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Invention: Field of the Invention: The present invention relates to a
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which is nmounted onto the zoom | ens i-n-a-det-aechable nmanner to nDdlfy the
focal length and power of the zoomlens. F@ferrln to draw . e
conventional arrangenent of the zoom [Thi m m r Si OfTHI® BEEETHHAS BEEN

mount ed onto the zoomlens in a det ach nmodi f y| t he AEGEAGED

| ength and magni fication of the zooml d bel oW =Frg=T=ys=g==
di agrammatic view show ng the arrangenent of a conventional canera
conprising a zoomlens and a conversion | ens which is nounted onto the zoom
| ens to nodi fBackgraundilof &g Hnwenpeoms of the zoomlens. A zoomlens

unit 100 conprises a first (front) lens
Field of the Invention:

The present invention relates to a camera which is
provided with a zoom lens and a lens capable of being
mounted onto the zoom léns in a detachable manner to
modify the focal length and magnifying power of the zoom

lens.

Description of the Related Art:

Conventionally available as one type of camera is
the one provided with da zoom lens and a conversion lens
which is mounted onto the zoom lens in a detachable
‘mannexr to modify the focal length and power of the zoom

- lens. | |

Referring to drawings, the conventional arrangement
of the zoom lens and the conversion lens which is
mounted onto the zoom lens in a detachable manner to
modify the focal length and magnification of the zoom
lens is discussed below. Fig. 1 is a diagrammatic view
showing the arrangement of a conventional camera
comérising a zoom lens and a convérsion lens which is
mounted onto the zoom lens to modify the focal length
and_power of the zoom lens.

A zoom lens unit ;00 gompriseé a first (front) lens
group 101 mounted onto_a lens casing as showﬁ in Fig. 1.
Disposed behind the first léns group 101 is a second
lens group (hereihaffér réferred to as "a variator

lens") 102 for varying power; The variator lens 102



group 101 mounted onto a | ens casi ng- as--showi—+t-F-g—=21. DiLsposed behi nd

the first lens group 101 is a second_|lens group (hereinaft
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| ens group 101. To vary its power, th 102
direction in parallel with the optiical axis of its own by
(not shown). '

"a variator lens") 102 for varying pdtEgR Em? gt | en
|

s noved in a
driving neans

shares the same 6ptical axis with the first lens group

101. To vary its power, the variator lens 102 is moved

in a direction in parallel with the optical axis of its

own by driving means (not shown).

An iris 103-is disposed behind the variafor lens

102 to adjust light quantity. Disposed further
the iris 103 is a third lens group 104 that is
onto the lens casing. The third lens group 104
shares the same optical axis with the variator

Arranged behind the third lens group 104

behind
attached
also
lens 102.

is a

fourth lens group (hereinafter referred to as "a focus-

compensation lens") 105. The focus-compensation lens 105

has a focusing function, and a compensation function,

namely compensating for the displacement of the focal

plane arising from power variation. The focus-

compensétion lens 105 shares the same_optical axis with

the third lens group 104. The focus-compensation lens

105 is moved in aldirection in parallel with the optical

axis of its own by the driving means so that the

.focusing and compensation are performed.

An image pickup device 106 such as a CCD is

arranged behind the zoom lens unit 100, namely

the

focus-compensation lens 105. An imaging surface that

bears an optical image of an object is provided on one

side of the CCD 106 facing the focus-compensation lens

105.

A wide—angle attachment lens 121 is mounted onto

the zoom lens unit 100 in a detachable manner to modify



An iris 103 is disposed behind the vari-ator- +ens-102-to adj ust |ight
quantity. Disposed further behind the . iris . 103 is a third_|lens group 104

i hed he | i nghis yed ed
that is attached onto the |ens casi na(ﬂ ﬁ‘ilE B’Wraggggé%ﬁgﬁﬁfw
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the sane optical axis with the variat
| ens group 104 is a fourth |ens group eferr fo.as ’a focu
conpensation | ens”) 105. The focus'conpensatlon lens 105 has a focusing
function, a co gsatlon fuyncti on, nanel conpensatlgg for the

(C]

dlsplacenenF SffPﬁé eneth ape BPW§Fn8ffFBﬁ168ﬁéruVéF|& nWheRe focus-

conpensation | ens .105.sh t he ane 0 Llc axis with the third | ens
group 104. TR gnF88u8n38n%éﬁs§PPBn PRFsunl %00 the wide-angle

attachment lens 121 is positioned in front of the first

U7
1

lens group 101 in a manner that allows the optical axes
of both are aligned: The mounting of the wide-angle
attachment leos 121 causes the focal length of the zoom
lens unit 100 to shift toword the wide-angle side.

Discussed below referring to drawings are a
relationship between the ‘focal length (the position of
the wvariator iens'loz) of the zoom lens unit 100 and the
position of the focus-compensation lens 105 with no
wide-angle attachment lens 121 mounted and a similar’
relationship but with the wide-angle attachment lens 121
mountéd. Figs. 2(a) and 2(b) illustrate, respectively,
the relationship between the focal length (the position
of the wvariator iens 102) of the zoom lens unit 100 and
the position~of the focus-compensation lens 105 with no
wide-angle attachment lens 121 mounted and the same
relationship but with the wide-angle attachment lens 121
mounted in Fig.l. Fig. 3 shows the relationship between
the position of the variator lens and the position of
the focus-compensation lens with no wide-angle
attachment lens mounted in Fig. 1. Fig. 4 shows a
similar relationship. | _

A discussion of fhe relationship between the focal
length (the position of the variator lens 102) of the
zoom lens unit 100 and the position of the focus-

compensation lens 105_with-no wide-angle attachment lens



nanmely the focus-conpensation | ens
an optical

105 is moved in a direction in parallel with the optical axis of its own by
the driving neans so that the focusing and conpérisation are

nerforoed..  An

i mge pickup device 106 such as a CCD i &hggﬁgﬁgge‘gﬂ'l&gdthe 708 BHESNSa s BEdn

i mage of an object is provide ﬂﬂ
the focus-conpensation lens 105. A w de-

H'l surfpce trhpiad@Rr s

t lens 121 is

mounted onto the zoomlens unit 100 i a detachabl e manner to nodify

mounted follows.

When the focal length of the zoom lens unit 100 is
set to a predetermined value, the position of the focus-
compensation léns 105 that results in an optical image
on the imaging surface of the CCD 106, namely, the
focused position of the focus-compensation lens 105
varies with the distance to the object as shown in Fig.
2(a). When the object distance remains constant, the
focused position.of the focus-compensation lens 105
varies with the focal length of the zoom lens unit 100,
namely, the position of the variator lens 102. As a
result, an optical image is obtained through the light'
which is focused by shifting the focus-compensation lens
105 according to the curve fesulting from the focal
length set and the object distance. |

- A discussion ‘of how to follow the above-mentioned
curve follows. |

Referring to Fig. 3, the relationship between the
focal length (the position of the variatdr lens 102) of -
the zoom 1ehs unit 100 and the position of the focus-
compensation lens 105 with no wide-angle attachment lens
121 mounted is illustrated by a first curve fllthat is a
plot of a series of positions of the variator lens 102,
z0, zl, z2,..., z6 versus a corresponding series of
positions of the focus-compensation lens 105, a0, al,
az, Ry a6. Data, z0, zl, z2, ..., z6 and a0, al, a2,
.;.;'a6,-are-étored in a lens control microcomputer (not

shown). Equally, a sedond curve f2 is a plot of a series

f thelCCD.106 facing.
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unit 100 to shift toward the w de-angle S|de D.scussed below referring to
drawi ngs are a rel ationship between the focal Ien% th (the p05|t|on of
z0, z

of positions of the variator lens 1

r e o 0,

z6 versus a corresponding series of positions of the

focus—compensation.lens 105, bO, bl, b2,

«e., b6. These

data are also stored in the lens control microcomputer.

A third curve £3, however, is calculated from the

first curve fl and the second curve f2. The third curve

£f3 is a piot of a series of positions of the variator

lens 102, z0, zl, z2, ..., 26 versus a corresponding

series of positions of the focus-compensation lens 105,

PO, pl, p2, ..., p6. These data are also stored in the

lens control microcomputer.

p0O, pl, p2, ..., p6 are calculated by theifollowing

equation.

p(n+l) = {|p(n)-a(n)|/|b(n)-a(n)|}

* {|b(n+l)-a(n+l)| }+a(n+l) ...(1)

Equation (1) determines the ratio of interior

division of p0 on a line segment, b0-a0, when the focus-

compensation lens 105 is positioned at p0. According to

the ratio, pl is plotted on a line segment, bl-al. The

- speed of the focus-compensation lens 105 required to

keep the zoom lens unit 100 focused is thus defermined

by the positional difference between pl and p0 and the

- time the variator lens 102 requires to travel from z0 to

zl.

Referring to Fig. 4, interpolation applied to the

variator lens 102 in its one direction is discussed. In

Fig. 4, the position of the variator lens 102 is

arbitrarily set, and representative (cam) locus (the .




the variator |lens 102) of the zoom | ens—unit—166—and the-posifian.of the

f ocus- conpensation lens 105 with no wi 3 I ttachment | enpri@ 5uEPURAS Eeen

and a simlar relationship but with the et hnent | | enspsbRAceD
mounted. Figs. 2(a) and 2(b) illustrate, ﬂ t he relationship

bet ween the focal length (the position o | ens 102) of t he
zoomlens unit 100 and the position of the focus-conpensation |lens 105 with
no wi de-angle attachnent |ens 121 nounted and the same rel ati onship but
with the w de- RRgisignsaofinthe Forysteompensasdonnleny. relgtivestohshe t he

rel ati onship between the position of the variator I ens and the position of
t he focus-conp¥AZapteN ﬂ9ﬁ§)wﬁﬁhanﬁlﬂFdEfaEQPeP051t1°ns of the

variator lens 102;u20, zl, z2, ..., zn and a0, al, a2,'
..., an, and b0, bl, bz, cea, bn.relative.to the object
distance.

When the variator lens 102 is positioned at zx, not
on any of the zooming boundaries represented by z0, z1,
z2, ..., zn within the range of travel of the variator
lens 102 (namély, somewhere between zk-1 and zk) and
when the focus-compensation lens 105 is positioned at
Px, both ax and bx are given by the following equations.

ax = ak - (zk-zx)*(ak-ak-1)/(zk-zk-1) ...(2) |

bx = bk - (zK-zx)*(bk-bk-1)/(zk-zk-1) ...(3)

As understood from the above equations, ax and bx
are determined by interpolating, respectively, befween
two sets of stored representative locus data (ak, and
ak-1l, and bk, and bk-1 in Fig. 4) with respect to a
fixed object distance according to the interior division
ratios obtained from two sets of zooming boundaries (for
example, zk and zk-1 in Fig. 4) and the position of the
variator lens 102 between zk and zk-1.

As understood frdm Equation (1), both pk and pk-1

- are determined by interpolating, respectively, two sets
of stored representative locus data (ak, ak-1, bk, and
bk-1 in Fig. 4) with respect to a fixed focal length
accbrding to the interior division ratio obtained from
ax; px, and bx.'

The travel speed of the focus-compensation lens 105



gttachnent Ifns mounted in Fig. 1. Fig. 4 shows a simlar relationship. A
I scussion of the relationship be ngth (the p05|t|on of
the variator |lens 102) of the zooTT Sflo{ i ol agﬁd t he P55t an of—the
focus- conpensation |ens 105 W|th mmnH“ ttachnmen 'é EETH"—\SBEEN
REPLACEMENT SHEET 4 995 nounted for HOFER Whe
the focal length of the zoonllens unit 100 is

required to keep the zoom lens unit 100 focused is
determined by tﬁe posifion difference between a focused
position to be followed and the currently focused
position in the zooming operation from a wide-angle side
to a telephoto side and the time the variator lens 102
requires to travel ffoﬁ zx -to zk.

The zoom lens unit 106 thus follows the curve
representing the relationship between the focal length
(the position of the variator lens 102) of the zoom lens
unit 100 and the position of the focus-compensation lens
105 with no wide-angle attachment lens 121 mounted.

The relationship between the focal length (the
-position of the variator lens 102) of the zoom lens unit
100 and the position of the focus—compensation lens 105
with the wide-angle attachment lens 121 mounted is now

discussed.

When the focal length of the zoom lens unit 100 is
set to a predetermined value, the focused position of
the fecus-compensation lens 105 varies with the object
distance as shown in Fig. 2(b). With the object distance
kept constant, the focused position of the focus-
compensation.lens 105-varies.with'the focal length,
namely with the positibn of the variator lens 102 (along
a locus). As can be seen from Fig. 2(b), however, the
curve representing the relationship, in terms of object
distance as parameter between the focal length and the
position of the focus-compensation lens 105 is different

from the curve representing the relationship, in terms



set to a predeterm ned val ue, the positien-ef—the feeus- conpensation |ens
105 that results in an optical inmage on the'inagin? sur f acgof—the—~ccb-106

namel y, the focused position of the 4 ceth | eng THISSHEETiHAe BEENH
the distance to the object as shown i - en t he Jobj eGEPIANCEPance
remai ns constant, the focused positio conpensart I o Termrs—+85~

varies wth the focal length of the zoomlens unit 100, nanely, the
position of the variator lens 102. As a result, an optical imge is
obt ai ned t hr ®fHeRIRCt | ¢hstapee has spavematelr bybetiveen nghe hfoca

f ocus-conpensation | ens 105 according to the curve resulting fromthe focal
length set antPREER AR ctheiRegition 'of the focus-compensation lens

105 with no wide-angle attachment lens 121 mounted. In

Fig. 2(b), if the focal length exceeds a limit 301, the
curves_representing the relationship, in terms of object
disfance as parameter, between the focal length and the
position of the fbcus-compénsation lens 105 diverge out
of the focusable focal length area. If the focal length
is kept to within the limit 301, namely, the focal
length is set to any value cioser to the wide-angle
side, focus adjustment by means of the focus-
compensation lens 105 remains workable. If the focal
length exceeds the limit 301, however, namely, the focal
length is set to any value closer to the telephoto side,
focus adjustment by means of the focus-compensation lens
105 is impossible. To cope with this problem, the
variator lens 102 is moved until the focal length is set
to be closer to the wide-angle side,'and is fixed there.

" .Therefore, the variator lens 102 is fixed at such é
predetefmined position, and zooming operation is
disabled when the wide-aﬁgle attéchment lens 121 is
mounted.

When the variator 1ens.102 is set to the fixed
position with the wide-angle attachment lens 121
mdunted, the resulting curve representing the '
relationship, in terms of opject distance as parameter,
between.the:fdéal leﬁgfhi(the position of the variator

lens 102) and the position'of the focus-compensation .



A di scussion of how to follow the above-nentionéd curve follows. Referring

to Fig. 3, the relationship between th L t e positiion of the
variator lens 102) of the zoom | ens _umﬁhﬁs e I{L&%giticn-,_ﬁgs,;gﬁq CUS-
conpensation lens 105 with no wi de-angl eL Hm Hns 121 rmuggﬁgclég EEN
illustrated by a first curve f1 that is ri es eéf--pasitions of

the variator lens 102, z0,z1,z2,....26 versus a correspondi ng series of
positions of the focus-conpensation |ens 105, [err] a2, ..., a6. Data, zO
z1, z2, ..., #ensnd0§0differgofrom thescuzve sepresentingl she control _
T er oot e O 1 onahip, In Gerws of object distence as paramever. — o <>

between the focal length (the éosition of the variator

lens 102) and the position of the focus-compensation

lens 105 with the wide-angle attachment lens 121

mounted. The focus adjustment operation canndt follow

the movement of the variator lens 102, and keeping the

zoom lens uﬁit focused cannot be attained. As a result,

the zoom lens unit suffers from a noticeably unfocused

state until the variator lens 102 reaches the fixed

position, and thereafter the zoom lens unit takes a

substantially long time to reach a focused position from

the arrival of the variator lens 102 at the fixed

position.

When the wide-angle attachment lens 121 is mounted
with the zoom lens unit 100 positionea closer to the
telephoto side, the variator lens 102 is forced to move
closer to the wide-angle side. In the course of this
movement, an unfocused state takes place.

The variator lens 102 is forced to move closer to
the wide-angle side when power is switched on with the’
wide-angle attachment lens 121 mounted onto the zoom
lens unit 100. Thus, an unfocused image output and
varied field of view result during the forced movement
of the vériator lens 102. If fhelmounting of the wide-

angle attachment lens 121 goes unnoticed, these may be

confusing to an operator.

- 10 -
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variator lens 102, zO z2, ... z6 versu&mggggnﬁeaanndiugiserles of

positions of the focus-conpensatidn | ens éP
data are also stored in the | ens control A th gﬁﬁﬁ%%ﬁ%?
however, is calculated fromthe first cur e secorld_curve 5 The

Z

third curve f3 is a plot of a series of p03|t|ons of the variator
zO z1, z2, ..., z6 versus a corresponding

| ens 102,

Summary of the Invent10n°

It is a first object of the present invention to
provide a camera which performs a forced zooming
operation with a conversion lens group such as a wide-
angle attachment lens mounted while keeping a focused
state and offers an improved response characteristic in
automatic focus adjustment.

To achieve the above object, according.to a
preferred'embodiment 6f the present invention, a lens
control device comprises a zoom lens unit having a
variator lens group and a focus-compensation lens group
which compensates for in a focused position a variation
arising from power variation operation of the wvariator
lens group, a.conversion lens groﬁp which is mounted in
an optical axis 6f the zoom lens unit in a detachable
manner, and which restricts a focusable focal length
area of the zoom lens unit to a second focal length area
bj'shifting from a first focal length area while the
conversion lens group is mounted, lens position control
means for determining a focused position of the focus-
compensation lens group while the variator lens group is
moving, on the basis of both focused position data,
predetermined according to object distance, of the
focus-compensétion lens group relative to the variator
lens group and currgnt position data of the focus
compensation_;ens group and the variator lens group, and
correctioﬂ mééﬁs for Shiftihé-the variator lens group to

the second focal length area when the variator lens

- 11 -



series of positions of the focus-conpensationtens 105 p& pl, p2, ... p6.
These data are also stored in the lens ¢ Ir. croconputer. | 2

., p6 are calculated by the follow ng eq-im s B ced: -
(1) Equat i @ﬁFi(fQ_D

{.[p(n) a(n)]/[b(n)-a(n)]} * {[b(n+1)-a(n+1) Hhﬂim‘
e segnmen

determnes the ratio of interior division
when the focus- conpensation lens 105 is positioned at pO According to the
ratio, pl is plotted on a |ine segnent, bl-al. The speed of the

f ocus- conpensgriowp lisnmoldFededm rthe bptical bikdszodmthenzoom fleh@0 focused

I's thus determ ned _
unit, and compensating for the focused position of the

focus-compensation lens group in accordance with the
shifting of the variator lens group to the second focal
length area to follow the variator lens group.

It is a second object;of the present invention to
provide a lens_contfol device and a camera, both of
which avoid an operator's confusion attributed to the
fact that the mounting of a convefsion lens group such
as a wide-angle attachment lens goes unnoticed, and both
of which offer an improved image quality and improved
automatic focus adjustment performance.

To achieve the second object, according to a
preferred embodiment of the'present invention, a lens
control device or a camera comprises a zoom lens unit

_having a variator lens group and a compénsation lens
group which compensates for in a focused position a
variation arising from power variation operation of the
variator lens group, a conversion lens group which is
mounted in an optical axis of the zoom lens unit in a
detachable manner, and which shifts a focusable focal

| length area of the zoom lens unit to a second focal
length area from a first focal length érea while the
conversion lens group is mounted, position detecting
means for defecting a position of the compensation lens
group on fhe'basis.of-a predetérmined reference
position; and referenée positioﬁ shifting means for

shifting the predetermined reference position to a

- 12 -



by the positional difference between pl and pO and he tinme the vari at or

lens 102 requires to travel fromzO tmhssmw o Fig.
i nterpolation applied to the variator I- Lone di
di scussed. In Fig. 4, the position of t s 102

set, and representative (cam |ocus (the REPLACENENT SHEE
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reference positioh corresponding to the second focal
length area when the conversion lens group is mouﬁted on
the zoom lens unit.

It is a third object of the present invention to
perform optimum control by compensating for in optical
characteristics a variation resulting frdm_the mounting
of accessories; |

It is a fourth object.of the present invention to
provide'a camera.which prevents a degraded quality image
from being output for its initial setting, during which
a variation involved in the mounting of accessories in
optical characteristics is compensated for.

These and ether objects aﬁd féatures of the presenf
invention will be more apparent when the following
detailed description is considered with the attached

drawings.

Brief Description of the Drawings:

Fig. 1 is a diagrammatic view showing the
arrangement of a conventional camera comprising a zoom
lens unit and a conversion lens which is mounted onto
the zoom lens to modify the focal length and power of
the zoom lens unit.

- Figs. 2(a) and 2(b) illustrate, respectively, the
relationship'between the focal length (the position of
the variator lens) of hhé zoom.lens unit and the
position of the focus-compensation lens with no wide-

angle attachment lens mounted and the same relationship

- 13 -



variator lens) is a plot of the p05|t|ons'“T“Tﬁe varlatUT Iens 102, zO z1,

z2, ..., zn and aQ, al, a2, ..., an, Bmm tatTveto
the object distance. Wwen the vari ator mgl oned Jﬁ'WEEﬁ@t‘\Stﬁ?EN

any of the zoom ng boundari es represente WRERHAGED he

range of travel of the variator |lens 102 ere betmeen zk-1

and zk) and when the focus-conpensation Iens 105 I s positioned at px, both

ax and bx are given by the follow ng equations. ax = ak -

(zk-zx)*(ak akbuy/ wikhz khe) widecanghe atfachmenk- 1ens(pubked) Apzk- zk- 1)
.(3) As undersgeoq fron1the above equations, ax and bx

Fig. 3 shows the relationship between the position
of the variator lens and the position of the focus-
compensation lens with no wide-angle attachment lens
mounted in Fig. 1.

Fig. 4 shows the relafionship between the position
of the variator lens and the position of the focus-
compensation lens with no wide-angle attachment lens
mounted in Fig. 1. |

Fig. 5 is a block diagram showing the lens control
device according to a first embodimeﬁt of the present
invention.

Fig. 6 is a flow diagram showing the control
operation of the lens control device of Fig. 5.

Fig. 7 is a flow diagram showing the preparatory
processing routine when the wide;angle attachment lens
is mounted in the.Camera of Fig. 5.

_ Fig. 8 iliustrates the relationship between the
focal length (the position of the variator lens) of the
zoom lens unit and the position of the focus-
compensation leﬁs with no wide-angle attachment lens
mounted and the same relationship bﬁt with the wide-
angle attachment lens mounted in Fig. 5.

Figs. 9(a) and 9(b) are tables, each listing
representative;vaiuee representing the relationship

between the focal length (the position of the variator

lens) of the zoom lens unit and the éosition 6f the

- 14 -



are determ ned by interpolating, respectTVéTVT;Béfmeeﬁ two sets of stored

representative | ocus data (ak, and a¥ﬁ18h R&BEkdbk- 1 1 Wt

respect to a fixed object distance abyy f%% interio T't!!ﬁ\ﬁ"@g'éﬁp‘s BEEN
ratios obtained fromtwo sets of zoomjm &“Ml L(for exqnpl eREPLRCER, g
zk-1 in Fig. 4) and the position of t "®hs 102 beTween zk and
zk-1. As understood from Equation (1), both pk and pk-1 are determ ned by
i nterpol ating, respectively, two sets of stored representative |ocus data
(ak, ak-1, bkfogug-prmpepsatign ipng whthebpeWidepanglpxagthrebmenitengt h
according 1o 4 e ! Rountad and the same velationsnip But with tna'® °X
wide-angle attachment lens mounted in Fig.S5.

Fig. 10 is a flow diagram showing the follow
processing routine in a forced zooming operation in the
camera according to a second embodiment of the present
invention. .

Fig. 11 is a flow diagram showing zoom area
calculation steps of the fbllow processing routine.

Fig. 12 shows the locus of the pdsition_df a focus-
compensatioh lens with the wide-angle attachment lens
mounted, wherein the slope of the locus differs from
that of the locus obtained with no wide-angle attachment
lens mounted.

Fig. 13 is a flow diagram showing the preparatory -
prbcessing routine in the camera according to a thitd
embodiment of the preéent invention with the wide-angle
attachment lens mounted.

Fig. 14 is a flow diagram showing the calculation
routine for locus parameters, a, B, and y in Fig.13.

Fig. 15 is a flow diagram shbwing the follow
processing routine of Fig. 13.

Fig. 16 shows the locus of the position of the
'focus-compensation'lens with the wide-angle attachment
lens mounted,.wherein the slope of the locus differs
from that of thé,lbcué obtained with no wide-angle

attachment lens mounted.

Fig. 17 is a block diagram showing the camera

- 15 -
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NOV 1995 required to keep the zoom | ensy 4g YRy odh Re gfrm ne
position difference between-a focused po ol | oned
currently focused position in the zooninﬁ mt ﬂ oma w
to a telephoto side and the tinme the var requir
fromzx to zk. The zoomlens unit 100 thus foll ows the curve

according to a fourth embodiment of the present

invention.

Fig. 18 is a perspective view showing the

s—totTravet

arrangement of a position detecting switch and a

photosensor used in the camera of Fig. 17.

Fig. 19 is a flow diagram showing the reset

operation of each lens counter in the camera of

Fig. 17.

Fig. 20 is a flow diagram showing the reset

operation of each lens counter in the camera of

Fig. 17.

Fig. 21 is a flow diagram showing the reset

operation at the manual mode startup in the camera

according to a fifth embodiment of the present invention

with the wide-angle attachment lens mounted.

Fig. 22 is a flow diagram showing the reset

operation at the manual mode startup in the camera

according to the fifth embodiment of the present

invention with the wide-angle attaéhment lens mounted.

Fig. 23 is a flow diagram showing the calculation

method of a return position of the focus-compensation

lens with the wide-angle attachment lens mounted.

Fig. 24 is a flow diagram showing the calculation

method of a return position of the focus-compensation

lens with the wide-angle attachment lens mounted.

Fig. 25 is a flow diagram showing the routine for

calculating the zoom area of Fig. 23.

Detailed Description of the'Preferred Embodiments:

Referring.now to the drawings, the embodiments of
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representing the relationship between the focal "

| ens 102) of the zoom | ens u Sgegtﬁfﬁgm Lpsition of the

vari at or

f ocus- conpensation | ens 105 with no

The rel ati onship between the focal Ien
| ens 102) of the zoomlens unit 100 ‘an
focus-conpensation lens 105 wth the w de-angl e attachnent
i s now di scussed. \When the focal
a predet er m nedthal 1RNS (IRNYRRN ARV ISR i BTRTDING HE P
105 varies with the obj

di st ance

Fength (the position of the

on of th al’#EﬁL,QfED
of the

ment |e SFRYiNseskeN

$ect
invention are discuss

(First Embodiment)

Fig. 5 is the block diagram showing the
construction of a video camera into which the lens
control device of the p:esént inyention is implemented.

As shown in Fig. 5, the camera in this embodiment
is provided with a zdom lens unit 100 that is capable of
adJustlng its focal length within a first focal length
area and power within a range from 1x to 12x. The zoom
lens unit 100, as shown, comprises_a first lens group
101. Disposed behind the first lens group 101 is a
second lens group (hereinafter'referred'to as "a
variator lens") 102 which shares the same optical axis
with the first lens group 10l1. ‘

The variator lens 102 is shifted along the optical
axis of its own by a variator lens motor 118 to modify
its power. The variator lens motor 118 is of a stepping
motor type. |

An iris 103 is disposed behind the variator lens

102 to adjust light quantity. Disposed further behind

" the iris 103 is a third lens group 104 that is attached

6nto the lens casing. The third lens group 104 also

shares the same optical axis with the variator lens 102.
Arranged behind tﬁe_thixd_lens'group 104 is a

fourth lens group (heréinéfter'referred to as "a focus-

compensation lens") 105. The focus-compensation lens 105

- 17 -

| ens 121 nounted
| ength of the zoom/lens unit 100 is set to
thsation |ens
di stanceeai shown in Fig. 2(b). Wth the object



kept constant, the focused position of--the—f.ocus- _conpensation | ens 105
varies wth the focal |ength, nanel ~with the position of the variator.lens

102 (along a locus). As can be see een ced howev dirpid SIFEETWHASSBEEN
representing the relationship, in te di stancg as mepiROEDEr ,
bet ween the focal |ength and the pos ocus-co ' ,

105 is different fromthe curve representlng the relationship, in terns

REPLACEMENT SHEET 3 0 NOV 1995
has a focusing function, and a compensation function,

namely compensating for the displacement of the focal
plane arising from power variation. The focus-
compensation lens 105 shares the same optical axis with
the third lens group 104.

The.focus-compensation lens 105 is moved in the
direction in paral;el withrthe optical axis of its own
by a focus~-compensation 1ens motor 120 so that the
focusing and compensation functions are performed. The
focus-compensation lens 120 is of a'stepping motor type.

An image pickup device 106 such as a CCD is
arranged behind the zoom lens unit 100, namely, behind
the focus-compensation lens 105. An imaging surface.that
bears an optical image of an object is provided on one
side of the CCD 106 facing the focus-compensation lens
105. |

CCD 106 photoelectrically converts an optical image
borne on its imaging surface into a video signal, which,
after being amplified by an amplifier 107, is fed to a
camera signal processing circuit 108, an AF evaluation
value processing circuit 114, and an iris control
circuit 112.

The camera signallproceSSing circuit 108'performs a
predetermined_processing to the input video signal to
convert it into a standardized video signal, and then
outputs it. The,videoesighai from the camera eignal
‘processing circuit 108.is amplified by an amplifier 109

up to a predetermined level to be fed to an LCD dispyay
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of object distance as paraneter, between tThée focal Tength and the position
of the focus-conpensation |ens 105 mﬁth1ﬂ Sm%ﬂﬁm Qg%glgééachnent lens 121

‘mounted. In Fig. 2(b), if the focal |engt nlt 301[“M§%H%§fMR§BEHQ
representing the relationship, in terns nce as par angEsgACED

bet ween the focal length and the positio conpens &t

105 diverge out of the focusable focal Iength area If the focal length is
kept to within the linmt 301, nanely, the focal length is set to any val ue

closer to the V\F%I‘éc‘éﬁﬁlélgrd@hef%%’Bsahﬂ?h%Yr@HC%trréhﬂsP%?ft)ﬁ’ésfchs-
conpensation |ens & 5 renalns wor kable. If the focal Iength exceeds the
limt 301, howeREpdehgRBiyed REOFRREINg to the input vidéo signal

before it is fed to an LCD 111. The LCD 111 is a liquid
crystal aiSplay device, which presents characters
representing photographing information derived from a

" character generator 126 alqng with the image represented
by the video signal.

The iris control circuit 112 generates a control
signal that controls openness of the iris 103 in-
accordance with the level of input video signal. The
control signal from the iris control circuit 112 is fed
to an IG driver 113. In response to the control signal,
the IG driver 113 drives its IG meter 115a. With the IG
meter 113a driven,'openness of the iris 163 is
controlled so that the level of video signal remains
constant. Light quantity is thus adjusted.

The AF evaluation processing circuit 114 extracts a
high frequency component from video signal within a
distance measurement frame, based on a gate signallfrom
a frame generating circuit 116, and uses the extracted
high frequency component to generate an AF evaluation
signal that represents the degree of focus matching.

The AF evaluation signal generated by the AF
evaiﬁation value processing circuit 114 is senf to an AF
control microcomputer (hereinafter referred to as AF
microcomputer) 115.'The AF microcomputer 115 has the
general control over the lens-driﬁing. The AF

microcomputer 115 receives'a detection signal from a .
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| ength is set to any val ue cl oser tO"rhe~te+ephoto—ste focus adj ust nent

to be closer to the w de-angl e side, ere. Ther pf or eREPLAGED

by means of the focus-conpensation Ieﬂ1 0ssi bl e. Topreepe—wi-th
this problem -the variator |ens 102 | mm] ﬁ 4 f ocal B ISHEEBHAS BEEN
variator lens 102 is fixed at such a p osition, ard—zoont+g
operation is disabl ed when the wi de- angl e attachment |ens 121 i s nounted.
When the variator lens 102 is set to the fixed position with the w de-angle
attachment | enyidetrangle: et tachmendsdensngoumtiagr dpteseingngwilteh
relationship, in terns of object distance as paraneter,

123. In response to the detection signal and the AF

evaluation signal, the AF microcomputer 115 generates

the control signal for shifting the variator lens 102,

the control signal for shifting the focus-compensation

lens 105, and a command signal instructing a change of

distance measurement frame. The control signal for

shifting the variator lens 102 is fed to a variator lens

driver 117, the control signal for shifting the focus-

compensation lens 105 is fed to a focus-compensation

lens driver 119, and the command signal imstructing a

change of distance measurement frame is fed to the frame

generating circuit 116.

In response to the control signal from the AF
‘microcomputer 115, the variator lens driver 117 drives
the variator lens motor 118. With the variator lens
motor 118 driven, the variator lens 102 is moved along
its optical axis.

In response to the control signal from the AF
microcomputer 115, the focusfcompensation lens driver
119 drives the focus-compensation motor 120 to move the
focus-compensation lens 105 along its optical axis.

The AF microcomputer 115 is connected to a system
controller 124-through a bidirectional line. The system
controller 124, having a microcomputer, has a general
control over the operatiom of the video camera. The

system controller 124 receives focal length information

of the current setting in a zoom switch unit 125 in
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between the focal length (the positionofthe variator ens 102) and the
position of the focus-conpensation I%gsg% Yahdeh REptackd OM the curve

representing the relationship, in terns f_ nce as garaneter '
bet ween the focal |ength (the position 01(‘1 1“““ |l ens 1P j'séfﬁf_-%%s BEEN
position of the focus-conpensation |ens 1 L de-ang| e attachient

l ens 121 nmounted. The focus adjustnent- operation cannot follow t he novenent

of the variator lens 102, and keeping the zoom|ens unit focused cannot be

attained. As acpapgetion with the zoom lens unit 100, and power

| variation information such as zoom driving direction and

focal length provided by the AF microcomputer 115.
Furthermore, the system controller 124 cohtrols the
character generator 126 to present photographing
information such as zoom information; The photographing
information is superimposed on the video signal to be
presented on LCD 111.

The zoom switch unit 125 outputs, as the above-
mentioned focal length information, a wvoltage
corresponding to an éngle of rotation of an operation
member (not shown) which performs a zoom operation to
the zoom lens unit 100.

Exchanged between the system controller 124 and the
AF microcomputer 115 aré the above-mentioned focal
length information and the power variation information
such zoom driving direction and focal length generated
by the AF mic:ocomputer 115.

| A wide-angle attachment lens 121 is mounted onto
the zoom lens unit 100 in a detachable manner to adjust
its focal length and power. When mounted, the wide-angle
attachment lens 121 is positioned in front of the first
lens group 101 so that fhe optical axis of the wide-
angle attachment lens 121 is aligned with that of the
first lens group 101. With the wide-angle attachment
lens 121 mounted, the focusable focal length area of the
zoom lens unit 100 is Sﬁiftéd'to.a second focal length

area from the first focal length area, the focal length
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the zoomlens unit suffers froma noticeably unfocused State until the
variator |lens 102 reaches the fixed pogjstsh@bHasHach RebRgaf t er tt}ﬁwzé?%@rlt-'e\@%EEN |
on fFram.th

unit takes a substantially long tinme to] ed positi om.t-he l
arrival of the variator |ens 102 at the] I!ﬂﬂanlﬁmmlmn Wien tihe_w de-angle._ i
attachnment lens 121 is nounted with the _ t 100 posit?Bﬁéd | '
closer to the telephoto side, the variator lens 102 is forced to nove

closer to the wide-angle side. In the course of this novenent, an_unfocused
state takes pl azl.tiihezoomilens unrile QD is shified towand e eidep t he

wi de- angl e side when power is switched on with the
angle side, and its power is switched to within a range

from 0.7x to 1lx.

The mounting of the wide-angle attachment lens 121
onto the zoom lens unit 106 is performed using a wide-
angle attachmént lens sliding mechanism 122. The
presence or absence of the wide-angle attachment lens
121 is detected by the wide-angle attachment lens
mounting detecting switch 123. The detection signal
indicative of the presence or absence of the wide-angle
attachment lens 121 is sent to the AF microcomputer 115.

Referrihg'now to drawings, the operation of the
camera in this embodiment is discussed.

Figs. 5 and 6 are flow diagrams showing the control
operation of the camera. The processing illustrated

- herein is executed in the AF microcoﬁputer 115.

As shown in Fig; 6, the initial setting is
performed at the start of the processing (step S201). In
the initial setting, the RAM and the variety of ports at
the AF microcomputer 115 are initialized.

Then, a communication routine follows (step §202).
Exchanged in the communication routine between the AF
microcomputer 115 and the system controller 124 are the
focal length information such as the operational
information of the zoom switch unit 125 and the position
of the variator lens, the direction in which the
variator lens is driven under the zoom control of the AF

microcomputer 115, namely the zoom driving direction,
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wi de-angl e attachnent |ens 121 nountéd onto the zoom | ens unit 100. Thus,

an unfocused inmage output and varledT&ggkg}ggB**g,l&ﬁﬁult d

novenment of the variator |ens 102. f the wﬁes saEEJHeAs BEEN
attachnment | ens 121 goes unnoticed, td ﬁ f usi ng [ o arRiGpe%aEE or .
REPLACEMENT SHEET 10 ry of “the—tnvention:

Is a first object of the present invention to

and information indicative of the operative zoom driving -
area which is changed adcbrding to the presence or
‘absence of the wide-angle attachment 1éns 121 on the

zoom lens unit 100. In. response to each signal, the
system controller 124 ¢oﬁ£ro1s the character generator
126 in order to present each necessary pieces of
information on LCD 1l1l. |

The communication routine is followed by a
preparatory processing rdutine for mbunting the wide-
angle attachmeﬁtllens (step S203). In the preparatory
processing routine for mounting the wide-angle
attachment lens, the focal length of the zoom lens unit
100, namely the position of the variator lens, is forced
to move to within the focusable focal length area with
the wide-angle attachment lens 121 mounted. This process
will be discussed further in detail.

Next, the AF processiﬁg routine takes place (step
S204). In the AF prbcessing routine, sevefal operations
such as integrating operation, peak detection,
difference calculus are performed fo the AF evaluation
signals such as high freqdency components, and automatic
focus adjustment is performed based on variations in the
AF evaluation signals.

The AF processing routine is followed by a zoom:
processing routine (step S205) which performs
compensation function ¥ofkegp a focused state during
zooming operatidn.'In.tﬁé zoom processing roufine, the

zoom driving direction and speed of the focus-
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provide a canmera which perforns a forced*200ﬁ+ﬂg operation with a

conversion |l ens group such as a w de- %ac ment Iens mpuated while
keeping a focused state and offers an ﬁ chara’ms'saggmHAgngN

automati c focus adjustnent. To achieve accoy di NREPVAGED
preferred enbodi nent of the present inv control eev-ce
conprises a zoomlens unit having a variator |lens group and a

f ocus- conpensation | ens group which conpensates for in a focused position a
variation ari sicapdersatiowerlens 145 eromalaulated th&oldawtthe (aam

group, a conversion lens group which is nounted in an optical axis of the
zoom | ens unit karus Re &hawt &dn Figs. 2(a) and 2(b).

The zoom processing routine is followed by a
driving direction and speed selecting routine (step
S206). In this routine, in accordance with each of
forced movement operation with the wide-angle attachment
lens mounted, AF mode (automatic focus mode) operation,
and power variation operation,.driving direction and
speed are selécted from driving direction and speed of
the variator lens 102 and driving direction and speed of
the focus-compensation lens 105, determined in steps
S203 and S204. Each of the variator lens and the focus-
compensation lens has its own range of travel terminated
with both mechanicél ends. Provided in the vicinity of
each mechanical end is an electrical end or softﬁare
end. By setting the driving directions and speeds for
the variator lens and the focu34compensation lens, fhe
variator lens is prevented from being positioned beyond
the electrical telephoto end toward the mechanical
telephoto énd or beyond the electrical wide-angle end
toward the mechanical wide-angle end, and the focus-
compensation lens is prevented from being positioned
beyond the electrical minimum end toward the mechanical
minimum end or beyond the electrical infinity end toward
the mechanical infinity end.

The drivihg direction and speed.selecting routine
(step S206) is followed by a focus, zoom énd motor

driving control routine (step S207). In this routine, in
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manner, and which restricts a focusable focal |ength area of the zoom | ens
unit to a second focal |ength area 1y saét Adsibaéh Heplasgda firstfacal |ength

area while the conversion |ens group' !mjﬂmmmﬂi ens p05|t|mrs SHRY s BeeN
means for determ ning a focused posi cus- ensakREQACESNS
group while the variator |ens group t he ba5| ef—bath.facuse
position data, predeterm ned according to object distance, of the
focus-conpensation |l ens group relative to the variator |ens group and
current posi respouseatol thee sedeotedodpéningi dirbetdogr ang aspeedhefvari at or
| ens group, and correction neans for shifting the variator lens group to
the second f &bgl vesigtioradeas\Af’d and ¥hei sedectedsdriving direction

and speed of the focus-compensation"lens 105, the

control signal foi the variator lens driver 117 and the
control signal for fhe focus-compensation lens driver
119 are generated to control the variator lens 102 and
the focus-compensation iens 105 in driving or stopping
operation.

The program returns back to step 5202 to perform it
thereafter again'after the focus, zoom and motor driving
control routine. The above series of steps are performed'
in synchronism with a vertical synchronization interval.
The start of step S202 waits for a next vertical
synchronizing signal.

Referring to drawings, the preparatory processing
routine in mounting the wide-angle attachment lens is
discussed. This routine forces the variator lehs to move
to within the focusable foc¢al length area when the wide-
angle attachment lens is mouhted. Fig. 7 is the flow
diagram showing the preparatory'processihg routine when
the wide-angle attachment lens is mounted in the camera
of Fig. 5. Fig. 8 illustrates the reiationshié between
the focal length (the position of the variator lens) of
the zoom lens unit and the position of the focus-
compensation lens with no wide-angle attachment leps
mounted and the same relationship but with the wide-
angle attachment lens mountéd in Fig.5. Figs. 9(a) and

_9(b) are tables, each listing representative values
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REPLACEMENT SHEET 11 - 30 NOV 1995 group is nmounted in
the optical axis of the zoom | ens Ui Shedfids BLRAR ting fqr—tie—focosed—
position of the focus-conpensation | ' cor dancd TH% $HEEM&AS BEEN
shifting of the variator |ens group [ocal | erjgt h BFREACER
follow the variator lens group. It i ct of the present

I nvention to provide a |l ens control device and a canmera, both of which

avoi d- an operator' s confusion attributed to the
representing the relationship between the focal length

(the position of the variator lens) of the zoom lens
unit and the poéition of the focus-compensation lens
with no wide-angle attachment léns mounted and the same
rélationship but with the wide-~angle attachment lens
mounted in Fig.5.

To execute the preparatory processing routine in
mounting the.wide-angle attachment lens, a determination
is made of whether the wide-angle attachment lens 121 is
mounted or not (step S301) as shown in Fig. 7. When the
wide-angle attachment lens 121 is mounted, a
determination is made of whefher a preparation end flag
fg is raised or not (step S302). When the preparation
end flag fg is "1," the processing énds assuming that
the preparatory processing'is complete.

The preparation end flag fg is raised to "1" when
the preparation procedure is finished by compieting
forced movement 6f bofh the variator lens and the focus-
compensation lens into correspohding focusable focal
length areasw;n succession to the mounting of the wide~
angle attachment_lens.

When the preparation end flag fg remains "0," a
determination is made of whether the current position of
the variator lens 102 is within the focusable focal
length area or not (step S303). If the current position
of the variator lens 102 is within the focusable focal
length area, the préparation end flag fg is raised to

"1" (step S308), and the processing ends.
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fact that the nDuntihg of a conversionlens.group-such as a w de-angle
attachnment |ens goes unnoticed, and both of mhlch of fer an inpLoved image

qual ity and inproved automatic focus a@hisSheebl

second obj ect,

invention, a lens control device or a c

havi ng a vari at
conpensat es for

the present gepLacep

- ﬁmnce PISSRERY Aal BEEN

according to a preferredl:

a zoonllens.unit

or lens group and a conpensation |ens group whi ch
in a focused position a variation arising from power

variation operation &f tthe varrentr posisignoof, taecanréaspcnlbaﬁsl@ﬂou§
which is nounted in an optical axis of the zoomlens unit in a detachabl e

manner, and whi

Epung; ttos pytsdde dhppofgcusable focal length area in
step S303, the zoom driving direction is set to the

wide-angle end, and the driving speed of the variator
lens 102 is set (step S304).

Next, the follow processing routine (step S305) is
carried out. The follow processing routine is the
process to follow the movement of the variator lens 102
eccording to the represeﬁtative cam locus tables stored
in the AF microcomputer 115 such as the ones shown in
Figs. 9(a) and 9(b). As shown in Fig. 9(a), one
representative cam locus table lists data representing
the relationship.between the focal length (the position
of the variator lens) and the position of the focus-
compensation lens with no wide-angle attachment lens
mounted. Listed in this table are representative values
representing the above relationship. The other table in
Fig. 9(b) lists data representing the relationship
between the focal.length (the position of the variator
lens) and the position of the focus-compensation lens
with the wide-angle attachment lens mounted. Listed in
this table ere representative values representing the
above relationship. In each table, the leftmost column v
lists the position of the variator lens 102, and the
topmost row n lists object distance. The wide-engle end
is represented.by v=0, the telephoto end by v=s, the
infinity object disfeﬁce by n=0, and the minimum object

distance by n=m.
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| ength area of the zoomlens unit—toa Second focal length area froma

first focal

| ength area while the ngeg{%g&nlg feedl OUP | S NUUTTLET;,

position detecting means for detec of the com&H$RHESH rPsEEN
group on the basis of a predeterm ngmugm E osition, ang ref ngggg

position shifting neans for shiftin

m ned reference position

to a REPLACEMENT SHEET 12 30 NOV 1995 reference
position corresponding to the second focal

As shown in Fig. 8, the representative values in
the above tables are plotted as a curve f1 that _
represents the relationship between the focal length
(the position of the variator lens 102) and the position
of the focus-compensation lens with the wide-angle
attachment lens mounted. A;so plotted are curves f2 and
£3 that represent the relaéionship between the focal

length (the position of the variator lens 102) and the

- position of the focus-compensation lens with no wide-

angle attachment lens mounted. The curve f1l is a locus
of infinity object distance with the wide-angle
attachment lens 121 mounted. The curve £2 is a locus of
a 10 cm object distance with no wide-angle attachment
lens 121 mounted. For example, h= 10 cm, in aé (in Fig.
8) = Ah6 (in Fig. 9(a)). The cam locus of the 10 cm
object distance, in the vicinity of z7, goes beyond the
electrical minimum end, namely, the software minimum end
in the telephoto side, and thus stored representative
locus of the 10 cm objecf distange takes a7, a8, ...
Sﬁifted closer from the 10 cm cam locus to the minimum
end is the curve or locus f1 that is the locus of
infinity object distance with the wide-angle attachment
lens mounted. The curve £3 is the locus of infinity
object distance with no wide-angle attachment lens
mounted.

The curve £2 is most closely positioned to the
locus of infinity object distance with the wide-angle

attachment lens mounted, and thus the curve f2 is used
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| engt h area when the conversiomtens group is nounted on the zoom | ens

unit. It is a third object ofyfRe niEaeARpiEéENtI ON t0 performoplioim.
control by conpensating for in | mlﬂ NCterlstlcs a vari atrH@BHEET HAS BEEN

resulting fromthe nounting of
present invention to provide allek
I mge frombeing output for its initial setting, during which a variation

It is a fourth objlect afrunceD

prevents a degr aded-gual+ty

i nvolved in the nmounting of accessories in optical characteristics is

conpensat ed f oras Thesubskitwie dfon hiha tloqus gl dinfisyl tr oltjegd esent

i nvention wll

be nore apparent when the follow ng
distance with the wide-angle attachment lens mounted.

It now assumed that the position of the variator
lens 102 is beyond the focusable focal length area

toward the telephoto side, namely, to the telephoto side

of the limit 301 in Fig: 2(b), that the current position

of the variator lens 102 is zx, and that the position of
the focus-compensation lens 105 is px in the vicinity of
infinity. When,_under these conditions, the variator
lens 102 is moved to the wide-angle end without having
the focus-compénsation'lens follow the above cam locus,
the focus-compensation lens 105 remains at px. As a
result, an object in the vicinity of infinity is totally
unfocused. The degree of unfocusing is minimized by
allowing the focus-compensation leﬁs to follow the 10 cm
cam locus £2 with no wide-angle attachment lens mounted,
which is most closely positioned to the locus of
infinity object distance with the wide-angle attachment
lens mounted, in the-cburse of movement of the variator
lens into within the focusable focal length area.
Assuming that.the current position of the focus-
compensation lens 105 is px, a corresponding position in
driving the focus-compensation lens to the wide-angle
side is a9, and thus a9-px is the driving distance of
the focus-compensation lens 105. Let AF represent the
position'difference (= aQ-px), AZ the position
difference between;tﬁo_neighborihg positions of zx to z9

of the variator lens 102, and Zsp the speed (zoom quéd)
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detail ed description is considered with the attached draw ngs. Bri ef
Description of the Drawi ngs: Fi gThidSHest Has BieA®E tic view_show ng fhe

arrangenment of a conventional ca a zoom | eny ,MgbhEgﬂqugggq
conversion | ens which is nounted ¥

ens to nod R LAcem|
| engt h and power of the zoom | ens a) and 2(b IIIHQLLaLe—
respectively, the relationship between the focal |length (the position of
the variator lens) of the zoomlens unit and the position of the
f ocus- conpensaPfoithee vardptprndensdd02anFhe focushfiehloving speedelithad t he

same rel ationship
speed of the focus-compensation lens) Fsp is determined

by Equation (4).

Fsp = AF * Zsp / |AZ] cees (4)

a9 and z9 afe corresponding values in the wide-
angle side on the tables nearest to the current
position.

Next, a focus driving direction and a focus driving
speed are set (step S306). Specifically, the driving
direction is set to the minimum side when AF is a
positive value or to the infinity side when AF is a
negative value. The focus following speed Fsp of the
focus-compensation lens is also set. This completes the
preparatory processing routine in mounting the wide-
angle attachment lens.

When the wide-angle attachmént lens is not'mounted
(step S301), the preparation end flag fg is set to "O"
(step S309), and the processing ends.

‘Thus, the focus-compensation lens is set to follow
the locus most closely positioned to the locus of
infinity object distance with the wide-angle attachment
lens mounted; the cam locus with the wide-angle
attachment lens mounted is spaced'as closely as 50 cm to
the locus of infinity object distance as shown in Fig.
2(b); with.the pdsition of the focus-compensation lens
105 in the vicinity of the infinity locus, an object of
an object distancelof 1m Sr more is focusable, and an

unfocused state is thus prevented; and to achieve
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REPLACEMENT SHEET 13 © 30 NOV 1995 but with the wide-angle

attachnment | ens nounted in FhigSheet Has Been Beglivedrs t he relatlonshlp bet ween t he
position of the variator |ens ion of the focus| T LUﬂﬁbedlIUH
nted in Fig. 1. Hi'Y'S SHEERhHRS BERY

l ens with no wi de-angl e attac
rel ationship between the position of the variator Iens and the pBETHACER of

t he focus-

focusing on most of objects and still to awvoid unfocused
state, the focus-compensation lens is set to follow the
locus most closely positioned to the locus of infinity
object distance with the wide-angle attachment lens
mounted. As a locus most closely positioned to the
infihity locus with the wide-angle attachment lens
mounted, a locus closer tolthe minimum end than the
infinity locus to the minimum end or a locus closer to
the infinity end may be perfectly acceptable.

When the wide-angle attachment lens is mounted, the
variator lens 102 is moved into within the focusable .
focal length area, namely the variator lens 102 is
shifted toward the wide-~angle side (to the wide-angle
side of the limit 301 in Fig. 2(b)). To reflect the
intention of an operator who possibly wants to
photograph in a wiﬁe-angle side setting with the wide-
angle attachment lens, the variator lens 102 is
desirably driven to the wide-angle end with a fixed
position set fB the wide-angle end.

When the widefangie attachment lens is mounted at
the telephoto end, the operator may want to photograph
in the telephoto side setting, and thus the variator

lens 102 is desirably driven to the limit 301 in Fig.
2(b).

Any position within a range from the limit 301
toward the wide—ahgle side'is perfectly acceptable when
the variator lens is driven into within the focusable

focal length area with the wide-angle attachment lens
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conpensation lens with no w de-angle—attachment Tens nounted in Fig. 1

Fig. 5 1is a block diagramshow ng the |l ens 10 eddevi ce according to a
first enmbodi nent of the present in SRes Is a fl ow diagramstrown '
the control operation of the lens ¢ m‘ Ef Fig. 5. Fi gH|373m5§,Té:\A EN
fl ow di agram show ng the preparator utine when tlhe wiR§BLAGED)
attachnent lens is nounted in the canera of Fig. 5. Fig. 8 ill S e

rel ati onship between the focal |length (the position of the var
of the zoom | emoumtied.and t he position of the focus-

iator |ens)

The driving operation of the focus-~compensation
lens 105 performed on the basis of the focus driving
direction and the focus driving speed is discussed in
detail.

The AF microcomputer 115 provides to the focus-
compensation lens driver 119 a motor rotational
frequency signal responsive to the focus driving speed
and a motor rotational direction signal responsive to
the zoom driving direction. In response to the motor
rotational direction signal, the focus-compensation lens
driver 119 sets up the exciting phase of the 4-phase

| motor for forward rotation or reverse rotation. Also, in
response to the rotational frequency signal, the focus-
compensation lens_driver 119 varies a voltage (or a
current) applied to the 4-phase motor exciter. The
focus-compensation lens motor 120 is thus controlled in
terms of its rotational direction and rotational
frequency. Under such a controlling, the focus-
compensation lens motor 120 rotates driving the foous-
compensation lens 105.

The driving method of the focus-compensation lens
105 has been discussed. In this embodiment, the variator
lens 102 is also driven by a stepping motor in a similar
manner.

By following the 1ocus most closely positioned to
the locus of infinity object distance with the wide-

angle attachment lens mounted, focusing operation'can,be
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conpensation lens with no w de- angle attachnent | ens mounted and the sane

rel ationship but with the w de- ﬂ a ed ens nounted inFig—>5 »
Figs. 9(a) and 9(b) are tables, resent ati ve wag SIGEET HAS BEEN
representing the relationship bet | ength (the posiREFACER t he

variator lens) of the zoomlens unit and t he position of the~
SHEET 14 3 0 Nov 1995 14

performed om-an object of an object distance of lmor
more with the position of the focus-compensation lens
105.in the vicinity of the infinity locus. An unfocused
state is thus prevented. As a locus most closely
positioned to the infinity locus with the wide-angle
attachment lens mounted, a locus closer to the minimum
end than the infinity locus to the minimum end or a
locus closer to the infinity end may be perfectly
acceptable. The zooming operation is thus performed with
an object kept in focus while the wide-angle attachment
lens is mounted. | |

When the wide-angle attachment lens 121 is mounted,
the variator lens 102 is moved into within the focusable
focal length area, namely the variator lens 102 is
shifted toward the'wide-angle side (to the wide-angle
side of the limit 301 in Fig. 2(b)). By setting the
fixed position of the variator lens 102 to the wide-
angle end, the intention of the operator who wants to
photograph in the wide angle setting is reflected in the
photographing operation.

The fixed position of the variator lens_loz is not
limited to tne wide-angle end, and any position within
the focusable focal length area from the limit 301
toward the wide-angle end as shown in Fig. 2(b) is
perfectly acceptable. |

Q-In this embodiment the locus most closely
positioned to the infinity locus with the wide-angle

attachment lens mounted is followed. Depending on
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f ocus- conpensation | ens with no wi de-angle | ens nounted and the sane

rel ati onship but with the wi de-angl e HiistShedd AR Heed RBRGOUNt €

pefprmd Bl
NTINSTSHIEERHAS BEEN
rent B¥PLARED

10 is a flow diagram showing the follo uti ne
zoom ng operation in the canera.accord d enbod
present invention. Fig. 11 is a flow-diagra zoom ar

ad C,EllI L,u'l ot i UTT

steps of the follow processing routine. Fig. 12 shows the | ocus of the

position of a focus- conpensatjon lens with the wide-angle attachment |ens
mount ed, wher ei FPRFRSIPERELBR 19RUS GEIRLRH 1F19%eds DIRMEKRT of tHelgREus

ee o

unfocused state may take place on an object of

.obtained with ngegle'_de- anI e attacgrrent

a distance of 1 m or more. In such a case, by allowing
the focus-compensation lens 105 to follow an approximate
infinity locus with the wide~angle attachment lens
mounted rather thah the locus most closely positioned to
.the infinity locus with thé wide-angle attachment lens
mounted, such an unfocused state on the object of a
distance of 1 m or more is further controlled. _
Specifically, as apparent from Fig. 8, the
difference between the infinity locus with the wide-
angle attachment lens mounted and the 10 cm locus with
no wide-angle attachment lens mounted is S at the wide-
angle end and (S + a) at-z6. A rate of change bétween
the two loci is thus a. If a is small enough, the
infinity locus with the wide-angle attachment lens.
mounted is aO+S, al+S, a2+S, ..., a6+S, a7+S, and a8+S.
In step S305 in Fig. 7, the driving to the wide-angle
side is performed with this locus followed.
Specifically,in'Equation (4), on the telephoto side of
z7, AF = ak-pk (k=7, 8, 9,...), and on the wide-angle
side, AF=ak+S-pk (k=0, 1, 2,..., 6). The focus following
. speed Fsp is calculated from Equation (4). In.step S306
in Fig. 7, the driving direct}on of the focus-
compensation lens_is set to the minimum side when AF is
a positive value of fp Fhe infinity side when AF is a.
negative value. ,The;focus following speed Fsp of the

focus-compensation lens is also set. This completes the
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| ens nounted. Fig. 13 is a flow'diagramshow ng the preparatory processing
routine in the camera according bt Rad eﬁﬂ&ﬁﬂ&ﬁﬁnt of the present

i nvention with the w de-angl e at t '?e unted. Fig. 147us dude WS BEEN
di agram showi ng the cal cul ation rg ﬂ&ﬂmﬂmﬂws parameters, (a, [ REftacesn

y in Fig.13. Fig. 15 is a flow di he fol |l ow processing

routine of Fig. 13. Fig. 16 shows the | ocus of the position of the

focus-conpensation |lens with the wi de-angle attachnent |ens nounted,

wherei n the sl QRERFATARTY RUPSeASING Foutime Ha meountiang dhes wider ned with

no w de-angl e :
_ angle attachment lens.

In the driving direction and speed selecting
routine (step S206), driving in excess of the electrical
end to the minimum side is prohibited; thus, on the
telephoto side of z7, in Equation (4), AF = ak+S-pk
(k=0, 1, 2,..., 6, 7, ...).

As described above, if the infinity locus with the
wide-angle attachment lens mounted has a slope similar
to that of the representative locus with no wide-angle
attachment lens mounted, which is a close approximation
of the infinity locus, the representative value S, the
difference between the two loci, may be added to the
representative locus, which is conséquently followed. In
this method, an unfocused state on the object of a
distance 1 m or mbre.is avoided when the setting to the
focusable focal length is performed with the wide-angle
attachment lens mounted.

When a locus most closely positioned to the
infinity locus with the wide-angle attachment lens
mounted is on the minimum side of the infinity locus,

the difference S between the two loci is subtracted from

the infinity locus.

(Second Embodiment)
Reférring to drawings, a second embodiment of the
present invention is discussed.

Fig. 10 is a flow diagram showing the follow
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attachnment |ens nounted. Fig. 1Z_Ls a- blbck_dLagLan1shomﬁng t he canera

REPLACEMENT SHEET 15 NOV 1995 15 accord vgsé Vméb

enbodi ment of the present invent ﬂ@ Sh s Bedx Re lacadperspect
the arrangenment of a position dete ”MIH nd a phot0>ensor use

the canera of Fig. 17.
pfocessing routiné in a forced zoomlng operation in the

camera according to the second embodiment of the present
invention. Figé. 11 and 12 are flow diagrams showing
calculation steps for a zoom area V of the follow
processing routine. Fig. 12 shows the locus of the
position of a fpcus-compen§ation lens with the wide-
angle attachment lens mounted, wherein the slope of the
locus differs from that of the locus obtained with no
wide-angle attachment lens mounted.

The construction of the camera in this embodiment
remains unchahged from that of the camera in the first
embodiment.

The focused cam loci are plotted as shown in Fig.
2(b) when objecf distance is varied with respect to
focal length with the wide-angle attachment lens 121
mounted.-When the slope of the locus with the wide-angle
attachment lens mounted is substantially equal to that
of the locus with no wide-angle attachment lens mounted,
the method mentioned above in connection with the first
embodiment suffers no unfocused state when the variator
lens 102 is forced into the wide—angle side. If the
slopes of both loci with and without the wide-angle
attachment lens are substantially different, however,
the above-mentioned method suffers an unfocused state,
resulting degraded image quality. |

Discussed below is gifofced hovement method of the
variator lens 102 that'suéféfs no unfocused stﬁte with

the wide-~angle attachment lens mounted even when the -

.- 36 -



Fig. 19 is a flow di agram showing -the +eset—operati on of each |ens counter
in the canera of Fig. 17. Fig. 20 is a flow iagranlshomjng,the reset
operation of each lens counter T§S Fig. 17. Filgpy@énts ioad by
di agram showi ng the reset operat ual node starfup iggridrep
canera according to a fifth enbo present inventign-w-t-h-the .|
w de-angl e attachnment |ens nounted. Fig. 22 is a flow diagram show ng the
reset operation at the manual node startup in the camera according to the
fifth enbodi neslare tdfe gheedaaus mwidin ithe wide-angle ddtachimendt tlenisnent

| ens mounted. Fig. 23 is a flow di agram showi ng the cal cul ation
mounted is substantially different from that of the

locus with no wide-angle attachment lens mounted.

Referring to Fig. 12, the locus with the wide-angle
attachment lens mounted having a slope differenf from
that of the locus with no widé—angle attachment lens
mounted is plotted by a dotted line. As apparent from
Fig. 12, the focused position of the locus of 10 cm
object distance and the focused position of the locus
with the wide;angle attachment lens mounted agree with
each other at the position z7 of the variator lens. As
running toward the wide-angle side, however, both loci
diverge.

When the loci diverge as. shown, the locus with the
wide-angle attachment lens mounted as shown in Fig. 2(b)
is stored as tabled dafa in the AF m;crocomputer 115 and
is used to avoid an unfocused state.

Locus data in Fig. 2(b) may be related to tabled
data in Fig. 9(b). Data in a single column in the table
may be used to plot a single locus. In Fig. 9(b), the
row n represents object distance, and the column v
.represents the position Qf the variator lens (focal
length). Each data B (n,v) is a variable representing a
focused position (the position of the focus-compensation
lens). The infinity object distance is represented by
n=0, the minimum object distance by n=m, and the wide-
angle end by v=0. The focal length designated by 302 in

Fig. 2(b) corresponds to v=t. When the wide-angle
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met hod of a return position-of—the—+focus- coﬁpeﬂsation lens with the

w de-angl e attachnent |ens nDunted F| a fl ow di agr anj-shewng-the
cal cul ati on nethod of a returh® focus conpensaj THIS SHEETSHNS BEEN
t he wi de-angl e attachnent Iens 25 is a flow di gramnﬂuwwmm
the routine for cal cul ating th F|g 23. Det ai | ed—bBesert+ption

of the Preferred Enbodi nents: F@ferrlng nom/to the draw ngs, the
enbodi nents of REPLACENMENT SHEET
' attachment lens is mounted, focusing is possible on the
infinity objects oﬁly at the position 302 in Fig. 2(b).
The position 301 of the variator lens where focusing is
possible over all object distance corresponds to v < t.
When the variator lens 102 is forced into within
the focusable focalnlengthfarea with the wide-angle
attachment lens mounted, the cam locus of a partiqular
object disfance (here infinity object distance) with the
wide-angle attachment lens mounted is followed. By
-storing the data belonging to a single column n=k (here
n=0) in the tabled data in Fig. 9(b) with the wide-angle
attachment ;ens méunted, the variator lens 102 is forced
into within the focusable focal length while keeping a
focused state. |
The forced movement methbd of the variator lens 102
with the wide-angle attachment lens mounted is now
discussed.
In the forced movement method of the wvariator lens
102 with the wide-angle attachment lens mounted, this
embodiment is different fiom the first embodiment only
in the follow processing'routine (step S305 in Fig. 7).
Both embodiments are identical in the remaining
routines. Fig. 10 shows a processing difference
incorporated into step S305 in Fig. 7.
When the follow processing routine is executed,
zoom area v is caigulated to locate the zoom area v
within which the positioﬁ.Zx of the variator lens 102

falls (step S601). Fig. 11 shows the detail of step

- 38 -



16 - 30 NOV 1995 the lens control device according to the
present invention are discussed. (Flmgtst,gm@ heelti g. 5 is the-block

di agram showi ng the construction of a |nto whi ch |tyimes $1BES HAS BEEN
control device of the present invent| ted. As shdwn |msnugm05
the canera in this enbodi ment is prov om | ens uni—3+66—ttrat—Ts

capabl e of adjusting its focal |ength mﬁthln a first focal length area and
power within a ran%g fromlx to 12x. The zoomlens unit 100, as shown,
ns group 101. Di sposed behind the first lens group 101

conprises a fird6
s a

As shown in Fig. 11, in the zoom area calculation,

the zoom area variable v is initialized by resetting it
f

to "0". The zoom positions Z(v) at boundaries between

zoom areas are calculated (step S702). The zoom
positions Z(v) correspond to zO0, z1l, z2,... in Fig. 12.
Z(v) =_(Te1ephoto end zoom position - Wide-angle end
zoom position) * v/s + Wide-angle end zoom position

... (5)

Here, the division opefation by the value s is to
equally divide the overali range of travel of the
variator 1ené by the data area number s in Fig. 9(a).

In succession to the calculation of zoom positions
Z(V), a determination is.made of whether the position Zx
of the variator lens 102 equals the position Z(v) (step
S§$703). When the position Zx of the variator lens 102
equals the zoom position Z(v), a boundary flag is raised
to "1" based on the determination that the position Zx
of the variator lens ;02 1igs on the boundary of the
area v (step S707). This completes step S601.

When the position Zx of the variator lens 102 is
not equal to the zoom poéition z(vf in step S703, a
determination is made of whether the position Zx of the
variator lens 102 is smaller than the position Z(v)
(step S704). When the position Zx of the variator lens
102 is smaller than Z(v), tbg boundary flag is set to
"0" (step S706) based dn-the determination that the

position Zx of the variator lens 102 is somewhere
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second lens group (hereinafter Teferred to as "a variator |ens") 102 which
shares the sanme optical axi is‘@hwﬂismﬂmﬁi‘ed' ens group 101. The vari ator

l ens 102 is shifted along t of its own by gvar r ‘
nmotor 118 to modify its povveﬂl ﬁﬂ!ﬂﬂgum | ens notor 118 W*‘és%%gg%%fvn}g
notor type. An iris 103 is di 0_adj ust.
light quantity. Disposed further behind the iris 103 is a third | ens group

the variator legns 1
104 that is attached onto the | ens casing. The third |l ens group 104 al so
shares the behueeptZéxkléxasdmﬂ(ﬂ)th@hiarcemglet@ﬁsstep.Sﬁgianged behi nd

the third lens group 104 is a
" "When step S704 reveals that the position Zx of the

variator lens 102 is not smaller than the zoom position
Z(v), the zoom area v is incremented (step S705), -and
the same processing starts over with sfep S702. The
above processiﬂa determines if the current position Zx
of the variator lens 102 lies in the zoom area of v=k in
the table shown in Fig. 9(b), and further if the current
position Zx of the variator lens 102 lies on the
boundary of the zoom area of v=k. In the table in Fig.
9(b), variable v satisfies the relationship, Osvs<t. In
this embodiment,.thé_position Zx of the variator lens
102 lies in the zoom area of v=10,.

In succession to the calculation of the zoom area
v, a determination is made of whether the calculated
zoom area Vv is greater than the area t (step S602). This
routine determines whether or not the current position
of the variator lens 102 lies to the telephoto side of
the position 302 in Fig. 2(b). The position 302
corresponds to z7 in Fig. 12.

When step S602 reveals that the current position of
the variator lens lies in the telephoto side of 302, a
target pésition to be followed is set to data A(h,v-1)
in the zoom.area, v-1l, which is shifted to the wide-
angle side by one zo?m area from the current position of
the variator lens, and a difféfence quantity AF between
A(h,v-1) and the current position Px of the focus-

compensation lens is then calculated (step S603). The.
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fourth lens group (hereinafter referred to as "a focus- conpensation tens").
105. The focus-conpensation | ens 105 This SREIPHAGH laigEET 17 THIS SHEET HAS BEEN

30 NOV 1995 17 has a focusing function ation fun¢ti oONReMAGED Y
conpensating for the displacenment of t @ rari sing flompower. .. ...
vari ation. The focus- conpensation |en he sanme optical axis

with the third | ens -group 104.

following equation (6) determines fhe difference AF.
| AF = A(h,v-1) - Px cse  (6)

where A(h,v-1) represents data of the zoom area, (v-1),
which is closer to the wide-angle side by one zoom area
from the current position of the variator lens 102 (n=h
corresponds to the locus data of 10 cm object distance).
A(h,v-1) is used to as the target position to be
followed. Px represents the current position of the
focus-compensation lens. |

When step S602 reveals that the calculated zoom
area v is not greater than the area t, the difference AF
is calculated (step S604). The difference AF is
calculated by the:following equation (7).

AF = B(0O,v-1) - Px eee (7))
where B(0,v-1) represents locus data of the infinity
object distance with the wide-angle attachment lens
mounted. B(0,v-1) is used as the target positién to be
followed.

In succession to the calculation of the difference,
AF, the focus following speed, Fsp, is calculated by
Equation (4) (step S605). In this calculation, the
difference, AZ is (Zv-1 - Zx).

The above follow processing routine is followed by
the same procéSsing-as step S306 in Fig. 7.

As mentioned ébove, in this embodiment, forced zoom
driving is performed to within the focusable focal
length area with the wide-angle attachment lens mounted

whiie an object is kept in focus even if the presence or
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The focus-conpensation lens 105 is nmoved in the direction in parallel wth
the optical axis of its own Iyis Shefi@fabBsch R §g§ation | ens notor 120 so that
mﬁb nmotor type. A

t he focusing and conpensati on performed. The |qus sHEET HAS BEEN
f ocus- conpensation | ens 120 i H@ﬂ _
device 106 such as a CCDis a the zoom | ens ulnif 100 ——Ramety;

| MaggpOACERUD
behi nd the focus-conpensation | ens 105. An imagi ng surface that bears an
optical image of an object is _provided on one side of the CCD 106 facing
the focus- cofPERBEei 8f thaswide-angie)attapbmentclenscmekescanverts an

optical imge borne on_its_imagi ng surface into a video signal,_ which,
P gsugstantgal aisferdned in the slope of the 1ocds of the

focused position of the focus compensation lens 105
relative to the variator lens 102 with respect to object

distance.

(Third Embodiment) |

Referring to drawihgs,.a third emﬁodiment of the
present invention is discussed.

The construction of the camera in this embodiment
remains unchanged from that of the camera in the first
embodiment.

In thelfirst and second embodiments, the variator
lens 102 is forced into within the focusable focal
length area by following the cam locus of the infinity
object distance with the wide-angle attachment lens
mounted or the cam locus of the approximate infinity
object distance. When an object, which was photographed
immediately before the mounting of thé wide-angle
attachment lens, has a minimum distance (for example, an
object having a distance of 50 cm or smallér on the loci
shown in Fig. 2(b)), a forced following along the
infinity locus creates an unfocused state.

The slope of a locus with the wide-angle attachment
lens 121 mounted maf-be different with object distance
(such as loci as shown in Fig. 16). If the locus of the

"infinity object disténce is followed in such a case with

the wide-angle attachment lens mounted, the focus-
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after being anplified by an anplifiér‘Iﬁ?fmfgﬂfgaffé-a camera signal

processing circuit 108, an AF eval uatyQ8pe¥diadBedn #sti ng cirF£4+4Ep%_4uui___

an iris control circuit 112. The camer ' N‘ ﬁ THIS SHEST HAS BEEN
S

' ssing cirg
perforns a predeterm ned processing toﬂ‘m‘
into a standardi zed vi deo signal, and pu

eo signal{to CRERUACED it
it. The vi teo—st glla:
fromthe canera signal processing circuit 108 is anplified by an anplifier
109 up to a predetermned level to be fed to an LCD displa
compensation lens 105 may shift off its real focused

position depending on the object photographed. Thus, an
unfocused state results, deteriorating image quality.

The two above-mentioned cases are resolved to
prevent unfocused state in the following manner: The cam
locus information with the wide-angle attachment lens
mounted is stored for eachlobject distance; an object
distance which was used for.photographing is determined
from the position of the variator lens 102 and the
position of the.focus-compenéation lens 105 with the
wide~-angle attachment lens mounted; by selecting and
following the locus that matches the object distance in
focusing operation, the variator lens 102 is forced into
within the focusable focal length area.

In this method, locus data representing a plurality
of object distances with the wide-angle attachment lens
mounted shown in Fig. 9(b) are stored in the AF
microcomputer 115. The locus that matches the determined
object distance in focusing operation is obtained by
interpolating stbred locus data. Specifically, a lbcus
to be fol;owed, between the cam locus of the infinity -
object distance and the cam locus of the minimum object
distance, with the wide-angle attachment lens mounted in
Fig. 16, is determined by applying interpolation to a
plurality of stored data; ' |

Referring to.draWings, the preparatory processing
rbutine in the camera in this embodiment with the wide-

angle attachment lens mounted is discussed. Fig. 13 is
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REPLACEMENT SHEET 18 - 30 NOV 1995 18 citcuit 110. The LCD di §pkéifasifabiild
110 perforns a predeterm neggﬂ aiﬁgﬁfﬁk 1&%@ I'nput vi deo sijghi SHEET Gin& BEEN

is fed to an LCD 111. The L
presents characters representi
character generator 126 al ong

crystal display devFRE®AcaEhi ch

e

Lng i nf or mati on dertved-frofma
represented by the video

signal. The iris control circuit 112 generates a control signal that
controls openness of the iris 103 in accordance with the |level of input

vi deo signal

The flow diagram showing the preparatory processing

routine in'the camera. according to the third embodiment
of the present invention with the wide-angle attachment
lens mounted. Fig. 14 is the flow diagram showing the
calculation routine for cam locué parameters, a, B, and
Y in step S909 in Fig. 13. Fig. 15 is the flow diagram
showing the foilow processing rbutine of Fig. 13. Fig.
16 shows the locus of the position of the focus-
compensation lens with the wide-angle attachment lens
méunted, wherein the slopé of the locus differs from
that of fhe locus obtained with no wide-angle attachment
lens mounted.

In the flow diagram in Fig. 13, when the

preparatory processing routine with the wide-angle

attachment lens mounted is executed (step S203 in Fig.
6), first, a determination is made of whether the wide-
angle attachment lens 121 is mounted (step S901). When
the wide-angle attachment lens 121 is mounted, a
determination is made of whether the preparation end
flag fg is raised (step S902). When the preparation end
flag fg is found to.be "1l," the processing ends because -
fhe preparation is complete.

When the preparation end flag is "0," a
determination is made of whether the variator lens 102
is within the focusable focal length area (step S903).
If the current.position of the variator lens 102 is
within the focusable focal length area, the preparation

end flag fg is set to "1" (step S908), and the
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control signal fromthe iris controt-cirtcuit—112-+s fed to an 1 G driver

113. In response to the control Egpahq Q% | G driver 113 drives its |G,
meter 113a. Wth the IG neter 11 - ‘E_ss of the ijrhfs T s BEEN
controlled so that the |evel of v , t mai ns constant. L TaCED

I

quantity is thus adjusted. The A _ ocessing cirduit. 114
extracts a high frequency conponent from video signal within a distance
measur enent franeg, baied on _a gate signal froma frane generating circuit

116, and uses PRECEFSARG: €49Figh frequency conmponent to generate ﬁn AF
The AF

Cy ot S anal e BB B RetBoidER 8k LA SaTILEl fank i)
is not within the focusable focal length area, the zoom
driving direction is set to the wide-angle side and the
ZOOom driving speed islset (step S904).

Then, the follow processing routine is executed
(step S905). The follgw pr&cessing routine is discussed
further in detail_later.

Next, a focus driving direction and a focus driving
speed are set (step S906). Specifically, the driving
direction is set to the minimum side when AF is a
positive value or to the infinity side when AF is a
negative value. The focus following speed Fsp of the
focus-compensation lens is also set.

When the wide-angle attachment lens is not mounted

“(step S901), the preparation end flag fg is set to "O"
- (step S907), and calculation routine for cam locus
parameters, a, B, and y is e#ecufed (step S909). The
calculation routine fdr.cam loéus parameters, a, B, and
Y is further discussed in detail later.

The processing ends when the calculation routine
for locus parameterS'a, B, and y is completed.

Referring.to the flow diagram in Fig. 14, the
calculation routiné for locus parameters a, B, and y is

“discussed in detail. |
| In the calculation routine for locus parameters a,

B, and Yy in Fig. 14, the zoom area calculation is

performed to identify the zoom area v in which the
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eval uation val ue processing circuit 114 is sent to an AF control

m croconputer (hereinafter referred tmisggecﬁﬁsmdﬁmﬁaemuter) 1

5. _The AF— :
m croconputer 115 has the general cont] ens driviHﬁwa%@E%FASBEHV
ni croconputer 115 receives a detecti onuwmﬂuu “ REPLACENVENT-F SRR

19 30 NOvV 1995% - _

detecting switch 123. In response to the detection signal and the AF

ttachnment |ens nounting
eval uation signal, the AF m croconputer 115 generates
J variator lens 102 gBrrent \'4 lges (step S1001). The

contenf of this processing remains substantially
. unchanged from that-illustrated in Fig. 11.

In succession to the zoom area calculation in step
S1001, object distance n is initialized to "0" (step
$1002).

After the'initializgtion of the object'distance n,
a determination ié'made of whether the current position
of the variétor lens 102 ‘lies on the boundary of a zoom

' area, referring to the boundary flag (step S1003). When
the boundary flag is set "0," it is recognized that the
current position of the variator lens 102 does not lie
on the boundary of the zoom area. Whéﬁ the boundary flag
is set to "i," it is recognized that the current
position of the variator lens 102 lies on the boundary
of the zoom area. |

When the boundary flag is "0," Zk = Z(v), Zk-1=
Z(v-l). For example, when the zoom position is Zx in
Fig. 16, Zk= 210, Zk-1= Z9.

| Then, four tabled data, A(n,v—l), A(n,v), A(n+l,v-
1), and A(n+l,v) .are read (step S1005). From Equations
(2) and (3), ax and bx are calculated (step S1006).

When the boundary flag is "1" in step SlQOS, the
object distance n, focused position of the focus-
compensation lehs 105 A(n,v), A(n+l,v) relative to the

) variafor lens 102 aré'read, and A(n,v) and A(n+1,v) are
stored as ax and bx (step S1007).

In succession to the calculation of ax and bx, a
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the control signal for shiftiﬁg”fﬁE“V§Fiéf6F‘réﬁ§ 102, the control signal

rame. The control
iator lens drive

for shifting the focus-conpensqmggawh%Q§&$Q§WEg@d a command si g

i nstructing a change of distance
shifting the variator |lens 102 |H%§“E
control signal for shifting the

;gﬁsmbr k25 e
117REFLACED N
ation lens 105 i §

focus-conpensation lens. driver 119, and the command signal instructing a
change of distance neasurenent frame is fed to the frame generating circuit
116. | n respons@etgrmipatden, de BpgRaPrLt vhALthaE BhenrurseBkpResiti®n Prhe
variator |lens drive 7 drives the vgghaior Iiag notor 118. Wth the

1
of tke ocus-compensat ens

vari ator | ens

is greater than ax or

not (step S1008). When the Px is greater than ax, a

determination is made of whether Px is greater than bx

(step S1009).

When step S1009 reveals that Px is greater

than bx,

namély that Px is positioned closer to the minimum side,

the object distance n is incremented (step SiOlO). A

~ determination is made of ‘whether the object distance n

is equal to or smaller than a minimum object distance m

(step S1011). When the object distance n is equal to or

smaller than the minimum object distance m, the

processing starts over with step S1003. When the object

distance n is not equal to nor smaller than the

minimum

object distance m, Px is at the super-minimum position,

and locus parameter a is stored as "0" (step S1012).

Locus parameter B is given as a difference, bx-ax,

and then stored (step S1014). The storing of locus

parameter B is followed by storing the object distance n

as locus parameter y (step S1015).

When step S1008 reveals that Px is not greater than

ax, Px is at the super-infinity position. "0" is stored

as locus parameter a, the difference, bx-ax, is

as locus parameter B, and the object distance n

stored

is

stored as locus,parameter Y (steps 51012, S1014, and

S1015).
When Px is not greater than bx (step S1009

must lie between the object distances n and n+l

.-47‘
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motor 118 driven, the variator Tens 102 is noved along its optical axis. In
response to the control si gnqj,isgl{egma;i;@nkfﬁﬁtd:rocormuter 1 '
I

[ 1Ne
f ocus-conpensation | ens driver e focus-conpensHﬂ?éﬁEigﬁgisﬂﬁb
to nove the focus-corrpensatioj “Bﬂg‘!la g its optical pxis. The"
m croconputer 115 is connecte mcontroller 124 through a
bidirectional line. The systemcontroller 124, having a m croconputer, has

a general control over the operation of the video canera. The szsten1
control | er 4bEfQERRCYPFTRB 1B RFPreRi P nPFeH RPATIMRLRE (¢chBt@Riting in

a zoon1smnt§fofgsf %&g éikference, bx-ax, is stored as locus

parameter B, and the object disténde n as locus
parameter y (steps S1014, and Ss1015). |

Locus parameters, a, B, and Y représenting where
the position of the variator lens 102 and the position
of the focus-compensation iens 105 are on the locus are
sequentially updated and stored and then used as the
object distance information immediately before the
mounting of the wide-angle attachment lens 121.

Referring to Fig. 15, the follow processing routine
in this embodiment is discussed.

In the fo;low processing routine in Fig. 15, the
zoom area calculation, zoom area v is calculated to

.locate the zoom area v within which the position Zx of
the variator lens 102 falls (step S1101).

In succession to the calculation of zoom area, a
determination is made of whether the calculated zoom
area v is greater than the area t (step S1102). This
routine determines ﬁhether or not the current position
of the variator lens 102 lies in the telephot6 side of
the position 302 in Fig. 2(b).

When the calculated zoom area v is greater than the
area t, the current position of the variator lens 102 is
to the telephoto side of_thg position 302 in Fig. 2(b)
(corrésponding to Z7 in Fig.16). The difference AF is
determined from the aboveﬁEquation (6) (step 81103).

Here, A(h,v-1) represents data of the zoom area, (v-1),
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REPLACEMENT SHEET 20

| ens unit 100, and power variatiansbm%ﬂkﬁ%&h@@1§£@h as zoom

~ 3 0 NOV 1995 connection with the zoom

direction and focal |ength provide jlcr oconput er llbg.glsﬁigﬂgég BEEN
Furthernore, the systemcontroller - t he charactet_genperator 126

to present photographing informati

m i nfornmati on. The

phot ographing information i s superinposed on the video signal to be

presented on LCD 111. The zoomswitch unit 125 outputs, as the above-

which is closer to the wide-angle side by one zoom area
from the current position of the wvariator lens 102 (n=h
corresponds to: the locus data of 10 cm object distance).
A(h,v-1) is used to as the target position to be
followed. Px represents the current position of the
focus-compensation.lens 105.

When the calculated zbom area v is not greater than
the area t, the difference AF is calculated (step
S1104). The difference, AF, is determined from Equation
(8).

AF=[{B(y+1,v-1) -B(Y,v-1)}*a/B + B(Y,v-1)]-Px
.o e(8) |
where the calculated target position to be followed is
represented by [{B(y+1,v-1) -B(Y,v-1)}*a/B + B(Yy,v-1)].
In the course of determining the difference, AF, the
calculated target position to be followed is obtained by
setting the interior division to a fixed value by
substituting a/p for {|p(n)-a(n)|/|b(n)-a(n)]} in
Equation (1).

In succession to the determination of the
difference, AF, the focus following speed Fsp is
calculated from Equation (4) (step S1105). The
difference in zoom position AZ is Zv-1 - Zx.

The same processing as in step S306 in Fig. 7 is
executed when the follow processing routine is complete;

In this embodiment;lwhen the wide-angle attachment
iens is mounted, the forced zoom operation into the

focusable focal length area is.performed without

- 49 -



mentioned focal length information, a voltage corresponding to an angle of
rotati on of an operation menber ( nrHis Shbm)BeReplace@er f ornms a i

to the zoomlens unit 100. Exchange yst em cont r pTHI8ISHERXHAS BEEN

the AF microconputer 115 are the ab [’M!‘u}ﬁ lEocal | engt h{ i nf ORGPLAECETh

and the power variation information I ng directibmramd—oTa

| ength generated by the AF mi croconputer 115. A w de-angle attachnent |ens
121 is nounted onto the zoomlens unit 100 in a detachable nmanner to adjust
its focal |engtareagipgwenfoopgad ptatedregaedlpes- ofigrhe obiedkent | ens

121 is positioned in front of the first
distance that was used immediately before the mounting

of the wide-angle attachment lens. Also, the forced zoom
operation is performed while keeping an object in focus
even if the élope of the locus of object distance
greatly varies with objectldistance as a result of
mounting the wide-angle attachment lens 121.

In one éspect of the camera according to the
present invention, the variator lens group is forced to
‘move to a predetermined position within a second focal
length area when the conversion lens group is mounted.
The focused position of the focus-compensation lens
group relative to the variator lens group, varying with
the forced shifting of the variator lens group, is |
calculated. The focus-compensation lens group is then so
shifted so that it follows the calculated focused
position. The forced zoom operation is thus perfdrméd
while keeping an object in focus with the conversion
lens group such as the wide-angle attachment lens
mounted. Furthermore, an improved automatic focus
adjustment response resﬁlts.

In another aspect of the present invention, focused
position data of the focus-compensation lens group
relative to the variator lens group, predetermined.with
respect to object distances, comprise firét focused
position data. The variator iens group is forced to move
to a predetermined poéition within a second focal length

area when the conversion lens group is mounted onto the
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|l ens group 101 so that the optical axis of the wide- angle attachnent |ens

121 is aligned with that of (trhieSheet sk Béet Replggedup 101. With th d

W de-angr e
attachnent |ens 121 nounted, t ocal length area DFH@H%%%hgafBEH“
lens unit 100 is shifted to-a ength area fromthe fi ca

| ength area, the focal |ength SHEET 21 3 0 Nov
1995 of the zoomlens unit 100 is shifted toward the w de- angle side, and

its power is switched to within a range
zoom - lens unit. In the course of zoom operation, the

first focused position data are used to determine the
focused position of the focus-compensation lens group:;
thus, a relatively small memory capacity is sufficient
enough to storé data for the forced zoom operation.

o In yet another aspect_of the present invention,
focu;ed position data.of the focus—qomﬁensation lens
group relative to the variator lens group, predeterhined
with respect to object diétances,'comprise first focused
position data. The variator lené group is forced to move
to a predetermined position within a second focal length
area when the conversion lens group is mounted onto the
zoom lens unit. Second focused position dafa that are
derived by adding a predetermined value to the firét
focused position data are used to determine the focused
position of the fbcus-compensation lens group. The
focused position data with the conversion lens group
mounted are thus refined sufficiently enough to widen
the focusable focal ;ength area.

In yet another aspect of the present invention,
focused'position.data qf the focus-compensatidn lens
group relative to the variator lens group, predetermined
with réspect to objegt distancés, comprise first focused .
position data and seqond.fdcused position data. When the
variator lens group is forced to move to a predetermined
positionlwithin a second focal length area whén the
‘conversion 1ens-gr6up.1s'mounted onto the zoom lens

unit, either the first focused pbsitidn data or the
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fromO0.7x to 1x. The nmounting of the wi de-angle attachment Iens 121 onto

the zoomlens unit 100 is perfonfEshebitialiBeedR W angl e attachnent |ens

sliding nechani sm 122. The prese of the w de-a @EN.
lens 121 is detected by the wi de mﬁlﬂ | ens nount ﬁ’é’g é@ﬁ‘giﬁ?
switch 123. The detection signal the presence ¢r absence of

the w de-angle attachnent | ens 121 |s sent to the AF m croconputer 115.
Ref erring now to drawi ngs, the operation of the camera in this enbodi nent
i s discussed. SpgondsfasusedapostitianddagranrestehragedheTbensrdrctpdr ation
of the camera. The processing illustrated
focused position data are used to determine the focused
position of the focus-compensation lens group. The
focused position data with the conversion lens group
mounted are thus refined sufficiently enough to widen
the focusable focal length area.
'In.yet another aspect of the present invention,
the vériator lens group is forced to move to a
predetermined position wfthin a second focal length area
when the conversion lens group is mounted. The focused
position with a particular object distance immediately
before the mounting of the conversion lens group is
determined. The focus-compensation lens Qroup is moved
to the focused position with the object distance. The
forced zoom operation is thus performed while keeping an
object in focus with no influence by the object distance

used imﬁediately before the mounting of the conversion

lens group.

(Fourth Embodimént)

A fourth embodiment of the present invention is now
discuséed.

In this embodiment, the reference position of the
variator lens is changed in accordance with the
focusable focal length area that varies in response to
the -mounting - of the wide angle attachment lens; and when
power is switched on w1th the wide-angle attachment lens

mounted, image output is initiated after completion of
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herein is executed in the AF m croconputer 1I1I5. As shown in Fig. 6, the
initial setting is perfornegyad, L6 SdRRipplq t he processing (step S201). In
the initial setting, the RA - @iy of ports at the—AF EEN
m croconputer 115 are initi aﬂ’u 4@" HLcom‘runi cation r Jt*l%‘é“ﬁfél‘&\éﬁv%
(step S202). Exchanged in th | [ routine betweer the RER- .
m croconputer 115 and the systemcontroller 124 are the focat—Tength

i nformati on such as the operational information of the zoomswitch unit 125

and the positi &heofinikdajdzniiop pénthet hengesecThomeifarahi shet putputi at or

l ens is driven ynder, the zgom control of the AF mcroconputer 115, nanely
the zoom drivi R4 & PegrpgRd quality image is thus prevented.

In the zoom lehs according to the present
invention, the position of the focus-compensation lens
during power variation is determined by the above-
mentioned Equation (1). When the focus-compensation lens
is at the position p0O, the interior division rétio by pO
that divides the line segment b0-a0 is determined.
Interpolating the line segment bl-al by the interior
division ratio gives a point pl. The speed of the focus-
compensation leﬁs 105 to keep focused state can be
determined by the positional difference between pl and
p0 and the time the variator lens 102 requires to travel
from z0 to zl. The curve representing the relationship
between the focal length (the positioh of the wvariator
lens 102) of the zoom lens unit 100 and.the position of
the focus-comﬁensation lens 105 with no wide-angle
attachment lens 121 mounted is followed by allowing the
foéus-compensation lens 105 to travel at this determined
speed. This has been already described.

Provided to perform the follow operation are a
position counter to detect an instantaneous position of
the variator lens 102 and a position counter to detect
an instanfaneous'position of the focus-compensation lens
105. If the counts of the position counters suffer from
a deviation or an error, retrieval of the 1ocus data
stored in the AF microcomputer also suffers from an

error, wherein the locus data are a combination of
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REPLACEMENT SHEET 3 0 NOV 1995 22 and informati on i ndicative of the

operative zoomdriving area mhrgp$k§ d accordlng to th ce O
absence of the wi de-angle attac - n t he zoon1|e§éR£% ?4% éﬁﬁ*
response to each signal, the sy %ﬂi 124 control s {the ¢ aracter
generator 126 in order to prese ry pi eces of information on

LCD 111.

coordinates consisting of the position of the variator
lens 102 and the position of the focus-compensation lens
105. Such an incorrect data retrieval leads to an
incorrect follow operation for keeping the focused
state. A power va;iation operation.thus creates an
unfocused state.

As one method to prevent.the unfocused state
attributed to the error in each position counter, each
counter is reset to its reference count. In this method,
prior to the transition to normal operation phase from
the power-on phase in the camera, both the variator lens
102 and the focus-compensation lens 105 are moved to
their respective predetermined positions to reset
respective position counters there. A photodiode is used
to detect the presence of each lens that has arrived at
its predetermined position. Each photodiode is disposed
at its corresponding pfedetermined position. The lens |
position that causes a change in the output of each
photodiode is set as the reset position in each position
counter, and the corresponding count in each counter is
set as a value determined by baiance adjustment in the
optical system. During movement of each lens for counter
resetting, a photographed image suffers from a large
degfee of unfocused state, and the image is thus not
output. The image is output after the completion of this
counter reset operation. |

Also proposed is another method which prevents any

change in the field of view and the like as a result of
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The conmmuni cation routine is foll owed by a—preparatory. processi ng routine
for nmounting the w de- angle attacmﬁygmégﬂg step S203). In the

preparatory processing routine for‘njf
i

angl e attfag N
the focal length of the zoom |l ens un mmanm he positian of g IQE‘Z"ESBEEN

variator lens, is forced to nove to sabl e focalllength area
with the wide-angle attachnment |ens 121 nounted. This process wll be

di scussed further in detail. Next, the AF processing routine takes place
(step S204). |nlene mevementstongcevnteéncreselvbing operatioms byich as

i ntegrating operation, peak detection, difference cal culus are gerforned to
t he AF eval uati §Antinuously disabling output of the photographed image

even after the COmpletion of counter resetting and
shifting each lens back to its initial position prior to
power-on.

Figs. 2(a) and 2(b) i;lustrate the relationship
between the focal length (the position of thé variator
lens 102) of the zoom lens unit 100 and the position of
the focus-compensation lens 105 with the wide-angle
attachment lens 121 mounted, as already described.

When the focal length of the zoom lens unit 100 is
set to a predetermined value, the focused position of
the focus-compenéation lens 105 varies with the object
distance as shown.in Fig. 2(b). With the object distance
kept constant, the focused position of the focus-
compensation lens 105 Qaries with focal length, namely
with the position of the variator lens 102. As can be
seen from Fig. 2(b), however, the curve representing the
relationship, in terms of object distance as parameter,
between the focal length and the position of the focus-
compensation lens 105 is different from the curve
representing the relationship, in terms of object
distance as parameter, betﬁeen the focal length and the
position of the.focus-combensation lens 105 with no
wide-angle attachment lens 121 mounted. In Fig. 2(b), if
the focal length exceeds a 1iﬁit'301,'the curves
representing the relationship, in terms of object

distance as parameters, between the focal length and . the
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signal s such as high frequency conponents.—and -autemati c focus adj ust nment
I s perforned based on variations in the AF eval uation sign .

processing routine is followed by i aced ¢ out i nd TEiS SHEEB2AB)BEEN |
whi ch perforns conpensation functioi used st atje duﬂﬁn@cznonin%
operation. In the zoom processing r tlie m drivin (e ' i

speed of the focus- REPLACEMENT SHEET 23 30 NOV 1995

position of the focus-compensation lens 105 diverge out
of the focusable focal length area. If the focal length
is kept to within the limit 301, namely, the focal
length is set to any value closer to the wide—angie'
side, focus adjustment by means of the focus-
compensation lens 105 remains wofkable. If the focal
length exceeds the limit 301, however, namely, the focal
length is set to any value closer to the telephoto side,
focus adjustment by means of the focus-compensation lens
105 is impossible. To cope with this problem, the
variator lens 102 is moved until the focal length is set
to be closer to the wide-angle side, and is fixed there.
fherefore, the variator lens 102 is fixed at such a
predetermined position, and zooming ope:ation is
disabled when the wide-angle attachment lens 121 is
mounted.

When the wide-angle attachment lens 121 is mounted
with the zoom lens unit 100 positioned on the telephoto
side, the variator lens 102 is forced to move closer to
the wide-angle side. In the course of this_movemeht, an
unfocused state takes place.

The variator lens 102 is forced to move closer to
the wide-angle side when power is switched on with the
wide-angle attachment lens 121.mounted onto the zoom
lens unit 100. Thus, an unfocused image output and
varied.field of view result during the forced movement
of the wvariator léns 102. If the mounting of the wide-

angle attachment lens 121 goes unnoticed, these may he
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direction and speed selecting ro I 1 . In this jouti geLacED
accordance wth each of forced m)vH I n with the yde-angle
attachnment | ens nounted, AF node ( J'u )| s node) operation, and
power variation operation, driving direction and speed are selected from
driving direction and speed of the variator |lens 102 and driving direction
and speed of tFenfysingcdPp@RsaPPEALPERs 105, deternmined in steps S203 and

S204. Each of the variator |lens and the focus- conpensation. lens h [

conpensation | ens 105 are'calcuTarEdTTO“fDTTUmrThE“can1Iocu%_gg_gﬂgmn_Ln___.
Figs. 2(a) and 2(b). The zoom prq?lggﬁée BOM | (jls f ol | onel T’% SHEE HXE BEEN
J ﬁiﬁ )

cémera, which avoids an operator's confusion attributed
to the fact that the mounting of a conversion lens group
such as a wide-angle attachment lens goes unnoticed, and
' which offers an improved image quality and'improved
| automatic focus adjustment performance.

To achieve the above objéct, this embodiment
comprises a zoom lens unit having a variator lens group
and a focus-compensation lens group which compensates
for in a focused position_a variation arising from power
variation operétion_of the variator lens'group, a
conversion lens group mounted onto the zoom lens unit in
a detachable manner, for shifting a focusable focal
length area of the zoom lens unit to a second focal
length area from a first focal length area while the
conversion lens group is mounted, position detecting
means for detecting a position of the focus-compensation.
lens group on the basis of a predetermined reference
position, and reference poéition shifting means for
shifting the predetermined reference position to a

 reference position corresponding to the second focal
length area when the conversion lens group is mounted on
the zoom lens unit.

The fourth embodiment of the present invention is
now discussed. Figf!17%is;ﬁh§fblock diagram showing the
construction.Of the.fourth embodiment. In Fig. 17, those

components equivalent to those described with reference
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wi th both mechanical ends. Provided imthe-—vi€inity of each mechanical end
is an electrical end or softvggg, ) s%tting t he drfyrmg-directons) and
speeds for the variator |ens ] ensation'mﬂ%gHEEWﬁﬁ%@ﬁ$b or
lens is prevented from being H nd the el edtri cAEP4248Bphot of end
toward the mechani cal tel ephot d the el ectrical w de-angre end
toward the nechani cal w de-angle end, and the focus- conpensation lens is
prevented from bei ng positioned beyond the electrical mninumend toward

t he nechanitsthm-niﬁwmeeﬂGSéqg"@éiﬁ%dﬁt%té!ee@cameca-'leﬁemﬁﬂﬂecy end toward the

nechanical infinity end. The driving direction and speed selecting routin
numeralé% and their descé%ption is omitte&q g tine

Lo

The variator lens 102 contains a photosensor 128
for detecting whether the variafor lens 102 is situated
at its reference position or not. The optical path of
‘the photosensor 128 is opened or closed by a position
detecting switch 127. The position detecting swifch 127
is attached onto the lens casing..The position detecting
switch 127 is mounted with its boundary, between block
and transmission of light, coming to the middle of the
range of travel of the variator lens 102. The movement
of the photosensor 128 relative to the position
detecting switch 127 allows the output light to be
blocked or transmitted.IWhen the state in which the
output light of the photosensor 128 is transmitted is
changed to the state in which the output light of the
photosensor 128 is biocked, the signal responsive to the
output light transitions from H (high) to L (low) level.
The point of this signal transition is identified as the
reference position. Thus, a determination is made of
whether the variator lens 102 is positioned at the
referénce position or not.

The focus-compensation lens 105 contains a
photosensor 130 for detecting whether the focus-
compensation 1eﬁs 105 is situated at its reference
position or not. The 6pticaIﬂpath of the photosensor 130
is opened or.closed by a position detecting switch 129.

The position detectingr switch 129 is attached onto the
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(step S206) is followed by a focus, zoom and notor driving control routine
(step S207). In this routine, Tﬁk&waﬁﬁ SHEET 24
30 NOV 1995 response to the sel i direction gnd, s 0% %ﬂﬁ
variator lens 102 and the sel ec[ Hnalnﬂ m lrectlon anq sp_e%ﬁ&gg %
focus-conpensation | ens 105, th I ghal for the,varlatorciens
driver 117 and the control signal for the focus-conmpensation |ens driver
119 are genegated L2:53M e gggi'\égglaé(e){:ecl:ggrslg1231221(3 129 is
mounted with its'boundary, between block and
transmission of light, coming to the middle of the range
of travel of the focus?compensation lens 105. The
movement of the photosensor 130 relative to the position
detecting switch 129 allows the output light to be
blocked or transmitted. When the state in which the
output light of the photosensor 130 is transmitted is
changed to the state in which the output 1i§ht of the
photosensor 130 is.blocked, the signal responsive to the
output light transitions from H to L level. The point of
this signal transition is identified as the reference
'position. Thus, a determination is made of whether the
focus-compensatlon lens 105 is positioned at the
‘reference position or not.

The outputs of the photosensors 128, 130 are read
into the AF microcdmputer 115. Each of the positions of
the variator lens 102 and the focus-compensation lens
105 is detected by counting the driving pulse for the
respective driving stepping motor by means of the
respective counter in the AF microcomputer 115.

Also, the mounting of the wide-angle attachment
lens 121 is.detected by the wide-angle attachment lens
mounting detecting switch 123; and its output is sent to
the AF microcomputer 115.

The construction and mounting arrangement of
position detecting switch 127 (129) and photosensor 128

(130) are now discussed. Fig. 18 is the perspective view
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t he focus-conpensation | ens YO5Tm driving or “stoppi ng ogeration. The

iy ther eaf t dryrOsiceT Ains ek e
ﬂ; The above [seri ggpi@est €PS

program returns back to step SeQ%nL9 D e£°1£ Lo
focus, zoom and notor driving C
are perforned in synchronisnlmAEE Hﬂ Hnﬂ

synchr oni zat4-en-i-nterval . The
start of step S202 waits for a synchroni zi ng si gnal
Referring to drawi ngs, the preparatory processing routine in nounting the
wi de-angl e atfachnment |lens is discussed. This routine forces the variator
lens to noveSPEWHPBhthe: FenstEUCEbPR pReaMouREiRgG arsangpeanthefwkhe- angl e

att achrrent lSggiiiognggkggtigggsttéﬁ_éﬂg L 8%gsensor of Fig. 17.

| As shown in Fig. 18, the photosensor 128 comprises
an emitter element 401 for emitting iight and a
photosensor element 402 which faces the emitter elemenf
s01.

A path space for passing the position detecting
switch 127 therethrough is formed between the emitter
element 401 and the photosensor element 402. When it
moves, the position detecting switch 127 transverses the
path space in a manner the movement of the position
detecting switch 127 is in perpendicular to the optical
path from the emitter element 401 to the photosensor
element 402.

When the position detecting switch 127 blocks the
optical path from the emitter element 401 to the
photosensor element 402, the photosensor element 402 is
‘unable to pick up light from the emitter element 401,
thereby providing an L level signal. When the position
detecting switch 127 is set clear of the optical péth
from the emitter element 401 to the photosensor element
402, the photosensor element 402 picks up light from the
emitter element 401, thereby providing an H level
signal._The position at which the signal from the
photosensor elgment 402 is transitioned in level is set
as a reference position which is used to reset the
'position counter of-the+Vaiiator lens 102.

Ih the same way, the position of the position
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di agram showi ng the preparatory processing routi ne when the wi de-angle
attachnent |ens is nounted i nThibtheetd@B&n Bbpldcedy. 5. Fi Q. '

rel ati onshi p between the focal |l sition of th
of the zoomlens unit and the focus- conpensat®EFRACENs wifh
no w de-angle attachnment |ens nounted and the same rel ati onshrp-but—w '

the w de- angle attachnent |lens nounted in Fig.5. Figs. 9(a) and 9(b) are

tabl es, each listing representative val ues REPLACEMENT  SHEET
. detecting switch 129 that transitions the output of the

THIQISHEETOHAS BEEN

photbsensor 130.in level is used to reset the position
counter of thé focus-compensation lens 10S5.

The reset operation of the lens counter for
detecting the position of each lens in this embodiment
of the camera is now discussed. Figs. 19 and 20 aré flow
diagrams showing the reset operation of each lens
counter.

The reset operation of each lens counter is
executed by the AF microcomputer 115.

As shown in Fig. 19, a determination is made of
whether power is switched on or not (step S$1301). When
power is not switched on, a wait state is kept. When
power is switched on, a count Cz at a zoom lens position
counter is cleared (step S1302), and a determination is
made of whether the output signal-of the photosensor 128
is at an H leﬁel or not (step S1303). For example, when
the boundary betweén block and transmission of light is
at the middle of the range of travel of the variator
lens 102, the output signal level of the photosensor 128
identifies_whether the boundary is on the telephoto side
or on the wide-angle side relative to the current
variator lens position. In Fig. 18, for example, if the
output signal level of the photosensor 128 is at an L
lével, the variator lens 102 is on the telephoto side
relativé to the boundary. Bf moving the variator lens
102.toward the wide-angle side, the output signal level

of the photosensor 128 is transitioned from an L level
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25 30 NOV 1995 ‘representing—the rel ationship between
the focal length (the position ofTMhﬂwM&ﬁéﬂ&RkekEQf) of tpe—zeomleons. unif
and the position of the focus-conp h no W T#s 8AgtTeHAS BEEN
attachnent | ens nounted and the sa llm mﬂ but wi th thererLaizepangl e
attachnent |ens nounted in Fig.5. To é€Xx prepar at ory-precess-hg
routine in nounting the wi de-angle attachnent l-ens, a determnation is nade

of whether the w de-angle_attachnent lens 121 is mount ed or not (step S301)
as shown in FF@ an Hmﬁ@ﬂe@hewﬂpﬁetQﬁgPHtgpFaéﬁﬁﬁﬁﬂ Level192f thenpunted, a

det erm nati on made of t reparation end fla
o) otosensor ?QS 1ni%iagiy at an leve the

operation is the opposite of what has been described

above.

When step S1303 reveals that the output signal
level of the photosensor 128 is at an H level, the
variator lens 102 is moved toward the telephoto side to
acquire the boundary point (step S1304). The count Cz is
incremented by +1 in synchronization with the stepping
pulse of the variator lens motor 118 (step S1305).

In step S1306, a determination.ié made of whether
the output sigﬁal level of the photoéensor 128 is at an
L level or not. When the output'signai level of the
photosensor 128 is at an H level, the'process starts
over with step S1304.

When the outpﬁt signal levél of the photosensor 128
is at an L level (step S1303), the variator lens 102 is
moved toward the wide-angle side to acquire the boundafy
poinf (step S1307). The count Cz is decremented by -1 in
synchronism with fhé stepping puise of fhe vafiator lens
-motor 118 (step S1308). |

In step S1309, a determination is made of whether
the output signal level of thé photosensor 128 is at an
H level or not. When the output signal level of the
photosensor 128 is at an L level, the process starts
over with step S1307.

When steps 1306 and 1309 verify that the output

signal level of the photosensor 128 is transitioned, the
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fgis raised or not (stepmégbéy‘wvméﬁ_ihé preparation end flag fgis "1,"
t he processi ng ends assum SSMHa’sB&n[RE Red atory process MS'S?-IEQTOHRéEEeg\h

The preparation end flag fg 1" when the preparatggppaPCe e
is finished by conpleting f of.both t he var or_lens and the
focus- conpensation |ens |nto corres 0 g focusable focal length areas in
succession to the nDuntlng of the mﬁde- angl e attachnent |ens. \Wen the

preparation end flag remains "Q," a determnation is made of whether the

‘current posFPYBE GF Pﬁe°9§?|§FBFeFeﬂ§ ¢8ointo,p{ ReMOT¥ie( $E®Asabl e focal
length area félB?E &ﬁ ego QBEZ dic ggrr S&eggaéeiy after power

on, the value of stepping pulses of the variator lens
motor 118 between the position of_the'Variator'lenslloz
prior to the reset operation and the position detecting
switch 127, and this value represents the distance
between the position of the variator lens 102 prior to
power on and the position of the position detecting
switch 127. |

In succession, a predetermined numerical value
representing the position of the position detecting
switch 127 is entered into the zoom lens position
counter, and reset operation ends (sfep S1311). The
predetermined numerical value, fo: example, may be a
pulse count of the stepping pulse of the variator lens
motor 118, into which the position of the position
_detecting_switch 127 measured relative to the original
point determined from optiqal design viewpoint within
thé range of travel of the variator lens 102 is
converted.

In succession to the reset operation in step S1311,
the already stored CO is subtracted from the newly
determined Cz, and the result-repiaces CO in the memory
(step S1312). CO is a value corresponding to the
position of the vari;tor lens 102 relative fo the
posifion of the positionidgtgcting switch 127 that is
measured relative to the.original point (or CO is-a

value obtained by subtracting the distance between the
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of the vari ator

lens 102 is within the focusable {Bcal | ength area, the

preparation end flag fg is ralsedTm§BM£t and t herpreecessing

ends. REPLACEMENT  SHEET 26
position of the variator |ens 102|

30 NOV 1995 [ITHIS aeemfseﬁﬁewl
OUtSI de t he [f ocufEPlACED

focal length area in step S303, :t r|V|ng di rection i sTSEt—to-the

w de- angl e end,

S304) ..

and the driving speed of the variator lens 102 is set (step
position of the position detecting switch 127 and the

position of the variator lens 102 from the position of
the position detecting switch 127). Thus, to return to
its initial position prior to power on, the variator
lens 102 must be moved until the count Cz becomes CO.
Through steps S1307 - S1309, CO stored into the |
memory at step 31310 is a ﬁegative Value. If CO is
processed at step S1312, the result is greater than the

count Cz obtained at step S1312. This means that the

position of the variator lens 102 is originally to the

telephoto side, and no problem is thus presented. In
this manner, the initial position of the variator lens
102 is determined.

As shown in Fig. 20, a deterﬁination is made of
whether the widé-angle attachment lens 121 is mounted or
not in response to the detected signal from the wide-
angle attachment lens mounting detecting switch 123
(step S1313).

When the wide-angle attachment lens 121 is mounted,
a determination is made of whether CO is within the
focusable focal length area with the wide-angle '
attachment lens mounted, based on the défermination of
whether the absolute lens position CO stored in the
memory is greater_than Cwa or not (step S1314). Cwa

corresponds to the focal Iength, the position 301 of the

variator lens 102 in Fig. 2(b).

When CO is greater than Cwa at step S1314, return

position CO with_the wide-angle attachment lens 102
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Next, the follow processing-routine (step S305) 75 carried out. The fol | ow
processing routine is the procesmiggeégggmﬁﬁcgovenent of (t-heNvariaigrmmn

| ens 102 according to the represe us tabl es strenesHEsT HAseEEN
m croconputer 115 such as the one ﬂﬂm
in Fig. 9(a), one representative

. 9(a) and {9(b) .RERACEDBOWN
I'i st s dat a~rep+resentt+ng
the rel ationship between the focal |ength (the position of the variator
| ens) and the position of the focus- conpensation lens with no w de-angle
attachment | ensnownheddis | pasthioned ite the| telephotpraidetrelativel tes
representing the above rel ationship. The other table in Fig. 9(b) lists
dat a representiﬂﬁath%hFﬁ}aP?OHQ%V§ﬁd position is found by returning the

variator lens 102 back to CO. The return position CO is

once stored as C2 (this C2 is to be used in the
following fifth embodiment), and CO is set to a position
Cl to the wide-éngle side ;elative to Cwa (step S1315).
Cl is acceptable as long as it is to the wide-angle side
relative to Cwa. The position Cl is preferably situated
at the zoom pdsition at the wide-angle end where the
performance of the wide-angle attachﬁent lens 121 is
fully exploited.

Steps S1313 through S1315 are summarized as
follows: hhen power is switched on with the wide-angle
attachment lens 121 mounted, and with the position of
the variator lens 102 within the focusable focal length
area, the variator lens 102 continuously stays there;
when power is switched on with the wide-angle attachment
lens 121 mounted and with the position of the variator
lens 102 not-within the focusable focal length area, the
variafor lens 102 is forced to move to the position Cl
within the focusable foca1 length area; then, the image
outpﬁt is allowed to phase into the normal operation.
During forced driving of the variator lens 102, the AF
microcomputer 115 controls the LCD display circuit 110
and the camera signal processing circuit 108 to disable
video signal output;

After resetting CO again at step S1315, when' the

wide-angle attachment lens 121 ié not mounted or when-  CO
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between the focal length (the position-of the-variator lens) and the

position of the focus-conpensation |lens with the w de-a

mounted. Listed in this table aign afede val ues| THEDSHERI HASREEND
above rel ationship. In each tab ” ’ st colum fv | i SEBLAGRR posifi
of the variator lens 102, and t n lists obj )

w de-angle end is represented by v=0, the telephoto end by v=s, the

infinity obLect di stance by n=0Q, and the m ni mum object di stance by n-m
is not greater than Cwa, a determination is made of

whether the return position CO is equal to a reset value
Cz or not (step S1316). When the return position CO is
equal to the reset value Cz, the variator lens 102 is
already at the return position, and thué movement of_the
variator lens 102 is stopped (step S1322).

When the return position CO is not equal to the
reset value Cz at step 51316, a determination is made of
whether the return positfoﬁlco is gréater than the reset
value Cz (step S1317). When the return position CO is
greater than the reset value Cz, the variator lens 102
is moved to the telephoto side based on the
determination that the return direction is to the
telephoto side (step S1318). |

In succession, a determination is made of whether
the return position CO is equal to or smaller than Cz
(step S1319). When the return position CO is equal to or
smaller than Cz, the movement of the variator lens 102
is stopped (step S1322) based on the determination that
the variator lens 102 has already reached the return
position CO. When the return position CO is greater than
Cz, the process starts ovef with.step S$1318 based on the
determination that the variator lens 102 has yet to
reach the return position CO.

When the return position CO is smaller than the
reset value Cz, the variator lens 102 is moved to the
wide-angle side based Onlthe.determination that the

return direction is to the wide-angle side (step S1320).
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REPLACEMENT SHEET 27 30 NOV 1995 As shown in Fig.
8, the representative values in the above tabl es areaplotted as _a curve f

that represents the rel ationship bet feiaphest s+ f
the variator lens 102) and the positi H

1
B Ength (t ey posider HASHEEN
-conpensdti on peguscEdi t h
the wi de-angle attachnment | ens nounte are curw —

that represent the relationship between the focal length (the position of
the variator lens 10Q2) and the position of the focus-conpensation lens with

no wide- angle atta qessdiompu® deteppinatiipa fis made |ofc whesheamf i nity

: : . i de- anal
obj ect di st anC&nd trhettur}% Vgo%‘it%.o% %0 is equal to or greater than Cz

(step S1321). When the return position CO is equal to or
greater than Cz; the movement of the variator lens 102
is stopped based on the determination that the wvariator
lens 102 has already reached the return position CO
(step S1322). When the return position CO is smaller
than Cz, the process starts over with step S1320 based
on the determination that the variator lens 102 has yet
to reach the return position CO.

In succession.to the stbp of movement of the
variator lens 102, the ordinary operation of the camera
takes place (step S1324). Now that the entire lens reset
operétion is complete, a photographed image is output in
the ordinary photographing activity.

In succession, a determination is made of whether
power is interrupted or not (step S1325). When power is
interrupted, the program returﬁs to step S1301. When
power is not interrupted; thé ordinary operation is
continued.

The fourth embodiment of the present invention thus
controls the unfocused image that could be created due
to the forced zoom operation when power is switched on
with the wide-angle attachment lens mounted. The
embodiment also avoids an operator's confusion

~ attributed to the fact that the mounting of the wide-
angle attachment lens goes unnoticed, and offers an

improved image quality and improved automatic focus
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attachment |ens 121 mounted. The curve f2 is a locus of a 10 cm obj ect

di stance with no w de- angl e attachne%lﬁgfegtq{agggen &d. For Tﬁ{l(és er’Hp[%:BE%ﬂ

cm in a6 (in Fig. 8) Ah6 (in Fig. | ocus of | A¢ED
obj ect distance, in the vicinity of Z%wmllpﬁlﬂ the elecfrical_mnpmum
end, nanely, the software m ninumend to side, and thus
stored representative |locus of the 10 cm object distance takes a7, a8,
Shifted closer fromthe 10 cmcamlocus to the mininumend is the curve or
locus f1 that iIYRCPLRLPIFIGTMARE]y obj ect distance with the wi de-angle

attachnment | ens nounted. The curve f3 is the locus of infinity object
di stance with no w de-angle attachnent |ens

(Fifth Embodiment)

Referring to drawings, a fifth embodiment of the
present invention is discussed.

In the fourth embodiment, the reset operation of
the zoom lens position coueter has been described. The
same reset operation can'be applied to a focus lens
position counter. When the automatic'focus adjustment
mode is initiated after power on, the autometic focus
adjustment mode follows the reset operation. Therefor,
there is no need for:the focus-compensation lens 105 to
revert back to its initial position after resetting the
focus lens position counter. As long as the return
operation of the wvariator lens 102 follows the flow
diagrams in Figs. 19 and 20, its focused state will be
achieved even if the variator lens 102 is at any
position. With no automatic focus adjustment mode
initiated, however, an unfocused state takes place if
the focus-compensafion lens 105 is not moved back to its
initial position. In particular, when the wide-angle
attachment lens is mounted, the focusable focal length
area is shifted from one in Fig. 2(a) to another in Fig.
2(b). If the focus-compensation lens 105 is not moved |

~back to its focused position corresponding to the return
position of the variator lens 102, a large degree of
unfocused state will be created.

The construction of the camera in this embodiment
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nmounted. The curve f2 is nost closely—posttionedto the |ocus of infinity

obj ect distance with the w de-angle attachnent | ens nDunted and thus.t

curve f2 is used REPLACENMENT Tk Bee“R laced T&‘ e 2PHAS BEEN
substitute for the I ocus of infini HWH! th the Wi de- angg@ACED
attachment |ens nounted. It now a position &Ww :

remains unchaﬁged from that in the fourth embodiment.

Discussed below is the reset operation in this
embodiment of the camera which is started in a manual
mode with the wide-angle attachment lens mounted. Figs.
21 and 22 are flow diagrams showing the reset operation
at the manual mode startup.ih the camera according to
the fifth embodiment of the present invention with the
wide-angle attachment lens mounted. The circuit
configuration of the camera in the fifth embodiment
remains unchanged from that in Fig. 17. This embodiment
differs from the previous embodiments in the process
algorithm of the AF microcomputer 115. The reset
operation of the focus-compensation lens position
counter is‘controlled by the AF microcomputer 115.

As shown in Fig. 21, a determination is made of
whether power is switched on or not (step S1501). When
power is not switched on, a wait state is kept. When
power is swi;Ehed on, the zoom lens position counter is
reset (step S1502). In succession, a count Cf of the
focus lens position counter is cleared (step S1503), and
a determination is made of whether the output signal of
the photosensor 130 is at an H level or not (step
S1304). For example, when the boundary between block and
transmission of light is at the middle of the range of
travel of the focus-compensation lens 105, the output
signal level of.the phétdsensor 130 identifies whether
the boundary is on the infinity side or on the minimum

side relative to the current focus-compensation lens .,
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| ens 102

side, namely, to the tel ephoto BiisthesdtastHoeh Reoieli 301 ir

current p
t he focus
“under -t he
end w tho
t he focus
the vicin
mnim zed
| ocus f2

I s beyond the focuSaﬁTé focafhlengfﬁ area toward the tel ephoto

osition of the variator|j§ ' X, and IfIﬁ\TsSHEETﬁagi,BF N of
-conpensation | ens 105 i cinitylof i REFWACED.  whdn,
se conditions, the variator i s noved de- angl e

ut having the focus-conpensation | ens follow the above cam | ocus,
-coqgensation | ens 105 renmmins at px. As a result, an object in

RGSBHLIM i3} Bl Tt A% anAmRifred £ Hhe QYRIE FiaRtbousing s
AL 92108, Lo LS Somarat 100 Len 10 10| e gD om e

blocked, the focus-compensation lens 105 is on the

infinity side relative to the boundary. By moving the
focus-compensation lens 105 toward the minimum side, the
outéﬁt signal level of the photosensor 130 is
transitioned from an L levél to an H level. When the -
output signal level of the photoéensor 130 is initially
at an H level, the operation is-the opposite of what hés
been described above. _

When the output signal level of the photosensor 130
is at an H level, the focus-compensation lens 105 is
moved toward the minimum side to acquire the boundary
point (step 51504); The count Cf is incremented by +1 in
synchronization with the stepping pulse of the focus-
compensation lens motor 120 (step S1506). |

In succession, a determination is made of whether
the output signal levellof the photosensor 130 ié at an
L level or not (steb S1507). When the output signal
level of the photosensor 130 ié at an H level, the
process starts over with step S1505.

When the output éignal'level of the photosensor 130
is at an L level (step S1504), the focus-compensation

lens 105 is moved toward the infinity side to acquire

the boundary point (step S1508). The count Cf is

decremented by -1 in synchronism with the stepping pulse
of the focus-compensation lens motor 120 (step S1510).

In succession, a determination is made of whether
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which is nost closely positioned to the | ocus of TAfinity object distance
W th the wde-angle attachment | enShifiShédtiadBech Ropi S COUr S€ Qi—FoveaBal—of

the variator lens into within the f ?%ngth ar g THIS'SHBEMHAG BEEN
that the current position of the fo
correspondi ng position in driving t

on: | ens 145 isnﬁnAcaD

- nsation | errs—to—the

wi de-angle side is a9, and thus a9-px is-. t he driving distance of the
f ocus- conpensatjon | ens 105. resent the 05|t|on Slfference (=

ag-px), [err]Zt Pﬁe°HBEPF|§ﬁQH?ff%?¥ﬁ e SeFREeHh?ﬁB RBFERbOPPNESpBEi BPons of
2x 10,29 of (g Ya[LR\ g SRS B B1H165P WhSa>RRS okESRP 3058

level of the photosensor 130 is at an L level, the

process starts over with step S1508.

When a transitioned output signal level of the
photosensor 130 is verifie@, the count Cf is once stored
as cgo into'a memory (step.81511). The count C£f0
indicates, immediately after power on, the value of
stepping pulses of the focus-compensation lens 105
between the position of the focus-compensation lens 105
prior to the reset operation and the position detecting
switch 129, and this value represents the distance
between the position of the focus-compensation lens 105
prior to power on and the position of the position
detecting switch 129.

In succession, a predetermined numerical value
representing the position of the position. detecting
switch 129 is entered into the focus lens position
counter, and reset operation eﬁds (step S1512). The
predetermined numerical value, foi example, may be a
pulse count of the stepping pulse of the focus-
compensation lens motor 120, into which the posifion of
the position detec?ing'switch 129 measured relative to
the original pointtdetermined from optical design
viewpoint within the range of travel of the focus-
compensation 1eﬁs 105 is converted.

In succession to the reset operation in step S1512,

the already stored C£f0 is subtracted from the newly
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REPLACEMENT SHEET 29 30 NOV :1995-29—of—the varlafﬁr lens 102. The focus
follow ng speed (the speed of the focus- co e sa ens) Fsp_Ls

determ ned by Equation (4). Fsp = [eF?
a9 and z9 are correspondi ng values in
nearest to the current position. Next,

focus driving

THIS SHEET. HAS BEEN
HI “ e S|de oh t hereradtEDs
ng dir eckti-on—~are—e

determined Cf, and the result replaces Cf0 in the memory

(step S1513). Cf0 is a value corresponding to the
position of the focus-compensation lens 105 relative to
the position of the position detecting switch 129 that

is measured relative to the original point (or Cf0 is a

.value obtained by subtracting the distance between the

position of the poéition detecting switch 129 and the
position of the focus-compensation lens 105 from the
position of the position detecting switch 129). Thus, to
return to its initial position prior to power on, the
focus-compensation lens 105 must be moved until the
count Cf becomes Cf0.

Through steps S1508-S1510, Cf0 stored into the
memory at step S1511 is a negative value. If C£f0 is
processed at step S1513, the result is greater than the
count Cf obtained at step S1513. This means that the
position of the focus-compensation lens 105 is

originally to the infinity side, and no problem is thus

' presenfed. In this ménner, the initial position of the

focus-éompensation lens 105 is determined.

As shown in Fig; 22, a determination is made of
whether the wide-angle attachment lens 121 is mounted or
not in response to the detected signal from the wide-
angle attachment lens mounting detecting switch 123
(step S1514).

When the wide-angle attachment lens 121 is mounted,
the return position Cfl:of"the focus~-compensation lens

105 is determined from the absolute lens position C£0.

- 72 -



speed are set (step S306). Specificalty, The driving direction is set fo

the m ni num si de when AF is a pQsiti %glqﬁza&dto t he n
AF is a negative value. The foc My ed Fsp CfTHI$HBHEET HAS BEEN

f ocus- conpensation lens is al so ﬂ| % | et es t he pr e fEPATERY
processing routine in nmounting t ' attachment—TENS.- vWen t he

w de-angl e attachnment lens is not nounted (step S301), the preparation end

flag fg is set tg "0" (step S309), and the processing ends. Thus, the
f ocus- conpeREEFednin chie | ¢(Fh?ﬂ??ﬁ¥€4ﬁ?9§iﬁﬁ9“ék9 f y positioned

o the Tocus,of \LOCI PLLY 7B o5la ' A0S, Y141 411° M Gnale, g 2chment

return position Cfl of the'focus-compensation lens 105

is stored as C£f0 (step 81516).

In succession, a determination is made of whether
the return position Cf0 is equal to the value Cf or not
(step S1517). When the return position Cf0 is equal to
the value Cf, the focus-compensation lens 105 has
already arrived at the return position, and the movement
of the focus-compensation lens 105 is stopped (step
S1523).

When the return position C£0 is not equal to the
reset value Cf, a determination is made of whether the
retufn position Cf0 is greater than the reset value Cf
(step S1518). When the return position Cf0 is greater
than the reset vélue Cf, the focus-compensation lens 105
is moved to the minimum side based on the determination
that the return direction of the focus-compensation lens
105 must be to the minimum side (step S1519).

Néxt, a determiniation is made of whether the return
position Cf0 is equal to or smaller than Cf (step
$1520). When the return position Cf0 is equal to or
greater than Cf, the movement of the foqus-compensation
lens 105 is stopped (step S1523) based on the
determination that the focus-compensation lens 105 has
already arrived at the return position Cf0. When the
return position Cf0 is greater than Cf, the process

starts over with sfep S$1519.
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| ens mounted; the cam | ocus w th The W de-angl e attachnment | ens_npu S

spaced as closely as 50 cmto the.lpc f ipnfin,ty obj | RN
shown in Fig. 2(b); with the posi sS B nﬂlc%s-con%ﬁisa .E%{trh gons 10b in
the vicinity of the infinity locu H> E‘ f an objlect di stance-ef—1 m

or nore is focusable, and an. unfo B t hus prevented; and to
achi eve REPLACEMENT SHEET 3 0 NOV 1995 30

When the return position C£f0 is simaller than the
reset value Cf,_thé focus-compensation lens 105 is moved
to the infinity side based on the determination that the
return direction of the focus-compensation lens 105 is
to the infinity side (step S1521).

Next, a determination is made of whether the return
position Cf0 is equal to or greater than Cf (step
$1522). When the return position Cf0 is equal to or
greater than Cf, the movement of the focus-compensation
lens 105 is stoppéd based on the.determination that the
focus-compensation lens 105 has already arrived at the
return position C£fO (step S1523). When the return
position C£f0 is smailer than C£, the process starts over
with step S1521.

In succession to.the stop of movement of the focus-
compensation lens'105; the ordinary operation of the
camera takes place (step S1514). In the ordinary
operation, a photogiaphed image is output in the
ordinary photographing activity.

In succession, a determination is made of whether
power is interrupted or not (step S1525). When power is
interrupted, the program returns to step S1501. When
power is not interrupted, the ordinary operation is
cbntinued.

The unfocused image that could be created due £6
the forced zoom operation when power is switched on with
the wide-angle attaéhménf}i;hs mounted is thus

prevented.
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focusi ng on most of objects and stilTl to avoid unfocused state, the
focus-conpensation lens is set to fol}Qundtditis BOaRSpIARSt closely positianed,

to the locus of infinity object dista i de-ang-ﬁﬂggygéhnpgggaq
| ens nounted. As a | ocus nost cl osel y:Hﬂgm '
the wi de-angl e attachnent | ens nounted, I

the infini tgePACEs W t
er to | Al

than the infinity locus to the mninumend or a |locus closer to the

infinity end nmay be perfectly acceptable. Wen the wﬁde-agale at t achnment

lens is nounted, thdPiSFYsgest nexits ifprhes madhad 9f catawiating thscusabl e

focal length are nanel y. t.he variator .le 102 is shifted tqward _the
wi de-angl e si der?at{lgr} %O%ﬁwrhﬁle of the r}E'Sc')cus—compensa‘lzlon (?Lens 10
' with the wide-angle attachment lens mounted in

.connection with step S1515.

Figs. 23 and 24 are flow diagrams showing the
calculation method of a return position of the focus-
compensation_lens with the’wide-angle attachment lens
mqunted. Fig. 25 is a flow diagram showing the routine
for calculating the zoom area v of Fig. 23.

In step S1515, the return position Cfl of the
focus-compensation lens with the wide-angle attachment
lens 105 mounted is calculated. The focal length and
object distance that were uséd are determined referring
to the locus, stored in the AF microcomputer 115, which
represents a plot of the position of the variator lens
102 and the position of the focus-compensator lens 105
prior to power on. When thé mounting of the wide-angle
attachment lens changes the focal length (step S1514),
the return position Cfl of the_focus-compensation lens
105 to keep é focused state under the same object
distance is determined (for example, a focused position
Cfl is obtained by determining a position in Fig. 2(b)
correspdnding to position 303 in Fig..2(a)).

The AF microcomputer 115 stores the plurality of
loci shown in Figs. 2(a) and 2(b) in the form of tabled
data shown in Figs. 9(a) and 9(b) in the same manner as

-in the first to third embodiments.

The tabled data in Fig. 9(a) are related to the _
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side of the limt 301 in Fig. 2(b))."To refTect the intention of an

operator who possibly wants to phot Qgr in a e-angl e ~1 N
the wi de- angle attachnment lens, th Q n‘]”ee i%g‘mTOZ | S| TS BHERT WASIBEENE
to the wide-angle end with a fixed pi E{Iﬂdﬁ Lt he wi de-arf!’gF'e‘l\QEﬂd. When
the wi de-angle attachnent lens is np | ephot oeNd;—tte '

operator may want to photograph in the telephopo.side setting, ang thus th
KRR S R LR IR SR I NG NAE SO P
' perfectly aCE?BSang %Qfgted to the locus data in Fig. 2(b). Data
belonging to a single column is.used to plot a
corfesponding single lécus. In Fig. 9(b), the row n
represents object distance; and the column v represents

the zoom position (focal lgngfh). The infinity object
distance is represented by n=0, a 1 cm object distance

by n=m, and the wide-angle end by v=0. As v inéreases,

the focal length increases. The 2oom position at the
telephoto end is répresented by v=s. (The zoom position
designated by 301 in Fig. 2 corresponds to v=t.) Thus,

data of a single column gives a plot of a single locus.

Discussed beloﬁ referring to Figs. 23 and 24 is the
calculation method of the return position Cfl of the
focus-compensation lens 105 with the wide-angle
attachment lens 121 mounted.

As seen from ?ig. 23, the position C2 of the
variator lens 102 prior to power on is stored as zp
(step S1701). In succession, the zoom area calculation
is performed to determine the zoom area v in the tabled
data in which the position zx of the variator lens 102
lies (step S1702).

As shown in Fig. 25, in the zoom area calculation,
the zoom area variable v is initialized by resetting it
to "0" (step S2101). From Equation (5), the zoom
positions C(v) at boundaries between ZOOm areas v are
calculated (stép'321Q2); The zoom positions C(v)

correspond to z0, zl, z2,... shown in Fig. 3.

- 76 -



the variator lens is driven into withi-n—thefocusabte—focal | ength area
with the w de-angle attachnent lens @ 31 nDunted The drivi |

ARG OB E a6
t he focus-conpensation |ens 105 perfor Has of t HEHIOEHEET HAS\BEREY
direction and the focus driving speed i H ﬂ det ai lj. Th&EPYACED
m croconputer 115 provides to the foc | ens driver—tt9—a—

notor rotationa

C(v) = (Telephoto end zoom position - Wide-angle
end zoom position) * v/s + Wide-angle end zoom position
Here, the division operation by the value s is to
equally divide the overall range of travel of the
variator lens by the zoom area number s in Fig. 9(a).

In succession'to the calculation of zoom positions
C(v), a determination_is mede of whether the position zp
of the variator lens 102 equals theoposition C(v) (step
$2103). When the position zp of the variator 1ens 102
equals the zoom position C(v), a boundary flag is raised
to "1" based on the determination that the position zp
of the variator lens 102 lies on the boundary of the
area v (step 82107). This completes step S$1702.

When the position zp of the variator lens 102 is
not equal to the zoom position C(v), a determination is
made of whether the position zp of the variator lens 102
is smaller than the position C(v) (step S$2104). When the
position zp of the variator 1ens 102 is smaller than
C(v), the boundary flag is set to "O" (step S2106) based
on the determination that the position zp of the
variator lens 102 is somewhere between C(v-1) and C(v).
This completes step S1702.

When'the position zp of the variator lens 102 is
not smaller than the zoom position C(v), the zoom area v
is incremented (step 32105), and the same processing
starts over with step 82102 The above processing
determines if the current position zp of the variator

lens 102 lies in the zoom area of v=k in the table shown
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frequency signal responsive to the-focus driving speed and a notor
rotational direction signal responsive to the zoonldriving direction. In

response to the notor rotational 'ﬂ'hsf&heétH&rBe‘éd od { he fgrus=—ctonpersat+on

l ens driver 119 sets up the exci_tl 4 phas ¢ THSt SHEET GIASTREEMAT d
rotation or reverse rotation. Al so m o t he rot atlﬁﬁﬁ}l‘\cﬁﬁequercy
signal, the focus- conpensation Iens r|ve aries a voltage{or—=

current) applied to the 4-phase notor exciter. The focus-conpensation |ens
nmot or 120 i s drhisigsord(tol,| end furihes dif ithe cutraendn plosditient izpn ofnd
rotational frequency. Under such a controlling, the focus- conpensation

| ens not or 12the sagiesar ilengg 107 llesyon the boundary of the zoom

area of v=k.

In successioh to the zoom area calculation, the
object distance n is set to "0" (step S1703), and a
determination is made of whether the current position of
the variator lens 102 is on the boundary or not based on
the boundary flag (step S1704). When the boundary flag
is set to "0," the current position of the variator lens
102 is considered to be not on the boundary of the zoom
area. When the boundary flag is set to "1,"” the current
position of the variator lens 102 is considered to be on
the boundary of the zoom area.

When the boundary flag is "0," the zoom position C2
is an intermediate position haﬁing no corresponding data
in Fig. 3 and Figs. 9(a) and 9(b). In this case, the
data in Fig. 9(a) and 9(b) need interpolating according
to the variable v along the row to be used as data for
true focused position data.

'Fig. 4 is used to determine true focused position
data. In Fig. 4, the ordinate and the abscissa represent
the focus-compensation lens position énd the variator
lens position, respectively. In representative locus
positions stored in the AF microéomputer 115, the
variator lens positions are z0, ..., zk-1, 2zk,..., zs,
and the focus-compensation lens positions are a0, ...,
ak-1, ak, ..., as, b0, ..., bk-1, bk,..., bs.

When the position zx of the variator lens 102 is.
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conpensation |l ens 105. The dr|V|ﬁg'nEThod‘Uf‘thE—focus conpensation |ens
105 has been discussed. In thi odlnent the vari at, a3 SO

driven by a stepping notor in *d By f ol|lTovs sEerhmg seeNs| most
j ect di gt anc RERACEDt he Wi de-
ion can!

closely positioned to the'locus
not on any of the zooming boundaries, and when the

angl e attachnent | ens nounted,
SHEET 32 30 Nov 1995

focus-compensation lens 105 is positioned at px, both ax

and bx are given by the already described equafibns {(2)

and (3).
ax = ak - (zk-zx)*(ak-ak-1)/(zk-zk-1)
bx = bk - (zk-zx)*(bk-bk-1)/(zk-zk-1)

According to the interior division ratio determined
by the variator lens position zx between two zoom
boundaries (zk and zk~-1), ax and bx are determined by
interpolating four tabled data stored with respect to
the same object distance.

When the boundary flag is "0," zk=C(v), zk-1=C(v-
1), zx=C2 (step S1705).

Then, four tabled data,_A(n,v-l)( A(n,v), A(n+l,v-
1), and A(n+l,v) are read (step S1706). From Equations
(2) and (3), ax and bx are calculated (step S1706).

When the boundary flag is "1," the object distance
n, focused position'of the focus-compensation lens 105
A(n,v), A(n+l,v) relative to the variator lens 102 are.
read, and A(n,v) and A(n#l,v) are stored as ax and bx
(step S1708).

In succession to the calculation of ax and bx, a
determination is made of whether the position Cf0 of the
focus-compensation lens 105 prior to power on is greatér
than ax or not (step S1709). When the Cf0 is greater
than ax, a determination is made of whether Cf0 is

~.greater than bx (step Si?lO).

When C£0 is greater than bx, namely that Cf0 is .
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performed on an object of an object -di-stanrce—-of—1—m or

position of the focus-conpensation |lens 105 in the vicinity of.the

| ocus. An unfocused state is thudhi n Renlaced | 0cuq TRESEHEET GBS BEEN
positioned-to.-the infinity |ocus 4@ l ngl e at|t achm®ePHACERNS
i

nmount ed, a

nore with the

i Fuk
e

nity

| ocus closer to the'm

m ni mum end or a locus closer to the infinity end may be perfectly

accept abl e

f ocus whi | Posidigmed

att achnent

the focusaS

. The zooning operation is thus performed with an object kept

in
SeTa{t0athiee Miniawg sddepuithed ObIRET t he wi de-angl e
in

t he i nflipty—oecus—to The

lens 121 is mounted, the variator lens 102 is nobved into with

istance n is incremented (step S1711). A determination
is made of whether the object distance n is equal to or
smaller than a minimum object distance m (step S1712).
When the object distance n is equal to or smaller than
the minimum object distaﬁce m, the piocessing starts
over with step S1704. When.the object distance n is not
equal to nor smal;er than the minimum object distance m,
C£f0 is at the super;miniﬁum position, and locus
parameter a is stored as "O" (step 51713).

Locus paramefer B is given as a difference, bx-ax,
and then stored (step S1715). The storing of locus
parameter B is followed by storing the object distance n
as locus parameter y.(1716).

When Cf0 is not greater than ax (step S1709), CfO’
is at the super-infinity position. "O" is stored as
locus parameter a, the difference, bx-ax, is stored as
locus parameter B, and the object distance n is stored
as locus parameter y (steps S1713, S1715 and S1716).

When Cf0 is not greater than bx (step S1710), CfO0
must lie between the object distances n and n+l. The
difference, CfO-éx, is stored as locus parameter a (step
S1714). The difference, bx-ax, ié stored as locus |
parameter B, and the object distance n as locus
parameter Y (steps S1715 aﬁd S1716).

Locus parameters, a, B, and Y represénting where
the position of the variator lens 102 and the position

of the focus-compensation lens 105 are on the locus are
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focal length area, nanely the variator Tens—102+ts—shifted toward the
w de-angle side (to the mﬁde-anglen§i e of the limt 301
setting the fixed position of the B ﬁﬂis

v
the intention of the operator who m%
setting is reflected in the photogr
the variator lens 102 is not Ilimted to the wi de-angle end, and any
position within the focusable focal length area fromthe Iimt 301 toward

the wi de- argffuentiatlzrndated med stoged b then lysedcepibre. In this
enbodlnent,ogjgééqgfgtgggé fgfgfigkion immediately before the

mounting of the wide-angle attachment lens.

The zoom position CO forced to move within the
focusable focal length area with the wide-angle
attachment lens mounted is stored as zp in the memory
(step S1717), and the zoom.area is calculated (step
S1718). The zoom area v thﬁs calculated satisfies. the
relationship, OSvét.

In succession to the zoom area calculation, a
determination is made of'whether CO lies on the boundary
or not based on the boundary flag (step S1719). When the
boundary flag is set to "0," CO is considered to be not
on the boundary of the zoom area. When the boundary flag
is set to "1," CO is qonsidered to be on the boundary of
the zoom area.

When the boundary flég is "0," zk=C(v), C(v-1)=Zk-
1, zx=CO0 (step S1720).

The four tabled data, B(y,v-1), B(y,v), B(y+1l,v-1)
and B(y+1,v) are read (step S1721). ax and bx are
determined from Equétions (2) and (3) (step S1722).

‘When the boundary flag is "1," B(Y,v) is stored as
ax and B(y+1l,v) is stored as bx (step S1723).

After the calculation of ax and bx, the position
Cfl of the focus-conipensation lens to keep focuéed state
with the wide-angle attachment lens 121 mounted is
determined'from Equation (9) below (step S1724).

Cfl=ax + (bx-ax)*a/p eee  (9)
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positioned to the infinity | ocus w t h—the—w-de—angl e attachnment | ens
mounted is foll owed. Dependi ng on 33 representative |ocus tables stored,

however, a slight degree of unfocusedhis m el ace f i
a distance of 1 mor nore. In such a c ng 't he r}H@sﬁ%ﬁ&Sé&N
f ocus-conpensation | ens 105 to foll ow infinitly |ocuUs With

the w de-angle attachnment | ens nounted rather than the | ocus nost closely

positioned to the infinity locus with the wi de-angle attachment |ens
By performing the lens reset opéeration as described

above when the wide-angle attachment lens 121 is
mounted, ﬁnfocused'state is prevented when image output
is initiated wifh no automatic focus adjustment mode
activated.

As described above, in the camera according to the
embodiment of.the present iﬁvention, reference position
shifting means shifts the reference position from the
predetermined reference position to a reference position
corresponding to the second focal length area when the
conversion lens group is mounted on the zoom lens unit.
This arrangement avoids an operator's confusion |
attributed to the fact that the mounting of the wide-
angle attachﬁent lens goes unnoticed, and offers an
improved image quality and improved automatic focus
adjustment performance.

Furthermore, in the camera according to the above
embodiment, initialization of the position detecting
means is performed by shifting the.compensation lené
group to the reference position. Thus, the error in
poéition sensing by the position detecting means is
controlled.

Furthermore, in the camera according to the above
embodiment, the reference position shifting means sets
the reference.éositiqn to the position'of_the
compensation lens group prior to initialization of the
position detecting means to keep focused state. The

occurrence of unfocused state involved in the forced
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mount ed, such an unfocused state on the object of a distance of 1 mor nore
is furt her control |l ed. Specificall ths@ﬁeeﬂmg@ﬁﬂfﬁﬁde@m Fig. PS HAS. BEEN

di fference between the infinity |ocu e- angle ﬁﬁé@ﬁblens
mounted and the 10 cm | ocus with no ﬂlm

achnent ens nounted js S
at the wide- angle end and (S + a) a f change between the two
loci is thus a. If ais small enough, the infinity Iocus wth the

Wi de-angl e attachment |ens mounted is aO+S, al+S, a2 % a7+S,
and a8+S. | nzepmpmavement wigh Yhe;genyersiep lens hSrRPBemaHﬁl eds tfe is
performed with thls | gcus followed. Specifically,in Equation (4), on the

t el ephot o si g@ngFolled.
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z7, AF = ak-pk (k=7, 8, 9,...), and on the wde-angle side, [err] F=ak+S- pk

(k=0, 1, 2,..., 6). The focus foIIomAn | cul d—fTom ol
Equation (4). In step S306 in Fig. 7, }mm E"Wlmlt.onagﬁwﬁgiwgl?m

conpensation lens is set. to the m ni numsi @ en AF s a posit i V& ue_ or

“to the infinity side when [err]F is a negatlve val ue. The f oCTS Tollomnng

speed Fsp of the focus-conpensation lens is also set. ThIS conptetes—the

REPLACENMENT SHEET 1384 claime%o llgc.)\/ 1995 * This Sheet Has Been Re‘ila

WA

1. A lens control device comprising:

(A) a first lens for varying power,

(B) a second lens for compensating for.a change in
position of a focal plane due to the movement of the
first lens, |

(C) a third lens mounted in an optical axis of the
first and second lenses in a detachable manner,.and

(D) control means for moving the first lens from a
first area to a second area in response to the mounting
of the third lens, and for correcting the position of
the second lens in accordance with the movement of the
first lens from the first area to the second area in

order to keep a substantially focused state.

2. The lens control device éccording to claim 1,
wherein said control means has a ﬁemory which stores
information about a locus of the second lens to keep
focused state during the movement of the first lens
within a first range of travel of the first lens, and
controls the second lens based on the locus within the
first range of travei when the first lens is moved from

the first area to the second area.

3. The lens control device according to claim 1,
wherein said control means has a mehory which stores

information about a locus of the second lens to keep
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34 preparatory processingtoutinein nmounting-the-w-de—-angl e attachnment

lens. In the driving direction and speed s (st 5206)

driving in excess WS end t lm Ima &{Hﬁ& TM%WﬁTt"&?BEEN
thus, on the teleph , ’n Equ = ak+S—5ﬁ?¥%£8

1, 2,..., 6, 7,..) bove, if the |nf|n|ty | ocus WTh tThe '

w de-angl e attachnment | ens nounted has a slope simlar to that of the
representative |ocus with no wde-angle attachnent | ens nmounted, which is a

close approxi meiQHEed shate duming the movement of dhaGhhste 180Se S, the

within a first range of travel of the first lens, and
~controls the second lens based on a corrected version of
said locus within the first range of travel when the
first lens is moved from the first area to the second

area.

4. The lens-confrol device according to c¢laim 1,
wherein said control means has a meﬁory which stores
information about a locus of the second lens to keep
focused state during the movement of the first lens
within a first_fange of travel of the_first lens and
information about a locus of the second lens to keep
fogused state during the movement of the first lens
within a éecond range of travel of the first lens, and
controls the second lens based on_the locus within the
memory corresponding to the area within which the first

lens is positioned.

5. The lens control device according to claim 1,
wherein said control means has a memory which stores
information about a locus of the second lens to keep
focused state within the first area of the first lens
and information about a locus of the second lens to keep
focused state within the second area of the first lens,
detects an object distance corresponding to the positién
of the second lené immediafely before the mounting of

fhe third lens when the third lens is mounted, reads the
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difference between the two | oci, may be-added to_the representative | ocus,

whi ch i s consedqnyshkef HisBebPRBMAeed! N t hi od, an unfocused

obj ect of a dist eis avﬁmm/ﬂ tti ng!fwstﬂlﬂéET HAS BEEN
f ocusabl e focal THE'L|M£MHM rmed wi at t aghment~A-8RED
nount ed. \Wen a er p05|t|oned to t he |nf|n|t TrocusTwWTN

the wi de-angl e attachnent |ens nounted is on the mninmumside of the

infinity locus, the difference S between the two loci is subtracted from

the infinity chR‘E!és FAERFRPIEHRG i tR rthe fgtermined PRieqk Mstapc®cond

enbodi ment  of % rom the loci of the second lens within the second area
stored in the memory when the first lens is moved to the
second area, and controls the second lens based on the

read locus.

6. The lens control device according to claim 1,
wherein said second area is set to a wide-angle side

relative to the first area.

7. The lens control device according to claim 6,
wherein said third lens is a wide-angle attaqhment lens
which shifts to the wide-angle side the range of travel
of the first lens that is focusable with the second

lens.

8. A lens control device comprising:

(A) a variator lens for varying power,

(B) a compensation lens for compensating for a
change in position of a focal plane due to the movement
of the variator lens, énd

(D) control means for controlling a driving
direction and a driving speed of the compensation lens
while the variator lens is moved from a first area to a
second area,'ﬁsing control information of the
compehsation lens during the shifting phase in the first
'area, when a range of_tfavél of the variator lens is

shifted from the first area to the second area.
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pr esent
foll ow

of the fO||OM/pFOC€SSIng outine. Fig. 12 shows the | dets—ef—tfre—postt

|nvent|on i s di scussed.. Fi-g—16-i-s—a—Hew-diagram show ng the

30 ThEJShebG%B%ma 1RGES S n ced zoon-ng—ope+ratiqn
in the canera he isec mm m@yj the PHIBSHEET HABEEEN (N.
Figs 11 and grans n steps RanAaEnoonlerea

of a focus-conpensation lens with the mﬁde-

9.' The lens ¢ontrol device accordin§ to claim 8,
wherein said control means moves the variator lens from
the first area to the second area when a conversion lens

for modifying focal length is mounted.

10. The lens control_device according to claim 9,
wherein said conversion lens is a wide-angle attachment

lens which shifts focal length toward a wide-angle side.

1l1. The lens cohtrol device according to claim 8(
wherein said control means comprises a first memory for
storing information about a locus of the compensatibn
lens to keep focused state during the movement of the.
variator lens within said first area and a second memory
for storing information about a locus of the
compensation lens to keep focused state during the
movement of the.variator lens within said second area,
and controls the compensation lehs according to the
stored information in eithér the first memory or second
memory corresponding to the position of the variator

lens.

12. The lens control device according to claim il,
wherein said control means controls the compensation
lens based on one of the loci of the compensation lens
witbin the first area, said one of the loci being |
élosest to the second area, when the range of travel of

the variator lens is shifted from the first area to the
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angl e attachnent | ens nounted, mherein*the*sfope*of“the“locus differs from

that of the |locus obtained with no t s_mounted. The
construction of the canera in thi's e mﬁh@!mﬂiﬂ nchawgm@ SHEETHAS kN
of the canmera in the first enbodi nent. | oci |are pirohbES as

shown in Fig. 2(b) when object distance is_varied with respée;~;e-iecaL_____

|l ength with the wi de-angle attachnent |ens 121 nount ed.” Wien t he sl ope of
the locus with the w de-angle attachnent Iemgmg%li,f stantlally

equal to that SPCORE PE€@s with no wi de- angl ns nounted, the
met hod nenti oned above in connection W|th th ,Im mlm

13. The lens control device according to claim 9,

wherein said second area is set toward a wide-angle side
relative to the first area, énd said conversion lens is
a wide-angle attachment lens which shifts the range of

travel of the first lens toward the wide-angle side.

14. An image pickup apparatus comprising:‘

(A) a variator lens for varying power,

(B) a compensation lens for compensating for a
change in position of a focal plane due to the movement
of the variétor lens,

(C) image pickup means for converting an incident
optical imagé that is input through the variator lens
and the compensation lens, into a video signal, and
outputting the video signal,

(D) a monitor for presenting the video signal
output by said image pickup means, and

(E) control means for disabling the presentation of
the video signal to the monitor while a range of travel
of the variator lens is shifted from a first area to a

second area.

15. The image pickup apparatus according to claim
14, further comprising a conversion lens for shifting a
focusable range of travel of the variator lens from the

first area to the second area, wherein said control
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enmbodi nent sufﬁeﬁs~ﬁe—uﬁ%ﬁ€uséd"state when the variator lens 102 is forced
into the wide-angle side. If the s|opes of both loci wth and-without the

Above-mant Z‘Eé‘a‘fgmﬁﬁmﬁmﬁﬁbiﬁ?ﬂéLilll!llmllﬂ BRI 55 foee s e
qual ity. Discusse rced. noverfenf nkt h'bd %of *the ‘ar+ater—ens |

102 that suffers no unfocused state with the w de-angle attachnment |ens

mount ed even when the REPLACEMENT SHEET
means forces the variator lens to move to the second

area in response to the mounting of the conversion lens.

16. The image pickup apparatus according to claim
15, wherein said second area is set on a wide-angle side
relative to the first areasa, and said conversion lens is
a wide-angle attachment lens which shifts the focal

length toward the wide-angle side.

17. The image pickup apparatus according to claim
14, wherein said control means comprises a first memory
for storing information about a locus of the
compensation lens to keep focused state during the
movement of the variator lens within said first area and
a second memory for storing information about a locus of
the compensation lens to keep focused state during the
movement of the variator lens within said second area,
and controls the compensation lens according to the
stored information in either the first membry or second
memory corresponding to the position of the variator

lens.

18. A lens control device comprising:

(A) a variator lens for varying power,

(B) a compensation lens for compensating for a
change in position_of a focal plane due to the movement
‘of the variator léns;

(C) position detecting means for detecting a
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30 NOV 1995 36 slTope of the iotus wth-the-w-de-angle attachnent |ens
m)unt ed is subﬁﬁsasrﬂeeltﬁiiﬂ f %hent f that of the Iocus -t~
ted.

s . 3 [ s

t he mnde angle
of the locus w | e ‘att achnment | ens *nodint ed | §~pHotted—by—a
dotted line. As apparent fromFi'g. 12, the focused position of the |ocus of

10 cm obj ect [ﬁas%htﬁrb(}f cff‘%ﬂeh%gﬂ%gﬁﬁd 1%%55' ti or<1i of the locus with the
ment 1e

wi de-angl e attac NS nounted agree i ' %ach ot her at the position z7
of the variator |3y dhtrol means for changing a reference position

used to initialize the position detecting means

adéording to the position of the variator 1lens.

19. The lens control device according to claim 18,
wherein said control means moves the variator lens from
a first area to a second area when a conversion lens for

modifying focal length is mounted.

20. The lens control device according to claim 19,
wherein said reference position is set in each of the

first and second areas.

21. The lens control device according to claim 20,
wherein said control means comprises a first memory for
storing information about a locus of the compensation
lens to keep focused state during the movement of the
variator lens within said first aréa and a second memory
.for storing information about a locus of the
compensétion lens‘to keep focused state during the
movement of the variator lens within said second area,
and controls the compensation lens éccording to the
stored information in either the first memory or second
memory corresﬁonding to the-position of the variator

lens.

22. The lens control device accordiﬁg to claim 21,
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runni ng toward the W de-angie side, “however;—both—+teei— di verge. \hen t

| oci diverge h the |ocus wit | de- le atta ﬁ‘yg,..,ég_@mg BEEN
nmount ed as sh'lgﬁqéSﬁe‘epﬁvn'B cn Ropl gls stomummm‘m ain '? e AREPLACED
MCHmommta'Hum u t" d to avo I8 at e.LLocus—data—in

Fig. 2(b) may tabled data in Fig. 9(b). Data in a single
colum in the table may be used to plot a singlelocus. In Fig. 9(b), the
row n represegﬁs obéect di stance, and the colum v rs;resents t he position

of the variat BReFeLR gpidaferany: frea b nseht R (Fidg-2RILe\S198D| e

representing g.f geysgd BOShL ! 20, AL g 8951 1188l ot U5t Q5LEaK OTREDSEL O

a wide-angle attachment lens which shifts the focal

length toward the wide-angle side.

23. A lens control device comprisiﬁg:

(A)-a variétor lens fér varying power,

(B) a compensation lens for compensating for a
change in position of a focal plane due to the movement
of the variator.lens,

(C) position detecting means for detecting a
positioﬁ of the variator lens, and

(D) control means_for changing a reference positioh
used to initialize the position detecting means
according to the position of the wvariator lens at power

on.

24. The lens control device according to claim 23,
wherein said control means moves the variator léns from
a first area to a second area when a cbhversion lens for

modifying focal length is mounted.

25. The lens control device according to claim 24,
wherein said reference position is set in each of the

first and second areas.

26. The lens control device according to claim 25,

wherein said control means comprises a first memory for
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| ens) .

possi ble on th

The |n#fﬁity-ebree%—d+s%ance |s_FepFeseﬂ%ed~by“ﬁ o]

obj ect di stance by n=m and the Wi de- v=0 The

desi gnat ed by en R edcbrresH 'ai n the TH'Q %HleQEEEN

REPLACEMENT SH 95: 37 nnuntpd _QCUSLNG, | $
e

ts:only at the p05|t|on 302 in Fig. 2(b).

the m ni num

position 301 of the varlator | ens where focusing is

storing information about a locus of the compensation
lens to keep focused state during the movement of the
variator lens within said first area and a second memory
for storing information about a locus of the
compensation lens to keep focused state during the
movement of the variator lens within said second area,
and controls the compensation lens according to the
stored information in either the first memory or second
memory corresponding to the positién of the variator

lens.

27. The lens control device according to claim 26,
wherein said second area is set on a wide-angle side
felative to the first area, and said conversion lens is
a wide-angle attachment-lens which shifts the focal

length toward the wide-angle side.

28. An image pickup apparatus comprising:

(A) a variator lens for varying power,

(B) é compensation lens for compensating for a
change in position of a focal plane due to the movement
of the variator lens,

(C) image pickup means for converting an incident
optical image that is input through the variator lens
and the compensation lens, into a video signal, and
outputting the video signél,

R (D).a ﬁonitor for presenting the video signal

output by said image pickup means, and
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possi bl e over al4- objecr—dfgféﬁcé corresponds to v <t.

lens 102 is forced |nto thk Qp focusabl e focal Tength ar VMLH tne
wi de-angl e attac t he,

di stance (here infj VM‘&I st ance) m"ﬂmﬂlmmﬂ I e Lat t a@

| ens nmounted is fo ring the daté béloﬂglﬁg to a single colum

n=k (here n=0

attachnment | ens nounted, the variator lens 102 is - forced into within the

focusabl e focal |endEl @entErolemepRg foroshdfFingamerange b dx@vedyefent

VWhen t he vari at or

BEEN

inthe tabled data in Fig. 9(b) with the w de-angle

met hod of the variator, lens_102 wth the w de-angle attachnent |'ens nounted

IS now

the variator lens from a first area to a second area,

for shifting the compensation lens to a focused position
with the variator lens already in the second area, and
for disabling the presentation of the video signal to
the monitor until the shifting of the variator lens and

the compensation lens is completed.

29. The image pickﬁp apparatus according to claim
28, further comprising a conversion lens for shifting a
focusable rahge of travel of the variator lens from the
first area to the second area, wherein said control
means forces the variator lens to movelto the seéend o

area in response to the mounting of the conversion lens.

30. The image pickup apparatus according to claim

29, wherein said second area is set on a wide-angle side

. relative to the first area, and said conversion lens is

a wide-angle attachment lens which shifts the focal

length toward the wide-angle side.

3l. The image pickup apparatus according to claim

30, wherein said control means comprises a first memory

for storing information about a locus of the

compensation lens to keep focused state during the

. movement of the variator lens within said first area and

a second memory for storing information about a locus of

the compensation lens to keep focused state during the
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di scussed. In the forced novenent nethgd—gi—the—vaf%ator-lens 102 with the

st epriP8 @REETHAS BEEN

first enmbodi nent om/pro H m&
7). Both enbodi rHﬂu quuu al ical in: t i nes. FiggrLAGEBhOWs
a processing dif orated iinto step S305 in Fig. “Y—hen—ihe

wi de-angl e att aghdE hagwkgmggat ed, this enbod“ ﬂg“ ﬂ erent _fromthe.

(28

foll ow processing routine is executed, zoomarea v is calculated to locate
the zoomarea v within which the position Zx of. the variator |lens 102
falls (step smva!r—mentgof1Ih§hmﬁ51@‘n'@rdéeas| WéthStleﬁald second area,

and controls the compensation lens according to the
stored information in either the first memory or second
memory in corresponding to the position of the variator

lens.
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REPLACEMENT SHEET 38 30 NOV 1995 38--S601. -As—shewn +n-Fig. 11, in the
zoom area calculation, the zoomarea variable v is initialized by resetting

it to "o". The zoom positions Z(v) at bour a cocbom areas are :
cal cul ated (step S702). The zoom positions d to Qs BLEET HAS BEEN
z2,... in Fig. 12. Z(v) = (Tel ephoto end z W de-iangl exgeatED

zoom position) * v/is + Wde-angle end zoom position

Abstract of the Disclosure:

A lens control device comprising a variator lens, a
compensation léns for compensafing for the displacement
of the focal plane associated with the movement of the
variafor lens, a conversion lens disposedfin an optical
path in a detachable mannef for limiting the area of the
movement of the variator lens, and correction means for
modifying the area of the movement of the compensation

lens in response to the mounting of the conversion lens.
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... (5) Here, the division operation by the value s is to equally divide
the overall range of travel of the variator |ens by the data area nunber s

in Fig. 9(a). In succession to the cal cul ation of ZQ ”E]Pegﬁ-iagh&ﬂ%e cdd, a

determ nation is made of whether the position Zx of ns 102
equal s the position Z(v) (step S703). Wen the positi ﬂmmlg ﬂarl at or
| ens 102 equal s the zoom position Z(v), a boundary fl o "1"
based on the determi nation that the position Zx of the variator |ens 102
lies on the boundary of the area v (gtep S707). This conpletes step S601.
When the position Zx of the varlator&."ens 102 is
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ATTACHMENT
LENS 121
7
\ oy

!

i

- e
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GROUP 101

100

' FOCLS- (7
COMPENSATION  THIRD LENS

VARIATOR
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IRIS 103

FIG.1

GROUP 104
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not equal to the zoomposition Z(v) in step S703, a détermnationm Ts Tade

of whether the position Zx of the variator |ens 102 i§Hs ul r_than the
position Z(v) (step S704). \Wen the position Zx of they pee 2 s
smal l er than Z(v), the boundary flag is set to "0O" (stj I on the
determ nation that the position Zx of the variator |en ere

REPLACEMENT  SHEET 39 30 NOV 1995 39
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between Z(v-1) and Z(v). This conpletes step S601. \Wen—step—-S704 reveal s

that the position Zx of the variator lens 102 is not snmaller than the zoom
position Z(v), the zoomarea v is increnented (step S70%hisSkeetcHat Ben RasiRed
processing starts over with step S702. The above processi Lif

the current position Zx of the variator lens 102 lies in of

v-k in the table shown in Fig. 9(b), and further if the current position Zx

of the variator |ens | €840 he boundary of the zoom area of v-k. In

the table in Fig. 9(bi:,%2vt1rzil. satisfies the relationship,

O[err]v[err]t. In this enbodinent, the position Zx of the variator |ens 102

lies in the zoom areag®f \-10.{ i t '
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In succession to the calculation of the zoomarea v, a détermnationTs
made of whether the calculated zoomarea v is greater Tﬁ.h n the area. t (step
ﬁ

S602). This routine determ nes whether or not the curr o Y he
variator lens 102 lies to the tel ephoto side of the po I ig.
2(b). The position 302 corresponds to z7 in Fig. 12. eveal s
that the current position of the variator lens lies in the tel ephoto side
of 302, a target position to be followed is set to data A(h,v-1) in the
zoom area, v-1, which is shifl d to thesyi de- angle side by one zoom area.

fromthe current posi 4She 2% lens, and a difference quantity
AF bet ween —

%
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A(h,v-1) and the current position Px of the focus-'conpensation lens is

then cal cul ated (step S603).

determ nes the difference [err]F. [err]F = A(h,v-1I)
(6) where A(hv-1) represents data of the zoom area,
to the w de-angle side by one zoom area fromthe cur

The

30 NOV 1995 40 fig! $HemiHaOBRAIR&IdcN ( 6)

AHAIEAEL,

cl oser
f the

variator lens 102 (n=h corresponds to the |locus data of 10 cm object

di st ance).

F1G.6

START

INITIAL SETTING

-$201

=

COMMUNICATION ROUTINE
WITH SYSTEM CONTROLLER

] -su2

‘ .

PREPARATORY PROCESSING
ROUTINE IN MOUNTING
WIDE-ANGLE ATTACHMENT LENS

|-3203

]
AF PROCESSING ROUTINE

3204

%

Z00M PROCESSING ROUTINE

_~S205

1

DRIVING DIRECTION AND SPEED
SELECTING ROUTINE

|_~5206

&

FOCUS, Z0OM AND MOTOR

8207

DRIVING CONTROL ROUTINE




A(h,v-1) is used to as the target position to be followed. Px represents
the current position of the focus-conpensation |ens. \Wen step SBUZ reveal s
that the calculated zoomarea v is not greater than tmgs th'ﬁlshén
difference AF is calculated (step S604). The di fferen cef ed by
the follow ng equation (7). [err]F= B(O v-1) - Px ﬂ”m (7)
where B(0,v-1) represents | ocus data of the |nf|n|ty wth
the wi de-angle attachnent |ens nounted. B(O v-1) is used as the target
position to be followed. In successign $o the calculation of the

di fference, t% i G
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'SET FOCUS DRIVING DIRECTION
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AF, the focus follow ng speed, Fsp, is cal cul at ed by Equaﬁ“crn“(—étj—
S605). In this calculation, the difference, AZ is (2Zv-1 - Zx : The above
foll ow processing routine is followed by the sane proce55|

in Fig. 7. As nentioned above, in this enbodi ment, forced r
performed to within the focusable focal length area with t

attachment |ens nounted while an object is-kept in focus even if the
presence or 41 30 NOV 1995

FIG.8
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DSTAGEER A"“"ME"T:'E"g/ o
B 5 i@ lan
R
N
el
L0 A
N
]
|

r‘\..M

POSITION OF FOCUS-COMPENSATION LENS

[ o o vt - = —— . o —— -

1 n L£] U B 26 u 4] O L 10

FOCAL LENGTH (POSITION OF VARIATOR LENS)



41 absence of the w de-angle attachnent |ens nmakes a substantial difference
in the slope of the | ocus of the focused position of the-fecus—cenpensati-on
| ens 105 relative to the variator lens 102 with respect to object distance.
(Third Enbodinent) Referring to drawings, a third enbodiThi ee@HaSth b@ént
invention is discussed. The construction of the camera in

remai ns unchanged fromthat of the canmera in the fII’St e

first and second enbodi nents, the variator

FIG.Oa)

A
) Lol 11213 |- k |oeees m
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|l ens 102 is forced into within the focusable focal |ength area by follow ng
the camlocus of the infinity object distance w-th-the—w-éde—ange—
attachnment | ens nounted or the camlocus of the approximate infi n|ty obj ect
di stance. Wien an object, which was photographed Tm%@btlatseﬂe fle the -
nounting of the w de- angl e attachnent lens, has a ‘ ﬁ e (for

I

exanpl e, an object having a distance of 50 cm or s oci shown
in Fig. 2(b)), a forced follow ng along the infinity Tocus creates an
unf ocused state. The slope of a locus wth the wi de-angle attachnent |ens
121 nmounted may be different with object distance (such as loci as shown in
Fig. 16). If the locus of the i: 10

L J

$305
R Z““.
|| CALCULATE Z0OM AREA v |- S601 |
| ' )
| Y |
| $602 S\ | |
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| Y I
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infinity object distance is followed in such a case with the w de-angle
attachnent | ens nounted, the focus- 42 30 NOv 1995
conpensation | ens 105 may shift off its real focused position depending on
t he obj ect photographed. Thus, an unfocused state results, “detériorating

| mage quality. The two above-nentioned cases are resol ved t 1LV ERL Been Replaced
unfocused state in the follow ng manner: The cam | ocus i nfor

wi de-angl e attachnent | ens nmounted is stored for each object »ﬁiﬁ ] gm‘

obj ect F l G.ll

601

A SR —— b S
|

| g NE 1 i
| -~ |
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| )
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| | 0 o |
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ke e o
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di st ance which was used for phot ographing is deterrﬁ%dﬂnmﬂ%on
of the variator lens 102 and the position of the focus- corrpensation | ens
105 with the wi de-angle attachnment |ens nounted; by: s’HinseﬂhtadtH Et tdjow ng

the locus that nmatches the object distance in focusi ng _ .
variator lens 102 is forced into within the focusable M Dreea. In
this method, locus data representing a plurality of objec I'S i th
the w de-angl e attachnent |ens nmounted shown in Fig. 9(b) are stored in the
AF microconputer 115. The |l ocus that matches the deternmi ned obj-éct distance
in focusing operation is obtained b n G stored | ocus data
Specifically, a locus FT 12
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to be foll owed, between the cam |l ocus of the infini ty-ebj—ee%—dﬁ%&nee—and
the cam | ocus of t he m ni rum obj ect distance, with the w de-angle
attachnent |lens nmounted in Fig. 16, is determ ned by é’b SianeBle cdﬁditlon
to a plurality of stored data. Referring to draw ngs, t

processing routine in the camera in this enbodi ment W|t gle
attachnment | ens nounted is discussed. Fig. 13 is REPLACEI\/EI\FI' SHE T 30
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43. the flow diagram show ng the preparatory processing routine in the
canera according to the third enbodi nent of the pres 1sShl n)ﬁe"ﬁeeﬂ? th t he

wi de-angl e attachnent |ens nmounted. Fig. 14 is the f ng t he
calculation routine for cam |l ocus paraneters, a, [err p 8909

in Fig. 13. Fig. 15 is the rowdlagramshowlng the f
routine of Fig. 13. Fig. 16 shows the | ocus of the p05|t|on of the focus

conpensati on lﬁﬁ with the w de- | e attachﬁn ted, wherein the
sl ope of the | bdiffers from of the Lls@al with no '
wi de-angl e attpclu:m ens_munte o o e ———— '
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In the flow diagramin Fig. 13, when the preparatory processing routinre—
with the wide-angle attachnment | ens nounted i s execut eq'hi ep. S203 in Fig.

t
6), first, a determination is made of whether the wi de- lla prt
lens 121 is nounted (step S901). Wien the w de-angle ;att Bﬁ 21 is
mounted, a determ nation is nmade of whether the preparatli _ gis
rai sed (step S902). When the preparation end flag fg:is found to be "1,"

t he processing ends because the preparation is conplete. Wen the
preparation end flag is " (?T”"é‘dﬁt‘e‘r‘?ﬁ'ﬁatTmT'i‘S‘de‘é'oT'vmerheT“t he

vari-ator lens 102 is withiln the focusabl e focgktergih area (ste:p S903) .
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If the current position of the variator lens 102 is within the focusable
focal length area, the preparation end flag fg is set to "1" (step S908),
and the 44 processing ends. Wen the current p05|t|on 'RhfsShdsteHasaetrfR lﬁced

|l ens 102 is not within the focusable focal |ength area,
direction is set to the w de-angle side and the zoom dr|V|
(step S904). Then, the follow proceSS| ng routine i s execute
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(step S905). The follow processing routine is discussed further in detail
| ater. Next, a focus driving direction and a focus driving.speed are set
(step S906). Specifically, the driving direction is set to _the mninmumside—
when AF is a positive value or to the infinity side when AphisShee RBaced
val ue. The focus follow ng speed Fsp of the focus-conpensat iy 0
set. Wen the wi de-angle attachnent lens is not nounted (st w ‘r -
preparation end flag fg is set to "0" (step S907), and calculation ro e
for camlocus paraneters, a, [err], and& is executed (step S909). The

cal cul ation routine for camlocus paSes=ters, a, A and
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y is further discussed in detai

cal cul ation routine for

| ater.
| ocus paraneters a,

The processing ends_when_t he
and y i s conpl eted.

Referring to the flow diagramin Fig. 14,

paraneters a,

routi ne for

REPLACENMENT

[err],

and [err]

| ocus paraneters a,
calculation is perfornmed to |dent|fy the zoomarea v in mhlc

FIG.18

SHEET

[err],

and

[err],

t he calculatlon A
is discussed in detai
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30 NOV 1995 45 variator lens 102 currently lies (step S1001). The content

of this processing remains substantially unchanged fromt hat I 11 ust rat ed in
Fig. 11. In succession to the zoom area cal culation in steﬂh Has Replaced
distance nis initialized to "0" (step S1002). After the ini

the object distance n, a determination is nmade of whether t

position of the vari ator |l ens 102 |ies on the boundary of a zoom area
referrl ng to the boundary flag (step S1003). Wen the boundary flag is set
"0," it is recognized that the F I G 19
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current position of the variator |Iens 102 does not lie on the boundary of
the zoom area. Wen the boundary flag is set to "1," it +s—+eeognized that™

the current position of the variator |ens 102 lies on_thejhaundaryveof RiphSed
zoom area. \Wen the boundary flag is "0," Zk - Z(v), Zk-1=

exanpl e, when the zoomposition is Zx in Fig. 16, Zk= Z10 ﬁ“&ﬁ&ﬁ‘mﬂ |1
four tabled data, A(n,v-1), A(n,v), A(n+l,v- 1), and A(n+1, y

(step S1005). From Equations (2) and (3), ax and bx are cal cul ated (step

S1006). When the boundary flag is n e 03, the object distance n,
focused position of the focus- F l @ m
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conpensation |l ens 105 A(n,v), A(n+l,v) relative to the variator |lens 102
are read, and A(n,v) and A(n+l,v) are stored as ax and bx—{step-S1007).. ln._
succession to the cal culation of ax and bx, a REPLACEMENT SHEET 46

30 NOV 1995 determination is made of whether the current po&S < 58
focus-conpensation lens 105 is greater than ax or not (step

the Px is greater than ax, a determnation is nmade of wheth er

o FI1G.21
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(step S1009). When step S1009 reveals that Px is greater than bx, nanely

that Px is positioned closer to the mninmum side, the object distance nis
incremented (step S1010). A deternmination is made of whet hemisiShet BdjBagiRe; laced

distance n is equal to or smaller than a m ni num obj ect di st
S1011). When the object distance n is equal to or snaller: th
obj ect distance m the processing starts over with step S100

obj ect distance n is not equal to n the nini mum obj ect
distance m Px is at the super-m nﬁmip S1 2and.locus paranmeter a is

stored as "O' (step S1012). Locus pararreter [err Is given as a difference,
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and then stored (step S1014). The storing of |ocus parameter [err] is —— -
foll owed by storing the object distance n as |ocus par arretn%gs%et(

{
S1015). When step S1008 reveals that Px is not greater tha i Slen Replaced
the super-infinity position. "0" is stored as |ocus pararre[HﬂM UHI I
difference, bx-ax, is stored as |ocus paraneter [err], and

distance n is stored as |ocus paraneter y (steps S1012, S1014, and S1015).
When Px is not greater than bx (step 81_009# Px nmust |ie between the object

di stances n and n+l. The SRR l G.23 151
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REPLACEMENT SHEET 30 NOV 1995 47 difference, px-ax, is stored as |ocus
paraneter a (step S1013). The difference, bx-ax, is stored as |ocus ~—
paraneter [err], and the object distance n as | ocus parame"ﬂmrSh aﬂas]Beé§R B@ed
S1014, and 81015) Locus paraneters, [err], [err], andy re

the position of the variator |ens 102 and t he position of t m
focus-conpensation |l ens 105 are on the |locus are sequenti al y up

stored and then used as the object djﬁfaici[;efornatlon |nned|ately before
t he

meramn RV
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mounting of the w de-angle attachnent lens 121. Referring to Fig. 15, the
foll ow processing routine in this enbodinent is discussed. I'n the fottow—-
. processing routine in Fig. 15, the zoom area cal cul ati on Thié@ﬂé&ﬂis@@en\ke 1§ced
calculated to locate the zoomarea v within which the p03|

variator lens 102 falls (step S1101). In succession to the Hﬁi
zoom area, a determnation is nmade of whether the cal cul at

greater than the area t (step S1102). This routine determ nes vvhet her or
not the current position of the variator lens 102 lies in the tel ephoto

side of the position 302.in Fig. 21:5)1 G 25
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When the cal cul ated zoomarea v is greater than the are REpLhﬁamﬁmWSBEE*
position of the variator lens 102 is to.the-telephqto SICYF THhe posity én

302 in Fig. 2(b) (corresponding to 77 in Fig.16). The dilf nﬂgv[ﬁﬁﬁ]F i} s
determned fromthe above Equation (6) (step S1103). mgw@bagmy

1
Lgpaﬁfgﬂt?sdgfggg% F@ﬁFﬁ§gaP§§§§ﬁng lee by SEELQSEZFare 3§95

Background of the Invention:

Field of the Invention:

The present invention relates to a camera which is
provided with a zoom lens and a lens capable of being
mounted onto the zoom lens in a detachable manner to
modify the focal length and magnifying power of the zoom

lens.

Description of the Related Art:

Conventionally available as one type of camera is
the one provided with a zoom lens and a conversion lens.
which is mounted onto the zoom lens in a detachable
‘manner to modify the focal length and power of the zoom
lens. -

Referring to drawings, the conventional arrangement
of the zoom lens and the conversion lens which is
mounted onto the zoom lens in a detachable manner to
modify the focal length and magnification of the zoem
lens is discussed below. Fig. 1 is a diagrammatic vieﬁ
showing the arrangement of a conventional camera
comprising a zoom lens and a conversion lens which is
mounted onto the zoom lens to modify the focal length
and power of the zoom lens.

A zoom lens unit 100 comprises a first (front) lens
group 101 mounted onto a lens casing as shown in Fig. 1.
Disposed behind the first lens group 101 is a second

" lens group (hereinafter referred to as "a wvariator

lens") 102 for varying power. The variator lens 102



fromthe current position of the variator lens 102 (n-h
| ocus data of 10 cm object distance). A(h,v-1) is used ﬁ
position to be followed. Px represents the current positii oﬁ 5

f ocus-conpensation lens 105. Wen the gal cul ated zoon11reg?0 g hﬁp gr @ter
t han t he area t the difference [err] =i s cal cul ated (s$tlep 81104\ Thel |
difference, is determ ned from Equation (8). [err]F [{B([err]+1 V- 1j

-B(y, v-1) }*[

position to %ﬁé%é% l\rl/\%dg?@é L%é%%%%%%i{&ﬁ%(ﬁr tf%rl V- %ﬁg %&% ot

Eﬁfa[ 3”1‘e\r/eﬁ%:%ﬂ efa]%ﬂ;ritg POGEF | 1 eie Ndridtod NFerkdUIeE 0f mlsbed M ni ng
lin a direction in parallel with the optical axis of its

Eﬂiﬂﬁﬁ%ﬁ‘\d&té@r he

own by driving means (not shown).

An iris 103 is'disposed behind the variator lens
102 to adjust light quantity. Disposed further behind
the iris 103 is a third lens group 104 that is attached
onto the lens casing. The third lens group 104 also
shares the same optical axis with the variator lens 102.

Arranged behind the thirdllens group 104 is a
fourth lens group (hereinafter referred to as "a foéus-
compensation lens") 105. The focus-compensation lens 105
has a focusing function, and a compgnsation function,
namely compensating for the displacement of the focal
plane arising from power variation. The focus;
compensation lens 105 shares the same optical axis with
the third lens group 104. The focus-compensation lens
105 is moved in a direction in parallel with the'optical
axis of its own by the driving méans so that the
focusing and compensation are performed.

An image pickup device 106 such as a CCD is
arranged behind the zoom lens unit 100, namely the
focus-compensation lens 105. An imaging surface that
bears an optical image of an object is provided on one
side of the CCD 106 facing the focus-compensation lens
105.

A wide-angle attachment lens 121 is mounted onto

the zoom lens unit 100 in a detachable manner to modify



calcul ated t

arget position to be followed is obtained by REBLACHGEYHE "~ " ¢

interior division to a fixed value by substituting [err]/{err] for b
“{[errlp(n)-a(n)[err]/[err]lb(n)-a(n)[err]} in Equation (1)} 38 Eﬂycgﬁgiohﬁto

the determ nation of the difference, AB, the focus follqw ng speed Fsp ig

cal cul ated f
AZ is Zv-1 -
when t he fol

rom Equation (4) (step S1105). The differende-imzoom positign
Zx. The sane processing as in step S306 in iF-g-Ffis-—-executed
the foocaksiength cand neowsr cofipthé clens GMit BOGodimemt, when

the wi de-angle attachnment |l ens is nounted, the forced zoom operation into
t he focusabl sointall behgt therzeomslensfunirbdlOd; the wide-angle

attachment lens 121 is positioned in front of the'first
lens group 101 in a manner that allows the optical axes
of both are aligned. The mounting of the wide-angle
attachment lens 121 causes the focal length of the zoom
lens unit 100 to shift toward the wide-angle side..

Discussed below_:eferring to drawings are a
relationship between the focal length (the position of
the variator lens 102) of the zobm lens unit 100 and the
position of the focﬁs-compgnsation lens 105 with no
wide-angle attachment lens 121 mounted and a similar
relationéhip but with the wide-angle atﬁachment lens 121
mounted. Figs. 2(a) and i(b) illustrate, respectively,
the relationship between the focal length (the position
of the variator lens 102) of the zoom lens unit 100 and
the position of the focus-compensation lens 105 with no
wide-angle attachment lens 121 mounted and the same
relationship but with the wide-angle attachment lens 121
mounted in Fig.l. Fig. 3 shows the relationship between
the position of the variator lens and the position of
the focus-compensation lens with no wide-angle
attachnment lens mounted in Fig. 1. Fig. 4 shows a
similar relationship. | |

A discussion of the relationship between the focal
length (the position of the variator leng 102) of the
zoom lens unit 100 and the position of the focus-

compensation lens 105 with no wide-angle attachment lens



REPLACEMENT SHEET 30 NOV 1995 49 creating unfocused state +egafd+ess~0f“thé
iREPLOCEMRAT SHEE

obj ect distance that was used i medi ately before the nount
wi de-angl e attachnent |ens. Also, the forced zoom operati ¢
whil e keeping an object in focus even if4the slope of the
di stance greatly varies with object dlsrance as a result @
w de-angl e attachnent |ens 121.°

nf1s perforne
| bcBd) tb}ﬁ‘v’oﬁ@

fimounting th

mounted follows. ' o e e e

When the fodal length of the zoom lens unit 100 is
set to a predetermined value, the position of the focus-
compensation lens 105 that results in an optical image
on the imaging surface of the CCD 106, namely, the
focused position of the focus-compensation lens 105
varies with the distance to the object as shown in Fig.
2(a). When the object distance remains constant, the
focused position of the focus-compensation lens 105 -
varies with the focal length of the zoom lens unit 100,
namely, the position of the variator lens 102. As a
result, an optical image is obtained through the light
which is focused by shifting the focus-compensation lens
105 according to the curve resulting from the focal
length set and the object distance.

A discussion of how to follow the above-mentioned
curve follows.

Referring to Fig. 3, the relationship between the
focal length (the position of the variator lens 102) of
the zoom lens unit 100 and the position of the focﬁs—
compensation lens 105 with no wide-angle attachment lens
" 121 mounted is illustrated by a first curve f1 that is a
plot of a series of positions of the variator lens 102,
z0, z1, 2z2,..., z6 versus a corresponding series of
positions of the focus-compensat;on lens 105, a0, al,
a2, ..., a6. Data, z0, zl, z2, ..., z6 and a0, al, a2,
.;., a6, are stored in a lens control microcomputer (not

shown). Equally, a second curve f2 is a plot of a series



In one aspect of the camera according to the present ipvest+ef—t-he-
variator lens group is forced to nove to a predetern1neﬂEﬂ@@HMquWmThlp a

second foca
focused posi

| ength area when the conversion | ens group S fount ed. Thet
tion of the focus-conpensat§on |ens group ¢l zgg\wl\!d“t%e

variator lens group, varying with the forced shifting pfi the variator Iéns
group, is calculated. The focus-conpensation | ens group +s~then- so“shlfted

so that it feFlpueitiensabsUtRé odat Latsrh s 10PN zgheed oreed. zoom - -
operation is thus performed while keeping an object in focus wth the

conversion |

Fur t her nor e,

£6sv@roup 8ucbrresphnding esaris oif (FediEitng & tRRINt ed.
an i nproved autonmatic focus

focus-compensation lens 105, b0, bl, b2, ..., b6. These
data are also stored in the lens control microcomputer.

A third curve £3, however, is calculated from the
first curve f1 and the second curve £2. The third curve
£f3 is a plot of a series of positions of the variator
lens 102, =zO0, zl1, z2, ..., z6 versus a corresponding
series of positions of the focus-compensation lens 105,
p0, pl, p2, ..., p6. These data are also stored in the
lens control microcomputer.

pO, pl, p2, ..., p6 are calculated by the following
equation. N

p(n+1) = {|p(n)-a(n)|/|b(n)-a(n)|}

| * {|b(n+l)-a(n+l)|}+a(n+l) ...(1)

Equation (1) determines the ratio 6f:1nterior
division of p0 on a line segment, b0O-a0, when the focus-
cqmpensation lens 105 is positioned at p0O. According to
the ratio, pl is plotted on a line segment, bl-al. The
speed of the focus-compensation lens 105 required to
keep the zoom lens unit 100 focused is thus determined_
by the positional difference between pl and p0O and the
time the variator lens 102 requires to travel from z0 to
zl.

Referring to Fig. 4, interpolation applied to the
variator lens 102 in its one direction is discussed. In
Fig. 4,'the poéition of the variatoi lens 102 is

arbitrarily set, and representative (cam) locus (the .



adj ust ment response results. In another aspect of the pr
focused position data of the focus-conpensation |ens grg
variator |lens group, predeterm ned with respect to objeq
conprise first focused position data. ghe variator |ens
move to a predeternined position within a second focal |

. . B
ERFERUACEMERT IR, -
uP‘TETaTTVE"TU‘the
t| d3F NOYe95
group is forced to
ergth—ar-ea--when t he

conversion |l ens group is nounted onto the REPLACEMEMENT. .. SHEET, 50

30 NOV 19%8sitions of the focus-compensation lens relative to the

variator lens) is a plot of theipositions of the
variator lens 102, z0, zl, z2, }.., zn and a0, al, a2,
..+, an, and b0, bl, b2, ..., bn relative to the object
distance.

When yhé variator lens 102 is positioned at zx, not
on any of the zooming boundaries represented by z0, z1,
z2, ..., zn within the range of travel of the variator
lens 102 (namely, somewhere between zk-1 and zk) and
when the focus-compensatidn lens 105 is positioned at
px, both ax and bx are given by the following equations.

ax = ak - (zk-zx)*(ak-ak-1)/(zk-zk-1) ...(2)

bx = bk - (zk-zx)*(bk-bk-1)/(zk~zk-1) ...(3)

As understood from the above equations, ax and bx
are determined by interpolafing, respectively,-between
two sets of stored representative locus data (ak, and
ak-1l, and bk, and bk-1l in Fig. 4) with respect to a
fixed object distanée according to the interior division
ratias obtained from two sets of zooming boundaries (for
example, zk and zk-1 in Fig. 4) and the position of the
variator lens 102 between zk and zk-1.

As understood‘from-Eguatibn (1), both pk and pk-1
are determined by interpolating, respectively, two sets
of stored representative iocus data (ak, ak-1, bk, and
bk-1 in Fig. 4) with respect to a fixed focal length
accordiﬁg to the interior division ratio obtained from
éx, px, and bx. |

The travel speed of the focus-compensation lens 105



zoomlens unit. In the course of zoom operat on, the fi
data are used to determ ne the focused position of the
| ens group; thus, a relatively small nenory capacity is
to store data for the forced zoom operatfion. In yet ano
present invention, focused position data of the focus-c
group relative to the variator |ens group, predeterm nedf Wth respect to
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position in the zooming operation from a wide-angle side
to a telephoto side and the time the variator lens 102
requires to travel from zx to zk.

The zoom lens unit 100 thus follows the curve .
representing the relationship between the focal length
(the position of the variator lens 102) §f the zoom' lens
unit 100 and the position of the focus-compensation lens
105 with no wide-angle attachment lens 121 mounted.

The relationship between the focal length (the
position of thé variator lens 102).of the zoom lens unit
100 and the position of the focus;compensation lens 105
with the wide-angle attachment lens 121 mounted is now
discussed.

When the focal length of the zoom lens unit 100 is
set to a predeterminéd value, the focused position of
the focus-compensation lens 105 varies with the object
distance as shown in Fig. 2(b). With the object distance
kept constant, the focused position of the focus-
compensation lens 105 varies with the focal length,
namely with the position of the variator lens 102 (along
a locus). As can be seen from Fig. 2(b), however, the
curve representing the relationship, in terms of object
distance as parameter, between the focal length and the
position of the focus-compensation lens 105 is different

from the curve representing the relationship, in terms
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105 with no wide-~angle attachment lens 121 mounted. In

Fig. 2(b), if the focal length exceeds a limit 301, the
curves representing the'relationship, in terms of object
distance as parameter, between the focal length and the
position of the focus-compensation lens 105 diverge out
of the focusable focal length area. 1f the focal length
is kept to within the limit 301, namely, the focal
length is set to any value cloeer to the wide-angle
side, focus adjustment by means of the focus-
compensation lens 105 remains workable. If the focal
length exceeds the limit 301, however, namely, the focal
length is set to anf value closer to the telephoto side,
focus adjustment by means of the focus-compeneetion lens
105 is impossible. To cope with this problem, the

variator lens 102 is moved until the focal length is set

' to be closer to ‘the wide-angle side, and is fixed there.

Therefore, the variator lens 102 is fixed at such a
predetermined position, and zooming operation is
disabled when the wide-angle attachment lens 121 is
mounted. | |

When the variator lens 102 is set to the fixed.
position with the wide-angle attachment lens 121
mounted, the resulting curve representing the
relationship, in terms of object distance as parameter,
between the focal 1ength (the position of the variator

lens 102) and the position of the focus-compensation .



conversion lens group is nounted onto the zoom | ens uni
focused position data or the REPLACEMENT SHEET 51
1995 second focused position data are selected. THe se
position data are used to determ ne thg focused positi
f ocus- conpensation | ens group. The foctsed position datlaj wth the e 1|
conversion | ens group nounted are thus refined sufficigntly enough to.w.:.den

the focusablfeggcibslaggkgrgrggom the curve representing the

relationship, in terms of object distance as parameter,

between the focal length (the position of the variator
lens 102) and the posit;on of the focus-compensation
lens 105 with the wide-angle attachment lens 121

' mounfed. The focus adjustment operation cannot follow
the movement of the variator lens 102, and keeping the
zoom lens unit focused cannot be attained. As a result,
the zoom lens unit suffers from a noticeably unfocused
state until the variator lens 102 reaches the fixed
position, and thereafter the zoom lens unit takes a
substantially long time to reach a focused position from
the arrival of the variator lens 102 at the fixed
positidn. ' |

when the wide-angle attachﬁent lens 121 is mounted
with the zoom lens unit 100 positioned closer to the

g telephoto side, the variator lens 102 is forced to move
closer to the wide-angle side. In the course of this
movement, an unfocused state takes place.

The variator lens 102 is forced to move closer to
the wide-angle side when power is switched on with the’
wide-angle attachment lens 121 mounted onto the zoom
lens unit 100. Thus, an unfocused image output and
varied field of view result during the forced movement
of the variator lens 102. If the mounting of the wide-
angle attachment lens 121 goes unpéticed, these may be

confusing to an operator.
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I n yet another aspect of the present invention, the varj
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area when the conversion lens group is nmounted. The foc
particul ar object distance i mediately ggefore the nount
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the conversion | enst AW £1FAIdHY SV U¥ BHY Jpresent invention to

provide a camera which performs a forced zooming
operation with a conversion lens group such as a wide-
angle attachment lens mounted while keeping a focused
state and offers an improved response characteristic in
automatic focus adjustment.

To achieve the above object, according to a
preferred embodiment of the present invention, a lens
control device comprises a zoom lens unit having a
variator lens group and a focus-compensation lens group
which compensates for in a foéused position a variation
arising from power variation operation of the vﬁriator
lens group, a conversion lens group which is mounted in
an optical axis of the zoom lens unit in a detachable
manner, and which restricts a focusable focal length
area of the zoom lens unit to a second focal ;ength area
by shifting from a first focal length area while the
conversion lens group is mounted, lens position control
means for determining a focﬁsed position of the focus-
compensation lens group while the variator lens group is
moving, on thé basis of both focused position data,
predetermined according to object distance, of the
focus-compensation lens gréup relative to the variator
lens group and current position data of the focus
compehsation lens group and the variator lens group, and
correction means for shiftihg the variator lens group to

the second focal length area when the variator lens



- A fourth enbodi ment of the present invention is now di FTUSsS
-enbodi nent, the reference position of the variator | en R
accordance with the focusable focal |ength area that vari
the nounting of the w de-angle attachmgnt |ens; and wh¢ gi
on with the wide-angle attachment |ens—+ounted, i|inmage qut put d
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group is mounted in the optical axis of the zoom lens

unit, and compensating for the focused positibn of the
focus-compensation leﬁs group in accordance with the
shifting of the variator 1ené group to the second focal
length area to follow the variator lens group.

It is a.second object of the present invention to
provide a lens control device and a camera, both of
which avoid an operator's confusion attributed to the
fact that the mounting of a conversion lens group.such
as a wide-angle attachment lens goes unnoticed, and both
of which offer an.improved image quality and improved
automatic focus adjustment performance.

To achieve the second object, according to a
preferred embodiﬁent of the present invention, a lens
control device or a camera comprises a zoom lens unit
having a variator lens group and a compensatioh lens
group which compensates for in a foqused position a
variation arising from power variation operation of the
variator lens group, a conversion lens group which is
mounted in an optical axis of the zoom lens unit in a
detachable manner, and which shifts a focusable focal
length area of the zoom lens unit to a second focal
length area from a first focal length area while the
conversion lens group is mounted, position detecting
means for detecting a position of the compensation lens
group on the basis of a predetermined reference
position, and reference position shifting means for

shifting-the predetermined refeience position to a
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quality image is thus prevented. In the zoom | ens accor

i nvention, the position of the focus-conpensation |ens d
variation is determ ned by the above- ngntioned Equation
focus-conpensation lens is at the positTon pO, the inter
by pOthat divides the |line segnent bO-aO is determ ned.
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eep focused state can be

determ ned by 1dweg€9satéderli i 'iiaialor Senyl @ivlp is mounted on

the zoom lens unit.

It is a third object of the present invention to

perform optimum control by compensating for in optical

characteristics a variation resulting from the mounting

of accessories.

It is a fourth object of the present invention to

provide a camera which prevents a degraded quality image

from being output for its initial setting, during which

a variation involved in the mounting of accessories in

optical characteristics is compensated for.

These and other objects and features of the present

invention will be more apparent when the following

detailed description is considered with the attached

drawings.

Brief Description of the Drawings:

Fig. 1 is a diagrammatic view showing the

arrangement of a conventional camera comprising a zoom

lens unit and a conversion lens which is mounted onto

the zoom lens to modify the focal length and power of

the zoom lens unit.

Figs. 2(a) and 2(b) illﬁstrate, respectively, the

relationship between the focal length (the position of

the variator lens) of the zoom lens unit and the

position of the focus-compensation lens with no wide-

angle attachment lens mounted and the same relationship

t
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Fig. 3 shows the relationship between the position

of the variator lens and the position of the focus-

. compensation lens with no wide-angle attachment lens

mounted in Fig. 1.

Fig. 4 shows'the rélationship between the position
of the variator lens and the position of the focus-
compensation lens with no wide-angle attachment lens
mounted in Fig. 1.

Fig. 5 is a blbck'diagram showing the lens control
device according to a first embodiment of the present
invention,

Fig. 6 is a flow diagram showing the control
operétion of the lens control device of Fig. 5.

Fig. 7 is a flow diagram showing the preparatory
processing routine wheﬂ the wide-angle attachment lens
is mounted in the camera of Fig. 5.

Fig. 8 illustrates the relationship between the
focal length (the position of the variator lens) of the
zoom lens unit and the position 6f the focus-
compensation lens with no wide-angle attachment lens
mounted and the same relationship but with the wide-
angle attachment lens mounted in Fig. 5.

Figs. 9(a) and 9(b) are tables, ‘each listing
representative values representing the relationship
between the focal length (the position of the variator

lens) of the zoom lens unit and the position of the

RAgRouUs position
an instantaneous
mqéjygw-conpensation lens 105. If the counts of the position
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lens mounted and the same relationship but with the

wide-angle attachment lens mounted in Fig.5.

Fig. 10 is a flow diagram showing the follow

processing routine in a forced zooming operation in the

camera according to a second embodiment of the present

invention.

Fig. 11 is a flow diagram showing zocm

area

calculation steps of the follow processing routine.

Fig. 12 shows the locus of the position of a focus-

compensation lens with the wide-angle attachment lens

mounted wherein the slope of the locus differs from

that of the locus obtained with no wide-angle attachment

1ens mounted.

Fig. 13 is a flow diagram showing the preparatory

processing routine in the camera according to a third

embodiment of the present invention with the wide-angle

attachment lens mounted.

Fig. 14 is a flow diagram showing the calculation

routine for locus parameters, a, B, and y in Fig 13.

Fig. 15 is a flow diagram showing the follow.'

L

processing routine of Fig. 13.

Fig. 16 shows the 1ocus of the position of the )

focus-compensation lens with the wide-angle

attachment

lens mounted wherein the slope of the locus differs

from that of the locus obtained with no wide-angle

attachment lens mounted.

Fig. 17 is a block diagram showing the

[

camera
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| ens invention.

Fig. 18 is a perspective view showing the
arrangement of a position detecting switch and a
photosensor used in-the camera of Fig. 17.

Fig. 19 is a flow diagram showing the reset
operation of each leds counter in the camera of Fig. 17.

Fig. 20 is a flow diagram showing the reset |
operation of each lens counter in the camera of Fig. 17.

Fig. 21 is a flow diagram showing the reset

operation at the manual mode startup in the camera

according to a fifth embodiment of the present invention

with the wide-angle attachment lens mounted.

Fig. 22 is a flow diagram showing the reset
operation at the manual_mode startup in the camera
according to the fifth embodiment of the present
invention with the wide-angle attachment lens mounted.

Fig. 23 is a flow diagfam showing the calculation
method of a return position of.the focus~-compensation
lens with the wide-angle attachment lens mounted.

Fig. 24 is a flow diagram showing the calculatibn
method of a return position of the focus—compeﬁsation
lens with the wide-angle attachment lens mounted.

Fig. 25 is a flow diagram showing the routine for

calculating the zoom area of Fig. 23.

Detailed Description of the Preferred Embodiments:

Referring now to the drawings, the embodiments of



position that causes a change in the output of. each p
the reset position in each position counter, and the
each counter is set as a value determ ned by bal ance
optical system During novenent of each |ens for countle

phot ogr aphed i mage suffers froma |argédegree of unfo gsed st at e, an t he

image is thus not output. The i'mage is output after thgbteemptetTomof this

counter reset operation. Also proposed is another neth
change in t h&hei dedsotontraladedvite ackerding testhée present

invention are discussed.

(First Embodiment)

Fig. 5 is the block diagram showing the
construction of a video camera into which the lens
control device of the present invention is implemented.

As shown in Fig. 5, the camera in this embodiment
is provided with a zoom lens unit 100 that is capable of
adjusting its focal length within a first focal length
area and power within a range from 1lx to 12x. The zoom
lens unit 100, as shown, comprises a first lens group
101. Disposed behind the first lens group 101 is a
second lens group (hereinafter referred to as fa
variator.lens") 102 which shares the same optical axis
with the first lens group 10l. |

The variator lens 102 is shifted along the optical
axis of its own by a variator lens motor 118 to modify
its power. The variator 1ens.motor 118 ig of a stepping
motor type.

An iris 103 is disposed behind the variator lens
102 to adjust light quantity. Disposed further behind
the iris 103 is a third lens group 104 that is attached
onto the lens casing. The third lens group 104 also
shares the same optical axis with the variator lens 102.

Arranged behind the third lens group 104 is a
fourth lens group (hereinafter ;eferred to as "a focus-

compensation lens") 105. The focus-compensation lens 105

any



REPLACEMENT SHEET 30 NOV 1995 54 |ens novenent for count
operation, by continuously disabling output of the phot
after the conpletion of counter resetting and shifting.e
its initial position prior to power-on. Figs. 2(a) and 2
rel ati onship between the focal length ( position of t
102) of the zoomlens unit 100 and the position of the f

| ens 105 with g;es \{avi (%e-an

npensat i on

ocusgkg function, and a compensation function,
namely compensating fof the displacement of the focal
plane arising from power variation. The focus- '
compensation lené 105 shares the same optical axis with
the third lens group 104.

The focus-compensatiqn lens 105 is moved in the
direction in'parallel.with the optical axis of its own
by a focus-compensation lens motor 120 so that the
focusing and compensatiori functions are performed. The
focus-compensation lens 120 is of a stepping motor type.

An image pickup device 106 such as a CCD is

arranged behind the zoom lens unit 100, namely, behind

the focus-compensation lens 105. An imaging surface that

bears an optical image of an object is provided on one

side of the CCD 106 facing the focus-compensation lens

105.

CCD 106 photoelectrically converts an optical image
borne on its imaging surface into a video signal, which,
after being amplified by an amplifier 107, is fed to a
camera signal processing circuit 108, an AF evaluation
value processing circuit 114, and an iris control
circuit 112.

The camera signal pfocessing circuit 108 performs a
predetermined processing to the input video signal to
convert it into a standardized video signal, and then
outputs it. The video signal from the camera signal
processing circuit 108 is amplified by an amplifier 109

up to a predetermined level to be fed to an LCD display
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position of the focus-conpensation | ens 105 varies with e obj ectgg a
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focus- conpensation lens 105 is different fromthe curve representing the

rel ati onshi p, predetenrminedoprecessing to the input video signal
before it is fed to an LCD 111. The LCD 111l is a liquid
cfystal display device, which presents characters
representiﬁg photographing information derived from a
character generator 126.along with the image represented
by the video signal.

The iris control circuit 112 generates a control
signal that controls openness of.the iris 103 in
accordance with the level of input video signal. The
control signal from the iris control circuit 112 is fed
to an 1IG driver 113. In response to the control signal,
the IG driver 113 drives its IG meter 1ll3a. With the IG
meter 113a driven, openness of the iris 103 ig
controlled so that the level of video signal remains
constant. Light.quantity is thus adjusted.

The AF evaluation processing circuit 114 extracts a
high frequency cbmponent from video signal within a
distance measurement frame, based on a gate sighal from
a frame generating circuit 116, and uses the extracted
high frequency component to generate aﬁ AF evaluation
signal that represents the degree of focus matching.

The AF evaluation signal generated by the AF
evaluation value processing circuit 114 is sent to an AF
control microcbmputer (hereinafter referred to as AF
microcomputer) 115. The AF microcomputer 115 has the
general control over the lens d;iving. The AF

microcomputer 115 receives a detection signal from a
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wide-angle attachment lens mounting detecting switch
123. In response to the detection signal and the AF
evaluation signal, the AF microcomputer 115 generates

the control signal for shifting the variator lens 102,

the control signal for shifting the focus-compensation

lens 105, and a command signal instructing a change of
distance measurement frame. The control signal for
shifting the variator lens 102 is fed to a variator lens
driver 117, the control signal for shifting the focus-
compensation lens 105 is fed to a focus-compensation
iens driver 119, and the command signal instructing a

change of distance measurement frame is fed to the frame

generating circuit 116.

In response to the control signal from the AF
microcomputer 115, the variator lens driver 117 drives
the variator lens motor 118. With the variator lens

motor 118 driven, the variator lens 102 is moved along

- its optical axis.

In response to the control signal f:om the AF
microcomputer 115, the focus-compensation lens driver
119 drives the focus~-compensation motor_lzo'to move the
focus-compensation lens 105 along its optical axis. |

The AF microcomputer 115 is connected to a system
controller 124 through a bidirectional line. The system
controller 124, having a microcomputer, has a general

control over the operation of the video camera. The

system controller 124 receives focal length information

of the current setting in a zoom switch unit 125 in



Is kept to within the limt 301, nanely, the focal
val ue closer to the wi de-angle side, focus adjustnent] REPUARCEMENITSHEIC |
focus- conpensation | ens 105 remains workable. |If th 1WT‘T‘T?ﬁﬁﬁT?"Sceeds
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to the tel ephoto side, focus adjustment 2y means of tjhe focus conpen<ation
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noved until the focal length is set to be closer tot le si
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Wi de- angle altgﬁyﬁﬁﬁﬁonegﬂﬁqggpttpn such as zoom driving direction and

focal length provided by the AF microcomputer 115.
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Furthermore, the'system controller 124 controls the
character generator 126 to present photographing
information such as zoom information. The photographing
information is superimposed on the video signal to be
presented on LCD 111.

The zoom switch unit 125 outputs, as the above-
mentioned focal length information, a voltage
corresponding to an angle of rotation of an operation
member (not shown) which performs a zoom operation to
the zoom lens unit 100.

Exchanged between the system controller 124 and the
AF microcomputer 115 are the above-mentioned focal
length information and the power variation information
such zoom driving direction and focal length generated
by the AF microcomputer 115.

A wide-angle attachment lens 121 is mounted onto
the zoom lens unit 100 in a detachabie manner to adjust
its focal length and power. When mounted, the wide-angle
attachment lens 121 is positioned in front of the first
lens group 101 so that the optical axis of the wide-
angle attachment lens 121 is aligned with that of the
firsf lens group 101. With the wide-angle attachment
lens 1Zi mounted, the focusable focal length area of the
zoom lens unit 100 is shifted to a second focal length

area from the first focal length area, the focal length
i
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l ens unit 100 positioned on the tel ephoto side, thBERGAGEMENT 02 is
forced to nove closer to the wide-angle side. In € course of _th
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angle side, and its power is switched to within a range

from 0.7x to 1lx.

The mounting of the wide-angle attachment lens 121
onto the zoom lens unit 100 is performed using a wide-
éngle attachment 1ens sliding mechanism 122. The
presence or absence of the Qide-angle attachmént lens
121 is detected by the wide-angle attachment lens
mounting detecting switch 123. The detection signal
indicative of the presence or absence of the wide-angle
attachment lens 121 is sent to the AF microcomputer 115.

Referring now to drawings, the operation of the .
camera in this embodiment is discussed.

Figs. 5 and 6 are flow diagrams showing the control
operation'of the camera. The processing illustrated
herein is executed in the AF microcomputer 115.

As shown in Fig. 6, the initial setting is

- performed at the start of the processing (step S201). In
the initial setting, the RAM and the variety of ports at
the AF microcomputer 115 are initialized.

Then, a communication routine follows (step S202).
Exchanged in the communication routiné between the AF
microcomputer 115 and the system controller 124 are the
focal length information such as the operational
information of the iooﬁ switch unit 125 and the position
of the variator lens, the direction in which the
variator lens is driven under the zoom control of the AF

microcomputer 115, namely the zoom driving direction,.
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unnoticed, and which offers an inproved22mage qual ity andd i nproved
automatic focus adjustment performance.” To achi eve the}above.object, th]s

oper at or .

enbodi nent

and information indicative of the operative zoom driving
area which is changed according to the presence or
absence of the wide-angle attachment lens 121 on the
zoom lens unit 100. In response to each signal, the
system controller 124 controls the character generator
126 in ordef to present each necessary pieces of
information on LCD 11l1.

The communication routine is followed by a
preparatory processing routine for mounting the wide-
angle attachment lens (step 8263). In the preparatory
processing routine for mounting the wide-angle |
attachment lens, the focal length of the zoom lens unit
100, namely the position of the variator lens, is forced
to move to within the focgsable focal length area with
the wide-angle attachment lens 121 mounted. This process
will be discussed further in detail.

Next, the AF processing routine takes place (step
S204). In the AF processing'routine, several operations
such as integrating operation, peak detection,
difference calculus are performed to the.AF evaluation
signals such as high frequency COmponents, and automatic
focus'adjustment is performed based on variations ih thg
AF evaluation signals.

The AF processing routine is followed by a zoom
processihg routine (step S$205) which performs
compehsation function to keep a focused State during
zooming gperation. In the zoom processing routine, the

zoom driving direction and speed of the focus-



conprises a zoom | ens unit havi ng a vari ator |ens group

f ocus- conpensation |ens group which conpensates for in a ﬂﬁﬁﬁ@@EVhHZ o

B0 NG \E 05

variation arising frompower variation operation of the
group,  a conversion | ens group nmounted,_onto the zoom |l en

a

det achabl e manner, for shifting a foc ble focal length ja

lens unit to a second focal length area froma first foc

oz}

engt

area

ﬁ'a
l

ea of the ;oom

while the conversion | ens group is nounted, position detee+ng—reans-for -
detecti ng a pesmpeasationhdehsca®5campecadtudatednsogfolpownthéecamsi s of a
predeterm ned reference position,. and reference position shlftlng means for

shifting the ppeustasnshednréheFégse Béei)t and 26ba.

The zoom processing routine is followed by a
driving direction and speed sélecting routine (step
S206). In this routine, in accordance with each of
"fbrced movement operatidn_with the wide-angle attachment
lens mounted, AF mode (automatic focus mode) operation,
and power variation operation, driving direction and
speed are selected from driving direction and speed of
the variator lens 102 and driving direction and speed of
the focus-compensation lens 105, determined in steps
S203 and S204. Each of the variator lens and the focus-
qompensation lens has its own range of travel terminafed
with both mechanical ends. Provided in the viq;nity of
~each mechanical end is én e;ectrical end or software
end.'By setting'the driving directions and speeds for
the variator lens and the focus-compensation lens, the
variator lens is prevented from being positioned beyond
the electrical telephoto end toward the mechanical
telephoto end or beyond the eleqtrical wide-angle end
toward the mechanical wide-angle end, and the focus-
compensation lens is prevented from being positioned
beyond the electrical minimum end toward the medhanical
minimum end or beyond the electrical infinity end toward
the mechanical infinity end. |

The driving direction and spéed selectiﬁg routine
(step S206) is followed by a focus, zoom and motor

driving control routine (step S207). In this routine,. in



ref erence position corresponding to the second focal le
conversion lens group is nounted on the zoomlens unit.

enbodi ment of the present invention is now di scussed. Filg

di agram showi ng the construction of the fourth enbodi ne
t hose conponents equival ent to those dekribed with ref
REPLACEMENT SHEET 57 30 NOV 1995 to Fig. 5
t he sane reference

L 3
nce -
re designated

response to the selected driving direction and speed of
the va;iétor lens 102 and tbe selected driving direction
and speed of the focus-compensation lens 105, the
control signal for the variator lens driﬁer 117 and the
control signal for the focuchompensation lens driver
119 are genefated to control the variator lens 102 and
the focus-compensation lens 105 in driving or stopping
_operation.l

The program returns back to step S202 .to perform it
thereafter again after the focus, zoom and motor driving
control routine. The above series of steps are performed
in synchronism with a vertical synchronization interval.
The start of step S$202 waits for a next vertical
synchronizing signal. )

Referring to drawings, the preparatory processing
routine in mounting the_wide—angle attachment lens is
discussed. This routine forces the variator lens to move
to within the focusable focal length area when the wide-
angle attachment lens is mounted. Fig. 7 is the flow
diagram showing the preparatory processing routine when
the wide-angle attachment lens is mounted in the camera
of Fig. 5. Fig. 8 illustrates the relationship between
the focal length (the position of the variator lens) of
the zoom lens unit and the position of the focus-
compensation lens with no wide-angle attachment lens
" mounted and the same relationship but with the wide-
angle attachment lens mounted in Fig.5. Figs. 9(a) and

9(b) are tabies, each listing représentative values

h
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nuneral s, and their description is omtted. The vari
a photosensor 128 for detecting whether the vari ator
at its reference position or not. The optical path o h o
i s opened or closed by a position detecting switch 147 HEN&@%%&&@

detecting switch 127 is attached onto25he | ens casing | The positio \
detecting switch 127 is nounted with Tts boundary, be vmmﬂrTﬂ?ﬁﬂ??jh;
transm ssion of light, comng to the mddle of the ra

variator | en§e%9&seﬁb§n§0‘Eﬁé'eﬁélaf:iéﬂshﬂbObéﬁﬁééﬂrtﬂ@&‘.éé&ﬁtléﬁ‘gﬁw t he
position detecting swtch 127 allows the output |ight to be bl ocked or
transnmitted. (¥henpbBgtibit 6£i thehvebhisber lens) of the zoom lens

RERLAGENME : z‘“‘g t ed

unit and the position of the focus-compensation lens
with no wide-angle'attachment lens mounted and the same
relationship but with the wide-angle attachment lens
mounted in Fig.5. |

To execute the preparatory processing routine in
mounting the wide-angle attachment lens, a determination
is made of whether the wide-angle attachment lens 121 is
mounted or not (step $301) as shown in Fig. 7. When the
wide-angle attachment lens 121 is mounted, a
determination is made of whether a preparation end flag
fg is raised or not (step S302). When the preparation
end flag fg is "1," the processing ends assuming that
the preparatory processing is complete.

The preparation end flag fg is raised to "1" when
the preparafion_procedure is finished by completing
forced movement of both the variator lens and the focus-
compensation lens into corresponding focusable focal
length areas in succession to the mounting of the wide-
angle attachment lens.

When the preparation end flag fg remains "0O," a
detérminatidn is made of whether the current position of
the variator lens 102 is within the focusable focal
léngth area or not (step S303). If the current position
of the variator lens 102 is within the focusable focal
length area, the preparation end flag fg is raised to

"1" (step S308), and the processing ends.



output light of the photosensor 128 is transmtted is 0 the state
in which the output |ight of the photosensor 128 is bl peReaCEYVER: i ginal -
responsive to the output light transitions fromH (hi 0 Lﬂ&l | evel .
The point of this signal transition is identified as tihe §4F 80an i‘s
position. Thus, a deternination is mad® of whether the Variator lens 102 is
positioned at the reference position or not. The focus I on Iegb

105 contai ns a photosensor 130 for detecting whether the

conpensation | ensIf0oShescurrentepoaition of£fthemmriasot ilen®rifdtis The

O et oo Eouna. B0 be outaide the ocubabie focal Lemgth ars in O
step S303, the zoom driving direétion is set to the
wide-angle end, and the driving speed of the variator
lens 102 is set (step S304).

Next, the follow processing routine (step S305) is

carried out. The follow processing routine is the'
process to follow the movemént of the variator lens 102
according to the representative cam locus tables stored
in the AF microcomputer 115 such as the ones shown in
Figs. 9(a) and 9(b). As shown in Fig. 9(a), one
fepresentative cam locus table lists data representing
the relationship between the focal length (the position
of the variator lens) and the position of the‘focus-
compensation lens with no wide-angle attachment lens
mounted. Listed in this table are representative.values
representing the above relationship. The other table in
Fig. 9(b) lists data representing the relationship
between the focal length (the position of the variator
lens) and the position of the focus-compensation lens
with the wide-angle attachment lens mounted. Listed in
this table are representative values representing the
above relationship. In each table, the leftmost column v
lists the position of the variator lens 102, and the
topmost row n lists object distance. The wide-angle end
is represented by V=0, the telephoto end by v=s, tbe
infinity'object distance by n=0, and the minimum object

distance by n=m.



The position detectingr swtch 129 is attached onto the
SHEET 58 30 NOV 1995 lens casing. Thg*
detecting switch 129 is nmounted with its boundary, -betwegn bbqgggﬁpq?

transm ssion of light, comng to the nmddle of the range o t hg
focus-conpensation | ens 105. The novene®7 of the photosen
to.the position detecting switch 129 alTows the output |ight to be bl o

or transmtted. Wien the state in which the b
As shown in Fig. 8, the representative values in .

the above tables are plotted as a curve f1 that
represents the relationship between the focal length
(the position of the variator lens 102) and the position
of the focus-compensation lens with the wide-angle
attachment lens mounted. Also plotted are curves £2 and
£3 that represent the relationship between the focal
length (the position of the variator lens 102) and the
position of the focus-compensation lens with no wide-
angle attachment lens mounted. The curve £f1 is a locus
of infinity object distance with the wide-angle
attachment lens 121 mounted. The curve f£2 is a locus of
a iQ cm object distance with no wide-angle attachment
lens 121 mounted. For example, h= 10 cm, in éGf(ih ?ig.
8) = Ah6 (in Fig. 9(a)). The cam locus of the 10 cm
object distance, in the vicinity of z7, goes beyond the
electrical minimum end, namely, the software minimum end
in the telephoto side, and thus stored representative
locus of the 10 cm object distance takes a7, a8, ...
Sﬁifted closer from the 10 cm cam locus to the minimum
end is the curve or locus f1 that is the locus of
infinity object distance with the wide-angle attachment
lens mounted. The curve £3 is the locus of infinity
object distance with no wide-angle attachment lens
mounted.

The curve £2 is most closely positioned to the
locus of infinity object distance with the wide-angle

attachment lens mounted, and thus the curve f2 is used



output light of the photosensor 130 is transmtted is it at e
i n which the output light of the photosensor 130 is
responsive to the output light transitions fromHto
this signal transition is identified as the referenc
determ nation is made of whet her theziocus-conpensati
positioned at the reference position or.not. The out puiks—ef—the ‘
phot osensors 128, 130 are read into the AF m croconpu}er 115 _Each-e+—t he
posi tions ofas ke substittwte dor the dog¢usheff dofindtypobdeciton | ens 105 is

detected by counting the drivin% pul se for the respective driving stepping
not or by nediStemge with the wide-angle attachment lens mounted.

It now assumed that the position of the variator

5is
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lens 102 is beyond the focusable focal length area
toward the telephoto side, namely, to the telephoto side
of the limit 301 in Fig. 2(b), that the current position
of tﬁe variator lens 102 is zx, and that the position of
the focus-compensation lens 105 is px in the vicinity of
infinity. When, undér_théSe conditions, the variator
lens 102 is moved to the wide-angle end without having
the focus-compensation lens follow the above cam locus,
the focus-compensation lens 105 remains at px. As a
result, an object in the vicinity of infinity is totally
unfocused. The degree of unfocusing is minimized by
allowing the focus-compensatién lens to follow the 10 cm
cam locus £2 with no wide-angle attachment lens mounted,
which is most closely positioned to the locus of
infinity object distance with the wide-angle attachmept
lens mounted, in the course of movement of the variator
lens into within the focusable focal length area.
Assuming that the current position of the focus;
compensation lens 105 is px, a corresponding position in
driving the focus-compensation lens to the wide-angle
side is a9, and thus a9-px is the driving distance of
the focus-compensation lens 105. Let AF represent the
position differehce (= a9-px), AZ the position
difference between two neighboring positions of zx to z9

of the variator lens 102, and Zsp the speed (zoom speed)



respective counter. in the AF mcroconputer 115. Al so, theTOUNT (ghéé?
wi de-angl e attachnent lens 121 is detected by the wi de- gritfif-Pl
| ens nmounting detecting switch 123, and its output is sgn h 3§ '
m croconputer 115. The construction and nounting arrange &hnﬁb gﬁor
detecting switch 127 (129) and photosenpgor 128 (130) are} pow di scussed
Fig. 18 is the perspective view REPCACEMENT SHEET 30 NOV 1995

of the variator lens 102. The focus following speed (the
speed of the focus-éompensation lens) Fsp is determined
by Equation (4).

Fsp = AF * Zsp / |AZ] cee. (4)

a9 and z9 are corresponding values in the wide-
angle side on the tables nearest to the current
position. |

Next, a focus driving direction and a focus driving
speed are set (step S306). Specifically, the driving
direction is set to the minimum side when AF is a
positive value or to the infinity side when AF is a
negativé value. The focus following speed Fsp of the
focus~compensation lens is also set. This completes the
preparatory processing routine in mounting the wide-
angle attachment lens,'

When the wide-angle attachment lens is not mounted
(step S301), the preparation end flag fg is set to "O" |
(step S309), and the processing ends.

Thus, the £ocus-compensation lens is set to follow
the locus most closely positioned to the locus of
infinity object distance with the wide-angle attachment
lens mounted; the cam locus with the wide-angle
attachment lens mounféd is spaced as cldsely as 50 cm to
the locus of infinity object distance as shown in Fig.
2(b); with the position of the focus-compensation lens
105 in the vicinity of the infinity locus, an object of
an object.distance of 1 m or more is focusable, and an

unfocused state is thus prevented; and to achieve



59 showi ng the construction and nounting arrangenent Of

detecting switch and photosensor of Fig. 17. As shown i} REELH

phot osensor 128 conprises an emtter elenent 401 for e
phot osensor el enment 402 which faces the emtter el enent

for passing the position detecting swi t¥h 127 therethrdugh is forned

between the emtter elenent 401 and the phot osensor el

noves, the position detecting switch 127 transverses th

t1e 88§§§+§B§ET

e

Lo

nment 402. When it
pettr—spaceé 1 n a

nmanner the noYRFRFING{oR HIOSEFF iR ke ANh Sk &e Bvpid unfocused

perpendicularsto t he 0

tLcal
tate, th %ocus-compensation lens is set to follow the

locus most closely positioned to the locus

of infinity

object distance with the wide-angle attachment lens

mounted. As a locus most closely positioned to the

infinity locus with the wide-angle attachment lens

mounted, a locus closer to the minimum end

than the

infinity locus to the minimum end or a locus closer to

the infinity end may bé'ﬁerfectly acceptable.

When the wide-angle attachment lens is mounted, the

variator lens 102 is moved into within the

focusable

focal length area, namely the variator lens 102 is

shifted toward the wide-angle side (to the

wide-angle

side of the 1limit 301 in Fig. 2(b)). To reflect the

intention of an operator who possibly wants to

photograph in a wide-angle side setting with the wide-

angle attachment lens, the variator lens 102 is

desirably driven to the wide-angle end with a fixed

position set to the wide-angle end.

When the wide-angle attachment lens is mounted at

the telephoto end, the operator may want to photograph

in the telephoto side setting, and thus the variator

lens 102 is desirably driven to the limit 30l in Fig.

2(b).

Any position within a range from the limit 301

toward the wide-angle side is perfectly acceptable when

the variator lens is driven into within the focusable

focal length area with the wide-angle attachment lens
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path fromthe emtter elenment 401 to the photosensor el en ; t he
position detecting switch 127 bl ocks the optical path ééypﬂdmmﬁﬁﬁ
el enent 401 to the photosensor el enent 402, the photos enment 402l i s
unable to pick up light fromthe emtter el enment 401, erigy‘qwo i n
L level signal. Wien the position deteg8iing switch 1271ils t clear ofltlhe
optical path fromthe enitter el enent. U1 to the phot odehsar—eteneint 402
the photosensor elenent 402 picks up light fromthe emter el emeat—40T,
t hereby provimdungedn H | evel signal. The position at whtThH the signal from
t he photosensor elenent 402 is transitioned in level is set
The driving operation of the focus-compensation

lens 105 performed on the basis of the focus driving
direction and the focus driving speed is discussed in
detail.

The AF microcomputer 115 provides to the focus-
compenéation_lens driver 119 a motor'rofgtional
frequency signal responsive to the focus driving speed
and a motor rotational direction signal responsive to
the zoom driving direction. In response to the motor
rotational direction signal, the focus-compensation lens
driver 119 sets up the exciting phase of the 4-phase
motor for forward rotation or reverée rotation. Also, in
'response to the fotational frequency signal, the focus-
compensation lens drivet 119 varies a voltage (or a
current) applied to the 4-phase motor exciter. The
focus-compensation lens motor 120 is thus controlled in
terms of its rotational direction and rotational |
frequency. Under such a controlling, the focus-
compensatibn lens motor 120 rotates driving the focus-
compensation lens 105.

The driving method of the focus-compensation lens
105 has been discussed. In this embodiment, the variator
lens 102 is also driven by a stepping motor in a similar
manner.

By following the locus most closely positioned to
the locus of infinity object distance with the wide-

angle attachment lens mounted, focusing operation can.be



as a reference position which is used to reset the posi
| ens” 102. In the sanme way, the position of th
REPLACEMENT SHEET 60.detecting switch 129 that transitijo s
t he photosensor 130 in level is used to reset the posit}
f ocus- conpensation | ens 105. The rese 2
detecting the position of each l'ens in this enbodi nent

vari at or

s 8T T

performed on an object of an object distance of 1 m or
more with the position of the focus-compensation lens
105 in the vicinity of fhe infinity locus. An unfocused
state is thus prevented. As a locus most closely
positioned to the infinity locus with the wide-angle
attachment lens mounted, a locus closer to the minimum
end than the infinity locus to the minimum end or a
locus closer to the infinity end méy be perfectly
acceptable. The 2ooming operation is thus performed with
an object kept in focus while tbe_wide-angle attachment
lens is mounted.

When the wide-~angle attachment lens 121 is mounted,
the variator lens 102 is moved into within the focusable
focal length area, namely the variator lens 102 is
shifted toward the wide-angle side (to the wide-angle
side of the limit 301 in Fig. 2(b)). By setting the
fixed position of the variator lens 102 to the wide-
angle end, the intention of the operator who wants to
photqgraph in the wide angle setting is reflected in the
photographing operation.

The fixed position of fhe variator lens 102 is not
limited to the wide-angle end, and any position within
the focusable focal length area from the limit 301
toward the wide-angle end as shown in Fig. 2(b) is
perfectly acceptable.

In this embodiment, the locus most closely
positioned to the infinity locus with the wide-angle

attachment lens mounted is followed. Depending on

peration of the Iens count.er- - for



of the camera is now discussed. Figs. 19 and 20 are flo q%@wﬁmg‘
the reset operation of each I ens counter. The reset oper

counter is executed by the AF m croconputer 115. As sho g L%p _%
determ nation is made of whether power is switched on or ot Qg 301)
When power is not switched on, a wait S3ate S kept ower. |s sw tched

on, a count Cz at a zoom | ens position counter is cleare step 81302) . and
a deternination is made of whether the out put signal of t phot osensor 128
is at an H | erebresem:htﬂ.vbenoﬁﬂxQOiihblEerseéﬂéal ehowéeer| he Svighery

bet ween bl ock and transm ssion of light is
degree of unfocused state may take place on an object of
a distance of 1 m or more. In such a case, by allowing
the focus-compensation lens 105 to follow an approximate
infinity locus with the wide-angle attachment lens
mounted rather than the locus most closely positioned to
the infinity ;ocus with thé wide-angle attachment lens
mounted, such an unfocused state on the object of a
distance of 1 m or more is further controlled.

Specifically, as apparent from Fig. 8, the

difference between the infinity locus with the wide-
.angie attachment lens mounted and the 10 cm locus with
no wide-angle attachment lens mounted is S at the wide-
angle end and (S + a) at z6. A rate of change between
the two loci is thus a. If a is small'enough, the
infinity locus with the wide-angle attachment lens
mounted is a0+S, al+S, a2+sS, ..., ab+$§, a7+S, and a8+s;
In step S305 in-Fig. 7., the driving to the wide-angle
side is performed with this locus followed.
Specifically,in Equation (4), on the telephoto side of
z7, AF = ak-pk (k=7, 8, 9,...), and on the wide-angle
side, AF=ék+S-§k (k=0, 1, 2,..., 6). The focus following
speed Fsp is calculated from Equation (4). In step S306
in Fig. 7, the driving direction of the focus-
compensation lens is set to the minimﬁm side when AF is
a positive value or to the infinity side when AF is a
negative value. The focus following speed Fsp of the

focus-compensation lens is also set. This completes the



at the mddle of the range of travel of the variator
signal level of the photosensor 128 identifies whethe :
the tel ephoto side or on the wi de-angle side relative tod%B V

variator lens position. In Fig. 18, for exanple, if t pﬂp S|gnal | eve
of the photosensor 128 is at an L | &4el, the variator {lens -is-on-the
tel ephoto side relative to the boundary. By noving th variator | ens 102
toward the wide-angle side, the output signal |evel of “Phot.osensor 128

is transiti QesbdFr£E0RP procediing routine in mounting the wide-

angle attachment lens.

e SHEER i;)ut

In the driving direction and speed selecting
routine (step S$206), driving in excess of.the electrical
end to the minimum side is prohibited; thus, on the
telephoto side of z7, in Equation (4), AF = ak+S-pk
(k=0, 1, 2,..., 6, 7, ...).

As described above, if the infinity locus with the
wide-angle attachment lens mounted has a'slope similar
to that of the representative locus with no wide-angle
attachment lens mounted, which is a close approximation
of the infinity locus, the representative value S, the
difference between the two loci, may be added to the
representative locps, which is consequently followed. In
this method, an unfocused state on the object of a
distance 1 m or more is avoided when the setﬁing to the
focusable focal length is'performed with the wide-angle
attachment lens mounted.

When a2 locus most close;y positioned to the
infinity locus with the wide-angle attachment lens

" mounted is on the minimum side of the infinity locus,
the difference S between the two loci is subtracted from

the infinity locus.

(Second Embodiment)
Referring to drawings, a second embodiment of the
present invention is discussed.

Fig. 10 is a flow diagram showing the follow
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| evel of the photosensor 128 is initially at an H | evell R
t he opposite of what has been descri bed above. Wen st Sﬁi(}g rve% S
t he out put signal |evel of the photosensor 128 is at a p,
variator lens 102 is noved toward the 138l ephoto side t cquire the

boundary point (step S1304). The count Tz is increnenteld by +1 in

tthat

synchroni zation with the stepping pul se of the variator-ens~motor 118
(step S1305). processing routine in a forced zooming operation in the

camera according to the second embodiment of the present
invention. Figs. '11 and 12 are flow diagrams showing
calculation éteps for a zoom area V of the follow
processing routine. Fig. 12 shows the locus of the
position of a focus-compensation lens with the wide-
angle attachment lens mounted, wherein the slope of the
locus differs from fhat of the locus obtained with no
wide-angle attachment lens mounted.

The construction of the camera in this embodiment
remains unchanged from that of the camera in the first
embodiment.

The focused cam loci are plotted as shown in Fig.
2(b) when object distance is varied with respect to
focal length with the wide-angle attachment lens 121
mounted. When the slope of the-locus with the wide-~angle
attachment lens mounted is substantially equal to that
of the locus with no wide-angle attachment lens mounted,

_the method mentioned above in connection with thé first
embodiment suffers no unfocused state when the variator
lens 102 is forced into the wide-angle side. If the
slopes of both loci with and without the wide-angle
attachment lens are substantially different, however,
the above-mentioned method suffers an unfocused state,
resulting degraded image gquality.

Discussed below is a forced movement method of the
variator lens 102 that suffers no unfocused state with

the wide-angle attachment lens mounted even when the .



In step S1306, a determination is made of whether the "’E’.Q‘_It\cé,gnal eVl

o e P 084 Eabt
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of the photosensor 128 is at an L |evel or not. Wen t
| evel of the photosensor 128 is at an H level, the pro
step S1304. \Wen the out put signal |level of the photoséns

| evel (step S1303), the variator 1en$6102 is nmoved to

SRy L
kgI_____e_Am,.dxa-—auargiFI

side to acquire the boundary point (step S1307). The cdunt Cz is

PHtST 9”a|

decrenented by -1 in synchronismw th the stepping pul se=of the vari ator
| ens not or EldpesoEp the3A8rus| witheph8l@lde-angtecattachnenti Ienade of
whet her the output signal |evel of the photosensor 128 is at an

mounted is substantially different from that of the

locus with no wide-angle attachment lens mounted.

Referring to Fig. 12, the locus with the wide-angle

attachment lehs mounted having a slope different from

thaf of the locus with no wide-angle attachment lens

mounted is plotted by a dotted line. As apparent from

Fig. 12, the focused position of the locus of 10 cm

object distance and the focused position of the locus

with the wide-angle attachment lens mounted agree with

" each other at the position z7 of the variator lens. As

running toward the wide-angle side, however, both loci

diverge.

When the loci diverge as shown, the locus with the

wide-angle attachment lens mounted as shown in Fig. 2(b)

is stored as tabled data in the AF microcomputer 115 and

is used to avoid an unfocused state.

Locus data in Fig. 2(b) may be related to tabled

data in Fig. 9(b). Data in a single column in the table

may be used to plot a single locus. In Fig. 9(b), the

row n represents object distance, and the column v

represents the position of the variator lens (focal

length). Each data B (n,v) is a variable representing a

focused position (the pbsition of the focus-compensation

lens). The infinity object distance is represented by

n=0, the minimum object distance by n=m, and the wide-

angle end by v=0. The focal length designated by 302 in

Fig. 2(b) corresponds to v=t. When the wide-angle



H | evel or not. When the output signal |evel of the phofQ
an L level, the process starts over with step S1307. W
1309 verify that the output signal |evel of the photose
transitioned, the REPLACEMENT SHEET 3 0 NOV 1995 62
stored as COinto a nmenory (step 8131037 The count Cz i
I mredi ately after power

di cat es,

‘attachment lens is mounted, focusing is possible on the
infinity objects only at the position 302 in Fig. 2(b).
The position 301 of the variator lens where focusing is
possible over all object distance corresponds to v < t.

| When the variator lens 102 is forced intd within
the focusable focal length area with the wide-angle
attachment lens mounted, the cam locus of a partiqular
object distance. (here infinity object distance) with the
wide~angle attachment lens mounted is followed. By
.storing the data belonging to a single column n=k (here
n=0) in the tabled data in Fig. 9(b) with the wide-angle
attachment lens mounted, the variator lens 102 is forced
into within the focusable focal length while keeping a
foéused state.

The forced movement method of the variator lens 102
with the wide-angie attachment lens mounted is now
discussed.

In the forced movement method of the variator lens
102 with the wide-angle attachment lens mounted, this
embodiment is different from the first embodiment only
in the follow processing routine (step S305 in Fig. 7).
Both embodiments are identical in the remaining
routines. Fig. 10 shows a prbcessing difference
.incofporated into step S305 in Fig. 7.

When the follow processing routine is executed,
zoom aréa v is calculated to locate the zoom area v
within which the position Zx of the variator lens 102

falls (step S601). Fig. 11 shows the detail of step



on, the value of stepping pulses of the variator |ens nthFwiTSfB‘nggmé@t
position of the variator lens 102 prior to the reset oper atRSHAxEN 1he
position detecting switch 127, and this value represents th¢ gLst e‘ 5
bet ween the position of the variator |lens 102 prior to po ﬂéﬁﬂftﬁg
position of the position detecting smﬁtgg 127. In successipn, a
predeterm ned nunerical value representidag the position of {tTe position
detecting switch 127 is entered into the zoom |l ens positio edrter; and
reset operati gg@pds (step S1311). The predeterm ned nunerical value, for

exanple, may be a pul se count of the stepping pulse of the variator |ens
As shown in Fig. 11, in the zoom area calculation,

C-

the zoom area variable v is initialized by resetting it
to "0". The zoom positions Z(v) at boundaries between
zoom areas are calculated (step S702). The zoom
positions Z(v) correspond to z0, zl, z2,... in Fig. 12.
zZ(v) = (Telephoto end zoom position - Wide-angle end
zoom position) * v/s + Wide-angle end zoom position
.s. (B)

Here, the division operation by the value s is to
equally divide the overall range of travel of the
variator lens by the data area number s in Fig. 9(a).

In succession to the calculation of zoom positions
Z(v), a determination is made of whether the position Zx
of the variator lens 102 equals the position Z(v) (step
S703). When the position Zx of the variator léns 102
equals the zéom position Z(v), a boundary flag ié raised
to "1" based on £he determination that the position Zx-
of the variator lens 102 lies on the boundary of the
area v (step S707). This completes step S601.

When the position Zx of the variator lens 102 is
not equal to the zoom position Z(v) in step S703, a
determination is made of whether the position Zx of the
variator lens 102 is smaller than the position Z(v)
(step S704). When the.position Zx.of the variator lens
102 is smaller than Z(v), the boundary flag is set to
"0" (step S706) based on the determination that the

position Zx of the variator lens 102 is somewhere



nmotor 118, into which the position of the position d%waﬁtﬁﬁ SN SHEET
measured relative to the original point determ ned frioffnoptical %ﬁgi
viewpoint within the range of travel of the variator {I nsﬁl(N’ﬂ\ﬁ 38%on

In succession to the reset operation in step S1311, tie al ready stor CO'
I's subtracted fromthe newy determ ned3gcz, and the resutt—TEpraces in
the nmenory (step S1312). COis a val ue™Ccorrespondi ng Pt t he

variator lens 102 relative to the position of the position detecting swtch
127 that is npatweefl zeval)vandoz( V. OThis N"Edbmpletes (PEePS601 A val ue

obt ai ned by subtracting the distance between the

When step S704 reveals that the position Zx of the
variator lens 102 is not smaller than the zoom position
Z(v), the zoom area v is incremented (step $705), and
the same pfocessing starts over with step S702. The
above processing determines if the current position 2x
of the variator lens 102 lies in the zoom area of v=k in
the table shown in Fig. 9(b), and further if the current
position Zx of the vasiaﬁor lens 102 lies on the
boundary of the zoom area of v=k. In the table in Fig.
9(b), variable v satisfies the relationship, Osvst. In
this embodiment, the.position Zx of the variator lens
102 lies in the zoom area of v=10.

In succession to the calculation of the zoom area
v, a determination is made of whether the calculated
zoom area v is greater than the area t (step S602). This

. routine determines whether or not the current position

of the variator lens 102 lies to the telephoto side of
the position 302 in Fig. 2(b). The position 302
corresponds to z7 in Fig. 12. _

When step SGOZ_revesls that the current position of
the variator lens lies in the telephoto side of 302, a
target position to be followed is set to data A(h,v-})
in ths zoom area, v-1, which is shifted to the wide-
angle side by one zoom area from the current position of
the variator lens, and a difference quantity AF between
A(h,v-1) and the current position Px of the_fosus-

compensation lens is then calculated (step $603). The



30 NOV 1995 63 position of the position detecting swijt;
position of the variator |lens 102 fromthe position of
detecting switch 127). Thus, to return to its initial

the variator lens 102 nust be noved until th
CO. Through steps S1307 - S1309, CO stoggd into the ne
a negative value. If COis processed at~step S1312, th

power on,

t han t he

RREY RIS

following equation (6) determines the difference AF.

| AF = A(h,v-1) - Px eee (6)
where A(h,v-1) represents data of the zoom area, (v-1),
which is closer to the wide-angle side by one zoom area
from the current poéition of the variator lens 102 (n=h
correspondé to the locus data of 10 cm object distance).
A(h,v-1) is used to as the target position to be
followed. Px represents the current ﬁosition of the
focus-compensation lens. '

When step S602 reveals that the calculated zoom
area v is not greater than the area t, the difference AF
is calculated (step S604). The difference AF is
calculated by the following equation (7).

~ AF = B(O,v-1) - Px cee (Y.
where B(0,v-1) represents locus data of the infinity
object distance with thé wide-angle attachment lens
mounted. B(0,v-1) is used as the target position to be
followedf

In succession to the calculation of the difference,
AF; the focus following speed, Fsp, is calculated by
Equation (4) (sfep S605). In this calculation, the
difference, AZ is (Zv-1 - ZIx).

The above follow processing routine is followed by
the same processing as step S306 in Fig. 7.

As mentionéd above, in this embodiment, forced zoom
driving is performed to within the focusable focal
length area with the wide-angle.attachﬁent lens mounted

while an object is kept in focus even if the presence. or

r +310 is
‘result is greatéer



count Cz obtained at step S1312. This neans that the ?GSixuuu of
variator lens 102 is originally to the tel ephoto si de} REPAFIE

thus presented. In this manner, the initial position bf e vari | ns
102 is determined. As shown in Fig. 20, a determinati b i30nNO¥ @%gmh fher
the wide-angle attachnent lens 121 is ggounted or not ijry response to the
detected signal fromthe w de-" angl e attachnent |ens t-TTT] aetectlnd
swi tch 123-(step S1313). v%en t he wi de-angl e attachnmerf_lens—424+-1-s
rounted, 2 AaleddBdAs fhd ekl M diRhidnt 2ed hiakelsh@ focusabl e

f ocal Iength area mnt angl e

substantial difference in the slope of the locus of the
focused position of the focus compensation lens 105
relative to the variator lens 102 with respect to object

distance.

(Third Embodiment)

Referring to drawings, a third embodiment of thel
present invention is discussed.

The construction of the camera in this embodimenf
remains unchanged from that of the camera in the first
embodiment. |

In the.first and second embodiments,.the variator
lens 102 is forced into within the focusable focal
length area by follpwing the cam locus of the infinity
object distance with the wide-angle attachment lens
mounted or the cam locus of the approximate infinity
objecf distance. When an object, which was photographed
immediately before the mounting of the wide-angle
attachment lens, has a minimum distance (for example, an
object having a distance of 50 cm or smaller on the loci
shown in Figu 2(b)), a foreed following along the
infinity locus creates an unfocused state.

The slope of a locus with the wide-angle attachment
lens 121 mounted may be different with object distance
(such as loci as shown in Fig. 16). If the locus of the
infinity object distance is followed in such a.case with

the wide-angle attachment lens mounted, the focus-



at t achnent

| ens nounted, based on the determ nation of whethet )
| ens position CO stored in the nenory is greater than dARE%Lﬂ’d*E Saiv
S1314). Cwa corresponds to the focal |ength, the positipn
variator lens 102 in Fig. 2(b). Wen COis greater than

8

d 1 :
return position COwith the w de-angle gptachment l'ens }(2 REPLACENEB&
SHEET 30 NOV 1995 nounted is positioned—tb the tel ephot @ 'st+ede—tTEtative to

b

compensation lens 105 may shift off its real focused
position dependihg on the object photographed. Thus, an
unfocused state results, deteriorating image quality.

The two above-mentioned cases are resolved to
prevent unfocused sfate in the following manner: The cam
locus information with the wide-angle attachﬁent lens
mounted ié stored for each object distance; an object
distance which was used for photographing is determined
from the position of the variator lens 102 and the
position of the foCus-compensation lens 105 with the
wide-angle attachment lens mounted; by selecting and
following the loéus that matches the object distance in
focusing operation, the variator lens 102 is forced into
within the focusable focal length area.

In this method, locus data representing a plurality
of object distances with the wide-angle attachment lens
mounted shown in Fig. 9(b) are stored in the AF
microcomputer 115. The locus that matches the determined
object distance in focusing operation is obtained by
interpolating stored locus data. Specifically, a locus
to be followed, between the cam locus of the infinity
object distance and the cam locus of the minimum object
distance; with the wide-angle attachment lens mounted in
Fig. 16, is determined by applying interpolation to a
plurality of stored data.

Referring to drawings, the preparatory processing
routine in the camera in this'émbodiment with the wide-

angle attachment lens mounted is discussed. Fig. 13 is



Cwa. Thus, no focused position is found by returning thgwaeator—tens Tl
back to CO. The return position COis once stored as C2| RERLACEMERES BE

used in the following fifth enbodinment), and COis set f
the wide-angle side relative to Cwa (step S1315). Cl is
as it is to the wide-angle side relatijye to Cwa. The pogi
preferably situated at the zoom posit+en at the w de-and
performance of the w de-angle attachnent lens 121 is ful

S1313 throughp,Sl a DHBE Seft Ol ; '  'tched oﬁ
with the w dgygngﬁ'éwagifig ﬁmnthﬁggelgﬁgn%ﬁ%?%%%eét%e osition of
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routine in the camera éccording to the third embodiment

of the present invention with the wide-angle attachmént

lens mounted. Fig. 14 is the flow diagram showing the

calculation routine for cam locus parameters,

a, B, and

Y in step $909 in Fig. 13. Fig. 15 is the flow diagram

showing the follow processing routine of Fig.

13. Fig.

16 shows the locus of the position of the focus-

compensation lens with the wide-angle attachment lens

mounted, wherein the slope of the locus differs from

that of the locus obtained with no wide-angle
lens mounted.

In the flow diagram in Fig. 13, when the

attachment

preparatory pfocessing routine with the wide-angle

attachment lens mounted is executed (step S203 in Fig.

6), first, a determination is made of whether

the wide-

angle attachment lens 121 is mounted (step S$901). When

the wide-angle attachment lens 121 is mounted,

a

determination is made of whether the.preparation end

flag fg is raised (step S902). When the preparation end

flag fg is found to be "1," the processing ends because

the preparation is complete.
When the preparation end flag is "O," a

determination is made of whether the variator

lens 102

is within the focusable focal length area (step S903).

If the current position of the variator lens 102 is

within the focusable focal length area, the preparation

end flag fg is set to "1" (step S$908), and the




the variator lens 102 within the focusable focal | engt
| ens 102 continuously stays there; when power is switc

~—tetre—Var )
R AOEMEN TS rsq,t

wi de-angl e attachnent |ens 121 nounted and with the posj

on of th

variator lens 102 not within the focusable focal |ength|ar&f§ NOW 1835i t

lens 102 is forced to nove to the posigjon CL within th

f ocusabl e foc

| ength area; then, the inage output is—allowed to phase

Aottt nor nal
t he AF

or

O

r

operation. During forced driving of the variator lens 1Q2

m croconput eprbtassdf’ eéhdsihe LCD display circuit 110 an

signal processing circuit 108 to disable video signal out

d the canera
put. After

resetting CO agai Wheh thepchipéht pbsitibr of the variator lens 102

is not within the focusable focal length area, the zoom

driving direction is set to the wide-angle side and the

zoom driving speed is set (step S904).

Then, the follow processing routine is executed

(step S905). The follow processing routine is

"further in .detail later.

discussed

Next, a focus driving direction and a focus driving

speed are set (step S906). Specifically, the driving

direction is set to the minimum side when AF is a

positive value or to the infinity side when AF is a

negative value. The focus following speed Fsp

focus-compensation lens is also set.

of the

When the wide-angle attachment lens is not mounted

(step S901), the preparation end flag fg is set to "O"

(step S907), and calculation routine for cam locus

parameters, a, B, and Y is executed (step S909). The

calculation routine for cam locus parameters,
Y is further discussed in detail later.

The processing ends when the calculation
for locus parameters a, f, and y is completed

Referring to the flow diagram in Fig. 14

a, B, and

routine

, the

calculation routine for 1ocus'parameters a, B, and y is

discussed in detail.

' In the calculation routine for locus parameters a,

B; and Yy in Fig. 14, the zoom area calculation is

performed to identify the zoom area v in which the



wi de-angl'e attachnment |ens 121 is not nounted or when
SHEET 65 ) _ 30 NOV 1995 is not great
determ nation is made of whether the return position eset
value Cz or not (step S1316). Wen the return position is equal to
reset value Cz, the variator |ens 10248s already at the|retrurn position
and thus novenent of the variator |ens 102 is stopped ( :

the return position COis not equal to the
variator lens 102 currently lies (step S1001). The

content of this processing remains substantially
unchanged from that illustrated in Fig. 11.

In succession to the zoom area calculation in step
$1001, object distance n is initialized to "0O" (étep
$1002).

After the initializgtion of the object distance n,
a determination is made of whether the current position
of the variator lens 102 ‘lies on the boundary of a zoom
area, referring to the boundary flag (step S1003). When
the boundary flag is set "O," it is fecognized that the
current position of the variator lens 102 does not lie
on the boundary.of the zoom area. When the boundary flag
is.set to “i," it is recognized that the current
position of the variator lens 102 lies on the boundary
of the zoom area.

When the boundary flag is "0," Zk = Z(v), Zk-1=
Z(v-l). For example, when the zbom position is Zx in
Fig. 16, Zk= 210, Zk-1= Z9.

Then, four tabled data, A(n,v-1), A(n,v), A(n+l,v-
1), and A(n+l,v) are read (step S1005). From Equations
(2) and (3), ax and bx are calculated (step S1006).

When the boundary flag is "1" in step S1003, the
object distance n, focused position of the focus-

- compensation lens 105 A(n,v), A(n+l,v) relative to the
variator lens 102 are read, and A(n,v) and A(n+l,v) are
stored as ax and bx (step 81007).

In succession to the calculation of ax and bx, a



reset value Cz at step S1316, a determ nation is nmade
position COis greater than the reset value Cz (step S
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return position COis greater than the reset value Cz,
102 is noved to the tel ephoto side based on the determin
return direction is to the tel ephoto d6de (step S1318).

Lol o

n succession, ia

determ nation is nade of whether the return position
smal ler than Cz (step S1319). Wen the return position

S equal to or
' ~to-or

smal | er thageterminationeciennade oficwhether othe coernext i postibigrdPx st ep

.S1322) based on the determnation that the variator |ens 102 has al ready
reached t heofethenfocus-compensation lens 105 is greater than ax or

not (step S1008). When the Px is greater than ax, a

determination is made of whether Px is greater

(step S1009).

than bx

When step S1009 reveals that Px is greater than bx,

namely that Px is positioned closer to the minimum éide,

the object distance n is incremented (step S$1010). A

determination is made of ‘'whether the object distance n

is equal to or smaller than a minimum object distance m

(stép S1011). wWhen the object distance n is equal to or

smaller than the minimum object distance m, the

processing starts over with step S1003. When the object

distance n is not eqﬁal to.nor smaller than the minimum

object distance m, Px is at the super-minimum position,

and locus parameter a is stored as "0" (step S1012).

Locus parameter B is given as a difference, bx-ax,

and then stored (step S1014). The storing of locus

parameter B is followed by storing the object distance n

as locus parameter f.(step S1015).

~When step S1008 reveals that Px is not greater than

ax, Px is at the'supér-infinity'position. "0" is stored

as locus parameter a, the difference, bx-ax, is stored

as locus parameter B, and the object distance n is

stored as locus parameter Yy (steps S$1012, S1014, and

S1015).

When Px is not greater than bx (step §1009), Px

must lie between the object distances n and n+l. The

urn



position CO Wen the return position COis greater than
starts over with step S1318 based on the determ nation th

EPE&&%I\@’ NIGHEET
| ens 102 has yet to reach the return position CO Wen th %t aneggg$
COis smaller than the reset value Cz, the variator |ens {L§2 o]

the wi de-angl e side based on the determﬁlatlon that the return _directi.on.t |s
to the wide-angle side (step S1320). 66 I n succession,{a detern1nat|onf

's made of Wh% Q%erence, px-ax, is stored as locus parameter a (step
S1013). The difference, bx-ax, is stored as locus
parameter f, and the object distance n as locus
parameter Y (steps S1014, and 51015).

Locus parameters, a, f, and Y representing where
the position of the variator lens 102 and the position
of the focué-compensation lens 105 are on the locus are
seqhentially updated and stored and then used as the
object distance information immediately before the
mounting of the wide-angle attachment lens 121.

Referring to Fig. 15, the follow processing routine
in this embodiment is discussed.

In the follow processing roﬁtine in Fig. 15, the
zoom area calculation, zoom area v is calculated to
locate the zoom area v within which the positién Zx of
the variator lens 102 falls (step S1101).

In succession to the calculation of zoom area, a
determination is made of whether the calculated zoom
area v is greater than the area t (step S1102). This
routine determines whether or not the current position
of the variator lens 102 lies in the telephoto side of

" the position 302 in Fig. 2(b).

When the calculated zoom area v is greater than the
area t, the current'position of the variator lens 102 is
to the telephoto side of the position 302 in Fig. 2(b)
(corresponding to Z7 in Fig.16). The difference AF is
determined from the above Equation (6) (step S1103).

Here, A(h,v-1) represents data of the zoom area, (v-1),



the return p05|t|on COis equal to or greater than Cz (step en_ 1
the return position COis equal to or greater than Cz, the Fé%s%t%f‘w?’fﬁﬁ
variator lens 102 is stopped based on the determ nation that g NW igﬁ

| ens 102 has al ready reached the return position CO (step $132 % e he
return position COis snaller than Cz, 4&he process starts dvieL.w th step
S1320 based on the determ nation that the variator |ens 102 has yet to

reach the return position CO In succession to the stop of Hovement orthe
vari ator | enswhizgh iseclosamhdio Wiee widemangle: isddeabyr anaakggmplasee (step
S1324). Now that the entire |l ens reset fperatlon is conplete

phot ogr aphed §¥RMcthe GHETARt RPsition of the variator lens 102° (neh

corresponds to the locus data of 10 cm object distance).
A(h,v-1) is used to as the target position to be
followed. Px represents the current position of the
focus-compensation lens 105.

When the calculated zoom area v is not greater than
the area t, fhe difference AF is calculated (step
S1104). The difference, AF, is determined from Equation
(8). |

AF=[{B(y+1,v-1) -B(y,v-1)}*a/f + B(Yy,v-1)]-Px
...(8) |
where the calculated target position to be followed is
represented by [{B(y+1,v-1) -B(y,v-1)}*a/B + B(y,v-1)].
In the course of determiniﬁg the differenée, AF, the
calculated target position to be followed is obtained by
setting the interior division to a fixed value by
substituting a/B for {|p(n)-a(n)|/|b(n)-a(n)|} in
Equation (1).

In succession to the determination of the
difference, AF, the focus following speed Fsp is
calculated from Equation (4) (step S1105). The
differehce in zobm position AZ is Zv-1 - ZIx.

The same processing as in step S306 in Fig. 7 is
executed when the follow processing routine is complete.

In this embodiment, when the wide-angle attachment
lens is mounted, the forced zoom opefation into the

focusable focal length area is performed without



t he ordi nary photographing activity. In succession, a de ?ﬁ%%ﬁation rSmegle

of whether power is interrupted or not (step S1325). We
interrupted, the programreturns to step S1301. When po

;
interrupted, the ordinary operation ig continued. The fo rtﬁfgnﬁbﬁiﬁﬁmt 0
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the present invention thus controls - unf ocused i mage
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created due to the forced zoom operation mhen pomer IS s

'tched on wtn the
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??@ of the wide-

angl e attaChHEB%aBEQStQQQSwQE“8§é&eﬂhméﬁEE£gi§*ﬁéfgke the mounting

‘of the wide-angle attachment lens. Also, the forced zoom

operation is performed whi;e keeping an object in focus
even if the slope of the locus of object distance
greatly varies with object distance as a result of
mounting the wide-angle attachment lens 121.

In one aspect of the camera according to the
present invention, the variator lens group is forced to
move to a predetermined position within a second focal
length area when the conversion lens group is mounted.
The focused position of the focus-compensation lens
group relative to the variator lens group, varying with
the forced shifting of the variator lens group, is
calculated. The focus-compensation lens group is then so

shiftéd so that it follows the calculated_focused

position. The forced zoom operation is thus performed

while keeping an object in focus with the conversion
lens group such as the wide-angle attachment lens
mounted. Furthermore, an improved automatic fbcus
adjustment response results. |

Ih another aspect of the present invention, focused
position data of the focus-compensation lens group
relative to the variator lens"group, predetermined with
respect to object distances, comprise first focused
position data. The variator lens group-is forced to move
to a predetermined position within a second focal length

area when the conversion lens group is mounted onto the



| nproved i mage quality and inproved automatic focus
30 NOV 1995 adj ustnent performance. (Fifth Enbodi nent) R
drawi ngs, a fifth enbodi nent of the present invention is

fourth enbodi ment, the reset operation gf the zoomlens pp:s

has been descri bed. The sane reset operation can be appl

(t

>3 1h%,

to a focus

e

n

zoom lens unit. In the course of zoom operation, the’

first focused posifion data are used to determine the

focused position of the focus-compensation lens group:;

thus, a relatively small memory capacity is sufficient
enough to store data for the forced zoom operation.

In yef another aspect of the present invention,
focused positioh data of the focus-compensation lens
group relative to the variator lens group, predetermined
with respect to object distances, comprise first focused
position data. The variator lens group is forced to move
to a predetermined position within a second focal length
area when the conversion lens group is mounted onto the
zoom lens unit. Second focused position data that are
derived by adding a predetermined value to the first
focused position data are used to determine the focused
position of the focus-compensation lens group. The
focused position data with the conversion lens group
mounted are thus refined sufficiently enough to widen
the focusable focal length area.

In yet another aspect of the present invention,
focused position data of the focus-compensation lens
group relative to the variator lens group, predetermined
with respect to object distances, comprise first focused
position data and second focused position data. When the
variator lens group is forced to move to a predetermined
position within a second focal length area when the
conversion lens group is mounted onto the zoom lens

unit, either the first focused position data or the
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posi tion counter. \Wen the automatic focus adjustnent
after power on, the automatic focus adjustnent node f
operation. Therefor, there is no need for the focus-c
to revert back to its initial positiop after resettin

position counter. As long as the retun operation of tjhe variator |eng {102
follows the flow diagrans in Figs. 19 and 20, its focuseg-statenri—be
achieved even if the variator |lens 102 is at any position Wih ng
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position of the focus-compensation lens group. The
focused position data with the conversion lens group
mounted are thus refined sufficiently enough to widen
the focusable focal length area.

In yet another aspéct of the present invention,
the variator lens group is forced to move to a
predetermined position within a second focal length area
when the conversion lens group is mounted. The focused
position with a particular object distance immediately
before the mounfing of the conversion lens group is
determined. The focus-qompénsation lens group is moved
to the focused position with the object distance. The
forced zoom operation is thus performed while keeping an
object in focus with no influence by the object distance
used immediately before the mounting of the conversion

lens group.

(Fourth Embodimenf)

A fourth embodiment of the present invention is now
discussed. .

In this embodiment, thé reference position of the
variator lens is changed.in accordance with the
focusable focal length area that vafies in response to
the mounting of the wide-angle attachment lens; and when
power 1is switched on with the wide-angle attachment lens

mounted, image output is initiated after completion of



attachnment lens is nounted, the focusable focal |ength areags—shifred Trgu*
one in Fig. 2(a) to another in Fig. 2(b). If the focus-conpsdREFLASEMENESHEE
105 is not noved back to its focused position correspondingitio the ret .
position of the variator lens 102, a |arge degree of unfocuged 3ﬂbN8VMmﬁﬁ
be created. The construction of the canmg,a I n this enbodi nment
REPLACEMENT SHEET 68 remai ns unchanged ﬁzbn1that I n the fourjt

enpodl nent .

the initialization of.the lenses. Therefore, the output
of a degraded quality image is thus prevented.

Iﬁ the zoom lens according to the present
invention, the position of the focus-compensation lens
during power variation is determined by the above-
meritioned Equation (1). When the focus-compensation lens
is at the position p0O, the interior division ratio by pO
that divides the line segment b0O-a0 is determined.
Interpolating the line segment bl-al by the interior
division ratio gives a point pl. The speed of the focus-
compensation 1ens 105 to keep focused state can be
determined by the positional difference between pl and
p0 and ‘the time the variator lens 102 requires to travel
from 26 to zl. The curve representing the relationship
between the focal length (the position of the variator
lens 102) of the zoom lens unit 100 and the position of
the focus-compensation lens 105 with no wide-angle
attachment lens 121 mounted is followed by allowihg the
focus-compensation 1ens 105 to travel at this determined
speed. This has been already described.

Provided to perform the follow operation are a
position counter to detect an instantaneous position of
the variator lens 102 and a position counter to detect
an instantaneous position of the focus-compensation lens
105. If the counts of the position counters suffer from
a deviation or an error, retrieval of the locus data
stored in the AF microcomputer also suffers from an

error, wherein the locus data are a combination of



D scussed below is the reset operation in this enbodi nent qf
which is started in a nanual node with the wi de-angle atta mﬁgﬂhctﬂaﬂTSHEEr
nﬁunted. ::igsd 21 and 22 are flow1diagrans showi ng the resagt

t he manual node startup in the canera according to the fiftih|e f
the present invention with the w de-an@g® attaghrrent | ens m“nwemgso
circuit configuration of the canera in~The fifth enbodi nent S
unchanged fromthat in Fig. 17. This enbodinment differs fr t he Drevinus*~

erbodiient s 111 bl 1t8328° cBhAIkENG 8F tHE PBTLELACOFILAE vadbaedpie 1 coet

operation of t ocus- conpensation-| ens tiron counter 1s controlled by
the AF ”‘CrOCOEEHEeﬁ0§15nd the position of the focus-compensation lens
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105. Such an incorrect data retrieval leads to an
incorrect follow operation for keeping the focused
state. A power variation operation thus creates an
unfocused state.

As one method to prevent the unfocused state
attributed to the error in each position counter, each
counter is reset to its reference count. In this method,
prior to the transition to normal operation phase from
the power-on phase in the camera, both the variator lens
102 and the focus-compensation lens 105 are moved to
their respective predetermined positions to reset
respecéive position counters there. A photod;ode is used
to detect the presence of each lens that has arrived at
its predetermined pésition. Each photodiode is disposed
at its corresponding predetermined position. The lens

. position that causes a dhange in the output of each

- photodiode is set as the reset position in each position
counter, and the corresponding céunt in each counter is
set as a value determined by balance adjustment in the
optical sfstem. During movement of each lens for counter
résetting, a photographed image suffers from a large_
degree of unfocused state, and the image is thus not
output. The image is output after the completion of this
counter reset operation.

Also proposed is another method which prevents any

change in the field of view and the like as a result of



As shown in Fig. 21, a determnation is made of whether poy
on or not (step S1501). When power is not switched on, a
kept. Wien power is switched on, the zoom | ens position cour
(step S1502). In succession, a count Cf of the focus |ens
I's cleared (step S1503), and a determ nasgon i s made of wh ther t
signal of the photosensor 130 is at an Htevel or not (ste
exanpl e, when the boundary between b] ock and transm ssion | i ght i Segibers

the mddle of t r I 105, the
Pensangfefént I £ colintdi® Ldudise nwfﬁ ;

out put signal level of the photosensor 130 ide t'he boundary
i's on the infincéstshdéudly Oduigdlsling sR€Put of the photographed image
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even after the completion of counter resetting and
shiftihg each lens back to its initial position prior to
power-on. |

Figs. 2(a) and 2(b) illustrate the relationship
between the foéal length (the poéition of the wvariator
lens 102) of the zoom lens unit 100 and the position of
the focus-compensation lens 105 with the wide-angle
attachment lens 121 mounted, as already described.

When the focal length of the zoom lens unit 100 is
set to a predetermined value, the focused position of
the focus-compensation lens 105 varies with the object
distanée as shown in Fig. 2(b). With the object distance
kept constant, the focused position of the focus-
compensation lens 105 varies with focal length, namely
with the position of the variator lens 102. As can be
seen from Fig. 2(b), however, the curve fepresenting the
relationship, in terms of object distance as parameter,
.between the focal length and the position of the focus-
compensation lens 105 is different from the curve
representing the relationship, in terms of object
distance as parameter, between the focal length and the
position of the foéus-compensation lens 105 with no
wide-anglé attachment lens 121 mounted. In Fig. 2(b), if
the focal length exceeds a limit 301, the curves
representing the relationship, in terms of object

distance as parameters, between the focal length and the



side'relative to the current focus-conpensation |ens RH
69 30 NOV 1995 position. In Fig. 18,
t he out put S|gnal | evel of the photosensor 130 is at an L
bl ocked, the focus-conpensation lens 105 is on the infinit
to the boundary. By noving the focus-coqppnsation | ens 105 omard t he :
m ni rum si de, the output signal |evel of=he photosensor 130 TS ,
transitioned froman L level to an H level. Wen the SEE

position of the focus-compensation lens 105 diverge out
of the focusable focal length area. If the focal length
is kept to within the limit 301, namely, the focal
length is set to any value closer to the wide-angle
51de, focus adjustment by means of the focus-
compensation lens 105 remains workable. If the focal
length exceeds the limit 301, however, namely, the focal
length is set to any value closer to the telephoto side,
focus adjustment by means of the focus-compensation lens
105 is impossible. To cope with this problem, the
variator lens 102 is moved untii the focal length is set
to be closer to the,wide-angle side, and is fixed there.
Therefore, the variator lens 102 is fixed at such a
predet;rmined position, and zooming operation is
disabled when the wide-angle attachment lens 121 is
mounted. .

When the wide-angle attachment lens 121 is mounted
with the zoom lens unit 100 positioned on the telephoto
side, the variator lens 102 is forced to move closer to
the wide-angle side. In the course of this movement, an
unfocused state takes place.

The variator lens 102 is forced to move closer to
the wide-angle side when power is switched on with the
wide-angle attachment lens 121 mounted onto the zoom
lens unit 100. Thus, an unfocused imége output and
varied field of view result during the forced movement
of the variator lens 102. If the mounting of the wide-

angle attachment lens 121 goes unnoticed, these may he



output signal level of the photosensor 130 is initially
operation is the opposite of what has been descri bed ab VE?LM%%ME
signal |evel of the photosensor 130 is at an H level, t

f ocus- conpensation |ens 105 is noved toward the m ni mumis d3ﬁN0¥c&Qﬂ5re the
boundary point (step S1504). The counts§§f is increnmente y +1 in .
synchroni zation with the stepping pul se~of the focus- co 5 Tens
notor 120 (step 81506) I n succession, a determ nation ig_uonade-ef~whether

t he out put si f h ensor 130 is at an L |l evel or not
(step S1507). %ﬁ? glgﬁtght gﬁgﬁ§revel of the photosensor 130 is at an

Hievel, the The object of this embodiment is to provide a

camera, which avoids an operator's confusion attributed
to the fact that the mounting of 5 conversion lens group
such as a wide-angle attachment lens goes unnoticed, and
which offers an improved image gquality and improved
automatic focus adjustment performance.

To achieve the above object, this embodiment
comprises a zoom lens unit having a variator lens group
and a focus-coﬁpensation lens groﬁp which compensates
for in a focused position a variation arising from power
variation operation of the variator lens group, a
conversion lens group mouhted onto the zoom lens unit in
a detaéhable manner, for shifting a focusable focal
length area of the zoom lens unit to a second focal
length area from a first focal length area while the
conversion 1ens_group is mounted, position detecting
means for detecting a position of the focus-compensation.
lens group on the basis of a predetermined reference
position, and reference position shifting means for
shifting the predeterminea reference position to a
reference position corresponding to the second focal
length area when the conversion lens group is mounted on
the zoom lené unit.

The fourth embodiment of the present invention is
now discussed. Fig;_17 is the block diagram showing the
construction of the fourth embodimeht. In Fig. 17, those

components equivalent to those described with reference



process starts over with step S1505. \Wen the output signal |evel of the

130 is at an L level (step S1504), the focus- qgsa%&tﬂyhgéy}

105 is noved toward the infinity side to acquire the bou

phot osensor

S1508). The count Cf is decremented by -1 in synchronism t%amg
.

pul se of the focus-conpensation I ens magor 120 (step S151

a determination is made of whet her e out put signal |evel of the

phot osensor
si gnal

AT

3% &

130 is at an Hlevel or not (step S1510). We e out pu

t

to Fig. 5 are designated with the same reference
numerals, and their description is omitted.

The variator lens 102 contains a photqsensor 128
for detecting whether the variator lens 102 is situated
at its reference position or not. The optical path of
the photosensor 128 is opened or closed by a position
detecting switch 127. The position detecting swi£ch 127

is attached onto the lens casing. The position detecting

 switch 127 is mounted with its boundary, between block

and transmission of light, coming to the middle of the

'range of travel of the variator lens 102. The movement

of the photosensor 128 relative to tﬁe position
detectihg switch 127 allows the output light to be
blocked‘or transmitted. When the state in which the
output light of the photosensor 128 is transmitted is
changed to the state in which the output light of the
photosensor 128 is blocked, the signal responsive to the
output light transitions from H (high) to L (low) level.
The point of this signal tfanéitibn is identified as the
reference position. Thus, a determination is made of
whether the variator lens 102 is positioned at the
reference position or not.

The focus-compensation lens 105 contains a
photosensor 130 for detecting whether the focus-
compensétion lens 105 is situated at its reference
position or not. The optical path of the photosensor 130
is opened or closed by a position detecting switch 129.

The position detectingr switch 129 is attached onto the



step S1508. When a transitioned output signal |evel of the |pgieseENSd

| evel- of the photosensor 130 is at an L |evel, the process LaLLs-ever—mrTﬁ\
2.8

i

]

is verified, the count Cf is once stored as CfOinto a nengr ep |
The count CfO indicates, immedi ately after power on, the val e3cq NOE Pl
pul ses of the focus-conpensation |ens 10g between the posit§ ¢n of the i

focus-ponpen;ation | ens 105 prior to the—+eset operation an 'TTﬁﬁ”dé
detecting switch 129, and this value represents the distancg betwen the - -

PO o0 Of | "EadCuSAEAITCREA SR LN SRV SRR he
mounted with its boundary, between block and
transmission of light, coming to the middle of the range
of travel of the focus-compensation lens 105. The
movement of the photosensor 130 relative to the position
detecting switch 129 allows the output light to be
blocked or transmitted. When the state in which the
output light of the photosensor 130 is transmitted is
changed to the state in which the output light of the
photosensor 130 is blocked, the signal responsive to the
output light transitioné from H to L level. The point of
this signal transition is identified as the reference
position. Thus, a determination is made of whether the
focus-éompensation lens 105 is'positioned at the
reference position or not. | _

The outpﬁts of the photosensors 128, 130 are read
into the AF microcomputer 115. Each of the positions of

| the variator lens 102 and the.focus-compensation lens

105 is detected by counting the driving pulse for the
respective driving stepping motor by means of the
respective counter in the AF microcomputer 115. |

Also, the mounting of the wide-angle attachment
lens 121 is detected by the wide-angle attachment lens
mounting detecting switch 123, and its output is sent to
the AF microcomputer 115.

The construction and mounting arrangement of
position detecting switch 127 (129) and photosensor 128

(130) are now discussed. Fig. 18 is the perspective view



I n succession, a predeterm ned nunerical value representin '
the position detectlng switch 129 is entered into the focu RgpnmcaMEﬁT
counter, and reset operation ends (step S1512). The predet gr nunerLc
val ue, for exanple, mmy be a pul se count of the stepping p Ise3 gf NOWeS |
focus- conpensation |ens notor 120, intogghich the position jof the positioh!
detecting switch 129 neasured rel ative to—the original poi red”
fromoptical design viewpoint within the range of travel ofjthe focus--

conpensat i on | GlliowidRy ithe UHHNIREt10H SHC DUNANGO alrPBnbBREBALOBEN 8hEON i N
step S1512, the already stored CfOis subtracted Ppgﬁlthgbne .

position detecting switch and photosensor of Fig. 17.

As shown in Fig. 18, the photosensor 128 comprises
an emitter element 401 for emitting light and a
photosensor element 402 which faces the emitter element
401.

A path space for passing the position detecting
switch 127 therethrough is formed between the emitter
element 401 and the photosensor element 402. When it
moves, the position detecting switch 127 transverses the
path space in a manner the movement of the pos;tion
detecting switch 127 is in perpendicular to the optical
path from the emitter element 401 to the photosensor
element 402.

When the position deteéting switch 127 blocks the
optical path from the emitter element 401 to the
photosensor element 402, the photosensor element 402 is
unable to pick up light from the emitter element 401,
thereby providing an L level signal..When the position
detécting switch 127 is set clear of the optical path
from the emitter element 401 to the photosensor element
402, the photosensor element 402 picks up light from the
emitter element 401, thereby providing an H level
signal. The position at which the signal from the
éhotosensor element 402 is transitioned in level is set
as a reference position which is used to reset the
position counter of the variator lens 102.

In the same way, the position of the position
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the result replaces CfOin (step S1513). CfOis a value.c

the position of the focus-conpensation |ens 105 rel ative
the position detecting switch 129 that is nmeasured rel ati
point (or CfOis a value obtained by suggracting the dist

e‘nne
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hrice between th

position of the position detecting swt 129 and the position of the

focus- conpensation | ens 105 fromthe

a

detecting switch 129 that transitions the output of the
photosensor 130 in level is used to reset the position
counter of the focus-compensation lens 105.

The reset operation of the lens counter for
detecting the position of each lens in this embodiment
of the camera is now discussed. Figs. 19 and 20 are flow
diagrams showing the reset operation of each lens
counter. | |

The reset operation of each lens counter is
executed by the AF.microcomputér 115.

As shown in Fig. 19, a determination is made of
whether power is switched on or not (step S1301). When
power is not éwitched on, a wait state is kept. When
power is Switched on, a counthz at a zoom lens position
counter is cleared (step $1302), and a determination is
made of whether the output signal of the photosensor 128
is at an H level or not (step 81303). Fof example, when

the boundary between block and transmission of light is

-at the middle of the range of travel of the variator

lens 102, the output signal level of the photosensor 128

- identifies whether the boundary is on the telephoto side

or on the wide-angle side reiative to the current
variator lens position. In Fig. 18, for example, if the
output signal level of the photosensor 128 is at an L
level, the vériator lens 102 is on the telephoto side
relative to the boundary. By moving the variator lens
102 toward the wide-angle side, .the output signal level

of the photosensor 128 is transitioned from an L level




position of the position detecting switch 129). Thus, tor

initial position prior to power on, the focus-conpensatio RERhAGEMﬁNﬂﬁﬁCHﬁa

moved until the count Cf becones Cf O Through steps S1508-{S{510, Cf O stor
into the menory at step S1511 is a negative value. If CfO} _ﬁr@cﬁﬂ%éﬁg&t

step S1513, the result is greater than gphe count Cf obtain at step S1513.

This neans that the position of the foetws-conpensation | enp*~85t+s

originally to the |nf|n|ty side, and no problen1|s t hus presented Lo this

d

manner, the inigigl P” vg.ger; %cﬁet it natl eit |1 éle'&? 18- S

detern1ned As shomn |n n I's “ma
photosgensor 128 is initially at an H level, the

operation is the opposite of what has been described
above.

When step S1303 reveals that the output signal
level of the photosensor 128 is at an H level, the
variator lens 102 is moved toward the telephoto side to
acquire the boundary point (step S1304). The count Cz is
incremented by +1 in synchronization with the stepping
pulse of the variator lens motor 118 (step S1305).

In step 51306,'a determination is made of whether
the output sigﬁal level of the photosensor 128 is at an
L level or not. When the output signal level of the
photosensor 128 is at an H level, the process starts
over with step S1304.

When the output signal-level'of the photosensor 128
is at an L level (step S1303), the variator lens 102 is
moved toward the wide-angle side to acquire the boundary
point (step S1307). The count Cz is decremented by -1 in
synchronism with the stepping pulse of the variator lens
motor 118 (step S1308).

In step S1309, a determination is made of whether
the output signal level of the photosensor 128 is at an
H level or not. When the output signal level of the
photosensor 128 is at an L level, the process starts
over with step $1307.

When steps 1306 and 1309 verify that the output

signal level of the photosensor 128 is transitioned, the



whet her the w de-angle attachnment | ens 121 is nounted or

the detected signal fromthe wide- angle attachnent |ens} REPOACRMENESHEET

switch 123 (step S1514). Wen the wi de-angl e attachnent 'S
mounted, the return position Cf1 of the focus-conpensati | 3$8sNOY513%5
determ ned fromthe absolute |ens posik%?n o REPLA NT SHEET 72

30 NOV 1995 stored in the nenory, the urn position COjo

count Cz is once storéd as CO into é memory (Step
S1310). The count Cz indicates, immediately after'power
on, the value of steppihg pulses of the variator lens
motor 118 between the position of the'variator lens 102
prior to the reset operati9n and the position detecting
switch 127, and this value.represents the distance
between the position of the variator lens 1Q2 prior to
power on and the positioh of the poéition detecting
switch 127.

In succession, a predetermined numerical value
representing.the position of the position detecting
switch 127 is entered into the zoom lens position
counter:, and reset'operation ends (step 31311). The
predetéfmined numerical value, for example, may be a
pulse count.of the stepping éulse of the variator lens
motof 118, into which the position of the position
detecting switch 127 measured relative to the original
point determined from optical design viewpoint within
the range of travel of the.Qariator lens 102 is
converted.

In succession to the reset operation in step S1311,
the already stored CO 1s subtracted frdm the newly
determined Cz, and the result replaces CO in the memory
(step S1312). CO is a value corresponding to the
position of the variator lens 102 relative to the
position of the position detecting switch 127 that is
measured relative to the original point (or_co is a

value obtained by subtracting the distance between the

@



variator lens 102 and C2 (step S1515). The determ ned ret
of the focus-conpensation lens 105 is stored as CfO (ste
succession, a determnation is made of whether the retur

equal to the value Cf or not (step S1517). Wen the returin
equal to the value Cf, the focus-conmpenggtion |ens 105 hgs

at the return position, and the novenent—of the focus-co

is stopped (step S1523). When the return position CfOis not equal
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ensation | ens 5

to the

reset val ue Cposititireiof ithiel positidnddetbcthiaghewit8h 127uandpereti on GO

is greater than the reset value Cf

position of the variator lens 102 from the position of

the position detecting switch 127). Thus, to return to

its initial position prior to power on, the variator
lens 102 must be moved until the count Cz becomes co.

Through steps S1307 - S1309, CO stored into the

memorj at step S1310 is a negative.value. If CO is

processed at step S1312, the result is greater than the

count Cz obtained at step S1312. This means that the

position of the variator lens 102 is originally to the

telephoto side, and no problem is thus presented. In

this manner, the initial position of the variator lens

102 is determined.

As shown in Fig. 20, a determination is made of

whether the wide-angle attachment lens 121 is mounted or

not in response to the detected signal from the wide-~

angle attachment lens mounting detecting switch 123

(step S1313).

When the wide-angle attachment lens 121 is mounted,

a determination is ﬁade of whether CO is within the

focusable focal length area with the wide-angle

attachment lens mounted, based on the determination of

whether the absolute lens position CO stored in the

memory is greater than Cwa or not (step S1314). Cwa

corresponds to the focal length, the position 301 of the

variator lens 102 in Fig. 2(b).

When CO is greater than Cwa at step S1314, return

position CO with the'widé-angle attachment lens 102



(step S1518). When the return position CfOis greater than ¢t
Cf, the focus-conpensation lens 105 is noved to the mninu RER
the determnation that the return direction of the focus-c
105 nmust be to the mninmumside (step S1519). Next, a deter
of whether the return position CfOis ggual to or smaller t ,
S1520). When the return position CfOis™equal to or greaterjthan Cf, the ___J}
novenent of the focus-conpensation |ens 105 is stopped (step~5t523) based
on the determ ' t hat _ - sali S

WBhRAa' 18, phRTTLBRAY SRCRRR,E01 PRttt HEERPYF Y cat e

arrived at the return pos heé™T
than O, the PegaeSThus, no focused position is found by returning the

variator lens 102 b;ck to CO. The return bosition CO is
once stored as C2 (this C2 is to be used in the
following fifth embodiment), and CO is set to a position
Cl to the wide-angle side relative tb Cwa (step S1315).
Cl is acceptable as long as it is to the wide-angle side
relative to Cwa. The position Cl is preferably situated
at the zoom position at the wide-angle end where the
performance of the Qide-angle attachment lens 121 is
fully exploited.

Steps S1313 through S1315 are summarized as
follows: when power is switched on with the wide-angle
attachﬁent lens 121 mounted, and with the position of
the variator lens 102 within the focusable focal length
area, the variétor lens 102 continuously stays there:;
when power is switched on with the wide-angle attachment
lens 121 mounted and with the position of the variafor
lens 102 not within the focusable focal length area, the
variator lens 102 is forced to move to the position Cl1
within the focusable focal length'area: then, the image
output is allowed to phase into the normal operation.:
During forced driving of the variator lens 102, the AF
microcomputer 115 controls the LCD display circuit 110
and the camera signal processing circuit 108 to disable
video signal output.

After resetting CO again at step S1315, when the

wide-angle attachment lens 121 is not mounted or when CO




starts over with step S1519. REPLACEMENT SHEET 30 NOV 1995 Wien fhe

return position CfOis snaller than the reset value Cf. theee AcEMENT SHEET
focus-conpensation |l ens 105 is noved to the infinity side
4 g 05
AoNpioRes®

determ nation that the return direction of the focus-conpe
whet her the return position fOis equal to or greater thap . (step

Is to the infinity side (step S1521). lgsxt, a determnatio

is not greater thén-cﬁa, a determination is made of
whether the return position CO is equal to.a reset value
.Cz or not (step 51316j. When the return position CO is
equal to the reset value Cz, the variator lens 102 is
already at the return position, and thus movement of the
variator lens 102 is stopped (step S1322).

When the return position CO is not equal to the
reset value Cz at step 81316,.a determination is made of
whether the return position CO is greater than the reset
value Cz (step 31317). When the return position CO is
greater than the resét value Cz, the variator 1§ns 102
is moved to the telephoto side based on the
determination that the return direction is to the
telephoto side (step $1318).

In succession, a determination is made of whether
the return position CO is equal to or smaller than Cz
(step S1319). When the return position CO is equal to or
smaller than Cz, the movement of the variator lens 102
is stopped (step S1322) based on the determination that
the variatbr lens 102 has already reached the return
position CO. When the return position CO is greater than
Cz, the process starts over with step S1318 based on the
determination that the variator lens 102 has yet to
reach the return position CO.

When the return position CO is smaller than the
reset value Cz, the variator lens 102 is moved to the
wide-angle side based on the determination that the

return direction is to the wide-angle side (step S1320).



S1522). When the return position CfOis equal to or greater than Cl —the
novenment of the focus-conpensation | ens 105 is stopped %&lg CEMENESHEET
determ nation that the focus-conpensation | ens 105 has &5 u.uvea A
the return position CfO (step S1523). Wien the return S|ta?2 @y

.smaller than Cf, the process starts ov W th step S1521. H essl on
the stop of novenent of the focus- co sation |l ens 105, {t he  ordinapy—
operation of the canera takes place (step 81514) In thel ordinary

oper e 2 Bt ol SHReleuBRC bRtk AHRCs 8 dh e SETURLERLET ™

activity. In successi on
- the return position CO is equal to or greater than Cz

(step S1321). When the return position CO is equal to or
greater than Cz, the movement of the variator lens 102
is stopped based on the determination that the variator
lens 102 has already reached the return'position co
(step S1322). When the return position CO is smaller
than Cz, the process starts over with step S1320 based
on the determination that the variator lens 102 has yet
to reach the return position CO.

In succession to thé stop of movement of the
variator lens 102, the ordinary operation of the camera
takes place (step S1324). Now that the entire lens reset
operatibn is complete, a photographed image is-output in
the ordinary photographing activity.

In succession, a determination is made of whether
power is interrqpted or not (step S1325). When power is
interrupted, the program returns to step-SlSOl. When
power is not interrupted, the ordinary operation is
continued.

The fourth embodiment of the present invention thus
controls the unfocused image that could be created Que
to the forced zoom operation when power'is switched on
with the wide-angle attachment lens mounted. The
embodiment also avoids an operator’'s confusion.
attributed to the fact that the mounting of the wide-
angle attachment lens goes unnoticed, and offers an

improved image quality and improved automatic focus



power is interrupted or not (step S1525). Wen power is interrupted, the

programreturns to step S1501. Wen power is not interr Gt-Rre—ordr11dl
operation is continued. The unfocused i mge that could

the forced zoom operation when power is switched on wt
attachnent | ens nounted is thus prevent%q REPLACENME
“30 NOV 1995

adjustment performancé.

(Fifth Embodiment)

Referring to drawings, a fifth embodiment of fhe
present invention is discussed.

In the fourth embodiment, the reset operation of
the zoom lens position counter has been described. The
same reset operation can be applied to a focus lens
position counter. When the automatic focus adjustment
mode is initiated after power on, the automatic focus
adjustment mode follows the reset operation. Theréfor,
there is no need for the focus-compensation lens 105 to
revert back to its initial position after resetting the
focus lens position counter. As long as the return
operation of the variator lens 102 follows the flow
diagrams in Figs. 19.and 20, its focused state will be
achieved even if the variator lens 102 is at any
position. With no automatic focus adjustment mode
initiated, however, an unfocused state takes place if
the focus-compensation lens 105 is not moved back to its
initia; position. In particular, when the wide-angle
attachment lens is mounted, the focusable focal length
area is shifted from one in Fig. 2(a) to another in Fig.
2(b). If the focus-compensation lens 105 is not moved
back to its focused position corresponding to the return.
position of the variator lens 102, a large degree of
unfocused sﬁate will be created.

The construction of the camera in this embodiment



Di scussed next is the nethod of calculating the return pogLLLQn_G#&"quIfé
f ocus- conpensation lens 105 with the w de-angle attachne #Egggmﬂnﬁﬁf“ i
connection with step S1515. Figs. 23 and 24 are flow dia OW ng_th
cal cul ation nmethod of a return position of the focus- co eng&}ﬁgw ﬁgﬁs
with the wi de-angle attachnent |ens Eﬁ;?tEd' Fig. 25 1is I I agram
showi ng the routine for cal culating zoom area v of Filg!

S1515, the return position Cf1l of the focus-conpensation

'wi de-angl e attachnment | ens 105 nnunggg i s cal cul ated. The
e

obj ect di st ZFP@ing,unghapged. frgme that L ¥be ﬁQPEFPiﬂﬂb°dimggf-

Discussed below is the reset operation in this

| engt h and

embodiment of the camera which is started in a manual

. mode with the wide-angle attachment léns mounted. Figs.
21 and 22 are flow diagrams showing the reset operation
at the manual mode startup in the camera according to
the fifth embodiment of the breSent invention with the
wide-angle attachment lens mounted. The circuit | |
configuration of the camera in the fifth embodiment
remains unchanged from that in Fig} 17. This embodiment
differs from the previous embodiments in the process
algorithm of the AF microcomputer 115. The reset
operation of the focus-compensation lens position
counter is controlled by the AF microcomputer 115.

As shown in Fig. 21, a defermination is made of
whether power is switched on or not (step S150l1). When
power is not switched on, a wait state is kept. When
power is switched on, the zoom 1ehs position counter is
reset (step §1502). In succession, a‘count Cf of the
focus lens position couhter is cleared (step S1503), and
a determination is made of whether the output signal of
the photosensor 130 is at an H level or not (step
S1304). For example, when the boundary between block and
transmission of light is at the middle of the range of
travel of the focus-compensation lens 105, the output
signal level of the photosensor 130 identifies whether
the boundary is on the infinity side or on the minimum

side relative to the current focus-compensation lens .



to the locus, stored in the AF microconputer 115, which repLesents—a—ptor.
of the position of the variator lens 102 and the position ofggpeaCEMEN1bﬁit“
f ocus- conpensator |lens 105 prior to power on. Wen the nmounti of the
wi de-angl e attachment |ens changes the focal length (step S1591430 NO¥ 1995
return position Cfl1l of the focus-conpé9sation |ens 105 to kaep a focused
state under the same object distance 'S determ ned (for exanples
position Cf1 is obtained by determ ning a position in Fig. b
correspondi ng bt | | pgFi 2 he; AR C u 5
po&1RADnt, ongga. 2gFi 8or égéglp;zé(f, 16 ((g‘?f@nwt%gé?&ﬂ

stores the plurality of shown 1'n Figs a) an or m of
tabled data shewal BfFicfia- pHbedsando? (30! st 4€ &A'E {SWEE wieh 1light

blocked, the focus-compensation lens 105 is on the

infinity side relative to the boundary. By moving the
focus-compensation lens 105 toward the minimum side, the
output signal level of the photosensor 130 is
transitioned from ah L level to an H level. When the
output signal level of the photosensor 130 is initially
at an H level, the operation is thg_opposite of what has
been described above.

When the output signal level of the photosensor 130
is at an H level, the focus-compensation lens 105 is
moved toward the minimum side to acquire the boundary
point (step S1504). The count Cf is incremented by +1 in
synchronization with the stépping pulse of the focus-
compensation lens motor 120 (step S1506).

In successibn, a determinétion is made of whether
the output signal level of the photosensor 130 is at an
L level or not (step S1507). When the output signal
level of the photosensor 130 is at an H level, the
process starts over with step S1505.

When the output signal level of the photosensor 130
is at an L level (step S1504), the focus-compensation
lens 105 is moved toward the infinity side to acquire
the boundary point (step S1508). The count Cf is
decremented by -1 in synchronism with the stepping pulse
of the focus-compensation lens motor 120 (step S1510).

In succession, a determination is made of whether



in the first

tabl ed data
bel onging to
In Fig. 9(b),
represents

to third enbodinents. The tabled data in Figr=9(3a). aran SHEE
to the REPLACEMENT SHEET 30 Nov 1995 75 |ocus data in FR

n Fig. 9(b) are related to the locus data inj

2 ’. t a
a single colum is used to plot a correspondi g%ﬂngﬁg F%@us

the row n represents objgQt distance, and theicolu

the output signal_levél of the photosensor 130 is at an
H level of not (step 81510). When the output signal
level of the photosensor 130 is at én L level, the
process starts over with step S1508.

When a transitioned output signal level of the

'photosensor 130 is verified, the count Cf is once stored

as Cf0 into a memory (step S1511). The count C£0
indicates, immediately after power-on, the valué.of
stepping pulses of the focus-compensation lens 105
between the position of the focus-compensation lens 105
prior to the reset operation and the position detecting
switch 129, and this value represents the distance
between the position of the focus-compensation lens 105
prior to power on and the position of the position
detecting switch 129. |

In succession, a predetermined numerical value
representing the position of the position detecting
switch 129 is entered into the focus lens position
counter, and reset operation ends (step S1512). The
predetermined numerical value, for example, may be a

pulse count of the stepping pulse of the focus-

compensation lens motor 120, into which the position of

the position detecting switch 129 measured relative to
the originallpoint determined from optical design
viewpoint within the range of travel of the focus-
compensation lens 105 is converted.

In succession to the reset operation in step S1512,

the already stored Cf0O is subtracted from the newly



the zoom position (focal length). The infinity object distance_ LS...~~"""7}
represented by n=0, a 1 cmobject distance by n=m and th
by v=0. As v increases, the focal |length increases. The z
the tel ephoto end. is represented by v=s. (The zoom positio dgﬁ“ 4395y
301 in Fig. 2 corresponds to v=t.) Thusgydata of a single I Ives a
pl ot of a single |locus. D scussed bel owTeferring to Figs. |43 s 1
cal cul ation nethod of the return position Cf1 of the focus-conpensati .
| ens 105 wi t h dtarmidRdiod,c adid theRasulLeNFep2acBBUBEQILn BhECREBMELY™M Fi J.
23, the position C2 of the variator lens 102 prior to power on is stored as
zp (step S1513). Cf0 is a value corresponding to the
position of the focus-compensation lens 105 relative to
the position of the position detecting switch 129 that
is measured relative to the original point (or Cf0 is a
value obtained by subtracting the distance between the
position of the position detecting switch 129 and the
position of the focus-compensation lens 105 from the
position of the position detecting switch 129). Thus, to
return to its initial position prior to power on, the
focus~-compensation lens 105 must be moved until the
count Cf beéomes C£Q.

Through steps S1508-S1510, C£f0 stored into the
memory’at step S1511 is a negative value. If C£0 is
processed at step S1513, the result is greater than the
count Cf obtained at step S1513. This means that the
position of the focus-compensation lens 105 is
originally to the infinity side, and no problem is thus
presented. In this manner, the initial position of the
focus-compensation lens 105 is determined.

As shown in Fig. 22, a determ;nation is made of
whether the wide-angle attachment lens 121 is mounted or
not in response to the detected signal from the wide-
angle attachment lens mounting detecting switch 123
(step S1514).

‘When the wide-angle attachment lens 121 is mounted,

the return position Cf1l1 of the focus-compensation lens

105 is deferﬁined from the absolute lens position C£f0



(step S1701). In’'succession, the zoom area cal cul ation i
determine the zoomarea v in the tabled data in which t herpPIAGEMENT,
the variator lens 102 lies (step S1702). As shown in Fig
area calculation, the zoomarea variable v is initialize
to "0" (step S2101). From Equation (30 the zoom positio
boundari es between zoom areas v are Tatcul ated-(step S21Q2
positions C(v) correspond to zO, z1, z2,... shown in Fig.} 3.

stored in the memory, the return position CO of the

variator lens 102 and C2 (step S1515). The determined
return position C£f1l of the focus-combensation lens 105
is stored as Cf0 (step S1516).

In succession, a determination is made of whether
the return position C£0 is equal to the value Cf or not
(step S1517). When the return position C£f0 is equal to
the value Cf, the focus-compensation lens 105 has |
already arrived at the return position, and the movement
of the focus-compensation lens 105 is stopped (step
$1523). _

When the return position C£0 is not equal to the
reset value Cf, a determination is made of whether the
return position C£0 is greater than the reset walue Cf
(step S1518). When the return position C£f0 is greater

| than the reset value Cf, the focus-compensation lens 105
is moved to the minimum side based on the determination
that the return direction of the fodus-compensation lens
105 must be to the minimum side (step S1519).

Next, a determination is made of whether the return
position C£0 is'équal to or smaller than Cf (step
81520). When the return position Cf0 is equal to or

greater than Cf, the movement of the focus-compensation

) !*

.;;qs ;bs is stopped (step S1523) based on the

"Etermination-that the focus-compensation lens 105 has

b

already arrived at the return position Cf£0. When the
return position C£0 is greater than Cf, the process

starts over with step S1519.
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do XFg%ﬁer

a

zoom position - Wde-angle end zoom position) * v/is + W
position Here, the division operation by the value s is"
the overall range of travel of the variator |lens by the r
in Fig. 9(a). In succession to the cal ¢l ati on of zoom p P$®n§ﬂ
determ nation is made of whether the position zp of the [.at.o efrs—10
equal s the position C(v) (step S2103). When the position zp of the va:LfLeH
her o Ry o MPAROSHEOSR e BokLetgn oK e s R S (0
reset value Cf, the focus-compensation lens 105 is moved
to the infinity_side based on the determination that the
return direction of the focus-compensation lens 105 is
to the infinity side (step S1521).

Next, a determination is made of whether the return
position Cf0 is equal to or greater than Cf (step
S$1522). When the return position C£f0 is equal to or
greater than C£, the movement of the focus~compensation
lens 105 is stopped based on the determination that the
focus-compensation lens 105 has already arrived at the
return position C£f0 (step S1523). When the return
position C£0 is sﬁaller than Cf, the process starts over
with séep S1521.

In succession té the stop of movement of the focus-
compensation lens 105, the ordinary operation of the
camera takes place (step S1514). In the ordinary
operation, a photographed image is output in the
ordihary photographing activity.

In succession, a determination is made of whether
power is interrupted or not (step S1525). When power is
interrupted, the program returns to step S1501. When
power is not interrupted, the ordinary operation is
continued.

The unfocused image that could be created due to
the forced zoom operation when power is switched on with
the wide-angle attachment lens mounted is thus

prevented.



of the variator lens 102 lies on the boundary of the area v (ste
This conpl etes step S1702. When the position zp of the
not equal to the zoomposition C(v), a determination is
position zp of the variator lens 102 is snaller than the
(step S2104). Wen the position zp of74 he variator |ens
C(v), the boundary flag is set to "O7 (Step S2106) based
determ nation that the position zp of the variator |ens

between C(v-1) a”‘i)igdﬁ)sse-ﬁhin%x?:oFPLEBESméEﬁEdSnﬂOaal%fEt

the variator lens 102 1s not smaller than the zoom position C(v),
area v return position Cfl of the focus-compensation lens 105

lon zp of
t he zoom

with the wide-angle attachment lens mounted in
connection with step S1515.

Figs. 23 and 24 are flow diagrams showing the
calculation method of a return position of the focus-
compensation lens with the wide-angle attachment lens
mounted. Fig. 25 is a flow diagram showipg the routine
for calculating the zoom area v of Fig. 23.

In step S1515, the return position C£f1l of the
focus-compensation lens with the wide-angle attaChment
lens 105 mounted is calculated. The focal length and
object distance that were used are determined referring
to.the iocus, stored in the AF microcomputer 115, which
represents a plot of the position of the va:ia%or lens
102 and the position of the focus-compensator lens 105
_prior to power. on. When the mounting of the wide-angle
attachment lens changes the focal length (step S1514),
the return position C£l1 of the focus-compensation lens
105 to keep a focused state under the same object
distance isldetermined (for example, a focused position
Cfl is obtained by determining a position in Fig. 2(b)
corresponding to position 303 in Fig. 2(a)).

The AF microcomputer 115 stores the plurality of
loci shown in Figs. 2(a) and 2(b) in the form of tabled
data shown in Figs. 9(a) and 9(b) in the same manner as
in the first to third embodiments.

The tabled data in Fig. 9(a) are related to the



is-incremented (step S2105), and the sanme processing starft
S2102. The above processing determnes if the current pos
variator lens 102 lies in the zoomarea of v=k in the tabhl
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further if the current position zp offSthe variator lens 1OR |ies on the
boundary of ‘the zoom area of v=k. In succeSS|on to the zdom area

cal cul ation, the

locus data in Fig. 2(a), and the tabled data in Fig.

9(b) are related to the locus data in Fig. 2(b). Data
beionging to a single column is used to plot a
corresponding sihgle locus. In Fig. 9(b), the row n
represents object distance, and the column v represents
the zoom position (focal length). The infinity object
distance.is represented by n=0, a 1 cm object distance
by n=m, and the wide-angle end by v=0. As v increases,
the focal length increases. The zoom position at fhe
telephoto end is represented by v=s. (The zoom position
designated by 301 in Fig. 2 corresponds to v=t.) Thus,
data of a single column gives a plot of a single locus.

Discussed below referring to Figs. 23 and 24 is the
calculation method of the return position Cfl_éf the
focus-compensation lens 105 with the wide-angle
attachment lens 121 mounted.

As seen from Fig. 23, the position C2 of the
variator lens 102 prior to power on.is stored as zp
(step S1701). In succession, the zoom area calculation
is performgd to determine the zoom area v in the tabled
data in which the position zx of the variator lens 102

_lies (step S1702).

As shown in Fig. 25, in the zoom area calculation,
the zoom area variable v is initialized by resetting it
to "0" (step S2101). From Equation (5), the zoom
positions C(v) at boundaries between zoom areas v are
calculated (step S2102). The zoom positions C(v)

correspond to z0, zl1, z2,... shown in Fig. 3.



object distance nis set to "0" (step S1703), and a de
of whether the current position of the variator lens 1 &EPSAQﬁMﬁﬁﬁﬁ
not based on the boundary flag (step S1704). When t
set to "0," the current position of the variator |ens
be not on the boundary of the zoom are
"1," the current position of the variater lens 102 is
t he boundary of the.zoom area. Wen the boundary flag i ' _

' | td ' e ' ata.in
ﬂg(drn 9%%&% e AN Vot aehl wialiatg)

position C2 is an ¢ r
A ain Fig.9(a) and

Fig. 3 and Figs. 9(a) a :
9(b) need i NP LA PoARYY ™I v/s + Wide-angle end zoom position

LR-Ratom TS oade

2 é) %nﬁg{dgdﬁggg

When the boundayy flag is set

In this case,

Here, the division operation by the value s is to
equally divide the overall range of travel of the
variator lens by the zoom area number s in Fig. 9(a).

In succession to the calculation of zoom positions
C(v), a determination_is made of whether the position zp
of the variator lens 102 equals the position C(v) (step
S$2103). When the posifion zp of the variator lens 102
equals the zoom position C(v), a boundary flag is raised
to "1" based on the determination that the position zp
of the variator lens 102 lies on the boundary of the
area v (step $2107). This completes step S1702.

wﬁen the position zp of the variator lens 102 is
not equal to the zoom position C(v), a determination is
made of whether the position zp of the variator lens 102
is smaller than the position C(v) (step $2104). When thé
position zp of the.va:iator lens 102 is smaller than
c(v), the boundary flag is set to "O" (step S2106) based
on the determination that the position zp of the
variator lens 102 is somewhere between C(v-1) and C(v).
This completes step S1702. |

When the position zp of the variator lens 102 is
not smaller than the zoom position C(v), the Zoom area v
is incremented (step S$2105), and the same processing
starts over with step S2102. The above processing
determines if the current position zp of the variator

lens 102 lies in the zoom area of v=k in the table shown

ar y
S
to
tto

okstdercd-t o0 be dn




to-the variable v along the row to be used as data for true focused
position data. Fig. 4 is used to determne true focused pPogid heBMERTSHEEM

Fig. 4, the ordinate and the abscissa represent the focug-gempersatton [ gn
position and the variator |ens position, respectively. | 'egqgﬁﬁnfqgmye

| ocus positions stored in the AF mcrggonputer 115, the Mafi at ens
-positions are zO ..., zk-1, zk,..., &5y and the focus-c epsatigp—-ens
positions are aO, ak-1, ak, ..., as, bO ..., bk-1, bk,..}, bs. Wen the

position zx 4f g W1H)2t Ahd #03th@% ¥ the current position zp of

the variator lens 102 lies on the boundary of the zoom
area of v=k. |

In succession to the zoom area calculation, the
object distance n is set to "0" (step S1703), and a
determination is made of whether the current position of
the variator lens 102 is on the boundary or not based on
the boundary flag (step S1704). When the boundary flag
is set to "0," the cﬁrrent position of the variator lens
102 is considered to be not on the boundary of the zoom
area. When the boundary fiag is set to "1," the current
position of the variator lens 102-is_¢onsidered to be on
the boundary of the zoom area.

When the boundary flag is "0," the zoom position C2
is an intermediate position having no co:responding data
in Fig. 3 and Figs. 9(a) and 9(b). In this case, the
data in Fig. 9(a) and 9(b) need interpolating according
to the variable v along the row to be used as data for
true focused position data.

Fig. 4 is used to determine true focused position

data. In Fig. 4, the ordinate and the abscissa represent

the focus-compensation lens position and the variator
lens position, respectively. In representative locus
positions stored in the AF microcomputer 115, the

variator lens positions are z0, ..., zk-1, zk,..., zs,

~and the focus-compensation lens positions are a0, ...,

ak‘-l' ak’ e o o, as' bo' o e e, bk—l' bk'-c-, bs-

When the position zx of the variator lens 102 is
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when the focus-conpensation lens 105 is positioned at p
are given by the already described equations (2) and (3).[ax =

(zk-zx)*(ak-ak-1)/(zk-zk-1) bx = bk - (zk-zx)*(bk-bk- 1)/(k320<-‘®§’ Agggbrmg
to the interior division ratio determ AQd by the variato
bet ween two zoom boundaries (zk and zk-~%), ax and bx are}de

not on any of the zooﬁing boundaries, and when the
focus-compensation lens 105 is positioned at px, both ax
and bx are given by the already described equations (2)
and (3).

ax = ak - (zk-zx)*(ak-ak-1)/(zk-zk-1)

bx = bk - (zk-zx)*(bk-bk-1)/(zk-zk-1)

According to the interior division ratio determined
by the variator lens position zx between two zoom
boundaries (zk and zk-1), ax and bx are determined by
interpolating four tabled data stored with respect to
the same object distance.

When the boundary flag is "0," zk=C(v), zk-1l=C(v-
1), zx=C2 (step S1705).

Tﬁen, four tabled data, A(n,v-1), A(n,v),,A(n+1,§-
1), and A(n+1,v) are read (step S1706). From Equations
(2) and (3), ax and bx are calculated (step S1706).

When the boundary flag is "1," the object distance
n, focused position of the focus-compensation lens 105
A(n,v), A(n+l,v) relative to the variator lens 102 are
read, and A(n,v) and A(n+l,v) are stored as ax and bx
(step S1708).

In succession to the calculation of ax and bx, a
determination is made of whether the positioh C£0 of the
focus-compensation lens 105 prior to power on is greater
than ax or not (step S1709). When the C£f0 is greater
than ax, a determination is made of whether Cf0 is
greater than bx (step S1710).

When Cf0 is greéter than bx, namely that Cf0 is

R XA



i nterpolating four tabled data stored with respect to the sanme ohj

di stance. Wien the boundary flag is "0," zk=C(v), zk-1-C(v= 1)~ MEQQS#&%E
S1705). Then, four tabled data, A(n,v-1), A(n,v),A(n+l, v- {1} ok I, v
are read (step S1706). From Equations (2) and (3), ax and %
(step S1706). Wen the boundary flag igg"1," the object di
position of the focus-conpensation | ens—105 A(n,v), A(n+l,
the variator lens 102 are read, and A(n,v) and A(n+1,v) ar

distance n is incremented (step S1711). A determination
is made of whethgr the object distance n is equal to or
smaller than a minimum object distance m (steb 81712).
When the object distance n is equal to or smaller than
the minimum object.distance m, the processing starts
over with step S1704. When the object distance n is not
equal to nor smaller than the minimum object distance m,
C£0 is at the super-minimum position, and locus
.parameter ais stbred as "0" (step S1713).

Locus parameter B is given as a difference, bx-ax,
and then stored (step S1715). The étoring of locus
parameter B is followed by storing the object distance n
as 1oc&s parametgr_y (1716).

When Cf0 is not greater than ax (step 51909), Cf0
is at the super-infinity position. "0O" is stored as
locus paramefer a, the difference, bx-ax, is stored as
locus parameter f, and the object distance n is stored
as locus parameter y (steps S1713, S1715 and S1716).

- When C£f0 is not greater than bx (step S1710), Cf0
must lie between the object distances n and n+l. The
difference, Cf0-ax, is stored as locus parameter a (step
S1714). The difference, bx-ax, is stored as locus
parameter 8, and the object disténce n as locus
parameter Y (steps S1715 and S1716).

Locus parameters, a, B, and y representing where
the position of the variator lens 102 and the position

of the focus-compensation lens 105 are on the locus are

P -



determ nation is made of whether the position CfO of the SAEQERERRRET ON
| ens 105 prior to power on is greater than ax or not (st : e
CfOis greater than ax, a determnation is made of whet hgr %%Wr‘@
than bx (step S1710). When CfO is greater than bx, nanel het [
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obj ect . :

sequentially updated énd stored and then used as the
| object distance information immediately before the
mounting of the wide-angle attachment lens.

The zoom position CO forced to move within the
focusable focal length area with the wide-angle
attachment lens mounted is stored as zp in the memory
(step Sl717), and the zoom area is calculated (step
S1718). The zoom area v thus calculated satisfies the
relationship, Osvst.

In succession to the zoom area calculation, a
determination is made of whether CO lies on the boundary
or not based on the boundary flag (step S1719). When the
boundary flag'is set to "0," CO is considered to be not
on the boundary of the zoom area. When the boundary flag
is gset to "1," CO is considered to be on the boundary of
the zoom area.

When the boundary flag is "0," zk=C(v), C(v-1)=Zk-
1, zx=CO (step S1720).

The four tabled data, B(Yy,v-1), B(Y,v), B(y+i,v-1)
and B(y+1l,v) are read (step 5;721). ax and bx are
determined from Equations (2) and (3) (step S1722).

When the boundary flag is "1,” B(Y,v) is stored as
ax and B(y+1l,v) is stored as bx (step S1723).

After the calculation of ax and bx, the position
Cfl of the focus-compensation lens to keep focused state
with the wide-angle attachment lens 121 mounted is
determined from Equation (9) below (step S1724).

Cfl=ax + (bx-ax)*a/f ' eee  (9)

1)



distance n is increnented (step S1711). A determ nation ig—made—of WTet el
the object distance nis equal to or snmaller than a mi ni nUREMAEEMENT SFERC
m (step S1712). Wien the object distance n is equal to orjgnaller than_ tHe
mi ni mum obj ect distance m the processing starts over with|st3d RAVI895 wie
the object distance n is not equal togjor smaller than the{m ni mum obj ect
distance m CfOis at the super-m ni-nt-position, and | ocus—paramerer a I's
stored as "0" (step S1713). Locus paraneter [err] is giveh—-—as-—a—gii-ference,

bx-ax, and then gyOpageoHheh: SéKéSientheééerbﬂazl-Qéw&% desGrRiéd [err]

is foll owed by storing the object distance n as | ocus paraneter y (1716).
above when the wide-angle attachment lens 121 is

mounted, unfocused state is prevented when image output
is initiated with no automatic focus adjustment mode
activated.

As described above, in the camera according to the
embodiment of_the present invention, reference position
shifting means shifts the reference position from the
predetermined reference position to a reference position
corresponding to the second focal length area when the
conversion lens group is mounted on the zoom lens unit.
This arrangement avoids an operator's confusion
attributed to the fact that the mounting of the wide-
angle attachment lens goes unnoticed, and offexs an
improved image quality and improved automatic focus
adjustment perforﬁance.

Furthermore, in the camera according to the above
embodiment, inifialization of the position detecting
means is performed by shifting the compenéation lens
group to the reference position. Thus, the error in
position sensing by the position detecting means is
controlled. |

Furthermore, in the camera according to the above
embodiment, the referenge position shifting means sets
the reference position to the position of the
compensation lens group prior to initialization of the
position detecting ﬁeans to keep focused state. The

occurrence of unfocused state invdlved in the forced



Wen CfOis not greater than ax (step S1709), CfOis at
position. "O' is stored as |ocus paraneter a, the differ
stored as |ocus paraneter [err], and the object distance r{hﬁ ggg

| ocus paraneter y (steps S1713, S1715 and S1716). Wen 3 te
than bx (step S1710), CfO nust |lie bet§&en the object distlances n and _n4#i}
The difference, CfO-ax, is stored as |ocus paraneter a ( t‘ep’m—.——ﬁ—é
di fference, bx-ax, is stored as |ocus paranmeter [err], and-the—ebrect

di stance n aszdoncmvpmeamswélthytbgt gpavsxs.i_enahqnsmwp rewRtedatsnet ers,

a, [err], and y representing where the p05|t|on of the variator lens 102
and t he posrtdQM:rOlled-

-




of the feeus—toanﬁS’T’on Tens 105 a REPLACENENT
SHEET 3 0 %P/hje&%@s tially. uHiMﬂ.’ ,mﬁnm and tﬁﬁi{_p&mﬁhﬁssmfé'
object dis n i mredi at e untin e

mﬁde-angle
f ocusabl e f

stored as zp in the nennry

Q

The zoom osition CO forced to |1gg§h
awth t he8%i de- angl e attachnent ﬁFﬂn%unted IS

What is claimed is:
THIS SHEET HAS BEEN
_ REPLACED

l. A lens control device comprising:

(A) a first lens for varying power,

(B) a second lens fof compensating for a change in
position of a focal plane due to the movement of the
first lens,

(C) a third lens mounted in an optical axis of the
first and second lenses in a detachable manner, and

(D) control means for moving the first lens from a
first area to a second area in response to the mounting
of the third lens, and for correcting the position of
the second lens in accordance with the movement of the

first lens from the first area to the second area in

- order to keep a substantially focused state.

2. The lens control device according to claim 1,
wherein said control means has a memory which stores

information about a locus of the second lens to keep

focused state during the movement of the first lens

within a first range of travel of the first lens, and
controls the second lens based on the locus within the
first range of travel when the first lens is moved from

the first area to the second area.

3. The lens control device according to claim 1,
wherein said control means has a memory which stores

information about a locus of the second lens to keep



gﬁtep Sﬁ?lr), and the zoom area is cal cul ated. (step
the zoom ar Ztaeé’afﬂlllﬂllllﬁﬂllluﬂllﬁﬁlﬂ‘m nati on rﬁ* il T
the boundary or not baséd &n fhe”boundar mﬁ Mﬁ

boundary flag is set to "0," COis consi th bourdary of
‘the zoom area. When. the boundary flag is set to "1," COis co

on the boundar of t e zoon1 en _the bo I Q. zk ,
C(v- 1) =Zk- fﬁ'}%‘)“g mr%"t ?%&Pa%qﬁ(’? rlgf‘ vzl)c(v)

B(Lerr],v), [%Jf% J fi@st range of travel of the first lens, and

controls the second lens based on a corrected version of
said locus within the first range of travel when the
first lens is moved from the first area to the second

area.

4. The lens control.device according to claimll,
wherein said control means has a memory which stores
information about a locus of the second lens to keep
focused state during the movement of the first lens
within a first range of travel of the first lens and
information about a locus of the second lens to keep
focused state during the movement of the first lens
within a second range of travel of the first lens, and
controls the second lens based on the locus within the
memory corresponding to the area within which the first

lens is positioned.

S. The lens control device according to claim 1,
wherein said control méans has a membry which stores
information about a locus of the.second lens to keep
focused state within the first area of the first lens
and information about a locus of the second lens to keep
focused state within the second area of the first lens,
detects_an object distance corresponding to the positiop
of the second lens immediately Qefofe the mounting of

the third lens when the third lens is mounted, reads the



and B([err]¥I‘“T“ér6"read-(s%ep S1721). ax and bx are det; 4ﬁi@gmchﬁmm~-?§é'
' )

Equati ons (2) 722) When t he boundary fl

is stored as r"gﬂ!'m .’i tﬂ is stored as bx (step n?e S@QY g?

cal cul ation o p03|t|on Cf1 of the focus- “ on lens

to keep focused state mnth t he mnde-aﬁble attachnent |en

determ ned from Equation (9) below (step S1724). Cf 1=ax

(bx-ax)*[err]/[err] .. (9 REPLACEMENT SH
locus corresponding to the determined object distance

from the loci of the second lens within the second area
stored in the memory when the first lens is moved to the
second area, and controls the second lens based on the

read locus.

6. The lens control device according to claim 1,
wherein said second area is set to alwide-angle side

relative to the first area.

7. The lens codtrol device according to claim 6,
wherein said third lens is a wide-angle attachment lens
which shifts to the wide-angle side the range of travel

of the first lens that is focusable with the second

lens.
Sheet Has Been Reﬁaced
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(A) afvaria&br lens for varying power,

(B) a compensation lens for compensating for a
change in position of a focal plane due to the movement’
of the variator lens, and

(D) control means for controlling a driving
direction and a driving speed of the compensation lens
while the variator lens is moved from a first area to a
second area, using control information of the
compensation lens during the shifting phase in the first
area, when a range of travel of. the variator lens is

shifted from the first area to the_second area.



3 OlhEM 1995—81 By—perform-ng-the |l ens reset operation ag~d€scl éﬁggp
when t e-anal e attachnent | ens 121 i s npunted, unfo:ﬁEEHE§é§§§;+e-q
prevent ed vvhe ||||mmm ﬂ initiated with no autonat| d ffﬁLﬁQ,@dfgggt ent

node actlvate bove, in the camera accordj{ng
enbodi nent of the present |nvent|on 86f er ence position $Hifting neans
shifts the reference position fron1th§“§?edeternined ref ¢rence position te
a reference position corresponding to the second focal | ergth—area When t he
conversion | ens gBoupThe kenatedntrol hdevbeen aeccrding .to claim 8,

wherein said control means moves the variator lens from
the first area to thé second érea when a conversion lens

for modifying focal length is mounted.

10. The lens control device according to claim 9,
wherein said conversion lens is a wide-angle attachment

lens which shifts focal length toward a wide-angle side.

11. The lens control device according to claim 8,
wherein said control means comprises a first memory for
storing information about a locus of the compensation
lens to keep focused state during the movement ef the
variator lens within said first area and a second memory
for storing information about a locus of the
compensation lens to keep focused state during the
movement of the variator lens within saild second area,
and controls the compensation lens accdrding to the
stored information in either the first memory or second
memory corresponding to the position of the variator

lens.

12. The lens cgntrol device according to claim 11,
wherein said control means controls the compensation
lens based on one of the loci of the compensation lens
within the first area, said one of the loci being
closest to the.second area, when the fange of travel of

the variator lens is shifted from the first area to the

This Sheet Has Been Reﬂlaced




Thi s arrangenent avoids an operator's confusion attributed to the fact that
the nmounting of the wi de- angle attachnent |ens goes—Uﬁﬁoticed—-and—offers
an inproved i mage quality and i nproved automatic foct

Furthernore, in the canera according to I’Mi;wﬁm
initialization of the position detect8hg means is pe
conpensation lens group to the reference position. Thus, the error
position sensing by the position detecting neans is control | ed.

second axea: a accordlng to the above enbodi nent, the reference
position shifting nmeans sets

per f or mance.

Furt her nor e,

13. The lens control device according to claim 9,

ment ,
*lng t he

wherein said second area is set toward a wide-angle side

relative to the first area, and said conversion lens is

a wide-angle attachment lens which shifts the range of

travel of the first lens toward the wide-angle side.

14. An image pickup apparatus comprising:
(A) a variator lens for varying power,

(B) a compensation lens for compensating for a

change in position of a focal plane due to the movement

of the variator lens,

(C) image pickup means for converting an incident
optical image that is input through the variator lens
and the compeﬁsation lens, into a video signal, and
outputting the video signal,

(D) a monitor for presenting the video s;gnal

output by said image pickup means, and

(E) control means for disabling the presentation of

the video signal to the monitor while a range of travel
of the variator lens is shifted from a first area to a

second area.

15. The image pickup apparatus according to claim
14, further comprising a conversion lens for shifting a
focusable range of travel of the variator lens from the

first area to the Seéond area, wherein said control

This Sheet Has Been Reilaoed




t he- ref erencepositton-to-the pos ensati o
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The occurre _ stat forced
SHEET 82 mm,ﬂ "" m ',e 1995 zoom novenent w
| ens group roIIed

means forces the variator 1ens to move to the second

‘area in response to the mounting of the conversion lens.

16. The image pickup apparatus according to claim
15, wherein said second area is set on a wide-angle side
relative to the first area, and said conversion lens is
a wide-angle attachment lens which shifts the focal

length toward the wide-angle side.

17. The image pickup #pparatus acgording to claim

14, wherein said control means comprises a first memory
for storing information about a locus of the
cémpehsationllens to keep focused sfate during the
movement of the variator lens within said first area and
a second memory for storing information about a locus of
the compensation lens to keep focused state during the
movement of the variator lens within said second area,
and controls the compensation lens according to the
stored information in either the first memory or second
© memory corresponding to the position of the variator

lens.

18. A lens control device comprising:

(A) a variator lens for varying power,

(B) a compensation lens for compensating for a
change in position of a.focal plane due to the movement
of the variator lens,

(C) position detecting means for detecting a



83 What is clarmedisT I. A lens control device conprising, (A} —a—

|l ens for varyj second | ens for conpenshL égMENfsmEEE
posi tion of amﬁmmm mﬂto t he novenent of the f r&m

in
det achabl e manner, and (C ) nenory neahs for storing igflor t“gn about

third lens no I'n an optrcal axis,of the first and

| ocus of the second lens to keep focused state during tih
first lens withi,n,a firs vel ofBAhe first {ens, (D__cant

means for moPPRGERE ggcgnran ﬁéage ﬁ?ﬁg

(D) control means for changing a reference position

used to initialize the position detecting means

according to the position of the variator lens.

19. The lens control device according to claim 18,
wherein said control means moves the variator lens from
a first area to a second area when a conversion lens for

modifying focal length is mounted.

20. The lens control device accbrding to claim 19,
wherein said reference position is set in each of the

first and second areas.

21. The lens control device according to claim 20,
wherein said control means compriseé a first memory for
storing information about a locus of the compensation
lens to keep focused state during the movement of the
variator lens within said first area and a second memory
for storing information about a locus of the
compensation lens to keep focused state during the
movement of the variator lens within said second area,
and controls the compensation lens according to the
stored information in either the first memory or second
memory corresponding to the position of the variator

lens.

22. The lens control device according to claim 21

’"“ﬂﬁ'iiﬁ‘li’iiiﬂiﬂ"uﬁm

a

e

in



e _
gerea in

the i nformation Stored in said nmenory means during qW@HTR&EWE&&SNE

first lens, I ' fiirst lens froma first ar
response tHI Cﬂgumnmlm the third lens and for co rﬁg{ INW ﬁpsapq dition
of the secon ens #ontrotled on theg.basis of the idf r o i cgqr dance
with the novenent of the first |ens omthe first gr Nd ar ea

In order to keep a substantially focused state. 2. | The | ens control
devi ce accorﬁi‘ to_C n, sai d control ans .c I's the second

ant :
| ens based % e?%’é“l%%% Iﬁné‘i?f?‘*mﬂe‘{&% g §e% ARyd ot %‘Mlﬂa%g‘?%[ he first
| i t ' t area. 3. | trol
dovi ce accorhaEEPe 65 thd i€ hddh | Mo U Alrilreton 1BIB WS 0TGN0
I ens based gn,2a604h§Th CMttachment lens which shifts the focal |

length toward the wide-angle side.

23. A lens control device cogpgisingfﬁ.

(A) a variator lens ggvaar}Ihé powér,'ﬁ

(B) a compgpsatiégﬁ;;ns for compensating for a
change in posifion of a focal plane due to the movement -°
of the variator lens,

(C) position deteéting_means for detecting a
position of the variator lens, and

(D) control means for changing a reference -position
used to initialize the position detecting means

according to the position of the variator lens at power

on.

24. The lens control device according to claim 23,
wherein said control means moves the variator lens from
a first area to a second area when a conversion lens for

modifying focal length is mounted.

25. The lens control device according to claim 24,
wherein said reference position is set in each of the

first and second areas.

26. The lens control device according to claim 25,

wherein said control means comprises a first memory for

. This Sheet Has Been Rerilaced
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“within the first range of travel when the first lens is

first area ﬂmmmnﬂ'm)MEI a; 4. The lens control devj¢e accordi ng
claimi1, wh ﬂ ‘means includes a first menofy 8§ NOVt1995s

$ed state durir

i nformati on &bout % Mocds df the sec®d lens to keep foc
“the noverrent of the first lens within the first area of

e

I

L
avCcerl

ok,
Ul Lo B w2

storing information about a locus of the compensation

lens to keep focused state during'the movement of the

variator lens within said first area and a second memory

for storing information about a locus of the

compensation lens to keep focused state during the

movement of the variator lens within said second area,

and controls the compensation lens according to the

stored information in either the first memory or second

memory corresponding to the position of the variator

lens.

27. The lens control de&ice acédr&ing to claim 26,

wherein -said second area is set on a wide-angle side

relative to the first area, and said conversion lens is

a wide-angle attachment lens which shifts the focal

length toward the wide-angle side.

28. An image pickup apparatus comprising:

(A) a variator lens for varying power,

(B) a compensation lens for compensating for a

change in position of a focal plane due to the movement

of the variator lens,

(C) image pickup means for converting an incident

optical image that is input through the variator lens

and the compensation lens, into a video signal, and

outputting the video signal,

(D) a monitor for presenting the video signal

output by said image pickup means, and

T




first

| ens and“awsecand_nenDLy~mhich stores information ab E ['ocus. of '
the second lens to keep focused state during the novenent aﬁ fkﬁcﬁMEN§SW§gs
within the secommmm'

the first or

lens is p05|t|oned 5. The Fens cont r ol 9de

—+

vi ce according tpiclaim1l,

t he second | ens based on ifn
Mjﬁl spondi n% to the area within mﬁ%bﬂfﬁé rs '

wherein said control neans has a nenory whi ch stores i nforpation about a

| ocus of the second |l ens to keep focused state within the

first | ens and i nf ofFat FentEebubeansofexs shifhing e omngemt tvraeedh dbcused
state within the second area of the first | ens,

the variator lens from a first area to a second area,
for shifting the compensation lens to a focused position

with the variator lens already in the second area, and

 for disabling the presentation of the video signal to

the monitor until the shifting of the variator lens and

the compensation lens is completed.

29. The image pickup apparatus according to claim
28, further comprising a conversion lens for shifting a
focusable range bf travel of the variator lens from the
first area to the second area, wherein said control
means forces the variator lens to move to the second

area in response to the mdunting of the conversion lens.

30. The image pickup apparatus according to élaim

.29, wherein said second area is set on a wide-angle side

relative to the first area, and said conversion lens is
a wide-angle attachment lens which shifts the focal

length toward the wide-angle side.

31. The image pickup apparatus éccording to claim
30, wherein said control means comprises a first memory
for storing information about a locus of the
compensation lens to keep focused state during the
mo&ement of the variator lens within said first area and
a second memory for storing information about a locus of

the compensation lens to'keep focused state during the

Thls Sheet Has Been Reﬂ




det écts an obj-eet—di.stance corresponding to the position gi~the second |ens
i mredi ately before the nmounting of the third | ens when th HE@LA@E n%shg

nmount ed, reads umwmllﬂmfum epl acenent shoot Date: - 1 ET
REPLACEMENT SHE Emocus c respondl ng to the
di stance fromthe 1bcit o t fie Second I%ﬁs wi thin the seco Ijn
the nmenory when the first lenids is moved to the —

movement of the variator lens within said secon
and controls the compensation lens aécording to the

stored information in either the first memory or second
memory in corresponding to the position of the variator

lens. , ' .

Sheet Has Been Reﬂlaced
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second area, and controls the second | ens based on the read |ocus. 6. The

| ens control device according to claiml1, wherein said second area is set
to a wide-angle side relative to the first area. 7. The lens control device
according to claim6, wherein said third | ens i sy qﬁr@w&m@ﬁbgﬁnt

| ens which shifts to the wi de-angle side the range of travel of the first

|l ens that is focusable with the second |ens. This Sheetg S %n Repl aced
8. Alens control device conprising: (W2& vari Rae:| e 6_F‘b’r aryi ng power,
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(B) a conpensation lens for conpensating for a change in position of a
focal plane due to the novenent of the variator lens, and (D) control neans
for controlling a driving direction and a driving speed of the conpensation
| ens while the variator lens is noved froma first area to a second area,
using control information of the conpensation |le isiwt PE}% hifting
phase in the first area, when a range %}d‘gravel of the var eﬂéﬁbeﬁts
shifted fromthe first area to the, sec ar ea Date: . So,n,qg
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REPLACEMENT SHEET 86 9. The |l ens control device according to claim8,
wherein said control nmeans noves the variator lens fromthe first area to
t he second area when a conversion lens for nodifying focal length is
mounted. 10. The |l ens control device according t'mgliﬁm%? wherein said
conversion lens is a wi de-angle attachment |ens Ichs Wi"mls"lﬂ@hgth
toward a wi de-angle side. 11. The | e %%ntrol devi ce acgondi ng to claima8,
wherein said control aRs \ses a first ner@ate: f oB t'?ﬁﬁlg i nformation
about a | ocus of the gn‘iergfa | ens to keep focused state during the
movenent of the . _ ' .
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variator lens wthin said first area and a second nenory for storing

I nformati on about a | ocus of the conpensation |lens to keep focused state
during the novenent of the variator lens within sgi.d.second area, and
controls the conpensation |ens according to the :f%é%f e feplagement sheet
either the first nmenory or second ne x correspondi ng to the position of
the variator lens. 12. The |ens contazé devi ce aqnnégingopp @Raim 11
wherein said control neans controls the conpensation |ens sed on one of

the |l oci of the conmpensati. ens withih the first area, said one of the
| oci being closest t nd g@ggmhen t he range of travel of
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the variator lens is shifted fromthe first area to the This Sheet Has Been
Re | aced 87 second area. 13. The lens control device according to claim
9, wherein said second area is set toward a vvide.-an.&le side relative to the

first area, and said conversion lens is a wi de-angl B8 thehreplacenssin shabch
shifts the range of travel of the first lens toward the w de-angl e side.

14. An image pickup apparatus conpri sj/ag Date: 30) H’QS
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(A) a variator lens for varying power, (B) a conpensation |ens for
conpensating for a change in position of a focal plane due to the m)verrent
of the variator lens, (C inage pickup neans for c‘ﬁns/wme

optical image that is input through the variator |ens and tﬁmghﬁ‘ﬂ ﬁ?fl on
lens, into a video signal, and outputting the video sig % a nonitor
for presenting the video signal output P%/ said i @Ppl ﬂ/ ns, and (E)
control neans for disabling the prese? lon of the video signal to the

- monitor while a range of travel of the variator lens is shifted froma
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second area. 15. The i mage pi ckup apparatus according to claim 14, further
conprising a conversion lens for shifting a focusabl e range of travel of
the variator lens fromthe first area to the secgnd .area erein said-
control This Sheet Has Been Repl aced Thi s She-g'?'slrlﬁéhe B’éﬁ%’q@ﬂ@ﬁg -
REPLACEMENT SHEET 88 ' 30 NOV 1995 neans forces the

variator lens to nove to the second 7/24 ’-'Date:- 301“ 95
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area’ in response to the nounting of the conversion lens. 16. The i nmage

pi ckup apparatus according to claim15, wherein said second area is set on
a wde-angle side relative to the first area, and sdl'ﬁibl:gomgersion lens' is a
wi de-angl e attachnment | ens which shifts the focal |ength tovCﬁP’Qcmhgmsh

wi de- angl e side. 17. The inage pi ckup apparat us acc‘g#'gi ng_t | ai m 14,"¢et
wherein said control neans conprises a first nenory ¥ s%fllé@bi nf or mati on
about a locus of the conpensation | endB4%# keep focused state Huring the
movenment of the variator lens within said first area and a second nenory
for storing informtjenfa | agus of the conpensation |ens to keep.
focused state during th l@'g a .
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noveirent of the variator lens within said second area, and controls the
conpensation |l ens according to the stored information in either the first
menory or second nmenory corresponding to the position of the variator |ens.
--18. A lens control device conprising: (A) a variator |lens for varying
power, (B) a conpensation |ens for conpensating fThisisthargplacempatsheatn of
a focal plane due to the novenent of téyad/ari ator lens, (C) position

detecti ng neans for detecting a :
g g Date: 30]“"’[5
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REPLACEMENT SHEET 30 NOV 1995 89 position of the variator lens, and (D)
control neans for changing a reference position used to initialize the
position detecting means according to the position of the-variator |ens.
19. The lens control device according to claim 18, Thgrgh, sald control
nmeans noves the variator lens froma first area to a second af eceMgndrsheet
conversion lens for nodifying focal length is nmounted. 20. The |ens control
devi ce according to claim 19, 10/24 Dats: 80}n795
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wherein said reference position is set in each of the first and second

areas. 21. The lens control device according to claim 20, wherein said

control neans conprises a first nenory for storing information about a

| ocus of the conpensation lens to keep focused stagﬂ&g Ik . @ Vi nt, of
. S . . i i

the variator lens within said first area and a secon #éh@%?h §PH§P§?ﬁﬂﬂ

i nformation about a Iocus of the conpef Fi'on l ens to keep

focused state
during the nmovement of the variator |ens Wthin saiDateecdd pf;l!ea,- and
controls the conpensation |lens according to the stored inforlmation in

either the first nmenory or second ry Cpife ding to the position of
the vari ator nﬁi G.i@
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| ens.” 22. The lens control device according to claim?21l, This Sheet Has
Been Repl aced REPLACENMENT SHEET | 30 NOV 1995 wherein said
second area is set on a wide-angle side relative to the first area, and
said conversion lens is a wde-angle attachnment |eng which shifts the focal
| ength toward the wi de-angle side. 23. A lens contri-f“sd'é\ﬁhm;enlaam'eai sliset

12724 Date: 30}:,/%‘
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(A) a variator lens for varying power, (B) a conpensation lens for
conpensating for a change in position of a focal plane due to the novenent
of the variator lens, (C) position detecting neans forTH@l?%?’?@plﬁc&ﬂéﬁfémt
of the variator lens, and (D) control nmeans for changing a referenc

position used to |n|t|aI|ze the position detecting neans accorc’ g o the
position of the variator |ens at power 19/24 24. The | enBatasnt SR 3

according to cl 23, wherein sai control es the variator Iens
froma first ar a second are en a co@ ;%eiq,or
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nodi fying focal length is nounted. 25. The lens control device according to
claim 24, wherein said reference position is set in each of the first and
second areas. 26. The lens control device accordi ng This {5 thenepfaceniant shoet
said control neans conprises a first nmenory for This Sheet Has Been Re

| aced REPLACEMENT SHEET 30- NOV 1995 storing informati onga?o tg. | ocus of
t he conpensation Date: o ”Lh
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| ens 'to keep focused state during the novenent of the variator lens within
said first area and a second nenory for storing information about a |ocus
of the conpensation |lens to keep focused state duri e,Jovemrent of the
variator lens within said second area, and control sﬁgﬁﬁg&%&!?@@mﬂt sheet
according to the stored information in either the first ne or second
menory corresponding to the posi'tion o\tMtE vari at oDdtens .8 1 e lens
control device according to claim 26, é gl n said second ared is set on a
wi de-angle side relative to the first area, and said conversion lens is a

wi de-angl e attachnent | ens which shi F} thoT6
®
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| engt-h toward the wi de-angle side. 28. An inmage pi ckup appar at us _
conprising: (A) a variator lens for varying power, (B) a conpensation |ens
for conpensating for a change in position of a focal plane due to the
novenment of the variator lens, (C) image pickup neanspyiglis fie Hsplddenterisheet
incident optical image that is input through the variator |ens and the
conpensation lens, into a video signal,jg/g,outputting the vi c}eo si gnal ,

0

(D) a nonitor for presenting the video signal output Bgtesai @ gﬂbpl ckup
means, and This Sheet Has Been Repl ace@‘.
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REPLACEMENT SHEET (E) control neans for shifting a range of travel of the
variator lens froma first area to a second area, for shifting the
conpensation lens to a focused position with the var i Bigs theneepddcessahit Sheel
the second area, and for disabling the presentation of the video signal to
the monitor until the shifting of the variator |ens EWQ Ihe%bj gsation

l ens is conpleted. 29. The i mge pi cku;i aratus accordr ng Wﬁ m 28,
further conprising a conversion lens for 'shifting a
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focusabl e range of travel of the variator lens fromthe first area to the
second area, wherein said control neans forces the variator lens to nove to
the second area in response to the mounting of the conversion |ens. 30. The
i mage pi ckup apparatus according to claim .29, whereiThisdaithe sepiacrmentcshess
set on a wde-angle side relative to the first area, and said cqQnversion
lens is a wide-angle attachment |lens which shifts th £ cal gl né g toward
the wide-angle side. 31. The inmage pi cl&bﬂapparat us §3%rd| ng't® claim 30,
wherein said control neans conprises a rlt m(l or storing information
about a | ocus of the conpensation |ens ﬁ ed state during the
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noveénent of the variator lens within said first area and a second nenDry
for storing information about a | ocus of the conpe t: QQE

focused state during the This Sheet Has Been Repla?é%'g Eﬁﬂ%%EEENT SHEET
30 Nov 1995 novenent of the variator lens within said 2H§ area, and

controls the conpensation |lens according to the stDated i n on in
either the first nenory or second nengg&zzp correspondi ng t he position

of the variator
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REPLACEMENT SHEET
(30 NOV 1835
LENS CONTROL DEVICE B T—
Abstract of the Disclosure: THIS SHEET HAS BEEN
: ' REPLACED

A lens control device comprising a variator lens, a
¢Ompensation lens for compensating for the displacement
of the focal plane associated with the movement of the
variator lens, a conversion lens disposed.in an optical
path in a detachable manner for limiting the area of the
movement of the variator lens, and correction means for
modifying the area of the movement of the compensation

lens in response to the mounting of the conversion lens.
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What .is claimed is: | % 9!'90”3'
THIS SHEET HAS BEEN
- : . . REPLACED
1. A lens control device comprising:

(a) a first lens for varying power,

(B) a second lens for compensating for a change in
position of a focal plane due to the movement of the first lens,

(c) a third lens mounted in an optical axis of the first
and second lenses in a detachable manner, and

~ (C’) memory means for storing information about a locus of
the second lens to keep focused state during the movement of the first
lens within a first range of travel of the first lens,

(D) control means for moving the second lens according to
the information stored in said memory means during the movement of the
first lens, for moving the first lens from a first area to a second
area in response to the mounting of the third lens and for correcting
the position of the second lens controlled on the basis of the
information in accordance with the movement of the first lens from the
first area to the second area in order to keep a substantially focused

state.

2. The lens control device according to claim 1, wherein
said control means controls the second lens based on the locus within
the first range of travel when the first lens is moved from the first

area to the second area.

3. The lens control device according to claim 1, wherein
said control means has a memory which stores information about a locus

of the second lens to kéép o i e
is Sheet Has Been Reﬂlaced :
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What is claimed is:
‘ (T e
1. A lens control device comprising:

(A) a first lens for varying power,

(B) a second lens for compensating for a change in
position of a focal plane due to the movement of the first lens,

(¢) a third lens mounted in an optical axis of the first
and second lenses in a detachable manner, and -

(c*) memory'means for Stbring information about a locus of
the second lens to keep'focuSed state during the movement of the first
lens within a first range of travel of the fi&st lens,

(D) control means for moving the second lens according to
the information stored in said memory means during the movement of the%
first lens, for moving the first lens from a first area to a secondg
area in response to Ehe mounting of the third lens and for correcting%
the position of the second léné controlled on the basis of thef
information in accordance with the,movement.of the first lens from ?he

first area to the second area in order to keep a substantially focused

state.

2. The lens'contrql device according to claim 1, wherein
said control means controls the second lens based on the locus within
the first range of travel when the first lens is moved from the first

area to the second area.

3. The lens control device according to claim 1, wherein

said control means controls the second lens based on a corrected,

eet Has Been Reﬂlaced

i



HEFLACEME oHEEd

-1 4 NOV 1996
HIIIII| |||I|| IIIII i

version of said ldcus within the first range of travel
when the first lens is moved from the first area to

the second area.

4. The 1lens control device according to claim 1,
wherein said memory means includes a first memory
which stores information about a locus of the second
lens to keep focused state during the movement of the
first lens within the first area of travel of the
first lens _énd_ a second memory which stores
information about a locus of the second lens to keep
focused state during the movement of the first lens
within the second area, controls the second lens based
on the locus within the first or second memory
corresponding to the area within which the first lens
is positioned. '

5. The lens_cohtrol device according to claim 1,
wherein said control means has a memory which stores
information about a locus of the second lens to keep
focused state within the first area of the first lens
and information about a locus of the second lens to keep
focused state within the second area of the first lens,
”detects an object distance corresponding to the position
of the second lens immediately before the mounting of

 the;fhird'iéﬁs?when the third lens is mounted, reads the
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What is claimed is:

1. A lens control device comprising:

(A) a first lens for varying power,

(B) a 'second lens for compensating for a change in
position of a focal plane due to the movement of the first lens,

(C) a third lens mounted in an optical axis of the firs;
and second lenses in a detachable manner, and -

(C’) memory means for storing information about a locus of
the second lens to keep focused state during the movement of the first
lens within a first range of travel of the first lens,

(D) control means for movihg the second lens according to
the information stored in said memory means during the movement of the
first lens, for moving the first lens from a first area to a second
area in response to the mounting of the third lens and for correcting
the position of the second lens controlled on the basis of the
information in accordance with the movement of the first lens from the

first area to the second area in order to keep a substantially focused

state.

2. The lens control device according to claim 1, wherein
said control means controls the second lens based on the locus within
the first range of travel when the first lens is moved from the first

area to the second area.

3. The lens control device according to claim 1, wherein

said control means controls the second lens based on a correc_:te'd
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version of said locus within the first range of travel
when the first lens is moved from the first area to

the second area.

4. The lens control device according to claim 1,
wherein said memory means includes a first memory
which stores information about a locus of the second
lens to keep focused state during the movement of the.
first lens within the first area of travel of the
first 1lens and a second memory which stores
information about a locus of the second lens to keep
focused state during the movement of the first lens
within the second area, controls the second lens based
on the 1locus within the first or second memory
corresponding to the area within which the first lens
is positioned.

5. The lens control device according to claim 1,.
wherein said control means has a memory which stores
infor@ation about a locus of the second lens to keep
focuééd state within thé first area of the first lens
and information about a locus of the second lens to keep
focused state within the second area of the first lens,
detects an obje;t distance corresponding to the position
of the second lens immediately before the mounting of

the third lens when the third lens is mounted, reads the

This is the replacement sheet
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locus corresponding ‘to the determined object distance
from the loci of the second lens within the second area
stored in the memory when the first lens is moved to the
second area, and controls the second lens based on the'

z;ead locus.

6. The lens control device according to claim 1,
wherein said second area is set to a wide-angle side

relative to the first area.

7. The lens control device according to claim 6,
wherein said third lens is a wide-angle attachment lens
which shifts td -the wide-angle side the range of travel
of the first lens that is focusable with the second

lens.
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