans, and said error
discrimnation neans is adapted to correct the output of said viewoint-
detecting neans with the information stored in said nenory neans in case
edges 5 of the pupil are not detected in a predeterm ned nunber. 14. A
vi deo canera according to claim 13, n@?ﬁg n said nenory neans is adapted to
renew the information 10 stored t ei"n in case the viewoint is
properly detected by said viewpoint detecting nmeans. 15. A vi ewpoint
detecting nethod for use in a viewooint detecting device in which the eye
of the user 15 is irradiated by light froma |light source, the relative
positional relationship between the corneal reflected i mage of said eye and
the pupil or the iris thereof is detected, ' WROI Nt %%érmaline of

FIG. 10

FIG. 12
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sight of said user is calculated utilizing said 20 posi ti onal

rel ati onship, conprising steps of: storing information representing said
positional relationship in nmenory neans in case said calculation of the

vi ewpoint is properly conducted; and reading, in case said cal cul ati on of
t he vi ewpoi nt 25 IS not'condUcted1@9q§erly, the information enployed in
a preceding calculation, as correcting information from said nenory neans
and cal cul ati ng the vi ewpoi nt anew - 32- with said correcting
information. 16. A viewpoint dtecting nmethod according to claim15, wherein
said stored information is the 5 i nformati on on the pupil dianeter. 17.
A vi ewpoi nt detecting method according to claim 16, further conprising a
step for discrimnating

FIG. 11
FIG. 11A

FIG. 11B
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that said calculation of the viewoint is not properly 10 conduct ed,
said discrimnation step being adapted to identify an error in the

vi ewpoi nt detection in case the pupil dianeter is an abnormal value. 18. A
vi ewpoi nt detecting nethod according to 15 claim 16, further conprising
a step for discrimnating that said ¢a/¢3l ation of the viewpoint is not
properly conducted, said discrimnation step being adapted to identify an
error in the viewpoint detection in case the coordinate of the viewoint is

posi ti oned outside 20 an image area. 19. A viewpoint detecting nethod
according to claim 16, further conprising a step for discrimnating that
said calculation of the viewoint is not properly 25 conducted, said

di scrimnation step being adapted to identify an error in the viewoint
detectlon in case the distance between the eye and an inmage area is

FIG. 118
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- 33 -=dbnormal . 20. A viewpoint detecting device for detecting an inmage
of the eye of the user irradiated with light froma light 5 source. and
calculating the viewpoint of the line of sight of the user, conprising:
menory neans for storing viewpoint detecting information enployed in case
said cal culation of the 10 'viempoif%/ii conducted properly; and

- cal cul ati on neans adapted, in case sa | cul ati on of the viewpoint is not
- conducted properly, to read the information stored in said nmenory neans as
- correcting information and to cal cul ate the viewpoint 15 utilizing said
correcting information. 21. A viewpoi tectipg device according to claim
20, wherein said nenory neans is ada#lgo 4§ys store | atest
information, and said cal cul ation *
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information. 22. A viewpoint detecting device according tO(ﬂﬁﬂhMQEMENTSHEET
further.conprising illumnation nmeans for_.2% - illum nati

.i

~..

20 - neans 1s adapted to enploy said |atest information a

ete BN I0

user, and wherein said viewoint is detected by receiving

fromsaid illumnation nmeans and reflected on the - 34 - surtace of
eye. 23. A viewpoint detecting device according to claim21, wherein said
vi ewpoi nt is detected based on a 5 corneal reflected imge and the |ight

reflected fromthe pupil or theviewmoit DeXedtinmilavidst ecting device
according to claim 21, wherein the information stored in sald menory 10

means is the information on plural pupil dianeters.

B

BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to a viewpoint
detecting device. |
Related Background Art
Image equipment such as video camera have shown
remarkable progress in recent years, toward a smaller
10 size and more diversified functions.

Along with such progress, for the purpose of
reducing the cumbersome operétions associated with such
diversified functions and of achieving the operation
intended by the operator, there is being introduced the

15 viewpoint detecting device enabling the execution of
various functions and the control of various operations
by the viewpoint of the operator.

Such viewpoint detecting device, for example in
case of a camera such as a video camera, enables

20 focusing to a position watched by the operator or
functions as a switch for executing any of the
functions when a corresponding index mark is watched by
the operator.

In the following there will be explained an-

25 example cf the video camera in which, as previously
proposed by the applicant, the viewpoint detecting |

device is utilized for lens focusing and zooming.
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25. A viewpoint detecting device according to claim
cal cul ati on neans includes error discrimnation nmeans ﬁBFLAGEMENfﬁﬁugTa

error in the 15 vi ewpoi nt detection by3said viempa|nt qigagi ang,
and said error discrimnation neans is adapted to ianiﬂﬁg W :
vi ewpoi nt detection in case the pup|I dianeter is an at
case the coordinaironef pihe O IS positioned outside the 20 inage
area of said nDnltor negnsTHor i n case t he di stance between the eye and the

i mage area is 4 : 2 . Edet ecting.devi ce according to 25
claim 21, wherein said,cal cul ati on nmeans | ncludes error discrjmnmnation

means for identifyi ﬁgvéﬁWEPiLBF ?iﬁt‘f“‘ﬁ519?e9\$'6+?ﬁ TIRTATHH By RIHRP i tewpoi nt

detecting neanéetectlgg circuit which detects a position of viewpoint

of an operator, a memory for storing detection

5 information from the viewpoint detection circuit iﬁ
case that the position of viewpoint is properly
detected, and a correction circuit which compensates an
output of the viewpoint detection circuit by using the
detection information stored in the memory, when the

10 detection of the position of viewpoint is not conducted

properly by the viewpoint detection circuit.

15
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and sald error discrimnation neans is adapted to correc piptt—at——
said vi ewpoi nt detecting neans with the infornmation stor CRBRI.AQ&MENTBGHEET
-means kn case edges of said pupil cannot be detected in

pr edet er mi ned numReErP 6% Eﬁﬂ'é pi ckup-appacat us i ncl c[iategZaZ\ﬂfém .......
detecting device in &ﬁ M e gggfof the user is irradi ated=oy—FrgFt—From
| i ght source, a reflected 10 I mge of said eye is detected to calcul ate
the viewpoint of the line of sight of said user, conprising: menory neans
for storing viewpoint detecting information enployed in case said

cal cul ation of ?EEAISL§_QQ&QME&4&§-|S properly conduct ed ‘and | uni mance
informati on of the taken image in such case, ht anmount detecting neans
for detecting the Iunﬂnan@eVGPWQQ%BttQﬁ@ﬁcﬁﬁﬁge eyhgec SPRRFAEi84  neans

adapted, in case sald 30, . cal oyl aLlon 9h e oMY Tidifg"dh G9duCt o

of the eye of the user and detecting the position of
5 the viewpoint of said user;

b) memory means for storing the detected
information of said viewpoint when said viewpoint'is
properly detected by said viewpoint detecting means;
and

10 " ¢) correction means adapted, in caée the detection
of said viewpoint by said viewpoint detecting means is
not properly conducted, to correct the oﬁtput of said
viewpoint detecting means by reading the information
stored in said memory means.

15

viewpoint
2. A wewpeint detecting device according to clalm
"1, further comprising illumination means for -
illuminating the eye of said user, wherein said
viewpoint detecting means is adapted to detect said

20 viewpoint by receiving the light emitted by said

illumination means and reflected by the surface of said

eye.

3. A viewpoint detecting device according to
25 claim 1, wherein said viewpoint detecting means is
adapted to detect said viewpoint based on a corneal

reflected image and the light reflected from the pupil

* c L M S *



to read, fromsaid nenory neans, the viewpoint detecting
correspondi ng the |Ium nance information obtained from said |ight anount
detecting neans, as correcting information, and to calculd@ﬁegh

] ' ti I nf or4Te8 en. 28. A poF ot os—aecot=th-1g
&%ﬁ*@ﬁﬁgﬁﬁﬂgégﬂggiwé&g EQEE; saignviempoizt Egtection S

Vi ewpoi nt ane

to claim?27,

e

| REPLACEMENT SHEET

conducted at the neasurenent of personal error information of the user for

error correcting the personal

the visual axis, 5 29. An apparatus according to claim 27, adapted to

detect the rel aﬁﬁé:bﬁosii’iji%nal rel ationship between a corneal reflected

I mge of the eye and the pupil or

i0

15

20

25

viewpoint
4. A viwepeint detecting device according to

claim 3, wherein the information stored in said memory

means is information on the pupil diameter.
viewpoint
5. A sriwepoeint detecting device according to
claim 1, wherein said correction means includes error
discrimination means for identifying an error in the
viewpoint detection by said viewpoint detecting means,
and said error discrimination means is adapted to
identify the error in the viewpoint detection in case
the pupil diameter is an abnormal yalue.
viewpoint
6. A wiwepeint detecting device according to

claim 1, wherein said correction means includes error

‘diserimination means for identifying an error in the

viewpoint detection by said viewppiht detecting means,
and said error discrimination means is adapted to
identify. the error in the viewpoint detection in case
the coordinate of the viewpoint is positioned outside
an image area.
viewpoint

7. A xiwepoint detecting device according to
claim 1, wherein said correction means includes error
discriminafion means for identifying an error in the

viewpoint detection by said viewpoint detécting means,

error between the eye inclination angle and

R
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10 ~ the iris thereof. 30. An apparatus according to cl 'WEQEAEEMEN$SHééﬁE
i“nf ormation stored in said nenmory neans is the informati

di anmeters. 15 31. An apparatus according to claim 27, wh @m@ __________________________

cal cul ati on means IE%:HS@? E&E@ di scrim & i-on neans for

error in the vi 8 n by said viewpoint detecting neans, and
said 20 error discrimnation neans is adapted to identify an error in
the viewpoint detection in case the pupil dianeter is an abnornal value, or

in case the coordinate_of the yie 03|t|on tSId e i mage
area of said noRRq oFahRaRETOHrd1FC V\gglggn?h:go:ggnean%l s?a% we"t’(;n the eye
and the imge ajga | 5. 800RLMRL o 41441 e%gaaowlaetéée%u& case

the distance between the eye and an image area is

abnormal.

8. A video camera provided with viewpoint

detecting function, comprising:;
phchshﬂmqg

a) monitor means for monitoring a phototaken-
image:

10 bj viewpoint detecting means for detecting the
position of the viewpoint of the user on an image area
of said monitor means;

c) mémory means for storing the detected
information of said viewpoint when said viewpoint is
proper ' . . . .

15 -p;epeglyudetected by said viewpoint detecting means;
and

: in the case thal the position

d) correction means adapted, in—ease—the—de%eeted—

of saéé—viewpoint by said viewpoint detecting means is

not properly conducted, to correct'the output of said

20 viewpoint detecting means by reading the information

stored in said memory means.

9. A video camera according to claim 8, wherein
said monitor means is an electronic view finder
25 comprising illumination means for illuminating the eye
of said uéer, and wherein éaid viewpoint detecting

means is adapted to detect said viewpoint by receiving

—_—
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3% - 32. An electronic equi prrent provided with the VIE Nt_Jet ect g
deV|ce according to claim1l. V&gBLACEMEﬁ¥éHEET

Date : 22 UCT 19%

- 33 -
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REPLACEMENT SHEET

abnormal.

for detecting aun
20. A v1ewp01nt detecting device ,in—which—the—exe

image o€ the eye of -tha user
ef the—user—ie,irradiated with light from a light
- 5 source-
ond calawlating

-detectedto-calculate ,the viewpoint of the line of
sight of the user, comprising:

memory means for storing viewpoint detecting
information employed in case said calculation of the

10 " viewpoint is conducted properly; and

calculation means adapted, in case said
calculation of the viewpoint is not conducted properly,
to read the information stored in said memory means as

correcting information and to calculate the viewpoint

15 utilizing said correcting information.

'21. A viewpoint detecting device according to
claim 20, wherein séid memory means is adapted to
always store latest information, and said calculation

20 means is adapted to employ said latest information as

said correcting information.

22. A viewpoint detecting device according to

claim 21, further comprising illumination means for

25 illuminating the eye of the user, and wherein said
viewpoint is_detected by receiving the light emitted

from said illumination means and reflected on the

* c L L] S *
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- 36 - Date Moreeereereereenneenas
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said viewpoint detection is conducted at the
errov of the user
measurement of personal, fluctuation information, for
error :
correcting the personal £luctuation,between the eye

inclination angle and the visual axis,—specific—to—sach-.

HUSeE .

29. An apparatus according to claim 27, adapted
to detect the relative positional relationship betweeh
a corneal reflected image of the eye and the pupil or

the iris thereof.

30. An apparatus according to claim 27, wherein
the information stored in said memory means is the

information on plural pupil diameters.

31. An apparatus according to claim 27, wherein
said calculation means includes error discrimination
means for identifying an error in the viewpoint
detection by said viewpoint detecting means, and said
error discrimination means is adapted to identify an
error in the viewpoint detection in case the pupil
diameter is an abnormal value, or in case the
coordinate of the viewpoint is positioned outside the
image area of said monitor means, or in case the
distance between the eye and the image area is

abnormal.
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